Model Forecast Products for field planning during VOCALS REx
Table X.1 details the groups that are planning to provide various types of MODEL output in VOCALS-REx:
Table 1: Groups providing forecast data products for VOCALS-REx

	Model
	Model Type
	Group
	Contact
	Products
	Field Catalog

	WRF
	Regional Weather Forecast
	Universidad de Chile
	Rene Garreaud (rene@rgarreau@dgf.uchile.cl), Brad Barrett (bbarrett@dgf.uchile.cl), Universidad de Chile
	Maps, cross-sections, profiles
	As operational product

	NCEP GFS
	Global forecast model
	NCEP
	Hua-Lu Pan (Hualu.Pan@noaa.gov), NCEP, USA
	Maps, cross-sections, profiles
	As operational product

	COAMPS
	Nested Regional Weather Forecast
	NRL
	Shouping Wang (shouping.wang@nrlmry.navy.mil), Naval Research Laboratory, Monterey, USA
	Maps, cross-sections, profiles
	As operational product

	NAME
	Dispersion model based on UK Met Office forecast model
	UK Met Office
	Steven Abel (steven.abel@metoffice.gov.uk), The Met Office, UK
	Maps, cross-sections
	As operational product

	UK Unified Model
	Global and Regional Weather Forecast
	UK Met Office
	Malcolm Brooks (malcolm.e.brooks@metoffice.gov.uk), David Walters (david.walters@metoffice.gov.uk)The Met Office, UK
	Maps, cross-sections, profiles
	As operational product

	FLEXPART
	Dispersion model

Based on NCEP analyses
	NOAA ESRL
	Jerome Brioude (Jerome.Brioude@noaa.gov), NOAA ESRL, Boulder, USA
	Maps, cross-sections
	Link to site

	WRF Trajectory
	Trajectory model based on WRF regional model
	University of Iowa and Universidad Nacional Andrés Bello
	Greg Carmichael (gcarmich@engineering.uiowa.edu), University of Iowa, USA

	?
	As operational product

	ECMWF
	Global forecast model
	ECMWF
	Martin Koehler (Martin.Koehler@ecmwf.int), ECMWF, UK
	Profiles at 5 locations
	As operational product (via University of Washington)


2. Brief Descriptions of models and details of model forecasts

2.1 WRF, Universidad de Chile
2.2 NCEP GFS

2.3 COAMPS

NRL’s COAMPS (Coupled Ocean/Atmosphere Mesoscale Prediction System) is the Navy’s regional weather forecast model. For VOCALS-Rex, atmospheric part of COAMPS will be run twice daily for 48 hours with both atmosphere and SST data assimilations. The lateral boundary conditions are provided by the global model NOGAPS.  COAMPS uses three nested grids. First grid uses 45 km resolution (151(151); the second 15 km (181x(181); and the third 5 km (181(181).  There are 45 levels in the simulations with 24 levels below 1.5km. Aerosols are not included. We plan to provide figures to the data catalog. There will also be a link to the website of COAMPS VOCALS real time forecast, where many products will be presented. 
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COAMPS Configuration for VOCALS-REx real-time forecasts

2.4 UK Unified Model

The Met Office Unified Model^TM (MetUM) uses a semi-implicit semi-Lagrangian dynamical core to solve the equations of motion for a fully compressible, non-hydrostatic, deep atmosphere on a regular latitude-longitude grid (Davies et al., 2005). The parametrisation of physical processes used in NWP configurations are very similar to those in the atmospheric component of the first generation of the Met Office Hadley Centre's most recent climate configuration: HadGEM1 (Martin et al., 2006), but with a simplified treatment of aerosols and ozone and a daily 3-arc-minute sea-surface temperature analysis (Stark et al., 2007). 

The Global Model has a horizontal resolution of 0.5625 x 0.375 degrees (i.e. 460x381 grid-points = N320 ~40km in the mid-latitudes) and uses 50 levels in the vertical, with the model lid at ~63km. It is integrated 4 times daily, to T+144 at 00Z and 12Z and to T+60 at 06Z and 18Z, initialised via a 4D-Var assimilation scheme (Rawlins et al., 2007). 

The regional model being run specifically for this campaign has a horizontal resolution of 0.15 x 0.15 degrees (~17km) and uses 216x150 grid-points to encompass the VOCALS domain. The model pole is rotated to 70N, 85E to make the resolution approximately isotropic over the region of interest. It uses 38 levels in the vertical, with the model lid at ~39km. The differences between this and the 50 level set used in the Global Model are all above the troposphere as below ~15km the level sets are identical. We propose to perform 1 main forecast to T+48 a day, which will be initialised from a 6-hourly 3D-Var analysis cycle (Lorenc et al.,2000). The time of this main forecast should be chosen to be of most use during the campaign.
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2.5 NAME
Emission tracer forecasts of SO2 are calculated with the Met Office NAME atmospheric dispersion model (Jones et al., 2007) utilising meteorological data from the global and regional versions of the Met Office Unified Model forecasts (see section 2.4).  Tracer forecasts are run for anthropogenic emissions from copper smelters and power plants, and from the Lascar and Lastarria volcanoes.   The emission inventory of SO2 for these sources is that collated by Laura Gallardo Klenner. 

