Text S1. 
Detailed calculation of NH3 flux for primary monitoring techniques
Closed and vented chambers
The closed chamber method utilizes a sealed enclosure with an acidic trap, and the vented chamber uses acid-soaked sponges to capture NH3[1].
NH3 emission flux (mg N m−2 h−1) is calculated by the following formula:

where Mf (mg N) is NH4+-N content in the acidic solution (closed chamber) or the lower sponge (vented chamber) for N-applied plots; Mb (mg N) is the NH4+-N content in sponge before it was placed in field; A (m2) is the inner area of the chamber. t (h) is the duration the sponge is placed in the field.
Dräger-Tubes 
Ambient air is drawn through four chambers by a hand pump. The air is enriched with NH3 emitted from the soil surface. The air is then led through Teflon tubing to an NH3 sensitive Dräger gas analysis detector tube which immediately displays the NH3 concentration. The NH3 fluxes (mg N m−2 h−1) were calculated according to the following formula:

where V is air volume sucked through the chambers; C is the value of NH3 vol. concentration (ppm); ρNH3 is temperature-dependent density of NH3 (mg L−1); UN is molecular weight conversion factor of NH3 to N; UF is surface area conversion factor (m−2); UZ is time conversion factor (h−1). Since the air exchange rate in the chamber is very low (1 vol. min−1) , the actual NH3 emission is underestimated, and the calibration should be conducted as described by Pacholski et al.[2].
Dynamic chambers
Air is drawn through the chamber at a known rate by a vacuum pump, and the exhausted air is passed through acid solution to trap NH3. The concentration of NH4+‒N in the absorption liquid is then measured to calculate the NH3 emission fluxes. The NH3 fluxes (kg N ha−1 d−1) were calculated using the following equation: 

where C is the NH4+-N concentration in the absorption solution (mg N L−1); V is the volume of the absorption solution after measurement (L); t is the duration of collection (h); and r is the chamber radius (m).  
Wind tunnel
Wind speed inside the tunnel is adjusted to match the external environment through an automatic fan system, ensuring that factors such as temperature, humidity, and light inside and outside the tunnel remain relatively consistent. Compared to the static and dynamic chamber methods, it enhances the microclimatic conditions of the experimental area while retaining the chamber method’s advantage of suitability for small-scale, multi-treatment comparative experimental studies[3-7]. A half-cylinder or rectangular tunnel is placed over the soil surface, and a fan forces air through it at controlled speeds to simulate specific aerodynamic conditions. Driven by the fan, the air flow stably flows through the wind tunnel. NH3 emission flux is obtained by measuring the mass difference of NH3 before and after the wind tunnel intake. The NH3 emission fluxes (g N m−2 min−1) were calculated using the following equations [8]:

where C is the NH3 concentration (g L−1), q is the volumetric air flow rate (L min−1), and A is the area of the soil surface within the tunnel (m2). 

P is the air pressure (1 atm), R is the gas constant (0.08206 L atm K−1 mol−1), T is the temperature (K), Co is the outlet concentration (ppb), Ci is the inlet concentration (ppb), and M is the molar mass of NH3 (17.03 g mol−1).
This method has some drawbacks, for instance, the equipment is complex and expensive, the operation is cumbersome, and importantly, the wind tunnel method cannot simulate calm wind conditions or precipitation. When wind speeds fall below 0.3 m s−1, measurement errors tend to increase. 
Integrated horizontal flux (IHF)
The vertical NH3 flux in a region equals to the integration of horizontal NH3 fluxes across a vertical cross-section on a rod[9,10]. This method is suitable only for measuring NH3 emissions following N fertilization in cropland. At any given height, the horizontal NH3 flux is the product of wind speed and NH3 concentration. A gaseous NH3 absorption device and an anemometer were placed at different heights on a mast positioned at the center of the circular area, ensuring that the NH3 concentration at the highest point approximates the background concentration.
Vertical flux (F, g m−2 s−1) is calculated by integrating the net horizontal fluxes over the height profile (from 0 to Z, m) and dividing by the fetch distance or plot radius (x, m) to obtain the NH3 flux, using the following equation[11-13]:

where u (m s−1) is the wind speed, and c (g m−3) is NH3 concentration downwind, and cb is the NH3 concentration at the upwind edge of the treated area. 
The invention of the upwind sampler by Leuning has simplified and made the operation of the mass balance method more feasible. This sampler can directly measure the horizontal flux of NH3 at a specific height without the need to separately measure wind speed and NH3 concentration[14]. According to Leuning et al. (1985), ȗĉ is derived from: 

where M is the amount of NH3-N collected (g) by the Leuning sampler during the sampling period t (s), and A is the effective cross-sectional area of the sampler (m2), determined in wind-tunnel calibrations.
Aerodynamic gradient method (AGM)  
Over an extensive, uniform surface, measurements of the vertical profiles of wind speed, temperature, and NH3 concentration can be used to estimate fluxes between the atmosphere and the ground. A negative flux value denotes the absorption of atmospheric NH3 by the underlying soil–canopy system[15]. 
The principle of the AGM is that the NH3 flux is calculated from vertical concentration profiles of NH3, coupled with turbulence information from either combined wind and temperature profiles or from ultrasonic anemometers, which provide direct estimates of friction velocity and sensible heat flux[16]. The NH3 flux (F) was calculated using the following equation[17,18]:

where u∗is the friction velocity, k is the von Kármán constant (0.41), χ is NH3 concentration, z is height above the ground, and ψH is the integrated stability function, which changes with height (z) above the zero-plane displacement (d) and atmospheric stability, parameterized by the Monin-Obukhov length (L). 
Another similar gradient method was adopted by Hayashi et al. (2009). The NH3 flux was calculated by multiplying the difference in NH3 concentrations between two heights by the diffusion velocity (D, m s−1)[19], which is calculated as: 

where u*, k, and ϕg(ζ) are von Karman’s constant (0.4), the friction velocity (m s−1), and the correction factor as a function of the Monin–Obukhov stability parameter (ζ), respectively. ζ is defined as ζ= (z-d)/L, where z, d, and L are the target height (m), zero-plane displacement height, and the Monin–Obukhov length (m), respectively. ζ1 and ζ2 are the ζ values at heights of z1 and z2 respectively. ϕg was approximated by the dimensionless gradient of the potential temperature (ϕh). z and ϕg(ζ) were calculated using u* and L from the sonic anemometer-thermometer. The mean value of D during the measurement interval of NH3 was used for NH3 flux calculation.
Relaxed eddy accumulation method (REA) 
The REA method can also be used to investigate the net bidirectional exchange of NH3 (emission/absorption) above the canopy under field conditions[20]. The REA method is based on the principles of the eddy covariance technique and has the advantage of not requiring high time-resolution concentration measurements, such as those obtained with denuder or filter-pack sampling systems[20]. Additionally, a 3D sonic anemometer is necessary. The NH3 flux is derived from the difference in NH3 concentration between updrafts and downdrafts as follows:

where β is an empirical coefficient that describes the relative contributions of turbulent updrafts and downdrafts to the flux, with a theoretical value of 0.627[21], σw is the standard deviation of the vertical wind velocity, and C+ and C- are the mean concentrations of NH3 in the updraft and downdraft, respectively.
Eddy covariance (EC)
This method requires fast-response, and highly sensitive NH3 analyzers, such as a solar-powered open-path NH3 analyzer, and a 3D sonic anemometer. Currently, EddyPro software is used to calculate EC fluxes following widely accepted methodologies[22]. 
The following equation is used to calculate the NH3 flux:

According to Wang et al. (2021), ρA is the NH3 density; ρd is the dry air density; μ is the molar mass ratio of dry air to water vapor; ρv is the water vapor density; w′ρ′ is the water vapor flux; Ta is the air temperature; and w′Ta′ is the heat flux. The variables A, B, and C are dimensionless parameters and account for spectroscopic effects, varying with ambient temperature, pressure, and water vapor content.
Backward Lagrangian stochastic (bLS) model  
The NH3 emission flux (Q, μg m−2 s−1) can then be calculated using the following equation : 

where c (μg m−3) represents NH3 concentration at the monitoring location, while cb denotes the background NH3 concentration. NH3 concentration can be measured using devices such as the open-path tunable diode laser absorption spectroscopy (TDLAS)[23], the mini-differential optical absorption spectroscopy (DOAS) system[24], or the open-path Fourier transform infrared (OP-FTIR) spectroscopic concentration sensor[25].
The ratio (c/Q)sim is predicted by modeling the upwind transport trajectories of NH3 from the monitoring site back to its source, based on Monin–Obukhov similarity theory (MOST) where wind flow is determined by atmospheric friction velocity (u*), the Obukhov stability length (L), the surface roughness length (z0) and wind direction (β), which can be obtained by measuring profiles of temperature and wind[26]. 
Table S1. Comparison of current cropland NH3 emission inventories
	Studies
	Year
	Global
	China
	Method
	Fertilizer type

	Yan et al.[27] 
	1995
	
	5.77
	Constant EF
	FSN, FAW, FBN and FCRa

	Bouwman et al.[28]
	1995
	9.0
	
	Constant EF
	FSN

	Bouwman et al.[29] 
	2001
	18.5
	
	Linear regression model
	FSN and FAW

	Riddick et al.[30]
	2000
	12.0
	2.6
	Process-based model
	FSN

	Xu et al.[31]
	2000
	13.6
	3.3
	DLEM-Bi-NH3
	FSN

	
	2010
	16.7
	4.2
	DLEM-Bi-NH3
	FSN

	IPCC Tier 1
	2000
	13.8
	
	Constant EF
	FSN, FAW, and FCR

	Paulot et al.[32]
	2005-2008
	9.4
	3.0
	Data-driven model
	FSN

	Vira et al.[33]
	2010-2015
	11.0
	2.3
	Process-based model
	FSN

	Zhan et al.[34]
	2000
	14.4
	4.5
	Updated data-driven model
	FSN, FAW, and FCR

	Xu et al.[35] 
	2018
	4.3
	1.4 
	Machine learning model 
	FSN and FAW in rice, maize and wheat fields

	Zhang et al.[36]
	2020
	22
	
	CHANS mass-balance model
	All N fertilizer input

	Zhang et al.[37]
	2015
	
	8.2
	CHANS mass-balance model
	FSN, FAW

	Wang et al.[38]
	2013
	
	1.7
	Multi-place field measurements
	FSN


aFSN, synthetic N fertilizer; FAW, animal excreta used as fertilizer; FBN, biologically fixed N; FCR, N in crop residue returned to croplands
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