
University of Houston, IMAQS  August 31, 2007 
Improved Model Inputs: Land Use and Sea-Surface Temperature 

 1

 
 
 
 
 

FINAL REPORT 
 

Improved Modeling Inputs:  
Land Use and Sea-Surface Temperature 

 
 

August 31, 2007 
 
 

Submitted by: 
 

Daewon W. Byun, PI 
Soontae-Kim, Fang-Yi Cheng,  Hyun-Cheol Kim, and Fong Ngan 

 
Institute for Multidimensional Air Quality Studies 

University of Houston 
4800 Calhoun Rd. 

Houston, TX 77204 
 
 

PREPARED FOR 
 

Texas Commission on Environmental Quality 
 

Project Representative 
Doug Boyer 

Air Quality Division 
Bldg. E, Room 317 

phone: 512.239.1523 
fax: 512.239.1500 

e-mail: dboyer@tceq.state.tx.us 
 
 
 
 
 
 
 
 



University of Houston, IMAQS  August 31, 2007 
Improved Model Inputs: Land Use and Sea-Surface Temperature 

 2

 
1. Introduction 

 

The purpose of this Grant Activity was to improve quality of TCEQ meteorological, biogenic, and 

photochemical modeling through updated land use/land cover (LULC) and sea surface temperature (SST) 

inputs.  The research was intended to support the modeling and analysis studies involving 2005-2006 Texas 

Air Quality Study (TexAQS II), the Rules of the TCEQ, the Clean Air Act, and to meet other ad hoc 

requirements.  This document summarizes the research activities and findings of the University of Houston 

- Institute for Multidimensional Air Quality Studies (IMAQS) under this project.  The data and reports 

produced are to support the State Implementation Plan, computer modeling studies, and the goals of the 

TCEQ and State of Texas.   

 

 

2. Tasks and Accomplishments 
 

Task 1– Grant Activity Description 

 

Deliverable 1:  TCEQ approved Grant Activity Description.  The Grant Activity Description was 

submitted on April 11, 2007 

 

Task 2 – Monthly Status Report:   

 

Deliverables 2: Monthly Status Reports.  Monthly reports for the project were submitted.  

 

Task 3 – Development of tools to implement updated land use/land cover (LULC) data into 

meteorological, biogenic, and photochemical models 

 
Deliverables 3: LULC tools (including code) and training.  LULC processing tools for the Land use land 

cover (LULC) data from University of Texas (UT) Center for Space Research (CSR) were developed and 

data for the target model domains provided to TCEQ.  Several University of Houston research team 

members visited TCEQ on August 30, 2007 to present project progress summary and delivered LULC data 

and related codes to generate them.  

 

Task 4 – Development of tools to implement satellite derived sea surface temperature (SST) into the 

meteorological model MM5 

 

Deliverables 4: SST tools (including code) and training.  SST processing tools were developed and data 

for the target model domains provided to TCEQ.  Several University of Houston research team members 
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visited TCEQ on August 30, 2007 to present project progress summary and delivered SST data and related 

codes to generate them.  

 

 

3. Processing of UT-CSR Land Use and Land Cover Data and MM5 Simulations 
 

3.1  Processing of the UT-CSR LULC data 

 

To prepare the land use input data for MM5 meteorological simulations, we followed the data 

processing steps outlined in Figure 3.1 
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Figure 3.1  Outline of data processing steps to generate land use input for MM5 

 

 

3.1.A. Gridding  

 

A set of land use and land cover (LULC) data generated by the UT-CSR was downloaded from the 

TCEQ’s ftp site (ftp://helios.tacc.utexas.edu/Projects/NTRD_CSR_CEER/Task1/) in February 2007 (Wells, 

2006).  The LULC data file named “LC_30m_EastTX_domain.img” covers the East Texas area at the 30-m 

resolution.  Figure 3.2(a) shows LULC distribution of the entire area covered by the UT-CSR 30-m 

resolution data provided in a raster format.  Figure 3.2(b) shows detailed LULC distribution over the 

Houston downtown area.   

The UT-CSR LULC data in a raster format was exported to an ASCII format.  The data has roughly 

40,500 x 30, 500 grid cells to cover the whole range of the data at the 30-m resolution.  After the file format 

conversion, a FORTRAN code was used to generate gridded data for the domain of interest.    

