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1. Introduction

In 1973, the USA anncunced that during the twelve months from June 1973
its weather shipa would be withdrawn one hy ons from service at Ocesn Weather
Stations (OWS) B,C,D and E in the Western Atlantic Ocean and that the experi-
mental Satellite Infra-Red Spectrometer (SIRS) soundings would be tranzmitted
operationally, As a consequence it was necessary to evaluate the SIRS data
ag an operational source of data. (Data transmitted in SIRS code are sometines
described as VIPR « Vertical Tempsrature Profile Radiometer - data).

As the gencral question of supply and maintenance of Atlantic Weather Ships
was algo under review, it was felt that the opportunity should be taken %o
evaluate the effect that loss of all weather ship data would have on the forecasis
issusd by the Meteorological Office,

Two related expsriments were undertaken:-

(1) to evaluate the effect of removing all weather-ship data, but including
SIRS data, in the numerical farecast suite,

(2) to evaluate the SIRS data by allowing them to supplement existing data
in the numerical forecast suite.

These two experiments will be denoted by "Expt 1* and "Expt 2" respectively.

Expt 2 was run on date from 002 on 7th March 1974 to 002 on 15th March 4197,

Expt 1 also began on 7th Mexrch, but was discontinued on 1ith March because of

the lack of a strong westerly synoptic situation (see Paras 3 and k, and Pig XIV).
Howaver; a single ryun of Fxpk 4 was performed on date for 127 on 1Lth Meveh

1974 (See Para 8).

Part II of this report will present the results of a further period of
running Expt 1, which took place from 2nd to 11th May 197L.

2 Orpanisation of the Experiments

2.1, General Remarks

Because of , and in spite of, the large amount of computer time invelved in
running three forecast suites for each 12-hour datum time over a perdod, the
three were run “in real time®, thereby avoiding problems of recovering dste from
an archive,

Each of the octagon and rectangle height and humidity snalysis programnes
wags made flexible, so that the choice of data to be used was controlled extermally.
Thus the three programme suites all automatically used the seme analysis methed
end were thsrefore directly comparable, However some effort was required in
advance to ensure that the octagon and rectangle versions of the height anslysis
were comperable, perticularly with respect to the msthod of incorporating SIRS
data.

The exclusion of purface data {rom ocean weather ships was achieved for
both en- and off-station shivs (using call aigns). Unfortunstely it was not
possible to distinguish upper--eir weather ship reports in this way, but .
gince such reports from mesrchsnt ships are seldom received, it was expsdient to
exclude all upper air ship reports.

I% was necossary to use the sume backgrowd fields of height and humidity
in each of the three suites for the first datum time, but thereeftsr, esch suite
produced its own background fielde The implicetions for nssessmsnt of the
resulis are described in Pexrae2.5




2.2, Limitations

ar oo

In the operationel suite, incoming data are resd from paper tape, and at
fairly frequent times of the day 2 Ydata-benk" is updated with the mozt recently
received dats., Prior to the height and humidity analyses a set of "Besic
Analysis Data Sets" (BADS) is compiled from the current data bank for both
octagon and rectangle, In order to Justify comparison of the three suites,
it was necessary to srrange identicel cut~off times for the data, This
requirement was satigf'ied most readily by starting each experiment from the eef
of operational BADS, since decisions about inclusion or exclusion of dats can be
made during the height and humidity analyses.

Such an arrangement greatly alleviates the data storage problem, but there
ere a few difficulties, involved with intervention end with exclusion of OWS datase

(i) A1l intervention except the sddition of artificial observations (known
within the Office as “bogus" observations) will have been effective by
the time the BADS are produced, Therefore any differences of infere
vention between the three suites must be caxrried out in the form of
"bogua® observations.

(i) Certain data=bank quality-control checks will have been cerried cut with
reference to a background field from the operational forecast, which ia
sffected by CVS data,

(441) Before trancmission the SIRS data themselves eve inverted from radiancs
data, a process which involves initial guess temperature mrofiles,
The profiles in turn are provided by the Waghington NNC mumsrical fove-
caast which takes account of OWS data.

Until raw radiance data are transmitted by Washington NIC there is no way of
avoiding contemination of Expt 1 by OWS data dus teo (iii) abovs,

Contamination due to (ii) could be avoided by filling a separate data bank
for Expt 1 using a background fisld produced by Expt 1, and then extracting BADS
from that data bank. The paper—taps reading time and thes data storage problems
mentioned above totally outweigh the benefit that would be achieved, since the
quality control tests mentioned in (1i) are applied to about half the dats, exd &
mach smaller percentage fail the tests,

CFO accepted the limitstion imposed by (i), sines corrections end rwjectiouns
of data that hsd been based on knowledge of O#S data could be swamped by bogus
observations. :

2 030 Intervention

For the pericd of the experiments an extra roster of forecasters was on
duty in CFO, to provide "bogus® intervention appropriate to Expt 1 and Expt Z.
The task required both integrity ard csre, since for Expt 1 the forecasier was to
jgnore 21l O4S data and to avoid #ll encounters with material (charts, forscasts
etc) influenced by O¥S data; while for Expt 2 he was allowed such encounters,
and could use as much SIRS infcormation as he could acquire, wheiher oe not it
had been included in the BADS, He was provided with machine plotted charts
appropriate to the two experiments, and of course the computer output from the
experiments themselves., The operational forecaster was not allowed accsss to
eny SIRS information. '

2.4 The Progresmms Suites
In the remainder of this report, the adjective "mein" refera to runs with
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a date cuteoff time of 03002 or 15152, whereas "update®™ refers to thope runs
with a cut=off time of 12002 or 2400%Z.

In order to reduce the computer usage for the experiments, full 72-hour
(octagon) and 36=hour (rectansle) main forecasts were done only for the midnight
data times. A midday update run was nscessary to provide background fields,
and this required abbreviated midday main runs (stopping after initialisation) te
provide the forecester with sufficient information to be able to intervens for the
update rune A background field is of course essential to the abbrevieted
middey epzrational run, so it must be provided by & midnight update run.

A complete cycle of main and update runs was therefore necessary for cctagon
and rectangle in both experiments, although the requirements for ocubtput wers
considerably less than in the operational suite. It is convenient to assim
letters to the various suites a2s in Table J, The arrangemsnt cf the suiies in
real time is depicted in Figure I. Ths timing of the runs was chosen tc enchle
the forecasier to intervene sensibly under pressure similer to that experienced
on the cperational bench,

Details of data storage ard output ave set out in Appendices 1 and 2
respectively. Appendix 3 is a summary of the major features of the suites.

2.5 Asseasment of Results

The forecasts were assessed both subjectively and objectively
(Paras. 5 and 6 respectively). The latter made use of a verification schens
essentially similar to that used in the octagon opsrationsl sultes, althoush
special provision had to be made for use over & limited periocd., Tweo days were
allowed to elapse before begimming the verification (the "run-up® pericd),
so that the transient influence of various data types present or absent in the
original background field; but foreign to the experiments, would pnot invalidate
the statistics. '

Furthermore, in order to verify the forecasts frow the final datum tims;
special jobs were run for 3 days from the end of the experimsnt (the "run-dowm®
peried). Also included were jobs to verify the opsrational forecasts over the
same period, for comparison with the experimenis.

Objective verification of rectangle rainfall forecasts will be described
in Pars.7. The quentity of SIRS data received for each analysis is shown
in Table T1I.

3« Conduct ef the Experiments

The experiments began with the A1 run on the 7th March 1974, and cbjective
verification began in the C2 run of 9th.

On 14th it was decided that Expt 1 would be inconclusive, since the
gynoptie situstion was not cne in which the Atlantic OFS reports would have umuch
influencs on UK weather. (See Pers.k). Accordingly Expt 1 was discontinued
after the Ci run on {1ithe

Expt 2 ran to completion, in order to assess the method of incorporating
SIRS date, ending after the B2 yun on 15th, There followed a "run-down" period
of 3 days for the cbjective verification.
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he Synoptic Situstion 9th to 15th March 197

The first part of the period of the experiment began with high pressure
over Scendinavie and a ridge extending over the British Isles,lower preec:
over Northern France and a deop depression in the West Atlantic between Newlowd-
land and Greenland. Small lows moved round the main depression and som2 broke
away and ran into Northern France end Southern Britain. Thage were fairly
ghallow festures with small amounts of rain and they dissipated as they moved
towsrds the main high. A similsyr pattern was reflected in the upper air with
troughs moving earcund the Atlantic low and ridges building between them. 4
cut=off 500mb low remained over the British Isles until 14th March, The region
of high pressure moved slowly eastwards leaving &« cut-off high nsar Iceland,

On 14th March the block broke dom and a secondary low running round the old
West Atlantic low beceame dominant, deepencd and ren forward across the British
Isles with associated belts of rain., This wsa associated with the esstward
extension to the south of Iesland of an upper trough from the old West Atlaniie
low and the return of westerly flow over the southsrn part of the British Isles.
Figure XIV is reproduced from "Weather Log" March 197L (published by Royal
Meteorological Society), and shows the saguence of midday hend-drawn anaxlysas
for the period.

