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Step 1 
Determine Need for 

Analysis 

Step 2 
Determine Approach, 

Models, and Data 

Step 4 
Estimate Emissions 

from Road Dust, 
Construction, and 

Additional Sources 

 
Step 9 

Document Analysis 

Step 7 
Calculate Design 

Values and  
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Conformity 

Step 8 
Consider Mitigation 
or Control Measures 
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Select Air Quality 
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Estimate On-Road Motor 

Vehicle Emissions 
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located in 
California? 

Estimate 
using MOVES 

Estimate 
using EMFAC 

Yes 

No 

Completing a PM Hot-spot Analysis 



  
 What is a design value? 
 

 Design value procedures and data preparation tips for 
each PM NAAQS 

 

 Determining appropriate receptors for the annual PM2.5 
NAAQS 

 

 Calculating design values and determining conformity for 
our example analysis 
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Module Overview 



  
Key References 

 PM Hot-spot Guidance, Section 9 and Appendix K 
 

 Design value regulations for monitoring data (40 CFR 
Part 50) 

 

 Conformity rule sections 93.105(c)(1)(i) & 93.123(c)(1) 
 

 Air quality monitoring regulations (40 CFR Part 58) 
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Visual Cues in this Module 

 Different fonts used for different NAAQS 
» Annual PM2.5 NAAQS  

»  24-hour PM2.5 NAAQS 
»  24-hour PM10 NAAQS 

 
 Different colors used to distinguish: 

» Data that results from modeling 
» Data that comes from monitoring 
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 In PM hot-spot analyses, a design value (DV) is a statistic 
that describes a future air quality concentration in the 
project area that can be compared to a NAAQS 
 

 Project design values are used to determine conformity 
 

 In general, design values are calculated by combining: 
» Air quality modeling results 
 (project and nearby sources that are modeled) 
 

       and  
 

» Air quality monitoring data 
 (background from other sources) 
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Guidance Reference: 

Section 9.1 

What is a Design Value? 



  
 Guidance describes how to calculate design values for 

each of the current PM NAAQS, consistent with: 
» How NAAQS are established, and  
» How design values are calculated for other purposes 

 
 Conformity is met if the design value for every appropriate 

receptor in the build scenario is less than or equal to 
» The NAAQS, or  
» The same receptor in the no-build scenario 

 
 Exception: when a “new” violation in the build scenario can 

be considered a “relocated” violation in the no-build 
scenario  
» Limited cases – only where there is a clear relationship between 

such changes 
» Determined through interagency consultation 

7 

Guidance Reference: 

Section 9.2 

Using DVs to Determine Conformity 
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Identify the receptor  
with the highest 

concentration and 
calculate its DV 

Is DV < 
NAAQS? 

Yes 

No 
Calculate 

build scenario 
DVs 

at all receptors  

Are build DVs < 
no-build DVs? 

Project 
conforms 

No 

Project does 
not conform 

Calculate 
no-build DVs 
at receptors  

where build DV > 
NAAQS 

Are receptors 
where build DV 
> no-build  DV 
appropriate for 
comparison to 
the NAAQS? 

Yes 

No 

Yes 

Annual PM2.5 NAAQS only* 

Consider 
measures to 

reduce emissions 
and redo analysis** 

Guidance Reference: 

Exhibit 9-2 8 

Using DVs to Determine 
Conformity 

* See Guidance, Section 9.4 for                                    
receptor considerations for the 
annual PM2.5 NAAQS in cases 
involving unique locations 
 
** Note that mitigation can be 
considered at any time 
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Calculating Design Values for the 
Annual PM2.5 NAAQS  



  

 

Avg annual PM2.5 
concentration for 
the 1st year of AQ 
monitoring data  

Avg annual PM2.5 
concentration for 
the 2nd year of AQ 
monitoring data  

Avg annual PM2.5 
concentration for the 
3rd year of AQ 
monitoring data  

 1997 Annual PM2.5 NAAQS = 15.0 μg/m3 
 Design value is the average of 3 years’ annual averages 
● Each year’s annual average is estimated using equally-

weighted quarterly averages 
 

Annual PM2.5 DV = ([Y1] avg + [Y2] avg + [Y3] avg) ÷ 3 
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  DV is rounded to nearest tenth of a μg/m3 

»  At the end of the DV calculation 

Annual PM2.5 NAAQS  

Guidance Reference: 

Section 9.3.2 



  
To calculate the design value, you need: 
 

 Air quality modeling results 
» Average annual concentrations from the project and 

any nearby sources that are modeled 
» For this class, assume that these are based on 5 years 

of off-site meteorology data 
 

 Air quality monitoring data 
» 12 quarters of background concentration 

measurements (4 quarters for 3 consecutive years) 
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Annual PM2.5 NAAQS  
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Annual PM2.5 NAAQS  
 Step 1:  For each receptor, calculate the average annual 

concentrations with air quality modeling results for each 
quarter and year of met data used 
 

» If using AERMOD – model can produce these values: 
– CO pathway:  Set AVERTIME to either PERIOD or ANNUAL 
– OU pathway:  Specify either RECTABLE or POSTFILE 
 

» If using CAL3QHCR – you will have to calculate averages: 
 

 
 
 
 

 

 

Air Quality Modeling Results 
Met Data 
Year 

Quarter  1 Quarter 2 Quarter 3 Quarter 4 Average Annual 
Concentration: 

