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SI Introduction
Appendix 1: Selected references for species characterization
Selected references for characterization of species-specific properties and traits potentially related to climate sensitivity in Table 1
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SI Material
Study site conditions
[image: ]Fig. S1: Annual mean temperature (tavg, triangles, solid line), linear 55-year temperature trend (dashed line) and annual precipitation sums (prec, bars) for the considered growth period of study trees (Source: National Meteorological Service of Germany, DWD)








Table S1: Stand conditions and basic information of study trees.
	Attribute
	Acer
rubrum
unit 432 H
	Betula
maximowicziana
unit 435 G
	Castanea
sativa
unit 403 K1
	Cryptomeria
japonica
unit 435 E
	Fagus
sylvatica
unit 411 A1
	Metasequoia
glyptostroboides
unit 434 I
	Picea
abies
unit 407 G
	Thuja
plicta
unit 417 C
	Tsuga
heterophylla
unit 424 A3

	latitude, longitude
	51° 13.010'N,
7° 5.798'E
	51° 13.175'N,
7° 5.919'E
	51° 12.296'N,
7° 7.015'E
	51° 13.076'N,
7° 6.056'E
	51° 13.222'N,
7° 7.242'E
	51° 13.084'N,
7° 6.346'E
	51° 12.580'N,
7° 6.886'E
	51° 13.412'N,
7° 7.409'E
	51° 13.875'N,
7° 6.925'E

	altitude (m)
	210
	220
	225
	230
	275
	130
	230
	250
	265

	plot size (ha)
	0.45
	0.55
	0.90
	2.51
	5.65
	1.40
	0.60
	1.25
	0.60

	exposition
	NW – N
	NO – SE
	NW
	NE – SE
	W – E
	NE – SE 
	N
	W – NW
	W – N

	slope gradient
	moderate to strong
	weak 
	moderate
	weak
	weak
	moderate to strong
	weak
	moderate
	weak

	age
	38
	39
	38
	35–39
	51-56
	34–37
	45
	55
	58

	mixture (portion)
	mixed (67 %)
	pure (100 %)
	pure (100 %)
	mixed (66 %)
	mixed (88 %)
	pure (100 %)
	pure (100 %)
	mixed (85 %)
	mixed (81 %)

	admixed tree
species
	B. lutea
	-
	-
	P. abies
L. kaempferi
C. obtusa
B. japonica
	A. pseudo.
T. plicata
	-
	-
	M. glyptostro.
P. omorica
C. lawsoniana
	T. plicata
L. decidua

	number of stems
(n ha-1)
	1167
	636
	487
	495
	821
	613
	591
	630
	409

	basal area (m2 ha-1)
	26.7
	22.6
	30.3
	42.1
	28.9
	47.3
	40.6
	75.0
	39.2

	sampling date
	Nov. 2013
	Jul. 2013
	Jul. 2014
	Jul. 2013
	Mar. 2015
	Nov. 2013
	Mar. 2015
	Jul. 2014
	Jul. 2014


unit  = forest management unit, B. lutea = Betula lutea, P. abies = Picea abies, L. kaempferi = Larix kaempferi, C. obtusa, Chamaecyparis obtusa, B. japonica, Betula japonica, A. pseudo. = Acer pseudoplatanus, T. plicata = Thuja plicata, M. glyptostro. = Metasequoia glyptostroboides, P. omorica = Picea omorica, C. lawsoniana = Chamaecyparis lawsoniana, L. decidua = Larix decidua



