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1. INTRODUCTION

Emissions from natural sources are important to the photochemistry of the lower atmosphere.
In particular, emissions of volatile organic compounds (VOCs), nitrogen oxides (NOx) and
carbon monoxide (CO) from plants and soils (biogenic emissions) are precursors to the
formation of tropospheric ozone (Fehsenfeld et al., 1992). The TNRCC is responsible for
developing plans to ensure that air quality in the state of Texas meets the National Ambient
Air Quality Standards (NAAQS) for ozone. The TNRCC uses the CAMx photochemical grid
model (ENVIRON, 2000) to develop air quality plans for ozone, and an accurate biogenic
emission inventory is an important input to the CAMx modeling. This report describes the
development of biogenic emission inventories for two periods in 1999 when high ozone levels
affected several regions of Texas.

Biogenic emissions of ozone precursors depend upon many factors including plant species
type, plant biomass density, soil type, ambient temperature and solar radiation. These
relationships introduce spatial and temporal variations into the rates of biogenic emissions such
that detailed environmental input data and complex computer models are required to accurately
estimate biogenic emissions. The TNRCC co-sponsored the development of the Global
Biosphere Emissions and Interactions System (GloBEIS) which is the most advanced and up-
to-date biogenic emissions model currently available. The GIoBEIS model and documentation
are available on-line at http://www.globeis.conand the model development is described in
Yarwood et al. (1999).

The GloBEIS model is used to prepare gridded hourly emission inventories suitable for input
to the CAMx photochemical model. This means that GIoBEIS must be set up on the same
geographic grid system as used in CAMx. Previous TNRCC ozone modeling was conducted
on grid systems defined in a Universal Transverse Mercator (UTM) coordinate system. The
TNRCC is changing all of the CAMx modeling system to a new coordinate system in a
Lambert Conformal Projection (LCP) as shown in Figure 1-1. This change allows for more
accurate integration between the CAMx photochemical model and the MMS5 meteorological
model that is being used to prepare meteorological input data for CAMx. The new modeling
grids include a 36-km grid covering the south and central U.S. and a nested 12-km grid
covering eastern Texas and several surrounding states. In addition, one or more nested 4-km
grids will be included over ozone Texas nonattainment areas (Houston, Galveston, Beaumont,
Port Arthur, Dallas, Fort-Worth) and/or near nonattainment areas (Austin, Corpus Christi,
San Antonio, Victoria, Tyler, Longview).

PROJECT OBJECTIVES

The project was to provide the TNRCC with input data to run GloBEIS to prepare emission
inventories for ozone modeling using the grid system shown in Figure 1-1. This required the
preparation of GloBEIS input files for:

e Landuse/Landcover (LULC)
* Temperature
* Photosynthetically active radiation (PAR)

T:\tnrce-loe\order8-biogenics\report\Final\sec1.doc 1 - 1
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The GloBEIS input files were gridded using a Lambert Conformal coordinate system centered
at 40° N and 100° W as shown in Figure 1-1. For area of the 36-km grid, data were provide
at 12-km resolution. For area of the 12-km grid, data were provided at 4-km resolution. Data
were developed at 12-km and 4-km resolution to allow for flexibility in positioning (or
repositioning) CAMx 12-km and 4-km nested grids within the 36-km coarse grid.

The temperature and PAR data are day specific and were provided with hourly resolution for
two ozone episode periods:

* August 13-22, 1999
e September 13-20, 1999

T:\tnrce-loe\order8-biogenics\report\Final\sec1.doc 1 —2
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CAMx GRID DIMENSIONS
LCP Grid with reference origin at (40 N, 100 W)

36 km Grid: 45 x 46 cells from (-108, -1584) to (1512, 72)
12 km Grid: 87 x 87 cells from ( 0,-1476) to (1044, -432)

(nested grid dimensions do notinclude buffer cells)

Figure 1-1. Regional 36-km and 12-km resolution modeling grids for which GloBEIS model
inputs were prepared at 12-km and 4-km resolution, respectively.
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2. LANDUSE/LANDCOVER DATA

The GloBEIS model requires input data describing landuse/landcover (LULC) in order to
estimate biogenic emissions. This information is provided in two input files:

1. Domain Definition File. This file describes all of the “geographic objects” for which
biogenic emissions are to be calculated. When GIoBEIS is being used to prepare gridded
emission inventories, as required for photochemical modeling, the geographic objects are
grid cells. The domain definition file uniquely identifies each object using two indices
(Icell and Jcell) and provides the geodetic coordinates for the centroid of each object and
the area in square kilometers.

2. Landuse File. This file describes how LULC is apportioned within each geographic object
included in the domain definition file. The landuse file lists the fractional area of GloBEIS
landcover codes in each geographic object.

The content and format requirements for these two input files are discussed further in the
GIoBEIS User’s Guide (Yarwood et al., 1999a).

In this study GloBEIS LULC data were developed for the area covered by the TNRCC’s new
regional CAMx modeling domain shown in Figure 1-1. LULC data were developed at 12-km
resolution for the entire area of the 36-km regional grid. These data can be used to prepare
36-km grid globes input files by aggregating LULC data from 12-km resolution to 36-km
resolution. The same data also can also be used to prepare GloBEIS input files for the 12-km
nested grid shown in Figure 1-1 by windowing out the nested grid area. A FORTRAN
program called “LUPROC” was written to perform these windowing and aggregation tasks, as
described below. Example emission inventories are shown later in Section 5 for the complete
area of the 36-km grid.

GIoBEIS input files will also be required for several 4-km grids nested within the 12-km grid
shown in Figure 1-1. To allow flexibility in locating these 4-km grids, LULC data were
developed at 4-km resolution for the entire area of the 12-km grid shown in Figure 1-1. The
LUPROC program can be used to window out GloBEIS input files a 4-km sub-domain nested
anywhere within the 12-km grid. Example emission inventories are shown later in Section 5
for two 4-km domains, one over the Tyler/Longview/Marshall area of East Texas and the
other over the Austin/Corpus Christi/San Antonio/Victoria area of South Central Texas.

DATA SOURCES
The underlying LULC data were from two sources:

1. The Biogenic Emissions Landcover Database’ (BELD3) version 3.1 developed by the US
EPA (EPA, 2000). This database combines data at resolutions ranging from 1-km gridded
data to county level data and covers the entire 48 conterminous US states as well as
Mexico and Canada (Figure 2-1). The database is not formatted for direct compatibility
with geographic information system (GIS) software such as ArcInfo or ArcView.

