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Drought legacies are short, prevail in dry conifer forests and depend on
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Abstract

o The negative impacts of drought on forest growth and productivity last for
several years generating legacies, although the factors that determine why such
legacies vary across sites and tree species remain unclear.

J We used an extensive network of tree-ring width (RWI, ring-width index)
records of 16 tree species from 576 forests, and high-resolution climate and NDVI
datasets across Spain during the period 1982—-2008 to test the hypothesis that climate
conditions and growth features modulate legacy effects of drought on forests. Legacy
effects of drought were calculated as the differences between detrended-only RWI and
NDVI series (i.e. after removing long-term growth trends) and predicted pre-whitened
RWI and NDVI series by a model including drought intensity. Superposed epoch
analysis (SEA) was used to estimate whether legacy effects differed from random.
Finally, legacy effects were related to water balance, growth persistence and
variability, and tree species identity.

o We found a widespread occurrence of drought legacy effects in both RWI
and NDVI, but they were seldom significant. According to SEA, first-year drought
legacies were negative and different from random in 9% and 5% of the RWI and
NDVI series, respectively. The number of significant second- and third-year legacies
was substantially lower. Differences between NDVI and RWI legacies indicate that
canopy greenness and growth responses to drought are decoupled. We found
variations in legacies between tree species with gymnosperms presenting larger first-
year drought legacies than angiosperms, which were exposed to less severe droughts.
Greater growth variability can explain the presence of first-year RWI legacies in
gymnosperms from dry sites despite the relationship between growth variability and

legacies was complex.
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“Synthesis” Accounting for species and site responses to drought provides a better
understanding of the magnitude and duration of drought legacies on forest growth and
productivity. Despite the widespread occurrence of growth reductions in the years during
and after drought occurrence, significant legacies were not very common, mostly lasted
one year and were more widespread in gymnosperms. These are relevant factors to be
considered in the future when studying the consequences of drought on forest

productivity and tree growth.

Keywords: dendroecology, drought intensity, global change ecology, growth variability,

NDVI, SPEI, tree rings.
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Introduction

Forests may be increasingly more stressed by droughts and warmer conditions (Babst et
al. 2019) because more severe water shortage impairs the functioning of trees by
reducing their photosynthesis and growth rates. Since drought constrains radial growth,
the occurrence of dry spells results in the formation of narrow or missing growth rings
that can be identified, cross-dated and measured (Schweingruber 1986; Fritts 2001).
Thus, relating historical droughts to tree-ring widths allows to quantify the response of
forests to drought and to forecast their vulnerability to future extreme climate events
(Camarero et al. 2015a; Sadnchez-Salguero et al. 2017). Previous studies demonstrated
that the negative impacts of droughts on growth produced legacies which can last for
several years (Becker 1989; Orwig & Abrams 1997). Recently, the interest in such long-
term impacts of drought on forest growth has been reactivated (e.g. Anderegg et al. 2015;
Huang et al. 2018; Peltier & Ogle 2019a, 2019b), opening questions on how drought
triggers legacy effects which can mediate forest resilience capacity in sight of climate
change (Camarero et al. 2018; Gao et al. 2018; Peltier & Ogle 2019b).

However, reconstructing forest resilience from tree growth patterns represents a
limited, bottom-up approach, which can be complemented with the use of other
ecosystem-level measures or proxies of forest productivity (Coulthard et al. 2017; Zhang
et al. 2017; Gazol et al. 2018). Dendrochronological studies generally consider dominant
trees in harsh sites to reduce the influence of tree to tree interactions in the stand and
maximize the climate signal (Fritts 2001). Thus, when these measures at the individual
tree level are upscaled to stand and forest levels there is a potential bias in the
quantification of growth and productivity responses to drought due to the increase in
uncertainty (Nehrbass-Ahles et al. 2014; Zhang et al. 2017). In this respect, satellite-

based estimations of vegetation indices such as the Normalized Difference Vegetation
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Index (NDVI), which is available since the early 1980s (Tucker 1979), can complement
our understanding on the consequences of droughts on forest resilience (Vicente-Serrano
et al. 2013; Zhang et al. 2017). The NDVI is mainly driven by changes in canopy
greenness, tree cover and photosynthesis rate and thus it represents a quantification of
gross primary production which complements radial growth (Vicente-Serrano et al.
2020). Thus, NDVI and tree-ring width data provide complementary estimations of forest
productivity and growth that might be temporally decoupled due to their dependence on
primary and secondary growth, respectively (Kannenberg et al. 2019a).

Forest growth resilience capacity to drought varies across biomes and continents
(Gazol et al. 2017, 2018) due to phylogeny (angiosperms vs. gymnosperms), functional
traits of tree species (e.g., wood density, wood anatomy, leaf features, etc.), and local
adaptations (Anderegg et al. 2015; Peltier et al. 2016, 2017; Greenwood et al. 2017;
Sanchez-Salguero ef al. 2018; Kannenberg et al. 2019b). Anderegg et al. (2015) found
more prevalent drought legacies in gymnosperms when considering tree growth
responses to drought worldwide. Peltier et al. (2016) found that post-drought recovery
times vary considerably within gymnosperms in dry forests from southwestern North
America. Wider rings and higher autocorrelation (growth persistence) usually correspond
to mesic sites dominated by angiosperms (Douglass 1941), whereas gymnosperms tend to
present higher growth variability and abrupt growth reductions because of severe
droughts (Anderegg ef al. 2015). Thus, growth features such as year-to-year variability
and autocorrelation can provide new insights on drought legacy effects.

However, the impact of drought on tree growth, and its legacy effects, can be
influenced by external forcings mainly related to site characteristics and climate
conditions (D’Orangeville ef al. 2018; Kannenberg et al. 2019b). Pasho et al. (2011)

found that the impact of drought on radial growth varied across species and sites in NE
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134  Spain with species from xeric sites responding to drought at larger scales than species

135  from mesic sites which mainly responded to short-duration, summer droughts. This

136  different response suggests that site characteristics are important factors determining

137  growth responses to drought, but also indicates that some tree species could be more

138  vulnerable than others to certain drought types (D’Orangeville et al. 2018). For instance,
139  Peltier & Ogle (2019a) speculated on the influence of physiological traits such as the

140  mobility or storage of non-structural carbohydrates as an important factor modulating the
141  response of tree species to drought. Regarding drought legacies, recent studies found that
142  drought timing and duration modify the fate and duration of the legacy effects of drought
143  on tree growth (Gao et al. 2018; Huang et al. 2018; Peltier & Ogle 2019a). Similarly,

144  post-drought climate conditions can determine the duration of legacy effects (Jiang et al.
145  2019). All these results suggest that pre- and post-drought climate conditions need to be
146  considered when quantifying drought legacies that can vary between tree species and as a
147  function of site characteristics and climate conditions.

