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15 Figure S1. For the National Water Model v2.1 (NWMyv2.1) and the National Hydrologic Model v1.0 (NHMv1.0), the
number of models where the KGE value is greater than the AvgDOY; both models are better (n=3396), one model is better (n =

1083), or neither model is better (n=911). Map Source: (Grannemann, 2010; Natural Earth Data, 2009; ESRI, 2022a; ESRI,
2022b).
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Figure S2. Difference between the Kling—Gupta efficiency (KGE) from the National Water Model v2.1 (NWMv2.1) and the seasonal
benchmark based on the average day-of-year flows (AvgDOY); negative (orange) indicates where AvgDOY has a higher (better)
KGE, positive (purple) indicates that the NWMv2.1 has a higher (better) KGE. Map Source: (Grannemann, 2010;

Natural Earth Data, 2009; ESRI, 2022a; ESRI, 2022b).



40°0'N

30 Figure S3. Difference between the Kling—Gupta efficiency (KGE) from the National Hydrologic Model v1.0
(NHMv1.0) and the seasonal benchmark based on the average day-of-year flows (AvgDOY); negative (orange) indicates where
AvgDOY has a higher (better) KGE, positive (purple) indicates that the NHMv1.0 has a higher (better) KGE. Map Source:
(Grannemann, 2010; Natural Earth Data, 2009; ESRI, 2022a; ESRI, 2022b).
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Figure S4: Normalized histograms of PBIAS for National Water Model v2.1 (NWMyv2.1, top) and National Hydrologic Model v1.0
(NHMv1.0, bottom), for all sites (left) and for sites where the model’s KGE score is less than the average day-of-year
40 flow benchmark (right).
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Figure S5: Percent bias of high flow (PBIAS_HF; i.e., exceeding top 2%) maps for National Water Model v2.1

(NWMv2.1) (A) and National Hydrologic Model v1.0 (NHMv1.0) (B), for sites where the KGE score is less than the average day-
of-year flow (AvgDOY) benchmark. Cooler colors are where model application is overestimating high flow bias and warmer colors
are where model is underestimating high flow bias. Map Source: (Grannemann, 2010; Natural Earth Data, 2009; ESRI, 2022a;
ESRI, 2022b).
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Figure S6: Normalized histograms of Percent bias of high flow (PBIAS_HF; i.e., exceeding top 2%) for National Water Model v2.1
(NWMv2.1, top) and National Hydrologic Model v1.0 (NHMv1.0, bottom), for all sites (left) and for sites where the model’s KGE

score is less than the average day-of-year flow benchmark (right).
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Figure S7: ratio of standard deviation (rSD) maps for National Water Model v2.1 (NWMv2.1) (A) and National Hydrologic
Model v1.0 (NHMv1.0) (B), for sites where the KGE score is less than the average day-of-year flow (AvgDOY) benchmark.
Cooler colors are where model application is overestimating variability and warmer colors are where model is
underestimating variability. Map Source: (Grannemann, 2010; Natural Earth Data, 2009; ESRI, 2022a; ESRI, 2022b).



NWMv2.1, n=5390 NWMv2.1, n=1439

50% -

NHMv1.0, n=5390 NHMv1.0, n=1457

100% - r

Percent of Sites

75% -

0 1 2 3 4 50 i 2 3 4 5
rSD
Figure S8: Normalized histograms of standard deviation ratio (rSD) for National Water Model v2.1 (NWMv2.1, top)
65 and National Hydrologic Model v1.0 (NHMv1.0, bottom), for all sites (left) and for sites where the model’s KGE score is less than
the average day-of-year flow benchmark (right).
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Figure S9: Normalized histograms of percent bias of low flow (PBIAS_LF, flows below 30% percentile) for National
70  Water Model v2.1 (NWMv2.1, top) and National Hydrologic Model v1.0 (NHMv1.0, bottom), for all sites (left) and for sites where
the model’s KGE score is less than the average day-of-year flow benchmark (right).
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Figure S10: Pearson’s correlation coefficient (r) for National Water Model v2.1 (NWMv2.1) (A) and National
Hydrologic Model v1.0 (NHMv1.0) (B), for sites where the KGE score is less than the average day-of-year flow (AvgDOY)
benchmark. Map Source: (Grannemann, 2010; Natural Earth Data, 2009; ESRI, 2022a; ESRI, 2022b).
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80  Figure S11. Estimates of uncertainty in the KGE estimates for the CAMELS (Catchment Attributes and Meteorology
for Large-sample Studies) basins (Addor et al. 2017) using the gumboot package (Clark and Shook, 2021) in R (R Core Team,
2021) for the National Water Model v2.1 (NWMyv2.1; top) and National Hydrologic Model v1.0 (NHMv1.0; bottom).
Quantification of the uncertainty is obtained from 2x standard error estimates obtained using jackknife and bootstrap estimates,
as well as intervals computed as the difference between the 95th and Sth percentiles of the bootstrap samples (see Clark et al. 2001
for details). The figure shows the uncertainty in the KGE estimates, with the bootstrap and jackknife showing similar estimates for
both models. KGE uncertainty estimates for the full set of gages in this study (Foks et al. 2022) are included in Towler et al.

(2023a, 2023Db).
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Equations:
90 The percent bias in the high flows (PBIAS HF) is defined as (Yilmaz et al. 2008):

h=1(Sn — On)

PBIAS,; =
=1 0n

Where h =1, 2,... H are the low flow indices for flows with exceedance probabilities lower than 0.02.

The percent bias in the low-flow (PBIAS LF) is defined as (Yilmaz et al. 2008):

i=1llog(8) —log(S,)] — Xi-,[log (0, — log(0,)]
95 PBIAS,, = —1 - 22 =1 x 100
LF L llog(0)) — log(0,)]

where1=1, 2,...L is the flow value index in the low-flow segment (0.7—1.0 flow exceedance probabilities) of the flow duration

curve and L is the minimum flow index.
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