DATA FORMAT HANDBOOK 

For

AGRMET

Last updated: Aug 29, 2002

1 PURPOSE:  This document describes the Air Force Weather Agency’s (AFWA) Agricultural Meteorology modeling system (AGRMET).  It details important information about its operation, input and output data, computational grid, and other import aspects of this unique modeling system. 

2 MODELING SYSTEM DESCRIPTION:

2.1 GENERAL INFORMATION:

2.1.1 AGRMET is the US Air Force's near real-time agricultural meteorology analysis model.  It analyzes agricultural parameters for all of the world's landmasses at 25 nm (47 km) resolution.  The analysis is provided to designated customers outside of AFWA and is used internally to provide data to AFWA’s Surface Temperature model (SFCTMP).

2.1.2 The core of the AGRMET Model is the NOAH community land-surface soil hydrology module, which was jointly developed by the National Centers for Environmental Prediction (NCEP), Oregon State University, the U.S. Air Force and the Office of Hydrology.  Important aspects of this model are listed below:

2.1.2.1 Skin temperature is diagnosed by a surface energy balance equation.  

2.1.2.2 Potential Evapotranspiration is calculated using a stability-dependent Penman equation (Mahrt and Ek, 1984).

2.1.2.3 Soil moisture prediction is based on Richard’s equation; soil temperature prediction is based on the traditional heat equation; and soil hydraulics is based on Cosby et al (1984).  

2.1.2.4 Canopy resistance is based on Jacquemin and Noilhan (1990).  

2.1.2.5 Frozen soil physics are included after Koren (1999).

2.1.2.6 Most of the calculated parameters are soil type and plant type dependent.  Soil types were obtained from the National Center for Atmospheric Research (NCAR).  This soil type data set is a hybrid product combining 30-sec STATSGO data over CONUS and 5-min FAO data over the rest of the world.  Plant/vegetation types were obtained from a 30-second NCAR-USGS data set.

2.2 MODEL INITIALIZATION:

2.2.1 The AGRMET model cycles on itself.  In other words, the soil moisture and temperature analysis from the end of the previous cycle is used to initialize the next cycle.  AGRMET runs “off-line” - it creates analyses of shelter height fields, precipitation and radiative fluxes to “force” its soil hydrology module.

2.3 MODULES:  The AGRMET modeling system is comprised of several subprograms that accomplish very specific tasks.  Each of these subprograms is listed below, in order of execution.

2.3.1 Field Build (FLDBLD):  FLDBLD horizontally interpolates global one-degree NOGAPS or GFS analysis data to the AGRMET grid using a nearest neighbor approach.  The data that are interpolated include surface winds, and isobaric fields of temperature, relative humidity and geopotential height.
2.3.2 Surface Calculation (SFCLAC):  This program temporally interpolates the 6-hourly FLDBLD data to get hourly fields.  It then vertically interpolates the isobaric temperature and relative humidity fields to the AGRMET terrain and calculates surface pressure from the terrain height and geopotential height field.  Surface winds are not vertically interpolated.  These shelter height first guess fields are then blended with surface observations using a Barnes (1964) technique.
2.3.3 SSM/I Rain Rate Analysis (SMIEDR):  This program creates 3-hourly SSM/I estimated rain amounts (one of several sources of estimated precipitation).  First, the raw data is read in from each available satellite in the database and is scaled to create usable rain rates.  Assuming the rates are constant over the three hour interval, a total precipitation depth is then computed.  There are some inherent limitations to this method since the SSM/I data is actually an instantaneous snapshot of the rain rate over a particular location and not an average rate over a fixed interval.
2.3.4 Precipitation (PRECIP):  This program produces 3-hourly fields of observed, estimated and merged (observed/estimated blend) precipitation.  First, PRECIP retrieves observed precipitation (rain gauge reports) from AFWA’s global surface observation database and creates several estimates using methods based on remotely-sensed and climatological data.  PRECIP then creates a merged precipitation field that is a blend of the real and estimated amounts.  This merged field is used to force the soil hydrology module in FLUX3 (see 2.3.6).  Estimates are only used at grid points without rain gauge reports.  A hierarchy of estimates is established to ensure the most reliable data is used first (see paragraph 4.7.6 for more details).

2.3.5 Spread (SPREAD): This program performs a modified Barnes objective analysis on the 3-hourly merged precipitation fields from PRECIP for the purpose of “spreading” the rain gauge reports to adjacent grid points. 

2.3.6 FLUX3:  This program is the core of the AGRMET model and includes the NOAH soil hydrology physics module.   FLUX3 ingests shelter height fields from SFCALC, the merged precipitation data from SPREAD, snow depth data from AFWA’s SNODEP analysis model (Kopp and Kiess, 1996), and cloud data from AFWA’s CDFSII world-wide merged cloud analysis (Cloud Depiction and Forecast System II).  The CDFSII data is used to calculate downwelling longwave and shortwave radiation at the ground using the algorithms of Idso (1981) and Shapiro (1987), respectively.  These analysis data are used to “force” the soil hydrology physics using one-hour time steps.  FLUX3 outputs include soil temperature and moisture, actual and potential evapotranspiration, surface energy fluxes, canopy moisture content and snow liquid water equivalent.

