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Since the 1960’s awareness has been created as to the unsustainable
and potentially catastrophic manner in which we treat our planet.

1963 Silent Spring, Rachel Carson
early 1970’s The Club of Rome
1988 The Brundtland Report:”Our Common Future”
1990 the Ecological Footprint : Wackernagel
2009 Planetary boundaries, Johan Rockström

Action oriented:
1988 IPCC , by now their fifth report and well established

political action. 
2002 The Millennium Goals of the UN
2015 The UN Sustainable Development Goals



The 17 UN Sustainable Development Goals (sept 2015)
1. End poverty in all its forms everywhere
2 .End hunger, achieve food security and improve nutrition and promote sustainable

agriculture
3. Ensure healthy lives and promote well being for all ages. 
4. Ensure inclusive and equitable quality education and promote life-long learning

opportunities for all
5. Achieve gender equality and empower women and girls. 
6. Ensure availability and sustainable management of water and sanitation for all. 
7. Ensure  access to affordable, reliable, sustainable and modern energy for all
8. Promote sustained, inclusive and sustainable economic growth,full and productive

employment and decent work for all
9. Build resilient infrastructure and promote inclusive and sustainable industrialization

and foster innovation.
10.Reduce inequality within and between countries
11.Make cities and human settlements inclusive, safe, resilient and sustainable. 
12.Ensure sustainable consumption and production patterns
13.Take urgent action to combat climate change and its impacts. 
14.Conserve and  sustainably use the oceans, seas and marine resources for 

sustainable development..
15.Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably

managed forests, combat desertification and halt and reverse land degradation and
halt biodiversity loss

16.Promote peaceful and inclusive societies for sustainable development, access to
justice for all and build effective, accountable and inclusive institutions at all levels.

17.Strengthen the means of implementation and revitalize the global partnership for
sustainable development



The Natural Capital Research Platform of Gent 
University (Faculty of Bioscience Engineering) has 
formulated four excellent considerations when
focusing on  local solutions:

1. raise awareness
2. perform high quality integrated research
3. act as an independant think tank
4. take up the role as facilitator. 

But how does this work in the real world?? 



Three case studies will be briefly discussed , 
addressing the four considerations.

1. Comparing circular dairy-farming practices as 
compared with more conventional approaches ( Frisian
Northern Woods, the Netherlands) . 

2. Precision fertilization on an arable farm ( Zeeland, the 
Netherlands) 

3. Coping with increasing drought in the Destre Sele
area of Italy: to irrigate or buy drought resistant cultivars? 



Noordelijke Friese Wouden: national landscape, 
reflecting centuries old cultural patterns.









Comparing the circular and conventional dairy systems:

non renewable energy use: 5.1MJ/kg milk vs.5.9 =  -15%
input chem.fertilizer N: 128kg/ha vs 146               =  -12%
nitrate leaching: 5.1 kgN/ha/yr vs 7.0                   =  -30%
ammonia emission: 30 kgN/ha/yr vs 35               =   -15%

soil organic matter:    186 tonC/ha vs 156             =  +20%
av.farm income:  8.3 €/100kg milk vs 5.9              =  +40%
20% more labor for the circular system!

SO: WHAT IS GOOD FOR THE ENVIRONMENT IS GOOD FOR BUSINESS 
(at least SDG’s 2,6,13 and 15 apply here!)

Dolman, M.A., M.P.W.Sonneveld, H.Mollenhorst and I.J.M.de Boer. 2014. Benchmarking the 
economic, environmental and social performance of Dutch dairy farms aiming at internal
recycling of nutrients. J.of Cleaner Prod. (http//dx.doi.org/10.1016/j.jclepro.2014.02.043) 



Ad 1: there was already much ( too much?) awareness! How to
reduce ammonia emissions?
Injection of liquid manure required by law. Farmers did not like it: 
contractors needed, loss of control. They produce manure with
20% lower N and like to spread that themselves. Not allowed.

Sonneveld, M.P.W., Schroder, J.J., De Vos, J.A., .Monteny, G.J., Musquera,J.,  Hol, J., Lantinga, M.J., 
Verhoeven, F., and Bouma,  2008.   A Whole-Farm Strategy to Reduce Environmental Impacts of 
Nitrogen. Journal of Environmental Quality, 37 (3): 333-337. 







Ad 2: Life cycle analysis; ad  3:  not independant and ad 4: 
role of knowledge brokers.