SI Methods
Appendix 2: Climate variables
The potential evapotranspiration (pet), a measure of the environmental demand for the transfer of water to the atmosphere (Kuttler 2009), was calculated using the Thornthwaite method (Thornthwaite 1948) as a function of mean monthly temperature and latitude. Based on the formula of Magnus (Eq. S1), we computed the vapor pressure deficit (vpd) as the difference between saturation and actual vapor pressure (Junzeng et al. 2012). This measure provides information on stomatal conductance and transpiration processes in plants (Junzeng et al. 2012). The degree day sum provides information on common thresholds for the activity of plant metabolism (Thomas 2018) and was calculated as the sum of the diﬀerences between daily mean temperatures > 5 °C and 5 °C (sum∆t05) as well as > 10 °C and 10 °C (sum∆t10), respectively. The number of frost days included all days during a month with minimum temperatures < 0 °C (nfr; DWD 2015). De Martonne aridity index (dmi; de Martonne 1926), a degree of regional drought, was calculated by the monthly values of prec and tavg (Eq. S2; Baltas 2007). A further drought index, the standardized precipitation evapotranspiration index (spei, Vicente-Serrano et al. 2010) identifies deficits (or surpluses) in precipitation taking into account the effect of temperature on drought development through a water balance calculation based on the difference of monthly prec and monthly pet sums (see Hoffmann et al. 2018 for details). 

Eq. S1: , with es = saturation vapor pressure
Eq. S2:  , with dmi = de Martonne Index, prec = precipitation sum, tavg = average temperature
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Fig. S2: Climatic characteristics in terms of water availability (a), temperature (b), and frost occurrence (c) of the study site for the period 1985–2012. (a) Annual precipitation sums and monthly standardized precipitation evapotranspiration index (spei, spei from 2.0 to -2.0 indicate extreme wetness to extreme drought), (b) annual mean temperature (tavg) and monthly vapor pressure deficit (vpd), and (c) mean minimum temperature (tmin) and number of frost days with monthly standard deviation in the cold months period (from October of the previ-ous year to April of the current year). Note that tmin and nfr of 1985 include the months October–December of the previous year 1984.

[image: ]
Fig. S3: Correlations between the 11 monthly climate parameters for the whole year (upper right) and for the cold month period (from October of the previous year to April of the current year; lower left) over the period 1985–2012. Asterisks indicate significant correlation coefficients (p < 0.001***, p < 0.01**, p < 0.05*). See Table 2 for abbreviations of climate variables. 

[bookmark: _Ref532293997]Table S2: Correlations between monthly (ts = 1) or seasonal (ts = 3 and 6) spei, vpd and nfr over the period 1985–2012. Significant correlation coefficients are highlighted in bold (p < 0.001). ts = timescale (month).
	ts
	
	spei
	vpd
	nfr

	
	spei
	
	-0.34
	-0.05

	1
	vpd
	-0.281
	
	-0.58

	
	nfr
	-0.171
	-0.471
	

	
	spei
	
	-0.36
	0.02

	3
	vpd
	-0.211
	
	-0.61

	
	nfr
	-0.241
	-0.381
	

	
	spei
	
	-0.48
	-0.01

	6
	vpd
	-0.301
	
	-0.43

	
	nfr
	-0.291
	-0.381
	


1Correlation between spei, vpd and nfr in the cold months from October of the previous year to April of the current growth year

[image: ]
Fig. S4: Exponential relationships (1985–2012) between monthly vapor pressure deficit (vpd) and monthly mean temperature (tavg) (a) for the whole year as well as (b) in the cold month period (from October of the previous year to April of the current year).


SI Results
Growth chronologies
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Fig. S5: Correlations between the detrended a) BAI or b) VI chronologies across individual tree species with linear relationships (lower left) and correlation coefficients (upper right), respectively. Asterisks indicate significant correlation coefficients (p < 0.001***, p < 0.01**, p < 0.05*). ac = Acer rubrum, be = Betula maximowicziana, ca = Castanea sativa, cr = Cryptomeria japonica, fa = Fagus sylvatica, me = Metasequoia glyptostroboides, pi = Picea abies, th = Thuja plicata, ts = Tsuga heterophylla