The FORTRAN code has the following functions: 

• Reading the LULC data in an ASCII format 
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• Converting the map projection used in input data for an output domain 

• Recollecting the 30-m resolution raster data for an output domain 

• Calculating the dominant LULC class for each cell on the output domain 

• Generating two output files (One NetCDF and one ASCII files) 

 

Boxes below show the map projection parameters used in the UT-CSR raster file as well as for the 

sample output domain.  The map projection conversion was done with the standard general cartographic 

transformation package (GCTP) in the Models-3 I/O API.   Figure 3.3 shows the UT-CSR LULC data in a 

raster format at the 30 meter resolution.  Two figures in the bottom show detailed LULC over Galveston 

Bay and New Orleans. Figure 3.4 represents the dominant LULC class for each cell at 1-km resolution 

processed from the UT-CSR LULC data.   

 

 

<Input> 

0INITIALIZATION PARAMETERS (ALBERS CONICAL EQUAL-AREA PROJECTION) 

 SEMI-MAJOR AXIS OF ELLIPSOID =  6378137.00 METERS 

 ECCENTRICITY SQUARED         = 0.006905914 

 LATITUDE OF 1ST ST. PARALLEL =   29 30  0.000 

 LATITUDE OF 2ND ST. PARALLEL =   45 30  0.000 

 LONGITUDE OF ORIGIN          = - 96  0  0.000 

 LATITUDE OF ORIGIN           =   23  0  0.000 

 FALSE EASTING                =        0.00 METERS 

 FALSE NORTHING               =        0.00 METERS 

  

 

<Output> 

0INITIALIZATION PARAMETERS (LAMBERT CONFORMAL CONIC PROJECTION) 

 SEMI-MAJOR AXIS OF ELLIPSOID =  6370997.00 METERS 

 ECCENTRICITY SQUARED         = 0.000000000 

 LATITUDE OF 1ST ST. PARALLEL =   30  0  0.000 

 LATITUDE OF 2ND ST. PARALLEL =   60  0  0.000 

 LONGITUDE OF ORIGIN          = -100  0  0.000 

 LATITUDE OF ORIGIN           =   40  0  0.000 

 FALSE EASTING                =        0.00 METERS 

 FALSE NORTHING               =        0.00 METERS 
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 (a)  

(b)  
 

Figure 3.2 The UT-CSR LULC data for (a) East Texas, South Louisana, and South Mississippi, and (b) 
downtown Houston. 
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Figure 3.3 The UT-CSR LULC data in a raster format at the 30 meter resolution.  Two figures in the 

bottom are for Galveston Bay and New Orleans, respectively.
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Figure 3.4 The dominant LULC class recollected for the 1-km resolution domain from the UT-CSR LULC 

data in a raster format.  Two figures in the bottom are for Galveston Bay and New Orleans, respectively. 
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3.1.B. Domain conversion 

 

It takes about one hour to grid the UT-CSR LULC data for a domain with the FORTRAN code described 

earlier.  To reduce the processing time, it is possible to generate a gridded UT-CSR data for a coarse 

resolution domain by aggregating the fine resolution domain LULC data previously processed instead of 

processing the UT-CSR data from the scratch from the raster file for each domain separately.  The former 

method allows bypassing the gridding step. Figure 3.5 shows the dominant LULC class in the UT-CSR 

data for the 4-km, 12-km, and 36-km domains generated from the gridded data for the 1-km resolution 

domain (as shown in Figure 3.3). 
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(a) 4-km    

(b) 12-km  

(c) 36-km  

Figure 3.5 Dominant LULC classes for the MM5 modeling domains at the (a) 4-km, (b) 12-km, and  (c) 

36-km resolutions, respectively. 
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3.1.C. Correction for urban classes 

 

Among the 26 LULC categories in the UT-CSR data, DHI (Developed High Intensity) class was mapped 

to represent the urban class for MM5 simulations.  On the other hand, DMI (Developed Medium Intensity) 

and DLI (Developed Low Intensity) in the UT-CSR LULC data were interpreted to be the residential 

coverage. But after a few tests of MM5 simulations, it was determined that too few number of cells are 

classified as the dominant urban class to realistically represent Houston of its size and density of the urban 

areas in the version 2 UT-CSR data. Considering the benefits of using the LULC data from the Texas 

Forest Service (TFS) reported in Byun et al. (2004, 2005), the coverage for the UT-CSR urban class was 

merged with the TFS urban LULC type to establish the version 4 UT-CSR data.  Once the dominant LULC 

class was determined for each cell on a modeling domain, the TFS LU data was used to revise the 

impervious urban LULC type.   

