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Background

¢ Increasing evidences suggest that
greenhouse gas (GHG) emission is a key
driver of climate change.

*Nitrous Oxide (N,O) is an important
GHG due to its Iong lifetime and high
global warming potential.
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Background

¢ Agricultural system is the primary N,O emitter in the U.S.
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Objectives

= Develop a N20O emission module for SWAT

= Evaluate model performance with site-scale
observational data

* |mprove parameterization of the module

= Analyze sensitivity of N20 estimates to key parameters
and input driving forces



Model development

= Multiple numerical models have been developed to
simulate N20 emission, including DAYCENT, DNDC,
CLM, etc.

= Among these models, DAYCENT is the one that has
been widely used and tested from site to global scales
(Del Grosso et al, 2002, 2009)

= Current SWAT soil organic carbon processes were
adopted from DAYCENT
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Model development nitrification
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Model development denitrification

Denitrification

NO,+ ==+ NO, =———sNO = N,O

E — Eden
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Soil diffusivity impacts fRno3,,, = 0.16 x (38.4 — 350 x dD0y,)
Soil water impacts fRwfps = 1.5 X wfps — 0.32
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Model development
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Model performance evaluation_site selection
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Figure 1. Locations of the three GLBRC scale-up experiment sites

A Corn site (M1), a switchgrass site (M3), and a reference site (M4) in the Marshall
Farm Scale-up fields of GLBRC were selected for this study.
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Model performance evaluation soil water

Soil water was
sampled using
the gravimetric
method (original
and dry weight
difference)
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Model performance evaluation default simulation

Default SWAT
generally
simulated well
magnitude of
N,O fluxes

Seasonal patterns
of N,O fluxes
were reasonably
simulated at M1
and M3, but not
for the reference
site (M4)

N, 0 emission observation (g N
ha'day)

-
-

- - - i

— -
| 7 7 y=0.6922x - 0.6998
| |~ g Rimoz2s
s , ‘-ii ® :

It 10 ko so 70

90 110 130 150

N2O emission simulation (g N /ha/day)

= ohservation

—Simulation

|m - > - L
5 10 3 B 1 [ 11 4 9 2 7 12 5 10
Month (since 05/2009)

= _
22 = 50
410 =
£ 2
%Hm =1
= = Bo
2= v = 0,7268x + 0.7601 z 30
£ =20 R* = 0.1084 2
= : — £ 20
= : — £
£ 10 el 1:1 S
s {' <, 10
2. 0 = 8 -
0 s 10 15 20 25 0 »
10 1 o 11 4 @ 2 r 12 5 10 3 3 1 o 11
10
NLO emission simulation (g N /ha/day) Month(since 01/2009)
10 - 0
- f=3
- M4 ) T z —Simulation » Observation
@ 8 1:1 - 38
= /./' =
E 6 T Y
E — -0 1066x + 2.1235 =
£E e R* = 0.0166 £
€24 g i
g = g,
E 2 - g
E T B )
= 0 - ! . .
z 6 8 10 2
2

N2O emission simulation (g N /ha/day)

Month (since 05/2009)

Figure 3. Model estimates of N2O emission with default parameter values.at the three sites
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Table 1 SWAT parameters controlling N2O emission in nitrification and denitrification

Parameters Unit Default Values Calibrated Values
adj. unitless 0.015 0.012-0.018
adjw,p unitless 0.002 0.0019-0.0022

wfps_adj day™ 1 1.1-1.3
min_nit unitless 0.1 0.1
frit max unitless 0.15 0.13-0.17

Note: adjy, is the maximum fraction of N2O to nitrified N at the field capacity; adj,,, is the minimum

concentration required in a soil layer for trace gas calculation; wfps_adj is the adjustment on inflection
point for water filled pore space effect on denitrification curve (unitless); fpir max 1S the maximum
fraction of ammonia that is nitrified during nitrification (unitless).

we calibrated model parameters regulating N,O production through nitrification
and denitrification manually by adjusting parameter values to minimize the
discrepancies between model estimates and field observation.
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Model performance evaluation improved simulation

The optimized
parameter sets
further reduced
bias in estimated
average N20O
fluxes.

