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Fig. S1. Comparison of A) water levels and B) water temperatures at Wachapreague, VA and in
Hog Island Bay (Fig. 1A). Water levels and temperature (red; summer) were measured near
Short Prong on the southern side of the bay and temperature (black; winter) was also measured at
Upshur Neck on the northern side of the bay. Wachapreague water temperatures averaged less
than 0.5°C higher in summer and lower in winter than water temperatures in records from Hog
Island Bay over the same time period.
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Fig. S2. Comparison of summer hourly water temperatures at Wachapreague, VA (left) and
Redbank, VA (right) in A, B) 1996, C, D) 2005, and E, F) 2007 illustrating the apparent error in
water temperatures recorded at Wachapreague between 1998-2005 (2005 shown for example in
C, D) compared to prior and following years. Other than that period of time, the correlation
between Wachapreague and Redbank hourly water temperatures was 0.95.
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Fig. S3. Comparison of daily average, daily minimum, and daily maximum water (WT/SST) and
air (AT) temperature at the A) coastal bay site and B) coastal ocean site during June, July, and
August (JJA). Details of datasets are described in the Methods. The horizontal lines show the

mean JJA water temperatures.
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Fig. S4. A) Threshold climatology and B) bay-ocean threshold difference between CBW-Meas
and COC-OI (green) and COC-Meas (blue).
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Fig. S5. Mean error index for OISST-V2 during the June 2015 MHW shown in Fig. 1.
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Fig. S7. A) Cumulative distribution of the durations of MHW threshold exceedance events for
the gridded (COC-OI) and measured (COC-Meas) coastal ocean SST time series and the
measured coastal bay (CBW-Meas) time series. Event durations are offset slightly to avoid
overlap. B) Cumulative distribution of the total number of events of varying duration in the
1982-2020 records for each of the 3 records shown in A.
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Fig. S8. A) Annual MHW exposure and B) MHW intensity for the measured records (1982-
2021) at the coastal ocean (COC-Meas) and coastal bay (CBW-Meas) sites based on results in
Table S5.
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Fig. S9. Number of days/y with SST > 28°C along the U.S. mid-Atlantic margin from 1982-
2020. The black rectangle outlines the region that is the focus of this study.
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Table S1. SST climatology and MHW threshold extremes

Site Source Max SST in Min SST in Max MHW Min MHW
climatology climatology threshold SST | threshold SST

Coastal ocean site (36.91N, 75.71W)

COC-Meas | NDBC 25.0 (14 Aug) | 6.1 (17 Feb) 27.1 (30 Jul) 8.3 (17 Feb)

COC-0I OISST-V2.1 25.4 (3 Aug) 6.4 (18 Feb) 27.0 (1 Aug) 8.5 (17 Feb)

COC-CCI SST CCI/CS3 25.2 (6 Aug) 6.1 (16 Feb) 27.0 (31 Jul) 8.1 (17 Feb)

Coastal bay site (37.61N, 75.69W)

CBW-Meas | NOAA/VCR- 28.0 (23 Jul) 4.9 (30 Jan) 30.2 (25 Jul) 8.7 (31 Jan)
LTER

CBW-CCI SST CCI/CS3 25.1 (16 Aug) | 5.0 (8 Feb) 26.5 (12 Aug) | 7.0 (7 Feb)

Table S2. Metrics for June 2015 MHW (12-26 June)

Site MHW Duration MHW Peak MHW Intensity* | CIRT*
(days) SST (°C) °C) (°C-days)
COC-Meas 16 26.5 4.7 19.1
COC-0I 14 25.7 3.8 12.9
COC-CCI 6 (+4) 26.7 3.7 7.9
CBW-Meas 13 28.9 3.8 7.6
CBW-CCI 0% 25.5 2.6 0

*MHW intensity = max SST anomaly during MHW

+CIRT = cumulative days above threshold, the difference between daily SST and threshold summed over
the duration of the heat wave

15 nonconsecutive days above threshold. Peak SST and intensity are based on highest SST during the 5

days
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Table S3. Correlation coefficients for SST anomaly time series 1982-2021 for the coastal
ocean (COC) and coastal bay (CBW) sites

COC- COC-0OI | COC- CBW- CBW-
Meas CClI Meas CClI
COC-Meas 1
COC-0OlI 0.86 1
COC-C(CI 0.80 0.78 1
CBW-Meas 0.64 0.62 0.57 1
CBW-CCI 0.67 0.66 0.76 0.55 1

Table S4. Correlation coefficients for SST anomaly time series 2007-2021* for the coastal
ocean (COC) and coastal bay (CBW) sites