For example, to classify the urban area, we used the urban definitions in the TFS LULC data first:  
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Then, the urban coverage was revised as follows:  

 

),(max ,,,
UTCSR
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LUTFS
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UTCSR

ji UrbanUrbanUrban −= , 

 

where DHI represents urban class in UTCSR LULC data.  
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ji

UTCSR
ji −×= , 

where other classes means all the classes except DHI in UT-CSR data.  

 

Figure 3.6 shows how the coverage for the urban class changes before and after merged with the TFS 

urban data.  Figure 3.7 compares the spatial distribution of the urban-dominant cells before and after 

revision in the 4-km domain.  
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(a) DHI before revision (b) DHI after revision 

Figure 3.6  Left panel (a) is the original distribution of DHI class area in the UT-CSR LULC data and the 
right panel (b) is after the DHI class is merged with the TFS urban LC data.  

 

 

 
(a) Urban-dominant cells before revision (b) Urban-dominant cells after revision 

Figure 3.7  Left panel (a) is the original distribution of dominant DHI class in the UT-CSR LULC data and 
the right panel (b) is after the DHI class is merged with the TFS urban LC data.  
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3.2  Utilization of the UT-CSR LULC data for meteorological simulations 

 

3.2.A. Land use and land cover data for MM5 

 

Figure 3.8 compares the original USGS UT-CSR (version 4) LULC data at the 12-km domain. Most of 

the dry cropland type is replaced with the mixed dry/irrigated cropland and pasture type. New areas of 

wetland type appear in the UT-CSR LULC data near the Beaumont area and in Louisiana State.  

 

(a)         

    
(b) 

 
Figure 3.8 Dominant LULC types for the (a) original USGS and (b) UT-CSR (version 4) datasets at the 12-
km domain.  
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Figure 3.9 compares the LULC data at the 4-km domain. The USGS data is used for other areas but the 

TFS-LULC data is used for the Houston 8 county region (panel a) (GEM, 2003).  Panel b presents the UT-

CSR data (version 4). Inside the Houston 8 county region, most of the grasslands in the TFS LULC data are 

changed into agriculture type in the UT-CSR data. A large area in the Montgomery County is classified as 

the shrub land type in the UT-CSR data. With the concern that the area is still covered with amounts of 

tress, we have changed the LU type from shrub land into mixed forest.  Near the Near Beaumont, 

significantly larger areas of wetland (light blue color) are shown in the UT-CSR than the USGS LULC data.  

 

 (a)      (b) 

  
125 

 

Figure 3.9 Dominant LULC types for the (a) TFS and (b) UT-CSR (version 4) datasets at the 4-km domain. 
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3.2.B. MM5 Simulation result 

 

An MM5 simulation was performed utilizing the UT-CSR LULC data for the TexAQS2000 episode for 

the 12-km and 4-km domains. The 12-km resolution MM5 simulation result with UT-CSR LULC 

(MM5/UT-CSR) was compared with the same using the original USGS LULC data (MM5/USGS).  The 4-

km resolution MMM5/UT-CSR simulation was compared with the MM5 simulation using the TFS LULC 

data (MM5/TFS). All the physical options used were identical among these simulations (refer to the 

configuration setup in Cheng and Byun (2007)).   

 

 (1) Spatial distributions of temperature and wind  
 

Figure 3.10 shows horizontal distribution of ground temperature for the 12-km domain on 30 August, 

2000, predicted by the MM5/USGS (panel a), MM5/UT-CSR (panel b), and the difference plot between 

them (panel c).  It also shows distribution of wind speed and vector from the MM5/TFS (panel d), 

MM5/UT-CSR (panel e) simulations, and the difference plot (panel f). The MM5/UT-CSR simulation 

shows higher ground temperature than the MM5/USGS simulation near the border of Mexico due to the 

representation of mixed grassland/shrub type in the UT-CSR/LULC data.  Figure 3.11 is the same as Figure 

3.10 but for the 4-km domain. The ground temperature is higher in the MM5/UT-CSR simulation than the 

MM5/TFS simulation. Therefore, the penetration of sea breeze is stronger in the former than the latter 

simulation.  

