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How to analyse the climate-tree-growth relationships

Fagus sylvatica, calcareous plateau (Badeau, 1995)
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Driest years

mostlymostly drivendriven by by extremeextreme yearsyears

(=concept of pointer years)
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WhyWhy analyse analyse onlyonly pointer pointer yearyear ??

-- at a local scale (e.g. cutting, insect outbreak, at a local scale (e.g. cutting, insect outbreak, ……))

-- at a regional (national) scaleat a regional (national) scale very particular climatic conditionsvery particular climatic conditions

Pointer years can be used to compare the reactions of several spPointer years can be used to compare the reactions of several species in ecies in 
several regionsseveral regions

A pointer years are small (or wide) treeA pointer years are small (or wide) tree--ringsrings

Pointer years are a treePointer years are a tree--growth response to very particular growth response to very particular 
environmental conditionsenvironmental conditions

Pointer years can be used to Pointer years can be used to analyseanalyse the climatethe climate--treetree--growth growth 
relationshipsrelationships

present on (almost) all the individual chronology of a studypresent on (almost) all the individual chronology of a study

Number of negative change 

Total number fo ring width

negative
positive

F(year n) =
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Use of pointer years

PCROC HETRE HETRE HETRE HETRE SAPIN SAPIN CHSES CHSES CHSES CHSES CHPED CHPED CHPED CHPED CHPED FRENE PSYLV HETRE HETRE PLARI CHSES HETRE PMARI
PYRENE VOSGES H_N_E_ PC_TOT MONDON JURA__ VOSGES AMANCE MONDON HAGUEN HARTH_ AMANCE MONDON HAGUEN HARTH_ ILLWAL ILLWAL StAVOL AMANC2 FOUGER PLOIRE FONTAI FONTAI MIMIZA