2.3.7 AGRMET Post-processing program (AGRPOST):  This program ingests output from several modules, performs 12- and 24-hourly averaging on some fields, then gribs the data.   These output files are described in Section 4.
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GRID:  AGRMET runs on two polar stereographic grids, true at 60°N and 60°S.  The horizontal grid spacing is 25 nm (47 km) and the i/j dimensions are 512x512.  At AFWA, these grids are known as “8th-mesh.”   

2.5 FREQUENCY OF SIMULATIONS:  AGRMET runs four cycles daily - 00, 06, 12 and 18Z.  All runs begin approximately 4 ½ hours after cycle time.  

2.6 COMPUTER ARCHITECTURE FOR PRODUCTION RUNS: AGRMET executes on a UNIX-based IBM SP-2 computer with Power PC nodes.  Execution is managed via control files and is initiated using crontabs.

3 INPUT DATA:

3.1 As mentioned above, AGRMET ingests a variety of external data sources.

3.1.1 US Navy NOGAPS - NCEP GFS analysis and forecast fields.  

3.1.1.1 The primary source of first guess fields for shelter-height conditions is NOGAPS analysis data.  NOGAPS is the US Navy’s global weather prediction model.  NOGAPS data has a resolution of one-degree.  If an analysis is not available, AGRMET searches for NOGAPS forecast fields from a previous cycle (up to a 24 hour forecast) valid at the same time.  If none of this data is available, AGRMET will then begin looking for NCEP GFS analysis and forecast files in the same manner.  The GFS is NCEP’s global forecast system.  Like NOGAPS, the GFS data is one-degree.

3.1.1.2 NOGAPS/GFS fields used by AGRMET (modules FLDBLD and SFCALC) are: surface winds; and isobaric temperatures, geopotential heights, and relative humidity.

3.1.1.3 These files are in WMO GRIB format.  See NCEP Office Note 388 for more information on GRIB.

3.1.2 Surface observations and SSM/I satellite data:

3.1.2.1 Surface observations are retrieved from the SURFACE_OBS database on the CDMS, and SSM/I satellite data from three DMSP satellites are retrieved from the SSMI_EDR database on the CDMS.  Both retrievals are accomplished via WS-TRAMS utilities.  See CDMS documentation for more information.

3.1.3 Snow depths:

3.1.3.1 Snow depth data from AFWA’s SNODEP analysis model are retrieved from the CDMS database through WS-TRAMS utilities.  AFWA’s SNODEP model (Kopp and Kiess, 1986) produces global analyses of snow depth from surface and satellite observations.  It runs on the same polar stereographic grids as the AGRMET model (see Figure 2.1).

3.1.3.2 File format is WMO GRIB.  See NCEP Office Note 388 and CDMS documentation for more information.

3.1.4 CDFSII world-wide merged cloud analysis files:

3.1.4.1 AGRMET retrieves cloud data from AFWA’s CDFSII model every hour.  AFWA’s CDFSII produces a global cloud analysis from visible and IR satellite data.  It runs on two 23km polar stereographic grids.  AGRMET uses CDFSII cloud types and cloud amounts for up to four levels in the atmosphere.

3.2 Other input data.  These include files that specify characteristics of the ground. 

3.2.1 Monthly, climatological greenness fraction (Gutman and Ignatov, 1998) data is used to simulate the annual growth and decay of plants.  The Gutman and Ignatov data are at 0.15 degree.   AGRMET temporally interpolates to the current day by assuming that the climatological files are valid at the 15th of each month.  

3.2.2 Snow-free albedo is specified by using a one-degree seasonal albedo database from NCEP.  AGRMET temporally interpolates to the current day using the four values of albedo valid on Jan 31, Apr 30, Jul 31 and Oct 31.  This snow-free value is adjusted at each time step according to the analyzed snow cover.   

3.2.3 Soil type is specified after a 30-second STATSGO/5-minute FAO database from NCAR. 

3.2.4 Crop/vegetation type is specified from a 30-second NCAR/USGS database. 

3.2.5 Soil slope type is specified from a one-degree Zobler database.

3.2.6 The bottom thermal boundary condition is specified from a 1-degree ISLSCP database.  This database is represents the global 2-meter air temperature from 1997.  It is adjusted to the AGRMET terrain using the standard lapse rate.

3.2.7 Terrain height and the land/sea mask are specified using AFWA 8th mesh (47 km) databases.

4 OUTPUT DATA: The AGRMET model computes several agriculture-specific parameters that are grouped into three categories: 24-hourly averaged/accumulated fields (valid ending at 12Z); 12-hourly averaged fields (valid ending at 00 and 12Z); and 3-hourly accumulated, averaged and instantaneous (“snapshot”) fields (valid at 00, 03, 06, … 21Z).  The 3-hourly snapshot fields have been interpolated from the native AGRMET polar stereographic grids to a global 0.5-degree lat/lon grid using a nearest neighbor approach.

