4.2	Meteorology
[bookmark: _Toc351034411]4.2.1	Description and Format
Ambient temperature has significant effects on emissions from on-road vehicles for most pollutant processes.  Likewise, relative humidity influences emissions estimates of NOX emissions. The MOVES model requires input of temperature and humidity data for each hour within a modeling scenario.  Default meteorological data contained within MOVES consists of average monthly temperature and humidity data for every county in the United States, based on 30 year National Climatic Data Center climatic normals from 1971 to 2000.  Per the MOVES Technical Guidance, however, EPA does not recommend using default meteorological values for SIPs or regional conformity analyses.

In most cases, users will choose provide actual hourly meteorological data for use in their MOVES modeling. This depends on the purpose of the modeling being conducted (specific exceedance episode modeling versus generic modeling of average summer ozone, for example). In other cases, hourly data derived from minimum and maximum diurnal temperatures for a given time period may be sufficient.  Sources for obtaining actual hourly meteorological data are discussed in the following sections, as well as EPA’s tool for generating typical hourly inputs based on typical climatic profiles.

The meteorology data for MOVES is contained in the zonemonthhour table of the MOVES database.  Table 4.2.1 shows the field in this table that must be populated with data to complete a MOVES modeling:
· MonthID - corresponds to the numeric representation of the month
· ZoneID – represents the two-digit state FIPS code and three-digit county FIPS code followed by a zero.
· HourID –the numeric representation of the hour of the day: hour 1 begins at 12:00 midnight; hour 2 begins at 1:00 AM, etc. 
· Temperature – average temperature (degrees Fahrenheit)
· RelHumidity – relative humidity (percent )
	



Table 4.2.1	Example of Meteorology Import Template (zoneMonthHour)
	monthID
	zoneID
	hourID
	temperature
	relHumidity

	1
	481410
	1
	40
	42

	1
	481410
	2
	40
	42

	1
	481410
	3
	39
	44

	1
	481410
	4
	39
	44

	1
	481410
	5
	38
	46

	1
	481410
	6
	37
	47

	1
	481410
	7
	37
	48

	1
	481410
	8
	38
	46

	1
	481410
	9
	41
	41

	1
	481410
	10
	45
	37

	1
	481410
	11
	48
	32

	1
	481410
	12
	51
	29

	1
	481410
	13
	53
	27

	1
	481410
	14
	55
	25

	1
	481410
	15
	55
	24

	1
	481410
	16
	55
	24

	1
	481410
	17
	54
	25

	1
	481410
	18
	52
	28

	1
	481410
	19
	49
	30

	1
	481410
	20
	47
	33

	1
	481410
	21
	45
	35

	1
	481410
	22
	44
	37

	1
	481410
	23
	43
	39

	1
	481410
	24
	42
	40





4.2.2	Data Sources, Procedures, and Methods
4.2.2.1	Hourly Climate Data
The National Oceanic and Atmospheric Administration (NOAA) National Climatic Data Center (NCDC) maintains the world’s largest climate data archive.  The NCDC data is collected via land-based stations, ships, buoys, weather balloons, radars, satellites, as well as weather and climate models.  
Hourly climate data for use in MOVES can be downloaded, by specific weather station and year, from the NCDC website at http://www.ncdc.noaa.gov/IPS/lcd/lcd.html.  The process for downloading and formatting hourly climatic data for importing into MOVES using the import template is described below. 

Step 1: Select the state you are interested in modeling and click [image: ].
Figure 4.1	State Selection Screen – NCDC Local Climatological Data Report
[image: ]


Step 2: Select the appropriate weather station and date range applicable to a modeling scenario and click[image: ].  Pick a station representative of each county you are modeling. For most users an airport ASOS station will be the best choice.  Note that users modeling multiple counties and multiple years will need to repeat this process for each county and year identified within a modeling scenario.    
Figure 4.2	Station Selection Screen – NCDC Local Climatological Data Report[image: ]


Step 3: Select the report for the year and month of the modeling scenario and click[image: ].  If modeling more than one month (i.e., an annual run), repeat this process until a report for each year and month within the modeling scenario has been downloaded.
Figure 4.3	Year and Month Selection Screen – NCDC Local Climatological Data Report

[image: ]

Step 4: Hourly climate data is available in two forms for download.  The .pdf report presents the data in table format, as seen in Figure 4.4, and can usually be found on page 6 of the .pdf report.  An ASCII report is also available for download.  The data in the ASCII report is presented in comma-delimited format, as seen in Figur[image: ]e 4.5.  Click on the link to open your preferred report format. If using the ASCII data, skip ahead to Step 6.
Figure 4.4 – Hourly Climate Data – PDF Version



