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Text S1. Nitrate production pathways
There are several pathways for NOx oxidation to NO3-, vary with day length, chemistry, and location1,2. During the day, NO2 in the atmosphere can be oxidized by an OH radical to form HNO3 (R1). During the night, the reaction R1 halts, and NO2 is further oxidized by O3 to form NO3 (R2). Then, NO3 can react with NO2 to form N2O5 (R3) that is easily hydrolysed to generate HNO3 (R4), or NO3 reacts with hydrocarbons (HC) or DMS to form HNO3 (R5). In addition, NO2 can also react with reactive halogens (such as BrO) in some regions where halogens are elevated to form HNO3 (R6-R7)3,4. 
NO2 + OH + M → HNO3 + M (R1)
NO2 + O3 → NO3 + O2 (R2)
NO3 + NO2 + M → N2O5 + M (R3)
N2O5 (g) + H2O (l) → 2HNO3 (R4)
NO3 + HC or DMS → HNO3 + products (R5)
NO2 + BrO → BrNO2 (R6)
BrNO2 + H2O → HNO3 + HOBr (R7)
During the day-time, NOx is usually oxidised by hydroxyl radicals (OH) to generate NO3-. In contrast, O3 oxidises NOx to generate nitrate radicals (NO3-) at night-time5. At night, NO3- can further react with hydrocarbons (HC) or dimethyl sulphide (DMS) to form N2O5, followed by hydrolysis to generate HNO36. In addition, NOx can be oxidised by reactive halogens (e.g. BrO) in regions with higher halogen contents4. Usually, the NO3- produced via the OH pathway is characterised by negative δ18O-NO3- because one-third of oxygen atoms in formed NO3- comes from OH, which characterises negative δ18O (−15 to 0‰)7. NO3- formed via the O3 pathway has higher δ18O because five-sixth of the oxygen atoms in two formed NO3- come from O3 (90–120‰)8. In addition, NO3- formed via BrO, DMS, or HC has the highest δ18O since these processes originate from the terminal oxygen atom of O35. 
Text S2. Reaction mechanism of nitrogen oxides on ozone production and removal
The hydroxyl radical (OH) is a strong oxidant that can react rapidly with most gas phase chemistry, resulting in their removal on a relatively short timescale during daytime. The primary production of OH is the photoproduct of ozone by ultraviolet (UV) sunlight with short wavelengths (λ<330 nm) in the presence of water vapor9:
O3 + hv → O(1D) + O2           (R8)
O(1D) + H2O → 2OH            (R9)
[bookmark: _Hlk128216852]In the troposphere, peroxy radical plays a crucial role in the production and removal of ozone, which mainly depends on the availability of NOx10. In the cleaner regions with low-NOx atmosphere, the main loss processes for peroxy radicals HO2 (hydroperoxyl, products of most OH-oxidation reactions) and RO2 (organic peroxy, mainly composed of CH3O2 in clean air) are their recombination (R10 and R11) and reaction with ozone (R12). These processes result in net photochemical ozone destruction. 
HO2 + HO2 → H2O2 + O2                     (R10)
CH3O2 + HO2 → CH3OOH + O2        (R11)
HO2 + O3 → OH +2O2                (R12)
[bookmark: _Hlk128216826]In the polluted regions with NOx-rich atmosphere, the secondary OH production is primarily controlled by NOx5,6, which can compete with reactions R10-R12, resulting in ozone generation via photolysis (λ<430 nm) of the NO2 product.
HO2 + NO → OH + NO2                     (R13)
NO2 + hv → NO + O(3P)              (R14)
O(3P) + O2(+M) → O3 (+M)            (R15)
The balance between O3 removal and O3 generation is of major importance to the tropospheric O3 budget, which has been widely discussed from a theoretical standpoint9-11. Globally, tropospheric NOx in the northern hemisphere is remarkably higher than that in the southern hemisphere, which may lead to the dominance of reactions R10-R12 in the southern hemisphere, whereas the dominance of reactions R13-R15 in the northern hemisphere. 
Text S3. The Bayesian isotope mixing model
The formulation of nitrate-mixture measurements on isotopes (j) with source contributors (k) on the Bayesian isotope mixing model is as follows:
Xij =      (1)
Sjk ~ N (μjk, ω2jk)                 (2)
cjk ~ N (λjk, τ2jk)                  (3)
εjk ~ N (0, σ2j)                   (4)
where Xij is the J-vector of δ15N-NO3- values for mixture i, which denotes the isotope measurement in mixture i for isotope j; sik is the J-vector of δ15N-NO3- sources values for mixture i on source k; Pk is the proportional contribution of potential nitrate sources; cjk iss the fractionation factor for mixture i on nitrate source k, εjk is the residual error of the additional unquantified change between the aerosol samples.






