Table S1. Data sources used to compile the global aerosol nitrate and ammonium concentration databases (** data available from COST735 Aerosol and Rainwater Chemistry Database, * data available from other database)
Atlantic Ocean
	Cruise
	Dates
	Originator / Data Source
	NO3-
	NH4+
	Sampler
	Substrate
	Reference

	CH127
	Jun – Jul 1996
	Lucy Spokes **
	x
	x
	SCI
	W41
	A1

	CH133
	May 1997
	Lucy Spokes **
	x
	x
	SCI
	W41
	A1

	ACE-2
	Jun – Jul 1997
	NOAA, PMEL *
	x
	x
	BCI
	Tedlar / PTFE
	A2

	NAE98
	Jun – Jul 1998
	Lucy Spokes **
	x
	x
	SCI
	W41
	A3

	AEROINDO99
	Jan – Feb 1999
	NOAA, PMEL *
	x
	x
	BCI
	Tedlar / PTFE
	A4

	Akademic Fedorov
	Nov 1999
	Aki Virkkula **
	x
	x
	LPI
	PC
	A5

	ANT18-1
	Oct 2000
	Alex Baker **
	x
	
	TSP
	W41
	A6

	JCR
	Sep – Oct 2001
	Alex Baker **
	x
	x
	SCI
	W41
	A6

	NEAQS2002
	Jul – Aug 2002
	NOAA, PMEL *
	x
	x
	BCI
	Tedlar / PTFE
	A2

	PE203
	Oct 2002
	Alex Baker **
	x
	x
	TSP
	W41
	A7

	M55
	Oct – Nov 2002
	Alex Baker **
	x
	x
	SCI
	W41
	A6

	JR90 (AMT12)
	May – Jun 2003
	Alex Baker **
	x
	x
	SCI
	W41
	A6

	33RO
	Jun – Aug 2003
	Clifton S. Buck **
	x
	
	LV
	PC/PP
	A9

	JR91 (AMT13)
	Sep – Oct 2003
	Alex Baker **
	x
	x
	SCI
	W41
	A6

	ANT21-1
	Oct – Nov 2003
	Alex Pzsenny / Bill Keene
	x
	x
	SCI
	PC/Q
	A10

	D279 (24N)
	Apr – May 2004
	Alex Baker **
	x
	x
	TSP
	W41
	A6

	JR101 (AMT14)
	May 2004
	Alex Baker **
	x
	x
	SCI
	W41
	A6

	P311 (FEEP)
	May 2004
	Alex Baker **
	x
	x
	TSP
	W41
	A7

	NEAQS2004
	Jul – Aug 2004
	NOAA, PMEL *
	x
	x
	BCI
	Tedlar / PTFE
	A2

	D284 (AMT15)
	Sep – Oct 2004
	Alex Baker **
	x
	x
	SCI
	W41
	A6

	P320/1 (AIM)
	Mar – Apr 2005
	Alex Baker **
	x
	x
	TSP
	W41
	A7

	CD171 (36N)
	May – Jun 2005
	Alex Baker **
	x
	x
	SCI
	W41
	A6

	D294 (AMT16)
	May – Jun 2005
	Alex Baker **
	x
	x
	TSP
	W41
	A6

	D299 (AMT17)
	Oct – Nov 2005
	Alex Baker **
	x
	x
	SCI
	W41
	A6

	ANT23-1
	Oct – Nov 2005
	Alex Baker **
	x
	x
	TSP
	W41
	A6

	P332
	Jan – Feb 2006
	Alex Baker **
	x
	x
	SCI
	W41
	A7

	M68/3
	Jul – Aug 2006
	Alex Baker **
	x
	x
	SCI
	W41
	A7

	TEXAQS
	Jul – Sep 2006
	NOAA, PMEL *
	x
	x
	BCI
	Tedlar / PTFE
	A8

	P348
	Feb 2007
	Alex Baker **
	x
	x
	TSP
	W41
	A7

	ANT23-10
	Apr – May 2007
	Samuel Morin
	x
	
	SCI
	GF
	A11

	D319
	May – Jun 2007
	Alex Baker **
	x
	x
	SCI
	W41
	A7

	D321A
	Aug 2007
	Alex Baker **
	x
	
	TSP
	W41
	

	M/V Oceanic II, “The Scholar Ship”
	Sep – Oct 2007
	Fudan University **
	x
	x
	TSP
	QF
	

