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introduction

A better understanding of the negative health effects associated with high PM concentrations and the public’s desire for accurate air quality information has prompted the development of PM2.5 forecasting.  A centralized software, AIRNow-AQ Forecast System, designed to support PM2.5 forecasting, allows state and local air quality agency forecasters to quickly perform the process of forecasting.  This centralized forecasting system has the following general features:

· Internet-based system

· Enables users to customize output
· Automatically ingests objective forecasts

· Allows users to input subjective numeric forecasts and supporting forecast discussions

· Leads forecasters through forecast process

· Stores users’ favorite Internet links

· Stores all forecast information and allows easy retrieval of past forecasts

· Sends forecast via e-mail to user-selected recipients and to AIRNow

· Calculates forecast verification statistics

· Allows users to create climatological and time series plots of observed air quality and meteorological data and air quality forecast data.

· Can be used to forecast either ozone or PM2.5
This user manual details the features and functions of the AIRNow-AQ Forecast System.
2. Airnow-AQ Forecast System fUNCTION descriptions

The AIRNow-AQ Forecast System consists of the following pages which are described more fully in this section:
1. Login *

2. AQ Forecast System home page featuring the current 24-hr Average PM2.5 (AQI) Map * 

3. Regional Forecast 

4. Link Modification 

5. City Forecast 

6. Send Modification 

7. Time Series 

8. Climatology 

9. Forecast Verification 

10. Verification Sites 

* Page accessible without a user password.

Users may access the AQ Forecast System home page from AIRNow’s web site, http://www.epa.gov/airnow, without logging in but may not access the data pages without a Login Name/Username and Password (Figure 2-1).

[image: image1.emf] 


Figure 2-1.   AQ Forecast System log-in page.
2.1
aq forecast system (home page)

FUNCTION
AQ Forecast System’s home page (Figure 2-2) provides users with updates to AQ Forecast System’s current 24-hr PM or ozone average concentrations, displays previous day’s regional air quality map, and is an entry point to the web site.  After logging in, users who are responsible for all cities within a region may select the Regional Forecast page.  Users who are responsible for only selected cities within a region may go directly to the City Forecast page.
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Figure 2-2.   AQ Forecast System home page.
2.2
Regional forecast
FUNCTION
The Regional Forecast page (Figure 2-3) allows users to create regional forecast discussions that apply to all cities in a region.  Users who do not forecast for multiple cities within a region may bypass this page.  Users may view past forecasts and forecasts from other regions but may not edit them.  The page provides user-modifiable meteorological and air quality links to aid in the development of a regional forecast.  The linked web sites are displayed as separate windows.
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Figure 2-3.   Regional Forecast page.  
	Region: 
	To write a regional forecast discussion, select a region from the dropdown menu. .

	Date:
	The default date is the day on which you log into AQ Forecast System.  Enter a date (mm/dd/yy) to forecast for or use the calendar button to select the date.  

	Retrieve Date:
	Select Retrieve to obtain a previously saved forecast. NOTE:  You may not change the forecast from previous days.

	Manage Links:
	Choose Meteorological Links or Air Quality Links from the dropdown menu.  Click on Manage Links.  The Link Modification window will open (see section 2.3).  Link names will be stored in the box below the Manage Links button.

	Write a forecast discussion:
	Type in your regional forecast discussion in the box below the links boxes.  You may type the forecast in directly or paste it from another source such as a text editor.  

	Check Spelling:
	Once you have entered in your discussion, select Check Spelling to verify the spelling.  

	Save:
	Save the current forecast discussion


2.3
Link Modification
FUNCTION
The Link Modification page (Figure 2-4) allows users to create forecast links that apply to all cities in the region.  Users may also edit or delete links.  
[image: image4.emf]
Figure 2-4.   Link Modification page.
	Link Name:
	Select the link you wish to edit or delete, or select Add New from the dropdown menu.

	New:
	Type the name of the link as you want it to appear on the Regional Forecast page.  

	Link: 
	Type the Internet address of the link into the Link Address box.  

	Link Type:
	Select Air Quality or Meteorological to save as either an air quality link or a meteorological link.  Select Save or Delete to delete a link.


