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Atmospheric component of LTLS

WP1 Data

Data management

Monitoring & survey data

Literature searches

New data from WP2

Data to drive models

Data for model parameterisation

WP2 New measurements 

- to fill gaps in data needed for modelling

•Release of N from fuel burning

•C, N, P contents of plants, top- & sub-soils, riverine 

organic matter, lake sediments

•Soil denitrification survey

•14C in soils & riverine POC, DOC

WP3 Atmospheric model

Spatially-distributed N 

deposition since 1800

WP4 Terrestrial models

C-N-P cycling in plant-soil terrestrial units

Gaseous losses of C & N

Dissolved leaching & erosion of C-N-P

WP5 Aquatic models

Sediment C-N-P losses to floodplains

Lake & groundwater processing of C-N-P

Riverine denitrification

WP6 Integrated Model (IM)

•Models from WP3-4-5 combined within 

gridded hydrological model

•Simulation of temporal variations in C-N-P 

pools & fluxes at sub-catchment, catchment & 

regional scales

•Scenario analyses (with Stakeholders)

WP7 Biodiversity 

Use of IM outputs to 

analyse long-term 

changes in terrestrial & 

aquatic biodiversity



UK historic N deposition 1800-2010

Aims/objectives
• Reconstruction of N deposition timeline/spatial distribution (5 km)
• 6 time slices: 2010-1990-1970-1950-1900-1800

Tasks/methodology
• Research into historical trends of emission sources (activity data,

spatial distributions, emission factors)
• Finding, analysing and combining large amounts of data (e.g. 

historic human population, agricultural livestock & crops, fertiliser 
application, agricultural practice, land cover, road/rail transport, 
shipping, coal mining, power generation, domestic fuel use, 
industry, landfill, sewage, town gas, ... )

• Measurements to quantify emissions from domestic fuel burning
• Atmospheric emission & deposition modelling (NARSES, AENEID,

FRAME) and mapping



Agricultural NH3 emissions
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Livestock Populations

Cattle Sheep Pigs Total Horses Poultry
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Livestock NH3 Emissions
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Agricultural NH3 emissions (1970)
Total Agricultural

Emissions

Sheep

Pigs

Fertiliser Agric. Horses

NH3 Emissions

kg NH3N ha-1 yr-1

≤ 10

> 10 - 100

> 100 - 500

> 500 - 1,000

> 1,000

Cattle Poultry



Agricultural NH3 Emissions
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1970 1990 2010

Agricultural NH3 Emissions

kg NH3N ha-1 yr-1

≤ 10

> 10 - 100

> 100 - 500
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> 1,000

¯



Human population density
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Total NOx Emissions

Total NOx Emissions

kg N ha-1 yr-1

> 1 - 10

> 10 - 25

> 25 - 50

> 50 - 100

> 100 - 250

> 250

1800 1900 1950

1970 1990 2010

¯



How much N is emitted from domestic solid fuel burning?

Gas Phase
CO2, CO, NOx, SO2, 

HCN, NH3…

Aerosol Phase
Org, NO3

-, NH4
+, 

SO4
2-, Cl-

N ???

Fire Experiment – Dec 2014: 

Fuels

Wood

Peat

Coal

low-temperature domestic combustion, 
traditional burning practices/fuels

Output: 
emission per 
kg fuel

2.5g NOx kg-1 coal
[0.004 g NH3 kg-1 coal]



Historic emission trends 1800-2010

NHx emissions (kt NH3)
agriculture (livestock manures, fertiliser application)
waste processing (composting, anaerobic 
digestion, sewage, etc)

SOx emissions (kt SO2)
combustion of fossil fuels 
(industry, power generation)

NOy emissions (kt NO2) 
combustion of fossil fuels 
(mainly industry, transport)

SO2 important for atmospheric 
chemistry/deposition processes 



FRAME – European to UK emissions

Fine Resolution Atmospheric Multi-pollutant Exchange (FRAME) model

Generates boundary conditions for a 
5km FRAME-UK simulation

µg m-3 

SO4

18001800 1900

1950 1970

1990 2010



N deposition timeline 1800-2010

Peak domestic 
coal use

Industrial N 
fertiliser 
production 
(Haber-Bosch)

Peak NOx & 
NH3 emissions

Peak SO2

emissions



Changes in N deposition 1800-2010

Increase in human 
population, livestock, 
domestic burning, 
mining

Further (smaller) 
increases + 
transport; wars

Further agricultural 
intensification, 
transport & industry, 
peak NOx & NH3

Large power 
stations, road 
transport, fertiliser 
input increasing, 
peak SO2

International SO2 & 
NOx legislation, small 
decrease in NH3

(mainly fewer 
animals, less 
fertiliser)



Analysis of N deposition components
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N deposition components 1800-2010
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Conclusions

• N deposition increased substantially between 

1800-1990

• Recent decreases (since 1990) in N deposition 

mainly due to NOx emission reductions 

following international legislation (combustion 

plants, catalytic converters)

• Changing spatial patterns and composition of N 

deposition 
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