Calibrated
simulation also
demonstrated
better simulation
of the seasonal
patterns in N20
emission(P
<0.05).
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Figure 4. Model estimates of N>O emission with calibrated parameter values.at the three sites
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Comparison of default and calibrated simulations

M1 M3 M4 M1 M3 M4
Default 0.23 0.11 0.02 48.6% 18.0% 117%

Calibrated 0.38 0.12 0.19 9.3% 24% 29%



Model performance evaluation

-1
[

s
=

B Observation

Ln
[

A Default Simulation

m Calibrated simulation

Taa
=

[
]

—
=

Simulated N,O flux (g N/ha/day)

T I ﬁ e

M3 M4

=

18



Model performance evaluation
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The new SWAT model explained up to 44.21% of the spatial variability in the
multi-year average N,O emission over three sites that represent a broad range

of management activities
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Parameter sensitivity analysis

Table 2. Sensitivity response of N2O emission to changes of key parameters

Parameters Changes in Changes in N20 emission
Parameter (%)
M1 site (%) M3 site (%) M4 site (%)
adjs. -20 -9.41 -12.19 -12.68
+20 +9.21 +12.14 +12.69
adjup -20 -0.19 -0.38 -0.72
+20 +0.17 - +0.72
min_nit -20 - - -0.72
+20 - - +0 02
wfps_adj -20 +86.79 +18.14 +195.10
+20 -40.48 -33.65 -3.9
Fnit max -20 -3.62 +0.18 -0.77
+20 +2.35 -0.19 +0.53

Note: adjf. is the maximum fraction of N2O to nitrified N at the field capacity; adj,,, is the minimum
fraction of N20 to nitrified nitrogen at the wilting point; minichit Ny;+ pgse 1S the minimum nitrate
concentration required in a soil layer for trace gas calculation; wfps_adj is the adjustment on inflection
point for water filled pore space effect on denitrification curve (unitless); fit max 1S the maximum

fraction of ammonia that is nitrified during nitrification (unitless); ‘-’ indicate changes less than
0.019%o.
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Sensitivity to input data

Table 3. Response of N2O emission to changes in climate conditions and fertilizer use

Parameters Changes in Changes in N20O emission
variable
M1 site (%) M3 site (%) M4 site (%)
Precipitation -20% -3.66 -3.12 -1.52
+20% +1.39 +1.50 +1.44
Temperature +1°C +3.69 +1.94 +2.68
+2°C +14.36 +0.59 +5.74
Fertilizer use -20% -16.25 -0.21 NA
+20% +21.01 +0.14 NA

Note: Negative signs indicate decreases whereas positive signs suggest increases; ‘NA’ indicates not
applicable.

Our sensitivity analysis suggested that N,O emission had positive correlations with
changes in precipitation at the selected sites; Warmer temperatures (2°C increase)
would further increase N,O emission; Responses of N,O emission to changing
fertilizer use highlighted the significant control of chemical fertilizer application on
N,O production, particularly at the corn site (M1).



Summary

¢ Developing N,O emission module for SWAT is critical for
strengthening fhe model’s capability in simulating
agricultural ecosystems.

*New algorithms provide reasonable estimates of average
N,O fluxes over the three sites, but did not simulate
seasonal patterns well at the M4 site.

¢ Parameter calibration substantial reduce bias in model
estimates, and improve simulation of seasonal changes in
N,O fluxes over the three sites.

¢ Sensitivity analysis is expected to provide valuable
Information for future application of the model

*\Warmer and wetter climate scenarios tended to enhance
N,O emission over the study area.

¢ Sensitivity response of N,O simulation to fertilizer use call
for improved management practices to reduce fertilizer loss
through N,O emission.
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