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Introduction

In Northern Europe, terrestrial temperature and precipitation have increased over the 20 th century and particularly since the late 1980s (IPCC 2014[START_REF] Hanssen-Bauer | Kunnskapsgrunnlag for klimatilpasning oppdatert 2015[END_REF]. Temperature and precipitation are primary determinants of vegetation growth. Long-term trends in both climate parameters are expected to modify vegetation productivity dynamics [START_REF] Larsen | Vegetational relationships with air mass frequencies -Boreal forest and tundra[END_REF][START_REF] Hofgaard | Dendroclimatic response of Picea mariana and Pinus banksiana along a latitudinal gradient in the eastern Canadian boreal forest[END_REF]. Recent warming has been reported to cause changes in tree phenology [START_REF] Karlsen | Growing-season trends in Fennoscandia 1982-2006, determined from satellite and phenology data[END_REF] and has induced an increased photosynthetic activity [START_REF] Buitenwerf | Three decades of multi-dimensional change in global leaf phenology[END_REF]. Further, forest productivity in temperature-limited boreal ecosystems has been expected to increase in response to warming conditions [START_REF] Qian | Enhanced terrestrial carbon uptake in the Northern High Latitudes in the 21st century from the Coupled Carbon Cycle Climate Model Intercomparison Project model projections[END_REF][START_REF] Stinziano | Combined effects of rising [CO2] and temperature on boreal forests: Growth, physiology and limitations[END_REF]. However, such forecast has been challenged by a recent diversification of forest productivity responses (both positive and negative) to climate warming at northern latitudes [START_REF] Charney | Observed forest sensitivity to climate implies large changes in 21st century North American forest growth[END_REF]Hellman et al. 2016[START_REF] Piao | Changes in satellite-derived vegetation growth trend in temperate and boreal Eurasia from 1982 to 2006[END_REF].

Forest productivity can be divided into below (root system dynamics) and above ground components (tree stem and canopy dynamics), the latter being more easily accessible and quantifiable. Common proxies for above-ground forest productivity are radial growth, height growth and Normalized Difference Vegetation Index (NDVI). These have been widely used to study the effects of climate change on forest ecosystems ( Divergent forest productivity trends have recently been reported both at the local and regional level [START_REF] Kaufmann | The effect of growing season and summer greenness on northern forests[END_REF][START_REF] Lapenis | Acclimation of Russian forests to recent changes in climate[END_REF][START_REF] Beck | A large-scale coherent signal of canopy status in maximum latewood density of tree rings at arctic treeline in North America[END_REF]). These divergences may directly emerge from the use of different proxies and the different physiological processes these latter are linked to [START_REF] Marchand | Untangling methodological and scale considerations in growth and productivity trend estimates of Canada's forests[END_REF]. While radial and height growth are mainly linked to xylem formation (tree stem dynamics), NDVI mostly measures photosynthetic activity (canopy dynamics).

Knowledge of how tree-stem and canopy dynamics interact and how these interactions may evolve in the face of climate change is limited. To better understand current and future impacts of climate warming on carbon sequestration in forest ecosystems, it is therefore of crucial importance to investigate temporal changes in climate-growth relationships of different productivity proxies and their local coherency through time.

Growth of Scots pine (Pinus sylvestris L.), one of the major conifer tree species in Europe, is frequently used as an estimate of high-latitude forest productivity [START_REF] Berner | High-latitude tree growth and satellite vegetation indices: Correlations and trends in Russia and Canada (1982-2008)[END_REF]. In boreal and sub-arctic regions, radial growth of Scots pine correlates with current-year summer temperature (Björklund et However, whether such a divergence occurs in respect to other forest productivity proxies remains poorly investigated (but see [START_REF] Piao | Evidence for a weakening relationship between interannual temperature variability and northern vegetation activity[END_REF]).

