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Figure S1: Same as Figure 4, but inversions show the effect of NOAA vs AGAGE vs NIES 31 

network differences, as well as, the impacts of AGAGE scale selection. The control case 32 

(agey32) here used all 49 sites data in inversion using “fixed” adjustments for the inter-33 

institional  scale differences, while the case - agey32_agageTD used the “time-dependent” 34 

scale correction to the AGAGE sites, i.e., NOAA/AGAGE = 4.3641x10-5 * Year + 0.91065 and 35 

case - agey32_noScl used no scale adjustments. The case - agey32_agage excluded 5 36 

NOAA sites (n2o_alt_surface-flask_1, n2o_cgo_surface-flask_1, n2o_mhd_surface-flask_1, n2o_rpb_surface-37 

flask_1, n2o_smo_surface-flask_1), case - agey32_NOAA excluded 10 sites of AGAGE and other 38 

institute (n2o_alt_surface-flask_16, n2o_brw_surface-insitu_2, n2o_cgo_surface-flask_16, n2o_cgo_surface-39 
insitu_4, n2o_mhd_surface-insitu_4, n2o_mlo_surface-flask_16, n2o_rpb_surface-insitu_4,  n2o_smo_surface-40 
insitu_4, n2o_spo_surface-flask_16, n2o_thd_surface-insitu_4), and case - agey32_NOAA-NIES excluded 41 

12 sites as in the case of agey32_NOAA + 2 NIES sites (COI_N2O and HAT_N2O). The first 3 cases 42 

dealt with measurement scales (49 sites) and final 3 cases show impacts of measurement site 43 

networks (fixed scale adjustment).   44 
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Figure S2: Ensemble mean and ±1σ spread  (cyan line and shading) of N2O flux anomalies of 6 47 

inversion cases are shown, and with sectoral fluxes for 4 categories, namely, EDGARv8.0 48 

agriculture soil (Edg80_AgrSoil), EDGARv8.0 anthropogenic/industrial (Edg80_Anth), and VISIT 49 

model simulated agriculture soil (VISIT_AgrSoil) and natural soil (VISIT_NatSoil). The GEIA 50 

natural soil emissions do not contain interannual variations.   51 
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Figure S3: Same as Figure 3, but flux time series for the 11 ocean regions are shown.   55 
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Figure S4: Annual mean time series of N2O total emissions based on ensemble mean and ±1σ 59 

spread (cyan line and shading) of different inversion cases for the 15 regions depicted by 60 

central map. Nitrogen fertilizer used in the regions are also shown (N-fertilizer = crop_nh4 + 61 

crop_no3 + pasture_nh4 + pasture_no3 (red line). The anomalies in ensemble mean and 62 

spread between the inversions are shown in Fig. 5 and Fig. S4.  63 
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Figure S5: Same as Figure S2, but the annual mean anomalies in N2O flux and ratio of N2O flux 66 

to N-fertilizer use time series are shown. The flux anomalies are calculated relative to the 2000-67 

2004 mean. The N-fertilizer use is assumed to remain constant at 2020 level for the later 3 68 

years.  69 
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Figure S6: Same as Figure 7, but the N2O flux and N-fertilizer use for the longer period of 73 

analysis are shown (2016-2020 and 2000-2004; differences over 16 years). Note that this 74 

analysis is restricted until 2020 because of the availability of N-fertilizer input data. Note that the 75 

increase in Global N-fertilizer use during the period this analysis is 6.1 as marked on the grey 76 

bar and a smaller y-axis range is chosen for clearly showing the regional differences.  77 
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Figure S7: Scatter plots and correlation statistics of N2O emission and nitrogen fertiliser use 82 

change in the two periods of analysis, as in Fig. 5 (a) and Fig. S6 (b). Although a linear 83 

relationship does appear but the significance is low because of the complex nature of the N2O 84 

emissions relating to nitrogen fertiliser use, e.g., soil type, crop types, land management etc. 85 

The map and bar plots (Fig. 5 and S6) are also essentially showing similar conclusions. A 86 

separation between agricultural land and natural soil must be done to better resolve the 87 

relationship but the current coarse resolution setups for forward and inverse models doesn’t 88 

allow the separation clearly (as mentioned in the manuscript).   89 

 90 
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Table S1. List of sites used in the N2O inversion as available from NOAA/GML, WDCGG- 93 

AGAGE and NIES. Operating institute’s name is given at the end of Site name (column 2).  94 

 95 
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Table S2. Statistics of ENSO index and 3-monthly mean N2O flux anomalies. A long-term mean 96 
seasonal cycle (1999-2023) is subtracted from the region-aggregated flux time series at monthly 97 
intervals. Then 3 monthly-mean time series of N2O emissions and ENSO index are used in 98 
preparing the statistics. This table is presented to discuss how inversions using priors without 99 
interannual variations start to produce similar semi-hemispheric emission variabilities as those 100 
simulated by the VISIT model. Note that the VISIT model is run using reanalysed climate 101 
variables (Ito et al., 2018). There are several delays between the climate conditions or fertiliser 102 
use and N2O emissions, and we cannot gain a good level of understanding through a simple 103 
multivariate analysis as compared to using the VISIT model results. Because the N2O emissions 104 
following the application of fertilisers or manure or atmospheric NR deposition has a time delay 105 
which varies from region to region depending on crop types and how the fertilisers are treated 106 
into the soil (this situation of N2O flux variability is quite different from that of CO2 where the 107 
climate variations are easily associated with regional flux variability; e.g., Patra et al., GBC, 108 
2005; https://doi.org/10.1029/2004GB002258).     109 
 110 

Regions ENSO vs N2O (lag (months),   r,    p) Mean r 
agey32 agvy32 avey32 avvy32  

Global Land -2, -0.15, 0.01 -2, -0.17, 0.00 -2, -0.19, 0.00 -2, -0.21, 0.00 -0.18 
Land_NHL  2,  0.09, 0.12 -2, -0.17, 0.00 -2, -0.04, 0.54 -2, -0.21, 0.00 -0.08 
Land_MHL -2, -0.08, 0.16  3,  0.18, 0.00  3,  0.11, 0.07  3,  0.27, 0.00 0.12 
Land_TrN -1, -0.17, 0.00  0, -0.24, 0.00 -2, -0.21, 0.00 -1, -0.28, 0.00 -0.23 
Land_SH -3, -0.18, 0.00 -3, -0.18, 0.00  3, -0.29, 0.00  3, -0.28, 0.00 -0.23 
      
GlobalOcean -1, -0.35, 0.00  1, -0.33, 0.00  1, -0.26, 0.00  1, -0.24, 0.00 -0.29 
Ocean_NHL  3, -0.31, 0.00  3, -0.34, 0.00  3, -0.36, 0.00  3, -0.37, 0.00 -0.35 
Ocean_MHL -2, -0.22, 0.00  3, -0.28, 0.00  3, -0.23, 0.00  3, -0.25, 0.00 -0.25 
Ocean_TrN  0, -0.15, 0.01  2, -0.13, 0.03  1, -0.04, 0.52  3, -0.06, 0.28 -0.10 
Ocean_SH  0, -0.31, 0.00  0, -0.26, 0.00  0, -0.19, 0.00  1, -0.16, 0.01 -0.23 
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