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Estimation of the fraction of GPP relating to autotrophic respiration - As the fraction of GPP (ARf) contributing to autotrophic respiration (AR) can vary across stream ecosystems, we attempted to calculate individual ARf for each ecosystem metabolism reach across the YRN using the approach by Hall and Beaulieu (2013).  However, this approach was not successful for all of our sites.  We had few sites where we could estimate ARf.  For most estimates the confidence interval of the slope (ARf) exceeded the recommended 0.4 (Hall and Beaulieu 2013) or was >1.  Reasons why this approach did not work for each of our sites individually could be due to a lack in range of GPP estimates.  Hall and Beaulieu (2013) recommend that the standard deviation of GPP should exceed 1 for high precision estimates of ARf.  Also, this approach requires having sufficient data as quantile regression estimates the relationship between GPP and ER on the upper edge of the data, which can vary case by case.  Therefore, as we were unable to estimate ARf at each of our sites, we instead compared 3 alternative approaches: 1. pool all estimates of GPP and ER from our 12 metabolism reaches, 2. pool only data from the spring windows across both years, and 3. pool data separately into HS and LS spring windows.  We then estimated ARf based on Hall and Beaulieu (2013) using quantile regression at the 90th percentile.  Our estimates of ARf using 1. All data, 2. All spring data, 3. HS and LS, separately were similar, with overlapping 95% confidence intervals (ARf values (95% CI): all data: 0.39 (0.37, 0.40), all spring: 0.39 (0.37, 0.42), HS spring: 0.43 (0.34, 0.47), LS spring: 0.40 (0.38, 0.41)).  Because we were interested in estimating HR for the spring window of snowmelt, we used the ARf of 0.39, based on the estimate using all of the spring GPP and ER estimates. 


Table S1: List of calibrated parameters of the hydrological model
	symbol
	Unit
	physical range
	calibrated value 
	meaning

	as
	mm °C-1 d-1
	1 - 6
	3.34
	degree day factor for snow

	Gmax
	mm d-1
	0 - 2
	0.81
	maximum ground-heat melt

	Zr
	mm
	50 - 1500
	423
	root zone depth

	Lmax
	mm h-1
	0 - 0.15
	0.025
	maximum deep leakage

	c
	-
	3.3 - 30
	7.58
	Clapp–Hornberger exponent

	Ksat
	mm h-1
	0.01 - 500
	370
	saturated hydraulic conductivity

	sw
	-
	0.1 - 0.4
	0.13
	wilting point

	sm
	-
	0.4 - 0.6
	0.6
	plant stress point

	Kslow
	h-1
	1/(365*24) - 1
	1/218
	slow subsurface flux coefficient

	Kfast
	h-1
	1/(10*24) - 1
	1/8.75
	fast subsurface flux coefficient

	Klapse
	°C km-1
	4.0-9.8
	8.0
	environmental lapse rate


Symbols and physical ranges are taken from Schaefli et al. (2014), where more details about the model parameters can be found. Parameters not listed in the table are assumed equal to the reference values proposed by Schaefli et al. (2014).  Parameters related to ice dynamics are irrelevant for this case study as no glacier is present in the study catchment. As only one meteorological station is available in the study catchment, it is not possible to directly measure the actual environmental lapse rate; therefore this parameter has been assumed constant in time and treated as a calibration parameter.










Table S2: Total cumulative modelled snowmelt and stream discharge following a high and a low snow winter. 
	Site
	Year
	tSM 
m-3 74 d-1
	tQ 
m-3 74 d-1
	annual SM m3 yr-1
	tSM:tQ
	tSM:annual SM