Figure S1. The annual-average of global tropospheric NO2 (×1014 molec cm-2; 0.25 latitude ×0.25 longitude) for 2006-2021.
[image: ]
Note: The Ozone Monitoring Instrument (OMI) NO2 data are available from the Aura Validation data Center (AVDC) on the National Aeronautics and Space Administration (NASA) (https://airquality.gsfc.nasa.gov/no2).



Figure S2. Air mass backward trajectory and NO3- concentrations for each sample collected along the Arctic (a), Indian Ocean-SCS, and Northwestern Pacific Ocean (b) cruises. Circles represent the geographic location where the aerosol sample was collected (endtime), and the different circle colours reflect NO3- concentrations.
[image: ]



Figure S3. Distribution of SO42- concentrations during the Indian Ocean-SCS and northwestern Pacific Ocean cruise.
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Figure S4. The correlation between NO3- and nss-SO42- in the East China (a) and South Asian marginal sea (b).
[image: ]






Figure S5. Variations of the annual and monthly-mean ozone (Dobson Unit, DU) for globally different latitude from 1979-2022. The figure and data were obtained from National Aeronautics and Space Administration Ozone Watch (NASA Ozone Watch, https://ozonewatch.gsfc.nasa.gov/).
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Figure S6. The variations of monthly day length in the southern and northern hemisphere.
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Figure S7. Global distribution of averaged aerosol optical depth (AOD, unitless) from 2006 to 2021.
[image: ]
Note: The merged AOD data at 865 nm over a footprint of 4×4 km from January 2006 to December 2021 were obtained from the GloColour (https://hermes.acri.fr/).



Figure S8. Division of global marine areas in this study. NWP: Northwestern Pacific; NP: Northern Pacific; EP: Eastern Pacific.
[image: ]


















Table S1. Concentration and isotopic composition of atmospheric nitrate along the Indian Ocean-SCS, northwest Pacific and Arctic cruises
	Stations
	Latitude and longitude
Start
	Latitude and longitude
End
	NO3- 
(nmol m-3)
	δ15N-NO3- (‰)
	δ18O-NO3- (‰)