s 4

5 Subjective Assessment

All verification began with the forecests based om 00Z 9/3/7h. his wes
to allow any effects from the operational forecast, present in the background
fields of the expsrimental runs,to beccme insignificant. The area conaidered
in the subjsctive assesament was centred on the British Isles snd included perts
of Western Burops and the Eastern Atlantic, The chertes sasessed from the
octagon were the surface pressure and 500mb analyses and 24, 48 and 72-hour
forecasis, The surface pressure snd 500mb analyses and 12, 24 and 36-hour
forecasts of surface preasure,gate of rainfall and 500mb contour height were
assesesd from the rectengle. The comparisons between two charts, e.g. from the
operational forecast and from Expt 1,were divided into 5 categoris defined as

follows:=

Operationsl v Expt 4

Operationsl significantly better then Expt 1
Operational better than Expt 1

Operaticnal and Expt 1 equally good
Operational worse then Expt 1

E  Operational significantly worse then Expt 1.

g Qg »

In addition there was a category 'X! used for anslyses only, which implied
thet the charts were different but owing to luck of conventional data it was
impopsible to decids which waa better. A combined marking wes given for the
surface and 500mb charts, ;

Comparisons were msde betwsen the operational forecast and Expt 1, the
operaticnal forscast end Expt 2 and bestween Expt 1 and Expt 2 for the forecasis
besed on 002 9/3/7h, O0Z 10/3/7h and 00Z 11/3/7h. After this time Expt 1 was
discontimued ss the synoptic situation continued to be blocked and showed no
signs of changing. Expt 2 continued as it was hoped that some useful results
would be obtained on the use and value of satellite date, Tables IIT and IV
show the results of the subjective assessment. : ; i
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As can be seen from Table IV there were no A or E markings, i.c.
occosaions when the inclusion of satellite data would have affected the forecast
issued for the British Islese In most cases, especlally for forecasts of more
than 24 hours the foreccasts were closer to each other then to the actual situation.
In particular none of the forecasts predicted the chaonge cf type to weasterly
conditicns which occurred on 14th larch. Neverthelesa the results show that on
the whole the inclusion of satellite deta is beneficial. There were only two
occasions when the operational forecast was bettexr thsn Expt 4 The first wes
00Z 9th Marche The oparational forecest was better for some forecast times dus
to better pre-~intervention, i.e. intervention in the main run, Thes problem of
providing suiteble pre-intervention in the experimental runs was msde easier when
Expt 1 wus discontinued. However it is impossible to eliminate entirely the
differences which may occur due to two different people doing the intsrventicn, as
can bs ssen from the case of 12th Merch where different pre~intervention improved
the experimental forecast, The second case when the operational forecest was
better then Expt 2 was 002 15/3/7h. Here the operational forecast was better for
the rectangle because in spite of a worse background field it retained the L3 and
500mb winds at O¥S I, which were wrongly rejected by the Expt 2 analysis. Eoth
the operational and Expt 2 anslyses wrongly rejected the 300mb and 1000/ 500a%
thermal wind. There is no cbvious explanation why the operational cctagen fore-
cast was better. In this case the 400 and 500mb winds at OFS I were xejected
by both the operational and Expt 2 analyses.

The results from Expt 1 for the first three days do not give any relisbles
indication of the genersl value of weather ships in forecasting weather for the
Britich Talea ne the synoptic siftustion was blocked and the weather ships in the
Eaatern Atlentic did not provide much useful informaticn on these occasicns.
However, the removal of OFS B did have some effect on the forecasts in the Greenland
erC2 e

6. Objective Assessment of Octagon Forecasts

Objective verification of ths experiments made two basic comparisons:

(1) forecast fields against operational update analysed or initislised
fields appropriate to the verification tims;

(ii) forecast fields against values cbserved at various stations et the
verification time.

The "forecast fields” referred to are of four kinds: one each from the two
experiments, ons from the operatiomal suite, end, as a control, “persistence"
forecasts (in which enalysed or initialised valuss are maintained throughout tha
forecast period).

In the comparison of forecast and analysed fields, two regions were used,
Region I consisted of 1881 gridpoints covering a large percentage of the octagon
area. Region II was a rectangulsar array of 560 points covering most of Dureps,
the Atlantic, most of Canada, and the northeast USi, It is with Region II that
we ave here concerned. (See Figure II)

In the comparison of forecast fields with observations, fwo groups of
stations are used, one of 28 stations in northwest Europe, the other of six
mid-Atlsntic stations. (See Table VII). The latter group is clearly more prone
to influence from & single station, so that caution is necessary when considering
ite statistics. Yy : :




6.1. Forecasts v Anslyses ~ Region IT

6.1.1. Cumulative Statiatics

Table V is & summary of the cumulative statiatics for 12, 24 and 30-hour
height forecasts from the three suites, over the whole period of the experimen
including the run-dcwn period, Expt 2 should be compared with ths operationa
forecast to assesgs the effect of SIRS obpervations. Expt 1 was to have
compared with Expt 2 to assess the effect of removing OWS data, but the com-
parison is not strictly Jjustifieble, since Expt 1 was curtailed after a few cases,

Teble VI is similar to Table V except that the run-down pericd ig ex-
cluded, as is Expt 1.

6.1.2, Daily Statiastics « Height Errors
£ r

Figures IIIe and IIIb represent comparisons of the progress of ecach
individual forecast (opsratiocnslv Expt 2) at 200mwb and 500zh, in terms of i
(root=mesn=-square) height differcnces betwaen the forecast srd the uplale anelysis
at the verification time, Ignoring for the moment forecast periods of less then
2 hours, it can be seen that all the exporimentel forecasts have lower RS
height differences than the corresponding operational forecasts, with the
exception of the finsl day's forecaste In the esrlier part of esch of the 500nb
forecests, the experimental ons has worse errors (except for one dsy) , whercas
at 200mb the reverse is the case, with the final day again representing an
exception.

Figure IV comperea equal=period forecasts of height from Ixpt 2, the
operational suite and persistence, on & daily basis for three levels. Again
they show in every case except the last that Expt 2 was slightly less in ervor
than the operationasl forecast and that both were considerably better than
persistence.

knother featurs of the tvo curves for Bxpt 2 and the operationzl forecast
is that they appear to diverge from & verification time of midnight on 14th,
having been closely similar beforchand, - This may be & conseguence of the
synoptic situstion (Pars.l), but a more likely explanation is that it repressnis
e "run~up" period one day longer than enticipated, In other words ihe influsncs
of the originsl background field on Expt 2 did not decay until after 3 dayrs,

6.1.%. Daily Statistics «~ Wind KErrors

Figure V &, b end ¢ represent comparisons of persistencs, operational and
Expt 2 mean vector wind errors for 2k, 48 and 72-hour forecasts respectively
at 3 levels., The values plotted are of the mean vector departure of the forecast
wind from the updaterrun initislised wind at verification time. An organisationsl
error caused the statistics for a verification time of midnight on i5th to be :
invalid, so those statistics have not been presented. (Although they could be
recovered (with considerable effort) they are unlikely to affect materially any
inferences made from Figuve V).

In general Figure V shows that Expt 2 is & very slight improvement on the
operational forecast in most cases. Figure Vo suggesis further that in
relatively static synoptic situations a 72-hour persistence forecast is just as
good as, or perhaps better than, either the operaticnal or the Expt 2 T2=hour
forecast! It is probably unwise to make sny more detailed inferences, in wew
of the wide variability displayed by the curves. : b o
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6.2. Forecests v Observations

6.2.1. Europe (28-stations)

Table VITa is 2 list of atations in this group, and thelr positions are
plotted as dots in Figure II.

As a guide to the effect of SIRS data on jet.speed forecasts,Figure VI
compares 300mb RVS vector wind erroras on a daily bssis. The experimentel and
operational curves sre very similar for both 24 and 48-hour forccasts, excepting

once egain the end of the period.

6.2.2, Atlantic (6-stations)

Table VIIb is a list of stations in this group, and their positions ére
plotted as crosses in Figure II. OWS 'C* and OWS' *D' would hsve been included
if they had been manned |

The number of observations from this group that were available for a day's
statistice was very variable, and the results of verification for this group of
stations are correspondingly unrepresentative and have not been reproduced here.

6.3 The Final Forecast

The forecast from & datum time of midnight on 15th (which was the last
datum time of Expt 2) has bheen mentioned several times in Para.t as an
exceptional cass. Some explanation is therefore in order.

From 13th, SIRS data were transmitted in the form of thicknesses from
1000mb, whereas previously they had been reported as heights above Mean Sea lLevel
north of 18°N. This change had no effect on-the height analysis, sincs the
data sre reduced to thicknesses in that programme ss a matter of courss. Hgwever,
some confusion arose in CFO over values appeering on machine-plotted charts,
thus compromising the intervention. Thus a change of character in the atatiatics
could be expzcted for the last three cases. However, no such change of
character is obvious, except in the last case of all, so an explanation of the
latter must be found elsewhere,

A study of the Lamb Classifications of weather types at the top of
Figure 1Ila, or of Pera i reveals that for nust of the period of the experimenis
there was a blocking anticyclons over Northern Europe, (which was responsible for
the curtailment of Expt 1). On 14th and 15th the block subsided, and a brief
period of westerlies developed. Figures IV and VI show & tendency toward porka
in the error curves  for the penultimate caee, which could therefore be considered
a relatively poor forecast, as might be expected when a blocking situation suddenly
subsides. However, it is for this penultimate case that the Improvement in the
forecast due to the inclusion of SIRS data in the snalysis is greatest.