We propose to run a daily forecast to T+56 (global model winds) and to T+48 (regional model winds). Model output will consist of the following;

·  2D maps of SO2 concentration over the following altitude ranges; boundary layer average, 0-1 km AGL average, 1-2 km AGL average, 2-3 km AGL average, 3-4 km AGL average, 4-8 km AGL average.  The 2D map plots will be output on a domain covering 66-88W and 11-30S. 
· Vertical cross section of SO2 concentration along the 20S line (and possibly other latitude bands if desirable).  

Jones, A.R., Thomson, D.J., Hort, M., Devenish, B., 2007. The UK Met Office’s next-generation atmospheric dispersion model, NAME III. In: Carlos Borrego, Ann-Lise Norman (Eds.), Air Pollution Modelling and Its Application XVII. Springer. ISBN-10:0-387-28255-6.

Emission data available at : .atmos.washington.edu/~robwood/PreVOCA/data/Continental_Emissions_Chile_VOCALS_nov2007_v3.xls
2.6 FLEXPART Emission Tracer Forecasts

Emission tracer forecasts are calculated with the FLEXPART
 particle dispersion model based on Global Forecast System (GFS) data of the National Center for Environmental Prediction (NCEP) with a horizontal resolution of 0.5(x0.5(. Tracer masses are carried by particles following trajectories calculated using the GFS winds and stochastic components for turbulence and convection. Tracer forecasts are run separately for anthropogenic emissions from the different copper smelters, power plants and the Lascar volcano in Chile, and from South America. For each of those forecasts, the sulfur dioxide (including direct emissions of sulfate) is available. Forecasts of a southern hemisphere biomass burning CO tracer (south of 15(N) are available using the hotspot fires MODIS product and a global biomass surface inventory. All these species are run as passive tracers for up to 10 days, after which tracer particles are dropped from the simulation.

The sulfur dioxide emission from point sources is based on an inventory provided by Laura Gallardo at the Universidad de Chile
. As the emission basis for South America, the EDGAR
 version 3.2 fast track inventory for the year 2000 with a resolution of 1( is used. 

The different tracers are available for the following computational domains:

· Horizontal resolution: 130 deg W to 30 deg W at a resolution of 1 deg, 55 deg S to 15 deg N at a resolution of 1 deg, plus a nest from 90 deg W to 65 deg W at a resolution of 0.25 deg, 30 deg S to 10 deg S at a resolution of 0.25 deg.
· Vertical resolution: 32 layers at: 250m intervales between the surface and 3km, then 500m intervals between 3km and 12.5km, and a single 12.5-20 km layer.
· Age classes: 0 - 0.5 day, 0 - 1 day, 0 - 2 days, 0 - 10 days
2.7 WRF, University of Iowa

We plan to run WRF/STEM forecasts in support of the experiment. This builds upon our previous work at the U. Iowa in field experiments, where we developed an operational regional-scale forecasting and analysis system to assist in atmospheric field experiments. The system consists of 3 major components: 1) a detailed mesoscale meteorological model with an off-line CTM with a wide variety of air mass and emission tracers; 2) detailed 3-D aerosol-photochemical calculations using a CTM; and 3) enhanced emission products that intimately link emitted amounts and activities to transport and chemistry analysis. This system has been successfully applied in the design and execution of a number of field experiments, including ACE-Asia, ICARTT, INTEX A&B, MILAGRO, PACDEX, and ARCTAS. For mission planning we will use WRF to provide the meteorological fields for the regional CTM with air mass and emission tracers, and with enhanced emission products that intimately link emitted amounts and activities to transport and chemistry analysis. Some of these tracers will represent emissions from volcanoes, large point sources, biomass burning, and regionally tagged emissions (e.g., those from Chile and Peru). Forecast will include:  a variety of air mass and emission markers (volcanoes, smelters, sea salt, biomass burning, etc.); Trajectories along the flight paths; and Results presented on a website and through GoogleEarth. Examples can be found at:

•Website located at 
http://www.cgrer.uiowa.edu/ARCTAS/arctas-2k8.html 
– 
•Google Earth KML files at: 
http://www.cgrer.uiowa.edu/ARCTAS/KMLfiles/ARCTAS_link.kml
2.8 ECMWF

Point output from operational model (T799L91, CY33R1) from 12UTC, one hourly forecast output to 72h, state variables, fluxes and tendencies.  A readme file (available at www.atmos.washington.edu/~robwood/VOCALS/Koehler_ECMWF_ddh.variables) describes the ASCII data in detail.  Data produced and ftp’ed to the EOL site since 2008/07/31.
The available points are:

 Grid #117:  20(S,  70(W (290(E)

 Grid #119:  20(S,  75(W (285(E)

 Grid #120:  20(S,  80(W (280(E)

 Grid #121 : 20(S,  85(W (275(E)

 Grid #122: 23.5(S,70(W (290(E)

