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1. INTRODUCTION

Multi-century temperature reconstructions have
increased our understanding of past climate variability
and set twentieth century warming in a historical con-
text. This is a necessity when assessing the anthro-
pogenic impact on climate and modeling future cli-
mate scenarios (Mann & Jones 2003). However, there
is still a great need to gather high-resolution
precipitation data since precipitation changes are
expected to accompany increasing temperatures.
Indeed, precipitation over northern Europe has in-
creased by 10 to 40% in the twentieth century (IPCC
2001). In Scandinavia, changes in the precipitation
pattern have become evident over the past few
decades (Hanssen-Bauer & Førland 1998), changes

that will likely have considerable impacts on marine
and terrestrial ecosystems (Crawford 2000). However,
in Scandinavia most precipitation increase related
to climate change is not expected during summer;
climate simulations indicate considerably drier sum-
mers in the future (Swedish Regional Climate Model-
ling Programme, SWECLIM; www.smhi.se/sweclim/).
In southern Sweden, short periods of drought usually
occur in connection with blocking high pressures in
spring and early summer, but if high temperatures and
low precipitation prevail, they may extend well into
late summer.

Summer droughts can have devastating impacts on
the natural environment by reducing water availability
and by increasing pollution levels, which may affect
human health (IPCC 2001). Agriculture and water sup-
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ply are 2 economic sectors that may be most severely
affected by exceptional summer heat and drought. An
increased frequency of hot, dry summers is likely to
reduce tree growth and thus affect timber yield and
quality. Reduced tree vigor may favor outbreaks of
pathogens, and hot and dry conditions can trigger for-
est fires. To set the expected changes into a longer-
term context, we need to know about past precipita-
tion/drought variability, and in order to reach beyond
the meteorological observations, climate proxies such
as tree rings and historical records must be used.

The annual growth of trees living close to their limit
of distribution respond to climate variability with
changes in their tree-ring pattern and hence provide
annually resolved climate information. Trees growing
at high altitudes or latitudes, where the growing sea-
son is short and cool, may provide temperature inform-
ation, whereas trees growing in arid or semi-arid
regions may provide information about precipitation
and/or drought. Because of large spatial coverage and
high-resolution climate output, tree-ring data is a
widely used climate proxy. For instance, most recent
high-resolution reconstructions of hemispheric or
global temperatures have included tree-ring data (see
Briffa et al. 2004). In addition, a large number of
assessments of past precipitation and/or drought vari-
ability on local to regional scales have been made
using tree-ring data (e.g. Yuan et al. 2001, Ni et al.
2002, Touchan et al. 2003). However, these have been
based on trees from arid environments. 

Due to the high-latitude location of Sweden, the
yearly growth of conifers in large parts of the country
reflects summer temperatures (e.g. Grudd et al. 2002,
Gunnarson & Linderholm 2002), but in the southern
parts the influence of precipitation increases (Linder-
holm et al. 2002). However, the climate in Sweden will
never approach that of arid or semi-arid areas (because
of its proximity to the North Atlantic Ocean and its
high latitude), so the precipitation signal in tree-ring
data from southern Sweden will not be as strong as the
temperature signal in tree rings from northern Swe-
den. This has previously been highlighted in an analy-
sis of the relationship between Scots pine growth and
temperature/precipitation in Tyresta National Park,
east central Sweden (Linderholm et al. 2004). These
authors showed that, in general, May-June precipita-
tion had a dominating (positive, R = 0.43) influence on
pine growth, but that June-July temperatures also
influenced (negative, R = –0.30) growth (Linderholm et
al. 2004). This is due to the fact that pine growth in this
area is influenced by both early summer precipitation
and temperature. It would be difficult to reconstruct
one of these parameters alone, but since it has been
shown that narrow Scots pine tree rings generally
were formed in dry and warm years, tree-ring data

from this area may yield useful information on past
summer drought. 

Historical climate records, such as diaries, rarely
span long coherent periods as other climate proxies do,
but, despite small uncertainties in time and place, they
are valuable complements to paleoclimatological stud-
ies (Pfister 1995). More importantly, they give a unique
insight into the impact of climate events on humans.
Internationally, historical records have been used in
climate research for decades (e.g. Lamb 1977, Glaser
et al. 1999, Pfister et al. 1999a, Shabalova & van Enge-
len 2003). Documentary climate information may con-
tain direct weather observations or indirect observa-
tions, such as descriptions of parameteororological
phenomena (drought, forest fires etc.) and pheno-
logical data (e.g. Pfister et al. 1999a). Daily weather
records, in the form of diaries or notebooks, are espe-
cially useful sources of information for reconstruction
of climate (Pfister et al. 1999b, Nordli 2001, Brazdil et
al. 2003, Slonosky 2003). In Sweden, few studies of
past climates have utilized documentary evidence
(Retsö 2002, Molin 2003), despite the existence of a
wealth of historical sources, which may provide useful
climate information. 

