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 Abstract

 The similarity over long distances of dendroecological pointer years (with extreme

 ring-widths) were studied at both regional and country scales in order to inves-

 tigate the geographical extension of climate influences on tree-rings. Two common

 species, Norway spruce (Picea abies Karst.) and white fir (Abies alba Mill.) were

 compared. The regional study was carried out on 33 populations located in four

 alpine valleys along a climatic gradient of summer aridity (Tarentaise, Maurienne,

 and Brianqonnais, in France, and Susa valley in Italy). For most of species and
 regions, several negative ring-width pointer years with abrupt growth reductions

 such as 1976, 1922, 1986, and 1944 were common (listed in order of decreasing

 importance). However, spruce growth was more reduced in 1948 than that of fir.

 At the country scale, some of the strongest positive (e.g., 1932, 1964, 1969) and
 negative (e.g., 1956, 1962, 1976, 1986) pointer years extended over the whole of

 France, whereas the geographic variability was explainable by the autoecology of

 species. At both studied scales, evident climatic interpretations such as severe

 winter frosts, unusual summer droughts, or excessive wet and cold springs can

 explain most of the negative pointer years. Conversely, most positive growth
 responses are caused by a local combination of favorable climatic factors rather

 than simple extreme events, and therefore are less efficient for wood dating.

 Introduction

 Dendroclimatology is an useful tool for dating the reaction

 of trees to geomorphologic events (Coumoyer and Filion, 1994;

 Lepage and B6gin, 1996) and climatic influences (Fritts, 1976;
 Camarero et al., 1998) such as extreme frosts (Schweingruber
 and Mtiller, 1992; Brunstein, 1996) or aridity. The relationships
 between tree-ring widths and climate may be studied with two
 classical methods, either the calculation of response functions

 (Fritts, 1976; Cook and Kairiukstis, 1992) or the analysis of
 pointer years (Schweingruber et al., 1990). The former method
 uses statistical techniques such as correlation between monthly

 climate and yearly average ring-widths, making assumptions

 about the probable effect of precipitation or temperature, where-
 as the latter tool analyses the periods of extreme changes in
 radial tree growth, without assumptions.

 In pointer years analysis, an "event year" is usually defined
 as a year with a conspicous feature such as abrupt growth change

 (positive or negative), reaction wood, or wound (Kaennel and
 Schweingruber, 1995). When such an event year is observed
 simultaneously in several trees in the same population, it is
 called a "pointer year," and only these extreme growth changes
 are studied in this study. Pointer years can be visually detected
 on cores when they exceed an increase of more than +30%, or
 a reduction of less than -40 % compared to previous rings

 (Schweingruber et al., 1986). Such pointer years are particularly
 useful for dendrochronological dating of wood samples (Crop-
 per, 1979). However, when samples come from different sites or
 species, it is sometimes difficult to cross-date them, since pointer
 years are known to be sensitive to geographical variability (Kelly
 et al., 1989) and species influence.

 The main purpose of this study was to investigate the geo-

 graphical variability of extreme ring widths. Increasing spatial
 scales were examined: a regional scale that comprises different
 sites located in several valleys in the French or Italian Alps
 (Desplanque, 1997), and a larger scale covering the entire coun-

 try of France (Lebourgeois, 1997). Thus, the appearance and
 replication of pointer years over large scales and therefore the

 possibility of using pointer years for dating wood samples from
 distant sites was determind.

 Two common coniferous species of quite comparable eco-

 logical requirements were sampled: Norway spruce (Picea abi-

 es [L.] Karst.) and white fir (Abies alba Mill.). Both are known
 to be sensitive to summer drought (Becker, 1988; Rolland,
 1993; Guicherd, 1994; Desplanque et al., 1998), but fir is a

 more shade tolerant species, whereas spruce behaves as a pi-
 oneer tree.

 The differences among these two species were first exam-
 ined at the regional scale in four alpine valleys to identify the
 climatic limiting factors for the radial growth of each species.

