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Aims of work

• Indicators: Simple, expeditious, and powerful tools to grasp the 
causes, states, and impacts of nitrogen (N) pollution in multiple 
scales from local to global and from the past to the future.

• Aim 1: Various types of N performance indicators (indicators to 
measure how well humans make use of N resources) are outlined.

• Aim 2: Concept of indicators is extended to link performance 
indicators with other indicator sets describing impacts or effects.

• Aim 3: Concept, definition, and examples of performance indicators 
and their derivatives are explained.

• Aim 4: Application examples of performance indicators are shown.

• Aim 5: Current achievement and limitations of indicator methodology 
are discussed to identify pathways to develop further according to 
the many different needs of stakeholders.
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Types of indicators

• Spatial boundary: E.g., field, 
farm, watershed, country, 
continent, world

• Scope of activities: conceptual 
system boundaries covering 
different sets of activities (e.g., 
farm, soil, land, regions, all 
sources, N footprint, full life 
cycle)

• N budget terms of concern: E.g., 
direct loss to the environment, 
N use efficiency (NUE) and N 
surplus

• Ways of expression: Depending 
on purposes, e.g., kg N, kg N per 
unit area, kg N per product
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Examples of system and spatial boundaries that can be 
used to define N budgets (Zhang et al., 2020)



A systematic approach to link 
activity and effect indicators

• DPSIR framework: Drivers – Pressure – State – Impact – Responses
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Indicators for drivers Indicators of pressure Indicators of 
environmental 

state

Indicators for impacts

Fuel consumption
N concentration in fuels
Population numbers
Food consumption (demand 
by food type)
Protein content of food
Mineral N production
Animal numbers
manure N content

N-runoff 
NO3

- leaching 
NO2

- leaching 
N deposition 
N2O emission 
NOx emission
NH3 emission 
N fertilizer input
Biological N fixation
Manufactured N addition

Concentrations of 
N-compounds in 
Air (e.g. NOx, N2O, 
NH3)
Concentrations on 
land (soil N 
content)
Concentrations in 
water (e.g., of 
DON, DIN, 
particulate N)

Harmful algal blooms
Exceedance of critical loads of N
Fish yield 
Woody biomass growth rate
Chlorophyll concentration
Crop yield
Wood yield
Animal yield 
Greenhouse gas emissions/uptake
Number of haze days 
Disability-adjusted life years 
Premature death 
Willingness to pay to prevent
Cost of repairing (e.g., structures)



Effects as a consequence of input
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Compton et al., 2011



Applying nitrogen use efficiency indicators

• Focusing on agriculture and food system

• Boundaries considered

➢Cropping system

➢Livestock system NUE

➢Farm system NUE: Mix of crop and 
animal production

➢Agro-food system NUE

• Avoiding both high N surplus and soil N 
mining: Transition pathways to make use 
of NUE indicators (right figure)

• Items to be considered: Very low protein 
content products (e.g., oil crops, sugar 
crops), agroforestry systems, effects of 
other limitation factors (e.g., water, 
phosphorous)
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Conceptual NUE diagram and ideal pathways 
to reach the COS (Quemada et al., 2020)



National nitrogen budgets: how to 
draw indicators on a national scale

• Nitrogen budgets: Idea of mass 
conservation

• Estimation of national scale N budgets
➢Explanation of its concept
➢The TFRN / EPNB approach (Europe)
➢The CHANS approach (China)
➢Other relevant literature (Switzerland, 

New Zealand, Latvia, etc.)

• Examples from some countries
➢The case of Germany: Based on 

European EPNB approach
➢The case of Japan: Based on CHANS 

approach with modifications
➢Overlap with regional chapters is 

avoided
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Country 

described

Source 

European 

Union

Leip et al. (2011b) 

Switzerland Heldstab et al. (2010)

Germany Bach et al. (2020) 

Canada Clair et al. (2014) 

Denmark Hutchings et al. 

(2014) 

U.S.A. Sabo et al. (2019) 

New Zealand Parfitt et al. (2012) 

Estonia and 

Latvia

Iital et al. (nys) 

China Gu et al. (2015) 

Japan Hayashi et al. (2021)

New!

Available national nitrogen budgets



Take home messages

1. Different sets of indicators related to nitrogen (N) compounds exist that help 
evaluate environmental impacts of anthropogenic activities. Indicators can be 
simply developed from statistical information instead of special experiments or 
observations.

2. Lack of standardization, inadequate definition and incoherent nomenclature of 
terms, and different choice of system boundaries limit the applicability of 
indicators.

3. Performance indicators, measuring the function of anthropogenically developed 
systems with respect to N cycle, have been developed in the understanding that 
they provide conclusions on environmental impacts.

4. Indicators have been successfully applied to describe temporal trends, or to identify 
regional differences, e.g., by drawing timelines or maps. They can be adapted to 
reflect the immediate needs of a region, a country or an economic sector. 

5. For proof of an environmental situation to be derived from excess nitrogen, 
indicators alone will not be sufficient. Their use can provide very good hints for a 
closer investigation (modelling, measuring) of the parameters directly responsible 
for a damage.