T:\tnrce-loe\order8-biogenics\report\Final\sec2.doc 2— 1
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2. GIS landuse/landcover databases for Texas and Mexico developed by the University of
Texas at Austin (UT) and ENVIRON in previous TNRCC sponsored studies (Yarwood et
al., 1999b; Wiedinmyer et al., 2000).

For all of the areas in the CAMx modeling domain outside of Texas and Mexico (Figure 1-1)
the LULC data were from the BELD3 database. For Texas and Mexico there are two
alternate sources of LULC data. The approach to data preparation was to process the BELD
data for the entire CAMx domain first. This provides sets of GloBEIS input files based solely
on the BELD3 data. Next, the Texas and Mexico data were processed and used to replace the
BELD3 LULC data for Texas and Mexico. This provides sets of GIoBEIS input files based
upon the Texas and Mexico GIS LULC data and the BELD3 data outside of Texas and
Mexico.

LULC FILES CONTAINING ONLY BELD3 DATA

EPA developed the BELD3 database to be consistent with an MM5 meteorological modeling
108-km grid that has been used for modeling North American (Figure 2-1). Consequently the
BELD?3 database uses a Lambert Conformal Projection (LCP) coordinate system. The LCP
projection parameters for the BELD3 tile coverages are as follows (EPA, 2000):

Ist standard parallel 30 0 0.000

2nd standard parallel 60 0 0.000
central meridian -90 0 0.000
latitude of projection’s origin 40 0 0.000
false easting (meters) 0.00000

false northing (meters) 0.00000

XY corner coordinates (cell corners) in projection units (meters):

Lower left: -3996005.500,-2807999.500
Upper left: -3996005.500,2808000.500
Upper Right: 3995994.500,2808000.500
Lower Right: 3995994.500,-2807999.500
Grid Cell Size: 1 kilometer

Rows: 5616

Columns: 7992

Column/Row origin: 2500,1500

The LULC data for the BELD3 grid can be downloaded in sections, or tiles, as shown in
Figure 2-1. Each “tile file” is in a flat, headerless ASCII format described in EPA (2000). To
encompass the entire proposed modeling grid (Figure 1-1) the BELD3 data for tiles 3, 4, 9,
10, 15, and 16 were used.

T:\tnrce-loe\order8-biogenics\report\Final\sec2.doc 2 —2
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Figure 2-1. Area covered by the EPA BELD3 database and breakdown into separate “tile
files.”

Data Processing

The BELD3 data tiles are comprised of 1-km pixels identified by 9-digit row and column
codes that are based on the geographic location within the tile domain. These 9-digit codes are
cross-referenced to land use (LU) codes so that each pixel has a single LULC type. This
LULC type is cross-referenced to one or more plant species types in separate, county level,
cross-reference files. ArcInfo 8.0 cannot manipulate the BELD3 data tiles directly because of
the way information is split between the gridded tile files and the county level cross-reference
files, and because of the very large number of BELD pixels. Therefore an alternate
methodology was developed where Arclnfo is used to determine which BELD3 pixels belong
in each GIoBEIS grid cell, and then Perl programs calculate and accumulate the species cross-
references to build up the LULC data for each GloBEIS grid cell.

T:\tnrce-loe\order8-biogenics\report\Final\sec2.doc 2 - 3
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The following is an outline of the commands and procedures that are required to generate the
BELD?3 Land use input files.

1. In ArcInfo 8.0 generate the GLOBEIS domain grid as defined in the Figure 1-1

Arc: GENERATE glob grd
Generate: FISHNET
Generate: xorg,yorg =
Generate: y-axis =
Generate: dx,dy =
Generate: ny,nx =

The parameters of the fishnet were taken from Figure 1-1. A GLOBEIS domain input file was
generated for the areas of 36-km and the 12-km modeling grids at 12-km and 4-km resolution,
respectively.

The fishnet grid (glob_grd) must also correspond to the CAMx Lambert Conformal
Projection. The commands and parameters for the designated projection are as follows:

Arc: PROJECTDEFINE cover glob_grd
Projection: projection lambert

Projection: units meters

Projection: parameters

Projection: truelatl = 30 0 0.0
Projection: truelat2 = 60 0 0.0
Projection: Central meridian = -100 0 0.0
Projection: Latitude of Projection = 40 0 0.0
Projection: False easting = 0.

Projection: false northing = 0.
Projection: end

Build the topology of the grid:
Arc: BUILD glob_grd

GLOBEIS input files require an Icell, Jcell coordinate corresponding to a specific grid cell in
the domain (Yarwood et al., 1999a). These Icell, Jcell numbers are calculated from x, y
coordinates corresponding to the center of each grid cell. The x- and y-coordinates of each
grid cell center (polygon centroid) were added using the “ADDXY” command. The attribute
items for the Icell and Jcell, and the area of each grid polygon were also added and then
calculated.

Arc: ADDXY glob grd

Arc: ADDITEM glob_grd.pat glob grd.pat ICELL 4 4 1

Arc: ADDITEM glob grd.pat glob_grd.pat JCELL 4 4 1

Arc: ADDITEM glob grd.pat glob grd.pat GRD AREA 4 12 F 3

Arc: ADDITEM glob grd.pat glob grd.pat AREAKM2 4 12 F 6

T:\tnrce-loe\order8-biogenics\report\Final\sec2.doc 2 —4
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Arcedit was used to calculate the added attribute items:

Arc: arcedit

Arcedit: EDIT glob_grd

Arcedit: EDITFEATURE poly

Arcedit: SELECT all

Arcedit: CALCULATE ICELL = (( X-COORD + n/2 ) -xorg)/n
Arcedit: CALCULATE JCELL = ( ( Y-COORD + n/2) - yorg) / n
Arcedit: CALCULATE GRD AREA = AREA

Arcedit: CALCULATE AREAKM2 = AREA * 0.000001

Arcedit: QUIT (saving all changes made)

In the above calculations, xorg and yorg are the lower-left grid cell coordinates and n is the
grid cell size.

At this point all the necessary calculations that give the Icell and Jcell coordinates for the
desired projection have been completed. However, the BELD3 datasets are in a different LCP
projection than the GloBEIS grids. To properly grid the BELD3 data the generated domain
grid must be re-projected to the BELD3 coordinate system.