1729
1730
1731
1732
1733
1734
1735
1736
1737
1738 pos
1739 neg
1740
1741 neg
1742 pos neg
1743 neg neg
1744 pos
1745 pos
1746 neg pos
1747 neg neg
1748 pos neg
1749 neg
1750 pos
1751 neg
1752 pos
1753 pos
1754 pos pos
1755 pos
1756 neg
1757 pos
1758
1759 pos
1760 pos
1761 pos pos
1762 pos neg
1763 neg
1764 neg neg
1765 neg
1766 pos pos pos
1767 pos neg
1768 pos pos neg
1769 neg neg neg pos
1770 pos neg neg
1771 neg neg neg neg
1772 pos pos
1773 neg pos pos
1774 pos neg neg
1775 pos pos pos
1776 neg neg
1777 neg pos pos
1778 pos pos
1779 pos neg
1780 neg neg neg neg neg
1781 pos pos neg pos
1782
1783 pos pos
1784 neg neg neg neg
1785 pos
1786 pos neg
1787 pos neg pos
1788 pos
1789 neg pos neg
1790
1791 neg neg neg neg neg
1792 pos pos neg
1793 neg neg neg pos neg
1794 pos pos
1795 pos pos pos
1796 neg pos pos neg pos
1797 pos pos pos
1798 pos pos neg
1799 neg neg
1800 neg
1801 pos pos
1802 pos neg neg neg neg neg
1803 pos pos
1804 pos pos pos
1805 pos pos pos neg
1806 pos neg pos neg neg
1807 pos neg
1808 neg pos pos pos pos pos
1809 neg neg pos pos
1810 neg neg neg neg neg neg neg neg
1811 pos pos
1812 pos pos pos
1813 pos pos
1814 neg neg neg
1815
1816 pos pos pos
1817 neg neg pos
1818 neg neg neg neg neg neg neg neg neg neg neg
1819 pos pos pos pos pos pos
1820 pos
1821 neg neg
1822 neg neg neg
1823 pos pos pos pos pos pos pos pos pos
1824
1825 pos neg neg neg neg neg
1826 pos
1827 neg neg pos
1828 pos neg
1829 pos neg
1830 pos
1831 pos pos pos
1832 neg neg neg neg neg neg neg neg neg neg neg
1833 neg neg pos
1834 pos pos pos pos pos pos pos pos
1835
1836
1837 pos pos neg
1838 neg neg neg neg
1839 neg neg neg neg neg neg
1840 pos pos
1841 neg pos pos
1842 pos neg
1843 neg pos
1844 pos neg neg pos
1845 pos pos pos pos neg
1846 pos neg pos neg neg neg
1847 neg neg pos pos pos pos pos
1848 neg pos
1849 pos
1850
1851 pos neg
1852 neg
1853 neg
1854 neg neg neg pos
1855 neg neg neg
1856 neg pos
1857 pos
1858 neg neg neg neg neg neg neg neg neg
1859 pos pos pos pos pos pos pos pos pos pos pos neg
1860 neg
1861 pos pos
1862 neg pos neg pos
1863 pos pos pos
1864 neg
1865 neg neg neg neg neg neg neg
1866 pos
1867 pos pos pos pos pos pos pos
1868 neg neg neg neg neg neg neg neg
1869 pos pos pos pos pos pos pos
1870 neg neg neg neg neg neg neg neg neg neg neg neg neg neg
1871 pos pos pos pos pos pos pos pos pos pos pos pos
1872
1873
1874 neg
1875 pos pos pos pos pos pos pos pos pos
1876 neg neg neg neg neg neg neg neg neg
1877 pos pos pos
1878 pos
1879 neg
1880 neg neg neg neg neg neg neg neg neg neg neg neg neg
1881 pos neg neg
1882 pos pos pos pos pos
1883 neg pos pos pos pos pos
1884 neg neg
1885
1886 neg pos
1887 neg neg neg
1888 pos pos pos pos pos
1889 pos pos pos
1890 pos pos
1891 neg
1892 pos neg neg neg neg
1893 neg neg
1894 pos pos pos pos pos pos pos
1895
1896 neg neg
1897 pos pos
1898
1899
1900 neg neg neg neg neg neg neg
1901 pos
1902
1903 pos pos pos
1904 pos neg neg neg pos
1905 pos neg
1906 pos pos pos pos
1907 neg neg neg
1908 pos pos pos
1909
1910 pos pos pos pos pos pos pos pos pos pos
1911 neg neg neg neg neg neg neg neg neg neg neg
1912 pos pos pos
1913 pos pos
1914 pos
1915 neg neg neg neg
1916 pos pos pos pos pos pos pos pos pos pos
1917 pos neg
1918 neg neg neg neg
1919 neg neg neg neg
1920 neg neg neg
1921 neg neg neg neg
1922 neg neg pos pos pos pos pos pos pos pos pos pos pos
1923 pos pos pos
1924 pos pos pos
1925 pos pos pos neg neg pos pos
1926 neg neg neg pos
1927 pos pos pos pos pos pos
1928 neg neg neg neg neg neg neg neg neg neg neg neg
1929 neg pos
1930 pos pos pos pos pos
1931 pos pos pos pos pos pos pos pos
1932 pos
1933 neg neg neg neg neg neg
1934 neg neg neg neg neg neg neg neg
1935 pos pos pos pos pos pos pos
1936 pos pos pos pos
1937 neg neg
1938 pos pos
1939
1940 neg
1941 neg neg
1942
1943 pos pos pos pos pos pos
1944 neg neg neg neg neg
1945 neg pos pos
1946 pos pos pos pos pos pos pos pos pos pos pos pos pos pos
1947 neg neg neg neg neg neg neg neg neg neg neg
1948 neg neg neg pos pos
1949
1950 pos pos
1951 pos pos pos pos pos pos pos pos
1952 neg neg neg neg neg neg neg neg neg neg neg neg
1953 neg neg neg
1954 neg neg neg
1955 pos pos pos pos pos pos pos pos pos pos pos pos pos pos pos pos pos pos
1956 neg neg
1957 neg pos pos neg neg neg neg
1958 pos pos pos pos pos pos pos pos pos pos pos pos pos pos pos pos pos neg
1959 neg neg neg neg neg neg neg neg neg neg neg neg pos
1960 neg pos pos
1961 pos pos pos pos pos pos pos pos pos
1962 neg neg neg neg neg neg neg neg neg pos neg neg
1963 pos pos neg neg pos pos
1964 pos neg neg neg neg neg neg neg neg neg pos
1965 pos pos pos
1966 neg neg pos pos pos
1967 neg pos pos pos pos pos
1968 pos neg pos
1969 pos pos pos pos pos pos pos pos neg
1970 neg neg pos neg
1971 neg neg
1972 neg neg pos
1973
1974 neg neg
1975 neg pos pos pos pos pos
1976 pos neg neg neg neg neg neg neg neg neg neg neg neg neg neg neg neg neg neg neg neg
1977 neg pos pos pos pos pos pos pos pos pos pos
1978 pos pos pos pos
1979 pos
1980 pos pos pos neg pos pos
1981 pos
1982 pos pos pos pos pos pos pos neg
1983 neg neg neg neg neg neg neg neg neg neg neg pos neg neg
1984 neg neg neg
1985 pos pos pos pos pos pos
1986 neg neg neg neg pos neg
1987 pos pos neg pos pos pos
1988 neg pos
1989 neg neg neg neg neg neg neg neg neg neg
1990 pos pos neg
1991 neg neg neg pos pos
1992 pos pos pos
1993 pos pos
1994
1995 neg
1996 neg neg neg
1997 pos pos pos
1998
1999
2000

WhatWhat are are thethe relationshipsrelationships betweenbetween
studiedstudied areas, areas, speciesspecies andand climateclimate ??

