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About “Ka-ming”

* From Hong Kong
» A Pacific Rim city
» 12-hr flight to UK
» Before 1997 - a colony of Britain

» After 1997 - a special administrative region of China

e Studying at CUHK
> 4t year Ph.D. student in Earth and Atmos. Sci.
» Defense expected in July 2019
» A model scientist-in-training, with some experience in mechanical
engineering, mathematics, and imaging radiology
 Visiting The University of Sheffield

» Working with Dr. Maria Val Martin to model the nitrogen cycle using
CESM



n Europe, China and US, 80—90% of atmospheric
NH; emitted is agricultural, posing a threat to
environmental health
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A way-out to this food-environment
dilemma could be intercropping

Two or more crops are grown in alternate
strips with a time-delay

soybean

_ nodule
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overlapping depletion zones

Nitrogen
fixing
nodules

N stress under such competition stimulates
soybean to fix more atmospheric N
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transfer of
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They are placed close enough to allow belowground competition
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yields (kg-C/ha)
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Correspondingly, NH; emission can be

reduced by 45% —-—
Relative NH; Emission \ H3 Emission

(Intercropping vs. Monoculture) Invento ry

(Magnitude And Seasonality of Agricultural
Grid-by-grid Emissions; MASAGE)
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Estimating the health costs associated with

P M Empirical health impact factor of
2.5 PM, ., B = 0.0058 m3ug ™1 (Krewski

et al., 2009)

* [ncrease In mortality rate:

_BAC Change in PM, ¢
AM = P>30MO(1 — € concentration
Provincial population > 30 yo { Annual mortality rate

In China from Gu et al. (2012)
= US$ 170,000

» Assuming premature mortality lags change in PV, - by
20 years and the risk-free interest rate (e.g., 20-year US
government issued bond) Is 3%, the health costs
assoclated with PM, : Is given by:

Cost = AM X x e(=0.03)(20)

Continuously-compounded



Intercropping could be more economical

than Chinese current practice Avoided Health Costs =
Reduced Fertilizer = +US$0.5b +US$13b
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Efficient in Land-use Efficient in Nitrogen-use

~200% relative yield, Less fertilizer use (—42%)
maize and soybean
combined, on the same
area of cropland and over
a single planting season

Large-scale
Intercropping
in China

Sustainable Profitable

Reduced NH; emissions USS67b net economic
(—45%) and PM, . benefits including
concentration USS$13b from avoided
(up to —2.3%) health costs



Observations and emission inventories aid
monitoring of NH5/NH,*
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Extended Data Fig. 1 | Source areas and hotspot locations. Global are indicated (see Supplementary Information for details). The locations
nine-year NHj; average (in molecules per square centimetre) with and names of the hotspots discussed in the main text are also provided.
identified hotspots, their associated flux estimates (black circles), and The largest average NHj; column is found over the Indus Valley (Pakistan)

source areas (white rectangles). In total 248 hotspots and 178 source areas with a value of 1.1 x 10'7 molecules cm 2.



But, there are potential feedbacks in the
land-atmosphere NH,/NH,* cycle
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NH,*,

aerosol)




Farth system models enable us to better
understand those convoluted relations

Atmosphere
CAM-chem 6.0

CESM2.0

(coupler)

Sea lce




N cycle as part of the CESM terrestrial-
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We implement into CLM the “multi-step” NH;
volatilization scheme from DNDC (Li et al., 2012)

d|NH 1
( [ d; (g)]) ~ [NHI(SOil)](l — fads)fais/vol (A_t)
from soil

| Fraction of dissociated non-adsorbed NH,":
Soil particle surrounded by ‘ p— NH4+(non—ads) ‘—_‘ NH3 (aq) + H+(aq)

film of water

rate constant of

dissociation . Kw
fdis

IR @ soil temperature (°C)
K, = (1.416 + (0.01357)Tsoif) x 107> (mol.L™1)
K,, = 100-08946+(0.03605)Tsoil % 1015 (mol 2 1-2)
[H*] = 107PH (mol.L™1)

Sl rate constant pH as prescribed
Fraction of soil NH,* adsorbed is determined by an of hydrolysis
empirical equation for adsorption:
Fraction of volatilized NH; ,): soil layer

fads = 0.99(7.2733f 12y — 11.22f 4,y + 5.7198fjay + 0.0263)

depth (m)

. 1.5s Tsoil lmax —1
fvol -
1+ s/ \50 + Ty Lmax

wind speed (m s)



In stead of using a global constant scales, we
propose to quantify canopy capture as

d|NH d|NH
( [ d; (g)]> _ ( [ ds (g)]) (1 _fcanopy)
thru. canopy from soil

Modified from DNDC (Li et al., 2012),

we parameterize canopy capture factor as:
| Account for effect of canopy height

* ) \
d[NHB(g)]
( thru. canopy ﬁanopy - loglo (1 + Z(htop o tht)) X
1
Snow-free TLAI X — X wind speed (m s™)
one-sided S10 at 10-m height
leaf area
index (LAI) RHCanopy X vNHS

(d[NH3 (g)]> Deposition
from soil

dt Relative velocity of

humidity NH; on leaf
within (0.05 m s~

[Fung et . inprep. | o
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CLM Above-canopy NH; from Cropland
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N-budget in CLM
In vs. Out =230 : 350 (Te-N)
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Thank you!

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

* NH3/NH,* cycle modeling with CESMZ2.0 [on-going]

>

>

Using CLM5.0 to estimate NH; emissions associated with cropland and
natural soll

Fairly agreeing with CMIP6 and MASAGE inventories, and IASI
observation over high-emission regions

Ammonia-aerosol-climate feedbacks to be investigated


https://kamingfung.wordpress.com/
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