It is therefore difficult to explain why the last case of all should give
worse forecasts in Expt 2. One possibility is that the SIRS data ere of poorer
quelity in this situation,based as they are on Washington NMC forecast
temperature profiles. If the NMC forecsst were  poor one at the cessation of
& blocksd situation, as ours was, then that would be reflected in the quality
of the SIRS observations as transmitted. The 48-hour forecast issued by WN.C,
based on OOZ data for 14th March, has been ssseassed by CFC as relatively poor in
the vicinity of the UK (compared with ths previous end the subsequent forecast).
This may be an indicetion that shorter period forecasts based on the same data

' were also relatively poor, in which cese ihe above hypothesis is supported.




7. Objective Verification of Rainfall from Rectangle Forescasts

Reinfall accumulations were verified for the 14 sreas shown in the
map in Figure VII for the forecasts based on data {rom 00Z 9th to 00Z 415th
March . An average rainfall was calculsted for each area for the periocds
T+12 to T+2l and T+2) to T+36 (P“ both the operational awd Expt 2 forecaats,.
Theae were verified sgainst sctual sverare vs 'h/*q obtained for the ssme agess
frompainfell deta {rom 5ynoyg4,-su&tlon» kewt in the czi afo‘qu al dete bLa: e,

The results, illustrated in Tebles VIII, TX end X show very little
difference belween the two forecasts, Certainly they show thut _x1¢ 2 ia
no worse than the operational forecast, Table VIII shows the accuracy of the
forecasts in distinguishing between wet end dry rericds, For accumulationa
oveyr the 24«hour erind T+12 to T+«36 the two forecasts were identical., For the
two 12-hour periods T+12 to T+24 and T+24 to T+36 combined Expt 2 was marginally
better. Tgyble IX contains L x 4 contingency tables where the amounts of rain
have been divided into three catnﬂoriﬂa. These again show thet cver the 2L<hour
period the forecasts were equally good and that over the combined {2-hour periods
Expt 2 was marginally betters, These results indicate that BExpt 2 was slightly
better at timing the rain than the operationsl forecsst but that the differences
axre so small as to be inaignificant, especially in view of the erroras inherent
in the actual reinfall datas Table X compares the sum of the forecast valucs
in each area for both forecasts and the sum of the actual mean valucs. These
show that, except for the forecast beginning 00Z 15/3/7%, there was no
significant difference in the total rain predicted by the two forecests, Expt 2
being marginaily better than the operational forecast. Yor O0Z 15/3/74 there
was a significant decreass in the smount of rain predicted when satellite dsta

were included, but this appeavrs to be nesrer the truth in this cese.

It is unfortunats that there was only one occasion (00Z 15/3/7.) during
the experiment when there was a belt of widespread frontal rain in the
verification area and these results therefore do not give any reliable information
about the effect of satellite data on frontal situations with widespread moderate
or heavy rain, However, some additional runs based ondata for 122 A4/ 3/ 1. were
mede for thie occasion and the results are described in Para.8.

8. Additional forecasts tc investipate the effects of omitting weathapreshio data,

8.1. Data included in the forecasts

The situation on 122 14/}/7h was suggested by CFO to be one whera the
weather ships were vitally important in the snalysis, The operationsl octsgon
background field was very poor ard did not indicate the extension of the upper
trough giving a strong south essterly wind at OWS I, It was decided to exanins
the effects of the inclusion of esatellite data and the removal of weather ships
on this occesion and three forecasts were made with the fine-mesh model ss it was
thought that it would be of intersst to examins the rainfall forecasts as well as
the pressure patterms, The three forecasts included the following combinations
of weather-ship and satellite dataie

A Veasther shipa, satellite data from the update run, 24002 cut-off
B No weather ships, satellite dats from the update run, 2400Z cut-off
C No weather ships, satellite data from the mein run 1515Z cut-off (none noeive&)

 These were compared with the operational forecast which included weather-ship data,

but no satellite data. Satellite date from the update run were used in order to
wwolid any criticism which suggested that the forecast which included satellite
data hnt m nmhgv shipo was poor bacause 'che ntellite data had not been




 in using satellite data operationally should lead to improved methods of in-
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This update run satellite data consisted of 18 reports at 13Z and two reporia

at 152 both of which were in tHe Davis Strait and therefore unlikely Yo affect the
forecast for the British Isles. uine background field for the three runs A, B

and C was taken from Expt 2 and therefore included the effects of both weather-ship
and satellite data, It was in fact a better background field in the region of
OWS I than the operational one, which did not include the effects of satellite
dats, The boundary vazlues for all three foreccasts were taken from the operati
octagon, It is true that these do not contain the effects of satellite data

but this is thought to be of secondary importance,

oral

8.2. Subjective asscssment of results

Figwe VIII shows the 500mb analyses used for ea ch forecast, The low neay
O#S T is deeper in the analyses which included weather ships. Figures IX, ¥,
XI and XII show the surface pressure and rate of raiufell patterns for the farccesis
A, B, ard C and the operational forecast. Both the Zh-liour and more noticeabl
the 36=hour forecasts show significant differences in the surfece pressure and
reinfall betwsen those forecasts using weathereship dala ard those without, The
trough over ths British Isles wes deeper with more intense rainfall and further
advanced in those forecasts which used weather-sghip data., Forecast A using both
satellite and weather-ship data advanced the rainfall further than the operationzl
forecaste Figure XIII shows the surface analyses taken from the Daily Weather
Report for comparison with Fipures IX, X, XTI, and XIXI. At the 36-hour forecast
time the trough had passed well through the British Isles.

8.%. Ohisctive verification of rainfall

Tables XI and XII show the effects of setellite and wesather-ship dataz oo the
forecasts of accumulated rain. Table XI consists of 4 x 4 contingency tables
for the two 12-hour periods T+12 to T+24 and T+24 to T+36 combined and showa that
both forecasts without weather ships were significantly worse than the opsrational
forecast and the forecest including both ships and satellite date in predictling
rainfall smounts of greater than 2mm, Table XII, which may be cowpsred with
Table X, shows that the total mount of rain predicted by the forecastis without
weather ships was gignificantly lower and worse than the forecasts including
weather-ship data. This is probebly due to the effect of weather ghips on ihe
height analysis, as the humidity analysis without weather ships is wetter than
that with weather ships. It is also true that the forecast including weathsi-
ship and setellite dets predicted less rain than the operational forecast, as it
did for the data time 002 15/3/7;, but on this occasion this was less good than
the operational forecast., The decrease was csused by errors in the areas 645 1%;
12 and 13 and in fact for the areas 4, 5 and 7 the forecast including satellite
data (A) produced more rain and was better.

9. Conclusion

Both ths objective snd subjective assesements of the coarse-snd fine-mesh
forecsetas show that except for one occagion the inclusion of satellite data in ths
objective eanalyses did not have any harmful effects on the forecasts in the regicon
of the British Isles and North Atlantic during the pericd of the sxporiment.

On the mejority of occesions the results were similar or there was a very slight
improvement snd on some occasions there was @ noticesble improvement. The
occasion {00Z 15/3/74) when the forecast wes worse did not produce any serious
errors, These results indicate that the use of SIRS data operationally should on
the whole be beneficial and not produce sny worsening of the forecasts. Experience

them into objective analyses and in the long term,as their quality

~ _hopefully i careful monitoring should ensure that the best use is made of
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Due to the blocked synoptic situstion during the firat psrt of the
period of the experiment Expt 1 was discontinued af'ter three days and the
results from these three days concerning the value of weather ships are
inconclusive, Towards the end of the period the situstion became westerly and
some additional forecasts were run for 12CMT 14th March 1974 which demonstrate
that the removal of weather shipa can have a serious effect on the guality of the
forecasts and that the inclusion of satellite data does not compensate for this
effect. However, this is only one occasion and a second experiment to determine
the effects of removing weather-ship data on a series of forecasts has been run
from 2nd to 141th May 1974 and the results will be described in a second report.

10. Subseauent Introduction of STRS Data into the Operational Analvses

In coneequence of the preliminary results of Expt 2, namely that SIRS
data had no large adverse effect on the forecast, the octagon end rectangls
height analyses begen to use SIRS data on the operational midnight update
(C run) on 26th Merch 197%. The facility to omit SIES data for a run at the
request of CFO was also provided,

Some complaints had been received from CFO concerning SIRS data in low
latitudes which somstimes gave spurious warm ridges elong the orbital track of
the satellite, particularly at 100mb. In these ridges the reported temperstures
were often ss much as 5 Centigrade degrees warmer than nearby redioc-sonds
temperatures, and the SIRS data were swamping the sonde datas Therefore a
facility to reject individual SIRS reports via the ususl intervention procsdures

wag incorporated.

However, the elimination of warm ridges by individusl rejection of SIRS
reports proved to be fime~consuming, so on 9th April, the octagon height énzlysia
was modified to reject all SIRS data south of 25°N, At the mame time the
climatological check was corrected (previously it had been operating on thicknesses
from 1000mb as reported, instead of geopotential heights), and less weight was
given to SIRS data at 100mb, (This latter change did not take place in the
rectangle height snalysis until 30th April).

