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ABSTRACT 
High-resolution pollen records from several sites, along with regional reconstructions from data in the North American 
Pollen Database provide quantitative paleoclimate estimates of the past 1000 years across northern North America. 
Using the modern analogue method and calibration data from the North American Modern Pollen Database, these 
reconstructions show not only a long term (neoglacial) cooling but also millennial-scale variability such as the Little Ice 
Age and Medieval Warm Period. This variability is seen across all of Canada, the Arctic and northern United States, with 
more pronounced variations in the central portion of the continent. 
 
RÉSUMÉ 
A partir de plusieurs sites de données polliniques de haute résolution et de reconstitutions climatiques régionales 
dérivées de la banque de données polliniques nord-américaine (NAPD), nous avons estimé quantitativement le climat 
des 1000 dernières années en Amérique du Nord. En utilisant la méthode des analogues modernes, ces reconstitutions 
climatiques démontrent non seulement un refroidissement à long terme (néoglaciaire), mais aussi la variabilité du climat 
à l’échelle millénaire, par exemple le Petit Âge Glaciaire et l’Optimum Climatique Médiévale. Cette variabilité est évidente 
à travers le Canada, l'Arctique et le nord des États-Unis, avec des variations plus prononcées dans la partie centrale du 
continent Nord-Américain. 
. 
 
 
 
1 INTRODUCTION 
 
During the Holocene the climate has varied continually at 
several scales. For example, during the Holocene, 
maximum temperatures occurred during the early- or mid- 
Holocene, the time depending on the region (Holocene 
Thermal Maximum). Superimposed on this orbital-scale 
variability are centennial- to millennial-scale changes that 
have been occurring throughout the Holocene (e.g., Viau 
et al., 2006). The latest of these variations, during the past 
few 1000 years, include the Little Ice Age, the Medieval 
Warm Period, and prior to that, the Roman Cold Period 
and so-on. Although differentially expressed in different 
parts of the globe, high-resolution records are finding this 
variability across the globe; several regional syntheses 
have been attempted (e.g., Lamb, 1972; Grove, 1988; 
Jones et al., 2009, among many others). For northern 
North America, regional syntheses based on quantitative 
estimates of past temperature, precipitation (e.g., 
Gajewski, 1988; Gajewski and Atkinson, 2003; Viau et al., 
2008; Viau and Gajewski, 2009; Kauffman et al, 2009), 
and pressure (Gajewski, 1998) are appearing. 
 

In this paper, we review some of our work using pollen 
as a proxy for past summer temperatures during the last 
2000 years. Pollen diagrams can be used as high-
resolution paleoclimate records, as plants respond rapidly 
to climate variations, first through changes in pollen 
production and then through population and community 
replacement, discussed in Gajewski (1987), Gajewski et al 
(2007) and Gajewski and Viau, (in press). Thus pollen 
records can be used to reconstruct high frequency 
changes in the climate.  

 
 
2 DATA 
 
Pollen stratigraphic data are available from the North 
American Pollen Database (www.ncdc.noaa.gov/paleo) as 
well as the LPC website (www.lpc.uottawa.ca). These 
consist of pollen assemblages extracted from a series of 
levels from a lake sediment core which is dated by 
radiocarbon, or in some cases by varves (Gajewski, 
2008). Other microfossils (e.g., chironomids, diatoms) are 
also used, although there is not yet available an extensive 
geographic series as is available for pollen. For 
quantitative calibration, the North American Modern Pollen 
Database (Whitmore et al., 2005) is used.  
 
  
3 RESULTS & DISCUSSION 

 
3.1 Conifer-Hardwood Forest  
 
In the Conifer-Hardwood forest of Eastern North America, 
a series of pollen diagrams from lakes with varved 
sediments showed variability of several timescales 
(Gajewski, 1987). July temperatures were reconstructed 
using regression (Gajewski, 1988). These results show 
coherence among the lakes in both of the two regions 
(Northeastern and Midwestern United States). The 
neoglacial cooling amounted to approximately 0.6°C/1000 
yr in the northeast and 0.3°C/1000 yr in the Midwest 
(Figures 1, 2). In addition, all pollen diagrams showed a 
response of the vegetation to the Little Ice Age, the 
Medieval Warm Period and previous climate fluctuations 



of this scale. These century-scale climate variations 
deviated up to 0.5°C from the trend. 
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Figure 1. July Temperature reconstructions based on 
pollen assemblages from varved sediment sequences 
from six lakes in the Upper Midwest United States 
(Gajewski, 1988). Red lines are a loess smoother of the 
reconstruction. In the Chippewa County region, three 
sites, within a km of each other were sampled and all 
three curves are shown; only the longest also has the 
smoothed curve. Sample interval varies between 
continuous samples to 40 years and each sample is a 
from a 10-year section of the core. Note the series end in 
AD1975, the year of core collection. After Gajewski 
(1988); data from www.ncdc.noaa.gov/paleo. 
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Figure 2. July Temperature reconstructions based on 
pollen assemblages from varved sediment sequences 
from three lakes in the New York and Maine (Gajewski, 
1988). Sample interval is typically 40 years and each 
sample is a from a 10-year section of the core. After 
Gajewski (1988); data from www.ncdc.noaa.gov/paleo. 
 
 
3.2 Boreal Forest  
 
In the boreal forest of Canada and Alaska, available 
pollen data from the North American Pollen Database 
were used to estimate regional curves of the temperature 
of the past 2ka (Figures 3, 4). These sites were dated by 
radiocarbon, so the dating error was greater, but the 
availability of many data series permitted high-resolution 
analyses. 
 