Figure 3.12 is the spatial plot of the wind speed and vector at 1700 CST 31 August, 2000, for the 4-km 

domain.  Panel (a) is from MM5/TFS, panel (b) is from MM5/UT-CSR and panel (c) is the difference plot. 

Panels (d), (e) and (f) are the corresponding plots for the 12-km domain. Abnormal thunderstorm activity is 

simulated in the 4-km domain but not in the 12-km domain. The MM5/UT-CSR simulation produces 

stronger onshore sea breeze flow than the MM5/TFS simulation. 
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Figure 3.10 12-km resolution spatial plot of ground temperature from the (a) MM5/USGS, and (b) 
MM5/UT-CSR simulations and (c) the difference plot at 1700 CST, August 30. Wind speed and vector 
plots are from (d) MM5/USGS, (e) MM5/UT-CSR, and (f) the difference plot at 1700 CST, August 30, 
2000.  

 

(a) (d)

(b) (e)

(c) (f)



University of Houston, IMAQS  August 31, 2007 
Improved Model Inputs: Land Use and Sea-Surface Temperature 

 16

 

 

 
Figure 3.11 4-km resolution spatial plot of ground temperature from the (a) MM5/TFS, (b) MM5/UT-CSR 
simulations and (c) the difference plot at 1700 CST, August 30, 2000.  Wind speed and vector plots are 
from (d) MM5/USGS, (e) the MM5/UT-CSR, and (f) the difference plot at 1700 CST, August 30, 2000.  

 

(a) (d)

(b) (e)

(c) (f)
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Figure 3.12 Spatial plots of the wind speed and vector at 1700 CST 31 August, 2000. For 4-km simulation 
domain, panel (a) is from MM5/TFS, panel (b) is from MM5/UTCSR data and panel (c) is the difference 
plot. Panels (d), (e) and (f) are the corresponding plots for the 12-km domain.  

(a) (d)

(b) (e)

(c) (f)
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 (2) Time series comparison 

Figure 3.13 compares average temperature, wind speed and wind direction for all the CAMS sites in the 

12-km simulation domain for the Houston area. Both simulations show similar behavior except for 30 and 

31 of August, 2000, when a significant improvement of the simulated daily maximum temperatures are 

shown. Turning of winds is also better captured in the MM5/UT-CSR simulation on August 30.  

 
Figure 3.13 Time series comparison for air temperature, wind speed and direction for the East Texas 12-
km simulation domain. 
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We added the comparison for the Beaumont (Figure 3.14), Dallas (Figure 3.15), and Austin (Figure 3.16) 

areas, respectively. Behaviors of temperature and wind speed are very similar between two simulations in 

the Beaumont area. The turning of the wind is improved on August 30 with the MM5/UT-CSR simulation 

in the Beaumont area.  

 

 
 
Figure 3.14 Time series comparison for air temperature, wind speed and direction in the 12-km simulation 
domain for the Beaumont area. 
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The UT-CSR LULC data does not cover the Dallas (Figure 3.14) and Austin (Figure 3.15) areas. 

Therefore, two simulations show almost identical behavior.  

 

 
Figure 3.15 Time series comparison for air temperature, wind speed and direction at 12-km resolution for 
the Dallas area. 
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Figure 3.16 Time series comparison for air temperature, wind speed and direction at 12-km resolution for 
the Austin area. 
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Figure 3.17 is same as Figure 3.12 but for the 4-km resolution domain. Two simulations are quite similar 

to each other. There are slight improvements of the temperature and wind speed on 23 of August in the 

MM5/UT-CSR simulation.  

 

 
Figure 3.17 Time series comparison for air temperature, wind speed and direction at 4-km resolution for 
the Houston area. 
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Figure 3.18 is the time series comparison for the Beaumont area in the 4-km domain. The MM5/UT-CSR 

simulation shows higher temperature and better agreement with observation data on 29, 30 and 31 of 

August. The MM5/UT-CSR simulation shows higher wind speed on 31 August, which is caused by the 

abnormal thunderstorm activities simulated in the 4-km domain.  

 

 
Figure 3.18 Time series comparison for air temperature, wind speed and direction at 4-km resolution for 
the Beaumont area. 