4.1 Path to output data:  AGRMET output data is located in the following directories on the IBM SP-2.

4.1.1 24-hourly avg/accum data:
/h/data/global/AGRMET/data/agrpost_grib/24hourly
4.1.2 12-hourly averaged data:
/h/data/global/AGRMET/data/agrpost_grib/12hourly
4.1.3 3-hourly avg/snapshot data:
/h/data/global/AGRMET/data/aprpost_grib/3hourly
4.1.4 Note: the 3-hourly data is also stored on AFWA server ws-ftp1 in the directory: /users/ftp/grib/agrmet
4.2 File naming conventions:  Within each data directory indicated in paragraph 4.1, the files have the naming convention given by agrmet.grib.cchr_hh.YYYYMMDDHH where:

4.2.1 cc:  when equal to “03”, it means the file contains the 3-hourly accumulated, average and snapshot data, which output every 3 hours.  When equal to “12” or “24”, it means the file contains 12-hourly averaged or 24-hourly averaged/accumulated data.

4.2.2 hh is the hemisphere (nh or sh).  Note: the 3-hourly files don’t have a hemisphere designation because this data has been interpolated to a global lat/lon grid.

4.2.3 YYYYMMDDHH is the year/month/day/hour of the data.  In the case of averaged/accumulated fields, this time corresponds to the end of the averaging or accumulation period.

4.3 Output Format:  All final output data files created by AGRMET are in the WMO GRIB format.  More information on the GRIB format can be found in NCEP Office Note 388.

4.4 Water points:  AGRMET is only processed over land points.  As such, no valid data is available at water points.  These water points are filtered out of each GRIB file by using a bitmap section (see NCEP Office Note 388 for further details).

4.5 MISSING data flags:  Grid points with missing data over land (i.e. no data available to be processed) are coded with a value of “9996.0.”  However, this flag can only occur in the 24-hourly accumulated CDFSII precipitation estimate, estimated precipitation – all sources, and the real precipitation data.  This is because there are some parts of the globe where these estimates can not be performed.   And in many parts of the globe there is no rain gauge data.  All other AGRMET parameters have valid data at every grid point.

4.6 SOIL LAYERS: AGRMET runs with four soil layers: 0-10, 10-40, 40-100 and 100-200 cm below ground. 

4.7 24-Hourly AVERAGED/ACCUMULATED Data File CONTENTS:  There are 17 averaged/accumulated parameters valid during the 24 hour period ending at 12Z.   The following is a listing/explanation of each parameter:

4.7.1 Actual Evapotranspiration:  Mean hourly actual evapotranspiration (mm/hr) over the 24 hour period.

4.7.2 Air Temperature:  24-hourly average shelter-height air temperature (K).

4.7.3 Downwelling Longwave Radiation:  24-hourly averaged downwelling longwave radiation (W/m2) at the surface.

4.7.4 Estimated Precipitation – All Sources:  24-hourly accumulated precipitation (mm) based on all available estimate sources.  Although there may be several estimates computed at each grid point, only the best available estimate is stored.  There is no way to tell from this file what estimate was used at a particular grid point.  The order of precedence for these estimates is as follows:

4.7.4.1 Past/present weather estimate—based on past/present weather codes in surface observations and limited to those grid points closest to observation stations

4.7.4.2 SSM/I estimate—based on data received from satellite SSM/I sensors. (This estimate is confined to the tropics.)

4.7.4.3 CDFSII estimate—based on CDFSII cloud cover, climatological cloud cover, and climatological precipitation tables.  This estimate is stored separately as well (see 4.7.5).

4.7.4.4 GEO-PRECIP estimate—based on output from AFWA’s GEO-PRECIP model (limited geographically between 50N to 50S.  GEO_PRECIP estimates rainfall from geostationary satellite brightness temperature data.

4.7.4.5 Climatology estimate—based solely on climatology tables; a last resort if no other estimates are available (the data has complete worldwide coverage over all landmasses)

4.7.5 Estimated Precipitation – CDFSII method:  24-hourly precipitation estimate (mm) based on CDFSII cloud cover, climatological cloud cover and climatological precipitation.

4.7.6 Incoming Solar Radiation:  24-hourly averaged incoming solar radiation (W/m2) at the surface.

4.7.7 Land/Sea Mask (category): Land is indicated by a “1.”

4.7.8 Maximum Temperature:  Maximum shelter-height air temperature (K) during the previous 24 hours.

4.7.9 Merged Precipitation Analysis:  The final analysis of 24-hour accumulated global precipitation (mm) produced by blending rain gauge amounts with the estimated precipitation/all sources.  This precipitation field is used by FLUX3 to force its soil hydrology physics.

4.7.10 Minimum Temperature:  Minimum shelter-height air temperature (K) during the previous 24 hours.

4.7.11 Potential Evapotranspiration:  Mean hourly potential evapotranspiration (mm/hr) over the 24-hour period.

4.7.12 Precipitation – Real Amounts:  24-hourly rain gauge amounts (mm) plotted at the nearest AGRMET grid point.

4.7.13 Relative Humidity at the Minimum Temperature:  The shelter-height relative humidity (%) observed at the time of minimum temperature during the past 24 hours.

4.7.14 Snow Depth:  Analyzed snow depth at 12Z (m).

4.7.15 Soil Moisture:  24-hourly average volumetric (liquid plus frozen) soil moisture (volume of water per volume of soil—m3/m3) in a given layer.