 The interest of such sampling strategy with two species of com-
 parable ecology was demonstrated for other Picea and Abies

 species by Villalba and Veblen (1994). Thus, the sampling sites

 are chosen along a gradient of summer drought that includes the

 ecological limits of both species. Such an ecological situation is
 favorable for dendroecological analysis, and more particularly to
 the study of pointer years (Schweingruber et al., 1991a). These
 regional results are compared then with those of Lebourgeois

 (1997) obtained for the same species in the French permanent
 plot network for the monitoring of forests ecosystems (RENE-
 COFOR).
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 FIGURE 1. Location maps of RENECOFOR dendroecological study (Lebourgeois, 1997) in France and
 of our analysis in French Alps and Susa valley (Italy) for both Norway spruce and white fir. Three altitude
 levels (Upper, Middle, and Lower) and two aspects (North and South) were combined in the latter
 sampling, carried out in four valleys (in bold). Meteorological stations are indicated by circles and forest
 stands by squares, respectively coded with letters (RENECOFOR results) and numbers (our results).

 Sites and Methods

 SAMPLING SITES AND CLIMATE FOR REGIONAL STUDY

 Thirty-three populations were sampled in four alpine val-

 leys (Fig. 1): the Tarentaise, the Maurienne, the Brianqonnais in
 France and the Susa valley in Italy (Table 1), that strongly differ
 with respect to summer aridity. Schematically, these regions are
 characterized by three main climatic features. Tarentaise and par-

 ticularly Maurienne are the colder regions. Brianconnais, Susa

 valley, and Maurienne have the driest summers, and the wettest

 springs occur in Susa valley (Desplanque, 1997). Human activ-
 ities have replaced subalpine forests by cultivation and pastures
 in some valleys (Maurienne and Tarentaise) or by pine or larch
 forests in Brianconnais. For that reason, the extreme bioclimatic

 cases (low altitude in dry regions on southern exposure) are
 missing in this study. Consequently, some bioclimatic influences

 on tree growth may be obscured by the lack of present forest
 under particular climatic conditions.

 Each population is schematically characterized in Table 1,

 with its altitude, slope, aspect, and important factors influencing
 the ecology such as bedrock, soil, humus, and understory com-
 munity. Rainfall data are not available for these forests stands

 and therefore have to be evaluated indirectly. For this purpose,
 the Gam's angles (G) that expressed the increase of rainfall with
 altitude were successively calculated by:

 Cotg (G) = Rainfall (mm) / Altitude (m)

 for the whole year (Gye), the summer (G), the winter (Gw), and
 the conventional vegetation period (Gyp, from April to August).
 A correction for low altitudes (<800 m) was used for Susa,

 according to Michalet (1991, in Pache et al., 1996). For example,
 the value G > 55? was considered as a limit for the beech (Fagus
 sylvatica L.), excluded by excessive continentality and insuffi-
 cient precipitation (Ozenda, 1985). Similarly, a value of Gw
 above 65? was approximately the white fir distribution threshold
 (Pache et al., 1996) (Fig. 2).

 It is noteworthy that in the Tarentaise (Gensac, 1988) and

 in the Maurienne valleys (Bartoli, 1966), fir is absent at higher
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 TABLE 1

 Tree stands features with soil type, understorey community, site topography, and number of sampled trees and cores. Letters and number codes are indicated on the location map 4

 Soil and vegetationSite topographyLocation Sampling Years Age (yr.)
 No | Soil type Understorey commumity Altitude Aspect Slope Latitude L ongitude Trees Cores Rings Begin End Mi Max

