Act. 3 Large scale modelling : DOW for month 25-42

(Version: Peter van Velthoven, 17 March 2007)
AC 3.1
Current impact of transport emissions on chemical composition and comparison with measurements (Lelieveld, MPICHEM)

The performance of the global ACMs will be tested out through extensive comparisons with the ETH-MEG database for the UTLS region, followed by model studies to estimate the current contributions from the different transport sectors. 
WP 3.1.1
Evaluation of multi-model performance against observations (Schnadt, ETH Zürich)

	WP number
	3.1.1
	Period month 25-42
	Start date :
	1
	End date
	42

	Participant id
	DLR-IPA
	ETH Zürich
	CEA
	KNMI
	MPICHEM
	UIO

	Person-months *
	0 (2)
	12.5 (17)
	0 (2)
	0 (2)
	0 (2)
	0 (2)

	Participant id
	UCAM-DCHEM
	
	
	
	
	

	Person-months 
	0 (2)
	
	
	
	
	


* planned in month 25-42 versus (planned over whole project duration)
Objective

O.3.1.1.1 
To evaluate the latest versions of the models against observations focusing on key processes for correct simulation of the effects of transport emissions (M3.1.1.3).

Description of work

Model simulations for 2003 have been defined and executed, including diagnostics of key processes relevant for the effects of the different modes of transportation. The model output is compared with observations from the established ETH-MEG observational database in order to evaluate the current performance of the ACMs. 
The ETHmeg Activity 3 model evaluation webpage (http://www.megdb.ethz.ch/index.php?site=-model_validation) will be updated regularly to include the most recent results from model evaluation with observations and model-model intercomparisons.

Model evaluation will be continued using the newest model versions. Focus of model evaluation will be stratosphere-troposphere exchange of ozone and NOx, boundary layer venting, and convective transport of pollutants from the surface. In case of DLR-IPA, for which only climatological model output can be delivered, a model evaluation is planned to be carried out using MOZAIC data from 2001-2004 to compare them against DLR model results of a transient integration of the years 1995-1999.
Deliverables

D3.1.1.9
First report on the performance of the models (month 25, ETH Zürich).
D3.1.1.10
Second report on the performance of the models (month 36, ETH Zürich)

Milestones

M3.1.1.3
First model evaluation report ready (month 25, ETH Zürich) 
M3.1.1.4
Second model evaluation report ready (month 36, ETH Zürich)

WP 3.1.2
Current chemical composition changes from different modes of transport (Lelieveld, MPICHEM)
	WP number
	3.1.2
	Period month 25-42
	Start date :
	3
	End date
	48

	Participant id
	DLR-IPA
	CNRS-LSCE
	KNMI
	MPICHEM
	UIO
	UCI

	Person-months 
	0 (4)
	0 (8)
	0 (4)
	3 (6)
	1 (4)
	0 (4)

	Participant id
	UCAM-DCHEM
	
	
	
	
	

	Person-months 
	1 (4)
	
	
	
	
	


Objectives

O.3.1.2.1
To provide input data on chemical change for impact studies (M3.1.2.4)

O.3.1.2.2
To estimate the current change in chemical composition from different modes of transport (M3.1.2.5)

Description of work

The report on the current perturbations, of which a draft version is available within Activity 3 will be finished. The MPI-GCM will offer a different analysis, since it was decided that a repetition of the previous runs in CTM-mode will not add significant progress to the workpackage. Instead MPICHEM offered to perform simulations of SO2 for current conditions (as well as for the future scenarios using IPCC sea surface temperatures for the future runs). It was discussed within Activity 3 and is believed to be the scientifically most satisfying solution rather than repeating the simulations which have been performed already by five other models.
The simulations of current impact were done with preliminary gridded emission inventories for transport that however hardly differ from the finally delivered ones. Yet, UCAM-DCHEM and UIO will perform additional simulations to quantify the consequence of these minor differences for the final large scale chemical perturbations. UCAM will do this only for the updated aviation emissions. UCAM will also perform an additional  simulation with a 100% perturbation of road traffic emissions instead of the 5 % perturbation used in the original set-up, in order to get an upper estimate of the effect of non-linearity in the chemistry.
Deliverables

D3.1.2.9
Report with estimates of the current impact on the performance of the models (month 25, MPICHEM)

