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1.  Introduction

The Air Force Weather Agency (AFWA) has been running its agriculture meteorology model (AGRMET) operationally for over ten years.  AGRMET produces global agricultural-weather data, such as soil moisture and temperature, in near-real time for use by the Air Force and the U.S. Department of Agriculture to predict global grain production.  Recently, AFWA has been working to initialize the land-surface module in its operational MM5 system (MM5-V3-R2) with AGRMET data.  Because AFWA runs MM5 grids throughout the world, the impact of AGRMET data is being evaluated for a variety of climate regimes.  


This note describes the AGRMET model and the process of ingesting AGRMET data into MM5 at AFWA.  Experiments using AGRMET data to initialize MM5’s land surface module are being compared to production runs using MM5’s simple, climatological treatment of the ground.  These results will be presented at the workshop.

2. AGRMET Description


AFWA runs its AGRMET model in an uncoupled mode.  In other words, the soil hydrology module is “forced” with analyses of precipitation, short and longwave radiation at the ground, and shelter height fields of temperature, moisture and wind speed.  Forcing land-surface modules (LSMs) with analysis fields eliminates the errors associated with coupling them to atmospheric models, which often have biases in their prediction of precipitation and other fields. 


AGRMET runs on two polar stereographic grids that resolve all major land areas of the northern and southern hemispheres.  These grids have i/j dimensions of 512 by 512, are true at 60 degrees, and have a horizontal grid spacing of 48 km.  AGRMET is vertically configured with four soil layers with thicknesses of 10, 30, 60 and 100 cm.  These layers were chosen to coincide with those used by MM5’s LSM.  AGRMET is run twice a day - at 00 and 12 UTC - and uses one-hour time steps.

a. Soil Hydrology Module


The core of the AGRMET model is the NOAH soil hydrology module (Chen et. al, 1996).  The acronym  “NOAH” represents the four agencies that developed it – the National Center for Environmental Prediction, Oregon State University, the U.S. Air Force, and the Office of Hydrology.  The NOAH module is similar to MM5’s LSM (Chen and Dudhia, 2000) with the following exceptions:  (1) The drag coefficient for heat is a function of a flow-dependent thermal roughness length (Chen et. al, 1997).  (2) It uses different algorithms for calculating the thermal diffusivity and conductivity of the soil (Peters-Lidard et. al, 1998). (3) It includes frozen soil physics (Koren et. al, 1999). 

b. Preprocessing


AGRMET derives hourly shelter height analyses of temperature, relative humidity and wind speed from surface observations and U.S. Navy one-degree NOGAPS MVOI analyses.  First, it interpolates NOGAPS analyses at 00, 06, 12 and 18 UTC to the AGRMET grid.  AGRMET then temporally interpolates these six-hourly fields to obtain hourly first guess fields, which it then blends with surface observations using a Barnes (1964) technique.  These shelter height fields are used by the soil hydrology module to calculate parameters such as the sensible and latent heat fluxes at the ground, and the drag coefficients for heat and momentum.


AGRMET calculates the net short and longwave radiation at the ground, including the effects of clouds and snow cover, using the methods of Shapiro (1987) and Idso (1981) respectively.  It retrieves analyzed cloud amounts and types for four levels in the atmosphere from AFWA’s real-time nephanalysis model (RTNEPH) (Hamill et. al, 1992).  The RTNEPH produces a global cloud analysis from visible and IR satellite data every three hours at a horizontal grid spacing of 48 km.  The surface albedo is a function of the observed snow cover as analyzed by AFWA’s snow depth analysis (SNODEP) model (Kopp and Kiess, 1996).  SNODEP is run once per day at a horizontal grid spacing of 48 km.  It uses surface observations and satellite data to produce a global analysis of snow depth and sea ice.  Snow depth is also an important input to the soil hydrology module.


Precipitation is by far the most important input to AGRMET’s soil hydrology physics.  AGRMET uses a blend of rain gauge observations and several estimates to create global three-hourly precipitation analyses.  Rain gauge observations are used first.  However, in many parts of the world AGRMET must rely solely on estimates.  The methods used to estimate precipitation are described below and are listed in order of accuracy or “rank.”  In lieu of a rain gauge report, each grid point will be assigned the highest-ranking estimate available.