148 In this study, we take advantage of an extensive network of tree-ring width
149  records (including 16,935 ring-width series of 16 tree species across 576 forests), and
150  high-resolution climate and NDVI datasets to evaluate the strength and duration of the
151  legacy effects of drought on tree growth and forest productivity. Moreover, we evaluate
152  whether drought timing and intensity as well as tree growth features modulate these
153  legacy effects. In particular we expect that: (i) drought legacy effects will be stronger in
154  the case of radial growth than in the case of NDVI, (ii) growth legacies will differ among
155  tree species, specifically gymnosperms will show longer legacies than angiosperms; and
156  (iii) legacies will depend on growth variability (plasticity) and autocorrelation
157  (persistence). We argue that this modulation will be influenced by how growth variability

158  and autocorrelation vary along climate gradients and between species.

7
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Materials and methods

Study area and tree growth data

We studied forest growth in peninsular Spain and the Balearic Islands in south-western
Europe (Fig. S1). We used a recently created database of tree-ring width measures from
576 forests of 16 tree species (9 gymnosperms and 7 angiosperms) across their Spanish
distribution (Table 1; Gazol ef al. 2018; Vicente-Serrano et al. 2020). We compiled raw
tree-ring width information following dendrochronological methods (Fritts 2001) for
16,935 ring-width series. All wood samples were visually cross-dated, their annual rings
were measured to a 0.01 mm resolution, and then these measurements were statistically
checked to confirm the visual cross-dating (see more details in Gazol et al. 2018). The
database contains growth information on the most widely distributed tree species across
Spain (Fig. S1). The climate in the Iberian Peninsula differs between the humid north and
north-west regions and the semi-arid south-east regions (De Castro et al. 2005). In
northern Spain, the climate is temperate and presents high precipitation in winter (Martin-
Vide & Olcina 2001). The transitional areas between central and north Spain present
humid and continental Mediterranean conditions characterized by cold winters and dry
summers, whereas the southeast areas have a semiarid and Mediterranean climate with a
rainfall maximum in autumn (Martin-Vide & Olcina 2001). The overall average annual
temperature of Spain ranges between 6° C near the alpine treeline in the Pyrenees (ca.
2,300 m a.s.l.) to ca. 19° C in the south and semiarid south-eastern regions. Similarly,
total annual rainfall ranges between ca. 2,100 mm at the most humid sites to 250-350 mm
in the driest areas (Martin-Vide & Olcina 2001). Mountain ranges modify the local
temperature and precipitation regimes and enhance the local environmental

heterogeneity.

8
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Climate and NDVI data
Climatic data were obtained from a ~1.1 km?-gridded and homogenized database of
climate records in the continental Spain and Balearic Islands derived from the entire
observational climatic data bank of the Spanish Meteorological Agency (AEMET) for the
period 1962—-2008 (Vicente-Serrano et al. 2017). The dataset contained records of weekly
mean temperature, relative humidity, wind speed and totals for sunshine duration (as a
surrogate of the solar radiation) and precipitation. Evapotranspiration was calculated
using the FAO-56 Penman-Monteith Equation (Allen ef al. 1998). We also calculated a
drought index, the Standardized Precipitation-Evapotranspiration Index (SPEI; Vicente-
Serrano et al. 2010), to quantify the spatial and temporal differences in drought severity.
Negative/positive SPEI values indicate dry/moist conditions. A detailed explanation of
the climate data processing and grid validation can be found in Vicente-Serrano ef al.
(2017). To evaluate the time and duration at when drought most affected growth, we
calculated 1-, 3-. 6-, 9-, 12-, 15 and 18-month SPEI values for February, May and August
over the period 1982—-2008.

To quantify the temporal variability in forest productivity, we used bi-weekly
time series of NDVI over the period 1982—-2008 using a high resolution (1.1-km grid)
dataset obtained using the entire available daily NOAA—-AVHRR images covering the

study period (see more details in Martin-Hernandez et al. 2017).

Table 1. Studied tree species and data of radial growth. For each species, the number of
sites and trees together with the mean tree-ring width and its standard deviation (SD) are

shown for the period 1980—2008.

Group Species (code) Ne. sites (N° trees) Tree-ring width SD (mm)

9
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(mm)
Gymnosperms Abies alba (ABAL) 48 (760) 2.25 0.91
Abies pinsapo (ABPN) 13 (223) 1.65 0.73
Juniperus thurifera (JUTH) 16 (242) 1.28 0.64
Pinus halepensis (PTHA) 116 (1710) 1.90 1.06
Pinus nigra (PINI) 67 (1214) 1.16 0.58
Pinus pinaster (PIPI) 18 (375) 2.25 1.20
Pinus pinea (PIPN) 9 (203) 1.49 0.87
Pinus sylvestris (PISY) 73 (1194) 1.65 0.76
Pinus uncinata (PIUN) 36 (575) 0.92 0.32
Angiosperms Castanea sativa (CASA) 10 (205) 2.47 1.06
Fagus sylvatica (FASY) 51 (681) 1.63 0.65
Quercus faginea (QUFA) 19 (295) 1.38 0.67
Quercus ilex (QUIL) 15(57) 1.16 0.66
Quercus petraea (QUPE) 7 (123) 1.54 0.57
Quercus pyrenaica (QUPY) 34 (439) 1.55 0.71
Quercus robur (QURO) 35 (518) 1.68 0.68

208

209  NDVI drought legacies and tree-ring methods

210  Generalized Additive Models (Wood 2017) were used to quantify drought legacies in

211 NDVI for the period 1982—2008. We modeled how NDVI varied along that period using
212 acyclic cubic regression spline to capture intra-annual variations and a thin plate

213 regression spline to represent long-term NDVI trends (Fig. S2). These analyses were

214  performed using the “mgcy” library in R (Wood 2017). This allowed calculating the

215  expected intra-annual variation and trend in NDVI and comparing it with observed NDVI
216  values. Differences between observed and modelled values (i.e. residuals) may represent
217  the effect of climate variations. Thus, we calculated bi-weekly residual variations in

218  NDVI values as the difference between observed (NDVIpgs) and predicted NDVI values

10
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(NDVIpgg). These bi-weekly residuals were averaged over a year to obtain standardized
and detrended NDVI series (NDVIgrp). Finally, autoregressive modeling was performed
to remove AR(n) (i.e. the dependency of NDVI in year ¢ from NDVI in year #-n) thus
obtaining pre-whitened or residual NDVI series (NDVIggs). These analyses were
performed using the “dp/R” library in R (Bunn ef al. 2018).