1910
1911
1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
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QUERCUS ROBURFAGUS ABIES Q. PETRAEA

Pointer Years Atlas Pointer Years Atlas 

126 sites 126 sites –– 8 species 8 species 

Quercus robur - Quercus petraea - Fagus sylvatica

Abies alba – Picea abies – Pinus sylvestris
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Amance
Quercus petraea (529)
Quercus robur (505)
Fagus sylvatica (262) Mondon

Quercus petraea (520)
Quercus robur (324)
Fagus sylvatica (305)

Haguenau
Quercus petraea (205)
Quercus robur (288)

Harth
Quercus petraea (415)
Quercus robur (262)

Fontainebleau
Quercus petraea (400)
Fagus sylvatica (316)

Illwald
Fraxinus excelsior

Quercus robur
(250 x 2)

Saint Avold
Pinus sylvestris

(320)

Landes
Pinus pinaster

(1 050)

Pyrénées mountains
Pinus uncinata

(521)

Bretagne
Fagus sylvatica

(366)

RENECOFOR Network
(Level II plots)
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PreliminaryPreliminary resultsresults

Frequency of pointer years

Examples of growth change in 1976 and 1989

Factorial analyses

Pointer years in the North East of France

Badeau et al. – Drought 2003 – Freiburg – nov. 2004
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FrequencyFrequency ofof pointer pointer yearsyears

Q. Q. roburrobur FagusFagus sylsyl.. Abies Abies albalb..

Number of P.Y.

(1908 – 1984)

20 studies

Period 1908 – 1984

(77 years)
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MontainousMontainous areaarea

10

15

20

Q. Q. petraeapetraea
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atat lowlow altitudesaltitudes
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PreliminaryPreliminary resultsresults

Frequency of pointer years

Examples of growth changes in 1976 and 1989

Factorial analyses

Pointer years in the North East of France
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PreliminaryPreliminary resultsresults

Frequency of pointer years

Examples of growth change in 1976 and 1989

Factorial analyses

Pointer years in the North East of France
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1976 1928 1983 1911 1947 1952 1962 1964 1934 1959 1989
Amance
Mondon
Haguenau
Harth
Illwald
Amance
Mondon
Haguenau
Harth
Amance
Calcar. Plat
Mondon
N.E.
Vosges
Vosges
Jura

Fraxinus Illwald
Pinus St Avold

Nb P.Y. 16 12 12 11 11 11 9 9 8 8 5
Total 18 18 18 18 18 18 18 18 18 18 13
Freq. 89% 67% 67% 61% 61% 61% 50% 50% 44% 44% 38%

Fagus

Abies

Q. robur

Q. petraea

Negative Pointer years (Top 11 between 1908 and 1991)
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Soil Water Deficit

(Granier et al.,99)
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Pointer Pointer yearsyears vsvs soilsoil waterwater contentcontent

((LevelLevel II plots)II plots)

Frequency (%) of P.Y. 
Period 1970 - 1994
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PreliminaryPreliminary resultsresults

Frequency of pointer years

Examples of growth change in 1976 and 1989

Factorial analyses

Pointer years in the North East of France
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FactorialFactorial analysisanalysis ((PhytoecologyPhytoecology data)data)

20 20 studiesstudies –– 7 7 speciesspecies –– periodperiod 19081908--1984 1984 –– presencepresence//abscenceabscence ofof P.Y. P.Y. 

Dim. 1

Dim. 2 Dim. 3

Dim. 1

DimDim. 1 = 13.8% . 1 = 13.8% ofof total variancetotal variance

DimDim. 2 = 11.8%. 2 = 11.8%

DimDim. 3 = 9.3% . 3 = 9.3% 
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Dim. 1

Dim. 2

AbiesAbies

AbiesAbies
FagusFagus

FagusFagus

Q. Q. roburrobur
Q. Q. roburrobur

Q. Q. petraeapetraea

Q. Q. petraeapetraea

Dim. 1

Dim. 3

A A speciesspecies effecteffect

FactorialFactorial analysisanalysis ((PhytoecologyPhytoecology data)data)
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Dim. 1

Dim. 2

Dim. 1

Dim. 3

A A regionalregional effecteffect

HarthHarth

HarthHarth

IllwalIllwal
dd

IllwalIllwal
dd

HaguenaHaguena
uu

HaguenaHaguena
uuMondoMondo

nn

MondoMondo
nn

AmancAmanc
ee

AmancAmanc
ee AlsaceAlsace

LorraineLorraine

FactorialFactorial analysisanalysis ((PhytoecologyPhytoecology data)data)
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Dim. 1

Dim. 2

Dim. 1

Dim. 3AbiesAbies

AbiesAbies
FagusFagus

FagusFagus

Vosges Vosges mountainsmountains
LorraineLorraine
BrittanyBrittany

TheThe case case ofof thethe beechbeech

The beech of the Vosges mountains is closer to the beech of Brittany 
than to the silver fir of the Vosges mountains !

