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WEATHER OBSERVATIONS AND A TENTATIVE METEOROLOGICAL
ANALYSIS OF THE PERIOD MAY TO JULY 1588

This Supplement to Climatic Research Unit Research Publication No. 6 (CRU RP 6), entitled A
Meteorological Study of July to October 1588: The Spanish Armada Storms, is published in order to make
available the material relating to the easlier part of the same summer between 11th May and 22nd July 1588,

Tabulations in this publication give:
(i)  Weather reported by the Spanish Ships.
(ii) Weather reports from English sources.

(i} Weather reported by the Danish astronomer, TYCHO BRAHE, on the island of Hven (55°55’N
12°45’E) in the Sound (Qresund).

(iv) Notes on the meteorological analysis here presented in the synoptic weather maps for the period.

(v)  The apparent sequence of wind circulation patterns:
British Isles daily weather type classification for May to October 1588.

It was not possible to apply the tests which indicated the degree of reliability that may reasonably be claimed
for the analysed weather maps for late July to October 1588 published in CRU RP 6. This was because, with
the observation points more widely spread out in May to mid July, from the ships near the Portuguese and
Spanish coasts to the island between Denmark and Sweden, all the observations available had to be used to
establish a reasonable analysis over the area, and none could well be held back to be used later to test a
preliminary analysis,

The maps presented in this Supplement therefore are untested, but they were produced by the same analyst
(H.H. LAMB) as those for July to October 1588 which had been drawn earlier and tested, Any estimate of
their trustworthiness stands on this procedure and on their internal consistency and satisfactoriness in
explaining the observations.

It has been decided that there is sufficient interest in the material collected together in this Supplement that
it should be published rather than remain unknown and inaccessible to others to use in whatever ways may
be appropriate, Some such subsequent uses may perhaps bring forth further observations that will provide
some test of the map analysis that is so far Jacking, '

The apparent sequence of British Isles daily weather types or circulation patterfls over the British Isles region
over the period from 12 May to 10 October 1588 is given in Table 5.

For convenience; the definitions of the types recorded in this Table are printed on pp. 3—4 Hybrid types
are recorded on many days when the definitions of more than one type are simultaneously fulfilled.
Unclassifiable days, shown by 2 hypen, mean that incompatible types such as Anticyclonic and Cyclonic
occurred over different parts of the British Isles or at different stages during a day during which quick
changes were going on. For a fuller account see LAMB (1972). A complete daily classification from 1861
onwards is printed therein and has been continued from 1972 to date. The years 1781 to 1786 have also
been similarly classified, :



The frequencies of the various types of pattern over the British Isles region during this period and the
corresponding probable frequencies for the complete year 1588 are as follows:

w Nw N E 8 AC C

Percentage 12 May to
10 October 1588 12 5 11 6 16 25 19

Corresponding whole
year percentage:
- adjusted for seasonal
variations, supposedly
occurring as in 1861 -
to 1973 i3 5 10 7 21 23 i7




APPENDIX

DEFINITIONS OF THE BRITISH ISLES WEATHER TYPES

The following types are recognized in the classification here presented:

A, Anticyclonic type

Anticyclones centred over, near, or extending over the British Isles; therewith also cols situated over the
country, between two anticyclones.

The weather associated with this type is: Mainly dry with light winds {though thunder often occurring in
cols in summer); usually warm in summer and cold or very cold in winter. Mist and fog are frequent in
autummn,

¢. Cyclonic type

Depressions stagnating over, or frequently passing across, the British Isles. The further criterion is used that
a depression should be centred, or its central isobar on a 4-- to 5--mb spacing should extend, over the main-
land of Britain or Ireland at some time during the day. Small cyclonic features may be overlooked if they
constitute merely details within a col when most parts of the British Isles are under anticyclonic influence.
Further, to reduce the fortuitous element in the positions on any one day of the cyclone centres of a single
cyclone sequence, individual days between the passing of separate centres over Britain are also counted as
cyclonic if the isobars retain cyclonic curvature or if the main (surface) low-pressure axis remains over the
country.

