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Abstract. We describe a recently completed network of 
densitometric tree-ring time series representing various 
aspects of tree-growth for up to 200 years at 69 sites 
spread across the northern North American conifer zone 
from Yukon to Labrador. Duplicate cores, from 12 to 
15 trees per site, provide time series for a suite of growth 
parameters including earlywood (spring), latewood 
(summer) and total (annual) ring widths and mean early- 
wood, mean latewood, minimum and maximum ring 
density. These data form the basis for extensive analyses 
of intra- and inter-site parameter comparisons and re- 
gional climate/tree-growth comparisons. Five large-scale 
regional chronologies do not suggest that any anoma- 
lous growth increases have occurred in recent decades, 
at least on these regional scales, despite the observed 
changes in atmospheric composition and climate. 

Key words: Dendroclimatology - Northern North Amer- 
ica - Boreal zone Maximum latewood density Ring 
width - Summer temperature 

(1992) describe detailed reconstructions of summer tem- 
peratures in Alaska and Canada, west of the Mackenzie 
river, based on networks of densitometric chronologies. 

A good review of dendroclimatological research in 
northern North America is provided in a recent paper 
by D'Arrigo et al. (1992). These authors compared and 
contrasted changes in the ring widths and densities of 
white spruce growing at five sites spread along the north- 
ern North American treeline. They show that while ring 
widths (and, to a lesser extent, densities) have apparently 
increased during the twentieth century at some sites, ring 
width has decreased at others. 

The purpose of the present paper is to describe a 
recently constructed densitometric network of 69 tree- 
ring sample collections, from seven conifer species at 
57 sites extending across the North American boreal for- 
est zone from Alaska to Labrador. We describe the spa- 
tio-temporal coherence and the climate relationships of 
the ring-width and densitometric chronologies in the 
20th century and illustrate the regional changes in ring 
width and ring density during the last 190 years. 

Introduction 

Considerable dendrochronological research has been un- 
dertaken in the Canadian boreal zone. A relatively recent 
review (Luckman and Innes 1990) cites 561 studies, of 
which 200 are concerned with tree growth and climate. 
Considerably less work has been concerned with tree- 
ring densitometry and the relationships between densito- 
metric parameters and climate. Parker and Henoch 
(1971) and Parker and Jozca (1971), demonstrated a 
good relationship between maximum latewood density 
of Engelmann spruce near timberline and summer tem- 
perature in British Columbia. These results were con- 
firmed by later work in Alberta by Luckman et al. 
(1985). Schweingruber etal. (1991) and Briffa etal. 

Correspondence to: F.H. Schweingruber 

The tree-ring material 

Data collection. All of the samples were collected by 
the first author during two separate fieldwork seasons 
(but see acknowledgements). During the first, in August 
1984, 25 sites were visited in British Columbia, Yukon 
and Alaska. The second sampling trip, in July and Au- 
gust 1989, involved visits to 44 sites, all in Canada, form- 
ing a longitudinal transect through the northern conifer 
zone from Yukon to Labrador. The full 69-site network 
(Fig. 1) is spread over more than 90 ° of longitude, from 
58°40'W to 149°35'W and, at its maximum extent, 
reaches from 50001 ' N (in the east) to 64050 ' N (in the 
west), some 14o41 ' of latitude. Details are listed in Ta- 
ble 1. The 69 collections, comprising two increment 
cores from 12 to 15 trees per site, are made up mostly 
of spruce species (34 Picea glauca, 24 P. mariana, 4 P. 
engelmanii and 3 P. sitchensis) with one larch (Larix 
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Fig. 1. The locations of the 69 individual 
chronologies. The stippled areas indicate the 
five large regional groupings. The smaller cir- 
cled regions indicate the mean chronology 
groups used to demonstrate the teleconnections 
discussed in Section 5.4 and shown in Fig. 6. 
Details of the chronologies are given in Table 1 

laricina), one pine (Pinus banksiana) and two Douglas 
firs (Pseudotsuga menziesii). 

Only trees considered to be '  normal' (i.e. not krumm- 
holz) were sampled and trees growing on locally extreme 
sites were rejected. Each sample collection contains ma- 
terial representative of a particular ecological unit (e.g. 
a moist, level site or, alternatively, a well-drained slope). 
The prevalence of fires, logging activity, and the fre- 
quency of internal stern rot places a general restriction 
on the age of most of the samples and the majority 
of chronologies are subsequently less than 200 years in 
length. 

