
ABSTRACT
Nitrogen is essential to the survival of all life forms yet the natural abundance of useable nitrogen is so low that massive 
human alteration of the nitrogen cycle has been required to sustain the feeding of the world’s burgeoning population. The 
alteration has been made even greater by the release of nitrogen oxides to the atmosphere during fossil fuel combustion 
(Figure 1).  Changes in the nitrogen cycle due to human action (e.g., fertilizer use, Figure 2) have exacerbated a number 
of environmental issues, including smog, acid deposition, increased N deposition (Figure 3) climate change, coastal
eutrophication, stratospheric ozone depletion, all of which have impacts on people and ecosystems on a regional or 
global basis.  Because of the cascading nature of the effect’s on nitrogen (Figure 4), understanding of the effects, their 
underlying causes and their interactions must be studied in an integrated fashion from both science and policy 
perspectives 

Toward that end, a coordinated effort is being made to integrate the diverse scientific, policy, industrial, and other 
stakeholder communities in an "International Nitrogen Initiative" (INI) with the goal of placing the global community in a 
position to optimize nitrogen’s beneficial role in sustainable food production and minimize nitrogen’s negative effects on 
human health and the environment resulting from food and energy production. Preliminary results suggest that novel 
approaches to fertilizer application can have a profound effect on excess nitrogen that enters surface and ground water, 
and that eutrophication of lakes and the coastal zone (Figure 5) can be ameliorated by more efficient practices. In 
addition, as the processes involved in denitrification are more fully understood, it is becoming possible to better assess 
the partitioning of nitrogen between the ground/surface water and the atmosphere. As the coordinated study of the 
nitrogen cycle progresses, the assessment of nitrogen fluxes will make it possible to develop region-specific solutions to 
local N-related environmental problems, and ultimately to apply the appropriate scientific, engineering, and policy tools to 
implement these solutions.
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Figure 1: Global population trends from 1860 to 2000 (billions; left axis) and Nr 
creation (Tg N yr-1; right axis).  ‘Haber-Bosch’ is Nr creation via the Haber-Bosch 
process and includes production of NH3 for non-fertilizer purposes. ‘C-BNF’ is 
cultivation-induced biological N fixation from cultivation of legumes, rice and sugar 
cane.  ‘Fossil Fuel’ is Nr created from fossil fuel combustion. ‘Total N Fixed’ is the 
sum of the three processes (Galloway et al., 2003).

Figure 4: The nitrogen cascade illustrates the movement of human-
produced reactive nitrogen (Nr) as it cycles through various 
environmental reservoirs in the atmosphere, terrestrial ecosystems, and 
aquatic ecosystems of the Earth.  It illustrates the sequential effects that 
a single atom of N can have in various reservoirs after it has been 
converted from a non-reactive form to a reactive form (Galloway et al., 
2003)
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Figure 3: Global atmospheric 
deposition of reactive nitrogen 
(Nr) onto the oceans and 
continents of the Earth in 1993 
(mg N m-2 yr -1).  Personal 
communication from F. J.
Dentener, as published in 
Galloway and Cowling (2002).
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Figure 5: Location of regions of large-scale nutrient over-enrichment resulting
In a world-wide explosion of coastal eutrophication (Figure 1, Boesch, 2002)

International Nitrogen Initiative
A Brief History

Significant focus on N assessment in last decade
–SCOPE N Project
–First and Second International N Conferences
–IGBP programs

The Second International N Conference recommended the establishment of an 
international body to address the complex issues surrounding the positive and negative 
impacts of N in the environment.

Following 2nd N Conference, a small group met on a regular basis to design an 
international program.

A proposal for the INI was submitted to SCOPE in December 2002 and to the IGBP in 
January 2003

–Both groups approved the formation of the INI and are currently its joint co-sponsors

International Nitrogen Initiative
Approach

use a three-phased approach to work towards the overall goal of the INI
Phase I: Assessment of knowledge on N flows and problems

Phase II: Development of region-specific solutions.

Phase III: Implementation of scientific, engineering and policy tools to solve problems.

establish Regional Centers for North America, Latin America, Asia, Oceania, Europe and Africa 

Identify cross cutting themes to be addressed by all regions.

Steering Committee and Regional Centers
•The INI Steering Committee was approved by SCOPE and IGBP in October 2003
•The Steering Committee includes: 

•The Directors of the Regional Centers--Africa: Mateete Bekunda, Uganda; Asia: Zhou Jianmin, China; Europe: Jan 
Willem Erisman, The Netherlands; Latin America: Luiz Martinelli, Brazil; North America: Bob Howarth, USA)
•Representatives from Sponsoring Organizations--SCOPE: John Freney,Australia; IGBP: Sybil Seitzinger, USA.
•An Assessments Coordinator-- Mary Scholes, South Africa
•INI Chair--Jim Galloway, USA

International Nitrogen Initiative
The Three Phases

Phase III:  
Implementation of 

Solutions
•What are the controls on 
N fluxes in the 
environment?

•How have N fluxes 
changed due to human 
action?

•What are the 
consequences?

•What are the gaps in 
knowledge?

•How do the answers to 
these questions vary by 
region?

•What research is need to 
fill identified gaps? 

•Which solutions can be 
used to solve identified 
problems?

•Which tools are 
required?

•Which areas of expertise 
are required?

•How do the answers to 
these questions vary by 
region?

•Which solution is best for 
a specific problem?

•What are the barriers to 
solution implementation?

•Are there economic 
issues?

•How long will the 
solutions be effective?

•How do the answers to 
these questions vary by 
region?

Phase II:  
Identification of 

Solutions

Phase I:  
Assessment of 

Knowledge 

INI Activities: 2004
SCOPE Rapid Assessment Project Workshop

–Kampala,Uganda
–January 16-20

–Arvin Mosier and Keith Syers, co-chairs
Denitrification Workshop

–Woods Hole, MA, USA
–May 3-5

–Eric Davidson and Sybil Seitzinger, co-chairs
3rd International N Conference

–Nanjing, China
–October 16-22

–Zhaoliang Zhu and Katsu Minami, co-chairs

Figure 2: Global synthetic fertilizer use (kg N km-2 yr-1) in 1990 (Seitzinger et al., 2002)
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