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Climatic signals in earlywood, latewood and total ring
width of Corsican pine from western France
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Abstract – The influence of climatic factors on the growth of Corsican pine, growing at low elevation on acidic well-drained soils in
western France, was evaluated by comparing annual earlywood, latewood and total ring indices with monthly temperature and pre-
cipitation data collected at Angers over the period 1922-1991. Latewood formation appeared to be more sensitive to climate than ear-
lywood formation. Pointer years analysis and climatic models showed that summer drought was a major limiting-growth factor in the
studied area. Extreme growth reductions specially highlighted the effects of low precipitation whereas response functions clearly
underlined the importance of temperature. The climatic models accounted for 46%, 37% and 42% of the variability of total ring, ear-
lywood and latewood indices, and suggested that the period of earlywood formation occurred mainly in early spring (May) whereas
the growth of the latewood band was maximum in summer (July). Winter photosynthesis and the advance in the timing of the
resumption of cambial activity were possible causes of the positive winter temperature correlation with earlywood. A cool and wet
spring was also beneficial to growth as it affected the water balance of the trees at the beginning of the growing season. Prior October
weather conditions also influenced growth, suggesting a preconditioning of the current year’s growth by climate during the previous
year. The regional climatic data revealed: no change in precipitation and thermal amplitude between 1950-1997; a significant (α =
0.01) increase in mean annual temperature of 1.1°C, mean annual minimum temperature (1.5°C), mean summer (July-August) tem-
perature (2.2°C) and minimum summer temperature (2.3°C). By increasing summer water stress, a steady rise may induce growth
decrease and probably forest decline in the next years. These results should be taken into account when predicting possible responses
of Corsican pine plantations to global change 

Pinus nigra / climate / global change / pointer years / earlywood / latewood / ring width / Corsican pine

Résumé – Analyse dendroclimatique du pin laricio de Corse dans l’ouest de la France. L’effet du climat sur la croissance de
peuplements de pin laricio de Corse poussant à faible altitude sur des sols acides et bien drainés dans l’ouest de la France a été évalué
en comparant la croissance annuelle du bois initial, du bois final et du cerne complet avec les données mensuelles de température et
de précipitation collectées à Angers sur la période 1922-1991. La formation du bois final est apparue plus sensible au climat que celle
du bois initial. L’analyse des années caractéristiques et des modèles climatiques a montré que la sécheresse estivale jouait un rôle
majeur dans les variations inter-annuelles de croissance. Les réductions extrêmes de croissance sont liées aux faibles précipitations
tandis que les fonctions de réponse soulignent le rôle de la température. Les modèles climatiques expliquent entre 37 et 46% de la
variabilité inter-annuelle de la croissance selon le compartiment considéré, et suggèrent que le bois initial est élaboré au début du
printemps (mai) et que la formation du bois final est maximale en été (juillet). La photosynthèse hivernale et la réactivation précoce
du cambium pourraient expliquer l’effet positif des températures hivernales sur la formation du bois initial. En début de saison, la
croissance est favorisée par un printemps frais et humide. L’influence des conditions du mois d’octobre de l’année qui précède la
mise en place du cerne suggère un arrière-effet des conditions automnales sur la croissance annuelle. L’analyse des données clima-
tiques n’a révélé aucune dérive de l’amplitude thermique et des précipitations. En revanche, les températures minimale et moyenne
annuelles ont augmenté significativement (α < 0.01) de 1,5°C et 1,1°C sur la période 1950-1997. Pour la période estivale (juillet-
août), les augmentations sont respectivement de 2,3°C et 2,2°C. En augmentant la sécheresse estivale, un réchauffement continu
pourrait entraîner dans les prochaines années de fortes réductions de croissance voire un dépérissement forestier. 

