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1 Introduction

This document provides a brief description of WRF modeling at Lakes Environmental and 
the type of outputs generated.    Our WRF modeling focuses on generating high resolution 
data with enough information to create meteorological input files for the CALPUFF and 
AERMOD modeling systems.

2 WRF Description 

The Weather Research and Forecasting model (WRF) is a prognostic meteorology model 
developed in a collaborative partnership between the U.S. National Center for 
Atmospheric Research (NCAR), the National Centers for Environmental Prediction (NCEP), 
and others.  The WRF model is a limited-area, non-hydrostatic, terrain-following sigma-
coordinate model designed to simulate or predict mesoscale and regional-scale 
atmospheric circulation.  
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3 WRF Processing Specifications

3.1 Input of Meteorological Data

WRF does not directly use conventional meteorological data from airport reports.  
Instead, the model uses objective analysis of global weather reports. Objective analysis 
is a process of analyzing the observed data and outputting them into a regular grid.  The 
meteor for the energy and momentum equations 
of the atmosphere.  These objective analyses are products of global models, which are 
maintained by national weather centers or federal agencies such as UKMO (United 
Kingdom Meteorological Office) or US NCEP.

Lakes Environmental uses input data from one of two sources for input into WRF:
1. The NCEP Global Forecast System (GFS) 0.5-degree resolution data (approximately 

50-km resolution). GFS 0.5-deg data is given every 6 hours at 00, 06, 12, and 18Z.
2. The NCEP North American Mesoscale Forecast System (NAM) 12-kilometer 

resolution data.  NAM 12-km data is given every 6 hours at 00, 06, 12, and 18Z.

3.2 Nested Grids Domains

WRF uses a nested grid approach allowing an area of interest to be modeled without the 
penalty of excessive run times created by having a fine grid over the entire modeling 
domain.  Depending on the application, Lakes Environmental employs 12-km, 4-km, 3-km 
or 1-km grid spacing at the highest resolution (inner grid).
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3.3 WRF Physics Options  

The WRF model provides many modeling options which can greatly affect the final output.  
In Table 3 below, we have listed the default physics options used for the WRF processing.  

Table 3. Physics Options Used for WRF Modeling

WRF Physics Options  

# Type  Options Used  

1 Microphysics
WRF Single-moment 3-class scheme
mp_physics = 3

2 Long-wave Radiation
RRTMG Longwave scheme
ra_lw_physics = 4

3 Short-wave Radiation
RRTMG Shortwave scheme
ra_sw_physics = 4

4 Surface Layer
Revised MM5 scheme
sf_sfclay_physics = 1

5 Land Surface
Unified Noah Land Surface model
sf_surface_physics = 2

6 Planetary Boundary Layer
Yonsei University (YSU) scheme
bl_pbl_physics = 1

7 Cumulus parameterization
Kain-Fritsch (grid size > 10km only)
cu_physics = 1

See link below to the UCAR web site for descriptions and references of WRF physics 
options:

https://www2.mmm.ucar.edu/wrf/users/physics/phys_references.html
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3.4 Additional WRF Modeling Information  

The information below describes other modeling parameters taken into account for Lakes 
Environmental WRF processing:

WRF-ARW and WPS models Version 4.0 or 4.2

Map projection in Lambert Conformal Conic (LCC)

35 ETA vertical pressure levels

MODIS 21 land use category data

A spin up time of 6 hours for each daily run was used.  This means that every 24-hour run 
was composed of 30 hours where the 6 preceding hours are used for proper daily 
initialization.  The initialization process discards these 6 initial hours which are not saved 
in the output as part of the meteorological modeling run.

3.5 WRF Output for AERMET

The US EPA Mesoscale Model Interface Program (MMIF) is a tool that retrieves data from 
-ARW model output in netCDF format and generates surface and upper air 

data files that can be used by the US EPA AERMET model (meteorological pre-processor 
for the US EPA AERMOD air dispersion model).

Data for use in AERMET/AERMOD are extracted from the innermost domain for the center 
of the grid cell closest to the user-defined latitude/longitude coordinate. Outer domains 
are used only to provide information to the innermost domain. 

The most recent version of the MMIF program published on the US EPA website is used, 

EPA).
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Table 4 contains a description of the files that were generated by the MMIF program
where METxxxxxx is the order number, yyyy is the starting year, and zzzz is the ending 
year.

Table 4. AERMET Files Generated by MMIF

# File Name Description

1 METxxxxxx_AERMET_yyyy-zzzz.IN1 AERMET Stage 1 Input File

2 METxxxxxx_AERMET_yyyy-zzzz.IN2 AERMET Stage 2 Input File

3 METxxxxxx_AERMET_yyyy-zzzz.IN3 AERMET Stage 3 Input File

4 METxxxxxx_AERMET_yyyy-zzzz.DAT Onsite Surface Met File

5 METxxxxxx_AERMET_yyyy-zzzz.FSL FSL Upper Air Met File

3.6 WRF Output for CALMET

WRF-ARW model output in netCDF 
format and creates a 3D.DAT file suitable for input into the CALMET model.  The CALWRF 
output forms a grid covering the requested modeling domain with the requested 
resolution of either 1 km, 4 km, or 12 km.  CALMET is a 3-D diagnostic meteorological pre-
processor for CALPUFF model.  CALPUFF is an advanced non-steady-state air quality 
dispersion model.  CALWRF, CALMET, and CALPUFF are from Exponent.  See below 
additional information on the CALWRF executable currently in use at Lakes 
Environmental:

