Appendix A: Literature review of ring-width based early warning signals of tree mortality.
Table A1: Literature review of several tree-ring based studies that compared the inter-annual variability and lag-1 autocorrelation (AR1) in growth between dying/declining and surviving/healthy trees (tree status as defined in the original manuscript) based on diachronic (diac) and/or synchronic (sync) analyses. Differences among these trees regarding Pearson correlation coefficients calculated between individual and site chronologies was also reported (COR). + and - mean that dying/declining trees had higher (orange color font) or lower value (blue color font) than surviving/healthy ones, respectively. = indicates no significant differences among both groups Different metrics were used to quantify the inter-annual variability in growth: Mean Sensitivity (MS), standard deviation (SD), variance (VAR), signal to noise ratio (SNR), coefficient of variation (CV), or drift-diffusion –jump metrics (DDJ). These metrics were calculated using different time windows (in brackets) from the entire tree-ring series (entire) to the x outermost rings. 
	Species
	Article
	Tree status
	Type of analysis
	Inter-annual variability
	AR1
	COR

	Abies alba
	Camarero et al. 2015
	declining
	[bookmark: OLE_LINK60][bookmark: OLE_LINK61][bookmark: OLE_LINK68][bookmark: OLE_LINK71]diac & sync
	+ (SD; 30)
	+ (30)
	- (30)

	Abies alba
	Cailleret et al. 2016*
	dying
	[bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK64][bookmark: OLE_LINK65]diac & sync 
	+ (SD; 10-50)
	= (10-50)
	

	Abies cephalonica
	Papadopoulos et al. 2007
	dying
	sync
	+ (SD; MS; entire)
	+ (entire)
	

	Abies concolor
	Kane and Kolb 2014 *
	dying
	[bookmark: OLE_LINK69][bookmark: OLE_LINK70]sync
	+ (CV; 30-50)
	
	

	Austrocedrus chilensis
	Amoroso et al. 2012 *
	declining/dying
	sync
	= (MS; entire)
	+ (entire)
	+ (entire)

	Fagus sylvatica
	Gillner et al. 2013 *
	dying
	sync
	+ (MS; 20)
	= (5-30)
	

	Nothofagus dombeyi
	Suarez et al. 2004 *
	dying
	sync
	+ (MS; 18; 25) †
	
	

	Nothofagus dombeyi
	Cailleret et al. 2016*
	dying
	diac & sync 
	= (SD; 10-50)
	= (10-50)
	

	Pinus albicaulis
	Millar et al. 2012
	dying
	sync
	- (RW vs climate; entire)
	
	

	Pinus banksiana
	Mamet et al. 2015
	dying
	diac
	= (DDJ) ‡
	
	

	Pinus edulis
	Macalady and Bugmann 2014 
	dying
	sync
	+ (MS; 15)
	
	

	Pinus edulis
	Ogle et al. 2000
	dying
	sync
	+ (VAR; 15) †
	
	

	Pinus flexilis
	Millar et al. 2007
	dying
	diac & sync
	+ (SD; entire)
	
	

	Pinus flexilis
	Kane and Kolb 2014 *
	dying
	[bookmark: OLE_LINK73][bookmark: OLE_LINK74]sync
	+ (CV; 5-10)
	
	

	Pinus halepensis
	Sanchez-Salguero et al. 2010
	declining
	sync
	+ = (27)‡
	+ = (27)‡
	

	Pinus halepensis
	Camarero et al. 2015
	declining
	diac & sync
	+ (SD; 30)
	+ (30)
	+ (30)

	Pinus nigra
	Herguido et al. 2016
	dying
	[bookmark: OLE_LINK77]sync
	+ = (MS; 58) ‡
	
	

	Pinus sylvestris
	Gea-Izquierdo et al. 2014 *
	dying
	[bookmark: OLE_LINK80][bookmark: OLE_LINK81]sync 
	+ (MS; entire)
	= (entire)
	

	Pinus sylvestris
	Herguido et al. 2016
	dying
	sync
	+ (MS; 58)
	
	

	Pinus sylvestris
	Helama et al. 2012
	dying
	[bookmark: OLE_LINK90][bookmark: OLE_LINK91]sync
	= (entire)
	= (entire)
	

	Pinus sylvestris
	[bookmark: OLE_LINK88][bookmark: OLE_LINK89]Timofeeva et al. 2017
	dying
	sync
	- (SD; 25 and entire)
	+ (25)
	

	Pinus sylvestris
	Camarero et al. 2015
	declining
	diac & sync
	= (SD; 30)
	- (30)
	+ (30)

	Pinus pinaster
	Sanchez-Salguero et al. 2010
	declining
	sync
	= (27)
	= (27)
	

	Pinus ponderosa
	Mc Dowell et al. 2010
	dying
	sync
	+ (BAI vs PDSI; entire)
	
	

	Populus tremuloides
	Kane and Kolb 2014 *
	dying
	[bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK92]sync
	+ (CV; 30-50)
	
	

	Pseudotsuga menziesii
	Kane and Kolb 2014 *
	dying
	sync
	+ (CV; 10-50)
	
	

	Quercus petraea
	Cailleret et al. 2016*
	dying
	[bookmark: OLE_LINK78][bookmark: OLE_LINK79]diac & sync 
	= (SD; 10-50)
	= (10-50)
	

	Quercus pyrenaica
	Gea-Izquierdo et al. 2014 *
	dying
	sync 
	+ (MS; entire)
	= (entire)
	

	Quercus robur
	Helama et al. 2009
	declining
	sync
	+ (MS; SD; entire)
	
	

	Quercus spp.
	Pedersen 1998
	dying
	sync
	- (linear model; entire)
	= (entire)
	


*indicates that the dataset was included in our database; † indicates that the difference was significant when focusing on the last 15 years while it was not significant when considering the entire tree-ring series; ‡ indicates significant differences among sites; indicates that a logistic regression modeling approach has been used; depending on the statistical sampling design (focus only the year before mortality, or consider all growth observations), the approach is either synchronic, or diachronic and synchronic, respectively (details in Cailleret et al. 2016).
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Appendix B: Characteristics of the tree-ring database

Table B1: Detailed characteristics of the tree-ring datasets analyzed in the present study, including the number (nb) of dead trees considered, and of pairs of conspecific dying and surviving trees with similar diameter at breast height (DBH) or similar mean ring-width (RW) during the last 20 years (meanRW20). Trees with less than 20 rings were excluded from the dataset. When not measured in the original study, DBH was estimated as twice the sum of all previous ring-width measurements without considering bark thickness. The main sources of mortality were determined from field observations (presence/absence of biotic agents, stand structure) in combination with climatic analyses, and the following codes were used: D: Drought; B: Biotic agents that predispose (pred.; fungi, mistletoe, defoliator insects) or contribute (cont.; bark beetles, wood-borers) to tree mortality; Others (competition, frost or not Specified). As trees can die during the growing season and the precise (intra-annual) timing of tree death was not available, we did not consider the last ring of the dead trees. The year of death of the dead trees (period of mortality) was defined as the year of formation of the outermost ring, and considered as a proxy (cf. Bigler & Rigling, 2013). Ring-width data was available from cross-sections (C-sections) or from cores taken at different heights. At some sites, only the outermost rings of the cores were measured (Partial; in contrast to Complete). 