Sample processing• The tree cores were analysed accord- 
ing to standard densitometric techniques employed at 
the Institute of Forest, Snow and Landscape Research, 
Birmensdorf. These are fully described in previous publi- 
cations (e.g. Lenz etal. 1976; Schweingruber 1988; 
Schweingruber et al. 1991). The primary output of such 
analyses is comprised of various series of interannual 
ring width parameters representing different aspects of 
radial ring growth (including earlywood width, ERW; 
latewood width, LRW; and total ring width, TRW) and 
ring density (mean earlywood density, MED; mean la- 
tewood density, MLD; minimum ring density, MIND; 
and maximum latewood density, MAXD). Replicate se- 
ries of annual values of each of these parameters are 
produced from the multiple cores sampled from each 
tree at each site. For each site, the sample series are 
combined to form absolutely-dated, mean time series 
or 'chronologies' for each of the specified variables. Be- 
fore averaging the data, however, the raw (measured) 
series are 'standardized'. This means that a simple 
growth function is first fitted to the time series of mea- 
sured values, which are then transformed to dimension- 
less indices by subtracting the approximated density 
value for each year (as given by the fitted curve) from 
the value actually measured. Ring-width indices are pro- 
duced using division rather than subtraction, with the 
intention of stabilizing age-dependent changes of vari- 
ance in these data. This produces, for each core series, 
new growth indices in which age-related growth trends 
have been removed. The indices from different trees are 
then averaged to produce a chronology representing the 

combined variation in that parameter in each year over 
the whole site. 

The curve-fitting technique used in the work de- 
scribed here was the Hughershoff-function, described in 
Br/iker (1981). This involves fitting a generalized expo- 
nential curve capable of tracking the increasing growth 
of juvenile series and the subsequent decline frequently 
seen in older ring-width or densitometric measurements. 
There is an underlying assumption in using this tech- 
nique, that the general biological growth trends are sim- 
ple in form. As such this approach is inherently less 
'flexible' than many other (e.g. stochastic) forms of 
standardization (e.g. see Cook et al. 1990). The Hugher- 
shoff technique is, therefore, comparatively more 'con- 
servative' in that it is likely to preserve longer-timescale 
variability in the standardized chronologies as compared 
to more data-adaptive techniques. 

Nevertheless, it is important to appreciate that even 
this form of standardization will remove long-timescale 
variability from the final chronology. The degree is de- 
termined principally by the length (i.e. the number of 
years in) the sampled trees. Here, variability on time- 
scales above about 200 years is certainly removed (see 
Table 1). The prevalence of forest fires in northern North 
America alluded to earlier, produces occasional obvious 
discontinuities or inhomogeneities in the tree-ring time 
series. These occur where tree-growth has been either 
temporally restricted in some trees as a result of direct 
fire damage, or sharply promoted, either by short-term 
fertilization of the generally nutrient-poor soils or in- 
creased availability of light, as a result of the destruction 
of surrounding vegetation immediately following the 
fire. In cases where such sharp discontinuities were ap- 
parent, the tree-ring data were split, the parts standard- 

Fig. 2. Schematic representation of the inter-chronology relation- 
ships between all 69 chronologies. Symbols in the top right hand 
side of the Figure refer to maximum latewood density (MAXD) 
values. The bottom left section refers to total ring-width (TRW) 
data. The symbols represent similarity at various levels of signifi- 
cance (e 95%; ~ 99%; • 99,9%) as measured using the Gleich- 
lfiufigkeiten (see text) calculated over the period 1880-1983. The 
division of the data into five regional groups (see Section 3) is 
also indicated 
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Table 2. Details of the 46 meteorological 
station temperature series used to compile 
large regional temperature averages equiv- 
alent to the chronology regions defined in 
Table 1 and Figure 1 

Nr. WMO-Nr. Locations Lat. Long. Elev. Period 

Region 1 ALAYUK 

1 7 0 2 6 1 7  Fairbanks/Exp Stat. 6480N 14790W 133 1915-1981 
2 7 0 2 6 4 9  McKinley Park 6370N 14900W 631 1923-1981 
3 702670 Big Delta 6400N 14570W 387 1942-1981 
4 7 0 2 7 1 0  Gulkana 6220N 14550W 479 1943-1981 
5 7 0 2 7 4 7  Matanuska/Exp Stat. 6160N 14930W 46 1918-1969 
6 702750 Valdez 6110N 14630W 5 1917-1968 
7 702820 Eagle 6480N 14120W 259 1899-1981 
8 7 0 2 9 1 0  Northway Aprt 6300N 14200W 522 1942-1981 
9 7 0 2 9 6 0  Cordova 6050N 14550W 13 1917-1981 

10 703600 Cape St. Elias 5980N 14460W 18 1936 1969 
11 703710 Sitka Magnetic Obs. 5710N 13530W 20 1832-1981 
12 7 0 3 8 7 0  Wrangell 5650N 13240W 11 1917-1981 
13 710450 Teslin A 6020N 13280W 705 1944-1980 
14 719450 Fort Nelson 5880N 12260W 382 1939-1990 
15 719530 Watson Lake 6010N 12880W 689 1944-1990 
16 719580 Dease Lake 5840N 13000W 816 1947-1990 
17 7 1 9 6 4 0  Whitehorse 6070N 13510W 703 1943-1990 
18 719650 Mayo 6360N 13590W 504 1929-1990 
19 719660 Dawson 6410N 13910W 369 1901-1990 