, A facility was introduced on 29th May to enable CFO to reject whole

latitude bands of SIRS easily. This may be extended later to restrict the
meridional extent of the bsnds, so that =mall regions of SIRS data (e.ge _
individual orbits, or oceans) may be rejected. ik SO

~ TR
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Appendix 1. Data Storage

Three dedicated disk packs were required for data storsge -~ one each for
Expt 1 and Expt 2, and the third for verification data, The first two were %o
contain deta sets which were different from the corresponding operationel ones, viz,
. Forecest date sets
Print dicks
Background fields
Analysis eénd Initialisation data sets
Verious essential housekeeping data setas

Each of these disks was "dumped” to tape once 2 day to provide firstly a means of
quick recovery in case of hardware or software failure, and secondly a means of
retaining resulta for future use.

Other input data, e.g. BADS and monthly climatological fields were
accessed dirvectly from the operational disk packe. '




Appendix 2. Output

The terms of rwfwrnncu of the experiments were of a limited nature,
viz. to assess the effect of various data on forecasts of ¥ t

vicinity of and NW Europe at maltiples of 12 hours

(Of"rﬂ-’*on) Thus the full range of output produced in t: VA8
not required. In the c:xr*‘*'ix'z’-‘n“;s output was required for ‘h\o l)"’[:J S
intervention, and subjec tive assessment,

For intepvention, analyses and update forecasts were produc: ed for both
rectangle and octagon, and M addition for the octagon, analyeed minus initialisca
fields were printed. The areas used were i (N.Hemisphere, 1:50 millic n),

-

Chart 15 (Atlantic, 1:30 mﬂxmq) Chart 16 (Rectangle area, 1:20 million) and
Chart 19 (Pacific, 1:30 million).

sent the requirements for rectengle and octagon were
*~ ths

P microf

3

For subjective asse:
different. Octay analyses, eaﬂ for‘wum‘? g to 24, 48 and 72 hours ov
Chart 15 sres at mean ser level and at 500mb were produced on the CALC
line drawer end printed at 1:30 mill ion scale in CFO.’ (l’" "/"0""'9 thic
Calcomp microfilm waa alsd

Me ss cherts

were also pro 31"‘(‘\1, but not uwsed in the assessment),
the medium for rectangle as sesament output, viz. "four-in-one™ displays of

o

aurface p"erw-u.rp with rate of rainfall and z-mxr‘"llatf‘ﬂ rainfall at T+0, T+12, T+24,
T+)6¢

S o -
(

All the sbove output is normally proﬁuo‘e for CFO in the operational suitas

-

i o

except the last mentioned €alcomp rectangle output, where the four-in-one charis

s

are produced for T+0, T+2%4, T+30 and T+36.
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Apvendix 3.

Sunmary of Experiments

Part 1 indicates the major differences between the experiments and the

operational suite, Part 2 indicates the tasks performed by each run of

the experiments.

Part 1. Major Differences

Expt 1.

Expt 2.

Includes SIRS data
Excludes all Upper Air Ship reports
Excludes all Surface OF3 reports

(slight contamination from OfS data (see Para.2,2))

Intervention without reference to OWS data.

Includes SIRS dats
Includes all OWS and Upper Air Ship data
Intervention refers to all data

OperationalgExcludes SIRS datla

Includes all OWS and Upper Air Ship data
Intervention without reference to SIRS data.

Part 2 Details of Runs

A run:

B rung

Midnright main octagon to 72 hours
Limited chart and Celcomp output

Midnight main rectangle to 36 hours
Calcomp output and chart enalyses
Reinfall verification

Midnight update octagon to 12 hours

Limited chart output

Midnight update rectangle to 12 hours

Limited chart output

Produce background fields from T+12 foracasts

Octagon verification (a1l three jobs in C2 for oonveniema){

Digk dumps (following C2)

Midday main octagon - enalyses and initialisation only

Chart analyses and analysed-mms—irﬁ.tialiae&

Midday main rectangle - am.lyua ond initialintim ’

R 3 pe e
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REGION I 1881 grid points
REGION II 560 grid points
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LAYB CLASSTFICATION

The days are classified into one of the felleowing categories:-

Anticyclonic North Westerly
North Vesterly

Cyclonic North Westerly
Anticyclonic Easterly

Easterly
" Cyclonic Easterly

Anticyclonic North Easterly
North Easterly '
Cyclonic North Easterly
Anticyclonic SouthEasterly
South Easterly

Cyclonic South Fasterly
Anticyclonic Northerly
Northerly

Cyclonic Northerly

Anticyclonic South Westerly
South Westerly

Cyclonic South Westerly
Anticyclonic Southerly
Southerly
Cyclonic Southerly e
Unclassif'iable : 4 sE A
Anticyclonic Westerly : o i
Westerly e
Cyclonic Westerly
Anticyclonic
iGyelonie - o

NHXE<4CHO RO+ ORENRUHE Y EY oW >




J

kA7
WER_5C0
P (5malfl

dicmb Mﬁnw
#

2R

18

‘.
‘.
RETAS
v

L

/

1

J

"

CES A

PMS HETehT BIFFEREN

I8
(r+4%

pa; 23 3o e ——
t R3es 533431
1 i €5 3L .ixum»
» LeE HtHEEY &
- 4 + he - ¥
BIRR SR Y fakt EReieaeae vt
1] z Bed Bk e aBiln A5 il o3
% b - bt r» ey + 4
o 3 o 8 g dnanie 2
: : - IS
. s .-
JEER appasaeay S psags
bit s T N
pegs yumd g=yas pumen xe s,
Spd efed i - aph—s
FEsasgeen dasya bazsa phapzazait s
W By ) 38 TTW 3 3 wy
e ‘ . .Px 2
m. L ipe 1ﬁ
. P; w
i =
o
Iy
3
T 8
bu 84 S
: ov'“ v -t
4 ba g 3=k
‘4 g R 8 0 N 5 5
4
¢
ot e
B3 o vl 28
1
Il
X
¥ 83 133
= HALE ‘ A
S i
T~ 0 T nﬁm
hPL prthi
% : P g DA %32
ceadiiye P 22
[ : Hiftiry FrirhE
ERRE ; = St
- i it TR
Vv. T 3% 45 I %3 v e
W 1] i+ ' b - ey
I R0 1o G A3
o £l ,
< NN ra» g - 3
3 0 Sk
g S 5
.,.Ta Sk iz - 1
- ! ST H H ssen
. e - Teraias T e
% “ S00g kA B2S ARESREAAYY (R ADY Had Al 25207
u ﬂm...nu.rmu. ..wﬂ . AuRdsands2ssibd s
b Y 133333 ‘.
~3 $ EsdfuBaea i3aginati liatdbeae? fudseidasi bl
v poges .v»n = 3 SR8 FR, JFAT
i * Py
-3 RagmeSyerifeiiah, EyRysias:
g : i
1 Py 3
82 N
JF gl ans pat e 115
44 L g ey 44 ..m 1t
CEERH 3 oaaal siis Safee
.FM : : T OEeEes
. SaRagaqnca uass «.HJ 24 2
- iSeeug sagey gaee snne S
m Py S B S bassa it It R &
$5 b o S 3 } 54 5%
b s 3 L 54
M i 15 5 544 o W,w
H - =3
W ( Hisnn :
_. - 155 mm.. 5
235345 g3 83
v 2 0 8
niq Huvdd e £
BEfedyd ¥
N &
Lo wu 108§ ‘308 w3eq ydean




A Q\t\AS

15¢

IQ\
asonos\’  focecasts

£ :
L T A |
: . “
o i :
- {
e v e eae—nsalon D‘ - N S —— e
i 5
H Sl
: '
m,.lx.i.;......!} SS9k St R R S
£50 i st ] :
it el
Opldi :
= St ”
i ;

ot

Sampihan




Uéécﬂ’c mhalised wWiNds

! QSO_“‘_\S\' focecasts

i
'

i o b ‘
S RASEN §3 IUTPRUSSS D CE-SE S S SN Sp ot S

A ool RS AR 3

i : -

{ H 3 3 8

i P 1

\

H < AR At

! i

| $

[ P!

] .t .

R

e

et

S

EH AT R oSS A g

s

“'T‘ et

p=i
1

e

|

e T

i
1

gty

RIS s fe X

B S

4o




v
: .
; M
%) w :
Ny o
9 g ﬂ M
9 s d
I'd © L : |
H .‘I\ s i S | ”
o .mrm. | |
R |
£ 3 ” _
B ! Hy
L gy i
3.3 ”
5 :
|
| gy
- T i

to
4




)
2
E o
e A
&
]
w
i)
N
S
3
&
£
7S
=

VECToR OZND ERRoAS AT Bo0ub 24 R FORzcASTs & J4UR [0sierale

RMS

- K]

4

TRty

R

RS B3

35 2R3N hak

LRSASRBaS

o anasagn;
SRR

pRaSE

it

Foebyras
ioRasanse

RS BE Aahs

D
5B

PERes

r

13345

T

BT

0wl

AT

3 nzaat ks

i1
iy

i

PRS B B

T

il

i

HEET

Vi

P Jevvsres




AREAL LLED FOR ORTECTINE QATNFALL N ERIFLOATION

FIGUWRE YL

s g

b me g Bee

[




500 MB

LEATHER SHafs No SATSLLIVES

OPERATICNA L

Ton MR Th [SOPLETH IHTERVAL=6 DNECRRETERS
: I TiLEN 27 16/34%5  S-1 DETAID

g o = e smm oo 4D e g @ 0 S e e
PN Y N\ T G
ST
//.\ ‘
|
\\r S
% B
R _\/.\/\\l\\,/,/VS'
I \>\\m~w
\Y?(l\\\.\;/w
N

ve U

path

UEDATE SATELLITE DATH
[SOPLETH INTERVAL=E DECAMETERS

PUESRE L S48 o
v HETan
vi73/7s . VERIEICATION TIREs1ZE 167377¢ $-1 HETHOD
2 14/3/7%.VERIFICATION TinEs=12 i

ANBRKYSTS

27600 M8 CONTOURS

m

! 0uuR FERICAST.DATA TiMEs(2

C NO WEATHER SvaRs MAL
500 M3 CONTOURS LETH
OrQUF FORECAST.OATA TINE='22 _a\usurmcm',—




e LUORTACE PREas

LLZATHRER A . NGO LATEWITES

N
!

