CO-LOCATION FIELD STUDY
Full Report
Pamplona (SPAIN)
August – November 2017 (4 Months)
Season: Summer-Autumn

Test Conditions
▪ DEVICE UNDER TEST (DUT): KUNAKAIR version 2 provided
with CO, NO2, NO, O3, NOx, PM10, PM2.5, PM1, Temperature
and Humidity sensors.
▪ LOCATION AND STATION TYPE: Pamplona (Spain), Urban,
Traffic
▪ INSTRUMENTAION AVAILABLE IN THE OFFICIAL AIR QUALITY
STATION (PAMPLONA, Plaza de la Cruz):
▪ CO Analyzer: Teledyne 300E
▪ NO Analyzer: Teledyne 200E
▪ NO2 Analyzer : Teledyne 200E
▪ NOx Analyzer: Teledyne 200E
▪ O3 Analyzer: Teledyne 400E
▪ Particle size Analyzer: Met One BAM 1020
▪ TEST PERIOD: August 2017 – November 2017
▪ ENVIROMENTAL CONDITIONS :

Min

Avg

Max

T (ºC)

0.9

16.1

36.3

RH (%)

17.17

66.95

93.44

Test Procedure
▪ INSTALLATION: On top of AQS (3-4meters)
▪ STABILIZATION TIME BEFORE CALIBRATION: 2 days
▪ CALIBRATION PROCEDURE: Zero and Span
calibration compared to a Reference (AQS) using
KUNAK Calibration Tool. First 4 days.
▪ POST-PROCESSING: None. Real corrected data is
calculated directly in the device without any delay.
No re-calibrations or corrections are applied during
the field tests unless specified. Then, the initial
calibration is maintained during the whole field
tests and the results are shown in this study.
▪ SAMPLING PERIOD: data is averaged every hour to
match data from reference station.
▪ 100% of KUNAKAIR data is used for analysis,
therefore, any possible outlier is included in the
statistics to show real time performance without
post-processing.
▪ VALIDATION: statistics are only calculated if valid
Reference Data is available. All KUNAKAIR data
within the measurement range is used.

REFERENCE
STATION

KUNAK AIR
K-A10 (4gas) + P10
Parameters: O3, NO, NO2, NOx, CO,
PM1, PM2.5, PM10, Temp, Humidity

Analysis and Characterization Procedure
▪ ACCURACY: is obtained as the mean absolute error (MAE) between KUNAKAIR measurements and the
reference instruments.
▪ 90% CONFIDENCE INTERVAL: the 90% of the measurements are below this error
▪ RELATIVE EXPANDED UNCERTAINTY: U (y) =2 ∗ (
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▪ DATA QUALITY OBJECTIVE (DQO): concentration value from which DQO defined in the EU Air Quality
Directive (2008/50/EC) is met. Also, the absolute relative error (%) in 10 ppb increments (or 100ppb in
the CO) is calculated within the DQO plot as: (Avg. DUT Errors /Average Ref.) for each interval.
▪ AVAILABILITY: is defined as the number of 1 hour averaged samples sent by the device / number of
hours in the month.
▪ Results also include the average concentrations (AVG. GC) during the whole tests.
▪ Temporal plots, Scatter plots, DQO plot and Time Variation of the Mean are used to analyze the test
results.
▪ FIELD TEST MAIN OBJECTIVES:

1. Check the performance of KUNAKAIR V2 device vs. Reference equipment over time, obtaining
the statistics defined previously during summer and autumn time.
2. Analysis the performance of KUNAKAIR V2 when changing from high temperatures in summer
to low temperatures in autumn.

FIELD TEST RESULTS
PAMPLONA

AUG´17 – NOV´17

Carbon Monoxide (CO), Pamplona (Spain), Aug’17-Nov’17

DQO / Relative error /
Expanded Uncertainty
Comments: The Reference AQS is not accurate
enough for low CO concentrations, having very
low resolution, experimenting up to 100pbb
changes in the baseline every 15 days
calibration period. Also, reference AQS only
can measure in 60ppb steps. That’s why,
although the KunakAir performance is linear,
correlation is low during the tests for the
wrongness of the inaccuracy at low
concentrations of the reference station. Higher
concentrations are perfectly matched.
Version: KUNAKAIR V2.

