
+

Purple Air: Air Quality Analysis 
Eden Ehm  

BIA 742: Predictive Analytics 
Spring 2019 



+
What is Air Quality?  

n  The degree to which the ambient air is pollution free,  
as assessed by measuring a number of indicators of pollution.  

n  Implications for:  
n  Health 

n  Respiratory System 

n  Skin 

n  Exercise 

n  Lifestyle  

n  Safety 



+
Decorah, Iowa’s Air Quality 

n  We have really bad air quality!   

n  Why?  Hypotheses:  
n  Geography  

n  Truck Traffic 

n  Concentrated Feeding Operations  

n  Farms and Agriculture 

n  City Design 

n  Weather 



+
Question 

n What affects air quality?   
 

n Can we predict if air quality is safe  
using only data readily available on  
any basic weather report?   
(Temperature, Humidity, Date, Location, etc.) 



+
Question – Why? 

n  We want to answer these questions for several reasons:  
 
n  Better understanding of what does or does not affect air quality 

n  What is in our control?  What is out of our control?   
n  Knowing this has Environmental and Ecological implications  

 
n  Discovering if there are connections between the different sizes  

of particulate matter in the air  
n  What is the pollution? 

 
n  Better lifestyle and health choices  

n  Not everyone has their own air  
quality sensor or ability to look  
up air quality online.  Can we get 
a rough idea of air quality (safe  
vs. unsafe) based on basic  
weather information? 



+
Terminology 

n  Air Quality Index:   The Environmental Protection Agency (EPA) 
calculates the AQI for five major air pollutants regulated by the Clean 
Air Act: ground-level ozone, particle pollution (also known as 
particulate matter), carbon monoxide, sulfur dioxide, and nitrogen 
dioxide.  For each of these pollutants, EPA has established national air 
quality standards to protect public health.  
https://airnow.gov/index.cfm?action=aqibasics.aqi 

n  Particulate Matter (PM): Particulate matter is the sum of all solid 
and liquid particles suspended in air many of which are hazardous. 
This complex mixture includes both organic and inorganic particles, 
such as dust, pollen, soot, smoke, and liquid droplets.  These particles 
vary greatly in size, composition, and origin.  They can be directly 
emitted or indirectly formed.   
https://www.greenfacts.org/en/particulate-matter-pm/level-2/01-presentation.htm 



+
Data Source  

n  Local Purple Air sensors  
n  Decorah, IA – downtown  

n  Decorah 2 – rural  

n  Utilize PMS5003 laser optical particle counters  
to collect air quality information from their  
surroundings.  These sensors count suspended  
particles in sizes of 0.3, 0.5, 1.0, 2.5, 5.0 and 10µm. 
 These particle counts are processed by the  
sensor using a complex algorithm to calculate  
the PM1.0, PM2.5 and PM10 mass in ug/m3. 

n  Also collect temperature, humidity, date,  
and other data  



+
Data Source  

Downtown 

City Park 

Farmland 

✪ 



+
Preparing the .csv Files 

n  Downloaded .csv files for the “Decorah 2” (rural) and  
“Decorah, IA” (downtown) sensors 
 

n  1 Year: 4/1/2018 through 4/1/2019 

n  Combined into one .csv file called PurpleAirDataCSV.csv  

n  Easy to do with Copy/Paste on my computer 

n  PurpleAirDataCSV.csv raw data file is  
attached to this  submission 



+
Preparing the .csv  Files 

n  Added  binary variable location_id  
n  1 =  Decorah, IA downtown sensor 
n  0 =  Decorah 2 rural sensor 

n  Added character variable location  
n  “downtown” or “rural” classification 

n  Removed a duplicative column for PM2.5_CF_ATM_ug/m3 

n  Created Total_PM variable 
n  Sum of PM1.0, PM2.5, and PM10.0 

n  Not a “scientific” measurement in terms of air quality 

n  A basic measure of “all of the particulate matter of all sizes in the air” 



+
Adding a Binary Decision Variable  

n  Binary Variable called Safe 

n  1 = safe air quality  

n  0 = unsafe air quality (Total_PM >50) 

n  Purple Air sensors use US EPA PM2.5 AQI as their air quality index.   
n  0-50 safe 

n  50-100 acceptable 

n  100+ dangerous 

n  I chose 50 as the cutoff because it is just PM pollution. 
It is better to be conservative with one’s health and safety!  

n  50 indicates that there is enough PM in the air that individuals with 
compromised respiratory systems will have issues & individuals with 
healthy systems might experience trouble while exercising.   