Ideally, the combination of several historical and nat-
ural climate archives could provide an excellent oppor-
tunity to reconstruct, as well as assess, impacts of past
climate variability. In the present study, we analyze 2
independent climate proxies, dendrochronological and
historical records, to evaluate summer drought in east
central Sweden in the early nineteenth century. Tree-
ring data of Scots pine Pinus sylvestris L. from Tyresta
National Park are used to attempt to reconstruct sum-
mer drought for the last 250 yr, and daily entries about
the weather in a farmer’s diary from Smådalarö, close
to Tyresta, are used to interpret summer drought in
1815 to 1833. The drought reconstruction from tree
rings provides a long-term perspective on drought
variability beyond the records of weather observations,
while the diary entries place the early nineteenth cen-
tury drought in a human context.

2. MATERIALS AND METHODS

2.1. Study area. Tyresta National Park (59° 11’ N,
18° 16’ E) is located ca. 20 km southeast of Stockholm
in east central Sweden (Fig. 1). This natural forest lies
in an area where flat plateaus of bedrock outcrops and
valleys and lakes, oriented in a N–S direction, domi-
nate the irregular landscape. The thin soil layer mainly
consists of glacial till, and mires and bogs occupy
ca. 10% of the national park. On higher elevations,
where soil cover is very thin or even absent, Scots pine
forests dominate, while in valleys and on slopes, where
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soils are deeper, Norway spruce is dominant. Mean
January and July temperatures at Stockholm, the clos-
est meteorological station with a sufficiently long
record, are –2.8 and 17.1°C respectively, and mean
annual precipitation is 540 mm (1961–1990, Swedish
Meteorological and Hydrological Institute, SMHI).

2.2. Tree-ring data. Two sites for sampling Scots pine
tree-ring data were selected, 1 km apart, from open,
natural and undisturbed Scots pine stands on the
upper part of ridges and rocky outcrops at 55 to 60 m
above sea level. One of the basic principles in den-
drochronology is that trees growing at their limit of dis-
tribution are especially responsive to climate condi-
tions (e.g. Fritts 1976). Since we were interested in a
proxy for drought, the sampling sites with an
extremely thin or absent soil layer were selected so
that the trees were likely subjected to moisture deficit
in spring and summer (Linderholm et al. 2004). Two
samples from each tree were collected using an incre-
ment borer at a height of ca. 1.3 m. Samples were
taken from within 50 by 50 m sample plots, including
old as well as young trees. The samples were prepared
according to the methods described by Stokes & Smi-
ley (1968), and annual tree-ring widths were measured
with a precision of 1/100 mm. When synchronous, the
2 measured radii were averaged into 1 tree-ring curve
for each tree. All curves were quality checked using
COFECHA software (Holmes et al. 1986), which veri-
fies cross dating among tree-ring series and indicates
possible dating or measurement problems. Of the sam-
pled trees, 21 were used to build a master chronology
for Tyresta. To enhance and extract the climatic signal
in the tree-ring data, standardization was performed:
the age-associated trend in tree growth was estimated
and removed by fitting a negative exponential curve,
regression line or, when no age trend was present, a
straight line to each tree-ring series and then dividing
the ring widths by the fitted curve (Fritts 1976). This

procedure reduces each ring-width series to a series of
dimensionless indices with a mean of 1.0, which allows
the resultant standardized values of individual trees to
be averaged together into a mean-value function, or
master chronology, by adjusting the series for differen-
tial growth rates due to various tree ages and differ-
ences in the overall rate of growth (Lindholm 1996).
Standardization was performed using ARSTAN soft-
ware (Holmes et al. 1986). ARSTAN produces a set of
master chronologies; in this study, the ARS chronology,
which contains maximum low-frequency variability
(Holmes et al. 1986), was used. 

2.3. Drought indices. To calibrate our drought recon-
struction we used monthly drought indices from the
standardized precipitation index (SPI), a drought cli-
matology calculated on a 0.5° grid over the European
region 35 to 70° N and 35° E to 10° W for the period
1901 to 1999 (Lloyd-Hughes & Saunders 2002). A
deficit of precipitation impacts soil moisture, stream
flow, reservoir storage, and ground water level, etc., on
different time scales. To quantify precipitation deficits
on multiple time scales McKee et al. (1993) developed
the SPI, the transformation of a precipitation time
series into a standardized normal distribution. The SPI
is computed by fitting a probability density function to
the frequency distribution summed over the time scale
of interest, separately for each month and location in
space, and then transformed into the standardized
normal distribution (Lloyd-Hughes & Saunders 2002).
Using SPI, drought is classified from extremely wet
(SPI ≥ 2) to extremely dry (SPI ≤ –2). We used SPI data
for all months of the 1901 to 1999 period for the 0.5° ×
0.5° cell centered over latitude 59° 25’and longitude
17° 75’.

