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Table S1. Source and equations to represent nitrification APSIM, DNDC, DayCent, FASSAT, NOE and WNMM.

Abbreviations are given in Table S4.

Model Equations Source
Nitrification APSIM | R, = Rp n X fuwuay X min(fn(sw), fuisT)) fn(pH)) Thorburn et al. 2010;
rate Xing et al. 2011
DayCent | Ry pax = Kmax X favia) X fasw) X faist) X fapr) + K1 X Npin Parton et al. 1996;
Ry = min (Ry, n, Cypa X R mazx) del Grosso et al. 2000;
Parton et al. 2001
FASSAT RTl = Rp_n X fn(NH4-) X fTL(SW) X fn(ST) X fn(pH) Chatsklkh et al. 2005
NOE R — {fn(NH4) X fasw) X fa(sm) WFPS < 0.8 Henault et al. 2005
" o WFPS > 0.8
WNMM Rn = Rp n X fuvney X (1.0 — eXp(—fn(sw) X fa(sm) X fn(pH)) Lietal. 2007
Soil moisture | APSIM WFD/0.5; 0.0 < WFD < 0.25 Tl.lorburn et al. 2010;
)10 0.5 < WFD < 1.0 Xing et al. 2011
faswy =410 - (WFD —1.0) *0.5; 1.0 < WFD < 2.0
0; WFD > 2.0
WFD = {1.0 + (SW - DUL)/(SAT — DUL) SW > DUL
| (SW = LL)/(DUL — LL) SW < DUL
DNDC f _ {0.8 +0.21 x (1.0 — WFPS) WFPS > 0.05 Li et al. 2000
nsw) 0 WFPS < 0.05
DayCent WEFPS—b.dx®Z=%  rywrps— Parton et al. 1996;
faswy = () @I X (ch)

del Grosso et al. 2000;
Parton et al. 2001




FASSAT | fuesw) Chatskikh et al. 2005
(0.6 @ = —9.81x107°
0.6 + 0.4 X logo(— _;p81 x 1075)/1.5 —981x107°>¢ > —3.1x1073
=410 —31x103>¢p=> —31x1072
1.0 — (logyo (- _581 x 107%) = 2.5)/3.0 —31x1072> ¢ > —3.1 x 102
\ 0.0 -31> ¢
NOE fasw) =aXxXSW; +b Henault et al. 2005
WNMM Sw-wp_ SW < SW25 Li et al. 2007
SW25-wpP
1.0 — 2 SW > FC
PO-FC
Soil APSIM fooom = {(ST/BZ)Z 0< ST <32 Thorburn et al. 2010;
temperature n(sT) 1 ST > 32 Xing et al. 2011
DNDC | fycsmy = ((60 — ST)/25.78)35%3 x exp (3.503 x (ST — 34.22)/25.78) Li et al. 2000
Parton et al. 1996;
DayCent fn(ST) = Anitr + Bnitr X exp (Cnitr X ST) Parton et al. 2001
FASSAT fn(ST) = a, X exp (by + ¢, X ST X (1 —05 x Z_T)) Chatskikh et al. 2005
NOE exp ((ST —11) X In(89) — 9 X —’”i‘“) ST <11°C Henault et al. 2005
fn(ST) = In(2.1)
exp ((ST —20) x 1—0) ST > 11°C
WNMM ST-5 Li et al. 2007

fast) = 041 X == ST >5°C




soil pH APSIM 0 pH < 4.5 Thorburn et al. 2010;
P2 4.5 < pH < 6.0 Xing et al. 2011
faesw) =410 6.0 <pH <8
9.0 — pH 8.0 <pH <9.0
0 pH > 9.0
DNDC frem) = PH Li et al. 2000
DayCent fatom = 0.56 + atan(mx0.45x(=5+pH)) Parton et al. 1996;
del Grosso et al. 2000;
Parton et al. 2001
FASSAT | NA Chatskikh et al. 2005
NOE NA Henault et al. 2005
WNMM 0.307 X pH — 1.269, pH < 7.0 Liet al. 2007
5.367 — 0.599 X pH, pH > 7.4
NH4" APSIM — _CnHa Thorburn et al. 2010;
4 fa(vHa) Kot Cre )
Xing et al. 2011
DayCent | fyyuq = 1— e 00105%CnHs Parton et al. 1996;
Parton et al. 2001;
DayCent source code
c
NOE Fanua) = . fél;m Henault et al. 2005