	Y1
	29°57′09.80″N 122°11′01.58″E
	23°33′18.62″N 117°46′48.51″E
	47.90
	5.2
	68.0

	Y2
	23°30′36.36″N 117°45′07.60″E
	17°53′30.65″N111°59′42.87″E
	62.09
	-1.1
	67.0

	Y3
	16°09′58.71″N 111°09′57.32″E
	3°52′08.31″N 105°45′38.24″E
	39.78
	-2.7
	74.8

	Y4
	3°51′06.22″N 105°44′40.52″E
	6°10′59.95″N97°20′46.90″E
	35.38
	0.9
	70.9

	Y5
	6°11′10.21″N 97°10′47.68″E
	2°47′37.37″N 89°59′49.01″E
	29.58
	1.5
	66.4

	Y6
	2°45′32.23″E 89°59′36.91″E
	2°59′51.99″S 91°30′17.17″E
	3.95
	-0.2
	63.7

	Y7
	2°59′45.46″S 91°30′21.33″E
	00°00′25.93″N 82°00′56.6″E
	3.44
	0.1
	64.3

	Y8
	00°00′29.73″N 82°01′03.91″E
	6°56′27.80″N 79°50′41.09″E
	8.92
	1.9
	62.6

	Y9
	06°56′27.18″N 79°50′40.62″E
	05°29′30.97″N 83°59′01.04″E
	17.63
	2.3
	72.1

	Y10
	05°28′08.26″N 83°57′57.10″E
	06°56′28.42″N 79°50′40.88″E
	39.84
	4.3
	65.1

	Y11
	06°00′27.13″N 77°38′01.76″E
	05°30′21.35″N 87°28′55.90″E
	27.92
	2.9
	73.5

	Y12
	05°33′24.97″N 85°27′29.70″E
	08°00′08.93″N 87°28′55.90″E
	17.15
	10.3
	78.4

	Y13
	08°00′08.93″N 87°28′55.90″E
	15°00′14.34″N 88°58′07.88″E
	22.62
	6.4
	76.4

	Y14
	15°04′12.32″N 89°00′21.22″E
	16°41′51.15″N 90°40′49.18″E
	57.41
	1.9
	79.7

	Y15
	16°41′43.72″N 90°40′27.01″E
	16°19′08.67″N 93°02′22.34″E
	23.33
	2.7
	70.3

	Y16
	16°19′08.67″N 96°18′05.01″E
	14°15′00.40″N 93°02′22.34″E
	13.72
	5.5
	73.0

	Y17
	14°14′32.57″N 96°01′46.45″E
	16°05′58.41″N 90°18′13.15″E
	39.62
	5.0
	75.3

	Y18
	16°06′13.75″N 90°20′18.35″E
	15°06′41.87″N 93°37′26.02″E
	8.22
	2.4
	66.3

	Y19
	14°34′13.37″N 93°33′39.04″E
	14°07′31.84″N 94°44′45.83″E
	37.09
	4.6
	68.7

	Y20
	14°06′49.66″N 94°45′26.03″E
	13°24′21.62″N 95°46′26.41″E
	50.03
	5.3
	64.2

	Y21
	13°24′01.43″N 95°46′02.67″E
	12°32′10.83″N 98°32′24.01″E
	65.17
	6.1
	68.2

	Y22
	12°36′55.94″N 98°28′45.75″E
	5°02′36.52″N 99°02′15.52″E
	34.99
	1.7
	64.8

	Y24
	5°00′20.23″N 99°03′57.41″E
	2°29′32.79″N 105°03′04.74″E
	41.53
	3.5
	60.2

	Y25
	2°31′20.73″N 105°03′53.14″E
	12°24′10.73″N 111°39′43.99″E
	28.96
	3.2
	66.5

	Y26
	12°25′32.99″N 111°40′30.98″E
	22°29′35.48″N 117°07′50.15″E
	33.85
	-0.3
	66.7

	Y27
	22°31′06.68″N 117°09′08.53″E
	29°55′13.86″N 122°14′29.45″E
	161.13
	6.3
	70.1

	W01
	29°54′12.51″N 122°13′36.74″E
	23°40′47.48″N 126°38′29.79″E
	155.10
	3.2
	91.8

	W02
	23°39′05.68″N 126°39′31.60″E
	12°31′56.40″N 130°06′07.08″E
	15.18
	-3.3
	86.1

	W03
	12°30′04.00″N 130°06′05.27″E
	10°29′51.08″N 130°06′10.05″E
	2.32
	0.7
	79.9

	W04
	10°31′02.00″N 130°04′36.00″E
	18°14′20.66″N 130°11′79.01″E
	3.34
	-1.0
	78.0

	W05
	18°14′15.25″N 130°11′21.36″E
	13°22′32.84″N 140°32′20.01″E
	3.56
	-0.2
	79.0

	W06
	13°22′05.50″N 140°38′38.85″E
	04°00′13.25″N 146°59′58.14″E
	2.28
	-1.6
	78.2

	W07
	04°00′48.25″N 146°59′16.28″E
	04°58′33.73″N 146°59′09.36″E
	1.69
	-3.7
	62.0

	W08
	04°58′35.06″N 146°59′10.12″E
	05°10′07.84″N 151°07′3.48″E