D3.1.2.10
Chemical perturbation fields from the MPICHEM model in GCM-mode including SO2 (month 44, MPICHEM)

D3.1.2.11
Chemical perturbation field from p-TOMCAT for the final aviation emission inventory (month 36, UCAM-CHEM)

D3.1.2.12
Chemical perturbation fields from Oslo CTM2 for the final emission inventories (month 36, UIO)

D3.1.2.13
Report with final estimate of the current impact on the performance of the models (month 48, MPICHEM)

Milestones

M3.1.2.3
Report with first-order estimate of the current impact (month 25, MPICHEM)

M3.1.2.5
Simulations with updated transport emissions inventories finished (month 36, UIO)

M3.1.2.5
Simulations of current impact including SO2 carried out (month 44, MPICHEM)

M3.1.2.6
Report with final estimate of the current impact (month 48, MPICHEM)

WP 3.1.3
Implementation of effective emissions (Hauglustaine, CNRS-LSCE)

	WP number
	3.1.3
	Period month 25-42
	Start date :
	19
	End date
	36

	Participant id
	CNRS-LSCE
	KNMI
	MPICHEM
	UIO
	UCI
	

	Person-months 
	12 (17)
	5 (5)
	4 (4)
	3 (4)
	4 (4)
	 

	Participant id
	UCAM-DCHEM
	
	
	
	
	

	Person-months 
	4 (4)
	
	
	
	
	


Objectives

O3.1.3.1
To define or select suitable effective emissions for aviation, shipping and road transport (M3.1.3.1)

O3.1.3.2
To implement apply these emissions in the ACMs (M3.1.3.2)

O3.1.3.3 
To estimate the effect of sub-grid scale chemistry and dispersion on chemical perturbations from aviation, shipping and road transport (M3.1.3.3)

Description of work

Currently emissions by transport activities are usually directly emitted into the coarse grid cells of global ACMs. These grid cells have sizes of typically 100-500 km. The uncertainty due to plume processing will be estimated by calculating the difference in pollutant concentrations between ACM simulations with and without effective emissions. For aviation the large uncertainty range in published calculations of effective emissions needs to be reduced. Preliminary estimates of aircraft plume processing have been made by Un. Oslo and KNMI. New effective emissions for shipping and aviation will be based on a parameterisation developed by CERFACS in Activity 2 that makes use of additionnal large scale fuel tracers for aviation and shipping. Coefficients for this were supplied by CERFACS in month 23. CNRS-LSCE is implementing and evaluating this new approach in their ACM. This will take about 3 months. The new effective emissions will them be implemented in several ACMs because differences due to model formulation need to be taken into account in the estimate. 
Deliverables

D3.1.3.1
Proposal of a method to implement effective emissions of aviation and shipping (month 27, CNRS-LSCE).

D3.1.3.2
Output fields from ACM simulations with/without effective emissions (month 34, CNRS-LSCE).

D3.1.3.3
Output fields from ACM simulations with/without effective emissions (month 34, KNMI).

D3.1.3.4
Output fields from ACM simulations with/without effective emissions (month 34, MPICHEM).

D3.1.3.5
Output fields from ACM simulations with/without effective emissions (month 34, UCAM-DCHEM).

D3.1.3.6
Output fields from ACM simulations with/without effective emissions (month 34, UIO).

D3.1.3.7
Output fields from ACM simulations with/without effective emissions (month 34, UCI).

D3.1.3.8
Report on the uncertainty in estimates of chemical perturbations from aviation and shipping due to sub-grid scale chemical conversions (month 36, CNRS-LSCE)

Milestones

M3.1.3.1
Selection and setup of effective emission data sets / parameterisations performed (month 27, CNRS-LSCE)

M3.1.3.2
Model simulations with/without effective emissions carried out (month 34, CNRS-LSCE)

M3.1.3.3
Report on effect of sub-grid-scale chemical conversions on global scale chemistry completed (month 36, CNRS-LSCE)

AC 3.2
Key process studies to improve model capability and reduce uncertainties (Van Velthoven, KNMI) 

To reduce the significant uncertainties in model calculations of current and future impact of trans-port emissions, we will perform studies of key processes that affect the impact on the chemical composition, such as O3, NOx and SOx in order to improve the models.

