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Preface

In 1981 the European Community launched a number of Climaio-
logical research projecte under the title "Reconstitution
of Past Climates". The contribution of this programme by the
Royal Netherlands Meteorological Institute (KNMI) consists

of a project on historical weather observations.

The emphasis has lain on studying observations made in the
Netherlands with early inetvuments before the foundation of
the KNMI in 1884. The wealth of meteorological data dating
from that era in Duteh archives owes its existence to the
immense contemporary interest in the weather. Although these
data have not yet been fully catalogued, it proved possible

to feed various series of measurements into a computen.

The longest unbroken series of observations ts that made at
Zwanerburg House between 1735 and 1861, although measurements
had been taken earlier in Delft, Leiden, Rijnsburg and Spaarn—
dam. Nicolaus Cruquius (1678-1754), a cartographer and hydrau-
lie engineer, coordinated these observations and indeed made
many of them himeelf. The daily summaries which have survived
of the detailed observations aseribed to Cruquius, cover the
period between 1706 gnd 1734. His measurements date from a
time when virtually no weather observatione were made.

Az they are very comprehensive they are of great significance

For a reconstruction of the climate.
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Until recently little was known about Cruquiue and his meteo-
rological background. The only publication containing biogra-
phical information is "De kaart van Delfland" (1877), written
by C. Poetma of the Delfland district water control board.
Although thie publication stresses Cruquiue' work in the fields
of ecartography and hydraulic engineering, it nevertheless
provided very important information on which to base the pre-

sent report.

Ample attention has been devoted to Cruquius, because of his
importance in achiteving recognition in the Netherlande for
meteorology a8 a legitimate sctentific activity and because
he may be regarded as a forerunner of C.H.D. Buye Ballot
{1817~1890), founder of the KNMI. Cruquius was responsible
for numerous meteorclogical diecoveries, perhaps one of the
moat important being that he was the firet to present weather
data graphically. Until recently this innovation was aseribed

to Petrus van Musschenbroek (1882-1761).

Purthermore, Cruquius’ correspondence with the Royal Society
vas of major significance for the weather observation methods
employed in the eighteenth century Netherlands. Hies letters
to the Royal Society, which were in an obscure form of Latin,
have been translated by Mr. M.J. Moir, formerly a tranelator
at the Minigtry of Foreign Affairs, and are appended to the
present report. It goes without saying that we are grateful
to Mr. Moir for this and other assietance with translations

from Latin,




We also thank Mrs. H. Bannatyne and Mrs. Y. van Rees — Rosen-
berg of the Ministry of Foreign Affaire and Prof. A. Crowe

for the English translation of our manuscript.

The greater part of the report ts devoted to a compilation
of the temperature measurements taken by Cruquius. Although
we lack sufficient data to convert these reliably into 2¢
hour averages, the compilation did produce a reconstruction
of mean monthly temperatures for Delft/Rijnsburg over the
period betﬁeen 1706 and 1734. In order to link on this series
to the familiar De Bilt series extending backwards to 1735
{(Labrijn, 1945), both seriecs were compared with an overlappting
part of the Central England series from 1723 to 1834 (Man-
ley, 1974). The Delft/Rijnsburg geries appears to be very
reliable and i8 eminently suitable for detailed climatologi-

eal research over the early eighteenth century.

We are very grateful to Dr. T.A. Buishand and Prof. C.J.E.

Sehuurmang for their useful advice and comments.

KNMI De Bilt, January 1985, Aryan van Engelen,

Harry Geurtsa
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NICOLAUS CRUQUIUS (1678-1754) AND HIS METEOROLOGICAL OBSER-
VATIONS .

1 Introduction

Nicolaus Samuelis Cruquius, who was born in 1678 on the is-
land of Vlieland and died at Sﬁaarndam in 1754, is in many
rTespects one of the pioneers of meteorology. He was among
the first in the world to make and record meteorological
observations systematically (1). His measurements of preci-
pitation, humidity and evaporation are the earliest in the
Netherlands and hils temperature and humidity readings con-
stitute one of the oldest series of the world. He was the
first to draw graphs of his measurements and he introduced
symbols which may be regarded as the forerunners of those
used 1n today's weather maps (2). A self-willed and Qiffi-
cult man, he was never rendered the esteem due to him for
his work. He demonstrated the importance of meteorological

obsgrvations and set a precedent by trying to obtain finan-

cial assistance for such work from the States of Holland (3).

The present report seeks to show his importance for meteo-
rology and to publish the temperature series in an easily

comprehensible form.
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2 Biography (&)

Shortly after Cruquius was born on the island of Vlie-

land in 1678, his family moved to Delft, where his father,
Samuel Cruquius, was sexton, schoolmaster, mathematician
and examiner for the Dutch East India Company.

