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Modelling Concept

benefits from on-line coupling:
ühigher temporally resolved meteorology 
ü higher level of consistency (grid, resolution, transport scheme, ... )
üno interpolation needed
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ECHMERIT Structure

¸ flexible modular structure

¸ small interfaces to GCM 
=> changing/adding single     
modules is easy
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GCM ïECHAM5

¸ MPI Hamburg (Roeckner et al., 2003)

¸ widely applied and tested

¸ runs massive parallel on distributed memory Linux Cluster 

¸ flexible nudging tool 

¸ flexible tracer routine ïeasy to add new tracers

¸ flux form tracer transport (Lin&Rood, 1996)

¸ horizontal resolution: T21 (5.06 degrees) to T159 (0.75 
degrees) => high resolution runs possible

¸ vertical resolution: 19-31 hybrid layers; (mid-atmosphere 
version with 39 to 90 layers) 
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Deposition (dry)

=> multiple resistances approach (Wesely, 1989)

=> scaling of resistances of all species with respect to
resistances of SO2 and O3, reactivity and solubility

=> splitting of the calculation of resistances according 
to ECHAM5 fractions (forest, water, snow/ice, bare soil)
and weighted average (similar to Kerkweg et al., 2006)

=> roughness length, stomata resistance etc. from ECHAM5
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Deposition (wet)

=> parameterized after 
Seinfeld&Pandis (1998)

=> rainout and washout

=> scavenging rates depend on:
- precipitation intensity
- cloud water content
- solubility
- scavenging efficiency
- mean droplet radius
- rain droplet/snow
falling velocity
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Model Setup

¸ Horizontal resolution: T42 (2.5 degrees)

¸ Vertical resolution: 19 layers

¸ Lower boundary: AMIP monthly mean SST

¸ ECMWF reanalysis data for nudging of 

meteorological fields
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Emissions - Input

=> POET Emissions
(http://www.aero.jussieu.fr/projet/ACCENT/POET.php)

=> Hg Emissions: AMAP 
(http://www.amap.no)

=> GEIA Emissions
(http://www.geiacenter.org/)

Hg0 emissions [g/km2/year]
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Hg emissions
natural and reemitted

Soil emissions:
=> Hg content in soil water 
=> soil temperature

Emissions from vegetation:
=> Hg content in soil water
=> evapotranspiration

Ocean and biomass burning emissions:
=> scaled with ocean and biomass burning CO emissions (POET) 
=> annual sum: 3000 tons (ocean), 600 tons (biomass burning)

Direct reemissions: 20% of deposition
=> where regional models are strongly determined by boundary 

conditions the challenge in global models is to globally
equilibrate Hg concentrations through 
emission ïdeposition - chemistry
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Atmospheric Chemistry in 

ECHMERIT

¸ Based on the CBM-IV-Z mechanism, calculates 
gas phase, Ox, HOx, NOx, SOx and VOC 
(including biogenics) chemistry on-line.

¸ One of a choice of gas phase Hg chemistry 
mechanisms is included.

¸ Aqueous phase chemistry including Hg, 
inorganics and small m.w. organics is included.
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Redox Reactions of Hg

¸ Here we are again, the same problem, a slightly 
different approach.

¸ O3and OH, do they or donôt they, or have we 
misunderstood the atmospheric chemistry of Hg 
altogether?

¸ Using global models can help show up errors, 
eccentricities and the mildly improbable in 
chemical reaction mechanisms.
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Constraints on Global Models

¸ The absence of a latitudinal gradient in 
background Hg concentrations

¸ The difference between the nortern and 
southern hemispheric background 
concentrations

¸ The limited variability of Hg concentrations over 
time, except in regions of particularly high 
emissions and in polar regions in Spring
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Implications of the Constraints

A balance in the processes which

¸ Release Hg 

¸ Oxidise Hg

¸ Reduce Hg

¸ Remove Hg

to, in and from the atmosphere, without the 
possibility of fixing the boundary conditions!
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Sensitivity experiments
Hg0 concentration [ppq] using 

Hg+O
3 
reaction rate constant of Pal and Ariya 

(2004) and reaction with OH

March 2001,
after 3 months
simulation
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Sensitivity experiments

Difference [ppq] in Hg0 

concentrations

March 2001, 
after 3 months 
simulation

Hg+O
3

reaction rate constant of Hall (1995),  without oxidation with OH
versus

Hg+O
3

reaction rate constant of Pal and Ariya (2004), with oxidation with OH

linked to O3 and 
surface temperature
pattern
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Sensitivity experiments

with OH reaction versus without OH reaction

both: Hg+O
3

reaction rate constant of Hall (1995)

Difference [ppq] in Hg0 

concentrations

March 2001
after 3 months 
simulation

linked to maximum
OH concentration
patterns
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Model Evaluation

Ozone concentration [ppb] 
compared to EMEP stations

February 2001

=> good agreement of synoptic scale variability
=> underestimation of high frequency variability in winter

Eskaldemuir, UK

Vreedepeel, Netherlands

Frederiksborg, Denmark
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Model Evaluation

Ozone concentration [ppb] 
compared to EMEP stations

July 2001

=> good agreement of frequency and duration of maxima
=> underestimation of magnitude

Bassum, Germany

Sibton, UK

Topolniky, Slovakia
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Model Evaluation - Hg

Hg0 concentrations [ng/m3],
compared to EMEP 
station observations

Matorova, Finland

Mace Head, Ireland

Spitsbergen, Norway
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HTAP experiments

(www.htap.org)

source and receptor regions

North America
Europe

Sout Asia

East Asia


