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1 Instrument references

Owner | Reception Date | Departure date
LICOR 2019-09-23 2019-12-17

Brand | Model S/N Software release version
LICOR | LI-7815 | TG15-01026

ID | Associated documents Reference Date
AD1 | Procedure of initial tests ATC-ML-IT-PR-~02-2.0 | 2016-10-14
AD2 | ICOS atmospheric station specifica-| ATC-GN-GN-SP-1.3 2017-11

tions
AD3 | Incoming control sheet ATC-ML-IT-1C-04
AD4 | Follow-up sheet ATC-ML-IT-FS-09 2019-12-02

In the following pages, we present the results of the tests performed at the ATC MLab.
For more details about these tests, please refer to the procedure of initial tests [AD1]. For
each test, we either show the results not corrected for the water vapor (w, e.g. COqw)
or corrected for the water vapor using the factory correction or the ATC correction (d,
e.g. COqd). Except for the temperature test, the laboratory temperature is regulated at
22°C =+ 2.



2 Initialization Time

Methodology: Measure continuously a tank filled with dry natural air after 1 hour of
shutdown. No calibration applied. No rejected data. Target gas measured right after

turning the instrument on.
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3 Warm restart

Methodology: Measure continuously a tank filled with dry natural air after several
restart. No calibration applied. No rejected data. Target gas measured right after turning
the instrument on.

1 minute off then 1 hour on (3 times) ; 1 hour off then 1 hour on (2 times)
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4 Cold restart

Methodology: Measure continuously a tank filled with dry natural air after 15 hours
of shutdown. No calibration applied. No rejected data. Target gas measured right after

turning the instrument on.
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5 Continuous Measurement Repeatability (CMR) assessment

Methodology: Measure continuously a tank filled with dry natural air during at least
25 hours. Look at data distribution for different integration times. First hour not taken

into account (stabilization time). No calibration applied.
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Average of the standard deviations of raw data over a minute 43.19 0.00
Minute averaged data CMR Precision (10) 19.70 0.00
Hourly averaged data CMR Precision (10) 18.70 0.00
Minute averaged data CMR MaxDrift (peak to peak) 98.50 0.00
66.00 0.00

Hourly averaged data CMR MaxDrift (peak to peak)




6 Short term stability and drift assessment

Methodology: Measure continuously a tank filled with dry natural air during at least
25 hours. Calculate Allan deviations. First hour not taken into account (stabilization
time). No calibration applied.
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7 Short Term Repeatability (STR) assessment

Methodology: Measure a tank filled with dry natural air for 15 min and wet ambient
air for 5 minutes alternatively 10 times. For each period of tank measurement, calculate a
mean value (discard the first mintues for stabilization). Look at the dispersion (1) of

the mean values (10 points). No calibration applied.

418.985 | B
418.980 | /
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E / / Mean=418.975
) .
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191018 15:53 N= 10 191018 18:53
Avr time: last 10 minutes
CO2 [ppb]
Short term repeatability (1o, 9 minute average raw data) 4.00
MaxDrift (peak to peak, 9 minute average raw data) 14.00
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8 Long Term Repeatability (LTR) assessment

Methodology: Measure alternatively over 72 hours a tank filled with dry natural air for
30 minutes and 270 minutes of wet ambient air. For each period of tank measurement,
calculate a mean value (discard the first mintues for stabilization). Look at the dispersion
(1 o) of the mean values. No calibration applied.

8.1 First period
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419.10

419.08

419.06

419.04

Mean=419.037
SD=0.035
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191022 03:47

CO2 [ppb]
Long term repeatability (1o, 10 minute average raw data) 35.00
106.00

MaxDrift (peak to peak, 10 minute average raw data)

8.2 Second period

CO2 [ppm]
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SD=0.045
41920 } MaxDrift=0.123
Mean.SD=0.006
419.18 |
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419.14 |
25-oct. 10:09 26-oct. 10:09 27-oct. 09:09
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Avr time: last 5 minutes
CO2 [ppb]
Long term repeatability (1o, 10 minute average raw data) 45.00
123.00

MaxDrift (peak to peak, 10 minute average raw data)