Region 2 BRITCO 

20 710503 Fort St James 5450N 12430W 686 1895-1980 
21 7 1 8 8 1 1  Entrance 5340N 11770W 1 0 0 6  1918-1980 
22 718960 Prince George 5390N 12270W 676 1913-1990 
23 7 1 8 9 6 7  Barkerville 5300N 12160W 1 2 7 4  1888-1969 
24 719400 Grande Praire 5520N 11890W 669 1945-1990 
25 7 1 9 4 4 2  Beaverlodge 5520N 11940W 732 1913-1980 
26 7 1 9 5 0 0  Smithers 5480N 12720W 523 1943 1990 

Region 3 GRSLLA 

27 710730 Fort Reliance 6270N 10920W 164 1949-1990 
28 719130 Fort Churchill 5880N 9410W 29 1932 1990 
29 719210 Brochet A 5790N 10170W 343 1949 1980 
30 7 1 9 2 3 0  Ennadai Lake 6110N 10090W 325 1950-1979 
31 719333 Fort Vermilion 5840N 11600W 279 1905-1980 
32 719340 Fort Smith 6000N 11200W 203 1915-1990 
33 719350 Hay River 6080N 11580W 166 1900-1990 
34 7 1 9 3 6 0  Yellowknife 6250N 11450W 205 1948-1990 

Region 4 WINNIP 

35 7 1 8 4 1 0  Armstrong 5030N 8890W 320 1939-1990 
36 718420 Sioux Lookout A 5010N 9190W 390 1915-1990 
37 7 1 8 4 6 0  Lansdowne house 5220N 8790W 256 1942-1990 
38 718501 Ear Falls 5060N 9320W 361 1928-1980 

Region 5 QUEBLA 

39 7 1 8 1 1 0  Sept-Iles 5020N 6630W 58 1945-1990 
40 7 1 8 1 3 0  Natashquan 5020N 6180W 5 1915-1980 
41 718160 Goose 5330N 6040W 49 1942-1990 
42 7 1 8 2 2 7  Mistassini Post 5030N 7390W 383 1921-1969 
43 7 1 8 2 6 0  Nitchequon 5320N 7090W 537 1943-1990 
44 7 1 8 2 8 0  Schefferville 5480N 6670W 512 1949-1969 
45 7 1 9 0 0 0  Hopedale 5550N 6020W 12 1942-1980 
46 719050 Poste de la Baleine 5530N 7780W 26 1926-1980 

ized separately and  the indices recombined.  This process 
will no t  affect very shor t - term var ia t ion  in the chronolo-  
gies (i.e. less than  decadal  timescales), bu t  it imposes 
an  addi t iona l  potent ia l  restr ict ion on  the longer- t ime- 
scale variabil i ty resolvable in the final tree-ring series 
depending  on the frequency and  tempora l  d is t r ibut ion  
of fires. 

For  these reasons we stress tha t  the subsequent  analy-  
ses described here (i.e. the in te r -chronology compar i sons  

and  chronology/c l imate  associations),  refer pr incipal ly  
to variabi l i ty  on  timescales between one and  200 years 
at best, and  more  likely on  timescales up  to abou t  100 
years. However,  we also stress that  the s tandard iza t ion  
process will have little, if  any, appreciable inf luence on  
the abili ty of the chronologies  to register a noma lous  pos- 
itive growth trends that  might  or might  no t  be expected 
to occur as a result  of  env i ronmen ta l  change over the 
last century.  



157 

Fig. 3. The locations of the individual tempera- 
ture records used to produce the large regional 
temperature averages indicated by the shaded 
areas. Station details are given in Table 2 
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Fig, 4. Examples of standardized ring-width and densitometric chronologies for two different species: Picea mariana (thin line) and 
Picea glauca (thick line) growing at Capotigamen, Quebec. The various annual parameters are as follows: TRW total ring width; 
ERW earlywood width; LRW latewood ring width; MAXD maximum latewood density; MLD mean latewood density; MED mean 
earlywood density; MIND minimum density 

Regional chronologies 

The 69 individual chronologies were combined into five 
large regional mean chronologies (also indicated in 
Fig. I and Table 1). The selection of  site chronologies 
included within each regional series was based on a con- 

sideration of  their geographical location and the pat tern 
of interchronology associations, defined principally on 
the basis of  Gleichlfiufigkeit values for the T R W  and 
M A X D  (Fig. 2) series (calculated over the period 1880- 
1983). The Gleichlfiufigkeit is a measure of  the percent- 
age agreement in the signs of  the first differences (from 
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Fig. 5. Examples of standardized ring-width and densitometric chronologies for the same species (Picea mariana) growing on dry (thin 
lines) and relatively wet (thick lines) sites near Lake Romanel, Quebec. See Fig. 4 for an explanation of the parameter abbreviations 

one year to the next) between two series. It is, therefore, 
a measure of  the similarity of  the series at very high- 
frequency. For each of  the seven ring-width and densito- 
metric parameters listed earlier we constructed the fol- 
lowing regional mean series: Alaska and Yukon 
(ALAYUK) made up of  the 17 most westerly chronolo- 
gies in southeast Alaska, southern Yukon and northern 
British Columbia; British Columbia (BRITCO) made 
up 8 chronologies in southern British Columbia and 
southern Alberta; Great  Slave Lake (GRSLLA) made 
up of  15 chronologies on the plain to the east of the 
Mackenzie in the northern Prairies; Winnipeg (WIN- 
NIP) made up of  8 chronologies in the southern Boreal 
zone, south of  Hudsons Bay in southern Manitoba and 
western Ontario; and a Quebec and Labrador  series 
(QUEBLA), the average of 21 chronologies located be- 
tween Hudsons Bay and the Atlantic coast. 

