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Appendix S1

Definition of metrics of model predictive performance used in the manuscript.
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where obs = observed values, pred = predicted values, n= total number of observations.
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Fig. S1 - Long-term (1985-2018) average monthly TN loads from nine tributaries and
downstream point sources. Error bars represent standard deviations.
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Fig. S2 - Average June (a), August (b), September (c), and summer (d) HVs estimated using
three different interpolation methods over 1985-2018. Zhou estimates are available only through
2010.
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Fig. S3 - Ratios of mainstem-only monthly hypoxic volume (HV) to Bay-wide monthly HV
simulated by the CBP Water Quality and Sediment Transport Model (a, b) and estimated by the
CBP interpolator (c, d) for the months when hypoxia is most consistently detected in the Bay.
Because the interpolation methods used by Zhou et al. (2014) and Murphy et al. (2011) use
slightly different definitions of mainstem, the ratios were calculated separately for the mainstem
as defined in Zhou et al. 2014 (a, ¢) and in Murphy et al. 2011 (b, d), respectively. Each data
point represents a year. Boxes indicate the first and third quartiles, whereas the horizontal thick
line shows the median. Whiskers indicate the most extreme values less than 1.5 times the
interquartile range, and open circles represent values outside 1.5 times the interquartile range.
The fact that the two approaches used provide very similar mainstem to Bay-wide ratios gives
confidence in the robustness of these estimates.
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Fig. S4 - Ratio of total annual (a) and summer average (b) HV over Jan-Jun TN load from nine
major tributaries and downstream point sources over time for three different sets of HV
estimates. Zhou estimates available only through 2010. NS = non significant (p > 0.05). Units of
measure are km'*days for total annual HV, km: for summer average HV, and kg/day for Jan-Jun
TN load.



Table S1 - Estimates of average monthly, average summer, and total annual hypoxic volume
(HV) generated for the Chesapeake Bay through three different interpolation approaches over the
years 1985-2018. Long-term mean, standard deviation (St. Dev.) and coefficient of variation
(CV) are reported for each HV metric and interpolation approach. For more details and
references on how these three sets of estimates were obtained, see manuscript text.