Bouma, J., A.C.van Altvorst, R.Eweg, P.J.A.M.Smeets and H.C.van Latesteijn. 2011. The role of knowledge when 
studying innovation and the associated wicked sustainability problems in agriculture. Advances in Agronomy 113:285-
314.



Precision agriculture: applying plant nutrients at the right time and place.  
Also relevant for irrigation and pest control. 

SDG 2, 6

Bouma, J., B.J.van Alphen and J.J.Stoorvogel. 2002. Fine tuning water quality regulations 
in agriculture to soil differences. Environmental Science and Policy 5: 113-120.



ISOPROTURON METRIBUZIN

BENTAZON
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Low risk
High risk

SDG 2, 6.



Borders with flowers along arable fields: increase
biodiversity and biological crop protection.



Ad 1: the modern farmer was aware of PA  but needed to be
convinced to allow experiments.

Ad 2: simulation modeling of the soil-water-plant-
atmosphere system and of biocide adsorption.

Ad 3: scientists acted independantly, offering advise.

Ad 4: role of facilitator not needed: farmer increasingly liked
the ideas of PA, particularly because of its financial aspects. 





SDG’S 2, 6, 13



Ad 1: farmers were aware of the confusing advice as to how to deal with
drought. They were not aware of the role scientists could play to offer 
independant advice. Scientists acted in a pro-active mode to engage
farmers.
Ad 2: simulation models were used for the soil-water-plant-atmosphere
system.
Ad 3: scientists played a key role offering independant advice that was 
much appreciated.
Ad 4: scientists provided suggestions but did not facilitate or engage in 
implementation. 

Bonfante, A. and J.Bouma. 2015. The role of soil series in quantitative Land Evaluation 
when expressing effects of climate change and crop breeding on future land use. 
Geoderma 259-260, 187-195.  (http://doi.org/10.1016/j.geoderma2015.06.010) 

http://doi.org/10.1016/j.geoderma2015.06.010


Every soil has an important and unique story to
tell. We are as yet not very good to fully understand
her story. Science has the task to “decifer”and
“translate” her story into effective actions 
contributing to sustainable development.  



What did we learn?

1. be pro-active: don’t wait until stakeholders approach you;  
be alert as to what is “hot”and choose research topics 
strategically. Be aware of what really bothers people. And 
how do we deal with the post-truth era? “Joint learning”. 

Bouma, J., 2018. The challenge of soil science meeting society’s demands in a “post-truth”, “fact- free”world. 
Geoderma 310, 22-28.(http://dx.doi.org/10.1016/geoderma2017.09.017) 

http://dx.doi.org/10.1016/geoderma2017.09.017


Farmers are bothered by the manure rules: 170 kg N from manure/ha. 
With derogation: 220 kg N/ha. But local groundwater and surface water 
quality are often OK now! 

They have to pay arable farmers to receive their excess manure
(according to the rules) while they have to buy chemical fertilizers to
adequately fertilize their own fields. 
A representative case: cost 4500 €’s !

They now document in detail all their in- and outflow of nutrients. Why
not complete the system with on-farm soil and water quality data and 
provide licenses to farmers that comply with environmental rules? Time 
for bottom-up rather than top-down. 



2. Soil-water-plant-atmosphere simulation models – cutting
edge in terms of science- are ideal vehicles for 
interdisciplinary work.  But take a step-by-step approach. 
After a hundred years of research we can do a lot with
existing methods. 
Bouma, J., C.Kwakernaak, A.Bonfante, J.J.Stoorvogel and L.W.Dekker. 2015. Soil science input in 
Transdisciplinary projects in the Netherlands and Italy. Geoderma Regional 5,96-105 .
(http://dx.doi.org/10.1016/j.geodrs.2015.04.002)

http://dx.doi.org/10.1016/j.geodrs.2015.04.002


3. Be independant. When focusing on SDG’s formulate options. There
are no straight solutions. Every idea, however weird, should be taken 
seriously. We show the economic, social and environmental
consequences. Other choose! 

DPSIR-System:
Spa Spr

past present

D+P=I+R=

Future(s)

Sf1,2..n

Scenarios:
R=D+P=I=

1

2

n
D=Drivers
P=Pressures
I = Impact
R=Response
S=State

Decision making

cost/benefit
analysis



4. The role of facilitator
We need to communicate better with our stakeholders. Less
top-down, more bottom-up. “joint learning”. 

And remember: 
(a) combine “IT”, “I” and “WE” .
(b) follow: data-information-knowledge-wisdom! 



Banwart, NATURE 474: 151. 

