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Background (1): what is the nitrogen (N) problem?

 80% of reactive N (Nr; all N forms

except N,) input is lost as pollution
(e.g., NO,, NO;3) or as N..

Air Quality Climate

* The global cost of N damage is around | Why e
_ a1 ot Nitrogen? G
US$200-2000 billion per year. B i o T

wasted annually SSESE

« Multiple environmental impacts are
caused by excess Nr in the environment.

Nr is a necessary resource and a source of pollution.
(Sutton et al., 2019)



Background (2): global reactive N creation per capita
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(Galloway et al., 2014)



Outline of today’s talk

1. Background: The nitrogen problem

2. Nitrogen footprint approaches: models and progress
(A) Bottom-up: consumer- and diet-based footprints
(B) Top-down: global picture and international trade
(C) Supply-chain attribution (NutrlO): linking demand to sectoral losses

3. Current interests and discussion



Motivation: linking production & consumption

Food on the table The reactive N flows

12 RESPONSIBLE
CONSUMPTION

AND PRODUCTION

=@ —_—
Acidification S

Eutrophication

(Erisman et al., Ch2 in ENA, 2011) ,



What is the nitrogen footprint?

Driver: consumption

A nitrogen (N) footprint is
the amount of Nr released to
the environment due to
resource consumption. Pressure: N loss to the environment

It connects use of resources, especially food, to environmental nitrogen losses.

Food Energy Non-food goods




Different methods for the N footprint analyses

Environment

Simplified trade Consumers

N-Input (A) N-Calculator (B) N-Multi-region  (C) NutrlO
(Shindo & Yanagawa, 2017)  (Leach et al., 2012) (Oita et al., Nat. Geoci., 2016) (Oita et al., ERL., 2021)
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Why do we need different N footprint models?
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(C) Input-Output Material Flow
Analysis (NutrlO)

(B) N-Multi-region

Coupled Human and Nature

Systems (CHANS)
Reactive N Spatial

Intensity (NrSl)

(A) N-Calculator Loss-focused

Data requirement / complexity

N-Output Source-focused
Low N-Input
>
Individual/ Institution Region Country Global

Farm Decision scale
(Based on Shibata et al., INMS Guidance Document, 2025) 7



(A) Bottom-up: the N-Calculator method framework

N footprint (NF) = Food NF + Energy NF

Food NF = Production NF + Consumption NF

Production NF Consumed |x [AYLLUEIN
(Virtual N) N Factor (VNF)

Consumption NF Consumed |x | N removal rate
(Real N) N at wastewater
treatment




Personal N footprint by country

N footprint per capita per year [kgN cap™' yr)
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(Shibata et al., Ambio, 2017)

Food makes up more than 75% of the N footprint.




The web-based N footprint calculator

https://calc.nprint.org/:YYYC

N-Print Calculator

Your Country's Average
Footprint

37.3Kg

| 25Kg
4.6Kg

2.1
Z.'Ilm

B Goods and Services
Transportation
Housing
Food Consumption

I Food Production

Nitrogen Footprint Calculator

Welcome tothe N-Print calculator! A nitrogen footprint is a measure of the amount of reactive nitrogen released to the environment as a result of human activities. Calculating
your footprint can help you understand how your dietary choices, household energy use, transport choices, and consumption of goods and services can release nitrogen

pollution to the envirenment.
* Choose a Country:
@ Urited States Australia

Portugal Brazil

Choose alUS state:

1) Food & Diet

Poultry Pork Beef

Servings per week: Servings per week: Servings per week:
Average: 4.7; Serving size: 200g MAverage: 2.3; Senving size: 2000 Average: 3; Serving size: 200g

0 0 0

Cheese Eggs Seafood

Servings per week: Servings per week: Servings per week:
Average: 4.3; Serving size: 60g Average: 4.8; Serving size: 50g Average: 1.5; Serving size: 70g

0 0 0

Ukraine

Denmark

Milk

Servings per week:
Average: 17; Serving size: 230g

0

Grains
Servings per week:
Average: 11.4; Serving size: 120g

0

XrINMS
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The N-footprint register
and food items to choose

=



NARO-BMARCD 2018, Ts sukuba_ lapan

No. menu Virtual Nitrogen Footprint
10002 Rice (medium) 0.9
10023 Miso soup 0.7
10007 Omelette 7.9
10015 Caesar salad 21
10009 Pacific saury baked 0.5
10023 total VNF 121

Nitrogen Footprint of your menu is _1_2._1\.