Arc: PROJECT cover glob_grd glob grd lcp
(the input has already been defined in the previous commands)
OUTPUT

Projection:
Projection:
Projection:
Projection:
Projection:
Projection:
Projection:
Projection:
Projection:
Projection:
Projection:

projection lambert

units meters

spheroid sphere

parameters

truelatl = 300 0.0

truelat2 = 60 0 0.0

Central meridian = -90 0 0.0
Latitude of Projection = 40 0 0.0
False easting = 0.

false northing = 0.

end

Re-build the topology:
Arc: CLEAN ( or BUILD) glob_grd Icp

This process was done twice and a domain grid was generated for the 36-km and the 12-km
modeling grid in the BELD3 coordinate system.

Quality Assurance

Using Archive 3.2 the grid attributes and data were viewed for the glob grd lcp domain
coverage. The I, J cell, and area calculations were visually inspected for any errors.

T:\tnrce-loe\order8-biogenics\report\Final\sec2.doc
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Results

The domain grid was defined for the 36-km and 12-km grid and exported in ArcInfo export
(*.e00) format. The export commands are as follows

Arc: EXPORT COVER <cover name> <out_filename >
(the .e00 extension is added by arcinfo so it does not need to be specified by the
user)

<cover_name > is the coverage to export and <out filenm> is the file name
of the exported .e00 file.

2. Generate the BELD3 Tile data in ArcInfo

At this point the GloBEIS domain grid has been defined in the BELD3 coordinate system and
is ready to be intersected with the BELD3 tile. The next steps are to define the BELD3 grid,
calculate the 9-digit codes, and then intersect the BELD?3 tile grid with the GLOBEIS domain
grid.

To encompass all of the proposed modeling grid tiles 3, 4, 9, 10, 15, and 16 were defined.
Since the BELD3 grids are very large, processing within ArcInfo requires a lot of time and
disk space. As a result it is beneficial to define the domain of the tile to limit the amount of
unnecessary data. To help minimize the computing time each tile was defined separately.
Furthermore, only half of tiles 3, 4, 15, and 16 were used to help with file size manageability.
Even with these steps in place, calculation time for processing these tiles was still
considerable.

The BELD3 grid must be defined in terms of the MMS5 108-km domain and the corresponding
coordinate system. The BELD3 documentation gives the number of rows and columns for
each tile and the (I,J) offset for Tile 1. This information can be used for defining the grid.

For example, in Tile 16 the lower left-hand corner of the tile was calculated as the origin of
the grid. In the BELD3 projection the calculation for this origin is as follows:

Xorig = (6496-2500)*1000 - 3996005.5 = -5.5 (meters)
Yorig = (4308-1500)*1000 - 2807999.5 0.5 (meters)

The numbers 6496 and 4308 are determined by counting the number of columns and rows (as
documented with the BELD3 data documentation) from the origin and then adding the offsets
of 2500 and 1500.

Once the origin is defined the fishnet for the tile can be generated. For tile 16 only the lower
half of the tile is necessary for our modeling needs.

Arc: GENERATE 16beld grd
Generate: FISHNET

: xorg,yorg = -5.5,0.5

: y-axis =-55,10

: dx,dy = 1000,1000

T:\tnrce-loe\order8-biogenics\report\Final\sec2.doc 2 —6
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: ny,nx = 702,1296
Arc: PROJECTDEFINE cover 16beld grd

The fishnet must now be projected into the BELD3 LCP coordinate system:

Projection:
Projection:
Projection:
Projection:
Projection:
Projection:
Projection:
Projection:
Projection:
Projection:

projection lambert

units meters

spheroid sphere

parameters

truelatl = 300 0.0

truelat2 = 60 0 0.0

Central meridian = -90 0 0.0
Latitude of Projection = 40 0 0.0
False easting = 0.

false northing = 0.

Arc: BUILD (or CLEAN) 16beld grd

The fishnet now has the proper projection and the 9-digit codes can be calculated within
ArcInfo based on the geographic data. First, add the following features (attributes):

Arc: ADDXY 16beld grd
Arc: ADDITEM 16beld grd.pat 16beld grd.pat BELD3CODE 10 10 I

Calculate the 9-digit BELD3CODE:

Arc: arcedit

Arcedit: EDIT 16beld grd

Arcedit: EDITFEATURE poly

Arcedit: SELECT all

Arcedit: CALCULATE BELD3CODE = ( ( X-COORD - ( -3995505.5) )
+ 2500000 ) * 100 + ( ( Y-COORD - ( -2807499.5) ) / 1000 ) + 1500
Arcedit: Q (saving all changes)

The above formula is valid for any grid cell within the BELD3 domain provided it is defined
using the projection parameters and domain definition of the MMS5 domain as done here. The
values (-3995505.5) and (-2807499.5) are the grid cell center coordinates of the grid cell (1,1)
in the full MMS5 108-km domain.

This process was repeated for each tile necessary to cover the CAMx regional modeling

domain.

Quality Assurance

Using ArcView 3.2, the attributes and data for each BELD3 tile were viewed and the
BELD3CODE calculations were visually inspected for any errors.

T:\tnrce-loe\order8-biogenics\report\Final\sec2.doc
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Results

Six BELD3 tile coverages were generated and exported in .e00 file format for tiles 3, 4, 9, 10,
15, and 16.

3. The BELD?3 tiles and domain grid are intersected to produce necessary area fractions

Using the “intersect” operation the domain grids for the 12-km and 36-km grids were
intersected with all 6 of the BELD3 tile grids. The result was the desired domain grid with
area fractions corresponding to each BELD3CODE.

Arc: INTERSECT glob_grd Icp 16beld grd 16globbeldgrd POLY
(16globbeldgrd is the output file)

A new field was added to the output coverage and the fractional areas were calculated.

Arc: ADDITEM 16globbeldgrd.pat 16globbeldgrd.pat AREA FRAC 4 12 F 8
Arc: Arcedit

Arcedit: EDIT 16globbeldgrd

Arcedit: EDITFEATURE poly

Arcedit: SELECT all

Arcedit: CALCULATE AREA FRAC = AREA / GRD AREA

Arcedit: Q (saving all changes)

Quality Assurance

The above calculations were checked to ensure that AREA FRAC records for a particular

GLOBEIS grid cell ICELL, JCELL) summed to unity. Using ArcView 3.2 the coverage data
was exported as delimited text. The text file was then opened in Excel and area fractions were
summed for a random Icell, Jcell coordinate. The results were area fractions equal to ~1.001.