 Norway spruce (Picea abies)
 A Podzohc odier soil Qercemio robori-petraeae (Braun-Blmquet 1932) Rivas-Martinez (1982) 470 N 6 4956'51 N 4?48'35 E 30 30 1041 1960 1994 32 38
 B Acid brow soil Luzulo luzuloides - Fagesni sylvaticae (Lobmeyer iu Tixao 1954) Obeadorfer (195-7). 650 SW 29 48?14'02 N 7?06'14 E 30 30 2633 1906 1994 85 92
 C Podzolic ocier soil Qercuon robon-petraeae (Braun-BlaoqueL 1932) Rivas-Martmnez (1982) 600 NE 16 4700'33 N 407'06 E 30 30 1404 1947 1994 43 50
 D Eslrpbeic brow soil Galio odorais-FagaumTlix m(1 955) 970 SE 10 4634'47N 5?52'37 E 30 30 1724 1938 1994 56 69
 E umo-calcic soil Accri pscudoplaaai - Fagion sylvatcae Elaiberg (1963) 1210 W 8 46?31'00 N 6?03'44 E 30 30 3267 1887 1994 94 262
 F Acid brow soil Vacemio sp. pl. - Piceaemn abitis Oberdorfer (1957) 1700 NW 30 45?35'12N 6?4723 E 28 28 5189 1805 1994 159 209
 G Pseudo-gley Vaccinio sp. pl. - Piceemon abietis Oberdorfer (1957) 1200 NW 25 46?13'42 N 6?20'58 E 30 30 2173 1920 1994 64 85
 H Brown idosoil Luzulo sp. pl. - Fagiou sylvacae Lohmeycr et xoiTn Texm (1954) 950 Flat 0 45?45'20 N 2?57'58 E 30 30 834 1964 1994 26 31
 I Podzolic odier soil Lumilo sp. pi. - Fagion sylvaLcae Lohmeyer et Tuxe n in Txen (1954) 650 NW 20 45?48'00 N 148'55 E 30 30 694 1971 1994 22 25
 I Podzohc ocier soil Luzulo sp. pl. - Fagiou sylvaecae Lohmeyer e Txaoi in Tuxen (1954) 1020 Flat 10 43?3814N 2?55'16E 30 30 791 1968 1994 25 28
 K Podzolie ocher soil Luzulo sp. pl. - Fagion sylvaicae Lohmeyer et Tuxeoa i Tuxmn (1954) 820 N 28 43?26'31 N 2?26'05 E 30 30 1264 1951 1994 37 49
 1 Podzolic soil Homogyno alpmae-PiceetumTkZikngl 73 1950 SW 22 45?36'43 N 653'02 E 13 26 5153 1762 1993 164 232
 2 Podzoelic oCer soil Verticourticifoliae-AbietetumRameau 93 1600 SE 29 45?3626 N 6?53'19 E 13 25 2338 1844 1993 54 150
 4 odier brow soil Sileo rupestris-Picertum Gensac 61 1350 SE 30 45?3620 N 6?53'09 E 12 24 3288 1760 1993 80 234
 6 Podzolic soil Homogyo alpinae-PiceetumZukrigl 731900 NW 5 45?3541 N 6?54'38 E 12 23 3848 1778 1993 105 216
 7 Podzolic ocher soil Verwuico uticifoliae-Abietetum Rameam 93 1600 NW 22 45?3601 N 654'17 E 12 24 3302 1831 1993 98 163
 9 Colluvialsoil veroico mutcifoliae-Abietetum Rameau 93 1350 NW 26 45?36'02N 6?53'45 E 12 23 2982 1741 1993 51 253
 11 Brow soil o schist. flagsl.aone V? ico urticifohaeAbietetum Rameau 931950 SE 25 45?17'32N 6?51'16 E 12 24 2208 1849 1993 66 145
 12 Deep browsn soil Polygalo dchamaebuim-Piceetum Ramreau 94 1700 S 19 45?1721 N 6?51'5E 12 24 2222 1872 1993 59 122
 14 Very dege brmi soil Rhododeadrofentugiae-AbietdtumKuoc 54 1950 NNW 23 45?16'08N 6?54'38 E 15 30 4813 1790 1993 56 204
 15 Deepbrow. soil Veroicourtcifoiae-AbieTetumRameau 93 1650 NW 13 45?16'22 N 6?53'17 E 12 24 3242 1792 1993 83 202
 17 Calcic colluvial soil Vercmaco uticifoiae-Abietetlum Rameau 93 1420 NW 40 45?16'46N 6?52'23 E 11 22 1604 1886 1993 53 108
 19 Calcic brou soil on gypsum Rhododendron faugimae-Abieetum Kuochd 54 1850 N 25 45?00'58 N 6?38'18 E 12 23 4910 1738 1993 113 256
 21 Calcic broe soil on gypsum Carici austroalpae-AbideteumCadelinM idial etal. 98 1600 NE 29 4501'07N 6?3832 E 12 24 3452 1774 1993 84 220
 25 Add bron soil Rhododedron feruginae-Abietetum Kuodi 54 1900 WNW 15 45?02'33 N 6?40'56 E 12 24 2626 1853 1993 72 141
 27 Deep brow soil Rhododendronfimginae-AbiettMn Kuodi 54 1700 SSE 20 45?02'45 N 6?41'06 E 12 23 2945 1814 1993 73 180
 30 Acid brow soil Rhododidronfearuginae-Abieetum Kuoch 54 1700 SSE 20 45010'28N 7?02'53 E 12 24 1906 1896 1994 44 99
 32 Ochr brown soil n ridge Rhododendroanfenuginae-AbietetumKuodi 54 1700 NW 15 45?10'30N 7?03'11 E 9 14 1222 1897 1994 30 98