Soil organic APSIM | NA Thorburn et al. 2010;
carbon Xing et al. 2011
DNDC Ug = Umax X (CDOC/(]‘ + CDOC) + fn(sw)/(l + fn(sw))) Li et al. 2000
Ug = Amax X Bn/(5 + Cpoc)/(1 + fn(SW))
Up = (Ug —Ug)Bp X fn(SW) X fn(ST)
DayCent foc = Ki X Nppin Parton et al. 1996;
del Grosso et al. 2000;
Parton et al. 2001
FASSAT | NA Chatskikh et al. 2005
NOE NA Henault et al. 2005
WNMM | NA Lietal. 2007
N>O from APSIM | N20,, =Ky30 n X Rn Thorburn et al. 2010;
nitrification Kyzon = Ky Xing et al. 2011
DNDC N20, :KNZO_n x Rn Xf(s'r_Nzo_n) x WFPS Lietal. 2000
Knzon = Ki
N20,, =Kn20 n X Rn Li (2000)
DayCent | N20,, =Ky30 n X Rn Parton et al. 1996;
K - K del Grosso et al. 2000;
N20n ! Parton et al. 2001
FASSAT | N20, = Kyz0 n X Ry Chatskikh et al. 2005
Kn20.n = K1 X fisw_n2o.n) X fist_nz0.n)
. ST—2a,\2
fisr waony = min [10,exp (-0.5 (T22)")
NOE N20. = {KNzo_d X Kn2o n X Ry WFPS < 0.62 Henault et al. 2005
" |Knzon X Ry WFPS = 0.62




KNZO_n = Ky

WNMM

N20n = KNZO_TL X Rn
Kn20 n = K1 X fisw n20.n) X fist_n20.n)

fi (SW_N20_n) = f n(sw)
ST
fisr_nzomy = 09 X (ST+exp (9.93-0.312XST)

)+0.1

Lietal. 2007




Table S2. Source and equations to represent denitrification APSIM, DNDC, DayCent, FASSAT, NOE and WNMM.

Abbreviations are given in Table S4.

fesw.ay = {((WFPS —0.62)/0.38)'7*  WFPS > 0.62

Model Equations Source
Denitrification rate APSIM Rq = Rp_q X fno3)y X fcoc 2) X fesw_ay X fst_a) Thorburn et al. 2010;
i Xing et al. 2011
DNDC See Table S3
DayCent | Rq = min (fyo3), f(co2)) X fisw_a) Parton et al. 1996;
del Grosso et al. 2000;
Parton et al. 2001
NOE Rd = RP_d X f(N03) X f(SW_d) X f(ST_d) Henault et al. 2005
WNMM R. = {0, WFPS < 0.8 Li et al. 2007
d f'(N03) X (10 — eXp(_14‘ X f(SWd) X f(STd) X f(soc))), WFPS > 0.8
: . SW-DUL .
Soil moisture APSIM f( SWd) = o Tl.lorburn et al. 2010;
Xing et al. 2011
DNDC See Table S3
DayCent | fisw q) = 0.5+ atan(0.6 X X (0.1 X WFPS — ag))/m Parton et al. 1996;
del Grosso et al. 2000;
Parton et al. 2001
FASSAT Chatskikh et al. 2005
. b
fisw_ay = max| O,min{ 1,a, + . ( M%FPS_CQ)
expl| —
P 7
NOE 0 WFPS < 0.62 Henault et al. 2005




Lietal. 2007

WNMM | fisw a) = exp (—=23.77 + 23.77 X WFPS)
Soil temperature APSIM fist_ay = 0.1 X exp (0.046 X ST) Thorburn et al. 2010;

Xing et al. 2011

DNDC See Table S3

DayCent | NA Parton et al. 1996;
del Grosso et al. 2000;
Parton et al. 2001

FASSAT f(ST_d) = a, X exp (by + ¢, X ST X (1 —05 X Z_Z)) Chatskikh et al. 2005

NOE eXp ((ST _ 11) x ln(89) _ 9 X lngi;‘-)) ST < 11 oC Henault et al. 2005

fsray = In(2.1)
exp ((ST —20) x T) ST = 11°C
WNMM — ST Li et al. 2007
fesray = 0.9 % (ST+exp (9.93—0.312><ST)) +0.1
soil pH APSIM NA Thorburn et al. 2010;

Xing et al. 2011

DNDC See Table S3

DayCent | NA Parton et al. 1996;
del Grosso et al. 2000;
Parton et al. 2001

FASSAT | NA Chatskikh et al. 2005

NOE NA Henault et al. 2005




WNMM | NA Li et al. 2007
Soil organic carbon APSIM fcoe ) = 00031 X Coc 4 + 24.5 Thorburn et al. 2010;
) Xing et al. 2011
DNDC See Table S3
DayCent | ficoz) = 0.1 x €023 Parton et al. 1996;
del Grosso et al. 2000;
Parton et al. 2001
FASSAT | Rp 4 = (ag + by X CLAY) X Npyin Chatskikh et al. 2005
f(oc) =Rpaq
NOE NA Henault et al. 2005
WNMM | fioc) = 1.0 — e(14xCoc) Li et al. 2007
NO; APSIM fwvos) = Cnos Thorburn et al. 2010;
Xing et al. 2011
DNDC See Table S3
DayCent | fiyos) = 1.15 X Crnoz™®’ Parton et al. 1996;
del Grosso et al. 2000;
Parton et al. 2001
FASSAT | 02y = max (0, min (1, ay X &)) Chatskikh et al. 2005
bn+Cno3
NOE — _ Cnos Henault et al. 2005
f(N03) Km_a+Cnos




