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Question: What is the secret to funding 

international science on valuing nature?

• Answer: It is the wrong question.

• Better Question:  How can one identify a gap/barrier in 

understanding or practice that really needs to be filled?

• If the work identifies a key need and is leading edge, 

then funding should follow naturally…

• Consider 10 Steps to making a difference…



Overarching vision for my research

Understand processes of NH3 and N 

Scale up the fluxes & interactions

Integrate nitrogen 

science disciplines

Develop nutrient management 

& mitigation options

Distil the messages & learn from society



What is Nitrogen?

Di-nitrogen (N2) 

Ammonia (NH3) 

Nitric oxide (NO) 

Nitrogen dioxide (NO2) 

Nitrates (NO3
-) 

Nitrous Oxide (N2O) 





Ammonia nitrogen is emitted to air from cut grass 

and also absorbed by vegetation
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TO UNDERSTAND

emission

deposition
Developing core expertise



Gaseous

NH3

FRAME model &      UK Network Dominant

NH3 sources

TO SCALE UP



Research Funders & Projects

• 1991 Defra – request to increase fundamental understanding..

• 1994 EXAMINE EU (FP4) – 6 institutes (fundamental understanding)

• 1998 GRAMINAE EU (FP5) – 10 institutes (fundamental understanding)

• 2006 NitroEurope EU (FP6) – 60 institutes (understanding, integration, 

application) 

• 2011 ECLAIRE EU (FP7) – 40 institutes (understanding intetration, 

application)

• 2016 INMS (Global Environment Facility – 80 organizations (synthesis, global 

mobilization)

• 2019 SANH (UK Global Challenge Resarch Fund) – 50 organizations, South 

Asia, science to global transformation).



Nature 14 April 2011

www.nine-esf.org/ENA



Natural ecosystems 

Ammonium nitrate 
in rain (NH4NO3)

Eventual 
denitrification 

of Nr to N2

High  temperature

combustion

& industry

Further Nr emission
as NOx & N2O 

carrying on 
the cascade

N  & P in streams, 
lakes & coastal seas

Unintended 

N & P flows

Terrestrial 

Eutrophication 

Freshwater Eutrophication

Greenhouse 

gas balance

Particulate 

Matter

Tropospheric 

ozone  

formation

Stratospheric 

ozone  loss

Soil acidification

Urban air 

quality

Marine  Eutrophication
Environmental 

concern 

Intended 

N & P flows

Key

Nitrogen oxides
(NOx)

Nitrous Oxide
(N2O)

Ammonia
(NH3)

Nitrate leaching (NO3
-), 

Phosphorus run-off (PO4
3-) 

plus  Sewage N & P

Unreactive
di-nitrogen
in air (N2)

Mineral 
phosphate

(PO4)

Fertilizer

manufacture

Crop  biological 

nitrogen fixation

Fertilizer

manufacture

Manufactured 

detergents &

other products

Livestock farming

Manure 

Crops for animal feed,

human food & energy 

Consumption

by humans

Food & 

materials

Key Nitrogen Flows & Impacts



The WAGES of 

too much nitrogen

Water quality

Air quality

Greenhouse balance

Ecosystems 

Soil quality

Step 1: Simplify and Bring People Together



Step 2: Speak their Language…       Nitrogen and Money

ENA and Nature 14 April 2011EU Damage cost: 70 - 320 billion € / year



European nitrogen emissions expressed as lost 

fertilizer value

Loss as Nr to air: 8 M tonne/yr

Loss as Nr to water: 5 M tonne/yr

Loss as N2: 9 M tonne/yr

Total N loss:  22 M tonne/yr

At €0.8/kg N  = €18 billion per year

Values for EU27 from ENA. 