 White fir (Abies alba)
 L Acid browe soil Luzulo luzuloides-Fageiou sylvaticae (Lolhmeyer iunxoen 1954) Oberdorfer (1957). 400 NW 16 48?3636 N 7?08'02 E 30 30 1595 1939 1994 46 60
 M Mesotrelicbrownsoil Abie - FagetumOberdoifer(1938) 680 NW 45 47?56'01 N 7?07'31 E 30 30 3095 1888 1994 93 114
 N Brosioreadzia (alio odori - Fagenion lTixen (1955) 1000 NW 19 46?58'34 N 6?27'42 E 30 30 2362 1912 1994 47 153
 0 Humo-caloc soil Dame laureolae - CaipinmeoioibetuliRameau (1981) 560 Flat - 46?50'33 N 5?47'18 E 30 30 1207 1953 1994 35 47
 p Colluvial acid brow soil Geraio nodosi - Fagian sylvaticae BaHeliel . al. (1977) 1100 E 35 45?25'17N 6?07'53 E 30 30 2733 1890 1994 46 162
 Q Calci brown soil Gerauo nodosi - Fagenion sylvaticae Balleh et al. (1977) 1360 N 30 44?29'25 N 602733 E 30 30 3570 1893 1994 56 152
 R EuBtropic brovw soil Geraio nodosi - Fagmian sylvaicae Balleli a al. (1977) 1150 W 20 44?56'53 N 5?19'5 30 30 3509 1871 1994 76 157
 S Podzolic ocher soil Luzulo sp, pl. - Fagioi sylvaticae Lohmeyer et Tluxeuo i TuLxe (1954) 1300 W 20 44?42'36N 305757 E 30 30 2376 1915 1994 74 86
 T Acidbrovm soil Luzulo sp. pl. - Fagitm sylvatieac Lohmeyer el. Tuxo in Tuxoa (1954) 1040 W 15 4526'51 N 3?31'39 E 29 29 3061 1893 1994 77 225
 U Podzolic odier soil Luzulosp, pi. - FagionsylvaicaeLebimeyer etTuxeniiuxaen(1954) 1100 W 55 42051'52N 1?20'43 E 29 29 4828 1827 1994 162 183
 V Hydrmoruic calceic browl soil Fagicm sylvaicae Tluxei et Diemoe (1936) 950 N 32 42?52'02 N 2?06'04 E 30 30 2371 1914 1994 73 85
 3 Podzolic odher soil Versico urticifohae-AbiLdetiumRameami 93 1600 SE 29 45?36'26 N 6?53'19 E 12 24 1416 1906 1993 48 88
 5Very deep odier b'om soil Vaccmio vitis idaea-Abieteum Oberdorfer 571450 SSE 25 453620N 6053'09 E 12 24 3819 1786 1993 74 208
 8 Podzolic ocher soil Veromco urticifoliae-AbietdumRameau 93 1600 NW 22 45?3601 N 6?54'17 E 12 23 4089 1741 1993 77 253
 10 Couviualsoil Vericou mticifoliae-AbietetAnu Rmeau 93 1350 NW 26 45?36'02N 6?53'45 E 12 24 2431 1795 1993 63 199
 13 Calcareous brom soil on deep couvium Polygalo iamadebud-Picectum Rameau 94 1700 SSE 40 45?17'117 N 6?50'54 E 14 28 3391 1805 1994 49 190
 16 Deep browu soil Veromico uticifoliae-Abietetum Rmneau 93 1650 NW 13 45?16'22N 6?53'17 E 12 23 4230 1786 1993 150 208
 18 Calci colluvial soil Veaomco urticifoliae-AbietetumRameau 93 1420 NW 40 45?16'46N 6?52'23 E 12 24 2413 1791 1993 67 203
 20 Calic brownl soil m gypsum Rhododndrton faruginaeAbietetum Kuodh 54 1850 N 25 45?00'58 N 6?3818 F 12 24 5889 1727 1993 209 267
 22 Calcic brown soil on gypsum Carnci ausUroalpmae-Abietetum Cadel m Michdal et etal. 98 1600 NE 29 45?01'07N 638'32 E 12 24 2414 1803 1993 63 191
 23 Deep calcic brovM soil ou moraine Canci austroalpminae-Abietetum Cadel in Midalet, et, al. 98 1780 N 18 44?55'30 N 6?41'23 E 12 24 2382 1862 1994 53 133
 24 calcareouis brown soil on moraine Carici maustroapinae-Abiedetum Cadel ia Midaalet etal. 98 1600 N 35 44?55'17N 6?41'13 E 12 24 5365 1745 1994 155 250
 26 Aiddbrolb soil RhododaidromfermginaaeAbietetumKuocd 54 1900 WNW 15 45?02'32 N 6041'05 E 12 24 2886 1809 1993 75 185
 28 Deep broe soil Rhododaodr femruginae-AbiduelumKuodi 54 1700 NW 20 45?02'45 N 6441'06 E 12 24 4423 1767 1993 143 227
 29 Deep calic brosu soil Canci austroalpimae-Abietetum Cadel m Midialet etal. 98 1600 NW 30 44?56'52 N 6?46'12 12 24 3171 1823 1993 85 171
 31 Acid brow soil Rhododadronu feauginae-Abidtetum Kuoch 54 1700 SSE 20 45?10'28N 7?02'53 E 12 24 1699 1902 1994 53 93
 33 Odier brovi soil m ridge Rhododendrauferruiginae. Abietetum Kuochd 54 1800 NNW 25 45?10'30N 7?03'11 E 12 24 2123 1888 1994 73 107
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 FIGURE 2. Mean monthly precipitation
 and air temperature in the four studied val-
 leys. Each pie chart for seasonal precipi-
 tation was divided into 4 periods: Sp =
 spring (March-May), S = summer (June-
 August), A = autumn (September-Novem-
 ber), and W = winter (December-Febru-