Climate-growth relationships
Table S3: Highest positive (pos) and lowest negative (neg) bootstrapped correlation coefficients (bcc) between the species’ basal area increment (BAI) or volume increment (VI) and the best explaining climate variable (variable) within the climatic categories water availability, temperature and frost at the month and timescale (ts) of the year at which the highest correlation was reached. Lower case abbreviations (apr–dec) denote months of the previous year (April–December), upper case abbreviations (JAN–SEP) indicate months of the current year (January–September). Significant bcc are highlighted in bold (p < 0.05). 
	species
	category
	incr
	highest positive correlation
	 
	highest negative correlation

	 
	 
	 
	variable & ts
	bcc
	 
	variable & ts
	bcc

	Acer
	water availability
	BAI
	spei.JUL-SEP
	0.55
	 
	spei.MAY
	-0.56

	 
	
	VI
	spei.JUN-SEP
	0.59
	 
	spei.MAY
	-0.41

	 
	temperature
	BAI
	vpd.MAY
	0.55
	 
	sum∆t10.JUL
	-0.58

	 
	 
	VI
	pet.JAN-MAY
	0.59
	 
	pet.JUL
	-0.61

	 
	frost
	BAI
	tmin.JAN-FEB
	0.45
	 
	nfr.JAN-APR
	-0.49

	 
	 
	VI
	tmin.JAN-FEB
	0.52
	 
	nfr.JAN-FEB
	-0.54

	Betula
	water availability
	BAI
	prec.FEB-JUL
	0.36
	 
	dmi.nov-dec
	-0.54

	 
	
	VI
	prec.may-oct
	0.36
	 
	dmi.AUG
	-0.50

	 
	temperature
	BAI
	vpd.dec-JAN
	0.50
	 
	vpd.JUN
	-0.31

	 
	 
	VI
	vpd.dec-JAN
	0.47
	 
	tmax.jul
	-0.33

	 
	frost
	BAI
	tmin.oct-MAR
	0.35
	 
	nfr.nov-APR
	-0.41

	 
	 
	VI
	tmin.oct-MAR
	0.27
	 
	nfr.oct-JAN
	-0.35

	Castanea
	water availability
	BAI
	spei.JUL-SEP
	0.41
	 
	dmi.MAY
	-0.37

	 
	
	VI
	spei.JUL
	0.39
	 
	dmi.MAY
	-0.41

	 
	temperature
	BAI
	sum∆t10.dec-FEB
	0.54
	 
	sum∆t10.nov
	-0.39

	 
	 
	VI
	sum∆t10.dec-FEB
	0.53
	 
	sum∆t10.nov
	-0.39

	 
	frost
	BAI
	tmin.JAN-FEB
	0.34
	 
	nfr.JAN-MAR
	-0.29

	 
	 
	VI
	tmin.JAN-FEB
	0.38
	 
	nfr.JAN-FEB
	-0.34

	Cryptomeria
	water availability
	BAI
	spei.APR-JUL
	0.46
	 
	spei.nov-JAN
	-0.36

	 
	
	VI
	spei.FEB-JUL
	0.46
	 
	spei.nov-JAN
	-0.36

	 
	temperature
	BAI
	vpd.JAN
	0.46
	 
	vpd.APR-JUL
	-0.51

	 
	 
	VI
	vpd.JAN
	0.44
	 
	vpd.APR-JUL
	-0.44

	 
	frost
	BAI
	tmin.FEB
	0.13
	 
	nfr.oct-FEB
	-0.15

	 
	 
	VI
	tmin.FEB-APR
	0.19
	 
	nfr.APR
	-0.18

	Fagus
	water availability
	BAI
	spei.JUN-JUL
	0.37
	 
	spei.may
	-0.46

	 
	
	VI
	prec.aug-sep
	0.34
	 
	dmi.nov-MAR
	-0.35

	 
	temperature
	BAI
	vpd.may
	0.71
	 
	tmax.JUN-JUL
	-0.38

	 
	 
	VI
	vpd.sep-FEB
	0.65
	 
	sum∆t10.Nov
	-0.34

	 
	frost
	BAI
	tmin.MAR-APR
	0.37
	 
	nfr.MAR-APR
	-0.38

	 
	 
	VI
	tmin.MAR-APR
	0.50
	 
	nfr.MAR-APR
	-0.44

	Metasequoia
	water availability
	BAI
	prec.aug-oct
	0.52
	 
	prec.jun
	-0.30

	 
	