To obtain mean series of RWI values or site chronologies, tree-ring width
measurements were detrended using standard dendrochronological protocols (Fritts
2001). Each individual TRW series was detrended with a cubic smoothing spline with a
50% frequency response cutoff at 30 years. After that, RWIs were obtained by dividing
the observed by the fitted TRW values. The individual standardized RWI series were
averaged into mean site chronologies using bi-weight robust means (RWlgrp). In
addition, we built pre-whitened residual ring width index chronologies (RWIggs) in
which autoregressive modeling was performed to remove AR(n) (i.e. the dependency of
growth in year ¢ from growth in year #-n). These analyses were performed using the
“dplR” library (Bunn et al. 2018).

We calculated the mean RWIgrp and its standard deviation (SD) for each
individual chronology to quantify the variation in growth (hereafter RWlgp) in the period
1980-2008. We also calculated the first-order temporal autocorrelation of each mean site
chronology (RWIgrp) in the period 1980-2008 (hereafter RWIsgr). The RWI,R is a
measure of growth persistence, i.e. it quantifies how similar are RWI values between
consecutive years (Fritts 2001). Since not all chronologies spanned the entire period, both
RWIsp and RWI,r were calculated for a common period across most chronologies
(1980-1999).

Drought legacies were calculated up to three years after drought following

Anderegg et al. (2015). First, we identified the time scale at which tree growth (RWIggs)

11
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responded most tightly to drought (SPEI). Second, a linear model was used to predict
RWIggs and NDVIggs using the selected SPEI. Finally, drought legacies were calculated
by subtracting the predicted values of RWIggsand NDVIggs from the detrended-only RWI
(RWIstp) and NDVI (NDVIgrp) series, respectively. Prior to the calculation of drought
legacies, RWIggs and NDVIggs as well as RWIggs and NDVIggs were scaled to have a
mean of exactly one.

We used Linear Mixed-effect Models (LMM; Pinheiro & Bates 2000) to
determine the significant time scale at which drought (SPEI) impacted most pre-whitened
residual ring width index chronologies (RWIggs) for each species. Site identity was
regarded as a random factor since multiple measures (different year) occurred in each
site. We ran separate models for each SPEI variable and ranked all potential models
according to their corrected Akaike information criterion (AICc, see Burnham &
Anderson 2002). We selected as the best model that showing the lowest AICc value, and
the largest Akaike weight (w;), which represents the relative probability that the selected
model is the best one. The SPEI selected in the best model was used to quantify RWI and
NDVI legacies.

For each species and site, extreme drought events were identified as the 20%
SPEI values at the selected scale for the period 1980-2008. Since we were interested in
legacies of extreme droughts, we only focused in RWI and NDVI drought legacies after
the occurrence of such extreme events. The number of extreme droughts can vary
between sites since not all chronologies span the entire period (1980-2008). We allowed
for the occurrence of consecutive extreme events (e.g. 1994 and 1995) and legacies were

calculated for the two events.

Statistical analyses

12
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Superposed Epoch Analysis (SEA) was used to test the probability that RWI and NDVI
drought legacies differed from random (Haurwitz & Brier 1981; Lough & Fritts 1987,
Rao et al. 2019). For each site, RWI and NDVI legacies up to three years immediately
after each extreme drought were averaged. We tested whether legacies from one up to
three years after extreme droughts (site-specific 20% SPEI values) significantly (p <
0.05) differed from random using bootstrap resampling. For this purpose, we used the
SEA function developed by Rao et al. (2019) which allows normalizing the pre-drought
event years (setting the pre-drought legacies to a mean of 0). We used the three years
before the drought event to normalize the data in each window. Due to the variation in the
length of the chronologies and the occurrence of drought events, these analyses were only
possible in 508 out of the 576 studied sites.

Pearson correlation analyses were used to quantify the relationships between RWI
and NDVI drought legacies from one up to three years. We used Generalized Least-
Square models (GLS; Pinheiro & Bates 2000) to quantify the differences in growth
persistence (RWIAR) and growth variability (RWIgp) between sites and species. Site
differences were represented as differences in average climate and tree growth. Mean
climate conditions were represented by calculating the annual climate water balance as
the difference between precipitation and reference evapotranspiration (P—-PET). Tree
growth was represented by means of the averaged tree-ring width for the period
1980-1999. In addition, tree species (16 levels) was considered to account for differences
between species. We also considered potential interactions between growth, water
balance and tree species. Since the number of chronologies varies between species (see
Table 1), we used a constant variance structure to allow different variances between

species (Pinheiro & Bates 2000).

13
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We also applied GLSs to evaluate the relationship between RWI and NDVI
drought legacies, and to determine which factors influenced their variation. To evaluate
the factors influencing the variation in RWI and NDVI, covariates were standardized
subtracting the mean and dividing by the standard deviation prior to the analyses to
obtain comparable parameters across covariates (Schielzeth 2010). For RWI and NDVI
legacies up to three years after a drought, we built models in which the water balance,
tree species identity and its interaction were used as covariates. In other words, we tested
whether the site characteristics, in terms of water availability, modulated the relationship
between drought legacies and tree species. For modeling RWI legacies, we also included
RWIsp and RWI,R and their interaction with water balance and tree species. This was
done to evaluate how growth features and its variation influence growth legacies after
drought. We used a constant variance structure to allow different variances between
species (Pinheiro & Bates 2000).

We applied a multi-model inference approach based on information theory
(Burnham & Anderson 2002) to select the set of covariates that better explained growth
persistence, growth variability and legacies. We ranked all potential models according to
their AICc and selected as the best model that showing the lowest AICc value and the
largest w;. When models showed a difference in AICc < 2, we selected the model with the
lowest number of covariates. The models were ranked according to the AAICc (AICc
differences between the selected model and the rest of models). All statistical analyses
were performed using the R free software environment (R Core Team 2018). The gls
function of the “nlme” package was used to fit the GLSs (Pinheiro et al. 2014), and the
“MuMin” package was used to perform the multi-model selection and to calculate R?