+
Adding a Binary Decision Variable  

Total_PM > 50 means think twice before going outside!  

 

 

 

 

 

 

 

 

 

 

 

 

https://airnow.gov/index.cfm?action=aqibasics.aqi 



+
Adding a Binary Decision Variable  



+
Exploring the  Data 

n  proc contents 

n  725,687 observations 

n  No missing data 



+Exploring the Data 



+
Exploring the Data:  Looking for Problems 

n  proc univariate 

n  PM1.0,  PM2.5,  PM10.0  have observations with a value of 0 
n  Does this mean there was no particulate matter in the air? 
n  More likely represents missing data,  or for 

some reason PM not recorded 

n  This also affects Total_PM and Safe variables 

n  Table:  example of this with PM1.0 



+
Exploring the Data:  Looking for Problems 

n  proc univariate 

n  Temperature (degrees F) has incorrect observations 
n  -225, 131, 217, 255 are examples of incorrect temperatures! 
n  This data will need to be accounted for 

n  Humidity (%) has incorrect observations 
n  1 observation of  0 %  humidity 
n  Several observations of  255% humidity 
n  Table:  Humidity incorrect observations 

n  The sensors enter “+/-255” or “0” when   
there is an inability to read, sense, and   
save air quality data… these are values   
to look out for! 



+
Exploring the Data 

n  Using SAS Enterprise Miner 



+
Exploring the Data: Histograms 

n  I used the maximum of 30 bins for each independent variable 

n  This gave me the best, detailed view of each histogram 

n  Histogram:  Humidity with 10 vs. 30 bins –  better picture w/ more bins 



+
Exploring the Data: Histograms 

n  We have some variables that are skewed and will need to be  
transformed and normalized before we use them to create a model 

n  PM 1.0, 2.5, and 10.0 variables are all right-skewed 



+
Exploring the Data: Statistics 

n  Is the mean close to the median? 

n  Most within 10 or less 

n  Skewness 

n  Temperature is left skewed 

n  ADC, PM variables, Safe are right skewed 

n  Kurtosis  

n  ADC, PM variables have the most positive kurtosis, highly peaked 



+
Cleaning the Data:  Replacing Missing Data 

n  No data is missing from original data set, do not need to impute  



+
Cleaning the Data:  Replacing Bad Data 

n  Using SAS Enterprise Miner –  Replacement Node 

n  Default Limits Method:  None 
n  Replacement Value:  Missing –  puts a missing indicator instead of a value 

n  User-Specified Training based on errors I uncovered 
n  Humidity cannot be over 100% or under 0 %  

n  PM readings of 0 are an error 

n  Created a reasonable Temperature range for Iowa 



+
Cleaning the Data:  Replacing Bad Data 



+
Transforming the Data:  Fixing Skew 

n  We saw from the Histograms that several variables are  
non-normal and right-skewed 



+
Transforming the Data:  Fixing Skew 

n  Using SAS Enterprise Miner –  Transform Variables Node 

n  Any variables appearing right skewed, changed Method to Log 



+
Transforming the Data:  Fixing Skew 

n  Using SAS Enterprise Miner –  Transform Variables Node 

n  Any variables appearing right skewed,  changed Method to Log 

n  Normalized these variables 

n  Mean and Standard Deviation  

n  Skewness: now slightly left skewed, close to 0 

n  Kurtosis: now slightly negative, close to 0, less peaked 



+
SAS Enterprise Miner Diagram 

n  We will  use this  prepared data for   
future models  and analysis   
 

n  em_save_train.sas7bdat  prepared SAS data file  
is attached  to this submission 