JunHV (km3) JulHV (km3) Aug HV (km3) Sep HV (km3) Summer HV (km3) | Annual HV (km3*day)
Year |Bever Murphy Zhou|Bever Mumphy Zhou|Bever Murphy Zhou|Bever Mumphy Zhou|Bever Murphy Zhou|Bever Mumphy Zhou
885 | 3.2 41 45| 53 54 54| 39 45 41| 44 6.2 54| 42 S 48| 54 6834 6659
886 | 3.7 34 38| 125 141 29| 62 &8 63| 14 2 22| 59 13 58| B0 8323 7345
©¥87 | 85 108 97| 87 115 93| 74 as 67| 25 33 25| 67 &8s 7 11238 935.1
188 | 48 S3 56| 55 6.2 5.8 7 a7 7.7 | 26 35 29 S a2 S5 | W07 8066 7755
839 | 41 S3 S |124 138 14| 63 88 74| 17 29 23| 61 7.7 68| 775 9574 8538
P30 | 36 34 39| 75 74 63| 87 105 9 3 34 31| 57 a2 S5| B8 8833 7M1
291 | 69 a7 63|13 118 02| 63 a4 58| 18 23 21| 63 &8 61| 884 9758 8393
192 | 17 26 26| 9 83 78| 64 7.6 73| 24 3.2 29| 493 sS4 52| &3 7103 6914
893 | 9.7 a3 93| 138 149 18| 49 &6 67| 11 16 14| 74 81 7.5 | 1008 1096.8 10545
234 | 43 46 4 9.2 9.8 87| 67 73 62| 38 4 3.7 6 a4 S7| B5 8839 7681
935 3 37 399|101 118 99| 33 39 37| 32 42 36| 48 S9 S3| €06 7541 6614
136 | NA 13 63| 57 7.2 74| %1 10 101] 18 23 27| 63 7.2 74| 803 8012 9147
137 | 09 14 15| 89 10 89| 42 S8 53| 24 24 18| 49 S9 53| 2 633 5534
B38| 7.7 &S 64| 148 153 18| 82 a8 81| 4 46 43| 96 102 871180 11762 1121
¥39 | 58 S8 52| 9 116 87| 43 57 53| O 0 01| 54 &8 S5| 88 7298 6278
2000 | 66 &S 32| 84 89 78| 5.2 &7 6 19 23 2 6 87 S2| B8 8383 7748
2001 | 54 sS4 63| 5.2 5.8 61| 44 52 46| 36 21| 47 52 46| 43 6269 6695
2002 | 65 a3 63| 64 8 7.2 3 34 36| 08 1 06| 44 S 41| 233 591 547
2003 | 83 106 954|123 16 22| 95 117 88| 22 15 17| 81 113 7.8 | 1097 15118 10957
004 | 5.7 6 61| 12 128 05| 3 34 35| 0 0.2 04| 59 a4 S1| &5 8351 7389
2005 | 79 Q1 83| 71 102 95| 85 116 101 42 5.1 25| 76 a6 76| %80 11542 9862
2006 | 54 &s 57|78 81 78| 66 6 59| 16 23 2 59 a2 S8| B4 7377 7774
2007 | 45 47 S 438 49 47| 71 7.1 29| 11 0.8 0 48 49 36| 662 6461 4846
2008 | 55 7 S |111 36 78| 87 Q1 22| 19 23 07| 75 77 44| M1 10161 556.2
2009 | 83 87 75| 79 86 68| 76 82 7.2 | 02 0.3 08| 66 71 S6| B8 7973 737.2
2010 | 87 Q2 85| 67 84 83 S &s 58| 07 1 07| 58 &8 S5| &5 965 791
20111105 114 NA | 141 171 NA| 44 56 NA | 06 0.7 NA | 84 a8 NA | 1097 12933 NA
012 | 36 38 NA | 7.8 88 NA | 36 36 NA | 11 14 NA | 45 48 NA | 224 5376 NA
013 | 66 13 NA | 85 9 NA | 65 7 NA | 29 34 NA | 66 7 NA | 811 8881 NA
014 | 6.7 Q1 NA | 2.2 29 NA | 79 24 NA | 18 18 NA | 5.1 a1 NA | 883 7925 NA
2015 | 44 49 NA | 67 7.8 NA | 62 7.6 NA | 33 NA NA | 54 (%] NA | 663 8618 NA
016 | 24 28 NA | 7.6 83 NA | 56 a4 NA 3 31 NA | 43 SS NA | 616 6305 NA
2017 | 55 [ NA | 5.1 6.9 NA | 53 39 NA | 21 0.6 NA | 48 49 NA | €08 6545 NA
018 | 7.3 22 NA | 35 43 NA | 56 a7 NA | 46 4 NA | 53 a1 NA | 26 11751 NA
Mean | 5.7 a2 57| 85 9.6 87| 61 7.1 62| 22 25 21| 58 &8 58 |7723 8739 7741
St. Dev| 23 25 21| 31 35 23| 19 23 21| 13 15 13| 13 16 121683 2169 1632
CV | 406 338 369|364 362 263|306 319 342|583 611 &9]| 211 234 211|218 248 219




Table S2 - Posterior parameter means and 95% credible intervals (95% CI) estimated by the

model driven by Jan-Jun TN loads from all tributaries and point sources and calibrated to three
sets of total annual HV estimates.

Parameter Units Posterior Mean Posterior 95% CI
F unitless 0.77 0.57-0.97

kq 1/day 0.13 0.06-0.22

K unitless 0.69 0.43-0.93

v km/day 2.49 1.59-3.38
Oest km>*days 98.33 83.04-117.20
Orec km**days 99.03 67.11-1.39

Additional material

WinBUGS code and metadata can be found in DataS1.zip.
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