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TO:
Joe Elms, Climate Database Modernization Program
NOAA/NCDC (E/CC1)
151 Patton Ave.
Asheville NC 28801-5001

Joe, 15 September 2004

Proposed for CDMP work, as time permits: Two miscellaneous items, which we have
discussed and | finally got around to sending you:

1) Verploegh, 1966 report (HSST). Below is a “cover” page for the document, if you
wish to add that to the front of the resultant PDF (edit as appropriate). (Note: “Executive
Committee appears to be the proper terminology back in the 1960s. Apparently WMO
converted over to “Executive Council” sometime afterwards.)

2) UK Series Manuals (CD-ROM). Mike Jackson scanned, and re-typed into MS Word
documents, five Series Manuals, which document many of the historical data within the
UK Marine Data Bank. Mike provided the digital versions of the Manuals via e-mail in
2001. The CD-ROM contains 10 directories with the following names:

seriesO1-07scan  seriesO8-10scan seriesl1-14scan series15-15scan  series2]-24scan
seriesO1-O7type  seriesO8-10type series] 1-14type series15-15type  series21-24type

Within each directory is an html file, which puts all the relevant matenal into a webpage.
The “scan” directories otherwise include only the gif images. The “type” directories
include the MS Word file into which the Manual was typed by Mike, a gif image of the
relevant punched card, and in some cases gif image(s) of Appendices. There was no card
image for Series 15, and its directory contains two PDF files: one of the Manual, and the
other of “contemporaneous Notes written by Brian Fullager when Series 15 card images
were quality controlled and converted to MDB format.”

With hindsight, I don’t think the webpage approach was very useful. The documents
(particularly the “scan” ones) are large and take a long time to load into a browser.
Ideally, what might be most useful as a final product would be to have two PDFs for each
Series: scan and type. Mike seems to have done an excellent job re-typing the Manuals
into the Word documents (but I think it is important to have the scan versions, in case of
typing errors).

However, the gif images don’t appear to be ideal. Would we be better off re-scanning to
tif images the photocopies of these documents (with color covers) received from the Met
Office in 1995 (1 still have those, if you do not)?

This isn’t a particularly well-defined task yet, but I thought I would provide you with the
current status and material so you can take a look and we can decide how to move

forward, when resources become available. Thanks! g
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W.M.0. Project on Historical Sea Surfacs ‘'emperature Data

Report from Consultant to the Secretary-General of the World Meteoro-
logical Organigzation on the studies defined hereinafter:

(a) "To evaluate the task of analysing the sea surface tomperature data
kept by the United States and in particular to estimate possible
means and costs of bringing up to date the analyses of sea surface
temperature in squares for individual years and the cost of public-—
ation, taking into account that the ultimate aim is the production of
8 volume similar to "World Weather Records" giving historical sea
surface temperature for each month for coastal stations and for the
open oceansj

(v) To examine whether any work is in progress on this question in any
other country;

(¢) If time permits, to carry out the same studies as explained in para—
graphs (a) and (b) above in respect to the following parameterss

- nean air temperaturcs

— mean humidities ,

- mean surface wind velocity and vector
standard deviation of wind.

Following a decision of President W.M.0. the Consultant was requested
to present his report in three parts:

1. on items (a) and (b) above;
2. on item (c);
3. on a coumbingd analysis of the three items.

»

Paragraphs 1 to 7 of this report review general aspects of the HSSTD-
Project as regards availability of data, statistical requirements for ob-
taining representative mean values, seloction of suitable data, selection
of the period over which the HSSTD-Projeoct may be extended and selection
of representative squares for which monthly averages can be prepared,

Paragraph 8 summarizes the conclusions made in the previous sections.

In paragraphs 9 to 11 procedures are indicated for the execution of
the HSSTD-Project, as well as an estimate of the volume of work involved,
in three parts as required.

1. Analysis of sea surface temperature data kept by the United States

1.1 List of decks .
Acoording to ADC-II/Doc. 16, Appendix B, the following punched
marine date are preserved by the U.S.A. (as of March 23, 1962):
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Period before 1940: decks 1-4 ‘Period after 1944: decks 5-13

Period of Total

Deoi™) Date observation volume
1 British Marine Ubs. 1856-1953 3.835,963
2  Netherlands Marine Obs. 1854-1938 6,407,956
3 German Marine Obs. 1859-1939 6,104,576
4 U.S. Navy Monthly Aerol.Record 1920-1945 199, 401
5 U.S. Merchant Marine Obs. 1949-1960 4,420,982
6 U.S. Navy Marine Obs. 1945-1951 597,537
7 U.S. Navy Marine Obs. (including 1952-1961 2,135,138

Ocean Weather Stations)

8 Japanese karine Obs. 1953-1960 721,755
Japanese Whaling Fleet Obs. 1946-1956 13,925
10 British Marine Obs. 1953-1956 527.286
11 U.S5.8.R. Marine Syn.Obs. (I.G.Y.) 1957-1958 119,323
12 Netherlands karine Obs. 1945-1955 275,839
13 German Karine Obs. 1949-1954 184,060

kiscellaneous .
14 U.S5. Navy Ships Logs Ubs. 1942-1945 462,936
15  Japanese Marine Obs. 1937-1953 766,548
16 Danish harine Obs. 1860-1956 29,673
17 Hollerith Surface Cards ? 67,924

(Ocean Weather Stations)
%) Numbered 1 to 17 in this report for easy reference.

1.2 Further information on decks

1.2.1 The data which refer to the period before 1940 are given in the
following units:

air/sea wind wind
Deck Ship position temperature direction speed
1 1°, 5°,»10ésq.uarsden Op 32 points of compass Beaufort
2 1%, 2°, 5%, 10° » 0.1% 16 n w " u
3 19 10° 0.1% 16 » n " Lo
4 station number °F 16 " " " Knots

In deck 1 the wind direction was very rarely reported in the 16
"by" points (¥ by I, etc.).
po
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Deck 4 refers to observations made at fixed marine stations in
the Northern Hemisphere.

On the basis of a count of the number of observations which were
erroneously indicated to fall in continental Marsden squares (ref.U.S.
Inventory of marine surface decks, as of 3/23/62) the following prob-
" ability percentages could be derived of an erroneous indication of
the 10° Marsden square number on the punched cards:

deck 1: 0.6 per 10,000 cards
deck 2: 0.0 " " "
deck 3: 2.8 n " "
deck 4: 2.7 " " "

Regarding decks which cover the period from 1945 onwardse the
decks 8 and 11 do not contain data of the sea surface temperature
itself; this temperature is indicated implicitly by means of the
difference of air-sea surface temperature. The many errors which
are made on board ship in coding this difference (ref. 6, 14) make
these decks not suitable for their inclusion in the HSSTD-Project.

Deck 6 and the remainder of deck 7 contain observations mainly
made in American home waters.

Deck 7 also contains observations made at fixed Ocean Weather
Stations. ; .

Deck 9 contains observations made in and near Antarctic Waters.
Deck 13 contains German observations north of 60 N. lat.

The decks 5, 10 and 12 contain observations generally made on
merchant shipping lanes.

For the decks of this group the probability percentages of an
erroneous indication of the 10° Marsden square number were obtained
in a similar way as in para 1.2.1; the percentages are:

deck 5: 64.4 per 10,000 cards

deck 6: 1. ¢ " "

deck T: 2.0 " " "

deck 9: analysing mothod not applicable
deck 10: 0.3 per 10,000 cards

deck 12: 0.7 " " "

deck 13: 0.0 " " "
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Deck 5 needs a further explanation. All 61 continental Marsden
squares from which a ship could possibly not report an observation ,
contain a varying number of observations from this deock. The frequency
distribution is as follows: :

no.of erronecus no. of Marsden no.of erronecus no. of Marsden

reports -8qu.containing reports squ.containing

erroneous reports erroneoud reportis
0- 9 21 80 - 89 1
10 - 19 11 90 - 99 1
20 - 29 5 100 - 109 1
30 - 39 1 110 - 119 1
40 - 49 3 120 - 129 1
0 - 59 > 200 - 209 1
60 - 69 2 210 - 219 1
70 -19 4 220 - 229 1
240 -~ 249 1

The total number of 2636 erroneous reports in 61 Marsden squares
gives for this sample of 4,420,982 reports over 648 Marsden squares
a probability frequency of 64,4 erroneous reports per 10,000 observ—
ations.The frequency distribution indicates a general source of error,
which will be discussed in para 1.3.

The units used in decks 6 to 13 (except 8 and 11) are:

) . e wind wind
Deck Ship position air[sea temggraoture diTec tion speed
5 QLLLZLL F (sometimes C) dd-code knotes &
Beaufort
[¢)
6 QLaLaLoLo F 16 points of  knote
) compass
o
1 QLaLa.LoLo F dd—code knots
3 QLa.LaL]"aLoLoI"o p dd-code knots
10 1°,10°h’arsden 8Que; 0.1°F 32 points of Beaufort
La.Lo compass
12 2°,5° Marsden squ.; 0.1° dd—code knots &
QLLLLLYL Beaufort

a8 aaooo . _
13 1°,10°lla.rad.en BQU.; 0.1°C dd-code Knots
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In the group “"Miscellaneous" the decks 14 and 15 were included
whioch contain the only observations available over the period 1940-
1945. Deck 16 was indicated as "Danish Marine Obs."; it ocontains in
faot observations from expeditionary ships of various nationality
(o.a. Dana~, Challenger-, Discovery-expedition). A large variety of
unites was used in this deock.

Deck .17 contalns British observations from Ocean Weather Stations
in the North Atlantic Ocean. .

On_the probability of errors in punched cards

When meteorological observations are punched two actions are
done simultaneously; the series of figures is read and at the same
time the fingers press the keyboard. Data on the number of errors
made in punching cards are not known, but we can use the results of
an investigation which relates to a similar action.

In transmitting a coded weather message the radio officer does
in principle the same thing, the similarity is even greater with
respect to the officer of a coastal radio station, who types the
ships' weather message he receives, out on a teleprinter.

Verploegh (1965) has analysed the frequency of errors which are
pertinent to telecommunicating weather messages from Netherlands se-
lected ships ‘to the Meteorological Institute at De Bilt. For this
purpose he compared the radiogram which was handed to the radio of-
ficer on board ship with the telex message received at De Bilt. 5550
reports were sorutiniged; it was found tlhat each code figure was
transmitted wrongly 9 times on an average. Phls results in an error
probability of 0.16 per cent.

This probability figure is of course not directly comparable

to the error probability of punching a code figure on a cardj it
gives however an indication of the order of magnitude to be expected.
The punching of cards is normally being checked by means of second
"check" punching; the same card is punched again and whereever a
difference betwoen the first and second punched hole occurs the error
will be verified. On the basis of a comparison with the error probab-
ility in telecommunication wo may expect that the chance that the
same errog is made twice in one code figuro will be of the order of
(16.10-4)¢ or 0.026 per 10,000. If we may apply these probability
figures to the punching of the 3 code figures QL L, or the 3 figures
of a 10%uarsden square, we arrive at the result %hat a first punching
of QL,L, or the Marsden squarc may give rise to about 50 arroneous
positions per 10,000 reports, which frequenoy will be reduced by check
punching to about 0.1 erroneous positions per 10,000 reports.

Wrong entries in the log provide of course another source of
error in ship positions. Synopticians are woll aware of this kind of
error, although the number of cases in whioch the ship position was
reported and transmitted wrongly {and not the air pressure, another
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reason to suspeot a ship.position) appears to be rather small on it-
self (1.4 per cent). Ship officers normally copy the original log

and forward the copy to the Meteorological Institute. As far as
Netherlands ships are concerned it was found that these copies were
already checked on board ship to meet the more strict requirements

in climatology. Ship positions are for instance adjusted to what was
found, after the observation was made, to be the true position of the
ship; writing errors are at tho same time correscted. In the sample of
55%0reports only 7 cases occurred in which an error in one of the code
figures for ship position had been overlooked by the ship officer.

' The customary practice of checking entries on the meteorological
logbook on board ship comes of course forth from a long tradition;
The Marine Observer (1964) desoribed the same procedure for British
vessels. It may be assumed that the same procedure is followed on
board selected ships of all naticns which have established an attont-—
ive maritime olimatological service.

The discussion may make clear that a frequency of the order of
0.5 erroneous ship positione per 10,000 punched cards should constit-
ute an aoceptable norm; when a frequency of this order of magnitude
is found, one may assume that the possible checks were made as re-—
gards making the entry in the log and punching the card.