 ary). Gams coefficients (G) are given for
 winter (G,,), summer (G0), whole year (Ge),
 and vegetative period (G,.p) from April to
 August (see text for calculation method).
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 altitudes (above 1800 m). Moreover, in the Brianqonnais (the
 driest part of the French Alps), the two species are not present
 on southern slopes. Furthermore, spruce is absent on milder
 northern slopes in Montgenevre (Brianconnais), because this
 area is excessively dry for that species (Cadel, 1980).

 POINTER YEARS CALCULATIONS FOR REGIONAL STUDY

 For each population, two cores were taken in 1993-1994 at
 breast height (1.3 m) on 12 dominant trees per species. All the
 ring-widths were measured and cross-dated. Ring-width mea-
 surements were made to a 0.01-mm precision, using a binocular
 microscope linked to a digitalizing tablet. For each individual
 core, the mean sensitivity (MS) was calculated using the Doug-
 lass method (in Fritts, 1976) by:

 1C i+l - Cil

 M - 1 (Ci+1 + Ci)
 2(N - 1)

 (N = total amount of rings, Ci = width of ring "i").
 The average and standard deviation of annual ring widths were
 obtained for each tree population.

 For the calculation of pointer years, each ring-width value
 was compared with the average width of the four previous rings
 (Schweingruber et al., 1990) to detect negative pointer years
 (NPY) or positive pointer years (PPY). Three classes of abrupt
 growth changes were used, according to Schweingruber (1986)
 or Bronzini et al., (1989), defined as following:
 * -40% of reduction or +66% of increase.

 * -55% and +122%

 * -70% and +233%.

 For a given threshold, the number of trees showing a growth
 reduction (N-) or a growth increase (N+) were studied sepa-
 rately. These two values of pointer years (NPY and PPY) were
 then expressed in percentages of the total number of rings avail-
 able per species during the same year.

 METEOROLOGICAL DATA

 Monthly sums of precipitation and mean temperature near
 the sampling sites were located in Bourg-Saint-Maurice, Ter-
 mignon, Nevache, Bardoneccia, Susa (Fig. 2). For longer time
 periods, the long series of Lyon was also used despite that it is
 located about 150 km far from the tree populations.