The weather associated with this type is: Mainly wet or disturbed weather, with very variable wind directions
and strengths; usually mild in autumn and early winter, cool or cold in spring, summer and ( sometimes) in
late winter. Both gales and thunderstorms occur.

W.  Westerly type

High pressure to the south (also sometimes south-west and south-east) and low pressure to the north of the
British Isles. Sequences of depressions and ridges travelling eastwards across the Atlantic. (This general type
has been described by some authors as South-Westerly because the surface winds blow from about SW for
more of the time than from other directions. The steering of pressure systems is generally from about W or
WSW. This can be taken as the most mobile, or ‘progressive’, of all the types.)

The weather associated with this type is: Generally unsettled or changeable weather, usually with most rain
in northern and western districts of the British Isles. Winds shifting rapidly between S and NW, occasionally
SE or even E for a short time. Cool in summer, mild in winter with frequent gales.

NW. North-Westetly type

Azores anticyclone displaced north-east towards the British Isles or north over the Atlantic west of our
coasts, or with extensions in these directions. Depressions (often forming near Iceland) travel south-east or
east-south-east into the North Sea and reach their greatest intensity over Scandinavia or the Baltic.

The weather associated with this type is: Unsettled or changeable weather, particularly in northern and
eastern districts of the British Isles, sometimes with fresh or gale-force winds from between W and N, The
warmm sectors may contain unstable air, especially in late winter and spring. This type is cooler than the W
type and milder than the N type.



N.  Northerly type

High pressure to the west and north-west of the British Isles, particularly over Greeniand, and sometimes
extending as a continuous belt south over the Atlantic Ocean towards the Azores. Low pressure usual over
the Baltic, Scandinavia and the North Sea. Depressions move southwards or south-eastwards from the
Norwegian Sea (sometimes having formed in the Iceland — Jan Mayen region, sometimes having come
through from farther north, sometimes having entered the Iceland — Jan Mayen region by way of a col
near southern Greenland).

The weather associated with this type is: Cold, disturbed weather at all seasons, especially in eastern and
northern districts. Snow and sleet are common in winter; also assoctated with late-spring and early-qutumn
snow on high ground in the north, and with late-spring frosts in all districts. The onset of N-type weather
is often accompanied by high winds.

E.  Easterly type

Anticyclones over, or extending over, Scandinavia and towards Iceland. Depressions circulating over the
western North Atlantic and in the Azores-Spain-Biscay region.

The weather associated with this type is: Cold in autumn, winter and spring; sometimes intensely cold in
southern districts and suitably exposed localities elsewhere, with occasional snow in the south and snow
or sleet showers in eastern and north-eastern districts; fine in the west and north-west. Warm in summer,
sometimes thundery. Very dry weather in western districts, relatively dry in many other districts except in
the east and south.

S.  Southerdly type

High pressure covering central and northern Europe. Atlantic depressions blocked west of the British Isles
or travelling north or north-eastwards off our western coasts. (Seems less persistent than the other types,
occuring mainly as occasional variations within spells that are predominantly either of W or E type; very
rare in summer.)

The weather associated with this type is: Warm and thundery in spring and summer, mild in qutumn. In
winter it is mild or cold according as the airmass carried over the British Isles is oceanic or continental in
OFigin.
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TABLE3

WEATHER REPORTED BY _
THE DANISH ASTRONOMER TYCHO BRAHE

ON THE ISLAND OF HVEN (55955'N 12045'F)

IN THE SOUND

DATE

(New Style Calendar)

REPORT

11th May 1588
12th May 1588
13th May 1588
14th May 1588
15th May 1588
16th May 1588
17th May 1588
18th May 1588

19th May 1588
20th May 1588

21st May 1588
22nd May 1588
23rd May 1588
24th May 1588

25th May 1588
26th May 1588
27th May 1588
28th May 1588
29th May 1588
30th May 1588
31st May 1588
ist June 1588

2nd June 1588
3rd June 1388
4th June 1588
5th June 1588
6th June 1588
7th June 1588
8th June 1588
9th June 1588

10th June 1588
11th June 1588

Beautifully clear the whole day, at night foggy.