In the present study, we investigated recent relationships between above-ground forest productivity and local climate at four high-latitude boreal Scots pine sites in Norway over the 1982-2011 period. Forest productivity proxies consisted of radial growth, height growth, and NDVI. Three different hypotheses were tested: i) all proxies correlate positively with growing season climate reflecting a stimulating effect of warmer temperature on photosynthesis and tree growth physiological processes; ii) tree stem proxies (radial and height growth) correlate positively with NDVI reflecting the link between carbon source (photosynthesis) and carbon sink (tree growth); and that iii) correlations between proxies are spatially coherent reflecting common climatic drivers on forest productivity.

Methods

Sampling sites

The study was carried out in two regions situated in the northern boreal vegetation zone in Norway (sensu [START_REF] Moen | National Atlas of Norway: vegetation[END_REF], one approximately three degrees north (N) and one three degrees south (S) of the Arctic Circle [61-70°N, 9-30°E]. In each study region, two forest sites were selected, one representing coastal conditions and one representing more continental inland conditions (Fig. 1a, Table S1). Henceforward sites are named N-coast, N-inland, S-coast and S-inland. At each site, trees from two to three mesic forest stands were selected and sampled for radial and height growth.

Selected stands were smaller than 1 ha in size and had no signs of recent disturbance, except few old stumps indicating former selective harvests. The tree layer at all sites was dominated by Scots pine with some scattered birch (Betula pubescens Ehrh.). Dwarf shrubs and bryophytes dominated the forest floor of all stands. Soil characteristics at all sites can be described as podsols ( In the study regions, coastal climate is generally characterized by moist mean annual conditions (annual precipitation between 950 and 1800 mm) and mild winters (mean winter [DJF] temperature between -6.5 and -3.5°C), while inland climate shows drier mean annual conditions (annual precipitation between 500 and 750 mm) and colder winters (mean winter temperature between -11 and -9.5 °C) [START_REF] Moen | National Atlas of Norway: vegetation[END_REF], Table S1). Both coastal and inland climate are under the influence of the North Atlantic Ocean, with decreasing influence moving inland wards.

Climate data

Temperature and precipitation data were obtained from the Norwegian meteorological institute (Norwegian Meteorological Institute 2014, http://sharki.oslo.dnmi.no). For each sampling site, monthly mean temperature and monthly total precipitation data for the 1982-2011 period were acquired both as climate station data and as 1 km 2 resolution grid data [START_REF] Tveito | A GIS-based agro-ecological decision system based on gridded climatology[END_REF]). Climate stations were selected as close as possible to the sampling sites, with the average and maximum site-station distances being 55 km and 70 km for temperature and 29 km and 40 km for precipitation (Table S3). Grid data were compared with local climate station data (Table S3). Correlations were generally high for all months and for both temperature and precipitation (Table S3). Because the distance between sites and stations, and the period covered by climate station data varied across sites (Table S3), climate-growth analyses were based on grid data. Trends in seasonal mean temperature and total precipitation over the 1982-2011 period were investigated by linear regression. Seasons included spring (MAM), summer (JJA), autumn (SON) and winter (DJF).

Trends in summer temperature were significant (P < 0.05) at all sites (Appendix A). Further details regarding climate characteristics and trends analyses are given in Appendix A (Figs. S1-S2 and Tables S1-S3).

NDVI data

The selected NDVI dataset consisted of biweekly measurements of the Advanced Very High Resolution Radiometer (AVHRR) produced by the Global Inventory Modeling and Mapping Studies (GIMMS) group at the NASA Goddard Space Flight Centre (NASA 2014). This data set is derived from a fixed grid map with a spatial resolution of 8 km x 8 km. It is readjusted for orbital drift, sensor degradation, cloud cover and aerosols, and characterizes the photosynthetic activity of vegetated land north of latitude 45° for the 1982-2011 period [START_REF] Barichivich | Large-scale variations in the vegetation growing season and annual cycle of atmospheric CO2 at high northern latitudes from 1950 to 2011[END_REF][START_REF] Pinzon | A non-stationary 1981-2012 AVHRR NDVI3g time series[END_REF]). We computed monthly and cumulative May-to-September NDVI values for each site. Late spring to early autumn (May to September) monthly NDVI were calculated as mean value of the two biweekly observations available per month. Cumulative NDVI was computed as the sum of May-to-September monthly NDVI. Trends in cumulative NDVI over the 1982-2011 period were analysed by linear regression.