8.3 Third period

419.42 |
— 41940 |
g_ Mean=419.375
& SD=0.025
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O 41938 | Mean.SD=0.005
o 7

419.36 |
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CO2 [ppb]
Long term repeatability (1o, 10 minute average raw data) 25.00
MaxDrift (peak to peak, 10 minute average raw data) 84.00

8.4 Fourth period
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Avr time: last 5 minutes
CO2 [ppb]
Long term repeatability (1o, 10 minute average raw data) 32.00
MaxDrift (peak to peak, 10 minute average raw data) 117.00
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8.5 Fifth period

401.86 |-

401.84 |-
3 Mean=401.813
& 40182 | SD=0.023
o~ T T | MaxDrift=0.078
8 " J Mean.SD=0.011

401.80 |
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191115 21:55 N= 14 191118 13:41
Avr time: last 5 minutes
CO2 [ppb]
Long term repeatability (1o, 10 minute average raw data) 23.00
78.00

MaxDrift (peak to peak, 10 minute average raw data)

8.6 Sixth period
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Avr time: last 5 minutes
CO2 [ppb]
Long term repeatability (1o, 10 minute average raw data) 26.00
73.00

MaxDrift (peak to peak, 10 minute average raw data)
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8.7 Over all Long Term Repeatability
Restarts performed from November 27th to 28th
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Avr time: last 5 minutes
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Long term repeatability (1o, 10 minute average raw data) 756.00

MaxDrift (peak to peak, 10 minute average raw data) 2088.00
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9 Atmospheric pressure sensitivity

Methodology: Measure alternatively over 72 hours a tank filled with dry natural air
for 30 minutes and 270 minutes of wet ambient air. For each period of tank measure-
ment, calculate a mean value (last 10 minutes) and look at the correlation of the tank
measurement with atmospheric pressure (AP) variation.
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Pressure range= 957.4-999.8 CO2 MaxDrift = 0.54

AP MaxDrift = 42.44

CO2
Atmospheric pressure sensitivity (ppb/hPa) NS

Not significant (NS) if R?2<0.5 or the absolute value of the slope lower than 1 and 0.02 for CO5 and CHy
respectively
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10 Inlet pressure sensitivity

Methodology: Measure continuously a tank filled with dry natural air through an
electronic pressure controller at the instrument inlet. Change sequentially (step of 20
minutes) the instrument inlet pressure (maximum range from 1200 mbar absolute to 600
mbar absolute) thanks to the pressure controller. The valid range is evaluated as the

range where CO, mixing ratios are
pm 0.02ppm from the mixing ratio at atmospheric pressure..
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Pcav(kPa)

Pcav(kPa)
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11 Temperature sensitivity

Methodology: Measure a tank filled with dry natural air while changing the ambiant
temperature (Tamb). Look at the correlation of the measurement stability with the

instrument internal temperature (Tcav).

T 405.80 | |
g 40575 | W' "
a A -
S 40570 F r "W ]
S 40565 | '
405.60 ko ! \ \ ! ! .
13-nov. 17:00 14-nov. 11:00 15-nov. 05:00
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4055 t . , ) .
0 10 20 30 40
Tambiant (°C)
Tambiant range= -6.2-38.3
Tambiant MaxDrift = 44.53 CO2 MaxDrift = 0.23
CO2

Ambient temperature sensitivity (ppb/°C) NS

Not significant (NS) if R2<0.45 or the absolute value of the slope lower than 5 and 0.1 ppb/°C for COq

and CHy respectively
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12 Water vapor correction assessment

Methodology: Measure a tank filled with dry natural air during at least 1h. Then
humidify by 20 minute steps the tank gas at 0.25/0.5/0.75/1/1.25/1.5/1.75/2/2.5/3 %v
of water vapor. Finally, stop humidifying and measure the tank filled with dry natural air
during more than 1 hour. Repeat the experiment at least twice, usually three times. Check
the water vapor correction bias depending on the HyO level. Determine an optimized
water vapor correction bias.

H2O correction bias = Chumidifiedgas, water vapor corrected Onot humidi fied gas (1)

12.1 Factory correction
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12.2 Determination of H,O correction coefficients by the MLab

Cw et
C,=
Cdry

=1+ 1 * HyO, + I x H,O?

