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Introduction

Documentary sources are a useful tool to
analyse climate in the pre-instrumental era,
especially in places with a long writing tradi-
tion (see Jones et al. (2009) and Brazdil et al.
(2005; 2010) for review articles). They include
a wide typology, from any piece of paper
to paintings or markers. These sources pro-
vide a great range of information, including
direct evidence (descriptions of weather or
extreme events) and climate proxies (dates of
crop collections, blooming, rogation ceremo-
nies, icebreaking etc). Among them, weather
diaries provide first-hand information in a
sequential and mostly continuous way, with
precise dating reaching, sometimes, subdaily
resolution. Their time coverage ranges from
months (e.g. Carlo de Zinzendorf weather
diary at Trieste, from June 1776 to June 1777;
see Pagnini, 1978) to almost a lifetime (e.g.
Haller Wolfagang diary from Zurich, from
1545 to 1576; see Flohn, 1949). Sometimes
longer weather diaries can be found when
they are supported by an institution and
compiled by many authors, such as the
Premonstratensian Abbey diary at Hradisko
that covers the period 1693-1783 (Brazdil
et al, 2008). However, in this case the cli-
mate perception can vary depending on
the author and this can lead to homogene-
ity problems.

Many weather diaries have been found
and studied in Italy (Raicich, 2008), central
Europe (Pfister et al., 1999), Czech Republic
(Brazdil and Kotyza, 1996; Brazdil et al.,

2008), Slovakia (Brazdil and Kiss, 2001) and
Japan (Maejima, 1966; Takehiko, 1993).
Logbooks are a specific type of weather
diary and they provide information about
climate in the world oceans (see Wheeler
and Garcia-Herrera (2008) for a review).

In Iberia documentary sources have
allowed retrieving information on extreme
events as early as the eighth century
(Dominguez-Castro et al., 2014b). Most of
the documentary evidence comes from
administrative (civil or ecclesiastic) insti-
tutions. Due to the lberian climate and
agriculture, most of the records are asso-
ciated with precipitation. Thus, series of
rogation ceremonies from 1500 have been

compiled for different locations (Barriendos,
1997; Vicente Serrano et al., 2007), allow-
ing the study of the changing pattern of
droughts (Dominguez-Castro et al, 2010;
2012). Floods have also been studied exten-
sively in most of the Spanish basins (see
Barriendos and Rodrigo, 2006). However,
weather diaries are very scarce, with serial
descriptions of weather mostly attached
to the early meteorological measurements
(Dominguez-Castro et al, 2013; 2014a).
Here we study the weather dairy compiled
by Antonio de Najera in Lisbon (Figure 1)
from 1631 to 1632, almost a century ear-
lier than the first instrumental observa-
tions, which were performed in Lisbon in
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Figure 1. Map of the Iberian peninsula with location of cities cited in the text and major drainage
basins, together with a panoramic view of Lisbon from the Civitates Orbis Terrarum of Georg
Braun and Franz Hogenberg published between 1575 and 1618.
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1724 (Dominguez-Castro et al., 2013). This
is a period with few high-resolution climatic
reconstructions in lberia: a summer tem-
perature reconstruction based in tree-rings
from the Pyrenees (Dorado Lihan etal,
2012), a seasonal reconstruction of rain-
fall based in documentary extreme events
from Andalusia (Rodrigo et al., 1999) and
a winter rainfall reconstruction based in
calcite lamination in Lake La Cruz (Cuenca)
(Romero-Viana et al., 2011). All of them have
lower resolution than the daily/subdaily
record provided by de Najera’s diary.

The author

Few details are known about the life of
Antonio de Ndjera. His family came from
Spain but he was born in Lisbon in the
late sixteenth or early seventeenth century,
a period when Spain and Portugal were
united under Philip IV. During his early
youth, he showed interest in mathematics
and went to Spain to study (Ferndndez-
Navarrate, 1846). He was a mathematician
with great interest on cosmography, naviga-
tion and astronomy. He became Prime cos-
mographer of the King in the three regions of
the Cantabric coast.

A brief summary of his publications can
help in understanding his interests and
expertise. In 1619, he published a short
text about the 1618 comet (de Najera,
1619) where he provides a general descrip-
tion of comets, cites their effects, such as
winds, epidemics, earthquakes, wars, and
also writes about natural astrology explain-
ing the effects of the comets on agriculture,
navigation and meteorology.