	1
	HS
	2233490
	4244062
	5012568
	53%
	45%

	
	LS
	559470
	3261049
	2322540
	17%
	24%

	2
	HS
	5708878
	10570504
	12429396
	54%
	46%

	
	LS
	1380813
	7965205
	5753052
	17%
	24%

	3
	HS
	366059
	701718
	857700
	52%
	43%

	
	LS
	99161
	547097
	401256
	18%
	25%

	4
	HS
	438946
	755271
	842400
	58%
	52%

	
	LS
	94041
	522877
	394128
	18%
	24%

	5
	HS
	26646
	47287
	50508
	56%
	53%

	
	LS
	6044
	33612
	22644
	18%
	27%

	6
	HS
	608481
	866914
	950292
	70%
	64%

	
	LS
	107636
	486630
	459648
	22%
	23%

	7
	HS
	595992
	839348
	929952
	71%
	64%

	
	LS
	119367
	447732
	493200
	27%
	24%

	8
	HS
	62945527
	87188760
	100157832
	72%
	63%

	
	LS
	15022032
	47912364
	56751012
	31%
	26%

	9
	HS
	5732732
	7707708
	8729244
	74%
	66%

	
	LS
	1387715
	3958884
	5164380
	35%
	27%

	10
	HS
	2239618
	2846075
	3083292
	79%
	73%

	
	LS
	445084
	1256437
	1776564
	35%
	25%

	11
	HS
	19712403
	24851786
	27896400
	79%
	71%

	
	LS
	4348803
	11110061
	16867728
	39%
	26%

	12
	HS
	1050722
	1252531
	1501452
	84%
	70%

	
	LS
	281425
	552861
	1009692
	51%
	28%


The cumulative total modelled (1 March – 13 May) snowmelt (tSM) and stream discharge (tQ) and annual snowmelt (annual SM, 1 November – 31 May) for high (2012/2013, HS) and low (2013/2014, LS) snowpack winters along with subsequent percentage (%) of tSM to tQ and tSM to annual SM across the Ybbs River Network.









Table S3: Mean and 95% confidence intervals of potential drivers of ecosystem metabolism during spring snowmelt.
	Site 
	Year
	Q 
m-3 s-1 
	N-NO3 
ug L-1
	DOC 
mg L-1
	PAR
lux 
	T 
°C 

	1
	HS
	0.66 (0.15, 2.25)
	1173 (1148, 1211)^
	1.3 (1.2, 1.4)
	11922 (2139, 28430)
	5.9 (2.5, 10.6)

	
	LS
	0.51 (0.12, 1.55)
	1038 (1028, 1047)
	1.5 (1.2, 1.7)
	10611 (1483, 27317)
	7.0 (4.3, 9.7)

	2
	HS
	1.65 (0.38, 5.48)
	1164 (1145, 1189)^
	1.2 (1.1, 1.3)
	9427 (1578, 19231)
	6.3 (2.7, 11.2)

	
	LS
	1.25 (0.30, 3.63)
	987 (960, 1011)
	1.3 (1.1, 1.8)
	9060 (1404, 18846)
	7.2 (4.5, 10.2)

	3
	HS
	0.11 (0.03, 0.37)
	862 (822, 887)^
	1.3 (1.3, 1.3)
	6322 (944, 11742)
	5.1 (0.1, 12.2)

	
	LS
	0.09 (0.02, 0.26)
	494 (407, 577)
	2.4 (1.9, 2.8)#
	7361 (1052, 14766)
	5.8 (1.9, 9.5)

	4
	HS
	0.12 (0.02, 0.36)
	1222 (1168, 1278)^
	1.2 (1.1, 1.3)
	5886 (982, 14421)
	5.8 (3.0, 9.7)

	
	LS
	0.08 (0.02, 0.27)
	1100 (1072, 1130)
	1.4 (1.1, 1.5)
	3827 (503, 8461)
	6.3 (3.9, 8.8)

	5
	HS
	0.01 (0.001, 0.02)
	984 (946, 1021)^
	1.6 (1.5, 1.7)
	17152 (1685, 37193)
	5.5 (2.6, 10.1)

	
	LS
	0.01 (0.005, 0.02)
	861 (803, 922)
	2.5 (2.3, 2.7)#
	17229 (1285, 36690)
	6.7 (4.0, 9.6)

	6
	HS
	0.14 (0.02, 0.58)
	724 (695, 751)^
	1.1 (1.0, 1.3)
	11198 (1365, 24160)
	5.5 (1.8, 10.3)

	
	LS
	0.08 (0.02, 0.58)
	503 (415, 590)
	1.2 (1.1, 1.5)
	10344 (677, 22370)
	6.3 (3.2, 9.0)

	7
	HS
	0.13 (0.02, 0.44)
	946 (935, 954)^
	1.8 (1.7, 1.9)
	8342 (1367, 18933)
	5.6 (1.6, 10.5)

	
	LS
	0.07 (0.02, 0.22)
	859 (813, 904)
	2.1 (1.8, 2.4)
	8736 (904, 18060)
	6.7 (4.0, 9.1)

	8
	HS
	13.64 (2.10, 39.29)
	1072 (1057, 1092)
	1.4 (1.2, 1.7)
	18649 (2607, 42910)
	3.2 (3.4, 9.6)

	
	LS
	7.49 (2.41, 19.33)
	789 (915, 1064)
	1.3 (1.3, 1.5)
	14947 (724, 38244)
	7.8 (5.2, 10.0)

