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Task 1.1.2:  Development of farm nitrogen budgets 

Task Output 1.1.2: Guidance Document on Dairy Farm Nitrogen Budgets 

Project title: Development of nitrogen performance indicators for dairy production 

systems 

INTRODUCTION 

Nitrogen performance indicators are useful tools to evaluate nitrogen (N) use outcomes of an 

agricultural system and/or the risk of N losses at the farm and paddock scale. Generally used 

approaches include N use efficiency (NUE), farm-gate and soil-surface N surplus calculations.  

Furthermore, component-based N indicators, which are applicable through the soil, pasture, animal 

product and excreta continuum, provide greater insights into key N fluxes and transformations 

impacting on N recovery and farm productivity and improving management decisions. 

However, methodologies for calculating and utilising these indicators are often inconsistent and 

can vary between countries/regions and individual users. As a result, recommendations and 

decision-making on improved N management can be inconsistent.  

Greater standardisation of within-farm N efficiency metrics and reporting frameworks will enable 

the broader agricultural sector and policy makers to: i) equitably benchmark systems in an 

international context; ii) identify systems and management decisions for improved farm 

productivity and reduced environmental losses; and iii) enhance between-region/country 

comparisons and allow tracking of performance improvements over time. 

This requires the development of internationally recognised standards for quantification, including 

relevant data requirements, approaches for measurement and associated sensitivity, as well as 

application within decision support systems.  

PROJECT OUTCOMES  

To improve the sustainable intensification of dairy systems, through greater international 

harmonization of relevant whole-farm and within farm N balance indicators. 

 

Science questions:  

1. What are the key N performance indicators that inform and improve N management 

decisions and reduce N losses for dairy systems?  

2. How should these be estimated?  

3. What are realistic targets and performance guidelines? 
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PROJECT OBJECTIVES 

We will use this project to harmonise international expertise, knowledge and approaches and develop an 
appropriate set of indicators for practical application for dairy farming systems.  Furthermore, the project 
will capitalise on the international datasets available to develop and test our set of indicators. NUE and N 
surplus targets will also be set in the context of other agro-environmental considerations such as nutrient 
loss pathways and greenhouse gas emissions (GHG) emissions. 

 

PROJECT TEAM 

International Project team: The 18 project participants represent 7 international regions and 12 
organisations. 

Team members present at the December 2018 workshop 

• Cameron Gourley (Joint Task Leader), Agriculture Victoria Research, Australia 

• Tom Misselbrook (Joint Task Leader), Rothamsted Research, UK 

• Sharon Aarons, Agriculture Victoria Research, Australia  

• Gemma Heemskerk, Agriculture Victoria Research, Australia  

• Cecile de Klein, AgResearch, New Zealand  

• Tommy Dalgaard, Arhus University DK  

• Cláudia S C Marques-dos-Santos Cordovil, Instituto Superior de Agronomia, DCEB, Portugal 

• Shabtai Bittman, Agriculture and Food Canada 

• Yoshitaka Uchida, Hokkaido University Japan  

• Karl Richards, Teagasc, Johnstown Castle, Wexford. Ireland 

• John Lory, University of Missouri 

• Lin Ma, The Chinese Academy of Sciences, China 
 

Additional team members unable to attend.  

• Zhaohai Bai, The Chinese Academy of Sciences, China 

• Barbara Amon, Leibniz Institute for Agricultural Research, Germany.  

• Karin Groenestein, Wageningen UR, The Netherlands  

• Mark Shepherd, AgResearch, New Zealand  

• Nick Hutchings, Arhus University DK 

• Marta Alfaro, INIA, Chile. 
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REGIONAL WORKSHOPS 

 

Improving environmental 

outcomes for Intensive 

Animal Industries  

Symposium 3 – 4th December 

2018 Melbourne Australia. 

 

Animal production systems are 
becoming more intensively managed in 
Victoria, Australia and globally as 
demand grows for food worldwide. It is 
important to understand global trends 
and changes in animal production 
systems, and approaches to improve 
environmental outcomes.   
 