COC- COC-0I | COC- COC- CBW- CBW- CBW-
Meas CCI OSTIA* | Meas CCI OSTIA*
COC-Meas 1
COC-01 0.92 1
COC-CCI 0.88 0.88 1
COC-OSTIA* 0.90 0.89 0.89 1
CBW-Meas 0.68 0.69 0.61 0.64 1
CBW-CCI 0.73 0.74 0.76 0.71 0.61 1
CBW-OSTIA* 0.71 0.76 0.70 0.75 0.60 0.73 1

* The anomaly time series for these correlations were determined using the seasonal climatology
calculated over 2007-2021 for each record rather than the 1987-2016 seasonal climatologies used
in Table 3 and all other calculations involving the 40-yr time series from 1982-2021.
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Table S5. MHW:s from 1982-2021 [Gray shading indicates MHW conditions in all 3 records]

Ev# | BegDate | EndDate CBW-MWT* COC-MWT* COC-Or1*
Dur | CIRT | Tpk | Dur | CIRT | Tpk | Dur | CIRT | Tpk
1 7/24/82 7/28/82 0 - 294 5 09 | 273 5 1.3 | 273
2 12/2/82 12/7/82 6 13.0 16.8 3 0.9 14.5 0.8 14.5
3 7/14/83 7/19/83 2 0.8 30.3 6 35 | 278 3.8 | 278
4 9/4/83 9/14/83 4 4.3 29.1 11 6.8 | 27.1 11 83 | 27.1
5 8/13/84 8/17/84 2 0.3 29.6 5 1.8 | 273 5 1.8 | 273
6 10/20/84 | 11/4/84 16 33.1 22.7 3 0.4 19.8 7 3.6 | 20.6
7 12/29/84 1/3/85 6 8.7 11.8 4 0.3 11.5 0 - 11.5
8 9/4/85 9/11/85 8 17.5 30.4 7 49 | 269 7 2.1 | 262
9 10/13/85 | 10/29/85 3 2.8 232 3 0.1 19.9 15 56 | 228
10 11/11/85 | 12/5/85 I?F 19.5 1183;5; 24 | 157 | 177 18 10.8 | 17.8
11 12/21/85 | 12/27/85 0 - 4.7 1 1.5 13.4 7 5.5 13.6
12 9/26/86 10/6/86 11 11.3 26.3 6 46 | 245 6 3.8 | 243
13 3/31/88 4/8/88 5 5.4 18.1 8 11.3 | 149 6 53 133
14 1/31/89 2/4/89 5 3.6 10.6 1 <0.1 8.6 7 5.6 10.1
15 1/30/90 2/4/90 6 3.4 10.3 0 - 7.8 0 - 8.1
16 2/14/90 | 2/23/90 10 17.9 13.5 7 3.0 0.2 8 3.8 9.3
17 3/10/90 3/20/90 8 253 18.8 4 3.4 11.2 10 6.9 11.8
18 10/8/90 | 10/25/90 | 11 19.6 25 13 | 11.6 | 23.2 14 85 | 232
19 2/2/91 2/10/91 4 4.5 10.3 3 0.6 8.8 9 3.6 9.6
20 3/4/91 3/10/91 4 2.1 12.9 5 1.6 9.5 7 3.8 10.2
21 4/5/91 4/12/91 5 9.8 20.8 5 7.2 14.6 4 1.7 13.6
22 5/11/91 5/18/91 4 4.0 25 7 6.4 | 204 7 4.6 19.5
23 5/26/91 6/4/91 10 17.7 28.8 6 8.1 23.9 6 56 | 23.1
24 7/21/91 7/25/91 5 4.5 31.7 2 04 | 273 3 05 | 273
25 11/23/92 | 11/28/92 6 5.6 15.2 0 - 14.1 0 - 13.8
26 7/6/93 7/15/93 10 15.9 32.1 5 1.6 | 269 5 1.6 | 269
27 8/28/93 9/8/93 12 4.1 28.9 5 1.8 | 26.8 7 20 | 268
28 1/6/94 1/10/94 0 - 4.9 5 0.6 10.7 0 - 10.7
29 4/27/94 5/1/94 5 5.1 222 0 - 15.4 3 1.1 16.2
30 6/15/94 6/23/94 6 3.9 29.0 6 49 | 25.6 8 3.7 | 252
31 12/11/94 | 12/17/94 0 - 10.5 7 8.2 14.7 7 7.6 14.7
32 1/14/95 1/20/95 7 8.9 12.4 3 0.6 10.1 0 - 10.1
33 7/12/95 8/5/95 5;1 1516+ 31.2 16 6.6 | 278 9 43 | 278
34 10/18/95 | 11/8/95 2 2.0 19 16 6.8 | 20.6 21 94 | 212
35 6/15/96 6/20/96 6 2.0 28.7 0 - 23.4 1 <0.1 | 244
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36 | 3/27/98 | 4/398 | 8 | 212 | 200 | 4 | 13 | 119] 3 | 09 | 118
37 | 12/1/98 | 12/16/98 | 6 | 143 | 163 | 13 | 84 | 153 | 12 | 92 | 157
38 | 210/99 | 2/1599 | 1 | <01 | 915 | 6 | 13 | 88 | 0 - | 66