N0

APSIM

NZOd = KNZO_d X Rd
1

Ky g+1
Kr_d = f(NOB/SOC_NZO_d) X f(SW_NZO_d)

KNZO_d =

-0.8xC
fwvosssoc nzo_a)y = max (0.16 X kgy, kgq X exp ( cozNO3)

f(SW_NZO_d) = max (01,15 X WFPS — 032)

Thorburn et al. 2010;
Xing et al. 2011

DNDC

See Table S3

DayCent

NZOd = KNZO_d X Rd
1

K, =
N20_d Ky g+1

Ky a = fvosssocnzo_a) X fisw_nzo_a)

—0.8XC
fwvosssoc nzo_ay = max (0.16 X kgq, kgq X exp (Tm)

f(SW_NZO_d) = max (01,15 X WFPS — 032)

Parton et al. 1996;
del Grosso et al. 2000;
Parton et al. 2001

FASSAT

N204 = Knz0 a X Ry

Knz20.a = fiswnzo_ay X fistnzo_a) X fvo3_nzo_depth) X ficlay)
fist_n20.a) = 1/(1 + exp(ar + by X ST))

f(SW_Nzo_d) = (1.0 — f(sw_d))

fvo3_N20_deptny = max (0, min(1, ap — by X Depth — c¢pp X Depth?))
fictayy = max (0, min(1, ac X exp(b¢ X CLAY) — c()))

Chatskikh et al. 2005

NOE

NZOd = KNZO_d X Rd

Henault et al. 2005

WNMM

N20 0.05 X Ry, WFPS > 1.0
47 \@gen X Ra x (1.0 = fisw 20 ay), WFPS < 1.0

f(SW_NZO_d) = exp (_2377 + 23.77 X WFPS)

Lietal. 2007
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Table S3. Source and equations used to represent denitrification in DNDC.
Abbreviations are given in Table S4.

Model

Equations

Source

DNDC

The dynamics of dinitrifiers

Unox = Unox(max) X Cpoc/(Kc + Cpoc) X Cyox/(Kn + Cyox)

Uag = fst.a X (Unos X fpu1 + Unoz X fpuz + Uno X fpuz + Unzo X fpus)
Ryy = UggBag

Ry =M, XY, X Bgg

Re = (Ugg/Ye + M) X Bgg

Li et al. 2000

The consumption rates of
NOX

_ Unox Cnox
Ryox = (5= + Myox X ==)/Bag
NOx N

Li et al. 2000

Soil temperature impact on
denitrifiers

for 4 = 2(6T-22:5)-10)

Li et al. 2000

pH impact on denitrifiers in
each stage

fpr1 = 1.0 —1.0/(1.0 + exp (pH — 4.25/0.5))
fpuz = 1.0 —1.0/(1.0 + exp (pH — 5.25)
fpuz = 1.0 —1.0/(1.0 + exp (pH — 6.25/1.5))

Li et al. 2000

Diffusion rate of N,O and
NO in the balloon

D_NO = (0.0006 + 0.0013 X f,4,) + (0.013 — 0.005 X f14,) X PO X (1.0 — ANVF)
D_N2 = 0.017 + ((0.025 — 0.0013 X f,14,) X PO X (1.0 — ANVF)
= 2.0 x CLAY/0.63

clay

Li et al. 2000
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Table S4. Nomenclature used in APSIM, DNDC, DayCent, FASSAT, NOE and WNMM.

Terminology Definitions

R, Actual nitrification rates. The unit varies with models

Ri Max Maximum daily nitrification rate (g N ha™! day™), used in DayCent

Rp & Potential nitrification rates. The unit varies with models

fuNma) Effects of NH4" concentration on nitrification

frusw Rate modifiers for the effect of soil moisture on nitrification

fnesT) Rate modifiers for the effect of soil temperature on nitrification

fuem) Rate modifiers for the effect of soil pH conditions on nitrification

N20, N0 flux produced from nitrification

Kn20 n Actual fraction of nitrified N lost as N>O flux

Ki Potential fraction of nitrified N lost as N>O flux

Kinax Maximum fraction of NH," nitrified (0.10 d™")