	2.65
	-1.0
	82.1

	W09
	05°08′09.81″N 151°06′30.08″E
	03°04′26.99″N 155°56′27.28″E
	2.61
	-7.4
	75.7

	W10
	03°06′55.34″N 155°56′52.31″E
	17°00′02.49″N 156°00′15.73″E
	3.22
	-4.7
	84.8

	W11
	16°58′40.99″N 155°57′39.57″E
	17°48′30.81″N 151°51′08.45″E
	3.04
	-0.9
	79.4

	W12
	17°49′29.66″N 151°50′28.68″E
	20°13′43.72″N 141°27′24.02″E
	9.22
	-4.3
	90.0

	W13
	20°13′42.66″N 141°26′26.25″E
	20°15′36.41″N 130°15′04.82″N
	14.83
	-1.4
	88.6

	W14
	20°19′35.72″N 130°15′10.41″E
	27°40′17.68″N 125°15′06.11″E
	24.64
	-2.1
	86.8

	W15
	27°40′51.75″N 125°14′42.40″E
	36°06′12.04″N 120°15′14.69″E
	216.96
	7.5
	85.4

	AA1
	42°19.21′N 136°44.79′E

136
	49°56.81′N 154°43.77′E

	2.21
	-1.2
	66.1

	AA2
	49°56.81′N 154°43.77′E
	56°26.23′N 173°48.90′E
	1.41
	-3.2
	66.6

	AA3
	56°26.23′N 173°48.90′E
	66°40.57′N 169°20.24′W
	1.27
	-2.9
	63.7

	AA4
	66°40.57′N 169°20.24′W
	75°57.93′N 179°32.50′E
	0.79
	0.3
	65.4

	AA5
	75°57.93′N 179°32.50′E
	74°39.10′N 169°06.84′W
	1.52
	2.7
	67.1

	AA6
	74°39.10′N 169°06.84′W
	77°00.25′N 168°55.92′W
	0.76
	0.5
	61.9

	AA7
	77°00.25′N 168°55.92′W
	75°10.36′N 159°08.36′W
	0.59
	-1.0
	58.9

	AA8
	75°10.36′N 159°08.36′W
	78°01.55′N 159°47.08′W
	0.61
	0.2
	55.7

	AA9
	78°01.55′N 159°47.08′W
	83°30.21′N 168°39.61′W
	0.55
	0.9
	53.4

	AA10
	83°30.21′N 168°39.61′W
	85°57.72′N 162°16.30′W
	0.71
	1.4
	53.3

	AA16
	77°27.06′N 176°45.75′W
	76°42.00′N 173°55.62′W
	0.50
	-4.2
	60.4

	AA17
	76°42.00′N 173°55.62′W
	75°52.72′N 170°59.35′W
	0.71
	-3.8
	64.4

	AA18
	75°52.72′N 170°59.35′W
	68°39.37′N 169°18.58′W
	0.82
	-4.2
	67.0

	AA19
	68°39.37′N 169°18.58′W
	60°06.52′N 176°34.22′E
	3.04
	-3.1
	78.6


Note: stations in Y are the Indian Ocean-SCS cruise; stations in W are the northwest Pacific Ocean cruise; stations in AA are the Arctic cruise.








Table S2. Proportional contribution of potential nitrate sources in global different oceans
	Regions
	Oceanic emissions
	Snowpack emissions
	Biomass burning
	coal combustion
	Vehicle emission
	Lightning

	Africa
	16±13%
	5±4%
	19±6%
	23±12%
	17±14%
	20±14%

	Arctic
	17±13%
	
	28±15%
	31±17%
	25±17%
	

	Australia
	17±7%
	6±3%
	19±12%
	21±20%
	18±17%
	20±12%

	East Asia
	9±3%
	
	20±14%
	41±34%
	18±8%
	19±9%

	Eastern Pacific
	31±13%
	
	17±11%
	13±8%
	18±15%
	21±17%

	Europe
	14±9%
	
	28±19%
	37±14%
	20±14%
	

	Northern Pacific
	31±25%
	
	20±18%
	34±14%
	15±12%
	

	South Asia
	5±3%
	
	22±17%
	46±18%
	9±5%
	17±12%

	Southern Ocean
	32±17%
	43±17%
	25±12%
	
	
	

	Northwestern Pacific
	20±17%
	
	21±18%
	19±13%
	22±8%
	19±15%




Table S3. Stations information and meteorological parameters during the sampling periods.
	Stations
	Time 
Start
	Time 
End
	Flow (m³/min)
	Latitude and longitude
Start
	Latitude and longitude
End
	T (℃)
	P (hPa)
	Wind speed (m/s)
	Wind direction