(2)

with HoO,.: Instrument reported value (not calibrated). The “calibrated” HyO value is:

Standardized CO2r

CO2r [ppm]

residuals*404[ppm]

1.0010
1.0008
1.0006
1.0004
1.0002
1.0000
0.9998

0.03
0.02
0.01
0.00
-0.01
-0.02
-0.03

Hy0 = 0.772 ¥ Hy,O, + 0.019493 x H,0?

05 10 15 20 25 30
H20r [%V]

H3O correction coefficients determined by ATC

I1 12
1 -5.680e-04 3.223e-04

20

(3)

11=-5.680e-04
12=3.223e-04
R?*=9.875e-01



12.3 MLab correction
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13 Calibration

Methodology: Measure 4 times (during 20 minutes each time) 4 standards filled with
known CO,, CH4 and CO concentrations. Compare reported values from the instrument
and assigned values. Determine calibration functions. The residuals shown are the
residuals from the calibration fit (Cassigned-Creported={(C assignea)). Check the instrument
drift. The value in the table is evaluated by calculating the temporal regression of the
average differences (Assigned-Reported) for each calibration episode.

CO2
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T 5 0.000 -! . §
Q= -0.005 | ° s
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N g -0.015 |
o JR="
o = -0.020 |
-0.025 “ . . .
380 400 ~ 420 440 460
CO2 Assigned value [ppm]
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5 09980 |
s 8 1
£ O 09978 | *
T O 7
o 0.9976 | .
c L L L L ¥y -
§e] . =
T g 08F
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§E2 10T ]
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E L s} . ]
§ L L L ? $
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Avr time: last 30 minutes Calibration set: FCL.2ex.bis
CO2
Calibration drift trend (ppb/month) -799.9
Maximum residual from linear fit on calibration range [ppb] 24

22



14 Linearity

Methodology: Measure 4 times (during 20 minutes each time) 6 standards filled with
known CO,, CH4 and CO concentrations within the range guaranteed by the manufacturer.
The first minutes are not taken into account (stabilization time). No calibration applied.

- —
T
S 10= 0.142
o 2 1= 1.002
~ 3 R2= 1
3¢
0
S : o
J— mean=
2 E 0.0051 $d=0.012
o o 0.000 ® 0
A -0.005 1
(o]
o  -00104°
-0.015- T T T T T T T
300 350 400 450 500 550 600
CO2 assigned values [ppm]
Avr time: last minutes Linearity set: ex
191024 15:00 191025 00:47
CO2
Maximum residual from linear fit on extended mole fraction range [ppb] 19
Maximum residual from linear fit on extended mole fraction range [%] 0.005
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15 Rise Time and Fall Time

Methodology: Measure the rise time and fall time between two different tanks during a
calibration.

Rise time : Time taken for the response to rise from 10% to 90% of its final normalized
value

LI-7815: CO2 Rise Time

10 | 8000000000000

0.6 |

04|

02 F !

Normalized Response

0.0 | 9esccgscscgscsese . . , |

0 5 10 15 20 25 30 35
Rise Time=1.43sec  Time (s)

Fall time : Time taken for the response to fall from 90% to 10% of its final normalized
value

LI-7815: CO2 Fall Time

1.0 [ escccccccsssscne,

08 |

0.6 |

Normalized Response

0.0 - | , , , .,....’....’....I

0 5 10 15 20 25 30 35
Fall Time=1.49 sec  Time (s)

CO2 (sec)
Rise time <2
Fall time <2
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16 Laboratory inter-comparison

16.1 Without drying system

Methodology: Measure ambient air without drying system. Compare with a reference
instrument with drying system. The 2 instruments are calibrated against the same set
of calibration tanks. They are each equipped with a dedicated sampling line. If the
MLab reference instrument is unavailable then the reference instrument is the instrument
tested in parallel. In this case, they use the same sampling line and the ATC water vapor
correction is applied to the reference. A target gas is measured on both instruments for
quality control.