The outstanding error frequency of deck 5 can in no other way
be explained than by assuming that the original ebservations had on-
ly been punched oncej both the order of magnitude of this freguency
and the regular distribution over all continents seem to point this
way. The conclusion is important with respect to the error frequency
of sea surface temperatures in a given one degree Marsden square.
The square being indicated with 5 code figures and the soa surface
temperature with 3, it follows that for about 1 out of 60 cards on
an average an erroneous temperature may be expected, either because
of a wrong position or because of a wrong value for the temperature
itself. This probability is a hundred or more timos as large as ocould
be dorived in a similar way for oiher docks.

On a question from the Consultant over this deck the following
answer was received from U.S.A. (letter from U.S.A. to Secretary-
General of W.k.U., of February 1966).

"Remarks below concern Card Deck 116 — U.S5. kerchant Marine.

1.1. Sea surface temporaturc was a sgparate entry on the ob-
gerving forms; usually this was tho wa%er injection temporature.
These values were not derived. Prior to the card punching, the forms
were given a visual scan and obvious orrors were eliminatod; howcvor,
the punched cards raceived no editing. Since preparation of the in-
ventory (3/23/62) the land locked observations have been removed!.
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2.1

2.2

o

Since the preparation of monthly means of the sea surface tempe-
rature for individual years requires the availability of uninterrupted
long series of homogeneous and sufficiently cheoked data, it was felt
on the basis of the results of the above analysis that also other data
sources should be examined with a view to secure a satisfactory set of
basic information. ) :

Availability of observations from long records.

On the basis of information contained in ADC-II/Doc. 16 and on
the basis of additional information received from the Fed. Rep. of
Germany, the Ketherlands, U.K. end U.S.A. the following inventory
oould be made of long series of historical sea surface temperature
data (on punched cards) which are available in the countries of ori-
gin and in the U,S.A. and whioch would be suitable for the HSSTD-
Projeot.

British observations.
In the United Kingdom the following decks of punched British
Marine cards are available:

Series Period Total no. of cards
1 1854-1920 1,453,500 (53
2 1921-1929 9474500 AN
3,4 1930-1948 53,500
( 1945-1953 1,230, 500
9 1953-1956(June) 480,500
13 1956{July)-1961 .,1,262,000

Not all observations from the period 1854-1920 are punched; the
Mediterranean, the South Atlantic Ocean and the 10 degree squeres
alongside the Pacific coast of South America are not included in se—
ries 1. The punching of observations from this period is gradually
being continued.

From the 4.2 million cards over the period 1854-1953 a number of
3.8 million cards were reproduced for U.S.iA. (U.S.A. deck no.1 of
para 1.1). Serie 9 was also reproduced for U.S.A. (U.S.4. deck no.10
of para 1.1).

A roproduction of the cards from the seriss 1 to 4 is also pre-

__;e?vad in ﬁha Neﬁherlands.

Netherlands observations.

The punching of marine data started in the Netherlends in the
early twenties and has bean kept up since. The deck of 6.4 million
punched cards, covering the period 1854-1938, was reproduced for the
benefit of U.S.A. in 1951 (U.S.4. deock no.2 para 1.1). 4 seloction
of cards from a later period (the North Atlantic Ocean was for
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" instance not included) was reproduced in 1956 for the benefit of

U.S.A. (U.S.A. deock no.12 of para 1.1).

In the Notherlands are also preserved about 5.5 million German
observations from before 1940 (see para 2.3) and a deck comprising
the series 1 to 4 of British observations. About 100,000 older Swe—
dish observations, mainly from the period before 1920, are also kept
by the Netherlands.

German observations.

The punching of marine observations started.in 1941 with the
most recent data, wurking backwards. In 1946 the available deck of
cards was reproduced for the benefit of U.K., U.S.4, and the Nether-
lands; the 5.5 million observations mainly covered the perivd 1920-
1939; earlier data are however also included. The copied data were
not administrated. In 1956 about 0.6 million cards were reproduced
for the benefit of U.S5.A.; the cards refer to marine obeervations
made at 12 a.m. in all oceans, except the North Atlantic Ocean, and
cover the pericd 1906-1939. These two sets of data form together
U.S.A. deck no.3 (para 1.1), in whioh a certain unknown number of
observations may appear double because of the fact that the first set
bad not been administrated.

At present about 14.5 million marine observations covering the
period 1889-1960 are prese-ved at the Seewettoramt in Hamburg. The
systematic punching of earlier data continues.

Thus, about 8 to 9 million observations from German ships are
available only at the Secwetterami in Hamburg, in addition to the
deck of about 5.5 million Germen data which is also preserved in
other countries. The bulk of the additional data is confined to tho
Atlantic Ocean and adjacent seas.

American observations.

Aocording to ADC-II/Doc.16 about 2 million observatione from the
beginning of the record to 1939 inclusive, are mlcrofllmed. The
punched data refer to later periods.

The distribution of data on microfilm was examined in the pre-
sent study from copies of microfilmed tabulations of air and sea
surface temperatures in five-degree squarer in the Atlantic and
Pacific Ocean and in individual months over the period 1885-1936. The
copies were made available to the Consultant through the Secretariat.
The data seem to refer Lainly to the period 1920-1939, with very few
obsorvations appearing in individual months of earlier years. A
tabulation of the total volume of data per ten-degree square is not
available.

Bince the U.S. data over later periods (1945-1960) are not
directly comparable tv the data mentioned above,because of a different
method of observation (see 3.2), their space dlstrlbution is not
included in this survey.
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‘ Chart 1 gives the space distribution por 10° square over all
coceans of German, Metherlands and British observations respectively
for the period before 1940. The numbers of German data refer to the
period 1906-1939.

Chart 2 gives the space distribution over the period 1945-
1961 for British and'Netherlands observations only. An estimate of the
number of German punthed data over this period is given for three 10°
degree squares.

A similar space distribution of observations from U.S. ships is
not available for the period before 1940 (see 2.4).

Becommended selectiom of data for the HSSTD-Project.

Bucket temperatures.
In British, German and Netherlands ships the sea surface tempe-

rature is measured as a rule by means of a canvas bucket and a veri-
fied thermometer. 4t German vessels the canvas bucket was replaced
from about 1950 by a specially designed bucket with an inserted ther-
mometer (the "Marine Plitz").

Occasionally ships of these nations report nowadays the intake
toemperature; these reports are on German punched cards distinguished
by means of an overpunch. -

4

Information on  the acouracy of the buoket and the intake method
is given in W.M.0. Technical Note, No.2, Part I (W.M.0.- No. 26, TP.8,
1954). As rogards bucket temperatures the standard error of routine
measurements will of course be greater than the value of 0.2°C which
results from carefully oconducted comparative measurements. Bullig
(1954) investigated a large sample of German observations taken during
night and early morning hours in the tropics where the variability of
the sea surface temperature is smallest. He concluded that the overall
standard error of measurement should be 0.56°C or little less. He
purposely left out the 12 hour and 16 hour (local time) observations,
using only 4 out of the 6 observations made each day, since daylight
conditions (insolation) were considered less favourable for an acou-
rate measurement. (For this reason the daytime observations are also
not inoluded in the preparation of mean sea surface temperatures for
individual months, whiob is being conducted at the Seewetteramt in
Hamburg for a number of selected areas in the Atlantic Ocean (see ref.

4).

As far as the acouraocy of mean data is ooncerned, a differentiat-
ivon between nighttime and daytime observations does however not seem
strictly necessary. In the Notherlands standard deviatione of one ob-
soervation with respect to the overall monthly mean sea surface tempe-
rature have boen computed for areas in all oceans except the Pacific
Ocean. In tropical areas the minimum values of the standard deviation
are found to vary between 0.65°C and 0.70°C; the samples include all



3.2

3.3

-10-

six day and nighttime observations from ships of various nationality
(mostly Netherlands and German). It may readily be verified that 6 N
observations having a "standard error" of 0.68°C give rise to the same
value of the standard doviation of the moan temperature as 4 N obser—
vations do, which have a-"standard error" of 0.56°C.

In tomporate rogions where the standard deviation of the sea sur-
face temperature incroases to about 2.2°C as a result of larger fluo—
tuations, the measuring error has much less significance.

For the HSSTD-Project it does therofore not seem nocessary to
sort the observatione out according to the hour of observation.

Intake tempcraturcs.
The intake temperaturc shows a systematic mean difforence with the

bucket temperature; values of 0.2°C to 0.5°C are citod, the intake
being higher. The sproad of the differonces is however stated to be
considerable; the mean differences seem to peresist also at the higher
wind forces, including force 9. The features wore shown to the author
at the Seewetteramt from unpublished results; they are also mentioned
in W.K.0. Technical Notc No.Z2.

In American vessels the intake method is used since about 1946
(W.M.0., 1954). If these data were to be mixed with bucket tempera-
tures, they should firstly be reduced to "bucket values". The reduct-
ion factor depends on a large variety of factors, both instrumental
and physical, and may at certain places of the ocean with an abnormal
thermal stratification of the uppor water layers (for instance regions
of upwelling decp water, or at sharp surface boundaries of currents)
amount to 10C or more. An example of such large differences was for
instance found from series of comparative moasuremonts taken by Dutch
ships near Cape Guardafui in the Indian Ocean (unpublished).

Since real climatological temperature changes are of the same or-
dor of magnitude (ref. 2, 11) the HSSTD-Projeot would greatly be com—
plicated if intake and bucket tempereture were both included. If the
data were mixed without applying a (veriable) reduction factor, one
might note a "climatological" change of, in faot, instrumental origin
in any area whore the composition -of the respective data gradually or
abruptly changes with time (fo- instance in the North Atlantic before
and af;er World War II with rospect to the marine data kept in the
U.S.A.).

It is thereforc recommended to use only bucket temperatures for
the Project.

Selected period beforc 1940.

For this period only observations from British, German and
Nothorlands ships are available on punched cards (together with a
number of Swedish observations whichare preserved by the Netherlands).
The soa surface temperature observations all refer to bucket tompera-
tures; because uniform instruments and buckets were used, there is no
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reason to expect a systematic difference botween data from ships of
different nationality. The validity of the assumption can easily be
verified on the basis of a ocomparison between ene degrse square moeans
which are published in the respective recent German and Ketherlands
climatological atlasses. for the Meditorranean (ref. 9,10).

The number of observations which were received annually since
1880 is for these three nations well represented by the graph shown
in figure 1, which refers to German observations only and which had
kindly been. put to the disposal of the Consultant. The observations
from before 1903 mainly originate from sailing vessels. The space
distribution of these earlier data differs from those made in later
periods. This feature is well illustrated by the table of Annex 1,
which gives the number of Netherlands, German and British observations,
preserved in the Netherlands, in certain selected 10 degree squares in
.the. Indian Ocean and the Nediterranean. In Marsden squares 434 and 475
for instance, Netherlands shipping ceased to occur after the sailing
era, while German and British steam ships kept on entering these
squares quite regularly, i.e. as far as the month of January is con-
cerned. In the years of World War I German observations fail altoge-
ther, while there is still a substantial number of Netherlands and
British observations available (except in 1918).

The Table shows that the total number of available data in a
given area does not necessarily provide information on the data dis-
tribution for individual years. ''he Table also shows that one must
use data of various nationality in order to ensure the widest possible
coverage in individual years.

In principle all years from 1860 to 1939 inclusive may be inclu-
ded in the HSSTD-Project, not only as regards data from areas at fre-
quented shipping lanes, but also as regards other (larger) areas out-
side these lanes. It is not possible to select in this period the year
before which monthly sea surface temperature means would generally
loose their significance. In the series of monthly means of each se-
lected area there will be gaps because of lack of datas in a particular
month; the gaps will however occur in different calendar months and in
different years for the different areas over the ocean.

The selection of the sigze of the areas outside the main shipping
lanes will therefore also depend on the distribution of data over the
individual years. One cannot, so to speak, put all available data in-
t0 a computer and just turn the wheel. A careful assessment of the
efficiency (or representative value) of each selected area should form

_ part of the execution of the Project. :

Selected period after 1945.

In this period the Project runs parallel with another internatio-
nal scheme. According to Res. 35 (Cg-IV) monthly climatological sum—
maries will be prepared of a.o. the sea surface temperature for a num-
ber of selected arees over all oceans. It is intended to extend vhese
sumnaries back to the year 1950. The -data used for this scheme have a
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different composition due to differences in observation methods and
techniques. For example some ships use the bucket method, others the
intake method, while in addition more ships are gradually being fit-
ted with a fixed resistance thermometer.