2.4
City forecast
FUNCTION
The City Forecast page (Figure 2-5) allows users to create daily air quality forecasts out to five days.  
Users may review objective forecasts and develop a forecast using the conceptual model, web links, and the AQ Forecast System’s Time Series (Section 2.6) and Climatology (Section 2.8) web pages.  The linked web sites are displayed as separate windows.  The system calculates an average numeric forecast from the objective forecasts.  The objective forecasts are read from files external to the AQ Forecast System.  The average forecasts for “today”, “tomorrow”, and out to five days are transferred to the final forecast at the bottom of the City Forecast page.  The user may modify the final numeric forecasts or use the transferred forecasts without modification.  The user enters the city forecast discussion that supports the numeric forecast.  The user may specify that the forecast apply to all cities within the region; this forecast can also be modified for individual cities.  The user may send the forecast to e-mail recipients and to the AIRNow Forecast System.  Send options are modifiable and are discussed in Section 2.5.
	Region:
	From the dropdown menu, select a region for which to forecast.  

	City:
	From the dropdown menu, select the city for which to write a forecast discussion.

	Pollutant:
	From the dropdown menu, select the pollutant for which to write a forecast discussion.

	Forecaster:
	Input the forecaster’s name if you wish to have the name printed after the forecasts in the e-mails; however, this is not a required input.  

	Date:
	The default date is the day on which you log into AQ Forecast System.  Enter a date (mm/dd/yy) to forecast for or use the calendar button to select the date.  

	Units:
	Select either pollutant Concentration or AQ from the dropdown menu.

	Determine conceptual numbers:
	Click on Conceptual in the box containing the numeric output from the objective forecasts.  This hyperlink will open up a new window directing you to the conceptual model for your city, if available.  Determine an appropriate value from the conceptual model and place the numbers in the boxes to the right of Conceptual for each date.

	Average:
	Click Average to compute the average of the objective and conceptual forecast values.
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Figure 2-5.   City Forecast page.
	Manage Links:
	Choose Meteorological Links or Air Quality Links from the dropdown menu.  Click on Manage Links.  

The Link Modification window will open (see Figure 2-4).  Select a link from the Link Name dropdown menu or New to add a new link.  Type the new link name into New and Link Address in the respective boxes and select the link type.  Select Save or Delete to delete a link.  

Link names will be stored in the box below the Manage Links button on the City Forecast page.  NOTE:  These links will be stored as City Forecast links and will not appear on the Regional Forecast page.

	Forecast:
	The averages of the objective and conceptual values obtained above will automatically be placed in the boxes below the forecast discussions.  You may change any of these values except the previous day’s (Yesterday) forecast value.  There are checkboxes for each day to indicate an Action Day. 

	Check Spelling:
	Once you have entered your discussion, select Check Spelling to verify the spelling.  

	Save:
	Save the current forecast to selected city.  

	Save Region:
	Save the current forecast to all cities within the region; each city forecast can be individually edited, if needed.

	Send:
	Select Send to send the forecast(s) to the e-mail addresses specified in the Send setting and/or to the AIRNow Forecast System.  

	Send Modification:
	See Section 2.5 to change Send settings.


2.5 
Send Modification

FUNCTION
The Send Modification page allows users to customize the dissemination of their forecast information (Figure 2-6).  An example of an e-mail forecast is shown in Figure 2-7.  Users may customize the dissemination of their forecast information by selecting whether to include any or all of the following: the Regional Discussion, City Discussion, AQI Color Code, AQI Category, AQI numeric, and/or Concentration.  In addition, users may send forecasts to specified recipients via e-mail and/or to the AIRNow forecast system.  Users can add or remove e-mail recipients.
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Figure 2-6.   Send Modification page.
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Figure 2-7.   Example forecast e-mail that can be disseminated using the AQ Forecast System.

	Region:
	Select the region for which to create an e-mail.  

	City:
	Select the city for which to create an e-mail.

	Select items for forecast email:
	Select items from the check list to be included in the e-mail.  

	Forecast e-mail information:
	Input the first and last name, e-mail address, and phone number of the person to whom the forecast will be sent; check Receive Forecast.  To remove a recipient from the e-mail list, check Delete.

	Submit:
	Select Submit to save the send modifications.


2.6
Time Series
FUNCTION
The Time Series page (Figure 2-8) allows users to quickly view time series plots of historic, current, and forecasted meteorology and air quality data.  Users may use the templates available on the page or create and edit templates.
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Figure 2-8.  Time Series page.
	Region:
	From the dropdown menu, select a region for which a time series graph will be created.  

	City:
	From the dropdown menu, select the city for which a time series graph will be created.


