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21  S1. Locations of regular dissolved oxygen (DO) sampling
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Figure S1 Regular DO measurement locations.
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S2. Hypoxic extent for August and September, 1987-2007.
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Figure S2 Plot of the median (circle), interquartile range (solid line), and 95% confidence

intervals (dashed line) of the estimated hypoxic extent in early August (8/1-12), mid-August

(8/13-22), late August and early September (8/23-9/5), and mid-September (9/6-26) from all

-2007.

NWRI and GLERL for 1987

3

available cruises with observed hypoxia from GLNPO

The hypoxic extents of zero shown in solid circle represent cruises for which no hypoxia

was observed, and periods shaded in grey represent times during which no data were

available.
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Table S1 Median (50" percentile), interquartile range (25™ and 75" percentiles), and 95%
confidence intervals (2.5th and 97.5" percentiles) of estimated hypoxic extent from all available
GLNPO, NWRI and GLERL cruises for 1987-2007. This table presents the same information as

that in Figure S2, but in tabular form.

Hypoxic extent (10° km?)
Source Year Month Date

25% 25% 50% 75% 97.5%

NWRI 1987 Aug 5-7,11 190 3.02 377 456 634
GLNPO 1987 Aug 16-17 1.59 271 341 426 6.02
NWRI 1987  Sep 3-5 7.38 9.19 10.13 10.85 12.02
NWRI 1987  Sep 15-17 747 9.25 10.09 10.94 11.99
NWRI 1988  Aug 2-4 248 3.72 453 551  7.70
GLNPO 1988 Aug 11 1.97 323 393 477 657
GLNPO 1988 Aug 18-19 1.83 3.02 372 461 645
NWRI 1988 Aug 23,30-31 6.86 8.53 946 1035 11.73
NWRI 1988  Sep 14-17 447 591 6.69 746 8.84
NWRI 1989 Aug 10-12 No observed hypoxia

GLNPO 1989 Aug 13-14 No observed hypoxia

GLNPO 1989 Aug 20-22 028 0.79 1.15 155 2.64
NWRI 1989 Aug 28-30 0.59 145 198 256 4.10
NWRI 1989  Sep 11-13 452 635 739 845 10.14
NWRI 1990 Aug 7-9 1.27 219 289 3.66 558

GLNPO 1990 Aug 8-9 1.63 286 3.56 434 648
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Hypoxic extent (10° km?)

Source Year Month Date

25% 25% 50% 75% 97.5%
GLNPO 1990 Aug 16-17  5.66 7.29 8.19 9.13 10.70
NWRI 1990 Aug 2730 4.63 6.70 7.81 886 10.65
NWRI 1990  Sep 18,20  0.04 0.17 040 0.77 1.87
GLNPO 1991 Aug 8-9 1.05 186 248 320 5.02
GLNPO 1991 Aug 15-16 220 349 423 518 6.95
NWRI 1991 Aug 26-27 529 6.85 7.71 852 10.20
NWRI 1992  Sep 17,19 1.51 247 291 343 459
NWRI 1993 Aug 6-7 No observed hypoxia
NWRI 1993  Aug 24-26  2.05 324 388 472 6.20
NWRI 1993  Sep 15-16 1.33 228 279 333 4.64
NWRI 1994  Sep 1 0.06 037 095 1.88 478
NWRI 1994  Sep 15-17 1.05 269 394 533 813
NWRI 1995  Sep 12-15 024 0.62 094 136 2.72
GLNPO 1996 Aug 4 No observed hypoxia
NWRI 1996  Sep 18,20  0.00 0.02 0.11 036 1.65
GLNPO 1997 Aug 3 No observed hypoxia
NWRI 1997 Aug 3 No observed hypoxia
NWRI 1997 Aug 26-27 1.66 266 327 401 550
NWRI 1997  Sep 17-18 490 634 737 845 10.20
GLNPO 1998 Aug 3-4 093 165 218 283 4.18
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Hypoxic extent (10° km?)

Source Year Month Date
25% 25% 50% 75% 97.5%
NWRI 1998 Aug 3-4 049 124 1.73 238 391
NWRI 1998  Aug 27-29 515 7.27 812 9.00 10.53
NWRI 1998  Sep 16 297 434 515 6.09 7.70
GLNPO 1999 Aug 5 No observed hypoxia
NWRI 1999 Aug 5 No observed hypoxia
NWRI 1999 Aug 24,26-27 3.81 542 635 7.22 9.09
NWRI 1999  Sep 8-9 550 771 877 9.72 11.25
NWRI 1999  Sep 20-21 427 556 630 7.11 8.63
GLNPO 2000 Aug 3-4 349 519 6.06 7.04 8.85
NWRI 2000 Aug 3-4 268 4.07 490 576 7.77
NWRI 2000 Aug 30 1.20 198 246 296 4.01
GLNPO 2001 Aug 5-6 047 099 141 1.8 3.21
NWRI 2001 Aug 6 191 3.02 372 456 631
NWRI 2001 Aug 29-30 559 7.21 8.02 892 10.57
NWRI 2001  Sep 13-14  0.71 126 159 2.05 2.86
GLNPO 2002 Aug 6-7 No observed hypoxia
NWRI 2002 Aug 6-7 020 057 0.89 129 231
NWRI 2002 Aug 28-29 324 453 530 6.13 7.82
NWRI 2002  Sep 14-15  0.02 0.09 0.16 027 0.59
GLNPO 2003 Aug 8 032 0.77 1.10 1.54 255
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Hypoxic extent (10° km?)