2.4. Reconstructing drought. To assess the relation-
ship between Scots pine growth and drought, correla-
tions were computed between annual tree-ring width
data (standardized, ARS version) and monthly SPIs. In
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Fig. 1. Map of the study area in east central Sweden. Samples from Scots pines were collected in Tyresta National Park and the 
farmer’s diary comes from Smådalarö, just east of the national park
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order to incorporate the effect of drought on tree
growth of the previous fall and winter drought as well
as conditions during the growth season, the period of
analysis covered October of the preceding year to Sep-
tember of the growth year. Correlation analysis was
performed over the entire length of the drought clima-
tology (1901 to 1999). In addition, climate in a specific
year may affect tree growth in one or more subsequent
years (Fritts 1976), so growth of the 2 years following
ring formation was included in the analysis. Since
annual Scots pine growth is mainly influenced by cli-
mate in the growing season, and references to drought
in the farmer’s diary generally are made during the
same season, our aim was to reconstruct June–August
drought. To reconstruct drought back in time, a simple
regression model was used where the tree-ring data
(growth year plus 1 subsequent year) were predictors
and averaged June–August drought indices the pre-
dictand. The model was initially calibrated using half
of the available data, i.e. 1901 to 1949, withholding the
remaining data for verification. The procedure was

then reversed, calibrating the model on 1950 to 1999
and verifying it on 1901 to 1999. The final model,
derived from regression over the full period 1901 to
1999, was used to reconstruct summer drought back to
1750. The end date was decided by the Expressed Pop-
ulation Signal (EPS) criterion (Briffa & Jones 1990),
where a chronology is regarded as reliable when EPS
>0.85. The Tyresta tree-ring chronology was consid-
ered reliable from 1750 onwards, when the sample
depth (i.e. number of trees) exceeded 7 trees.

2.5. The farmer’s diary. The farmer’s diary from
Smådalarö (Fig. 1) was written by Anders Berg (1784 to
1835) between 1814 and 1835. In the diary, Berg
describes daily work at the farm, but also makes com-
ments about the weather, e.g. wind, cloudiness, rela-
tive temperature and precipitation (Fig. 2). From
March 1815 through April 1834 there are almost daily
weather observations. Only wind observations are
objective (directions), while the other weather obser-
vations are subjective. However, weather is strongly
related to life at the farm. Occasionally, single events
can be used as weather indicators, e.g. the observation
from 29 March 1819 that an employee, who took an
unauthorized night leave, fell through thin ice and
drowned, which indicates a period of warm and
spring-like weather during late winter. Precipitation is
important to a farmer, and especially dry spells are
recorded; there are often prayers in the diary during
droughts and, when the rain finally arrives, God is
praised, as seen in the following extracts of the diary:

‘15 June 1822: Wind SW. Rain and storm, work at various
indoor chores, wagons prepared along with clearing of the
road (note in margin: Today the Lord bestowed us with rain
after a persistent drought.)’

‘25 June 1823: Wind S. Cloudy and rain to answer the wish
of man after a long drought by the Hand of the Lord. Various
indoor chores were done. Clear once more in the afternoon
(note in margin: Today the Lord bestowed us with a beautiful
rain.)’

‘18 June 1824: Wind SE. Storm, with random clouds, Kohlk-
jerret meadow was turned by spade by all hands, except two
men who finished the steps. At 4 o’clock in the afternoon, God
bestowed us with rain that kept coming until 3 o’clock the fol-
lowing morning (note in margin: Today in the afternoon God
bestowed the earth with rain after a long drought.)’

2.6. Interpreting the diary. The Smådalarö farmer’s
diary is a combination of weather observations and
comments, and the content changes through time,
sometimes being detailed, while at other times very
little is written down. Some sections of the diary are
missing; parts of months are missing on 6 occasions: 1
to 19 April 1815, 20 to 31 March 1817, 1 to 13 April
1817, 10 to 30 November 1817, 1 to 13 December 1817,
and 11 to 31 October 1818, so the records from ca. 15 d
have represented the full calendar month. Since no
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Fig. 2. Extract from the farmer’s diary. Entries from January
1817 are shown. Courtesy of National Maritime Museums, 
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direct temperatures were recorded, the subjective esti-
mations of Berg needed to be transformed into actual
measurements. To make this transformation, all data in
a specific weather category were grouped and ranked:
wind strength (from calm to storm), temperature
(from warm to strong cold) and precipitation (ranging
from rain to snow) and general weather observations
(Table 1). In addition,  all entries containing general
weather observations (e.g. timing of ice break up and
phenological observations) provided additional infor-
mation for the reconstructions.