Regional temperature data 

In order to construct temperature series of  equivalent 
spatial domain to the regional mean tree-ring data, 61 

individual site temperature records were assigned to one 
of  5 groups, approximately coincident with the distribu- 
tion of  the regional tree-ring sites (Table 2; Fig. 3). The 
temperature data were taken from the set of  homoge- 
nized station records available at the Climatic Research 
Unit (Jones et al, /986, updated). The temperature re- 
cords within each group were then averaged to give 
mean monthly temperatures for each region for (at least) 
1901-1990. Before averaging, the monthly mean data 
were transformed into anomalies with respect to the base 
period 1951-70. This mitigates the bias that can arise 
in an average series as a result of  temporal changes in 
the constituent stations, especially when the station data 
have different climatologies. The monthly mean data 
were also averaged to form various ~seasonal' mean se- 
ries. 

Temporal and spatial relationships of" the tree-ring 
parameters 

Ring-width and maximum-latewood-density measure- 
ments. Comparison of  the raw measurements from var- 
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Fig. 6a-c. Three examples of the 
strength of remote crossdating in the 
maximum Iatewood density chronologies 
as measured using Gleichl/iufigkeiten. 
The significance of distant matches with 
subregional chronologies at (a) Anchor- 
age, (b) Hudson Bay W. and (e) St. 
Laurent N. are shown. (See Fig. 1 and 
the text for further details) 

ious locations generally support  the conclusions drawn 
in earlier studies of  densitometric data (e.g. Polge 1966; 
Schweingruber et al. 1979) that both ring widths and 
maximum densities tend to decrease with increasing lati- 
tude and altitude. This is not true, however, for mini- 
mum density. It is not necessarily the absolute altitude 
or latitude which is relevant here, rather it is the ecologi- 
cal situation, in this case site position relative to the 
timber line. In the west of  the continent (Alaska) the 
tree line reaches 68°N  whereas in the east (Quebec) it 
is at 57 ° N. This explains why measured T R W  or 
MAXD values in northern Quebec are lower than those 
at equivalent latitudes in, for example, British Columbia. 

Regional versus localized growth forcing. The interchron- 
ology comparisons confirm previous results of  densito- 
metric analyses in the subalpine conifer zone (Schwein- 
gruber et al. 1979) that large-regional-scale forcing of  
interannual growth (generally summer temperature; see 
later) dominates over species or site factors (e.g. individ- 
ual site characteristics or genetic differences in trees in 
different locations). There are differences in mean 
growth levels (e.g. Picea glauca) on ecologically similar 
sites. The standardized chronologies are, however, gen- 
erally very similar, as are those for different species 
(Fig. 4). 

Pinus banksiana was to be an exception to this rule. 
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Fig. 7a-f. Examples of the spatial distri- 
bution of selected pointer intervals illus- 
trating the variation in the east (a and 
b), the west (e and d), and the east and 
west together (e and f) 

The one chronology for this species (Table 1, No. 45) 
correlated poorly with other chronologies. This is a pio- 
neer species, generally short lived growing well on very 
poor, well-drained and shallow soils. Its chronology was 
omitted from the regional averaging. 

Within the regional chronologies, between-site differ- 

ences in interannual variability are generally very small, 
even for trees growing on contrasting site types, either 
on drier sites (e.g. with a dense lichen vegetation) or 
from apparently moist conditions (e.g. as indicated by 
a dense Ledum palustre and Sphagnum vegetation, 
Fig. 5). 
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Fig. 7d-f 

Intra-regional relationships between different tree-ring pa- 
rameters'. Table 3 shows the similarity between different 
ring-width and densitometric parameters expressed as 
squared correlation coefficients for each of the selected 
regional chronologies described earlier. The values are 
calculated over different periods, determined by the 

length of each regional series, varying from 171 values 
for the WINNIP series, to 355 for BRITCO. It is clear 
that the MAXD and MLD are essentially the same with- 
in each region (r 2>0.97) as are TRW and ERW (all 
regions r2> 0.98). The MIND and MED are also gener- 
ally very similar (r 2 range 0.76-0.88). As expected, given 
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Table 3. Squared correlation coefficients representing inter-regional 
associations between various ring-width and densitometric parame- 
ter series shown for each region in turn, i.e. ALAYUK; BRITCO ; 

GSLLA; WINNIP; QUEBLA; (see Section 3). The parameter ab- 
breviations are explained in Section 2.2 and the legend to Figure 4 