WP 3.2.1
Precipitation impact on sulphur  and nitrogen compounds (Van Velthoven, KNMI)

	WP number
	3.2.1
	Period month 25-42
	Start date :
	8
	End date
	18

	Participant id
	CNRS-LSCE
	KNMI
	UCAM-DCHEM
	
	
	

	Person-months 
	0 (4)
	1 (6)
	0 (4)
	
	
	


Objectives

O3.2.1.1
To compare different parameterisations of removal of sulphur and nitrogen pollutants by precipitation (M3.2.1.2)

O3.2.1.2
To assess the impact of removal of sulphur and nitrogen compounds by precipitation on the impact of emissions from transport modes (M3.2.1.3)

Description of work

The parameterisation of wet deposition in the KNMI TM model has been evaluated and improved. 

These sensitivity studies with the TM model indicated that the original set-up described in the first DOW of the project would not enable interpretation of the differences between the models. Hence, as described in the DOW for month 13-30, a simplified approach was followed. The 3 involved models have made simulations for 2003, where the wet and dry depositions were calculated for each of the 3 transport sectors separately. The report on these simulations (D3.2.1.5) still needs to be finished. The report is delayed because the postdoc employed by KNMI has left for another job. A realistic delivery date is month 28.
Deliverables

D3.2.1.5
Report on the impact of removal of sulphur and nitrogen compounds on the chemical perturbations caused by transport modes (month 28, KNMI)

Milestones

M3.2.1.3
Report on the impact of removal of sulphur and nitrogen compounds by precipitation ready (month 28, KNMI)


WP 3.2.2
Aircraft induced sulphur impact on UTLS ozone (Rogers, UCAM-DCHEM)

	WP number
	3.2.2
	Period month 25-42
	Start date :
	33
	End date
	48

	Participant id
	CEA
	MPICHEM
	UIO
	UCAM-DCHEM
	
	

	Person-months 
	2 (6)
	2 (4)
	2 (3)
	6 (7)
	 
	 


Objective

O3.2.2.1
To estimate the effect of aircraft sulphur emissions on UTLS ozone (M3.2.2.3)

Description of work

The impact on ozone of the increase in stratospheric aerosol density (SAD) due to aircraft sulphur emissions will be calculated. Recently published calculations of results from one model indicate (Pitari et al., 2002) that the downward transport of air depleted in ozone by the increased SAD is of the same order of magnitude as the ozone production from aircraft NOx emissions. This effect needs to be investigated with other models, because it is highly sensitive to vertical transport in the UTLS and to the microphysics implementation. A sensitivity study will be performed with several ACMs with perturbed and unperturbed stratospheric background aerosol climatologies.
At least one of the models will also compare a simulation of the perturbation caused by aircraft with background aerosol  at post-Pina Tubo levels with a simulation with the aerosol loading caused by Pina Tubo.

Deliverables

D3.2.2.1
Description of the set-up of the model calculations of sulphur impact (month 35, UCAM-DCHEM)

Milestones

M3.2.2.1
Description available of model simulations to be performed (month 38, UCAM-DCHEM)

WP 3.2.3
Impact of cirrus clouds (Van Velthoven, KNMI)

	WP number
	3.2.3
	Period month 25-42
	Start date :
	19
	End date
	36

	Participant id
	KNMI
	
	
	
	
	

	Person-months 
	6 (6)
	
	
	
	
	


Objective

O3.2.3.1
To estimate the effect of cirrus clouds on the impact of transport emissions (M3.2.3.3)
Description of work

Cirrus clouds are not only important for climate, but also for the UTLS ozone budget. Recent modelling studies suggest that chemical ozone loss on these ice particle surfaces is comparable in magnitude, but of opposite sign to aviation induced ozone production. Model studies have also demonstrated the significance of cirrus cloud particles for irreversible HNO3 removal in the upper troposphere, significantly reducing NOx-catalysed chemical ozone production. However, only a few modelling studies on these issues have been performed so far. Recent laboratory research and observations, both in-situ and space-borne, have supplied new findings of key parameters that allow very useful following-up modelling efforts that have currently not been performed. These will be used to calculate in one of the ACMs the influence of cirrus on the impact of aircraft and other transport emissions on ozone. Where possible the numerical results will be evaluated with data from process studies resulting from other projects.
Deliverables

D3.2.3.1
Description of a new parameterisation for ice cloud interaction based on recently determined parameters (month 30)
D3.2.3.2
Report on the effect of cirrus clouds on the chemical perturbations by transport (month 36)

