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different cycles and the minimum 
values appear correlative to the 
cycle-averages of sunspot numbers 
(Fig. 1). Nevertheless, since recon-
struction of Δ14C in the Holocene 
relies on bidecadal data, in using 
it as a proxy of solar activity, the 
relationship between Q and S cycle-
averages still seems applicable.

Characteristic Features of 14C 
Production in the Holocene
The Δ14C record in the Holocene 
allows the 14C production rate to 
be calculated provided the param-
eters of the global carbon cycle are 
known. In previous studies (e.g. 
Stuiver and Braziunas, 1988), it has 
usually been assumed that those 
parameters were constant and the 
same as today. The record of past 
14C production rates calculated ac-
cording to this assumption shows 
100- to 300-year-long fluctuations 
superimposed on a long-term 
trend. Assuming that this trend re-

flects the changes in geomagnetic 
field, Sun-induced changes of the 
14C production were calculated 
(Fig. 2).

The distribution of Q/Qo values 
has no right-hand tail (i.e. almost no 
value exceeds 130%). This is consis-
tent with equation 1, which requires 
that the attenuation not be larger 
than 1 (as it was, for example, dur-
ing the Maunder Minimum). This 
consistency provides additional 
support for the interpretation of 
the obtained record in terms of 
past solar activity.

Stuiver and Braziunas (1988) 
noted distinct similarities between 
fluctuations in 14C production, and 
distinguished nine Maunder-type 
and eight Spörer-type maxima. 
Calculations using up-to-date 14C 
calibration data (Stuiver et al., 
1998) suggest that some maxima, 
previously qualified as Maunder, 
are distinctly shorter (Fig. 3). Since 
this group includes the Wolf maxi-

mum (AD 1290-1390), we propose 
referring to these shorter events as 
Wolf-type.
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Material and its 
Ecogeographical Setting
Tree-ring samples of Scots pine 
(Pinus sylvestris L.) were collected 
from living trees, dead standing 
logs, old buildings, and subfossil 
wood from peat-bogs and small 
lakes (Eronen et al., 2002). 
The selected dataset containing 
1081 tree-ring series. The latter 
archive is the major source of 
samples. 

The area is situated between 
68° and 70° N, 20° and 30° E, in the 
northern Fennoscandia (Fig. 1). Ho-
mogeneity of tree-ring data over the 
geographical distribution was dem-
onstrated (Lindholm, 1996). Highly 
consistent tree-ring chronologies 
may be built from diverse sites as 
well as from various age-classes of 
pine trees (Lindholm et al., 2000; 
Lindholm et al., submitted). 

Chronology Temporal Ranges
At present, the northern Finnish 
supra-long pine chronology spans 
from 5520 BC to AD 2001 (Eronen 
et al., 2002). As dendrochrono-
logical cross-dating yields annual 

resolution to tree-ring data, inter-
annual-to-decadal scale variability 
is resolved by most methods of 
building chronologies. Variation 
at the multi-centennial time-scale 
has recently been successfully ex-
tracted from the northern data us-
ing specified techniques in signal 
extraction (Helama et al., 2002). 
Annual accuracy of dendrochrono-
logical dating is a prerequisite for 
several paleoclimate examinations, 
including quantitative multi-disci-
plinary comparisons, multi-proxy 
reconstructions and climate forc-
ing studies (e.g. Ogurtsov et al., 
2002). The further extension of this 
chronology may become possible 
given that there is a gap between 
the time of arrival of pine, as indi-
cated by pollen analysis, and the 
beginning of the earliest tree ring 
series (Eronen et al., 2002). On the 
other hand, possibly conditions for 
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Figure 1: Sampling sites in northernmost Fen-
noscandia, with national coordinates. Present 
pine-limit is marked with a broken line.
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subfossil preservation were not fa-
vorable in the early Holocene.

Reconstruction of Climate 
Variables
Radial growth (tree-ring width) 
of northern forest-limit pines is 
limited by concurrent mean July 
temperatures over the region under 
study. This particular relationship 
becomes weaker with increas-
ing distance from the forest limit 
(Lindholm et al., 2000). In previ-
ous studies, approximately 40 to 
50% of independent mid-summer 
temperature variations were cap-
tured by transfer models using a 
single (ultra-long) tree-ring width 
chronology. Reconstruction of mid-
summer temperatures is elongated 
over the last 7.5 millennia (Fig. 2). 
Among climate-related variables, 
North Atlantic Oscillation (NAO) 
was reconstructed by Lindholm et 
al. (2001) using a network of pines 
mainly from Finland and Northwest 
Russia.

Chronology Signal Strength
The confidence of a climate signal 
is measured as a function of sample 
replication and inter-correlation. Ex-
traction of signals of low frequency 
climate variation from a given long 
chronological sequence requires a 
greater number of samples than 
would be needed to obtain the 
same level of reliability in signals 
of high frequency variability. The 
annual sample replication exceeds 
thirty trees over 36% of the total 
chronology length. Approximately 

13% of the total chronology length 
is covered by ten or less samples.

Future Prospects
In addition to increasing sample 
replication, the intra-annual ring-
density record can strengthen 
the desired temperature signal. 
The maximum latewood density 
variable could be used along with 
ring-width variables in transfer 
functions. Interestingly, chronol-
ogy could certainly span over the 
debated 8.2 k event after an elonga-
tion of one millennium.
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Figure 2: Finnish Lapland pine tree-ring-based mid-summer reconstruction extending back 
to 5520 BC (data from Eronen et al. 2002; Helama et al. 2002) shown as annual (blue) and 
centennial (red) anomalies from long-term mean.
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Peatlands occur throughout the mid 
to high latitudes of the northern 
hemisphere, with huge expanses 
in low-relief areas of the oceanic 
and boreal zones. Smaller areas 
occur in mountainous regions 
throughout the world, in oceanic 
temperate zones in the southern 
hemisphere, and in the tropics. 
The vast majority of the peat is 
Holocene in age, often forming 

long, continuous sequences from 
the early to mid Holocene up to the 
present day. Accumulation rates are 
highly variable, but 0.5-1 cm per 
decade is typical for raised bogs in 
Europe. For example, the long-term 
average peat accumulation rate for 
210 raised bog profiles in Finland 
is 0.6 cm per decade. The deposits 
are mainly autochthonous and 
relatively straightforward to date 

with radiocarbon, especially where 
mosses dominate the peat. There-
fore, peatlands potentially provide 
a widespread source of well-dated 
paleoenvironmental data, covering 
most of the Holocene at decadal 
resolution. Despite this, their use 
for paleoclimatic reconstructions 
has still been limited to a relatively 
small number of studies in a few 
main locations. Recent innovations 
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