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S1 Budgets of TAN and other nitrogen species in soil layers for simulating chemical fertilizer applications

The budget of TAN in each soil layer (Mran, L, § N m2, given in per unit area; all masses have units of g m if not
specifically explained) varies as processes can be different. For the top soil layer (0-2 cm), the time-dependent TAN pool is
expressed as:

dMTANL1

dt = ITAN + FTAN - FNH3 - FN runoff — Fdiffusion - Fdrainage — Dnitrif- (SMl)
For soil layer 2 and 3:
dMTANL23 _

dt - ITAN + FTAN - Fdiffusion - Fdrainage or leaching — Tnitrif = Fuptake- (SMZ)

The input flux Itan includes diffusive and drainage fluxes from the layer above for soil layer 2 and 3.

The bottom soil layer acts as a boundary layer of the deeper soils where dissolved nitrogen is lost from the soil column
through leaching and diffusion, where the pools and concentrations of nitrogen species are set to 0. The bottom soil layer has
a thickness of 14 cm in order to define the transport distance for diffusive fluxes and also to be consistent with the layering
of the reanalysis soil data used in the model.

AMCLIM also simulates urea and nitrate in soils. In the top soil layer, the time-dependent urea and nitrate pools are
expresses as:

dMurea,Ll _
dt = Iurea - KUreaMUrea - Furea runoff — Fdiffusion - Fdrainager (SM3)

dMnitrate,Ll _
dt - Fnitrif - Fnitrate runoff — Fdiffusion - Fdrainage- (SM4)

For soil layer 2 and 3:

dMurea,L2,3 _
dt - Iurea - KUreaMUrea - Fdiffusion - Fdrainage! (SMS)

dMnitrate,Lz,S _
dt = Dnitrif — Fdiffusion - Fdrainage - Fuptake- (SM6)

The fluxes have been explained in Sections 2.2.1 (Iran — direct input of TAN species, such as ammonium or ammonia; lran —
direct input of urea from fertilizer; Fran — TAN production through urea or UA hydrolysis and decomposition of organic N;
Fyn, — flux of NHs volatilization; Franiureanitrate runoft — flux of surface TAN, urea or nitrate runoff; Faitrusion — diffusive fluxes;
Fdrainage — flux of drainage; Fieaching — flux of leaching; Fnivit — nitrification; Fupake — flux of N uptake by plants/crops; all N
fluxes/flows have units of g N m2stif not specifically explained).

Urea hydrolysis is one of the main inputs to soil TAN pool. The hydrolysis of urea is dependent on environmental factors,
such as temperature and water content of the soil. The hydrolysis rate of urea (Kurea, S%) is parameterized as follows by

assuming a first order reaction according to Sherlock and Goh (1984):

dMyrea
dt

KUrea =1- exp (_kh -WFPS - Ah), (88)

= —KyreaMurea: (S7)
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Ay = 0.25exp(0.0693 (T — 273.15)), (S9)
where k, is the urea hydrolysis constant for urine (6.4x10°° s or 0.23 h'; Sherlock and Goh (1984)) and for urea in soils
(8.3x10% s or 0.03 h'%; Dutta et al. (2016)). WFPS is the water-filled pore space. Ay is a temperature correction dependence,
and T is the temperature in Kelvin (K).

S2 Adsorption coefficient of NH.* on solid particles

Soils can adsorb NH." due to cation exchange, and the adsorption of NH4* on soil solids varies between different soils (Buss
et al., 2004). The cation exchange capacity of soils is difficult to simulate especially on a global scale. Therefore, the
partitioning coefficient Kq (m® m?) used to determine the NH4* adsorption is derived from an empirical relationship
depending on the fractional soil clay content (fuay) to which the soil cation exchange capacity is related (Dutta et al., 2016).

The equation is expressed as:

K4 = 0.5(7.2733fuay” — 11.22f1ay”) + 5.7198f 1y + 0.0263. (SM10)

S3 Nitrification process

Nitrification is considered to take place in soils and solid manure systems exposed to oxygen. In contrast, for liquid systems,
such as slurry system or lagoon, nitrification is considered to be absent or negligible due to the high water content that
reduces oxygen availability.