Results

Twelve coverages were exported in .e00 format, these were the intersections of the modeling
domain with BELD3 data for Tiles 3, 4, 9, 10, 15, 16 for both the 36-km and 12-km modeling
grid areas.

4. Output Data in GloBEIS Format

Once all the coverages were intersected the final step was to export the data for in GloBEIS
format. Note that these files require further processing before they can be used with GloBEIS.

Arc: INFO

ENTER USER NAME: ARC

INFO > SELECT 16globbeldgrd.pat

INFO > EXPORT < output filename > sdf normal append ICELL, JCELL,
BELD3CODE, AREA FRAC
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The GloBEIS Land Use input header was added to the exported file using a text editor.

Table 2-1. Example of the Landuse file format.

#1:,,,

#2: GLOBEIS Version 2 Land Use File

#3:

#4: Application TNRCC Regional Domain Test Problem
#5: Date: Wed Sep 8 1999

#6: Author: Will Vizuete

#7: Icell, Jcell, BELD3CODE, AREA _FRAC
1,1,456123458,0.892001

1,1,546213554,0.004890

Quality Assurance

The output files were visually inspected using a text editor.
Results

Twelve coverages were exported in an ASCII format compatible with GloBEIS, these were the
intersections of the modeling domain with BELD3 data for Tiles 3, 4, 9, 10, 15, 16 for both
the 36-km and 12-km modeling grid areas.

5. Change LULC Codes to GloBEIS recognized codes

The arcing detests exported in Step 4 above, together with the BELD tile data, must be
combined and prepared for use in the globe model. The required additional processing is
accomplished through the application of a set of FORTRAN and Pal codes which:

*  Map the BELD3 grid codes to LULC codes.

* Cross-reference the LULC codes to the vegetation species recognized by globes.

* Re-normalize and reformatted the data.

The first step requires the processing of the BELD “tile files”. The BELD3 “tile files” consist
of 1-km resolution grid cells with corresponding landaus codes. The landaus characteristics in
each grid cell are defined at a county level using the U.S. Forest Service’s Forest Inventory
Analysis (FIA) database and the U.S. Department of Agriculture county-level crop acreage
statistics (EPA, 2000). A FORTRAN program, beld.f, reads the raw tile data and uses the
FIA and U.S. Agriculture data to associate specific landuse types with each BELD3 1-km grid
cell.

The output of the beld.f processor, file result, assigns the area of BELD3 1-km grid cells to
landuse types. In order to assign the GloBEIS grid cells to landuse types the file result file
must be combined with the grid-based BELLD3 code coverages developed in Step 4 above. A
Perl script “mklu.prl” was developed to calculate and accumulate the landuse fractions in each
GIloBEIS grid cell. The syntax of the PERL script is as follows:
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perl mklu.prl mapping file tile result > lu_file

where mapping file is the resulting ASCII export file generated in Step 4 above, and
tile_result is the output of the beld.f code. The mklu.prl program calculates the landuse in
each GIoBEIS grid cell by reading the input BELD data and accumulating the associated
landuse in each cell using the mapping between modeling and BELD grid cells defined by the

mapping _file.

Accumulation of “roundoff” errors in the data processing can result in the landuse data
accounting for slightly more or less than 100% of the area of each GloBEIS grid cell. A Perl
program, renorm.prl, was developed to renormalize the landuse data. In addition to
renormalizing the data to ensure that the landuse data in each cell sums to 1.0, the program
provides a quality assurance step by reporting any grid cells whose landuse area differs from
unity by some small threshold, typically 0.5%. Any grid cells failing this criteria were
investigated for errors that could not be explained by roundoff.

The final step required to generate the GloBEIS landuse input files involves cross-referencing
the BELD3 LULC codes to codes recognized by the GIoBEIS model. The BELD3 datasets
use vegetation codes (vegib2) in the assignment of landuse area while the GlIoBEIS model
requires 5-digit landuse codes (see Table 5-1). The re-mapping of the BELD LULC codes and
GIloBEIS codes is accomplished through the use of the Perl program, mklufile.prl. The syntax
for the mklufile.prl prgoram is as follows:

perl mklufile.prl xref file lu_file > lus cell.txt
where xref file is the IcVeg/vegib2 cross reference file and lu_file is the output from the
renorm.prl program. The resulting file, lus_cell.txt, is ready to be imported into the GloBEIS

model.

Quality Assurance

The output files were checked to ensure that all of the area in the GlIoBEIS domain was
accounted for in terms of landuse codes that are recognized by the GloBEIS model.

Results

Landuse data were processed into two ASCII format files compatible with GloBEIS for the 36-
km and 12-km modeling grid areas.

LULC FILES CONTAINING TEXAS/MEXICO GIS DATA AND BELD3 DATA

The next set of outputs were generated using Texas and Mexico Land Use codes combined
with the BELD3 code data for the remaining surrounding area. The Texas/Mexico land use

codes were developed at UT-Austin and were in .e00 formats in the Universal Transverse
Mercator (UTM) Zone 15 projection coordinates.
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Data Processing Methods

The existing domain grid coverages (glob_grd Icp) and tile grid coverages (16globgrdlcp)
were both used in generating these land use output files. Please refer to the previous discussion
for the procedure on how the domain grid and tile grid coverages were generated.

1. Combine the Texas and Mexico land use files into one combined land use coverage

The “mapjoin” command in ArcInfo can only be executed if both coverages have the exact
same feature items and definitions. The “listoutput” operation was implemented to generate an
output file that was used to compare the two coverage’s feature items.

Arc: LISTOUTPUT < filename >
Arc: ITEMS <coverage.pat> (the first coverage you want to compare)

Arc: ITEMS <coverage.pat> (the second coverage you want to compare)
Arc: LISTOUTPUT

Table 2-2. The listoutput file for Texas and Mexico Land Use coverages

COLUMN ITEM NAME WIDTH OUTPUT TYPE N.DEC

1 AREA 4 12 F 3
5 PERIMETER 4 12 F 3
9 MEXICO# 4 5 B -
13 MEXICO-ID 4 5 B

17 BCODE 8 8 |

COLUMN ITEM NAME WIDTH OUTPUT TYPE N.DEC
1 AREA 4 12 F 3
5 PERIMETER 4 12 F 3
9 TEXAS# 4 5 B -
13 TEXAS-ID 4 5 B

17 GRID-CODE 4 8 B

21 DESCRIPTION 32 32 C

MS Notepad was used to compare the two coverages. As is seen in Table 2-2 each coverage
contains the following first four items: AREA, PERIMETER, COVER#, and COVER-ID
where COVER is a variable for the name of the coverage. These items do not need to be
changed. However, any features after these items must have the same feature item and
definition (width, output, type, etc.) for each coverage.