Field sampling and data preparation

Tree stem dynamics can be divided into radial growth and height growth components. Under natural conditions, tree stem growth is mainly driven by height growth at young stages (competition for dominant status), and by radial growth when trees have reached a dominant status within a forest stand [START_REF] Niklas | Size-dependent allometry of tree height, diameter and trunk-taper[END_REF]. This is particularly true in uneven-aged natural forests encountered across northern Norway [START_REF] Mathisen | Recent height and diameter growth variation in Scots pine (Pinus sylvestris L.) along the Arctic margin: the importance of growing season versus non-growing season climate factors[END_REF]. In order to describe both radial and height growth allocation in our sampling stands, we chose to sample young trees for height growth and adult trees for radial growth. This sampling strategy had two advantages: (i) it captured tree growth dynamics in a more comprehensive way than height or radial growth alone; (ii) it allowed the study of radial and height growth responses to climate separately, by respectively minimizing the presence of radial growth signals in height growth series and vice versa. Radial and height growth data was sampled at all sampling sites between mid-August and mid-September 2012.

For radial growth, two cores of perpendicular directions were extracted from 30 trees per site, at approximately 130 cm above ground (Fig. 1b). Sampled trees were canopy-dominant healthy mature trees with no visible crown or stem damages. Trees presenting eccentric stem shapes were not sampled. Cores were glued on wooden support and brought to the laboratory, where they were planed with a scalpel to facilitate ring identification. Cores were then scanned at a 1200 dpi resolution and scans imported into CooRecorder (Larsson 2012a) for ring-width measurements. At last, radial series were visually and statistically crossdated at site level using CDendro (Larsson 2012b) and COFECHA 6.06P [START_REF] Holmes | Tree-ring chronologies of western North America: California, eastern Oregon and northern Great Basin, with procedures used in the chronology development work, including users manuals for computer programs COFECHA and ARSRAN[END_REF]). Nine radial series could not be properly measured and crossdated (series of narrow rings impossible to distinguish) and had to be excluded from further analyses. The number of radial series per site ranged between 55 and 60 (Table 1).

Trees at northern sites had a larger mean ring width (mean 1.38 mm) than at southern sites (mean 0.69 mm) (Table 1).

For height growth, 40 young trees growing in canopy gaps were sampled per site (Fig. 1c).

The sampling took place in canopy gaps to minimize competition-related effects on growth.

Sampled individuals were 130 to 430-cm tall. Annual height growth was recorded with a ruler (0.5 cm accuracy) as the distance between annual branch nodes along the stem. To increase data quality, the sampling aimed for a minimum of 10 trees with no signs of stem damage for each calendar year of the 1982-2011 period covered by NDVI data. This objective was reached at all sites, except at Scoast where two stem-damaged trees had to be included in the measurements. These two trees presented damages in 1991 and 1997, respectively -both damages being likely caused by moose browsing. For these trees, the damaged years and the three following years (considered as a growth recovery period [START_REF] Mathisen | Recent height and diameter growth variation in Scots pine (Pinus sylvestris L.) along the Arctic margin: the importance of growing season versus non-growing season climate factors[END_REF]) -respectively 1991-1994and 1997[START_REF] Weier | Measuring Vegetation (NDVI & EVI)[END_REF] were excluded from the analyses. This resulted in 17 to 31 trees per site and good data coverage for the 1982-2011 period for all sites (Table 1; for annual sample depth variation see Fig. S5). Mean annual height growth varied between 8.25 cm (S-coast) and 9.05 cm (N-inland) (Table 1).