In Delft Nicolaus probably lived in his parents' house "In
den Regenboogh" (Under the Rainbow) on the eastern side of
the Werversdijk and in a house outside the St. Joris or Wa-
tersloot Gate at the end of the Binnenwatersloot.

Nicolaus died on % February 175% and was buried in the Re-
formed Protestant Church in Spaarndam. A memorial window
bearing his name and the arms of the Rijnland district over-

looks the grave. It was restored in 1913.

His mother, Veronica, the daughter of Jacob van der Meer,
was considered insane and was nursed at home. The family
further consisted of his brothers, Jacob and Dirk, and two
sisters, Lucia and Aafjen. Since both his brothers died
young, Samuel and Nicolaus had to care for the family for

many years.
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His tomb bears an inscription most of whiech - remarkably -
was executed two years before his death. Probably his health

was failing even then.

1.0. VOGEL. W.v.p. ZYP K. MEEST.

Tek EER s8N OPHEF ner HOOGE sEDUIDEN
vAN'T BOVENsTAANDE KERKGLAS.
VERTOONENDE'T
wit. ED. COLL. vaNn HEEREN DYKG. N HO. HEEM-
RADEN van RHYNL. Met DESZELFS INSTELDER
GraaF WILLEM van HOLLAND rooMs KONING

. 51pus oCT. A® 1255 INDICTIE 14,
wiEnNs XVIE AFSTAMMEL. eN NANEEF. DIENAAR
vaN HAARE werL EDELHEDE en van DN LANDEN
WAS
NICOLAUS samueLis CRUQUIUS
GEADMITTEERD LANDMETER
CANDIDATUS MEDICINAE.
EXAMINATEUR per O.L. STUURL. TEDELFT.
LID vax pE KONINKL. SOC. per WETENS, 1e LOND.
LID vaN'T KONST-GENQOTSP. TE HAARLEM,
TOEZIENDER van RHYNLAND.
SCHOUT e SPAARNDAM.
NATUS 2DEC. 1678 DENATUS SFER. 1754
NAAM-ZIN-SPREUK
NEMINEM SCIENTIA CRUCIAT.
‘ NOOYT SCHAADCONST.
W.pex HENGST. INn COMP. reciT 1752 PRINC. GET. 5.15.25.

Pig. 2 Inscription on Nicolaus Cruquius' tomb in the church

in Spaarndam
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The spelling of his name is also worthy of note. The present
report consistently uses "Nicolaus Cruquius", as 1t appears
on his tombstone.

A number of important documents contain other variations,
however, spelling the forename as Nicclaas or Nicolaes and

his surname as Kruikius or Krukius.

Fig. 3 The Cruquius family arms from the map of Delfland,
1712.

-17-




3  Education and career (&)

Nicolaus Cruquius trained as a surveyor and, after passing
his examinations in 1698, was appointed as such by the pro-
vincial States of Holland. He was particularly gifted as a
topographer and spent a great deal of his life compiling
geographical maps. He made a number of important recommen-
dations in the field of hydraulic engineering and constant-
ly showed his concern for the future of water management in
the Netherlands. As controversy surrounded hils views of the
factors causing rivers to silt up and the water level to
rise, he tried to substantiate them by making observations,

among the most important being his meteorological readings.

In 1716 he began his studies at the University of Leiden,
attending lectures by Herman Boerhaave (1668-1738) among
others. It was probably during this period that he acquired
the knowledge of meteorology that he later needed.

While at Leiden, he came into contact with the Royal Socie-
ty through his weather observations, and was elected a mem-

ber of it in 1723.

In 1725 he succeeded his father as a member of the trainee
pilots committee of the Delft Section of the East India Com-
pany. He had to conduct oral and written examinations, a
process in which his knowledge of meteorology was undoubted-
ly an asset. His last post, from 1733 onwards, was that of
"supervisor" of the Spaarndam dike and its locks and sluices.
He was probably bored with this repetitive work in a subordi-

nate position and expressed his inventiness by giving advice

-18-




on hydrauliec engineering: for example, he devised a plan to

drain the Haarlemmer lake,

He was succeeded as supervisor after his death in 1754 by
Jan Noppen (1706-1764) who inititated the series of weather

observations from Zwanenburg House in 1734 (5).
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L Graphs, maps and hydraulic engineering

The surveyor from Delft developed into a cartographer and
hydraulic engineer. He was a master of the art of charting
topographical and hydrographic maps and presenting data,
ineluding his meteorological observations, in graphic form:
his earllest published graph, dating from 1723, gives a
comprehensive survey of daily observations which he made in
Leiden (supplement VI) (6). On this diagram he used a curve
to represent atmospheric pressure and arrows and dots for
the direction and velocity of the wind. He also used sym-

bols to denote rain, snow, hail, fog, thunder and cloud.
PN e, - T

barometer reading wind direction wind speed

" np o . L A _...‘--
i 1] . . Sl v PR

e HH . i : v =lelles
rain snow  hail fog thunder cloud

Fig. 4a Symbols used by Cruquius to represent various
weather conditions (6)

These symbols may be regarded as prototypes of the ones found

on today's weather maps.