 The results indicate that the Little Ice Age and 
Medieval Warm period were seen across the boreal 
region of Canada, including Quebec-Labrador, contrary to 
the conclusions of Smol et al (2005). The magnitude of 
the millennial-scale climate changes is greater in the 
central part of the continent, and cooler periods are more 
greatly expressed in Labrador (Viau and Gajewski, 2009). 

Prior to the Little Ice Age and Medieval Warm Period, 
was a previous cool period, and a warm period before 
that; these millennial-scale climate variations, which in the 
more recent past are given names, are part of a 
continuous series of variability of this timescale (Viau et 
al., 2006).  
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Figure 3. Regional July temperature anomalies for the 
Boreal region of Canada, after Viau and Gajewski (2009). 
Reconstructions are based on all pollen diagrams from 
Canada between 50-70°N and the modern analogue 
technique. Reconstructions based on the original pollen 
spectra were interpolated to 100-yr intervals. The four 
regions are: Labrador 50-65°W; Quebec 65-80°W; Central 
80-100°W; Mackenzie 120-149°W. Data from Viau and 



Gajewski (2009; www.lpc.uottawa.ca; also available at 
www.ncdc.noaa.gov/paleo). 
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Figure 4. Regional July temperature anomalies for the 
Beringian region of Canada and Alaska using the modern 
analogue technique, after Viau et al (2009). July 
temperatures reconstructions based on the original pollen 
spectra were interpolated to 100-yr intervals. The regions 
are NW 65-70°N / 150-180°W; NE 65-60°N / 125-150°W; 
SW 60-65°N / 150-180°W; SE: 60-65°N / 125-150°W. 
There were few sites for the SW region. Data from Viau et 
al. (2008; www.lpc.uottawa.ca; also available at 
www.ncdc.noaa.gov/paleo) 
 
 
3.3 Canadian Arctic 
 

Several pollen-based July temperature reconstructions 
have been made from the central and western Canadian 
Arctic (Figure 5; Zabenskie and Gajewski, 2007; Peros 
and Gajewski, 2008, 2009). These sediment cores are 
dated using 14C and 210Pb, but dating sediments is difficult 
in the Arctic due to the low amounts of organic matter. 
The series have relatively low temporal resolution, due in 
large part to the difficulty of obtaining sufficient pollen in a 
reasonable amount of time (Gajewski, 2006). 
Nevertheless, relatively high resolution results are 
possible, and all of the reconstructions show cooling in the 
past millennium.  The timing of the changes is not certain, 
perhaps due to dating issues. 

 
In the Canadian Arctic, a recent synthesis of sediment 

records (Kauffman et al., 2009) showed only small 
deviations from the long-tem cooling during the Medieval 
Warm Period and Little Ice Age. However, pollen and 
paleolimnological records indicate a stronger response, 
although it is difficult to correlate the temperature 
variations between sites. This is partly since Kauffman et 
al (2009) required high temporal resolution series dated 
by annual layers (e.g., varves, tree-rings) and in these 
series, longer-term variability can be masked or lost. 
Using radiocarbon-dated lake sediment sequences, 
paleoclimates can be quantified, although the temporal 
resolution is lower. Although the timing of the changes 

recorded in these pollen records may be uncertain, these 
results do indicate the range of variability in the Arctic 
during this time.  
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Figure 5. July temperature reconstructions from the 
Canadian Arctic: Lake MB01 (southwestern Victoria 
Island; Peros and Gajewski, 2009), KR02 (northwestern 
Victoria Island; Peros and Gajewski, 2008), JR01 
(northern Boothia Peninsula; Zabenskie and Gajewski, 
2007) and SL06 (southern Boothia Peninsula; Peros and 
Gajewski, 2009). Reconstructions are based on the 
modern analogue technique. Note the difference in scale.  
Data from www.lpc.uottawa.ca; also from 
www.ncdc.noaa.gov/paleo.  
 
 
Climate variability also affects biological production in 
addition to species composition, which is the basis of the 
reconstructions discussed above. Figure 6 shows several 
production indices from three sites from the Canadian 
Arctic. Note some broad-scale similarities in these series, 
for example relatively high values of production around 
AD1000, although the length of this period differs among 
the different sites. It is not clear if the differences between 
sites are due to dating issues, due to regional differences 
in the climate or to within-lake differences in response to 
the climate forcing. For example, diatoms are susceptible 
to dissolution (Paull, 2008), and this may be occurring 
before or after deposition in the sediment, and this may 
complicate interpretation of the records. More data are 
needed to determine how climate impacts the arctic 
ecosystems. 
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Figure 6. Biological productivity estimates from several 
lake sediment cores in the Canadian Arctic. Pollen influx 
(grains/cc/yr; an index of pollen production) from Lake 
KR02, northwestern Victoria Island (Peros and Gajewski, 
2008); Diatom concentrations (valves/cc) from the same 
site, an index of lake production (primarily benthic; 
Podritskie and Gajewski, 2007); Biogenic silica (BSi%), an 
alternate index of lacustrine primary production from 
Lakes MB01 (southwestern Victoria Island) and SL06 
(southern Boothia Peninsula; Peros and Gajewski, 2009). 
Note all scales different. See original papers for methods 
and details. Data available from www.lpc.uottawa.ca and 
www.ncdc.noaa.gov/paleo.  
 
 
4 CONCLUSIONS 
 
Conclusions from these studies include: 

 Pollen records respond rapidly to climate 
variations and can be used to reconstruct past 
conditions at least to decadal to century scale 

 Centennial to millennial-scale climate variability, 
the most recent of which are the Medieval Warm 
Period and Little Ice Age are seen across all of 
northern North America in pollen-based 
paleoclimate reconstructions.  
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