	VI
	prec.aug-sep
	0.58
	 
	prec.jun
	-0.33

	 
	temperature
	BAI
	pet.FEB-MAY
	0.52
	 
	sum∆t10.oct-MAR
	-0.44

	 
	 
	VI
	temp.FEB-MAY
	0.59
	 
	sum∆t05.JUL
	-0.33

	 
	frost
	BAI
	tmin.FEB-APR
	0.50
	 
	nfr.FEB-APR
	-0.50

	 
	 
	VI
	tmin.FEB-APR
	0.56
	 
	nfr.JAN-APR
	-0.55

	Picea
	water availability
	BAI
	spei.APR-JUL
	0.46
	 
	dmi.dec
	-0.39

	 
	
	VI
	spei.APR-JUL
	0.48
	 
	dmi.dec
	-0.32

	 
	temperature
	BAI
	vpd.oct-JAN
	0.30
	 
	vpd.APR-JUL
	-0.33

	 
	 
	VI
	vpd.sep-JAN
	0.45
	 
	vpd.APR-JUL
	-0.30

	 
	frost
	BAI
	tmin.oct-nov
	0.29
	 
	nfr.oct-nov
	-0.32

	 
	 
	VI
	tmin.oct-nov
	0.30
	 
	nfr.oct-nov
	-0.28

	Thuja
	water availability
	BAI
	spei.aug-sep
	0.44
	 
	prec.oct-dec
	-0.27

	 
	
	VI
	dmi.jul-sep
	0.38
	 
	dmi.dec
	-0.37

	 
	temperature
	BAI
	vpd.oct
	0.47
	 
	sum∆t10.Nov
	-0.21

	 
	 
	VI
	temp.JAN
	0.53
	 
	tmax.Jul
	-0.31

	 
	frost
	BAI
	tmin.dec
	0.29
	 
	nfr.MAR-APR
	-0.25

	 
	 
	VI
	tmin.MAR
	0.32
	 
	nfr.MAR
	-0.31

	Tusga
	water availability
	BAI
	spei.JUL
	0.67
	 
	dmi.jul
	-0.49

	 
	
	VI
	spei.JUL
	0.52
	 
	prec.jul
	-0.31

	 
	temperature
	BAI
	vpd.Jul
	0.44
	 
	sum∆t05.JUN-JUL
	-0.68

	 
	 
	VI
	pet.aug
	0.39
	 
	temp.JUL
	-0.58

	 
	frost
	BAI
	tmin.FEB
	0.46
	 
	nfr.FEB
	-0.45

	 
	 
	VI
	tmin.FEB-APR
	0.38
	 
	nfr.FEB
	-0.40


incr = increment variable, see Table 2 for abbreviations of climate variables

[image: ]
Fig. S6: Correlation coefficients between increment variables (basal area increment, BAI, and volume increment, VI) and monthly standardized precipitation evapotranspiration index (spei), vapor pressure deficit (vpd) and the number of frost days (nfr) for the period 1985–2012. Lower case abbreviations (a–d) denote months of the previous year (April–December), upper case abbreviations (J–S) indicate months of the current year (January–September). Significant correlation coefficients are highlighted by asterisks (p < 0.05).
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Table S4: Highest positive (pos) and lowest negative (neg) bootstrapped correlation coefficients (bcc) between the species’ increment variables (basal area increment, BAI, and volume increment, VI) and the standardized precipitation evapotranspiration index (spei), vapor pressure deficit (vpd) and the number of frost days (nfr) at the month and timescale (ts) of the year at which the highest correlation was reached. Lower case abbreviations (apr–dec) denote months of the previous year (April–December), upper case abbreviations (JAN–SEP) indicate months of the current year (January–September). Significant bcc are highlighted in bold (p < 0.05).
	species
	incr
	spei
	
	
	
	vpd
	
	
	
	nfr
	
	