 SAMPLING SITES FOR COUNTRY SCALE STUDY

 A dendrochronological study was carried out by Lebour-
 geois (1997), covering the entire country of France in the
 "French Permanent Plot Network for the Monitoring of Forest
 Ecosystems" (RENECOFOR). In 22 of these stands, 328 firs
 and the same number of spruces were cored at breast height
 (Table 1). To compare results of our study with those of Le-
 bourgeois (1997), his unusual methodology was also applied on
 our ring-widths measurements. Lebourgeois (1997) defined a
 pointer year as a ring-width variation between two consecutive
 rings exceeding +10% or -10%, with at least 70% of reactive
 trees per population.

 Results and Discussion

 REGIONAL STUDY

 The negative pointer years were analyzed for 33 popula-
 tions. The whole measured period extends from 1731 to 1992

 (262 yr), but its beginning cannot be studied in details because

 of a lack of meteorological data required for the interpretation

 of pointer years, and fewer measured ring-widths. There is less
 confidence for older periods due to the smaller sample size.
 Therefore, the period 1880-1990 was analyzed here to conserve
 more than half of total cores when results are analysed by spe-
 cies.

 Regional Differences among Sites

 For both percentage of pointer years (Fig. 3a) and mean
 sensitivity of raw data master chronologies (Fig. 3b), there was

 a clear regional difference between two groups of valleys. The
 first group comprises the Tarentaise and the Maurienne, with
 many pointer years (both positive and negative), and high mean
 sensitivities. In contrast, the Brian,onnais and Susa areas had

 fewer extreme tree rings and lower yearly variation of successive

 ring-widths (lower mean sensitivity). This result was unexpected

 since climate in Tarentaise is wetter and expected to be more
 favorable for fir and spruce development (Bartoli, 1966; Gensac,
 1988). Moreover, the increasing variability in precipitation (from
 April to August) from Tarentaise to Susa valley (Fig. 2) was
 expected to lead to higher tree-ring mean sensitivities and more
 numerous pointer years in Brian,onnais and Susa. Thus, biocli-

 matological arguments failed to explain differences among sites.
 This apparent paradox may be explained by the actual distribu-
 tion of the species. Fir and spruce are excluded in Brian,onnais
 and Susa valley from low altitudes in southern slopes by both
 summer aridity and past human pastoral activities (Desplanque,
 1997). The exact role played by each of these factors is difficult

 to quantify due to a lack of archived sources. Considering the

 MS and pointer years, the highest tree responses are often ob-
 served at low altitudes (for the populations no. 9, 10, 17, 18),
 and particularly on southern slopes (stands no. 4, 5) (Fig. 3b).

 Differences among Species

 Figure 4 and Table 2 show the number of positive and neg-
 ative pointer years for fir and spruce. The two most important
 negative pointer years were 1976 and 1922 for both species (with
 14.9% of all trees showing a negative pointer year [NPY]). Most
 of the years were not pointer years; moreover, normal periods
 (i.e., without pointer years) seem to form continuous sequences
 that persisted during several years. For the entire study period,
 the longest period without strong NPYs was observed during the

 21 yr from 1923 to 1943 (with less than 3.3% of reactive cores
 for all the sites). The next longest period was observed between
 1872 and 1887 (16 yr) with less than 3.4% of cores with NPY.
 The periods 1910-1920 and 1890-1905 had also low distur-
 bances. Conversely, the NPY appear to be concentrated into
 short periods from 2 to 3 yr, such as in 1906-07, 1921-22, 1948-
 50, 1962-63, 1974-76, 1986-87, and such as 1910-1915, 1925-

 1932 or 1982-1983 for the PPY (positive pointer years).
 As observed in Table 2, both species reacted strongly and

 negatively in 1976, 1922, 1986, and 1944, (and a little less in

 1992, 1921). Spruce always showed a NPY when fir did, where-
 as several years were only observed for spruce (1948, 1962,
 1991).