A first-order reaction is used to determine nitrification as shown in Eq. (12). The optimum nitrification rate (Knitit opt) iS Set
to be 10 % per day, and the nitrification rate Kniwis is affected by temperature, water content, and pH as shown in Eq. (12)
(Parton et al., 1996, 2001). The dependence of each factor is expressed by the following equations. The temperature
dependence is taken from Stange and Neue (2009):

Tmax,nitrif_Tgnd a Tmax,nitrif_Tgnd
Knitirigr = (80 _yas oy (g ((—mexnini_gnd_y) (SM11)
max,nitrif ~ ! optnitrif max,nitrif ! optnitrif

where Tgng is the ground temperature. The maximum temperature (Tmaxnirit) @nd optimum temperature (Toptnirit) for microbial
activity is 313 K and 301 K, respectively. as is an empirical factor that equals to 2.4 for manure; optimum temperature is 303
K and as is 1.8 for synthetic fertilizer (Stange and Neue, 2009).

The water content and pH dependence are taken from the empirical function of Patron et al. (1996)

WFPS—b d.(%) (WFPS—C

Knitrigwrps = (T) )%, (SM12)

a—c
where WFPS is the water-filled porosity of soil and is set to 1.0 for solid manure storage. Coefficients a, b, c and d are equal
t0 0.60, 1.27, 0.0012 and 2.84, respectively (Parton et al., 1996).

tan~1(0.45m(pH-5))

knitritpn = 0.56 + (SM13)
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Nitrification is mainly found to take place in soils at pH ranging between 5.5 to 10, with the optimum pH at around 8.5, and
the process mainly ceases in soils under natural pH less than 5.0 (Parton et al., 1996). In AMCLIM-Land, the pH dependence

for nitrification rate is a trigonometric function from Parton et al. (1996).

S4 Nitrogen and water uptake by crops

Nitrogen uptake by plants in AMCLIM-Land is assumed to take place in soil layers 2 and 3, which can be calculated by Eq.
(13) in Sect.2.2.1. Uptake is not treated in the top soil layer (layer 1), which focuses on the ammonia—atmosphere exchange
interface (Sect.2.2.1). AMCLIM-Land uses a root uptake scheme derived from several studies (Riedo et al., 1998; Thornley,
1991; Thornley and Cannell, 1992; Thornley and Verberne, 1989). Crops can take up both ammonium and nitrate from the
soils, together termed as Myefr, as expressed by the follows:

Myest = Myy + apiantMnos, (SM14)
where My and Myo; are ammonium and nitrate pools in soils. A dimensionless parameter apiant varies between 0.5 to 1.0

depending upon temperature, and is calculated by the following equation:

(20-Tgpnd)
Aplant = Q20 — (Az0 — alo)ﬁ! (SM15)

where a,, and a,, are reference values at 20 and 10 °C, respectively (Thornley and Verberne, 1989). However, this equation
is only applicable between 10 and 20 °C so is extrapolated to a broader temperature range as the following equation:

Aplane = 0.25¢%0°%Tand, (SM16)
The integrated root activity parameter a,.,,. is determined by the following equation:

Aroot=0N Ni=1 ViWy, (SM17)
where W;i (g m™) is root structural dry matter and v;is the corresponding root activity weighting parameter (Thornley and
Verberne, 1989). There are four components in W, that represent the structural dry matter of roots at different stages (i.e.,
four age categories of roots from young to mature). The values of W;; were taken from Thornley et al (1991), which are
equivalent to 20, 40, 60, 80 g m2. Mature roots have larger W;;values. The root activity weighting parameter v; changes as
plants grow, i.e., larger values refer to more mature roots of the plant. AMCLIM-Land uses a set of empirical values to
represent vi, which describes the status of roots at six growing stages (Table Al). The six growing stages are evenly

distributed during the growing season of a crop.

Table S1. Root activity weighting parameters at different crop growing stage.

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6

Vi 0.1 1.0 1.0 0.5 0.25 0.1
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V2 0.1 0.5 1.0 1.0 0.5 0.25
V3 0.1 0.25 0.5 1.0 1.0 1.0

V4 0.1 0.1 0.25 0.5 1.0 1.0

oy (g N gt d?) is the temperature-dependent root activity parameter for nitrogen, which is calculated by the following
equation:

ON = OzofT! (SM18)
where g, is a reference value that is set at 0.05 at 20 °C (Thornley and Verberne, 1989), and the temperature dependence
(fr) is identical as Eq. (SM16).