To create a temperature record, daily data for each
month were checked and evaluated for Days 1 to 15
and 16 to 30 (or 31) using data in the weather cate-
gories. For temperature, weather conditions associated
with 0°C (e.g. observations of freezing or thawing) dur-
ing the cold season were identified and temperatures
were progressively estimated from the diary entries in
±2.5°C steps from that base level. The temperatures
were first averaged for each 15 d period and then aver-
aged for each month. To assess the accuracy of the esti-
mations, the monthly average was again checked
against the written observations in the specific month
and also against the estimated temperature and
weather conditions of the preceding and following
months. Finally, the reconstructed temperatures were
compared to the observations in the general observa-
tions category, such as forest fires or early summer
frost. No attempt was made to estimate actual amounts

of precipitation, but all precipitation events and their
duration as well as the type of precipitation were
recorded. Temperature estimates and precipitation
indications were used together for reconstructing sum-
mer drought. In addition focus was put on all entries
concerning drought, lack of rain and strong heat dur-
ing the summer. Five categories, or degrees, of
drought were estimated: 5 = very wet with rain
throughout the summer; 4 = wetter than usual but with
rain-free periods; 3 = normal conditions without any
written comments on either rain or drought; 2 = drier
than normal, but not extreme, with shorter spells of
drought and occasional rain and 1 = severe drought.
Finally, to validate the reconstructed degree of
summer drought between 1815 and 1833, it was com-
pared to the temperature and precipitation records
from Stockholm.

3. RESULTS

3.1. Tree-ring data

The standardized Tyresta tree-ring width chronol-
ogy displayed high variability on inter-annual to
decadal time scales (Fig. 3). However, between 1810
and 1835, tree growth was below average for the
longest consecutive period throughout the record. This
growth anomaly was especially conspicuous, since it

was preceded and followed by periods of
extremely favorable growth. A look at the ac-
tual growth (unstandardized) in 1800 to 1850
shows that a marked decrease in growth was
recorded in most trees between 1810 and
1835, and yearly radial growth of <0.1 mm
was occasionally found (Fig. 4), which is con-
sidered to be very low, even for xeric site
trees in the region (Linderholm et al. 2002).

The correlation analysis illustrated that, in
the twentieth century, Scots pine growth was
significantly correlated to the SPI in June and
July (Fig. 5). Additional positive (not signifi-
cant) correlation with August SPI suggested
that summer (June–August) drought could
be reconstructed back in time using our tree-
ring data. The calibration/verification statis-
tics (Table 2) show that the relationship
between SPI and tree growth was rather sta-
ble throughout the twentieth century. How-
ever, using tree-ring data only, ~24% of the
variance in the observed SPI variability could
be explained. When reconstructed SPI values
are plotted against the observed ones, it is
clear that although there is in general fair
agreement between the 2 records (R = 0.49),
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Wind Temperature Precipitation General climate

Calm Warmth Some rain Beautiful weather

Slight wind Some warmth Rain Clear

Beautiful Spring warmth Some snow Half clear/scattered 
wind clouds

Wind Spring cold Snow Thick air

Half storm/ Some cold Flying snow Misty
hard wind

Storm Some frost Partly covered skies

Strong frost nights Covered skies

Cold Rainy

Strong cold Some relief (in rain)

Clearing skies

Some winter

Mild

Drought

Table 1. Weather types from Anders Berg’s diary used to reconstruct cli-
mate 1815 to 1833. The most frequently used weather designations were
arranged according to their relative strength (after Molin 2003). The cat-
egory ‘general weather’ contains descriptions of the weather and was
used to confirm the temperature and precipitation reconstructions. Note
that the weather types have been more or less directly translated from 

the Swedish diary entries
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the reconstruction fails to capture the full
range of inter-annual variability in the
observed record, especially some of the
very dry (e.g. 1901, 1911, 1955, 1969,
1975) or very wet (e.g. 1903, 1916, 1956,
1961, 1998) years (Fig. 6a). The relation-
ship between reconstructed and mea-
sured SPI was particularly low around
1920, in the 1950s and in the 1980s. How-
ever, good agreement in the first half of
the twentieth century, especially regard-
ing the dry years, suggested that a
reconstruction of SPI back in time would
yield useful information about past
droughts, and consequently the SPI was
reconstructed back to 1750. 