Year 1 Q1Y1 Q2Y1 Q3Y1 Q4Y1 (Sum of row) ÷ 4 

Year 2 Q1Y2 Q2Y2 Q3Y2 Q4Y2 (Sum of row) ÷ 4 

Year 3 Q1Y3 Q2Y3 Q3Y3 Q4Y3 (Sum of row) ÷ 4 

Year 4 Q1Y4 Q2Y4 Q3Y4 Q4Y4 (Sum of row) ÷ 4 

Year 5 Q1Y5 Q2Y5 Q3Y5 Q4Y5 (Sum of row) ÷ 4 

Average annual concentration:   (Sum of column) ÷ 5 



  
 Step 2:  ID receptor with the highest modeled average 

concentration 
 
 Step 3:  Calculate average annual background 

concentration (average 4 quarters of monitoring data in 
each year, then average the 3 years): 
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Background Data 
Monitor 
Data Year 

Quarter  1 Quarter 2 Quarter 3 Quarter 4 Avg annual 
Concentration: 

Year 1 Q1Y1 Q2Y1 Q3Y1 Q4Y1 (Sum of row) ÷ 4 
Year 2 Q1Y2 Q2Y2 Q3Y2 Q4Y2 (Sum of row) ÷ 4 
Year 3 Q1Y3 Q2Y3 Q3Y3 Q4Y3 (Sum of row) ÷ 4 
Average annual background concentration:   (Sum of column) ÷ 3 

Annual PM2.5 NAAQS  



  
 Step 4:  Add:  

 Step 2 result  
+ Step 3 result 

 [   Step 4 result  ] 

 
 Step 5:  Round to the nearest 0.1 μg/m3 

» This is the build scenario DV at the highest receptor 
» If build DV < annual PM2.5 NAAQS (15.0 μg/m3 ):   
 project conforms 
 You’re done! 
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(Average annual background concentration) 

(Average annual modeled concentration at 
highest receptor) 

If not, a build/no-build 
comparison is needed 

Annual PM2.5 NAAQS  



  
Build Scenario: 
 Step 6:  Repeat calculations in Step 1 for all 

receptors 
 
 Step 7:  For each receptor, add:  

 Step 6 results  
+ Step 3 result 

 [   Step 7 results  ] 
 

 Step 8:  Round to nearest 0.1 μg/m3  
» These are the build scenario DVs 
» Identify all receptors where build scenario DV > 15.0 

μg/m3 
15 

(Average annual background concentration) 

(Average annual modeled concentration) 

Annual PM2.5 NAAQS  



  
No-Build Scenario: 
 Step 9:  For receptors ID’ed in Step 8, repeat 

calculations in Step 1 with no-build AQ 
modeling results 

 
 Step 10:  For each of these receptors, add:  

 Step 9 results  
+ Step 3 results 

 [   Step 10 results  ] 
 

 Step 11: Round to nearest 0.1 μg/m3  
» These are the no-build scenario DVs 16 

(Average annual background concentration) 

(Average annual modeled concentration for 
no-build) 

Annual PM2.5 NAAQS  



  
 At all receptors identified in Step 8: 

» If build DV < no-build DV at each receptor: project 
conforms.  You’re done! 
 
 

» If build DV > no-build DV at any appropriate receptor, 
project does not conform  

– Consider additional mitigation/control measures 
 

» In limited cases, receptors at unique locations (e.g., 
near a tunnel entrance) will not be appropriate for 
comparison to the annual PM2.5 NAAQS 

– See Section 9.4 of PM hot-spot guidance for more info 
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Annual PM2.5 NAAQS  
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Preparing Data,  
Calculating Design Values, and 
Determining Conformity for the 

 Annual PM2.5 NAAQS 
 

Using the Example Analysis as Examples: 
Highway/transit project = AERMOD output 
Highway-only project = CAL3QHCR output 
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 We have outputs from AERMOD and CAL3QHCR from 
Modules 4 and 5 and representative background data 
from Module 6 
 

 We will combine these inputs to determine design values 
and conformity for the project 
 
 
 

Background 
concentrations 

Project and 
nearby source 
concentrations 
from air quality 

model Combine to 
determine total 
concentrations 

Calculate design 
value(s) 

Determine 
conformity 

 

Completed in Module 6 

Completed in Modules 4 & 5 

Determining DVs for the Example Analysis 
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Annual PM2.5 NAAQS  Tips for preparing modeled data -  
AERMOD output 

AERMOD 
“ALL_ANNUAL.pst” 

postfile will give    
annual average 
concentrations 
values for each 
receptor across    

all 5 years  
modeled 
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Annual PM2.5 NAAQS  Tips for preparing modeled data -  
AERMOD output 

Import data into 
new spreadsheet 

and delete 
extraneous 

columns and 
rows 

(highlighted) 
 

Set aside while 
preparing 

monitoring data 

  

  



22 

Annual PM2.5 NAAQS  

 

Obtain average for each quarter of each year 
(in this case, some quick Excel functions 

were used  - Year 2008, Quarter 1 shown) 

 

Tips for preparing monitoring data  
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Annual PM2.5 NAAQS  

 
Quarterly averages are placed in new 
spreadsheet and average for all years  

calculated 
(see Step 3) 

 
This result is then ready to be added to 

modeled results for the receptor(s) 

Tips for preparing monitoring data  
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Annual PM2.5 NAAQS  Calculating the design value for 
the highway/transit project 

Add column for average 
monitoring (background) value 
previously calculated and insert 

value 
 

Sum values (columns C and D) 
together to obtain DV for each 

receptor 
(see Step 4) 

 
Sort DV column to obtain highest 

value 
(13.3620… at receptor 485x193) 

  