	species
	sites
	article
	Main mortality source
	Nb dead trees
	Nb pairs with similar 
DBH / meanRW20
	Coring height (m)
	Period of mortality
	Data

	Abies alba Mill.
	Bistra*
Ravnik
Issole2
Ventoux_TC
Ventoux_Dvx1
Ventoux_Dvx2
Ventoux_Dvx3
Vesubie3
Lopetón
Paco_Ezpela_High
Paco_Ezpela_Low
Canalicchio
	Bigler et al. 2004
Bigler et al. 2004
Cailleret et al. 2014
Cailleret et al. 2014
Cailleret et al. 2014
Cailleret et al. 2014
Cailleret et al. 2014
Cailleret et al. 2014
Linares and Camarero 2012
Linares and Camarero 2012
Linares and Camarero 2012
Lombardi et al. 2008
	D
Others
D
DB  (cont.)
DB  (cont.)
DB  (cont.)
DB  (cont.)
D
D
D
D
Others
	2
14
8
67
8
11
10
9
2
3
3
47
	0 / 0
12 / 6
8 / 4
67 / 64
7 / 3
10 / 8
9 / 4
8 / 5
0 / 0
2 / 2
3 / 2
44 / 27
	1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
	1987
1988-1998
2003-2007
1998-2007
2004-2007
2003-2007
2002-2005
2003-2008
1996-1998
1996-1999
1998-2000
1955-1999
	Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete

	Abies balsamea (L.) Mill.
	Megantic
Amqui_1
Amqui_2
Chicoutimi_134
Chicoutimi_950
Degelis_1
Degelis_2
Depot_d’aigle_1
Foret_Montmorency_1
Lac_Gonzague_78
Lac_Humqui_1
Lac_Jacques_Cartier_79
Lac_Jacques_Cartier_2
LaMalbaie_970
LaMalbaie_145
New_Richmond_1
Parc_LaVerendrye
	Filion et al. 1998
Coyea and Margolis 1994
Coyea and Margolis 1994
Coyea and Margolis 1994
Coyea and Margolis 1994
Coyea and Margolis 1994
Coyea and Margolis 1994
Coyea and Margolis 1994
Coyea and Margolis 1994
Coyea and Margolis 1994
Coyea and Margolis 1994
Coyea and Margolis 1994
Coyea and Margolis 1994
Coyea and Margolis 1994
Coyea and Margolis 1994
Coyea and Margolis 1994
Coyea and Margolis 1994
	B (pred.)
B (pred.)
B (pred.)
B (pred.)
B (pred.)
B (pred.)
B (pred.)
B (pred.)
B (pred.)
B (pred.)
B (pred.)
B (pred.)
B (pred.)
B (pred.)
B (pred.)
B (pred.)
B (pred.)
	43
5
1
6
5
5
7
1
7
3
6
1
1
8
7
5
9
	43 / 42
5 / 1
1 / 0
6 / 2
5 / 3
4 / 1
7 / 4
1 / 1
7 / 5
3 / 2
6 / 3
1 / 0
1 / 1
8 / 2
7 / 4
5 / 2
7 / 1
	0.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
	1913-1987
1982-1988
1982
1974-1987
1979-1988
1979-1989
1977-1989
1989
1983-1987
1978-1989
1972-1989
1977-1986
1977-1985
1982-1988
1972-1985
1981-1989
1976-1989
	Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete

	Abies cephalonica Loudon
	Karpenissi
Agios_Nikolaos
	Papadopoulos et al. 2007
Papadopoulos et al. 2007
	D
D
	10
5
	8 / 7
5 / 4
	1.3
1.3
	2000-2003
2003
	Complete
Complete

	Abies concolor (Gordon) Lindl. ex Hidebr.
	LMCC
LogABCO
LogPILA
LogSEGI
AC_SUAB
AC_SUCR
AC_SUPI
AC_BWM
AC_SIT
AC_SFP
	Das et al. 2007
Das et al. 2007
Das et al. 2007
Das et al. 2007
Das et al. 2007
Das et al. 2007
Das et al. 2007
Kane and Kolb 2014
Kane and Kolb 2014
Kane and Kolb 2014
	Others
Others
Others
Others Others Others Others
D 
D
D
	40
16
17
47
28
35
17
25
2
1
	39 / 30
13 / 7
8 / 8
45 / 40
23 / 16
28 / 26
14 / 12
23 / 16
2 / 0
1 / 0
	1
1
1
1
1
1
1
1.3
1.3
1.3
	1984-2001
1989-2001
1992-2001
1990-2001
1985-2001
1986-2001
1988-2001
1996-2007
1997-2004
2004
	Partial
Partial
Partial
Partial
Partial
Partial
Partial
Partial
Partial
Partial

	Abies lasiocarpa (Hook.) Nutt
	AL_TCRA
AL_TCLA
AL_TCRB
AL_TCLB
AL_CCLA*
AL_CCRA*
AL_CCRB
AL_PRLA
AL_STLB
AL_BCLA
AL_MPA
AL_ZLB
AL_ZLA
Adams_Lake
Damfino_Creek
Siccamous
AL_Col_M5*
	Bigler et al. 2007
Bigler et al. 2007
Bigler et al. 2007
Bigler et al. 2007
Bigler et al. 2007
Bigler et al. 2007
Bigler et al. 2007
Bigler et al. 2007
Bigler et al. 2007
Bigler et al. 2007
Bigler et al. 2007
Bigler et al. 2007
Bigler et al. 2007
Antos et al. 2008
Antos et al. 2008
Antos et al. 2008
Smith et al. 2012
	D 
D
D
D
D
D
D
D
D
D
D
D
D
Others
B (pred.)
B (cont.)
Others
	6
4
12
2
1
1
1
6
3
9
4
12
6
17
42
54
1
	4 / 3
3 / 1
11 / 4
1 / 0
0 / 0
0 / 0
1 / 0
6 / 3
3 / 0
6 / 3
4 / 3
11 / 5
6 / 4
18 / 10
42 / 31
54 / 43
0 / 0
	1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
	1920-2003
1944-1975
1937-2002
1988
1962
1959
1980
1935-1987
1955-1999
1947-1972
1940-2002
1922-2003
1947-2003
1936-1995
1875-1993
1925-1993
2005
	Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
C-sections
C-sections
C-sections
Complete

	Abies sibirica Ledeb.
	East_Sayan
	Kharuk et al. 2013
	DB (cont.)
	15
	15 / 11
	1.3
	1990-2004
	C-sections

	Acer saccharum Marshall
	Temiscamingue
	Hartmann et al. 2007
	B (pred.)