	Date:
	The default date is the day on which you log into AQ Forecast System.  Enter a date (mm/dd/yy) for which to create a graph or use the calendar button to select the date.  In addition, you may specify Date Selected, Prior Day, Prior 7 Days, or a date range (Between), which may be entered as mm/dd/yy or selected with the calendar buttons.

	Graph templates:
	Select a template from the Templates dropdown box.  To create or edit Time Series templates, refer to Section 2.7.  Select Create Graph to create graph.  Select Delete Template to delete the template.


2.7
Create Template – Time Series

FUNCTION
The Create Template – Time Series page (Figure 2-9) allows users to create time series graph templates for quick viewing on the Time Series page.  
Users may create templates, parameters to graph, axis label names, and graph titles using the Create Template feature (Figure 2-8).  Note that the Site selection dropdown box includes both City Max and Regional Max.  If City Max is selected, the program displays the highest daily value observed in the city.  If Regional Max is selected, the program displays the highest daily value observed in the region.

[image: image9.emf] 


Figure 2-9.   Create Template – Time Series page.

	Template:
	To create a template, select New Template.  A window will open requesting a name for the new template.  Type in the new template name and press enter.  The new name will be added to the Template dropdown box.

To edit an existing template (or create the new template which you have just named), select the template you from the dropdown box.  You may also Delete a selected template.  

	Meteorological Data Parameter:
	Select a parameter from the dropdown menu to create a time series template.  Choose the Pressure or Height level from the dropdown boxes.  Select Add to add the parameter to the list of parameters to graph.

	Observed Air Quality Data Parameter:
	Select a parameter from the dropdown menu.  Choose the Site and Height from the dropdown boxes.  Select Add to add the parameter to the list of parameters to graph.

	Forecasted Air Quality Data Parameter:
	Select a parameter from the dropdown menu.  Choose the Site, Tool, and Period from the dropdown boxes.  Select Add to add the parameter to the list of parameters to graph.  

	Parameters to Graph:
	Select the graph to use for each parameter by selecting the Graph-1 or Graph‑2 radial button for each graph.  Select Remove to remove a parameter from the graph. 

	Graph Title:
	Type a name for each graph, and their respective axes, in the Graph Title, X-Axis Label, and Y-Axis Label boxes.  

	Save Changes:
	Select Save Changes to save the graph template.


2.8
Climatology
FUNCTION
The Climatology page (Figure 2-10) allows users to quickly view histograms of air quality data from graph templates.

Note that the Site selection dropdown box includes both City Max and Regional Max.  If City Max is selected, the program displays the highest daily value observed in the city.  If Regional Max is selected, the program displays the highest daily value observed in the region.
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Figure 2-10.   Climatology page.

	Region:
	Select the region you wish to create a bar graph for by choosing the region from the dropdown menu.  

	City:
	Select the city you wish to create a bar graph for by choosing the city from the dropdown menu.

	Site:
	Select the site you wish to create a bar graph for by choosing the site from the dropdown menu.

	Dates:
	The default date is the day on which you log into AQ Forecast System.  Enter a date (mm/dd/yy) for which to create a graph or use the calendar button to select the date.  In addition, you may specify Date Selected, Prior Day, Prior 7 Days, or a date range (Between), which may be entered as mm/dd/yy or selected with the calendar buttons.

	Graph templates:
	Select a template from the Templates dropdown box.  To create or edit Climatology templates, refer to Section 2.9.  Select Create Graph to create graph.  Select Delete Template to delete the template.


2.9
Create Template – CLIMATOLOGY
FUNCTION
The Create Template – Climatology page (Figure 2-11) allows users to create histogram graph templates for quick viewing of climatological data on the Climatology page.    

Users may select the graph name, parameters to graph (pollutant), metric (maximum concentration, maximum Air Quality Index [AQI], AQI category, medium concentration, number of sites, etc.), period by which to group data (annual, season, quarterly, day of week, holiday, etc.), date range, axis label names, and graph title.
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Figure 2-11.   Create Template – Climatology page.
	Template:
	To create a template, select New Template.  A window will open requesting a name for the new template.  Type in the new template name and press enter.  The new name will be added to the Template dropdown box.

To edit an existing template (or create the new template which you have just named), select the template from the dropdown box.  You may also Delete a selected template.  

	Pollutant:
	Select a pollutant from the dropdown box to create a graph template.  

	Metric:
	Select a metric from the dropdown box.  The following metrics are available: Maximum Concentration, Maximum AQI, Maximum Category, Average Concentration, and Average AQI.

