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Figure S1: Hourly measurements of air temperature (°C), precipitations (mm h-1), wind speed (m s-1), solar irradiance (in W m-2), and atmospheric pressure (atm) in spring (3rd  and 8th April 2023), summer (7th and 13th September 2023), fall (15th and 16th November 2023) and winter (7th and 8th January 2024) at Pêcheries and Silex ponds, respectively. Air temperature, precipitations, wind speed, and atmospheric pressure were retrieved from https://wow.meteo.be/en for the meteorological station of the Royal Meteorological Institute of St-Lambert (50.8408°N, 4.4234°E) in Brussels, located between 2.5km (Pêcheries) and 5km (Silex) from the two surveyed ponds. Solar irradiance (W m-2 h-1) was retrieved from https://power.larc.nasa.gov/ at the same location.
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Figure S2: Seasonal variations of Chlorophyll-a (Chl-a, in µg L-1) from January 2023 to January 2024 at the Pêcheries and Silex ponds in Brussels from Bauduin et al. (2024a) (green diamonds) and average daily Chlorophyll-a measured in this study (blue squares).
[image: ]


Figure S3: Daily changes in N2O saturation level (%N2O, in %) and oxygen saturation level (%O2, in %), and relationships between %N2O and %O2 in cycles where a relationship between %N2O and %O2 was observed (on the left a positive relationship, on the right a negative relationship).
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Figure S4: Hourly diffusive fluxes of CO2 (FCO2, in mmol m-2 d-1), CH4 (FCH4, in µmol m-2 d-1) and N2O (FN2O,  in µmol m-2 d-1), computed from hourly wind speed measurements, in spring (3rd and 8th April 2023), summer (7th and 13th September 2023), fall (15th and 16th November 2023) and winter (7th and 8th January 2024) at the Pêcheries and Silex ponds, respectively.
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Figure S5: Bar plots of wind speed (m s-1), partial pressure of CO2 (pCO2, in ppm), diffusive CO2 flux (FCO2, in mmol m⁻² d⁻¹), dissolved CH4 concentration (CH4, in nmol L⁻¹), diffusive CH4 flux (FCH4, in µmol m⁻² d⁻¹), and N2O saturation level (%N2O, in %), and diffusive N2O flux (FN2O, in µmol m⁻² d⁻¹) over the four daily cycles in in spring (3rd April 2023), summer (7th September 2023), fall (15th November 2023) and winter (7th January 2024) at the Pêcheries pond. Data are categorized into three subgroups representing different times of the day: late night (data before dawn and during the first two hours of the day), early night (first two hours of the day and after sunset), and midday (rest of the data). Blue arrows indicate variations linked to wind and green arrows indicate variations linked to GHG concentrations. Letters indicate significant differences between groups. ANOVA results of the multiple comparison between boxplots are summarized in Table S3.
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Figure S6: Bar plots of wind speed (m s-1), partial pressure of CO2 (pCO2, in ppm), diffusive CO2 flux (FCO2, in mmol m⁻² d⁻¹), dissolved CH4 concentration (CH4, in nmol L⁻¹), diffusive CH4 flux (FCH4, in µmol m⁻² d⁻¹), and N2O saturation level (%N2O, in %), and diffusive N2O flux (FN2O, in µmol m⁻² d⁻¹) over the four daily cycles in spring (8th April 2023), summer (13th September 2023), fall (16th November 2023) and winter (8th January 2024) at the Silex pond. Data are categorized into three subgroups representing different times of the day: late night (data before dawn and during the first two hours of the day), early night (first two hours of the day and after sunset), and midday (rest of the data). Blue arrows indicate variations linked to wind and green arrows indicate variations linked to GHG concentrations. Letters indicate significant differences between groups. ANOVA results of the multiple comparison between boxplots are summarized in Table S3.