	53
	53 / 51
	1.3
	1986-2004
	Complete

	Austrocedrus chilensis (D.Don) Pic.Serm. & Bizzarri
	CE1
CE2
CR1
CR2
EU1
EU2
K1
PP1
PP2
PP4
RQ1
RQ2
Confluencia
Centinela
Paso_del_viento
	Amoroso et al. 2012
Amoroso et al. 2012
Amoroso et al. 2012
Amoroso et al. 2012
Amoroso et al. 2012
Amoroso et al. 2012
Amoroso et al. 2012
Amoroso et al. 2012
Amoroso et al. 2012
Amoroso et al. 2012
Amoroso et al. 2012
Amoroso et al. 2012
Villalba and Veblen 1998
Villalba and Veblen 1998
Villalba and Veblen 1998
	DB (pred.)
DB (pred.)
DB (pred.)
DB (pred.)
DB (pred.)
DB (pred.)
DB (pred.)
DB (pred.)
DB (pred.)
DB (pred.)
DB (pred.)
DB (pred.)
D 
D
D
	13
14
8
11
17
13
18
15
44
7
29
18
27
6
6
	13 / 7
13 / 7
8 / 6
10 / 7
17 / 6
12 / 7
16 / 9
14 / 9
44 / 33
7 / 3
29 / 17
17 / 9
26 / 14
5 / 1
5 / 1
	0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
1.3
1.3
1.3
	1961-1999
1969-1995
1986-2005
1980-2001
1949-2003
1986-2000
1961-2000
1964-2003
1960-2002
1968-1996
1952-2001
1967-1999
1941-1957
1939-1958
1943-1959
	Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
C-sections
C-sections
C-sections

	Castanea sativa Mill.
	Eisack_Valley
	Waldboth and Oberhuber 2009
	DB (pred.)

	21
	18 / 17
	1.3
	1970-2001
	Complete

	Cupressus nootkatensis D.Don
	BL_Prince_Rupert
HC_Prince_Rupert
SC_Prince_Rupert
WB_Prince_Rupert
	Stan et al. 2011
Stan et al. 2011
Stan et al. 2011
Stan et al. 2011
	Others
Others
Others
Others
	14
18
11
7
	14 / 9
17 / 15
11 / 11
6 / 7
	0.3
0.3
0.3
0.3
	1948-2001
1990-2005
1957-2001
1989-2002
	Complete
Complete
Complete
Complete

	Fagus sylvatica L.
	Borsberg
Montedimezzo
	Gillner et al. 2013
Lombardi et al. 2008
	DB (pred.)
Others
	18
40
	15 / 11
37 / 24
	1.3
1.3
	1982-2003
1947-1998
	Complete
Complete

	Nothofagus betuloides (Mirb.) Oerst.
	Navarino_Island
	Lombardi et al. 2011
	Others
	34
	33 / 21
	1.3
	1838-2005
	Complete

	Nothofagus dombeyi (Mirb.) Oerst.
	Cerro_Otto
	Suarez et al. 2004
	D
	42
	42 / 34
	1.3
	1998
	Complete

	Picea abies (L.) H.Karst.
	DP1
DP2
DP3
DP4
DP5
Boedmeren
Dischma
Fluehla
Scatle
Bystra
Hlinna
Medodoly
Pilsko
Ticha
Sipoo201
Sipoo202
Sipoo203
Sipoo204
Sipoo205
Hollola206
Hollola207
Hollola208
Merimasku
Askainen
Vahto
Paimio
Lammi
	Aakala and Kuuluvainen 2011
Aakala and Kuuluvainen 2011
Aakala and Kuuluvainen 2011
Aakala and Kuuluvainen 2011
Aakala and Kuuluvainen 2011
Bigler and Bugmann 2004
Bigler and Bugmann 2004
Bigler and Bugmann 2004
Bigler and Bugmann 2004
Janda et al. 2017
Janda et al. 2017
Janda et al. 2017
Janda et al. 2017
Janda et al. 2017
Mäkinen et al. 2001
Mäkinen et al. 2001
Mäkinen et al. 2001
Mäkinen et al. 2001
Mäkinen et al. 2001
Mäkinen et al. 2001
Mäkinen et al. 2001
Mäkinen et al. 2001
Mäkinen et al. 2001
Mäkinen et al. 2001
Mäkinen et al. 2001
Mäkinen et al. 2001
Mäkinen et al. 2001
	DB (cont.)
DB (cont.)
DB (cont.)
DB (cont.)
DB (cont.)
Others Others
Others Others
B (cont.)
B (cont.)
B (cont.)
B (cont.)
B (cont.)
D
D
D 
D
D 
D 
D 
D 
D 
D 
D 
D 
D 
	16
13
13
8
12
9
13
17
8
14
45
33
15
35
6
5
8
4
14
2
3
3
12
8
7
3
11
	16 / 8
13 / 8
13 / 7
6 / 3
11 / 5
7 / 3
12 / 9
16 / 8
6 / 5
11 / 8
43 / 43
33 / 24
14 / 10
33 / 32
6 / 5
4 / 4
8 / 4
4 / 2
14 / 9
2 / 2 
3 / 1
3 / 1
12 / 10
8 / 4
7 / 5
3 / 1
11 / 10
	1.3-6
1.3-6
1.3-6
1.3-6
1.3-6
1.3
1.3
1.3
1.3
1
1
1
1
1
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
	1999-2003
2001-2006
2000-2005
2001-2005
1999-2007
1940-1994
1982-2000
1972-1998
1955-1997
2003-2010
2000-2012
2009-2012
2007-2012
2007-2011
1977-1997
1989-1997
1988-1997
1991-1995
1987-1997
1995
1992-1997
1994-1996
1983-1997
1997
1993-1997
1990-1994
1986-1996
	Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete

	Picea engelmanii
Parry ex Engelm.