 

 

3.3 Conclusion for UT-CSR LULC implementation 

 

The MM5/UT-CSR simulation at 4-km resolution shows higher temperature than the MM5/TFS 

simulation thus inducing stronger sea-breeze flow. Except for August 23 and 31 of the study period when 

thunderstorm activities are simulated, the new LULC data improves the meteorological simulation overall.  
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4. Processing of Sea Surface Temperature and MM5 Simulations 
 

Sea surface temperature (SST) measurement from geostationary satellites, including Geostationary 

Operational Environmental Satellites (GOES), is routinely available to be used in many environmental 

research projects currently (Maturi, 2007; Legeckis and Zhu, 1997).  In this section we describe the 

procedures to make this dataset available for MM5 simulations.  

 

4.1  Interpolation of GOES sea surface temperature 

 

In order to provide accurate Sea Surface Temperature (SST) for atmospheric modeling, we utilize hourly 

GOES SST data. One important issue in dealing with hourly SST data is how to handle the missing data, 

especially inside the Galveston Bay where diurnal temperature variation is quite different from that of outer 

sea. If we just use a horizontal interpolation method, we can be at the risk of loosing local characteristics of 

diurnal variation.  

We assume that SST of one specific location is a function of location and time (seasonal and diurnal).  

 
 
 
 
 
 
 
 
 

where a is the amplitude of SST variation, d is the phase shift, m is the mean SST, td is hour of a day, and ts 

is day number.  

As the first step, we gathered one month hourly SST data, and fitted sine curves for every water cells in 

the domain to obtain the amplitude and phase shift of SSTs at each location. Figure 4.1 shows distribution 

of the reconstructed SST amplitude and examples of the curve fitting results. 
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Figure 4.1 Amplitudes of SST diurnal variation (left) and examples of curve fitting (right) 
  
 

Second, we determine daily base SST ( )( sdaily tm ) by comparing the re-constructed SST from line 

fitting and valid GOES measurements of the given day. This step is necessary to consider the daily trend of 

SST, which might have been removed during the generation of diurnal variation curve from monthly data. 

Since the diurnal SST variation is estimated from the monthly data, we have just one diurnal variation 

pattern for each month. This may not be able to represent real world trend, because, for example, the mean 

SST of the Gulf region in June 30 would be different from, usually higher than, that of June 1. We need an 

adjustment term to show the daily change of mean SST even though it might be a small value. Day by day, 

observed SSTs from GOES and estimated SSTs from the diurnal variation curves are then compared to find 

the adjustment term that can shift estimated SSTs to minimize the difference between observed and 

estimated SSTs. Finally, the estimated SST (generated from monthly diurnal variation and adjusted by 

daily base SST) is used for the locations, where GOES SST observations are missing.  

Third, we combine both the measured and estimated SST distribution. The GOES SST measurements are 

used preferably where it is available, and the estimated SSTs from the diurnal variation curves are used for 

the locations where the GOES measurements are unavailable. Then, we perform horizontal interpolation 

and mask out land part using the “LANDMASK” variable in the MM5 file. Figure 4.2 shows an example 

spatial plot of original GOES SST (with lots of missing data), and reconstructed SST using the method 

mentioned above.  
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Figure 4.2 Original GOES SST measurements (left) and reconstructed SSTs using monthly mean diurnal 
variation. 

 

NOTE on Data File I/O: We have constructed several Interactive Data Language (IDL) codes to 

perform the steps mentioned above, including file I/O routines for GOES SST and MM5 output files. The 

GOES SST data are provided as binary files which contain only SST values. There is no information 

header in the file. The geographical information should be referenced through PO.DAAC JPL web site 

(http://podaac-www.jpl.nasa.gov/cgi-bin/dcatalog/fam_summary.pl?sst+goes). The MM5 data file is, on the 

other hand, self explanatory.  It has big header information at the beginning of data file, and also has small 

header information at the beginning of each variable array. The big header has information about domain 

settings and simulation options, and the small headers have information about stored variable, such as array 

dimensions, units, and time stamps. One notable difference compared to the Models-3 model output (e.g. 

CMAQ output) is that it does not have time information in the big header. One should read through all 

small headers and gather time stamps from each small header to obtain exact simulation time flag.  To 

improve file access time, we first scan through the MM5 data file, and retrieve all the pointers of each 

variable array. This file structure is used for further data reading and writing. It should also be noted that 

geographical locations in the data array are all different in the GOESS SST file, MM5 outputs, and CMAQ 

outputs. Horizontal locations are stored from West to East and from South to North in the CMAQ outputs, 

but the North to South data sequence is used in the GOES SST data. MM5 has same data sequence with the 

CMAQ, but the latitude index (South to North) is saved first, and then the longitude index (West to East) is 

used. Appropriate conversion of horizontal indexing convention is necessary for handling these data arrays. 