Pinus nigra / climat / changement climatique / années caractéristiques / bois initial / bois final / largeur de cerne / pin laricio
de Corse
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1. INTRODUCTION

The drought years observed in several French regions
in the 1970s and 1980s have focused attention on the
effects of climatic variability upon the growth and the
health of forests [3, 25]. A recent dendroecological study
carried out on Corsican pine stands (Pinus nigrassp.
laricio var. Corsicana) in western France showed a
marked decrease in radial growth within the last 10 to 15
years that may be due to climatic effects [26]. Thus, to
refine the tree-ring growth response to climate, an analy-
sis of total ring, early- and latewood widths as separate
variables of ring growth was undertaken. Such a study
will allow to precise the time of the transition phase
between both components and to partly assess the effect
of climate on wood quality. 

In recent years, evidence of 20th-century increase in
mean annual temperature has prompted interest in the
effects of climate warming on terrestrial ecosystems [5].
By increasing growing-season temperatures, such
changes could have a dramatic effect on the pine envi-
ronment. These effects may be exacerbated by less pre-
dictable changes in the amount and seasonality of precip-
itation. In this context, the climate-tree growth
relationships could be used to assess the impact of a
potential regional climate change on tree growth.

The objectives of this study were (1) to ascertain the
relationships between climate and total ring, early- and
latewood radial growth and (2) to evaluate possible
trends in local climate parameters. The most prominent
climatic factors affecting tree growth were identified (1)
by distinguishing “pointer years”, which correspond to
abrupt changes in growth pattern and reveal the tree-
growth response to extreme climatic events [35, 36] and
(2) by establishing the mean relationships between tree
ring and climate through simple correlations and
response-function analysis [10, 11]. 

2. MATERIALS AND METHODS

2.1. Study sites

The correlation between tree chronologies and climate
data depends on the distance between the tree sites and
the weather station [23] and the correlation decreases
with increasing separation [38]. Thus, among the 202
pure managed plots sampled in western France for a pre-
vious dendroecological study [26], the subsample of 13
plots localized within 20 km of the meteorological sta-
tion was selected as study sites. The circular 600 m2

plots were sampled in plantations established after
broad-leaf tree cuttings in forests. The site type was
identified using the species composition of the ground
vegetation and pedological criteria (soil description and
chemical analysis) [28]. These plots presented low eleva-
tions (25 to 85 m) and gently slopings (0 to 5%). Soils
were acidic, relatively poor with a dominant sandy soil
texture [28]. The available water supply ranged from 42
to 99 mm and averaged 70 mm. These well-drained soils
suggested that trees may be susceptible to soil moisture
stress during periods of low precipitation.

2.2. Climatic records

Monthly averaged temperatures (°C) and monthly
sums of precipitation (mm) collected at Angers
(47°30' N, 00°35' W, 57 m) were used as explanatory
variables. These data are representative of the regional
climate (Atlantic climate) and are the longest climatic
series available in the studied region. For the period
1961-1990, mean annual precipitation is 618 mm and the
number of rainy days averages 161 (table I and figure 1).
Annual temperature averages 11.5 °C, 4.7 °C and 19°C
for mean, minimum and maximum temperature respec-
tively. Snow-covered winters and late frosts in spring are
rare. Average growing season (May to September) rain-
fall is 224 mm with 60% of rainless days and 30% of
days with a maximum temperature above 25 °C. Thus,

Table I. Mean climatic conditions at Angers (47°30'N, 00°35'W, 57 m). Means were calculated for the period 1961-1990. GS: grow-
ing season (May to September, 153 days).

Jan. Feb. Mar. Apr. May June Jul. Aug. Sept. Oct. Nov. Dec. Year GS

Nb of days with P > 0 mm 16 14 15 14 15 11 10 11 11 13 16 15 161 58

T min (°C) 1.8 2.2 3.5 5.4 8.6 11.5 13.4 13.1 11.2 8.2 4.4 2.4 7.1 11.6
T max (°C) 7.6 9.0 11.9 14.8 18.3 22.0 24.6 24.2 21.8 17.0 11.2 8.2 15.9 22.2

Nb of days with T min  ≤ –5°C 4 4 2 0 0 0 0 0 0 0 1 3 15 0
Nb of days with T max  ≥ 25°C 0 0 0 2 3 8 14 12 6 2 0 0 47 43
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the studied area appears to have mild winters but a sub-
stantially dry and warm growth season relative to annual
conditions. 