 Spatial Variability at Regional Scale

 Different populations of the same species under the same
 site conditions (altitude and aspect) usually reacted similarly in
 the entire studied area. However, in some cases, results strongly
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 TABLE 2

 Distribution of negative pointer years according to percentages of fir and spruce showing growth reductions (NPY -40%) within 6
 classes. In each class, years were listed in decreasing importance, for the period 1910-1992

 differed and a geographical variability appeared for some partic-
 ular pointer years. For example, 1921 was a pointer year only
 in Tarentaise, 1956 only in Maurienne, and 1944 or 1976 in these
 two valleys (Fig. 6a). During 1921 (Fig. 5), a drought period
 occurred most everywhere in France but not in the southern Alps
 (Blanchard, 1922). For that reason, this pointer year was only
 observed in Tarentaise, and less commonly there in northern ex-

 posures. In this case, fir reacted more strongly than spruce in the
 southern exposure. (Abies North = 3%, South = 28%; Picea N

 = 7%, S = 18%). Lingg (1986) and Schweingruber (1986) also
 observed a NPY in 1921 in the Swiss Wallis. A prolonged effect
 was observed the following year 1922 (Bert, 1992). Therefore,

 sustained unfavorable climatic conditions can produce succes-
 sive NPY.

 During 1976 (Fig. 5), there was a high rainfall deficit in
 May and June in parts of France and Switzerland, including Tar-

 entaise and Maurienne, but not Brianqonnais, Nevache, or Susa.
 This result explains why the strongest pointer year 1976 was
 only observed in Tarentaise and Maurienne. It may be due to
 drought in May-June, for both species, and enhanced by south-
 ern exposure (Abies N = 9%, S = 23%; Picea N = 10%, S =

 29%) (Desplanque, 1997). Thus, spruce appears to be slightly
 more sensitive to summer drought than fir. This NPY was also
 observed for fir in the French Jura (Bert, 1992), the Vosges
 mountains (Becker, 1988) (NE France), and in the Wallis and
 Swiss Jura (Schweingruber, 1986).

 COUNTRY SCALE STUDY

 Samples were available in all the 33 populations since 1910,
 with a yearly total number of cores ranging from 790 to 565,
 for compilation of Figure 6. Note that in this section, the same
 calculation of pointer years was applied to both our data and to
 RENECOFOR results to permit direct comparisons. However,
 for a few dates some populations do not record pointer years. It

 may be explained by local factors such as deep soil that may
 compensat for dryness or different forest densities.

 Spatial Variability at the Country Scale

 The four most geographically extended negative pointer
 years of the last 50 yr studied here were 1956, 1962, 1976, and

 1986 (Fig. 6). Three cases may be schematically distinguished:
 frost events (1956), dry periods (1962, 1976), and excessively
 wet and cold springs (1986).
 * 1956 was a typical year with a frost event for spruce and fir
 (Schweingruber and Muller, 1992), after a warm December and

 January, without frost hardening. A strong cold period occurred
 in whole western Europe in February (Schweingruber et al.,
 1991b); its effect was enhanced because soil surface and roots

 were not protected against freezing by snow cover (Lenz et al.,

 1987). Spruce reacted only in Maurienne (the coldest region,)
 whereas fir did not show this geographic variability.
 * On the contrary, 1962 and 1976 were dry years. The driest
 year recorded in Geneva from 1826-1987 was 1962 (April-Sep-
 tember). Moreover, it followed the very dry summer of 1961
 (July-August). Sixteen spruce populations among 24, and 18
 among 29 fir stands reacted negatively. All the populations lo-
 cated on southern slopes and at lower altitude presented the
 strongest negative pointer years. On the contrary, one population
 of fir at high altitude (upper level in Nevache) reacted positively,
 exactly as observed by Petitcolas (1998) for 20 subalpine pop-
 ulations (of spruce, cembrian pine and larch) among 37 stands.
 1962 was a very dry summer year over large areas, whereas
 1976 was a less extended spring dry year combined with
 warmth. This main difference between these two years explains
 the more widespread geographical extension of NPY in 1962 in
 both species and at both scales, whereas the 1976 drought was
 not so extended as the 1962 event.

 * January and April 1986 were extremely wet (with rainfall ex-
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 ceeding the average value by more than 2 standard deviations),
 with very cold temperatures in February and April. Consequent-
 ly, 15 spruce stands (among 28), and 18 fir stands (among 27)
 showed NPY, probably due to a delayed budbreak.

 To conclude, only some typical negative pointer years
 caused by extreme and geographically extended climatic events
 appeared almost everywhere, regardless of the type of climatic
 peculiarity. However, in most cases, geographical variability oc-
 curred, dependent on species ecological requirements for growth.