We use the CMAQ output indexing convention as the default.    

 

4.2. Comparison of MM5 simulation with and without hourly SST 

 

MM5 simulations at 4-km resolution are made with high resolution hourly SST obtained from GOES 

satellite (simulation named MM5/SST). The results are compared with the simulation running with SST 

updated daily by ETA gridded data.  The simulation period is 30 hours from September 26 00 UTC to 27 

06 UTC, 2006. The domain setup follows the recent TCEQ 4-km domain with 184x166 horizontal cells and 
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43 vertical layers. Both simulations use the same physical options and IC/BC except for the usage of 

updated SST: 

•  EDAS reanalysis data 

•  UTCSRv4 LULC 

•  RRTM radiation scheme 

•  UH-modified MRF scheme 

•  UH-modified NOAH LSM 

•  Sample ice for microphysics 

•  Grell scheme for sub-grid cloud convection 

 

Figure 4.3 shows the spatial distribution in ground and sea surface temperature at two time steps. The 

diurnal variation of surface temperature over water body can be seen in the simulation using the hourly SST. 

Furthermore, the temperature along the coast was around 2 degree higher in MM5/SST simulation than the 

usual MM5 simulation at 4-km resolution. Figure 4.4 shows the spatial difference of modeled wind from 

the usual MM5 and MM5/SST simulations. The change in the TG difference between land and ocean 

induces the difference in wind speed alone the coast and at the Bay area. Another apparent change in 

surface temperature can be seen at Toledo Bend Reservoir, which is a large water body at the boarder of 

Texas and Louisiana. The smaller temperature difference leads to weaker wind speed (up to 3m s-1 lower). 

The wind speed near the reservoir is lower in the simulation using the updated hourly SST data. 

 

 

4.3. SST data processing code 

 

 “AQM_SST” is an IDL routine to process satellite detected SST to generate input data in the format 

used for MM5 simulations. This routine updates the “TSEASFC” variable in MMINPUT and LOWBDY 

file, which are used as initial and boundary conditions in the MM5 simulation.  
 

4.3.A. Usage  
 
a. IDL path setting : Uncompress the aqm_sst.tar.gz in your directory, and add the directory in IDL path  
b. Control file: “aqm_sst.ctl” contains information about data file locations and interpolation method 
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c. Run : Just type ‘aqm_sst’ in the IDL prompt. It will perform –  
 

 Reading information from MMINPUT and LOWBDY, and determining time steps for data 

updating.  
 Downloading necessary GOESS SST from JPL ftp site 

(ftp://podaac.jpl.nasa.gov/sea_surface_temperature/goes/goes10-12/data/) for given time step.  
 Generating monthly file (ex. “sst.d12.123456.sav”). The monthly file contains the SST diurnal 

variation information, by fitting sine curves to the SST variation in each cells. Once the 

monthly file is generated, it will be used for whole 1 month period. 

 Estimating values for missing SSTs, using the sine curve-fit information from monthly data. 

 Combining observed and estimated SSTs and performing final interpolation for missing point 

 Updating “TSEASFC” for the cells except land mask is specified as water 

 

4.3.B. Routines  
 

 Every routine has its own description in the *.pro.  

 “aqm_sst” is a main routine. It uses “aqm_sst_fit” to read SST monthly file and “mm5data” to 

read and to write data from and into the MM5 data file.  

 “aqm_sst_fit” generates the SST monthly file. It uses “aqm_sst_goes” to read GOESS SST 

data.  
 “aqm_sst_goes” reads GOES SST data. Horizontal limit of data reading can be determined by 

‘domain’ keyword or ‘minfo’ keyword. “aqm_regrid” is used to convert given data latitude and 

longitude into the target domain.  

 “aqm_grid” generates lon/lat information for given domain ‘nickname’, or ‘minfo’ input. 

Minfo = [lon0,lat0,lat1,lat2,x0,y0,dx,dy,nx,ny] where they indicate center latitude, longitude, 

true latitude 1, true latitude 2, x origin, y origin, x cell size, y cell size, x cell number, and y 

cell number, respectively.  