4.7.16 Soil Temperature:  24-hourly average soil temperature (K) in a given layer.

4.7.17 Wind Run:  24 hour wind run (km).  Computed by summing the surface wind speeds over the previous 24 hours.

The following table summarizes all 24-hourly AGRMET output parameters and includes their units, the precision with which they are stored, and the GRIB parameter number.  The GRIB parameter number is stored in section 1, octet 9 of a GRIB record.  

	Parameter
	Units
	Precision
	GRIB No.

	Actual Evapotranspiration –

24-hourly averaged value
	Millimeters (mm/hr)
	0.01 mm
	204

	Air temperature –

24-hourly averaged value
	Kelvin (K)
	0.1 K
	11

	Downwelling longwave radiation at the surface – 24-hourly avg value.
	Watts per square meter (W/m2)
	1 W/m2
	144

	Estimated precipitation—all sources
	Millimeters per 24 hours (mm/24hrs)
	1 mm
	197

	Estimated precipitation – CDFSII method
	Millimeters per 24 hours (mm/24hrs)
	1 mm
	196

	Incoming solar radiation at the surface- 24-hourly average value
	Watts per square meter (W/m2)
	1 W/m2
	145

	Land/sea mask
	Unitless category
	1
	81

	Maximum temperature past 24 hours
	Kelvin (K)
	0.1 K
	15

	Merged precipitation analysis
	Millimeters per 24 hours (mm/24hrs)
	1 mm
	203

	Minimum temperature past 24 hours
	Kelvin (K)
	0.1 K
	16

	Potential evapotranspiration –

24-hourly averaged value
	Millimeters (mm/hr)
	0.01 mm
	208

	Precipitation – real amounts
	Millimeters per 24 hours (mm/24hrs)
	1 mm
	202

	Relative humidity at minimum temperature – past 24 hours
	Percent (%)
	0.1 %
	210

	Snow depth at 12z
	Meters (m)
	0.01 m
	66

	Soil moisture (liquid and frozen) –

24-hourly averaged value
	Volumetric (m3/m3)
	0.001 m3/m3
	201

	Soil temperature – 24-hourly average value
	Kelvin (K)
	0.1 K
	85

	Wind run
	Kilometers per 24 hours (km/24hrs)
	1 Km
	209


4.8 12-Hourly AVERAGED Data File CONTENTS:  These values are valid for the 12-hour period ending at 00 or 12Z.  They are used by AFWA’s SFCTMP model.  The following is a listing/explanation of each parameter in the file:

4.8.1 Actual Evapotranspiration:  Mean hourly average actual evapotranspiration (mm/hr) over a 12-hour period.

4.8.2 Potential Evapotranspiration:  Mean hourly average potential evapotranspiration (mm/hr) over a 12- hour period.

4.8.3 Soil Moisture: 12-hourly average total volumetric soil moisture (volume of water per volume of soil—m3/m3) in a given layer.  Note: the soil moisture is interpolated from the four AGRMET layers to SFCTMP’s two layers, which have a thickness of 5 and 95 cm.

The following table summarizes all 12-hourly AGRMET output parameters and includes their units, the precision with which they are stored, and the GRIB parameter number.  The GRIB parameter number is stored in section 1, octet 9 of a GRIB record.  See NCEP Office Note 388 for more details.  

	Parameter
	Units
	Precision
	GRIB No.

	Actual Evapotranspiration –

12-hourly averaged value
	Millimeters (mm/hr)
	0.01 mm
	204

	Potential evapotranspiration –

12-hourly averaged value
	Millimeters (mm/hr)
	0.01 mm
	208

	Soil moisture (liquid and frozen) –

12-hourly averaged value
	Volumetric (m3/m3)
	0.001 m3/m3
	201


4.9 3 hourly AVERAGE/SNAPSHOT DATA File CONTENTS:  These files contain 3-hourly accumulated, average and instantaneous data.  The accumulation/averaging period starts three hours prior to the date/time group of the data as identified in the GRIB header.   These files also contain some static fields.

4.9.1 Albedo: 3-hourly average of the surface albedo, which includes the effects of snowcover (%).

4.9.2 Baseflow-Groundwater Runoff:  Accumulated (mm) during the previous 3 hours.

4.9.3 Canopy Moisture Content:  Depth of liquid water (m) held by the leaves of the plant canopy.

4.9.4 Downwelling Longwave Radiation: Instantaneous value (W/m2) at the surface.  Sign convention is positive by definition.

4.9.5 Downwelling Longwave Radiation: 3-hourly average at the surface (W/m2). Sign convention is positive by definition.

4.9.6 Ground Heat Flux (W/m2): The heat flux between the skin layer and the top soil layer.  Sign convention: heat flow from the skin layer to the top soil layer is “-”.