Chronology construction and standardization

All radial and height series were standardized (removal of age-related signals) using R dplR package (R Core Team 2012; [START_REF] Bunn | dplR: Dendrochronology Program Library in R. R package version 1[END_REF]). The standardisation process consisted of a modified negative exponential function to filter out low-frequency signals (Fritts 1976, Cook andKairiukstis 1990). To study the effect of the detrending method on climate-growth relationships, series were also detrended using a spline function with a 50% variance cut-off equal to two-thirds of the series length (Cook & Peter 1981) and a horizontal line (series' mean). These two other types of detrending retained as much (for the horizontal line) or less (for the spline) climate signals than the negative exponential detrending (see Appendix B -Figs. S4-S7 and Tables S4-S5), and were thus disregarded from further analyses. Tree ring-width indices were computed as ratios regardless of the detrending method used. Standardized radial series (two per tree) were aggregated into individual tree-level radial series by robust bi-weighted mean. Autocorrelation was removed from radial and height series by autoregressive modelling (order selection done by minimizing AIC) (Cook and Kairiukstis 1990). Finally, radial and height series were averaged into site-specific radial and height growth chronologies by bi-weighted robust mean (Cook and Kairiukstis 1990).

Statistical analyses

The quality of site-specific chronologies was evaluated using correlations among individual tree series (Rbar), expressed population signal (EPS) and signal-to-noise ratio (SNR) in R package dplR [START_REF] Bunn | dplR: Dendrochronology Program Library in R. R package version 1[END_REF]). The EPS reflects how well the average of all individual tree series represents a theoretically infinite population [START_REF] Wigley | On the average value of correlated time series, with applications in dendroclimatology and hydrometeorology[END_REF][START_REF] Buras | A comment on the expressed population signal[END_REF]). The SNR compares the level of signal versus noise in a time series, the higher the SNR, the stronger signal in the series.

Correlations between site-specific proxies (radial, height and cumulative NDVI) and monthly climate variables over the 1982-2011 period were tested by Pearson correlation analyses [START_REF] Zang | treeclim: an R package for the numerical calibration of proxy-climate relationships[END_REF]. Climate variables included monthly mean temperature and monthly total precipitation spanning from previous may (May t-1 ) to current year August (August t ) (16 months in total). To investigate the temporal consistency in significant climate-growth correlations identified over the entire 1982-2011 period, bootstrapped (n = 1000) correlation analyses were computed over two 15yr sub-periods, namely the 1982-1996 and 1997-2011 period. The significance level was set to 0.05 in all statistical tests, and all climate-growth analyses were run in R using the treeclim package [START_REF] Zang | treeclim: an R package for the numerical calibration of proxy-climate relationships[END_REF].

The site-specific coherency between proxies was examined by stationary Pearson correlations over the 1982-2011 period. Each correlation was tested for significance using bootstrapped confidence intervals with 1000 iterations. In addition, we also investigated the temporal consistency between proxies using bootstrapped Pearson correlations computed over the two 15-yr sub-periods mentioned above. Finally, we investigated the correlation between tree stem proxies (radial and height growth) and monthly NDVI, with months spanning from May to September.

Results

Characteristics of the forest productivity proxies

Standardized radial chronologies contained strong common signals (EPS ranging from 0.91 to 0.94 and SNR from 9.7 and 19.8), although values were lower at northern sites than at southern sites (Table 1). Height chronologies had less common signals than radial chronologies (EPS ranging from 0.77 to 0.89 and SNR from 3.3 and 8.3), and presented lower values at inland sites than at coastal sites (Table 1). Site-specific mean correlation between all standardized individual tree series ranged between 0.24 and 0.48 for radial growth and between 0.18 and 0.32 for height growth (Table 1). Cumulative NDVI series presented significant positive trends over the 1982-2011 period at Sinland (+0.0143 yr -1 ) and at N-coast (+0.0118 yr -1 ) (Fig. 2).

Correlations between forest productivity proxies and monthly temperature

Radial growth

Radial growth significantly and positively correlated with July t temperature at southern sites (Fig. 3). Sub-period correlation analyses revealed that this correlation with July t was restricted to the first sub-period (1982-1996) (Fig. 4). Additional significant correlations over the full period were all negative and observed with July t-1 at N-coast, with August t-1 at N-inland and with February t at Sinland (Fig. 3). These negative correlations were mostly non-significant when computed at the subperiod level, except for the correlation with July t-1 at N-coast during the first sub-period (Fig. 4).