(Barton 2012).
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Results

The selected droughts impacted more negatively RWI than NDVI (Fig. 1; Fig. S3). The
studied species responded significantly to drought (SPEI) by reducing growth (RWI) and
NDVI at least at one time scale (Figs. S4, S5). The timescale at which RWI and NDVI
responded to drought varied across species. Despite extreme droughts varied across sites,
these events were more common in years 1986, 1994, 1995, 1999 and 2005 (Fig. 1).
Particularly, 1986, 1994 and 2005 were considered extreme droughts in more than 60%
of the sites, whereas 1989, 1995 and 1999 were considered extreme droughts in 30-40%
of the sites (Fig. S6). Lower values of RWI were coupled with drought, whereas lower

values of NDVI were mainly decoupled from those drought events (Fig. 1).
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329  Figure 1. Tree growth (RWI, ring-width index), NDVI and their legacies for the period
330  1980-2008. (a) Average RWI across the study sites (red lines) and average SPEI values
331  (blue lines). In plot (b), average NDVI across the studied sites (red lines) and average

332 SPEI values (blue lines) are shown. The more common droughts across sites (1986, 1994,
333 1995, 1999, and 2005) are marked with red dots. Polygons indicate the standard error

334  (SE) of the mean.

335

336 Table 2. Percentage of sites displaying significant negative legacies in tree growth (RWTI)
337 and NDVI from one (e.g. year 1) up to three (e.g. year 3) years after drought occurrence.
338  For each site, the significance of legacies (p < 0.05) was determined by means of

339  Superposed Epoch Analysis. Species codes are as in Table 1.

Growth legacies NDVI legacies
Tree species (code) vear 1  year2  year3  year I year 2 year 3
Abies alba (ABAL) 13.6 4.5 6.8 0.0 0.0 23
Abies pinsapo (ABPN) 8.3 8.3 0.0 0.0 16.7 0.0
Castanea sativa (CASA) 10.0 0.0 10.0 10.0 0.0 10.0
Fagus sylvatica (FASY) 18.8 6.3 4.2 0.0 2.1 2.1
Juniperus thurifera (JUTH)  13.3 13.3 0.0 0.0 0.0 0.0
Pinus halepensis (PTHA) 8.0 6.0 3.0 21.0 11.0 6.0
Pinus nigra (PINI) 10.2 1.7 0.0 0.0 5.1 3.4
Pinus pinaster (PIPI) 5.6 5.6 0.0 5.6 16.7 5.6
Pinus pinea (PIPN) 11.1 0.0 0.0 222 0.0 0.0
Pinus sylvestris (PISY) 8.2 8.2 1.6 0.0 8.2 9.8
Pinus uncinata (PIUN) 19.2 0.0 7.7 3.8 3.8 3.8
Quercus faginea (QUFA) 0.0 0.0 0.0 0.0 0.0 0.0
16
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Quercus ilex (QUIL) 14.3 7.1 7.1 0.0 0.0 0.0
Quercus petraea (QUPE) 0.0 20.0 20.0 0.0 0.0 0.0
Quercus pyrenaica (QUPY) 0.0 6.3 3.1 0.0 0.0 3.1
Quercus robur (QURO) 34 34 17.2 0.0 13.8 20.7

Tree growth variability (RWIgp) varied across species (F'=41.66; p < 0.05) but
also as a function of site annual water balance (/= 36.72; p < 0.05) and the mean tree
ring width (F' = 28.04; p < 0.05). RWIsp was lower for trees forming wider rings (B = -
0.015 £ 0.004; p <0.05). In addition, a significant interaction between tree species and
water balance was found (F' = 5.59; p < 0.05) with the two species from the driest sites
(i.e. P. pinea and P. halepensis) showing a more steep slope relationship between water
balance and RWIgp than the rest of species (Fig. 2). The regression model accounted for
69% of the variation in RWIgp The growth persistence (RWI,g) was the highest in Q.
pyrenaica and lowest in P. uncinata, with strong variation across species (F' = 7.65; p <
0.05). We also found a significant influence of water balance on RWI g (F=6.13; p <
0.05) indicating that growth persistence was higher in dry places (B =-0.07 = 0.03; p <
0.05). However, we found no significant interactions between tree species and mean

annual water balance. The model accounted for 23% of the variation in RWIz.
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356  Figure 2. Variation in tree growth (a, RWIgp) and growth persistence quantified as first-
357  order autocorrelation (b, RWI,R) across tree species and as a function of the mean annual
358  water balance (P-PET, in mm). For each species, the point represents the average values
359 across the forests where the species is present. In plot (a) solid lines represents regression
360 slopes (dashed lines are 95% confidence intervals) for the interaction between water

361  balance and tree species. In plot (b) the horizontal and vertical segments are the 95%

362 confidence intervals of the water balance and the RWI4p, respectively. Green colors

363 indicate angiosperms and red colors are gymnosperms.

364
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Drought legacies on RWI and NDVI (i.e. the difference between detrended-only
and predicted pre-whitened series) varied between species (Figs. 3 and 4; Tables 2 and
S1). RWI and NDVI drought legacies were only significantly correlated in the first year
after drought (» = 0.11; p = 0.02). First-, second- and third-year RWI legacies were
positively related (Table S2). First-year RWI legacies were mostly negative (341 sites,
67% of sites) despite only significant in 9.4% of the forests studied (i.e. 48 sites; see
Table 2). Second- and also third-year RWI legacies were negative in 51.1% and 43.9% of
the studied sites (Table S1), but significant only in 5.1% and 4.4% of them, respectively.
First- and second-year RWI legacies were negative in 215 sites (being only significant in
9 sites), and 3-year consecutive negative legacies were observed in 143 sites (only
significant in 1 sites). First-, second- and third-year NDVI legacies were positively
related (Table S2). First-year NDVI legacies varied between species, they were negative
in 50.7% of sites, but they were only significant in 5.1% of them (Figs. 3 and 4; Tables 2
and S1). Second- and also third-year NDVI legacies were mostly negative (53.1% and
51.1% of sites, respectively) and significant in 5.9% and 5.1% of the studied sites,
respectively. First- and second-year NDVI legacies were negative in 199 sites (only
significant in 9 sites with 8 P. halepensis forests among them), and 3-year consecutive

negative legacies were observed in 154 sites (only significant in 2 sites).
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384

385  Figure 3. Post-drought legacies of tree species calculated for one (y.1), two (y.2) and
386 three (y.3) years. Legacies were calculated for tree growth variability (RWI, a) and NDVI
387 (b) as: (a) the difference between standard (RWIsrp) and residual (RWIggs) ring-width
388 indices, and (b) the difference between standard (NDVIgtp) and residual (NDVIggs)

389 NDVI data. Angiosperms and gymnosperms are represented in green and brown-orange
390  colors, respectively. Colour intensity indicates the years after drought. The vertical

391  segments represent the 95% confidence intervals for the mean, and the vertical dashed
392  grey line separates angiosperms and gymnosperms.