To analyse possible trends in the local climatic data,
the five monthly parameters available for the period
1950-1997 were used: maximum (Tx) and minimum (Tn)
temperatures, thermal amplitude (Tx–Tn), mean tempera-

ture (Tm = 1/2 (Tx +Tn)) and precipitation (P). From these
monthly data, mean values were calculated for the year
and the growing season. Climatic changes were investi-
gated by observation of linear increasing trends over the
period 1950-1997 and by calculation of the means at
decacal scale.

For response function analysis (period 1922-1991),
regressors were the monthly precipitations and the
monthly mean temperatures for each biological year, i.e.
from October to the previous growing season (t – 1) to
September of the year in which the ring was formed
(year t). These data were combined to form an array of
24 monthly regressors [10, 11]. To eliminate any posi-
tive or negative trend effect induced by correlative trend
in temperature or precipitation [2], climatic variables
were standardized by linear functions.

2.3. Measurements and statistical methods

The 9 to 10 largest trees in diameter in each circular
600 m2 plot were bored to the pith at 1.30 m (one core
per tree) and measured (total height (H) and diameter at
breast height outside bark (DBH)) (table II). The 128
dominant sampled trees aged from 46 to 122 years (at
1.30 m in 1991) were bored at right angle to the slope
direction so as to avoid tension wood. Any geometrical
abnormalities of the trunk were avoided as well. Early-
and latewood transitions within the 7620 annual rings
were defined according to qualitative aspects 

Figure 1. Climatic diagramm for Angers (47°30'N, 00°35'W,
57 m). Mean monthly temperature (°C; line) and precipitation
(mm; bars) were calculated for the period 1961-1990. MAP,
MGSP, MAT and MGST = Mean Annual or Growing Season
Precipitation and Temperature.

Table II. Growth characteristics of 128 Corsican pine trees. n = number of sampled trees per plot. Diameter was measured at breast
height over bark. TR = Total ring; EW = Earlywood; LW = Latewood. The Mean Sensitivity (MS) is a measure of year-to-year vari-
ability and AC is the first-order autocorrelation coefficient of the ring widths. Both parameters were calculated on the unfiltered
series of each tree and averaged per plot. Mean ring characteristics correspond to the period 1922-1991.

Age Total Height Diameter Number
n (at 1.30 in 1991) (in m) (in cm) of TR EW LW

mean min max rings MS AC MS AC MS AC

10 53 49 54 21.5 53 500 0.27 0.68 0.28 0.64 0.39 0.56
9 82 79 84 22.5 42 630 0.30 0.75 0.30 0.71 0.44 0.65
10 117 115 119 28.0 51 700 0.30 0.66 0.32 0.60 0.39 0.56
9 120 117 122 30.6 53 630 0.27 0.72 0.29 0.62 0.36 0.67
10 91 90 91 34.8 50 700 0.33 0.52 0.33 0.50 0.45 0.40
10 79 77 82 26.1 45 700 0.26 0.68 0.30 0.61 0.34 0.58
10 51 46 54 20.9 35 482 0.23 0.65 0.26 0.67 0.32 0.49
10 89 88 90 27.8 43 700 0.36 0.51 0.37 0.44 0.50 0.44
10 53 49 56 25.4 45 511 0.24 0.55 0.27 0.55 0.39 0.40
10 55 51 57 22.2 34 512 0.24 0.55 0.28 0.56 0.34 0.43
10 55 53 57 20.0 34 537 0.35 0.71 0.35 0.74 0.53 0.28
10 52 49 54 25.5 41 501 0.23 0.72 0.27 0.74 0.37 0.39
10 53 52 54 22.2 37 517 0.25 0.81 0.27 0.80 0.39 0.52

128 73 25.2 43.3 7620 0.28 0.65 0.30 0.63 0.40 0.49
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(darkening). To reduce bias in the tree-ring measure-
ments (precision: 0.01 mm), early- and latewood data
were collected by one only person. Earlywood propor-
tion ranged from 20 to 50% of total ring width according
to cambial age [26]. The mean sensitivity (MS) and the
first order-autocorrelation coefficient (AC) of the ring
widths were calculated for each tree and averaged per
plot over the range 1922-1991. MS is a measure of year-
to-year variability and AC assesses the influence of the
previous year’s growth upon the current year’s growth
[10].

