Supplementary Material for the Article “Long-Term Wildfire Exposure of North American Lakes: Watershed Burning and Smoke Plumes”

Supplementary Table 1. Annual burned area and number of lakes impacted by wildfires in North America (Canada and the United States) from 2008 to 2024. Lakes were considered impacted either by burning of their basins or by smoke exposure (≥20 days of smoke coverage). 
	Year
	Burned Area(ha)
	Lakes with burned basins
	Lakes with > 20 Smoke days

	2008
	3,537,184
	22,175
	16,153

	2009
	3,167,395
	11,488
	

	2010
	4,210,782
	30,617
	202,577

	2011
	5,455,607
	17,673
	43,988

	2012
	5,412,055
	21,290
	103,622

	2013
	5,575,698
	33,037
	215,648

	2014
	5,309,720
	29,832
	322,882

	2015
	7,449,389
	26,308
	255,286

	2016
	3,443,557
	16,701
	6,756

	2017
	7,106,448
	28,562
	263,562

	2018
	5,407,366
	17,011
	217,510

	2019
	3,491,333
	14,764
	333,638

	2020
	4,303,419
	7,481
	17,321

	2021
	6,802,112
	30,514
	440,942

	2022
	4,525,270
	21,825
	391,083

	2023
	15,726,045
	62,891
	866,430

	2024
	8,516,250
	28,966
	684,020

	Mean
	5,849,390
	24,773
	273,839














Supplementary Table 2. Linear trends (2008-2024, without the extreme year 2023), in annual burned areas, number of lakes with burned basins, and number of lakes experiencing more than 20 smoke days per year across North America.
	

	Burned Area (ha/yr)
	Lakes with basins burned
	Lakes with > 20 smoke days

	Slope
	146,289
	24
	27,541

	SE
	76,681
	421
	7,380

	p-value
	0.08
	0.97
	<0.01

	R²
	0.20
	0.01
	0.46







Supplementary Table 3. Percentage of total area burned area (ha) by land cover class across North America (Canada and the United States) from 2008 to 2024. Values are reported for five land cover categories: forests, shrublands, grassland, wetlands, others (cropland/urban/barren/water/snow/ice). Land cover classification is derived from the NALCMS 30m land cover product.
	Years
	Forests
	Shrublands
	Grasslands
	Wetlands
	Others

	2008
	852105
	976788
	1185842
	395410
	127993

	2009
	638099
	1106896
	926001
	402812
	97440

	2010
	920937
	754085
	2102391
	306690
	174543

	2011
	1077663
	811650
	2835994
	574788
	161125

	2012
	922139
	631125
	3456561
	337501
	107835

	2013
	1053791
	783325
	3292623
	307453
	143831

	2014
	1563866
	353685
	2734738
	445952
	224381

	2015
	2628872
	1156440
	2784275
	736827
	151844

	2016
	1633349
	241518
	1310411
	156624
	106048

	2017
	3624246
	1191911
	1652538
	470400
	195394

	2018
	2784259
	1347513
	871120
	248675
	162236

	2019
	2045303
	642822
	314247
	430268
	64184

	2020
	2002753
	1522237
	509012
	142685
	130004

	2021
	4646928
	867228
	579554
	552823
	167760

	2022
	2658664
	1010154
	477328
	256788
	136041

	2023
	10424987
	1834303
	1255664
	2069775
	282002

	2024
	4922972
	1094774
	1108427
	1228458
	174753















Supplementary Table 4. Linear trends in annual burned area (2008-2024) by land cover class across North America (sum of Canada and the United States). Slope values represent the average annual change in burned area (ha/yr) for each class. Associated p-values and R² values are reported for each model.
	Land Cover Class
	Absolute burned area trends (ha/yr)

	
	Slope 
	SE
	p-value
	R2

	Forest
	343,336
	84,527
	0.001
	0.52

	Shrublands
	30,112
	45,341
	0.118
	0.16

	Grasslands
	-110,119
	18,136
	0.02
	0.28

	Wetlands
	41,304
	21,551
	0.075
	0.20

	Others
	3,032
	2,486
	0.241
	0.09







Supplementary Table 5. Linear trends in annual burned area (2008-2024, without the extreme year 2023) by land cover class across North America (sum of Canada and the United States). Slope values represent the average annual change in burned area (ha/yr) for each class. Associated p-values and R² values are reported for each model.
	Land Cover Class
	Absolute burned area trends (ha/yr)