393

394 First-year RWI legacies depended on tree species identity and growth variability
395 (RWIgp), and also on their interaction (Figs. 3 and 4; Table 3). The selected model
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accounted for 30% of the variation in the data (Tables 3 and S3). More negative legacies
during the first year were observed in conifers (Fig. 3). The relationship between first-
year legacies and growth variability (RWIgp) varied considerably across species but
without a clear pattern (Fig. 4). Second-year RWI legacies were dependent on tree
species identity, RWIgp, and the interaction between them (Table 3; Fig. S7). The model
accounted for 30% of the variation in the data. Second-year RWI legacies tended to be
negative in trees with relatively variable growth from mesic sites (Fig. 3). Finally, third-
year legacies depended on the same variables as the first- and second-year legacies
(Table 3; Fig. S8), and the model explained 34% of the variation in the data.

NDVI legacies depended on the water balance, varied across species and with the
interaction of these variables (Table 3; Fig. 3). First-year NDVI legacies depended on the
interaction between tree species and water balance (Fig. 4). The selected model
accounted for 39% of the variation in the data (Tables 3 and S4). The model for the
second-year NDVI legacies explained 22% of the variation in the data and included tree
species identity and water balance as covariates (Table 3). NDVI legacies increased in
wet sites (f =-0.05 £ 0.02; p < 0.05; Fig. S9). The model of third-year NDVI legacies
explained 39% of its variation, and included as covariates tree species identity, water

balance and their interaction (Table 3; Fig. S10).
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415  Figure 4. Variation of (a) post-drought growth legacies (RWIstp —-RWIggs) in the first
416  year after drought between species and according to growth variability (RWIgp); and (b)
417  post-drought NDVI legacies (NDVIsrp -NDVIggs) in the first year after drought between
418  species and according to mean annual water balance (P-PET, in mm). For each species,
419 the line represents the regression slope for the relationship between the explanatory

420 variable and first-year legacies and the dashed segments are the 95% confidence intervals
421  of the prediction. Species are ordered according to the water balance of the regions they
422  inhabit from dry-warm sites (e.g. P. pinea) to wet-cool sites (e.g. Q. robur).

423
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Table 3. Selected generalized least square models characterizing the variation in growth

(RWI) and NDVI legacies from one up to three years after drought. For each variable, the

F statistic and the associated probability (* p < 0.05; ** p <0.01) are shown.

Abbreviations: P-PET, water balance; RWI4g, ring-width index first-order

autocorrelation (persistence); RWIgp, standard deviation of the ring-width index (growth

variability); AICc, second-order Akaike information criterion; R? proportion of explained

variance.
Tree P-PET RWIgp Treespecies  Tree AICc R?
species * RWlgp species
*
P—PET
Growth
vear 1 4.42%%* — 2.08 4.15%* 1.90  0.30
vear 2 3.22%* 0.01 3.32%* 0.80  0.30
year 3 6.67%* 1.30 6.88%* 0.78 0.34
NDVI
vear 1 15.62%* 9.43%* 3.83** 948  0.39
yvear 2 4.95%* 7.95%* 5,09 0.22
year 3 4.56%** 39.74** 3.12*%* 387 0.39
23
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Discussion

Lower than expected radial growth rates in the years following an extreme drought
event are widespread in Spanish forests, particularly in the first year after drought
occurrence. However, these drought legacies are significantly different from random in
only 9% of forests. This seldom occurrence of significant drought legacies was
drastically reduced in the second and third years after drought occurrence with only 1
site showing significant legacies in three consecutive years. This suggests that the
drought effects mainly occurred in the first year after drought. Nevertheless, our results
also indicate that differences between species in legacies reflect complex response
patterns across broad biogeographical gradients (D’Orangeville et al. 2018), with more
intense legacies occurring in dry regions where tree-growth variability is high. The
legacies of drought on NDVI also varied between species and sites but were poorly
correlated with RWI legacies and the selected droughts suggesting that canopy
greenness and growth responses are decoupled (Stocker ef al. 2019; Kannenberg ef al.
2019a). Non-significant NDVI legacies were also the rule rather than the exception and
prevailed in conifers from dry sites (e.g. P. halepensis). Our results concur with
previous studies highlighting the importance of drought on explaining growth
variability and inducing growth legacies (Anderegg et al. 2015; Gao ef al. 2018; Peltier
& Ogle 2019b). Responses of tree species radial growth to drought varied considerably
between tree species pointing to the necessity to account for drought timing and
duration when studying growth responses across large scales (Pasho et al. 2011; Gao et
al. 2018). Furthermore, our results evidence that accounting for growth variability
substantially improves the understanding of drought growth legacies in forests.

However, we failed to establish a link between growth persistence and drought legacies.
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Growth legacies varied in magnitude between species and sites, and significant
first-year legacies were more common in gymnosperms (conifers) than in angiosperms
(broadleaved species) (Table 2). Several reasons mainly related with the selection of the
extreme drought events can explain the seldom occurrence of significant legacies. SEA
relies on bootstrapping to randomly select sets of the time series and to determine if
legacies for event years differ from random (Haurwitz & Brier 1981). Thus, the a priori
subjective definition of what constitutes an extreme drought can influence the ability to
detect significant legacies (Rao ef al. 2019). We chose drought events with the
assumption that each species can vary in their response to drought in terms of when it
occurs (season) and how much it lasts (time scale). In line with previous studies, we
found that tree species from xeric sites responded more strongly to droughts at scales
from 12 to 15 months, whereas species from mesic sites were more impacted by short-
term droughts (Pasho ef al. 2011). However, when selecting the extreme droughts (i.e.
the 20% lowest SPEI values) for each species and site, extreme droughts were very
similar and corresponded to previously detected severe events for their extensive impact
(Vicente-Serrano et al. 2014; Gazol et al. 2018). It might happen that an event not
included in the 20th SPEI lowest percentile can cause a marked growth reduction as
responses of radial growth to drought can be non-linear (Orwig & Abrams 1997). Along
this, low SPEI values can have reduced effects on growth if local microclimate or site
conditions mitigate drought impact (Jiang et al. 2019). Further, other confounding
factors besides drought can cause abrupt growth reductions as is the case of pest
outbreaks or pathogens (e.g. Sangiiesa-Barreda ef al. 2015). These factors can also
explain the occurrence of significant legacies in the second- or third- year after drought
occurrence despite no significant legacies were observed in the first-year. Further

research over longer periods of time and with different thresholds of drought occurrence
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1s required to fully determine whether significant legacies are more prevalent than
observed here.