R² = 0,27
Y = 0,41*X + 243

Carbon Monoxide (CO), Pamplona (Spain), Aug’17-Nov’17

R²

ACCURACY
(PPB)

90% CONF.
(PPB)

DQO
(PPB)

AVG. GC.
REF (PPB)

AVG. GC.
DUT (PPB)

AVAILAVILITY
REF/DUT

0,27

91,3

190,8

-

351,8

386,3

99% / 97,4%

Comments: The KunakAir V2 tracks perfectly the hourly and daily variations comparing to the reference instrument. However,
the lack of accuracy of the reference instrument at low concentrations results in not having enough accurate data to compare
the performance between KunakAir V2 and this reference instrument. This shows as well the inefficiency and inaccuracy of
some reference instruments under certain measurement conditions (low concentration and low resolution in this case).

Nitrogen Monoxide (NO), Pamplona (Spain), Aug’17-Nov’17

DQO / Relative error /
Expanded Uncertainty
Comments: Since it can be appreciated in the
temporal and scatter plot, during the summer
time small concentrations of NO are
measured because of high temperatures
effects, above 30ºC, with humidity transients.
However, after summer time, an accurate
detection is realized without any recalibration
no matter the concentration ranges.
Version: KUNAKAIR V2.

R² = 0,93
Y = 0,92*X + 3,2

Nitrogen Monoxide (NO), Pamplona (Spain), Aug’17-Nov’17

R²

ACCURACY
(PPB)

90% CONF.
(PPB)
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(PPB)

AVG. GC.
REF (PPB)

AVG. GC. DUT
(PPB)

AVAILAVILITY
REF/DUT

0,93

4,2

9,2

42

10,4

12,7

98,5% / 97,4%

Comments: The KunakAir V2, tracks perfectly the weekly variations as well as the hourly, daily and monthly concentrations
comparing to the reference instrument. Just, during summer time, due to the humidity transients under high temperatures,
slightly more concentration than presented is detected in in the central hours of the days, where the concentrations are
almost zero, overestimating the average concentration in 2ppb. DQO is met with excellent accuracy and correlation.

Nitrogen Dioxide (NO2), Pamplona (Spain), Aug’17-Nov’17

DQO / Relative error /
Expanded Uncertainty

R² = 0,89
Comments: Very good performance during the
4 months period where a small drift in the
baseline can be appreciated when the average
temperature is reduced in autumn comparing
to the summer time. A recalibration would
have helped to correct the baseline drift.
Version: KUNAKAIR V2.

Y = 0.94*X + 2.1

Nitrogen Dioxide (NO2), Pamplona (Spain), Aug’17-Nov’17

R²

ACCURACY
(PPB)

90% CONF.
(PPB)

DQO
(PPB)

AVG. GC.
REF (PPB)

AVG. GC. DUT
(PPB)

AVAILAVILITY
REF/DUT

0,89

3,3

6

33

13,5

14,8

98,5% / 97,4%

Comments: The KunakAir V2, tracks perfectly the weekly variations as well as the hourly, daily and monthly concentrations
comparing to the reference instrument. Accuracy is very good while the average concentration is pretty similar to the
reference instrument during the whole testing period.

Ozone (O3), Pamplona (Spain), Aug’17-Nov’17

DQO / Relative error /
Expanded Uncertainty

R² = 0,9
Comments: Very good correlation with the
reference AQS. Some days during summer
time experiment higher deviations at high
temperatures although DQO is met above 22
ppb.
Version: KUNAKAIR V2.

Y = 0,95*x + 0,29

Ozone (O3), Pamplona (Spain), Aug’17-Nov’17
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ACCURACY
(PPB)

90% CONF.
(PPB)
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REF (PPB)
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0,9

2,2

4,44

22

15,8

15,3

96,9% / 97,4%

Comments: The KunakAir V2, tracks perfectly the weekly variations as well as the hourly, daily and monthly concentrations
comparing to the reference instrument. Accuracy is very good while the average concentration is pretty similar to the
reference instrument during the whole testing period. Absolute error is also very low during the whole tests with 90% of the
data below 4.4 ppb error against the reference instrument.

Nitrogen Oxide (NOx), Pamplona (Spain), Aug’17-Nov’17

DQO / Relative error /
Expanded Uncertainty

R² = 0,97
Comments: outstanding behavior of NOx over
the whole testing period with very good linear
relationship to the reference AQS.
Version: KUNAKAIR V2.

Y = 0,94*X + 4,9

Nitrogen Oxide (NOx), Pamplona (Spain), Aug’17-Nov’17
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4,9

9,3
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24

27,4

98,5% / 97,4%

Comments: The KunakAir V2, tracks perfectly the weekly variations as well as the hourly, daily and monthly concentrations
comparing to the reference instrument.