	D325 (INSPIRE)
	Nov – Dec 2007
	Alex Baker **
	x
	x
	TSP
	GF
	A7

	JC18
	Dec 2007
	Alex Baker **
	x
	x
	SCI
	W41
	A12

	D326
	Jan 2008
	Alex Baker **
	x
	x
	SCI
	W41
	A7

	MD166 (Bonus-Goodhope)
	Feb – Mar 2008
	Alex Baker **
	x
	x
	TSP
	W41
	

	ANT24-3 (ZeroDrake)
	Feb – Apr 2008
	Alex Baker **
	x
	x
	TSP
	W41
	

	M/V Oceanic II, “The Scholar Ship”
	Mar 2008
	Fudan University **
	x
	x
	TSP
	QF
	A13

	ICEALOT
	Mar – Apr 2008
	NOAA, PMEL *
	x
	x
	BCI
	Tedlar / PTFE
	

	ANT24-4
	Apr – May 2008
	Alex Baker **
	x
	x
	TSP
	W41
	A7

	JR218 (AMT18)
	Oct – Nov 2008
	Alex Baker **
	x
	x
	SCI
	W41
	A7

	JC32
	Mar – Apr 2009
	Alex Baker **
	x
	
	SCI
	W41
	

	D338 (ICON)
	Apr – May 2009
	Alex Baker **
	x
	
	TSP
	W41
	A7

	D340
	Jun 2009
	Alex Baker **
	x
	
	TSP
	W41
	

	JC39 (AMT19)
	Oct – Nov 2009
	Alex Baker **
	x
	x
	SCI
	W41
	A7

	D350
	Apr – May 2010
	Alex Baker **
	x
	x
	TSP
	W41
	

	ANT26-4
	Apr – May 2010
	Alex Baker **
	x
	x
	SCI
	W41/QF
	

	P399
	Jun 2010
	Alex Baker **
	x
	
	TSP
	W41
	A7

	D354
	Jul – Aug 2010
	Alex Baker **
	x
	x
	SCI
	W41
	

	D371 (AMT21)
	Oct – Nov 2011
	Alex Baker **
	x
	
	SCI
	GF
	A7


Atlantic Ocean references
A1 - (Spokes et al., 2000), A2 - (Quinn and Bates, 2005), A3 - (Spokes and Jickells, 2005), A4  - (Quinn et al., 2001), A5 - (Virkkula et al., 2006), A6 - (Baker et al., 2010), A7 - (Powell et al., 2015), A8 - (Bates et al., 2008), A9 - (Buck et al., 2010), A10 - (Keene et al., 2009), A11 - (Morin et al., 2009), A12 - (Lin et al., 2016), A13 - (Zhang et al., 2010)

Indian Ocean
	Cruise
	Dates
	Originator / Data Source
	NO3-
	NH4+
	Sampler
	Substrate
	Reference

	MB95-02 to MB95-07
	Mar – Oct 1995
	Joe Prospero **
	x
	x
	TSP
	W41
	I1, I2

	M32/3
	May 1995
	Anne Johansen
	x
	x
	LV
	PTFE
	I3

	M32/5
	Jul 1995
	Anne Johansen
	x
	x
	LV
	PTFE
	I3

	SK109
	Jan – Feb 1996
	Joe Prospero **
	x
	x
	TSP
	W41
	I1

	SS164
	Mar 1996
	Manmohan Sarin
	x
	
	TSP
	GF
	I4

	SK120
	Dec 1996 – Jan 1997
	Joe Prospero **
	
	x
	TSP
	W41
	

	SK121
	Feb 1997
	Manmohan Sarin
	x
	
	TSP
	GF
	I4

	SS152
	Feb 1997
	Manmohan Sarin
	x
	
	TSP
	GF
	I4

	SO117
	Mar 1997
	Anne Johansen
	x
	x
	LV
	PTFE
	I5

	SK133
	Feb – Mar 1998
	Joe Prospero **
	x
	x
	TSP
	W41
	

	AEROINDO99
	Feb – Mar 1999
	NOAA, PMEL *
	x
	x
	BCI
	Tedlar / PTFE
	I6

	SS172
	Feb 1999
	Manmohan Sarin
	x
	
	TSP
	GF
	I7

	SK161A
	Feb 2001
	Manmohan Sarin
	x
	x
	PM10
	QF
	I8

	SK-161B
	Mar 2001
	Manmohan Sarin
	x
	x
	PM10
	QF
	I8

	SK-182B
	Sep 2002
	Manmohan Sarin
	x
	
	
	