Regarding their magnitude, we found stronger growth reductions and more
marked legacy effects in gymnosperms than in angiosperms (Anderegg et al. 2015;
Peltier et al. 2016, 2017; Gazol et al. 2018; Huang et al. 2018). Legacy effects on tree
growth one year after drought were negative in Mediterranean pine species from dry
regions. Particularly, P. pinea and P. halepensis displayed more marked legacies during
the first year after drought than other gymnosperms from wetter areas. However, these
species, particularly P. halepensis, were able to recover growth in the second and third
years. These results indicate that gymnosperms from dry areas have a great capacity
(resilience) to recover after drought (Gazol et al. 2018; Sanchez-Salguero ef al. 2018).
This can be explained because Mediterranean conifers may present a bimodal
xylogenesis (e.g. Camarero ef al. 2010; Pacheco et al. 2018), which has also been
observed in evergreen Mediterranean oaks (Gutierrez ef al. 2011), and can explain the
large difference between first- and second year drought legacies these oak species as Q.
ilex. This behaviour allows trees to grow during the spring and autumn seasons with
favourable (wet, cool) climate conditions, which facilitates a fast growth recovery once
trees are released from summer drought stress. This will explain why there is a high
proportion of sites with significant first-year legacies in P. halepensis, J. thurifera and
Q. ilex despite the occurrence of second-year negative legacies is less frequent. In other
gymnosperms inhabiting colder sites, growth is mainly unimodal, and it peaks in early
to mid-summer (Rossi et al. 2006), which makes these species less resilient to rare
summer droughts.

However, several gymnosperms from mesic and even cold sites also displayed

marked legacies in the year after drought occurrence. This is the case of P. uncinata, a
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mountain pine species which growth is mainly limited by cold spring-summer
temperatures (Gutiérrez 1991; Camarero et al. 1998). Nevertheless, previous studies
have demonstrated that the growth of several P. uncinata populations included in this
study can be impacted by drought (Camarero et al. 2015b). Negative legacies of drought
in growth were evident in fir species (4. alba and A. pinsapo). The growth of 4. alba is
highly dependent on summer conditions (Pasho et al. 2011), but it also depends on
previous-year, mid-term climate conditions including late-summer water deficit
(Linares et al. 2010; Camarero ef al. 2011). Moreover, widespread drought-induced
growth decline of these species has been observed over the last decades which agrees
with the widespread occurrence of negative growth legacies.

Regarding angiosperms, legacies of drought were more evident in F. sylvatica
and Q. ilex than in the rest of species. Recently, it has been observed a warming-related
growth decline of European beech populations from Atlantic and Mediterranean regions
of northern Spain (Serra-Maluquer et al. 2019). Thus, in this warming context the
impacts of severe droughts can have consequences on growth in the year after its
occurrence. However, broadleaved species such as C. sativa and Q. robur, which grow
in mesic forests, and other oak species such as Q. pyrenaica showed no clear growth
legacies. In the case of C. sativa and Q. robur it is possible that drought intensity is low
in the mesic regions they inhabit, and they may be more sensitive to other climate
extremes (e.g., heat waves) than to droughts (Leuzinger et al. 2005). However, these
authors also highlighted the ability of Q. robur to cope with severe droughts, which may
explain the lack of legacies.

We found that growth variability (RWIgp) affected drought legacies differently
depending on the species. However, we found no influence of growth persistence

(RWI4r) on the legacies of drought on growth. Higher growth persistence is expected to
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increase drought legacies (Peltier et al. 2017; Peltier & Ogle 2019b), but higher
persistence would also be expected on mesic sites dominated by angiosperms (Fritts
2001). We found marked variations in growth persistence between species and a pattern
towards increasing growth persistence in dry sites dominated by gymnosperms
(conifers). Furthermore, the highest autocorrelation values were observed in pine
species from dry regions. The lack of relationship between growth persistence and
drought legacies can be explained by the predominantly short duration of drought
legacies on growth.

Identifying how growth variability influences legacies is less straightforward.
When growth variability is driven by inter-annual climate fluctuations, we can expect a
larger legacy effect with the increase in growth variability, as can be expected in
gymnosperms from dry regions whose growth is severely constrained by drought (Del
Rio et al. 2014; Gazol et al. 2018; Sanchez-Salguero et al. 2018). This is also supported
by the negative relationship found between mean tree-ring width and growth variability.
The variability in growth in pine species growing in semiarid areas such as P.
halepensis can be the reason why those species present greater than expected growth
two and three years after drought. Greater growth variability (RWIgp) can also be
expected in species from warm sites such as Q. ilex and the juniper J. thurifera which
present a long growing season (Gutiérrez et al. 2011), than in species from cold
mountain sites such as P. uncinata (Camarero et al. 1998). Growth variability can also
vary at the intraspecific level particularly for those species that present wide
geographical ranges in Europe and show plastic phenological responses such as F.
sylvatica, P. pinaster and P. sylvestris (Sanchez-Salguero et al. 2018; Vila-Cabrera &

Jump 2019). The complex picture found in this study suggests that further studies
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considering how growth variability and persistence influence legacies at the individual
level are clearly required.