1 2 3 4 5 6 7 
TRW ERW LRW MAXD MLD MED MIND 

1 Total Ring Width 0.987 
TRW 0.987 

0.981 
0.985 
0.983 

2 Earlywood Width 
ERW 

3 Latewood Width 
LRW 

4 Maximum Density 
MAXD 

5 Mean Latewood Density 
MLD 

6 Mean Earlywood Density 
MED 

7 Minimum Density 
MIND 

0.700 
0.558 
0.722 
0.700 
0.629 

0.591 
0.381 
0.600 
0.570 
O.486 

0.127 0.034 -0.502 - 0.624 
0.097 0.049 -0.423 -0.561 
0.313 0.219 -0.492 -0.617 
0.144 0.023 -0.039 -0.168 
0.292 0.253 - 0.025 - 0.240 

0.140 0.049 -0.514 -0.625 
0.142 0.095 -0.450 -0.568 
0.360 0.072 - 0.492 - 0.621 
0.147 0.025 -0.107 -0.211 
0.310 0.273 -0.053 -0.260 

0.029 - 0.049 - 0.282 - 0.417 
-0.110 -0.140 -0.107 -0.245 

0.063 -0.021 -0.309 -0.394 
0.075 - 0.004 0.241 - 0.042 
0.087 - 0.057 0.107 -0.044 

0.989 0.507 0.189 
0.991 0.381 0.003 
0.979 0.264 - 0.049 
0.970 0.464 0.245 
0.992 0.646 0.243 

0.574 0.267 
0.421 0.049 
0.362 0.055 
0.472 0.296 
0.662 0.268 

0.840 
0.785 
0.884 
0.825 
0.760 

Table 4. Percentages of positive and negative pointer intervals dur- 
ing the period 1899-1989, identified within each regional chronolo- 
gy grouping as defined in Table 1 

Ident No. of Total ring width Maximum density 
yrs 
analyzed nega- posi- total nega- posi- total 

tive tive tire rive 

ALAYUK 90 14.6 14.6 29.2 14.6 10.1 24.7 
BRITCO 90 10.1 14.6 24.7 1 4 . 6  22.5 37.1 
GRSLLA 90 6.7 1.2 7.9 3.4 5.6 9.0 
WINNIP 90 7.9 3.4 11.2 6.7 2.2 9.0 
QUEBLA 90 7.9 4.5 12 .3  1 3 . 5  14.6 28.1 

the above ,  E R W  and  L R W  are  genera l ly  well co r r e l a t ed  
( r 2 >  ~ 0,5) t h o u g h  the cor re la t ions  are  lower  for B R I T -  
CO (0.38). Gene ra l ly  posi t ive  cor re la t ions  are  a p p a r e n t  
be tween  M A X D  and  M E D  (and  necessar i ly  be tween 
M L D  and  M E D ) ,  t h o u g h  values  are  no t i ceab ly  higher  
for  A L A Y U K  and  Q U E B L A  (r 2 > 0 . 5 )  then  the o the r  
regions  (r 2 0.26-0.46).  C o m p a r i s o n s  be tween M A X D  

and  M I N D ,  M A X D  and  E R W ,  M E D  and  M I N D ,  
M E D  and  E R W ,  M E D  and  T R W  are  a lmos t  all pos i t ive  
bu t  genera l ly  low. Reg iona l  squared  cor re la t ions  be- 
tween T R W  and  M A X D  range  f rom only 0.097 to 0.313. 
Nega t ive  cor re la t ions  are  u b i q u i t o u s  in all o f  the com-  
pa r i sons  o f  M E D  with  E R W  (and necessar i ly  M E D  wi th  
T R W ) ;  M I N D  wi th  E R W  (and M I N D  with  T R W )  and  
M I N D  with  L R W .  However ,  the re la t ionsh ips  in all 
cases are  s t rong on ly  in the A L A Y U K ,  B R I T C O  and  
G R S L L A  regions.  

Exp l ana t i ons  o f  the re la t ionsh ips  s u m m a r i z e d  above  
can  be g r o u p e d  unde r  a var ie ty  o f  in te r re la ted  head ings  
such as technica l / s ta t i s t ica l ,  b i o l o g i c a l / a n a t o m i c a l  and  
c l ima to log ica l  factors .  The  co r re spondence  be tween  
M A X D  and  M L D ,  for  example ,  cou ld  be cons idered  
largely  a technica l  ar t i fact .  The  wid th  o f  l a t e w o o d  in 
these ch rono log ies  is i nva r i ab ly  very small .  Even wi th  
a n a r r o w  dens i ty  b e a m  (0.02 mm) ,  M L D  and  M A X D  
are regis tered in very few (over lapp ing)  measurement s .  
C o m b i n e d  wi th  the s ta t is t ical  dependence  o f  the mean  
on  the m a x i m u m  dens i ty  level, this induces  a high corre-  
l a t ion  in these var iables .  S imi la r  s ta t is t ical  cons idera -  
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Fig. 8a-j. Relationships between tree-growth and monthly mean 
temperatures in the five regions defined in Table I and Fig. 1. (A 
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Pearson Correlation Coefficients (a-e) and Gleichl/iufigkeiten (f-j), 
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tember, over the common period 1920 to 1983. The parameters 
are identified in Section 2.2 and the legend to Fig. 4. Note that, 
as the ERW and TRW, and MLD and MAXD series are so highly 
correlated in all regions (c.f. Section 5.3), the results for ERW 
and MLD are not shown 
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tions explain the relationships between MIND and 
MED and TRW and ERW (i.e. ERW generally makes 
up more than 75% of TRW). 

