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Comparing Aircraft Measurements of Atmospheric Compounds with a Photochemical Regional Model
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Purpose

The original intention of this project was to determine a means by which the aircraft measurements (second-by-second point data) could be compared to the three-dimensional grid model output.

Description of Data

Aircraft measurements


For this project I considered Electra aircraft measurements collected during the Texas Air Quality Study (TexAQS) of 2000 over the Houston/Galveston area.  The National Oceanographic and Atmospheric Administration (NOAA) manages and maintains the aircraft data from this study.   

Among the many parameters monitored during the planes’ flights only a few are pertinent to this project.  The information I needed consisted of the latitude, longitude and altitude of the aircraft, the time associated with each set of measurements and the concentration of selected atmospheric species (e.g. NOx, CO, CO2, O3, various VOCs….).  A global-positioning system (GPS) captured information about the plane’s horizontal location in the geographic coordinate system of the North American Datum of 1983.  The GPS also provided the craft’s altitude.  Gas chromatography and mass spectrometry equipment performed most of the gaseous species analysis.  

All this information – position and concentration – was registered on a second-by-second time scale.  Flight duration was typically around six to seven hours.  Thus the sheer volume of data per flight is quite large.  For instance, the sample data used for the project contained about 26,000 rows of data.

Regional model


CAMx is a regional photochemical model, which strives to predict the chemistry of the atmosphere – specifically the troposphere.  Input parameters include emissions, temperature, solar radiation and meteorology – all of which drive the chemical reactions in our atmosphere.  The output from this model consist of the estimated concentrations for various airborne species like carbon monoxide (CO), carbon dioxide (CO2), ozone (O3), volatile organic compounds (VOCs), particulate matter (PM) etc. at one hour intervals.  This information is assigned to positions in three-dimensional space by a 3-D grid structure.  Each box possesses one value of concentration for each chemical species for each hour.  Figure 1 depicts the horizontal structure Houston/Galveston Sub-domain considered in this project.  Each cell is 1 km square and the entire grid is 74 cells by 74 cells.  Table 2 describes the vertical extent of the CAMx model.  As you can see the thickness of the layers in this grid vary.  Thickness increases with height above the ground.

Figure 1:  Houston/Galveston sub-domain horizontal grid structure in CAMx.
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Table 1:  Vertical Layer Structure in CAMx
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Challenges 

Spatial Issues

This project presented two important spatial difficulties:  working in three-dimensions and with an unusual projected coordinate system.

-Aircraft altitude


During the flight period the airplane varied its altitude sometimes dramatically and thus we have the question of what vertical of the CAMx model the plane is in at a given time.  Figure 2 provides a sample of the aircraft altitude data.  In order to address this issue I made the decision to associate the aircraft data to a CAMx layer by taking all points at the midpoint of the layer and all those up to the middle of the above layer to the layer below.  To state this in a mathematical-type manner, all the points between +½( hi+1 - hi) and -½(hi- hi-1) would be assigned to layer hi.  Figure 3 gives a graphical description of this.

Figure 2:  Aircraft altitude between 3:30 pm and 5:00 pm on August 30, 2000.


Figure 3:  Associating aircraft data points with the CAMx vertical layers


[image: image7]
-Coordinate system


The projected coordinate system utilized by this atmospheric chemistry model stands out as unusual due to its Earth reference datum.  The Earth is viewed as a perfectly round sphere with radius of 6370 km.  Otherwise, the projection resembles a standard Lambert Conformal Conic projection.  The projection for the CAMx grid horizontal structure is further described by the picture in Figure 4.

Therefore, I had the need to create a new projected coordinate system.  The only trouble with this was encountered when I needed to fill in the information for the section labeled “Geographic Coordinate System,” (as shown in Figure 4 which displays the input parameters required to create the projection).  In order to generate a proper projection I had to use the “Select button to the right of this box.  The only “Datum” closely approximating the Earth model I sought was the “D_Sphere” with an Earth radius of 6371 km.  This led to some slight misalignment, but nothing too drastic.