Milestones

M3.2.3.1
A new parameterisation for ice cloud interaction based on recently determined parameters available (month 30)

M3.2.3.2
Model simulations carried out (month 34)

M3.2.3.3
Report on the effect of cirrus clouds provided (month 36)

AC 3.3
Future composition changes from transport emissions, and the impact of mitigation options (Isaksen, UIO)

Model calculations will be performed to estimate the future impact of emissions from the different transport modes on atmospheric composition based on emission scenarios. A global ACM will be used to investigate the effect of atmospheric climate/chemistry feedbacks on these estimates.

Possible mitigation options for reducing the impact from individual modes of transport and regions on climate and air quality will be studied through selected model runs and analysis.

WP 3.3.1
Future chemical composition changes from different modes of transport (Isaksen, UIO)
	WP number
	3.3.1
	Period month 25-42
	Start date :
	8
	End date
	44

	Participant id
	DLR-IPA
	CNRS-LSCE
	KNMI
	MPICHEM
	UCI
	UIO

	Person-months 
	7 (7)
	8 (8)
	4 (4)
	3 (4)
	4 (4)
	8 (9)

	Participant id
	UCAM-DCHEM
	
	
	
	
	

	Person-months 
	3 (3)
	
	
	
	
	


Objectives

O3.3.1.1
To provide input data of future chemical changes for impact studies (M3.3.1.4)

O3.3.1.2
To estimate the changes in future chemical composition from different modes of transport (M3.3.1.5)

Description of work

The global scale CTMs will be used to perform first-order studies of future chemical impacts. Changes in distributions will be calculated for O3, CH4 (through changes in its lifetime) and for particle distributions (sulphate, organic carbon aerosols). Time slice calculations for the target year 2050 will be performed with meteorology from 2003. These simulations will use gridded transport emission inventories for 2050 that will be delivered in month 30 by Activity 1. All modelling groups participating in the activities described in WPs 3.1.1 and 3.1.2 will participate in the activities. MPI-CHEM will perform these simulations in combination with current impact simulations described in WP3.1.2. DLR-IPA will only calculate perturbations for one specific transport sector (e.g. road traffic) and combine the results with simulations with the changed climate of 2050, as described in WP3.3.2. 
The perturbed fields will be provided to WPs 6 and 7 for impact studies.
Compared to the original DOW WP3.3.3 has been slightly shifted forward in time, while WP3.3.1 has been shifted backward in  time – in order to allow Activity 1 to provide emission input data in time.

Deliverables

D3.3.1.10
Future chemical perturbation fields from the CNRS-LSCE model (month 36, CNRS-LSCE)

D3.3.1.11
Future chemical perturbation fields from the KNMI model (month 36, KNMI)

D3.3.1.12
Future chemical perturbation fields from the MPICHEM model (month 42, MPICHEM)

D3.3.1.13
Future chemical perturbation fields from the UCI model (month 36, UCI)

D3.3.1.14
Future chemical perturbation fields from the UCAM-DCHEM model (month 36, UCAM-DCHEM)

D3.3.1.15
Future chemical perturbation fields from the UIO model (month 36, UIO)

D3.3.1.16
Future chemical perturbation fields from the DLR model (month 42, DLR)

D3.3.1.14
Report with estimate of the future chemical impact (month 44, UIO)

Milestones

M3.3.1.1
Detailed description of model simulations to be performed accomplished (month 9, UIO)

M3.3.1.2
First results from simulations (only with CTMs) of future impact available (month 42, UIO)

M3.3.1.3
All results from simulations of future impact available, including those from CCMs (month 42, UIO)

M3.3.1.4
Report with estimate of future chemical impact ready (month 44, UIO)

WP 3.3.2
Impact of future climate change (Grewe, DLR-IPA)

	WP number
	3.3.2
	Period month 25-42
	Start date :
	25
	End date
	48

	Participant id
	DLR-IPA
	CNRS-LSCE
	MPICHEM
	UIO
	
	

	Person-months 
	9 (9)
	9 (9)
	6 (6)
	5 (5)
	
	 


Objectives

O3.3.2.1
To estimate the effect of atmospheric chemistry-climate feedbacks on the future impact of emissions from transport (M3.3.2.3)
Description of work
Significant changes in climate parameters such as H2O, temperature, and dynamics (transport of stratospheric ozone) are expected to occur in the future global atmosphere. These changes will affect the oxidation process and thereby the atmospheric concentrations of climate gases such as ozone and methane. In a first step existing global ACM simulations will be analysed with regard to the impact of climate variability and of chemistry-climate feed-backs on traffic induced ozone changes.