The description feature was dropped from the Texas land use file and a GRID-CODE feature
was added to the Mexico land use file. GRID-CODE was than equated to B-CODE, and
finally B-CODE was dropped from Mexico. The ArcInfo commands are as follows:

Arc: DROPITEM texas.pat texas.pat description

Arc: ADDITEM mexico.pat mexico.pat GRID-CODE 4 8 B
Arc: Arcedit

Arcedit: edit mexico

Arcedit: editfeature poly
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Arcedit: select all

Arcedit: calculate GRID-CODE = B-CODE
Arcedit: Q (saving all changes)

Arc: DROPITEM mexico.pat mexico.pat B-CODE

Once Texas and Mexico had matching feature items they were joined using the “mapjoin”
command.

Arc: mapjoin texmex
(texmex is the name of the output file)

Quality Assurance

The joined coverage was visually inspected for any gaps at the border of the two coverages
using ArcView 3.2.

Results
A combined Texas and Mexico land use coverage was exported in .e00 format.
2. Use the combined Texmex coverage to erase BELD3 Tile coverages

The texmex coverage was in a UTM projection and so was re-projected in the BELD3 LCP
coordinate system before the erase command was executed.

Arc: PROJECT cover texmex texmexIcp

Projection:
Projection:
Projection:
Projection:
Projection:
Projection:
Projection:
Projection:
Projection:
Projection:
Projection:

Output

projection lambert

units meters

spheroid sphere

parameters

truelatl = 300 0.0

truelat2 = 60 0 0.0

Central meridian = -90 0 0.0
Latitude of Projection = 40 0 0.0
False easting = 0.

false northing = 0.

Arc: BUILD (or CLEAN) texmexlcp

The combined texmex land coverage was then used to erase Texas and Mexico from the
BELD3 Tile coverages.

Arc: erase 9BELD GRD texmexlcp 9erasebeldgrd
(16erasebeldgrd is the output coverage)

The erase command was applied to Tile 9 and Tile 3 since these were the only tiles containing
Texas and Mexico.

2-12
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Quality Assurance

The erased coverages were visually inspected using ArcView 3.2.
Results
Two coverages were generated and then exported in .e00 format:

BELD3 Tile 3 with Texas and Mexico erased from the tile
BELD?3 Tile 9 with Texas and Mexico erased from the tile

3. Join the texmexlcp coverage with the erased BELD3 tile coverage and intersect with
domain modeling grid

The “listoutput” command was used to compare the item features of the two coverages to be
joined. The GRID-CODE attribute in the texmexlcp coverage was changed to BELD3CODE
to match the BELD3 tile coverage. All other extraneous item features from the BELD3 tile
coverage were dropped.

The commands were the same that were used above in joining the Texas and Mexico
coverages. The BELD3 and texmex coverages were joined and then intersected with the
modeling grid domain

Arc: mapjoin 9erasetxmxbld

(9erasetxmxbld is the output coverage of joining texmexlcp coverage and the
erased tile coverage)

Arc: intersect glob_grd lcp 9erasetxmxbeld 9globtxmxbld

The 12-km and 36-km modeling grids were intersected with Tile 3 and Tile 9 to produce 4
output coverages.

After the intersection there still remained some of Texas and Mexico that was outside the tile
coverage but inside the grid domain. These parts of Texas and Mexico outside the tile domain
were erased in order to be consistent with the tile coverage. The erase command was used
with the original BELD?3 tile coverage to produce the final output coverage.

Arc: erase 9globtxmxbld 3BELD GRD 9glbtxmxbeld
Arc: erase 3globtxmxbld 9BELD GRD 3glbtxmxbeld

Quality Assurance

The 4 output coverages were visually inspected with ArcView 3.2 for gaps or any coverage
outside the grid domain or the tile domain.

Results
Four coverages were generated and then exported in .e00 format:

36-km grid
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Texas Mexico land use with surrounding BELD3 data for Tile 3

Texas Mexico land use with surrounding BELD?3 data for Tile 9
12-km grid

Texas Mexico land use with surrounding BELD3 data for Tile 3

Texas Mexico land use with surrounding BELD?3 data for Tile 9

4. Generate the GloBEIS Land Use input files
The final command was to export the required data:
Arc: INFO
ENTER USER NAME: ARC
INFO > SELECT 9glbtxmxbeld.pat
INFO > EXPORT < output filename > sdf normal append ICELL, JCELL,
BELD3CODE, AREA FRAC
The GloBEIS Land Use input header was added to the exported file using MS Notepad.

Quality Assurance

The output files were visually inspected using MS Notepad
Results

Four GloBEIS Land Use Input files were generated containing Texas and Mexico LU codes
and BELD3 code data:

36 km grid
Desired modeling domain with BELD3 and LU data for Tiles 3
Desired modeling domain with BELD3 and LU data for Tiles 9
12-km grid
Desired modeling domain with BELD3 and LU data for Tiles 3
Desired modeling domain with BELD3 and LU data for Tiles 9

5. Change LULC Codes to GloBEIS recognized codes

The Arclnfo detests exported in Step 4 above must be combined with the BELD tile data and
prepared for use in the globes model. The required additional processing is accomplished
through the application of a set of FORTRAN and Perl codes which:

e Map the BELD3 grid codes to LULC codes.

* Cross-reference the LULC codes to the vegetation species recognized by GloBEIS.

* Re-nomalize and reformatted the data.

These data processing steps were described above for the BELD3 data without Texas/Mexico
GIS data, and so the description is not repeated here. Since this step applies specifically to the
BELD?3 portions of the data, the Texas/Mexico GIS data pass through this step essentially
unaltered.
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Quality Assurance

The output files were checked to ensure that all of the area in the GlIoBEIS domain was
accounted for in terms of landuse codes that are recognized by the GloBEIS model.

Results

Two GloBEIS Land Use input files were generated containing Texas and Mexico LU codes
and BELD3 data for the areas of the 36-km and 12-km grids.

DOMAIN DEFINITION FILES

GloBEIS domain definition files were generated for the area of the 36-km grid (Figure 1-1) at
12-km resolution and the area of the 12-km grid at 4-km resolution.

