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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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in techniques applicable to peat-
lands, better chronological precision 
of the record, and improvements in 
our understanding of how peat-
lands record climate history, mean 
that the time is now ripe to begin 
to exploit these deposits more fully. 
Here, we outline some of the main 
approaches, current research and 
ways in which peat records may 
be developed in the future to meet 
the needs of Holocene paleoclimate 
research.

Approaches to Reconstruct Past 
Climates Using Peat Deposits:

•Records of changing surface 
wetness. Most techniques aim to 
reconstruct past surface wetness as 
a proxy for precipitation-evaporation 
(PE) balance. These include plant 
macrofossil analysis, peat humifica-
tion and testate amoebae analysis. 
The surface wetness of all peatlands 
is dependent to some extent on PE 
but in fact ombrotrophic peatlands 
(raised bogs or watershedding blan-
ket mires) are the only sites where 
there is no influence of surface run-
off or groundwater whatsoever, and 
precipitation and evapotranspiration 
are the only components of water 
balance.

•Records of temperature change. 
Recent work has shown the consid-
erable potential of proxies that re-
cord temperature directly. Principal 
amongst these are species-specific 
and compound-specific isotopic 
analysis (e.g. Pendall et al., 2001; Xie 

et al., 2000), and mercury analysis 
(Martinez-Cortizas et al. 1999).
•Records of changing mass and 
carbon accumulation rates. In-
creased accumulation rates may 
reflect periods of more positive PE 
balance (Mäkilä et al., 2001; Mäkilä, 
2001) (Fig. 1).

•The timing and rate of spread of 
peat initiation. The most successful 
of these studies have been in west-
ern Canada using large data sets 
from very wide geographic areas, 
where peat initiation data have been 
integrated with other paleoclimatic 
indices and climate models (Gajews-
ki et al., 2000), and cyclicities similar 
to those found in ocean and ice core 
records have been shown (Campbell 
et al., 2000).

Reconstruction of past surface wet-
ness changes is the basis of many 
existing records, including some 

that use multiple records from sev-
eral sites in the same climate area 
to provide composite records (Fig. 
2). Many of the records from north-
west Europe display cyclicities with 
periodicities of varying lengths in-
cluding possible solar-related cycles 
(Chambers and Blackford, 2001) and 
links to ocean variability on longer 
time-scales (Hughes et al. 2000).

One key issue in current research 
is to resolve how long-term changes 
in surface wetness relate to seasonal 
and annual climate variability. Con-
ceptual process models suggest 
that surface wetness changes reflect 
some combination of temperature, 
precipitation, humidity and wind 
speed. The precise nature of this re-
lationship is unknown and is likely 
to be different in different climate 
zones. Variability in surface wet-
ness is probably primarily related to 
summer climate because peatlands 
are either saturated or frozen in the 
winter months. Comparisons with 
documentary data suggest that both 
precipitation and temperature may 
have determined surface wetness 
in northern England over the past 
900 years (Barber et al., 1994) (Fig. 
2). Comparisons of high-resolution 
records with instrumental climate 
data confirm that summer climate is 
the main driver of wetness changes 
but that the relationship with tem-
perature and precipitation probably 
varies in different locations across 
Europe (Table 1). Under a prevail-
ing oceanic climate such as that 
in northern England, summer pre-
cipitation may be the main factor re-
flected in reconstructed water table 
variability. Under a more continen-

Figure 1: Vegetation and surface patterns (hummocks and hollows) of a raised bog (Kilpisuo) in 
southern Finland, one of the sites used in studies of carbon accumulation and climate change 
(Mäkilä, 2001; Mäkilä, et al., 2001).

Climate variable Butterburn Flow
England

Männikjärve bog
Estonia

Temperature
Summer -0.046 *-0.698
Growing season -0.127 -0.176
Mean annual 0.026 -0.060
Precipitation
Summer *0.458 0.437
Growing season 0.106 0.377
Mean annual 0.188 *0.585

Table 1: Linear correlation coefficients between reconstructed water table records from two 
European raised bogs (based on testate amoebae analysis) and instrumental climate data. 
The Butterburn Flow record covers AD 1800-1990 and is based on decadal averages (n=20 
for temperature, n=17 for precipitation). The Männikjärve record covers AD 1951-1995 and is 
based on 5-year averages (n=9). *p<0.05. From Charman et al. (submitted).