The monthly mean temperatures which result from this Scheme may
show systematic differences in certain areas as ocompared to the
sample of bucket temperatures, which is used for the HSSTD-Project.
To permit a true comparison between monthly temperature means from
prewar years and those from postwar years, the HSSTD-Project should
overlap the Scheme of Res. 35 (Cg-Ivg over at least 10 years, e.g.
over the period 1951-1960. One may thus be able to establish reduct-
ion factors for the overlapping years. .

It is therefore recommended to extend the HSSTD-Project at least
over the years 1947-196C, using the same sample of bucket tempera—
tures from British, Japanese, German and Netherlands ships. Whether
1947 or a later year should be taken as the beginning of this period
will depend on the number of available data and will have to be deci-
ded by the centre carrying out the computation for each area selected.

Selection of representative areas.

Spatial distribution of observﬁtions.

From about 1900 the number of -observations frgm steamvessels
began to inorease strongly, while at the same time the number of ob-
servations from sailing ships decrecased. Sinoe about that time tho
observations arc concentrated on the various main steamship routes,
which are often constituted by great circle or rhumbline tracks be-~
tween harbours. Chart 3 gives an impression of the density distribut-
ion of older data (before 1940) per 2 degree square in the various
oceans. An important seasonal shift, relating both to steam ship and
sailing ship data, may be noted over some parts of the ocean.

The density distribution is not much changed in present times;
this may be inferred from Chart 4 which was prepared by W.k.0. to
indicate the "sparse areas" as regards reception of synoptic marine

data.

In selecting areas for which mean data are to be prepared, due
account should be given to the sometimes large gradienssin the spatial
distribution of observations. One should aim at selocting areas with
an uniform.spatial distribution, so that more or less equal weight
will be given to the various conditions which may provail in the area.
This is especially important in the case of a large temperature gra-
dient existing in the aroea.

Time distribution of observations.

The number of "selected ships" that pass through a given area
depend amongst others on the sailing schedulc of these ships. From the
present synoptic weather charts onc may already infer that it may take
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days, even at a frequented shipping lane, before another -ship travers-
es a given one degree square. At less frequented lanes the time inter—
val may be weeks or even months, since the actual route which a vessel
takes depends on a number if factors including the prevailing weather
oonditions and also for instance the threat of a tropical cyoclone.

A characteristic example of the time distribution of ship observ-
ations in a given area is shown in Annex 2 (reproduced from refe—
rence 12). The example indicates that the observations from an indi-
vidual month in an individual year mostly originate from few ships
and are therefore concentrated around a small number of days of the
month. It is only at the few highly frequented shipping lanes that the
distribution over the days of an individual month will be more uniform.

Increasing the sige of a selected area may in principle lead to
a better apread of the observations over the days of the individual
month and-thus to a more general representation in the sample of con-
ditions which occurred in tho area during the particular morith. Ex—
tending the aresa in the direction of the main shipping lane does how-
ever not help much, because in including more observations:from the
same ships one would not obtain a more regular spread of the data over
the days of the month., Une could better have the area extended over
other shipping lanes, whereever this would be possible in view of
other requirements.

4.3 The required minimum number of observations r month.

In the similar German national project of mon%iiy sea sarface
temperature means for selected areas in the Atlantic Ocean (ref. 4)
a number of 15 observations per month was accepted as a minimum. With
this number the standard deviation of the mean .temperature itself
would be 0.15°C or smaller, if a standard "measuring error" of 0.56°C
is assumed. The latter "standard error", which was derived from a
sample of observations in a tropical area, is not purely a "measuring
error", since it also includes deviations, however small, which: result
from true fluctuatione of the sea surface temperature itself.

The problem of setting a minimum to the number of observations to
be included per month becomes more complicated when_ndt only areas of
a very small size, but also larger "sparse" areas, are to be consider—
ed. Thoe following approach is taken.

When it is our purpose to study the reality of a climatic sea
surface temperature change of for instance 0.5°C between two indivi-
dual months, the corresponding monthly means should have a standard
doviation op < 0.12%C in order to be normally sure that the indi-
cated change is real1). Wo may wish to apply this investigation to
conditions found at a certain position ("station") in the ocean; the
spot values of mean temperatures can be approximated by selecting the
smallest area possible f?° 8quare); over such area the mean temperature
gradient can normally be neglected.

1) See pege 14.
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If we do not have a sufficient number of observations in the

- square to meet the reguired accuraocy of mean temperatures, we have to

extend our analysis over a larger area. In order to rule out the ef-
foct of a mean temperature gradient on the standard deviation of +the
mean temperatures, we select a number of 1° squares, more or less

evenly distributed over the entire area, and compare the two monthly

8ets of local temperature means. If, for instance, we would have taken

ton such squares, we could hgve allowed o._ < 0.36°C for each of the
local temperature means to bring out a reai average change of 0.5°C
over the entire area.

The density of data is generally so small over the oceans, except
in certain narrow lanes, that it is of no use to think generally in
terms of one- or two-degree squares. Uver large parts of the ocean the
study must be based on five— or ten-degrec square temperature means so
that only large scale temperature changes can be investigated. From a
number of studies. (ref. 2, 11) it is known that such changes have an
order of magnitude of 0.1° — 0.59C in the tropics and subtropice and
0ﬂ5?-- 2.0°C in temperate regions. In the first two zones the standard
deviation of the sea surface temperature varies from 0.7°C to about
1.2°C, increasing further to about 2.2°C in the temperate zomes of
the ocean. '

The largest scale in which we are interested comprises a mean
temperature change over an arca of about the sige of half an ocean
in one of the hemispheres. For an analysis on this’scale the follow-
ing requirements seem to be necessary:

(1) a minimum of 20 observations per squarej

(2) the mean temperature gradient AT should be less than 5°C over
the entire selected square. .

With these requirements the upper limit for oy (standard devia-
tion of the mean temperature in a square) will vary from 0.17°C to
0.35°C in the tropics and subtropics and from 0.35°C to 0.60°C in
temperate regions. When meoan data of a number of 10 to 20 selected

~8quares in an area are considered, which fulfill these minimum re-

quiroments, it should generally be possible to investigate the exist-

-ence of climatic temperature changes as an average over large ocean

areas. Where more observations are available, smaller scale details
can be investigated.

In climatology one will often have to bo contentud with statements
based on less rigid statistics. A difference between two average
values is, for instance, often already considered "significant", when
it exveeds 06 the value of the standard deviation; in the present
example o'y S 0.12°C would then suffice to bring out a "real" clima-
tic change of 0.25°C.
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. The -restriction of A "f‘.<\ .5°0 over a seleoted area means, that we
cannot always ssleot ten-degree Marsden squares. Where 8 T 2.0
per degree latitude we should select a fiva—degree‘ sgme or a. zonal
arrangement of such squares,. for.instance a (5° -x 10°) square, being

the.. upper half or. lo'ar ha.if of a tan-dspeo squa.re

Seleotion on tho basis- ot the available number aof observations.-
At data centres the merine: punched cards ‘are stored in boxes per
ten—degree square and per calendar month. 'If it can be indicated be-

: forehand that a given ten-degree square¢ does not oontain a sufficiemt

number of observations from a oertain deck to have a seleotion made
per individual year, umoh work oould be aa.vad.

On the basis of the foragoing reasoning, the minimum number of
observations per month, per year, which a ten-degree square should

-contain is takem to be 20, or 40 when the square has to be divided

into two parts bscause of a too large mean tenpera.ture gradient.

Ovar the (rotmded number of) 80 years befo - we require
therefore a minimum number of 20 x 12 x - 19,200 observations per
ten-degree squate. Over some paris of the temperate sones of the ocean
the minimum number should be about 38,000. Cha:rt 1 givee the following
information.

Atlantic Ocean and adjacept seas: the available number of observ-
ations is generally sufficiént -between 600 N and 40° S with the ex-
ception of a few squares in.the South Atlantic. *

Indian Ocean and Chinese Sea, up to 120° E: North of the equator
the available number of observations is generally sufficient; South of
the equator the number is just about sufficient in some ten—degree
squares and ieulficient in other squares.

Pacific Ocean: the available number of observations is generally
insufficient; apart from certain ten-degree squares near the pomtinen-~
tal coasts the number of observations is far too small to permit the
proparation of meanin@t‘ul ton—-degree square temperature means -for in-
dividual months. . .

For the period 1949-1960 the same oonciunions hold true, as may
already be inferred from Chart 2, which indicates the available
number of British and Netherlands observations respectively.

A first selection of repressntative areas (see Chart 5).

.- Up t1l1l now the discussion was oconcentrated on tho statistical
proportios of the available material. Bearing these in mind, we nay
now proceed to select the areas in suoh a way that, whereover possi-
ble, local featuros of the physiocal proporties of the oceanic ocondi-
tions can be investigated.

One of the mtereating features is for instance the cooling of
the sea surface as tho result of upwelling of deep water. One may wish
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to investigate the variation from year to yoar of the intonsity of the
cooling and the extension of the source. Ome should then select a grid
or network of 1° or 2° squarcs, as the number of observations permit.
Some wellknown rsgions where upwelling takos place can be investigated
this way, i.o. off the African westcoast near Cape Verdo Islands, the
upwelling off Aden, the situation near Cape Guardafui. The intensive
upwelling . off Rag: Halfun can however not be studied in such dotail be-

cause of the amalierudehsity of observations.

Another interesting problem concerns the question whether a local
temporature change might be dug, to a cooling of the loocal watermass or
to a shift of the prevailing ocean current. The prodlem is for instan-
co portinent to the situation off the eastcoast of North America north
of Cape Hatteras; the shift of el Nifio is, of course, a very wellknown

example.

. It is not the object of this study to investigate all these phe—
nomena in detail. This should be part of the Project itself. It is al-
80 not possible to perform these studies at this stage. One should
know the time distribution of the local data, i.e. the variation of
the number of observations from year to year in each of the areas con-—
corned, in order to selpct an adequate coverage of representative
areas. All that can be done at the moment is to indicate where a fimkr
resolution of areas to be selected should be tried out.

As regards the open ocean two alternatives mai boe considered.

(a) The selection of a restriocted number of aroas, which are distri-
buted over the ocsan at certain "etrategio" positions with rospect to
the main systems of surface ocurrents, for instanco a series of squares
in the axis of a current and some squares to f£ill tho gaps between
currents. This method corrosponds with the scheme for Marine Climato-
logical Summaries according to Bes. 35 (Cg-IV). ‘

It is however difficult to apply this method as a genoral scheme
because of the general scarcity of the available data. The statiptical
features of the time and spatial distribution of the observations of-
‘ten determine the location and the sigze of the area to be selected.
Xioreover, in a discussion of the results of the similar German project
for the Atlantic Ocean the need was felt for a more even distribution
of selected areas over an ocean with a view to verify the question to
what extent certain featurcs whioh are discovered have a local origin.
Pinally, in many individual years the numbers of observations will be
just sufficient to meet minimum requirements; in these cases we need
a rathor donse coverage of seleoted areas to permi4 tho verification
of the representativity of local temperature differencas.

(b) In each ten-degres square which contains a sufficient number of
observations, one or more areas ars selected. Wle thus get a more or
loss regular distribution of areas ("stations") all over the ocean.
This solution pormits within the limits set by the statistics of the
available data the discovery and the subsequent investigation of
features of various scale. It constitutes an objective scanning of the
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.ocean surface by means of a grid which is indopondent of the surface

phenomena thomselves and which can be given a finer rosolution where
a oloser survey of local phenomena is desirable and, of course, pos—
sible. . - .

In selecting areas a compromise has been sought betweon the two
alternatives. Although the first method is cost-saving, it might prove
to be more costly in the end, when intoresting features are discovered
whioch call for a oloser investigation and thus for a renewed proces—
sing of data in selected areas which had boem omitted at first. Re—
pecially since the data which result from tho Eroject are used for
deduotive studies, we may certainly expect this to happen.

As a compromise it is therefore suggested to apply mothod (b) to
ocean regions outside the main shipping lanes, except in the Pacific
where only method (a) can be applied, and to select a restricted num-
ber of (small) areas at the lanes whero many observations are avail-
able. As has been mentioned beforse, it should- be-left to the climato—
logist (or body of experts) who will be in charge of the evaluation of
the Project to decide, on the basis of the exact number of observations,
on the coverage of smallerselected areas in ocean regions where a finer
resolution would be desirable (for instance over the Gulf Stream or in
regions where upwelling occurs). i .