Agriculture Victoria hosted a two-day 
Symposium focusing on industry, 
science and policy engagement.  
 
During the symposium, international 
and national scientists and industry 
specialists presented a total of 26 papers 
on the following topics: 
•   Changing nature of animal production 
systems, globally and locally 
•    Managing for greater nutrient fluxes 
and use efficiencies 
•    Improving water quality outcomes 
•    Manure management, gaseous 
emissions and land application 
•    International and local policy instruments and approaches 
 
There were 148 registered participants at the event, with the audience representing industry partners (dairy, 
beef, chickens, pigs industries), industry consultants and some farmers, and government policy, government 
and university research organisations, catchment authorities, landscape planning and regulators, and EPA.  
 
All presentations were video recorded, and the symposium presentations will be available in mid-December 
via the Agriculture Victoria Sustainable Agricultural Industries webpage links. 
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SYMPOSIUM PROGRAM 
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SPEAKER DETAILS 
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DAIRY N USE EFFICIENCY WORKSHOP 

This 3-day International Nitrogen Management Systems (INMS) workshop was held at the Agriculture 
Victoria Ellinbank Dairy Research Institute, West Gippsland, Victoria.  

Workshop activities focussed on international harmonization of relevant whole-farm and within farm N 
balance and indicator approaches to improve the sustainable intensification of dairy systems. 

Specifically, the international project team worked towards INMS Project 1.1.2. project deliverables: namely 
a draft version of the guidelines document and selection of international case studies.  

Nominated team members lead discussions in specific theme areas which aligned with the structure of the 
guidance document.  Other activities included commercial dairy farm visits, and a tour of the AVR Ellinbank 
research facilities. The workshop program is outlined below. 

The project team will meet again in China in September 2019. 

 

Program for INMS 1.1.2 Ellinbank workshop 

 8:30 am session 10:30 am session 1:00 pm session 3:30 pm session 

Wed 5th 
Dec 

Introductions 
- Project deliverables 
- Guidance document  
- Workshop themes 
 
Leads: C Gourley,  
T Misselbrook 

Travel to farms Dairy farm visit #1 Dairy farm visit #2 

Thurs 6th 
Dec 

Theme 1.  
Whole farm N use 
efficiency. 
 
Lead: C de Klein (L), M 
Alfaro 

Theme 2.  
Home-grown feed N 
use efficiency. 
 
Lead: K Richards (L),  
C Cordovil, Y Uchida 

AV Ellinbank 
research farm tour 

Theme 3.  
Animal intake N 
use efficiency. 
 
Lead: S Aarons (L),  
Lin Ma, T Dalgaard 

Fri 7th 
Dec 

Theme 4.  
Manure reuse 
efficiency. 
 
Lead group:  
S Bittman (L), J Lory,  
T Misselbrook 

Case study data sets Conclusions 
Deliverables, 
actions, timelines 
 
Leads: C Gourley,  
T Misselbrook 

Departures 
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AGREED STRUCTURE OF GUIDELINES DOCUMENT 

