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Figure S1: The hydrographs (a) and (b) show precipitation (Ppt) in mm, and estimated recharge per unit 

specific yield (RpSy, discussed later) in m per day, for a selected and a rejected well, respectively. The 

selection/rejection is implemented based on the maximum lag correlation threshold, which ensures that the 

well is more likely to experience event based GWR response to precipitation signals. 

Supplementary text S1: Comparison of the nearest stream and groundwater level  25 

Jasechko et al. (2021) compared the elevations of the groundwater level and a constant stream level at bank full 

height. This study uses a similar approach by identifying the nearest streams to individual wells using high-

resolution National Hydrography Dataset Plus Version 2 (McKay et al., 2012). Groundwater well and stream bank 

elevations are extracted using a 10m resolution 3DEP digital elevation model (DEM) (U.S. Geological Survey, 

2019), along with groundwater level time series and bank full-depth estimates (Wieczorek et al., 2019). The 30 
elevation difference between groundwater and river levels (𝐸𝑑𝑖𝑓𝑓) is calculated as follows. 

𝐸𝑑𝑖𝑓𝑓 = 𝐸𝐺𝑊𝐿 −𝑚𝑒𝑑(𝐷𝑒𝑝𝑡ℎ𝐺𝑊𝐿) − 𝐸𝑆𝑡𝑟𝑒𝑎𝑚 + 𝐵𝐹𝐻𝑠𝑡𝑟𝑒𝑎𝑚                                            (S1) 

Here 𝐸𝐺𝑊𝐿 and 𝐸𝑆𝑡𝑟𝑒𝑎𝑚 denote groundwater level and river level elevation which are extracted from the DEM. 

The terms 𝑚𝑒𝑑(𝐷𝑒𝑝𝑡ℎ𝐺𝑊𝐿) and 𝐵𝐹𝐻𝑠𝑡𝑟𝑒𝑎𝑚 represent the median of depth to groundwater level observations and 
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bank full height of stream respectively.  Eq. (S1) assumes that the elevations extracted using DEM correspond to 35 
the elevation of the bank. Since NHD data represents a high-resolution stream network, this assumption is valid 

due to the likelihood of DEM resolutions being coarser than stream widths. The locations of the wells, distances 

to nearest streams, differences in elevations, bank full depth and bank full-width estimates are plotted in Figure 

S2 and S3. Streams with negative 𝐸𝑑𝑖𝑓𝑓 values can be classified as losing or influent streams, but this classification 

also depends on the distance to the nearest well. When the distance is large, the influent flux from stream to well 40 
may be negligible. Another important factor is bank full width; this study assumes that rivers with a bank full 

width of less than 5m are narrow enough to not significantly contribute to groundwater recharge. Considering 

these criteria, the number of wells used for benchmarking can be narrowed down, as given in Table S1 and Figure 

S2, S3. 

 45 

Figure S2: The number of wells selected based on different criteria, which includes distance the nearest 

stream (shown using blue lines). 

Table S1: The number of wells selected based on different criteria of the nearest stream 

Condition of selection of wells 
No. of 

stations 

Height above the stream or Distance >250m 388 

Height above the stream or Distance >1000m 304 

Height above the stream or Distance >250m or Bankfull width <5m 420 

Height above the stream or Distance >1000m or Bankfull width <5m 380 
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50 
Figure S3: Number of wells with respect to distance to the nearest stream, 𝑬𝒅𝒊𝒇𝒇 and bank full width (in 

meters) 

 

Figure S4: Correlations between RpSy and RpSyu. 
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Figure S5: Comparison of RpSy and RpSyu correlations with USGS recharge data. (a) correlation spread 

for both RpSy and RpSyu, with the orange line indicating the median correlation; (b) histograms show 

the correlation distributions for RpSy and RpSyu with USGS recharge. 

Table S2: Summary Statistics for Correlation between RpSyu, RpSy and USGS recharge. 

 Correlation_RpSyu Correlation_RpSy 

mean 0.531049 0.541389 

standard deviation 0.256786 0.251975 

minimum -0.29906 -0.8052 

5% (first quartile) 0.376744 0.391686 

50% (median or second quartile) 0.58046 0.582712 

75% (third quartile) 0.719417 0.730783 

maximum 0.999441 0.999503 
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Figure S6: Spatial variation of temporal correlation between RpSyu and USGS recharge. 

 

Figure S7: Scatter plot showing the Inter-annual variation between (a) normalized annual recharge 

(normRpSy) and precipitation (normPpt) shown using blue dots; (b) normalized annual recharge 65 
(normRpSy) and Ppt-ET (normPpt-ET) shown using orange dots. The scatter of normRpSy vs normPpt 

has a higher slope relative to the 1:1 line. The scatter of normRpSy vs normPpt-ET has a lower slope 

relative to the 1:1 line. 

Table S3. Inter-annual variation of normalized annual recharge (normRpSy), precipitation (normPpt), 

and Ppt-ET (normPpt-ET). 70 

Year RpSy RpSyu Ppt Ppt-ET R2 for Rpsy R2 for Rpsyu 

1983 103.0 103.1 109.2 124.3 RpSy Vs. Ppt RpSyu Vs. Ppt 

1984 125.2 92.9 112.8 133.5 0.839 0.029 

1985 79.9 108.4 86.4 62.8 RpSy Vs. Ppt-

ET 

RpSyu Vs. Ppt-

ET 

1986 84.8 103.4 85.5 69.9 0.837 0.026 

1987 101.1 106.8 103.6 108.1  

1988 79.2 107.8 82.2 60.7 

1989 104.2 98.6 106.9 115.1 

1990 102.9 106.5 94.6 86.3 

1991 105.9 117.0 106.0 111.4 

1992 90.6 102.7 94.8 92.2 

1993 109.2 80.8 99.8 101.9 

1994 113.1 94.9 106.3 114.4 

1995 87.1 102.9 85.1 69.4 

1996 120.3 89.4 115.8 133.7 

1997 110.6 120.6 100.4 101.9 

1998 113.8 106.8 105.6 111.2 

1999 82.0 99.9 88.7 73.9 

2000 85.3 104.0 89.4 78.4 

2001 82.0 114.9 83.7 67.4 



7 
 

2002 74.7 98.2 86.5 70.5 

2003 120.0 118.5 116.7 140.7 

2004 114.4 109.0 111.6 121.0 

2005 101.9 110.7 93.6 83.9 

2006 104.1 86.3 106.7 105.9 

2007 98.7 89.4 92.7 79.5 

2008 100.2 85.3 106.8 111.4 

2009 100.4 111.6 100.6 100.5 

2010 111.5 113.4 109.0 113.9 

2011 112.8 87.9 114.0 121.5 

2012 86.2 110.2 89.2 69.2 

2013 101.4 90.3 102.6 104.7 

2014 99.0 99.0 97.9 95.2 

2015 96.7 99.5 99.7 97.6 

2016 103.3 84.4 104.9 104.1 

 

 

Figure S8: Inter-annual variation of normalized annual recharge (normRpSyu, shown using grey solid 

dots), precipitation (normPpt, blue squares), and Ppt-ET (normPpt-ET, orange squares).  
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Figure S9: Variation of RpSy centroidal dates in comparison with Precipitation (Ppt) and Precipitation 

Minus Evapotranspiration (Ppt-ET) centroids for 485 locations. (a) the distribution of centroidal dates for 

RpSy, Ppt, and Ppt-ET; (b) Histogram of Centroidal Date Differences. 

 

Figure S10: File format of the RpSy and RpSyu dataset. 80 
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