	
	
	highest positive correlation
	
	highest negative correlation
	
	highest positive correlation
	
	highest negative correlation
	
	highest positive correlation
	
	highest negative correlation

	
	
	month & ts
	bcc
	
	month & ts
	bcc
	
	month & ts
	bcc
	
	month & ts
	bcc
	
	month & ts
	bcc
	
	month & ts
	bcc

	Acer
	BAI
	JUL-SEP
	0.55
	 
	MAY
	-0.56
	 
	MAY
	0.55
	 
	JUL
	-0.45
	 
	oct-dec
	0.20
	 
	JAN-APR
	-0.49

	 
	VI
	JUN-SEP
	0.59
	 
	MAY
	-0.41
	 
	dec-MAY
	0.53
	 
	JUL
	-0.51
	 
	oct
	0.11
	 
	JAN-APR
	-0.54

	Betula
	BAI
	FEB-JUL
	0.35
	 
	nov-dec
	-0.49
	 
	dec-JAN
	0.50
	 
	JUN
	-0.31
	 
	dec
	-0.09
	 
	nov-APR
	-0.41

	 
	VI
	may-oct
	0.34
	 
	AUG
	-0.47
	 
	dec-JAN
	0.47
	 
	jul
	-0.25
	 
	FEB
	-0.04
	 
	oct-JAN
	-0.35

	Castanea
	BAI
	JUL-SEP
	0.41
	 
	MAY
	-0.36
	 
	dec-JAN
	0.40
	 
	JUL
	-0.36
	 
	dec
	0.16
	 
	JAN-MAR
	-0.29

	 
	VI
	JUL
	0.39
	 
	MAY
	-0.40
	 
	dec-JAN
	0.48
	 
	JUL
	-0.33
	 
	dec
	0.16
	 
	JAN-FEB
	-0.34

	Cryptomeria
	BAI
	APR-JUL
	0.46
	 
	nov-JAN
	-0.36
	 
	JAN
	0.46
	 
	APR-JUL
	-0.51
	 
	oct
	-0.02
	 
	oct-FEB
	-0.15

	 
	VI
	FEB-JUL
	0.46
	 
	nov-JAN
	-0.36
	 
	JAN
	0.44
	 
	APR-JUL
	-0.44
	 
	dec
	0.02
	 
	APR
	-0.18

	Fagus
	BAI
	JUN-JUL
	0.37
	 
	May
	-0.46
	 
	may
	0.71
	 
	JUL
	-0.29
	 
	oct
	0.05
	 
	MAR-APR
	-0.38

	 
	VI
	apr
	0.27
	 
	MAR
	-0.27
	 
	sep-FEB
	0.65
	 
	JUL
	-0.13
	 
	dec
	-0.01
	 
	MAR-APR
	-0.44

	Metasequoia
	BAI
	aug-oct
	0.52
	 
	MAY
	-0.26
	 
	MAY
	0.41
	 
	oct
	-0.35
	 
	oct-nov
	0.20
	 
	FEB-APR
	-0.50

	 
	VI
	aug-sep
	0.51
	 
	jun
	-0.28
	 
	APR-MAY
	0.43
	 
	JUL
	-0.30
	 
	nov-dec
	0.21
	 
	JAN-APR
	-0.55

	Picea
	BAI
	APR-JUL
	0.46
	 
	dec-JAN
	-0.29
	 
	oct-JAN
	0.30
	 
	APR-JUL
	-0.33
	 
	JAN-FEB
	0.15
	 
	oct-nov
	-0.32

	 
	VI
	APR-JUL
	0.48
	 
	oct-dec
	-0.26
	 
	sep-JAN
	0.45
	 
	APR-JUL
	-0.30
	 
	JAN
	-0.02
	 
	oct-nov
	-0.28

	Thuja
	BAI
	aug-sep
	0.44
	 
	dec
	-0.26
	 
	oct
	0.47
	 
	JUL
	-0.18
	 
	Dec
	0.20
	 
	MAR-APR
	-0.25

	 
	VI
	FEB-JUL
	0.35
	 
	dec
	-0.31
	 
	JAN
	0.52
	 
	JUN-JUL
	-0.23
	 
	dec
	0.11
	 
	MAR
	-0.31

	Tsuga
	BAI
	JUL
	0.67
	 
	jul
	-0.47
	 
	jul
	0.44
	 
	JUL
	-0.66
	 
	Dec
	0.24
	 
	FEB
	-0.45

	 
	VI
	JUL
	0.52
	 
	nov-JAN
	-0.27
	 
	JAN
	0.38
	 
	JUL
	-0.58
	 
	Dec
	0.21
	 
	FEB
	-0.40





