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Background Calibration of Low-Cost CO, Sensor Conclusions
. . .. K30 and LGR (1min averages) . . . . . .
Urban areas produce a disproportionate amount of CO, emissions 00 Calibration data collection: The K30 was placed * When compared to a high-precision CO, sensor, our low-cost
worldwide, and better understanding and quantifying these emissions is B E‘; adjacent to a high-precision CO, analyzer (Los Gatos sensor originally exhibited a RMSE of 5.453 ppm. Factory-
ENVISAT crucial to mitigating them. However, with current tools, scientists possess Research analyzer) and a meteorological instrument stated accuracy of the low-cost sensor is +/- 3% or 30 ppm.
(SCIANIEEE 3 ’ . . ege . o o 500~ Difference between . . . .
30x60km k30 and LGR looks . . . . o o
I.Im1t8d. ablllt}.l tc? qu.antlfy CO, emissions on small scales and to resolve 3 G0 and 5K oo (iMet XQ2) and left undlst.urbeo! in an unoccupied room + By calibrating our low-cost sensor against the high-precision
ACOS - o experiment; K30 drift - .
(acos) intra-city variation in CO, flux. 3 experiment; K30 drift fo.r 13 days to record ambient air from a propped-open LGR, and accounting for sensor response to weather
e o _ . _ window. K30 values a.ppeéred I9wer than LGR values by variables, we reduced the RMSE of recorded CO, values to
" 4 Existing satellites that measure atmospheric column CO, lack spatial 8.61ppm on average in this period. 3.806 ppm
resolution to de-aggregate CO, patterns within cities. 400- LGR and K30 agreement, 9/13 - 9/25 o o
DQ."'M-IEDZUD EIEIHEIEEI:EIEI DQHBIEUZUD DQ."EDIEDZUD DQ."EEIEDZUD EIEIJ'Ed-IEEI:EIEI o ° Determlnlng proper Sensor placement On UAVS IS hlgh_
Dates . . .
Municipal emission inventories present difficult-to-quantify uncertainties, Calibrati " vion: Raw K30 dat b int ivariat _ del 150 St i PV!OF!W for anemometers and temper.att'Jre sensorsf rT\ed|um-
3 and many inventory methodologies do not account for carbon sinks (like /?3|0 ra |’c\>’nLg)RrrfcI:J ion equi1 ;\c?n% aw+ . z;.a vLere ;t mto a mut.:cvar:c? etrfegres;onl_rglg ecI o rstomp o priority fc?r CO, sensors, and lower priority for humidity and
St ted i Piparvious ~ green spaces) that may affect a city’s CO, flux. (K30,qu, ressure . ir Temp + Relative Humidity) .o.quan ITy OTIS€ .rom € an 3 E pressure instruments.
surfaces in New Haven, CT | how weather factors affect instrument performance. Coefficients from the linear model were £ :
" : ey . . s * We observed a gradient of ~20 ppm between 10 and 25
: : used to assemble a “correction equation” that could be applied to future K30 data collected in g s00- :
Gas flux models based upon eddy covariance (EC) calculations often the fiald D oo meter altitude.
. . e 1ield. o ig:zg:ﬁ
assume homogenous surfaces, which clearly does not hold in complex [ K30y — 606,364 — (0.581* Pressure) — (0.712%AirTemp) — (0.328* RelHumidity)
urban topography. Perhaps as a result, EC data are most often collected on ‘ K30corrected = g e
LA ‘\ > 0.942 2019-09-13
CsitesintheAmeriFqu undeveloped Iand' 4|:|||:| 5|:|||:| El:llu ?l:llu
i network. Red = urbanized CO2 ppm (LGR)
* Fly transects over different land cover types, at different
Instrument Testing & Placement Experimental Flights times of day, to compare CO, values
Urban park adjacent to university campus  F SRR ST isht: * Refine the assumptions used in calculating CO, flux from CO
Anemometer: TriSonica Mini Wind + Weather Sensor ‘L‘l % Wl Influence O_f measurement height: Mean CO, . 2 2
: : : e : ; concentrations were lower on average over urban concentrations
Rotor wind can interfere with i il %= dand. Th 4 CO. oradi ! _ .
instrument on a boom too far from .. Mib i oA ”' | l’[luq"lr IATKNK il SN P r:hi ki directly compare flux estimates
UAV’s center of gravity may present _ ' = PP © * Estimate flux footprint areas, to examine what mix of land
safety hazards. Anemometer was | cover types are included in the platform’s source area
mounted atop UAV on an : e ,
. . : Relative
adjustable-height platform. Wind ek o o
. ’?> speed measured at O, July 251 CO2 pom by UAV height o humldlty
speeds were recorded for 5 min 21, and 45cm. il 25102 ppm oy UAV el ,
. . I = s e decreases with
intervals at 13 heights. 30 cm above U. _ ,
- s height, while |
the drone presented the best compromise.
_ | temperature con myhous
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CO,: K30 Fast Response Sensor
To estimate effect of rotor wind, sensor was

Onboard Raspberry P mounted on a grounded UAV, and CO, data were
runs Python script collected while alternating rotors on-and-off for 5 Trafficked intersection during lunchtime
thflilt controls jata | min and 20 min intervals. Rotor wind increased oeper 1 —
collection and storage §
from anemometer 5 the SD of CO, values (5.9 to 9.1), but mean CO,
and CO, sensor. | S values were not significantly different with or Measurement variation with wind:
§ ™ without rotors (P=0.08).
: July 15, with vs. without rotors Measured CO, concentrations e M
; 425 - 2 450- ,
,, exhibited more stability in higher 3 :
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Placed on the side of the UAV, pressure and humidity
do not significantly differ when rotors are on (p=0.62
and 0.41). Air temperatures were significantly cooler 1
with rotors-on (p=0.00), but this requires re-testing. N
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