Figure 4.5 – Hourly Climate Data – ASCII Version (.csv file)
01,  ,  ,48,42,46,80,29.40,30.07,9.32,5,3,20
02,  ,  ,48,41,45,79,29.41,30.09,9.94,5,3,21
03,  ,  ,47,41,45,81,29.42,30.09,9.68,6,3,22
04,  ,  ,46,41,44,83,29.41,30.09,9.50,6,3,23
05,  ,  ,46,41,44,83,29.42,30.09,9.29,6,4,23
06,  ,  ,46,41,43,84,29.43,30.10,9.21,5,3,20
07,  ,  ,45,41,43,85,29.44,30.12,8.92,5,2,20
08,  ,  ,47,42,45,83,29.45,30.13,8.30,5,2,17
09,  ,  ,50,43,47,76,29.46,30.14,8.75,7,2,21
10,  ,  ,52,42,48,70,29.47,30.14,8.76,8,2,21
11,  ,  ,54,42,48,66,29.46,30.13,9.02,8,2,22
12,  ,  ,56,42,49,63,29.43,30.10,9.11,8,3,23
13,  ,  ,57,41,50,60,29.41,30.08,9.48,8,3,24
14,  ,  ,58,41,50,58,29.40,30.07,9.65,8,3,23
15,  ,  ,58,41,50,58,29.40,30.07,9.68,8,3,24
16,  ,  ,56,41,49,59,29.40,30.07,9.61,8,2,23
17,  ,  ,54,41,48,63,29.40,30.07,9.45,6,2,20
18,  ,  ,52,41,47,69,29.41,30.08,9.44,5,3,21
19,  ,  ,51,42,47,73,29.42,30.09,9.23,5,2,17
20,  ,  ,50,42,46,74,29.42,30.09,9.52,5,2,18
21,  ,  ,50,41,46,75,29.42,30.09,9.61,6,2,17
22,  ,  ,49,41,46,75,29.42,30.09,9.74,6,2,19
23,  ,  ,49,41,45,77,29.42,30.09,9.77,5,2,16
24,  ,  ,48,41,45,78,29.41,30.09,9.52,6,2,18




Step 5:  Find the “Summary By Hour” data and copy the contents to an Excel file.  Format the pasted data into column format by selecting “Text-to-Columns” from the Excel > Data menu.  Add the header row.  The fields of interest for the data importer are indicated by the red arrows in Figure 4.6.  (Temperature data is represented by the “DRY BULB” measurements.)   
Figure 4.6 – Hourly Climate Data Required Fields for Data Importer (PDF version)

[image: ]
Step 6:  Add a column for Month ID to your file and populate it with the numerical representation of the month for the report.   If multiple months, years, and counties are to be modeled, users may find it most straightforward to append each set of hourly data to the previous dataset, creating a single file for import into MOVES.
Step 7:  Import the data using the MOVES County Data Manager[footnoteRef:1]. [1:  Some users may instead use the MOVES Data Importer if performing a run at scales other than the county level The interface for importing meteorological data is quite similar in either case.] 

	Step 7a - Export the Meteorology Data Template from MOVES by selecting the Meteorology Data tab in the MOVES County Data Manager and clicking the Create Template button (Figure 4.8, Red Arrow). Save the template as an Excel file.
Figure 4.8	MOVES County Data Manager - Meteorology Tab
[image: ]
	Step 7b - Populate the zoneMonthHour tab of the template by pasting your formatted data into it, and save your file.
	Step 7c - Browse to the populated template by clicking the Browse button (Figure 4.8, Green Arrow) and select the file to be imported.  
	Step 7d - Select the zoneMonthHour worksheet from the pop-up window (Figure 4.9)
Figure 4.9	XLS Worksheet Selection Pop-up Window
[image: ]
Step 7e- Import the populated template by clicking the Import button (Figure 4.8, Blue Arrow).  Confirmation of a successful import will appear in the Messages section of the CDM (Figure 4.8, Blue Circle).	

