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1. INTRODUCTION

Climate variability on decadal and longer time scales
is a major subject in climate research. With the concern
about anthropogenic effects on global climate, there is
a strong impetus to describe and understand the nat-
ural modes of variability in the climate system. A major
source of interannual variability in atmospheric circu-
lation is the North Atlantic Oscillation (NAO) (Lamb &
Peppler 1987).

NAO is a large-scale alternation of atmospheric mass
between the North Atlantic regions of subtropical high
surface pressure (centered near the Azores) and sub-
polar low surface pressure (south and east of Green-
land). The alternation of mass can be characterized by
2 extremes: (1) high NAO: anomalously high subtropi-
cal surface pressure and anomalously low subpolar
surface pressure, and (2) low NAO: the opposite sur-
face pressure anomalies.

Changes in the surface pressure patterns result in
changes in the mean circulation patterns over the
North Atlantic. These changes are accompanied by

pronounced shifts in the storm tracks and associated
synoptic eddy activity (WASA Group 1998). Changes
in the mean and eddy components of the flow affect
the transport of heat and moisture and can produce
changes in regional patterns of temperature and pre-
cipitation. It has been established (Hurrell 1995) that
during high extremes: (1) the westerlies onto Europe
are over 8 m s–1 stronger than during low NAO winters,
(2) there are cold winters in western Greenland and
warm ones over much of the rest of Europe, and
(3) drier conditions occur over southern Europe, the
Mediterranean and Northern Africa, while higher pre-
cipitation occurs over Scandinavia. During low NAO
extremes the anomalies are opposite.

The NAO variability during this century exhibits 3
main periods (Hurrell 1995). From the beginning of the
century until about 1930 most of the winters were high
NAO extremes. From the early 1940s until the early
1970s low NAO extremes were dominant, and since
then high NAO extremes have occurred. However, it is
necessary to study longer fluctuations in the climate of
the Atlantic, so reconstruction of the NAO over the last
4 centuries has been a topic of intense interest in
recent years. A way to do this is by means of early
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instrumental data (Jones et al. 1997, Luterbacher et al.
1999). However, if we want to know anything about
the 16th or the first half of the 17th century, proxy data
have to be used. Three ring chronologies (Cook et al.
1998) and ice-core data from Greenland (Appenzeller
et al. 1998) show changes in the climate of the North
Atlantic at decadal time scales probably related to fluc-
tuations in the NAO.

The reconstruction of NAO behaviour during histor-
ical periods (non-instrumental) is a necessary step to
better understand interesting topics such as the Little
Ice Age (about 1550 to 1850 AD), atmospheric circula-
tion variability (related to interannual NAO variability)
and oceanic circulation variability (related to inter-
decadal NAO variability) (Hurrel & van Loon 1997,
Rowell et al. 1999, Shindell et al. 1999).

The objective of this paper is to show preliminary
results of a multiyear project directed to reproduce the
North Atlantic atmospheric circulation, especially
NAO, during the 16th, 17th and 18th centuries using
historical documents from Spanish archives.

2. DATA SOURCE

Most of the data used in the project come from the
‘Archivo General de Indias’ (AGI), where the docu-
ments of the Spanish Administration in the American
colonies are located. This archive represents the most
important source of information from historical

accounts of oceanic climatic data in
the world during the 16th, 17th and
18th centuries. There are more than
43 000 logs that occupy 8 linear kilo-
meters of shelves, with around
80 000 000 pages. The most important
parts of the AGI concerning journeys
were the ‘Sección de Contratación’,
‘Sección de Indiferente General’ and
‘Sección de Arribadas’.

Among the documents belonging to
the AGI, those documents related to
the navigation between Central Am-
erica and Spain were used. In the 16th
to 17th centuries the Atlantic traffic
was organized through a convoy sys-
tem (Haring 1918, Laviana 1996):
fleets. Two main fleets were organized
yearly: (1) ‘Flota de Nueva España’,
which sailed from Seville during the
period April to August, with destina-
tion Veracruz (Mexico) via Santo
Domingo (Dominican Republic), and
(2) ‘Galeones de Tierra Firme’, which
sailed from Seville between August

and November, with destination Portobello (Panama)
via Cartagena de Indias (Colombia).

Fig. 1 shows the main routes. Each part of the jour-
ney is separately of interest climatologically. The jour-
ney from Spain to the Caribbean Sea could be a good
index of the intensity of the trade winds; the journey
through the Caribbean could help us to identify tropi-
cal cyclones. The duration of the return leg could be
very useful to estimate the intensity of the westerlies
and the NAO.