The combined response factor Jcn (dimensionless) for plant uptake to substrate carbon and nitrogen from the soil is

calculated by the following equation:

K N
Jon=1+50 (14 1) (SM19)

JNUN

where Kcun (0.05[C]) and Jnun (0.005[N]) are constants. In this equation, C (g C m?) and N (g N m?) are substrate

concentration of carbon and nitrogen (Riedo et al., 1998; Thornley, 1991; Thornley and Cannell, 1992; Thornley and
Verberne, 1989), respectively. As the model does not simulate plant dynamics, C and N are represented by fixed values of 40
g C m2and 4 g N m?, respectively (Riedo et al., 1998).

Combining these terms, plant uptake of N (Fupake) Can be expressed as (Riedo et al., 1998; Thornley, 1991; Thornley and
Cannell, 1992):

M +a itMno=
F _ @root _ Mneff _ 4 w. NHj T Oplantnit" NO3 1
uptake — — ., —OnN Zi:l v W,
JeN Mneff +KNeff

(SM20)

‘ MNHI"'aplant,nitMNO;+KNeff 1+K—CC(1+%).
where Kneft is a root activity parameter, set at a constant of 5 g N m2 (Riedo et al., 1998).  Water uptake (Wyptake, M s2) by

crops is represented by a simple empirical equation that is related to the soil water content (Dardanelli et al., 2004), which is

expressed as follows:
Wuptake = uptake(g - pr)v (SM21)
where Kyptake is an empirical coefficient that equals to 1.1x106s (0.096 d1) (Dardanelli et al., 2004).

S5 Calculation of soil resistances

Agqueous and gaseous diffusion of nitrogen species in soils are constrained by soil resistances. The soil resistance is

determined by the following equation:

Azgoi
Rsoil,aq/gas = #1 (SMZZ)

ag/gas
Eaq/gas(‘9)D1\u-[4/m-13
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where Azg,; (M) is the transport distance in soils, which is treated as the distance between the mid-points of each soil layer.

aq/gas

The molecular diffusivity (Dyy Jnn,

m? s!) is multiplied by a soil tortuosity factor, &,q/¢as(8), to adjust for the soil water

content as well as the porosity (Millington and Quirk, 1961; Méring et al., 2016; Vira et al., 2020). The molecular diffusivity
and tortuosity factor are calculated by the following equations:

9.8 x 10710.1.03727315  for NH;r
DaQ/gas — 10_7'T1'75(1/mair+1/mNH3)0'5  for NH,

NH,4/NH; s (SM23)
P[airv) Y3+ (SN vi) 12

where mair and my;y,are molecular weight of air and NHs, respectively, using values of 29 g mol™ and 17 g mol ™. ;. v;
(20.1) and ¥.nu, v; (14.9) are the atomic diffusion volumes for air and NH3 (Perry and Green, 2008), and p (Pa) is pressure in

the atmosphere.

8.5

( 85
6-0 3 . .
| s 2 ei,a;) , for gaseous diffusion

faq/gas ) = ;t ) (SM24)

o7 for aqueous diffusion
sat

where 05, is soil water content at saturation. The tortuosity factors are calibrated by site simulations using AMCLIM under
the conditions of the GRAMINAE field experiment (see Sect.2.3.1).

S6 Concentrations of nitrogen species at surface

Volatilization and runoff take place at the land surface, with these fluxes being primarily driven by nitrogen concentrations
at the surface. To take into account the soil resistance and heterogeneity of the soil, the surface concentrations of nitrogen
species are not calculated from dividing the mass of nitrogen in the soil layer by the volume (or the thickness over unit
areas), but are solved by assuming that the upward diffusion (from the mid-point of the top soil layer to the surface) is equal

to the volatilization and runoff, as expressed by Eq. (14). Therefore, Eq. (14) can be expanded as:

[NH3(8)]srf~Xatm +q, - [TAN(aQ)] o = [TAN(aq)]L1—[TAN(aq)]srf + [NHg(g)]Ll—[NHg(g)]srf_ (SM25)
Ratm RLl,aq RLl,gas

