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Motivation

“The primary objective of RETRO is to 
understand, detect and assess long-
term changes and interannual 
variability of the tropospheric chemical 
composition over the last 40 years, 
thereby providing the essential 
framework within which to understand 
possible future changes.“

from RETRO description of work
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What has changed? 

http://kclibrary.nhmccd.edu/
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Anthropogenic Emissions

NOx 1960

NOx 2000
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Are emission trends estimated correctly?

GOME NO2 columns (A. Richter) from the RETRO NOx inventory

1996 - 2002

GOME annual changes in tropospheric NO2
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Fire emissions: Trends & Variability
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RETRO models

5 global models participated:

2 chemistry-GCMs

3 CTMs

resolution 3°×3° or better

all models used ERA-40 data

different variables (see below)

analysed versus forecasted fields

all models used RETRO emissions

differences for biogenic emissions and injection 
height

stratospheric boundary conditions differ

3 models (2 chemistry-GCMs and 1 CTM) ran the complete 40-year period
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RETRO Models (2)

XXXSurface pressure

XWind speed 10m

XTemperature 2m

XFriction velocity

XAerodynamical
resistance

XXConvective 
precipitation

XXLarge-scale 
precipitation

XXCloud levels

XXCloud fraction

XXIWC

XXLWC

XXConvective mass flux

XHorizontal mass flux

XXPotential vorticity

XXXWind divergence

XWind vector (u, v)

XGeopotential height

XXXSpecific humidity

XXXXTemperature
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NOAA ESRL stations – CO Anomalies

6-months running averages RETRO models

Alert

Ascension

Barrow Cape Grim

Mace Head

Niwot Ridge

obs. LMDz TM4 ECHAM5-MOZ
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Tropos. ozone budget
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Ozone burden

Ozone burden trend: about 10% difference between 
chemical and meteorological tropopause 

Correlation R=0.987

Increase about 20% over 41 years
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Tropospheric ozone burdens

NOx CO

humiditystrat. ozone
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The OH story ?

RETRO model results JJA 1997 (first runs, 4 models)

Consistency of model results: zonal mean OH (summer)
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RETRO scenario calculations
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Model sensitivities: ECHAM5-MOZ
HNO3-Concentration at 500 hPa: Summer (JAS)

SST only (ACCENT)

ERA-40 (ACCENT)

RETRO-run (ERA-40)

ACCENT-run (ERA-40)

Year 2000 5-Year Means
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1998 (hot) vs. 1976 (cold)

Temperature
change [K]

Humidity
change [%]

March July

red = wetter
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1998 vs 1976: Surface ozone changes

Emissions

Meteorology

March July

Emissions: both simulations with 1976 meteorology
Meteorology: both runs with 1998 emissions
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Ozone temperature relationship

y = 3.552x + 45.317

R2 = 0.8352

y = 1.2215x + 31.593

R2 = 0.1649
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Ozone temperature relationship

y = 4.3987x + 26.073

R2 = 0.508

y = 0.9341x + 34.877

R2 = 0.0921
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The role of transport (TFHTAP)
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ERA-40 artifacts

from Hagemann et al., 2006



Royal Society Meeting, 23 May 2007 – Martin Schultz

Hydrological cycle
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Trends in lightning NOx
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Conclusions

Global tropospheric ozone budget 
changes driven by emissions

Interannual variability driven by 
meteorology

Too simple?
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GEMS: first near-realtime forecasts