The inverse relationship between MED and E R W  
(and hence between MED and TRW also) could be con- 
sidered biological/anatomical, but also climatological. In 
a warm spring, rapid earlywood growth (utilizing stored 
resources) would lead to a relatively large expansion of 
spring tracheids producing wide rings comprised of com- 
paratively thin walled cells. The positive relationship be- 
tween ERW and LRW can also be related to warm cli- 
mate. Early springs will promote good early growth but 
the enhancement may carry through to the summer be- 
cause of greater needle extension and increased net pho- 
tosynthetic potential. 

Remote crossdating in various tree-growth parameters. 
Many authors have previously drawn attention to the 
crossdating between either ring-width or density series 
within geographical regions of varying scale. Mfiller- 
Stoll (1951) used the term "teleconnection" in this re- 
gard. Schweingruber et al. (1985), referred to "dendro- 
climatological zones", whereas earlier authors (e.g. 

Fritts 1976; Hollstein 1980; Richter 1980) had quantified 
the similarity between various chronologies, at distance, 
according to statistical significance values. The results 
presented here, again confirm the concept of remote 
crossdating between tree-ring and densitometric parame- 
ter series but highlight several points relating to specific 
parameters. 

The TRW, ERW and MED site chronologies general- 
ly display good coherence in relation to the five regional 
groupings but the WINNIP and QUEBLA groupings 
are less clearly delimited for these variables. LRW dis- 
plays only weak crossdating and the regional grouping 
is indistinct. The same is true for MIND, though cross- 
dating appears stronger in the QUEBLA region. MAXD 
and MLD display strong crossdating at relatively long 
distances but the regional grouping is nonetheless dis- 
tinct (c.f. Fig. 2). 

The crossdating range is also influenced by general 
location. This is illustrated, for the case of MAXD, in 
Fig. 6. This shows crossdating (measured by the signifi- 
cance of Gleichl/iufigkeit values) between selected sub- 
regional chronologies (Anchorage, the average of chron- 
ologies 3, 4, 6 and 7 in Table 1; Hudson Bay W., the 



20.0 4.0 

:~ o.o 0.0 

-lO.O -2.0 
- 2 0 . 0  - -4 .0  

20.0 4.0 l 
10.0 t 2.0 

.£ o.o ~ 0 .0  

- l O O  " - 2 . 0  
- 2 0 . 0  J - -4 .0  

20.0 

O~ 10.0 

, -  O.O 

- i 0 . 0  

- 2 0 . 0  

20.0 f, ,0.o ] 
._o 0.0 
~3 
_c !0.0 

20.0 

4.0 
] 2.0 

0,0 

-2.0 
-4.0 

I I ' I 
- I I [ 

I I [ 

AA 

20.0 7 4.0 

lo.o i 2.0 
o 0.0 ~ 0.0 

-% .0  -2.0 
- j 

- 2 0 . 0  - 4 . 0  

-2.0 
-4,0 

i I I 
i I t  I , . - ,  I 

i 

ALAYUK 

BRITCO 

GRSLLA 

WINNiP 

QUEBLA 

165 

Fig. 9 b  

/ 9 2 0  1940 1960 1980 2000  

average of 37, 38, 39 and 40; and St. Laurent N., the 
average of 66, 67, 68 and 69). The Anchorage chronolo- 
gy (Fig. 6 a) crossdates only with the subregional chrono- 
logies (also defined in Table 1) in the north west. There 
is virtually no crossdating with the series east of the 
Rocky Mountains. The Hudson Bay W. chronology 
(Fig. 6b) displays strong crossdating with chronologies 
across the whole continent, in an East/West direction 
but does not crossdate significantly with the two most 
southerly series of this network. The St. Laurent N. se- 
ries (Figure 6c) crossdates with chronologies as far west 
as 120 ° W but not with the Ungava Bay series immedi- 
ately to the north. 

Regionalpointer intervals (Years). A number of previous 
studies have focussed on the dendrochronological con- 
cept of 'pointer intervals' (Huber 1941; Eckstein and 
Bauch 1969; Bailtie 1982; Kelly et al. 1989). These are 
defined as those years in which a statistically significant 
number of some dendrochronological sample (either 
core series making up a chronology or tree-ring chrono- 
logies in some pre-defined group) show the same sign 
of change when compared with their value in the pre- 

vious year. The groups of MAXD and TRW site chrono- 
logies which made up the five regional series were each 
examined in order to identify the pointer intervals occur- 
ring over the period from 1899-1989. The results are 
summarized in Table 4. In the ALAYUK and BRITCO 
groups of chronologies, between about one quarter and 
one third of all years are pointer intervals, where these 
are defined here as 95% of site chronologies within a 
group displaying the same direction of change (counting 
changes of both positive and negative sign). In the mid- 
dle part of the continent (GRSLLA and WINNIP) only 
about one tenth of the years are pointer intervals. In 
the QUEBLA region the MAXD and TRW data give 
different results: with 28% of the years in the density 
data and only 12% of the ring-width values being point- 
er intervals. These results are highly dependent on the 
analysis period, however, as is illustrated by the fact 
that the TRW data for ALAYUK has 11 pointer inter- 
vals between 1901 and 1920 but only two from 1921 
to 1940. The GRSLLA data do not have any pointer 
intervals during the first of these two periods but have 
four in the second. Figure 7a-f  illustrates the spatial di- 
versity of some characteristic pointer years. No years 
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can be identified as pointer intervals relating to the cen- 
tral part of  the continent, or of course, the whole north- 
ern continent. 