	Y1
	2019.11.24
	2019.11.27
	1.32
	29°57′09.80″N 122°11′01.58″E
	23°33′18.62″N 117°46′48.51″E
	22.5
	1021.8
	2.8
	NW

	Y2
	2019.11.27
	2019.12.1
	1.32
	23°30′36.36″N 117°45′07.60″E
	17°53′30.65″N111°59′42.87″E
	22.0
	1021.5
	4.7
	N

	Y3
	2019.12.02
	2019.12.05
	1.27
	16°09′58.71″N 111°09′57.32″E
	3°52′08.31″N 105°45′38.24″E
	21.5
	1019.1
	9.0
	NE

	Y4
	2019.12.05
	2019.12.09
	1.33
	3°51′06.22″N 105°44′40.52″E
	6°10′59.95″N97°20′46.90″E
	28.0
	1014.4
	1.7
	NE

	Y5
	2019.12.09
	2019.12.14
	1.33
	6°11′10.21″N 97°10′47.68″E
	2°47′37.37″N 89°59′49.01″E
	37.0
	1014.2
	1.0
	NE

	Y6
	2019.12.14
	2019.12.20
	1.34
	2°45′32.23″E 89°59′36.91″E
	2°59′51.99″S 91°30′17.17″E
	29.4
	1012.8
	4.4
	S

	Y7
	2019.12.20
	2019.12.28
	1.34
	2°59′45.46″S 91°30′21.33″E
	00°00′25.93″N 82°00′56.6″E
	27.0
	1012.4
	3.1
	SE

	Y8
	2019.12.28
	2020.1.3
	1.34
	00°00′29.73″N 82°01′03.91″E
	6°56′27.80″N 79°50′41.09″E
	26.2
	1012.9
	0.8
	SE

	Y9
	2020.1.5
	2020.1.10
	1.33
	06°56′27.18″N 79°50′40.62″E
	05°29′30.97″N 83°59′01.04″E
	28.0
	1014.1
	1.9
	SW

	Y10
	2020.1.10
	2020.1.17
	1.34
	05°28′08.26″N 83°57′57.10″E
	06°56′28.42″N 79°50′40.88″E
	26.9
	1013.0
	5.8
	NE

	Y11
	2020.1.20
	2020.1.25
	1.33
	06°00′27.13″N 77°38′01.76″E
	05°30′21.35″N 87°28′55.90″E
	25.5
	1013.5
	4.1
	W

	Y12
	2020.1.25
	2020.1.31
	1.33
	05°33′24.97″N 85°27′29.70″E
	08°00′08.93″N 87°28′55.90″E
	25.5
	1013.5
	4.4
	N

	Y13
	2020.1.31
	2020.2.7
	1.33
	08°00′08.93″N 87°28′55.90″E
	15°00′14.34″N 88°58′07.88″E
	26.2
	1013.1
	1.0
	NE

	Y14
	2020.2.7
	2020.2.10
	1.33
	15°04′12.32″N 89°00′21.22″E
	16°41′51.15″N 90°40′49.18″E
	27.2
	1018.1
	2.6
	N

	Y15
	2020.2.10
	2020.2.12
	1.33
	16°41′43.72″N 90°40′27.01″E
	16°19′08.67″N 93°02′22.34″E
	22.8
	1016.9
	2.4
	NE

	Y16
	2020.2.15
	2020.2.17
	1.34
	16°19′08.67″N 96°18′05.01″E
	14°15′00.40″N 93°02′22.34″E
	26.1
	1014.0
	1.0
	NE

	Y17
	2020.2.17
	2020.2.19
	1.33
	14°14′32.57″N 96°01′46.45″E
	16°05′58.41″N 90°18′13.15″E
	26.3
	1013.9
	2.6
	N

	Y18
	20202.20
	2020.2.21
	1.33
	16°06′13.75″N 90°20′18.35″E
	15°06′41.87″N 93°37′26.02″E
	26.7
	1019.0
	4.7
	E

	Y19
	2020.2.21
	2020.2.22
	1.05
	14°34′13.37″N 93°33′39.04″E
	14°07′31.84″N 94°44′45.83″E
	23.8
	1018.1
	8.7
	NW

	Y20
	2020.2.22
	2020.2.23
	1.06
	14°06′49.66″N 94°45′26.03″E