Figure 4:  CAMx Projected Coordinate System Parameters

[image: image8.png]( Poscion
Nome T —
s Vo J-l
Corra v 700 5o000886000EEER000
St Pt 30 0000000000000
Standaro paato 2 6000000000000000
e Factr oconoooooooosseoes
ettt 016 40.000000000000000060
p—

Name: Kiometer |
Meters per uni: [1o00 |

[~ Geogiaphic Coordinste System

|Abbreviaton:
[Remarks: New.
|Anguler Urit: Degres (0.017453252513343295)

Prine Merden: Greerwich (000000000000000C
Datum: D_Sphere
Spherad Sphere
Semimaor A 6371000.000000000000000C
Seniminor A 6371000.000000000000000
Inverse Flalteing: 0, 000000000000000000 ~
« | » Modiy.._ |

o Caresl





Temporal Issues


Similar to deciding how to compare the aircraft data to the vertical layers, a decision on how to assign the aircraft data by hourly intervals for comparison with the model output was required.  I determined my course of action based on the manner in which CAMx performs its calculations.  The model uses an input from the previous hour to initiate calculations for the following hour, and the model takes small time steps (minute) within the hour and then provides an average at the end of the hour, which is given as the concentration estimate for the next hour.  In other words, calculations take the result from hour 1 and proceed from 1:01 to 2:00 and then the average for 1:01 to 2:00 is assigned as the value for hour 2.  Therefore, my approach was to compare the measurements from the aircraft from 1:01 to 2:00 (as an example) to the model output for hour 2.

Method
Creating CAMx structure


In order to display and compare the CAMx output, I needed to create a grid from scratch.  The most straightforward approach to this involves the use of Arc Workstation.  By generating a “fishnet” in this manner a polygon shapefile is created for use in ArcMap.  The box below shows almost (filenames may differ) exactly how I generated the CAMx Houston/Galveston grid..

Generating a “fishnet”

~CAMx HG sub-domain  74x74 grid

Path to Arc: Start/Programs/ArcGIS/ArcInfo Workstation/Arc

Part 1:  Create the grid



Arc: workspace mydirectory


Arc: generate stockings

Generate: fishnet


Fishnet Origin Coordinate (X,Y): 431,-1153


Y-Axis Coordinate (X,Y): 431,-1079


Cell Size (width, height): 1,1


Number of Rows, Columns: 74,74


Generate: quit

Part II: Make map displayable


Arc: clean stockings drawer

Arc: build drawer poly


Arc: addxy drawer


Arc: quit 

Notes:

~The directory “drawer” contains a shapefile called “polygon.”  This is the grid which you want to add to the map.

~The command “addxy” assigns x-y coordinate for the center of each grid cell to the grid attribute table

Key:

*Italics = prompts

*mydirectory = z:\uteid, or c:\mystuff (this tells the software where to store any files you generate)

*red text = name of file you must specify


I also had need for an outline of the Houston/Galveston sub-domain to serve as a mask for my interpolations.  Thus, I again turned to Arc and generated a rectangular polygon as follows in the next box.  Note that both the grid I created and the polygon are in coordinates corresponding to the CAMx projection.

Generating a polygon

~Outline of HG Sub-domain

Arc: generate bigbox

Generate: polygons


:


ID, {AUTO | X,Y}: 1, auto


X,Y:  431,-1153; 431,-1079; 505,-1079; 505,-1153


X,Y: end


ID, {AUTO | X,Y}: end


Generate: quit

*Then clean “bigbox” and build polygon as with grid

Data preparation & formatting


Both the CAMx output and the aircraft data required conversion to “.dbf” files, which required careful formatting of columns in Excel.  It was imperative that accuracy (as in significant digits after the decimal point) was not lost in the GPS information, the concentration of gaseous species and altitude.  The following sub-sections address concerns specific to the regional chemical model output and the aircraft measurements