	PE_TCRA
PE_TCLA*
PE_TCLB
PE_CCLB
PE_CCRB
PE_CCRA
PE_PRLA
PE_PRLB
PE_STLB
PE_BCLA
PE_MPA
PE_MPB
PE_ZLB
PE_ZLA
	Bigler et al. 2007
Bigler et al. 2007
Bigler et al. 2007
Bigler et al. 2007
Bigler et al. 2007
Bigler et al. 2007
Bigler et al. 2007
Bigler et al. 2007
Bigler et al. 2007
Bigler et al. 2007
Bigler et al. 2007
Bigler et al. 2007
Bigler et al. 2007
Bigler et al. 2007
	D
D
D
D
D
D
D
D
D
D
D
D
D
D
	3
2
2
4
1
1
3
5
1
5
8
3
1
9
	1 / 1
0 / 1
2 / 0
1 / 3
1 / 0
1 / 0
1 / 0
5 / 2
1 / 0
4 / 2
7 / 3
2 / 0
1 / 0
7 / 2
	1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
	1957
1953-1957
2000-2003
1962
1958
1963
1998
1928-1983
1979
1938-1996
1957-2002
1944-1960
1961
1976-1991
	Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete

	Picea glauca (Moench) Voss
	Site1_Tri
Site2_Oxy
Site3_Sib
	Caccianiga et al. 2008
Caccianiga et al. 2008
Caccianiga et al. 2008
	B (cont.)
B (cont.)
B (cont.)
	21
18
19
	19 / 11
18 / 4
15 / 6
	<0.3
<0.3
<0.3
	1944-1997
1770-2001
1815-1995
	C-sections
C-sections
C-sections

	Picea mariana (Mill.) Britton, Sterns & Poggenb.
	D3
P3
D2
P2
	Westwood et al. 2012
Westwood et al. 2012
Westwood et al. 2012
Westwood et al. 2012
	B (pred.)
B (pred.)
B (pred.)
B (pred.)
	5
5
4
5
	5 / 2
5 / 2
4 / 2
5 / 3
	1.3
1.3
1.3
1.3
	1996-2004
1998-2007
2003-2007
1983-2006
	Complete
Complete
Complete Complete

	Pinus banksiana Lamb.
	PMB
PSK
RMB
RSK
	Metsaranta and Lieffers 2008
Metsaranta and Lieffers 2008
Metsaranta and Lieffers 2008
Metsaranta and Lieffers 2008
	Others
Others
Others
Others
	116
89
64
54
	116 / 111
89 / 71
64 / 52
54 / 42
	1.3
1.3
1.3
1.3
	1957-2002
1933-2003
1955-2001
1943-2001
	Complete
Complete
Complete
Complete

	Pinus brutia Ten.
	Limnionas (Diss1)
	Sarris unpub
	D
	3
	2 / 0
	1.3
	1999-2000
	Complete

	Pinus contorta Douglas ex Loudon
	PC_CCLB
PC_CCRA*
PC_STLB
PC_ZLA*
Col_M3
Col_M6
Col_P1
Col_P2
	Bigler et al. 2007
Bigler et al. 2007
Bigler et al. 2007
Bigler et al. 2007
Smith et al. 2012
Smith et al. 2012
Smith et al. 2012
Smith et al. 2012
	Others Others Others Others
B (cont.)
B (cont.)
B (cont.)
B (cont.)
	3
1
6
2
10
18
23
19
	2 / 1
0 / 0
5 / 0
0 / 0
8 / 1
17 / 11
20 / 16 
12 / 7
	1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
	1973-1994
1962
1916-1977
1965-1969
1982-2008
1975-1994
1979-2005
1978-2005
	Complete
Complete
Complete
Complete
Complete
Complete Complete
Complete

	Pinus flexilis E.James
	PF_SFP
PF_SIT
Col_P3
	Kane and Kolb 2014
Kane and Kolb 2014
Smith et al. 2012
	D 
D
D 
	16
8
14  
	11 / 10
7 / 1
1 / 7
	1.3
1.3
1.3
	1996-2005
1997-2006
1975-2002
	Partial
Partial
Complete

	Pinus halepensis Mill.
	Yatir_forest
Lahav
	Klein unpub
Dorman et al. 2015
	D 
D
	11
20
	11 / 7
19 / 13
	1.3
1.3
	2007-2008
2005-2010
	Complete
Complete

	Pinus lambertiana Douglas
	PL_SUAB
PL_SUCR
PL_SUPI
	Das et al. 2007
Das et al. 2007
Das et al. 2007
	Others
Others
Others
	24
67
41
	23 / 12
59 / 57
36 / 33
	1
1
1
	1976-2001
1982-2001
1987-2001
	Partial
Partial
Partial

	Pinus mugo Turra
	Swiss_National_Park_Engadine_Valley
	Cherubini et al. 2002
	B (pred.)
	31
	25 / 16
	1
	1973-1995
	Complete

	Pinus ponderosa Douglas ex C.Lawson
	Flagstaff_1
Flagstaff_139
Flagstaff_214
Flagstaff_243
Flagstaff_276
Flagstaff_278
Flagstaff_280
	Kane and Kolb 2010
Kane and Kolb 2010
Kane and Kolb 2010
Kane and Kolb 2010
Kane and Kolb 2010
Kane and Kolb 2010
Kane and Kolb 2010
	B (cont.)
B (cont.)
B (cont.)
B (cont.)
B (cont.)
B (cont.)
B (cont.)
	4
4
4
4
2
3
4
	4 / 1
4 / 0
4 / 1
4 / 3
2 / 1
3 / 1
4 / 1
	1.3
1.3
1.3
1.3
1.3
1.3
1.3
	2000-2007
2003-2006
2003-2006
2001-2004
2002-2004
2005-2007
2001-2007
	Partial
Partial
Partial
Partial
Partial
Partial
Partial

	Pinus sibirica Du Tour
	BI2012
	Kharuk et al. 2013
	DB (cont.)

	19
	18 / 14
	1.3
	1998-2010
	C-sections

	Pinus sylvestris L.
	Gliswald_Gamsen
Rohrberg_Eyholz
Valsain
Valsain_high
Arcalis_dry_transect
Prades_dry_transect
Tschirgant
Pfynwald
Solano_de_la_Vega_High
Solano_de_la_Vega_Low
Puerto_de_Gudar_Low
Puerto_de_Gudar_High
	Bigler et al. 2006
Bigler et al. 2006
Gea-Izquierdo et al. 2014
Gea-Izquierdo et al. 2014
Hereş et al. 2012
Hereş et al. 2012
Oberhuber et al. 2001
Rohner unpub
Sangüesa-Barreda et al. 2013
Sangüesa-Barreda et al. 2013
Sangüesa-Barreda et al. 2013
Sangüesa-Barreda et al. 2013
	D 
D 
D 
D 
D 
D 
DB (pred.)
D
DB (pred.)
DB (pred.)
DB (pred.)
DB (pred.)
	20
23
17
16
25
14
57
53
2
3
3
5
	20 / 16
23 / 20
15 / 8
16 / 10
24 / 18
11 / 6
57 / 39
53 / 44
1 / 0
2 / 3
3 / 1 
4 / 4
	1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
	1990-2001
1988-1998
1977-2012
1987-2011
1994-2007
1997-2007
1959-1996
1981-2006
1993
2001-2006
2003-2004
1994-2002
	Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete
Complete