The areas which have been -selected are shown in Chart 5. The de-

-‘talled selection was made on the basis of information contained in the

working sheets of the Netherlands Climatological Atlasses for the va-
rious oceans (a new atlas for the Atlantioc Odean is in preparation for
some time). The number of observations per 2° square and per. 5° square,
which were entered on these working sheets and which referred to decks
of punched cards kept in the Netherlands, were modified with the help
of thoe information described in para 2 of this report.

The arsas waich bave been selected by the nine Responsible
Members for the preparation of Marine Climatological Summaries~aoccord-
ing to Res. 35 (Cg-IV) will eventually also have to bo taken into ao-
count. '

Selection in Pacific Ocean. :

The genvral scarcity of punched date from the Paocific Ocean rend-
eres the selection of representative aquares to a diffiocult problem.
The available volume of data oould perhaps be supplemented with U.S.
marine observations on miorofilm, which could be processed by means of
FOSDIC (film optical scnsing device for input to computers). Tho U.S.
date mainly refer to the period 1920-1939 and can be used, since in
U.S. ships the bucket method was usocd in this period for measuring the
soa surface toeaperature.

- It should be noted that Japan has prepared for the period from
1942 to 1960 monthly 2 by 5 degree square surface temperature means
over the entire area of the North Pacific up to 52°'N (see para 5, vi).
This examplo could be followed by preparing similar monthly averages
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for earlier poriod and for the squares where data are available. An—
other alternative would be to prepare seasonal averages of the sea
surface temperatuxa for.individifal years. Much depends, howover, on
the possibility :to..use the U.S5. marine observations on microfilm.

Since there are several alternatives to be considered and not all
information noog{asm 1o make a dafinite proposal, is awvailable during
the course of the present study, it is recommended that the problem is
continued to be studied by the data centre which will be given the

~ task to carry oq;t the HSSTD-Pro ject for this oocean.

In order to wmve at an estimate of the costs involved in car-
rying out the BSS’I’D—Pro;ject for this occan, a number of squares were
selected. The squargs whjch are indicated on Chart 5 have boen select—
ed on the basis of tha. ,a.vaila.bla number of data (mostly from British

" ships).on punched pa.rds. The ten—-degree squares which are left blank

(i1)

contain very few observations, so that evon a combination of tbese
squares would not yield sufficient data to compute signi.flca.wt month-
ly or even seasonal means for individual years. . .

Other publications of sea surface tomperature means for individual

months. .
In the above seleotion of representative areas due consideration

wag given to othaxipublioations of sea surface temperature means for

-individual montha« fhe. warious publications are listed hereafter. as
‘regards the Atlantip:Ocean profitable use may be made of the expe—

riences gained in study {v); moreover, by supplementing the HSSTD-
Project to the monthly mean data which resulted from this study, an
important reductlon of the work to bo done may be obtained.

As rega.rds the Pacu’ic Ocea.n the HSSTLD—Pro;;eot nmay supplement
the mean data published in (i), (4ii) and (vi).

Im 1a.l be ino- Observato Japan.
The. mean atmospheric Pressure, Cloudiness, Air Temperature and

Sea Surface lomperature of the North Pacific Ocean and the Neigh-—

bouring Seas.

Annual publication of monthly 1 degree square means in the South
China Sea, Yellow and last China Sea, Sea of Japan and neighbouri
waters of the pacific side of Japan. Period 1911-1941 (see Chart 6

. The number of observations are not published.

"Réseau Hondialﬁ, published by the hetcorological Uffice in London.
Period 1911-1934. o

For two five-degreo squaresin the Atlantic Ocean (see Chart 7)

monthly and yearly data of
- mean latitude and longitudo of the observations
- moan pressura . at Mean Sea Level
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- mean air temperature
- mean sea surface tempereture.

For the last three elements the departures from norumal and the
number of observations &4re given.

The computation of the data took plaoe at the Netherlands ketecr-
ological Office.

"Monthly Metcorological Data for ten-degree squares in the Oceans",
published at first by the Netherlands Mieteorological Office (publ.
no. 107 b) and later by the "Secretariat du Comité MétSorologique
International®.

Six-monthly publication over the period 1917-1930. For several
ten~degree squares in the Atlantic, Indian and Pacific Ocean (see
Chart 7) monthly means of
- scalar wind force
- vector wind
- sea~level pressure
- air temperature
- sea surface temperature
- cloudiness.

Also: the percontage of hydrometeors and the number of observations.

The computation of the data from American, Apstralian, British,
Danish, German and Netherlands ships took place at the Netherlands
Metoorological Office, which office also took care of the publication.

Pive-degree squarc means of individual wmonths of all oceans be-
tween 65° N and 60° S, used in preparation of the U.S.A. "Atlas of
Climatic Charts of the Uceans'" by Willard F. McDonald. Period 1885

1936.

The following information was given by the Permanent Representa-
tive of U.S.A., in his lettor of February 1966 to the Secrotary-
General of W.k.O.

"The card decks used in preparing the Atlas of Climztic Charts of
the Ucean have been destroyed and are not listed in the inventory of
narine surface docks. ‘t'he data which are available on microfilm con-—
tain monthly means of air and sea surface teuperature with the cor-
responding numbors of observations. The moan latitude and mean longi-
tude of the observations in a square were not computed. Print—outs
from the cards used in preparing the Atlas are no longer available."

From this information it may be concluded that the data are based
on observations from (presumably) U.S. ships and not from for instance
Buropean vessols, since the decks of the latter observations are listed
in the U.S. inventory of marine surfaco decks.

A copy qf sone of the miorofilmed data which are mentioned in
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the above letter, was also sent to the Secretary-General. From a study
of these copias it was found that the data formed an wninterrupted
series over the period 1920-1936; before 1920 very few data are pre-

sant. .

Atlas der Monatswerte von Wassertemperatur, Wind und Bewdlkerung
auf dem Seeweg furopa-Sldamerika. Deutscher Wetterdienst, Seewetter~
amt, Jinzelver8ffentlichungen Nr.5, 1954 (bearbeitet von Dr. H.J.
Bullig). ‘

In this atlas mean sea surface temperatures are given for individ-
ual months, for the years 1906-1913, j922—1938 and for a number of
14 test arcas on the shipping lane sSurope—South America. Anomalies are

also given. '

This comprehensive work is at present being continued for years
prior to 1906 and after 1938. Also other test areas will be included.
Chart 8 shows the position of test areas used in this publication and
also of test areas which are planned for further research.

Marine Climatological Tables of the North Pacific Ocean, 1942-
1960. Japan Meteorological Agency, ‘lechn. Report No. 17; Part 1, 1962;
Part 2, 1963.

Monthly 2 bg 5 degree squaroc means over the, area within 0° - SZQN
and 11A° 5 - 110° W, with the numbers of observations for each square,
for the period from 1942 to 1960 inclusive. Elements are: sea
surface temperature, air temperature, wind speed, air pressure, dew-
point temperature and wave height.

The Tables were computed from observations from Japanese ships.
In many squares, no observations were available.

An inventory of the current monthly sea surface temperature
charts which are nowadays regularly being published by various in-
stitutes for sea areas in the Atlantic and Pacific Ocean, is being
made by the ACMRR "Working Party on Fishermen's Charts" of FAG. WMO
is represented in this Working Party by the author of this report. The
inventory is expected to be completed within a few months.

'The,background of special computational procedurcs.

Introduction

Many of the monthly means will be based on a relatively small
number of observations. Onc may expect therefore sometimes large dif-
forences between the averages from consecutive months. To enable an
assessment of the reality of such differencoes and to deteot errors
one should know the standard deviation of the mcean and also, one should
be aware of motsorological factors which influence the element con—
cerned. It may for instance occur that the obsorvations in one month
were predominantly made at conditions of strong winds, while in
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another month light winds prevailed. Would the mean sca surface tempe-—
rature bo affected by this changoe of environmental conditions ? One
should be aware of the order of magnitude aof the effect, if existent.
This means that it may be necessary to consider perhaps also other
elements during the processing of data, although they are not requir-
ed for publication. . . : .

This'problem and the practical problem of the conversion of units
(degreo Fahrenheit into degree Celsius and Boaufort number of the wind
into metors per second) will be investigated here in some detail.

Assossmont of the reprosentativity of temperaturc means.

When the standard deviation is computed from the small number of
observations of an individual month, the relative error will generally
become too large for practical purposes. A more accurate estimate of
this standard deviation may be obtained by taking the variance which
is computed from the large sample of observations over all years and
subtract from it the mean squared doviation of the means of individual
months with respect to the overall mean temperature. One thus obtains
an average variance for all individual months concerned.

Overall standard deviations of the sea surfaco temperature and
the air temperature have becn published in the Netherlands climatolo-—
gical atlasses. They have been recently also been computed for the
Atlentic Ocoan, per two—degree.square and for all months. The values
were a8 a rule corrected for a mean gradient over the area from which
tha sample was taken. It may thorcfore not seem necessary to. compute
standard deviations of the sea surface temperature as part of the
execution of the HSSTD-Projeot. For the purpose of assossing the mean
accuracy of the computod monthly mean temperatures, it generally suf-
fices to compute in tho way indicated above and for a fow represent—
ative test areas (to be judged from the existing marine climatological
atlasses), the mean varianco of observations in an individual month.

The mean sea surface temperature and the mean air temperature
show a rather strong correlation with the wind specd. Verploegh (1960)
analysed the effoct on the basis of a large sample of data from the
Indian Ocean; he found that an increase of the wind force by one step
of the Beaufort scale is accompanied by a decrease of both the air and
sea temperaturc of 0.17°C on an average. This holds true for the in-
vestigated range of wind forces from 2 to 7 Beaufort. It was tentative-
1y concluded from this.rosult "that the primary cause of the variation
of temperature with wind force lies, to a large extent at least, in the
wind stirring the sea, since otherwise the sea temporature would show
smaller variations than the air temperature."

Bullig (1950) analysed the eoffect in a diffcront way. He correlat—
od monthly sea temperature anomalies to anomalies.of cloudiness and
mean wind speed of the corresponding months. Tho regression was found
to be

ATw = - 0.18 AN - 0.37 A; 3 E1’2,3 = 0.56
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The weight of the wind speed appears to be twice as large as the
woight of the cloudiness.

Precipitation is often accompaniod by heavy cloudiness; it is
interesting thorefore to recall some studies of the effect of proci-
pitation on mean tomperatures. Keyser (1939) analysed the effoct on
tho basis of observations in the Chinese Sea. Vorploegh (1960) dis—
tinguished beiween observations made in dry weather, in "bad weather"
conditions (rain occurred during the four hours preceding the timeo of
observation) and in rainy weather (continuous rain during the preced-
ing four hours). 4 sample of observations in the Bay of Bengal (Mars—
den square 028, month November) showed for instance a reduction of
the mean air temperature of 2.1°C and of the mean sea temperaturso of
0.5°C in rain with respect to dry weather oconditions. A more general
discussion showed that, as far as the monsoonal and equatorial sea
areas in the Indian Ocean and Chinese Sea are concerned, the mean
temperature reductions can be related to the precipitation frequency
(fp as follows:

( 'AT)m - - 0.04 fp (fp in per cent)

( AT)SQ& = - 0.01 fp

The influence seaems to be much stronger on the air temperature,
with the effect that for instance mean summer temperatures of the aix
over the Bay of Bengal and the Arabian Sea are 0.5°C higher in dry
weather than in '"bad weather" conditions.

While a knowledge of the standard deviation of the mon thly
temporatures helps in detecting obvious discrepancies, a furthor
understanding of the origin of discrepancies and the subsequent weed-
ing out of doubtful data is arrived at by considering individual
temperatures or individual temperature means in combination with the
corresponding data on wind, cloudiness and procipitation when observ-
ed. This procedure is normally used at the proparation of marine
climatological atlasses. It is one of the reasons why for instance in
the Nethorlands the preparation of an atlas is started with the preo-
paration of monthly frequency distributions of temperatures, pressuro,
wind, etc. in all areas of the ocean concernad. The German project of
the preparation of climatological means for individual months in a
number of test arvas in .the Atlantic Ocoan includes a caroful study
of each individuel observation as regards sea and air temperature,
wind and cloudiness.

It would cortainly have advantagos, if the HSSTD-Project could
make use of data which had already been scrutiniged in this way,
having been used for tho proparation of a national climatological
atlas. The fact, however, that the material will be broken down into
many small samples of date from individual months means that there
will remain the necd of studying tho soa surface temperature means in
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combination with, in any case, corresponding means of the air tomper-
ature and of tho scalar wind speed. Even if the latter values werec
not to be published, they should be included in the processing of data
beeause of the more strict roquirements for weeding out doubtful data.
in small samplos. :

Conversion of units.