4.2.2.2	LCD-To-MOVES
A utility program, called LCD-to-MOVES, was developed to read the NCDC LCD ASCII data and carry out most of the steps in the previous section to convert it to MOVES Temperature/Relative Humidity CSV input format. To run the application, the user creates a directory, then downloads the 12 monthly LCD files from the NCDC website, as described in Steps 1 through 4 of the previous section.  The user provides the program with the location of these files.  The program will, in turn, extract the Summary of the Hour information from the 12 files and output a single 12-month MOVES-ready meteorological input file.  More detailed steps to run this tool is provided below. All referenced figures are placed at the end of this section for continuity.
	Step 1 - Create a local subdirectory called "Downloads" to store the downloaded LCD data from the NCDC website.  
	Step 2 - Obtain 12 months worth of LCD data in ASCII format (*.txt).  Follow Steps 1 through 4 from Section 4.2.2.1.  12 months of data are required.  Place these files in the “Downloads” directory stored  in Step 1, above. 
	Step 3 - Start the program by double-clicking on the executable name in Windows Explorer (see Figure 1).  
	Step 4a – (see Option 1 annotation in Figure 2). Enter the full path to the NCDC LCD Downloads directory in the LCD Directory box.  It is typically simpler to search for the directory in Windows Explorer, than copy/paste the address and into this box; or
	Step 4b – (see Option 2 annotation in Figure 2). Click "Click to Browse" to open a Windows Explorer session to locate the directory (see Figure 3).  Note: the "Browse" feature searches for an individual file. There should be 12 files in the Downloads directory. Choosing any of the 12 files is acceptable. 
	Step 5 - If the program successfully locates the directory, the path will display in the “LCD Directory” text box, and "Directory Exists" will display, denoting the directory has been found (see Figure 4).  
	Step 6 – Enter a valid ZoneID (see Figure 5). The ZoneID represents the two-digit state FIPS code and three-digit county FIPS code, followed by a zero.  The entry must follow FIPS code format (between 01001 and 56500), plus the required trailing “0”.  Leading zeroes are required for State codes 01-09. Note: this does not mean an exact FIPS match is sought, just that the general format be followed. For example, 019999 is considered a valid ZoneID, even though this is an invalid FIPS code (999 is not a valid county code); and, a trailing “9” was entered instead of “0”.  That said, if the ZoneID does not match the MOVES project ZoneID, the output met file from LCD-to-MOVES will not be accepted when MOVES processing is performed.
	Step 7 – If all inputs are valid the "OK" button will be enabled and can be clicked to begin execution (see Figure 6).
	Step 8 - Go to the "Downloads" subdirectory and locate the program output file (LCD_To_MOVES.Output.csv).  (See Figures 7,8)


[image: ]
Figure 1: LCD_TO_MOVES Banner 


[image: ] (
Option 1
: 
Type or 
Paste Path to NCDC LCD download
 directory
.
) (
Option 2
: “Click to 
Browse” 
button o
pen
s
 a Window
s Explorer session to search
 for 
the 
NCDC LCD download directory
.
)
 (
or
)

Figure 2: LCD-To-MOVES User Input – Step 1: LCD Directory Options
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 (
LCD Directory found.  Select one of the files so program can retrieve the directory.
)
Figure 3: Selection of Option 2 (Click to Browse) Example
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Figure 4: Option 2 Browse Successful
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Figure 5: LCD-To-MOVES User Input - Step 2: ZoneID 
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Figure 6: LCD-To-MOVES User Input - Step 2: ZoneID Successful
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Figure 7: NCDC Downloads Directory After Successful LCD-to-MOVES Execution
[image: ]
Figure 8: Output - MOVES-Ready Meteorological File (LCD_TO_MOVES.Output.CSV )


4.2.3	Tools
The preferred method of providing scenario-specific, hourly data is discussed above, including the use of the template for importing hourly temperature and relative humidity data provided by the MOVES County Data Manager. The format for the template is seen in Table 4.2.1.  

However, as stated in Section 4.2.1, there are instances where generic hourly temperature profiles may be utilized to run MOVES.  To this end, EPA provides two meteorological data converter tools on their website (one for MOBILE6-formatted data, and one for NMIM-formatted data) for modelers to use. The tools are available for download at www.epa.gov/otaq/models/moves/tools.htm.  The tools use minimum and maximum daily temperatures to create hourly temperature data for use in MOVES by applying generic hourly climate profiles.  Each of these tools contains a worksheet titled “Instructions” which should be followed to generate the generic hourly profiles for MOVES modeling converter tools on their website (one for MOBILE6-formatted data, and one for NMIM-formatted data) for modelers to use. The tools are available for download at www.epa.gov/otaq/models/moves/tools.htm.  The tools use minimum and maximum daily temperatures to create hourly temperature data for use in MOVES by applying generic hourly climate profiles.  Each of these tools contains a worksheet titled “Instructions” which should be followed to generate the generic hourly profiles for MOVES modeling

References
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