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	Figure S1.1: Flow chart outlining method to calculate SRV and AET contributions to groundwater recharge variability. Abbreviations: MOPEX – model parameter experiment, P – precipitation, AET – actual evapotranspiration, PET – potential evapotranspiration, BFI – (stream) baseflow index, SRV – spatiotemporal rainfall variability, QOL – overland flow component of streamflow, and VZ – vadose zone.


Filling gaps in the Roseville rainfall and snowfall time series
Missing daily rainfall and snowfall amounts in the Roseville Environment Canada weather data for the time period of 1973 to 2005 were filled in as described by AquaResource (2008). Values were estimated using: 1) data from nearby surrogate stations, and 2) long-term climatic relationships (ratios) of annual values between Roseville and each of the surrogate stations. Each long-term ratio (e.g., rainRoseville/rainSurrogate) was dependent upon the number of years of concurrent data. The estimates for Roseville were the product of a daily precipitation amount at a surrogate station and the ratio related to that station. A total of 60 days of missing rainfall and 31 days of missing snowfall were filled for 1973 to 2005 (based on gaps in the record from Government of Canada, 2019). Surrogate stations were selected in order of preference, and the station with highest preference that had data available on the missing day was chosen. The Preston Environment Canada weather station (6.9 km from the Roseville station) was primarily used as a surrogate station (AquaResource, 2008), and the resulting dataset was obtained from OMNR (2007).
	Roseville precipitation data with missing values were obtained from Government of Canada (2019). Missing Roseville daily rainfall and snowfall data for the time period of 2006 to 2018 were estimated in the present study based on the same procedure that was described in AquaResource (2008) – i.e., observations at a nearby surrogate station were multiplied by the long-term rainfall or snowfall or total precipitation ratio between Roseville and the station. Different surrogate stations were used for this latter time period due to data availability. Daily minimum and maximum temperatures at the University of Waterloo (UW) weather station (Seglenieks, 2020) were used to estimate whether precipitation likely fell as rain (minimum daily temperature “Tmin” > 0°C) or snow (maximum daily temperature “Tmax” < 0°C) or both (Tmin < 0°C, Tmax > 0°C). Rainfall on 81 days was estimated to be 0 mm because Tmax < 0°C, and snowfall on 228 days was estimated to be 0 mm because of Tmin > 0°C. Rainfall data were preferentially filled in using data from the UW weather station (Seglenieks, 2020), and snowfall were preferentially filled in using the Waterloo-Wellington2 (WATWEL2) weather station (Government of Canada, 2020b). The Kitchener-Waterloo (KW) weather station (Government of Canada, 2020a) was used if either of the other two stations were also missing data, and also to estimate snowfall amounts when it was possible that both rainfall and snowfall occurred on the same day. 
	Snowfall was assumed to be 0 mm in a limited number of cases (14 days) where the surrogate stations were missing data.	The UW weather station (15 km from the Roseville station) was used to fill in 323 daily rainfall amounts based on an average annual ratio of rainRoseville/rainUW of 0.826 derived for UW tipping bucket rainfall during the time period 2006 to 2018. Missing or erroneous daily tipping bucket rainfall values (88) at the UW station (18 days in Apr 2017, 18 days in Nov 2017, 16 days in Apr 2018; 7 days in May 2018, and 29 days in Aug 2018) were replaced with weighing gauge precipitation amounts from the same station. The WATWEL2 station (14 km from the Roseville station) was used to fill in 138 daily snowfall amounts based on a ratio (snowRoseville/snowWATWEL2) of 0.912 derived for annual snowfall for the time period 2006 to 2017. Snowfall amounts for time periods when the WATWEL2 data were unavailable (14 days) were filled in using total precipitation from the KW weather station (13 km from the Roseville station) for days with Tmax < 0°C. The ratio for Ptot,Roseville/Ptot,KW (where Ptot indicates total precipitation) that was derived and applied to estimate this daily snowfall was 0.813 for the time period from 2011 to 2018. Snowfall for 5 days with Tmin < 0°C and Tmax > 0°C, and where rainfall was filled in based on the UW station, was estimated based on the difference between the product of a Ptot,Roseville/Ptot,KW ratio of 1.13 times the KW total precipitation, and the rainfall amount filled in based on the UW station. Table S1.1 summarizes the filling of missing values.
	Filling in the missing data in the Roseville rainfall and snowfall time series increased the average annual rainfall from 770 to 787 mm, the average annual snowfall from 136 to 139 mm, and total precipitation from 907 to 926 mm.