The aqueous concentration of TAN at the surface can be solved as:

K
[TAN(aq)]Lr(RLia 5 RLT;:S) gz:ﬁ (SM26)

[TAN(aq)]sf =

y
1 1
t +K . +
ar RLiaq NH3 <RL1_gas Ratm)

and gaseous NH3 concentration at the surface can be solved subsequently (combined with Eq. (6)).
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S7 Water drainage and percolation flux

Leaching of nitrogen from soils is determined by multiplying the aqueous concentrations of each species by the percolation
flux of water. The percolation flux of water is the minimum value between the soil hydraulic conductivity and the drainage
potential as shown in Eq. (17).

The soil hydraulic conductivity (Ks) is related to the soil water content and the soil characteristics, which is approximated by

the following equation (Li et al., 2019):
0

KS = a]{sat, (SMZ?)
Where K, = 2.2 X 1077e*, (SM28)
given X = 7.755 + 0.0352fyj1 — 0.967BDgo% — 0.000484 f10,% — 0.000322fy1,* + ot — %7*% _ 0.643log, fje —

fsitt  fsom
0.01398BDsyj; * fsite — 0.1673BDgoi * from: (SM29)
and where Ke (M s is the soil hydraulic conductivity at saturation, which is dependent on the fractional soil silt (i) and
clay content (fciay), bulk density of soil (BDsoit, g cm®) and fractional soil organic matter content (fsom). The information of
soil properties is from the Regridded Harmonized World Soil Database (HWSD) v1.2 (FAO and IIASA, 2012; Wieder et al.,
2014).

The drainage potential of a soil layer is calculated by the following equation:

86ty (SM30)
fc

Dpor = max (0, p”

where ti is a reference time that soil water content reaches field capacity, which is set at 24 h. The field capacity of soil is
determined from the bulk density (BD) (Li et al., 2019), as expressed by the following equation:

O¢c = 0.45 — 0.06BDg;1%. (SM31)

S8 Fertilizer types from IFA and disaggregation of total nitrogen rates

AMCLIM-Land uses nitrogen chemical fertilizer consumption statistics at country-level from the International Fertilizer
Association (IFA, 2023). Nitrogen fertilizer types provide in the IFA dataset includes direct NHs, ammonium phosphate
(AP), ammonium sulphate (AS), ammonium nitrate (AN), calcium ammonium nitrate (CAN), NK compound fertilizer (NK),
NPK compound fertilizer (NPK), nitrogen solution, other NP fertilizer (other NP), urea, and other N straight fertilizer. It is
assumed that NK compound fertilizer, NPK compound fertilizer and other NP fertilizer have the same amount of ammonium
and nitrate on an equivalent basis. Nitrogen solution is assumed to contain 75 % of ammonium and 25 % nitrate (Vira et al.,
2020). Other N straight fertilizer is treated as urea in AMCLIM-Land. The nitrogen in ammonium fertilizer, urea fertilizer
and nitrate fertilizer can be calculated accordingly by the following equations:

Ammy = NH; + APy + ASy + 0.5(ANy + CANy + NK + NPK + other NP) + 0.75Nsolution, (SM32)



Ureay = Urea + Other N straight, (SM33)
165 Nity = 0.5(ANy + CANy + NK + NPK + other NP) + 0.25Nsolution. (SM34)
The fraction of the major three nitrogen fertilizer groups (ammonium, urea and nitrate) is then calculated as follows:

Mfert(j
frert(y = T — (SM35)

Z,?’:l Mfere()

The nitrogen application and fraction of three types of fertilizers as derived here for 2010 and 2018 are shown in Figure S1

and S2.
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Figure S1. Fertilizer information of 2010. (a) Total nitrogen application rate. (b) Fraction of ammonium fertilizer. (c) Fraction of
urea fertilizer. (d) Fraction of nitrate fertilizer.
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Figure S2. Same as Fig. S1, but for 2018.

S9 Model diagnostic for the GRAMINAE site simulations

Figure S3 shows the modelled concentrations of N species in soils, as well as soil resistances and the NH3 emissions. Figure
S3 includes aqueous TAN and gaseous NHs; in this paragraph, TAN refers only to aqueous TAN only excluding solid
exchangeable TAN.