Height growth

Significant positive correlations between height growth and temperature over the full period were observed with May t-1 -September t-1 and April t -August t temperatures at most sites, with significant correlations with July t-1 and August t-1 at all sites (Fig. 3). Additional significant correlations (all positive) were observed with November t-1 at N-inland and March t at S-coast (Fig. 3). During the first sub-period, positive significant associations were mostly observed with July t-1 and August t-1 temperature at all sites except at S-coast (Fig. 4). During the second sub-period, these climategrowth associations showed similar pattern across sites although not all significant. Numerous shifts from non-significant to significant positive correlations were observed at S-coast during both previous and current growing season months (Fig. 4).

Cumulative NDVI

Significant correlations between cumulative NDVI and temperature over the full period were mostly positive and observed during June t-1 -August t-1 and April t -August t , although not consistent across sites (Fig. 3). In addition to these general positive correlations, significant correlations were also observed with February t (positive) at S-coast and with October t-1 (negative) at S-inland (Fig. 3).

At the sub-period level, the sign of these individual correlations remained mostly unchanged over both sub-periods (either stayed positive or negative) but their level of significance was unstable (Fig. 4).

Correlation between forest productivity proxies and monthly precipitation

Radial growth

Over the 1982-2011 period, significant correlations between radial growth and monthly precipitation were mostly observed at southern sites (Fig. 3). Significant correlations were found positive with October t-1 , January t and August t at S-inland, and negative with September t-1 and October t-1 at S-coast. An additional significant positive correlation with July t-1 was observed at Ncoast (Fig. 3). At the sub-period level, the sign of these individual correlations remained unchanged, but their level of significance was unstable (Appendix C -Fig. S9).

Over the entire period, significant correlations between height growth and monthly precipitation were observed with September t-1 (positive) at N-coast, with May t-1 , December t-1 , March t and April t (all positive) at N-inland, with July t-1 (negative) at S-coast and with July t (positive) at S-inland (Fig. 3). At the sub-period level, these correlations presented the same sign but became all nonsignificant, except for the positive associations with May t-1 and April t at N-inland that were significant during the first and second sub-period, respectively (Appendix C -Fig. S9).

Cumulative NDVI

Over the 1982-2011 period, significant correlations between cumulative NDVI and monthly precipitation were observed with August t-1 (positive) at southern sites and with August t (negative) at N-coast (Fig. 3). Between the first and the second sub-period, the signs of these correlations remained unchanged and their significance level changed from being non-significant to significant at southern sites and vice versa at N-coast (Appendix C -Fig. S9).

Local coherency between forest productivity proxies

Over the 1982-2011 period, very few significant correlations were observed between proxies at site level. Radial growth correlated negatively with height growth at N-inland (r = -0.44), height growth correlated positively and significantly with cumulative NDVI at N-coast (r = 0.47) and S-inland (r = 0.34) (Table 2). Over the two sub-periods, the sign of these correlations remained unchanged. The negative correspondence between radial and height growth was only significant during the second sub-period while the correspondence between height growth and cumulative NDVI was only significant during the first sub-period (Fig. 5). Sub-period analyses revealed an additional significant positive correlation between height growth and cumulative NDVI at S-coast during the first sub-period (Fig. 5). Correspondence analyses between monthly NDVI and tree stem growth proxies revealed that radial growth correlated significantly with May and June NDVI at N-coast, and with June NDVI at N-inland (all negative). Height growth correlated significantly with August NDVI at N-coast, with May NDVI at S-coast and with September NDVI at S-inland (all positive) (Appendix D -Fig. S10).