 “mm5data” reads MM5 output information. It also can read and write data from and into the 

MM5 data file.  
 “aqm_map_proj” converts map information between lon/lat and lambert conformal conic map 

projection.  

MMINPUT : MMINPUT file locaton  
LOWBDY : LOWBDY file location  
DISPLAY : 1 - display intermediate sst plots/ 0 – no display  
METHOD : interpolation method (‘inversedistance’ is default option. See “GRIDDATA” 
of IDL help)  
SST : GOES SST data file location  
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 “aqm_plot_tile” is designed to plot irregular or gridded data array with given lon/lat 

information.  
 “aqm_sst_update” reads SSTs from the CSV file, and updates the MMINPUT and LOWBDY 

files. 

 

4.4. Conclusion for SST implementation 

 

The sea surface temperature (SST) near coastal area shows a strong diurnal variation. One important 

issue in dealing with hourly SST data is how to handle missing data, especially inside the Galveston Bay 

where diurnal temperature variation is quite different from that of outer sea. We have developed a method 

to estimate missing SST measurement using monthly-averaged SST diurnal variation. Hourly SST 

retrievals are prepared for MM5 simulations, by updating “TSEASFC” variable in the MM5 input files.  

High resolution hourly SST obtained from GOES satellite is adopted for the MM5 simulation. The 

ground temperature of lakes and along the coast is higher in the MM5/SST simulation. The wind pattern 

around the reservoir and along the coast is modified because of the changes in temperature difference 

between land and water body. 
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Figure 4.3 Spatial distribution of surface temperature from regular MM5 at 4-km resolution, MM5/SST, 
and difference between two simulations at 19 CST September 26, 2006 (left) and 00 CST September 27, 
2006. 
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Figure 4.4 Spatial distribution of 1st layer wind from MM5 at 4-km resolution, MM5/SST and difference 
between two simulations at 19 CST September 26, 2006 (left) and 00 CST September 27, 2006. 
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5. Conclusive Remarks 

 

Tools to implement the updated land use/land cover (LULC) data from the University of Texas Center 

for Space Research were developed to improve inputs for meteorological, biogenic, and photochemical 

models.  Also, a method to prepare the GOES satellite observed sea surface temperature (SST) for the daily 

MM5 simulation was developed.  Both the processing codes and data for the TCEQ model domains were 

delivered to TCEQ.   As a part of the verification process, the resulting data were tested with MM5.  

Simulation results with these new data showed expected differences. However, further in-depth studies are 

necessary to quantify impacts of these inputs for specific air quality episodes.  The data and reports 

produced under this research activity are expected to support the State Implementation Plan, computer 

modeling studies, and the goals of the TCEQ and State of Texas. 

A future task extending the present work could be implementation of the LULC dataset into the Weather 

Research and Forecasting (WRF) meteorological modeling system.  The latest version of WRF (v.22) with 

30 second resolution of GOES data still cannot resolve the coastal features in the HGB area including the 

Galveston Island.  The effect of this shortcoming is clearly seen in the simulated diurnal variation of 

temperature at the CAMS sites where the LULC data does not represent real world features accurately.  We 

can replace WRF LULC data for the East Texas area in the WRF input files and preprocessors utilizing 

them.  This will improve the land-surface exchange processes in the WRF model, which already includes 

enhanced PBL parameterizations (such as the YSU scheme, which explicitly models the entrainment of air 

from above PBL) linked to the updated Noah LSM scheme and a high order dynamic solver.   

Impact of utilizing the SST in the meteorological simulations of the East Texas region must be studied 

thoroughly.   We suspect that different seasons would have different responses to the SST.  Implementation 

of the SST in a meteorological forecasting system will improve estimation of moisture flux from the Gulf, 

which is essential to forecasting development of the Gulf Coast “cold-core” lows as suggested by Dr. 

Bornstein. He proposes that the along-shore winds induce off-shore Ekman ocean transport leading to the 

upwelling of cold water off the coast.  This may help development of cold core lows which may impact on 

the air pollution transport in the East Texas area.   Also, we consider the SST is the key in determining the 

cloudiness over the sea surface including Galveston Bay affecting the photolysis rates over the HGB area.  

Satellite observation of cloudiness and radar observation of precipitation can be combined with the 

mesoscale meteorological simulations with the detailed SST input data to improve the photochemical air 

quality modeling in the area.   
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