16.1.1 First period

16.1.1.1 Factory water vapor correction

460 F = CFKADS-2127 (CO2d.c31)
= L7815 ( CO2.cal )

450 A ;

440 | Y

430 }

420 b

410 b
8e-04 '
6e-04 |
4e-04
26-04
0e+00
2e-04
-4e-04

404.87
404.86
404.85
404.84

co2d [ppm]

1
e CFKADS-2127
o= LI-7815 .

1.3

H20 (ppm)
H20 (ppm)

[ppm]
TGT
co2d [ppm]

.86 +/- 0.013
T T T

TGT CcOo2d

20-oct. 21:59
Hourly averaged data

18-oct. 21:59

Frequency
(counts)

80
60
40
20

0_

(except histogram with min averaged data,
N= 3566 (0 outlier(s) removed))
Bias [ppm]:
mean=-0.154 / median=-0.08
.sd= 0.43 / MaxDrift= 2.378

- 2 0 2 4
ACO2d [ppm]

LI-7815 minus CFKADS-2127

Time Period : 19.10.18 19:59 to 19.10.22 05:34

Calib. CFKADS-2127 : 19.10.30 07:52 & NA

Calib. LI-7815: 19.10.17 08:35 & 19.10.24 17:18

CO2 [ppb]
Observed bias in ambient air:
mean difference (LI-7815 - Ref Instrument) -154
H5O correction bias estimated by ATC
for the mean HoO during the test ( 11883 ppm H50) -94
Remaining bias (not related to HoO correction) -60
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16.1.1.2

Water vapor correction coefficients determined by ATC

—_ 460 F — CFRADS.2127 (CO2d.cq)
g- 450 | ‘!A LI-7815 ( CO2a.cal ) ]
& 440} 1
3 430
o 420}
0 41 0 — ! ! ! !
. 8e-04 — CFKADS-2127 .
g 6e04 —ums 413 3
o 4e-04 | o
£ 204} 2
O 0e+00 | (@)
T -2e-04 | T
-4e-04 & =
5 g
St agl 5
(SR : o
D & 404385 | -3
o 404.84 [crkaBse 86 +/-0.013 o
- T T T T (&)
18-oct. 21:59 20-oct. 21:59
Hourly averaged data
5 - 80 (except histogram with min averaged data,
C = 60 N= 3566 (0 outlier(s) removed))
o C .
53 w0 Bias [ppm]:
e 2 mean= -0.053 / median= 0.02
L 0 .sd= 0.43 / MaxDrift= 2.385
- 2 0 2 4
ACO2d [ppm]
LI-7815 minus CFKADS-2127
Time Period : 19.10.18 19:59 to 19.10.22 05:34
Calib. CFKADS-2127 : 19.10.30 07:52 & NA
Calib. LI-7815:19.10.17 08:35 & 19.10.24 17:18
CO2 [ppb]
Observed bias : mean difference (LI-7815 - Reference) -53
H5O correction bias estimated by ATC
for the mean HoO during the test ( 11883 ppm Hy0) -9
Remaining bias (not related to H2O correction) -44
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16.1.2 Second period

16.1.2.1 Factory water vapor correction

CFKADS-2127 ( CO2d.cal ¥

E 430 | L1-7815 ( CO2.cal )
S
& 45
S a0} \/MJ
(@]
(&) 415
—~ 8e-04 F I — o] 16 -
E 6e04 | e £
B :
= oe04 b =
Q 0e+00 | 9
I -2e04F I_
£
Q- F 4 s
O E C 4 - 2
Os X 4 05
- & i 4 F&
(O] [CF 4 le)
- T (&)
25-oct. 06:59 26-oct. 06:59  27-oct. 05:59 28-oct. 05:59
35 Hourly averaged data
5 —_ 30 1 (except histogram with min averaged data,
c 2 251 N= 3185 (0 outlier(s) removed))
o < 20 .
23 15 Bias [ppm]:
gL 12: mean= -0.09 / median=-0.1
L 0- 1.sd= 0.18 / MaxDrift= 1.22
2 -1 0 1 2
ACO2d [ppm]
LI-7815 minus CFKADS-2127
Time Period : 19.10.25 04:59 to 1910 28 05:41
Calib. CFKADS-2127 : 19.10.30 07:52 & N
Calib. LI-7815:19.10.24 17:18 & 19.10.31 0825
CO2 [ppb]
Observed bias in ambient air:
mean difference (LI-7815 - Ref Instrument) -90
H5O correction bias estimated by ATC
for the mean HoO during the test ( 12149 ppm H,0) -94
Remaining bias (not related to HoO correction) 4
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16.1.2.2 Water vapor correction coefficients determined by ATC