	13°24′21.62″N 95°46′26.41″E
	30.6
	1015.8
	8.1
	NE

	Y21
	2020.2.23
	2020.2.25
	1.05
	13°24′01.43″N 95°46′02.67″E
	12°32′10.83″N 98°32′24.01″E
	28.1
	1016.3
	1.0
	NE

	Y22
	2020.2.27
	2020.2.29
	1.05
	12°36′55.94″N 98°28′45.75″E
	5°02′36.52″N 99°02′15.52″E
	33.4
	1012.0
	2.3
	NW

	Y24
	2020.2.29
	2020.3.2
	1.05
	5°00′20.23″N 99°03′57.41″E
	2°29′32.79″N 105°03′04.74″E
	31.7
	1009.7
	4.2
	SE

	Y25
	2020.3.2
	2020.3.5
	1.06
	2°31′20.73″N 105°03′53.14″E
	12°24′10.73″N 111°39′43.99″E
	30.8
	1010.0
	5.7
	N

	Y26
	2020.3.5
	2020.3.8
	1.05
	12°25′32.99″N 111°40′30.98″E
	22°29′35.48″N 117°07′50.15″E
	30.2
	1012.8
	5.0
	N

	Y27
	2020.3.8
	2020.3.11
	1.05
	22°31′06.68″N 117°09′08.53″E
	29°55′13.86″N 122°14′29.45″E
	26.3
	1014.9
	9.6
	NW

	W01
	2020.12.11
	2020.12.13
	1.05
	29°54′12.51″N 122°13′36.74″E
	23°40′47.48″N 126°38′29.79″E
	13.1
	1019.9
	3.3
	NW

	W02
	2020.12.13
	2020.12.17
	1.05
	23°39′05.68″N 126°39′31.60″E
	12°31′56.40″N 130°06′07.08″E
	28.1
	1016.3
	3.0
	SE

	W03
	2020.12.17
	2020.12.20
	1.05
	12°30′04.00″N 130°06′05.27″E
	10°29′51.08″N 130°06′10.05″E
	31.1
	1008.4
	4.5
	W

	W04
	2020.12.20
	2020.12.26
	1.05
	10°31′02.00″N 130°04′36.00″E
	18°14′20.66″N 130°11′79.01″E
	30.0
	1011.1
	3.6
	NE

	W05
	2020.12.26
	2020.12.29
	1.05
	18°14′15.25″N 130°11′21.36″E
	13°22′32.84″N 140°32′20.01″E
	29.9
	1016.2
	3.9
	W

	W06
	2020.12.30
	2021.01.03
	1.05
	13°22′05.50″N 140°38′38.85″E
	04°00′13.25″N 146°59′58.14″E
	32.6
	1011.7
	4.8
	E

	W07
	2021.01.03
	2021.01.08
	1.05
	04°00′48.25″N 146°59′16.28″E
	04°58′33.73″N 146°59′09.36″E
	27.8
	1010.0
	4.3
	SW

	W08
	2021.01.08
	2021.01.14
	1.05
	04°58′35.06″N 146°59′10.12″E
	05°10′07.84″N 151°07′3.48″E
	30.1
	1009.8
	5.2
	NE

	W09
	2021.01.14
	2021.01.18
	1.05
	05°08′09.81″N 151°06′30.08″E
	03°04′26.99″N 155°56′27.28″E
	33.2
	1007.1
	4.1
	NW

	W10
	2021.01.18
	2021.01.24
	1.05
	03°06′55.34″N 155°56′52.31″E
	17°00′02.49″N 156°00′15.73″E
	30.8
	1008.5
	9.3
	NE

	W11
	2021.01.25
	2021.01.29
	1.05
	16°58′40.99″N 155°57′39.57″E
	17°48′30.81″N 151°51′08.45″E
	33.3
	1010.5
	2.2
	W

	W12
	2021.01.29
	2021.02.01
	1.05
	17°49′29.66″N 151°50′28.68″E
	20°13′43.72″N 141°27′24.02″E
	30.2
	1010.8
	3.4
	NW

	W13
	2021.02.01
	2021.02.03
	1.05
	20°13′42.66″N 141°26′26.25″E