The full reconstruction (Fig. 6b) dis-
closed a considerable variability among
the years, especially before 1900. There
are a few periods where negative SPI is
sustained for a few years, notably in the
twentieth century. However, the early
part of the nineteenth century stands out,
not because of specifically dry years
(according to the reconstruction several
years before and after that period were
drier), but because of the long time span
with negative SPI years; between 1810
and 1833 only 2 years out of 24 could be
characterized as wet, i.e. 92% of the
years were dry during that period.
Throughout the reliable part of the
record, the 5 driest years were found in
1763, 1801, 1833, 1861 and 1871.
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Calibration period 1901–1949 1950–1999 1901–1999
Verification period 1950–1999 1901–1949

Calibration
Variance explained 0.29 0.24 0.24
Verification
Variance explained 0.21 0.24
Reduction of error *0.17* *0.21*
Sign test

Correct 30 *36*
Incorrect 20 13

Regression weights
TRWt –2.21 –2.32 –2.20
TRWt+1 –0.82 –1.16 –1.20

Table 2. Calibration and verification statistics for the recon-
struction of summer (June–August) standardized precipita-
tion index (SPI). Sign test: comparison of correct to incorrect
signs for estimated and actual data; TRWt: tree-ring width
(standardized) in the year of growth; TRWt+1: tree-ring width

in the following year; *significant at 0.05 level
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3.2. The farmer’s diary

Using the farmer’s diary, summer drought was esti-
mated for the period 1815 to 1833 (Fig. 7). Within this
period, 4 summers of extreme drought (1 on our drought
scale) were found: 1816, 1818, 1819 and 1826. The
summers of 1817, 1822 to 1824 and 1829 were dry, but
not extreme (2 on our drought scale), while the re-
maining summers must be considered to have been
normal in terms of dryness. Only 1 yr was considered
anomalously wet: 1832. To make an independent veri-
fication of the drought reconstruction from the farmer’s
diary, it was plotted against normalized June–August
temperature and precipitation from the Stockholm
record of observations (Fig. 7a,b). The relationship
between estimated drought and temperature was strong
(R = –0.74), while the correlation with precipitation was
lower (R = 0.51). Furthermore, agreement was stronger
between estimated drought and the tree-ring index
(R = 0.59) than with the reconstructed SPI (R = 0.48,
Fig. 7c,d). The low correlation between estimated
drought, as inferred from the diary entries and recon-
structed SPI, is mainly due to a drier end in the SPI
record compared to that of the diary drought estimation. 

4. DISCUSSION

The relationship between tree growth and drought,
expressed as SPI, was found to be rather weak, since

only ~24% of the variability in measured SPI could be
explained by the tree-ring data. From Fig. 6a it is clear
that the tree-ring models fail to capture some of the
very dry or wet years. It is not surprising that the tree-
ring models cannot capture the very wet years, since in
general the growth–climate relationship is more con-
sistent for the formation of narrow rings (dry years)
than for the formation of wide rings (wet years). This is
because stressed trees respond more strongly to cli-
mate than trees growing under favourable conditions
(Travis et al. 1990). Thus, it was more unexpected that
the tree-ring models failed to capture the very dry
years, as indicated by low observed SPI values in
1901, 1911, 1941, 1955, 1964, 1969, 1975–1976 and
1989–1990. A look at June–August total precipitation
and mean temperature (from Stockholm) in those years
shows that precipitation was below normal (1900 to
2000 average) in all years except 1941, and well below
normal in 1901 and 1955; temperatures were above
normal in 1901, 1955, 1941, 1955, 1976, 1989 and 1990,
and very high in 1969 and 1975. However, it should be
taken into consideration that these are averages for the
whole season. In some of these years, the warm and
dry months occurred in July and August, and most pre-
cipitation came in June (1901, 1955 and 1976). Conse-
quently, a very dry and warm July or August could
yield a low SPI for the entire season when averaged
together with less extreme months. Quite possibly,
Scots pine in Tyresta would also be able to withstand a
dry late summer, provided that they had sufficient
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water available during the early stages of the growing
season.

Furthermore, occasional responses of low growth to
drought by Scots pine in southern Sweden may be
attributed to the sensitivity of these trees to both tem-
perature and precipitation during the growing season,
and that the relative influence on pine growth of these
2 climate variables may vary depending on the general
climate conditions (Linderholm 1999, Linderholm et al.
2004). For example, the effect of a summer with low
precipitation may not be as severe on pine growth pro-
vided that summer temperatures are low. Furthermore,
the effect of winter climate, e.g. temperatures, thick-
ness of snow etc., or climate of the previous summer,
may also affect growth in the following growing sea-
son. In 1954 and 1974, the years before low SPI (dry)
summers, summer precipitation was well above nor-
mal, and in the winters and springs of 1901, 1911, 1969,
1975 and 1990, precipitation was above normal, while

in 1941 the winter months were wet. Thus, it is possible
that even in a dry summer there may be enough water
stored in voids and cracks of the bedrock, where the
pines spread their roots, for the trees to grow at close to
normal rates if precipitation was high during winter
and spring. 

