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Modelling dry 
deposition in an 
operational 
Lagrangian
model 
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• Offline Lagrangian model
• Eulerian sub-model

• Used operationally

• Developed following 1986 
Chernobyl accident

• Now has a wide range of 
atmospheric dispersion 
applications

• Gases & particles… and even 
insects

Predicts the atmospheric transport and deposition to the

ground surface of airborne substances



Dry deposition parameterisation

• Uses the concept of a 
deposition velocity 𝑣𝑑

• Flux of material to ground 
is proportional to 
concentration

• 𝐹 = 𝑣𝑑𝐶

• Dry deposition

• ∆𝑚 = 𝑚 1 − exp −
𝑣𝑑

𝑧𝑠
𝑓∆𝑡

• 0 ≤ 𝑓 ≤ 1, fraction of 
timestep 𝑧 ≤ 𝑧𝑠

• All Lagrangian particles 
below the deposition 
height zs dry deposit

• Default zs - boundary layer 
height

𝑧𝑠
Contributes 

to dry 

deposition

Does not 

contribute to 

dry deposition

𝑚



Deposition velocities

User specified

• Simple

• 𝑣𝑑 fixed

• Specie 
dependent

• Based on 
literature 
reported 
deposition 
values

Resistance 
analogy

• 𝑣𝑑 =
1

𝑅𝑎+𝑅𝑏+𝑅𝑐

• Meteorological 
dependency

• Fixed specie-
dependent 
surface 
resistance

Land use 
dependent 
scheme

• Resistance 
analogy

• Varying surface 
resistance 
dependent on 
land-surface

• Selected 
species

Increasing complexity



Resistance analogy

• Aerodynamic resistance 
depends on stability and 
roughness length

• Laminar resistance 
depends on friction 
velocity

• 𝑅𝑏 =
1

8𝑢∗

Meteorological dependency

𝑣𝑑 =
1

𝑅𝑎 + 𝑅𝑏 + 𝑅𝑐

Mariarosa & Buffa, 2018



1

𝑅𝑐
=

1

𝑅𝑠𝑡𝑜𝑚 + 𝑅𝑚𝑒𝑠
+

1

𝑅𝑐𝑢𝑡𝑖𝑐𝑙𝑒
+

1

𝑅𝑐𝑎𝑛𝑜𝑝𝑦 + 𝑅𝑠𝑜𝑖𝑙
+

1

𝑅𝑤𝑎𝑡𝑒𝑟
+

1

𝑅𝑖𝑐𝑒

Land-use dependent scheme

• Uptake at the ground is strongly dependent on the land-
surface type & properties

Deposition via the 

plant stomata to 

the plant mesophyll

Deposition to the

plant leaf surface

Transport through the 

plant canopy & 

subsequent deposition to 

the underlying bare soil

Deposition to 

water surfaces

Deposition to 

ice surfaces



STOCHEM parameterisations
ozone, nitric oxide, nitrogen dioxide, nitric acid, PAN, hydrogen peroxide, 

methane, carbon monoxide, hydrogen, formaldehyde, sulphur dioxide, ammonia

• Requires additional surface and plant information 
• e.g., stomatal conductance, leaf area index

• Ancillaries: fixed (e.g., land use) or monthly (e.g., LAI)

• NWP data: varying with time (e.g., stomatal conductance)

Shrubs LAI



STOCHEM parameterisations

• Deposition to vegetation 
occurs mainly via the 
stomata

• Mesophyllic resistance is 
not negligible

ozone, nitric oxide, nitrogen dioxide, nitric acid, PAN, hydrogen peroxide, 

methane, carbon monoxide, hydrogen, formaldehyde, sulphur dioxide, ammonia

𝑅𝑠

1

𝑅𝑐
=

1

𝑅𝑠𝑡𝑜𝑚 + 𝑅𝑚𝑒𝑠
+

1

𝑅𝑠
=

𝑔𝑐
2.4

+
1

𝑅𝑠
𝑔𝑐 - Stomatal conductance

land-sea effect: 

less deposition 

over water than 

over land



STOCHEM parameterisations

• Deposits to vegetation via 
the stomata and the 
cuticle

• The dry deposition rate 
depends on the wetness 
of the leaf surface

• The cuticular resistance 
parameterisation has a 
dependence on surface 
temperature (Ts) and 
canopy water (cw)

ozone, nitric oxide, nitrogen dioxide, nitric acid, PAN, hydrogen peroxide, 

methane, carbon monoxide, hydrogen, formaldehyde, sulphur dioxide, ammonia

1

𝑅𝑐
=

1

𝑅𝑠𝑡𝑜𝑚
+

1

𝑅𝑐𝑢𝑡𝑖𝑐𝑙𝑒
+

1

𝑅𝑠
=

𝑔𝑐
0.97

+
1

𝑅𝑐𝑢𝑡𝑖𝑐𝑙𝑒
+

1

10



Near-source modelling
• Material is not well mixed within the boundary layer

• User option to specify a lower deposition height zs
• Noisy deposition fields (fewer Lagrangian particles)

• Increased run-time (more Lagrangian particles required)

1000 m

100 m

30 m

3 m

Initial profile 

/ non-

depositing 
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Well mixed



Model validation of dry deposition
• Difficult

• Lack of deposition observations
• Often long-term measurements

• Total deposition (including wet)
• For soluble species, wet deposition 

often dominates

• Often validated indirectly via air 
concentrations

• Uncertainties in emissions, transport, 
dispersion, chemistry, wet deposition, 
etc.

• Tracer experiments: Kincaid, ETEX, 
CAPTEX / ANATEX

• Events: air quality, fires, volcanic 
eruptions, radiological incidents, etc.

Dry

Total



Fukushima

137Cs 

deposition

Validation

Clark & Smith, 1988

Chernobyl

2015 Calbuco eruption



Future work - UKCA

• Implementation of UKCA chemistry scheme into NAME
• Includes dry deposition scheme

• Uses resistance analogy

• Similar to land-use dependent scheme

• Widely used

• Frequent updates (e.g., recently SO2, O3)
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Questions?