  
Contour Plot of Annual PM2.5 DVs 
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Determining Conformity to the 
 Annual PM2.5 NAAQS for Highway/Transit Project 

 Highest concentration of 13.3620… µg/m3 rounds to  
 13.4 µg/m3 (nearest 0.1 μg/m3) per the design value 

procedures for this NAAQS (see Step 5) 
 

 13.4 µg/m3 < 15.0 µg/m3 (annual PM2.5 NAAQS)               
      project conforms to the NAAQS 

 
 
 
 Modeling no-build concentrations and comparing DVs to 

build scenario (Steps 6-11) are therefore unnecessary for 
this NAAQS 
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Annual PM2.5 NAAQS  Tips for preparing modeled data -  
CAL3QHCR output 

To obtain 5-year averages, place results from all 20 runs into spreadsheet 
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Annual PM2.5 NAAQS  Tips for preparing modeled data -  
CAL3QHCR output 

Average across each year and add monitoring average to each receptor to get DVs 
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Annual PM2.5 NAAQS  Tips for preparing modeled data -  
CAL3QHCR output 

Sort DV column to obtain highest value (12.33087 at receptor 294) 

 



  

Determining Conformity to the 
 Annual PM2.5 NAAQS from Highway Project 

 Highest concentration of 12.33087 µg/m3 rounds to       
12.3 µg/m3 (nearest 0.1 μg/m3) per the design value 
procedures for this NAAQS (see Step 5) 
 

 12.3 µg/m3 < 15.0 µg/m3 (annual PM2.5 NAAQS)                
      project conforms to the NAAQS 

 
 
 
 Modeling no-build concentrations and comparing DVs to 

build scenario (Steps 6-11) are therefore unnecessary for 
this NAAQS 
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Determining Appropriate Receptors 
for the Annual PM2.5 NAAQS  



  
 It may be necessary in certain cases to determine whether a receptor is 

appropriate to compare to the NAAQS  
» Conformity rule section 93.123(c)(1) requires PM hot-spot analysis to be 

based on “appropriate receptor location[s]” 
 

 Need to be consistent with how the annual PM2.5 NAAQS is established 
and monitored for air quality planning purposes  (40 CFR Part 58) 
» Annual PM2.5 NAAQS is to be monitored at “area-wide” locations 

 
 If conformity is met at all receptors: 

» Unnecessary to determine appropriateness 
 
 However, if, at one or more receptors, DV > the annual PM2.5 NAAQS 

(15.0 μg/m3) or the no-build DV (if above the NAAQS): 
» Consider whether receptors are not appropriate for comparison to this NAAQS 

because they are at unique locations (e.g., tunnel entrance, a nearby point 
source, or other relatively unique location) 

» Important to make this determination through the                                 
interagency consultation process 32 

Guidance Reference: 

Section 9.4.1 & 9.4.2 

Determining Appropriate Receptors  
for the Annual PM2.5 NAAQS  
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Calculating Design Values for the 
24-hour PM2.5 NAAQS 



  

 

 Design value is the average of three consecutive years’ 
98th percentile concentrations of 24-hour values 
 

 

 24-hour PM2.5 DV = ([Y1] 98th + [Y2] 98th + [Y3] 98th) ÷ 3 
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98th percentile     
24-hour PM2.5 
concentration for 
the 1st year of AQ 
monitoring data  

 DV is rounded to nearest whole μg/m3 

 

98th percentile     
24-hour PM2.5 
concentration for 
the 2nd year of AQ 
monitoring data  

98th percentile     
24-hour PM2.5 
concentration for 
the 3rd year of AQ 
monitoring data  

24-hour PM2.5 NAAQS 

Guidance Reference: 

Section 9.3.3 



  
Start with either of two tiers:  

 For each receptor, average the highest modeled 
concentrations in each year of met data 

+ The average of 98th percentile background concentrations 

   [DV for build scenario] 
 

     OR 
 For each receptor, average the highest modeled 

concentration from each quarter and year of met data 
+ A set of the highest background concentrations 

   [Set of values] 
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1st 
Tier 

 
2nd 
Tier Of these, determine which 

value is 98th percentile 
= [DV for build scenario] 

24-hour PM2.5 NAAQS 



  
 We’re going to skip over the first tier analysis 

 

 First tier analysis is less refined than a second tier 
analysis and was designed to save effort 

 

 Since guidance was issued, OTAQ has developed a 
design value conformity tool that uses a MySQL 
script to calculate the second tier design values 
» Script makes second tier analysis easier than first 
» Slides explaining steps for first tier analysis and tips for data 

preparation included for reference 

 
      Go to slide 48 

24-hour PM2.5 NAAQS 
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24-hour PM2.5 NAAQS 

First Tier Analysis 
To calculate the design value, you need: 

 

 Air quality modeling results 
» Average the highest 24-hour values from each year of 

met data  
 

 Air quality monitoring data 
» 12 quarters of background concentration 

measurements (4 quarters for 3 consecutive years) 
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First tier 



  
24-hour PM2.5 NAAQS 

 Step 1:  From air quality modeling for the build scenario, 
identify the receptor with the highest average 24-hour 
concentration:  
» If using AERMOD – model can produce highest average 24-hour 

concentration at each receptor: 
– CO pathway:  Specify AVERTIME 24 
– OU pathway:  Specify RECTABLE 24 1ST (to get the highest 24 hour 

concentration at each receptor) 
» If using CAL3QHCR – need to post-process results 