Despite the shortcomings of our SPI reconstruction,
the generally good agreement with the observed data
(especially in the early 1900s) together with the co-
variability on decadal time scales between the 2
records suggest that it may be used as a proxy for past
dry summers. Thus, in general, a period of low growth
corresponds to dry conditions. However, it should be
kept in mind that the tree-ring data could not capture
the long period of below zero SPI in the late 1960s to
mid-1970s very well. Furthermore, since only 24% of
the variance in observed SPI was explained by the
tree-ring data, it is likely that some of the low growth
years were considerably drier than the reconstruction
suggests. Another factor to be taken into consideration
is the SPI itself: it is based on gridded data, and thus
may not fully represent the true conditions at a specific
site. Trees will respond to the conditions at the site
where they are growing, and the impact of drought
will likely be highly variable depending on the local
topography, soils etc.

The method used in this study to translate diary notes
into temperature and drought might not be considered
to be fully objective. One of the fundamental issues
when interpreting a farmer’s diary is to understand
what the farmer means when he writes that a day is
‘hot’ or ‘cold’, i.e. how the entries should be translated
regarding degrees Celsius, amounts of rain or degree of
drought. Thus, it is necessary to build a ‘mental rela-
tionship’ with the keeper of the diary, and conse-
quently, the longer and more detailed the record, the
better. Furthermore, knowledge of the local climate in
the area must be considered as a prerequisite for inter-
pretation, e.g. what weather conditions can be ex-
pected in late spring or during summer in the area, so
that the notes can be put into a climatic context. Never-
theless, the result of this study is encouraging, and
since there is a wealth of historical records in Sweden
which have not previously been considered for studies
of past climate, we hope that the successful use of
historical documents as indicators of past climate can
inspire further research in this particular area.

One obvious way to verify our results was by com-
paring them to the existing long meteorological
records from Stockholm. However, it should be noted
that the quality of the precipitation record prior to
1900 has previously been questioned (Eriksson 1981).
Regardless of whether the precipitation record has
been over- or underestimated, a dramatic decrease in
summer precipitation was evident in 1810 to 1835
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Fig. 7. Summer drought index 1815–1833 reconstructed from
the farmer’s diary (solid line), where 1 is extremely dry and
5 extremely wet, plotted against (a) normalized Stockholm
June–August mean temperatures (T, dashed line), (b) nor-
malized Stockholm June–August total precipitation (P,
dashed line), (c) Tyresta tree-ring index (dashed line), and 

(d) reconstructed SPI (dashed line)
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(see Linderholm et al. 2004). In addition, summers
seem to have been relatively warm during the first
half of the nineteenth century (Moberg et al. 2002).
Still, in a later study, Moberg et al. (2003) concluded
that summer temperatures were probably positively
biased prior to 1860. Nevertheless, the inter-annual
variability in both temperature and precipitation
records is most likely close to the truth, so a compari-
son of the diary drought reconstruction to normalized
meteorological observations was considered to be
valid.

From this study, it is clear that Scots pine tree-ring
data cannot give reliable, high resolution (i.e. inter-
annual) information about past droughts in east central
Sweden. Furthermore, when reconstructing drought
(or precipitation) from a farmer’s diary, it is difficult to
answer the question of how dry the drought is, as doc-
umented by the nineteenth century farmer, in relation
to today’s climate. Consequently, alone neither of
these proxies can provide adequate information on
past droughts. However, by combining the 2 sources,
this can be achieved. A farmer’s diary gives a detailed
description of the duration and impacts of droughts,
and thus the severity of a drought can be assessed. In
contrast, tree-ring data can set a period of drought in a
longer time context.

Together tree growth and the farmer’s diary advo-
cate dry and warm summers during the early part of
the nineteenth century. Coinciding increases in Scots
pine growth in the central Scandinavian Mountains
(Gunnarson & Linderholm 2002), where pine growth
is favored by warm and dry summers, implies that dry
and warm summers occurred over most of Scandi-
navia. However, summer temperatures in Tornedalen,
northern Sweden, were not unusually high (Klingbjer
& Moberg 2003). In a reconstruction of summer tem-
peratures for western Europe, Schweingruber et al.
(1991) suggests that, in general, temperatures during
1810 to 1835 were high for large parts of the area, and
summer temperatures in the Low Countries rose quite
dramatically during this period (Shabalova & van
Engelen 2003). Low summer precipitation during this
period has been observed throughout Europe (Jones
2001), and together with Lamb’s (1995, p. 251)
description that ‘The 1820s and 1830s introduced a
return to greater warmth in Britain and Europe, and
were distinguished, particularly in the 1820s, by
genial warm springs and autumns’, it suggests that
this was a period of change in summer climate affect-
ing not only Sweden, but large parts of Europe. In
Finland, the early nineteenth century does not seem
to have been particularly dry (Helama & Lindholm
2003), so it is possible that warm and dry summers
were a feature in southern and central Scandinavia
and central Europe.