The N fOOtPl‘int Footprints is the Nitrogen discharged to the en?tironment
of the chosen . start of making raw materials to our consumption.

menu ot become too much !
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Simplified N flows for the N footprint calculation

Case of Japanese Pork

New N Applied N Crop Feed Animal Meat Product Consumed

N N
0.3 (N,)
141 > A
‘ : : : 1.45 1 D
N footprint l6.9 1.6 2.7 0.36 0.01 0.45w: 0.7'
|| ||
Virtual N 12.0 Real N

1 g of consumed N: 12.7 g-N
(mC|Uded n pork prOtem) [ 12.0+0.7 ] (Shibata et al. 2014: Oita et al,. 2018a)

13



Virtual N Factors (VNF) of food items (detailed)

15
Fish & seafood Livestock Plant
10  Wild
Vv &
N non- .
F 5 fed I I I Virtual N factor (VNF)
0 — I I I a H = I I Production N loss
£E883 3 ®w 2 8 & & & oz g N in food intake
ES8s5 & 5 2 ¢ - 5 ¢
835835 A& e ° <
c @ I3 ©
& 2 >
T 3
;) g (¢ v J
T o
Fed fish & seafood (Oita et al., Ecological Indicators, 2016)
Non- Fed Livestock Plant
fed Shibata et al., Environmental research letters, 2014)

N loss intensity factor, VNF, varies among seafood.




Diet scenarios: what changes the N footprint?

15 - 75

* * * = Meat
i; g Dairy & egg
= 10 - - 50 ~  mFish & seafood
© &
; é = Other plant products
g % m Vegetables
= 5 - 25 €
'E_ £ Legumes
S 5
O a = Cereals
Z
U -0 + Protein intake
Current  Recommended Pescetarian | Low nitrogen Balanced
Japanese diet protein footprint food | Japanese diet

Health benefit
(Oita et al., Ambio, 2018)

Healthier diets can lower the N footprint.
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Time series: N footprints with P footprints
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mmm Fish and seafood
e Eggs
Milk and dairy product
mmm \leat and offal
mmm Other plant products
Fruits
mm \/egetables
mmm QOil crops and pulses
mmm Starchy Roots
Cereals

......... Population

(Oita et al., Resource,
Conservation &
Recycling, 2020)

Meat, milk, vegetables & cereals affect N footprints.




Future technologies/diets scenarios

2020s

2030s

2040s

2050s

A

2020s| [ 2020s
[, | S

'BAU  NUE -30%
(2013 based)

A

2020s

EAT-Lance!
diet

‘ = 20205,

Integrated

kg-N capita! year!

6.05-6.30
6.31 -6.56
6.57-6.82
6.83 - 7.08

| 7.09-7.34

7.35-7.60
7.61 —7.86
7.87-8.12
8.13-838
8.39-8.64
8.65-8.90
8.91-9.16
9.17-942

Current (early 2010s)
estimation: 8.43 kg-N

(Dhar et al,, 2022) 17



What the bottom-up approach can tell us

* Provides consumer-facing N loss intensities (VNFs)
for foods and supports scenario analysis

 Highlights cross-country differences
and key contributors in diets Healthy Food

food preference Religions
 Can incorporate key cross-system % 3 2
Interactions in an integrated Food systems
accou nting framework Fisheries Aquaculture
Crop Livestock

farming farming

(Based on Oita et al., Ecological Indicators, 2016) 18



(B) Top-down: from country to global analysis

N-Calculator method approach:

focus on each country

. 4

Development of the global model ll/

* What is the global situation?
« What are other influential products?

« How does international trade affect N losses? Q

19



Linking N losses to consuming countries

Air & water N losses by sectors

Estimated from:

Multi-Region Input-Output (MRIO) Table A

World MRIO (Eora):
Monetary trade data

Fertilizers
Manure
N factors
Energy

188 countries
15000 sectors

Intermediate Demand Final Demand

+ CyZ

Ctry ARice *++ Ctry Z Misc Sves | Ctry A

Intermediate Demand

Ctry A Rice

Intermediate Demand
+ Ctry A | Ctry Z Misc Sves *++

Value Added

CtryZ -

Final Demand

Ctry A ---

Ctry Z

Global N footprint model

Enabled us to analyze
* Global supply chains
* NO,, NHs, ... separately

Intermediate Demand Final Demand
Ctiy ARice -+ CtryZMiscSves | Ctiy A === CtiyZ

+ Ctry ARice.

Intermediate Demand
+++ Ctry A| Ctry Z Misc Sves +

Value Added

(Oita e’t ai., Nature Geoscience, 2016)

20



Main countries of N losses and N footprints

N losses within the country NFs (N losses for their consumption)

China
USA

China Other
countries

Other
countries

India

189 189 Tg N

USA

Argentina . Mexico India
: Brazil :
Mexico _ UK Brazil
. Russia
Australia Germany Japan
: Pakistan :
Indonesia Indonesia Russia

(Source: Oita et al., Nature Geoscience, 2016)

Quarter of the N footprint is embodied in int'l trade



Japanese case of import/export

Japan
Export 1 Import

country [ \ country

Consumers

Consumers

N loss to the N loss to the
legends . B .
environment environment
_«indapan in import countries

Foods and materials - N footprint

(Created from

Oita et al., Nat.