4.9.7 Incoming Solar Radiation:  Instantaneous value (W/m2) at the surface. Sign convention is positive by definition.

4.9.8 Incoming Solar Radiation: 3-hourly average (W/m2) at the surface. Sign convention is positive by definition.

4.9.9 Land/Sea Mask :  “1” indicates a land point.  

4.9.10 Latent Heat Flux: 3-hourly average of the latent heat flux (W/m2).  Sign convention: evaporation is “+.”

4.9.11 Model Terrain Height: Height of the model land surface (m) above sea level.

4.9.12 Precipitation: 3-hourly accumulated precipitation (mm).  A blend of rain gauge observations and estimates.

4.9.13 Relative Soil Moisture:  Relative soil moisture in a given layer (unitless)

4.9.13.1 Relative soil moisture is based on the following relationship between the volumetric soil moisture (Wvol), the wilting point soil moisture (Wwlt), and the maximum soil moisture or porosity (Wmax), all of which are soil type dependent (see 4.9.21 for more information):
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4.9.13.2 The range of values for the RLSM is [0, 1] and indicates in a relative sense how much moisture is contained in the soil.

4.9.14 Sensible Heat Flux: 3-hourly average of the sensible heat flux (W/m2).  Sign convention: heat flow from the ground to the atmosphere is “+.”

4.9.15 Skin Temperature:  3-hourly average of the surface skin layer Temperature (K).  The skin layer consists of the plant canopy, the thin top layer of soil, and any snow cover.

4.9.16 Snow Depth: Depth of snow in meters.

4.9.17 Snow Liquid Water Equivalent: Depth of liquid water (mm) that would be obtained by melting a given depth snow.

4.9.18 Soil Moisture (m^3/m^3) (frozen plus liquid components - volumetric)

4.9.19 Soil Moisture (m^3/m^3) (liquid component only - volumetric)

4.9.20 Soil Temperature:  Soil temperature (K) in a given layer.

4.9.21 Soil Type: Fixed file of codes indicating the type of soil at each grid point (see table below).  Soil type is specified from the hybrid STATSGO/FAO database of NCAR.  Wilting point and porosity are used to calculate relative soil moisture (see 4.9.13.1).

	Texture Code
	Description
	Wilting Point
	Porosity

	1
	Sand
	0.010
	0.339

	2
	Loamy Sand
	0.028
	0.421

	3
	Sandy Loam
	0.047
	0.434

	4
	Silt Loam
	0.084
	0.476

	5
	Silt
	0.084
	0.476

	6
	Loam
	0.066
	0.439

	7
	Sandy Clay Loam
	0.067
	0.404

	8
	Silty Clay Loam
	0.120
	0.464

	9
	Clay Loam
	0.103
	0.465

	10
	Sandy Clay
	0.100
	0.406

	11
	Silty Clay
	0.126
	0.468

	12
	Clay
	0.138
	0.468

	13
	Organic Materials
	0.066
	0.439

	14
	Water
	0.0
	1.0

	15
	Bedrock
	0.006
	0.200

	16
	Other (land-ice)
	0.028
	0.421


4.9.22 Soil Type (old database): Fixed file of codes indicating the type of soil at each grid point (see table below) used by AGRMET prior to May 2, 2002.  Soil type was specified from Zobler (1986).  

	Texture Code
	Description
	Wilting Point
	Porosity

	1
	Coarse
	0.029
	0.421

	2
	Medium
	0.119
	0.464

	3
	Fine
	0.139
	0.468

	4
	Coarse-medium
	0.047
	0.434

	5
	Coarse-fine
	0.020
	0.406

	6
	Medium-fine
	0.103
	0.465

	7
	Coarse-medium-fine
	0.069
	0.404

	8
	Organic
	0.066
	0.439

	9
	Land-ice
	0.029
	0.421


4.9.23 Storm Surface Runoff:  Accumulated (mm) during the previous 3 hours.

4.9.24 Vegetation Greenness Fraction:  Percent of green plants at a grid point (%).
4.9.25 Vegetation Type: The vegetation at each grid point is based on the 30-second NCAR/USGS database (see table below).

	Vegetation type code
	Description

	1
	Urban

	2
	Dryland Cropland and Pasture

	3
	Irrigated Cropland and Pasture

	4
	Mixed Dryland/Irrigated Cropland and Pasture

	5
	Cropland/Grassland Mosaic

	6
	Cropland/Woodland Mosaic

	7
	Grassland

	8
	Shrubland

	9
	Mixed Shrubland/Grassland

	10
	Savanna

	11
	Deciduous Broadleaf Forest

	12
	Deciduous Needleleaf Forest

	13
	Evergreen Broadleaf Forest

	14
	Evergreen Needleleaf Forst

	15
	Mixed Forest

	16
	Water bodies

	17
	Herbaceous Wetland

	18
	Wooded Wetland

	19
	Barren or Sparsely Vegetated

	20
	Herbaceous Tundra

	21
	Wooded Tundra

	22
	Mixed Tundra

	23
	Bare Ground Tundra

	24
	Snow or Ice


The following table summarizes all 3-hourly average/snapshot AGRMET parameters and includes their units, the precision with which they are stored, and the GRIB parameter number.  The GRIB parameter number is stored in section 1, octet 9 of a GRIB record.  

	Parameter
	Units
	Precision
	GRIB No.