– Separate AQ model output into each year of met data 
– At each receptor, identify 24-hour period (midnight to midnight) with 

highest average concentration in each year of met data = “HiYr” 
– At each receptor, average the highest 24-hour concentrations from 

each year of met data:  (HiYr1 + HiYr2 + HiYr3 + HiYr4 + HiYr5)÷ 5 

 
» With either model: choose receptor with highest average 
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First tier 



  
24-hour PM2.5 NAAQS 

 Step 2: Calculate the 
average 98th percentile     
24-hour background 
concentration from the 3 
most recent years of AQ 
monitoring data: 
» Count the 24-hour background 

measurements in each year 
» For each year, rank the 8 

highest measurements from 
highest to lowest 

» Using table, determine which 
rank corresponds to the 98th 
percentile for each year 

» Average these three 98th 
percentile values 
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98th Percentile Ranking Table 
Number of 
Background 
Concentration 
Values 

Rank of Value 
Corresponding 
to 98th 
Percentile 

1 – 50 1 
51 – 100 2 

101 – 150 3 
151 – 200 4 
201 – 250 5 
251 – 300 6 
301 – 350 7 
351 – 366 8 

 

First tier 



  
24-hour PM2.5 NAAQS 

 Step 3:  Add:  
 Step 1 result  
+ Step 2 result 

 [   Step 3 result  ] 
 

» Round to the nearest whole μg/m3 

» This is the build scenario DV 

» If build DV < NAAQS, project conforms and  
 You’re done! 

 
 

       If not... 40 

(the highest average 24-hour modeled 
concentration)  
(the average 98th percentile background 
concentration) 

First tier 



  
24-hour PM2.5 NAAQS 

If DV > NAAQS in 1st Tier Analysis, there are 
two options: 

 
 Complete 1st Tier analysis for all receptors, and 

for all receptors where build DV > NAAQS, 
calculate no-build scenario DVs 
» If build DV < no-build DV for all receptors, project 

conforms 
 

 Or, conduct a 2nd Tier analysis 
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Tips for Preparing Data When 
Calculating 24-hour PM2.5 NAAQS 

Design Values 
 

- First Tier Analysis -   
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24-hour PM2.5 NAAQS 

Place one year of monitoring data in a 
spreadsheet 

Tips for preparing monitoring 
data – First tier  

First tier 
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24-hour PM2.5 NAAQS 

 

Select all concentrations and sort 
values from highest-to-lowest 

First tier 
Tips for preparing monitoring 
data – First tier  
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24-hour PM2.5 NAAQS 

Select the 98th percentile value based on total 
count of values 

 
In this case, there are 121 values, so the 98th 

percentile value is the 3rd highest 
(25.9 μg/m3) – see table in Step 2 

 
Repeat for other years of monitoring data and 

complete first tier calculation 

 

First tier 
Tips for preparing monitoring 
data – First tier  



  

Calculating Design Values for the 
24-hour PM2.5 NAAQS 

- Second Tier Analysis - 
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Air Quality Modeling Results 

Met Data Year Quarter  1 Quarter 2 Quarter 3 Quarter 4 

Met Year 1 Hi Q1Y1 Hi Q2Y1 Hi Q3Y1 Hi Q4Y1 
Met Year 2 Hi Q1Y2 Hi Q2Y2 Hi Q3Y2 Hi Q4Y2 
Met Year 3 Hi Q1Y3 Hi Q2Y3 Hi Q3Y3 Hi Q4Y3 
Met Year 4 Hi Q1Y4 Hi Q2Y4 Hi Q3Y4 Hi Q4Y4 
Met Year 5 Hi Q1Y5 Hi Q2Y5 Hi Q3Y5 Hi Q4Y5 
Average of 
highest quarterly 
concentrations:   

Sum of column÷ 5 
 

Sum of column÷ 5 
 

Sum of column÷ 5 
 

Sum of column÷ 5 
 

To calculate the design value, you need: 
 

 Air quality modeling results: Identify the highest 24-hour 
concentration in each quarter for each year of met data, then average 
the quarters 

24-hour PM2.5 NAAQS 
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Second tier 

 



  
To calculate the design value, you need: 
 

 Air quality modeling results: Identify the highest 24-hour 
concentration in each quarter for each year of met data, then average 
the quarters 
 

 Air quality monitoring data 
» 12 quarters of background concentration measurements                

(4 quarters for 3 consecutive years) 

24-hour PM2.5 NAAQS 
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Second tier 



  
24-hour PM2.5 NAAQS 

 Step 1: Count the 
measurements for each year of 
monitoring data used for 
background 

 
 Step 2:  For each year of 

monitoring data used, determine 
the 8 highest 24-hour 
background concentrations from 
each quarter  

  32 values for each year of 
monitoring data 

 
 Note: Steps 1 & 2 are done just 

once, for all receptors  

Rank  Q1 Q2 Q3 Q4 

1 27.6 31.7 34.1 30.0 

2 25.9 30.2 31.4 28.0 

3 25.7 30.1 30.8 26.9 

4 25.4 28.3 28.4 25.6 

5 25.0 27.3 27.3 25.5 

6 24.9 25.7 25.7 25.5 

7 24.7 25.5 25.2 25.2 

8 23.2 24.7 24.6 24.5 
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Example values from one year 
of monitoring data: 

Guidance Reference: 

Section 9.3.3 & App K 

Second tier 



  
24-hour PM2.5 NAAQS 

 Step 3:  At each receptor, identify the highest modeled 
24-hour concentration in each quarter, and average 
across each year of met data: 
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Q1 Q2 Q3 Q4 
Met Year 1 6.413 3.332 6.201 6.193 
Met Year 2 3.229 3.481 5.846 4.521 
Met Year 3 6.671 3.330 5.696 6.554 
Met Year 4 7.095 3.584 7.722 7.951 
Met Year 5 6.664 4.193 4.916 6.667 
Average 6.014 3.584 6.076 6.377 