Temporatures
Bocause the conversion of dogroes Fahrenheit into degrees Celsius

is linear, observations which were road in degrces Fahrenheit can be
tabulated firet and the sum of the readings, or the moan temperature,
can aftorwards be converted into degrecs Celsius.

Wind speod . :
Wind speeds were observed and recorded in units of the Beaufort

wind scale. Mean wind speads are, however, required in meters per
second.

The conversion from Beaufort stops into m/s is not a linear one;
the scale which is recommended by CMM-IV (Rec. 5) for the conversion
of marine observations is reproduced in the following table at page

24.

The non-linearity of the scale would roguire the conversion of
each observation before tabulating and, as regards the computation of
the mean vector wind, before the observed wind velocity is decomposed
into its north and east component. This procedure is time—consuming
or, when for this purpose a computer with a largarcapacity is used
than otherwise would be required, it might prove to be too costly.

If, on the other hand, the conversion of mean wind speeds can bo
approximated with sufficient accuraoy by means of a linear regression,
the problem would certainly be simplified. The faot that the non-
linearity of the scale is restricted to its lower and upper end, i.s.
to wind forces whioh have comparatively a small frequenoy, may prove
to constitute a favourable condition.

The position of the regression linc will be investigated here-
after on the basis of three types of wind frequency distributions,
which cover together a wide rangoc of wind conditions found over the
oceanss
a generally light winds, storm frequency less than 0.5%k;

b gonarally moderatc winds, storm frequency about 5%, and .
c gonerally moderate to strong winds, storm frequency about 10%.

The frequoncy distributions which are given below wore derived
from existing climatological tables.
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. equiv, v wind frequenc
.. Beaufory speed = . distributions (in per cent)

comfa N (a) (v) (¢)
0 Co.8YT e T 0.2 0.1
1 2.0 L 15 5 4
2 ' 3.6 31 . 14 10
3 5.6 ' 27 24.7 18
4 7.9 15 20 22
5 1 7 - 14 17
6 SR F2 T 2.5 10 11.2
7 15.1 . 1 T . - 7.5
8 7.8 0.5 3.6 R
9 20.8 - 1 3.1
10 242 » 0.5 1.8
i e2B.0 © 0.02 0.55
12 (32.0) 0.002 0.05
mean wind foqu'etn(lgz,_'._‘ e T 2479 4e00 . 4.62 Bft
mean wind speed‘(§i?:'wiwl;x, : . 5439 8.i2 ’9.47 m/s

© ptandard deviétioﬁ‘gf‘pégﬁfééééq 0.29 0.42 0.48 m/s

These “three pairs of means fit a linear regression of the form
(see figure 2). . :

v=2238-0.81 (+ 0.02) m/s

Since the deviations from the linear relation between mean wind
force and mean wind speed are one order of magnitude smaller than the
standard deviation of the mean speed itself, the relation may be con-
sidered sufficiently accurate.

-

Note - :
Since the Beaufort wind force is indicated on the international
nmaritime meteorological punch—card, if the wind force has beon estim-
ated according to the Beaufort Scale (Teoh. Reg. App. F, Part A, p.
73) and since all maritime neteorological punch—cards for data prior
to 1949 contain the Beaufort wind force (except measured wind data),
the above mentioned procedurg can be applied to all decks which are
recommended for the HSSTD-Project.

The same procedure can be applied with respect to the present
international equivalenoy-scale (W.M.0. Code 1100); the regrossion is:

¥ o= 2.54 B - 2.77 (+ 0.06) m/e
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Finally v' (Code 1100) can be converted into v (CMM-IV, Rec.5)
by means of the relation:

v = 0.88 7 4 1.62 n/s

Thus, observations of estimated wind speeds, which have been
convorted by means of Code 1100 before punching (since 1949 when Code
1100 came into force) do not need to be repunched for climatological
processing, even if the Beaufort wind force itself was not punched.

Availability of representative data on ametors added to the
BESSTD-Project (concerns item ¢ of Consultant's taaks.

Air temperature
The air temperature was measured as a rule on board ship together

with the sea surface temperature. 'he numbars of the respective
observations are almost equal. It is recommended to process this
element together with the sea surface temperature to enable an assess-
ment of the representativity of the latter, irrespective of any
decision regarding the publication of mean air temperatures.

Humidity
The following information can be given for the decks of data

prior to 1949 when a new code form was introduced.

British punched cards: very few relative hﬁmidity observations
punched, only in series 1 (1854-1920)
and 4 (1933-1939), in a few squares .

Netherlands punched cards: no relative humidities punched.

Gorman punched cards: very few relative humidities punched.

Data from 1949 to 1960:
Rolative humidities are only punched in German cards. There is further—
more a large diversity in parameters; wet bulb temperature, dew point
and specific humidity.

It seems that humidity cannot be included in the Project as far

- a8 the years before 1949 are concerned. For later years a study should

be made of the means and costs to obtain a uniform humidity parameter.
It seems that the water vapour pressurec would be an important para-
meter for the Project.

Scalar wind speed

Sea surface temperature observations are.as a rule accompanied
by observations of the wind speed and direction. Because of the need
of including the scalar mean wind speed in the study of temperature
meane for individual months (see 6.2), and because the scalar mean
wind speed may be used in an alternative method of doriving the vector
standard deviation of the wind (see 7.5), it is recommended to add the

.scalar wind speed as a parameter to the H35TD-Project.
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Surface wind velocity

Because the accuracy of a mean wind velocity depends on the
variability of two parameters - the scalar wind speed and the wind
direction - the computation of mean.wind velocities might not yield
sufficiently representative values when based on relatively few ob-
servations (20-40) from the larger 5 x 10 daegree or 10 x 10 degree
squares. In fact, as regards the larger squares in which a certain
gradual shift of the mean wind direction exists, ome should perform
a similar statistical study on the required minimuu number of observ-
ations in a square and the sigze and location of representative squares
to be selected, as was done in this roport with respect to the sea
surface temperature. In ceriain ocean regions a different seleotion
of squares may be found necessary.

The statistical problem is of less importance with respect to
snall selected areas (two—degree squares for instance). Iherefore, if
it is decided to add the surface wind velocity as a parameter to the
HSSTD-Project, it is recommended to compute this data only for select-
ed areas having a sise smaller than 5 x 5 degrees. 1f, on the other
hand, a wide coverage of mean wind velocities over the oceans is re-
quired,.:a statistiocal and climatological study on the selection of the
larger reprasentative arcas should bc made first.

Vector standard deviation of the wind

The idea of including the vector standard deviation of the wind
in marino climatological summaries has for the first time been dis-
cussed at the sossion of the CMM Working Group on Maritime Climatdlogy
in 1959 in De Bilt. It was thon proposed to abandon the widely used
parameter of the constancy of the wind and to represent the wind rose
distribution by means of the normal statistical parameters of a
distribution, i.e. the first and second moments or, in this case, the
mean vector wind and the vector standard deviation. iAn alternative
proposal was to reprosent the wind rose by means of elliptical percent—
ile curves.indicating the probability of an individual wind vector
falling inside the area enclosed by the curve. In Res. 35 (Cg~IV) the
vector standard deviation was adoptoed. :

From the older working documents on the subject and from recent
discussiuons which the Consultant had with some members of the afore-—
mentionoed CMM Working Group it appears that there is still some doubt
on the usefulness of tho voctor standard deviation when applied to
surface wind distributions. kiany of those distributions, and especially
thoee in temperate and oquatorial ragions, are not elliptical, but show
a double structure as if two (or perhaps pmore) elliptical distributions
aro superimposed. It was also argued that the trade wind rose shows an
important -excess over a normal elliptical distribution. In all thase
cages the vector standard deviation would not suffice to indivcate the
true probability distribution of the wind vectors and could thercefore
also not be used to check tho significance of mean vector wind differ-,
enags in the usual way (sec also Crutcher (1957),:uho pade . similar
remarks in a study on tho standard vector—deviation wind rose).
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It was however thought that the data for the future marine.
climatological summaries would provide a good opportunity to study
the problem in all its aspects. In view of the present discussion it
is important to note that in formulating the proposal for the future
computation of a veotor standard deviation. one had in mind small
selected areas which would normally contain many observations.

The inclusion of the vector standard deviation of the wind in the
HSSTD-Project presents the following difficultiess

a) in most casos (individual months) few obsorvations (20~40) are
available from relatively large areas, which would result in a
large standard error of the computed standard vector deviation;

b) as the computation involves taking the square of wind speeds, a
computer with a larger oapacity than required for the other para-
meters will be needed; the combination of data from the original
decks will also become more complicated® and more costly.

As rogards the second argument an alternative solution may be
indicated. Brooks, Durst and Carruthers (1946) have indicated an
approximate method to derive the vector standard deviation from the
scalar mean wind speed .and the mean voctorazind, when these values
are known. They prepared a simple graph, which is reproduced in this
report (Annex 3). The derivation is based on the assumption of a
normal elliptical wind distribution. If for each individual month the
mean scalar and the mean vector wind were given, gnyvresearch worker
may easily find corresponding values for the vector standard deviation
for thosc months and those areas in which he is interested.

In sumnariging the discussion it is recommended that the problem
of the statistical usefullness of the vector standard .deviation of
the wind be studied in detail before a decision is made regarding its

. inclusion in the HSSTD-Project
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8. Summary of conclusions from previous paragraphs

8.1 Basic data on sea surface temperature

8.1.1 The long series of observations over the period 1854-1939 all
refor to bucket temperatures. The strict requirement of homogeneity
of the series implies that intake temperatures, which appear in some
decks of observations made after 1945 and which show a systematic
difference with bucket temporatures, cannot be used, since the
systematic differences are as large as the climatic sea temperature
variations to be studied (see para 3.1 and 3.2). It is therefore re-

 commended to use only bucket temperature observations for the HSSTD-

Project.

8.1.2 It will not be necessary to sort the observations out according
to the hour of observation (see para 3.1).

oo »
8.1.3 The following Table contains an estimate of the volume of data
on punched cards, which can efficiently be used for the HSS5TD-Project.
The various sources are mentioned in chapters 1 and 2.

Volumes (x 106) preserved by
Deck Period Nethor- F.R. of
UeDede lands Germany U.K.

British Marine Obs. 1856-1948 2.6 246 07 - 2.9
German n.oom 1859-1939 5?81) 55 11.5 5.5
Netherlands " " 1854-1938 6.4 6.4 —~ -
U.S. moom 1885-1939  m2) = - -
British Marine Obs. 1945-1956 1.7 - - 1.7 .
1956-1961 -~ - 3
Gorman Marine Obs. 1949-1954 0.5 - 1.2 —
1955-1960 - - .8 -
Netherlands Marine Obs. 1945-1955 0.33) 0.1 - -
1956-1960 - 0.7 - -
U.S. Marine Obs. 1945-1960 -4 - - -
Japanese Marine Obs. 1937-1953 q;§ - - -
" Whaling Fleet Obs.  1946-1956 0.01 - - -
All decks (29.0 million cards) 18.1 15.9 14.5 1.4

1) Two decks 5.5 4+ 0.3 million cards; duplicate data possibly included. .
2) 2 million observations on microfilm.

3) North Atlantic Ocean not included.

4) Observations of intake temperature not suitable for HSSTD-Project.
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The various data of .respective nationality ‘are distributed dif-
forently over the three main ocgaps, according.to the. different
economical interests.of the ghipplng.concerned, In order to seocure
thorefore a widest.pesaible,qowerage of data over all oceans, and this
in all individual:ypanrs;during.fhe.period of record, the available
vplume of 29 milljom,cards:showld entirely be uged as a basis. Not all
these observationagaeedys BoNRYeE.: ta Pe precassed. The large .density
of data in some h@h(@gquﬁwuml:pmg'lma permits.the selection
of a representative network of separate. small areas for which monthly
means can be prepared; léaving out data’f¥omthe areas in ‘between.
Furthermore, when sufficisnt data“from one deck are already available
in e given selected atea; data-from other decks need not to be used,
if costs can be sayed in thig.wgy. These possibilities to reduce the
amount of work - whioh is wgry:important in view of -the big scope of
the HSSTD-Project. - are- takes into.:asooount in the subsequent proposals
concerning the selection of representative aguares and the indiocation
of possible data pfrocessing centres. As'a résult, a suitable selection
of about 23 million’cards, of 80 per cent of the total volume avail-
able, may prove  to constiiuté a suffiocient quantity for the preparat—
ion of significant;monthly mear data for individual years over as
many as possible oocean areas.