The individual ring-width series were crossdated after
progressively detecting regional pointer years. When
growing conditions are less favourable, the annual ring is
narrower than normal and is commonly narrow for most
trees falling under the influence of this environmental
factor [35, 36]. In our study, the pointer years were
defined for each ring component as those calendar years
when at least 75% of the 128 cross-dated trees presented
the same sign of change (at least 10% narrower or wider
than the previous year) [4]. 

The individual ring-width series were standardized by
removing low- and intermediate-frequency variations,
using the appropriate Auto-Regressive Moving-Average
(AR(p) MA (q)) model [17, 19]. A total of 31 different
ARMA models were observed for the 128 single
chronologies. The simple models (1.0; 2.0 and 3.0)
appeared for 70% of the trees. Total ring widths and ear-
lywood widths were mainly standardized by the model
(1.0) (48% and 54% of the individual chronologies,
respectively). The autocorrelation within the earlywood
time-series was removed using a model (1.0) and (3.0)
for 37% and 23% of the trees, respectively. In the final
step, the selected model for each tree was determined by
excluding complicated models that were difficult to
explain from the biological point of view [29]. The
dimensionless indices were averaged by year (58 to 128
rings per date; mean = 109) to develop a master index
chronology that represented the common high-frequency
variation that existed in the 128 individual series. A mas-
ter index chronology was calculated for each ring com-
ponent separately. 

For each ring component, the effect of climate on
growth was investigated in three steps. First, pointer
years were compared with climatic data. Second, simple
correlation analyses were performed for the whole period
1922-1991 between monthly climatic data arranged as
previously defined and the master index chronology.
Third, bootstrapped response functions were calculated
using the 24 monthly climatic parameters as regressors
and the master index chronology as a dependent variable
[18, 39]. This method using bootstrap process consists in
calculating the regression on years drawn by lots, some

50 simulations being involved in total. For each iteration,
the regression coefficients and the multiple correlation of
climatic regressors are computed on the years randomly
selected (calibration years). An independent verification
is done on the observations omitted from the subsample
(verification years). At the end of the procedure, the
response function consists of the mean values and stan-
dard deviation of partial regression and correlation coef-
ficients (MRC and SC for calibration, MRV and SV for
verification) between actual values and values recon-
structed from climate. The significance of each boot-
strapped regression coefficient is provided by the ratio
between the mean value calculated from the results of
these 50 simulations and its standard deviation. When
the ratio ranges from 1.65–1.95, 1.96–2.57, 2.58–3.29
and > 3.29 the significance of the corresponding regres-
sion coefficients attains 90%, 95%, 99%, 99.9% of prob-
ability respectively [39]. The global significance of the
response function is defined by the ratio between MRV
and SV according to the same probability levels. 

3. RESULTS

3.1. Mean sensitivity and autocorrelation

The mean sensitivity for the total ring width ranged
from 0.23 to 0.36 with an average value of 0.28 
(table II). These values were higher for latewood (0.32
to 0.53; mean = 0.40) than for earlywood (0.26 to 0.36;
mean = 0.30). These data indicated appreciable inter-
annual variations in the ring width series and may sug-
gest that latewood was more sensitive to climate than
earlywood. First order-autocorrelation coefficients (AC)
averaged 0.64, 0.67 and 0.46 for total ring, earlywood
and latewood, respectively. For earlywood, this high
coefficient indicated a strong dependence of current
growth on the previous year’s growth. Because of its
lower autocorrelation, latewood seemed to be the least
deterministic part of the ring. 