	
	Slope 
	SE
	p-value
	R2

	Forest
	230,295
	40,274
	0.001
	0.70

	Shrublands
	18,757
	18,215
	0.070
	0.07

	Grasslands
	-118,789
	49,827
	0.031
	0.29

	Wetlands
	15,238
	13,786
	0.288
	0.08

	Others
	788
	2,185
	0.724
	0.01





Supplementary Table 6. Linear trends and pairwise comparisons of annual burned areas (2008-2024) by latitude band (<35°; 35-50°; >50°) across North America. Estimated trends in burned area are -48,900 ha/yr (<35°), 68,000 ha/yr (35-50°), and 240,000 ha/yr (>50°). The interaction model indicates significant differences in trends among latitude bands (F = 5.29, p < 0.05, R² = 0.37). Pairwise comparisons show differences in estimated trends (ha/yr) between latitude bands, with positive values indicating a stronger increase in the first-named band. Tukey-adjusted p-values are reported for each contrast.

	Contrast
	Difference in trend (ha/yr)
	p value

	>50° vs <35°
	288,900
	0.056

	>50° vs 35-50°
	171,800
	0.342

	35-50° vs <35°
	116,800
	0.605





Supplementary Table 7. Linear trends and pairwise comparisons of annual burned areas (2008-2024, without the extreme year 2023) by latitude band (<35°; 35-50°; >50°) across North America. Estimated trends in burned area are -44,600 ha/yr (<35°), 84,300 ha/yr (35-50°), and 62,100 ha/yr (>50°). The interaction model indicates significant differences in trends among latitude bands (F = 5.54, p < 0.05, R² = 0.40). Pairwise comparisons show differences in estimated trends (ha/yr) between latitude bands, with positive values indicating a stronger increase in the first-named band. Tukey-adjusted p-values are reported for each contrast.

	Contrast
	Difference in trend (ha/yr)
	p value

	>50° vs <35°
	106,700
	0.243

	35-50° vs >50° 
	22,300
	0.375

	35-50° vs <35°
	128,900
	0.957




Supplementary Table 8. Annual counts of lakes with varying degrees of basin burned by wildfires, categorized into four burn-overlap classes (1-25%, 26-50%, 51-75%, and 76-100%), from 2008 to 2024 across North America.

	
	Years

	% Basin burned
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020
	2021
	2022
	2023
	2024

	1-25%
	16,015
	8,601
	21,308
	12,327
	15,754
	22,395
	19,465
	18,460
	11,811
	21,012
	12,148
	10,401
	5,031
	22,078
	16,735
	38,602
	19,859

	26-50%
	2,002
	614
	3,189
	1,582
	1,144
	3,595
	3,315
	2,600
	948
	2,583
	948
	885
	234
	3,100
	1,578
	9,459
	3,447

	51-75%
	867
	128
	1,340
	973
	298
	1,807
	2,608
	1,195
	505
	1,103
	348
	407
	89
	1,722
	351
	6,525
	1,629

	76-100%
	172
	113
	616
	353
	30
	1,050
	1,162
	359
	48
	484
	56
	168
	41
	361
	63
	3,503
	263





Supplementary Table 9. Annual counts of lakes experiencing varying durations of wildfire smoke exposure, categorized into six smoke day overlap classes (1-10, 11-20, 21-30, 31-40, 41-50, and >50 days), from 2008 to 2024 across North America (Canada and the United States).
	`
	Years

	Smoke days
	2008
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020
	2021
	2022
	2023
	2024

	1-10
	330665
	135498
	207186
	187300
	53068
	37637
	62905
	255882
	10486
	70302
	42056
	95154
	2070
	1321
	25145
	8484