	Populus tremuloides Michx.
	PT_BWM
PT_SIT
PT_SFP
	Kane and Kolb 2014
Kane and Kolb 2014
Kane and Kolb 2014
	D 
D 
D
	7
4
49
	7 / 3
4 / 0
46 / 37
	1.3
1.3
1.3
	1999-2007
2001-2005
1996-2007
	Partial
Partial
Partial

	Pseudotsuga menziesii (Mirb.) Franco
	PM_SIT
PM_SFP
PM_BWM
	Kane and Kolb 2014
Kane and Kolb 2014
Kane and Kolb 2014
	D 
D
D
	29
32
8
	28 / 17
29 / 22
6 / 1
	1.3
1.3
1.3
	1998-2006
1996-2006
2001-2006
	Partial
Partial
Partial

	Quercus cerris L.
	Vojvodina
	Stojanović et al. 2015
	D
	10
	10 / 8
	8
	2012-2013
	C-sections


	Quercus macrocarpa Michx.
	Glacial_Lakes_State_Park
Maplewood_State_Park
	Wyckoff and Bowers 2010
Wyckoff and Bowers 2010
	D 
D 
	11
4
	8 / 6
4 / 1
	0.3
0.3
	2002
2002
	Partial
Partial

	Quercus petraea (Matt.) Liebl.
	Sikfokut
Runcu
	Mészáros et al. unpub
Petritan et al. 2017
	Others
Others
	25
94
	25 / 25
94 / 94
	1.3
1.3
	1954-2010
1965-2013
	Complete Complete

	Quercus pyrenaica Willd.
	QP_Valsain
	Gea-Izquierdo et al. 2014
	D
	11
	11 / 7
	1.3
	2003-2011
	Complete

	Quercus robur L.
	Cigonca
Chojnow_Forest_District
	Levanic et al. 2011
Tulik 2014
	D
D
	5
5
	1 / 2
2 / 0
	4-5
1.3
	2001
2008
	C-sections
C-sections

	Quercus rubra L.
	Red_Star-Ozarks
Mule_Farm-Ozarks
Ozarks-Cowell
Ozarks-Stack_Rock
Ouachitas-Dry_Creek_Mountain
Ouachitas-Flatside
Ouachitas-Talimena
	Haavik et al. 2011
Haavik et al. 2011
Haavik et al. 2011
Haavik et al. 2011
Haavik et al. 2011

Haavik et al. 2011
Haavik et al. 2011
	DB (cont.)
DB (cont.)
DB (cont.)
DB (cont.)
DB (cont.)

DB (cont.)
DB (cont.)
	17
27
17
18
12

18
19
	17 / 11
27 / 25
17 / 13
18 / 14
12 / 12

18 / 16
17 / 15
	1.3
1.3
1.3
1.3
1.3

1.3
1.3
	1977-2007
1991-2007
1979-2003
1978-2007
1989-2007

1989-2007
1996-2007
	Complete
Complete
Complete
Complete
Complete

Complete
Complete

	Tamarix chinensis Lour.
	Allen's_Patch
Army_Drain
Moab
	Hultine et al. 2013
Hultine et al. 2013
Hultine et al. 2013
	B (pred.)
B (pred.)
B (pred.)
	1
6
5
	0 / 0
6 / 2
4 / 1
	1.5
1.5
1.5
	2004-2009
2005-2008
2008-2010
	C-sections
C-sections
C-sections


* indicates the sites that were not considered in Cailleret et al. (2017).
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Table B2: Main characteristics of the tree-ring width database described in Table B1, showing details about the number of species and sites studied, the number of dying trees, and the number of pairs of conspecific dying and surviving trees with similar diameter at breast height (DBH) or similar mean ring-width (RW) during the 20-years period before tree death, by group of mortality source. 
	
	Drought
	Drought + Biotic
	Biotic agents
	Others

	species
	angiosperms
	6
	3
	2
	3

	
	gymnosperms
	12
	6
	8
	8

	sites
	angiosperms
	10
	9
	4
	4

	
	gymnosperms
	70
	28
	43
	30

	dying trees
	angiosperms
	148
	167
	65
	193

	
	gymnosperms
	619
	469
	561
	843

	Pairs with similar DBH
	angiosperms
	135
	160
	66
	191

	
	gymnosperms
	561
	455
	531
	788

	Pairs with similar mean RW20
	angiosperms
	98
	134
	54
	165

	
	gymnosperms
	354
	302
	354
	631






Appendix C: Effect of the RW detrending method on the calculation of SD and AR1
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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Figure C1: Effect of the detrending on the relationship between mean RW and SD calculated on the original (a; black) and on detrended RW data (b; green), and on the relationship between growth trend (slope of the linear regression fitted to raw RW data) and AR1 calculated on the original (c) and detrended RW data (d). (e) Relationship between mean RW and Pearson correlation coefficient. Both SD and mean RW were log-transformed. Each variable was calculated using a 20-years window. Only data from dead trees were shown here (all observations were used), but results were similar with surviving ones. Relationships were represented using general additive models (lines and shaded areas). 
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[bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK50][bookmark: OLE_LINK51]Figure C2: (a) Relationship between log-transformed mean RW and log-transformed SD calculated on RW indices (ratio between raw RW data and the RW predicted by the Gaussian filtering with a 15-year bandwidth; calculated for dead trees only). (b) Relationship between log-transformed mean RW and log-transformed CV (SD/RW) calculated on the original RW data. (c) Temporal change before tree death in SD calculated on raw RW data (black), on RW residuals (difference; green) and on RW indices (ratio; orange), and in CV calculated on raw RW data (pink). Each growth variable was calculated with a 20-year moving time-window. 
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]Even if time-series of growth ratios should be homoscedastic (Cook 1987[footnoteRef:1]), their variance is still dependent on the initial growth rate, with a general negative relationship (Fig. C2a). In consequence, the constant increase in SD20 observed for dying trees before their death (Fig. C2c) cannot be fully attributed to intrinsic changes in their growth variability. Similar interpretation applies to CV20 (Fig. C2a and C2c).
Appendix D: Effect of the bandwidth of the kernel regression smoother to detrend RW time-series [1:  Cook, E. R. (1987). The decomposition of tree-ring series for environmental studies. Tree-Ring Bulletin. 47, 37-59] 

[image: ]  [image: ][image: ] 
Figure D1: Impact of the use of different bandwidths (bw) of the kernel regression smoother to detrend raw RW time-series (in black) on the level and temporal change in AR1 and SD calculated on the detrended data for the tree “01069” from the site “Ravnik” (Abies alba; Bigler et al. 2004).
[image: ] [image: ] [image: ] 
Figure D2: Variation in the residuals of final SD20, AR120, and COR20 of dying trees according to the length of the bandwidth of the kernel regression smoother used to detrend RW data. Three fixed bandwidths were tested: 5-years, 15-years (corresponds to the data shown in the main text; Figure 3), and 40-years. Data were shown for both angiosperms (greenish color) and gymnosperms (reddish color) and for the two re-sampling strategies (detailed in Appendix F).