Remaining

T eof ki
3
= 425
Q420 /\‘\/\/ w \/Mv\j
(@]
o 415
—~ 8e-04 — Crns: —7) 16 .
E 6e04 | - £
2 4e04 } 2
< 2e-04 | <
Q 0e+00 | 9
I -2e04F I_
o) £
e 5 w2 41815 S
O E C 141814 = &
Os C 141813 0 5
-2 . {41812 - &
o [CF 1-7815= 418.13 +/-0.018] 418.11 (o)
- T T T T (&)
25-oct. 06:59 26-oct. 06:59 27-oct. 05:59  28-oct. 05:59
Hourly averaged data
>~ 30 7 (except histogram with min averaged data,
28 297 N= 3185 (0 outlier(s) removed))
o c 20 i
23 ]8: Bias [ppm]: _
0L 5 mean= 0.005 / median=-0.01
L 0- 1.sd= 0.18 / MaxDrift= 1.233
-2 -1 0 1 2
ACO2d [ppm]
LI-7815 minus CFKADS-2127
Time Period : 19.10.25 04:59 to 1910 28 05:41
Calib. CFKADS-2127 : 19.10.30 07:52 & N
Calib. LI-7815:19.10.24 17:18 & 19.10.31 0825
CO2 [ppb]
Observed bias : mean difference (LI-7815 - Reference) 5
H5O correction bias estimated by ATC
for the mean HoO during the test ( 12149 ppm Hy0) -9
bias (not related to HyO correction) 14
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16.1.3 Third period

16.1.3.1 Factory water vapor correction

460 F

450 —‘-\\\
440 |
430 |

420 |

co2d [ppm]

= CFKADS-2127 ( CO2d.cal)
= L7815 (CO2.cal )

1e-03
8e-04
6e-04
4e-04
2e-04
0e+00
2e-04
-4e-04 :

H20 (ppm)

1
e CFKADS-2127
o= LI-7815

TGT co2d
[ppm]

FKADS-2127=
T

1-7815= 418.13 +/- 0.023

31-oct. 21:00

50
40
30
20
10
0
-1.5

Frequency
(counts)

-0.5 0.5
ACO2d [ppm]

) )
02-nov. 21:00
Hourly averaged data

(except histogram with min averaged data,

N= 84 (0 outlier(s) removed))

Bias [ppm]:

mean= -0.047 /| median= -0.06
.sd= 0.23 / MaxDrift= 1.466

1.5

[
LI-7815 minus CFKADS-2127

Time Period :

19.10.31 20:00 to 19.11.04 07:00

Calib. CFKADS-2127 : 19.10.30 07:52 & 19.12.03 08:16
Calib. LI-7815:19.10.31 08:25 & NA

H20 (ppm)

CO2 [ppb]
Observed bias in ambient air:
mean difference (LI-7815 - Ref Instrument) -47
H5O correction bias estimated by ATC
for the mean HoO during the test ( 4395 ppm Hy0) -101
Remaining bias (not related to HyO correction) 54
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16.1.3.2

Water vapor correction coefficients determined by ATC

H20 (ppm) CO2d [ppm]

TGT co2d
[ppm]

Frequency
(counts)

460 F = T
450 |
440 |
430 | \
420 wqﬂ.ﬂ/
1e-03 . : — oo .
8e-04 I — LI7815 1.7 3
6e-04 | 116 s
4e-04 t 113 s
2e-04 | 14 °
0e+00 | 113 Q
-2e-04 | ] H =
-4e-04 & r r — : T
2227] 418.20 s
1418.18 - &
1 418.16 9 -
FKADS-2127= |-7815= 418.15 +1-0.023] 41814 8
T T T - 418.12 O
31-oct. 21:00 02-nov. 21:00
Hourly averaged data
50 (except histogram with min averaged data,
gg N= 84 (0 outlier(s) removed))
20 Bias [ppm]:
10 mean= 0.042 / median= 0.02
0 .sd= 0.23 / MaxDrift= 1.439