	

	Sarin03
	Feb 2003
	Manmohan Sarin
	x
	x
	PM10
	QF
	I8

	SK223A
	Mar – Apr 2006
	Manmohan Sarin
	x
	x
	TSP
	QF
	I9

	KNOX11RR
	Nov 2007
	Alex Baker **
	x
	x
	TSP/SCI
	W41
	I10

	SK-254
	Dec 2008 – Jan 2009
	Manmohan Sarin
	x
	x
	PM10
	QF
	I8

	KH09-5
	Nov 2009 – Jan 2010
	Mitsuo Uematsu
	x
	
	
	
	

	DYNAMO
	Oct – Dec 2011
	NOAA, PMEL *
	x
	x
	BCI
	
	



Indian Ocean references
I1 - (Krishnamurti et al., 1998), I2 - (Rhoads et al., 1997), I3 - (Siefert et al., 1999), I4 - (Sarin et al., 1999), I5 - (Bange et al., 2000), I6 - (Quinn and Bates, 2005), I7 - (Rengarajan and Sarin, 2004), I8 - (Srinivas et al., 2011), I9 - (Kumar et al., 2008), I10 - (Witt et al., 2010)

Pacific Ocean
	Cruise
	Dates
	Originator / Data Source
	NO3-
	NH4+
	Sampler
	Substrate
	Reference