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Figure S7: Coefficients of variation of data collected from June 2021 to December 2023 at the Pêcheries (Pech) and the Silex (Slx) ponds (intra-pond seasonal CV, in %) from Bauduin et al. (2024a) and coefficient of variation of data collected on 22 ponds in Brussels at the four seasons in 2021 and 2022 (inter-pond seasonal CV, in %) from Bauduin et al. (2024b) versus the coefficient of variation of sub-daily data at Pêcheries and Silex ponds from this study (sub-daily CV, in %) for diffusive fluxes of CO2 (FCO2, in mmol m-2 d-1), CH4 (FCH4, in µmol m-2 d-1) and N2O (FN2O,  in µmol m-2 d-1) calculated from a constant wind speed of 1 m s-1; Figure 6 reports FCO2, FCH4, and FN2O computed from hourly wind speed measurements. Dotted line indicates the 1:1 line.
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Figures S8: Coefficients of variation of sub-daily data at the Pêcheries (Pech) and Silex (Slx) ponds from this study (sub-daily CV, in %), coefficients of variation of data collected from June 2021 to December 2023 at the Pêcheries and the Silex ponds (intra-pond seasonal CV, in %) from Bauduin et al. (2024a) and coefficients of variation of data collected on 22 ponds (All) in Brussels at the four seasons in 2021 and 2022 (inter-pond seasonal CV, in %) from Bauduin et al. (2024b) for partial pressure of CO2, (pCO2, in ppm), dissolved CH4 concentration (CH4, in nmol L−1), and N2O saturation level (%N2O, in %), versus temperature (°C). The sub-daily CV of pCO2 in Spring at Pêcheries deviates from the other data points because of high phytoplankton biomass related to the bloom. The inter-pond CV of CH4 is also function of lake size and presence/absence of macrophytes (Bauduin et al. 2024b).
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Figures S9: Coefficients of variation of sub-daily data at the Pêcheries (Pech) and Silex (Slx) ponds from this study (sub-daily CV, in %), coefficients of variation of data collected from June 2021 to December 2023 at the Pêcheries and the Silex ponds (intra-pond seasonal CV, in %) from Bauduin et al. (2024a) and coefficients of variation of data collected on 22 ponds (All) in Brussels at the four seasons in 2021 and 2022 (inter-pond seasonal CV, in %) from Bauduin et al. (2024b) for diffusive fluxes of CO2 (FCO2, in mmol m-2 d-1), CH4 (FCH4, in µmol m-2 d-1) and N2O (FN2O,  in µmol m-2 d-1), computed from hourly wind speed measurements, versus temperature (°C). Note that the variability of the flux combines the variability of both dissolved concentrations and wind speed which explains that in some cases the patterns of CV of fluxes diverge from those of concentrations shown in figure S8.
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Table S1: Alphabetical list of abbreviations and corresponding abbreviated word used in the paper.
	Abbreviation
	Abbreviated word

