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Table S1. Modeled seasonal min-to-max amplitude of tropospheric N2O mixing ratio 

(ppb; multi-model median [25th percentile, 75th percentile] derived from long-term model 

average of modeled aN2O seasonal cycle) from spatial pattern, using 12-month running 

mean, as well as seasonality, using detrended fluxes, of land and ocean N2O fluxes at 

NOAA/CCGG stations (ALT: Alert, BRW: Barrow, AZR: Terceira Island, RPB: Ragged Point, 

CHR: Christmas Island, ASC: Ascension Island, SMO: Samoa, CGO: Cape Grim). The 

seasonal amplitude attributed to total of land and ocean emissions as well as separated 

are given. Pre-industrial N2O fluxes from the ocean are only available for Bern3D. 

Site 
Present day (2001-2020)  Pre-industrial (1861-1880)  

Land + ocean Land Ocean Land + ocean Land Ocean 

Seasonal amplitude from spatial pattern of N2O fluxes 

ALT 0.17 [0.13, 0.23] 0.18 [0.13, 0.22] 0.04 [0.03, 0.04] 0.11 [0.10, 0.15] 0.11 [0.09, 0.15] 0.02 

BRW 0.17 [0.14, 0.23] 0.18 [0.13, 0.23] 0.07 [0.05, 0.09] 0.12 [0.10, 0.16] 0.13 [0.08, 0.16] 0.05 

AZR 0.17 [0.13, 0.22] 0.17 [0.12, 0.21] 0.05 [0.04, 0.07] 0.12 [0.10, 0.17] 0.11 [0.10, 0.15] 0.03 

RPB 0.21 [0.16, 0.28] 0.24 [0.16, 0.28] 0.06 [0.04, 0.09] 0.25 [0.22, 0.29] 0.18 [0.14, 0.22] 0.11 

CHR 0.41 [0.31, 0.47] 0.45 [0.33, 0.49] 0.11 [0.09, 0.14] 0.28 [0.23, 0.32] 0.20 [0.16, 0.23] 0.15 

ASC 0.35 [0.31, 0.39] 0.34 [0.30, 0.37] 0.07 [0.04, 0.10] 0.36 [0.33, 0.38] 0.27 [0.25, 0.31] 0.09 

SMO 0.28 [0.24, 0.35] 0.25 [0.24, 0.32] 0.05 [0.04, 0.06] 0.19 [0.14, 0.24] 0.18 [0.12, 0.21] 0.04 

CGO 0.14 [0.11, 0.20] 0.19 [0.16, 0.23] 0.06 [0.06, 0.08] 0.08 [0.07, 0.14] 0.13 [0.11, 0.16] 0.07 

Seasonal amplitude from seasonality of N2O fluxes 

ALT 0.66 [0.59, 0.80] 0.69 [0.64, 0.86] 0.16 [0.15, 0.17] 0.43 [0.39, 0.46] 0.45 [0.40, 0.51] 0.13 

BRW 0.71 [0.60, 0.82] 0.73 [0.68, 0.89] 0.17 [0.16, 0.18] 0.42 [0.40, 0.49] 0.46 [0.42, 0.53] 0.14 

AZR 0.58 [0.51, 0.66] 0.65 [0.60, 0.74] 0.21 [0.14, 0.28] 0.35 [0.32, 0.38] 0.43 [0.36, 0.47] 0.16 

RPB 0.46 [0.37, 0.66] 0.51 [0.41, 0.69] 0.14 [0.11, 0.18] 0.32 [0.25, 0.40] 0.34 [0.29, 0.39] 0.09 

CHR 0.31 [0.25, 0.35] 0.31 [0.21, 0.33] 0.11 [0.10, 0.13] 0.13 [0.11, 0.23] 0.19 [0.13, 0.24] 0.11 

ASC 0.28 [0.23, 0.38] 0.25 [0.22, 0.31] 0.20 [0.17, 0.20] 0.21 [0.17, 0.26] 0.22 [0.18, 0.31] 0.22 

SMO 0.23 [0.20, 0.32] 0.18 [0.13, 0.26] 0.14 [0.14, 0.16] 0.17 [0.14, 0.23] 0.12 [0.10, 0.24] 0.16 

CGO 0.28 [0.23, 0.34] 0.21 [0.15, 0.26] 0.22 [0.21, 0.24] 0.22 [0.19, 0.26] 0.12 [0.11, 0.24] 0.21 
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Figure S1. Long-term average seasonality of observed aN2O (solid grey circles) and 

modeled aN2O (lines) for present-day (2001-2020) at different NOAA/CCGG flask stations 

(ALT: Alert, BRW: Barrow, AZR: Terceira Island, RPB: Ragged Point, ASC: Ascension Island, 

CHR: Christmas Island, SMO: Samoa, CGO: Cape Grim). Modeled aN2O seasonality is 

attributed to the N2O emissions from ensemble median of land and ocean surface fluxes 

without EDGAR data (solid black lines), other anthropogenic activities by EDGARv8.0 

[EDGAR, 2023] (https://edgar.jrc.ec.europa.eu/dataset_ghg80) (dashed green lines), 

ensemble median of land and ocean surface fluxes with EDGAR emissions (dashed 

orange lines). Vertical lines on grey circles indicate observed temporal variability 

weighted with measurement uncertainty. The modeled aN2O seasonal amplitude from 

other anthropogenic activities from the EDGARv8.0 data only ranges from 0.01 to 0.07 

ppb and is negligible in comparison with amplitudes from land, ocean, and stratospheric 

fluxes and their uncertainties. 
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Figure S2. Model spread for NMIP-2 land models and ocean models in N2O emission 

density (gN m-2 yr-1) during present day (2001 to 2020) for DJF (a, December, January, 

and February), JJA (b, June, July, and August), and the absolute differences between 

these two seasons (c) as well as the spread (TgN yr-1) along the latitudinal gradient 

resolved by 0.5° for both the land (red lines) and the ocean (blue lines) during PD (solid 

lines) and pre-industrial period (PI; 1861-1880, dashed lines) (d, e, f). The selected 

NOAA/CCGG stations are marked by red points in (c) (ALT: Alert, BRW: Barrow, CGO: 

Cape Grim, AZR: Terceira Island, RPB: Ragged Point, CHR: Christmas Island, SMO: Samoa, 

ASC: Ascension Island). The interquartile ranges are shown.  
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Figure S3. Same as Figure 4 but for additional stations. Modeled aN2O seasonality at 

different NOAA/CCGG flask stations (BRW: Barrow, AZR: Terceira Island, RPB: Ragged 

Point, CHR: Christmas Island, ASC: Ascension Island, CGO: Cape Grim) from spatial 

pattern (12-month running mean) and seasonal variation (detrended fluxes) of N2O 

fluxes for pre-industrial period (1861-1880; dashed lines) and present day (2001-2020; 

solid lines). The aN2O seasonality modeled from total (including both spatial and 

seasonal variations) land and ocean N2O emissions of present day are repeated for 

reference in all panels.  
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