3. METHOD OF CLIMATIC RECONSTRUCTION

The main objective of this project is to find historical
variability in the North Atlantic atmospheric circula-
tion. To estimate this variability the outward and
return journeys of fleets are used. The main data avail-
able were the dates of departure and arrival at the
main ports. 

The route from the Iberian Peninsula to America had
3 main stops: the Canary Islands, one of the Lesser
Antilles and Ocoa in Puerto Rico (Fig. 1). From there,
fleets could be directed to 3 ports: Cartagena, Porto-
bello or Veracruz. For some of the journeys all the
dates of arrival and departure at every stop are docu-
mented. In other cases only the dates of departure from
the Iberian Peninsula and the date of arrival at one of
the American ports are available. In a few cases no
dates are documented. To homogenize data, the time
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Fig. 1. Routes and main stops followed by Spanish ships crossing the Atlantic 
during the 16th, 17th and 18th centuries
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from the Iberian Peninsula to Ocoa was estimated for
all the journeys. If both dates (departure from Iberian
Peninsula and arrival at Ocoa) were available, the time
of the journey was calculated by subtraction. If the
date of arrrival at one of the continental ports was
available, but not the date of arrival at Ocoa, the time
was calculated by deducting the average time from
Ocoa to one of these ports (Ocoa–Cartagena: 6.5 d;
Ocoa–Portobello: 11.2 d; and Ocoa–Veracruz: 20.8 d).
There was usually only 1 journey yr–1; however, if sev-
eral journeys were available in the same year (less
than 10% of the total sample), the average was calcu-
lated to establish an annual value. Therefore, the sail-
ing time from the Iberian Peninsula to Ocoa was the
proxy used to estimate the intensity of trade winds. It is
necessary to consider that these data are subject to
improvement by calculating the number of days that
fleets stayed in the Canary Islands and the delay
caused by any non-meteorological event. In this study,
we only present the time from the Iberian Peninsula to
Ocoa, since this improvement would be very labor
intensive.

The return journey is treated in a similar way. Fleets
could depart from Portobello, Cartagena or Veracruz,
but Havana was a compulsory stop. So, the duration of
the journey is calculated between Havana and the
Iberian Peninsula. If not all the dates of departure and
arrival were available, average times were used (Ver-
acruz–Havana: 55 d; Portobello–Havana: 55 d; Carta-
gena–Havana: 12.5 d). As for the outward journey, the
time employed at intermediate stops (Bermudas or
Azores) was not considered. This is not really a large
mistake because it was almost the same for all the
journeys, so the time between Havana and the Iberian
Peninsula could be used as a proxy for the intensity of
westerlies.

4. PERIODS STUDIED

In this study 2 periods were analyzed: 1551 to 1650
and 1717 to 1737. The reason for choosing these 2 peri-
ods was the existence of 2 important references.
Chaunu & Chaunu (1955) studied with great detail the
period 1551 to 1650 with the aim of calculating the
commercial trade between Spain and America, and
García Baquero (1976) performed a similar study for
the period 1717 to 1737. These 2 studies helped us to
locate the AGI logs containing information about the
transatlantic journeys.

5. RESULTS OF THE PRELIMINARY STUDY

5.1.  1550 to 1650

Fig. 2 shows the departures from the mean for the
durations of the journey between the Iberian Peninsula
and Ocoa. It was possible to estimate the journey dura-
tions in 81 of the 100 years. The mean duration in these
81 years was 59.2 d with 110 d as the highest value and
22.4 d as the lowest. The standard deviation was 17 d.
The large variability in Fig. 2 is not entirely caused by
the variable intensity of the trade winds because there
are some features (delays, hazards, etc.) that are only
partially identified.

In Fig. 3 the departures from the mean for the dura-
tions of the journey between Havana and the Iberian
Peninsula are displayed. In this case it was only possi-
ble to calculate durations for 52 of the 100 years ana-
lyzed. However, the logs used were only a small frac-
tion of the huge quantity of AGI logs referring to
transatlantic journeys. The average duration of this
journey was 69 d, the standard deviation was 20 d and
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Fig. 2. Departures from the mean of the durations (d) for the
journey between the Iberian Peninsula and Ocoa from 1551 

to 1650

Fig. 3. Departures from the mean of the durations (d) for the
journey between Havana and the Iberian Peninsula from 

1551 to 1650
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the highest and lowest values were 126 and 37 d,
respectively. A better estimation of the time taken in
stops and delays due to non-meteorological reasons
would increase the confidence regarding our estima-
tion of westerly intensities during this period.