	ACE-1
	Oct – Dec 1995
	NOAA, PMEL *
	x
	x
	BCI
	
	P1

	KH98-3
	Jul – Aug 1998
	Motoki Sasakawa
	x
	x
	TSP
	W41
	P2

	ACE-ASIA
	Mar – Apr 2001
	NOAA, PMEL *
	x
	x
	BCI
	
	P1

	KH-01-3
	Nov 2001 – Feb 2002
	Atsushi Ooki
	
	x
	LPI
	PC
	P3

	KH02-3
	Sep – Oct 2002
	Tokuhiro Nakamura
	x
	x
	VI
	[bookmark: _GoBack]PTFE
	P4

	KH04-1
	Mar 2004
	Tokuhiro Nakamura
	x
	x
	VI
	QF
	P5

	318M
	Jun – Aug 2004
	Clifton S. Buck **
	x
	
	
	PC/PP
	P6

	P16S
	Jan – Feb 2005
	Clifton S. Buck **
	x
	
	
	PC/PP
	P6

	ORII_CR1270, ORII_CR1271, FRI_SEATS 33
	Mar 2005
	S-C Hsu
	x
	x
	TSP
	W41
	P7

	ORII_CR1274
	Apr 2005
	S-C Hsu
	x
	x
	TSP
	W41
	

	ORI_CR 756, FRI_MOSSAT
	Jun 2005
	S-C Hsu
	x
	x
	TSP
	W41
	

	FRI_SEATS 34
	Jul 2005
	S-C Hsu
	x
	x
	TSP
	W41
	

	FRI_MOSSAT -2, ORI_CR 780
	Dec 2005
	S-C Hsu
	x
	x
	TSP
	W41
	

	P16N
	Feb - Mar 2005
	Clifton S. Buck **
	x
	
	
	PC/PP
	P6

	ORII_CR1337, ORII_CR1338, ORII_CR1340
	Mar 2006
	S-C Hsu
	x
	x
	TSP
	W41
	P7

	ORII_CR1343, ORII_CR1344
	Apr 2006
	S-C Hsu
	x
	x
	TSP
	W41
	P7

	FRI_JHS
	May 2006
	S-C Hsu
	x
	x
	TSP
	W41
	

	FRI_SEATS 37
	Jul 2006
	S-C Hsu
	x
	x
	TSP
	W41
	

	ORI_CR 812
	Oct 2006
	S-C Hsu
	x
	x
	TSP
	W41
	

	ORI_CR 815
	Nov 2006
	S-C Hsu
	x
	x
	TSP
	W41
	P7

	ORI_CR 821
	Jan 2007
	S-C Hsu
	x
	x
	TSP
	W41
	

	ORII_CR1421, ORII_CR1422, ORII_CR1424
	Mar 2007
	S-C Hsu
	x
	x
	TSP
	W41
	P7

	ORII_CR1428
	Apr 2007
	S-C Hsu
	x
	x
	TSP
	W41
	P7

	TF5-1
	May – Jun 2007
	Alex Baker
	x
	x
	TSP
	W41
	P8

	FRI_JHS -2
	May – Jun 2007
	S-C Hsu
	x
	x
	TSP
	W41
	

	ORI_CR 836, ORI_CR 837
	Jul 2007
	S-C Hsu
	x
	x
	TSP
	W41
	

	M/V Oceanic II, “The Scholar Ship”
	Oct –Dec 2007
	Fudan University **
	x
	x
	TSP
	QF
	P9

	HSu07
	Dec 2007
	S-C Hsu
	x
	x
	TSP
	W41
	

	ORI_CR 855
	Jan 2008
	S-C Hsu
	x
	x
	TSP
	W41
	

	ORII_CR1524
	Mar 2008
	S-C Hsu
	x
	x
	TSP
	W41
	

	TF5-2
	Apr – May 2008
	Alex Baker
	x
	x
	TSP
	W41
	P8

	ORII_CR1528, ORII_CR1529
	Apr 2008
	S-C Hsu
	x
	x
	TSP
	W41
	

	KH-08-2
	Jul – Sep 2008
	Jinyoung Jung
	x
	x
	VI
	PTFE
	P11

	ORI_CR 870
	Jul 2008
	S-C Hsu
	x
	x
	TSP
	W41
	

	TF5-3
	Aug – Sep 2008
	Alex Baker
	x
	x
	TSP
	W41
	P8

	VOCALS
	Oct – Nov 2008
	NOAA, PMEL *
	x
	x
	BCI
	Tedlar / PTFE
	P10

	MR08-06
	Jan – Mar 2009
	Jinyoung Jung
	x
	x
	VI
	PTFE
	P11

	TF5-5
	Oct – Nov 2009
	Alex Baker
	x
	x
	TSP
	W41
	P8

	SO202 (TransBrom)
	Oct 2009
	Alex Baker
	x
	x
	SCI
	W41
	P8

	KH09-5
	Nov 2009
	Mitsuo Uematsu
	x
	
	
	
	

	CALNEX
	May – Jun 2010
	NOAA, PMEL *
	x
	x
	BCI
	Tedlar / PTFE
	P12

	KH11-10
	Dec 2011 – Jan 2012
	Mitsuo Uematsu
	x
	x
	
	
	

	KH12-1
	Feb – Mar 2012
	Mitsuo Uematsu
	x
	x
	
	PTFE
	

	SO218 (SHIVA)
	Nov 2011
	Alex Baker
	x
	
	TSP
	GF
	

	M91
	Dec 2012
	Alex Baker
	x
	x
	TSP
	W41
	P13



Pacific Ocean references
P1 - (Quinn and Bates, 2005), P2 - (Sasakawa and Uematsu, 2002), P3 - (Ooki et al., 2007), P4 - (Nakamura et al., 2005), P5 - (Nakamura et al., 2006), P6 - (Buck et al., 2013), P7 - (Hsu et al., 2010), P8 - (Martino et al., 2014), P9 - (Zhang et al., 2010), P10 - (Allen et al., 2011), P11 - (Jung et al., 2011), P12 - (Vicars et al., 2013), P13 - (Baker et al., 2016)
Abbreviations
Samplers types: TSP – total suspended particulate; SCI – Sierra-type cascade impactor; LPI – low pressure impactor; LV – low volume; PM10 – particulate matter < 10 µm; VI – virtual impactor; BCI – Berner impactor
Substrates: W41 – Whatman 41; QF – quartz fibre; GF – glass fibre; PC - polycarbonate; PP – polypropylene; PTFE – polytetrafluoroethylene; Tedlar – polyvinyl fluoride


Table S2. Emissions (Gg-N yr-1) of nitrogen oxides (NOx) and ammonia (NH3) used in ACCMIP models and in TM4 in.
	
