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PLANETARY BOUNDARY FOR NITROGEN
EXCEEDED

Climate change
Chemical pollution Ocean
Not yet acidification

s '," .,.::':::.:'.:...

1]
0 .
e b

Not yet
Global

quantified
freshwater
use

7 Land-use
change

Rockstrom et al. 2009 Nature
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FERTILIZER EFFICIENCY FOR FOOD

95 kg is lost to
the environment

Saltsjobaden V Faculty of Earth and Life Sciences



Atmosphere Particulates Stratospheric

/ effects effects
| Y Nzo

Ozone —

effects '

Greenhouse
effects

Agroecosystem Forests and
effects grassland effects

Coastal effects

i

" effects Aquatic
/ ecosystems

Groundwater effects

Source: Galloway et o 2003

Natural & antHropogenic Cascade through the environment
sources
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NITROGEN DAMAGE COSTS AND BENEFITS

DAMAGE COSTS OF NITROGEN POLLUTION

Agriculture and fossil-fuel burning load the environment

with reactive nitrogen, affecting water, soils and air. Total cost for EU27:
120 €70 — 320 billion
~ m Reactive nitrogen or €150 - 750 pp
100 runoff in water
B NH; released to air 0
a0 BNO, released to air h _ _________ 1-4% of average European

B N,0 released to air income

60

Agriculture: €20 — 150
billion costs versus €10 —
100 billion benefit of
fertilizers for farmers

Cost to European Union (billion €)

Human health Ecosystems Climate

Sutton et al. (2011)
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Global climate change is predicted to affect air and water
temperatures, sea-level rise, precipitation, wind patterns,
and the frequency and intensity of storms.

Faculty of Earth and Life Sciences



ENDANGERED PRODUCTIVITY:
WATER STRESS IN 2030

No water stress
Low water stress

Medium water stress

Severe water stress

Source: OECD Environmental Outlook Baseline.

OECD ENVIRONMENTAL OUTLOOK TO 2030 - ISBN 978-92-64-04048-9 — © OECD 2008 3
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ENDANGERED PRODUCTIVITY:

CLIMATE CHANGE

Projected impact of climate change on agricultural yields

" A key culprit in climate change
~ carbon emissions - can also help
agriculture by enhancing
photosynthesis in many important (...)
crops such as wheat, rice, and

howe;;r, is far from celnaln on the \/ Change in agricultural productivity
DR L e J between 2003 and the 2080s

This map represents the case of e

beneficial carbon fertilisation processes.

R .S I - |

. ‘ . +25 +10 +5 0 -5 -15 -25% No data
Source: Cline W., 2007, Global Warming and Agriculture.

Source: SOER, Global Megatrends 2010
Faculty of Earth and Life Sciences




CHANGES TO THE N CYCLE AND GHG
EMISSIONS HAVE THE SAME DRIVERS

e

9 Faculty of Earth and Life Sciences



MORE NITROGEN IS NOW FIXED BY HUMAN

ACTIVITIES THAN BY NATURAL PROCESSES

- 8000 200
© | S
é’ 7000 - Total Nr production (Tg) - 180 =
—~ - 160 &
2 — 6000 - 2
é—) ) Natural Nr production (Tg) - 140 "g’
E % 5000 120 © 5
2 4000 100 28
E _g Fertilizer - 80 -.:.-,“ g
3 © 3000 ' world population (Millions) (Tg) 3o
9o = 60 =
5 2000 - o B
s : “NOx(Tg) =

O T [ [ [ T | O

1900 1920 1940 1960 1980 2000

04.07.13
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TRENDS IN REACTIVE N FORMATION AND CO,

EMISSIONS ARE SIMILAR

8000
/
— 7000 - Total Nr production (Tg) ././’
€ = 6000 - ¢
é—) S Natural Nr production (Tg)
€ = 5000
~ C CO, emission (Tg)
§ 2 4000 2
© 3 Fertilizer
a o 3000 World population (Millions) (Tg)
8_ Q
o 2000 -
é 1000 _/M - NOx(Tg)
0 8 . . .
1900 1920 1940 1960 1980 2000