	11-20
	536272
	446290
	578677
	506796
	441720
	395264
	464409
	570714
	405106
	412621
	361280
	832916
	228107
	274898
	34443
	115906

	21-30
	101316
	200041
	154555
	186688
	273970
	228623
	201806
	151054
	305252
	283973
	247432
	39015
	313287
	317104
	58388
	175996

	31-40
	15237
	128880
	41539
	87343
	160864
	157964
	174175
	6750
	179612
	137028
	224756
	11113
	227030
	235761
	40336
	242309

	41-50
	793
	54760
	2444
	16123
	50840
	100347
	66606
	5
	79524
	74913
	76710
	3288
	70042
	126921
	50298
	137208

	> 50
	95
	17362
	5
	137
	3942
	42440
	14487
	1
	4267
	5254
	27856
	1775
	66405
	27322
	87717
	104888




Supplementary Table 10. Mean and maximum number of days lake were expose to smoke across North American (Canada and the United States) from 2008 to 2024.

	Year
	Mean smoke days
	Maximum smoke days

	2008
	4
	80

	2010
	11
	70

	2011
	6
	48

	2012
	8
	61

	2013
	13
	52

	2014
	16
	76

	2015
	13
	61

	2016
	5
	41

	2017
	15
	56

	2018
	13
	74

	2019
	16
	73

	2020
	5
	84

	2021
	22
	91

	2022
	18
	74

	2023
	70
	153

	2024
	32
	89













Supplementary Table 11. Summary of smoke-season characteristics for North American lakes, 2008-2024. The table reports the mean start and end day-of-year, season length, and the mean number of lakes affected per day for two periods: 2008-2017 and 2018-2024 (with and without including the extreme fire year 2023). The smoke season is defined as the continuous period in which more than 1,000 lakes experienced smoke on a given day. Results indicate that the smoke season has begun earlier, ended later, and affected more lakes in the more recent period, reflecting both an extension in season length and intensification of smoke exposure.

	Period
	Season start date
	Season end date
	Season length
	Mean number of impacted lakes by day 

	2010-2017
	Apr-16
	Sep-27
	165
	89,540

	2017-2024
	Mar-23
	Oct-16
	208
	161,240

	2017-2024 (without 2023)
	Mar-29
	Oct-15
	201
	127,215




[image: ]




















Supplementary Figure 1. Distributions of lake area, depth, elevation, and volume across wildfire and smoke exposure gradients in North America. Lakes with elevated smoke exposure (>20 and >50 days) and greater watershed burning (>25% and >50%) show morphometric characteristics similar to the full lake population, with minimal differences in area, volume, and depth. In contrast, both smoke exposure and watershed burning are consistently associated with higher lake elevations, indicating that wildfire impacts are disproportionately concentrated in higher-elevation systems.



Supplementary Table 12. Lake morphometric characteristics across wildfire and smoke exposure gradients in North America (Canada and the United States). Summary statistics (median and interquartile range: 25th-75th percentiles) are shown for lake area (km2), volume (×106m3), mean depth (m), and elevation (m) for all lakes, lakes with >25% and >50% of their watershed area burned, and lakes exposed to >20 and >50 smoke days.

	
	
	Area
	Volume
	Depth
	Elevation

	Group
	n
	median
	q25
	q7
	median
	q25
	q75
	median
	q25
	q75
	median
	q25
	q75

	All lakes
	16662108
	0.21
	0.13
	0.43
	0.69
	0.39
	1.62
	3.2
	2.4
	4.3
	263
	118
	396

	>25% burned
	71915
	0.22
	0.14
	0.45
	0.73
	0.4
	1.73
	3.3
	2.5
	4.3
	356
	273
	435

	>50% burned
	30731
	0.22
	0.14
	0.45
	0.72
	0.4
	1.705
	3.3
	2.6
	4.3
	345
	266
	427

	>20 smoke days
	4373500
	0.22
	0.14
	0.46
	0.68
	0.37
	1.61
	3
	2.3
	4
	328
	218
	416

	>50 smoke days
	994398
	0.22
	0.14
	0.47
	0.69
	0.38
	1.67
	3.1
	2.3
	4.1
	329
	223
	419
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