Foggy, clear; light, increasing NW wind.

Clear, fresh NW.

Cloudy and clear at once (variable sky, partly clouded); light, increasing E wind.
Clear most of the day through, at night cloudy, light W.

Variable sky, sometimes light rain; moderately fresh W.

Variable sky, light NE.

Clear. Afternoon and night cloudy. Calm the first part of the day, then light to
increasing NW,

Cloudy, increasing W wind.

Beantifully clear, still; towards evening light then increasing S wind, cloudy; at
night rain.

Cio_udy, hard, increasing E wind.
Overcast, SE storm; towards evening E, rain in the night.
Variable sky, light rain at times, S.

Variable sky, in the afternoon a halo around the sun; towards evening light rain,
at night cloudy, S.

Clear. Afternoon cloudy, light SW.

Cloudy. In the night rain. S.

Clear, light N.

Clear, light N.

Clear, light'N,

Cloudy, moderate E.

Clear, light to moderate E.

Clear, light to moderate . -

Clear, light to moderate E.

Fairly clear, light N,

Fairly clear, light N,

First part of the motning somewhat humid, later cloudy. Moderate SE.
Cloudy. Afterncon rain, SW storm.

First part of the morning some light rain, later variable sky, stormy SW wind.
Variable sky, stormy W wind a point towards the 5.

First part of the morning it rained a bit, later clear, stormy NW. In the night
cloudy, light W a point towards the N,

Fairly clear, NW.

Clear. Afternoon cloudy, rising N wind.



DATE

{New Style Calendar)

REPORT

12th June 1588
13th June 1588
14th June 1588
15th June 1588
16th June 1588
17th June 1588
18th June 1588
19th June 1588

- 20th June 1588

21st June 1588

22nd June 1588
23rd June 1588
24th June 1588

. 25th June 1588

26th June 1588
27th June 1588
28th June 1588
20th June 1588
30th June 1588
st July 1588
2nd July 1588
3rd July 1588
4th July 1588
5th July 1588
6th July 1588
7th July 1588
8th July 1588

9th July 1588

10th July 1588
11th July 1588
12th July 1588
13th July 1588
14th July 1588
15th July 1588
16th July 1588
17th July 1588
18th July 1588

19th July 1588

20th July 1588
21st July 1588

Cloudy, moderate frorn WNW,

Fairly clear, NE; in the night cloudy, S.
Cloudy, sometimes clearing, light N,

Cloudy, rising SE wind, towards midday rain,
Variable sky, sometimes rain; at night cloudy with rain, light to increasing SW. =
Cloudy, sometimes rain, rising W wind,

Mostly clear, light to moderate N.

Clear most of the day and night through, calm.

Clear for the most part, SE.

Clear for the most part, SE,

Mostly clear, SE.

Mostly clear, SE.

Fairly clear, light NE.

Variable sky, light E, towards evening there came a sudden storm from ESE,
Cloudy, NE.

Cloudy, afterncon rain which lasted all through the night, NE wind.

Rain all day till towards evening, light SE.

Cloudy, light, increasing SE,

Misty, clear sky, light SE.

Misty, clear sky, light SE.

Cloudy and foggy (misty or hazy?), light to moderate N wind.

Thick weather or very hazy sunshine, light NE wind,

Thick weather or very hazy sunshine, light NE.

Thick weather ot very hazy sunshine, light NE later W wind.

Foggy at first; after the fog cleared cloudy, moderate to rising W wind,
Cloudy, WNW storm.

Sudden heavy rain in the morning, then lighter rain with a rising S wind; sudden
rains in the afternoon, light to moderate W wind,

Sometimes rain, light SW; otherwise variable sky; towards 10 o’clock thunder

and sudden heavy rain. In the afternoon there were more sudden rain showers,
light SW,

Variable sky, moderate to rising SSW wind. At night clear and still.
Mostly clear, light to moderate S.

Variable sky, light to moderate N; at night rain.