Data Processing

The domain grid coverages (glob_grd) were used to generate the GLOBEIS domain definition
input files. The ICELL and JCELL attributes were already calculated for the desired LCP
projection. The remaining attributes needed for the input file are the Latitude and Longitude
coordinates. This was done by re-projecting the glob grd domain coverage into geographic
coordinates. The “addxy” command was then executed to add the geographic coordinates to
the cell center. The generated y coordinates were all negative which is inconsistent with the
GLOBEIS input format (this results from differing conventions for distinguishing east from
west longitudes between GloBEIS and ArcInfo). These values were recalculated and positive
values were used for the input file.

Arc: project cover glob_grd grid geo
Project: output

Project: projection geographic
Project: units DD

Project: parameters

Project: end

Arc: build grid_geo

Arc: addxy grid geo

Recalculate the positive y-coordinates:

Arc: additem grid geo.pat grid _geo.pat PY-COORD 4 12 F 8
Arc: Arcedit

Arcedit: edit grid geo

Arcedit: editfeature poly

Arcedit: select all

Arcedit: calculate PY-COORD = -1 * Y-COORD

Arcedit: Q (saving all changes)

The final command was to export the required data.
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Arc: INFO

ENTER USER NAME: ARC

INFO > SELECT grid geo

INFO > EXPORT < output filename > sdf normal append ICELL, JCELL,
AREAKM2, YP-COORD, X-COORD

The GLOBEIS Domain input header was added to the exported file using MS Notepad.

Table 2-3. Example of the Domain Definition file format

#1:,,,,

#2: GLOBEIS Version 2 Domain Definition File

#3:

#4: Application TNRCC Regional Domain Test Problem
#5: Date: Wed Sep 8 1999

#6: Author: Will Vizuete

#7: Icell, Jcell, AREAKM2, LATITUDE, LONGITUDE
1,1,16,25.396,100.858

Quality Assurance

The output files were visually inspected using MS Notepad
Results

GLOBEIS domain definition input files were generated for both grids.

CHANGING DOMAIN SIZE AND GRID RESOLUTION

GloBEIS LULC data were developed for the TNRCC’s new regional CAMx modeling domain
shown in Figure 1-1. LULC data were developed at 12-km resolution for the entire area of
the 36-km regional grid, and at 4-km resolution for the entire area of the 12-km grid. The
LULC data were developed in this way to provide flexibility over where nested grids are
placed. In order to use the LULC data most efficiently, some further processing is desirable
to match the LULC data exactly to the grids being modeled in CAMx. For example:

* Preparing GloBEIS input files for 36-km grid area at 36-km resolution by aggregating the
12-km resolution LULC data.

* Preparing GloBEIS input files for the 12-km nested grid by “windowing out” a portion of
the 12-km resolution LULC data.

* Preparing GloBEIS input files for 4-km grid nested grids by “windowing out” portions of
the 4-km resolution LULC data.
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A FORTRAN program called “LUPROC” was written to perform these windowing and
aggregation tasks. A sample script to run the LUPROC program is shown in Figure 2-2.
LUPROC performs the following tasks:

1. Reads a GloBEIS landuse and domain definition file.

2. Selects data for a sub-region (the output window) of the input domain. The output window
may be as large as the input domain.

3. Aggregates LULC data within the selected output window using an integer-meshing factor.
A meshing factor of 1 causes no aggregation, just windowing of the input data. The user
should ensure that the dimensions of the output window (number of cells in the x and y
directions) are an exact multiple of the meshing factor.

4. Writes out GloBEIS landuse and domain definition files for the output window. The text
headers of the output files are modified to state that LUPROC has processed the data. The
user should edit these headers to describe the contents of the new file.

LUPROC as a Quality Assurance Tool

The LUPROC program performs several data consistency checks in the course of preparing
data for the output window, which makes LUPROC a useful quality assurance (QA) tool for
GloBEIS landuse and domain definition input files. LUPROC can be used even if no
windowing or aggregation is needed by processing the GloBEIS landuse and domain definition
files through LUPROC with a meshing factor of unity and an output window the same size as
the input data. This will perform all of the QA checks built into LUPROC, with the added
advantage that the landuse input file may be compressed leading to faster GIoBEIS emissions
calculations. The compression results from the elimination of multiple landuse entries in the
landuse file. For example, landuse category 40000 may occur twice in the same grid cell with
area fractions of 0.1 and 0.2. These entries can be combined to a single entry with area
fraction 0.3. LUPROC automatically performs this compression.
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#!/bin/csh

#

# Script to run LUPROC

#

# Change the extent and/or grid spacing of GIoBEIS domain definition
# and landuse input files. The dimensions of the input files is specified
# as nx columns by ny rows. Select the region to include in the output
# files as:

#

#i1 - first column of input grid to be included in output

#i2 - last column of input grid to be included in output

#j1 - first row of input grid to be included in output

# j2 - last row of input grid to be included in output

#

# Change the grid spacing using:

#

# mesh - ratio of output grid spacing to input grid spacing

#

# To window out a region (no change in grid spacing) set mesh equal
#to 1. Values of mesh greater than 1 cause aggregation of cells.

#

# Greg Yarwood ENVIRON 2/15/01

#

Jluproc << -eof-

input grid nx ny |261, 261

input domain def |./dom_4km.txt

input landuse file |./lus_4km_beld.txt

i1,i2,j1,j2,mesh |100, 153, 145, 189, 1

output domain def |./dom_4km_etcog2.out

output landuse file|./lus_4km_beld_etcog2.out

-eof-

Figure 2-2. Sample script to run the LUPROC program
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3. SOLAR RADIATION DATA

In a previous study (Yarwood et al., 1999) a review was conducted to identify approaches for
obtaining photosynthetically active radiation (PAR) fields from satellite for direct input to
GloBEIS. This review identified data from the University of Maryland (UMD) and the
National Oceanic and Atmospheric Administration (NOAA) as a suitable source of high
quality PAR data with geographic coverage and temporal resolution suitable for supporting the
development of biogenic emission inventories.

