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Supplementary information

SWAT conceptualizes organic and inorganic pools of nitrogen in soil, with three forms in the
organic and two forms in the inorganic pool [1]. Fresh organic nitrogen (plant residues and microbial
biomass), active and stable organic pools related to soil humus (depending upon the availability of
substrates for mineralization) represent three forms of organic pools. The inorganic (mineral) pool
includes ammonium (NH4+*) and nitrate (NOs’) forms of nitrogen. To initialize the concentration of
nitrogen levels in soil, SWAT modelers can specify the nitrate and organic N in humic substance in
all soil layers or such concentrations can be defined automatically by SWAT using a depth
relationship as:

NOscone.z=7*exp(-z/1000) (51)

where, NOsconc is the nitrate concentration at a given depth (ppm) and z is the depth of soil from
the surface.

Similarly, organic N is estimated using the assumed C:N ratio as:

OrgNuumy=104*(OrgCu/14) (S2)

where, OrgN is the concentration (ppm) of organic nitrogen in humic material in each layer (ly)
and OrgC is the amount of organic carbon in that layer (%).

The active and stable pools of organic N are estimated using a fraction value of 0.02. The amount
of nitrogen in fresh organic pool is assumed as 0.15% of the initial soil surface residue for top 10 mm
of soil and zero for underlying soil layers. The amount of ammonium is initialized to 0 ppm for each
soil layer. The concentrations of nitrogen are then converted to mass by multiplying with bulk density
and depth of the soil layer.

In SWAT, mineralization or immobilization occurs in soil when soil temperature exceeds 0°C
and C:N conditions of soil organic matter are met [2]. Mineralization means breakdown of complex
and plant unavailable forms of nitrogen to available forms of nitrogen (i.e. ammonium and nitrate
forms) while immobilization means the reverse. For a C:N ratio >30, immobilization occurs, for <20,
mineralization occurs and between 20-30, an equilibrium between both immobilization and
mineralization takes place [1]. Two factors influencing mineralization (i.e. nutrient cycling
temperature (ymply) and nutrient cycling water content (Ysw(ly)) are estimated in SWAT as:

Vimpiy=0.9%Tsoiry/(Tsoirty + exp(9.93-0.312*Teoirty ) ) + 0.1 (53)
yswly= SWi/FCly (54)

where, Tsi is the temperature (in °C), SW is the water content of soil and FC is the field capacity
of each layer (ly). Nutrient cycling temperature is never allowed to fall below 0.1 and nutrient cycling
water content is not allowed to fall below 0.05.

Free movement of nitrogen within different pools of humus fractions of SWAT is estimated
using Buans (rate constant: 105), orgN (N in active organic pool), 0rgNsw (N in stable organic pool) and
fraen (fraction of humic nitrogen in pool:0.02):

Nirnsly=Btrns* 0rgNactly* (1/fracen -1) - 0rgNistay (55)

Positive value of Nwus indicates nitrogen movement from active to stable pool and negative

indicates the opposite. An addition of nitrate mineralization from active humus organic pool is
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calculated as a function of nutrient cycling temperature (yimply) and water (yswiy) in a soil layer (ly)
and the amount of nitrogen in active organic pool (0r¢Nut) as:
Niinaty= Bumin™ (Vtmp,1y*Vswly) 5 *0r gNact ly (S6)

where fmin is the rate coefficient for mineralization of humus active organic nutrients.

The residues are mineralized in the first soil layer, as controlled by a decay rate constant which
is updated daily. The daily decay rate constant is estimated using a function of C:N and C:P (carbon:
phosphorus) ratios, temperature and soil water content of the residue. The decay rate constant (Ont1y)
defines the fraction that has been decomposed in the residue and can be calculated as:

Ontrty=Prsd® Vutr,ly* (Vmpy™* Vswy )O3 (57)

where B is the rate coefficient of mineralization of residue fresh organic nutrients and yu is the
nutrient cycling residue composition factor, which are dependent on C:P and C:N ratios.

Mineralization (Nwir) and decomposition (Nic) from the residue fresh organic pool are then
calculated as:

Niny=0.8 * Ontrly * 0rgNfrsh ly (S8)
Nieey=0.2 * Outriy™ 0rgNfrshly (59)

The decomposed nitrogen from fresh organic pool is added to the active organic pool and once
initialized, nitrification and volatilization occurs in SWAT following methods of Reddy, et al. [3] and
Godwin, et al. [4]. Nitrification in SWAT is a function of soil temperature and water content while
volatilization is a function of soil depth, temperature and cation exchange capacity. Four coefficients
are used in the algorithms defining nitrification and volatilization and these processes are activated
when temperature of soil exceeds 5°C. The nitrification/volatilization temperature factor (nmpuy) is
calculated with respect to soil temperature (Tsin) as:

Nemp1y=0.41 * (Tsoit1y-5)/10 if  Tsoity>5 (510)

The nitrification soil water factor (1sw1) is estimated as a function of soil water content on a given
day (SW), amount of water held in soil at wilting point (WP) and field capacity (FC) in each layer (ly)
as:

Nswy=(SWiy-WPu,)/(0.25*(FCly - WP)) if SWi<0.25*FCly- 0.75*WPy (511)

T]sw,lyzl if SVVI}/ > O.ZS*FCIy- 0.75*WP1y (512)
Similarly, the volatilization depth factor is calculated as:
T]midz,ly = 1-Zmid,ly/(Zmid,1y+ eXp(4.706-0.0305*Zmid,ly)) (513)

The impact of environmental factors on nitrification and ammonia volatilization in each layer is
defined by the nitrification regulator and volatilization regulator, which are calculated as:
Mnitly= Ntmp,ly * Mswly (514)
Mool ly = Mtmp,ly ™ Mmidzly ™ Teecly (515)
Similarly, SWAT determines the amount of nitrate lost through denitrification, as a function of
rate coefficient of denitrification, nutrient cycling temperature and water factors, % organic carbon
and threshold value of nutrient cycling water factor to start denitrification as:

Ndenit,[y = NO3[y * 1-eXp(-ﬁdenit*‘\/tmp,[y*orgcly) if Yswly > Ysw,thr (516)

Ndenit,ly = 0 lf 'st,ly < 'st,thr (517)
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