-1.5

1.5

-0.5 0.5
ACO2d [ppm]

[
LI-7815 minus CFKADS-2127

Time Period : 19.10.31 20:00 to 19.11.04 07:00
Calib. CFKADS-2127 : 19.10.30 07:52 & 19.12.03 08:16

Calib. LI-7815:19.10.31 08:25 & NA

CO2 [ppb]
Observed bias : mean difference (LI-7815 - Reference) 42
H5O correction bias estimated by ATC
for the mean HoO during the test ( 4395 ppm Hy0) -21
Remaining bias (not related to H2O correction) 63
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16.1.4 Fourth period

16.1.4.1 Factory water vapor correction

TGT CcOo2d

— e CFKADS-2127 ( CO2d.cal )
3 470 | 4\ — L7815 (CO2.cal)
S 460 | N
— 450 |
§ 30 _\-——’\/(
430
© 40 L5 ‘ . —
—_ e CFKADS-2j§274 095 —
£ 1003 | — s /1 590 €
& 4 0.85 %
=  5e-04 | 158 =
& oer00 | Jore 8
T {065 IT_
I I I — 1=

— B M 400.15 =3
£ - 140014 = &
S - 140013 O 5
= L 1 400.12 N

ICFKADS-2127= 400\ - - 0.12 +/- 0.014§ 400.11 8

1 1 1

15-nov. 18:47  16-nov. 18:47

P
g_g 40
Eg 20
0
3 -2 -1 0 1

2
ACO2d [ppm]

17-nov.

18:47

Hourly averaged data

3

LI-7815 minus CFKADS-2127

Time Period : 19.11.1517:47 to 19.1
Calib. CFKADS-2127 : 19.10.30 07:52 & N
Calib. LI-7815:19.11.1511:46 & 19.11.21 16:39

Bias [ppm]:
mean= -0.188 / median= -0.21
.sd= 0.62 / MaxDrift= 5.257

1.18 14:13
A

(except histogram with min averaged data,
N= 2872 (0 outlier(s) removed))

CO2 [ppb]

Observed bias in ambient air:

mean difference (LI-7815 - Ref Instrument)
H5O correction bias estimated by ATC
for the mean HoO during the test ( 7721 ppm Hy0)
Remaining bias (not related to HyO correction)

Observed bias on TGT (dry air):

mean difference (LI-7815 - Ref Instrument)

-188

-117
-71

-17
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16.1.4.2 Water vapor correction coefficients determined by ATC

T anf N\ -
& 460 ,
& 450 |
& 440
o 430 |
© 420
z 0% 2
g 1e-03 - 0.85 a
— 5e-04 | 0.80 =
: %9
N 0e+00 | - N
r ° 065 I_
£
- ¥ 40017 &
O E - 400.16 k= &
g C 40015 O o
5 = CFKADS-2127= 40 400.14 8
© FKADS: e . 40013 9
15-nov. 18:47  16-nov. 18:47  17-nov. 18:47
70 - Hourly averaged data
5 —_ 60 - (except histogram with min averaged data,
c 2 50 N= 2872 (0 outlier(s) removed))
o c 40 .
23 307 Bias [ppm]:
gL %8: mean= -0.077 / median=-0.1
L 0- .sd= 0.63 / MaxDrift= 5.263
6 4 2 0 2 4 6
ACO2d [ppm]
LI-7815 minus CFKADS-2127
Time Period : 19.11.15 17:47 to 19.11.18 14:13
Calib. CFKADS-2127 : 19.10.30 07:52 & NA
Calib. LI-7815:19.11.15 11:46 & 19.11.21 16:39
CO2 [ppb]
Observed bias : mean difference (LI-7815 - Reference) =77
H5O correction bias estimated by ATC
for the mean HyO during the test ( 7721 ppm Hy0) -19
Remaining bias (not related to HoO correction) -58
Observed bias on TGT (dry air):
mean difference (LI-7815 - Ref Instrument) -17
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16.2 Over all Long Term Repeatability