Component N losses to air: 

NH3: 3.2  NOx: 3.5  N2O: 1.2 (M tonne/yr)



Step 3: Identify 

Practical Solutions

Unintended
N fixation in
combustion

NOx capture
& reuse

NUE combustion 5

Humans

Nr input by combustion

Energy 
Consumption 
& Transport

Choices
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NUE food 
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Spatial 
optimization 
& integration



UNECE Guidance Document

on Integrated Sustainable 

Nitrogen Management

• Brussels Workshops 2016, 2019

• TFRN/WGSR revision Apr-June 2020

• 24 principles; 76 specific measures

• Adopted by UN Air Convention 

on 13-17 December 2020

Housing Measure 1: Immediate 

segregation of urine and faeces (cattle)

Dietary Measure 5: Adapt protein intake 

in diet (poultry)

Manure Measure 2: Covered storage of 

slurry (natural crust & impermeable base)

Nutrient Recovery Measure 5: 

Ammonia stripping and recovery

Field Measure 14: Nitrification inhibitors 

(with inorganic fertilizers)

Landscape measure 8: 

Drainage management

Step 4:  Build confidence through

authoritative delivery

Step 5: Spend a lot of time in 

Geneva, Brussels, Nairobi….



• Halving EU meat &  dairy 

intake would reduce N 

pollution by 40%

Nitrogen on the Table

Westhoek et al., 2015

• NUE of the food system 

increases from 22% to 44%

28 January 2015



Step 6: Get some funding: UKRI GCRF South Asian Nitrogen Hub

RP1: Building the 

Nitrogen Policy Arena 

for South Asia

RP4: Integrating 

regional nitrogen flows 

& impacts 

in South Asia

RP3: Improving 

understanding & 

awareness of key 

nitrogen threats

RP2: Nitrogen solutions 

to maximize resilience, 

co-benefits & reduce 

trade-offs

Optimizing

the nitrogen cycle: 

More food and energy with less pollution

IMPACT: Science, practice & diplomacy 

to reduce some of the world’s worst 

nitrogen pollution, with multiple benefits

Ammonia from space –

see Sutton & Howard, Nature 2018



Towards improved nitrogen science and policy coordination

“Every year, an estimated US$200 

billion worth of reactive nitrogen 

is now lost into the environment, 

where it degrades our soils, 

pollutes our air and triggers the 

spread of “dead zones” in our 

waterways.”

Inter-convention 

Nitrogen Coordination 

Mechanism

Sutton et al. (2019) 

UN Environment: Frontiers

Sutton et al. The Nitrogen Fix  Frontiers 2019/2019

Step 7: Mobilizing…  

Find your Nitrogen 

Champions



Step 8: Establish a global process with visibility…

• International Nitrogen Management System established (2016) 

• GCRF South Asian Nitrogen Hub established (March 2019) 

- Regional championship for global transformation

• Resolution 4/14 on Sustainable Nitrogen Management 

adopted at 4th UN Environment Assembly (March 2019)

• Launch of UN Nitrogen Campaign ‘Nitrogen for Life’ 

under lead of President of Sri Lanka (October 2019)

– Colombo Declaration agrees to work on national roadmaps with 

“ambition to halve nitrogen waste by 2030”, preparing for UNEA-5

– First Nitro-Innovation Exhibition

– Premiere of the Nitrogen Song with Grammy® Award winner 

Ricky Kej

• First meeting of the Inter-convention Nitrogen Coordination 

Mechanism – INCOM (June 2020) 

www.inms.international

@MarkNitrogen

http://www.inms.international/


Resolution 

UNEP/EA.4/L.16 agreed

UNEP/EA.4/Res.14 final





Next Steps to “Halve Nitrogen Waste” 

• Pin-ball multiplier:  

UN Decade of Ecosystem Restoration 

“Halve nutrient pollution by 2030….”

• Equitable approach: more waste means 

more action needed

• Massive economic & environmental 

benefits for climate, air, water, health 

biodiversity etc.

• Business opportunities for circular 

economy (30% of fertilizer made from 

recycled sources by 2030…?)

• Action for Glasgow COP26…

Feedback to our science agenda!
Step 9: Build our 

narratives with evidence to 

colour the picture



10 steps to Selling Nitrogen the Idea…

& Mobilizing Global Action

• Step 1: Simplify and bring people together

• Step 2: Speak their Language…       Nitrogen and Money

• Step 3: Identify Practical Solutions

• Step 4:  Build confidence through authoritative delivery

• Step 5: Spend a lot of time in Geneva, Brussels, Nairobi…

• Step 6: Get some funding…

• Step 7: Mobilizing…  Find your Nitrogen Champions

• Step 8: Establish a global process with visibility

• Step 9: Build our narratives with evidence to colour the picture

• Step 10: Building a durable process…