3. Model Product Types:

Three basic formats for model output data are requested from various groups: (a) Maps; (b) Cross-Sections; (c) Vertical Profiles; (d) Standard trajectories (forward and backward).
3.1 Maps

Maps covering the VOCALS-REx domain (10-30(S, 90-65(W) would be most useful. This is quite a small domain, useful for field planning, and so it would make sense to have also a larger map domain covering the whole of the VOCALS domain (0-40(S, 110-60(W).
The most useful meteorological variables to be plotted in the map format are:

· Sea-level pressure; anomaly from mean field would also be useful
· 500 hPa geopotential height vorticity. 
· Horizontal Wind vectors/wind speed at surface and at 925, 800, 700, 600 and 500 hPa.
· Vertical velocity (omega) at 925 hPa and at 800 hPa

· Relative humidity at 800 hPa

· Temperature and specific humidity at surface (2 m altitude) and at 700 hPa
· Sea surface temperature
· Lower tropospheric stability (potential temperature difference between 700 hPa and surface)

· Surface temperature advection (dot product of surface wind and SST gradient)

· Cloud top height/inversion height proxy (e.g. highest altitude below 3 km with nonzero cloud cover)
· Tracer species (chemicals plus individual source tracers), SO2, sulfate, other aerosol species

· Vertically integrated cloud liquid water content

· Cloud cover
· Surface sensible/latent and radiative fluxes
3.2 Cross-sections

Two forecast cross-sections along 20(S and 25(S from the coast to 90(W would be very useful. Data focusing on the lowest 3 km (surface to 700 hPa) will be most useful. The most useful parameters will be:
· Wind speed and direction
· Vertical velocity (omega) 
· Relative humidity
· Temperature and specific humidity
· Temperature advection (dot product of wind vector and air temperature gradient)

· Moisture advection (dot product of wind vector and vapor mixing ratio gradient)

· Tracer species (chemicals plus individual source tracers), SO2, sulfate, other aerosol species
· Cloud liquid water content

· Cloud fraction

3.3 Vertical Profiles

Forecast profiles at 20(S, 85(W (IMET Buoy) and 20(S, 75(W (SHOA/DART Buoy) would be useful. Useful parameters will be as for the cross-sections. 
3.4. Standard Trajectories
At least two groups (U of Iowa and U Washington) will be running trajectory analyses for VOCALS field planning. Many of these will be carried out in real-time in the field based upon the locations of interesting features (POCs, plumes). In addition, however, it would be very useful to have a standard set of forward and backward trajectories (sometimes called a “racetrack”) calculated for a set of points along the 20(S cross-section. These could go into the field catalog under Operational Products each day, and would complement the special on-demand trajectories. 

As a strawman, I would suggest calculating forward and backward trajectories for 48 hours each way, for three altitudes (925, 850, and 700 hPa) the following locations along 20(S: 85, 82.5, 80, 77.5, 75, 72.5, 70(W, i.e. every 2.5 degrees. 
4. Time period for forecast products

We will aim to use the 12 UTC forecasts from most of the centers, for which data should be available approximately 6-7 hours later (18-19 UTC), which will then be available for the VOCALS daily planning meeting (19:30 UTC). 
Images should be produced for each three forecast hours out to T+48 hrs. Longer lead time imagery will probably be of some use, and here a more limited set of variables should be used (e.g. 500 hPa geopotential height, temperature, humidity etc.).

5. Plotting details 

it would be ideal if the different groups could produce map field using the same color tables and contour levels, etc. This would greatly facilitate intercomparison of fields from different models at a glance. However, I appreciate how some groups may already have their graphical output generation automated. This is a good subject for discussion at the teleconference. Here are some suggestions for contour intervals to show for different fields:

Table: Suggested units and contour intervals for plotting data on maps and cross-sections

	Variable
	Units
	Contour intervals

	Sea level pressure
	hPa
	4 hPa

[1000, 1004, 1008…]

	Horizontal winds
	m s-1
	1 m s-1

	Temperatures
	C
	1 C

	Lower tropospheric stability
	C
	1 C

	Temperature advection
	K day-1
	0.1 K day-1

	Cloud/inversion height
	km
	0.1 km

	Cloud liquid water path
	g m-2
	10 g m-2

	Cloud cover
	%
	10

	Relative humidity
	%
	5

	Vertical velocity (omega)
	hPa day-1
	5 hPa day-1


6. Getting plots into the Field Catalog

Groups should work with Greg Stossmeister at NCAR EOL (gstoss@ucar.edu) to arrange to routinely upload plots to the EOL server. These data will then be ingested automatically into the VOCALS Field Catalog. Instructions for doing this are provided in the form of a User Guide on the Field Catalog website at: http://catalog.eol.ucar.edu/vocals/other/user-guide.html

 It is therefore important that the requested strict naming/dating convention is followed as this will ensure problem-free transfer and incorporation of imagery.










� See http://zardoz.nilu.no/~andreas/flextra+flexpart.html


� Available at: www.atmos.washington.edu/~robwood/PreVOCA/data/Continental_Emissions_Chile_VOCALS_nov2007_v3.xls


� See www.rivm.nl/edgar/