Cloudy, sometimes sudden rain, NE later E wind.

Rain the first part of the day, later cloudy but dry, SE.

Light rain the first part of the morning, later cloudy, W.

Cloudy all day, at night clear, light SW wind.

Variable sky, light NW.

Cloudy, towards midday rain. Early in the afternoon rain again which lasted till
evening, fairly fresh NW wind,

Cloudy, rising W wind, rain most of the day from midday till evening, at night
cloudy but dry.

Variable sky. Afternoon and evening beautifully clear, still.
Clear, light NW.




TABLE 4 NOTES ON THE METEOROLOGICAL ANALYSIS

DATE
(New Style Calendar)

NOTES

12th—17th May 1388

25th--26th May 1588
31st May 1588

6th June 1588
Oth June 1588

14th June 1588

18th June 1588

20th June 1588

24th June 1588

27th June 1588

Lows from the Iceland area or fartherlnorth moved SE to Denmark and the Baltic
by 16--17th,

Remarkably extended meridional trough with Lows travelling northwards over
Europe from Aftica or the Mediterranean, a pattemn for which there is some evidence
as a special characteristic of the Little Ice Age climate.

The situation on the 1st and 2nd June remained similar, but the winds dropped to
calm near Lisbon, presumably as the col between the northemn anticycione and the
high pressure centre in the Azores-Madeira region moved stowly south.

The wind in Denmark had been SE'ly on the 5th. The winds seem to have been
SWly at Plymouth and varying between E and N on the Portugnese coast.

The wind in Denmark veered from SW with 1ain early in the day and became strong
NW but later much lighter,

Strong SW to W winds have been maintained for a long time in England and to some
extent in Denmark, presumably by a depression sequence passing further north; but
Denmark had an interlude of light winds on 12th—13th June with clear weather and
wind veering around the compass. We may deduce that a small anticyclone centre
was passing over Denmark on the 13th, presumably the division between one
depression family and the next. Perhaps in some kind of remote association with this,
the belt of SW’lies has just shifted north of Cape Finisterre (Spain) and put the
Spanish ships into a light N'ly breeze,

Denmark had rain and W’ly wind on the 17th. After the N'ly wind on this date a
period of clearer weather followed with light W wind on the 19th. Plymouth had
contimued SW and W winds, mostly strong and accompanied by foul weather. The SW
wind was just picking up again at Corunna (Spain) and by the 19-~20th became a
severe storm.

The transference south, to near Spain, of the main cyclonic centre implies the
existence of an outbreak of cold N'ly winds proceeding to low latitudes somewhere
about longitudes 20~25°W. Plymouth continued to have foul, strong SW’ly weather
most of the time, but Deamark had four days of anticyclonic influence with light
SE breeze. The situation continued similar to this map in Spain, England and
Denmark until the 23rd; the variations of storm intensity in NW Spain led up to
another severe storm climax on the 23rd after somewhat lighter conditions on the
22nd.

The high pressure cell affecting Denmark has moved farther NW. Plymouth is
experiencing a climax of storms blowing into the Sound, i.e. from S or SSW and
related to that which affected NW Spain on the 23rd. By the 24th the weather in
NW Spain has turned very thundery, and by the 27th the wind there had veered W.
The Low shown on this map off Spain and Portugal seems therefore now to have
acquired the character of a cold pool which travels only slowly northeastwards,
unlike the previous waves which had developed on the cold front.

Denmark seems to have been involved since the evening of the 25th with a new |
frontal system coming from the E and SE, The cold Low and the fronts which had
been affecting Corunna (NW Spain) have passed away to the NE. By the 28th the
winds in the Bay of Biscay had become WNW and near Scilly NW’ly.