GCIP/SRB PAR DATA

The University of Maryland (UMD) and the National Oceanic and Atmospheric
Administration (NOAA) are conducting a joint study to develop and archive fields of solar
shortwave radiation in support of the Global Energy and Water Cycle Experiment (GEWEX)
Continental Scale International Project (GCIP). Operationally, the study represents a first
attempt to provide surface radiation budget (SRB) data to the scientific community in real time
on a regional scale. This effort is an extension of ongoing work at UMD to develop and
validate an operational model to estimate solar radiative fluxes from the Geostationary
Operational Environmental Satellite (GOES). Objectives include support of the GCIP as well
as operational forecast modeling conducted by the NOAA National Center for Environmental
Prediction (NCEP). In this report the data are referred to as the GCIP/SRB PAR data.

UMD has particular interest in PAR, a portion of the solar spectrum at visible to near-infrared
wavelengths (400-700 nm), as well as its diurnal variation, since most environmental systems
respond non-linearly to PAR intensity. In the past, PAR has been estimated by dividing total
solar shortwave flux (200-4000 nm) by two. The UMD work has included developing the
capability to derive PAR from satellite measurements on a global scale, to generate a
climatology of this parameter including its spatio-temporal variability and its relationship to
total shortwave, and to evaluate PAR estimates against ground measurement data.

NOAA utilizes a modified version of the GEWEX SRB algorithm (Version 1.1), developed at
UMD, to calculate radiation flux fields from GOES-8 satellite data. The program utilizes
auxiliary information on the state of the atmosphere (cloud cover, precipitible water) and of
the surface (snow cover) available from the NCEP Eta forecasting model. Total
(“broadband”) solar fluxes are derived utilizing angular transformation functions that translate
the “narrowband” fluxes specifically measured by the GOES-8 visible channel (520-720 nm).
While these functions were developed from radiative transfer model simulations that included
the effects of surface types, aerosols, clouds and sun-viewing geometry, the current version of
the SRB model as implemented by NOAA utilizes only one transformation that is based on the
ensemble of the radiative transfer simulations.

The UMD/NOAA products include:

» Surface PAR flux

» Surface downwelling shortwave flux

» Top of the atmosphere downwelling and upwelling shortwave flux
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Fluxes are reported as hourly instantaneous, hourly average, daily mean, and monthly mean
values. The data are reported on a 0.5 degree (50-km) equal-angle grid covering an area
bounded by 70 to 125°W longitude and 25 to 50°N latitude. Data are available from January
1996 onward although data coverage is more complete for later years (after 1997). Other
products include validation results against ground truth, and ultraviolet surface albedo fields,
which may be relevant to other aspects of photochemical air quality modeling. Radiative flux
data are provided for all grid cells within the North American domain for each hour of each
day; all missing and zero (nighttime) data are flagged. Gridded values are provided in local
standard time for the approximate time zone in which each grid cell exists.

DATA PROCESSING

Data for the two episode periods (August 13-22, 1999 and September 13-20, 1999) were
obtained from UMD project FTP site (ftp://nimbus32.umd.edu). The data were re-gridded and
reformatted for GIoBEIS using a FORTRAN77 program called PARPROC which performs the
following steps:

1. Extract the GCIP/SRB PAR data from the binary data archive. Note that the data are
provided in IEEE “little endian” format as used by DEC Alpha and Linux workstations.
This format is incompatible with the IEEE “big endian” format used by most other
workstations. Data processing at ENVIRON was performed on a DEC Alpha workstation.

2. Spatially interpolate the data from the GCIP/SRB grid to the modeling grid. This is
performed using a bi-linear interpolation. Note that the southern boundary of the CAMx
modeling grid (Figure 1-1) lies just to the south of the GCIP/SRB grid southern boundary.
To handle this case, PARPROC uses the nearest available GCIP/SRB value and prints a
warning message. The error is negligible for this application, but care should be taken to
consider this factor in future applications.

3. Apply time zone corrections, if necessary. The GCIP/SRB data are corrected to local
standard time in time zones covering 15° of longitude. The data are output for modeling in
a single user specified time zone (standard time).

4. Output the data in a comma-delimited ASCII file formatted for GloBEIS.

An example script to run the PARPROC program is shown in Figure 3-1.

Occasionally there are gaps in GCIP/SRB data. The evaluation of the data processed for this
project (discussed below) revealed one instance of missing data for hour 12 (noon to 1 p.m.
CST) on September 13. The data for this hour are missing across the entire GCIP/SRB grid.
Interpolating the data for hours 11 and 13 filled in the missing data.
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#!/bin/csh

#

# PARPROC extracts PAR data from a GCIP SRB datafile from UMD
# and interpolates to an output grid in lat/lon, UTM or Lambert

# coordinates. The output format is comma-delimited ASCII

# comparible with the GIoBEIS biogenic emissions model.

#

# Note that the GCIP SRB data are in IEEE little endian binary

# so PARPROC must be run on a DEC Alpha or Linux type machine.
#

# The input lines begin with 10 comment characters and are:

inp file | Name of the GCIP SRB data file

yr,mo,day| Day for which data are required

nx,ny | Number of grid cells in the output domain

Project | Map projection for the output domain (see below)
grid spcs| Grid specifications for the output domain (see below)
Time Zone| Time zone (5=EST,6=CST,7=MST,8=PST)

PAR file | Output file name

descript | A 60 character description for the output file header
prepared | The date for the output file header

author | The author for the output file header

Projection Types are:
UTM - UTMs
LATLON - Lat/Lon
LCP - Lambert Conformal

Grid specifications are:
UTM : Xorigin Yorigin Xwidth Ywidth UTMzone
Real ,Real ,Real ,Real ,Integer

LATLON : Xorigin Yorigin Xwidth Ywidth
Real ,Real ,Real ,Real

LCP : Xorigin Yorigin Xwidth Ywidth LonC PhiC TrulLatl TruLat2
Real ,Real ,Real ,Real, Real ,Real ,Real ,Real

Greg Yarwood, ENVIRON, Feb 2001

HFHFHFFHFFHFHEHFHFHFETHRFHRFHEHFFEHEHFEHFEHER

set DSTR = "date’

echo $DSTR

#

# TNRCC Regional 36 km grid parameters at 12 km
#set NXNY = "135 138"

#set GRID ="-108., -1584., 12., 12, 40., -100., 30., 60."
#set NAM1 = "TNRCC LCP 100/40 36 km Regional Domain at 12km"
#set NAM2 = "LCP36-12km"

#

#September 99 episode

foreach MO (09)

foreach DAY (13141516 17 1819 20)

#

..Isrc/parproc.dec << EOF

inp file |../data/99${MO}par.h

yr,mo,day|99 $MO $DAY

nx,ny |SNXNY

Project |LCP

grid spcs|$GRID

Time Zone|6

PAR file |../outputs/par.99$MO$DAY .$NAM2.dat
descript [SNAM1

prepared [$DSTR

author |ENVIRON

EOF

Figure 3-1. Sample script to run the PARPROC program.
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DATA EVALUATION

Several quality assurance checks were performed to evaluate the suitability of the GCIP/SRB
PAR data for preparing biogenic emission inventories. These checks confirm that the data are
of very high quality and represent a substantial improvement over the procedures used in
previous biogenic emission inventories (i.e., interpolation of cloud cover observations or
assumption of clear skies).