Example high values for a receptor: 

 

Second tier 



  
24-hour PM2.5 NAAQS 

Notes on identifying the highest modeled 24-hour 
concentration in each quarter for Step 3:   
 

 AERMOD does not give quarterly maximum concentrations 
averaged across 5 years of data 
» OU pathway:  Specify POSTFILE 
» Produces 24-hour average concentrations for each receptor, for each of 

365 days x 5 years of met data 
» Maximum concentrations per quarter can be identified through post-

processing (using EPA’s MySQL script tool, described later) 
 

 CAL3QHCR should be run for each quarter of 5 years of data 
(20 runs) 
» Highest value at each receptor for each quarter (each run) can be 

obtained from output, then later averaged across each year of met data 
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Second tier 



 Step 4:  At each receptor, 
 add the results from Step 3:   
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  Q1 Q2 Q3 Q4 

 Avgs 6.014 3.584 6.076 6.377 

+ 

= 

and the results of  
Step 2 by quarter… 

…to get 32 concentrations (8 per quarter)  
for each year of monitoring data 

Rank Q1 Q2 Q3 Q4 

1 33.614 35.284 40.176 36.377 

2 31.914 33.784 37.476 34.377 

3 31.714 33.684 36.876 33.277 

4 31.414 31.884 34.476 31.977 

5 31.014 30.884 33.376 31.877 

6 30.914 29.284 31.776 31.877 

7 30.714 29.084 31.276 31.577 

8 29.214 28.284 30.676 30.877 

24-hour PM2.5 NAAQS 
Second tier 

Rank  Q1 Q2 Q3 Q4 

1 27.6 31.7 34.1 30.0 

2 25.9 30.2 31.4 28.0 

3 25.7 30.1 30.8 26.9 

4 25.4 28.3 28.4 25.6 

5 25.0 27.3 27.3 25.5 

6 24.9 25.7 25.7 25.5 

7 24.7 25.5 25.2 25.2 

8 23.2 24.7 24.6 24.5 



Rank Q1 Q2 Q3 Q4 

1 33.614 35.284 40.176 36.377 

2 31.914 33.784 37.476 34.377 

3 31.714 33.684 36.876 33.277 

4 31.414 31.884 34.476 31.977 

5 31.014 30.884 33.376 31.877 

6 30.914 29.284 31.776 31.877 

7 30.714 29.084 31.276 31.577 

8 29.214 28.284 30.676 30.877 

 Step 5:  Rank the 32 values from 
highest to lowest, regardless of 
quarter:  
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8 highest in this table (circled)...   

μg/m3 Yearly 
Rank 

40.176 1 

37.476 2 

36.876 3 

36.377 4 

35.284 5 

34.476 6 

34.377 7 

33.784 8 

 

…are the first column of this 
table 

24-hour PM2.5 NAAQS 
Second tier 



μg/m3 Yearly 
Rank 

40.176 1 

37.476 2 

36.876 3 

36.377 4 

35.284 5 

34.476 6 

34.377 7 

33.784 8 

 Step 6:  Using ranking table, 
determine which value represents 
98th percentile 
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98th Percentile Ranking Table 
Number of 
Background 
Concentration 
Values 

Rank of Value 
Corresponding 
to 98th 
Percentile 

1 – 50 1 
51 – 100 2 

101 – 150 3 
151 – 200 4 
201 – 250 5 
251 – 300 6 
301 – 350 7 
351 – 366 8 

Assuming 122 monitored values 
(from Step 1 where measurements 
were counted), the value at Rank 3 is 
98th percentile 

 

24-hour PM2.5 NAAQS 
Second tier 



 Step 7:  Repeat Step 6 for each 
of the three years of background 
monitoring data 
» Result:  three 24-hour 98th 

percentile concentrations for 
each receptor: 
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Year 98th Percentile  
Concentration 

Year 1 36.876 
Year 2 36.895 
Year 3 36.802 
Average: 36.858 

  Step 8:  Calculate the average  
 
  Step 9:  Round to nearest whole number and compare to the NAAQS 
 
  In this example:  37 > 35 (2006 PM2.5 NAAQS), conformity is not met →        
    no-build DVs are needed 

 

24-hour PM2.5 NAAQS 

 

Second tier 
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Preparing Data,  
Calculating Design Values, and 
Determining Conformity for the 

24-hour PM2.5 NAAQS 
 

 
Using a Second Tier Analysis and 

the Example Analysis as Examples 



  
24-hour PM2.5 NAAQS 
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Second tier 

 EPA has developed a MySQL script to calculate second 
tier design values for this NAAQS for PM hot-spot 
analyses 

 
 Following is required for script to work properly: 

» Modeled data saved as .csv file in folder c:\design values            
with file named: `modeled_data.csv` 

» Monitoring data saved as .csv file in folder c:\design values         
with file named: `monitor_data.csv` 

» Empty MySQL database named `design_values` 

  
 Script can run from MOVES post-processing menu or from 

MySQL Query Browser directly 
 
 



  
24-hour PM2.5 NAAQS 
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Second tier 

 Important note: if multiple receptors have been placed at 
identical X,Y coordinates, but at different heights (Z), the 
script will treat them as the same receptor 
» This is due to how script identifies receptors during calculations 
 

 There are no issues if multiple receptors are placed at the 
same X,Y coordinates at identical heights. 