	%N2O
	Nitrous oxide saturation level

	%O2
	Oxygen saturation level

	%
	Per cent

	‰
	Per mil

	δ13C-CH₄
	13C/12C ratio of methane

	Δ[G]
	Air-water gradient of the concentration of a gas (G)

	µg
	Microgram

	µmol
	Micromole

	ANOVA
	Analysis of variance

	CH4
	Methane

	Chl-a
	Chlorophyll-a 

	CO2
	Carbon dioxide

	CV
	Coefficient of variation

	d-1
	Per day

	DIN
	Dissolved inorganic nitrogen 

	FG
	Diffusive air-water flux of a gas (G)

	FCH4
	Diffusive air-water flux of CH4

	FCO2
	Diffusive air-water flux of CO2

	FN2O
	Diffusive air-water flux of N2O

	GHG
	Greenhouse gas

	h-1
	Per hour

	k
	Gas transfer velocity

	k600
	Gas transfer velocity normalized to a Schmidt number of 600

	L-1
	Per liter

	m-2
	Per square meter

	mg
	Milligram

	mmol
	Millimole

	MOX
	Methane oxidation

	N2O
	Nitrous oxide

	NIST
	National Institute of Standards and Technology

	NH4+
	Ammonium 

	NO2-
	Nitrite 

	NO3-
	Nitrate 

	NOAA
	National Oceanic and Atmospheric Administration

	O2
	Oxygen

	pCH4
	Partial pressure of methane

	pCO2
	Partial pressure of carbon dioxide

	ppm
	Parts per million

	®
	Registered trademark

	SRM
	Standard reference material

	SRP
	Soluble reactive phosphorus 

	TM
	Trademark

	TSM
	Total suspended matter 

	UNSPSC
	United Nations Standard Products and Services

	W
	Watt




Table S2: Comparison of sub-daily measurements from this study and seasonal data from Bauduin et al. (2024a) based on sampling once a day from one (winter) to three (summer) times per month from June 2021 to December 2023 of the mean±standard deviation and the minimum and maximum range of oxygen saturation (%O2, in %), partial pressure of CO2 (pCO2, in ppm), dissolved CH4 concentration (CH4, in nmol L-1), N2O saturation level (%N2O, in %), Chlorophyll-a concentration (Chl-a, in µg L-1), total suspended matter concentration (TSM, in mg L-1), and ammonium (NH4+) , nitrate (NO3-), nitrite (NO2-) and soluble reactive phosphorus (SRP) concentrations (in µmol L-1) for the Pêcheries and Silex ponds during the four seasons.
	Variable
	Season
	Pêcheries
	Silex

	
	
	This study
	Bauduin et al. 2024
	This study
	Bauduin et al. 2024

	%O2 
(%)
	Winter
	75±2
	77±23
	51±3
	71±18

	
	
	(72;77)
	(53;114)
	(47;54)
	(48;102)

	
	Spring
	76±13
	87±12
	85±9
	87±9

	
	
	(49;94)
	(74;112)
	(68;100)
	(70;100)

	
	Summer
	95±8
	75±23
	77±5
	97±28

	
	
	(83;106)
	(34;118)
	(69;84)
	(48;158)

	
	Fall
	38±3
	46±22
	61±5
	81±20

	
	
	(33;41)
	(11;76)
	(53;68)
	(55;119)

	pCO2 
(ppm)
	Winter
	1076±28
	2551±1569
	4626±41
	2947±1698

	
	
	(1026;1119)
	(684;5051)
	(4557;4678)
	(697;5504)

	
	Spring
	2786±903
	2394±1126
	3676±120
	3702±778

	
	
	(1972;4345)
	(714;3953)
	(3433;3872)
	(2263;4923)

	
	Summer
	2483±192
	3618±1616
	3659±106
	3166±1199

	
	
	(2187;2770)
	(1672;6693)
	(3517;3868)
	(893;4975)

	
	Fall
	8122±145
	5087±2469
	6264±285
	3843±1188

	
	
	(7889;8417)
	(2196;9802)
	(5902;6774)
	(2420;6002)

	CH4 
(nmol L-1)
	Winter
	414±9
	696±275
	855±33
	1284±931

	
	
	(391;426)
	(393;1190)
	(794;898)
	(622;3439)

	
	Spring
	890±152
	2364±1483
	4281±634
	4763±1979

	
	
	(674;1221)
	(731;5543)
	(3356;5500)
	(1052;7644)

	
	Summer
	1744±1764
	2491±2292
	11158±3640
	4827±3404

	
	
	(952;8138)
	(761;8645)
	(5962;16736)
	(977;11069)

	
	Fall
	4419±151
	1832±1880
	3097±620
	2397±2018

	
	
	(4213;4732)
	(534;6095)
	(2159;4062)
	(397;6382)

	%N2O 
(%)
	Winter
	97±1
	114±48
	95±2
	148±65

	
	
	(96;98)
	(69;209)
	(92;100)
	(77;263)

	
	Spring
	86±9
	85±10
	89±6
	110±30

	
	
	(74;100)
	(66;102)
	(79;100)
	(75;166)

	
	Summer
	110±20
	79±27
	162±12
	186±186

	
	
	(98;179)
	(17;151)
	(147;182)
	(2;739)