Preface 

Executive Summary 

1. Introduction (Cameron, Tom) 

1.1. Background 

1.2. Document purpose and intended users 

1.3.  Scope and proposed impact 

1.4. How to use this document. 

2. Global dairy production systems (Gemma, Cameron and team) 

2.1.  Diversity of systems 

2.2. Trends in intensification 

3. Nitrogen flows in dairy production systems (Zhaohai, Lin, and team) 

3.1.  Describing N cycles and key components 

3.2.  Describing system boundaries  

3.3.  Definitions of N performance indicators 

4. Whole-farm N use efficiency (Cecile, Marta, Tommy, Karl, Cameron) 

4.1.  Calculating N inputs and outputs 

4.1.1.  Tier 1 

4.1.2.  Tier 2 

4.1.3.  Tier 3 

4.2. Dealing with externalised inputs (e.g. imported feed) and outputs (e.g. exported manure). 

4.3. Dealing with uncertainties 

4.4. Impact of management practices on N performance (summary, with sign-posts to existing 
documents and guidelines) 

5. Dairy cow product N use efficiency (Sharon, Nick H, Zhaohai, Karin G) 

5.1. Calculating N inputs and outputs 

5.1.1.  Tier 1 

5.1.2.  Tier 2 

5.1.3.  Tier 3 

5.2. Dealing with externalised inputs 

5.3. Dealing with uncertainties 

5.4. Impact of management practices on N performance (summary, with sign-posts to existing 
documents and guidelines) 

6. Manure reuse N use efficiency (John/Shabtai, Tom, Barbara, Claudia, Lin, Sharon) 

6.1. Calculating N inputs and outputs 

6.1.1.  Tier 1 

6.1.2.  Tier 2 

6.1.3.  Tier 3 
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6.2. Dealing with externalised inputs 

6.3. Dealing with uncertainties 

6.4. Impact of management practices on N performance (summary, with sign-posts to existing 
documents and guidelines) 

7. Home-grown forage N use efficiency (Karl, Claudia, Yoshi, John, Mark S) 

7.1. Calculating N inputs and outputs 

7.1.1.  Tier 1 

7.1.2.  Tier 2 

7.1.3.  Tier 3 

7.2. Dealing with externalised inputs 

7.3. Dealing with uncertainties 

7.4. Impact of management practices on N performance (summary, with sign-posts to existing 
documents and guidelines) 

8. Combined framework for reporting and interpreting N use efficiency indicators 

9. Case studies (Tom, Cameron, Gemma, Miquel?) 

9.1. Benchmarking (spatial: farm-systems, regions, national, international; temporal: changes over time) 

9.2. Interpretation of results and lessons learnt 

9.3. Targets (for different productions systems and in context of inherent conditions) 

10. Recommendations (for policy or industry)  

References 

Appendices 

PROPOSAL FOR SHARING THE WORKLOAD AMONGST TEAM MEMBERS 

• Each theme was been allocated a lead group and a theme leader (L) as indicated in the workshop 
program provided above. Lead group members were nominally assigned to a theme based on their 
expertise - but this can be reallocated on request. 

• Each lead group provided an introductory presentation at the beginning of each theme discussion. 

• Introductory presentations aimed to outline the issues to be included and guide further discussions. 
Issues included: descriptions of N flows, scale and boundaries, definitions used, examples of relevant 
NUE indicators, inconsistencies in previous approaches, challenges in measurements and 
interpretation guidelines.  

• The theme lead group was responsible to taking notes during the discussions and post-the workshop 
will provide a summary of outcomes, including agreed approaches, identified gaps in knowledge, 
and required further activities. 

• While all team members will be able to contribute to the various chapters within the guidance 
document, it is proposed that the theme lead group coordinate the preparation of the relevant 
chapter. 
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USEFUL FIGURES 

 

 

 

 

 

Figure 1. Representation of the N inputs and outputs that are typically included in the calculation of 

(A) Whole farm NUE and N surplus values and (B) component efficiency assessments for 

Crop/home-grown forage, Animal and Manure reuse. 
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Figure 2. Conceptual diagram of the Nitrogen Use Efficiency (NUE) indicator framework developed by the EU 

Nitrogen Expert Panel (2015). The numbers shown are illustrative of an example system and will vary 

according to context (soil, climate, crop). The slope of the diagonal wedge represents a range of desired NUE 

values between 50% and 90%; lower values are likely to exacerbate N pollution and higher values risk mining 

of soil N stocks. The horizontal line is a desired minimum level of productivity for the example system. The 

additional diagonal line represents a limit related to maximum N surplus to avoid substantial pollution 

losses. The combined criteria serve to identify the most desirable range of outcomes and is represented by 

the un-shaded part of the Figure. 
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FUTURE ACTIVITIES 

 

• July 2019 – Draft version of guidelines document and proposed methods. Selection of case 
studies. Drafting outline of journal paper. 

• December 2019 – Second Workshop (China).  

o Revised version of guidelines. Case study assessments completed. Draft of journal 
paper (Dec 2019). 

• July 2020 – Finalized guidelines including case studies reported and completed. Journal 
paper submitted. 

 

 


