
15/12/14	  

1	  

The	  other	  Cambridge!	  

Disclaimer	  

The	  failures	  in	  presen6ng	  these	  excellent	  data	  
sets	  in	  a	  coherent	  and	  convincing	  way	  is	  en#rely	  
the	  fault	  of	  the	  presenter	  and	  in	  no	  way	  should	  
reflect	  on	  the	  excellence	  of	  the	  research	  team	  

members….	  
Acknowledgements	  
(Iq),	  Lekan,	  Viv,	  Ines,	  (+	  Paul	  Smith,	  Josh	  ShuOer,	  Ray	  Freshwater);	  
Adam	  Durant	  +	  colleagues	  (volcanoes),	  Grant	  Allen	  (landfill)	  
EMPA	  (Christoph,	  Michael),	  CERC,	  	  
Alphasense,	  SenseAir	  
……..	  
….	  
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Sensor network system at Heathrow airport 
 

•  40 sensor nodes 

•  Real time data transfer (GPRS) 

•  NO, NO2, CO, CO2, SO2, O3, VOCs, PM. 

•  Software sensor network calibration 

(Electrochemical,	  NDIR,	  
PID,	  Op6cal)	  

(c) 

•  40 sensor nodes  
  (airside/landside) 

 
•  >20 billion records…. 

Real observations: near /far field emissions,  
LHR: diurnal operations, runway use…. 
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Source attribution: SNAQ17 at the west-end 
of southern runway (09R) , 1 month data 

CO NO NO2 
CO2 

< 0.5  µm > 0.5  µm > 1  µm 0.3 to 17.4  µm 

OPC	  	  (number	  /	  cc)	  

Direct determination of transport activities 

CO NO NO2 
CO2 

High	  CO2,	  high	  NOx,	  medium	  CO	  –	  take	  offs	  
Medium	  CO2,	  low	  NOx,	  medium	  CO	  –	  taxiing	  

< 0.5  µm > 0.5  µm > 1  µm 0.3 to 17.4  µm 

OPC	  	  (number	  /	  cc)	  
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Low	  emissions 	   	   	   	   	  High	  emissions	  	  

Direct determination of LHR average absolute 
emissions for NOx and CO using CO2: 

(1	  week	  of	  data)	  

Direct determination of LHR average absolute 
emissions for NOx and CO: 

Correla6on	  of	  CO2	  
with	  other	  species	  
allows	  absolute	  
emissions	  of	  NOx	  
and	  CO	  (PM	  etc.)	  to	  
be	  derived…	  
..	  

ΔCO2	  ~	  50	  ppm,	  ΔCO	  ~	  1000	  ppb,	  ΔNOx	  ~	  100ppb	  

NO	  	  	  	  	  	  	   	  	  	  NO2	  

Depends	  on	  accuracy	  of	  the	  sensors!	  
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LHR2:	  Northern	  
runway	  
(NO)	  

SITE47 SITE48 

Comparison of low-cost and reference NO at 
Heathrow Airport (hourly averages) 

SITE47 SITE48 

LHR2:	  Northern	  
runway	  
(NO2)	  

Comparison of low-cost and reference NO2 at 
Heathrow Airport (hourly averages) 

(Known	  cross	  interference	  with	  O3	  for	  that	  
variant	  of	  the	  NO2	  EC	  sensor)	  
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SITE47 SITE48 

LHR2:	  Northern	  
runway	  
(NOX)	  

Comparison of low-cost and reference NOx at 
Heathrow Airport (hourly averages) 

(NOx	  emissions	  dominated	  by	  NO)	  

West:	  southern	  runway	  

Comparison of low-cost and ADMS model 
results at Heathrow Airport (hourly averages) 

NO	  
	  
	  
	  
NO2	  
	  
	  
	  
	  
NO2	  +	  O3	  

•  ~	  Good	  agreement	  for	  NO	  emissions	  
•  Overes6mate	  (?)	  of	  direct	  NO2	  emissions	  	  

(NO2	  uncorrected	  for	  O3	  
cross-‐interference)	  
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Terminal	  3	  

Comparison of low-cost and ADMS model 
results at Heathrow Airport (hourly averages) 

NO	  
	  
	  
	  
NO2	  
	  
	  
	  