Table S1.1: Summary of missing precipitation values filled in at the Roseville weather station.
	Precipitation type
	No. of days
	Surrogate station
	Distance from Roseville (km)
	Ratio
	Comments

	Rainfall
	81
	N/A
	N/A
	N/A
	Assumed 0 mm. Tmax < 0°C

	Snowfall
	228
	N/A
	N/A
	N/A
	Assumed 0 mm. Tmin > 0°C

	Snowfall
	14
	N/A
	N/A
	N/A
	Assumed 0 mm. Surrogate stations missing data.

	Rainfall
	323
	UW
	15
	0.826
	-

	Snowfall
	138
	WATWEL2
	14
	0.912
	-

	Snowfall
	14
	KW
	13
	0.813
	Tmax < 0°C

	Snowfall*
	5
	KW
	13
	1.13
	Tmin < 0°C,
Tmax > 0°C; ratio is for Ptot


* These days were estimated to have both rain and snow. Snowfall was estimated as: 
snow = (Ptot,KW * ratioPtot,KW) - rainUW x ratioUW,rain

Fitting Roseville distributions of intervals between rainy days and rainfall amounts
Following the fill-in of missing data for the Roseville weather station, a best-fit curve for the probability distribution of the rainfall amounts was obtained using a mixed exponential function. Figure 3 shows the observed and modelled relative frequency distributions for rainfall depths. A non-linear solver function in GNU Octave (Eaton et al., 2024) was used to fit the data. In order to incorporate the mean value from the observed distribution into the fitting process, a point with an x-coordinate of 120 mm and a y-coordinate equal to a weighting factor (0.5) times the mean rainfall depth was added to the list of points shown in Figure 3. The weighting factor was used to scale the relative influence of the mean value point. The best-fit parameters for the mixed exponential distribution are shown in Table S1.2 along with the estimated mean value. The percent difference between the resulting mean value estimate from the distribution and the observed arithmetic mean value was < 1%.

Table S1.2: Best-fit parameters for a mixed exponential distribution describing observed rainfall.
	Distribution
	Mixed exponential model*
	Observed mean value‡
(mm)

	
	p
	β1
	β2
	Mean value†
(mm)
	

	Rainfall amounts
	0.514
	2.01
	13.4
	7.540
	7.542


* Mixed exponential model (Li et al., 2013): 
† Mean value = p × β1 + (1 - p) × β2
‡ Arithmetic mean = sum of non-zero amounts / number of non-zero amounts
US MOPEX watersheds similar to Alder Creek
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	Figure S1.2: Locations of the 47 selected US MOPEX (Duan et al., 2006; Troch et al., 2018) watersheds, as well as the Alder Creek watershed (GRCA, 1998, Sandvik, 2009).





Baseflow indices
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	Figure S1.3: Relationship between annual BFI values estimated for the Water Survey of Canada’s New Dundee gauging station and Roseville annual rainfall (Barlow et al., 2014; Government of Canada, 2019; WSC, 2019).
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	Figure S1.4: Expected vs observed values for normal distribution of differences from the trend line between BFI and rainfall (i.e., [BFI value] – [trend line BFI value] for a given annual rainfall amount). The data were derived from Barlow et al. (2014), Government of Canada (2019), and WSC (2019).
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