FAO & ITPS, 2015. Status of the World's Soil Resources (SWSR)-Main Report. Food 
and Agr. Org of the UN and Intergov't Technical Panel on Soils, Rome, Italy.



I believe there is room for a number 5 consideration:

5. Improve interaction processes and communicate research results
with modern methods; focus on well-documented “lighthouses” to
spread the word of  what modern science can do!   Scientific papers 
should not be the end of the story! 



FIND INNOVATIVE WAYS TO CROSS 
BARRIERS
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Mo Fo; Lo Po

• Eutrophication of estuaries; dead zones; 
harmful algal blooms

• Nitrate in drinking water
• NOx, O3, and PM2.5 air pollution
• N2O as greenhouse gas & stratospheric 

ozone reactant
• Acid rain & biodiversity loss

The Haber-Bosch process is one of the 
greatest public health boons in human history



Fowler et al. 2013 The global nitrogen cycle in the twenty-first century. Phil Trans R Soc B 368: 20130164

About 80% of N harvested from global crop and 
pasture production is used for feeding livestock



IPCC AR5

Galloway et al. 2003. 
BioScience



NATURE|Vol 461|24 September 2009
“Editor’s note Please note that this Feature 
and the Commentaries are not peer-reviewed 
research. This Feature, the full paper and the 
expert Commentaries can all be accessed 
from http://tinyurl.com/planetboundaries.”

Updated by Steffen et al. 
2015. Science



Applying the Right Source at the Right Rate at the Right Time and in the Right 
Place, where Right is defined by practice impact on system performance

Paul Fixen

Source
Slow-release fertilizer
Nitrification inhibitor
Balanced nutrients

Rate
Soil testing
On-line tools
Crop sensors

Place

Time
Spring vs. fall
Side dressing during

growing season



𝑵𝑵𝒔𝒔𝒔𝒔𝒔𝒔 = 𝑵𝑵𝒚𝒚𝒚𝒚𝒚𝒚𝒚𝒚𝒚𝒚(
𝟏𝟏

𝑵𝑵𝑵𝑵𝑵𝑵
− 𝟏𝟏)

NUE = Nyield/Inputs

Nsur = Inputs - Nyield

Soil Nitrogen

Agricultural  BNF

Fertilizer

Leaching/runoff 
(e.g., NH4

+,NO3
-, DON,PON)

Volatilization/emission 
(e.g., NH3, NO, N2O, N2)

Crop
products

Deposition

Manure

(Zhang et al., 2015, Nature)



Irrigation

N pollution

N Surplus (kg N ha-1 yr-1)

Soil N mining

107 Tg N in global crop products needed in 2050 (FAO, 2012)

Average N surplus tolerable for 
safe operating space:     ~40 kg 
N ha-1 yr-1

Sufficient food
production with
low pollution

(Zhang et al., 2015, Nature)



Zhang et al. 2015. Nature 528:51-59

N surplus follows the EKC model for western Europe and North AmericaEnvironmental Kuznets Curve

USA

France



Zhang et al. 2015. Nature 528:51-59

Strong fertilizer subsidies have kept the fertilizer/crop price 
ratios low in China and India, which discourages NUE



Linda Prokopy
Purdue Univ. 

Davidson et al. 2015. JEQ 44:305–311



Sustainable Development Goals

46

Indicator 2.4.1: Percentage of agricultural area under sustainable agricultural practices 
Goal 2: End hunger, achieve food security and improved nutrition and promote sustainable agriculture 

But how can sustainable agriculture be measured?



A radar chart for visualizing a country’s performance in sustainable 
agricultural production.

Sustainable Agriculture Matrix

Xin Zhang
Univ. of Maryland Center for 
Environmental Science, 
Appalachian Lab



A radar chart for visualizing America’s performance in sustainable 
agricultural production.

Sustainable Agriculture Matrix
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A radar chart for visualizing America’s performance in sustainable 
agricultural production.

Sustainable Agriculture Matrix



Sustainable Agriculture Matrix



The role of crop mixes and trade



Increasing consumption of animal protein

Westhoek et al. (2011) “The Protein Puzzle”
Reay et al. (2011) European Nitrogen Assessment



Per capita meat consumption has started to decline in the USA, 
especially beef consumption.
http://www.nationalchickencouncil.org/



Calculate your nitrogen footprint at: www.N-Print.org

Leach et al. 2016. 
Food Policy 

61:213–223



red meat

diary products

cereals/carbs

fruits/vegetables

chicken/fish/eggs

other misc.

beverages

oils/sweets/
condiments

Total greenhouse gas emissions by supply chain 
tier associated with household food consumption in the U.S.