<

/o~
HX
7/ =
B SR

Y NS WEATRER SAIEY UMDATE SATEWLTIE OFTHR
] INTERVALS

ATICN TIME=122 183074 S-i METHOO
N R
J&u/_\,\ T

\ Y <D

S

VURE  AWALY m.Hv

.

v

"

N WEIATHER
SURFHCE PRESSU

DHOLR FERECAST (GRTA 11




..._JH:, N SURFACE. PRESSONE' AND CRECIEITATION iR FaRes

e \ NS SATE ALITES = ._‘? VI EATHER APl Goﬂa.m.. o
: Fact A RZ AN | FORECAST SURFACE FRESSURE ANG PREEIPT

1 200Uk FORECHST DATA VIHE«12Z 14/3/74 VERIFICATION

RRIN REVi g & . »8.0.¢ . SO7 ait L4 T oelN RATL »DL0) -“rime

SRR RLTc RN LINES 2.80% 2838 SNUR. ERIED Ja FAC QC-5 TeilrRecS

RAIN KET: g @ »TCTAL RAIE »4.0.0.5 4 o
SNOW KET: DRSM LINES GIVE 20%.30% PRC3 UF SNO4. BASED W 4

B NC WEATHER SATES  UODRTE SATELLITE ATA. e € NO WERTHER QWIES MATIN m,qmsu_
RECAST SURFACE PRESSUREI AND cCIPITATION . ' FORECAST SURFACE PRESSURE AND PREC
TIMEs122 1473774 .VERIF { J e i / 5-1 METHOD 12HOUR FORECAST.CATR TI1HE=122 14/3/74.VERIFICATION qmuwn

278/

7 D

P -
= T SO Ul
SAIG FET1g o <T0TA BATE 70.0.0.5 g o ~07% PAIL +5.1.0.01 T sC0N oMIE #0.01  FR/md : AHIN KEYt g @ oTOTAL KAIE »+.0.0 & 4 , w0*N KATE >0  «3.40)

SN RETT DRGM LINES OIVE 27%.BCY% rAGE OF SNOK. BASES N F/C 10-5 TGC7ESS | BNDM AEYM GRSK LINCS GINE 20,008 P04 O 3WDH. BASEL DA FA1 ,S«%m
¢




SURFACE PRESSUAE AND PRECIEXTAT

OCPEAATIONAL  WEATHER SHTES N0 SKTELLETES A WEaTRER SeIes

FORECAST SURFARCE PRESSURE AND PRECIPITATION ; ! FORECRST SURFACE PRESSURE AND
22 L8/3°70.VERIFICATION TINEwI2Z 1S _ | ZWMOUR FORECHST.OATA TIMES122 16/8/Th VERIF]
| A 3D
M B
! i
te o ST 0 -5 4 o =0YN ARIE >0.1.0.0% ...n?. Parf 0.0 RAIN KEY: g o <10TAL RATE x...ah.a,. 4+ o DTN RRTE 23
SNOW PIY: GRS LBICS GIVE #RI3 F SNIW. BRLD R FIC 10-5 THITARESS i SWOA KEYS oRsw LINES GINE 201002 PEOE OF INJA. BRSED N F/C 13-3

w :
€ NO WERTRER Sarres MAIN Al
FORECAST SURFACE FRESSURE AND PRECIP

~2UNQUR FORECEST.DATA TIME«122 16/3/74 .VERIFICATION TIRSs12Z

SRTE L TTE DATA

F s ites oy
ITRTION

B No WS

cABrrAaT 3
FORECAR3T SU!

TIMEs122 1S/3/7% 3-1 KETHOD
&
.

Ang FACT A

2 LR
CWN0LR FORLLARLT.LC

X7 7
DS

.. T

<

B

¥

}

{

&

\ .

B R e t

! OIWOLL OGO H e w
{ conLADOCOOLEG . |\ H
eyl : :
|

A it
i

H &

i

L 0;004'4..
tt<°0°0' ..v-

EoA ‘

REIN KEV1 g o *70TAL AR1E 26.0.0 5 WOV RATE »0.
SNGN KETi UAiH LIS GIVE 20%.80% PIIL O SADK. DACED W £

Filli AE¥: g g #I0TAL RaTt 24.C.0.% 4+ o bi% RATE >0.1.2.01 T W04 RAIC *0.03
SNCW KEY: DuM LINES CIvE 20%.A0% #RCS OF 5SNJa. SRSLD 0% F/C 10-9 THICKALSS

i




OPERATICH AL WERTMER 2

EORESH t PRESSL

PRECIPITART]

wiriate

L

Sw vy

o,

SR S

+Tc100550¢0 %4
TOT 00D UD4 4

B s
¥ LS
iai "

RAIN MEYs o o STOTAL RATE 25.0.00%  w
SN #CYy LINES GIVE 20%.80% 7RD3 OF &

C NO WEATHER S

FORECAST SURFRCE PRESSURE A
16HOUR FORECAST.ORTA TIME=122 (&/3/7

KAt ,zu4 U
ShON 2EY,




NS

SUBIECTIVE ANRLESAS




MARCH 1974

DAILY WEATHER MAPS

¢

=

\u

>c<y¥\ )

12 GMT

Dates are ringed at
lower right-hand corner
of each map

(F
Wi ,@/ gfgéf, W;J Sk
\ NN |0\L ( C

‘(\ \ !I ‘\

\

N oo™
SV F}%
2331580 A

"FW

'—-.Im /

!

/

Foy
— 5¢ 1

oy,
9%*—\ dﬂ\ "‘ M
-~

M.S.L. isobars are drawn at
4 mb intervals

M..... Warm front

A A _ coldfront

]

Fig ZNW



Meto0e11 Technical Note NoJL7 ‘and Met,0.2b Technical Note

NO .5.

: REPORT ON AN EXPFRIMENT TO DETERMINE THE
VALUE OF QCZAN WREATIER SHIP AND SATELLITE
DATA JIN NUMERICAI, FORECASTING ~ PART II

by

; Margaret J. Atkins
angd
) ‘ - Martin V. Jones




1.

2.

3
4o

.5.
6.

7o

CONTENTS

Introduction

Orgenisation of the Experiment
2.1 Period

2.2, Intervention

2.3 Objective Assessment .
2.4. Changes to Operational Suite A
Synoptic Situation - 2nd to 15th May 1974

Subjective Assessment

Lel. General Remarks

4.2, Factors Affecting Individual Cases

Lede ' Revised Assessment

Lelhe Subjective Assessment of Rainfall Forecasts.
Weather-Ship Wind Rejections

Objective Assessment of Octagon Forecasts

6.1« Forecasts v Analyses - Region II

6.2. Forecasts v Observations

Objective Verification of Rainfall from Rectangle Forecasts.

Conclusione




1. INTRODUCTION

Part I of this report described the first period of running the experiments,
with particular emphasis on the value of SIRS data as an operational source of
upper=2ir information, Part IT presents the results of the second period, in
which the prime objective was to evaluate the contribution of Ocean-Weather-Ship
(ows) data to the quality of numerical forecasts in the vicinity of the British
Isles.

During the second pericd (00Z 2nd to O 14th May 1974) only one
experimental forecast suite was run. This is referred to as "Expt.1" and.as in
Part I,included satellite data but did not use weather-ship data, The
operational forecast suite during the second period was equivalent to Expt 2 of
Part I snd included both satellite and weather ship data (see Part I para, 10).
Expt 1 was run in a similar maoner to that described in Part I, the principal
2iffercnces being discussed in the following paragraph.,

2, ORGANISATION OF THE EXPERIMENT

2.1 Pexriod.

The second period of Txpi 1 began with the A1 run on 2nd May 1974 and
ceased after the B2 run on i1ths There followed a "run-down" period of 3 days
for the objective verification.

Subsequently forecasts based on data for 12Z on 11th and 00Z on 12th were
done - out of real time, but on the same basis, except that no octagon objective
verification was done.,

2.2, Intervention.

The Expt-1 runs took place at the scheduled times described in Part I (Pigure I),
to allow the intervenors a realistic time to prepare "bogus" observations
(see Part I, Para 2.2.(i)).

There was insufficient time before the second period to develop machine-
plotted 1:30 million circumpolar charts without weather-ship observations for the
experimental forecaster, so that when preparing his intervention he used the
1:20 million Atlantic "working area® charts with opsque patches covering weather-
ship observations, Of principal interest was the Atlantic area, which contains
the ocean weather ships whose continued operation was under review, so that lack of
separate intervention in the Pacific area for Expt 1 and operational analyses was
not a serious limitation.