DATE
{New Style Calendar)

NOTES

29th June 1588

1st July 1588

2nd July 1588

3rd Tuly 1588
5th July 1588

7th July 1588

8th July 1588

10th July 1588

13th July 1588

15th July 1588

The most disturbed skies are now reported from Denmark, where the weather
becomes increasingly humid, presumably as warm air comes up from the SE. The
wind continues from NW or N off SW England on the 30th, and then on 1st July
increases to gale from NNE, evidently as a new Low approaches; in the Channel
as far west as Devon the wind was then strong $'ly,

As the wind became lighter in Denmark over the previous two days, the old Low
probably moved farther away, Le. back towards the § and SW across England. It
seems necessary to hypothesize that a new fronial Low was travelling E farther
5; this is likely because the known supply of cold air to such low latitudes would
produce a sharp front. The approach of this southern Low seems to have led to a
coalescence of the two depressions off SW England and carried the combined
centre eastwards on the following day,

The old British Isles Low has now been absorbed into the new Low travelling NE
from Spain. Additionaily, it is clear that there is a vigorous new Arctic outbreak
of N'ly winds associated with a northern anticyclone which has already spread its
influence south to the latitude of Biscay and somewhat east to affect Denmark.

The strong winds over Biscay are beginning to back more Nly.

The wind has just changed from NE to W in Denmark. On the 6th the Wly wind
there became stronger and on the 7th became a stormy WNW wind, presumably
under the influence of a new system approaching from the NW. A calmer interval
occured in NW Spain, but by the 7th the wind at Corunna was SE’ly again and a
new disturbance was approaching.

The renewed storm in Denmark has not affected Spain, and is not known to have
affected England, so probably came with a jetstream from the NW or WNW.

The warm sector over Denmark now has come from the SW and can only be the
one which passed the Spanish ships at Corunna the day before. It has therefore
been a fast travelling system. The wind veered SW in Denmark by afiernocon on
the 8th, but the weather and sky continued variable. There was thunder there on
the morning of the 9th and the wind continued SW until the 12th, when it veered
N.

The last wave on the cold front over Europe seems not to be developing, and in
Denmark the following night was clear and still, the weather on the 11th there
still fine with a light 8 wind. The whole complex low pressure system over
northern Europe seems by then to have been filling and moving east. By the 12th
the wind in Denmark became Nly. The NE wind in the Channel on the 10th was
replaced the next day by wind from the SSW under the first influence of a new
cyclonic system approaching from the SW.

The slowly advancing, occluding Low has at last reached Denmark, taking three
days on its way from northern France, By the 14th the light wind in Denmark
had become SE, presumably as the front passed. By the 14th the winds in SW
England had become strong N'ly. As has happened repeatedly in 1588, we see
a N'ly outbreak developing over the eastern Atlantic and proceeding to the
lower middle latitudes. It must be these outbreaks that keep generating further
cyclonic activity in such an unusual low latitude for summer, '

The small ripple on the front over France may have been responsible for the
overcast day with light SW wind in Denmark on the 16th.




DATE
(New Style Calendar)

NOTES

17th July 1588

19th July 1588

20th July 1588

The new depression advanced quickly from the SW to the mouth of the Channel.
The brisk N°ly wind behind it did not last many hours before becoming W’ly. This
was a change which saved some of the English ships from their quick, but mistaken
decision to go for Spain to seek our the Armada there. Such a move might have
led to disaster and one can imagine that the return of the wind to the Wy quarter
could have been regarded as a miracle in England’s favour, though the people
concerned probably never knew of their mistake about the location of the Armada
at that time. The ridge of high pressure over the North Sea may be intensifying
ahead of the new Low, since the wind in Denmark continued from NW and
strengthened by the 18th.

The Low over Sweden has travelled from near Cornwall on the 17th and seems
now to be moving more slowly, although the High over NE France is developing
somewhat and moving quickly NE so that Denmark was in its central region the
next day. Rain continued at Corunna (NW Spain) for 24 hours, evidently close to
the front throughout that time.

The complex Low near the mouth of the Channel is being maintained in that area
by a succession of frontal wave depressions apparently coming from the lower
subtropical latitudes and deepening as they run into the central cyclonic area,
which therefore moved only slowly to the southern North Sea by 22--231d July.
During that time the Swedish Low apparently backed a little and renewed a
NW’ly breeze in Denmark.
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