Contribution to the PAUR-2 project using the Oslo CTM2 model 

Background

The Oslo CTM2 (Sundet, 1997) has been upgraded to perform studies of ozone and related chemical compounds during specific time period and compare with observations performed during that time period. The model has been upgraded from Sundet (1997) with on-line calculated J-values that can take into account varying particle or cloud distributions (Sundet and Prather, 1999).  Further is the emission grid updated to be representative for 1996 Globally with the emission grid from EMEP and NAPAP are used for Europe and USA respectively.  For Rest of the World (ROW) the emission scaling for different regions over the globe is chosen according to Karsldottir and Isaksen (1999) with a more than 100% increase in NOx, CO and NMHC over Asia and a 15-30% increase for ROW since 1985. Modeling of the chemical activity over Europe during 1996 is done with the Oslo CTM2. The Oslo CTM2 is shown to compare well with measurements for Ozone and CO for selected stations over Europe during summer 1996.

Model description

Oslo CTM2 is an off-line chemical tracer model as documented in Sundet and Prather (1999).  Its main feature is that all transport processes are able to keep second order moments for the tracer distributions for all transport processes in the model.  Transport is based on forecast data from ECMWF for 1996, where both boundary layer height and convective mass fluxes are diagnosed from the forecast run.  Data are generated for T63 resolution with 19 hybrid sigma layers from the surface up to 10 hPa and with diagnosing data every 3rd hours. For these experiments the model have been run in T21, L19 resolution and a 3 hours time step. The tropospheric chemistry scheme is basically the same as in the OSLO CTM-1 model and contains 51 species. 86 thermal reactions, 17 photolytic reactions, and 2 heterogeneous reactions are integrated by the QSSA method. A new fast UV module has recently been implemented in the models and calculates J-values on-line every three hours. Advective transport uses the concept of Second Order Moments, which is very accurate. The model meteorology is determined by a self-consistent set based on ECMWF forecast data including horizontal winds, temperature, cloud liquid water content, cumulus convection, etc. for the year 1996. Model results can thus be compared readily with observations from the same time. In particular, the model has an extensive hydrocarbon chemistry, and calculate PAN as one of the key nitrogen compounds.

Ozone distribution over Europe summer 1996.

Over Europe the model has been compared to measurements and with the high-resolution regional Eulerean EMEP model with a 50-km horizontal resolution (Jacobsen et al., 1993).  The model domain covers Europe and has boundaries that reach the East Coast of US.  Even if the Oslo CTM2 has a much coarser horizontal resolution (T21) the model is shown to give surprisingly similar results as the high resolution model for the monthly averaged ozone distribution in the boundary layer and the free troposphere over Europe.  Comparison with time series also shows a high degree of compliance with the measurements for selected European stations for both CO and Ozone.  One reason for these results can be that the emission distribution contains moments, such that the effective resolution is four times higher than T21 grid.  The fact that the model use real time data with a high temporal resolution is probably the main reasons for the good match between model and measurements.  

Compared to emission data for 1985 from GEIA and Mueller (1992) it is not clear if there is a reduction of ozone even if the emissions of NOx and CO is reduced and significantly so over former USSR.  This might be a consequence of the year we use for the calculation and there might be inter annual variations giving lager differences using emission characteristic for 1985 and 1996.  This can also be caused by that the photochemical activity is virtually unchanged, measured as the NO/NO2 ratio.

Model uncertainties

Although the model seems to give reasonable results for ozone and CO over Europe there are known to be some problems with the dry deposition and boundary layer height.  For the dry deposition no land use is taken into account and it is also assumed that the diffusivity is constant in the surface layer.  This will be improved to include land used and currently a boundary layer scheme (Holtslag, Kz) is currently being tested and will be implemented soon.  The boundary layer seems to be too shallow in the winter season and give to high concentrations of CO and Ozone over substantial land areas.  This might be improved with a diffusion of mass out of the boundary layer during wintertime.

Ongoing work

In PAUR-2 the model will be used to investigate the impact on chemistry from changes in UV radiation.  The UV radiation is now calculated on-line in the Oslo CTM2 and it is therefore possible to incur changes caused by particles in the troposphere from e.g. the Saharan dessert.  The UV calculation made in the model will be compared to measurements to assess the uncertainty in the on-line UV calculations. In the model calculations we will prepare data from ECMFC runs that are updated to be representative for the PAUR-2 campaign period during May 1999. 
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