	Graph By:
	Select a period of time.  The following periods of time are available:  Year, Year/Quarter, Year/Season, Month/Year, Day of the Week, Weekend/Weekday, Holiday, and Dates.  Holidays include New Year’s Day, Christmas, Thanksgiving, Fourth of July, and all adjacent weekends.

	Graph Title:
	Type in the name of the graph.

	Graph axes:
	Type the name of the Y and X axes in their respective boxes.

	Save Changes:
	To save the graph template, select Save Changes.


2.10
Forecast Verification
FUNCTION
The Forecast Verification page (Figure 2-12) allows users to view forecast verification statistics for their cities by comparing forecasts to observations.  The verification statistics that will be computed are detailed in Section 2.10.1.
Inputs include forecast method (i.e., regression, conceptual, etc.), forecast period (i.e., current day, next day etc.), cutpoint (AQI category of Good, Moderate, etc.), and time period from which the verification metrics are calculated.  Outputs consist of verification metrics including probability of detection, false alarm rate, critical success index, bias, and accuracy.  
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Figure 2-12.   Forecast Verification page.

	Region:
	From the dropdown menu, select a region for which to compute forecast verification statistics.  

	City:
	From the dropdown menu, select a city for which to compute forecast verification statistics.

	Method:
	Select the forecast method to compute forecast verification statistics.  The following methods are available: Forecast, Conceptual, Regression, Box Model, CART, and Consensus.

	Validation:
	Select a forecast validation period from the dropdown box.  The following validation periods are available:  Current, Day One, Day Two, Day Three, and Day Four.

	Cutpoint:
	Select an AQI category from the dropdown box.  The cutpoint represents the minimum category used to compute the various forecast verifications.

	Dates:
	The default date is the day on which you log into AQ Forecast System.  Enter a date (mm/dd/yy) to forecast for or use the calendar button to select the date.  

	Create Table:
	Compute forecast verification statistics using Create Table.


2.10.1 
Verification Statistics Information

Figure 2-13 shows a contingency table of forecasted and observed events.  This table is the basis for calculating all verification statistics for category forecasts.  It is constructed by counting the frequency of occurrence of each event and assigning it to the appropriate cell.  Table 2-1 shows how to calculate the verification statistics using the information in Figure 2-13.

	Observed
 ( ≥ cutpoint)
	
	Forecasted        
( ≥ cutpoint)

	
	
	no
	yes

	
	no
	a
	b

	
	yes
	c
	d


Figure 2-13.   Contingency table for a two-category forecast.

Table 2-1.
Verification statistics and how they are calculated.  Lower case letters in the equations correspond to those in Figure 2-13.

	Statistic name
	How to compute it
	Equation
	Units

	Accuracy (A)


(percent correct)
	Divide the number of “hits” (cells a plus d) by the total number of forecasts issued.
	A=(a+d)/N *100
	%

	Bias (B)
	Divide the number of forecasted high ozone events (cells b plus d) by observed high pollutant events (cells c plus d).
	B = b + d
c + d
	-

	False Alarm Rate (FAR) 
	Divide the high ozone forecasts that were missed (cell b) by the total number of high pollutant forecasts (cells b plus d).
	FAR=(b)/(b+d) *100
	%

	Critical Success Index (CSI), also called Threat Score
	Divide the number of high-pollution “hits” (cell d) by the total number of forecasts plus the number of misses (cells b, c, and d).
	CSI = d/(b+c+d)*100
	%

	Probability of Detection (POD)
	Divide the correct forecasts of high pollution (cell d) by the total number of observed high-pollution events (cells c plus d).
	POD=d/(c+d)*100
	%


2.11
Verification SITES
FUNCTION
The Verification Sites page (Figure 2-14) allows users to change the sites used to verify forecasts.  This page is the same page as that in AIRNow Forecast System.  Any changes made will update both AIRNow Forecast System and AQ Forecast System.
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Figure 2-14.   Verification Sites page.
	Site Filters:
	From the dropdown menus, select the filter(s) you wish to use to select the verifications sites for your forecasts.  You may choose the region, agency, state, county, and/or Metropolitan Statistical Area (MSA).

	City:
	From the dropdown menus, select the city you wish to use to select the verifications sites for your forecasts.  

	Choose Sites:
	Select the sites you want to use for forecast verification from the Choose Site box.  Click on the arrows to the right of this box to move sites to and from the Selected Sites box.  

	Submit:
	Select the forecast verification sites.
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