	  
NO2	  +	  O3	  

•  Poor	  agreement	  for	  NO	  emissions	  
•  Overes6mate	  (?)	  of	  direct	  NO2	  emissions	  	  

•  3 month static deployment in Cambridge: 45 low-cost electrochemical sensors (11/03/2010 
– 30/05/2010) 

•  High spatial and temporal (10 s) resolution data set of CO, NO and NO2, temperature and 
relative humidity 

•  Determine true variability in pollution levels across an urban area and representativeness 
of AURN sites in determining exposure   

 

High	  density	  sensor	  networks:	  
Cambridge	  deployment,	  2010	  

10	  km	  

Urban	  
Rural	  

Electrochemical	  sensors	  

GPRS	  and	  GPS	  

T,	  
RH	  
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Smart data analysis: extraction of sensor 
measurement ‘baseline’ for different 

species/locations 

Steps:	  
1)  Select	  	  data	  window	  (red	  

in	  figure)	  	  

2)  Take	  most	  probable	  
value	  (maximum	  in	  
histogram)	  as	  baseline	  	  

3)  Define	  baseline	  for	  
period.	  	  	  

Why?	  	  -‐	  allows	  data-‐based	  separa6on	  of	  spa6al	  scales	  of	  
emissions	  for	  source	  aOribu6on	  (and	  network	  calibra6on)	  

Baseline	  value	  

Hemispheric	  background	  
(arbitrary	  level,	  significant	  
for	  e.g.	  CO).	  

Regional	  background	  
(determined	  from	  the	  
minimum	  baseline	  from	  
sensor	  network)	  	  

Schematic illustration of purely data-based 
scale separation  

Far	  field	  emissions	  
(from	  low	  pass	  filter	  
for	  each	  sensor)	  

Fast	  
response	  
sensor	  
output	  

Far	  field	  emissions	  =	  green	  -‐	  blue	  	  (dispersed,	  individual	  to	  sensor)	  
Near	  field	  emissions	  =	  red	  -‐	  green	  	  (insufficient	  6me	  to	  disperse)	  

Regional	  background	  =	  blue	  	  (common	  to	  sensor	  network	  )	  
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Case	  A: 	  	  
Significant	  
background	  signal	  -‐	  
trajectories	  over	  
polluted	  regions.	  
	  
-‐	  Regional	  signal	  
	  	  
Case	  B: 	  	  
No	  significant	  
background	  signal	  	  -‐	  
trajectories	  from	  
‘clean’	  North	  sea.	  
	  
-‐	  No	  regional	  signal	  	  

A	   B	  

A B	  

…Data	  based	  source	  aOribu6on	  	  

Rural	  	  

Urban	  	  

Back	  trajectories	  

Differences in baselines  
 ⇒ separate regional emission signals 

Data based source attribution: regional, near 
field and local signals (CO): 

Rural	   	   	   	  	  	  	  	  	  Urban	  

Regional	   Far	  field	   Near	  field	  

1	   93	   0.04	   7	  
2	   93	   0.2	   7	  
3	   93	   1	   6	  
4	   79	   4	   17	  
5	   71	   12	   17	  
6	   78	   12	   10	  

Source	  aRribuSon	  (%)	  

(Significant	  hemispheric	  baseline…..)	  

Dis6nguish	  emission	  scales	  for	  comparison	  with	  models….	  	  



15/12/14	  

10	  

0

50

100

150

200

250

300

15/3 22/3 29/3 5/4 12/4 19/4 26/4 3/5 10/5 17/5
0

20

40

60

80

100

120

140

N
O

 [p
pb

]

 Reference instrument NO 
 UA04 EC sensor data

N
O

2 [
pp

b]

Date [2010]

 Reference instrument NO2 
 UA04 EC sensor data

Measurements co-located with reference 
(AURN) (UA04 – Parker Street)  

•  AURN inlet at approximately 1m a.g.l. co-‐located with	  sensor UA04.	  
•  Good agreement between sensors over 9 week period for NO (R2 = 0.68). 
•  Cross-‐sensi6vity	  effects	  inherent	  in	  NO2	  measurements	  	  (R2	  =	  0.46).	    
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ADMS-‐Urban	  model	  v	  measurement	  comparison	  
•  Comparison	  between	  EC	  measurements	  and	  ADMS-‐Urban	  dispersion	  model	  (half-‐queues).	  	  
•  Best	  agreement	  between	  model	  and	  measurements	  observed	  when	  wind	  is	  parallel	  to	  street	  axis.	  
•  Significant	  differences	  when	  canyon	  effects	  and	  primary	  vortex	  is	  likely.	  