The simulated concentrations of surface gaseous NHsare found to be much higher than the atmospheric NH3 concentration at
1 m. Surface NH3 concentrations range between 100 and 150 pg m™ on the first day, and between 50 to 100 pg m- for the
rest of the week, while the atmospheric concentrations of NH3 are mostly within the range between 0 to 25 pg m=. Two
evident peaks in surface NH3 concentrations that are larger than 200 pg m-=on 10 June can be seen. In contrast to the surface
gaseous NHs; concentrations, surface TAN concentration shows greater variation within a day, and its trends are opposite to
the emissions, with higher values at night and lower values in the day. In the top soil layer (0—2 cm), TAN concentrations
show a smooth declining curve from 1750 g m to less than 250 g m- throughout the simulated period (Fig.S3c), indicating
depletion of the TAN pool due to N losses through multiple pathways, which together act as a 1% order loss process. The
simulated gaseous NH3 concentrations of this soil layer show large variations due to the diurnal cycle in the temperature.

Soil resistances that constrain aqueous diffusion are found to be much larger than the resistance for gaseous diffusion of
NHs; (Fig.S3c). It is found that soil resistances are larger at night than day time due to low temperature, which slows down
diffusion fluxes through the soil. When there are no runoff fluxes (i.e., no precipitation), upward soil diffusion fluxes are
only balanced by the volatilization. As a solved variable by assuming an equilibrium state, surface TAN concentrations
therefore tend to be high at night, leading to low concentration gradients. Meanwhile, since the resistances are large, upwards
diffusive fluxes become smaller, which limits the surface fluxes (i.e., volatilization).

An averaged value of measured soil pH of ~6.3 was used for the simulations (Fig.S3d) based on field measurements at the
site (Sutton et al., 2009a; Sutton et al., 2009b). As a result, the gamma value (([NH4"]/[H*]) of the top soil layer derived from
the TAN concentration is shown as a smooth decaying curve. The modelled gamma values of the top soil layer were between
50000 and 25000, which are the same order of magnitude as the estimated measured values (exact measured values of
gamma are not available; crude values are estimated from Fig.3 in Personne et al. (2009); Sutton et al. (2009b) by vision)
and are comparable with the simulated gamma of the litter layer by Personne et al. (2009). Surface runoff was directly
represented by the precipitation, and the modelled NH3; emissions show sharp declines immediately after rain (e.g., 5 June
evening) because the surface runoff is a competing pathway to the volatilization, which together deplete the TAN pool of the
soil (Fig.3). The GRAMINAE measurements focused on NH3 fluxes and did not include quantification of surface run-off,
preventing site validation of this term. For example, the drivers for run off and leaching are similar, and would both lead to
loss of ammonium (thereby reducing NH3; emissions), especially for the soil in question with low cation exchange capacity
site (Sutton et al., 2009a; Sutton et al., 2009b). For the entire simulated period of 5 to 15 June, AMCLIM-Land estimated



that 10.4 % of the applied ammonium N is estimated to be lost due to NH3 emissions to the air, 1.1 % is washed off by

rainfall (runoff), 13.4 % is converted to NO3~ through nitrification, and the remaining 75.1 % of N is retained in the soil.

(e-W B) uonI_IUSOUOD NV.L

(g—W 6) uol3RIIUDIUOD NVL
o

o

o wn o n

—

1750
1500
1250

—— Modelled

'isail(aq)
#\soil(gas) F

400043)
3000 4
2000 4
1000 1

(1-S z-W Bu) Xn|y EUN

T T T T
o o o o

300
250 4
200

5

0

5

(¢—w Brl) uonesausdu0d EHN

800
0

400
0

(-w s 40T) (be) Fo°y
(;-W's OT) (seb) ooy
(¢—w Br) uoies3UBIUOD EHN

250000 A

200000 -

150000
100000 A
50000

(1-W W) ewwen

2000-06-15

2000-06-13

2000-06-07 2000-06-09 -06-11

2000-06-05

2000

210

-cutting grassland after fertilization in

NHs emissions from a post

Figure S3. Modelled variables in the site simulations for

., 2009b) by AMCLIM-Land. (a)

Braunschweig, Germany, from 5 June 2000 to 15 June 2000 (Sutton et al., 2009a; Sutton et al

Modelled and measured NHz emissions. (b) Solved concentrations of TAN and NHs at the surface and the atmospheric

concentration of NHs. (c) Concentrations of TAN and NHs of the 1% (top) soil layer, and soil resistances for aqueous and gaseous

215 diffusions. (d) Gamma value ([NH4

2 cm depth) and soil pH used in AMCLIM-Land.