	ACCMIP MMM (2000)
	TM4 (RCP6 2005)

	
	NOx
	NH3
	NOx
	NH3

	Global
	46.44
	49.01
	49.36
	52.64

	Africa
	0.495
	0.307
	0.616
	0.338

	India
	1.818
	2.657
	2.194
	3.332

	SE Asia-Japan
	3.250
	1.543
	3.895
	1.798




Table S3. Summary of areal average dry deposition velocities (vd, cm s-1) used in the calculation of CalDep by the variable vd method and “effective mean deposition velocities” for TM4 for NO3- and NH4+ for grid cells containing observations for the whole ocean and the TEAtl, NInd and NWPac regions. Effective deposition velocities were calculated as the ratio of the annual deposition fluxes to the respective annual mean concentrations, but these values are not representative of the deposition velocities used at the model time-step.
	
	CalDep,  Variable vd
	TM4, “effective mean vd”

	
	NO3-
	NH4+
	NO3-
	NOy

	Whole Ocean
	0.81
	0.15
	0.68
	0.15

	TEAtl
	0.67
	0.12
	0.50
	0.15

	NInd
	0.61
	0.11
	0.51
	0.14

	NWPac
	0.73
	0.13
	0.55
	0.15




Figure S1 Global maps showing the distribution of dry deposition velocity calculated from annual mean surface wind speed using the variable vd method for a) nitrate and b) ammonium and applied in the calculation of CalDep for these species. Also shown are corresponding maps of “effective mean dry deposition velocity” in TM4 for c) nitrate and d) ammonium calculated as the ratio of their respective modelled dry deposition flux and concentration fields. (Note that TM4 effective vd does not represent the actual deposition velocities used at each model time-step).
[image: ]



Figure S2 Summary of observed NO3- aerosol database: a) number of observations for each grid cell, b) number of calendar months for which there are observations, c) mean observed concentration and d) relative standard deviations of mean concentrations. 
[image: ]
Figure S3 Summary of observed NH4+ aerosol database: a) number of observations for each grid cell, b) number of calendar months for which there are observations, c) mean observed concentration and d) relative standard deviations of mean concentrations.
[image: ]
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Figure S4 Global maps showing the percentage difference between modelled a) nitrate and b) ammonium concentrations from TM4 and mean observed aerosol concentrations for those species. 
[image: ]




Figure S5 Scatter plots comparing dry deposition fluxes (mg N m-2 d-1) of a) – c) NO3- and d) – f) NH4+ derived from the observational database with corresponding fluxes from model output. Panels represent comparisons to a) NOy from ACCMIP, b) NOy from TM4, c) NO3- from TM4, d) NHx from ACCMIP, e) NHx from TM4 and f) NH4+ from TM4. CalDep calculated by the fixed vd method. Explanations of marker sizes and colours are given in the legend for Fig. 4.
[image: ]

Figure S6 Global maps showing the percentage difference between modelled NOy / NO3- dry deposition fluxes from ACCMIP and TM4 and mean observed dry deposition of NO3- calculated using the fixed and variable vd methods. Panels show comparisons of a) & d) ACCMIP NOy, b) & e) TM4 NOy and c) & f) TM4 NO3- to observed fluxes calculated using the fixed vd (left column) and variable vd (right column) methods.
[image: ]

Figure S7 Global maps showing the percentage difference between modelled NHx / NH4+ dry deposition fluxes from ACCMIP and TM4 and mean observed dry deposition of NH4+ calculated using the fixed and variable vd methods. Panels show comparisons of a) & d) ACCMIP NHx, b) & e) TM4 NHx and c) & f) TM4 NH4+ to observed fluxes calculated using the fixed vd (left column) and variable vd (right column) methods.
[image: ]

Figure S8 Global maps showing the relative standard deviations of the deposition velocities (vd) calculated using annual mean ECMWF wind speeds for each of the years 1995 – 2012 for a) coarse and b) fine particles.
[image: ]

Figure S9 Global maps showing the relative standard deviations of the monthly mean a) nitrate and b) ammonium concentrations simulated by the TM4 model. (Over the Southern Ocean and Arctic Ocean, rsd values for ammonium were greater than 100% because aerosol concentrations were very low).
[image: ]
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