NDVI legacies were less apparent than RWI legacies in agreement with the
lower responsiveness to water shortage of this variable as compared to RWI (see also
Gazol et al. 2018). Drought legacies in both growth and productivity were only slightly
related during the first year suggesting that these two components are to some degree
linked (e.g. Vicente-Serrano et al. 2013; Gazol et al. 2018; Vicente-Serrano et al. 2020).
On the one hand, these results agree with previous studies that found that the
relationship between radial growth and NDVI was high at annual scales (Vicente-
Serrano et al. 2020). On the other hand, primary and secondary growth may decouple
and respond to different climate processes acting at different spatial and temporal scales
(Kannenberg et al. 2019a). This can also lead to relations at different temporal scales
between RWI and NDVTI across forests (Vicente-Serrano et al. 2020). Our results point
out in this direction and suggest that the timescale at which growth and NDVI respond
to drought varies depending on the species considered. Wood formation is a low-
priority component of growth representing stand-scale biomass accumulation as
compared with shoot and leaf growth which have a high priority as carbon sinks (Fritts
2001; Kannenberg et al. 2019a). Therefore, trees can allocate resources to primary
growth and photosynthetic activity in response to drought at a cost of reducing
secondary growth resulting in growth legacies. Furthermore, NDVI data was quantified
at a coarse scale indicating an ecosystem surrogate of forest productivity dependent on
canopy greenness and primary growth (Carlson & Ripley 1997). This, in turn may
dismiss the ability to detect the impact of drought on forest growth due to the presence
of different vegetation types. For instance, we found a marked persistence of NDVI

legacies in P. halepensis forests which are characterized by a fast growth recovery.
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Discerning whether this occurs in pure and mixed stands or if it is affected by scale
issues requires further studies using high-resolution satellite images. In addition,
comparing pure and mixed forests dominated by different cover frequencies of
gymnosperms and angiosperms are required to better understand the linkages between
NDVI and tree-ring data.

We concur with previous studies on the importance of drought characteristics as
drivers of growth responses to drought (Gao et al. 2018), but our results also suggest
that drought legacies vary considerably in duration between species (Peltier ef al. 2016).
We have demonstrated here that growth variability is an important factor to be
considered when explaining drought legacies, and that probably due to the short
duration of most legacies they depend less than expected on growth persistence. In a
previous study, we evaluated the resistance and recovery after drought of tree species in
Spain and found a great resistance of broadleaved species from mesic regions and a
great recovery capacity of conifers from dry regions (Gazol et al. 2018). Here we have
refined our analyses by considering pre- and post-climate conditions when quantifying
legacies of drought. The results partially confirm our previous findings suggesting that,
if present, drought legacies will be more common in conifers inhabiting xeric regions
which present a more variable growth. Along this, our results highlight the existence of
variability in the strength and duration of drought legacies across tree species and point
out further research by considering growth persistence and variability at the individual

level.
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Supporting Information

Additional Supporting Information may be found in the online version of this article:
Figure S1. Geographical distribution of the sampled tree species and forests.

Figure S2. Calculation of NDVI legacies.

Figure S3. Temporal patterns of RWI and NDVI for the different species.

Figure S4. Impacts of drought on growth at different time scales.

Figure SS. Impacts of drought on NDVI at different time scales.

Figure S6. Occurrence of drought events across sites.

Figure S7. Effect of the interaction between growth variability and tree species on
second-year RWI legacies.

Figure S8. Effect of the interaction between growth variability and tree species on
third-year RWI legacies.

Figure S9. Effect of water balance on second-year NDVI legacies.

Figure S10. Effect of the interaction between water balance and tree species on third-
year NDVI legacies.

Table S1. Sites displaying negative legacies in RWI and NDVI across species.

Table S2. Correlation between RWI and NDVI legacies.

Table S3. Model selection table for RWI drought legacies.

Table S4. Model selection table for NDVI drought legacies.
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Figure S1. Maps showing the distribution in Spain of the sampled tree species (green
areas) and the sampled forests (points of different colors). Note how some tree species

are restricted either to the wettest sites in the north and north-west Iberia (e.g., Quercus
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robur) or to the driest sites in the east and south-east Iberia (e.g., Pinus halepensis).
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Figure S2. Graphical representation of the method used to calculate NDVIgrp and
NDVIggs. In plot (a) the observed (grey) and fitted (blue) NDVI for the period
1982-2014 at biweekly resolution are shown. A Generalized Additive Mixed Model
(GAMM) was used to represent the long-term and intra-annual variation in NDVI. In
plot (b) the residual variation was calculated as the difference between observed NDVI
(NDVlIpgs) and NDVI predicted by the GAMM (NDVIpggp). Finally, the resulting
residuals (c) were averaged for every year (black line) and scaled to mean = 1 to obtain
standardized NDVI ( NDVIgtp), and detrended to remove temporal autocorrelation and

to obtain pre-whitened o residual NDVI data (NDVIggs).
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Figure S3. Standardized growth (RWI, ring-width index) and forest productivity
(NDVI) and their variation between years. RWI is represented with red dots (common
droughts), black lines (mean RWI values) and pink shaded areas (95 % confidence
interval). NDVI is represented with green dots, lines and shaded areas. Finally, the SPEI

for the site is represented with blue shaded areas.
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32 Figure S4. Relationships between pre-whitened chronologies (RWIggs) and SPEI at
33  different time scales and calculated for different seasons (Wi, previous winter; Sp,

34  spring; Su, summer). Coloured squares indicate the presence of significant positive

35  relationships between RWIrgs and the SPEIL The blue box is used to indicate the SPEI
36  timescale and season displaying the lowest AICc value and selected for each species.
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Figure S5. Relationships between pre-whitened NDVI time-series (NDVIggs) and SPEI
at different time scales and calculated for different seasons (Wi, previous winter; Sp,
spring; Su, summer). Coloured squares indicate the presence of significant positive
relationships between RWIggs and the SPEI. The blue box is used to indicate the SPEI

timescale and season displaying the lowest AICc value and selected for each species.
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47  Figure S6. Occurrence of drought events across sites. The figure shows the percentage
48  of sites in which each particular year was selected as a drought event for having SPEI

49  values in the lowest 20% percentile.
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Figure S7. Variation of post-drought RWI legacies (RWI s1p—RWI ggs) in the second
year after drought between species and according to growth variability (RWIgp). For
each species, the line represents the regression slope for the relationship between
growth variability (RWIgp) and second-year legacies and the dashed lines are the 95%

confidence intervals of the prediction.
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Figure S8. Variation of post-drought RWI legacies (RWI stp — RWI ggs) in the third
year after drought between species and according to growth variability (RWIgp). For
each species, the line represents the regression slope for the relationship between
growth variability (RWIgp) and third-year legacies and the dashed lines are the 95%

confidence intervals of the prediction.
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Figure S9. Variation of post-drought NDVI legacies (NDVIgtp —NDVIggs) in the
second year after drought between species and according to mean annual water balance
(P—PET, in mm). The line represents the regression slope for the relationship between
mean annual water balance and second-year NDVI legacies and the dashed lines are the

95% confidence intervals of the prediction.
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Figure S10. Variation of post-drought NDVI legacies (NDVIgrp ~NDVIggs) in the third
year after drought between species and according to mean annual water balance
(P-PET, in mm). For each species, the line represents the regression slope for the
relationship between mean annual water balance and third-year legacies and the dashed

lines are the 95% confidence intervals of the prediction.
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Table S1. Percentage of sites displaying negative legacies in RWI and NDVI from one
(e.g. RWI 1) up to three (e.g. RWI 3) years after drought occurrence.