The selection of output charts was smended to reflect the changed
requirements for intervention,

2.3. Objective Assessment

The wide variability of sample sizes displayed in Tables V and VI of Part I
(Octagon'Verification) gshowed that cumulative statistics for a limited periecd do
not provide very firm bases for inference;, and therefore no "run-up" period was
allowed for the octagon verification programme, Daily statistics for the whole
of the second period have been produced, whilst cumulative statistics, although
available, have been ignored.

2.4, Changes to Operational Suite

The following significant changes took place in both operational and -
exporimental suites between the March and May periods, in addition to those
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described in Part I, Para 10:

(1) A revision of the diffusion formula in the forecast programue
took place in April, at the request of CFO; as a result,
spurious ridge-building was substantially eliminated.

(ii) Minor changes were made to data=bank storage routines and
quality~control checks, including temporary provision for a new
Chinese upper-air data transmission code, which was introduced
without warning.

3. SYNOPTIC SITUATION 2nd to 15th MAY 197L

The period began with a depression moving eastwards into northern France
and bringing rain into southern parts of the United Kingdom. At the seme time
there was a complex 500mb low over the British Isles and eastern Atlentic.
This was followed by the rebuilding of high pressure over the British Isles and the
intensification of an upper ridge. The 500mb low in the western Atlantic moved
slowly eastwards and on 8th May fronts associated with a secondary depression
moving around the main surface low moved into Irelsnd but became slow moving.
Another depression to the west of Ireland and its associated fronts brought rain
to most parts of the British Isles on 10th May. The surface pressure and 500mb
height remained low to the west of Ireland for the rest of the period. A third
frontal system moved across the British Isles on 12th and 13th May, high pressure
becoming re-established over eastern parts on 14th May.

Table T shows the Lamb Classifications officially assigned to each day of
the period. Figure I is reproduced from “"Weather Log" (published by the Royal
Meteorological Society) and shows the sequence of midday hand-drawn analysee
for the period.

L, SUBJECTIVE ASSESSMENT

4e1+. General remarks

Assessment was made on a similar basis to the first run of the experiment.
The rectangle forecasts of 500mb height, surface pressure and rate of rainfall
were assessed at 12-hourly intervals and the octagon forecasts of surface pressure
and 500mb height were assessed at 24~hourly intervals. In addition the surface
pressure and 500mb analyses were assessed for each arca. For each of the
rectangle and octagon forecasts, a combined mark was given for each forscast time
and a separate mark was given for the surface and 500mb analyses from the
following scale:

Operational significantly better than Expt 1.
Operational better than Expt 1.

‘Operational and Expt 1 equally good.
Operational worse than Expt 1.

Operational significantly worse than Expt 1.

HUOUQWe

The area considered in assessing the octagon included the British Isles; Western
Europe and the North Atlentic, The results are shown in Table II. The
rectengle forecest charts were given a dual marking: one mark for the British
Isles and eastern Atlantic and the other for the whole area, Thease were
generally the same based on the forecast for the British Isles area but there

S »"A
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were a few forecasts (based on data for 00Z 4th, 5th, 6th and 7th May) where

the main changes in the synoptic situation were taking place in the western
Atlantic and where differences between the two forecasts showed in this region,

The analyses were assessed for the whole area. The results are shown in Table TII,
Table IV shows the weather ships used by the operational analyses.

It is difficult to summarise thaese results as in almost every case there
are factors other than the removal of weather ships, such as differences in
intervention, contributing to the results. The total number of marks in each
category sre shown in Table V(a) and (b). The totals for the analyses and
forecasts are shown separately as they are marked on a slightly different basis.
No A's or E's were given to analyses as it is difficult to assess analyses as
significantly different except in so far as the forecasts produced from them are
significantly different. The last two columns in each table give the totals
and percentage in each category from all the forecasts., In the case of the
rectengle the totals shown are those of marks for the British Isles and eastern
Atlantic. Assuming that the factors other than the removal of weather ships
affect both the operational and experimental run equally, these tables show that
on average during the period of the experiment the removal of weather ships produced
worse forecasts for both the octagon and rectangle, For the rectangle the
operational forecast was better on 475 of occasions and worse on ¢5; for the
octagon the operational forecast was better on 2% of occasions and worse on 14%.
The rectangle forecasts were affected more adversely than the octagon and this was
largely due to the effect of omitting weather ships on the rainfall predictions,
Moreover the marks bear little or no relation to the number of satellite reports
within the forecast area. (Tables II and III). Even in the presence of a
reasonsble number of satellite data the removal of wealhcr sliips can give risc
to a significant deterioration in forecasts., It is true however that the
positions of both the satellite and more particularly weather ship data in relation
to the synoptic features are more important than the numbers of such data,

4e2. Factors affecting individual cases

The assumption that factors other than the removal of weather ships affect
both runs equally may not be valid and some explanation of individual markings
is necessary. Table VI is a summary of these factors.

The previous experiment allowed two days to elapsc befcore verification

began, As the weather was interesting for the first two days of this e xpsriment
the results have been included, but the influence of the weather ships in the
experimental runs for 2nd and 3rd May was probably still quite large both from
the background fields and the charts used by the forecaster for intervention.

4e2¢2s Q0Z 4th and 00Z 11th May

The cases of 002 4th and 00Z 11th May show differences between the two runs
which can be traced to slightly different procedures used by the operational
and experimental forecasters.

The A's in the rectangle assessment for 4th May arise from differences in the
upper air pattern which were caused by & satellite observation being rejected by
the Expt-1 analysis but not by the operational analysis. This happened because
the background fields were different due to different intervention in the previous
update run. This in turn was caused by two vifal cbservations being missing

o Ao s M G40 A SN B AN AT 8
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on the experimental chart causing a 500mb low to be drawn less deep. The
difference in the upper air pattern wes not apparent in the octagon analyses.

The differences for 00Z 11th May were also caused by different intervention
in the previous update run, arising from different 500mb charts. In this case
the operational forecaster had drawn an upper vortex based on gridding the
surface and thickness charts whereas the experimental forecaster was unable to do
this as he did not have a thickness chart. However, in this case the results
from Expt 1 were better, the corresponding surface low being deepened further.
There were differences in the surface analyses for 00Z 11th which were caused by
surface intervention in the operational but not the experimental main run,
These differences had disappeared by T+12 for the rectangle ancjzi‘+22+ for the octagon.

Le2e3e Pre=intervention in the main run

One major difference which often occurred between the two runs was that
pre~intervention in the form of artificial or "hogus" data was introduced into
one or other of the main runs. This usually happened at the surface and resulted,
for example, in a difference of & few millibars in the depth of & depression
persisting for a large pert of the forecast. As the operational and experimental
forecasters had separate surface charts, the experimental one being drawn without
weather ships, one might expect this intervention to be different., However, the
difference usually occurrcd because two different people, with differing
experience, did the job rather than because the charts they uzed were different.
Often bogus data were introduced into one main run and not the other, Cases
where bogus data were introduced into the operational but not the experimental main
run were 00Z 8th, 10th, 11th and 12th May. Cases where bogus data were introduced
into the experimental but not the operational main run were OUZ 5th, Sth, 7uh and
9th May. There were different bogus data for 00Z 3rd and 122 11th May.

Le2.be 002 5th, 6th and 7th May

There was pre-intervention in the expem‘.ment/%n for 00Z 5th, 6th and 7th
May mainly around depressions in the west Atlantic. It affected both the octagon
and rectangle forecasts in that region for up to 36 hours. The experimental
rectangle forecast for 5th May was affected by pre-intervention around & low
cutside the boundsry. Thie caused the rectangle bourdary values which are updated
by the octagon forecast to be different and produced a deeper low within the
rectangle area., The experimental run for O0Z 5th May was re-run without any
pre-intervention and the results are shovn in brackets in Tables II and IIX. The
D's have been rcplaced by C's and it is probable thai the D's for the 6th and 7th
result from similar pre-intervention and would be replaced by C's if this were
removed .

Le2:50 002 9th May

For the rectangle the pre-intervention in the experimental run for 00z
9th produced an overdeepening of the low pressure area to the west of Irelend.
This resulted in the depression being deeper than the operational one for the
whole of the forecast period, and in fact produced a better pressure pattern in
the experimental than in the opsrational forecast. The results of this forecast
are shown in Figures V(a) to (d). The rainfall predicticns however are
significantly better in the operational xrun (ses Para Lekie)

For the octagon the pre-intervention produced a better surface anslysis in
the experimentel run and the difference persisted throughout the forecast, the
Expt-1 depression being deeper than the operaticnal one.
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bi2.64 007 10th May

1 b
-

It is not clear wihether the better operational forecast for CO0Z 404
wag caused by a better 5C0mb analysis or by surface pre-intervention. The
justification for different surfoce pre~intervention is somewhat uncertain as the
exverimental surface chart hed sane misging observations and some incorrectly
plotied ones.

he2.7. QUZ 12th May

The opsrational pre=intervention for OQZ 12th did not have much effect
on the comperisons up to 36 hours. The bogus data were around a depression in the
weat Atlantic whereas the differences in the forecast were agsociated with the
depression to the west of Irelands The bogus datz may have had some effect on
the octagon LB8~hour forecast where the differences were associated with the west
Atlantic depreasion, which by this time was deepening and moving eastwards.