39 | 730199 | 8399 | 1 | 02 | 302 | 5 | 19 | 279 | o - | 268
40 | 11/18/99 | 112999 | 6 | 52 | 158 | 5 | 13 | 155 | 12 | 80 | 167
41 | 121099 | 122399 | 2 | 13 | 117 | 2 | 05 | 139 ] 14 | 35 | 139
42 | 123199 | 1400 | 5 | 34 | 107 | 0 | - | 114 ]| 1 | <01 ]| 114
43 | 2/8/00 | 228000 | 5 | 76 | 127 | 4 | 38 | 94 | 12 | 139 | 107
44 | 3/9/00 | 3/14/00 | 3 | 48 | 148 | 3 | 22 | 104 | 6 | 42 | 104
45 | 5/6/00 | 51100 | 4 | 89 | 250 | 1 | <01 | 177 | 5 | 27 | 178
46 | 11/24/01 | 122701 | 23 | 326 | 168 | 29 | 268 | 155 | 24 | 164 | 155
47 | 124002 | 21002 | 10 | 208 | 127 | 7 | 73 | 122 ] 18 | 296 | 122
48 | 3/14/02 | 3/1902 | 0 ] 131 | 4 | 17 | 108] 6 | 32 | 108
49 | 4/14/02 | 42202 | 8 | 307 | 253 | 9 | 148 | 167 | 9 | 222 | 174
50 | 729002 | 8/6/02 | 4 | 12 | 305 | 8 | 64 | 285 | 7 | 23 | 275
51| 92102 | 109/02 | 6 | 88 | 261 | 19 | 128 | 250 | 11 | 7.5 | 248
52 | 103103 | 11903 | 6 | 157 | 214 | 10 | 85 | 199 | 10 | 89 | 19.9
53 | s/10/04 | 5/19/04 12+ 1%2+ 275 | 14 | 92 | 218 | 14 | 104 | 218
54 | 7/12/04 | 7/16/04 | 0 - [ 200 ] 5 [ 26 [272] 5 | 28 | 272
55 | 14005 | 15805 | 5 | 45 | 117 | 0 | - | 95| o - | 95

56 | 82/05 | 823/05 | 13 | 85 | 31.1 | 6+7 248; 281 | 647 |3 f; 28.1
57 | 82905 | 9205 | 1 | 07 | 291 | 5 | 12 | 268 | 5 | 13 | 268
58 | 9/17/05 | 923/05 | 7 | 54 | 276 | 1 | 02 | 250 | 2 | 04 | 246
59 | 10/505 | 10/9/05 | 5 | 65 | 255 | 2 | 03 | 233 | 2 | 06 | 233
60 | 120006 | 12506 | 6 | 30 | 96 | 1 | 01 | 92 | 0 Y

61 | 3/11/06 | 3/13/06 | 5 | 123 | 188 | 4 | 3.6 | 1.1 | 3 | 27 | 111
62 | 731006 | 8706 | 7 | 105 | 327 | 7 | 28 | 281 | 7 | 30 | 281
63 | 11/12/06 | 11/18/06 | 7 | 47 | 171 | o | - | 16 | 7 | 47 | 16

64 | 12/26/06 | 1/24/07 | 11 | 17.0 | 141 | 30 | 417 | 129 | 25 | 287 | 12.9
65 | 8/1/07 | 8/13/07 | 4 | 37 | 313 | 10 | 50 | 286 | 13 | 53 | 286
66 | 953007 | 912/07 | 4 | 35 | 282 | 4 | 14 | 268 | 9 | 25 | 268
67 | 105307 | 11/2/07 9? 222405 265 | 30 | 29.1 | 245 | 31 | 333 | 245
68 | 1/9/08 | 1/18/08 | 5 | 43 | 108 | 8 | 18 | 105 | 0 - | 1046
69 | 2/4/08 | 2/10/08 | 7 | 175 | 145 | 1 | <01 | 85 | 0 - | 85