16.2.0.1 Factory water vapor correction

TGT CcOo2d

= CFKADS-2127 ( CO2fcal)
470 = L7815 (CO2.cal ) Eg

. ° %
30 @F % s @ 4
R A I

| N N N N N N N N N | | N N N N N N N N N N N N A |
} —— CFKADS-2127
°

co2d [ppm]
S
S

o= LI-7815 1

H20 (ppm)
oDowo N~ »®

== CFKADS-2127 ( B5651 )]
= LI-7815 ( D609272 )

[ppm]

NN
P00
coo=—
RE®OOON

UL L
19-oct. 02:22 29-oct. 01:22 08-nov. 01:22 18-nov. 01
Hourly averaged data
(except histogram with min averaged data,
15007 N= 15110 (0 outlier(s) removed))

Bias [ppm]:
500 mean= -0.14 / median=-0.14
0- .sd= 0.39 / MaxDrift= 5.78

3 -2 101 2 3
ACO2d [ppm]
LI-7815 minus CFKADS-2127

Time Period : 19.10.19 00:22 to 19.11.18 08:47
Calib. CFKADS-2127 : 19.10.30 07:52 & 19.12.03 08:16

Calib. LI-7815:19.10.17 08:35 & 19.11.15 11:46

N BRBRARN OO oo
N

Frequency
(counts)
=
o
o
1

H20 (ppm)

TGT
co2d [ppm]

CO2 [ppb]

Observed bias in ambient air:

mean difference (LI-7815 - Ref Instrument) -140
H5O correction bias estimated by ATC

for the mean HoO during the test ( 11155 ppm H50) -94
Remaining bias (not related to HoO correction) -46
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16.2.0.2

Water vapor correction coefficients determined by ATC

TGT CcOo2d

'g aor . % = fﬁ?é%i‘?éﬁiﬂf "
1. B | :
S 40| e ; < » o
o) 420 | h
© 410 —_’
||||||||||||||||||||||:||||| 18
= se04f - 3 = 18
E 6e0d| . 12 £
o 4e-04 | hd : o
= 2e-04 | ™ > =
Q 0e+00 | \ 110 9
T 2004 | 108 T
*i0s PRI 3 e £
= 404 F = LI-7815 ( D609272 ) 418.14 o
S 403 | 41812 = &
2 i ileg
= 401 | 2q97= i . -
400 CFIKIA[IJS|2|12|7|4?3|3|+II 2|2|56| LU 41806 8
19-oct. 02:22  29-oct. 01:22 08-nov. 01:22  18-nov. 01:22
2000 1 Hourly averaged data
5 —_ (except histogram with min averaged data,
£ g 1500 1 N= 15110 (0 outlier(s) removed))
= g 10001 Bias [ppm]:
Q@ O 500+ mean=-0.04 /| median=-0.04
L 0- .sd= 0.39 / MaxDrift= 5.765
2 1 0 1 -2 -3
ACO2d [ppm]
LI-7815 minus CFKADS-2127
Time Period : 19.10.19 00:22 to 19.11.18 08:47
Calib. CFKADS-2127 : 19.10.30 07:52 & 19.12.03 08:16
Calib. LI-7815:19.10.17 08:35 & 19.11.15 11:46
CO2 [ppb]
Observed bias : mean difference (LI-7815 - Reference) -40
H5O correction bias estimated by ATC
for the mean HoO during the test ( 11155 ppm Hy0) -9
Remaining bias (not related to H2O correction) -31
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16.3 With drying system

Methodology: Measure ambient air with drying system. Compare with a reference
instrument. The 2 instruments are calibrated against the same set of calibration tanks.
They are equipped with a dedicated sampling line. In this case, they use the same sampling
line. A target gas is measured on both instruments for quality control.

