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ecent changes in the world�s climate are a

source of public concern and the subject of

many newspaper column inches, scientific

research programmes and international negotiations.

The so-called �greenhouse gases� effectively trap

heat in the lower atmosphere, reflecting infra-red

energy back towards the surface, and are thought to

be partly responsible for global warming.  Under the

Kyoto Protocol, established in 1997 by the United

Nations Framework Convention on Climate Change

(UNFCC), the European Union is legally bound to

reduce its greenhouse gas emission by 8% from the

1990 levels in the period 2008-2012.  Nitrous oxide

(N2O) is one of the gases that are contributing to the

greenhouse effect.  It is estimated that N2O has

contributed c. 5% to the total enhanced greenhouse

effect over the last 100 years.  More than 50% of the

total anthropogenic N2O emission from the UK is

from agriculture, and this source is increasing

relative to others.  Other sources include industrial

processes (35%) and fuel combustion (11%).  As

agriculture represents a large component of the total,

there is much potential to reduce the UK�s N2O

emission by developing appropriate management

strategies.  The evaluation of such mitigation

strategies requires an agreed robust inventory against

which measures to reduce N2O emissions from

agricultural sources can be judged.

The existing approach
One of the obligations of signatory states to the

UNFCC is to establish a national emission inventory

that reports all anthropogenic sources of greenhouse

gases, using comparable methodologies.  The main

methodology to date was developed by the

Intergovernmental Panel on Climate Change (IPCC).

The methodology provides a framework for the

calculation of the total N inputs from agriculture

(fertilisers, animal excreta, crop residues).  The N

input in each component is multiplied by an

emission factor (EF) (which specifies the proportion

of N input that is emitted as N2O), to give an

emission total.  For example, the EF for fertiliser is

0.0125 kg N2O-N per kg N applied.  This type of

approach is, of necessity, generalised and simple,

since it is intended for global application.  However,

the IPCC methodology is not sufficiently flexible to

allow mitigation options to be assessed.  In addition,

the EFs, on which the methodology relies, are drawn

from international datasets, and are therefore general

and not necessarily specific to the soils, climate and

farming practices of the UK.

Development of a new approach 
There are a number of possible approaches to

producing an improved estimate of agricultural N2O

emissions for the UK.  Our new methodology was

produced by a team from IGER, Soil Survey and

Land Research Centre, Silsoe Research Institute, and

Institute of Arable Crops Research, which developed

an existing computer-based mathematical model

called DNDC (DeNitrification DeComposition -

developed by an international team of scientists) for

use in the UK.  This model simulates the

microbially-mediated processes of decomposition

and denitrification by which N2O is produced from

nitrogenous compounds within the soil on a daily

basis.  Development of the modified model required

alteration of the model�s databases to include UK

data, and also the inclusion of N input from grazing

animals and applied animal wastes.  UK data on

soils, climate, animal numbers, crop areas and

agricultural practices were collated, establishing new

databases for the modified model, which we called

UK-DNDC.
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The UK-DNDC model was used to estimate N2O

emissions for each of 18 agricultural crops in each

county in the UK for each of the three dominant soil

types of the county.  The model was also used to give

an estimate of �background� emissions, assuming the

absence of animals and fertiliser input.  The model-

predicted emission values for each run were used to

calculate EFs, comparable to those used in the IPCC

methodology.  EFs were calculated for each crop in

each county for each N source (fertiliser, farmyard

manure (FYM), slurry and N deposited while

grazing), giving a total of 4104 EFs!  These were

presented, together with the N input data for each

source for each crop for each county, in a user-

friendly, transparent spreadsheet.

In order to assess the UK-DNDC model�s

predictions in relation to measured data, the model

was validated by comparison with 16 sets of field

measurements from contrasting soil, crop and

fertiliser types (Figure 10.1).  This showed generally

good agreement between measured and simulated

data.  This validation exercise is important to give

confidence in the emission estimates produced by

UK-DNDC.  This exercise highlighted the need for

more and better data, particularly for more frequent

measurements and assessments of a wider range of

crops.

The emission estimate for 1990

Using the new model, the emission estimate from

UK agriculture was 53 Gg N2O-N for 1990 (1 Gg =

1000 tonnes).  This comprised 31.5 Gg from soil

(which includes emissions from applied FYM, slurry

and fertiliser and N excreted by grazing animals), 9.0

Gg from housed livestock and stored wastes and 12.7

Gg from indirect sources (emission from leached N

and re-deposited NH3) (Figure 10.2).  This estimate

is lower than many previous estimates (including the

IPCC approach, which produced an estimate of 63.5

Gg from UK agriculture), particularly for the indirect

sector.  Emission of N2O from leached N
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Figure 10.1  Mobile field laboratory for measuring nitrous oxide emissions
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nevertheless makes an important contribution to the

total (20.4% of total emission) and is a component

for which little information is available.

Nitrous oxide emissions from each crop are shown in

Figure 10.3.  The large contribution of grass to the

total (74% of emission from soil) is due both to the

large area of grass (71% of the UK cropland area)

and the large emission from grassland compared

with other crops.  For example, the average EF of

fertiliser on grass was 2%, compared with an average

across all �non-grass� crops of 0.7%.  Some crops

(e.g. potatoes, sugar beet and oilseed rape) make a

relatively large contribution to the emission total,

despite having a comparatively small area.  The large

emissions from these crops are because of high rates

of fertiliser application, irrigation and high N

contents of their residues.  Their influence on county

emission totals may be seen in Figure 10.4.  The

counties with the highest emissions (Shropshire,

Dorset, Devon, Cheshire, Cumbria and Norfolk) are

those in which a greater-than-average proportion of

the total agricultural area is used for grass (Cheshire,

Devon, Shropshire, Cumbria), potatoes (Cheshire,

Norfolk, Shropshire) and sugar beet (Norfolk,

Shropshire).  Of the soil emission, the largest

component resulted from fertiliser (78%), with

smaller contributions from slurry (12.6%), grazing

returns (5.6%) and FYM (3.8%).
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Figure 10.3 Contribution of individual crops to the total emission of N2O from UK soil (values for some crops are to low to 
be visible in this diagram)
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Figure 10.2  Estimate of N2O emission from components of UK
agriculture in 1990 (% of the total 53 Gg N)
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In addition to the emission that we attribute to

current agricultural practice, there was a large

�background� emission, which is not a truly natural

background emission, but will be influenced by the

agricultural history of the land.  Including this

component brings the total emission to 86 Gg N2O-

N.  This component is not usually accounted for

when emissions from agricultural land are estimated,

which means that current methodologies may

underestimate the actual emission from agricultural

land by approximately 40%.

The UK-DNDC-based approach is much more

flexible than the previous emission estimate

methodologies, taking full account of UK-specific

information on agricultural practices, as well as

background data.  Having established an estimate of

the current N2O emissions from UK agriculture, the

UK-DNDC model will now be used to investigate

the effect of abatement options and environmental

properties on N2O emissions. 

Contact: lorna.brown@bbsrc.ac.uk  
steve.jarvis@bbsrc.ac.uk

I G E R  I N N O VAT I O N S 2 0 0 1

6 3

E
S

TIM
A

TIO
N

 O
F

 N
ITR

O
U

S
 O

X
ID

E
 E

M
IS

S
IO

N
S

 F
R

O
M

U
K

 A
G

R
IC

U
LTU

R
E

 

Figure 10.4 N2O-N emission from UK agriculture by county (kg/ha) (figures in parentheses indicate number of counties in the category)
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