PAGES NEWS, VOL.11, N°2&3, OCT. 2003 PAGES NEWS, VOL.11, N°2&3, OCT. 2003



16 Science Highlights: HOLIVAR 17Science Highlights: HOLIVAR

tal regime such as that in northern 
Europe, winter precipitation stored 
as snow can also have an effect on 
reconstructed water tables. Snow 
melts rapidly in springtime filling 
hollows and causing heavy floods. 
Summer temperature also exerts a 
much stronger desiccating effect in 
more continental sites, affecting the 
moisture balance in surface peats di-
rectly. New and improved analytical 
approaches and better understand-
ing of the peat-climate system now 
suggest a number of ways forward 
for maximizing the use of the peat 
record. 

Key Areas for the Improvement 
of Climate Reconstructions:

•Understanding the peatland–
climate relationship. Calibration of 
records with instrumental data is 
critical in deriving empirical rela-
tionships between changes in proxy 
data and climate parameters (see 
above). Development of physical 
process models from hydrological, 
biological and meteorological data 
would lead to greater confidence 
in empirical relationships and ex-
trapolating calibrated records over 
pre-instrumental time periods. Com-
parisons with other independent 
climate proxies will also help test 
hypothesized surface wetness–cli-
mate links.

•Further development of new 
proxy climate techniques. Isotopic, 
compound-specific and mercury 
analyses are now producing exciting 
results. These approaches need to be 
explored more extensively.

•Establishment of additional 
records from different climatic 
regimes. Much existing work has 
been based in oceanic temperate 
regions. Additional work on conti-
nental, alpine and higher latitude 
areas is needed to fully exploit the 
potential peatland archive. Much of 
this work is already underway, as is 
reflected in recent results from cen-
tral Europe (Mitchell et al., 2001), 
continental North America (Booth, 
2002), South America (Pendall, 2001) 
and New Zealand (e.g. McGlone and 
Wilmshurst, 1999; Wilmshurst et al., 
2002).

•Improving chronological con-
trol. Existing comparisons between 

peatland records and other proxies 
such as speleothem, ice core and 
ocean records (e.g. Charman and 
Hendon, 2000; Charman et al., 2001; 
Pendall et al., 2001) are limited by 
chronological uncertainty. Cali-
brated radiocarbon ages still often 
mean possible 2σ errors of ±200 
years—critical in trying to establish 
whether climate variability on cen-
tennial scales is in or out of phase. 
Wiggle-matched radiocarbon ages 
(Mauquoy et al., 2002) and teph-
rochronology (e.g. Van Den Bogaard 
and Schmincke, 2002) both have the 
potential to significantly improve 
chronologies and the precision of 
correlations with other records.

Conclusions:
One of the main HOLIVAR themes 
is the comparison of different proxy 
climate records—with all the atten-
dant problems of different chronolo-
gies, climate parameters recorded 
and geographical coverage. With 
the development of a wider range of 
techniques and a better understand-
ing of the proxy-climate relationship 
linked to improved chronologies, 

peatland paleoclimate records can 
now be fully integrated with other 
Holocene paleoclimate reconstruc-
tions. 
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Figure 2: Mean annual water table changes for the last 1500 years, reconstructed from testate 
amoebae analysis of three peat profiles in northern England (c), compared with documentary 
index of summer wetness and winter severity (a) and ice accumulation record from GISP2 
(d). Instrumental records of mean annual temperature and precipitation are also shown (b). All 
data are 100-year running averages. Raw documentary and water table data are also shown. 
Fluctuations in the reconstructed water tables, documentary indices and ice accumulation 
show similar trends over this time period. See Charman and Hendon (2000).
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