In a second step each participating group will perform 4 simulations (the first two of which are in common with WP3.3.1, i.e. A and BR)

A: A simulation with meteorology/climate for 2000 and all emissions for 2050.

BR: A simulation with meteorology/climate for 2000 and all emissions for 2050 except for a reduction of the emissions of one representative sector (e.g. road traffic) by -5%.

C: Same as A but with meteorology/climate for 2050.

DR: Same as BR but with meteorology/climate for 2050.

Deliverables

D3.3.2.1
Document describing the setup of the chemistry-climate feedback model experiments (month 28, DLR-IPA)

D3.3.2.2
Future chemical perturbation fields including climate feedbacks from the DLR-IPA model (month 42, DLR-IPA)

D3.3.2.3
Future chemical perturbation fields including climate feedbacks from the CNRS-LSCE model (month 42, CNRS-LSCE)

D3.3.2.4
Future chemical perturbation fields including climate feedbacks from the MPICHEM model (month 42, MPICHEM)

D3.3.2.5
Future chemical perturbation fields including climate feedbacks from the UIO model (month 42, UIO)

Milestones

M3.3.2.1
Design of model experiments available (month 28, DLR-IPA) 

M3.3.2.2
Model simulations ready (month 42, DLR-IPA)

WP 3.3.3
Possible mitigation strategies (Isaksen, UIO)

	WP number
	3.3.3
	Period month 25-46
	Start date :
	19
	End date
	48

	Participant id
	CNRS-LSCE
	KNMI
	MPICHEM
	UIO
	UCAM-DCHEM
	

	Person-months 
	2 (5)
	2 (6)
	1 (2)
	2 (7)
	1 (3)
	 


Objective

O3.3.3.1
To investigate options for reducing the impact of individual transport modes and regions (M3.3.3.3)

Description of work

Model runs with the global scale CTMs will be performed to estimate different options for reduced climate and air quality impact. The model runs will look at contributions from individual modes of transport and from different regions. Analysis and recommendations for combination of options that efficiently reduce the impact of emissions will be made. Options will include implementation of catalytic converters in regions where they are not implemented, introduction of alternative energy (hydrogen economy), cleaner fuel (ship traffic) and change in traffic pattern and cargo transport. The studies will include climate compounds and pollutants like CO2, O3, CH4 (through changes in its lifetime) and particles (sulphate, organic carbon aerosols). Target years are 2050 and 2100 Selection of scenarios for these studies will be performed in close collaboration with Activity 1. Results from the analysis will be provided to Activity 7 dealing with impact assessment. Compared to the original DOW WP3.3.3 has been slightly shifted forward in time, while WP3.3.1 has been shifted backward in  time – in order to allow Activity 1 to provide emission input data in time.
Deliverables

D3.3.3.1
Description of model setup for calculating effects of mitigation options (month 30, UIO)

D3.3.3.2
Datasets from the CNRS-LSCE model with chemical perturbations for different mitigation options (month 46, CNRS-LSCE)

D3.3.3.3
Datasets from the KNMI model with chemical perturbations for different mitigation options (month 46, KNMI)

D3.3.3.4
Datasets from the MPICHEM model with chemical perturbations for different mitigation options (month 46, MPICHEM)

D3.3.3.5
Datasets from the UCAM-DCHEN model with chemical perturbations for different mitigation options (month 46, UCAM-DCHEM)

D3.3.3.6
Datasets from the UIO model with chemical perturbations for different mitigation options (month 46, UIO)

D3.3.3.7
Datasets from the UCI model with chemical perturbations for different mitigation options (month 46, UCI)

D3.3.3.8
Report on mitigation strategies (month 48, UIO)

Milestones

M3.3.3.1
Selection done of reduction options to be investigated (month 30, UIO)

M3.3.3.2
Model simulations ready; provision of output data to Activity 7 accomplished (month 46, UIO)

M3.3.3.3
Report on mitigation strategies ready (month 48, UIO)