None of the samples of basic data, which are preserved in each
of the above mentioned countries, contains however a sufficient number
of observations in all.ocpan .'.fggs."gnq.oygr_ all years to emable the
carrying out of a projeot, "dﬁ-‘i‘;g@nérﬂ*é&!h“é‘dHSS'EB#-Projec-t‘.’-’ The various’
samples should be combined in one way or other.

Period of record to be invluded in the HSSTD-Project
The total volume of data, which is available in the respeotive

countries of origin, permits the envisaged "world marine records" of
the HSSTD-Project to be extended over the period from 1860 to 1960
inclusive. Sea surface temperatire means for individual months cannot
be considered represernitative, when based on less than 20 observations
per selected square. (See para's 4.1, 4.2 and 4.3). Despite this’
criterion, the distribution of data from certain representative test
areas over the individual years did not indicate the existence of a
limiting year within the period 1860-1960, before which monthly means
of the sea surface temperature would generally lose their signific-
ance. (See para 3.3). All years can therefore be included. o

. It is recommended to overlap the HSSTD-Project with the Scheme
of Marine Climatological Summaries of Res. 35 (Cg-IV) at least for a
period of 10 years, spanning 1951-1960; this, in order to enable the
computation of factors, by means of which the averages which also in-
clude intake temperatures oould be reduced to averages which are only
based on bucket temperatures (see para's 3.2 and 3.4). For this pur-
pose use should be made of the sea surface temperature data kept in
the Ped. Rep. of Germany, the Netherlands and U.K. respectively.
Indeed, these data were not copied to the U.S., while the original
U.S. data refer to intake temperature.
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Selected ropresentative areag

A selection of represenfative areas for monthly sea surface
tomperature means was made oni the basis of a detailed study of the
spatial distribution of available data (as kept by the various
countries of origin), taking into account mean gradients of the sea
surface temperature over ocean areas as well as the requirement for
permitting the #tudy of details of local climatic variations of this
temperature. The ‘selected areas are indicated on Chart § which
contains the following information (see para 4.5)s

(1) selected representative areas for which significant sea sur-
face temperature means can be prepared. These areas are
indicated by means of full contours and a dot in the centre.

(i1) ten-degree or five-degree squares for which no significant
monthly means can be computed dus to a general paucity of data.
These squares are left blank on the Chart, or they are hatched.

(iii) otean regions from which numerous marine data are available
(highly frequented shipping lanes) and in which a finer
resolution of areas to be selected at the computing stage

#ould be tried out on the basis of (1) the scientific require-
ments for studying local phenomena in detail and (2) a detailed
knowledge of the data distribution in one-degree squares and
over all years. These ccean regions are indicated by shaded
areas.

»

Parameters added 0 the HSSTD-Project

Air temperature

This element can easily be processed together with the sea
surface temperature without increase of costs. BEven if monthly means
of the air temperature were not to be published, their preparation
would nevertheless be of great value in view of the use which is made
of this parameter for assessing the representativity of sea surface
temperat§re means during the execution of the HSSTD-Project (see para
6.2, 7.1 . ~

Humidity ‘
Insufficient quantities of humidity data are available over the

period 1860-1939. Since 1949, soveral humidity parameters are used in
punched cards: wet buldb temperature (generally), dew point (partly),
relative humidity (pertly), specific humidity (partly). A decision on
the parameter to be used is needed before data on bhumidity could be
added to the HSSTD-Project (see para 7.2), but it should be realigzed
that important conversion computations may be invclved.

Surface wind velocity

If this parameter is added to the HSSTD-Project, it is recommend-
ed to prepare monthly mean wind velocities only for the small repre-
sentative areas which generally contain a large number of data per
individual month.

For the larger selected areas (50 or 10° squares) which generally
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contain a comparatively small number of observations, the computed
monthly mean wind velooities may oftem not be representative.

The question of representativity needs gtill to be studied
(see para T.4).

8.4.4 Vector standard deviation of the wind .

Before & decision is made concerning its conclusion in the
HSSTD-Project (see para 7.5), it is recommended to have a study
conducted on the usefullness of the vector standard deviation of the
wind as a statistical parameter for the study of surface wind
distributions. This suggestion is made in view of the comparatively
high costs involved in the computations.

8.4.5 Scalar wind speed
This element could, in addition to the air temperature, easily
be processed together with the sea surface temperature without in-—
orease of costs. Because of the strong correclation of this element
and the sea surface temperature a combined processing is considered
to be indispensable for a careful assessment of the representativity
of sea surface temperatu;e means.

It is therefore recommended to add the scalar wind speed as a
parameter to the HSSTD-Project (see para's 6.2, 7.3).
8.5 Conversion of units ’

Mean wind forces expressed in Beaufort numbers can be oconverted
with great accuracy into mean wind speeds in meters per sec by means
of a linear regression. The regression formula is given in para 6.3.
It is therefore not necessary to convert individual Beaufort wind
forces before a tabulation of the data is made.

9. General processing scheme

Basic data: mainly one deck of British observations, one deck of
German observations, one deck of Netherlands observations. The
columar aligment of the punched cards of the three respective decks
ig different; also, different umits for temperature are used. At data
centires the decks are normally stored in boxes per Marsden square and’
per calendar month.

9.1 The data processing scheme will include the following phases.

phase 1. Date from each of the available decks are separately
sorted out according to representative square, individual
yoar (and calendar month, if needed).

1.8 For some ocean regions, indicated on Chart 5,

(manual where many observations are generally available

troatment) per one-degres square, a detailed selection of
representetive squares may be made on the basis
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GENERAL PROCESSING SCHEME
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phase 6.
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of the distribution, over individual years and
months, of data in certain preselacted test
squares in the area.

Summary cards are prepared for each monthly sample of
data.

Corresponding summary cards from different decks are
combined into punched cards containing monthly averages
and total numbers of observations. The summary cards may
be prepared at a second data centre and then sent to the
oentre whioh takes care of the combined proocessing.

The monthly averages are investigated manually on their
roprosentativity; whenever necessary, the respective
sumnary cards are investigated and, in cases of doubt,
also the original observations. Doubtfull data are weeded
out.

The punched cards containing approved mean data are sorted
into a tabular arrangement necessary for printing the
final "world marine records". This phase may be executad
at still another data centre which takes care of phase 6.

Printing of the resulting "world marine reoords".

’

Lay—out of summary card

Columns

1, 2
3, 4

5y 65 1
8

9, 10
11, 12
13, 14, 15
16, 17, 18
19, 20, 21
22-26
27, 28, 29
30-34
35, 36, 37
38-41
42, 43, 44
45-50
51, 52, 53
54-59
60, 61, 62

.79, 80

Element

year

month

ten—degree square
five— degree square \
two-degree squara {
one—degree Bquare !
selected square number
sum latitudes within square | based on number of
sum longitudes within square, SST data

sum sea temperatures

total no. sea temp. obs.

sun air temperatures

total no. air temp. obs.

sum Beaufort wind forces

total no. wind obs.

sun north ocomponents of wind

total no. of north components

sum east components of wind

total no. of east components

alternatively used

vode figure for summary punched card
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Provision is made for inclusion of humidity data.
The standard vector deviation cannot be included;
a separate summary oard should be used for this

wtero
9.3 Lay-out of oard containing monthly means
Colums ' Element
1, 2 yoar
3, 4 month
5, 6, 1T ten—degree square
8 five—~degree square’
9, 10 two—degree square alternatively used
11, 12 one—degree square S
- 13, 14, 15 seleoted square number
16, 17, 18 mean latitude within square (0.1 degree)
19, 20, 21 mean longitude within square (0.1 degree)
22, 23, 24, 25 mean sea temperature (0.01°C)
26 blank
271, 28, 29 total no. sea temp. obs.
30, 31, 32, 33 mean air temperature (0.01°C)
34 blank
35, 36, 37 total no. air temp. obs. '
38, 39, 40 mean scalar wind speed (0.1 m/s)
42, 43, 44 total no. wind obs.
45, 46, 47 mean vector wind speed (0.1 m/s)
48, 49, 50 mean vector wind direotion (whole degrees)
719, 80 code figure for punched card

Columns are available for including mean humidity data and data on
the vector standard deviation, if needed.
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Posgible data:’ m oeé‘si._z_xg:vt’entrea

Division of work: on'theibasis of availabil of basic data

As a Tirst appauadh’ we may comsider the possibility of conoentrat—
ing the processing<of’thbidata at those centres which preserve the
largest volume of: da‘ta."AB regards the earlier period of record, 1860-
1939, suitable oentres.appear to be the N.W.R.C. (U.S.4.) and . the
Seewetteramt (FedivBp: ofiGermany), which preserve together the total
volume of available data’¥Pfréom this period. Since the deck of German
observations, whioh was oopied for the U.S.A. in 1946, was not ad—
ministrated, this approach inevitably leads to the need to have all
German data procesged at the Seewetieramt.

As the various decks of observations from the period 1947-1960
are not concenirated in one.of these data centres, other arrangements
must be made for the processing of these data. '

The following division of work is then obtained.

For the period.1860-1
N.W.B.C. (U.S¥g.) - — processing of 9.0 million British and
o Notherlands data from all .oceans and,

possibly, the microfilmed U.S. data
- from the Pacific Ocean (see para 4.6).

Seewetteramt o — processing of 13.5 million German data
(Ped. Rep. of Germany)' - from all oceans,

Fér_the mriod 1947—-1960:

Met Office (U.K.) 3

K.JN.i.I. (Netherlands) _ processing of decks of available
Seewetteramt : natiuvnal data from all oceans

(Fed. Bep. of Germany)

¥.W.R.C. (U.S.A.) - processing of decks.of Japanese data

kept by the U.S.A.

Bntire poriod‘ 1860-1960:

N.W.R.C. (U.S.a.) - printing of the resulting "world
marine records" for all oceans. This
proposal is made with a view to the
experiences gained in the U.S.A. with
respect to the printing of the World
Weather Records. ’

At each data centre sunmary cards will have to be prepared from
the available data. These cards should then be sent to a "main centre',
where the summaries from the various decks will have to be combined.

At this stage of our reasoning we run into certain difficulties
as regards the manual operation of the climatological work involved.
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For each of the two pericdsof record the data to be processed are
almost equally divided botween the respective data centres. This
means that all problems which arise with respeoct to the phases 1a
(detailed seleotion of representative squares) and 4 (examination of
the representativity of computod monthly means) of the General
Processing Scheme will have to be discussed amongst those oarrying
out the camputation: Many of these problems can hardly be solved by
correspondencej consequently, this approach would inevitably lead to
a less efficient execution of the phases 1a and 4 which constitute
— it should be stressed - nevertheless the most important phases of
the HSSTD-Project. This difficulty can be solved by making the
following special arrangement for the computational part of the

processing. .

Division of responsibility for the computational work

Piincigles 1. Three data centres are made responsible each for the
computation of historical sea surface temperature data for one of the
following three main ocean areas: Atlantic, Indian and Pacific Ocean.

2. At each centre a sufficient volume of data should be
kept from the ocean cf its responsibility to enable the carrying out
of the phase 1a of the General Processing Scheme (detailed selection
of representatlve squares in given ocean areas) on the basis of the

data preserved by the centre. )

3. As regards the execution of phase 4 of the General
Processing Scheme (the examination of the representativity of computed
monthly meanse) a large advantage would be gained, if the observations
which are kept at the centre from the ocean of its responsibility
were already carefully examined and checked, because of their use for
the preparation of a marine climatological atlas. Duplication of a
substantial amount of work may tbus be avoided.

4. The printing of the complete set of the reaﬂlting “world
merine records" could be given to one centre, e.g. the N.W.R.C.
(U.S.A.) for the same reasons as stated in para 10.1.

-~

These principles logically lead to the following selection of'
possible data processing centres (see Chart 9).

Atlantic Ocean,
North Sea, Caribian Sea : Seewetteramt (Fed. Rep. of Germany)

Indian Ocean,
Red Sea, Mediterranean : K.N.M.I. (Netherlands)

Pacific Ocean,
Chinese Sea, Austr.Waters : N.W.R.C. (U.S.A.)

Explanation (regarding the period of record 1860-1939)
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Atlantic Ocean

71 per cent of the available data from the period 1854-1939 is
preserved at the Seewetteramt. This volume already permits to carry
out phase 1a (principle 2).

The Seewetteramt is engaged during the past 16 years in a study,
similar to the HSSTD-Project, with respect to the Atlantic Ocean (see
para 5, (v)). In particular, the studies for a detailed selection of
representative squares for which monthly means can be computed in the
light of the HSSID-Project, shuuld tie in with the studies already
nade at the Seewetteramt.