	
	Fall
	103±2
	86±22
	163±7
	204±202

	
	
	(101;104)
	(43;105)
	(154;176)
	(33;826)

	Chl-a 
(µg L-1)
	Winter
	2.7±0.7
	8.4±4.5
	0.6±0.1
	6.9±8.0

	
	
	(2.0;3.4)
	(2.2;13.9)
	(0.5;0.7)
	(1.0;24.3)

	
	Spring
	5.5±0.3
	4.5±2.5
	0.9±0.1
	3.5±2.3

	
	
	(5.3;6.0)
	(1.9;10.1)
	(0.8;0.9)
	(0.8;7.9)

	
	Summer
	14.5±1.1
	19.1±13.7
	1.2±0.1
	1.0±1.2

	
	
	(13.2;15.3)
	(3.4;50.9)
	(1.1;1.3)
	(0.0;4.8)

	
	Fall
	14.8±1.5
	8.9±6.4
	6.9±0.9
	4.1±3.9

	
	
	(13.5;16.5)
	(1.0;20.8)
	(6.0;7.7)
	(0.3;10.6)

	TSM 
(mg L-1)
	Winter
	13.4±2.4
	8.5±3.9
	8.6±1.4
	10.5±7.0

	
	
	(11.1;13.3)
	(2.8;16.3)
	(7.3;10.0)
	(2.4;20.3)

	
	Spring
	4.3±0.9
	8.3±2.7
	1.6±0.3
	4.3±2.9

	
	
	(3.0; 5.2)
	(3.1;12.2)
	(1.2;1.8)
	(0.6;10.3)

	
	Summer
	27.1±2.1
	13.7±10.7
	2.9±0.5
	4.0±3.2

	
	
	(25.4;29.5)
	(0.9;42.4)
	(2.4;3.4)
	(0.6;10.6)

	
	Fall
	19.0±1.5
	11.5±11.9
	9.2±1.9
	5.3±3.3

	
	
	(17.3;19.9)
	(1.5;38.8)
	(7.8;11.4)
	(0.5;11.3)





Table S2 (continued)
	Variable
	Season
	Pêcheries
	Silex

	
	
	This study
	Bauduin et al. 2024
	This study
	Bauduin et al. 2024

	NH4+ 
(µmol L-1)
	Winter
	5.9±0.3
	23.8±23.4
	5.6±0.3
	10.6±11.1

	
	
	(5.7;6.2)
	(3.5;56.5)
	(5.2;5.9)
	(0.9;27.6)

	
	Spring
	4.9±0.6
	4.4±2.6
	2.7±0.5
	6.9±7.5

	
	
	(4.2;5.7)
	(1.9;10.3)
	(2.0;3.3)
	(0.5;24.7)

	
	Summer
	0.9±0.5
	5.2±5.7
	2.7±0.2
	4.4±5.8

	
	
	(0.5;1.4)
	(0.1;16.5)
	(3.4;3.9)
	(0.1;20.8)

	
	Fall
	2.7±0.2
	21.9±26.3
	11.0±0.7
	6.1±4.4

	
	
	(2.4;2.9)
	(0.1;63.6)
	(14.3;16.5)
	(0.6;13.6)

	NO3- 
(µmol L-1)
	Winter
	15.9±0.8
	22.0±10.4
	19.4±0.9
	27.7±22.2

	
	
	(15.3;16.9)
	(11.9;42.3)
	(18.5;20.4)
	(3.2;63.5)

	
	Spring
	10.4±3.0
	7.0±4.5
	7.3±0.8
	9.5±5.2

	
	
	(7.0;13.0)
	(2.4;13.3)
	(6.8;8.4)
	(3.6;19.8)

	
	Summer
	6.1±0.7
	17.5±15.4
	10.7±0.2
	16.2±12.9

	
	
	(5.5;6.9)
	(0.1;49.9)
	(10.5;10.9)
	(3.2;52.7)