Source Year Month Date
25% 25% 50% 75% 97.5%
NWRI 2003 Aug 8-9 045 094 135 181 292
NWRI 2003 Aug 19 292 438 533 620 831
NWRI 2003  Sep 2-3 6.70 8.65 950 1039 11.67
NWRI 2003  Sep 15-16  3.69 492 565 638 7.79
GLNPO 2004 Aug 6 No observed hypoxia
NWRI 2004 Aug 18-19 059 138 1.89 259 4.6
NWRI 2004 Aug 26 222 365 438 525 735
NWRI 2004 Sep 15-16 1.21 198 251 3.14 4.67
NWRI 2004 Sep 21-22  0.00 0.01 0.03 0.07 0.22
GLNPO 2005 Aug 9-10 No observed hypoxia
NWRI 2005 Aug 9-10 No observed hypoxia
GLERL 2005 Aug 8-12 No observed hypoxia
GLERL 2005 Aug 15-19 045 1.02 141 195 3.15
GLERL 2005 Aug 27-30 1.12 252 342 436 6.61
NWRI 2005 Sep 8-9 6.27 808 9.00 9.84 11.24
GLERL 2005 Sep 6-21 7.02 791 836 878 9.66
GLNPO 2006 Aug 10-12 1.07 194 243 3.05 426
GLNPO 2007 Aug 8 No observed hypoxia
GLERL 2007  Sep 4-26 633 735 789 834 924
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Table S2 Dates and total number of central basin DO measurements for all available GLNPO,
NWRI, and GLERL cruises. The shading indicates the data source and the date(s) when
sampling occurred in the central basin. The number for each cruise represents the number of
observations in the central basin. Cruises that observed hypoxia (i.e. that had at least one

observation below 2 mg/l) are outlined in black.
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51  S3. Estimated DO concentrations in August and September from the cruise with the

52  observed maximum hypoxic extent from 1987-2007
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Figure S3 Estimated August DO concentrations using UK from the cruise with the
observed maximum extent in each year. The hypoxic zone (DO < 2mg/]) is outlined in

white.
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8
No data

~

Figure S4 Estimated September DO concentrations using UK from the cruise with the
observed maximum extent in each year. The hypoxic zone (DO < 2mg/]) is outlined in

white.
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S4. Comparison of Universal Kriging (UK) results to Ordinary Kriging (OK)

Unlike UK, OK does not use auxiliary variables, and the spatial structure representing the
DO distribution is obtained only from the in situ measurements. In this case, the matrix X,

includes only categorical variables:
X,=|: =~ (S1)

such that the (spatial) mean DO concentration is constant for each cruise but can differ from

cruise to cruise. Xs is modified similarly, and eqs 5-10 remain otherwise unchanged.

The benefit of including the auxiliary variables in UK relative to relying solely on the DO
observations as in OK is illustrated in Figure S5 for September 1998. Because areas close to
eastern basin are generally not hypoxic, the hypoxic extent represented in UK (Figure S5b) is
likely more representative of the actual DO distribution compared to that from OK (Figure S5a).
Both methods have the lowest uncertainties near the measurement locations, but the uncertainties
for OK are generally higher than those for UK away from the measurement locations (Figures
S5c¢ and S5d).

The superior performance of UK was further confirmed through cross validation using data
from 2005, when substantially more DO observations are available (Figure S6). To compare the
methods, we used DO measurements at the ten locations (Figure S6a) that are sampled in most
years to predict DO throughout the central basin, and then compared the estimated DO
distributions (Figure S6¢ for UK; Figure S6b for OK) with estimates obtained using the
expanded dataset of 63 observations (Figures S6d and S6e). The shape of the hypoxic area

derived from the limited set of ten observations using UK is relatively consistent with the more
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extensive observations (Figure S6d) and associated estimates (Figure S6e), whereas the hypoxic
area predicted by OK using only the limited dataset (Figure S6b) deviates from the GLERL

observations and associated estimates. Overall, UK provides more reliable estimates, and with

lower uncertainties, relative to OK.

S12



Supporting Information for Spatial and Temporal Trends in Lake Erie Hypoxia, 1987-2007

98
43} (a) (mg/l)
& 10
5w 5
0
43} (¢) (d) (mg/l)
WY Y 2
-83 -82 -81 -80 -79 -83 -82 -81 -80 -79 .
Longitude Longitude
Figure S5 Estimated DO concentration for
September 1998 using (a) OK and (b) UK;
Kriging uncertainty (expressed as one
standard deviation) using (c) OK and (d) UK.
The white line defines the boundary of the
hypoxic zone (DO<2mg/1).
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Figure S6 Validation results for September 2005.
Best estimate of DO concentration obtained from
OK (panel b) and UK (panel c), using only the 10
measurement locations available in most years
(panel a). All available observations for
September 2005 are presented in panel (d). The
estimated hypoxic extent using all the available

observations is presented in panel (e).
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