[bookmark: _Ref525065305][bookmark: _Hlk524902977][bookmark: _GoBack]Table S5: Relative importance of the predictor variable (RIV) in the multiple regression models. Lower case abbreviations (apr–dec) denote months of the previous year (April–December), upper case abbreviations (JAN–SEP) indicate months of the current year (January–September). The regression terms are listed in descending order according to its relative importance of the predictor variables (RIV). 
	species
	incr
	
	climate variable (descending RIV             )

	
	
	
	v1
	v2
	v3

	Acer
	BAI
	 
	spei.JUL-SEP
	vpd.MAY
	 

	rubrum
	
	 
	0.247
	0.245
	 

	
	VI
	 
	spei.JUL
	nfr.JAN
	vpd.nov-JAN

	
	
	 
	0.267
	0.161
	0.114

	Betula
	BAI
	 
	spei.dec
	nfr.MAR-APR
	spei.AUG

	maximowicziana
	
	 
	0.201
	0.149
	0.125

	
	VI
	 
	spei.AUG
	vpd.dec-JAN
	 

	
	
	 
	0.193
	0.192
	 

	Castanea
	BAI
	 
	vpd.dec-JAN
	spei.JUL
	 

	sativa
	
	 
	0.151
	0.147
	 

	
	VI
	 
	vpd.dec-JAN
	spei.JUL
	 

	
	
	 
	0.221
	0.142
	 

	Cryptomeria
	BAI
	 
	spei.FEB-JUL
	vpd.JAN
	vpd.apr-may

	japonica
	
	 
	0.234
	0.167
	0.092

	
	VI
	 
	spei.FEB-JUL
	vpd.JAN
	vpd.apr-may

	
	
	 
	0.239
	0.154
	0.113

	Fagus
	BAI
	 
	vpd.may
	vpd.dec
	spei.JUL

	sylvatica
	
	 
	0.450
	0.120
	0.073

	
	VI
	 
	vpd.may-jun
	vpd.dec-JAN
	 

	
	
	 
	0.299
	0.275
	 

	Metasequoia
	BAI
	 
	nfr.FEB-APR
	spei.jul-oct
	spei.JUL

	glyptostroboides
	
	 
	0.217
	0.197
	0.122

	
	VI
	 
	nfr.FEB-APR
	spei.aug-sep
	spei.JUL-AUG

	
	
	 
	0.257
	0.221
	0.111

	Picea
	BAI
	 
	spei.may-sep
	vpd.oct-JAN
	 

	abies
	
	 
	0.185
	0.123
	 

	
	VI
	 
	spei.APR-JUL
	vpd.oct-JAN
	spei.aug-sep

	
	
	 
	0.186
	0.147
	0.092

	Thuja
	BAI
	 
	spei.aug-sep
	vpd.aug-JAN
	 

	plicata
	
	 
	0.227
	0.161
	 

	
	VI
	 
	vpd.JAN
	vpd.apr-may
	spei.MAR-JUL

	
	
	 
	0.225
	0.158
	0.091

	Tsuga
	BAI
	 
	vpd.JUL
	spei.JUL-AUG
	 

	heterophylla
	
	 
	0.278
	0.251
	 

	
	VI
	 
	vpd.JUL
	spei.FEB
	vpd.JAN

	
	
	 
	0.311
	0.130
	0.112


incr = increment variable, BAI = basal area increment at breast height, VI = total stem volume increment, v1, v2, v3 = climate predictor variable, spei = standardized precipitation evapotranspiration index, vpd = vapor pressure deficit, nfr = number of frost days (< 0 °C).
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