5.2.  1717 to 1737

Fig. 4 shows the departure from the mean for the
durations of the journeys between the Iberian Penin-
sula and Ocoa and between Havana and the Iberian
Peninsula. For the outward journey (Iberian Penin-
sula–Ocoa) information was available for 16 yr. The
mean was 63 d, the standard deviation 24 d and the
highest and lowest values 122.2 and 25.2 d, respec-
tively. For the return journey only 11 years are avail-
able. The average duration of the journey was 55 d, the
standard deviation 14.5 d and the highest and lowest
values 86 and 36 d, respectively.

Considering both periods, there were only 51 years
in which outward and return sailing times were avail-
able. The correlation (r = 0.24) between both times was
not significantly different from zero.

6. OTHER SOURCES OF INFORMATION

The journey durations presented above can be dra-
matically improved as proxy data for Atlantic atmos-
pheric circulation in the following ways: (1) Using
fleets data, but considering the whole volume of logs
concerning them. This would permit us to discount the
time of stops and the delays due to non-meteorological
reasons. (2) Using ‘navios sueltos’, which were those
ships not included in the fleets and whose number was

large every year. (3) Using ‘avisos’, which were mail
ships whose single task was communication between
the Iberian Peninsula and America. These ships did not
make any intermediate stop and consequently the
durations of the journeys are the best-quality data for
the period when ‘avisos’ were active (16th century).
The number of ‘avisos’ were also very high every year;
they were replaced by the ‘Royal Mail ship Service’ in
the 17th century. (4) Using ‘Royal Mail ships’, a regular
service that started in 1628 and lasted 300 yr. The peri-
odicity of these journeys was every 3 mo during the
17th century and every month during the 18th and
19th centuries. All the logbooks, containing daily infor-
mation about the position, intensity of wind and mete-
orological events, are available. These ships represent,
without any doubt, the best source of marine climatic
data from the Atlantic during the covered period. An
example of the climatic reconstruction performed with
information pertaining to one of the mail ships for the
year 1775 can be found in García et al. (2000).

7. OTHER INFORMATION FROM HISTORICAL
DOCUMENTS: POSITIONS OF TROPICAL

CYCLONES

Although the main objective of our work was to
reproduce the Atlantic atmospheric circulation from
the Spanish ships that crossed the Atlantic during the
16th, 17th and 18th centuries, it is also convenient to
check these documental sources with the possibility of
identifying tropical cyclones. Without doing a system-
atic search, 12 shipwrecks produced by strong storms
were reliably identified (date and position) in the
Caribbean area during our sample periods: 1551 to
1650 and 1717 to 1737 (Fig. 5).

The quantity of details about these events differ
widely from one event to another. Some of them are
written with extraordinary detail, such as the ship-
wreck that happened on 15 July 1733. The captain of
one of the few ships that was not sunk described the
event from 24 h before and indicated what the weather
was like for each hour and the effects on the other
ships forming the fleet. More than 10 pages were writ-
ten to describe the event in this captain’s report.

A sound search through all the documents concern-
ing fleets, ‘navios sueltos’, ‘avisos’ and ‘Royal Mail
ships’ would permit us to register many tropical cy-
clones not identified at present.

8. CONCLUDING REMARKS

In this study, it is shown that the information pro-
vided by the Spanish ships crossing the Atlantic during
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Fig. 4. Departures from the mean of the durations (d) for the
journey Spain–Ocoa and La Havana–Iberian Peninsula from 

1717 to 1737
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the 16th, 17th and 18th centuries can be of great inter-
est in reproducing the North Atlantic atmospheric cir-
culation and in identifying tropical cyclones.
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Fig. 5. Dates and positions of shipwrecks probably produced by tropical cyclones during the periods 1551 to 1650 and 1717 
to 1737

DATES OF 
OCCURRENCE

1. 2nd September 1552

2. 4th November 1562

3. 2–5th September 1564

4. 6th October 1564

5. 27th August 1574

6. 23rd September 1588

7. 24th August 1591

8. 24th December 1592

9. 7th March 1593

10. 21st–24th March 1599

11. 25th August 1724

12. 15th July 1733