04.07.13

200
180
160
140
120
100

- 80

60

- 40

20

fertilizer input, NOx emission, Nr

production
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GLOBAL TRENDS IN HUMAN POPULATION, N AND P USE

AND CO2 EMISSIONS
9000

co,
Total Nr - 200
Phosphate
Population

8000 -
7000 -

6000 - L 150

5000 - Fertilizer

4000 -

-
o
o

3000 -
2000 -

fertilizer input, NOx emission, Nr
production

NOx
BNF

World population (millions), Meat
production (Mton) and CO2 emissions
(Gg)

1000 -

O ] ] 1 ] ] ] | ] | ] |
1900 1920 1940 1960 1980 2000 2020 2040




THE ‘CASCADE EFFECT’ IN RELATION TO CLIMATE

Greenhouse
effects

N,O
N,O
Forests &
. : grasslands effects
Fossil fuel: Agroecosystem effects -
Energy coO >
Transport oy o Crop ——=—>> Animal +/- CO,
Industry 2 .
Fertilizer production K‘” C_OZ Soil +CO, N,O
Soll Terrestrial

= /
[QM CO ‘ Coastal ,
] 2 D cffeClS

_ Aquatic
Aquatic (eco)systems Ocaan

effects

Groundwater

effects Modified from Galloway et al., 2003



Liu & Greaver (2009):

Mean range: 35-67
16-33
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Forest:
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B Fertilizer experiments
Butterbach Bahl et al., 2011

] Model simulations

;
1}

I Empirical field data
>~ [[] "N experimental data

— Evans et al. (2006)

Heathlands

— Evans et al. (2006)

Zaehle & Friend
| (2010)

Warmelink et al.
| (2009)
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NITROGEN AND THE CARBON CYCLE

N deposition increased carbon storage by:
~0.3 Pg C yr'in terrestrial systems

~0.3 Pg C yr' in marine areas (Blue Carbon) Global carbon cycle, 2000-2008
Limitations of P, other nutrients ..? ’

Fossil fuel combustion
Land uptake +7.7 Pg C yr' Atmospheric growth
-3.0 Pg C yr +4.1 Pg C yr

(45%)

Land use
+1.4 Pg C yr

Ocean uptake
-2.3 Pg C yr’

(25%) ‘

Residual
+0.3 Pg C yr!
0,
(3%) + denotes flux to atmosphere
- denotes flux from atmosphere
1 Pg =10' g = 1 Gt (Giga ton)
3 March 2012 Data from
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NET EFFECT OF N ON GLOBAL RADIATION BALANCE

N,O emission
NO, emission atmosphere

NH; emission atmosphere

N and C in terrestrial systems
and oceans
Mineralisation

O, phytotoxicity
CH,
Total

Total forcing: 1.6 W

Forcing (W m-2)
0.16
-0.29

-0.09

-0.2
-0.2
0.25

0.13
0
-0.24

m-2:

N-effect -0.24 [-0.5 to +0.2] W m-2

Warming Cooling

m N deposition

Erisman et al., 2011

Faculty of Earth and Life Sciences






18

PRINCIPLES FOR SUSTAINABLE AGRICULTURE

‘ y . < AN, ok
Provisio- Regulating and Supporting Services
ning
Services

W e Y L : : ,
: ,}ﬁzi il VA ke S bt R —
Productionl Nutrient = Water . Erosion § Disease | Climate

Suppres- | Regula-

i
¥

Cycling | Flowand :Prevention
~ Storage ¢ 4 sion& | tion
5 gPollination;{j

e

b2

b

Cultural
Services

L

Animal Aesthetic

Health Spiritual
Values
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« 200 gr soil contains 0,5 gr soil life
 More than 12.000 species

« Many functions a.o. Nutrient
management, water storage, etc.
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CLOSE NUTRIENT CYCLES