	
	Fall
	7.6±0.8
	13.8+15.7
	28.8±2.5 
	16.2±11.6

	
	
	(7.0;8.5)
	(2.1;52.1)
	(26.3;30.3)
	(2.2;38.5)

	NO2-
(µmol L-1)
	Winter
	0.3±0.0
	0.8±0.6
	1.6±0.2
	0.8±0.7

	
	
	(0.2;0.3)
	(0.2;1.7)
	(1.4;1.9)
	(0.1;1.7)

	
	Spring
	0.2±0.0
	0.3±0.4
	0.1±0.0
	0.3±0.2

	
	
	(0.1;0.2)
	(0.0;1.3)
	(0.1;0.2)
	(0.0;0.6)

	
	Summer
	0.3±0.0
	0.8±1.2
	0.8±0.3
	1.1±1.7

	
	
	(0.2;0.3)
	(0.0;4.6)
	(0.4;1.0)
	(0.0;5.9)

	
	Fall
	0.7±0.1
	0.6±0.7
	3.3±0.5
	0.8±1.6

	
	
	(0.6;0.7)
	(0.0;2.3)
	(2.9;3.9)
	(0.0;5.4)

	SRP
(µmol L-1)
	Winter
	0.7±0.2
	2.1±1.9
	0.8±0.2
	1.4±1.0

	
	
	(0.5;0.9)
	(0.5;5.4)
	(0.6;1.1)
	(0.5;2.9)

	
	Spring
	0.5±0.1
	5.5±4.9
	1.0±0.2
	3.6±2.6

	
	
	(0.4;0.7)
	(1.0;16.2)
	(0.9;1.2)
	(0.7;7.2)

	
	Summer
	1.6±0.3
	4.4±2.9
	3.8±0.5
	4.1±2.3

	
	
	(1.2;1.9)
	(0.3;11.3)
	(3.3;4.2)
	(1.0;9.8)

	
	Fall
	1.6±0.2
	2.6±2.3
	5.5±0.2
	3.4±1.8

	
	
	(1.3;1.8)
	(0.4;6.6)
	(5.2;5.7)
	(1.1;6.2)




Table S3: Outcomes of Tukey HSD post-hoc tests of repeated measures analysis of variance One-way ANOVA examining differences of wind speed, partial pressure of CO2 (pCO2, in ppm), diffusive CO2 flux (FCO2, in mmol m⁻² d⁻¹), dissolved CH4 concentration (CH4, in nmol L⁻¹), diffusive CH4 flux (FCH4, in µmol m⁻² d⁻¹), and N2O saturation level (%N2O, in %), diffusive N2O flux (FN2O, in µmol m⁻² d⁻¹) over the four daily cycles in in spring (3rd April 2023), summer (7th September 2023), fall (15th November 2023) and winter (7th January 2024) at the Pêcheries pond and over the four daily cycles in spring (8th April 2023), summer (13th September 2023), fall (16th November 2023) and winter (8th January 2024) at the Silex pond at different times of the day.
	Variable
	Season
	ANOVA p-value
	Late night vs. Midday
	Late night vs. Early night
	Midday vs. Early night

