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Timeline of Global Reactive N Creation by Human Activity
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Galloway et al. (2003)

Half of the world population fed by chemical N




il Nitrogen use efficiency matters

For more than But only about

2 %

é $ 2% world energy
R ] i i >$500b/year

Today, they need the most efficient air and water, or bound to the soil.

ways'tokjep updwiththeworld's SOCiEtal COSt iS d
growing demands.
maghnitude higher

There needs to be a way for
growers to achieve the full
potential of their fertilization
applications while balancing:
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N\
3 =) Ammonia \ N:
volatilization
up to 45% loss
~  impacting air

Nitrous Oxide
emissions up
to 10% loss

contributing to
global warming

M &N

L0erallzg 0 o =) Nitrate leaching
‘ up to 30% loss
— : impacting water

AMMONIA VOLATILIZATIDN.. - NITRATE LEACHING

Influencing Factors B AND NITROUS OXIDE
+ Clay soil EMISSION
+ Alkaline pH

Influencing Factors
+ Shallow soil

+ Humid/rainy weather

+ Single Nitrogen fertilizer application

+ Windy & dry weather

Total Ozone in March 2020 (Dobson Units)
200 230 2560 290 320 350 350 410 440



Enormous damage costs of N pollution (Societal cost)
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€70-320B per year in EU

DAMAGE COSTS OF NITROGEN POLLUTION MAIN NITROGEN SOURCES

Agriculture and fossil-fuel burning load the environment
with reactive nitrogen, affecting water, soils and air.

WATER
RUNOFF

~ m Reactive nitrogen
IDD O B runoff inwater |

B NH; released to air
o NO, released to air

B e s m NED released to air

60 ..................................................................................................................................

Cost to European Union (billion €)

20 oo SR TUUUTTTTTUUOON O O PP PRRT
m Agriculture m Sewage
i_‘ m Fossil-fuel burning m Other
I
Human health Ecosystems Climate Industry

Sutton et al. 2011



How N is lost in soil?

Ammonia NH,
volatilization (10-70%) H

Soil organic
N, fixation > NH > matter Fertilizer
Animal Waste
g :
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Nitrate leaching H
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g2d From data to decision

oo
Measurement :
o |oo

‘eco®
‘ Dataset
® o0

S
¢

2
Y
ATt

Decision support tools

» Difficult to measure, * Empirical model,

e costly, * Process-based models (APSIM,
* time-consuming, DNDC, WNMM, etc.),

* limited scales. * Scaling models (EF),

* Machine learning.
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=3 Measurement: The foundation of big data

diverse sources

provide inputs )

extensive

measurements . "‘,;'A“ () Modelling
©0606660 \I\\ Q eoe OQO ir:diction

Better measurements Q
lead to more accurate
predictions

ol

measurement accuracy
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WNMM—spatially referenced water and nutrients
management modeii# |, it simulates:

" Soil water dynamics
" Plant growth

" Comprehensive C and N cycling,

Including N,O emissions

Atmosphere ; | ‘

Crop Transpiration . )
Soil Evaporation ? Precipitation
Crop

Interception

FOM

\é CO;

BIOM

. HUM

living & dead

Soil Layer 1 Infiltration

L I L IE Y o o e ettt

Drainage

Sall Layer n Recharge

(Li et al, 2005, 2007, 2008, 2009; Chen et al 2010)

A

active & passive

Organic N

Immobilisation

Crop Uptake «—

Mineral N

N Fertiliser
Dry & Wet Deposit

Irrigation

10



Process-based modelling Machine learning
* Mechanistic understanding * Data-Driven
 Complex equations e Algorithms and Training
Water and Nitrogen * Parameter-driven: high-quality * Large datasets - -
ManagementMOdel .. Input Layer Output Layer
(WNMM) empirical data . L it tabilit @S 7/ANT A0
o S ower Interpretapliity g‘g;;“&gzg/ “QE’%.
L - SRR BXET BREK
* High interpretability and RSN
SN AL
transparency NN

H
3
Ei
£
g
3

...........................................