The number of German observations in the North Sea and in many
ten—-degree squares of the Atlantic Ucean may already be sufficient to
compute significant monthly sea surface temperature means. Therefore,
not all available British and Netherlands data from this ocean may be
pneeded to supplemen e German data. The Secwetlerant w¥oshe to be the
most suitable centre to determine from which ten—degree squares a
supplement of data is required.

- Since 1951, when the Netherlands data were copied for the U.S.A.,
the Netherlands have prepared frequenoy distributions of the sea sur—
face temperature per two—-degree square and per calendar month for the
North and South Atlantic Ocean (unpublished). Doubtful data were
weeded out. Phase 4 of the General Processing Séheme may be facilitat—
ed when these data are used, if Netherlands observations are required
to supplement the German data.

Indian Ocean

94 per cent of the available data from the period 13%4—1939 is
preserved at the K.N.M.I. This volume already permits to carry out
phase 1a (principle 2).

During the preparation of the Netherlands marine climatological
atlas for the Indian Ocean (1956) the available observations were
carefully examined and checked. The working sheets and the results of
many published and unpublished detailed studies on the significance
of anomalous features which were discovered are still preserved at
the K.N.M.I. Phase 4 of the General Processing Scheme will certainly
be facilitated by using this material. )

Supplementation with data kept at other centres will probably
be needed for just a few ten—degrec squares, as far as the period
1860-1939 is concerned.

Bed Sea amd Gulf of Aden .
The large volume of German obsorvations alone, as well as the

large volume of Netherlands cbservations alone, would suffice to
compute significant monthly means Tor the HS5TD-Project. The Netherlands
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data are chosen bBedause they have already carefully been checked when
used for the preparation of-the -Netherlands marine climatological
atlas for this sea area ( m). They may, howéver, easily be supplem-
ented with Britiﬁyfpﬂﬁfﬁz v lﬁbﬂegvgt;'uﬁ in the ten-degree square,
which covers thd'im¥ere¥ting sréa of upwelling off Aden and in which
a finer resolution may be required of squares for which monthly means
are computed.  ° "'n“:,"'gf"w WV '
AT B
Meditéerranean

For the eight«bquggesdjﬁich were seleoted in the present study
and whioh correspond to the squares selected by the Netherlands in the
light of its responsidbility according to Res. 35 (Cg-IV), the same
argunents hold trua~as“giqu,for.the Indian Ocean (under b and c) and

for the Red Sea.

Chiﬁéﬁéiéeé.gbd Australian Waters

The Britighééigggéﬁﬁqtlands observations over the period 1854-
1939, which are’ pregerved by the U.S.A., have already carefully been
checked before rppreduction to the U.S.A., when used for the preparat-

iqn,of,respeotiﬁb?ﬁﬁﬁional marine olimatological atlasses. With the

,heIp'gf‘%hpse obsgiggtions, and the deck of Japanese Marine Observations
‘which™is presery@%ﬂ" '

y fho U.S.8%, a finer resolution of representative
3°Hoa (48 be investigated.

squards in the Ch

Supplemesitation 0¥ the data in the Chinese Sea with German observ-
ations kept at the Seewetteramt, may probably not be needed. All phases
of the Genoral Processing Schome can therefore be executed in the
U.S5.A. without complications. .

Pacifio Ocean

" Because of their very small number, German data from the pericd
1860-1939 cannot effectively be used for the greater part of the
Pacific, except in the ten-degreo squares off the west coasts of
South and North America where a large number of this data is available
(at the Seewetteramt). All other data are preserved by the U.S.d.s
British, Japanese and Netherlands observations on punched cards and
U.S. marine observations on microfilm.

The special problems which are met with regard to preparing sig-
nificant monthly or seasonal means for this ocean can obviously only
be solved within the centre which preserves the large majority of data.

Period of record 1947-1960

As rogards the preparation of summary cards from basic national
data the same arrangement should be made as outlined in para 10.1.
The summary cards should be sent to the data centre which is made
responsible for the computation of HSST data from the ocean area
conocerned.
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Recommendations

i)

1i)

iii)

Summarizing the above considerations it is recommended v

to arrange for the preprocessing work to be carried out by

the following four countries:

Seewetteramt (Fed. Republic of Germany)

K.F.K.I. (Netherlands)

Meteorological Office (U.K.)

K.W.R.C. : (U.S.A.)

to concentrate the actual computational work of HSST mean data

in three of the above.couti-z., according to the following areas
of responsibility:

Seewetteramt (Fed. Republic of Germany) for Atlantic Ocean

K.N.M.I. (Ketherlands) - ‘ for Indian Ocean and
’ Mediterranean
¥.W.R.C. (U.S.A.) ) " for Pacific Ocean

¥

(Fote: the exact boundaries of the ocean areas of résponsibility
are indicated on Chart 9)

to arrange for ¥.W.R.C. (U.S.A.) to print the complete set of the
resulting "World Marine Records".
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11. Estimate of the amount of work as a basis for calculation of posts.

11,1 Project I: sea surface temperature o .
In this projeot the air temperature and the scalar wind speed
can also be processed without inorease of costs. 1Indeed, these two
elements are needed.for checking the representativity of sea surfaoce
teuperature means during the oxecution of the projeot: (Humidity ' may
also be included).

It is assumed that not all available data are needed to compute
significant monthly means of the sea surface temperature. This holds
particularly true for the Atlantic Ocean; where the German observ—
ations oould be supplemented with comparatively few British and
Netherlands data, and for the Indian Ocean, Red Sea and Mediterranean,
where the data preserved by the Netherlands may possibly be supplem—
onted with some German data from earlier years in the period 1860-

1939.

Tables 1a and 1b summarise , for the two periods 1860-1939 and
1947-1960 respectively, the number of punched cards which will be
used for sorting, tabulating and computing respectively and by the
respective data centres. An entry "pro memoria" is made as regards
the U.S. marine observations on microfilm from the Pacific Ocean.

As regards the first sorting it is assumed thdt the original
date are stored per ten—degroe square and per calendar month.

The suwmmary cards which are to be exchanged are assumed to be
sorted per square, per calendar month and per year.

Tables 2a and 2b summarize, for the two periods 1860-1939 and
1947-1960 respectively, the number of hours of sorting, tabulating
and computing respectively at the raspective data centres.

For sorting a medium speed sorting machine with a capacity of
30,000 cards per hour is considerad. The estimate of hours is based,
bowever, on an effective sorting speed of 10,000 cards per hour. In
this way due allowanoe is made to the extra sorting work involved in
the detailed selection of representative squares on the basis of sar-
lier test sortings. It should be noted thet the effective sorting
speed is ganerally reduced by the fact, that the sample of data is
to be broken down into many emall parcels.

For this Project a tabulator with comparatively small capacity
suffices. The tabulating hours which are given refer to Bull
Tabulator, B.S. 92.

The computing of mean values and the conversions from Fahrenhoit
into Censius and Beaufort intc meter per sec, are carries out, in
these considerations, by a combination of the above mentioned Bull
Tabulator and a Bull Gamma, No. 3.
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The output from the respective data processing centres is also
given in these Tables, in order to enable assessment of the printing
costs. Data to bo published are: '

mean latitude within square
mean longitude " d " } . (1,&-1‘89 squares g%

‘.———-—f

nunber of observations of sea surface temperature

mean sea surface temperature

B Pt o b (ot published in Project I)

Table 3 summarizes the results from the Tables 2a and 2b. In this
Table an estimate is also given of the extira work involved in preparing
monthly means for the Atlantic Ocean for the years 1914-1916 and 1919-
1921 in which German data are generally nissing. Inclusion of these
years in the "World Marine Records" would necessitate the scrting of
all available British and Netherlands data from this Ocean.

It should be noted that the 14 squares in the Atlantic. Ocean,
for which the Secwetteramt (ref.4) has already published sea surface
temperature means for individual months and which still foru- ‘the object
of a national study in the Fed. Rep. of Germany, are not included in
the present proposals. The supplement of mean data from the above
mentioned years during World War I should, however, also include these
squares. The same holds true for the period 1947—1960.

In the estimate of oosts should be included 1.5 man-year for a
climatologist and also 1.5 man-year for checking the punching of
surmary cards.

Alternative machines.

The sorting hours could be reduced to about 70 per cemnt if the
sorting machine is directly coupled to a tabulator with large capacity
so that the manual work of bringing the small parcels of cards over
from suorter to tabulator is disposed of. The per hour costs of such
tabulators are, however, so high as compared to those of a more simple
tabulator, that no costs will be saved as regards Project I.

The information which is punched on the summary cards could be
put on magnetic tape instead. The costs of this method are estimated
to be about the same for Project I, because of the comparatively small
number of summary cards involved. The use of magnetic tape necessitates,
however, a more expensive computer, having more possibilities than the
tabulator on which the calculation was basaed.

The informatiun given in Tables 2 and 3 may therefore be regarded
as a basis for the calculatiun of minimun costs.
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P.

Atlantic Ocean '
Indian Ocean (inocluding Red Sea and Mediterranean)
Pacific Ocean

on microfilm

Projact 1 Tabla 1a Period 1860-1939
no. cards | no. cards 0. of no. of summ. | no. of cards
Data no. for for ;Lémar cards to be containing no. no.
ocentre |squaras sorting tabulatin% a d;y . combined monthly squares | years
x 1000 x 1000 car at centre means
U.X. a. 60 200 200 56,160 - - -
TR 1e2] 7500 | 7.210 0 hag.9e8 | mo° B YT O
F.Rep i. 20 60 60 17.280 252 588. 139.968 162 T2
Germany|{p., 36 442 430 31.104 *
F O S L T D el r_ ....................... - —_— [ - PENN S -
a. 60 500 500 56.160 Ind.Oc.
Feth. i. 111 4.438 3.540 103.896 121.176 103.896 t 78 \
. H
.. . . B USRI FURRRUROHURRIY RSO N
U.Z.A. |p. 55 1.679 1.500 51.480 Pac.Oc. 51.480 55 18
1} +Mm +m , 82.584
14.819 13.440 ’}456.048 456.048 295.344 328




Project I Table 1H Period 1947-1960
no. cards| no. cards no. of no. of summ. | no, of ocards
Data no. for for s ;mar cards to be containing no. no,
centre |squares sorting tabulating ﬁardey combined monthly squares| years
x 1000 x 1000 at centre means
a. 1176 29.568
p' 55 90240
a. 1176 29.568
F.Rep. |i. 111 3.000 | 2.000 18.648 331582° 29.568 176 14
Germanyip. S5 9.240 * '
a. 176| | e9.568 | | R Y
Neth. {i. 111] 1.400 900 18.5648 ;gdéiz' 18.648 1113 14
pe 55 9.240 ' |
N S - — A A e em — o — H
o~ LfJ
1) 1) Pac.0o.
U.S.a. {p. 30 766 500 2.520 30.240 9.240 55 14
7.866 5.200 174.384 174.888 57.456 342

1) Chinese Sea,(Jap. Mar. Obs.)ahd W.Pac.

2) Including Red Sea and Mediterranean.