 The most obvious positive pointer years were in 1932,
 1964, and 1969 (Fig. 6b.
 * 1932 was rainy (especially in May and July) and warmer than
 usual, leading to larger ring widths, in particular for fir in most
 of sites. This was also the case in 1951.

 * After a wet March, April to June minimum temperatures in
 1964 were higher than mean minimum values (by + 1 or + 2
 standard deviations) for the regional scale meteorological data.
 This effect promote bud-opening (Larcher, 1995) and therefore
 extended the vegetative period. Positive pointer years are found

 only in the Alps (but with opposite results in northeastern
 France).

 * 1969 was a widespread positive PY for both fir and spruce (and
 also for Pinus cembra, Pinus uncinata, and Larix decidua accord-

 ing to Petitcolas, 1998), perhaps due to a favorable rainy spring.
 Unlike negative pointer years, positive pointer years appear

 to be less contrasted and geographically less extended. Moreover,
 they are more difficult to explain using climatic data, maybe be-
 cause a combination of several favorable factors is required, rather
 than a single extreme climatic anomaly. Some PPY were system-
 atically observed after NPY using the Lebourgeois (1997) method
 of calculation, but they were the consequence of a tree recovering
 after a sharp growth reduction (as in 1963, 1977, 1987). Despite
 this drawback, this second method is more sensititive to detecting
 positive pointer years, due to the use of lower thresholds.

 Conclusion

 At the regional scale, the comparison of fir and spruce re-
 vealed that each coniferous species shows a specific pattern of
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 pointer years, but some of the negative pointer years were syn-
 chronous (1921-22, 1944, 1976, 1986). Spruce presented more
 clear growth reductions than fir and presented specific NPY (e.g.,
 1948 in subalpine stands), whereas the number of growth in-
 creases was quite similar for both species (although at different
 dates).

 Large differences appear among sites, with more negative

 pointer years at low altitude and southern exposure, mainly due
 to summer aridity. Despite a lower number of pointer years in
 subalpine stands, these stands should not be neglected in den-
 droecological studies, since cold and moist summer can also lead
 to extreme narrow rings (1948) or frost rings (Desplanque, 1997;
 Petitcolas, 1998). Competition among trees may also be in-
 volved, althrough it is difficult to take into account.

 FIGURE 6. Geographical extension of four negative pointer years in France (1956, 1962, 1976, and 1986), and three pointer years
 (1932, 1964, and 1969). Each square represents one sampling stand with available tree-ring data for a given year (no square if no
 data this year). Black and gray squares represent negative and positive pointer years, respectively. Mean monthly precipitation (P)
 and temperature (T) recorded in Lyon are compared with average values, calculated using the period 1921-1990 for P, and 1881-
 1990 for T.
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 At the country scale, similarities over long distances were
 more extended for the negative pointer years than for the positive

 ones since most of them were due to single geographically ex-
 tended climatic events and not to a combination of climatic pe-
 culiarities. Consequently, they are also easier to interpret. Pointer
 years observed in our results match well with those obtained in

 Vosges and Jura mountains (Bert, 1992).

 At the scale of the European continent, the extreme pointer
 years found here were also occasionaly observed in distant areas,
 particularly in the Switzerland Wallis (Lingg, 1986; Schwein-
 gruber, 1986) with a dry climate, and also in Berne (Lenz et al.,
 1987) (e.g., 1921, 1976), in Germany (Worbes, 1989), and in
 the Austro-Italian Tyrol (Htisken, 1994). However, the Italian
 Trentino provided less comparable results (Bronzini et al., 1989),
 probably due to wetter summer.

 This systematic study of pointer years is the first one carried

 out in this part of the Alpine chain with an ecological point of
 view. It demonstrates the usefulness of an ecological stratified
 site selection, especially near the geographical limits of distri-
 bution of tree species. At regional, country and even larger
 scales, the pointer years method appears to be a good dendro-
 climatological tool to investigate the geographical variability of
 extreme tree-ring widths. The pointer yeat method also permits
 the analysis of the ecological requirements for the growth of
 particular species. Moreover, these results confirm that wood
 cross-dating using tree rings is possible over long distances, be-
 cause the extreme tree-ring widths are geographically extended
 over large areas.
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