	Albedo
	Percent (%)
	1 %
	84

	Baseflow-groundwater runoff – 3 hour accumulation
	Millimeters (mm/3hrs)
	0.1
	234

	Canopy moisture content
	Meters (m)
	0.00001 m
	207

	Downwelling longwave radiation at the surface – instantaneous value.
	Watts per square meter (W/m2)
	1 W/m2
	144

	Downwelling longwave radiation at the surface – 3-hrly average
	Watts per square meter (W/m2)
	1 W/m2
	144

	Ground heat flux – 3 hourly average
	Watts per square meter (W/m2)
	0.1 W/m2
	155

	Incoming solar radiation at the surface – instantaneous value
	Watts per square meter (W/m2)
	1 W/m2
	145

	Incoming solar radiation at the surface – 3-hrly average 
	Watts per square meter (W/m2)
	1 W/m2
	145

	Land/sea mask
	Unitless category
	1
	81

	Latent heat flux – 3-hrly average
	Watts per square meter (W/m2)
	0.1 W/m2
	121

	Model terrain height
	Meters (m)
	1 m
	161

	Precipitation – 3 hour accumulation
	Millimeters per 3 hours (mm/3hrs)
	1
	61

	Relative soil moisture
	Unitless
	0.01 
	200

	Sensible heat flux – 3-hrly average
	Watts per square meter (W/m2)
	0.1 W/m2
	122

	Skin temperature – 3-hrly average
	Kelvin (K)
	0.1 K
	11

	Snow depth
	Meters (m)
	0.01 m
	66

	Snow liquid water equivalent
	Millimeters (mm)
	0.1 mm
	65

	Soil moisture (liquid portion)
	Volumetric (m3/m3)
	0.001 m3/m3
	211

	Soil moisture (liquid and frozen)
	Volumetric (m3/m3)
	0.001 m3/m3
	201

	Soil temperature
	Kelvin (K)
	0.1 K
	85

	Soil type
	Code (see 4.9.21)
	1
	205

	Storm surface runoff – 3 hour accumulation.
	Millimeters (mm/3hrs)
	0.1
	235

	Vegetation greenness fraction
	Percent (%)
	1
	213

	Vegetation type
	Code (see 4.9.25)
	1
	212


4.10 MODEL AND DATA FORMAT CHANGES:

Nov 28, 2000 – AGMRET goes to four soil layers (10, 30, 60 and 100 cm thick).  Previously, AGRMET used two layers (5 and 95 cm thick).

May 8, 2001 – AGRMET switches from NOAH version 2.0 to NOAH version 2.2

July 24, 2001 – AGRMET switches from NOAH version 2.2 to NOAH version 2.3.

Oct 23, 2001 – Added short and longwave radiation to 3-hourly grib files.  Changed Grib parameter ID numbers for short and longwave radiation from 111/112 to 116/115 respectively.

Apr 19, 2002 – Replaced one-degree Dorman and Sellers (1989) vegetation database with 30-second NCAR/USGS database.   Change made to make AGRMET consistent with MM5/WRF.

May 2, 2002 – Replaced one-degree Zobler (1986) soil type database with a hybrid 30-second STATSGO (over CONUS) / 5-minute FAO (outside CONUS) from NCAR. Change made to make AGRMET consistent with MM5/WRF.

May 30, 2002 – Changed Grib parameter ID numbers for downward short and longwave radiation to 145/144.  Added new parameters to 3-hourly Grib file: average albedo, average latent/sensible heat flux, greenness fraction, vegetation type, snow depth, liquid and total volumetric soil moisture, baseflow and surface runoff, average downward short and longwave radiation, average ground heat flux and average skin temperature.

Jun 19, 2002 – Replaced RTNEPH cloud data with CDFSII cloud data.

Aug 8, 2002 – Replaced 4-degree bottom layer soil temperature database with 1-degree ISLSCP database.  A parallel version of AGRMET that used the new database (and the production forcing data) was run for 10 months prior to implementation.   This parallel data replaced the production data starting with the 18Z Aug 8th cycle.  Therefore, you will see a large change in the soil temperature field (especially in high terrain) and smaller changes in other fields between the 12 and 18Z cycles.

Aug 29, 2002 – Modified to use all available NOGAPS/AVN level information in creating the shelter height fields of temperature and relative humidity.  Prior to this date, the model only used information at 1000, 850 and 700 mb.  This change will result in less vertical interpolation from the NOGAPS/AVN levels to the model terrain.  Also, at grid points above 3000 meters, the analyzed temperatures will be cooler than before as NOGAPS/AVN data up through 500 mb are now used.

5.  REFERENCES

Cosby, B., and Coauthors, 1984: Statistical exploration of relationships of soil moisture characteristics to the physical properties of soils. Water Resour. Res., 20,  682-690.

Dorman, J.L. and P.J. Sellers, 1989: Climatology of albedo, roughness length and stomatal resistance for atmospheric general circulation models as represented by the simple biosphere model (SiB). J. Appl. Meteor., 28, 833-855.

Gutman, G. and A. Ignatov, 1998: The derivation of green vegetation fraction from NOAA/AVHRR for use in numerical weather prediction models. J. Remote Sensing, 19, 1533-1543.

Hamill, T.M., R.P. d’Entremont and J.T. Bunting, 1992: A description of the Air Force real-time nephanalysis model. Wea. Forecasting, 7, 288-306.

Idso, S., 1981: A set of equations for the full spectrum and 8- and 14- micron and 10.5- to 12.5 thermal radiation from cloudless skies.  Water Resources Research, 17, 295-304.