Discussion

Climate responses of individual proxies through space

Radial growth was mainly controlled by late summer temperatures at most of the sites, as generally assumed for high latitudes boreal forests [START_REF] Briffa | Tree-ring density reconstructions of summer temperature patterns across western North-America since 1600[END_REF][START_REF] Lindholm | Extracting mid-summer temperatures from ring-width chronologies of living pines at the northern forest limit in Fennoscandia[END_REF][START_REF] Drobyshev | Contrasting tree-ring data with fire record in a pine-dominated landscape in Komi republic (Eastern European Russia): recovering a common climate signal[END_REF][START_REF] Henttonen | Response of radial increment variation of Scots pine to temperature, precipitation and soil water content along a latitudinal gradient across Finland and Estonia[END_REF]. Radial growth was also influenced by non-growing season precipitation at southern sites. This influence was negative at the coastal site and positive at the inland site. Autumn and winter precipitation favour snow accumulation and subsequently soil insulation during cold months protecting finer roots from frost damages, and contributing to essential meltwater during early growing-season. This protection and source of water is probably particularly important in colder and dryer winter inland conditions [START_REF] Vaganov | Influence of snowfall and melt timing on tree growth in subarctic Eurasia[END_REF][START_REF] Sturm | Snow-shrub interactions in arctic tundra: a hypothesis with climate implications[END_REF][START_REF] Fréchette | Will changes in rootzone temperature in boreal spring affect recovery of photosynthesis in Picea mariana and Populus tremuloides in a future climate?[END_REF]). In addition, radial growth was positively associated with previous and current summer precipitation at two sites, underlining the needs and importance of soil water inputs in physiological growth processes during the growing season [START_REF] Sands | Management of water and nutrient relations to increase forest growth[END_REF]).

The spatially-consistent positive response of height growth to previous and current growing season temperature is in line with previously reported temperature-height growth response in northern Fennoscandia [START_REF] Junttila | Shoot and needle growth in Pinus sylvestris as related to temperature in northern Fennoscandia[END_REF][START_REF] Mathisen | Recent height and diameter growth variation in Scots pine (Pinus sylvestris L.) along the Arctic margin: the importance of growing season versus non-growing season climate factors[END_REF]. The number of cells produced during bud initiation at the end of the previous growing season, and used for stem elongation in the following year, are positively controlled by temperature [START_REF] Lanner | The pine shoot primary growth system[END_REF][START_REF] Lanner | On the insensitivity of height growth to spacing[END_REF]. The positive significant responses of height growth to non-growing season temperature observed at N-inland may emerge from higher temperatures being naturally associated with higher precipitation levels during the non-growing season in our study region (Appendix A -Fig. S3).

Higher precipitation levels during the dormant season may favour snow accumulation and provide height growth with better melt water availability at the start of the stem elongation period, particularly at drier inland regions and this regardless of soil characteristics.

Cumulative NDVI responded positively and significantly to previous and current spring and summer temperatures at all sampled sites, and generally did not respond to precipitationexcept at N-coast where it significantly and negatively correlated with late summer precipitation. These results indicate a stimulating effect of higher temperature on photosynthetic activity [START_REF] Kramer | Water and plant productivity of yield[END_REF] and reveal that NDVI responses to growing season climate are present, contrarily to a recently reported divergence observed at other northern boreal regions [START_REF] Piao | Evidence for a weakening relationship between interannual temperature variability and northern vegetation activity[END_REF]). Cumulative NDVI presented significant negative responses to non-growing season temperatures at inland sites.

Photosynthetic activity during the dormancy period has been reported to cause minimal loss of carbon reserves for Scots pine [START_REF] Hansen | Assimilation, allocation and utilization of carbon by 3year-old Scots pine (Pinus sylvestris L.) trees during winter and early spring[END_REF]. However, in the face of recent warming, a temperature threshold might have been reached whereby an increased photosynthetic activity in response to a warmer dormancy climate would cause a significant depletion in carbon reserves and a lower rate of needle production in the following growing season.

Climate-growth relationships of individual proxies through time

The dominant effect of late summer temperature on radial growth was not temporally consistent. This inconsistency questions climate reconstructions that are elaborated assuming temporally stable relationships between a proxy and climate variables [START_REF] Luterbacher | European summer temperatures since Roman times[END_REF]). Taking into account the non-stationarity nature of climate-growth relationships would improve the reliability of such reconstructions, but would require a deeper understanding of what drives changes in trees' sensitivity to climate (Hofgaard et al. 2018).