[bookmark: OLE_LINK58][bookmark: OLE_LINK59]On the one hand, splines with large bandwidths (i.e., 40 years) do not capture enough medium frequency variability (Fig. D1), and may induce strong ‘end-effects’ biases (Appendix E). SD values calculated on the residuals obtained with these splines are higher than SD values obtained for a bandwidth <20 years, especially when growth rates are rapidly changing (e.g., from -145 to -130 years in Fig. C1).
On the other hand, using very short bandwidths (e.g., 5 years) reduces ‘end-effects’ biases (Appendix E) but may capture too much high-frequency variability and autocorrelation. In consequence, the corresponding SD and AR1 values are quite low (Fig. D1)
Nevertheless, using one or another bandwidth does not significantly impact the analysis of the residuals of final SD20, AR120, and COR20 of dying trees (Fig. D2).


Reference:

Bigler C, Gričar J, Bugmann H, Čufar K (2004) Growth patterns as indicators of impending tree death in silver fir. Forest Ecology and Management, 199, 183-190.


Appendix E: Expected EWS based on theoretical autoregressive models

Considering that mortality is commonly preceded by a long-term decrease in growth (Cailleret et al. 2017), we aim at generating ring-width time-series with constant growth (reference, hereafter called RW series of ‘surviving trees’) and with a gradual decrease in growth (for ‘dying trees’).
To mimic RW time-series, we built 2 simple growth models that include (i) an autocorrelation component (α), (ii) a long-term change in the mean (μ), and (iii) some noise reflecting the environmental stochasticity (ε).

 [model 1]
 [model 2]
with
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]{μt = μ0; αt = α0} for surviving trees;
[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK103][bookmark: OLE_LINK104][bookmark: OLE_LINK23][bookmark: OLE_LINK24]{μt = μ0 - μA; αt = α0} for dying trees A;
[bookmark: OLE_LINK102][bookmark: OLE_LINK19][bookmark: OLE_LINK22][bookmark: OLE_LINK25][bookmark: OLE_LINK26]{μt = μ0; αt = α0  - αB} for dying trees B.
[bookmark: OLE_LINK107][bookmark: OLE_LINK108]{μt = μ0 – μC; αt = α0  + αC} for dying trees C.
[bookmark: OLE_LINK105][bookmark: OLE_LINK106][bookmark: OLE_LINK7][bookmark: OLE_LINK8]For surviving trees, RW of the next year (t+1) depends on the current RW (t) with constant rate αo, and on a constant “background growth” μ0. For dying trees A, the background growth is gradually decreasing (μt = μo - μA) while the autocorrelation component stays constant (αt = α0). For dying trees B, the autocorrelation component is gradually decreasing (αt = α0  - αB), and the background growth constant over time (μt = μo). For dying trees C, the background growth is gradually decreasing (μt = μo – μC), but the autocorrelation component increases over time (αt = α0 + αC).
RW of dying trees decreases over time either due to a reduction in long-term mean (μ; dying trees A and C; can lead to a zero RW) or in the autocorrelation component (α; dying tree B; RW reaches an equilibrium at RW1/(1- αo); see Fig. E1).
[bookmark: OLE_LINK37]The magnitude of the effect of the environmental stochasticity (noise εt) is either independent (model 1) or dependent (model 2) on tree RW. Also, it is either constant, or increases over time (irrespective of tree RW).
Simulated ring-width chronologies for surviving and dying trees
200 RW chronologies of 100 years were generated for the surviving and dying trees (A, B, and C), and we calculated the corresponding relative growth rates (RWt+1/RWt), SD and AR1 of the detrended chronologies in moving windows of 20 years. Two Gaussian smoothers with different bandwidths (5 and 20 years) were tested to assess potential ‘end effects’ biases due to inaccurate detrending of RW chronologies at both edges. In this example we assume that surviving and dying trees experience the same environmental stochasticity (same noise εt). The following parameter values were used:
[bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK132][bookmark: OLE_LINK133][bookmark: OLE_LINK134][bookmark: OLE_LINK135][bookmark: OLE_LINK29][bookmark: OLE_LINK30]μ0 = 0.3; μA = μC = 0.003; α0 = 0.7; αB = 0.007; αC = 0.0025
[bookmark: OLE_LINK138][bookmark: OLE_LINK139][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK136][bookmark: OLE_LINK137][bookmark: OLE_LINK142][bookmark: OLE_LINK143][bookmark: OLE_LINK144][bookmark: OLE_LINK145]εt = N(mean=0, sd=0.005+ε0) for model 1; εt = N(mean=0, sd=0.05+ε0) for model 2; with ε0=0 or ε0=0.004*t if the environmental noise is constant or increases over time (t), respectively.

Results
[bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK109][bookmark: OLE_LINK110][bookmark: OLE_LINK111][bookmark: OLE_LINK112][bookmark: OLE_LINK38][bookmark: OLE_LINK39][bookmark: OLE_LINK113][bookmark: OLE_LINK114]RW of surviving trees fluctuate around 1 mm/year, while RW of dying trees decreases over time following three types of functions: linear (dying tree A; linear decrease in the background growth μ), negative exponential (dying tree B; linear decrease in the autocorrelation component α), and ‘pseudo-logarithmic’ (linear decrease in the background growth μ combined with a linear increase in the autocorrelation component α; Figs. E1 to E5). We could thus mimic 3 types of growth decline patterns: (i) linear, (ii) decreasing rate of growth decline before mortality, (iii) increasing rate of growth decline before mortality.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Relative growth rates gradually decline for the dying trees A and C (with the decrease in the background growth μ), but stay constant for dying trees B (Figs. E2, E3). 
[bookmark: OLE_LINK116][bookmark: OLE_LINK117][bookmark: OLE_LINK42][bookmark: OLE_LINK43]The analysis of SD and AR1 of dying trees highlights the importance of the choice of the bandwidth of the Gaussian smoother. With a 20-year bandwidth, strong ‘end-effects’ can be observed (e.g., Fig. E2) because the smoother doesn’t accurately fit the RW data at both edges of the chronology (Fig. E1). With a shorter bandwidth (e.g., 5 years) SD and AR1 values are lower, but ‘end-effects’ are less present (e.g., Fig. E2).
Regardless of this effect, the change in SD over time for dying trees is highly dependent on the model features:
· [bookmark: OLE_LINK122][bookmark: OLE_LINK123][bookmark: OLE_LINK118][bookmark: OLE_LINK119][bookmark: OLE_LINK124][bookmark: OLE_LINK125][bookmark: OLE_LINK120][bookmark: OLE_LINK121]Stable when the noise εt is constant and is independent of tree RW (model 1; Fig. E2).
· [bookmark: OLE_LINK126][bookmark: OLE_LINK127]Increase when the noise εt increases over time and is independent of tree RW (model 1; Fig. E4).
· [bookmark: OLE_LINK128][bookmark: OLE_LINK129]Decreases when the noise εt is constant but depends on tree RW (model 2; Fig. E3).
· All temporal trends can be obtained when the environmental noise εt increases over time and depends on tree RW (model 2; Fig. E5).
For AR1, it decreases over time for dying trees B, is stable for dying trees A, and increases for dying trees C, irrespective of the model and of the noise used.
To conclude, all possible combinations in the temporal trends of SD and AR1 can be obtained with the decrease in tree growth. It depends on the shape and nature of the decrease in RW over time, and on the change in the environmental noise.