3.2. Variations in climatic data

A linear increasing trend was observed in minimum
temperature (Tn) during the period 1950-1997 with a
slope of 0.032 °C. year-1 and 0.039 °C. year-1 for the
total year and the growing season, respectively (r = 0.64
for both periods; p<0.001) (figure 2). The positive trend
was observed for each month from May to October
(excepted September), but was more pronounced for July
(0.04°C. year-1) and August (0.054°C. year-1) (r = 0.48
and 0.59, p < 0.001). During the same period, the
increase in maximum temperature (Tx) was less pro-
nounced and only significant for August (0.058 °C. 
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year-1, r = 0.41, p<0.01). Consequently, the mean tem-
perature significantly increased in July (0.036°C. year-1,
r = 0.36, p< 0.01) and August (0.057 °C. year-1, r =
0.51, p<0.001) and for the total year (0.024°C. year-1, r
= 0.48, p< 0.001) and the growing season (0.027 °C.
year-1, r = 0.43, p< 0.001). On the contrary, thermal
amplitudes and precipitation did not show significant lin-

ear trends. The recent years (1990-1997) appeared to be
the warmest of the whole period (table III). The mean 
annual temperature ranged from 11.6 to 13.1 °C (mean
= 12.4 °C) with a mean summer temperature (July and
August) above normal (18.4 to 22°C; mean = 20.5 °C;
normal = 18.8°C). 

3.3. Pointer years and extreme climatic factors

There were many points of agreement between
extreme low-growth years and summer drought (low and
high values of precipitation and temperature during the
growing season) (table IV). For the period 1948-1991, 
9 years were characterized by growing season rainfall
deficits above 40 mm (42 to 128 mm: mean deficit = 
82 mm). Among these dry years, 6 corresponded to neg-
ative pointer years (1949, 1959, 1962, 1976, 1989,
1990). The years 1959, 1962, 1976 and 1990 were also
characterized by an annual rainfall deficit above 140
mm. Of the 15 pointer years, only the negative year 1976
occurred in both ring components. The importance of
this year could be explained by the exceptional duration
of the drought that began at the end of the 1975 and last-
ed until the late summer of 1976. The significant
decrease observed in 1986 cannot be associated to a rain-
fall deficit but seemed to be linked to the extreme frost
in February (mean temperature = –1.2 °C). For the wide-
growth years, three of the five positive years coincided
with rainy years and wet and cool summer (table IV).
For the positive years 1977 and 1985, no obvious corre-
lation appeared between wide-growth and available cli-
matic parameters suggesting the effects of different eco-
logical events or statistical artefacts. The frequency of
pointer years was significantly higher for latewood than
for earlywood (27% and 7% respectively; χ2 = 5.1, 
p < 0.05). Most of the pointer years defined for the total
ring corresponded to those of the latewood component. 

3.4. Simple growth-climate correlations

Total ring growth was positively correlated with prior
October and current January, June and July precipitation
(figure 3). Significant negative relationships were shown
between total ring indices and temperature during May,
July and August. The highest correlation coefficient was
found for July temperature. 

Only temperature (May and July) negatively influ-
enced earlywood formation (figure 3). May temperature
had the highest correlation with earlywood. 

Both precipitation (positively) and temperature (nega-
tively) influenced latewood formation. For precipitation,

Figure 2. Inter-annual variations (solid line) of annual (a),
growing season (b) and July (c) minimal (Tn) and maximal (Tx)
temperatures in Angers (period 1950-1997). The dashed lines
indicate significant linear trends at the 95% level.
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significant months were prior October and current
January, June, July and August. Latewood growth was
negatively influenced only by summer temperature 
(figure 3). 

The common significant correlation coefficients sug-
gested that the major climatic signal in Corsican pine
tree rings was linked to summer drought. 

3.5. Response function analysis

For the calibration years, the MRC (SC) were 0.83
(0.04), 0.80 (0.04) and 0.82 (0.04) for total ring, early-
wood and latewood, respectively. The corresponding
verification coefficients (MRV and SV) were 0.46
(0.12), 0.37 (0.16) and 0.42 (0.12) (figure 3). These high
verification values demonstrated the reliability of the
regression estimate. Total ring and latewood response
functions were significant at the threshold 99.9%.
Earlywood response function was significant at the
threshold 95%. 