 
 Keep in mind if laying down overlapping receptor grids, 

etc. 
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24-hour PM2.5 NAAQS Required modeled data format 
and directory 

For the script to work, this template must be 
used for modeled data 

(exact header row names are unimportant) 
 

Saved as c:\design values\modeled_data.csv 

 

Second tier 
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24-hour PM2.5 NAAQS Tips for preparing modeled data – 
AERMOD output 

AERMOD 
“ALL_24hr.pst” 

postfile       
from class 

highway and 
transit project 

Second tier 
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24-hour PM2.5 NAAQS 

 

Start new Excel spreadsheet 
 

Choose to import data from text 
and select the AERMOD file 

Second tier 
Tips for preparing modeled data – 
AERMOD output 



62 

24-hour PM2.5 NAAQS 

Select “Fixed width” 
then “Next” 

Second tier 
Tips for preparing modeled data – 
AERMOD output 
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24-hour PM2.5 NAAQS 

Click to add breaks between columns, as needed 
then “Next” 

Second tier 
Tips for preparing modeled data – 
AERMOD output 
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24-hour PM2.5 NAAQS 

Select “DATE” column and change to            
data type “Text” 

(this ensures date will stay in correct format) 

Second tier 
Tips for preparing modeled data – 
AERMOD output 

 

 



65 

24-hour PM2.5 NAAQS 

Select “Finish” 

Second tier 
Tips for preparing modeled data – 
AERMOD output 
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24-hour PM2.5 NAAQS 

 

    Delete extra 
columns and rows 

(highlighted) 
 

Leave only 4 
columns:  

X, Y, Average Conc, 
And Date 

(see next slide) 

Second tier 
Tips for preparing modeled data – 
AERMOD output 



67 

24-hour PM2.5 NAAQS 

Properly prepared modeled 
data: 

One header row only and 4 
columns of data in 
order/format shown 

Second tier 
Tips for preparing modeled data – 
AERMOD output 
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24-hour PM2.5 NAAQS 
Second tier 

Save as 
`Modeled_Data.csv` 

in folder c:\design values 
(create folder if needed) 

 
Modeled data is now ready 
for 24-hour PM2.5 design 

value script 

 

Tips for preparing modeled data – 
Saving as .csv file 
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24-hour PM2.5 NAAQS 

For the script to work, this template must be 
used for monitored data 

(exact header row names unimportant) 
 

Saved as c:\design values\monitor_data.csv 

 

Required monitoring data format 
and directory 

Second tier 
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24-hour PM2.5 NAAQS 

 

This template must be used for the 24-hour PM2.5 
design value MySQL script to work 

 
First, create new spreadsheet with columns as shown 

 

Tips for preparing monitoring data  

Second tier 
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24-hour PM2.5 NAAQS 

 

To obtain top 8 values for each quarter of each 
year, go to the monitoring data spreadsheets 

 
 Values for each quarter can be selected and 

sorted in descending order                           
(Year 2008, Quarter 1 (1/1 through 3/31) shown) 

 

Second tier 

Tips for preparing monitoring data  
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24-hour PM2.5 NAAQS 

After sorting, select and copy the top 8 values 
for the quarter 

 

Second tier 

Tips for preparing monitoring data  
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24-hour PM2.5 NAAQS 

 
Paste the top 8 values into the new spreadsheet 

(and fill in year, quarter, rank columns) 

 

Second tier 

Tips for preparing monitoring data  
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24-hour PM2.5 NAAQS 

 

Repeat for each quarter and each year           
(12 times total for 3 years data) 

Second tier 

Tips for preparing monitoring data  
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24-hour PM2.5 NAAQS 

Add calendar years in “CountYear” column and 
number of monitoring values for each year in 

“Count” column as shown 

 

Second tier 

Tips for preparing monitoring data  
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24-hour PM2.5 NAAQS 

Properly prepared monitoring data ready 
to be saved 

Second tier 

Tips for preparing monitoring data  
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24-hour PM2.5 NAAQS 

Add calendar years in “CountYear” column and 
number of monitoring values for each year in 

“Count” column as shown 

Second tier 

Tips for preparing monitoring data  

Save as      
`Monitor_Data.csv` 

in folder c:\design values 
(create new folder if needed) 

 
Monitoring data is now ready 
for 24-hour PM2.5 design value 

script 
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24-hour PM2.5 NAAQS Data files must be saved in folder 
c:\design values as shown below 

 

Second tier 
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24-hour PM2.5 NAAQS 
Adding MySQL script to MOVES 

Second tier 

(1) Copy “24Hr_PM2.5_DV.sql” file 
from DV Calculation Files folder  
provided in class materials 

(2) Paste into this folder on your computer: 
C:\Program Files\MOVES20120410\database\OutputProcessingScripts 
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24-hour PM2.5 NAAQS 
Running the script from MOVES 

 

Create new output database 
`design_values` 

Second tier 



81 

24-hour PM2.5 NAAQS 
Running the script from MOVES 

 
Select run MySQL script from 

post-processing menu 

Second tier 
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24-hour PM2.5 NAAQS 

 

Select and run 24Hr_PM2.5_DV.sql 
(script will only be available after it has 
been added to the MOVES directory 

Script may take several minutes to 
execute due to amount of data 

Second tier 

Running the script from MOVES 
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24-hour PM2.5 NAAQS 

 

Results in table `receptorranking`     
in database `design_values`         

(may have to hit “F5” to refresh 
schemata list) 

 
Note: these tables will be    

overwritten if script is rerun 

Second tier 
Viewing script results in MySQL 
Query Browser 
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24-hour PM2.5 NAAQS Viewing highway/transit project DV 
results in MySQL Query Browser 