In 1628 he published, in Lisbon (de Ndjera,
1628), an important manual of navigation
that was used extensively during the seven-
teenth and eighteenth centuries. In this work
he corrected the tables of the Sun and stars
with the observations of Tycho-Brahe. This
book was divided in three parts correspond-
ing with the three principal instruments in
navigation: astrolabe, ship’s compass and
nautical chart. Especially appreciated were
the observations and instructions to navi-
gate from the Cape of Good Hope to the
East Indies.

Summa astrologica (de Najera, 1632)
focuses on the astrological prediction of
weather. To the best of our knowledge,
the first written references related to astro-
meteorology were by the Babylonians
around the seventh century Bc, written
in cuneiform script and preserved in the
Library of Ashurbanipal, for example When
it thunders in the day of the moon’s disap-
pearance, the crops will prosper and the
market will be steady (Shaw and Austin,
1932). The first weather diary with a
clear astro-meteorological objective that
has been preserved, however, is William
Merle’s diary recorded from 1337 to 1344
in Oxford and Lincolnshire (Geneva, 1995).

Astro-meteorology was popular in Europe
during the sixteenth and seventeenth
centuries. At that time, many almanacs or
ephemerids with astronomical and mete-
orological observations were published.
Planetary astronomy was the main tool
used to explain and predict the weather
at that time. This approach was continued
into the eighteenth century by people
such as Joseph Toaldo, who made mete-
orological observations from 1766 to 1797
in Padova, looking for their relation with
phases of the moon (Camuffo, 2002). De
Najera is part of this tradition and com-
piled information from Greek (Ptolemy) and
Arabian (Abu Massar and Al Kindi) astrolo-
gers. The book contains a great number of

aphorisms on constellations that affect the
weather. In fact, he wrote his diary to vali-
date the aphorisms compiled in this text.
It is important to note that the separation
process between astronomy and astrology
occurred just at this time (Vernet, 2000).
Carolino (2003) offers more information
on the role of astrology in the science
and society of Lisbon in the seventeenth
century.

The diary

The unpublished manuscript is preserved
in the Spanish National Library; it has
359 pages and its precise date of writ-
ing is unknown. The diary is a collection
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Figure 2. Title page of de Ndjera’s manuscript. (Courtesy of Spanish National Library.)
Meteorological observations about the weather and changes of the air, of all the conjunctions;
oppositions and quarters of the sun and moon, from the years of Our Lord 1631 and 1632. The
days that were cold, wet, hot, and dry; the mild, with fog, clouds and rain; the windy; stormy,

and with thunder. Scrutinising, its causes by the Summa Asthologica; its rules; and aphorism with
which to verify the truth of the science; and make easier for the scholar, although with more cer-
tainty, and delectation urge of the weather and changes of the air. With tables at the ending, for
easily finding the most prominent actions and influx of the planets and in particular of the moon,

as more evident in the changes of the air.

Royal Meteorological Society

L *ON ‘0L “10A ‘5L0T Arenuer — 1ayjeap I

21



Weather — January 2015, Vol. 70, No. 1 I An early weather diary from Iberia

22

of daily meteorological and astronomical
observations from 19 December 1630 to
2 January 1633, including discussions on
their possible relationship. The manuscript
has a long and descriptive title, see caption
in Figure 2, and is written in Spanish.

De Najera provides daily descriptions of
the weather and movements of the stars,
trying to explain the weather variations by
the position of the celestial bodies. At the
end of every lunar month, he summarises
both weather and astronomy.

Only 17 days (2%) have no meteorologi-
cal information during the studied period.
The weather descriptions make reference
to cloudiness, rainfall, temperature, wind
and other features such as fog, lightning,
thunder or hail in a homogeneous style. The
descriptions are usually short and concise,
such as clear, hot and dry (29 July 1631),
but they can be longer, depending on the
changes of the atmosphere through the
day all the previous night rain, winds with
hail, thunderstorms and lightnings until the
early morning, during the morning wet clouds
with some little rain, during the afternoon bet-
ter day and during the night more rain (19
November 1632).

All the weather descriptions have been
transcribed and will be available on the
website of the KLIMHIST project (http://
clima.ul.pt/klimhist).