(top) soil layer (0.3-

*]) of the 1%t

“VH



220

225

230

S10 Sensitivity test of temporal resolutions of AMCLIM

Model performance at various temporal resolutions, including time-steps at 1 min, 15 mins, 1 hour, 3 hours, 6 hours, 12
hours and 24 hours (as shown by Fig. S4). By decreasing the temporal resolution from 15 mins to 6 hours, the model was
still able to capture the main temporal variations in fluxes and to reproduce the peak emissions of each day, while giving a
reasonable estimate of cumulative NH3 emissions. However, when the temporal resolution decreased to 8 hours and even
less, the model started to underestimate NH3 emissions and was not capable of reproducing the emission peaks. The
GRAMINAE campaign has shown that the sub-hourly variations in NHjz fluxes have been well captured by the
measurements. Meanwhile, the meteorological inputs that drive the AMCLIM model have a temporal resolution of 15 mins.
By simply increasing the temporal resolution of simulations (reduce the time-step) without higher resolution input, the model
results are insignificantly different, but the computational costs will increase enormously (running the model at 1 min time-
step but use the same meteorology for a 15 mins window leads to only a 4.1% difference, which does not justify the
substantial increase in computational costs). Therefore, global simulations were performed at an hourly time step.

Both measurement and model demonstrate that diurnal variability is a predominant feature of NHs; emissions. To what
extent a model can reproduce the temporal variations in NHs fluxes should be an important factor in model evaluation.
Models that provide comparable cumulative NH3 emissions relative to measurements can be further improved to address

their capability of capturing temporal variations in the NH3 emission at daily or sub-daily scale.

10
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235 Figure S4. Comparisons between measured and modelled NHs emissions with modelling time-steps varied from 1min to 24h.
Simulated cumulative NHs fluxes were 0.51 g m2for 1min time-step, 0.36 g mfor 3h time-step, 0.34 g m2for 6h time-step, 0.25 g
m-2 for 8h time-step, 0.24 g m2 for 12h time-step and 0.18 g m? for 24h time-step. These values compare with the measured
cumulative fluxes of 0.32+0.07 g m=2.

S11 Model symbols

Aplant
ds

Ap
BDsoil
C

aq/gas
DNH4/NH3

Dpot

fclay

ffert

fsilt

fsom

ftech

fr

Fdiffusion to surface
Fdiﬁusion(aq/gas)
Fdrainge

Fleaching

Fry
FNH3

FN runoff
FN,activity
Fnitrate runoff
Fitif

Fpy,
Frainfall
Fran
FTAN runoff

Fuptake

dimensionless parameter for plant activity

empirical factor for nitrification process

temperature correction dependence for urea hydrolysis
bulk density of soil

substrate concentration of carbon

molecular diffusivity

water drainage potential

fractional soil clay content

fraction of fertilizer type used
fractional silt content of soil

fractional soil organic matter content
fraction of application technique used
temperature dependence of root activity
upward diffusive fluxes to surface
diffusive fluxes

flux of N drainage

flux of leaching

sum of losses of N compound

flux of NH3

flux of surface N runoff

annual total nitrogen from agricultural activity
flux of surface nitrate runoff

flux of nitrification

sum of production (including inputs) of N compound
rainfall

production of TAN

flux of surface TAN runoff

flux of N uptake by plants/crops

12

1.8 (synthetic fertilizer)

gcm
gCm?
m? st

ms?t

g N m?st
g N m?st
g N m?st
gNm2st
gNm2st
g N m?st
g N m?st
gNm2yr!
g N m?st
gNm2st
gNm2st
mm st
gNm2st
gNm2st