1) SSM/I Estimate – AGRMET has access to Special Sensor Microwave/Imager (SSM/I) derived rain rates from three DMSP satellites.  It uses SSM/I estimates only in the tropics.

2) Present Weather Estimate – Occasionally, a surface observation will not report precipitation or will report it as “missing.”  In these cases, AGRMET estimates an amount based on the current weather or the weather that occurred during the past 6 or 12 hours.  This estimate depends largely on the weather type (thunderstorm, drizzle, etc.), but it is also a function of the season and the observation’s latitude and WMO block number.

3) Geostationary Satellite Estimate – AGRMET determines an initial rain rate from the sensed brightness temperature using a modified version of the NESDIS Flood Homepage algorithm (Vicente, 1997).  This initial rain rate is increased/decreased if the sensed point is colder/warmer than its neighbors or if it has cooled/warmed over time.  AGRMET has access to data from four geostationary satellites that provide nearly global coverage.

4) RTNEPH Estimate – AGRMET compares the analyzed RTNEPH cloud amount with the climatological RTNEPH amount.  If the analyzed cloud cover exceeds climatology by a specified threshold, AGRMET assumes precipitation has fallen.  This precipitation amount is based on climatology.  

5) Climatological Estimate – If there is no rain gauge observation at a grid point, or none of the higher-ranking estimates is available, AGRMET will use a pure climatological precipitation value.

c. Static fields


AGRMET specifies nine soil types after the one-degree Goddard Institute for Space Studies (Columbia Univ.) database of Zobler (1986), and thirteen vegetation types after the one-degree database of Dorman and Sellers (1989).  Albedo is a function of the observed snow cover, and varies between the snow-free value (one-degree seasonal NCEP database) and a satellite-derived deep-snow value specified after Robinson and Kukla (1985). AGRMET simulates the annual growth and decay of plants through the use of climatological green vegetation fraction data (Gutman and Ignatov, 1998).  This monthly, 0.15-degree greenness data is temporally interpolated to the current day at the start of each AGRMET cycle.  AGRMET specifies its lower thermal boundary condition by assuming an invariant slab temperature equal to the annual mean air temperature.

d. Output data


AGRMET outputs the following fields, every three hours, for use in initializing MM5’s LSM: 

- Soil temperature (Kelvin)

- Soil moisture (volumetric)

- Canopy moisture content (m)

- Snow liquid equivalent (mm)

The data are written in GRIB format for processing by MM5’s PREGRID utility. 

3. Ingesting AGRMET data into MM5

AGRMET outputs volumetric soil moisture, which is intimately related to the specified soil type.  Currently, AGRMET and MM5 use different soil type databases.  This inconsistency precludes the use of a simple interpolation of volumetric soil moisture from the AGRMET to MM5 grids, as in done in REGRID.  Therefore, for these tests the standard REGRID approach for interpolating soil moisture was slightly modified.  


First, the AGRMET soil moisture was converted from volumetric to “relative” units using the maximum value (porosity) and wilting point (both specified according to the soil type) as follows:
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This relative soil moisture field, which varies between 0 and 1, was then mapped to the MM5 grid by REGRID using its simple four-point interpolation.  After interpolation by REGRID, the relative soil moisture on the MM5 grid was converted back to volumetric units using the maximum and wilting values as specified according to MM5’s soil type database.


REGRID interpolated AGRMET’s soil temperature, canopy moisture content and snow liquid equivalent to the MM5 grid with no modifications.

4. Impact of AGRMET data on MM5 forecasts


The MM5 test runs were configured similarly to AFWA’s production runs: 45 km resolution, MRF pbl scheme, Grell cumulus scheme, Reisner mixed-phase explicit moisture microphysics, and Dudhia cloud radiation. The production runs, however, used the five-layer soil model with climatological surface characteristics specified according to the 24-category PSU/NCAR land-use database.  Runs from polar, mid-latitude and tropical locations were compared. In particular, predictions of precipitation, radar reflectivity, and low-level temperature, wind and humidity were evaluated and will be presented at the workshop.


In summary, the coupled modeling system does a better job of reproducing rainfall distribution, low-level cloudiness and surface fields of temperature, dew point and relative humidity in drought stricken and snow covered regions.  Testing and evaluation at much finer resolutions are continuing at this time.  The target implementation date for running the coupled LSM-MM5 modeling system in production mode at AFWA is 30 November 2000.
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