[ ] L < IZ E 0-_
rain snow lightning thunder fog wind direction

Fig. 4b Symbols used in contemporary weather maps.
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The graphic presentatibn of meteorological data seems to
have been invented by Cruquius. His original notebooks
contain elementary and clearly experimental examples, the

earliest dating from 1721.
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Fig. 5 Graphs of weather observations (Delft, Leiden, 1722)
by Nicolaus Cruquius, showing the rudiments of his
later graphics (1).

-21-




He also wrote to the Royal Society explaining his graphs
and pointing out that he had spent a great deal of time de-
veloping methods of presenting meteorological data. He had
finally arrived at the method submitted to them, which made
the observations perceivable at a glance (supplement I1I).
It is striking that even then Cruquius was so conscious of
the advantages of graphic presentation. The form in whiceh
Petrus van Musschenbroek presented his readings taken in
Utrecht in 1728 closely resembles the drawings made by Cru-
quius in the early 1720s.

Cruguius' fame as a cartographer rests primarily on his map
in 25 parts of Delfland (4). He accepted this extensive and
difficult commission in 1701 and embarked on it together
with his brother Jacob. The latter's early death in 1706
was not the only setback Cruquius experienced. The work did
not progress rapidly enough for the governors of the water
control board, with the result that Cruguius came under a
certain amount of pressure. In 1708 two engravers were em-
ployed to work at his house. Three more were appolnted la-
ter and disputes arose about wages and working conditions.
Cruquius and his father obviously disdained the engravers
who had to work from 6 in the morning to 10 at night,
whereas 10 hours was regarded as a working day of "an or-
dinary kind". No paymént was made for overtime. The meals
provided by the Cruquius family for the engravers were
poor. The latter had to take their breaks outdoors and
sometimes grew numb in the hail or snow, while Cruquius

sat smoking his pipe by the warm fire.
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The employees were only allowed inside when there was a

heavy frost.

Despite all the problems a very successful map of Delfland
appeared in 1713 and was to achieve wide circulation (9).

In the years that followed Cruquius drew numerous maps which
often served to support his recommendations in the sphere of

hydraulic engineering.

In 1722 he devised a scheme to dig a drainage canal between
The Hague and Scheveningen which could relieve the Delfland
and Schieland polders of surplus water and facilitate clean-
sing The Hague's canals (10). His plans to reinforce the sea
wall along the coast of Holland revealed his knowledge of
water management and expressed his concern about the future
(11). The quantity of water discharged by rivers into the
sea was steadily decreasing. The River IJssel, for example,
poured sand into "the huge insatiable pool of the Zuyder
Zee"; the mouth of the Rhine was choked at KatwiJk and the
Lek had "lost its power because the Rhine had dried up at
Schenkenkrans". As insufficlent river water was discharged
less sand was carrled into the sea and fewer dunes were
formed. Cruquius even predicted that the flow of river water
into the sea would cease completely. The rivers would then
rise so high that they would flood the dikes with dire con-
sequences. He foresaw thls as the end of the world and voi-~
ced his fears in highly emotional terms.

"The devastation will exceed that caused by the Cimberse

Deluvie. Our greateet cities, our most beautiful palaces
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and farms, our most fertile gardens and fields will be

as moet wretched pools of desolation” (11).

He regarded the steady rise in the levels of the seabed and
the beds of rivers and inland waterways, caused by sediment,
as another of the Netherlands' increasing drainage problems.
His most important proposal was to c¢reate a second outlet
for the River Maas by digging a channel through the Hook of
Holland. Although he defended this plan in every possible
way it encountered much opposition and was rejected. More
than a century later the channel was dug as part of a plan

devised by Pieter Calland (&).
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5 Meteorological observations

5.1 Introduction

"Whereas the applicant has long demonstrated a natural in-
elination for obeserving the changes to which the atmosphere
i8 asubject and has ao abundantly proven his experience ther-
ein that we cannot doubt that he, with God's blessing, and
assisted by humble observers under his divection, would be
able to gather the observations necessary for the satd work
- whieh would be of great value - and to compare them with

one another" (12).