Climate impact (metric tons CO₂e/household-yr)

0 0.5 1.0 1.5 2.0 2.5

transport

production

wholesale/retail

“The Problem of What to Eat” Conservation. Natasha Loder, Elizabeth Finkel,
Craig Meisner, and Pamela Ronald. July-September 2008 9(3):31 Jason Clay

SVP Markets, WWF-US



Take-home messages

 Sustainable intensification can improve NUE, increase crop yields, and reduce N 
pollution, and

 Technological advances will be helpful and a lot can be done with existing technology, 
but

 Social and economic impediments remain, therefore

 MoFoLoPo will require integration among agronomy, social sciences, and other 
disciplines and cooperation across sectors and stakeholder groups, 

 SAM will help nations gauge their progress towards sustainability and modify their 
policies accordingly, and

 Personal dietary choices matter
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Human Prosperity within Planetary 
Boundaries

Ghent University
22nd March 2018

Professor Johan Rockström
Executive Director, Stockholm Resilience Centre
Professor of Environmental Science, Stockholm University 

Photo: Yann Arthus-Bertrand



At the same time - people are fundamentally dependent on 
the capacity of the biosphere to sustain human development

People are embedded parts of the biosphere and shape it, 
from local to global scales, from the past to the future



From a small world on a large planet …



To a large world on a small planet …



1 oC above pre-industrial

2017



8

37 billion 
tonnes

In 2017, global 
carbon dioxide 
emissions from fossil 
fuels and industry will 
reach around 37bn 
tonnes of carbon 
dioxide. 
Total emissions from all sources: 
approx 41GtCO2

Le Quéré et al ESSDD Global Carbon Budget 2017

2% growth



… but atmospheric 
concentrations continue to rise

Le Quéré et al Global Carbon Budget 2017



The land and ocean absorb 
around half the emissions

Le Quéré et al ESSDD Global Carbon Budget 2017

8



Risk of
Tipping the 

Earth System 
away from 

Manageable
Inter-glacial?

Steffen et al., in prep



GREAT ACCELERATION 1950 TO PRESENT



GREAT ACCELERATION 1950 TO PRESENT

Global development
occurred due to our 
STABLE, 
RESILIENT 
PLANET

This is now at

RISK



Welcome to the Anthropocene

Image: GLOBAIA



 






~1955 ~1990

ANTHROPOCENE

SATURATION 
POINT

SMALL WORLD ON LARGE PLANET
Externalities
Incremental, linear change
Earth resilience high

BIG WORLD ON SMALL PLANET
Internalities
Non-linear, Regime shifts
Earth resilience low



In 50 years we tipped from 10,000 years Holocene 
to the Anthropocene

What we do next 50 years will determine next 10,000 years

Image: Mattias Klum





Holocene Our Garden of Eden

Image: GLOBAIA



The Holocene - Humankinds 10 000 years of grace
Stockholm Resilience Centre and Rockström and others, Ecology and Society 2009:14

Photo: Michael A. Stecker



Earth System Tipping Points

Image: GLOBAIA








Tipping Points & the Paris Agreement
Sources: Adapted from Schellnhuber et al. (2016). Nature Climate Change



Anthropocene
+

Holocene
+

Tipping Points
= 

Planetary Boundaries





Planetary Boundaries: Experiments in the business world



Agile organizations… sustainability shifts



The Global Commons in the Anthropocene –
Biomes, Biogeochemical cycles and Biodiversity

Image: NASA



PRINCIPLES
FOR GLOBAL COMMONS 
IN THE ANTHROPOCENE

NASA 2014



Principle 1: The inclusivity principle
The Global Commons are not external to human activity; they are internal to

development at all scales and need to be treated inclusively



Principle 2: The universality principle  
Managing the Global Commons requires a paradigm shift in human worldviews toward 

planetary stewardship.

Photo: Wikimedia commons



Principle 3: The resilience principle
Planetary stewardship of the Global Commons is fundamentally about safeguarding 

social-ecological resilience, from local communities to Earth stability.

Photo: timsteeves.com



Major Biomes on earth that regulate ʻEarth Resilience’

Photos: World Wildlife Fund, breakingenergy.com, saguidedtours.com, 
Sierra Club Pennsylvania, Projectaware.com, Duncan Greene/Wired UK.  