Figures Ii{a) to () illusirate the octagon forecast.

l+c 2 [ 8 ° l‘)‘thh L{az

As there was pre=intervention in the operational forecast based on
00Z 8th May and it was marked as significantly better than the experimental fore=-
cast for both the octagon and the rectangle, it was thouglt worthwhile to re-run the
experinmental forecast with suitable pre-intervention.  The intervention actually
used was the surface bogus data from the experimental update run and the upper air
bogus data from the operational main run, The latter consisted of a few Pacific
observationa, '

The situation consisted cf a main low (0) in the western Atlantic with
a secondsry low (T) moving round it and lying to the south east of 0,W.S"I" at
the beginning of the forecast poricd. Fronts ascoclated with low T moved into
western parts of the British Isles giving rain over Ireland, southwest England,
Wales, Northwest England and Scotland, Figures III(a)(b)(d) and (e) show the
snalyses and 24~hour forecasts from the two runs. The comparison was marked A at
T+12 for the rectangle and at T+24 for the octagon because the operational forecast
gave much stronger gradients of surface pressure to the south east of Iceland,
C.F.0. in fact issued a warning of imminent Northeasterly gales, force 8 for South
East Iceland on 8th May at 2000GMI's The re-run of Expt 1 went about half vay
towards making up the difference in gradient (see Figures ITI(c),(£)) and
corresponding comparisons with this forecast were marked B instead of A (see
bracketed letters in Tebles II and III). However, the remaining difference was
largely dus to the surface observation at 0,W.S."I" which enabled the operational
forecaster to draw Low T lhub deepsr. The rectangle was marked A at T+24 because of
differences in the rainfall forecasts (see Para.h.4). The re-run of Expt 1 made

no difference to the rainfall predictions,

4e249e OUZ 3rd and 122 411th May

On both 00Z 3rd end 122 11th May there were different bogus data
inserted into the operational and Expt~1 analyses., On 3rd May the operational
snalysis was better at the surface ncar the Bpitish Isles partly due to better
pre~intervention & rtly due to the surface observation at OWS"K", This
difference persisted for 12 hours in the rectangle forecast and was Just noticeable
after 24 hours in the octagon forecast. B

i 5 ~ On 122 11th May the difference in pre-intervention resulted in the
~ operational rectangle surface analysis producing a depression which hed a larger
central isebar although not necessarily deepsr central value than in the experi-
ta) analysis. (see Figure VI(b))., The two subjective charts did not justify
any different pre-intervention and the Expt-i amalysis was in fact nearver CFO's
awing. The larger surface low in the operational analysis made the
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1000mb height used as a base for satellite observations 2dkm lower than in

Expt 1 for one particular SIRS observation. This resulted in a deeper trough

at 500mb, (Figure VI(a)) which in turn resulted in a significantly better rainfall
forecast at 24 and 36 hours (Figures VI(d) and (e)). The operational upper

air forecaster drew an even deeper trough based on a southerly wind at OWS "K".
This wind was rejected at 500 and 300mb by the operational objective analysis.

It was decided to re-run the operational rectangle forecast using the
pre-intervention from Expt 1, thus ensuring that the satellite data were
similar to those in Expt 1, and changing the analysis programme to avoid the
rejection of upper air ships wirds. This produced a slightly deeper trough
than the operational analysis at 500mb and the resulting synoptic development at
36 hours was slightly better than the operational forecast (see Figure VI(e)).
The rainfall forecast at 24 hours was not quite as good as the operational
one but at 36 hours it was better, the operational forecast giving too much rain
at 36 hours. The comparison of the re-run forecast with Expt 1 is shown by
marks in brackets in Table III.

In the case of the octagon the pre-interventicn did not produce such
& large depression and the operational analysis was in fact better.than the Expt-1
analysis.

Le3, Revised Assesament;

In the light of the discussion in para.4.2, Tables V (a) and (b) may
be revised by removing O0Z 2nd, 3rd, 10th and 41th, changing D's to C's for 5th,
6th, 7th, 9th and using values obtained in re-runs. Tables VII {a) and (b) show
the revised assessment., The rumber of cases where the operational forecast was
worse have been reduced. For the rectangle the operational forecast was better
on LG% of occasions and worse on l%; for the octagon the operational forecast
was better on 25/ of occasions and worse on 4%.

4eioe Subjective Assesszment of Rainfall Forecasts

It has already been stated that the significant differences in the
rectangle forecasts were largely due to significant differences in the rainfall
predictionss All the occasions of frontal rain have been re-examined 4o see on
how many of them significant differences occurred. The results are summsrised
in Table VIII in which marks are assigned specifically to rainfall forecasts
for the British Isles., ithere no mark is given there was no rain, The forecasts
were verified against British Isles hourly or significant weather charts.

Ae has already been mentioned the first two forecasts should not be
compered directly with the others as Expt 1 waes probably still influenced by
weather ships. Considering the 24-snd 36-hour predictions of rain from the
remeining forscasts it can be seen that on all occesions there were significant
differences at either 24 or 36 hours. Although the case of 00Z 11th May was
marked B there was a significant difference on this occasion but neither forecast
vas correct. The operational forecast produced a better shaped rain area in
association with the fronts but was too slow. All these significant differences
arose from occasions when the 50Cmb cperational enalysis was marked as better than
the 500mb enalysis without weather ships. The improvement due to the weather
ghips is not so noticeable in the 12-hour forecasts. This is not surprising as
the humidity field is only just adjusted to the dynamics at this stsge. The
forecasts based on 00Z 8th, 9th, 12Z i1th, 00Z 12th May are illustrated in
Figures IV to VII. Ths main differsnces are sunnarised below -

007Z 8th May . :
The operational forecast is compared to the re-run of the experimental forecaste _F
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At T + 2 the operational forecast had advanced the front edge of the rain
much further into Scotland and the Irish sea, This was correct. At T + 36
the operational forecast tock the rain right into northern England whereas the
experimental forecast had brought it into Scotland, The experimental forecast
was in fact beiter for this time but the evolution waa wrong. The grid point
values of accumulated rain (Figures IV(c) and (d)) show some differences mainly
caused by the differcnt positions of the rain areass in the two forecasts, 1t
is not possible to verify the accumilated rain until rainfall data have been
proceased by Met.0.8,

C0Z 9th May

At T + 24 the front edge of the moderate rain was about 140km ahead and the rear
edge about 70km ahead in the cperational forecast, which was betier than Expt 1,
At T + 36 the operational forecast hsd cleared the rain right into the North Sea,
which was correct, whereas Expt i satill had rain along the east coast of England,
In fact the rain cleered the east coast gix hours earlier, The grid point values
of accunulated rain show some large discrepancies which are again mainly caused

by the difference in timing.
122 11th¥day

The operational forecast/and the re-run of the operational forecast are compared
to Expt 1.

At T + 12 the two forecasts which included the weather ships produced rain areas
which corresponded more closely with the fronts than Expt 1. At T + 2 in the
Expt-1 forecast the front edge of the rain was further back than in the re-run

af the operational forecast, and this in turn was further back than in the
operational forecast. At T + 36 the Expt-1 forecast had cleared the rain to the
north whereas a narrow belt of rain actually crossed the countiy, This was fore-
cast very well by the operational re-run, but the operational forecast itself
gave too widespread sn area of rain, Figure VI(f?ecompares the accumulation
from T+24 to T+36 for the re-run of the operational forecast and Expt 1 and shows
that Expt 1 gave very little rain over eastern England,

00Z 12th May

At T+12 the operational forecast had brought the rain further eastwards by about
1L,0km over the Irish Sea. At T+2, the operational forecast had correctly moved

the rain to the North of England with the rain belt lying in a north-west/scuth-east
direction in a similar manner to the front., The Expt-1 forecast had moved the
rain esstwards to lie in a north/south direction. At T+36 the rainfall forecasts
were similar but the centre of the depression was much better placed in the
operational forecast. The accumulated rain from T+12 to T+24 shows some large
differences in the amounts, and that from T+24 to T+36 reflects the different
positions of the rain areas.

5. WEATHER-SHIP WIND REJECTIONS

It was somewhat disturbing to find weather-ship winds rejected by the
objective snalysis when they were particularly importent as for example on the .
occasiongof 127 14th May and 002 15th March, . The latter case was discussed in Part I
of this report. All the snalyses during the second period of the ship experiment vexs
examined to see how often weather-ship winds were rejected. Table IX shows the .
results., Most of the 300 and 500mb winds have been drawn to by CFO although some
of them did not fit the analyses very well, The wind rejection criterion used
in the objective analysis has remained unaltered since befove the 10-level model
became operational. It was devised for a full network of Atlantic weather ships
and may need amending as a consequence of the loss of the U.S. weather ships.
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The loss of the U.S3. weather ships could have caused a deterioration in the
backgrourd fields which therefore would be less consistent with the remaining
weather ship winds, in particular those from I, J and K. These winds would
therafore be more likely to be rejected. This would be perticularly true when
they were giving ¥aluable information, as OWS "K" was towards the end of the
period of the experiment. It may be impossible to devise a satisfactory
objective test, in which case it would be better if all the weather ship winds
were retained by the analysis but exsmined by CFO before every run and rejected by
them if necessary.

