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Suppl. Table 1 Catchment specific characteristics: total surface area [km?], catchment scale
averages of the slope [-], aspect [°], elevation [m a.s.l.], relief [m], drainage density [km/km?],
topographic wetness index (TWI) [-], share of montane, subalpine, upper subalpine, alpine,
Mancos lithology, and barren land as % of total catchment area. EAQ = East River above Quigley,
EBC = East River above Copper Creek, PH = Pumphouse. We derived catchment average tree
cover density using USGS Landfire at 30 m raster maps (Landfire, 2008) weighing the different
forest classes by their given tree density. Alpine > 3750 m; upper subalpine: 3700-3525 m;
subalpine: 3525-3000 m, montane: <3000 M..........cccovieriiieriiieeniie e eereeerree e e eseeeereeeereee e 36

Text S1: Gap filling of streamflow data

We used a random forest ensemble machine learning algorithm to regress hourly discharge (Q,
m?/s) between nearby discharge monitoring stations within the East River watershed network
(Shortridge et al., 2016; Dwivedi et al. 2022). This method included stations monitored by the
USGS from 1940-2021. All sites have some periods where major gaps exist. Hourly discharge data
for long term USGS monitoring stations (Almont Station ID# 09112500, East River Below Cement
Creek Station ID# 09112200, and Gunnison Station ID# 09114500) were obtained from the USGS
NWIS portal using the R dataRetrieval package (Hirsch & De Cicco, 2015; USGS, 2022) and this
data was merged with East River discharge monitoring locations (Carroll and Williams, 2019;
Carroll et al. 2021). The machine learning algorithm within the R package randomForest
implements Breiman's random forest algorithm for classification and regression (Breiman, 2001;
Liaw & Wiener, 2018). We selected random forest because of the robust capabilities to handle a
large number of predictor and target variables, and handle the broad temporal structure of the data
(hourly over 8 years). In our approach, we allowed all available continuous discharge from any
station to be used as predictor variables for the target variable (discharge station with gaps) (Jain
et al., 2020). Once discharge was simulated based on a stations neighbors, we filled in the gap with
the simulated values thus preserving all of the original data and the temporal structure.
Additionally, this method preserves the presence of any non-stationarity within the data. Gap-filled

discharge data are freely and publically available on ESS-DIVE (Newcomer et al. 2022)

Text S2: References for supplementary information
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Suppl. Fig. 1 Cross-correlation of different catchment characteristics. TWI = Topographic
wetness index [-]; DD _km_km2 = Drainage density [km km™]; Mancos = share of surface area
with Mancos shale geology [%],; Barren = share of surface area with bare soil or rock [%)]. Bold
and black numbers represent significant correlations at p<0.05 and bold grey numbers for p<0.10.
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Suppl. Fig. 2 Correlation between the four components of rotated principle component analysis
and their correlation with various catchment characteristics (same as in Suppl. Fig. 1). From these
relationships, we chose four characteristics that represent the four components: Tree density,
aspect, size area, and drainage density. Bold and black numbers represent significant correlations
at p<0.05 and bold grey numbers for p<0.10.
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598  Suppl. Fig. 3 Distribution of &30 values for snow (5'30Ops) and rain (5'30pr) samples taken during
599  wateryear 2015 and 2016 at the location shown in Figure 1. Lines show the kernel density estimate
600  for both histograms. Vertical values represent the weighted average values for snow and rain,
601  respectively.
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Suppl. Fig. 4 Upper panel: Snow water equivalent (SWE) measured at the SNOTEL site in
Schofield (location shown in Figure 1), Rainfall (Pr) and snowfall (Ps) hourly sums for the East
River catchment defined by the Pumphouse outlet (location shown in Figure 1). Lower panel:

Measured discharge (Q) and 6'%0 values for water sampled during the summer (5'80s) and non-
summer (8'0ns) periods at the Pumphouse.
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Suppl. Fig. 6 Same as in Suppl. Fig. 4, but for the Rock Creek catchment.
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613  Suppl. Fig. 7 Same as in Suppl. Fig. 4, but for the Quigley Creek catchment.
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615  Suppl Fig. 8 Same as in Suppl. Fig. 4, but for the East River catchment below Copper Creek
616  tributary.
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Suppl. Fig. 9 Same as in Suppl. Fig. 4, but for the East River catchment above the Quigley

tributary.
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Suppl. Fig. 10 Same as in Suppl. Fig. 4, but for the Copper Creek catchment.
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Suppl. Fig. 11 Same as in Suppl. Fig. 4, but for the Coal Creek catchment.
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Suppl. Fig. 12 Same as in Suppl. Fig. 4, but for the Bradley Creek catchment.
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Suppl. Fig. 13 Long-term (2015-2020) isotope mass balance for the nine catchments. Snow (Ps)
and rain (PRr) are split into evapotranspiration (ET), non-summer (Qus) and summer season
discharge (QOs) based on endmember splitting analysis. The composition of ET, Qns and Qs with

regard to snow and rain is based on endmember mixing analysis.
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Suppl. Table 1 Catchment specific characteristics: total surface area [km’], catchment scale averages of the slope [-], aspect [7],
elevation [m a.s.l.], relief [m], drainage density [km/km’], topographic wetness index (TWI) [-], share of montane, subalpine, upper
subalpine, alpine, Mancos lithology, and barren land as % of total catchment area. EAQ = East River above Quigley, EBC = East River
above Copper Creek, PH = Pumphouse. We derived catchment average tree cover density using USGS Landfire at 30 m raster maps

(Landfire,

2015, Existing vegetation type and cover layers.

U.S. Department

of the Interior,

Geological Survey.

http://landfire.cr.usgs.gov/viewer, accessed October 2021) weighing the different forest classes by their given tree density. Alpine >

3750 m; upper subalpine: 3700-3525 m, subalpine: 3525-3000 m, montane: <3000 m.
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Quigley | 2.55 26 95 3,365 0911 147 4.9 26 2 78 17 3 62 23
Rock 357 19 120 3,363 930 1.71 5.2 32 1 86 11 2 68 8
Bradley | 3.82 26 233 3,485 1,102 1.76 4.9 20 6 45 30 19 1 40
EAQ 527 28 130 3,333 904 1.56 5.0 24 1 82 15 2 70 21
Rustlers | 14.78 26 191 3,475 1,118 1.75 4.9 18 1 57 29 13 8 23
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