-Model output


Once the data were downloaded from a UNIX file server, the only significant task before saving the files in database format, involved creating a unique ID for each grid cell.  This was easily accomplished by converting the I (number of cells east of the bottom left corner) and J (number of cells north of the bottom left corner) assigned each row of data.  An ID number was created by simply taking 100*I + J = GRID_ID.  Thus, cell (1,1) has ID 101 and (74,74) has an ID of 7474, and so on for the remaining grid cells.  Note that this was similarly accomplished with the CAMx grid generated in Arc, by using the center-of-the-cell coordinates added to the attribute table.  By subtracting the value of x (431) and y (-1153) at the origin and adding 0.5, the bottom left and upper right cells become 101 and 7474 respectively.  Once both the model output tables and the CAMx grid have these GRID_IDs the two can be linked.  Then the concentration information for each cell can be displayed on the map.

-Aircraft data


The huge table of data containing about 26,100 rows of information for the nearly 7 hour flight period required more finessing.  First, to make data management somewhat easier the original data were broken into four subsets of around 6,000 to 7,000 rows.  

The next trick involved coordinate system conversions to allow the aircraft data points and the CAMx grid to be displayed correctly on the same map.  This required three steps: 1) Displaying XY-data from “.dbf” tables on a geographic coordinate system (GCS) spatially-referenced map to generate “events.”  2) Exporting the “events” to a  GCS geodatabase.  3)  Exporting the GCS feature class to a CAMx projection referenced dataset in another geodatabase.  Figure 5 depicts the plane’s flight path over the duration of the flight.

Once the aircraft data were successfully in a geodatabase, an Excel database query allowed me to filter the data by altitude, time and “bad” concentration data.  At this point I had sets of aircraft measurements prepared for comparison with the CAMx results.

[image: image9.png]Figure 5: Aircraft path for entirety of flight
August 30, 2000
Flight time: ~3:20 pm to 10:30 pm





Results

Figures 6 a. through d. depict the interpolated raster grid from two different sets of aircraft data and their accompanying CAMx concentration maps.  These were chosen as examples because one only has the aircraft making one pass through the Houston/Galveston sub-domain during the hour and in the other the plane doubles back into the region during the hour.  

The method of interpolation applied here was inverse distance weighting.  The default parameters of a power of 2 and a variable search radius using 12 points were used in this instance.  Both the regularized spline and universal kriging yielded negative concentration values when applied.  

The comparison of concentrations in the area of the plane’s path is somewhat comparable for the layer 9, hour 21 aircraft data.  At least some of the cells in the same area on both maps have values between 220 and 360.  However, the layer 13 interpolated surface shows obvious differences from the CAMx output.  With the exception of the zero valued cells on the edges, the CAMx cell values fell between 134 and 166, while none of the interpolated cell values exceeded 113.   Since many of the aircraft points in this set of data were nearer the middle of layer 14 than the top of 13, perhaps a comparison with layer 14 would prove to have fewer differences.

Figure 6:  Interpolation from aircraft data compared to CAMx output

[image: image10.png]a. Interpolated from aircraft data for layer 9, hour 21
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[image: image11.png]b. CAMx output for layer 9, hour 21
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[image: image12.png]c. Interpolated from aircraft data for layer 13, hour 16
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[image: image13.png]d. CAMXx output for layer 13, hour 16
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Conclusion

Based on my work for this project, my introductory knowledge of ArcGIS and the capabilities of the software seem ill-equipped to handle data with this many dimensions.  The need to address three-dimensions and time all at once seems a bit overwhelming.

If given more time to explore the possibilities with ArcGIS and this type of data, I believe a three-dimensional interpolation scheme might be plausible.  This scheme would allow the CAMx output to be interpolated to a set of points, or a line segment for comparison with the aircraft’s path.  By adding fields to the model grid indicating the grid cell next east and next west, next north and next south, as well as next up and next down from each cell, a tri-linear interpolation could be achievable.  The differing timescales for the aircraft and the model would not be addressed in this method, but perhaps some modifications and/or further knowledge of how the CAMx calculations proceed could make temporal interpolation possible. [image: image14.emf]o