Climatic models found seven months to be significant
and each chronology was more closely correlated to tem-
perature than precipitation. Only prior October precipita-
tion and current July temperature entered in all models
with positive and negative regression coefficients,
respectively. Earlywood and total ring growth showed a
highly significant negative association with current May
temperature. Previous October and current July tempera-
ture also negatively influenced earlywood growth 
whereas January temperature and previous October pre-
cipitation had a positive effect. The regression coeffi-
cients suggested that earlywood formation was enhanced
by warm and wet conditions during autumn and winter
and was reduced by warm spring. For the latewood com-
ponent, the significant regression coefficients suggested
that growth was enhanced by wet conditions during prior
October and current February and June but was highly

reduced by warm summer. The positive effect of
February and June precipitation was also significant for
the total ring growth.

4. DISCUSSION AND CONCLUSION

The calculation of response functions provides readily
accessible information about the dominant mode of lin-
ear response between tree-ring and climate variables of
many years. As a disadvantage, however, response func-
tions and also correlation analysis are unable to render
evidence about less frequent and time-dependent growth
limiting factors. The pointer years analysis provides
information on an individual year basis and can be con-
sidered as a supplement to the calculation of linear
regression models. The combination of these different
procedures gives the most comprehensive dendroclima-
tological information [24]. In this study, the three meth-
ods clearly showed that the radial growth of mature
Corsican pine trees, growing at low elevation on acidic
well-drained soils in western France, is mainly limited
by summer drought (deficient water balance as a result
of low precipitation and high temperature). Extreme
growth reductions are more frequent than positive point-
er years and specially highlight the effects of low precip-
itation. This may be due to the fact that during strongly
adverse conditions, the tree response is more uniform,
even within a large geographic region, whereas in
favourable conditions this response may be more hetero-
geneous [31]. Because response functions give informa-
tion between tree-ring and climate of many years, our
results suggest that temperature is more important than
precipitation in the studied area. This strong negative
correlation between summer temperature and growth is
similar to the results reported for Pinus sylvestris[6, 12,
32], Pinus taeda[13], Pinus uncinata[32, 34] and is
consistent with findings obtained for old naturally Pinus

Table III. Variations of minimum (Tn), maximum (Tx), mean temperatures (Tm), thermal amplitude (Tx – Tn) and precipitation (P) at
decadal scale for the year and the growing season (GS; May to September). Means with the same letter are not significantly different
at the 0.05 level (Bonferroni (Dunn) T tests; Critical value for T = 3.25; DF = 47).

Tn (°C) Tx (°C) Tm (°C) (Tx – Tn) (°C) P (mm)
Period Year GS Year GS Year GS Year GS Year GS

1950-1959 6.7 bc 11.2 cd 16.0 a 22.2 a 11.4 b 16.7 ab 9.2 a 11.0 a 598 a 245 a
1960-1969 6.9 bc 11.1 d 15.6 a 21.8 a 11.3 b 16.5 b 8.8 abc 10.7 a 608 a 216 a
1970-1979 6.9 bc 11.5 bcd 16.0 a 22.4 a 11.5 b 16.9 ab 9.1 ab 10.8 a 590 a 224 a
1980-1989 7.5 abc 12.1 abc 15.9 a 22.2 a 11.7 ab 17.1 ab 8.4 abc 10.1 a 685 a 248 a
1990-1997 8.1 a 12.8 a 16.7 a 23.2 a 12.4 a 17.8 a 8.7 abc 10.4 a 655 a 242 a
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Figure 3. Simple Pearson's correlation (r) coefficients (bars) and response function coefficients (lines) for monthly temperature and
precipitation from previous October to current September for each ring compartment (period 1922-1991; n = 70). The number of
stars (for response function) and triangles (for correlation function) indicate significance at the 95%, 99% and 99.9% levels.
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nigra stands from central mountains of Spain [9] and
young trees [20, 21]. Physiological studies have found
that the net assimilation rate of Pinus nigrasharply
decreased when soil dried as a result of an efficient and
rapid stomatal control of transpirational water loss
(decreasing photosynthate production and carbohydrate
storage) [1, 27]. Thus, for the Western France, Corsican
pine confirmed to be as a drought-sensitive species. 