The significance of these observations as regards dat- 
ing of tree-ring series is self-evident, but their particular 
interpretation with regard to climate forcing is not clear. 
It is often the case that such years correspond to extreme 
values in the mean chronology, but this is by no means 
always the case, as illustrated by the MAXD series for 
BRITCO during the intervals 1921/2, 1925/6, 1928/9 (see 
Fig. 9a, b). It is also of interest to note that whereas 
some periods, characterized by a frequent occurrence 
of pointer intervals, display a relatively strong correla- 
tion with climate, other periods with notably fewer 
pointer intervals may nonetheless display similar correla- 
tions. This can be illustrated by reference to the MAXD 
data for the period 1920 to 1983. The BRITCO and 
QUEBLA chronology groupings have 30 and 23 pointer 
intervals respectively, and the simple correlation coeffi- 
cients between their mean chronologies and respective 
regional temperatures, averaged over the April-August 
season, are 0.74 und 0.78. The WINNIP and GRSLLA 
data have only 8 and 4 pointer intervals but their correla- 

tions with the equivalent temperature data are 0.77 und 
0.79. Further work ist required to investigate details of  
the spatial pattern of temperature anomalies associated 
with the spatial patterns of  pointer intervals in these 
data. 

Temperature relationships of tree-ring parameters 

The relationships between regional mean monthly tem- 
peratures and the ring-width and density parameters 
were explored separately in each of the five regions. For 
each region, the seven chronologies representing the dif- 
ferent tree-growth parameters (listed in Section 3) were 
compared with the equivalent regional temperature data 
(see Section 4) in each of the months April through to 
September, over the period 1920 1983. Both Pearson 
correlation coefficients (Fig. 8a-e) and Gleichlfiufigkeit 
(Fig. 8f-j) values were computed (note that because 
MAXD and MLD are virtually the same series in each 
region, as are TRW and ERW, the correlations for ERW 
and MLD are not shown). The Gleichl/iufigkeit results 
reflect high-frequency coherence between the data 



167 

[ ' [ I I ' I h 
b I [ [ I 

I I 1 [ [ [ I 
I I I [ [ [ [ 

$ 5.o~ ] / [ . I I [ [ 

- 5 " ° J l  i 
I I I I I I i , 

5 . 0  

o 
0 . 0  

- 5 . 0  

5.0 

o 0 . 0  

- -  - 5 , 0  

5 . 0  

.o 0.0 

- -  - 5 , 0  

5.0 

. o  0 . 0  

- -  - 5 . 0  

I I I I 
I I i I 

I i i 
I i I 

I M a x i m u m  la tewood dens i ty  

ALAYUK 

I I I I 
I I ] I 

BRITCO 

I ] J ] 
] J ] I 
J ] 1 I 

GRSLLA 

I I I B 
i I i I 
i i [ [ 

I I I [ E [ ]~ I WINNIP 

J 
I [ J J J J J I 
I I I I I I i [ [ 

QUEBLA 

I [ I i 
~-- i i i 

1800 18150 1900 19150 2000 

Fig. lOb 

whereas the correlation values incorporate the influence 
of any coincident trends. These two sets of results, how- 
ever, are essentially similar. 

A number of conclusions can be drawn from Fig. 8. 
The most consistent and the strongest temperature rela- 
tionships are apparent with MAXD (and MLD): corre- 
lations are generally highly positive in all months and 
all regions, with May and especially August registering 
the strongest similarities (the BRITCO MAXD series 
shows somewhat weaker values in April and May and 
no correlation in September). By comparison, the ring- 
width-related variables appear to be poorly correlated 
with temperature. Certainly LRW displays apparently 
random, insignificant associations. TRW (and ERW) 
display more consistently positive associations, at least 
for the months of June through September and more 
particularly in the Gleichl~iufigkeit values, with the June 
values (barring the WINNIP series) displaying con- 
sistently high values. It should be stressed here that it 
is probable that the ring-width-related variables inte- 
grate the effects of temperature over longer periods than 
can be represented by these results and we have not 
explored the temperature relationships of prewhitened 

tree-ring data in this context (see also Jacoby and D'Ar- 
rigo 1989; D'Arrigo et al. 1992). The MIND and MED 
data display opposite relationships with temperature in 
Spring as opposed to Summer. During April and May, 
higher MIND is apparently associated with warmer tem- 
peratures (most clearly evident in the GRSLLA and 
WINNIP series) and a negative relationship exists be- 
tween MIND and temperatures during June. Though 
the magnitude is not statistically significant, this rela- 
tionship is evident in all regions. 