 

Second tier 

This statement will 
show the results from 

the script using the 
highway/transit project 

data 
 

“ReceptorAvg”  
column = DVs 

 
Concentrations are 

ranked in descending 
order (i.e., receptor 
with highest DV is 

listed first) 
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24-hour PM2.5 NAAQS 

 
Concentration at highest 

receptor = 28.4802... µg/m3                     
at receptor                             

x = 485, y =193  
 

Second tier 
Viewing highway/transit project DV 
results in MySQL Query Browser 
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Determining Conformity to the 
24-hour PM2.5 NAAQS for Highway/Transit Project 

 Highest concentration of 28.4802… µg/m3 rounds to        
28 µg/m3 (nearest whole number) per design value 
procedures for this NAAQS 
 

 28 µg/m3 < 35 µg/m3 (24-hour PM2.5 NAAQS)                   
      project conforms to the NAAQS 

 
 
 
 Modeling no-build concentrations and comparing design 

values to build scenario is therefore unnecessary for this 
NAAQS 



  
Contour Plot of 24-hour PM2.5 DVs 
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24-hour PM2.5 NAAQS 

 To use 24-hour PM2.5 MySQL script, CAL3QHCR data 
must be post-processed to use same .csv template used 
for AERMOD output 

 
 CAL3QHCR data will be moved into template one quarter 

at a time (20 quarters total for five years met data) using 
data from quarterly plot file (*.plt) output 

 
 

 

Second tier 
Tips for preparing modeled data – 
CAL3QHCR output 
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24-hour PM2.5 NAAQS Tips for preparing modeled data – 
CAL3QHCR output 

To use 24-hour PM2.5 design value script, 
modeled data must use this template. 

 
Start new spreadsheet with columns labeled as 

shown. 
 

(note how columns A-D are identical to those 
used for AERMOD output; F-G are unique to 

CAL3QHCR post-processing)  

 

 

Second tier 
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24-hour PM2.5 NAAQS 

 

Start new Excel spreadsheet 
 

Choose to import data from text and 
select the CAL3QHCR plotfile 

Second tier 
Tips for preparing modeled data – 
CAL3QHCR output 
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24-hour PM2.5 NAAQS 

Select “Fixed width” 
then “Next” 

Second tier 
Tips for preparing modeled data – 
CAL3QHCR output 
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24-hour PM2.5 NAAQS 

Ensure breaks are between columns, 
then “Next” 

Second tier 
Tips for preparing modeled data – 
CAL3QHCR output 
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24-hour PM2.5 NAAQS 

Select “General” 
then “Finish” 

Second tier 
Tips for preparing modeled data – 
CAL3QHCR output 
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24-hour PM2.5 NAAQS 

  

  Delete extra columns 
and rows 

(highlighted) 
 

Leave only 3 
columns:  

X, Y, Average Conc, 
(see next slide) 

Second tier 
Tips for preparing modeled data – 
CAL3QHCR output 
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24-hour PM2.5 NAAQS 
Second tier 

 
Add headings for date, year, 

and month columns 

Tips for preparing modeled data – 
CAL3QHCR output 
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24-hour PM2.5 NAAQS 
Second tier 

 Fill in year and month 
 

For “month”, insert first month of 
quarter being modeled: 
Jan-Mar: month = 01 
Apr-Jun: month = 04 
Jul-Sep: month = 07 
Oct-Dec: month = 10 

 
Year and month entries MUST 

show in 2 digits 
(e.g., “04” not “4”) 

Change cell type to “text” 
 

Year 2006, Quarter 1 shown 

Tips for preparing modeled data – 
CAL3QHCR output 
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24-hour PM2.5 NAAQS 

Repeat for remaining quarters 
(20 quarters total for 5 years data) 

 
Tip: Add the year/month after each 

quarter is imported to reduce 
possibility of error 

 
For class highway project, will have 

6420 lines of data 
(321 receptors x 20 quarters) 

Second tier 
Tips for preparing modeled data – 
CAL3QHCR output 
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24-hour PM2.5 NAAQS 

To obtain proper date for column D,  
concatenate columns F and G 

using formula: 
=CONCATENATE(F2,G2) 

 
Repeat for all rows 

 

 

Second tier 
Tips for preparing modeled data – 
CAL3QHCR output 
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24-hour PM2.5 NAAQS 

Properly prepared modeled data: 
One header row only with columns 

of data in order/format shown 
 

(columns other than A-D will be 
ignored by MySQL script) 

Second tier 
Tips for preparing modeled data – 
CAL3QHCR output 
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24-hour PM2.5 NAAQS 
Second tier 

 

Save as 
`Modeled_Data.csv` 

in folder c:\design values 
(create new folder if needed) 

 
Modeled data is now ready for 

24-hour PM2.5 design value 
script using monitoring data 

previously obtained 

Tips for preparing modeled data – 
Saving as .csv file 
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24-hour PM2.5 NAAQS Viewing highway project results in 
MySQL Query Browser 

 

Concentration at highest 
receptor = 26.2106… µg/m3 

at receptor 
x =1591.19995, y = 633.20001 
(also known as receptor 294) 

 

Second tier 

DV results for class highway 
project after running MySQL 

script using CAL3QHCR output 
 



  

Determining Conformity to the 
24-hour PM2.5 NAAQS for Highway Project 

 Highest concentration of 26.2106… µg/m3 rounds to       
26 µg/m3  (nearest whole number) per design value 
procedures for this NAAQS 
 

 26 µg/m3 < 35 µg/m3 (24-hour PM2.5 NAAQS)                   
      project conforms to the NAAQS 

 
 
 
 Modeling no-build concentrations and comparing design 

values to build scenario is therefore unnecessary for this 
NAAQS 

102 
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24-hour PM2.5 NAAQS 

Create new blank schema called 
“design_values” 

Second tier 
Running script directly using MySQL 
Query Browser 
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24-hour PM2.5 NAAQS 

Create new “script” tab, paste in 
design value script (or go to File > 
Open Script), then click “Execute” 

Script will run in its entirety. 
 