	20°15′36.41″N 130°15′04.82″N
	26.9
	1018.5
	11.5
	E

	W14
	2021.02.04
	2021.02.06
	1.05
	20°19′35.72″N 130°15′10.41″E
	27°40′17.68″N 125°15′06.11″E
	26.3
	1018.5
	10.6
	NE

	W15
	2021.02.06
	2021.02.08
	1.05
	27°40′51.75″N 125°14′42.40″E
	36°06′12.04″N 120°15′14.69″E
	18.3
	1019.6
	6.9
	N

	AA1
	2020.07.15
	2020.07.21
	0.17
	42°19.21′N 136°44.79′E

136
	49°56.81′N 154°43.77′E

	21.5
	1007
	-
	-

	AA2
	2020.07.21
	2020.07.24
	0.10
	49°56.81′N 154°43.77′E
	56°26.23′N 173°48.90′E
	13.7
	1012
	-
	-

	AA3
	2020.07.24
	2020.07.27
	0.10
	56°26.23′N 173°48.90′E
	66°40.57′N 169°20.24′W
	11.1
	1005
	-
	-

	AA4
	2020.07.27
	2020.07.30
	0.10
	66°40.57′N 169°20.24′W
	75°57.93′N 179°32.50′E
	4.0
	994
	-
	-

	AA5
	2020.07.30
	2020.08.02
	0.10
	75°57.93′N 179°32.50′E
	74°39.10′N 169°06.84′W
	4.4
	994
	-
	-

	AA6
	2020.08.02
	2020.08.05
	0.10
	74°39.10′N 169°06.84′W
	77°00.25′N 168°55.92′W
	4.1
	1010
	-
	-

	AA7
	2020.08.05
	2020.08.08
	0.10
	77°00.25′N 168°55.92′W
	75°10.36′N 159°08.36′W
	1.6
	1001
	-
	-

	AA8
	2020.08.08
	2020.08.11
	0.10
	75°10.36′N 159°08.36′W
	78°01.55′N 159°47.08′W
	3.9
	1003
	-
	-

	AA9
	2020.08.11
	2020.08.14
	0.10
	78°01.55′N 159°47.08′W
	83°30.21′N 168°39.61′W
	3.4
	1004
	-
	-

	AA10
	2020.08.14
	2020.08.17
	0.10
	83°30.21′N 168°39.61′W
	85°57.72′N 162°16.30′W
	5.3
	1014
	-
	-

	AA16
	2020.09.03
	2020.09.06
	0.10
	77°27.06′N 176°45.75′W
	76°42.00′N 173°55.62′W
	2.0
	1022
	-
	-

	AA17
	2020.09.06
	2020.09.09
	0.10
	76°42.00′N 173°55.62′W
	75°52.72′N 170°59.35′W
	3.2
	1024
	-
	-

	AA18
	2020.09.09
	2020.09.12
	0.10
	75°52.72′N 170°59.35′W
	68°39.37′N 169°18.58′W
	6.4
	1006
	-
	-

	AA19
	2020.09.12
	2020.09.15
	0.10
	68°39.37′N 169°18.58′W
	60°06.52′N 176°34.22′E
	12.6
	1006
	-
	-


Note: stations in Y are the Indian Ocean-SCS cruise; stations in W are the northwest Pacific Ocean cruise; stations in AA are the Arctic cruise.


Table S4. The values of δ15N-NO3- for the potential nitrate sources.
	Sources
	δ15N-NO3-
	Reference

	Oceanic sources
	-15.4‰
	This study

	Snowpack emissions
	-54‰
	12,13

	Fossil fuel combustion
	6—13‰ (9.6±2.9‰)
	14

	Biomass combustion 
	-7.2—12.0‰ (1.0±4.1‰)
	15

	Vehicle emission
	-2‰—-13‰
(-7.0±4.7‰)
	14,16
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