Figure 9 a, b illustrates the similarity between the five 
regional MAXD curves and selected temperature anom- 
aly series. These curves illustrate how the correspon- 
dence between trees and temperature is generally very 
good, but slight inconsistencies indicate that the relation- 
ships are subject to some apparently unpredictable varia- 
tion associated with season, time and space. For each 
pair of curves (MAXD and Temperature) sequences of 
years can be found in which the correspondence is very 
high. However, other periods, when the matches are 
much poorer, can easily be identified. As an example, 
the BRITCO MAXD series between 1955 and 1967 is 
extremely similar to the curve of August temperature 
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anomalies, but during the period 1937-42 the curves are 
very different. Between 1941 and 1958, the WINNIP 
MAXD series agrees closely with the mean April-August 
temperature series, but the correspondence with the Au- 
gust series is poor. Overall, the most consistent relation- 
ships between the various regional MAXD series and 
seasonal temperature data are for the April to August 
' season'. 

Maximum latewood density and total ring widths 
since A.D. 1800 

Figure 10a, b shows the MAXD and TRW chronologies 
for each major region plotted from A.D. 1800 onwards. 
Two curves are plotted for each chronology: the stand- 
ardized version, in which individual tree series have been 
detrended as described earlier (Section 2.2) and a 'non- 
standardized' version in which the measured data for 
each tree are transformed into z scores (by subtracting 
the mean and dividing by the standard deviation of the 
series) and averaged across years. The standardized 
curves reflect the strong influence of summer tempera- 
ture, whereas the non-standardized curves include the 
additional effect of changing tree age and competition. 
These curves indicate that no recent anomalous growth 
increases have occurred. Previous work (Jacoby and 
D'Arrigo 1989) has highlighted significantly increasing 
ring-width growth of some trees. This previous work 
was concerned with severely-stressed trees growing in 
the forest-tundra ecotone. Selected sites and trees at 
these locations, with particular ecology and aspect, may 
exhibit a sensitivity to temperature variability represen- 
tative of larger climatic regions (G. Jacoby, pers. 
comm.). Our results, along with other recent work 
(D'Arrigo et al. 1992), indicate that increasing tree 
growth through the 20th century is not characteristic 
of the wider North American boreal forest. 

Conclusions 

The tree-ring network we have discussed here, represents 
an important development in the Northern Hemisphere 
Dendroclimatological Program being undertaken by the 
Swiss Federal Institute for Forest, Snow and Landscape 
Research, Birmensdorf. In a northern North American 
context, this work demonstrates the large regional scale 
of climate-related variability that is expressed in various 
tree-ring parameters derived from trees of different spe- 
cies, growing under a variety of ecological conditions 
(Figs. 4 and 5). In a hemispheric context, these chronolo- 
gies are less climatically sensitive than those in northern 
Eurasia though, as has been demonstrated previously 
for Europe and western North America, extensive re- 
gional crossdating is apparent. Both ring-width and 
maximum-latewood-density chronologies exhibit com- 
mon variability that suggest regionally coherent associa- 
tion over an average distance of some 2000 km (Figs. 1 
and 2), though local regional values range from 1100 
to 3000 km (Fig. 6). Defined in terms of the geographic 

scale of similar individual yearly trends (pointer inter- 
vals), the geographic extent of teleconnections can range 
from very small to almost transcontinental (Fig. 7). We 
have grouped the site chronologies into five major re- 
gions: Alaska and Yukon; British Columbia; Great 
Slave Lake; Winnipeg; and Quebec and Labrador. 
These are reasonably geographically distinct (Figs. 1 and 
2), with a separation between northern and southern 
units in both the Rocky Mountains and the Great Plain 
area further east, and all of these four regions clearly 
separate from the region east of Hudson Bay. 

Within the large regional chronologies, some local 
chronology variability is removed. The production of 
long large-regional chronologies is, therefore, dependent 
on the availability of numbers of old local chronologies 
(e.g. Luckman 1992; D'Arrigo et al. 1992). As has been 
demonstrated for European conifers in subalpine and 
high-latitude sites, the variability of regional maximum- 
latewood-density chronologies in northern North Amer- 
ica primarily reflects mean summer temperatures, be- 
tween April and August, though thermal conditions in 
August are a major influence (Fig. 9). This re-emphasises 
the transcontinental dendroclimatological potential of 
such material. There is, however, still considerable scope 
for exploring the influence of other seasonal climate 
components and the detailed influence on other tree-ring 
parameters. 

A combination of age and natural ecological condi- 
tions affecting this network, together with the standard- 
ization procedures used in processing the measured data, 
impart a limitation in the potential long-timescale vari- 
ability manifest in the final chronologies. These factors 
would not, however, be expected to limit the potential 
of these chronologies to exhibit recent positive growth 
anomalies if such information were contained in the raw 
measurement data. 

Over recent decades, the regional chronologies de- 
scribed here do not exhibit any clear increasing growth 
tendencies that might be expected to result as a conse- 
quence of the anthropic environmental modifications or 
'natural'  climate change. 
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