Jocquemin, B., and J. Noilhan, 1990: Sensitivity study and validation of a land surface parameterization using the HAPEX-MOBILHY data set.  Bound.-Layer Meteor., 52, 93-134.

Kopp, T.J., and R.B. Kiess, 1996: The Air Force Global Weather Central cloud analysis model.  Preprints, 15th Conf. on Weather Analysis and Forecasting, Norfolk, VA, Amer. Meteor. Soc., 220-222.

Koren, V., J. Schaake, K. Mitchell, Q.Y. Duan, F. Chen, and J.M. Baker, 1999: A parameterization of snowpack and frozen ground intended for NCEP weather and climate models. J. Geophys. Res. – Accepted.
Mahrt, L. and M. Ek, 1984: The influence of atmospheric stability on potential evaporation. J. Clim and Appl. Meteor., 23,  222-234.

Shapiro, R., 1987: A simple model for the calculation of the flux of direct and diffuse solar radiation through the atmosphere.  AFGL-TR-87-0200, Air Force Geophysics Lab, Hanscom AFB, MA.

Zobler, L., 1986: A world soil file for global climate modeling.  NASA Technical Memorandum #87802.

APPENDIX A

GRIB Parameter Table for Subcenter 2 of Center 57 (AFWA Specialized Models Group)

Note: NOT ALL PARAMETERS LISTED ARE CREATED BY THE AGRMET MODEL.  AGRMET is one of several models within AFWA’s Specialized Models Group.  AGRMET parameters are indicated by an asterisk.

This parameter number is stored in GRIB section 1, octet 9.  See NCEP Office Note 388 for more details.

The first 128 parameter numbers are common to all meteorological centers.  The last 128 parameters are unique to the AFWA specialized models team.

0
undefined

1
Pressure 



[Pa]

2
Pressure reduced to MSL 


[Pa]

3
Pressure tendency 


[Pa/s]

4
Potential vorticity



[Km2kg/s]

5
Standard Atmosphere Reference Height 
[m]

6
Geopotential 



[m2/s2]

7
Geopotential height 


[gpm]

8
Geometric height 


[m]

9
Std dev of height 



[m]

10
Total ozone 



[Dobson]

11*
Air Temperature 



[K]

12
Virtual temperature 


[K]

13
Potential temperature 


[K]

14
Pseudo-adiabatic potential temperature 
[K]

15*
Maximum temperature 


[K]

16*
Minimum temperature 


[K]

17
Dew point temperature 


[K]

18
Dew point depression 


[K]

19
Lapse rate 



[K/m]

20
Visibility 



[m]

21
Radar spectra (1) 



[non-dim]

22
Radar spectra (2)
 


[non-dim]

23
Radar spectra (3)
 


[non-dim]

24
Parcel lifted index (to 500 hPa)

[K]

25
Temperature anomaly 


[K]

26
Pressure anomaly 


[Pa]

27
Geopotential height anomaly 

[gpm]

28
Wave spectra (1)
 


[non-dim]

29
Wave spectra (2)
 


[non-dim]

30
Wave spectra (3)
 


[non-dim]

31
Wind direction 



[deg]

32
Wind speed 



[m/s]

33
u wind 




[m/s]

34
v wind 




[m/s]

35
Stream function 



[m2/s]

36
Velocity potential 


[m2/s]

37
Montgomery stream function 

[m2/s2]

38
Sigma coord. vertical velocity 

[/s]

39
Pressure vertical velocity 


[Pa/s]

40
Geometric vertical velocity 

[m/s]

41
Absolute vorticity 


[/s]

42
Absolute divergence 


[/s]

43
Relative vorticity 


[/s]

44
Relative divergence 


[/s]

45
Vertical u-component shear
 
[/s]

46
Vertical v-component shear 

[/s]

47
Direction of current 


[deg]

48
Speed of current
 


[m/s]

49
u-component of current 


[m/s]

50
v-component of current 


[m/s]

51
Specific humidity 


[kg/kg]

52
Relative humidity 


[%]

53
Humidity mixing ratio


[kg/kg]

54
Precipitable water 


[kg/m2]

55
Vapor pressure 



[Pa]

56
Saturation deficit



[Pa]

57
Evaporation 



[kg/m2]

58
Cloud Ice 



[kg/m2]

59
Precipitation rate 



[kg/m2/s]

60
Thunderstorm probability 


[%]

61
Total precipitation 


[kg/m2]

62
Large scale precipitation 


[kg/m2]

63
Convective precipitation
 

[kg/m2]

64
Snowfall rate water equiv. 

[kg/m2/s]

65*
Water equivalent of snow depth 

[kg/m2]

66*
Snow depth 



[m]

67
Mixed layer depth 


[m]

68
Transient thermocline depth 

[m]

69
Main thermocline depth 


[m]

70
Main thermocline anomaly 

[m]

71
Total cloud cover 


[%]

72
Convective cloud cover 


[%]

73
Low level cloud cover 


[%]

74
Mid level cloud cover 


[%]

75
High level cloud cover 


[%]

76
Cloud water 



[kg/m2]

77
Best lifted index to 500 hPa 

[K]

78
Convective snow 



[kg/m2]

79
Large scale snow 



[kg/m2]

