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Supplement 1. Derivation of climate and N deposition scenarios
Observed climate data (20-27 years time series of measured precipitation, maximum temperature, minimum temperature, humidity, and solar radiation) was acquired from the closest meteorological station of ZAMG (Zentralanstalt für Meteorologie und Geodynamik) except for ZB00, where on-site measurements were used.
Daily N deposition for 1950-2100 was derived from retrospective modelling and considered three future scenarios: the current legislation (CLE) scenario with revised Gothenburg Protocol emissions and the technically maximum feasible emission reduction scenario (MFR). CLE and MFR scenarios assume no change in deposition after 2030. A baseline scenario was defined by the 2010 deposition values with no further reductions (B10) (Supplement 1 T1). First, we derived annual N deposition for each site from modelled coarse scale (50 km resolution) historic deposition from 1950 to 2000 (Schöpp et al. 2003) and data for 2005, 2010, 2020 and 2030, which was provided by the Coordination Centre of Effects (RIVM, NL) using the latest EMEP model version (Simpson et al. 2012). Second, we scaled these long-term but coarse scale trends to measured data (Dirnböck et al. 2016; Jandl et al. 2012b; Jost et al. 2011; Smidt and Obersteiner 2007). At all sites measured throughfall deposition was available for the last 15-20 years except for AK22, where data from 1998 to 2005 was used). We calculated annual total deposition of NO3- and NH4+ for each site as the sum of measured throughfall and modelled canopy exchange (can be positive or negative). The method to derive canopy exchange was based on (Adriaenssens et al. 2013) with sodium as an inert tracer ion. Third, we calculated time series of daily N deposition rates from these annual values. Daily concentrations of NO3- and NH4+ in rainfall were derived by first calculating the annual mean concentration (dividing annual values with annual precipitation) and then superimposing a seasonal concentration pattern, i.e. a sinus function with a amplitude of 1.5 mg.l-1 NO3- and 0.7 mg.l-1 NH4+, which is typical for N deposition in Austrian forests (Smidt and Obersteiner 2007).

Supplement 1 T1. Differences in air temperature, precipitation and N deposition in climate and N deposition scenarios between 1990-2010 and 2080-2100. Positive values indicate increases, negative values indicate decreases. See Table 1 for the current magnitude of T, Precipitation, and N deposition.
	Site
	climate scenario
	Δ Temp (°C)
	Δ Precip (mm)
	CLE  Δ N deposition
(kg N ha-1 y-1)
	MFR Δ N deposition
(kg N ha-1 y-1)