Project 1 Table 2a Period 1860-1939
computing output
sorting tabulating (combination of (monthly|
summ. oards) means)
Data 7 ; -
centre no. of ; no. of ; : hours no. of {no. of |no., of
no. of cards | hours| cards | hours | no. Of i—mmm e cards squares | years
squares | x 1000| x 1000 i oards lsorting oomputing ’ :
l
; P ' ! !
UK. | a.60 200 | Bo| 200 | 66| - | ! -
! ‘ i | i :
----------- POy P ---.—,—-qp-—-—--—u——’»-—-—--—---— -..-—-a--—--—-'r----~—--- --—---—--—-r—---—--w-—---!—-.--—--—-—-— —..-A--.............--—-..._.7...--.—-.-.._.~.
FoR.po 8., :f ! - Atl‘oc.' ! . *
Germany| i. 218 8.002 | 3.2004 7.700 {2.567 252. 288 50 t 86 139.968 162 T2
P. ! ; ' o | ,
------------ 4 ---~-—-.....--.. e ceeiama .-IL_..... ..-..w._...._..._..-.ag..._v...._--“.._..-.:....._.‘,.lg.u-_. ....,-.._i}.---—.-_n_—.—- . - RPN EE, - ——— e — e
Neth. | 5174 |4.938 |1.975]| 4,040 [1.347] (5000 24 [ 42 |103.896 | 111 78
. i . H |
- U S ._.._.._._..%_‘.__.,......_ ._.._._.._..i._._...._....i._-....__-._._.;. ‘_.‘..-.__..i'.._.__ U IS I SR ——emenee
U.S.A.| p. 55 1.679 6721 1.500 | 500 Pac.Oo.i 16 ! 28 51.480 55 18
+m | 4m +m : +m | 82.584; I
i ' i ;
i i ! i A &
' 14.819 i 5927 13.440 i4.460 456~.048; 90 i 156 295.344 328
+m | +m +m I 4m N i
! ‘ . i i




Table 2b

Project I Period 1947-1960
. computing output
sorting tabulating (combination of (monthly
: summ.ocards) means)
Data J i ; '
centr no, of! no. of i ; hours no. :f |no. of |no. of
no. of |cards | hours [cards | hours| no. of =~ TTTTTVTTTTTTTTY cards squares | years
squares |x 1000; x 1000 ! cards sorting!computing
b. ! i i
UK. H. ] 342 }2,700 | 1080 |1.800 ‘ 594 - i : - -
p. I 1 I
: 1 ]
................ - :f_ .___*..-...___.._i.-. e —_ ‘i ‘;_ - - - - - —
F.Rep.f a. ! ! ; ’.
Germany{ 1.{342 }3.000 | 1200 {2.000 660 Atl.0c. g oo 30 29400 176 14
- - e - ; - ;. - .__;.. e ee . .;......._. P — _———
8- E Ind.Oe. .
Neth. | 1.{342 [1.400 | 560 900 | 297| BEeFe 44 1 49 18.648 111 14
- e i.. o S - .il —— e o ....._.........:_ eemman .:._. -] - i SO -
! ' Pac.Oc. . ’
[ .
U.S.A. p. 30 766 i 300 500 165 30.240 6 i 10 9.240 55 14
3 |
7.866 i 3140 5200 |, 1716[174.888 ° 34 | 5 57.456 | 342

-



Project 1 All decks Table )
computing output
sorting tabulating (combination of ;(monthly
summ. oards) means)
Period no. of i no. of E 2 hours no. of | no. of |no. of
cards - | hours| cards E hours{ no. of |~ " TTTT7TTTTTTTTTTL cards squares | years
x 1000 E x 1000 ; cards |sorting!computing '
H H 1 |
H d 1 T
; 1 ! P
1860~ 14819 | 5927| 13440 | 4480 |456.048] 90 | 156 |295.3a4 | 328") | 78(72)
1939 M 4 +m | +m : |
i ! | i.
I ! i .
1942- 7866 1 3140] 5200 ; 1716 | 174.384; 34 9 57.288 342 14
1960 ! : ! i
’ : ; i i
| i 3 :
! ; 1 !
1860- 22685 | 9067| 18640 | 6196 | 630.432] 124 | 215 [352.632 92(86)
1960 : ! : :
! i ! ! ‘
dxtra work involved in preparing monthly means for the Aflantio Ocean for years
in which German data are missing.
squares
1914- | B | | . | T |
1916 : i , !
176 3100 i 1240 250 8 38.016% 4 | 8 12.672 176 6
13;2-)1 ; ! ; 1
. U.K. 265
Neth. 4% ed.it. of Germany

1) minus 14 squares which ferm the object of a national study
in the Fed. Rep. of Germany.

~9%-
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11.2 Project II: air temperature, wind speed, mean surface wind velocity.

There are two probleme connected with the addition of the mean
surface wind velocity.

-~ a) One neads more obBervations, especially for the larger selected

11.3

areas. -,

b) The tabulator of para 11.1 cannot handle 16 wind directions for
the computation of the north and east wind components, and
tabulate at the same time other elements like air temperature
and socalar wind speed. This means that the cards will have to
be run twice through the tabulator.

Because of the problem (b) other types of computers were consider-
ed, which would have sufficient capacity to tabulate all required

elements. Such computers are for instance I.B.M. 360 model 40, Elliot ﬁ!f

503 or Electrologioca X8. They can be directly coupled to a sorter
with a capacity of 60,000 cards per hour (effective speed 35,000 cards
per hour)s; the output can be punched on cards or fixed on magnetic
tape.

These machines are however much too costly to be used for a

.detailed selection of areas. For this purpose the machines mentioned

in para 11.1 should be used.

Since the larger computers can also handle the sea surfaceo
temperature, together with the other elements, it is really not
possible to estimate minimum costs of Project II. ‘One should look for
a computer, large emough to handle the elements of Project II, but
small enough to exclude the sea surface temperature.

In the next paragraph therefore, the basis is given for a
calculation of the estimated extra computing costs, when the mean
surface wind velocity is added to the H35TD-Project.

Projects I and II combined: sea surfaoce temperature, air temperature,

wind speed, mean surface wind velocity.

If this combined project were carried out with the machines
mentioned in para 11.1, we get as compared to Project 1

a) addition of about 15% sorting hours (moure observations noeded);

b) addition of about 15% tabulating hours, plus duplication of the
tabulating hours (becausse of 11.2 (b));

c¢) no change in computing hours.

The inorease of the amount of work has the effect that the combin-
ed project will cost about 55/% more than Project I, according to Zurop-
ean ptandards. About the same increase of ousts is estimated when the
larger computers, mentioned in para 11.2, are used.

14 maart 1966 © ememe—e—e G.Verploegh
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ANNEX 1

Distribution of marine observations over the years in some test areas

Indian Ocean, ~

Marsden squ. 029 Marsden squ. 434 Marsden squ. 475
year Neth. Germ. Brvil:. Neth. garm. Brit’._q Neth. Germ. Bgt_.
1850/59 6 116 202
1860/69 16 496 22 504 34
1870/79 131 333 16 556 15 188
1880/89 755 121 37 144 42 486
1890/99 1447 3 119 40 212 48 337
1900 144 24 1 13

1 205 22 8
2 125 13 12 9
3 187 9 13
4 194 21 17 23
5 179 36 1 14 39
6 203 82 8 11 13 30
7 226 52 48 19
8 229 63 16 33 21 29
9 286 43 64 2 11 17
1910 295 122 131 12 28 10
1 314 256 120 27 12 11 90 35
12 318 245 102 42 34 52 25
13 349 221 63 16 34 54 21
14 381 373 214 1 30 60 14 84 18
15 286 36 11 27
16 231 76 12 22
17 161 12 25
18 2 T 11
19 60 41
1920 278 84 11 9
21 354 33 64 9 14
22 353 46 114 8
23 244 120 119 25
24 300 105 111 19 10 19 3
25 410 142 158 18 15
26 400 69 134 32 11
27 425 98 129 1
o 424 200 120 14 12 17 8
29 437 223 19 8 20 9
1930 499 309 1 12 9 35
3 310 245 14 14
32 344 86 8 5 6
33 195 92 27 13 ' 8 4 10
34 296 152 25 8 3 5
35 272 230 51 6 11
36 227 287 35 8 6 8 14
37 321 371 11 11 21 10
38 300 287 15 8 10
39 263 11 8 22
Total 13119 4909 2248 | 1274 250 514 r1 630 755 1422

U&Dlew,p VM-U( CDQO‘A Dcc; ,\4131
\)QAPLO&\L\ w\l %51 Wead) vneen .



ANNEX 1, p. 2

Distribution of marine observations over the years in some test areas
Mediterranesan, 2° square south of Crete, March

year [7Neth. Germ. Brit.

1850/59 26
1860/69 4
1870/79 13
1880/89 14
1890/99 65
1900 13
1 1
2 12
3 5
4 19
5 9
6 15 6
7 12 4
8 17 13
9 29 5
1910 13 28
11 29 25
12 24 33
13 32 51
14 37 72
15 34
16 24
17
18
19 24
1920 14
21 32 36
22 41 11 22
23 39 17 30
24 24 (| 17
25 41 24 21
26 41 2 20
27 39 7 9
28 24 13 12
29 41 28 14
1930 39 16
31 38 12 3
32 42 8 2
33 43 3 6
34 18 8 2
35 17 6 2
36 T 21
37 13 51 6
38 7 17 1
39 10 15
Total J 997 503 203




ANNEX 2

Distritution of the Dutch obeservations over years and days in the month
of July in the sea area bounded by long. 50°B, the equator and the ocoast
of Somaliland. For each year the observations made by the same ship are
indicated by the characters 4, B, etc. (reproduced from Verploegh, 1954).
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ANNEX 2, p. 2

Distribution of the Dutch observations over years and days in the month
of July in the sea area bounded by long. 50°E, the equator and the coast
of Somaliland. For each year the observations made by the same ship are
indicated by the characters A, B, etc. (reproduced from Verploegh, 1954) .

DONIOST 1930 1931 1932 1933 1934 1935 1936 1937 1938 {Sum
1 1 1
2 6} A 3y, 10
3 4§‘A 3 3] 17
4 3 16
5 2 17
6 5} A 18
7 2 11
8 5 30, 14
9 5) 15

10 1 A B _....4-B -m3} al.18

TR 4 13

12 |6 6? 11

13 8(a §4§ 20

14 2 (2 13

15 2 11 5 4

16 6}A 5 5}3 19

17 3 2 5

18 ’ -

19 3

20 1= 13

éT L L el e L e e e — - —---—5--—-

22 6} B 13

23 5 i 21

24 6| D 10

25 5/ 5

26 41 B 4

2% 5] i

28 4

§9 31 14
0 5

31 61° 3-3 12

Sum 31 117 22 13 "7 15 11 17 7 |338
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Numbers of observations (x 1000) per ten-degree square over the period 1854-1939
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f bove : Netherlands obs; below

: British obs (including 1961)
~ {x) German obs in test squares in Atl. ocean
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over the period 1854-1939 are available

@0 !0 120 140 160 180 160 140 120 oo 80 60 40 20 o 20 40 60 20 100 120 W0 o,
=
N
60 }_‘ .
4
4ot
a4
20t ’/ :
“ } 2h. ). 3
Y
oﬁﬂ o a~wh4 \ = !l o
=% 1 - YA NN ) T Fg‘lg
N ’ A
20 Jfa < % ( \\\3 { _g @‘“"’ . ’q ,f \zo
-\4 / A <§ \N\ /—"4-,1’7‘1 ,/ L \‘ B
? I el -
40 4 Ir N %\\\\ : . % "
g GZ ) ‘;'\N"(
£33
}J
col ‘ 60
\Bo 150 |4lo ' |6lo 180 160 10 120 oo 8o &0 40 20 o 20 40 €0 8o 100 120 140
Chart 3 - Areas where more than 200 observations per two-degree square



; MAP SHOWING DENSITY OF VOLUNTARY SHIPS REPORTING SURFACE WEATHER OVER THE OCEANS
CARTE REPRESENTANT, POUR TOUS LES OCEANS, A DENSITE DES NAVIRES QUI TRANSMETTENT BENEVOLEMENT DES

DONNEES D '0BSERVATION EN SURFACE
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Sea areas In which the number of reporting
ships is at present satisfactory.

Zones maritimes dans lesquelles le nombre des
navires observateurs est actuellement satisfa/sant.

Sea aress In which the number of reporting ships is
less utlshflory than in (A), and in which further
Improvemén: is desirable and may be possible.

Zones maritimes dans lesquelles Je nombre des navires
observateurs est moins satisfaisant que dans les zones LA )
et o0 -une amélioration est encore désirable et possible.
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Sea s In which the number of reporting ships is quite
inadequate, despite relatively frequent ocean traffic.

Zones maritimes dans lesquelles le nombre des navires observateurs est absolument

Inadéquat en dépit d'un trafic océanique assez fréquent.

sirable to recruit as observing ships all.
undertaking only a single.yoyage in:the area.

Zones maritimes que les

aute mer entrant en figne e -
dans la rone. " ers

NOTE / NOTE
st This map is based entirely on the normal geographical
distribution of reporting ships, and takes no account of
communication difficulties which may prevent reports from
reaching collection centres. !
g Cette carte, fondée entiérement sur la répartition géogra-
ol Phique des navires observaleurs, ne lient pas compte des
h difficultés de communication qui peuvent empécher que les
messages n'atleignent les centres collecteurs.
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Sea areas which are relatively rarely traversed by ocean ships, and in which it
available ocean-going vessels, even

nivives ttdversent assex rarement et dans les-
zwllu il est désirable de reeruter: 2nivires observateurs tous les navires de
A4 _ceur n'effectuant qu'un seul voyage
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Chart 5a - Selected squares in Mediterranean




_ N FICURE I
Number of murine observatiune from German ships

(including naval vqssels) in all oceans over the
no.of obs period 1880 --1913.
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have been published by the Kobe Marine Observatorv fra-
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Chart 6 - Areas for which 1°-square SST means for individual months
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