	9
	HS
	1.21 (0.14, 3.80)
	852 (794, 920)
	2.0 (2.0, 2.1)
	8422 (1630, 17959)
	4.6 (1.3, 7.7)

	
	LS
	0.62 (0.20, 1.77)
	816 (777, 852)
	2.4 (2.3, 2.5)
	8642 (1172, 17185)
	5.9 (3.7, 7.8)

	10
	HS
	0.45 (0.05, 1.92)
	1123 (1102, 1142)
	2.7 (2.5, 3.4)#
	16544 (1521, 31879)
	3.4 (1.1, 5.9)

	
	LS
	0.20 (0.06, 0.55)
	1111 (1096, 1127)
	2.3 (2.2, 2.4)
	13810 (1999, 28550)
	4.4 (2.4, 6.5)

	11
	HS
	3.89 (0.39, 14.24)
	1010 (967, 1060)^
	2.0 (1.7, 2.4)
	16985 (1487, 41542)
	4.6 (1.8, 7.3)

	
	LS
	1.74 (0.62, 5.09)
	901 (883, 923)
	1.7 (1.6, 1.9)
	13452 (1477, 31417)
	5.6 (3.6, 7.7)

	12
	HS
	0.20 (0.02, 0.96)
	783 (742, 829)
	1.3 (1.1, 1.7)
	20724 (2128, 39927)
	4.8 (3.6, 5.8)

	
	LS
	0.09 (0.04, 0.27)
	823 (803, 841)
	1.2 (1.0, 1.3)
	15215 (1788, 30405)
	5.3 (4.4, 6.1)

	^#Significantly differ between HS and LS based on 2-way ANOVA (site, HS vs LS, and site × HS vs LS significant at 0.05 level) and Tukey post-hoc test

	













Table S4:  Carbon spiraling estimates for study reaches in the Ybbs River Network.
	Site
	Reach length
	Year
	HR
	Soc
	Vf

	1
	1.6
	HS
	-4.5 (-8.9, -2.1)
	5.3 (2.4, 14.2)
	2.3 (1.1, 4.5)

	
	
	LS
	-4.2 (-7.8, -1.9)
	3.7 (2, 6.1)
	2.5 (1.1, 4.6)

	2
	2.1
	HS
	-6.4 (-14.2, -2)
	1.4 (0.3, 2.8)
	4.9 (1.6, 10.8)

	
	
	LS
	-2.1 (-5.8, -0.3)
	4.4 (1.5, 9.9)
	1.5 (0.2, 4)

	3
	1.5
	HS
	-3.3 (-9.1, -0.9)
	5.1 (0.7, 19.9)
	2.8 (0.8, 7.6)

	
	
	LS
	-2.1 (-2.8, -1.4)
	4.5 (2.8, 8.4)
	1.6 (1.1, 2.1)

	4
	0.5
	HS
	-7.4 (-19.1, -1.3)
	0.8 (0.1, 2.5)
	5.7 (1, 14.8)

	
	
	LS
	-1.8 (-2.6, -1.2)
	2.2 (1.2, 3.6)
	0.7 (0.5, 1.1)

	5
	0.6
	HS
	-3 (-5.8, -1.3)
	0.9 (0.3, 1.7)
	2.5 (1.1, 4.8)

	
	
	LS
	-1.9 (-3.7, -0.9)
	1.2 (0.7, 2)
	1.4 (0.7, 2.7)

	6
	0.2
	HS
	-2.4 (-4.3, -1.4)
	0.5 (0.2, 0.8)
	1.5 (0.9, 2.7)

	
	
	LS
	-2.2 (-2.8, -1.6)
	0.5 (0.1, 0.9)
	0.9 (0.6, 1.1)

	7
	2.2
	HS
	-5.7 (-13.7, -1.9)
	0.6 (0.1, 1.6)
	5 (1.7, 11.9)

	
	
	LS
	-5.6 (-9.2, -2)
	0.4 (0.1, 1.1)
	4.5 (1.6, 7.3)

	8
	0.8
	HS
	-1.7 (-3.3, -0.8)
	2.4 (0.9, 3.8)
	0.9 (0.4, 1.8)

	
	
	LS
	-3 (-4.6, -1.2)
	1.1 (0.6, 1.8)
	1.4 (0.6, 2.2)

	9
	3.2
	HS
	-3.3 (-6.6, -1.8)
	12.1 (6.1, 27.9)
	2.3 (1.2, 4.7)

	
	