The consistent positive correlation between height growth and August t-1 temperature observed at all sites but the southern coastal site at the sub-period level, underlines that despite significant summer warming height growth remains temperature-limited at high latitudes [START_REF] Lindholm | A summer temperature proxy from height increment of Scots pine since 1561 at the northern timberline in Fennoscandia[END_REF][START_REF] Mathisen | Recent height and diameter growth variation in Scots pine (Pinus sylvestris L.) along the Arctic margin: the importance of growing season versus non-growing season climate factors[END_REF][START_REF] Salminen | Modelling the effect of temperature on height increment of Scots pine at high latitudes[END_REF]. This dominant control of temperature on height growth was also underlined by emergent significant correlations between height growth and summer temperature at the southern coastal site during the second sub-period.

The consistent correlation pattern between cumulative NDVI and growing season temperatures observed at sub-period level contradicts to some extent a reported decline in the relationship between growing season temperature and vegetation productivity at boreal latitudes between 1982 and 2011 [START_REF] Piao | Evidence for a weakening relationship between interannual temperature variability and northern vegetation activity[END_REF]. In a context of climate warming, the stable positive correspondence between temperature and NDVI might indicate an acclimation of photosynthetic temperature optima [START_REF] Sendall | Acclimation of photosynthetic temperature optima of temperate and boreal tree species in response to experimental forest warming[END_REF]. However, non-linear responses of NDVI to temperature [START_REF] Zhou | Relation between interannual variations in satellite measures of northern forest greenness and climate between 1982 and 1999[END_REF]) may, in a near future, hamper or cancel out the herein observed positive temperature-NDVI relationship.

Local coherency between proxies

The generally insignificant coherency between proxies revealed in this study is in line with previously reported results for boreal conifer trees [START_REF] Kaufmann | The effect of growing season and summer greenness on northern forests[END_REF] The general lack of significant correlation between radial and height growth observed at all sites, but the northern inland site, can likely be explained by different climate sensitivity of these proxies. On one side, radial growth is constrained by the number and size of vascular cells produced during the current growing season, and is therefore most sensitive to current year summer temperature [START_REF] Vaganov | How well understood are the processes that create dendroclimatic records? A mechanistic model of the climatic control on conifer tree-ring growth dynamics[END_REF][START_REF] Cuny | Generalized additive models reveal the intrinsic complexity of wood formation dynamics[END_REF]). On the other side, height growth (bud cell elongation) depends on the number of bud cells produced the previous year at the end of the growing season and on elongation conditions during current growing season, and is therefore most sensitive to previous year late summer temperature and to early growing season climate [START_REF] Lanner | The pine shoot primary growth system[END_REF][START_REF] Lanner | On the insensitivity of height growth to spacing[END_REF]. However, the significant negative correlation observed between radial and height growth at the northern inland site may suggest that at stand level physiological processes linked to these two proxies are antagonists due to resource limitations and competition level.

Accordingly, available resources may be predominantly allocated either to radial or height increment depending on the competition status of a tree within the stand.