CALWRF.EXE, Version 2.0.1, Level 130418
Generates 3D.DAT file in Version 2.1 format

The output from CALWRF is an ASCII file, known as the 3D.DAT format, which contains 
output variables for each hour, for each pressure level, and for each grid cell.  Table 5
below describes the output variables.
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Table 5.  Variables Available in 3D.DAT File 

# Parameter Units 

1 Pressure (mb) 

2 Elevation (m above mean sea level) 

3 Temperature (K) 

4 Wind direction (deg) 

5 Wind speed (m/s) 

6 Vertical wind velocity (m/s) 

7 Relative humidity (%) 

8 Vapor mixing ratio (g/kg) 

9 Cloud mixing ratio (g/kg) 

10 Rain mixing ratio (g/kg) 
 
In addition, Table 6 describes the surface variables reported for each hour and each grid 
cell under the 3D.DAT file. 
 

Table 6.  Surface Variables Available in 3D.DAT File 

# Parameter Units 

1 Sea level pressure (hPa) 

2 Total rainfall accumulated for the past hour (cm) 

3 Snow cover indicator - 

4 Short wave radiation at the surface (W / m2) 

5 Long wave radiation at the top (W / m2) 

6 Air temperature at 2 m (K) 

7 Specific humidity at 2 m (g/kg) 

8 Wind direction of 10 m wind (deg) 

9 Wind speed of 10 m wind (m/s) 

10 Sea surface temperature (K) 
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3.7 WRF Output for CALPUFF

In addition to AERMET output described in Section 3.5, MMIF also converts prognostic 
meteorological model output fields for direct input into the CALPUFF model bypassing the 
CALMET model entirely. Output can be processed for use in either CALPUFF version 5.8.x 
or CALPUFF version 6 / 7. MMIF generates three sets of files:

Projection File:  This file contains information on the domain, projection, and met 
grid to be used in the CALPUFF project.

Terrain Grid File:  This is a gridded file containing terrain elevations (from mean 
sea level) to be used in the extraction of base elevations for sources and receptors 
in the CALPUFF project.

CALPUFF-Ready Meteorological Data Files:  The meteorological data to be input 
to CALPUFF.

4 Additional Information

If you require any further information, please contact us at support@webLakes.com.  
When contacting us, please provide the met data order number.

For more information about the WRF meteorological model, please visit the sites below:

WRF Model: https://www.mmm.ucar.edu/weather-research-and-forecasting-model

https://www2.mmm.ucar.edu/wrf/users/
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PM SPRIDNINGSBERÄKNINGAR SJÖBO

BERÄKNINGSMODELL
Spridningsberäkningar har gjorts för tre simulerade driftfall för den planerade biogasanläggningen, två 
normalfall med olika utsläppshöjder och ett fall med kraftiga driftstörningar. De emissionsdata som ansatts 
återfinns i bilaga 1 till rapporten. För beräkningarna har en modell byggts upp med stöd av topografiska och 
meteorologiska data. Meteorologin för platsen har modellerats fram av Lakes Environmental enligt en metod 
utvecklad för användning vid spridningsberäkningar enligt AERMOD (WRF Meteorological Data for 
AERMOD and CALPUFF).  

Dominerande vindriktning är från väst. Vindrosen visar en grafisk summering av metereologiska indata till 
modellen och representerar inte mätningar gjorda på platsen.

Figur 1 Vindros för Sjöbo, Röddinge, 3 års timvisa meteorologiska data (2019 2021).

För spridningsberäkningarna har U.S. EPA:s rekommenderade modellkoncept  AERMOD använts. För mer 
information om programmet se nedanstående länk,

https://www.epa.gov/scram/air-quality-dispersion-modeling-preferred-and-recommended-models
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Figur 2 Spridningsbild för lukt, 99-percentilen vid modellerade normalförhållanden enligt fall 1a (utsläppsnivå +25 meter).

Figur 3 Spridningsbild för lukt, 99,9-percentilen vid modellerade normalförhållanden enligt fall 1a (utsläppsnivå +25 meter).
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Figur 4 Spridningsbild för lukt, 99-percentilen vid modellerade normalförhållanden enligt fall 1b (utsläppsnivå +25 meter).

Figur 5 Spridningsbild för lukt, 99,9-percentilen vid modellerade normalförhållanden enligt fall 1b (utsläppsnivå +25 meter).
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Figur 6 Spridningsbild för lukt, 99-percentilen vid modellerade normalförhållanden enligt fall 2 (utsläppsnivå +30 meter).

Figur 7 Spridningsbild för lukt, 99,9-percentilen vid modellerade normalförhållanden enligt fall 2 (utsläppsnivå +30 meter).

. 
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Figur 8 Spridningsbild för lukt, 99-percentilen vid modellerade normalförhållanden enligt fall 3 (utsläppsnivå +20 meter).

Figur 9 Spridningsbild för lukt, 99,9-percentilen vid modellerade normalförhållanden enligt fall 3 (utsläppsnivå +20 meter).
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Figur 10 Spridningsbild för lukt, 99-percentilen vid modellerad driftstörning enligt fall 4 (utsläppsnivå +25 meter).

Figur 11 Spridningsbild för lukt, 99,9-percentilen vid modellerad driftstörning enligt fall 4 (utsläppsnivå +25 meter).
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Figur 12 Spridningsbild för lukt, 99-percentilen vid modellerad driftstörning enligt fall 5 (utsläppsnivå +25 meter).

Figur 13 Spridningsbild för lukt, 99,9-percentilen vid modellerad driftstörning enligt fall 5 (utsläppsnivå +25 meter).