6. ORJECTIVE ASSESSMENT OF OCTAGON FORECASTS

The verification regions and stations are shown in Figure VIII and Table XI,

6.1, PForecasts v Analyses - Region IT

6.1.1. Cumulative Statisties

Due to the variable number of forecests included (i.e, sample size
for Expt 1 is approximately half the operational sample size), the cwnulative
statistics have not been inspected,

-

6.1.2, Deily Statistics - Heioht J

Figure IX (a) and IX(b) represent comparisons of the progress of
each individval forecast (Operational v Expt-l) at 200mb and 500mb, in terms of
RMS (root-mean-square) height differences between the forecast and the update
analysis at the verification time,

Bearing in mind that "Expt 2" in Part I has become "operational" in
Part II, a comparison of Figure IX with Part I, Figure III reveals a marked
reduction in the mean value of operational 72 hour forecast height differences by
approximately 44 metres at 500mb, and 51 metres at 200mb, This is mainly a
seasonal variation, although there is probably a small contribution due %o the
change of diffusion formula in the forecast model (see Para.2), This vardatiocn
must be taken into account when comparing statistics for the March and May periods.
(See Table X).

At 200mb (Figure IX(a)) the Expt-1 differences are greater than the
operational cnes throughout four of the ten forecasts, whilst the reverse is the
case for none of them. At 500mb (Figure IX (b)) the Expt-1 differences are
greater throughout four forecasts, and smaller throughout three., The separation
between the two curves never exceeds 1Ometres, and is considerably less during
most of the period, at both levels, It is curiocus that the forecests based on
00Z on 8th, which were subjectively assessed as most different, should produce
such similar curves in Figure IX.

Figure X (a), (b) and (c¢) compure equal-period forecasts of height
from Expt 1, the operational suite and persistence, on a daily basis for 500 and
4100Qmb. The height differences from the operational and Expt-1 forecasts are
much closer to each other than to either the perfect forecast or persistence.
However, there is no consistent improvement in the forecast due to inclusion or
exclusion of CNS data. ' ' :

"

6.1.3. Daily Statistics - Wind Errors

Figure XI(a), (b) and (c) compare persistencs, operaticnal and
Expt-1 mean vector wind errors for 24, 48, 72-hour forecasts gespectively at
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300mb and 1000ab. The operational 24~hour forecasts (Figure XI(a)) are
consistently slightly better than the corresponding Expt-1 forecasts except
for the 1000mb forecast based on 00Z on 8th., The same can be said of 1000mb
48~hour forecasts (with the same exception), but not of 300mb 48~hour forecasts
or of 72-hour feorecasts,

6.2, Forecasts ve. Observations

6.2.1. Europa (28 stations)

The stations included in the statistics presented in Figure XII
are listed in Table XI. Figure XII compares 300mb RMS vector wind errors on a
daily basis. The operational 24~hour forecast has consistently slightly smaller
errors than its Expt-1 counterpart, except for one day. The separation between
the two curves is at maximum approximately 5kt, but more often approximately 1kt,
Fer 48-hour forecasts, the separaticon averages 3kt, and is in either sense,

6.2.2 Atlentic¢ Reglon (6 stations)

Figure XIV shows 300mb RMS Vector Wind errors for 24 and 48-hour
operational and Expt-1 forecasts. Since the semple of observations is so small
(usually 4 or 5 stations) care must be taken in interpreting the statistics.

For example, on 5th, 9th, 12th and 13th, the quality-control checks applied to
observations before they are used for compasriscn accepted an extra observation
in one or other of the two verification programmes, which suggests that the extra
observation is not particularly good. This hypothesis is supported by the large
separation between the Expt-1 and operational curves on 9th, 12th and 13th in
Figure XIV.

Taking the whole period, the mean dif'terence between operational
and Expt 1 wind errors is -0,98kt (i.e. operational errors less than Fxpt 1)
at T+24, ard =1.76kt at T+48; but if the 5th, 9th, 12th and 13th are ignored, the
values are =0,14kt and =0.83kt respectively. Over the whole pericd, the
separation between the curves (i.e. ignoring the sign of the difference) averages
3,07kt (T+24) and 4.83kt (T+48), and the corresponding figures discounting the four
dates are 1.47kt and 2.05kt, The loss of (WS data leads to changes in the wind
error of magnitude one or two knots, but the changes are in both senses, with a
small bias towards increase of errore The largest changes during the period
were approximately 3kt (excluding the dubious dates).

As with forecast errors, the two verification programmes
rejected a different number of observations for use in persistence statistics on
5th, 9th, 12th and 13the The persistence curve in Figure XIV is taken from the
operational verification programme, since quality=-control comparisons are made -
between observations and the operational analysis,

7. OBJECTIVE VERIFPICATION OF RATNFALL FROM RECTANGLE FORECASTS

The rectaengle rainfall forecasts have already been mentioned in Para 4.4,
where assessment was made subjectively. As was stated in that paragraph it is
not possible to verify grid point values of accwmlated rain until all the rainfall
data have been processed by Met,0.8, However, it is possible to make some
objective verification using rsinfall data from synoptie stations contained in the
Climatological Data Bank in the same way as was described in Fart I of this report,
Rainfall accumlations were verified for the 14 areas shown in Figure XIII. An
average value was calculated for each area for the two 12-hour periods T+12 to
T+24 and T+24 to T+36 from both the operationsl and Expt-1 forecasts, and these
were verified against actual average values from the autographic rainfall data.

The results of the objective verification are shown in Tables XIT, XITI and
XIV. Table XII, which compares the sum of the mean values in each of the 14 &2
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with the sum of the actual values, shows that there was no general increase

or decrease in the rainfall amounts when weather ships were removed, Tables XIIT
snd XIV show that there is little difference between the operational forecast

and Expt 1 in distinguishing between wet and dry periods or between different
categories of rainfall amount, In fact Expt 1 appears to be marginally better
in dealing with wet and dry periods and with small smounts of rain,

These results show that the removal of weather ships does not affect
the wminfall predictions over a large area, The significant diffsrences in the
rainfall predictions mentioned in Para L.4. were lccalised and axe not apparent
in these results., This is also paxrtly due to the shape of the areas used for the
British Isles, which divide the country into north and south instead of east and
west,

8.  CONCLUSION

Even allowing for the complications caused by different intervention
thizs experiment shows that the removal of weather-ship data does not give rise
to a consistent deterioratvion in the quality of the forecasts, This is confinred
by the results of Expt 1 during the first few days of the March run of the
experiment. However, when weather ships are in critical positions relative %o
the synoptic features large differences do occur in the forecasts even when there
are a fairly large number of satellite data present. These differences are
most ncticeable in the rainfall forecasts for the British Isles, where on all
occasions of frontal rain except the first two days, there were significant
differences in the rainfall predictions at either 24 or 36 hours, Of these, all
except one forecast showed significant deteriorations when weather ships were
removed, Overall, taking other factors into account, the octagon forecasts were
worse on 255 of veriiication tiuwes wld the rectangle forecasts worc worse on
29% and significently worse on a further 21% of verification times when the
weather ships were removed, It is unfortunate that the objective analysis often
rejected vital weather-ship wind observations: the effects of removing the
weather ships might have been greater if this had not been'itho case,

The objective statistics for both the octagon and rectangle show that
when quantities are averaged over a large area the differences caused by the
removal of weather ships were small. However the lack of weather-ship data
did give rise to a small deterioration in short period wind forecasts from the
octagon,

Table XV swmmarises the effects of including satellite and weather-ship data
in numerical feorecasts. Firm conclusions cannot be drawn from two shoxt
experimental runs, where the synoptic situation was different when satellite data
was considered (during the March run) from that when weather ships were removed
(during the May run). However, the table indicates that the satellite data
have most effect on the larger scale features whereas the weather-ship data
from the existing network have most effect on the smaller scale features, and
thus implies that satellite data are best used to complement weather-ship data
rather than to replace them,

A second conclusion which may be drawn from thia experiment is that
subjective. intervention is important. This is particularly true where it
affects the upper-air analyses such as in the update run where upper-air bogus
data very largely dstermine the shape of the features in the west Atlsntic in the
absence of weatherwship data, Similarly, pre~intervention at the surface is
also important because the 1000mb analysis acts as a base for the satellite
obgervations and this affects the upper-air analyses.
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TABLE X

VERIFICATION OF OCTAGON 10 LEVEL MODEL

Cumulative Statistics

1. Heights against objective analysis (region 2 - 56Q grid points)

T + 72 forecast rms height differences in metrea.

DATE 1000mb 850mb
Aug. 1972 49,1 5061
Sept " 60.8 59.6
Oct " 71.6 727
Nov " 7745 Thot
Dec % 88,2 68.1
Jan 1973 935 9643
Feb u 9601 108.5
Mar b 76.1 83‘5
Apr " 76.3 794
IARy " 61 08 6507
Jun " 535 563
Juz 518  57.9
Aug " 50.0 52.2
Sept * 59.7 6346
Oct “ 68.8 727
Nov " 81 06 AN 0
Dec * 95¢5 10244
Jan 1974 83.8 88.5
Feb * 102.6 107 &4
Mar ® 88.7 87.0
Apr " 6805 6601

61.5 611

o N SOOI s S i e i e bl b e i el e

500mb
713
61.8
9"+ e 5
9549
109.8

121.8
127.8
105.7
101.3
Thee
633
58.8
57.6
77.6
82.2
9642
1182

112.2
1384
132.5
1031

85¢3

300mb

98.9
1164
129.0
1273
4343

1571
1624
13647
1293
973
87.0
797
82 -L)-
113.0
1205
130.5
15647

16045
18344
16041
142.2
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