5. CONCLUSION

A prolonged drought in the early nineteenth century
in east central Sweden was assessed by combining
dendrochronological and historical data. The radial
growth of Scots pine was used to reconstruct summer
drought (in the form of SPI) for the past 250 yr.
Although the relationship between reconstructed and
observed drought was occasionally weak in the cali-
bration/verification period, it was proposed that Scots
pines could be used as proxies for drought since they
responded to dry summers with low growth. The tree-
ring data suggested that dry summer conditions lasted
for almost 2 decades between 1810 and 1835, the
longest period in the past 250 yr. Independent from the
tree-ring data, daily weather observations from a
farmer’s diary were used to infer summer drought
between 1815 and 1833. Comparison with the Stock-
holm observational record suggested that both recon-
structions captured summer conditions during that
particular period. This study showed that combining 2
proxies of drought may yield useful information about
past droughts that one or the other of these sources
cannot give alone. A farmer’s diary can provide a
detailed description of the duration and impacts of
droughts in a short period of time, while tree-ring data
can set a period of drought in a longer time context.

Acknowledgements. We would like to thank Stiftelsen
Tyrestaskogen for giving us permission to sample trees in
Tyresta National Park, Benjamin Lloyd-Hughes for providing
the SPI data, and Anthony Fowler and 3 anonymous review-
ers for their comments which helped improve the manuscript.

LITERATURE CITED

Brazdil R, Valasek H, Mockova J (2003) Climate in the Czech
lands during the 1780s in light of the daily weather
records of parson Karel Bernard Hein of Hodonice (south-
western Moravia): comparisons of documentary and
instrumental data. Clim Change 60:297–327

Briffa KR, Jones PD (1990) Basic chronology statistics and
assessment. In: Cook ER, Kairiukstis LA (eds) Methods of
dendrochronology. Kluwer, Dordrecht, p 137–152

Briffa KR, Osborn TJ, Schweingruber FH (2004) Large-scale
temperature inferences from tree rings: a review. Global
Planet Change 40:11–26

Crawford RMM (2000) Ecological hazards of oceanic environ-
ment. New Phytol 147:257–281

Eriksson B (1981) Statistisk analys av nederbördsdata, Del III,
200-åriga nederbördsserier. SMHI rapporter. Meteorologi
och klimatologi, Sveriges Meteorologiska och Hydro-
logiska Institut, Norrköping. (Statistical analysis of precip-
itation, Part II, 200 year long precipitation series. SMHI
reports. Meteorology and climatology, Swedish Meteoro-
logical and Hydrological Institute)

Fritts HC (1976) Tree-rings and climate. Academic Press,
London

Glaser R, Brázdil R, Pfister C, Dobrovolny P and 7 others

71



Clim Res 29: 63–72, 2005

(1999) Seasonal temperature and precipitation fluctua-
tions in selected parts of Europe during the sixteenth cen-
tury. Clim Change 43:169–200

Grudd H, Briffa KR, Karlén W, Bartholin TS, Jones PD,
Kromer B (2002) A 7400-year tree-ring chronology in
northern Swedish Lapland: natural climate variability
expressed on annual to millennial time scales. Holocene
12:657–665

Gunnarson BE, Linderholm HW (2002) Low-frequency summer
temperature variation in central Sweden since the tenth
century inferred from tree rings. Holocene 12:667–671

Hanssen-Bauer I, Førland EJ (1998) Annual and seasonal pre-
cipitation variations in Norway 1896–1997. DNMI report
28/98, klima, Norwegian Meteorological Institute, Oslo

Helama S, Lindholm M (2003) Droughts and rainfall in south-
eastern Finland since AD 874, inferred from Scots pine
ring-widths. Boreal Environ Res 8:171–183

Holmes RL, Adams RK, Fritts HC (1986) Tree-ring chronolo-
gies of western North America: California, eastern Oregon
and northern Great Basin, with procedures used in the
chronology development work, including user manuals for
computer programs COFECHA and ARSTAN. Chronol-
ogy Series VI. Laboratory of Tree-Ring Research, Univer-
sity of Arizona, Tucson, AZ, p 50–65

IPCC (Intergovernmental Panel of Climate Change) (2001)
Climate change 2001: impacts, adaptation and vulnerabil-
ity. Contribution of Working Group I to the Third Assess-
ment Report of the Intergovernmental Panel of Climate
Change. Cambridge University Press, Cambridge

Jones PD (2001) Early European instrumental records. In:
Jones PD, Ogilvie AEJ, Davies TD, Briffa KR (eds) History
and climate—memories of the future? Kluwer Academic,
Dordrecht, p 55–77

Klingbjer P, Moberg A (2003) A composite monthly tempera-
ture record from Tornedalen in northern Sweden,
1802–2002. Int J Climatol 23:1465–1494

Lamb HH (1977) Climate: present, past and future, Vol 2:
Climate history and the future. Methuen, London