+
Next… Analyzing the Data 

n  Familiarize ourselves with the data 
n  Explore correlations & relationships between variables 
n  Create Models 

n  Regression in Base SAS  
n  Regression in SAS EM  
n  Decision Tree (all variables included)  
n  Decision Tree 2 (selected variables)  

n  Compare models 
n  Analyze results in context  



+
Data Exploration: Familiarization 
n  How does air quality vary with the time of day?   

n  Trends higher around rush hour ~ 8-9am and 5-6pm 

n  Spikes Common – Affected by immediate surroundings 



+
Data Exploration: Familiarization 

n  Worst air quality?  
4,135.77 Total_PM  
downtown  
5/5/18  
3:35pm 

 

n  Best air quality?  
0.02 Total_PM  
rural  
10/11/18  
from 8-11am  



+
Data Exploration: Correlation 

n  How are PM 1.0, 2.5, 10.0, and Total related? 

n  They are correlated with one another with a Prob < |r| of <.0001 

n  If there is more of one PM size in the air,  
there is likely more of the other PM sizes in the air as well 

n  Makes sense with what we know about PM behavior 

n  Total_PM and Safe are a function of PM 1.0, 2.5, 10.0 

n  These variables are redundant 

n  Will need to exclude them from our model 



+
Data Exploration: Correlation 



+
Data Exploration: Correlation 



+
Question Review 

n What affects air quality?   
 

n Can we predict if air quality is safe using 
only data readily available on any basic 
weather report?   
(Temperature, Humidity, Date, Location, etc.) 



+
Review of Variables 
n  Date and time air quality reading was collected 

n  Entry Identifier 

n  PM1.0 CF ATM ug/m3 (particulate matter 1 µm or less in diameter)  

n  PM2.5 CF ATM ug/m3 (particulate matter 2.5 µm or less in diameter) 

n  PM 10.0 CF ATM ug/m3 (particulate matter 10 µm or less in diameter) 

n  Total PM – a user-created variable of total PM 1.0, 2.5, and 10.0 in the air 

n  Safe – user-created variable of if air quality is safe or not (1=safe, 0=unsafe) 

n  Uptime Minutes 

n  Temperature (degrees Fahrenheit) 

n  Humidity (as a percent) 

n  Analog to Digital Converter (ADC) reading 

n  Location – user-created character variable 

n  Location Identifier – user created binary variable with 1=downtown, 0=rural 

µm = micrometer 
CF ATM = cubic foot of atmosphere 
PM = particulate matter 



+
Variable Roles 

n  Decision Variable: Safe  

n  This will be my target variable 

n  Independent Variables:  
n  Humidity__ 

n  Temperature_F 

n  Created_At  

n  Location_ID  

n  These will be predictor variables 



+
Modeling Method: Logistic  

n  We have a Binary Decision variable – perfect for Logistic Regression 

n  Base SAS  

n  Examine Data, Variables, and Relationships between variables 

n  Proc corr 

n  Proc univariate 

n  Proc means 

n  Proc sgplot  

n  Preliminary modeling   

n  Proc logistic 

n  Proc freq 



+
Modeling Method: Logistic  
n  Safe = -21.6428 + 17.9505 * Location_ID + 0.03565 * Humidity  

+ 0.00457 * Temperature_F 

n  Temperature and Humidity are significant  



+
Modeling Method: Logistic  

n  It is 65 degrees F, 50% humidity, and you live 5 blocks from downtown.  

n  Safe = -21.6428 + (17.9505 * 1) + (0.03565 * 50) + (0.00457 * 65) 
Safe = -1.61275 

n  Will examine Logistic Regression Model closer in SAS EM 
n  Prepared data 

n  Training data  



+
Data Exclusion 

n  Drop Node –  
put before every model 

n  Variables to be excluded 
n  Redundant 

n  Irrelevant 



+
Modeling Method: Logistic  

n  We have a Binary Decision variable – perfect for Logistic Regression 

n  SAS Enterprise Miner:  

n  Logistic Regression – Regression Node  

n  Using Prepared Data Set  - Replace, Transform 

n  Partition - 67% train, 33% Validate 

n  Drop Node – Remove irrelevant and unnecessary variables  

n  Safe will be the Target Variable  

n  Analyze Results  

n  Analysis of Maximum Likelihood Estimates – Significance of each variable 

n  Odds Ratios Estimates – Chances of Safe or Unsafe air quality  

n  AIC – Fit Statistic for the model  



+
Modeling Method: Logistic  

n  Analysis of Maximum Likelihood Estimates: 
Significance of each variable 

n  All variables used in the Selected model 

n  All variables PR < ChiSq is less than 0.05 
n  All variables are significant to the model!  