The lack of correlation between radial growth and cumulative NDVI observed may directly emerge from cumulative NDVI masking monthly interactions between tree-stem growth and photosynthetic activity dynamics. Hypothetically radial growth, mainly limited by late summer temperature, would correlate with late summer monthly NDVI. However, significant correlations between radial growth and monthly NDVI were instead observed with early summer monthly NDVI (May and June) and these were all negative and limited to northern sites (Appendix D -Fig. S10). Results therefore indicate that radial growth appears decoupled from growing season canopy dynamics at our sampled sites. This decoupling further suggests, assuming that NDVI is a good proxy for photosynthetic activity and for carbon sequestration, that the proportion of recently assimilated carbon allocated to radial growth varies through time (at monthly and annual scale). This temporal variability might be linked to changes in other growth-limiting constraints, such as massive seeds production [START_REF] Koenig | Scale of mast-seeding and tree-ring growth[END_REF][START_REF] Roland | Climate sensitivity of reproduction in a mastseeding boreal conifer across its distributional range from lowland to treeline forests[END_REF] or soil moisture conditions [START_REF] Oberhuber | Temporal dynamics of non-structural carbohydrates and xylem growth in Pinus sylvestris exposed to drought[END_REF]. The negative correlations between radial growth and early summer monthly NDVI observed at northern sites may further suggest that radial growth could emerge from the use of carbon reserves, e.g. non-structural carbohydrates [START_REF] Vargas | Evidence of old carbon used to grow new fine roots in a tropical forest[END_REF][START_REF] Oberhuber | Temporal dynamics of non-structural carbohydrates and xylem growth in Pinus sylvestris exposed to drought[END_REF][START_REF] Ols | Previous season climate controls the occurrence of black spruce growth anomalies in boreal forests of Eastern Canada[END_REF], even during periods of high photosynthetic activity. This hypothesis could also be supported by the higher sensitivity of radial growth to previous summer than to current summer months at northern sites.

The significant and positive correlation between height growth and cumulative NDVI at two sites (N-coast and S-inland) over the entire 1982-2011 period could possibly be explained by similar positive responses to previous and current year growing season temperatures. However, the significance of this correlation was unstable through time, revealing complex non-linear interactions between height growth and canopy dynamics in the study area.

The general lack of coherency between NDVI and tree stem dynamics (radial and height growth) may also be linked to the spatial resolution (8km x 8km) of the herein used NDVI dataset. The spatial coverage of each site-specific NDVI not only encompasses the site per se but also diverse surrounding land cover types.

Conclusions

The local incoherency between forest productivity proxies observed in the present study suggests that forest productivity trends based on single-proxy estimations should be considered with great caution. Spatiotemporal asynchrony across forest productivity proxies may further increase due to instable responses to climate. In addition, the ongoing rapid climate change puts trees in the face of unprecedented growing conditions and increases the level of complexity of interactions between tree growth compartments. The recent development of remote sensing products with higher spatial resolution is a promising path towards unravelling the physiological links between tree stem and canopy dynamics and estimating the future carbon sequestration capacity of forest ecosystems. S1. 
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  al. 2013), July temperature being the strongest monthly determinant (Briffa et al. 1992; Lindholm et al. 1996; Henttonen et al. 2014). Scots pine's height growth primarily correlates with previous summer climate, previous July temperature being the strongest monthly determinant (Lindholm et al. 2009, Mathisen and Hofgaard 2011, Salminen and Jalkanen 2005). The strongest correlations between monthly NDVI and respective monthly temperature fields are primarily observed during warmest months (Potter and Brooks 1998, Seftigen et al. 2018). Despite the dominant control of previous and current summer temperatures on Scots pine's tree stem growth and canopy dynamics, the nature of this control (strength and sign) may vary through both time and space (Büntgen et al. 2009, Mathisen and Hofgaard 2011, Hofgaard et al. 2018). The late 20 th century has been characterized by a decreasing correlation between radial growth and temperature in many boreal regions (D'Arrigo et al. 2008; Büntgen et al. 2009; Linderholm et al. 2010).

  ; Lapenis et al. 2005; Mathisen and Hofgaard 2011; Beck et al. 2013, Brehaut and Danby 2018).
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Table 1 .

 1 Summary statistics for radial and height growth data. Statistics were computed over the 1982-2011 period. values in brackets give the minimum sample depth over the 1982-2011 period.

	N-coast	N-inland	S-coast	S-inland

*

Table 2 .

 2 Site-specific correlations between the three forest productivity proxies (radial growth, height growth, and cumulative NDVI (May-September)). Correlations are calculated over the 1982-2011 period. Significant correlations are indicated by asterisks (** -P < 0.05; *-P < 0.1).

		N-coast	N-inland	S-coast	S-inland
	Radial vs. Height	-0.13	-0.44**	-0.12	-0.02
	Radial vs. NDVI	-0.19	-0.04	-0.08	-0.18
	Height vs. NDVI	0.47**	-0.21	0.27	0.34*
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