Jacobus Wittichius

Willem J. 's Gravesande

Leiden, 24 February 1727

The quotation comes from the report on Cruquius' application
to the States of Holland which 's Gravesande (1688-1742) and
Wittichius (1677-1739), professors at Leiden, made to the
States'! Standing Committee (Gecommitteerde Raden (supplement
VIII) (12). The substance of the application may also be

found in a letter of 14 October 1725 from Cruquius to Profes-
sor Johan Lulofs (13). He requested financial assistance on a
monthly basis to take meteorological and hydrographic readings.
Cruquius referred to the long series of observations he had
already made. An estimate of the costs of the proposed activi-
ties was appended to the request under the following title:

"Provisional estimate of costs required monthly - which may

be increased or reduced as the occasion demands - to determine'

the height and depth of the land in relation to the level of

the waters which surround and traverse Holland" (13).
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He estimated the total at F1. 450 a month, a large sum for
the time, of which Fl1. 10 was for weather observations.
These were described as follows: "Carriage costs to and from
for the aforesaid forty observers among whom shouid be four
or five who shall observe changes in weather and wind by

means of weatherglasses and instruments to that end".

In fact, Cruquius was undertaking a scheme in 1725 comparable
to that of Christophorus Henricus Diedericus Buys Ballot
(1817~1890), who applied to the Ministry of Home Affairs in
1852 for help in setting up the K.N.M.I. Unlike Buys Ballot,
however, Cruquius was dismissed empty-~handed. Although the
Leiden professors' report to the standing committee was very
positive and the committee in turn made a favourable recom-
mendation to the States no decision was taken and nothing
more was heard of the application. This was highly regretta-
ble, for Cruquius’ plan was intended to safeguard Holland
against floods. Its implementation at that time might have
improved the Netherlands' water management system and spared

the country several disasfers.

The application was probably the first validation of meteoro-
logical observations in the Netherlands. It is notable that
Cruguius placed so much emphasis on their social relevance,
and his correspondence with the Royal Society also underlined

their importance for shipping (supplement II).

A persistent man, Cruquius was undeterred by the States' re-
jeetion of his request. Far from it, in fact: he devoted more

and more time to his observations, recieving a great deal of
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encouragement from James Jurin of the Royal Society in Lon-
don. Crugquius felt greatly honoured to be recognised as a
member of this prestigious scientific body. His correspon-
dence with the Society contains significant details of his
readings (supplements 1I, III, IV and V), and shows, for
example, that a thermometer was sent to him from England

in 1725 {(supplement III). It arrived in pieces, however, and
a new one was sent in October of the same year. He instal-
led it in Rijnsburg where he had inherited from his father
two pieces of land with the buildings on them. The property
to the east of Schoolsteeg in Rijnsburg was known as "The
Farm or Orchard of Rijnsburg" and consisted of a house, a
pavilion, a farm, a stable and an orchard (4), As Samuel
Cruquius had owned it since 1719, it was probably he who
began to take meteorological measurements there in 1720.

The fact that he did take readings can be seen from a manus-
eript in Nicolaus Cruquius' handwriting noting that certain
observations on the deviation of the compass were made by

his father (1).
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Fig. 6 Part of a manuscript by Nicelaus Cruquius including

some observations made by his father, Samuel (1).

The table which Nicolaus Cruquius sent to the Royal Soclety
contains observations at Rijnsburg between 1720 and 1723
(supplement VI) (6). At that time Cruquius was living in Delft
and had been taking measurements there since_- 1705, probably
assisted by relatives or gervants as observations were made

in different places simultaneously.

Measurements were also made in Leiden, probably by Cruquius
himself while studying at the University. He compiled large
graphs of the Leiden data from 1723, 172% and 1725 (supple-
ments V and VI). The observations after 1727 were probably ma-
de in Rijnsburg rather than Delft, an assumption which is
supported by a statistical analysis of the series. Moreover,
from 1727 onwards the form of the observation records changes
and several readings are registered every day.

Cruquius moved to Rijnsburg in 1729 and lived there until
1733. He then settled in Spaarndam where he was appointed as
dike supervisor. He continued to make observations until his
death in 1754%. Of these only the daily data from 1740 and

1741 have been preserved, plus several tables analysing data.
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As there is no apparanf change 1n the Delft-Rijnsburg series
(1706-1734) in 1733, the observations there were probably
continued by a relative or a servant who may have been in-
volved previously. The full series, contalning virtually
all the daily readings for an uninterrupted pericd, ranges
from December 1705 to December 1734. Only a few odd days
and the whole year 1728 are missing.
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52 Types of weather observed

Cruqui us began hl s observations on 19 Decenber 1705 with
at nospheric pressure alone; from 29 Decenber he neasured
the tenperature and from 13 January 1706 took readl ngs of
the speed and direction of the wind. The wi nd readings

ceased in 1709 and resuned in 1725»
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Fig. 7 Summary of the surviving observations made by Cruqui us.
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