	AK22
	A1B ECHAM5
	3.1
	-95
	-5.3
	-7.5

	
	A1B HADCM3
	3.7
	-71
	-0.5
	-4.3

	
	A2 ECHAM5
	3.8
	-133
	-1.7
	-5.4

	
	B1 ECHAM5
	1.9
	8
	-2.5
	-5.9

	JO17
	A1B ECHAM5
	3.2
	-103
	-2.3
	-2.6

	
	A1B HADCM3
	3.8
	-156
	-1.6
	-2.1

	
	A2 ECHAM5
	3.9
	-152
	-2.5
	-2.8

	
	B1 ECHAM5
	2
	-51
	-2.2
	-2.5

	KL09
	A1B ECHAM5
	2.7
	54
	-3.7
	-5.5

	
	A1B HADCM3
	3.5
	-31
	-0.5
	-3

	
	A2 ECHAM5
	3.7
	-57
	-3.3
	-5.2

	
	B1 ECHAM5
	1.8
	56
	-4.6
	-6.2

	MG15
	A1B ECHAM5
	3.1
	-43
	-3.7
	-4.2

	
	A1B HADCM3
	3.7
	-153
	-2.9
	-3.6

	
	A2 ECHAM5
	3.9
	-192
	-3.9
	-4.5

	
	B1 ECHAM5
	2
	-66
	-3.8
	-4.3

	MO11
	A1B ECHAM5
	3
	-31
	-4.2
	-6.4

	
	A1B HADCM3
	3.8
	-64
	-0.5
	-3.8

	
	A2 ECHAM5
	3.8
	-178
	-2.1
	-5.3

	
	B1 ECHAM5
	1.9
	-65
	-3.5
	-6.3

	MU16
	A1B ECHAM5
	3.5
	-69
	-0.4
	-0.5

	
	A1B HADCM3
	4
	-110
	0.2
	-0.1

	
	A2 ECHAM5
	4.3
	-160
	-1
	-1.2

	
	B1 ECHAM5
	2.3
	26
	-0.4
	-0.6

	UP02
	A1B ECHAM5
	2.8
	-17
	-9.9
	-11.6

	
	A1B HADCM3
	3.5
	-94
	-6.1
	-8.7

	
	A2 ECHAM5
	3.7
	-72
	-8.5
	-10.7

	
	B1 ECHAM5
	1.7
	29
	-7.9
	-10.2

	ZB00
	A1B ECHAM5
	2.8
	-3
	-7.1
	-12.4

	
	A1B HADCM3
	3.5
	-106
	0.9
	-6.6

	
	A2 ECHAM5
	3.6
	-170
	0.1
	-7.5

	
	B1 ECHAM5
	1.7
	-35
	-5.5
	-11.4



Supplement 2. N pools and flux graphs
Supplement 2 F1. N pools (kg N ha-1) and fluxes (kg ha-1 y-1) in forest sites at current state (2000: mean (1990-2010)) and mean effects (mean (2080-2100)-2000) on these pools and fluxes in climate and N deposition scenarios. Effects in comparison with the climate baseline and the MFR deposition scenario were calculated. Arrow widths are proportional to the fluxes and fluxes effects. Bold letters and full arrows indicate significant differences from null (Wilcox Test p value < 0.05, n=12 and 8 for climate and N deposition effects, respectively).
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Supplement 3. SOM budgets
[bookmark: _GoBack]Supplement 3 F1. Mean and standard errors in annual total SOM N budgets between 2010 and 2100 in all climate scenarios (baseline, A1B, A2, B1) separated by N deposition scenarios. Δ SOM N values deviate from zero (Wilcox rank sum p<0.05, n=450) except for UP02 B10, KL09 CLE, and KL09 MFR scenarios.
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Supplement 4. Model validation
Even though we used generated climate data rather than site measurements, mean annual (2009-2013) soil moisture at 15 and 30 cm soil depth, could be represented well at most sites. Mean annual deviation across all sites between measured and simulated values is less than 3% with a general trend of simulations overestimating measured values. Nevertheless, the model overestimates soil moisture in dryer and underestimates soil moisture in wetter conditions (Supplement 2 F1). Tree growth was calibrated for all sites for the dominant vegetation type (not addressing the understory development within the calibration) and hence had a very high agreement with the actual growth data (tree volume, height and diameter) at each site (Supplement 2 T1). While some sites like MO11 or ZB00 show a perfect agreement with the observation data for tree number, volume and diameter, other sites like AK22 or KL09 show a good overall agreement with small deviations either in tree volume or diameter.
Most of our investigated forest sites are characterized by degrading SOM N, only KL09 accumulated SOM N. However, with annual tree storage between 2.4 and 5.8 kg N ha-1 y-1 all forest ecosystems (60-150 years old) were either in steady state or a net sink for N. This result is in line with an Austrian-wide study summarizing long-term soil and nutrient monitoring data (Jandl et al. 2012a). It also corroborates site based studies at ZB00 and AK22 where N budgets have been derived from measurements and modelling. Jost et al. (2011) showed that soil N retention at ZB00 was in steady state but varied considerably between years (-20 to +20 kg N ha-1 y-1) and this variability was mostly driven by the hydrological control over nitrate leaching. N leaching, when excluding extreme dry years (e.g. drought year 2003) was between 17-31 kg N ha-1 y-1 which is in line with model simulations of this study, and  an earlier study of Dirnböck et al. (2016). Similarly, for AK22 our model results show that SOM N is degrading with a rate of 2.5-2.7 kg N ha-1 y-1 after stand age of 40-60 years. Approx. 3 kg N ha-1 y-1  annually are stored in trees and the ecosystem accumulated N, though the magnitude is lower than the value of 5 kg N ha-1 y-1 presented by Jandl et al. (2012b). This might be explained by higher simulated N leaching rates (modelled: 5-15 kg N ha-1 y-1; measured 7 kg N ha-1 y-1) because modelled N gas losses  of 1.5-2.5 kg N ha-1 y-1 are similar to those measured (Kitzler et al. 2006a). Gaseous N2O measurements at KL09 resulted in 0.5-0.7 kg N2O-N ha-1 yr-1 (Kitzler et al. 2006b). When adding an estimated N2:N2O ratio of 5-8 (Butterbach-Bahl et al. 2013) total N efflux is again very similar to our modelled amounts of 2.4-5.2 kg total N ha-1 yr-1 between 1990 and 2010. Together with former studies using the LandscapeDNDC for simulations of C (Grote et al. 2011; Molina-Herrera et al. 2015) and N (Díaz-Pinés et al. 2016; Dirnböck et al. 2016; Kesik et al. 2005; Kiese et al. 2011) in forest ecosystems we are convinced that LandscapeDNDC is suitable for evaluation of future trajectories of N fates at our study sites.
[bookmark: _Ref468299970]Supplement 4 F1. Comparison of measured and modelled annual mean soil moisture in 15 and 30 cm soil depth at the study sites. 
[bookmark: _Ref449357099][image: ]
[bookmark: _Ref468299952]Supplement 4 T1. Yield table and modelled forest growth of the dominant tree species for 5 study sites.
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Site code species year yield tables simulated

2000 149 246

2050 488 461

2070 600 626

1980 32 133

2000 252 279

2050 459 504

2080 561 699

1980 172 238

2000 378 327

2050 712 874

2080 807 1090

1980 144 253

2000 389 382

2050 826 845

2070 1100 1124

1980 126 241

2000 357 355

2030 768 620

2060 900 980

Picea abies MO11

ZB00 Picea abies

tree volume (m³ ha

-1

)

AK22 Picea abies

Fagus sylvatica KL09

MG15 Picea abies
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Tabelle1



								tree volume (m³ ha-1)

		Site code		species		year		yield tables		simulated		difference

		AK22		Picea abies		2000		149		246		-97.46

						2050		488		461		26.53

						2070		600		626		-26.26

		KL09		Fagus sylvatica		1980		32		133		-101.38

						2000		252		279		-27.50

						2050		459		504		-45.42

						2080		561		699		-138.21

		MG15		Picea abies		1980		172		238		-65.89

						2000		378		327		50.89

						2050		712		874		-162.07

						2080		807		1090		-282.97

		MO11		Picea abies		1980		144		253		-109.07

						2000		389		382		6.56

						2050		826		845		-19.01

						2070		1100		1124		-23.58

		ZB00		Picea abies		1980		126		241		-115.20

						2000		357		355		1.95

						2030		768		620		147.98

						2060		900		980		-80.11
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