Latewood appeared to be more sensitive to climate
variations than earlywood and the response function
obtained from latewood was very similar to the one
defined from total ring series. The reliability of the cli-
matic response of early- and latewood widths suggests
that in future studies both parameters can be used to
obtain subseasonal climatic information.

The exact date of transition from early- to latewood
was not investigated in the present study. Nevertheless,
response functions suggested that the period of early-
wood formation occurred mainly in early spring (strong
negative effect of May temperature) whereas the growth
of the latewood band was maximum in mid-summer
(strong negative effect of July temperature). Warm May
temperatures could reduce earlywood width by creating
water stress conditions at the beginning of the growing
season [40]. These results are consistent with intra-annu-

al anatomical observations of Pinus unicnataand Pinus
sylvestrisin the central spanish Pyrenees [7].

Because most trees growing in the temperate zone
require high temperature in late winter for the use of
reserves at the beginning of the vegetation period [37], a
warm winter may influence the breaking of dormancy
and the resumption of physiological activity in the tree
and thus increase the duration of the current growing
season. High temperature may also enhance winter pho-
tosynthesis, which is known to play an important role in
some coniferous species [14, 16]. The effect of prior
October climate conditions may indicate some precondi-
tioning of current year’s growth by climate during the
previous year. In many conifer species, carbohydrate
reserves are built up in autumn and stored during the
winter until growth starts. Thus, it may be suggested that
Corsican pine is not able to fix significant amounts of
carbon during warm, dry October weather conditions,
which may cause a reduction in growth the following
year by reducing carbohydrate reserves [15].

The trends in local climate are consistent with others
observations in France [8, 33], Austria [22] and, in a
more general context, with the important change in cli-
mate observed over Northern Hemisphere land areas
since the mid-19th century [30]. In this general context
of climatic changes, the highly significant inverse 

Table IV. Calendar years characterized by a strong relative increase or decrease in radial growth for each ring compartment. TR =
total ring; EW = Earlywood; LW = Latewood. The years refer to a strong relative increase or decrease found in at least 75% of the
128 crossdated trees (period 1948-1991). The number in brackets correspond to the mean of the parameter calculated over the period
1961-1990. Growing season (GS) = May to September. Summer = July and August. 

Negative Relative decrease (%) Deviation from the mean (in mm) Deviation from
pointer years TR EW LW Year (618) GS (224) mean Summer temp. (18.8°C)

1949 –34 –116 –46 2.1
1952 –31 –30 202 48 0.7
1955 –38 –79 –12 1.5
1959 –30 –45 –155 –117 1.1
1962 –23 –32 –147 –86 –0.4
1969 –24 –75 –32 1.0
1976 –44 –35 –54 –146 –63 2.4
1986 –29 –41 68 –16 –0.9
1989 –39 –60 –27 –101 1.9
1990 –25 –26 –157 –128 2.5

Positive Relative increase (%) Deviation from the mean (in mm) Deviation from
pointer years TR EW LW Year (618) GS (224) mean Summer temp. (18.8°C)

1950 86 165 125 0.1
1977 69 197 –14 –19 –0.8
1980 94 107 66 –1.0
1985 50 –67 –25 –0.3
1988 73 145 87 –12 –0.6
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correlation between inter-annual Corsican pine ring vari-
ations and summer temperature dismiss the hypothesis
that warm summer could induce growth enhancement in
the next years. On the contrary, using the linear relation-
ships observed over the range of mean monthly July
temperature (16.4 to 22.4°C ), a mean increase from 1 to
3°C is likely to decrease total ring growth by 3 to 11 per
cent over present day values. Thus, although forest
growth simulation models based on different scenarios
of climate change are still unclear, a steady regional
warming may have a major effect on the pine environ-
ment and may endanger the establishment and the sur-
vival of the Corsican pine plantations in western France.
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