n  Estimate: Location has the most impact 

n  Humidity and Temperature have small impact 



+
Modeling Method: Logistic  

n  Odds Ratios Estimates: Chances of Safe/Unsafe air quality 

n  For each additional % Humidity,  the odds of Safe increase by 3.7%  

n  For each additional degree F, the odds of Safe increase by 0.4%  

n  Location is a determining factor: rural has higher chances of unsafe 



+
Modeling Method: Logistic  

n  AIC: Fit Statistic for the model  

n  241,836.1   (better than Base SAS AIC  of 357,114.50) 



+
Modeling Method: Decision Tree  

n  A Decision Tree makes sense since we are trying to predict air quality 
and decide if it is safe or unsafe based on other factors/variables  

n  SAS Enterprise Miner:  

n  Decision Tree – Decision Tree Node  

n  Do NOT need to use Prepared Data Set 

n  Will partition the data for training – Data Partition Node  

n  67% Train and 33% Validate 

n  Safe will be the Target Variable  

n  Analyze Results  

n  Event Classification Table – True and False Negatives and Positives  

n  Decision Tree – see what is the Root Node  

n  AIC – Fit Statistic for the model  



+
Modeling Method: Decision Tree  

n  Curious… All Variables 



+
Modeling Method: Decision Tree  

This is not helpful to answering our questions.   



+
Modeling Method: Decision Tree  

n  This includes redundant and irrelevant  
n  Variables not relevant to our questions! 

n  Drop Node –  
removed variables  



+
Modeling 
 Method:  
Decision 
 Tree 2  

1 = Safe 
0 = Unsafe 



+
Modeling Method: Decision Tree 2  

1 = Safe 
0 = Unsafe 

n  Root node = Location 

n  RURAL has 0% Chance of Safe Air 
DOWNTOWN has 20% Chance of Safe Air 
n  Seems counterintuitive… unexpected results are still results! More later…  



+
Modeling Method: Decision Tree 2  

1 = Safe 
0 = Unsafe 

n  Drier Air has more PM 

n  Humid Air has 25% & Dry Air has 6% chance of being Safe 



+
Modeling Method: Decision Tree 2  

1 = Safe 
0 = Unsafe 

n  Cold Air (10 degrees+ below freezing) 5% or less chance Safe 
n  More Unsafe as it gets colder 

n  Warmer Air 25% Safe 
n  depends on Humidity: 25-27% chance Safe if dry, 13% chance Safe if humid 



+
Modeling Method: Decision Tree 2  

1 = Safe 
0 = Unsafe 

n  Further broken down by Temperature and Humidity 

n  In general:  
n  Colder = More Likely to be Unsafe, Warm = More likely to be Safe  

n  Dry = More Likely to be Unsafe, Humid = More Likely to be Safe 

n  Cold and Dry is BAD!  Warm and Humid is BETTER! 



+
Modeling Method: Decision Tree 2  

n  Location is most important, followed by Humidity, then Temperature  



+
Modeling Method: Decision Tree 2  

n  Event Classification Table: True/False Negatives and Positives  



+
Modeling Method: Decision Tree 2  

n  Event Classification Table: True/False Negatives and Positives  



+
Modeling Method: Decision Tree 2  

n  Misclassification Rate for Validation Data Set: 10.3%   
(False Positive + False Negatives ) / Total 
Only wrong 10.3% of the time 

n  Specificity for Validation Data Set: 99.98% 
True Negative Predicted / Actual Negative  
When it is false/Unsafe, how often does it predict false?  

n  Sensitivity for Validation Data Set: 0.2383%  
True Positive Predicted / Actual Positive 
When it is true/Safe, how often does it predict true?   