Regent	  Street	  -‐	  Urban	  Canyon	  
R2	  =	  0.12	  	  
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Parker	  Street	  -‐	  Urban	  canyon	  
R2	  =	  0.28	  	  

ADMS-‐Urban	  model	  v	  measurement	  comparison	  
•  Comparison	  between	  EC	  measurements	  and	  ADMS-‐Urban	  dispersion	  model	  (half-‐queues).	  
•  Best	  agreement	  between	  model	  and	  measurements	  observed	  when	  wind	  is	  parallel	  to	  street	  axis.	  
•  Differences	  when	  canyon	  effects	  and	  primary	  vortex	  is	  likely.	  

R2	  =	  0.40	  	  

ADMS-‐Urban	  model	  v	  measurement	  comparison	  

•  Agreement	  encouraging	  but	  conceals	  significant	  
errors	  associated	  with	  canyon	  effects	  

•  Improvements	  to	  OSPM?	  



15/12/14	  

12	  

Looking	  forward	  

•  Low	  cost	  high	  sensi6vity	  NDIR	  instruments	  

•  Health	  studies	  

Low	  cost	  CH4/CO2	  sensors	  (non-‐dispersive	  IR)	  

Allan	  variance	  plot	  
for	  CH4	  sensor	  
	  
~	  1	  ppm	  at	  1	  Hz	  
0.2	  ppm	  at	  0.01Hz	  
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Real	  world	  performance	  (prototype	  CH4),	  1	  sec	  	  

Volcanic	  emissions	  (fracking):	  	  
Java	  Deployment	  (27th	  Nov,	  2014)	  

SNAQ	  box	  
	  
	  

NDIR	  CH4/CO2	  
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Java	  Deployment	  (27th	  Nov,	  2014)	  
erup6ons	   erup6ons	  

Significant	  emissions	  of	  CO2,	  
VOCs,	  NO	  (some	  SO2,	  NO2)	  

New	  variant!	  

	  
	  
	  
	  
	  

Java	  Deployment	  (27th	  Nov,	  2014)	  
Time	  series	  of	  CH4	  and	  CO2:	  

•  Comparable	  amounts	  (up	  to	  500	  ppm)	  of	  CO2	  and	  CH4	  
(correlated	  emissions	  –	  exci6ng/worrying	  result!)	  	  

•  Faster	  6me	  response	  c.f.	  SNAQ	  CO2	  sensor	  (ac6ve	  pumping	  
not	  diffusion)	  

•  Quan6fica6on	  of	  global	  CH4	  emissions?	  (methane	  is	  ~	  100	  
6mes	  more	  effec6ve	  as	  a	  GHG…)	  

	  

CH4	   CO2	  
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!

Personal	  monitors	  for	  health	  studies	  	  
(including	  indoors!)	  

(UK	  Medical	  Research	  Council	  funded	  COPD	  cohort	  study)	  

•  O3,	  NO2,	  NO,	  CO	  
•  Size	  speciated	  PM	  
•  GPS	  
•  Accelerometer	  
•  Noise	  
•  GPRS	  

Conclusions?	  
	  
•  Significant	  progress	  with	  low-‐cost	  sensors	  moving	  

towards	  fully	  quanSfied	  devices	  (formal?)	  

•  Significant	  progress	  with	  the	  tools	  for	  exploi8ng	  them	  	  	  

•  New	  instruments	  (and	  opportuniSes)	  in	  prospect…..	  
	  
Acknowledgements	  
(Iq),	  Lekan,	  Viv,	  Ines,	  (+	  Paul	  Smith,	  Josh	  ShuOer,	  Ray	  Freshwater);	  
Adam	  Durant	  +	  colleagues	  (volcanoes),	  Grant	  Allen	  (landfill);	  
EMPA	  (Christoph,	  Michael),	  CERC;	  	  
Alphasense,	  SenseAir	  
……..	  
….	  