70 | 3/408 | 3/1508 | 2 | 29 | 135 | 12 | 39 | 102 | 2 | 021 | 94

71 | 6/8008 | 6/12/08 | 7 | 116 | 303 | 5 | 54 | 250 | 5 | 570 | 25.0
72 | 818009 | 83009 | 13 | 60 | 299 | 1 | 01 | 265 | 0 - | 263
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73 | 33110 | 4910 | 5 | 138 | 212 | 9 | 138 | 147 26 | 134
74 | S//10 | 5710 | 6 | 120 | 240 | 7 | 65 | 183 35 | 178
75 | 530/10 | 6/8/10 | 8 | 105 | 294 | 10 | 9.1 | 247 59 | 244
76 | 6/16/10 | 6/28/10 | 10 | 114 | 306 | 7 | 85 | 265 | 13 | 21.7 | 278
77 | 8/19/10 | 823/10 | 4 | 04 | 268 | 4 | 04 | 268 | 5 | 22 | 272
78 | 42311 | 453011 | 6 | 104 | 230 | 3 | 28 | 164 | 4 | 45 | 166
79 | 523/11 | 61411 | 9 | 157 | 289 | 7 | 43 | 245 | 23 | 257 | 247
80 | 7723/11 | 81211 | 5 | 24 | 309 | 15 | 81 | 282 | 15 | 86 | 282
81 | 22112 | 271012 | 1 | 04 | 91 | 9 | 41 | 92 | 5 | 05 | 89
82 | 222/12 | 4/5/12 | 14 | 437 | 198 | 36 | 556 | 153 | 43 | 526 | 15.1
83 | 4/14/12 | 418/12 | 2 | 26 | 203 | 4 | 59 | 160 44 | 153
84 | 5112 | 5512 | 1 | 06 | 220 | 4 | 43 | 184 38 | 17.8
85 | 523112 | 6/1/12 | 4 | 24 | 263 | 10 | 11.0 | 229 71 | 225
86 | 630/12 | 719/12 | 6 | 48 | 31.0 | 8+5 Ss'lj 277 | 20 | 121 | 278
87 | 83112 | 9712 | 2 | 10 | 283 | 7 | 32 | 266 | 8 | 34 | 268
88 | 5/8/14 | 51514 | 3 | 29 | 246 | 7 | 91 | 207 | 7 | 103 | 205
89 | 6/16/14 | 62014 | 2 | 15 | 291 | 6 | 35 | 257 | 5 | 38 | 253
00 | 9114 | 9714 | 5 | 53 | 290 | 7 | 47 | 271 | 7 | 68 | 273
o1 | 10/14/14 | 1018/14 | 2 | 07 | 219 | 2 | 03 | 220 | 5 | 12 | 219
92 | 5915 | 51315 | 5 | 39 | 239 | 1 | 08 | 183 | 0 = | 169
93 | 6/11/15 | 6126/15 | 13 | 7.6 | 298 | 16 | 19.1 | 265 | 14 | 129 | 260
o4 | 7/25/15 | 853/15 | 0 = | 204 |10 | 26 | 275 7 | 19 | 274
95 | 831/15 | 9/13/15 | 5 | 35 | 288 | 14 | 83 | 269 | 14 | 73 | 268
9% | 9/18/15 | 9/22/15 06 | 264 | 5 | 27 | 255 | 4 | 17 | 253
o7 | 1515 | 112315 | 3 | 51| 193 | 19 | 107 | 186 | 545 | 7] 186
08 | 11/28/15 | 1/11/16 7? 1456.35+ 150 | 43 | 574 | 155 | 5431 ;;’; 15.2
99 | 3/10/16 | 3/18/16 | 9 | 133 | 159 | 2 | 10 | 101 | 2 | 05 | 100
100 | 7/6/16 | 72916 | 6 | 48 | 312 | 6 | 35 | 281 | 10 | 36 | 276
101 | 8/10/16 | 822/16 | 11 | 95 | 311 | 10 | 101 | 284 | 11 | 82 | 28.1
102 | 82716 | 92/16 | 2 | 02 | 284 | 6 | 31 | 269 | 6 | 29 | 269
103 | 9/18/16 | 105516 | 3 | 1.0 | 246 | 18 | 80 | 253 | 17 | 99 | 253
104 | 22017 | 35317 | 10 | 257 | 155 | 12 | 112 | 102 | 11 | 87 | 107
105 | 42717 | 5417 | 6 | 128 | 246 88 | 18.1 117 | 189
106 | 81817 | 82517 | 1 | 02 | 290 10 | 272 30 | 274
107 | 105517 | 11/1417 | 6+5 8'77+ > 255 | 30 | 276 | 241 | 37 | 272 | 240
108 | 12217 | 12817 | 0 S 221 6 | 10 147 ] 7 | 12 | 148
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109 | 2/20/18 3/1/18 8 14.2 14.0 0 - 83 1 0.2 9.1