When script run is complete, results 
will show identical as if running from 

MOVES GUI 

Second tier 
Running script directly using MySQL 
Query Browser 
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Calculating Design Values for the 
24-hour PM10 NAAQS 



  

 

24-hour PM10 NAAQS

 Compliance with the NAAQS is based on the expected 
number of exceedances of the level (currently 150 μg/m3) 

 

 NAAQS is met when expected number of exceedances, 
averaged over 3 consecutive years, is < 1.0: 

  
Expected exceedances = [total exceedances in 3 years] ÷ 3 
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   Design value is rounded to nearest 10 μg/m3 

 

Guidance Reference: 

Section 9.3.4 



  
24-hour PM10 NAAQS 

To calculate the design value, you need: 
 

 Air quality modeling results 
» If you used 5 years of met data for air quality modeling, 

calculate the 6th highest 24-hour modeled concentration 
at each receptor 

 

 Air quality monitoring data 
» 12 quarters of background concentration 

measurements (4 quarters for 3 consecutive years) 
 

107 



  
24-hour PM10 NAAQS 

 Step 1:  For each receptor, identify the 6th highest 24-
hour concentration across 5 years of met data 
» If using AERMOD – model can produce these values: 

– CO pathway:  Specify AVERTIME H6H 
– OU pathway:  Specify RECTABLE 
– These selections will generate a postfile with each receptor’s sixth highest 

value across all years of met data 

» If using CAL3QHCR –  post-processing is needed.  Look at same 
receptor in all 20 output files to find 6th highest value 

 

 Step 2:  Identify the highest of these values 
» If using AERMOD, the highest 6th highest value will be identified 

 

 Step 3:  Identify the highest 24-hour background 
concentration from the 3 most recent years of monitoring 
data 108 



  
24-hour PM10 NAAQS 

 Step 4:  Add:  
 Step 2 result  
+ Step 3 result   

 [   Step 4 result  ] 
 

 Step 5:  Round to nearest 10 μg/m3 
» This is the highest DV in the build scenario  

» If build DV < 24-hour PM10 NAAQS (150 μg/m3): project 
conforms  

 You’re done! 
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(highest 6th highest concentration) 

(highest background concentration) 

If not, a build/no-build 
comparison is needed 



  
24-hour PM10 NAAQS 

Build Scenario 
 Step 6:  For each receptor, add 

 Step 1 result  
+ Step 3 result   

 [   Step 6 result  ] 

 
 Step 7:  Round to nearest 10 μg/m3 

» These are the build scenario DVs 
» Identify all receptors where build scenario DVs > 150 μg/m3 

110 

(6th highest modeled concentration) 

(highest background concentration) 



  
24-hour PM10 NAAQS 

No-Build Scenario 
 Step 8:  From no-build AQ modeling results, identify 

the 6th highest modeled concentration at each receptor 
identified  
 

 Step 9:  Add  
 Step 8 result  
+ Step 3 result   

 [   Step 9 result  ] 
 

 Step 10:  Round to nearest 10 μg/m3 
» These are the no-build scenario DVs 
» Compare; if build DVs < no-build DVs, conformity is met 
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(6th highest modeled concentration) 
(highest background concentration) 



  
24-hour PM10 NAAQS 

 Next set of slides show tips for preparing data 
for the design value calculation 
 
» Provided for later reference 

 
 
 
 

                         Go to Slide 122 
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Tips for Preparing Data When 
Calculating 

24-hour PM10 NAAQS 
Design Values   
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24-hour PM10 NAAQS Tips for preparing modeled data – 
AERMOD output 

 

Receptor with highest 6th high value is 
specifically noted – no further action needed 
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24-hour PM10 NAAQS Tips for preparing modeled data – 
CAL3QHCR output 

 

Output file gives 6 highest values for 
each receptor for the quarter modeled 
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24-hour PM10 NAAQS Tips for preparing modeled data – 
CAL3QHCR output 

To obtain highest 6th highest value, 
start a new spreadsheet 

 
Paste in the 6 highest values for each 

receptor from the output file for the first 
quarter modeled 
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24-hour PM10 NAAQS Tips for preparing modeled data – 
CAL3QHCR output 

Repeat for all 20 quarters (120 values total per receptor) 
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24-hour PM10 NAAQS Tips for preparing modeled data – 
CAL3QHCR output 

Sort each column and identify 6th highest value for each receptor (highlighted) 
(see Step 1) 
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24-hour PM10 NAAQS Tips for preparing modeled data – 
CAL3QHCR output 

Identify receptor with highest 6th high value (circled) and continue DV 
calculation (see Steps 2-10) 

 



  
End of Module 7 
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Questions? 



  

121 

 

 What did we cover? 
» General requirements in accordance with EPA PM Hot-spot 

Guidance 
 
» How to complete a PM hot-spot analyses using MOVES at the 

project level and AERMOD and CAL3QHCR to complete air 
quality modeling 

 
» How to obtain and use background concentrations 
 
» Calculating design values and determining conformity 

 

 Any questions on any of the course material? 

End of Course 
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