Towards exponential solutions

Photo: NASA



The Carbon Law – A Moore’s law for climate stability  

Photo: Google



THE CARBON LAW



Rockström, Gaffney, Joeri, Meinshausen, Nakicenovic, Schellnhuber. Science 24 March 2017 



Rockström, Gaffney, Joeri, Meinshausen, Nakicenovic, Schellnhuber. Science 24 March 2017 



Rockström, Gaffney, Joeri, Meinshausen, Nakicenovic, Schellnhuber. Science 24 March 2017 



Rockström, Gaffney, Joeri, Meinshausen, Nakicenovic, Schellnhuber. Science 24 March 2017 



Rockström, Gaffney, Joeri, Meinshausen, Nakicenovic, Schellnhuber. Science 24 March 2017 



40GtCO2

2020

20GtCO2

2030

10GtCO2

2040

5GtCO2

2050

A Global Carbon Law
Halving Emissions Every Decade



Planetary Stewardship

Photo: Trollbäck and Company









Year2030 20502040

The World In 2050

Radical transformative 
pathways to meet the 
SDGs within planetary 
boundaries

Planetary 
Boundaries

Degree of
Global 

Sustainable
Develpment



Sustainable and Healthy food key transformation for human 
prosperity on Earth

Interdisciplinary Global Sustainability science emerging as 
critical research field on Humanity in Anthropocene 



Thank you 
www.stockholmresilience.su.se

Photo: O.Henriksson/Azote
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UGENT SYMPOSIUM 
"FROM GLOBAL 
CHALLENGES TO LOCAL 
SOLUTIONS"

Reflections by Arcadis



© Arcadis 2018

World 
Economic 

Forum 

2017 
Global 
Risk 

Report

Is the private sector aware? 



© Arcadis 2018

Link between business activities and
natural capital



© Arcadis 2018

The business 
case for natural 
capital

Financial optimization: creating business value by investing 
in ecosystem restoration e.g. opportunities related to nature 
based solutions, surplus assets, …

Strategic Decision Making: scarcity of resources mean
businesses are increasingly incorporating natural capital risks 
& impacts into their investment decision processes

Regulatory Pressure: Non-financial reporting requirements 
(e.g. EU Directive) will require certain businesses to report on 
natural capital assets & liabilities

Access to Finance: captured in the Banking “Natural Capital 
Declaration” – international finance increasingly requires 
demonstration of “no net loss” of natural capital.

Stakeholder Expectations: pressure for businesses to 
demonstrate sustainable consumption and production e.g. 
reduced carbon emissions, freshwater use and pollution

29 March 2018 114

It’s all about risk 
management, 
cost reduction, 
revenue 
maximisation



© Arcadis 2018

Biodiversity is a challenging issue for businesses...

Development of a Protocol for Applying the Planetary 
Boundaries Concept to Nitrogen Emissions, as an 
example of Business Pressures on Biodiversity



© Arcadis 2018

1. Demonstrating real 
impact on biodiversity 
of Good Growth Plan 
measures

2. Supporting the concept 
of ecological corridors 
in agricultural 
landscapes

3. Validating the natural 
and social capital 
benefits of implemented 
measures, and their 
business value



© Arcadis 2018

Translating global concepts and goals to company level 
strategies and actions
Providing business solutions based on a balance between 

scientifically robust and pragmatic
Identifying the business value! Apply the risks and 

opportunities approach 

Without the uptake by the private sector we will never achieve our quest for a 
society that doesn’t exceed the planetary boundaries 

Challenges



© Arcadis 2018

Arcadis.
Improving 
quality of life
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	Farmers are bothered by the manure rules: 170 kg N from manure/ha. With derogation: 220 kg N/ha. But local groundwater  and surface water quality are often OK now! ��They have to pay arable farmers to receive their excess manure �(according to the rules) while they have to buy chemical fertilizers to adequately fertilize their own fields. �A representative case: cost 4500 €’s !��They now document in detail all their in- and outflow of nutrients. Why not complete the system with on-farm soil and water quality data and provide licenses to farmers that comply with environmental rules? Time for bottom-up rather than top-down. 
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	3. Be independant. When focusing on SDG’s formulate options. There are no straight solutions. Every idea, however weird, should be taken seriously. We show the economic, social and environmental consequences. Other choose! ���
	4. The role of facilitator�We need to communicate better with our stakeholders. Less top-down, more bottom-up. “joint learning”. ��And remember: �(a) combine “IT”, “I” and “WE” .�(b) follow: data-information-knowledge-wisdom! ���
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	I believe there is room for a number 5 consideration:��5. Improve interaction processes and communicate research results with modern methods; focus on well-documented “lighthouses” to spread the word of  what modern science can do!   Scientific papers should not be the end of the story! ������
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