	LS
	-4.5 (-7.7, -3)
	6.9 (2.5, 13.5)
	3.4 (2.2, 5.7)

	10
	0.6
	HS
	-0.7 (-1.1, -0.3)
	24.6 (5, 72.3)
	0.4 (0.1, 0.6)

	
	
	LS
	-0.9 (-1.2, -0.4)
	13.5 (6.8, 45.7)
	0.4 (0.2, 0.5)

	11
	0.6
	HS
	-3.6 (-6, -2.2)
	2.7 (1.1, 5.6)
	1.3 (0.8, 2.2)

	
	
	LS
	-2.6 (-4.8, -1.8)
	2.2 (1.6, 3.4)
	1.1 (0.8, 2.1)

	12
	1.9
	HS
	-2.3 (-3.6, -0.6)
	2.8 (0.3, 16)
	1.7 (0.4, 2.7)

	
	
	LS
	-2.5 (-4.2, -1.7)
	0.8 (0.5, 1.2)
	2.2 (1.5, 3.6)


The mean (95% confidence intervals) of heterotrophic respiration (HR, g C m-2 d-1), spiraling length (Soc, km), and mineralization velocity (Vf, m d-1) for springs (1 March – 13 May) following high (HS, 2013) and low snow (LS, 2014) winters. Reach length was calculated from geographic information system (GIS) as the distance between the most upstream and downstream confluence from the ecosystem metabolism reach.





Table S5:  Annual estimates of ecosystem metabolism presented in Figure 6.  Q is average stream discharge (m3 s-1) and catchment area of each study reach (km2).
	Site
	GPP 
	ER 
	NEP 
	Q 
	Catchment area 
	Reference

	Mississippi#
	213
	-1188
	-754
	17814
	2900000
	Dodds et al. 2013

	Mississippi#
	161
	-1060
	-708
	17814
	2900000
	Dodds et al. 2013

	Chatahoochee#
	383
	-996
	-386
	100
	5335
	Dodds et al. 2013

	Chatahoochee#
	208
	-667
	-317
	100
	5335
	Dodds et al. 2013

	Shatto Creek
	596
	-1392
	-797
	0.5* 
	10.36
	Griffiths et al. 2013

	Walker Branch
	183
	-617
	-434
	0.016
	0.384
	Roberts et al. 2007

	Walker Branch
	195
	-485
	-275
	0.009
	0.384
	Roberts et al. 2007

	Necker^
	712
	-962
	-250
	4.6
	126
	Uehlinger 2000

	Thur^
	349
	-468
	-119
	46.7
	1696
	Uehlinger 2000

	1
	416
	-1189
	-773
	0.78
	14.1
	This Study

	2
	409
	-603
	-193
	1.93
	34.6
	This Study

	3
	309
	-1345
	-1036
	0.3
	2.3
	This Study

	4
	132
	-714
	-582
	0.11
	2.2
	This Study

	5
	141
	-841
	-700
	0.01
	0.1
	This Study

	6
	841
	-1735
	-894
	0.12
	2.1
	This Study

	7
	169
	-763
	-594
	0.12
	1.5
	This Study

	8
	638
	-778
	-140
	11.37
	203.8
	This Study

	9
	62
	-457
	-395
	0.9
	16.2
	This Study

	10
	508
	-878
	-370
	0.13
	5.4
	This Study

	11
	1031
	-1441
	-410
	2.6
	46.4
	This Study

	12
	492
	-742
	-250
	0.12
	2.2
	This Study



Gross primary production (GPP, g C m-2 yr-1), ecosystem respiration (ER, g C m-2 yr-1) and net ecosystem production (NEP, g C m-2 yr-1)
#Originally published C units using a photosynthetic quotient of 1.2 and respiration quotient of 0.85.  Numbers were adjusted assuming a 1:1 molar ratio of O2 to C.
*Discharge estimated given the annual range reported in Griffiths et al 2013.
^GPP and ER calculated by multiplying mean GPP and ER estimates by 365 and then calculating NEP where NEP as GPP – ER.
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Figure S1.  Daily precipitation (left axis, mm) and new snow (right axis, cm) measured from 1 December – 28 February for (A) 2012/2013 (HS) and (B) 2013/2014 (LS) at Lunz am See weather station in the center of the Ybbs River Network, Austria.

[image: ]
Figure S2:  Relationship between cumulative snowmelt per catchment area and mean catchment elevation across the YRN; HS refers to the snowmelt period (1 March – 13 May 2013) following the high-snow winter, LS refers to the snowmelt period (1 March – 13 May 2014) following the low-snow winter.
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