[image: ]
Figure E1: Example of RW time-series simulated using model 2 with constant environmental noise for a surviving tree, and dying trees A, B, and C (from Left to Right). Detrended RW data with Gaussian smoothers (5- and 20-years bandwidths) are also indicated.
[image: ]
Figure E2. Average temporal change in simulated RW, relative growth rate, Standard Deviation (SD) and lag-1 autocorrelation (AR1) simulated using the model 1 without temporal change in the environmental noise. RW data were detrended using Gaussian smoothers with 5- and 20-year bandwidths.
 [image: ]
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]Figure E3. Average temporal change in simulated RW, relative growth rate, Standard Deviation (SD) and lag-1 autocorrelation (AR1) simulated using the model 2 without temporal change in the environmental noise. RW data were detrended using Gaussian smoothers with 5- and 20-year bandwidths.
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[bookmark: OLE_LINK146][bookmark: OLE_LINK147]Figure E4. Average temporal change in simulated RW, relative growth rate, Standard Deviation (SD) and lag-1 autocorrelation (AR1) simulated using the model 1 with temporal increase in the environmental noise. RW data were detrended using Gaussian smoothers with 5- and 20-year bandwidths.
[image: ]
Figure E5. Average temporal change in simulated RW, relative growth rate, Standard Deviation (SD) and lag-1 autocorrelation (AR1) simulated using the model 2 with temporal increase in the environmental noise.

Appendix F: Effect of the length of the moving time-window on SD, AR1, and COR.
[image: ][image: ] [image: ]
Figure F1: Variation in the residuals of final SD, AR1, and COR of dying trees according to the length of the moving time-window used. Three windows were tested: 10-years, 20-years (corresponds to the data shown in the main text; Figure 3) and 30-years. Data were shown for both angiosperms (greenish color) and gymnosperms (reddish color) and for the two re-sampling strategies (detailed in Appendix G).

Appendix G: Resampling procedures to consider for the heterogeneity in sampling properties

To account for the heterogeneity in the number of dying trees per site and per species in the dataset, we used two resampling procedures (Cailleret et al. 2017). 
Diachronic approach
[bookmark: OLE_LINK54][bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK57]In the first resampling procedure, we randomly sampled with replacement 53 dying trees (median of the number of dying trees per species in the database; 1908 chronologies per dataset) for each of the 36 species. Depending on the species, the information from a given mortality event could be either replicated or excluded. This sampling procedure was repeated 500 times and averaged resSD20, resAR120, and resCOR20 values were calculated for each of these 500 datasets. In the second resampling procedure, we generated 500 datasets for which we randomly sampled with replacement 10 dying trees for each of the 199 sites (median in the database; 1990 chronologies per dataset). 
Synchronic approach
As before, we used species-specific and site-specific resampling procedures to account for the differences in sampling intensity between species and sites in the LMM analyses. For the species-specific resampling, we generated 500 different datasets by randomly sampling with replacement 47 or 34 mortality events (~pair dying-surviving) per species (medians in the database when dying and surviving trees from a given pair had similar DBHf or similar meanRW20f, respectively). In the case of the site-specific resampling we generated 500 different datasets by randomly sampling with replacement 8 or 7 mortality events per site.

With both approaches, each species or each site has the same weight in the calibration dataset and contributes equally to the results. Nonetheless, sampling a similar number of trees per species may overemphasize the effect of species with low initial number of sample trees and sites (e.g., Pinus brutia). At the same time, sampling a similar number of trees per sites may overemphasize species with high number of sample sites (e.g., Picea abies). Thus, combining both resampling methods aimed at minimizing the bias related to under-sampling or over-sampling for specific sites or species.
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Figure G1: Average temporal change in the residuals in SD20 (a, b), AR120 (c, d), and COR20 (e, f) of dying Angiosperms (a, c, e) and Gymnosperms (b, d, f) calculated by averaging data from all dying trees (original dataset; black), from a similar number of dead trees per species (n=36*53 ‘trees’ per dataset; orange) or per site (n=10*199 ‘trees’ per dataset; purple). Shaded areas represent the 95% confidence intervals of the means calculated based on 500 resamplings.
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[bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK20][bookmark: OLE_LINK21]Figure G2: Variation in the residuals of SD (a), AR1 (b), and COR(c) calculated over the last 20-year period of the detrended RW time-series preceding tree death (resSD20f, resAR120f, and resCOR20f) among mortality sources and species groups. Results for the original dataset are indicated with the crosses and full error bars. Medians and 95% confidence intervals of the mean residuals were determined based on the 500 datasets generated by resampling an equal number of dying trees per species (full dot and dashed error bar) or per site (open dot and dotted error bar).



Similar mean RW
Similar DBH

[image: ][image: ](b)
(a)

[image: ][image: ][image: ][image: ](e)
(f)
(d)
(c)


[bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK13]Figure G3: Mean difference in SD20f (Top), AR120f (Middle), and COR20f (Bottom) values between dying and surviving trees predicted by the LMMs fitted to the original dataset (crosses and full error bar), and to the 500 different datasets generated using a random sample of 34 or 47 dying/surviving pairs per species (full dot and dashed error bar) or a random sample of 7 or 8 pairs per site (white dot and dotted error bar) fixing diffD-SRW20f and diffD-SDBHf at zero. Standardization with similar meanRW20f (Left) and similar DBHf (Right). 95% of the predicted values from the 500 datasets are included within the confidence intervals (arrows). Estimates of the LMMs are available in Table H1. Note the extreme outliers observed for the differences in AR1 when the samples included an equal number of pairs for each species. The strong positive values calculated for angiosperms in the case of drought-induced mortality (pairing by DBHf; panel d) were attributed to Quercus robur, whose three pairs (with high diffD-S AR120f values) proportionally have a higher weight than pairs of the other species. The same applies to angiosperms killed by biotic agents (due to very negative diffD-S AR120f values of Tamarix chinensis).