80
Water temp. 



[K]

81*
Land-sea mask 



[1=land; 0=sea]

82
Deviation of sea level from mean 

[m]

83
Surface roughness 


[m]

84*
Albedo
 



[%]

85*
Soil temperature 



[K]

86
Soil moisture content 


[kg/m2]

87
Vegetation 



[%]

88
Salinity 




[kg/kg]

89
Density 




[kg/m3]

90
Runoff
 



[kg/m2]

91
Ice concentration
 


[ice=1;no ice=0]

92
Ice thickness 



[m]

93
Direction of ice drift 


[deg]

94
Speed of ice drift 



[m/s]

95
u-component of ice drift 


[m/s]

96
v-component of ice drift 


[m/s]

97
Ice growth rate 



[m/s]

98
Ice divergence 



[/s]

99
Snow melt 



[kg/m2]

100
Significant height of wind waves and swell 
[m]

101
Direction of wind waves 


[deg]

102
Sig height of wind waves 


[m]

103
Mean period of wind waves 

[s]

104
Direction of swell waves
 

[deg]

105
Significant height of swell waves 

[m]

106
Mean period of swell waves 

[s]

107
Primary wave direction
 

[deg]

108
Primary wave mean period 

[s]

109
Secondary wave direction 


[deg]

110
Secondary wave mean period 

[s]

111
Net short wave radiation (surface)
 
[W/m2]

112
Net long wave radiation (surface)
 
[W/m2]

113
Net short wave radiation (top of atmos) 
[W/m2]

114
Net long wave radiation (top of atmos) 
[W/m2]

115
Long wave radiation flux 


[W/m2]

116
Short wave radiation flux 


[W/m2]

117
Global radiation flux 


[W/m2]

118
Brightness temperature


[K]

119
Radiance (w.r.t. wave number)

[W/m/sr]

120
Radiance (w.r.t. wave length)

[W/m3/sr]

121*
Latent heat flux
 


[W/m2]

122*
Sensible heat flux 


[W/m2]

123
Boundary layer dissipation 

[W/m2]

124
Zonal momentum flux 


[N/m2]

125
Meridional momentum flux 

[N/m2]

126
Wind mixing energy 


[J]

127
Image data 



[none]

128-143
not assigned



[n/a]

144*
Downwelling longwave radiation

[W/m2]

145*
Incoming shortwave radiation

[W/m2]

146-154
not assigned



[n/a]

155*
Ground heat flux



[W/m2]

156
Not assigned



[n/a]

157
X-component of trajectory


[16th mesh grid points/hour]

158
Y-component of trajectory


[16th mesh grid points/hour] 

159
P-component of trajectory


[millibars/hour]

160
Terrain identifier



Code:
0 = free atmosphere








2 = use gradient level trajectory








3 = off hemisphere

161*
Model Terrain height


[m]




162-173
not assigned 



[n/a]

174
Snow Depth



[inches]

175
Snow Age



[days]

176
Snow Depth Climo


[inches]

177
Visibility



[code] 

178
Weather




[code] 

179
Layer Cloud Amount


[%] 

180
Layer Cloud Base


[code] 

181
Layer Cloud Top



[code] 

182
Layer Cloud Type


[code] 

183
Time of last update from base time

[code] 

184
Source data



[code]





185-195
not assigned



[n/a]

196*
Estimated precipitation – CDFSII method
[mm per 24 hrs]

197*
Estimated precipitation – all sources
[mm per 24 hrs]

198
Estimated precipitation – geostationary 
[mm per 24 hrs]


satellite based

199
Geostationary Satellite estimated 

[category]

precipitation rank
values


1 - better than present weather estimate




2 - better than SSMI estimate




3 - better than CDFSII estimate

4 - better than climo estimate

5 - worse than climo estimate]

200*
Relative soil moisture


[decimal, 0-1]

201*
Volumetric Soil Moisture
(total)

[volumetric – m**3/m**3]

202*
Precipitation – real amounts

[mm per 24 hrs]

203*
Precipitation – merged analysis

[mm per 24 hrs]

204*
Evapotranspiration - actual

[mm per hour]

205*
Soil Type



[code, see Table 4.2]

206
Volcanic Ash



[1=present,  0=not-present]

207*
Plant Canopy moisture content

[m] 

208*
Evapotranspiration - potential

[mm per hour]

209*
Wind run



[km per 24 hrs]

210*
Relative Humidity at minimum temperature
[%]

211*
Volumetric Soil Moisture (liquid portion)
[volumetric – m**3/m**3]

212*
Vegetation type



[code, see Table 4.1]

213*  
Vegetation greenness fraction

[%]

214-233
not assigned



[n/a]

234*
Baseflow-groundwater runoff

[mm]

235*
Storm surface runoff


[mm]

236-255 not assigned



[n/a]
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	(a) Northern Hemispheric Grid	(b) Southern Hemispheric Grid





Figure 2.1.  A plot of the two-dimensional grid overlayed a polar stereographic projection for (a) the Northern Hemisphere and (b) the Southern Hemisphere.  In both plots, the i coordinate increases toward the right while the j coordinate increases downward.  Each grid line drawn is an increase of 64 grid points in that direction.
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