Geosci., 2016)
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Trade-driven transfers

Trade-embodied N losses

Japan ;
Germany - Overseas N Domestic N
Hong Kong pollutlon for > pollution for
tal imported goods exported goods
South Korea
France
Russia
Mexico -
Bulgaria
Brazil B Nwp= NO; # Overseas
Thailand
Mongolia ] NZO consumers
New Zealand
Argentina W NH,
India NO
Pakistan [] X
Australia .
. . | China | | | # Low-income
-2,000  -1,000 0 1,000 2,000 3,000 4,000 residents

Import - export (Gg N/year) (Oita et al., Nature Geoscience, 2016)

International agro-food trade drives local N pollution



What top-down can and cannot tell us

Can tell

Economy-wide and trade-linked impacts
(multi-country supply chains)

Key countries/economic sectors
Contributions by major nitrogen

loss types (e.g., NO,, NH;, N,O, NO;))

Cannot tell

Consumer heterogeneity (age, cultural/
belief-based dietary preferences)
Item-level differences within sectors

(e.g., wheat vs barley vs rye)
Production-system choices within an item

(seasonal vs greenhouse, organic vs conv.)

24



(C) Zooming in on supply chains with NutrlO

, Ammonia Chemical
Global N footprint model: import products
. . import
focus on international trade e~ — e

— Food/feed prod/lmp

Use in ( : 779 i'i
chemical ind ,
sensitive model Consump

o i 723 (
« How are Nr sources used? \-—' ﬁ‘%' -

770 [ Use of
- ” (—*m| 1003 ¢ \products

Development of the material-flow g

. : Fertclillzer T AR AT 1163
« How is Nr used along supply chains? production'| ™ | ” v oo
. . N fixation N to/from the environment
 What are influential sectors? from N, (Biological N fixation, leaching,

fisheries, wastewater)
(Katagiri et al., 2018) 25



Linking material-flow to input-output analysis

(1) Material-flow analysis (2) Input-output analysis

How much of each Nr What are the intermediate Converting N flows to
source goes to which producers of the Nr, and how monetary flows, trace
primary sectors? is Nr eventually consumed? the Nr journey
v
. 0290
Nrsources  Primary producers Demand of Nr(Gg-N) Spillover Consump __ %
ey Rice . effect tion —
- Chemical fertilizers Sectoral production(¥1M) (Leontief YM
Organic fertilizers | Wheat ' 7 Inverse Matrix)  \* ' ™)
’ ° : Tubers \Direct impact (N demand factors) .
Biological N fixation Leaumes vy . . .
‘ 1 J Direct and indirect impacts (N intensity)
Wild seafood Vegetables
Non-fertilizer ' Fruits
N compounds :




Nr flow associated with production (Food service industry)

Processed foods

Tier 3+ and beverages
suppliers 68 0 11

Il Non-energy N
gﬁ ‘v & input [g-N]

-
—p ~10
Edible crops, hen ) ~100 Economic
Tier 3+ eggs, and ) ~1000 input
suppliers fisheries ~10 ~100 ~1000  ~10000 [1000 JPY]

= P . Energy N

Chemical products = W input [g-N]

Tier 3+ except fertilizers

suppliers 5 3 2
% ’ )

Electricity, gas, and
Tier 3+ petroleum/coal

suppliers 3 7 products 1 4

Direct economic input Food service

vy / Production of  ITeTe (VN {g =M VL=
1 million yen

864

Tier 3+
suppliers

Edible crops, hen

much non-energy

Tier 3+ Tier 2 eggs, and
suppliers 57 27 suppliers 4T3 18 fisheries °
Eating and
463 109 5 drinking 1000 ..I r I n p u ro u g
Electricity, gas, and services YT
Tier 3+ Tier 2 petroleum/coal —W 1] °
suppliers 23 27 suppliers 2 24 products 10 32 S u I c h a I n S
“!!.' “iﬂ!’

Tier 3+ Tier 2 e Ct p u t
suppliers g€ 120 suppliers oy 104 Others

2337 1620

\Indirect Nr input (Oita et al., ERL, 2021) 27

Indirect suppliers Direct suppliers



What supply-chain attribution can tell us

» Shows which sectors and supply-chain links

drive Nr-source @

emand

* |Integrates multip

chemical products, energy) in one framework

e Nr sources (fertilizer,

« Helps identify priority leverage points for

Interventions

Chemical fertilizers

Organic fertilizers

Biological N fixation

Wild seafood

Non-fertilizer
N compounds

0

20 40 60 80 100%

28



Current interests: Making N footprint results usable

* Linking drivers to impacts:
connecting production/consumption drivers with environmental outcomes

* From statistics to integrated data:

combining economic 10/trade analysis, nutrient flow data, and scenario modelling

 Communication & engagement:

making nitrogen impacts visible to consumers and stakeholders

* Policy relevance:

translating footprint evidence into practical policy and management actions

29



Questions and Discussion

Discussion prompts:

-Who has the biggest leverage to reduce nitrogen losses:
consumers, retailers, farmers, policy makers?

-What tools or facilitation mechanisms would be most effective in practice:
one integrated tool, separate tools, or linked tools?

-How should we handle data gaps in practice:
interpolation/extrapolation, substitution with proxies, or scenario ranges?

Contact
Azusa Oita NARO (Japan)/ZALF (Germany) oita.azusa855@naro.go.jp
3
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