Appendix H: Summary of the linear mixed-effects models fitted to diffD-S SD20f, diffD-S AR120f, and diffD-S COR20f values.

Table H1: Summary of the linear mixed-effects models fitted to diffD-S SD20f, diffD-S AR120f, and diffD-S COR20f values. In each cell we reported, the estimates and significance levels of regression coefficients of the LMMs fitted on the initial dataset (no-resampling; Top), and the estimates of the 95% confidence intervals of regression coefficients calculated based on LMM fitted to 500 different datasets generated using a random sample of 34 or 47 pairs per species (black square brackets; Middle), or a random sample of 7 or 8 pairs per site (grey square brackets; Below) with replacement (medians in the database for the standardization RW20 and DBH, respectively).

	
	diffD-S SD20f
	diffD-S AR120f
	diffD-S COR20f

	
	Similar RW20
	Similar DBH
	Similar RW20
	Similar DBH
	Similar RW20
	Similar DBH

	Intercept
	0.047 ** 
[0.031 to 0.062]
 [0.001 to 0.072]
	0.045 **
[0.036 to 0.069]
 [-0.002 to 0.108]
	0.013
[-0.046 to 0.015]
[0.007 to 0.125]
	0.051 
[0.128 to 0.189]
 [-0.037 to 0.081]
	-0.008
[-0.010 to 0.075]
 [-0.148 to -0.039]
	-0.041 
[-0.064 to -0.004]
 [-0.114 to -0.001]

	diffD-SmeanRW20f
	0.20 (*) 
[-0.209 to 0.617]
 [-0.237 to 0.482]
	0.235 ***
[0.235 to 0.278]
 [0.196 to 0.229]
	0.119
[-0.095 to 1.572]
[-0.221 to 1.104]
	0.018 (*) 
[0.012 to 0.070]
 [-0.014 to 0.028]
	0.168
[-0.994 to 0.226]
 [-0.828 to 0.525]
	0.092 ***
[0.069 to 0.132]
 [0.041 to 0.087]

	diffD-SDBHf
	-0.001 *** 
[-0.002 to -0.001]
 [-0.001 to -0.001]
	 -0.003
[-0.013 to -0.001]
 [-0.001 to 0.018]
	-0.000
[-0.002 to 0.001]
[-0.001 to 0.001]
	0.012 * 
[0.008 to 0.037]
  [0.012 to 0.039]
	0.003 ***
[0.001 to 0.003]
[0.002 to 0.004]
	-0.012 * 
[-0.034 to -0.002]
 [-0.038 to -0.006]

	Drought-Biotic
	-0.016 
[-0.046 to 0.025] [-0.084 to 0.054]
	-0.006
 [-0.026 to 0.041]
 [-0.072 to 0.035]
	-0.024 
[-0.059 to 0.082]
[-0.229 to 0.024]
	-0.055 
[-0.214 to -0.084]
 [-0.125 to 0.092]
	-0.026 
[-0.136 to 0.001]
 [-0.077 to 0.153]
	-0.006 
[-0.070 to 0.051]
 [-0.272 to 0.111]

	Biotic
	-0.021 
[-0.084 to -0.028] [-0.034 to 0.059]
	-0.045 
[-0.078 to -0.019]
 [-0.172 to 0.009]
	-0.020
[-0.235 to -0.128]
[-0.068 to 0.137]
	-0.098 
[-0.383 to -0.273]
 [-0.090 to 0.057]
	-0.114
[-0.044 to 0.072]
[-0.077 to 0.111]
	-0.009 
[0.018 to 0.135]
 [-0.058 to 0.105]

	Others
	-0.019 
[-0.048 to 0.033] [-0.037 to 0.041]
	-0.058 ** 
[-0.094 to -0.026]
 [-0.091 to 0.046]
	0.014
 [-0.028 to 0.116]
 [-0.133 to 0.039]
	-0.036 
[-0.198 to -0.083]
 [-0.037 to 0.147]
	-0.064 
[-0.183 to -0.052]
 [-0.045 to 0.097]
	0.039 
[-0.014 to 0.135]
 [-0.101 to 0.080]

	Gymnosperms
	-0.025 
[-0.044 to -0.003] [-0.056 to 0.018]
	-0.029 (*) 
[-0.047 to -0.011]
 [-0.087 to 0.021]
	0.041 
[0.035 to 0.145]
 [-0.130 to 0.009]
	-0.025
 [-0.177 to -0.083]
 [-0.087 to 0.046]
	-0.048 
[-0.151 to -0.046]
 [-0.027 to 0.097]
	-0.022
[-0.087 to 0.004]
 [-0.116 to 0.010]

	Drought-Biotic * Gymno
	0.014 
[-0.039 to 0.045] [-0.036 to 0.098]
	0.015 
[-0.042 to 0.034]
 [-0.056 to 0.055]
	-0.052 
[-0.216 to -0.013]
[-0.007 to 0.245]
	0.022 
[0.027 to 0.204]
 [-0.113 to 0.120]
	0.035 
[-0.018 to 0.185]
 [-0.215 to 0.048]
	0.025 
[-0.062 to 0.125]
 [-0.095 to 0.106]

	Biotic * Gymno
	0.047 
[0.017 to 0.080]
[-0.075 to 0.026]
	0.041 
[0.006 to 0.069]
 [-0.013 to 0.162]
	-0.037 
[0.053 to 0.218] 
 [-0.147 to 0.076]
	0.092 
[0.266 to 0.400]
 [-0.049 to 0.117]
	0.104 
[-0.079 to 0.077] 
 [-0.087 to 0.109]
	-0.029 
[-0.177 to -0.003]
 [-0.097 to 0.082]

	Others * Gymno
	0.011 
[-0.046 to 0.044] [-0.058 to 0.032]
	0.057 *
 [0.025 to 0.097]
 [-0.053 to 0.088]
	-0.042 
[-0.178 to 0.027]
[-0.081 to 0.111]
	0.019 
[0.045 to 0.202]
 [-0.154 to 0.048]
	0.062 
[0.020 to 0.220]
 [-0.127 to 0.077]
	-0.087
 [-0.141 to 0.005]
 [-0.067 to 0.126]



[bookmark: OLE_LINK48][bookmark: OLE_LINK49]The intercept corresponds to the reference species group (Angiosperms) and the reference mortality source (drought). In consequence, model estimates should be interpreted carefully. For instance, because of the high diffD-S AR120f values for the condition ‘Angiosperms – drought-induced mortality – equivalent number of pairs for each species’, the estimates of the other categorical variables significantly differ from zero, which should not be interpreted as significant differences between diffD-S AR120f and zero, but rather as significant differences between diffD-S AR120f calculated for the given variable and for ‘drought-angiosperms’. 
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