gNm2st



Furea runoff
lTan

Jen

k

ke

Kn

kL
knitrif,pH
Knitrif, T
Knitrif, Wrps
K

Kn
KNeff

KN,

Khnitrit
Knitrif,opt
Ks
Ksat
Kuptake
KUrea
Mair
MNH,
My, 0
Mn
MNeff
Mnitrat

Myn, g
MNHI
MNHI
Mran

MrAN,aq

flux of surface urea runoff

direct input of TAN species

combined response factor for substrate C and N level

von Karman constant

gaseous transfer coefficient for NH3
urea hydrolysis constant

aqueous transfer coefficient for TAN
pH dependence of nitrification rate

temperature dependence of nitrification rate

water-filled pore space dependence of nitrification rate

partition coefficient of soil adsorbed of TAN

conversion rate at which a N compound decomposes

to form TAN

correction constant for root activity

combined coefficient of Henry and dissociation

equilibria

rate of nitrification

optimum nitrification rate

soil hydraulic conductivity

soil hydraulic conductivity at saturation
plant water uptake coefficient

rate of urea hydrolysis

molecular weight of air

molecular weight of NH3

mass of water

mass of N species

mass of effective available N for the plant
mass of nitrate

mass of gas NH3

mass of NH4*

mass of exchangeable solid NH,*" (adsorbed NH4")
mass of TAN in all phases

mass of aqueous TAN
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gNm2st

gNm2st

041

ms?

m st

m3 m-3

gNm?

S—l

0.1d?
ms?
ms?
0.096 d*
S-l

29 g mol*?
17 g mol?
gm?
gNm?
gNm?
gNm?
gNm?
gNm?2
gNm?
gNm?
gNm?



IVlUrea

Raq/gas

Ratm
Rb
RH

tre

Tmax,nitrif

Topt,nitrif

T
Tgnd
u

U=

Wuptake
Zp

Zj

mass of urea

substrate concentration of nitrogen

atmospheric pressure

percentage of N volatilizes as NH3

subsurface percolation flux of water

surface runoff flux of water

airflow rate of animal house

resistance constraining fluxes

aerodynamic resistance

resistance that constrains the aqueous or gaseous
diffusion processes

atmospheric resistances

boundary layer resistance

relative humidity

reference time for soil water content reaching field
capacity

maximum temperature for microbial activity for
nitrification

optimum temperature for microbial activity for
nitrification

temperature

ground temperature

wind speed at reference height z

friction velocity

kinematic viscosity

root activity weighting parameter

volume of water

water-filled pore space

irrigation

root structural dry matter components

water uptake by crops

roughness length

thickness of soil layer i
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gNm?
gNm?
Pa

%

m st

m st
mé st
sm?

sm?
smt

sm
smt
%

24 h

313K

301K

Kor°C
°C
ms*
ms?

m?s?

mL m2

gm?

m st



Orc

Oire
Omanure
Orea

Osat

Owp
$aq/gas (0)
Pair

Pwater

V4

Xatm
x(2)

[N]
[N(sfc)]
[N(soil)]

[NHs(9)]

[TAN(ag)]

[TAN()]

At

AZsoil

integrated root activity parameter for N uptake
emission potential ([NH4*J/[H*])

reference root activity parameter at 20 °C
temperature-dependent root activity parameter
porosity of soil

soil volumetric water content

field capacity

soil water content of irrigated croplands
volumetric water content of manure

reanalysis soil water content

soil water content at saturation

soil wilting point

tortuosity factors

air density

density of water

concentration of gas NH3

concentration of atmospheric NH3
concentration of gas NHjs at height z
concentration of N species

surface concentration of N species

concentration of N species in soil

concentration of gaseous NHjs in soil air-filled pore

space

concentration of aqueous TAN in soil water-filled

pore space

concentration of exchangeable solid TAN adsorbed on

soil particles
model time step
transport distance in soils

incremental change in soil moisture

atomic diffusion volumes for NHs

atomic diffusion volumes for air
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gNm?2s?

0.05 (20 °C)

g N g-l dt
m®m=3ormm?
m3m=3ormm?
m m=orm m
m m=orm m
m m=orm m
mé m=ormm?
m3m=ormm?

mém=ormm?

kg m3
kg m3
gm?
gm?
gm?
gmL?
gmL?
gmL?

gm?

gmL?

gm?

1h
m

mEm=3ormm?

14.9

20.1
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