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The N issue

• For nearly a century mankind had caused 
unprecedented changes to the nitrogen cycle by 
more than doubling the transformation of non-
reactive atmospheric di-nitrogen (N2) into 
reactive nitrogen (Nr) forms, which cascade 
through the environment.

The production of Nr for 
crops fertilization has 

made population growth 
possible 

This growth has come with 
very high environmental 

and societal costs.







Geographical distribution of the control variable for N for 
the biogeochemical flows boundary, highlighting large 

agricultural zones where the N boundary is transgressed.

www.futureearth.org



• Reactive N is 
one of the 
three 
“planetary 
boundaries” 
that have 
been 
exceeded as 
a result of 
human 
activities



Water quality

• Continuous increase of anthropogenic N in 
water

water pollution direct threats to human 
health and aquatic ecosystems. 

– Drinking water human health. 

– In aquatic ecosystems eutrophication.



NVZ in Portugal
• Nitrate vulnerable zones (NVZ) have increased in 

number (from 3 to 9) and in area, since 1997. 

• Aquatic ecosystems are eutrophic or at risk of 
eutrophication by excess N. 

• N pollution swapping has contributed to biodiversity 
reduction, damaged the resilience of aquatic 
ecosystems

Increased
concern

Increase
awarenes



• Vulnerable zones



Air quality
Excessive N input ecosystems and human health

Nr interacts with other elements 

increasing ozone near the Earth’s surface, particulate 
matter (PM)

Nr emission to the atmosphere return to earth 

Eutrophication, biodiversity and soils, soil acidification. 



Ammonia, acid deposition and ground level 
ozone

Negative effects to vegetation 

impacts biodiversity and water 

While NOx emissions have been successfully 
decreased across most of Europe, the same is 

not true for NH3. 



Nitrogen dioxide 2014 - global air quality 
levels (released 14 Dec 2015) (NASA satellite)



GHG

Anthropogenic Nr greenhouse gases 
balance

Reactive nitrogen                alters climate balance

– direct and indirect emissions of nitrous oxide (N2O) 

– Nr deposition

– tropospheric ozone formation (O3), 

– effects on CH4 emissions, 

– formation of secondary atmospheric aerosols



Ecosystems/Biodiversity

Nitrogen is now one of the main global threats to 
biodiversity

Atmospheric Nr deposition 

affects biodiversity in different ecosystem types 

competitive interactions 

composition change and unfavorable  conditions



Biodiversity is a sensitive criterion 

Measurable effects

Target Indicator



Enhancement of soil fertility by synthetic 
fertilizers

Crop growth

OM decline, reduce crop growth, soil biota,

Leaching, increased micrunitrients

Soil quality



Soil quality

Over fertilization, both with chemicals and 
animal manures

Excess atmospheric reactive nitrogen 
deposition 

Pollution swapping, social costs



Foley et al, 2011, Nature)



Holistic approach





The WAGES concept

• From a longer list of around 20 concerns, the 
European Nitrogen Assessment identifies five key 
societal threats associated with excess Nr in the 
environment: 
– Water quality, Air quality, Greenhouse balance, 

Ecosystems and biodiversity, and Soil quality.  

• Together, these threats can be easily 
remembered by an acronym as the ‘WAGES’ of 
excess nitrogen.



Water quality Air quality

Soil quality
Greenhouse 

balance

Ecosystems and

biodiversity



ENA

• The European Nitrogen Assessment and the 
WAGES concept provide a model that has 
found substantial resonance both with policy 
makers and the public.

• Little contribution was given by Portugal



Objectives of twinning

• Stimulate scientific excellence and innovation 
capacity on the multiple threats and benefits 
of nitrogen in Portugal

• The twinning exercise in NitroPortugal will 
provide the basis for a national scale 
assessment of all the effects of nitrogen, from 
the analysis and coordination of the scientific 
expertise and existing data on many different 
aspects of nitrogen.



Key Training Elements of the project

• Training in key research areas of the nitrogen 
cycle and corresponding scientific production;

• Training on nitrogen integration and 
synthesis, to build the ground for the 
elaboration of a Portuguese Nitrogen 
Assessment;

• Training on science interface to national and 
international policy development.



Water

• Assessing the current situation in nitrogen 
water pollution from existing data sources

• relative role of nitrates versus other nitrogen 
forms, such as ammonium and organic 
nitrogen

• Assessing available measures to mitigate 
nitrate and other N pollution



• Modelling nitrate leaching and other N losses 
to improve water quality

• relationships between freshwater 
Eurotrophication due to N and P (the priority) 
in relations to the challenges faced for the 
coastal zone



Air

• Assessing the current situation in nitrogen air 
pollution from existing data sources;

• Assessing available measures to mitigate 
atmospheric N pollution for Portuguese 
conditions;

• This will include review of progress in the key 
major sectors;

• Improving the modelling capacity for atmospheric 
N emissions, transport and deposition, at the 
national and landscape scale scales



GHG

• Assessing the current situation in greenhouse gas 
knowledge and data from existing data sources;

• nitrogen based non-greenhouse gas effects on 
radiative balance drawing on experience from the 
ENA for effects of N deposition on carbon 
sequestration, on ozone formation and on 
aerosol formation under Portuguese conditions;

• Assessing available measures to mitigate nitrous 
oxide emissions for Portuguese conditions;



• developing synergies between mitigation of 
nitrous oxide and other nitrogen forms (e.g. 
ammonia and nitrates etc);

• Improving the measurement and modelling 
capacity for greenhouse gas emissions and 
fluxes.



Ecossystems

• Assessing the current situation in ecosystem and 
biodiversity effects from excess nitrogen;

• Addressing the extent to which sensitivity differences 
can be identified between different forms of nitrogen 
deposition (e.g. wet deposition of N versus dry 
deposition of N; oxidized N vs reduced N forms) ;

• Improving the S&T capacity for e.g., state-of-the art 
experiments on the effects of N on sensitive 
Portuguese habitats and species, gradient studies and 
upscaling plus modelling initiatives.



Soil

• Assessing the current situation on existing data relating 
to soils to establish key concerns for a nitrogen 
assessment of Portuguese soils;

• potential for N losses under current N fertilization 
practice in Portugal and identifying measures for the 
reduction of losses through increasing N use efficiency.

• Improving modelling capacity for predicting behavior 
of different soil types with regard to N retention and 
loss interacting closely with related efforts in water and 
air.

• Improving the capacity for analyzing soil biology