Indexation

We have applied content analysis (Baron,
1982) to index the different climate variables
depending on the frequency of the variable
in the reports, the extent of the description
and the intensity of the phenomenon.

Temperature

We have applied content analysis to the
adjectives used by de Najera to describe
the temperature (Table 1). Accordingly,
we adopted a —2/+2 scale because this is
the maximum resolution reachable. When
the description has no reference to tem-
perature we assigned a value of 0 for the
index, because temperature would have
been normal and would not have captured
de Ndjera’s attention. Sometimes he pro-
vides information taking the previous day as
a reference, with expressions such as colder
than yesterday, hotter than yesterday, the
same as yesterday. This has been considered
in the indexation. The frequencies obtained
for the categories are: —2 (4.3%), —1 (10.8%),
0 (62.9%), +1 (16.2%) and +2 (5.8%).

Rainfall

We have devised a rainfall index of four
categories (0, 1, 2, 3) using the information
contained in the dairy at a daily scale, but
subdaily information has been transcribed
and will be available on http://clima.ul.pt/
klimhist. When the description has no refer-
ence to rainfall or adjectives such as dry, calm
or fair are used, we have considered a 0 value
(Table 2). The frequencies of the categories
are: 0 (66.1%), 1 (26.8%), 2 (6%) and 3 (1.1%).

Cloudiness

De Néjera showed a special interest in this
variable and he provides information three
times a day: morning, afternoon and night.
We have generated three categories from
de Najera’s descriptions: clear, cloudy and
overcast.

Mucho calor, muy caluroso, muy calido, grandes calores
Célido, Caluroso, calor, calores, algun calor, calidos

Value index for the adjectives used by de Ndjera describing temperature.
Temperature index Adjectives used by de Ndjera

+2 Very hot

+1 Hot

0 Normal Templado, buen dia

-1 Cold Frio, frias, algo frio, frescos

—2 Very cold Muy frio, aire de nieve, grande frio

As Table 1 but for precipitation.

Raifall index

Adjectives used by de Ndjera

+3 Heavy rainy

de agua
+2 Moderate rain

grandes lluvias
+1 Light rain

0 No rain No reference to rain

Diluvios de aguas, muchisima lluvia, muy grande tempestad de
lluvia gruesa, mucha lluvia con tempestades, grandes tempestades

Mucha lluvia, Muy lluvioso, llovié muy bien, llovia bastante, lluvia
gruesa, lluvias continuas, con mucha agua, exceso de lluvias,

Lluvia menuda, un poco de lluvia, lluvia blanda, algunas lluvias,
pocas lluvias, lluvioso con blandura, lluvias finas, lluvia, lluvioso

Wind

Information about the wind is scarce. Only
115 days show information about the wind
direction and 99 days about wind force.
We have categorised the wind force in two
classes: weak (vientos, algun viento, ventoso)
and strong (vientos fuertes, grandes vientos,
vientos recios, vientos fieros, vientos ofus-
cados, tempestad de viento, vientos avendav-
ales). This variable cannot be considered as
continuous, such that we consider no data
when de Najera does not make reference
to the wind.

Other weather events

We have compiled the presence of other
weather events as fog, hail, thunder and
lightning.

Results and discussion

Figure 3 shows the temperature and pre-
cipitation indices and the cloudiness and
fog frequencies. We can see clearly the
annual cycle with hot, dry and clear sum-
mers and cold, rainy and overcast days dur-
ing the winter. The summer of 1631 was
hotter than the summer of 1632, with July
of 1631 being the hottest month. The cold-
est month was February 1632. The spring of
1632 was the wettest period, with 57 rainy
days. A high concentration of fog occurred
from 12 January to 3 February 1632, when
almost all the days (14) record references
to fog. This episode could be related to
the most violent and destructive erup-
tion of the Vesuvius volcano (Naples, Italy)
in recent history. This eruption started at
7 a.m. local time on 16 December and was
a Plinian eruption with an estimated tephra
volume 0.07km3 and peak mass flux erupted
in the range 3-6 x 10’kgs™, corresponding
to a column height of 17-21km (Rosi et al.,
1993).