K NH." concentration that produces a rate of 1/2 V., which is the maximum nitrification rate at the optimum NH,"
concentration

fsw N20 ) Modifiers for the effects of soil moisture on K;

fsT N20 1) Modifiers for the effects of soil temperature on K,

Bn Biomass of nitrifiers (kg C ha™)

Cnia NH," concentration

pH Soil pH

ST Soil temperature

SW soil volumetric water content

SWg soil gravimetric water content

FC Soil water content at field capacity

PO Soil porosity

WP Soil water content at plant wilting point

12



SW25 Soil water content at WP + 0.25x (FC—WP)

@ Soil water potential (m H>O)

Ninin Daily net N mineralization rate

WEFPS Water Filled Pore Space

DUL Soil water content at drained upper limit

SAT Soil water content at saturation

LL Soil water content at lower limit, assumed to be equivalent to water content at 15 bars in APSIM

WFD Internal parameter used in APSIM

Ry Actual rates of denitrification. The unit varies with models

Rp 4 Potential rates of denitrification. The unit varies with models

fvos) Dimensionless modifiers for the effect of NO3;™ on denitrification

fooo Dimensionless modifiers for the effect of soil organic carbon on denitrification

fcoc ») Dimensionless modifiers for the effect of soil active soil organic carbon on denitrification, used in APSIM

f(coz)_ Dimensionless modifiers for the effect of soil heterotrophic CO; respiration on denitrification, used in DayCent

fewa Dimensionless modifiers for the effect of soil moisture on denitrification

fesra Dimensionless modifiers for the effect of soil temperature on denitrification

fora Dimensionless modifiers for the effect of soil pH on denitrification

Coc Percent content of the soil organic carbon (%)

Csoc Concentration of soil organic carbon (kg C ha™)

Coc a Active soil organic carbon, estimated by Humus and fresh organic carbon pools. This is used in APSIM

Cpoc Concentration of dissolved organic carbon (kg C/ha)

Crno3 NO;™ concentration

Km g NOs™ concentration that produces a rate of 1/2 V., Which is the maximum nitrification rate at the optimum NOs3~
concentration

Kn2o 4 Potential fraction of N,O emitted from denitrification to daily denitrification rate

N20, N,O flux produced from denitrification (kg N ha™' day™")
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K.

Ratio of N»/N,0 emitted during denitrification

CO;

Heterotrophic CO, respiration

fvos N20 @

Modifiers for the effect of NOs~ concentration on K>

fsoc n20 @

Modifiers for the effect of soil organic carbon on K>

fesw n20 @

Modifiers for the effect of soil moisture on K>

fst n20 @)

Modifiers for the effect of soil temperature on K>

f st N20_dwpin)

Modifiers for the effect of soil depth on K>

[ clay)

Modifiers for the effect of soil clay content on K>

favossoc n20 a)

Modifiers for the interaction effect of NOs™ concentration and heterotrophic CO, respiration on K>

CLAY

Soil clay content (%)

Depth Soil depth (cm)

ka1 Parameter is related to gas diffusivity in soil at field capacity
UNo3(max) Maximum growth rate of nitrogen oxides denitrifier
Ke Half-saturation value of soluble carbon

Kn Half-saturation value of N-oxide

Mc Maintenance coefficient on C

Yc Maximum growth rate of soluble C

Cx Concentration of NO3~, NO, ", NO and N,O (kg N/m?)
Crox Concentration of all NOy (kg N/m?)

foH1 pH factors for NOs~ denitrifiers

fom pH factors for NO,™ and NO denitrifiers

foms pH factors for N,O denitrifiers

By Denitrifiers biomass (kg C/ha)

Unox Relative growth rate of NOy denitrifiers

Udg Relative growth rate of total denitrifiers

Ry Growth rate of total denitrifiers

Ry Death rate of total denitrifiers

14



R Carbon consumption rate

Rnox Consumption rates of NOx

Mnox Maintenance coefficient on N oxides

YNox Maximum growth rate on N oxides (NO;~, NO, ", NO and N,O)

D NO Gas diffusion to NO and N>,O

D N2 Gas diffusion rate of N,O and NO

ANVF Volumetric fraction of anaerobic microsites

a,b,c,dand aq Inner parameters used in DayCent

Aniitr, Bhitr, Chitr Inner parameters used in DayCent for estimating soil temperature impact on daily nitrification rate, which vary with the

optimal soil temperature for nitrification (site specific parameter)

an, AQ, bQ, CQ, dQ, au,
bugcu,du, ad,bd; an,
bN’

ac, be, and cc

Inner parameters used in FASSAT

Amax Maximum death rate of nitrifiers
Umax Maximum growth rate of nitrifiers
Aden Maximum fraction of N>O emission in total denitrification that is at 0.8 of WFPS (0-1)
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