Growth legacies NDVI legacies

Tree species (code) vear 1  year2  year3  year I vear 2 year 3
Abies alba (ABAL) 88.6 65.9 70.5 50.0 43.2 25.0
Abies pinsapo (ABPN) 91.7 83.3 50.0 100.0 66.7 33.3
Castanea sativa (CASA) 60.0 60.0 40.0 20.0 30.0 20.0
Fagus sylvatica (FASY) 60.4 52.1 43.8 6.3 31.3 29.2
Juniperus thurifera JUTH)  66.7 46.7 333 333 60.0 66.7
Pinus halepensis (PIHA) 68.0 37.0 28.0 70.0 61.0 61.0
Pinus nigra (PINI) 59.3 40.7 30.5 71.2 71.2 55.9
Pinus pinaster (PIPI) 77.8 66.7 33.3 66.7 44 .4 55.6
Pinus pinea (PIPN) 100.0 66.7 55.6 88.9 66.7 66.7
Pinus sylvestris (PISY) 60.7 65.6 42.6 50.8 52.5 59.0
Pinus uncinata (PIUN) 73.1 46.2 73.1 61.5 73.1 53.8
Quercus faginea (QUFA) 66.7 44 4 44 .4 333 38.9 77.8
Quercus ilex (QUIL) 78.6 50.0 42.9 429 57.1 42.9
Quercus petraea (QUPE) 40.0 60.0 40.0 20.0 80.0 100.0
Quercus pyrenaica (QUPY)  71.9 62.5 53.1 9.4 18.8 37.5
Quercus robur (QURO) 55.2 48.3 72.4 65.5 79.3 75.9
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87  Table S2. Pearson correlation coefficients calculated by relating post-drought growth
88  (RWIstp —RWlggs) and NDVI legacies (NDVIsrp -NDVIggs) from one to three years

89  after drought. The significance (p <0.01) is indicated with asterisks (**).

90
Growth yvear 2 vear 3
year 1 0.61** 0.45%*
year 2 0.68%*
NDVI
year 1 0.65%* 0.44%*
year 2 0.62%*
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Table S3. Summary of model selection statistics and variables used to explain the variation in post-drought RWI legacies (RWI stp — RWI ggs).

For the legacies in one to three years after drought occurrence, the best ten models ranked according to its second order Akaike information

criterion (AICc) are shown. The variables included in the model (with their standardized coefficient) and the AAICc (i.e. the difference in AICc

as compared to the “best” model) are shown. The selected model is highlighted in bold. Variables are tree species (factor 16 levels); mean annual

water balance (WB); growth variability (RWIsp); growth persistence (RWI,z) and their interactions. The )° Akaike weights represent the

probability (in a 0 — 1 scale) that the selected models are the best set of models to explain variation in the response variable.

Intercept Tree WB RWgp  RWIAr  Tree Tree species: Tree species: WB: RWgp  WB:RWI,r  AAICc  Akaike
species species:sWB  RWgp RWI r weight
vearl  -0.17 + 0.01 -0.07 + 0.00 0.3
-0.16 + -0.07 + 0.18 0.27
-0.18 + 0.02 -0.08 + 0.01 2.09 0.11
-0.17 + 0.01 -0.07 0.00 + 2.39 0.09
-0.16 + -0.07 0.00 + 2.60 0.08
-0.17 + 0.02 -0.08 0.00 + 0.01 4.46 0.03
-0.17 + 0.01 -0.07 0.00 + 0.00 4.82 0.03
-0.14 + 0.03 5.58 0.02
-0.18 + 0.03 -0.07 + 6.44 0.01
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-0.16 -0.09  0.01 + + 6.70 0.01
year2  -0.18 -0.16 + 0.00 0.17
-0.05 -0.06  -0.03 -0.05 0.80 0.12
-0.12 -0.06 -0.13 + -0.03 1.22 0.09
-0.15 -0.03  -0.17 + 1.24 0.09
-0.17 -0.16  0.00 + 1.83 0.07
-0.18 0.00 -0.16 + 221 0.06
-0.07 -0.02  -0.02 -0.03 3.07 0.04
-0.05 -0.06 -0.03 0.00 -0.04 3.23 0.03
-0.17 -0.01 -0.14 + -0.02 3.43 0.03
-0.17 0.00 -0.15  0.00 + -0.01 3.84 0.03
year3  -0.21 -0.02  -0.22 + 0.00 0.39
-0.23 -0.21 + 1.68 0.17
-0.21 -0.02  -0.21 0.00 + 2.46 0.11
-0.21 -0.02 -0.21 + 0.00 2.46 0.11
-0.23 -0.21 0.00 + 4.12 0.05
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Table S4. Summary of model selection statistics and variables used to explain the

variation in post-drought NDVI legacies (NDVI gtp — NDVI ggs). For the legacies in

one to three years after drought occurrence, the best ten models ranked according to its

second order Akaike information criterion (AICc) are shown. The variables included in

the model (with their standardized coefficient) and the AAICc (i.e. the difference in AIC

as compared to the “best” model) are shown. The selected model is highlighted in bold.

Variables are tree species (factor 16 levels), mean annual water balance (WB) and its

interaction. The )’ Akaike weights represent the probability (in a 0 — 1 scale) that the

selected models are the best set of models to explain variation in the response variable.

Intercept Tree species  WB Tree AAICc  Akaike
species:WB weight
vear 1 0.10 + -0.03 + 0.00 0.99
0.11 + -0.04 9.48 0.01
0.07 + 12.14 0.00
-0.02 0.04 114.57  0.00
-0.03 123.02  0.00
vear 2 0.09 + -0.05 0.00 0.92
0.04 + 5.09 0.07
0.16 + -0.13 + 10.99 0.00
-0.02 36.76 0.00
-0.01 0.00 38.81 0.00
year 3 0.08 + 0.13 + 0.00 0.87
0.31 + -0.10 3.87 0.13
0.21 + 32.47 0.00
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-0.01 52.65 0,00
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