Visualization of Gridded PAR Fields

The gridded PAR fields for the 36 and 12-km grids were formatted for visualization using the
PAVE software package. PAVE was used to visually inspect each hour of data to look for
anomalies. This revealed one instance of missing data for hour 12 (noon to 1 p.m. CST) on
September 13. Interpolating the data for hours 11 and 13 filled in the missing data as shown in
Figure 3-2. This figure shows an area of extensive cloudiness (low PAR values) running
across Texas, Arkansas and Tennessee and Kentucky, and also a cloudy area over the Gulf of
Mexico southeast of New Orleans. The PAVE data visualizations for all hours were exported
as MPEG movies and provided to the TNRCC. Note that PAVE does not support the display
of LCP projection maps for UAM format files, so the backmap used in Figure 3-2 is a UTM
map that approximates the LCP 36-km grid (Figure 3-3).

Comparison to Ground-Based Data

The GCIP/SRB satellite based PAR data were compared to ground based data from the
Surface Radiation Budget Network (SURFRAD) operated through the support of NOAA's
Office of Global Programs (see http://www.srrb.noaa.gov/surfrad/surfpage.htm). SURFRAD
data are available for 6 sites in the continental US. The SURFRAD site at Goodwin Creek,
MS is about in the center of the CAMx 36-km grid and the Bondyville, IL site is near the north
edge of the 36-km grid as shown in Figure 3-3.

The ground sites report PAR at 3-minute intervals. All valid SURFRAD data were averaged
to hourly intervals to put the observations on the same hourly basis as the GCIP/SRB satellite
data. A 4-cell interpolation of the gridded satellite data was used to obtain the value for the
monitor location (this is the same interpolation procedure and code as used to map the
GCIP/SRB data to the CAMx modeling grid). Interpolating the GCIP/SRB data to the monitor
location introduces some spatial averaging of the satellite data, which may be considered a
disadvantage. On the other hand, the methodology is consistent with the way we are using the
satellite data. As discussed previously, the GCIP/SRB satellite data were missing for hour 12
on September 13 so this hour was excluded from the comparisons.

Figures 3-4 through 3-7 show time-series comparisons of the GCIP/SRB PAR data to ground-
based observations for the Aug 13-22 and Sept 13-20, 1999 episode periods. Overall, the
comparisons are very good. The following points are noted:

1. The satellite data miss the twilight at dawn and dusk. When the SURFRAD observed PAR
falls below about 50-75 W/m’ at sunrise and sunset the satellite data are reported as missing
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(zero). This is because the satellite procedure can not diagnose the PAR at very low sun
angles.

2. The magnitude of the satellite and ground-based PAR values agree very well during the
remaining daylight hours. This encompasses about 11 hours of daylight between 7 am and 5
p.m. CST. Scatter plots (Figure 3-8) show excellent correlation for both episodes. There is
no evidence of bias for the September episode. For the August episode there is some evidence
for a small over-prediction by the satellite data.

3. Several cloudy days are apparent from attenuation of the satellite and ground-based PAR
data in the time-series. These days are:

Goodwin: August 13 and 21, September 13 and 20
Bondville: August 13-14 and 18-22, September 16 and 19-20

The satellite and ground data show good agreement on the degree of attenuation of PAR data
due to clouds.

T:\tnrce-loe\order8-biogenics\report\Final\sec3.doc 3 —5



April 2001

500
375
250

125

1]
WimZ
PAVE

by
MCRC

500
375
260

125

Wim2

FavE
by
MCHNC

500
375
260

125

1]
Wim2

FavE
by
MCHNC

Solar Rad: PAR

THRCC LCP 100/40 36 kn Regional Domain
e=par.990913.LCP36km._al.hin

September 13,1999 11:00:00
Min= 15 at (45,45), Max= 442 at (42,1)

Solar Rad: PAR

THRCC LCP 10040 36 km Regional Domain
e=par.990913.LCP36km.al.hin

1 45
September 13,1999 12:00:00
Min= 17 at (45.46), Max= 42Z at (18.1)

Solar Rad: PAR

THRCC LCP 10040 36 km Regional Domain
e=par.990913.LCP36km.al.hin

September 13,1999 13:00:00
Min= 17 at (45.46). Max= 415at (12.1)

ENVIRON

Figure 3-2. PAR fields for hours 11-13 on September 13, 1999. Hour 12 was interpolated

from hours 11 and 13 to fill in missing data in the GCIP/SRB data archive.
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Comparison of Satellite and Ground-Based PAR Data
at Goodwin Creek, MS for August 13-22, 1999
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Figure 3-4. Comparison of GCIP/SRB satellite and SURFRAD ground-based PAR data for
Goodwin Creek for August 13-22, 1999.

Comparison of Satellite and Ground-Based PAR Data
at Goodwin Creek, MS for September 13-20, 1999
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Figure 3-5. Comparison of GCIP/SRB satellite and SURFRAD ground-based PAR data for
Goodwin Creek for September 13-20, 1999.
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Comparison of Satellite and Ground-Based PAR Data
at Bondville, IL for August 13-22, 1999
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Figure 3-6. Comparison of GCIP/SRB satellite and SURFRAD ground-based PAR data for
Bondville for August 13-22, 1999.
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Figure 3-7. Comparison of GCIP/SRB satellite and SURFRAD ground-based PAR data for
Bondville for August 13-22, 1999.
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Comparison of Satellite and Ground-Based PAR Data
at Goodwin Creek, MS for August 13-22, 1999
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Comparison of Satellite and Ground-Based PAR Data
at Goodwin Creek, MS for September 13-20, 1999
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Figure 3-8. Scatter plots of GCIP/SRB satellite and SURFRAD ground-based PAR data for
Goodwin Creek and Bondville for August 13-22, 1999 and September 13-20, 1999.
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