16.3.1 First period

TRl = et (cozaca

g i

S 4axsft N M

S 420t \ — ~

3 45| v NS

1 1 1 1

g e r = s 100005 =

& 5e-04 F 1 0.0000 %

- 1 -0.0005 <«

Q  0e+00 | 1 -0.0010 &

T se04t { 00015 T_
3 40020 E
OF C 400.19 &
Os - 40018 O
=& _ 40017 F a
o 3 i 40016 3

09-nov. 23:59 11-nov. 23:59
_ Hourly averaged data

5 —_ 20 (except histogram with min averaged data,

g "2 15 N= 1500 (0 outlier(s) removed))

2 3 10 Bias [ppm]: _

0L 5 mean= 0.127 / median= 0.11

L 0- .sd= 0.18 / MaxDrift= 1.183

-2 -1 0 1 2

ACO2d [ppm]
LI-7815 minus CFKADS-2127

Time Period : 19.11.09 22:59 to 19.11.13 07:22
Calib. CFKADS-2127 : 19.10.30 07:52 & NA

Calib. LI-7815:19.10.31 08:25 & 19.11.15 11:46

CO2 [ppb]
Observed bias : mean difference (LI-7815 - Reference) 127
Intrinsic bias estimated in wet air conditions (ATC correction) -31
Observed bias on TGT (dry air):
mean difference (LI-7815 - Ref Instrument) 20
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16.3.2 Second period

-E- 470 F i = CFKADS-2127 ( CO2d.cal )
= LI-7815 (CO2a.cal )
S 460}
& 450 |
kel 440 "Ny ‘
8 a0 . .7 AN
O 420 |7 \J S
! ! ! !
E 16-03 R : EE7K8P«1E‘3’S-2127 E
1 1e-03
& seo0s} M::ﬁ MWW g
1 5e-04
§ 0e+00 |- §
1 0e+00
-5e-04 =
S e,k
SE 418116 5 =
a 41815 O 5
=] 418.14 N
(O] 418.13 (@]
- (&)
22-nov. 15:59 24-nov. 15:59
Hourly averaged data
5 — 2007 (except histogram with min averaged data,
5 "2 150 N= 3262 (0 outlier(s) removed))
23 1004 Bias [ppm]: )
L 504 mean= 0.091 / median= 0.03
L 0-! .sd= 0.37 / MaxDrift= 2.862
-2 -1 0 1 2
ACO2d [ppm]
LI-7815 minus CFKADS-2127
Time Period : 19.11.22 14:59 to 19.11.26 08:28
Calib. CFKADS-2127 : 19.10.30 07:52 & NA
Calib. LI-7815:19.11.21 16:39 & 19.11.26 09:15
CO2 [ppb]
Observed bias : mean difference (LI-7815 - Reference) 91
Intrinsic bias estimated in wet air conditions (ATC correction) -31
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17 Summary

For legibility purposes, the results are split into tables by species.
Only status in bold are taken into account for the final status.

COq
Spec ATC unit Status

Field CMR (average on min sd) - 43.1893163774142 ppb -
Minute CMR (10) <50 19.7 ppb
Hourly CMR (10) <25 18.7 ppb
Minute CMR MaxDrift (peak to peak) | <200 98.5 ppb
Hourly CMR MaxDrift (peak to peak) | <150 66 ppb
LTR-1 (10, 10 min avr raw data) | <50 35 ppb
LTR-1 MaxDrift (peak to peak) <200 106 ppb
LTR-2 (10, 10 min avr raw data) | <50 45 ppb
LTR-2 MaxDrift (peak to peak) <200 123 ppb
LTR-3 (10, 10 min avr raw data) | <50 25 ppb
LTR-3 MaxDrift (peak to peak) <200 84 ppb
LTR-4 (10, 10 min avr raw data) | <50 32 ppb
LTR-4 MaxDrift (peak to peak) <200 117 ppb

STR (1o, 9 min avr raw data) - 4 ppb -

Atm. pressure sensitivity - NS ppb/hPa -

Temperature sensitivity - NS ppb/°C -

Max res from fit in cal range - 24 ppb -

Max res from fit in extended range - 19 ppb -

Max res from fit in extended range 2 - 0.005 % -

Calibration drift trend - -799.9 ppb/month -

Water vapor corr: max bias ATC - 31.28 ppb -

Water vapor corr: max bias Factory - 436.39 ppb -

Water vapor correction I1 - -5.680e-04 - -

Water vapor correction 12 - 3.223e-04 - -
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