	Pêcheries pond

	Wind 
(m s-1)
	Spring
	0.0568
	0.0485
	0.2638
	0.7071

	
	Summer
	0.0309
	0.9981
	0.032
	0.0369

	
	Fall
	0.0099
	0.0354
	0.8217
	0.0125

	
	Winter
	0.7601
	0.7401
	0.9356
	0.9435

	pCO2
(ppm)
	Spring
	0.0049
	0.012
	0.0084
	0.8436

	
	Summer
	<0.0001
	<0.0001
	0.0006
	0.6528

	
	Fall
	0.0432
	0.0213
	0.6029
	0.9477

	
	Winter
	0.0067
	0.1159
	0.0052
	0.0894

	CH4
(nmol L-1)
	Spring
	0.0011
	0.1817
	0.0008
	0.0132

	
	Summer
	0.1681
	0.9356
	0.3102
	0.1668

	
	Fall
	0.2811
	0.6502
	0.7422
	0.0556

	
	Winter
	0.1813
	0.2155
	0.2643
	0.9966

	%N2O
(%)
	Spring
	0.0121
	0.0926
	0.0102
	0.3131

	
	Summer
	0.5571
	0.8464
	0.5283
	0.7903

	
	Fall
	<0.0001
	0.0045
	<0.0001
	0.0005

	
	Winter
	0.018
	0.0144
	0.3166
	0.3158

	FCO2
(mmol m-2 d-1)
	Spring
	0.0104
	0.0888
	0.5369
	0.5573

	
	Summer
	0.0338
	0.7427
	0.0361
	0.08

	
	Fall
	0.0132
	0.0313
	0.9709
	0.021

	
	Winter
	0.6322
	0.6084
	0.8413
	0.9499

	FCH4
(µmol m-2 d-1)
	Spring
	0.0467
	0.1821
	0.8041
	0.0345

	
	Summer
	0.0234
	0.9513
	0.2105
	0.0144

	
	Fall
	0.0476
	0.0411
	0.9955
	0.5554

	
	Winter
	0.5736
	0.5532
	0.78
	0.9599

	FN2O
(µmol m-2 d-1)
	Spring
	0.0912
	0.4909
	0.0762
	0.3614

	
	Summer
	0.2398
	0.9096
	0.2442
	0.3772

	
	Fall
	0.009
	0.0076
	0.3157
	0.1296

	
	Winter
	0.1024
	0.0873
	0.545
	0.5825

	Silex pond

	Wind 
(m s-1)
	Spring
	0.0011
	0.0008
	0.0258
	0.0338

	
	Summer
	<0.0001
	0.0001
	0.6471
	0.0002

	
	Fall
	0.0003
	0.0096
	0.0985
	0.0003

	
	Winter
	<0.0001
	0.0003
	<0.0001
	0.0209

	pCO2
(ppm)
	Spring
	<0.0001
	<0.0001
	<0.0001
	0.4362

	
	Summer
	0.0116
	0.0132
	0.0221
	0.9981

	
	Fall
	0.0019
	0.0015
	0.1914
	0.0353

	
	Winter
	0.0024
	0.0338
	0.002
	0.0902

	CH4
(nmol L-1)
	Spring
	0.0299
	0.7997
	0.0305
	0.072

	
	Summer
	0.3444
	0.9998
	0.442
	0.3551

	
	Fall
	0.159
	0.2885
	0.1606
	0.8669

	
	Winter
	0.3222
	0.3806
	>0,9999
	0.4367

	%N2O
(%)
	Spring
	0.0008
	0.001
	0.0042
	0.9215

	
	Summer
	<0.0001
	<0.0001
	<0.0001
	0.1052

	
	Fall
	0.0761
	0.3941
	0.5035
	0.0646

	
	Winter
	0.0489
	0.1266
	0.0489
	0.7458

	FCO2
(mmol m-2 d-1)
	Spring
	<0.0001
	0.0001
	<0.0001
	0.3635

	
	Summer
	0.0018
	0.0093
	0.9504
	0.003

	
	Fall
	0.0003
	0.0039
	0.2328
	0.0003

	
	Winter
	<0.0001
	0.001
	<0.0001
	0.0058

	FCH4
(µmol m-2 d-1)
	Spring
	0.0112
	0.0364
	0.0135
	0.6739

	
	Summer
	0.0337
	0.0302
	0.9991
	0.0454

	
	Fall
	0.0002
	0.0048
	0.0994
	0.0002

	
	Winter
	<0.0001
	0.0001
	<0.0001
	0.0037

	FN2O
(µmol m-2 d-1)
	Spring
	0.0027
	0.004
	0.0086
	0.9991

	
	Summer
	0.0023
	0.0065
	0.0028
	0.2294

	
	Fall
	0.9465
	0.9598
	0.9456
	0.9957

	
	Winter
	0.0025
	0.0146
	0.0025
	0.2152
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