Abies alba Vosges vs Jura 50% of common pointer years
Fagus syvatica Vosges vs Brittany 26%
Fagus Vosges vs Abies Vosges 19%
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CHP10

C HS0 3

CHS3 5

C HS51

C HS57B

CHS6 8

CHS77

CHS8 1

C HS8 8

EPC 3 9 B

EPC 73

HET 0 9

HET 2 1

HET 2 6

HET 3 0

HET 52

HET 6 5

HET 8 1

SP0 5

SP0 9

SP2 6

SP6 3
SP6 8

23 sites – 5 species

1908 – 1994 (87 years)

Vosges

Alp
s

Massif 
Central

Abies albaAbies alba

FactorialFactorial analysisanalysis ((LevelLevel II plots)II plots)

FagusFagus sylvaticasylvatica

Pyrénées

Pyrénées 
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ConclusionsConclusions

Pointer years analysis provides information on an individual year basis 
and can be considered as a supplement to the calculation of
dendroclimatic models

- number of pointer years
- relative growth change levels from one year to the other

Pointer years depends on:

Towards an European Atlas of pointer years for the major tree species ?

3 – site characteristics

1 - mainly species     

2 – bioclimatic regions

Beech is the most reactive species

In addition pointer years are the basis of all dendrochronological datations
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To To bebe continuedcontinued ……

Badeau et al. – Drought 2003 – Freiburg – nov. 2004
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0 10 20 30 40 50

‘’ vs Fagus Bretagne

‘’ vs Fagus Calca. Lor.

‘’ vs Fagus Amance

‘’ vs Fagus Mondon

Fagus Vosges          vs Fagus NE

Abies Vosges vs Abies Jura

23Fougères (Bretagne)

28Calcareous Lorraine

29Amance

22Mondon

14Northeastern plains

15Vosges mountains

Fagus sylvatica

17Vosges mountains

13Jura mountains
Abies Alba

26%

27%

26%

37%

43%

50%

Pointer Pointer yearsyears vsvs soilsoil waterwater contentcontent

Number of
pointer years

Period
1908 – 1984
(77 years)

Index of
similarity
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How we compute pointer years ?

If RGE < -10% then « negative change »
If RGE > +10% then « positive change »
Else « no change »

Relative Growth Change

Ring Width(year n) - Ring Width(year n-1)

Ring Width(year n-1)

RGE(year n) =

For each individual chronology and each year

Nbr of negative change 

Total number fo ring Width

negative
positive

F(year n) =

Frequency of the changes 

For each year with all chronologies

If F > 70% then « negative pointer year »negative
positive

Individual chronologies
i trees x j sites x k forests

1860 1880 1900 1920 1940 1960 1980
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How to analyse the climate-tree-growth relationships
An example for beech

Autocorrelation within chronological seriesAutocorrelation within chronological series

Fagus sylvatica

72 76 80 84 88 92 96 00

Quercus petraea

Ability of models to explain growth Ability of models to explain growth 
varies according to species & sitesvaries according to species & sites

R = 0.30R = 0.30 R = 0.26R = 0.26

R = 0.R = 0.4141

Correlation
coefficient
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(1908 – 1984)

20 studies

Period 1908 – 1984
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FrequencyFrequency ofof pointer pointer yearsyears

((PhytoecologyPhytoecology lab.)lab.)

BeechBeech isis veryvery reactivereactive
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yearyear atat thethe levellevel ofof

70%70%

REG%
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1975

REG%
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Relative change Relative change ofof GrowthGrowth

(RENECOFOR network)(RENECOFOR network)
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Sampling

A long story of dendrochrological studies at regional scales
in our laboratory since the early 80’s

Long-term growth trends

Fertilization

Pollution

Forest decline …

And a huge database

24 studies (one species in one location)

between 1 200 000 and 1 300 000 ring width

Quercus robur - Quercus petraea - Fagus sylvatica - Abies alba

ICP Forest Level II Monitoring Network (RENECOFOR)

102 sites x 30 trees

Quercus robur - Quercus petraea - Fagus sylvatica

Abies alba – Picea abies – Pinus sylvestris – Pinus pinaster
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Q. Q. roburrobur Q. Q. petraeapetraea FagusFagus sylsyl.. Abies albaAbies alba
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BeechBeech isis alwaysalways veryvery reactivereactive