Comparison with Lisbon
current climate

Cloudiness

We have used the cloudiness data of Lisbon
published in the Annals of the Infante D. Luiz
Geophysical Observatory. These data have
monthly resolution and cover the period
1855-1940 with a scale from 0 (completely
clear) to 10 (completely covered). In order
to compare with de Najera’s observations,
we have transformed our three categories
(clear, cloudy and covered) into numeric val-
ues. Taking into account that de Najera did
not observe continuously and only anno-
tated the more relevant changes, we have
assigned a value of 8 for covered, 5 for cloudy
and 2 for clear. Next we have computed the
monthly averages and compared them with
the corresponding Geophysical Observatory
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Cloudiness: Clear [l Cloudy [l Overcast
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Figure 3. Meteorological information extracted from de Ndjera’s weather diary, from top to bottom, cloudiness, temperature index (solid line: 31-day
moving average), rainfall index (solid line: 31-day moving average) and fog.
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Figure 4. (@) Monthly values of cloudiness for 1631 (red squares) and 1632 (green squares) in
comparison with the long term averages 1855-1940 (bold solid line, mean; thin solid line, one and
two standard deviations). (b) Monthly frequency of days with precipitation in 1631 (red squares)
and 1632 (green squares) in comparison with the long term 1941-1999 (bold solid line, mean; thin

solid line, one and two standard deviations).

values. The results are shown in Figure 4(a).
In general, the 1632 and 1631 observations
follow the 1855-1940 pattern, with clear
summers and cloudy winters. July 1631
seems to have been the month with the

highest anomaly, while May and October
were clearer than usual. In general, the 1632
values are closer to the 1855-1940 averages
(all the data within one standard deviation)
than those from 1631.

Rainfall

We have used as reference the rainfall data
of the Lisbon Geophysical station from 1941
to 1999 (Klein Tank et al., 2002; downloaded
from http://www.ecad.eu). To reduce the
uncertainties we have compared only the
monthly frequency of rainy days. It can be
seen (Figure 4(b)) that many months are
above the long-term average. This is an
unexpected result, because weather diaries
tend to underestimate precipitation fre-
quency because observations are not con-
tinuous through the day, and rain is scarcely
recorded when it is light or occurs at night.
With this is mind, the spring of 1632, with 57
rainy days, was very wet, as compared with
a maximum of 51 days during the rainiest
spring of the reference period (1946). Rain
was continuous during the period from 13
March to 5 April of 1632. June 1631 was
also very rainy (17 days) when compared
with the reference period, which showed a
maximum frequency of 15 days (1988). The
wet character of June 1631 seems to have
affected other regions in lberia, thus, in the
Chapter Proceedings of the Cathedral of
Bilbao (Figure 1), a collectio pro serenitate is
recorded on 12 June 1631 (Barriendos, 1997).

In contrast, October 1631 seems to have
been particularly dry. September 1631 could
also have been a dry month, because it con-
tains only one rainy day, however, data for
this month are not representative because
it has seven missing days. Anyway the dry
nature of the 1631 autumn was not exclu-
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sive to Lisbon. Again in Bilbao a collectio pro
pluvia was held on 10 October (Barriendos,
1997), which suggests that the drought also
affected northern Iberia.

As we explained in the introduction,
comparison with other lberian proxies is
difficult. Only Rodrigo et al. (1999) shows
seasonal precipitation information for this
period, but unfortunately the index value
for summer and autumn of 1631 and spring
of 1632 is 0, which means that climate was
normal in Andalusia or the reconstruction
has a lack of information for these years.

Concluding remarks

De Néjera’s diary is the earliest weather
diary found and studied in the Iberian ter-
ritories until now. The information obtained
from this diary has higher time resolution
(daily and, even, subdaily) and provides
more details than any other contemporary
source.

Our results show that de Najera’s dairy
describes accurately the weather of Lisbon,
with a good reproduction of the annual
cycle. We can highlight the concentration of
rainy days during June 1631 and the spring
of 1632. Unfortunately, there are no high-
resolution precipitation proxies in lberia
to compare with de Najera’s observations.
This restricts the evaluation of de Najera’s
record in terms of the Iberian climate. The
compilation of new proxies or observational
data should allow us to assess the spatial
extent of the detected anomalies and the
possible effects of the Vesuvius eruption of
1631 in Iberia.
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