FOSSIL FUEL DEPENDENCE OF AGRICULTURE

Food prices (index) Crude oil price (index)
400

200

0 Index reference: 100=1998-2000 0

Jan-00 Jan-02 Jan-04 Jan-06 Oct-08

Figure 3: Changes In commodity prices In relation to oll prices.
(Source: FAO, 2008; IMF, 2008).
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STRATEGIES TO MORE SUSTAINABILITY

Smarter diets

Healthier diets

* Less animal products
G J
Smart intensification Smart extensification
Resource (land, feed, “ » Less local impacts, public

nutrient) efficiency image
Closing yield gap, reducing * Animal welfare, human
\ waste health, odour, landscape

Synergies &
Trade-offs
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PRESENT AND POTENTIAL WHEAT PRODUCTION

EUROPE

Smart intensification

M Current
S0 (total 182 Mt) [

80 M FAO LT sust pot [
70 - (total 225 Mt)

Wheat production (Mt/fyr)
3

Current N 164 0.42 0.49
(Mt/yr)
North+West Central S+E NonEU
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WHAT IS THE SOCIETAL OPTIMAL N RATE FOR

WHEAT?

Smart extensification

1000 7
Farm /’
—_ optimum
£ 800 R 5
o 50 kg/ha R4
=
3 | — — I,
2 600 _ — Societal Pid
c optimum N/
o 7~ i \
E -- \
(1] pp— - -
@ - - -
8 200 e et farm benefit \
== == «External N costs
0 e Net societal benefit
0 50 100 150 200 250 300

N fertilization (kg/ha)
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CEREAL YIELD AND FERTILIZER USE

> |[tin_~]

AT
1000 2000 3000 4000 5000 6000 7000 8000 9000

Cereals, total - Yield (kg per ha)

10 20 30 40 50 60 70 80 90 100 110 120
Nitrogen fertilizer, per capita (kg)

]
H 1965 1970 1975 1980 1985 1990 1995 2000

“llin <]

© Google 2008

Faculty of Earth and Life Sciences



CHANGING PROTEIN SOURCES SAVES FEED,

NUTRIENTS AND LAND

N in feed |
Poultry (meat) |

Poultry (eggs)

Pork (meat) |

Cattle (milk) |

Cattle (beef) |

Sources: ENA, 2011, Protein Puzzle, PBL, 2011
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THE NITROGEN FOOTPRINT

N print’
@ Introduction

Welcome to the Nitrogen Footprint Calculator! A nitrogen
footprint is a measure of the amount of nitrogen released to the
environment as a result of human activities.

The human use of nitrogen through agriculture, energy use, and
resource consumption has profound beneficial and detrimental
impacts on all people. The beneficial impacts include food produced
by nitrogen fertilizer. However, in areas that already have a lot of
nitrogen, excess nitrogen lost to the environment negatively impacts
both people and ecosystems. Once lost to the environment, nitrogen
moves through the Earth’s atmosphere, forests, grasslands, and
waters. This excess nitrogen can lead to smog, acid rain, forest
dieback, coastal “dead zones”, biodiversity loss, stratospheric ozone
depletion, and an enhanced greenhouse effect. This expansive impact
makes it important to understand one’s nitrogen footprint.

The pie chart to the right initially shows the average footprint of a
person from the country you selected. As you answer the N Calculator
questions, the pie chart will change to reflect your answers.

Please choose your language Choose 5 J
Please choose your unit Choose = J
For which country is the Footprint calculated? Choose

Your footprint

This is your personal footprint.

. Food consumption: 76.3 kg
@ Housing: 6.3 kg

. Transportation: 10.9 kg

@ Goods and Services: 7.5 kg

9
-

WWW.n-print.orc
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THE NITROGEN FOOTPRINT:
YOUR LUNCH TODAY

m Virtual N released

20 - N consumed >
10 B Grilled fish
0.
Veggie  Grilledfish  Sirloin
ravioli steak
Allison Leach Human daily needs

www.n-print.org

B sirloin steak
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THANK YOU

And don’t forget to reduce food waste!

Food waste per person per year in
The Netherlands

(© Zembla)

LOUIS BOLK