 Random Forest (RF),
Support Vector Machines
(SVM), Neural Networks
(NNs)




Limitations
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Stringent requirement of input variables
Parameters derived from limited data/sites

Inconsistent responses of N loss to its key
drivers

Limited capability in regional/global
simulations

function of nitrificaiton

of existing process-based models
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Soil temperature (°C)

Checkpoint  Insert a new graph Exccel Options... Factorials Run.
S U . (em) (0-1)
ummer L
015 0.300
Summer Date: 1-Now -
15-30 0.300
Winter Cona: 2
30-45 0.300
Winter U: 2
4560 0.300
Wirter Date: 1-Apr
60-80 0.300
Diffusivity Constant: 0
80-100 0.300
Diffusivity Slope: &1
Soil albedo: 0.13
Bare soil runoff curve number: 73
Max. reduction in curve number due to cover: | 20
Caver for max curve number reduction: 0
Slope:
Discharge width:
Catchment area:
Maximum pond:
30 40 50



ii2d Data mining + Machine learning

e Simplify and summarize the data; uncover * Machine learning uses data mining techniques to
relevant insight and patterns by exploring and build models of what is happening behind some
analysing large datasets. data so that it can predict outcomes.
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Using ML to address limitations of process-based models

.. ™

. [

b { b Y
d-om'—ol-w—u i |
PR y ==

)

Process-based model

Isngi:‘ ‘ w Stringent data
Weather requirements
Managementyu®

. INH] ) .
R:||: = hﬂ:lum |\H-1]Jrl lsw l||.'f;.'r.l nit Pa ra mete rs de rlved

fraa={R o0 from limited
W measured data

Ny
frome R— 0.002

Inconsistent
responses of N loss
to its key drivers
among models

Limited capability
in regional/global
simulations

suolejwI

e.g.

coefficient

%E
Machine learning
Identify redundant
— variables
== Parameter
< | g Bl optimization
< N (on global database)
Q —
3
o
Q .d]:l. Identify key
<‘_, ()] A variables and reveal
» their relations
¥ Fooo e Simplify and
| ‘& "% "\ extrapolate model to
F vy = a large scale
f(T) =aT+b
Input va riable parameter (Lam et al., 2024 Earth Critical Zone)




Machine learning output
(integration with

e { eg. f(T) =aT+b

process-based model)

o -
p— 4} ’ ! coefficient mput parameter
f:. r ﬁ% variable
d E% ; g 1 ; — data E
E 5 ; / NH; volatilisation
= £ || Optimised parameters! ! |
w > @E = 2 t T > 615633631%@ E> N,O emission
E EE I Refsy, / parameter NO;" leaching/runoff
c 3 | | '
= : i
Y / R — F i module l L. .
: :  Enhance DFEdICtIOn CapaCIty
: Process-based model i . .
______________________ * Extend applicability
SO SRSRNT R T * Provide data-driven insights

Model input
information

ﬂ for decision support

__________________________________________________________________________________

A hybrid modelling framework for enhancing process-based models using machine learning (Lam et al., 2024 Earth Critical Zone)
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Earth Critical Zone 1 (2024) 100006
GO A Contents lists available at ScienceDirect " Earth
A Cpitical
oy Zone
Pl Earth Critical Zone

journal homepage: www.sciencedirect.com/journalfearth-critical-zona

ELSEVIER

Advancing agroecosystem modelling of nitrogen losses with )
machine learning e

Shu Kee Lam ", Baobao Pan®, A.K. Qin", Deli Chen”

? Setwnl of Agriculhure, Food and Ecosystem Sciences, The University of Melbowme, Parkville, Victonio, Austrolio
* Department of Computing Technologies, Swinburme University of Technology, Hawthorm, Vidorie, Australio

Lam, S.K., Pan, B., Qin, A.K. and Chen, D., 2024. Advancing agroecosystem modelling of nitrogen
losses with machine learning. Earth Critical Zone, 1(1), p.100006.
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0 0.05 0.1 0.15 0.2 0.25 0.5 0.8 1.2%

(a) Soil pH

Global distribution of fy_o yi: predicted by SGB model (R2=0.55, RMSE=0.4)

* A constant fy, o nit to estimate the N,O emission from nitrification by
process-based models is unsuitable

(b) Mean annual precipitation
) ¢=&=’;

£ n » »n » » « - ™)
(d) Soil total nitrogen
STy £
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X Big data, N footprint (green index)
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--=-=Benchmarking & Food credentials

* So far, societal (sustainability) cost of Nr is considered when farmers make
fertiliser decision

* no evidenced based index for “Green”/sustainable agriculture products

* Can we develop Environmental Footprint mmpTrue Environmental cost, N
footprint.

* to encourage and reward the more sustainable practices?