Lamb HH (1995) Climate, history and the modern world, 2nd
edn. Routledge, London

Linderholm HW (1999) Climatic and anthropogenic influ-
ences on radial growth of Scots pine at Hanvedsmossen, a
raised peat bog, in south central Sweden. Geogr Ann 81A:
75–86

Linderholm HW, Moberg A, Grudd H (2002) Peatland pines
as climate indicators? A regional comparison of the
climatic influence on Scots pine growth in Sweden. Can
J Forest Res 32:1400–1410

Linderholm HW, Niklasson M, Molin T (2004) Summer pre-
cipitation variability in east central Sweden since the mid-
18th century recorded in tree-rings. Geogr Ann 86A:
277–288

Lindholm M (1996) Reconstruction of past climate from ring-
width chronologies of Scots pine (Pinus sylvestris L.) at the
northern forest limit in Fennoscandia. PhD thesis, Univer-
sity of Joensuu

Lloyd-Hughes B, Saunders MA (2002) A drought climatology
for Europe. Int J Climatol 22:1571–1592

Mann ME, Jones PD (2003) Global surface temperatures over
the past two millennia. Geophys Res Lett 30:1820–1823

McKee TB, Doesken NJ, Kliest J (1993) The relationship of
drought frequency and duration to time scales. Proceed-
ings of the 8th Conference on Applied Climatology, 17–22
January, Anaheim, CA. American Meteorological Society,
Boston, MA, p 179–184

Moberg A, Bergström H, Ruiz Krigsman J, Svanered O (2002)
Daily air temperature and pressure series for Stockholm
(1756–1998). In: Camuffo D, Jones P (eds) Improved
understanding of past climatic variability from early daily
European instrumental records. Clim Change 53:171–212

Moberg A, Alexandersson H, Bergström H, Jones PD (2003)
Were South Swedish summer temperatures before 1860 as
warm as measured? Int J Climatol 23:1495–1521

Molin T (2003) En kombinationsstudie av dendrokronolo-
giska och historiska arkiv i Tyresta. (summary in English).
MS thesis, Department of Physical Geography and Qua-
ternary Geology, Stockholm University

Ni F, Cavazos T, Hughes MK, Comrie AC, Funkhouser G
(2002) Cool-season precipitation in the southwestern USA
since AD 1000: comparison of linear and nonlinear tech-
niques for reconstruction. Int J Climatol 22:1645–1662

Nordli PO (2001) Reconstruction of nineteenth century sum-
mer temperatures in Norway by proxy data from farmers’
diaries. Clim Change 48:201–218

Pfister C (1995) Monthly temperature and precipitation in
central Europe from 1525–1979: quantifying documentary
evidence on weather and its effects. In: Bradley RS, Jones
PD (eds) Climate since A.D. 1500. Routledge, London,
p 118–142

Pfister C, Brazdil R, Glaser R, Barriendos M and 9 others
(1999a) Documentary evidence of climate in sixteenth-
century Europe. Clim Change 43:55–110

Pfister C, Brazdil R, Glaser R, Bokwa A and 7 others (1999b)
Daily weather observations in sixteenth-century Europe.
Clim Change 43:111–150

Retsö D (2002) A contribution to the history of European winters:
some climatological proxy data from early sixteenth century
Swedish documentary sources. Clim Change 52:137–173

Schweingruber FH, Briffa KR, Jones PD (1991) Yearly maps of
summer temperatures in Western Europe from A.D. 1750
to 1975 and Western North America from 1600 to 1982.
Vegetatio 92:5–71

Shabalova MV, van Engelen AFV (2003) Evaluation of a
reconstruction of winter and summer temperatures in the
low countries, AD 764–1998: Clim Change 58:219–242

Slonosky VC (2003) The meteorological observations of Jean-
François Gaultier, Quebec, Canada: 1742–56. J Climate
16:2232–2246

Stokes MA, Smiley TL (1968) An introduction to tree-ring
dating. University of Arizona Press, Tucson, AZ

Touchan R, Garfin GM, Meko DM, Funkhouser G, Erkan N,
Hughes MK, Wallin BS (2003) Preliminary reconstructions
of spring precipitation in southwestern Turkey from tree-
ring width. Int J Climatol 23:157–171

Travis DJ, Meentemeyer V, Belanger RP (1990) Stressed trees
produce a better climatic signal than healthy trees. Tree
Ring Bull 50:29–32

Yuan Y, Li J, Zhang J (2001) 348-year precipitation recon-
struction from tree-rings for the North Slope of the middle
Tianshan Mountains. Acta Meteorol Sin 15:95–104

72

Editorial responsibility: Otto Kinne,
Oldendorf/Luhe, Germany

Submitted: February 15, 2005; Accepted: May 16, 2005
Proofs received from author(s): June 8, 2005