+
Modeling Method: Decision Tree 2  

n  Fit Statistics  

n  Average Square Error closer to 0 is better 

n  Similar in Train and Validation data sets:  
 Not over fitting or under fitting the model 



+
Compare Decision Trees 

n  Tree 1 (all variables) 
is better, but it  
doesn’t make sense  
given our questions. 

n  Tree 2 is most  
helpful for someone  
who doesn’t know  
air quality readings!   



+
Modeling Method: Model Comparison 

n  SAS Enterprise Miner:  

n  Compare Regression & Decision Tree 2 – Model Comparison Node  

n  Which does SAS EM think is better?  

n  Analyze Results  

n  Fit Statistics – Which is Chosen, denoted with a Y 

n  ROC Chart – Which has more under the curve? 

n  Does this make sense?   



+
Modeling Method: Model Comparison 

n  Fit Statistics – Decision Tree 2 is chosen 
n  Slightly lower Misclassification Rates 

n  Slightly lower Average Squared Errors 



+
Modeling Method: Model Comparison 

n  ROC Chart: Plots Sensitivity against Specificity 
n  Decision Tree 2 closest to top left hand corner, more area under curve 



+
Modeling Method: Model Comparison 

n  SAS EM decided Decision Tree 2 is best mathematically.  Barely. 

n  Is this model also the most helpful when answering our question 
n  What affects air quality?   

n  Can we predict if air quality is safe using only data  
readily available on any weather report? 

n  Yes!  The decision tree creates a nice way to see if the air quality is 
Safe or Unsafe.   

 



+
Modeling Method: Model Comparison 

n  Example:  
It is 65 degrees 
 Fahrenheit,  
50% humidity,  
and you live 5  
blocks from  
downtown.  

n  27% Safe 
73% Unsafe 

n  Consider YOUR  
context to make 
a decision! 



+
Final SAS EM Diagram 



+
Sources of Bias 

n  Momentary readings vs. EPA AQI is 24-hour average of readings  

n  Biased towards spikes, which can be good or bad 

n  Low cost sensor  

n  Not as sophisticated, finessed, or calibrated as other sensors  

n  South Coast Air Quality Management District:  
read high, specifically PM 2.5 levels overestimated by 36-48% 

n  Local conditions at sensor site 

n  Measure of PM only! The five major air pollutants regulated by the 
Clean Air Act are ground-level ozone, particulate matter, carbon 
monoxide, sulfur dioxide, and nitrogen dioxide.   
Not a holistic picture. 



+
Results & Conclusions 

n  Temperature and Humidity do matter 

n  Colder = More Likely to be Unsafe, Warm = More likely to be Safe  

n  Dry = More Likely to be Unsafe, Humid = More Likely to be Safe 

n  Cold and Dry is BAD!  Warm and Humid is BETTER (but not great)! 

n  Location matters a lot 

n  Less downtown/rural and more the DETAILS of that location 

n  Cause spikes that linger 

n  Decorah, IA  

n  Decorah 2  



+
Results & Conclusions 

n  Overall, local air quality as measured by PM is okay 
n  Each bar is 30 CF ATM ug/m3 of Total_PM 

n  Most days okay 

n  But when it’s bad, it’s bad 

n  Enough to make an informed choice  
n  Cold and dry + bad AQI = stay inside  

n  Cold and dry + health issues = stay inside 

n  Cold and dry + exercising near rural sensor = stay inside 

n  Consider context!   

n  Must also monitor indoor air quality!  



+
Recommendations & Future Study 

n  Make informed choices!  Do what you’re comfortable with!   
n  Tradeoffs! 

n  Need to study COMPLETE picture of Air Quality 
n  Purple Air sensors monitor only one element of AQI 

n  Need affordable sensors that monitor and report ALL 5 elements  

n  Individuals have different sensitivities  

n  Re-do analysis with more AQI factors included, more data, different locations  

n  Might find different results 

n  A decent AQI doesn’t mean we  
shouldn’t work towards cleaner air! 



+
Thank You!  

✪ 