* To develop real environmental cost of agriculture products, leading to the
payment/trading (Environmental Offset), Environmental Credit
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Proton Gen-2
|.6L

The more A
* stars the more \—. ?

water efficient

WATER

N 20 300 400+
1ﬂ'itargntfa 2012 5 of carb 1 jioxide per kilometr
KEY
A joint government and industry program 80 target for 2020 160 average EU emissions Lowest emission vehicle

Licence No. 0001 fverage emission vehicle |

Highest emission vehicle ||
EL emission targets [N
litres per full flush

B litres per half flush

3.0 litres per average flush

with Integral Basin
When tested in accordance with Standard ASINZS 6400

For more information and to compare
products, refer to:
www.waterrating.gov.au

CO02 Emission. 157 g/km




SUPPLY-CHAIN DATA ll REMOTE SENSING MODELLING

{1

¢¢ Incentivize @QL choices
g* - _ S (low environmental
; [I_]m to adopt sustainable ‘*/4,,,3 e footprint)

practices Market premium

FOOD LABELLING

N CREDIT

Build new evidence-based N indexes for agricultural products that account for the environmental
impacts of Nr use/loss across the food supply chain.

Cost-benefit analysis of Nr use/loss in agriculture.

Incentivize farmers to adopt more sustainable N management practices, influence consumers
choice and market premium



Greener products due to the use of NIs

l 73% N,O emission

14-
O -DMPP

g 12- A +DMPP
e
N
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4 g
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0 : _ o 0

25 Mar 1 Apr 7 Apr 16 Apr

A celery farm in Australia

Control

DMPP

20 mg N,0-N
loss per kg
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loss per kg
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¢
fv N

. \i
¢Y N




Farmers — Sustainable practice
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Before

Lignite for mitigating
NH; volatilization

120
T —Ligtreated
& 100 U r
S —=Untreate
2

oo
[=]

160 g NH;-N 48 g NH;-N
loss per kg loss per kg
beef beef

[=a]
[

Cumulative NH3 emissions
=] 4.
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Establishment of NCS to

reduce agricultural pollution
and improve NUE by sharing
responsibilities among

farmers, suppliers, processors,
retailers, consumers and =

governments.

Politics& Government
(national to local)

To provide financial

Incentives for lower
environmental footprints
products (including EEFs)

( Tax and VAT

rules

Tax payer,

Consumer, Business

Nitrogen Credit System (NCS)

-

Societal

benefit

Subsidy (or penalty)

N credit budget

— 'y
’/ N pollution :
reduction target I 0
Scientific CBA !
1
] —
] \:I
I L'\
\ : -
T » Farmers
1 Rules,
X Supervision N credit board
1
¥ 1
I
< Feedback & update Y,
Regulation, Farm size,
information economic level,

Scientists &
farmers

education level

N credit
measures

Gu et al. 2021, The Innovation: Gu et al, 2022, Nature



Mitigating Nr pollution from global croplands
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o)

Cost or benefit (billion USD)
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Gu etal, 2022, Nature



¢ Australian Government

Management of nutrients for improved profitability and

sustainability of crop production in Lao PDR

‘Tv -

Australian Centre for
International Agricultural Research

Research Design

Brief

ACIAR Program(s) area

SLAM

Project Title

Quantifying the impacts of nitrogen use and developing
sustainable agricultural N management strategies in Laos rice-
based farming systems

Project Number

SLAM/2022/102

ACIAR Research Program
Manager

James Quilty




Synthetic N fertiliser production Green ammonia, biofertilisers,
260 Mt N = USD $200 billion/yr enhance N capture
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. _

_ . - Increase
Agricultural production y , . o
USD $2-3 trillion/yr ' N use efficiency (30%) &

farm profitability

(%)
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Ecosystem, climate & o Create pathways to achieve
health impact 50% reduction in N waste &
USD $340 billion/yr mitigate climate change

University of Manyland NYU

s * 2% D Queensland Australian Centre
for International
e, Sunl’ord x Agricultural Research
......... 1A S A CENTER FOR ENVIRONMENTAL SCIENCE
)
¥ — Claters CG Y) ifa i
w ﬂ‘a/ @ ‘ , - ﬁ B“ ..... o we’t G‘Pmnd . '-‘."jmuv BaICOAUStralla

Fig 1. ARC Centre of Excellence in PLANETARY NITROGEN challenges, deliverables & 23-organisation team
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