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A large portion of atmospheric reactive N is
emitted by terrestrial activities

Health Damage Costs of Reactive N across China in 2008
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In Europe, China, and the US, 80-90% of
atmospheric NH, is from agriculture

+ Acidic

| . Chemicals,

NO-~, SO,2-

Fertilizer

Crop Growth &
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Can we secure future food supply without sacrificing the clean air?



Intercropping, a traditional wisdom, could be a
way-out to this food-environment dilemma

Two or more crops are grown in alternate
strips with a time-delay
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They are placed close enough to allow belowground competition

N stress under such
competition stimulates

soybean to fix more
atmospheric N
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Modeling intercropping to explore the

feasibility of a nationwide adoption
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We validate the moditied DNDC and simulate a
“whole-China” conversion to intercropping

DNDC Simulation of Yong et al. (2014)
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The corresponding NH, emission can be

reduced by 45%
Relative NH; Emission MASAGE N H3

(Intercropping vs. Monoculture) Emission Inventory

(Magnitude And Seasonality of
Agricultural Emissions)

Grid-by-grid
scaling

50N -

40N -

Horizontal Grid
(Latitude-Longitude) |

30N -

20N -

Gansu, Tibet and
Qinghai are excluded

%
0 25 o0 75 100 125




50,2

greatest change = —0.081 pg m=3 (—1.2%)
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Intercropping could be more economic than

the current practice in China
+USS13b

More Grain = +USS58b Reduced Fertilizer = +USS0.5b
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Potential feedbacks complicate the land-
atmospheric NH;/NH,* cycle, which may offset
the benefits of intercropping
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aerosol)




Community Earth System Model (CESM)
and its N-cycle Forg =t
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We implement into CLM the “multi-step” NH;

emission scheme from DNDC (Li et al., 2012)
(d[NHB(g)]

1
dt ) ~ [NHI(soil)] (1 _ fads)fdisfvol (E)
from soil

Fraction of dissociated non-adsorbed NH,*:
|\|H4+(non—ads) + OI_l_(aq) = NH3 (aq) + I_lzo(l)

rate constant of

Soil particle surrounded by
film of water

I GA @ soil temperature (°C)
< K,= (1.416 + (0.01357)Ts, ) X 107> (mol L™1)
K,, = 100:08946+(0.03605)Tsoil % 10~15 (mol? 1,"2)
[H*] = 107PH (mol L™1)

dissociation . Kw
fdis

pH = 6.8
rate constant
of hydrolysis
I + 1 1 i ° ofe .
Fractlor) of NH, adsort?gd to soil matrix is Fraction of volatilized NH; e
determined by an empirical equation: depth (m)
_ 3 2 1.5s Tsoi) lmax — |

fads = 0.99(7.2733f 3,y — 11.22f 5, + 5.7198fjay + 0.0263) ool = ( ) soi max

clay fraction wind speed (m )



We further propose to calculate a
orognostic canopy capture fraction

(d[NHs @]

_ d[NHB (g)]
dt

from soil

Derived from DNDC (Li et al., 2012) and CMAQ
(d[NH3<g)] (Pleim et al., 2013), fraction of NH; captured by

dt >thru. canopy canopy is estimated as:
Account for effect of canopy height
A

| |
H fcap — 14‘(htop_hbot) X
1

TLAI X X

>thru. canopy

frictional velocity

Snow-free )
: Vfrice
one-sided

| leaf area
index (LAI) RHcanopy X UNHB

<d[NH3 (g)]) *Literature suggests that
dt
from soil

(ms™)

- Deposition
Relative
the captured NH; can be humidity velocity of

1) metabolized within NH; on leaf
(0.05 ms-1

i Cano
_ 2) retained on |eaves by here)

3) returned to the soil
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Impacts of the feedbacks on total food

production
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Thank youl!

For more, please visit
kamingfung.wordpress.com

» Large-scale Intercropping in China [Fung et al. 2019]

» Land-use Efficiency: 200% relative yield, maize and soybean combined,
on the same size of cropland and over a single planting season

» Nitrogen-use Efficiency: Less fertilizer use (—42%)

» Environmental Sustainability: Reduced NH; emissions (—45%) and
PM, - concentration (up to —2.3%)

> Profitability: US$67B net economic benefits including US$13B from
avoided health costs

 Fully coupled land-atmospheric NH;/NH,* modeling with CESMZ2.0

» Quantifying impacts of N deposition and aerosol-climate
Interactions on NH; emission and food production

* Science-based evidence to aid policymakers in formulating
sustainable agricultural plans that safeguard food security, air
guality, and environmental health