110 | 5/12/18 6/3/18 5 25 26.4 5;1 161; 24.6 23 223 | 248
111 6/17/18 7/6/18 7 7.0 30.8 19 | 265 | 28.8 20 27.1 | 28.7
112 8/4/18 8/10/18 1 0.2 30.0 3 09 | 274 7 2.1 27.6
113 8/27/18 | 10/22/18 1131+ 2226'85 30.5 55 | 82.8 | 285 52 74.8 | 28.0
114 11/5/18 | 11/10/18 3 1.1 17.5 6 2.7 18.5 4 1.6 18.6
115 | 4/29/19 5/12/19 4 82 24.1 6 6.5 19.2 14 149 | 199
116 | 5/23/19 6/3/19 7 9.1 28.1 10 | 13.9 | 24.0 12 21.1 | 243
117 | 6/26/19 7/7/19 5 2.2 30.2 3 1.6 | 26.1 11 44 | 26.6
118 | 7/12/19 7/22/19 9 44 31.3 6 1.7 | 27.1 10 56 | 27.6
119 8/18/19 8/23/19 6 3.7 30.1 0 26.6 1 0.02 | 269
120 | 9/23/19 10/4/19 3 2.9 25.2 3 1.3 | 241 12 84 | 25.0
121 | 10/27/19 | 11/1/19 6 33 19.9 2 0.2 19.3 5 0.8 19.7
122 1/12/20 1/16/20 5 11.6 12.1 4 23 10.4 2 0.4 10.6
123 3/10/20 3/15/20 2 1.8 13.9 4 25 10.4 5 24 10.4
124 7/2/20 7/30/20 13 7.4 31.3 10 52 | 279 27 17.3 | 282
125 9/1/20 9/5/20 3 3.2 29.4 3 1.5 | 26.8 5 5.1 27.3
126 | 10/21/20 | 10/31/20 5 5.1 21.2 4 0.9 19.8 8 22 | 208
127 11/8/20 | 11/19/20 9 12.7 19.5 10 8.0 18.6 10 5.1 18.5
128 | 11/25/20 | 12/1/20 2 1.3 14.1 5 1.7 15.5 3 0.9 15.7
129 | 8&/11/21 9/1/21 9 12.5 30.4 17 | 21.4 | 28.6 21 22.0 | 283
130 | 9/15/21 9/19/21 5 1.7 27.0 2 045 | 253 1 0.13 | 249
131 10/3/21 | 10/10/21 2 1.4 34.1 6 1.3 | 234 8 24 | 235
132 | 10/21/21 | 10/27/21 2 1.2 27.3 5 1.3 | 20.6 7 34 21

*Dur=duration; only durations > 5 days are counted as MHWs. Smaller values correspond to the
largest number of consecutive days over the site threshold during an interval defined as a MHW
in one of the other records. CIRT = cumulative days above threshold, the difference between

daily SST and threshold summed over the duration of the heat wave. Tpk = peak SST during the
indicated MHW event regardless of whether temperatures in a given record qualify as a MHW.
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Table S6. MHW metrics from the 1982-2100 simulations

Site | CBW-Meas | COC-Meas | COC-O1
Annual exposure

Mean value in 2100 (days) 1113 21714 156 £ 4

Trend (days/decade) 8503 21.1+£0.7 13.6 £ 0.4
Annual intensity

Mean value in 2100 (°C) 9.0£0.1 6.9£0.1 52£0.1

Trend (°C/decade) 0.31+£0.01 0.34 +£0.01 0.24 +0.01
Annual number of MHW events

Mean value in 2100 9.1+0.2 8.8+0.2 74+0.2

Trend (#/decade) 0.66 £ 0.01 0.87 £0.04 0.58 £0.01
Annual MHW duration

Mean value in 2100 12.5+0.3 27+1 23+1

Trend (#/decade) 0.45+£0.01 1.6 0.1 1.3£0.3
Days > 28°C

Mean value in 2100 71+ 1 37+£2 18+ 1

Trend (#/decade) 3.940.04 1.840.2 1.34£0.1
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