
Figure	
  4.	
  Calibrated	
  data	
  of	
  Laney	
  College	
  site	
  for	
  (a)	
  NO,	
  (b)	
  NO2,	
  (c)	
  O3,	
  and	
  (d)	
  CO	
  
compared	
  to	
  standard	
  regulatory	
  measurements.	
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§  BEACO2N is a low-cost, high-density air quality monitoring 
network in San Francisco Bay Area that consists of 
approximately 50 nodes distributed at 2km horizontal spacing, 
measuring CO2, CO, NO, NO2, O3 and particulate matter. 

§  Here, we describe an in-field calibration procedure for CO, NO, 
NO2, and O3 that are consistent with the low-cost specification. 

IntroducAon 
The sensors’ response to target gases is linear (Eqn. 1-4). Additional 
terms in Eqn. 3 and 4 indicate observed cross-sensitivity of the NO2 and 
O3 sensors. Zero offset, sensitivity and cross-sensitivity terms are 
temperature dependent. 
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Examples	
  of	
  node	
  performance 

Node Design of BEACO2N 

Figure	
  2.	
  Current	
  BEACO2N	
  node	
  design.	
  

•  Vaisala CarboCap GMP343 NDIR sensor for CO2 
•  Alphasense B4 electrochemical sensors for CO, NO, NO2 

and O3    
•  Shinyei PPD42NS nephelometric PM sensor 
•  Bosch Sensortec BME280 sensor for pressure, 

temperature and humidity inside the node 
•  Communication by wifi or cellular 

Berkeley Atmospheric CO2 Observation 
Network (BEACO2N)  

Figure	
  1.	
  Map	
  of	
  current	
  BEACO2N	
  nodes	
  (red)	
  and	
  BAAQMD	
  sites	
  
measuring	
  O3	
  (blue).	
  The	
  sites	
  shown	
  for	
  examples	
  are	
  marked	
  in	
  yellow	
  
and	
  supersite	
  is	
  marked	
  in	
  orange.	
  

Physical	
  model	
  of	
  air	
  quality	
  sensors 

Figure	
  3.	
  SchemaAc	
  
of	
  NOx	
  cycle.	
  

In-­‐field	
  CalibraAon 
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From Eqn. 2-4 we drive Eqn. 8: 
2.	
  Regional	
  ozone	
  uniformity	
  (3	
  constraints)	
  

We use regulatory ozone data for O3ambient and implement multiple 
linear regression.  

1.	
  Use	
  of	
  chemical	
  conservaAon	
  equaAons	
  near	
  emissions	
  (5	
  constraints)	
  

3.	
  Use	
  of	
  co-­‐emiWed	
  gases	
  in	
  plumes	
  (1	
  constraint)	
  

Ten calibration parameters have to be constrained simultaneously. 
The first constraint fixes O3 cross-sensitivity to NO2 at unity. 

Each calibration parameter is calculated in temperature increments of 
1℃ and this calibration protocol is repeated every month or so with 3-
month running window to account for drift in sensors’ sensitivity and 
zero offset. 
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At night, NOè0 (in the absence of emissions) 
               O3 è0 (near strong emissions) 
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During the day,  

We assume that the monthly minimum concentration measured at a 
given site represents [CO]background and the daily minimum 
concentration has a constant deviation from the background signal. 
The background signal is compared to measurements at a “supersite” 
of reference instruments located within the network domain. 

4.	
  Use	
  of	
  global	
  background	
  (1	
  constraint)	
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CO emission factors reported in Dallmann et al. (2013) are used. 
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§  Temperature	
  dependence	
  and	
  temporal	
  driX	
  

Figure	
  5.	
  Time	
  series	
  of	
  calibrated	
  BEACO2N	
  data	
  from	
  a	
  representaAve	
  week	
  at	
  4	
  
Ricmond	
  sites.	
  


