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1941; Paetzold, 1955; Fabian, 1967)

» Chemiluminescent sondes (Regener, 1960)
used briefly

s US ESSA and AFGL networks 1962-1966
launched 2000 Regener, Brewer-Mast and
carbon-iodine sondes

s All “modern” sondes electrochemical (KlI)
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Number of Ozonesonde Profiles 1960-1989

ECC
Brewer-Mast

Latitude (Deg.)

Note: addition of SHADOZ
network; gradual shift to
ECC sondes
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ozone is strongly
altitude-dependent,
and largest in the
upper troposphere

and lower
stratosphere

Process studies (e.g.

MATCH...)
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Bias (%)

Satellite measurements - Upper tropospheric bias
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Ziemke et al. (2005)
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Liu et al. (2005)
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Ziemke et al. (2006)
Ziemke et al. (2014)
Boynard et al. (2009)
Boxe et al. (2010)
Dufour et al. (2012)
Cuesta et al. (2013)
Fu et al. (2013)

Miles et al. (2015)
Wargan et al. (2015)
Boynard et al. (2016)
Huang et al. (2017)
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Mean 0-10 km ozone column (DU)
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Average of 6 Canadian
15.8 - ozonesonde stations.
o5 Error bars indicate 95%
confidence on mean trends
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JOSIE campaigns have been of critical importance

Homogenization of older ozonesonde data records — accounting for
these effects — can improve systematic uncertainty to about +=5%

Environment and Environnement et
I*I Climate Change Canada Changement climatique Canada GMAC 2020 - 17/07/2020- 7



Bias ECC sondes - Upper Troposphere - UV referenced
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Weighted mean =5.3 £5.2%

Bias (%)
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Bias BM sondes - Upper Troposphere - adjusted to UV reference
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And how accurate is this reference?

» Ozonesondes utilize electrochemical detection methods that were
developed originally for surface monitoring (Paneth and Gliickauf, 1941,
Gliickauf et al., 1944; Ehmert, 1951; Bowen and Regener, 1951; Vassy,
1949; Brewer and Milford, 1960).

» While these generally gave good results, there are many examples of
field instruments that suffered low biases (the Mast Ozone Meter; the
Pruchniewicz instrument; the Cauer method) as well as examples of very
high values (Dauvillier (1934); Wilson et al. (1952); Kelley (1970))

» Controversy about stoichiometry of neutral-buffered Kl in the 1970s:
» Dietz etal. (1973): 1.00 &= 0.03 at pH 7 & 0.1 to 0.4 ppm

» Pitts et al. (1976): 1.23 £ 0.06 @ 50% RH & 0.1 to 1 ppm
1.14 = 0.04 at 3% RH

Some authors note that rigorous procedures, cleaning, were important.

YV VYV

Chemical methods for O, abandoned by 1980s, except for ozonesondes

Given this, the accuracy of ozonesondes is impressive...

Rigorous standard operating procedures can improve random
uncertainty to better than =5%

I*I Environment and Environnement et GMAC 2020 — 17/07/2020- 10
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Stoichiometry

= NBKI method: 0,+21 " +H,0=0,+20H +1,

|, +2e =21

= Saltzman and Gilbert (1959): reaction stoichiometry varies with
pH, but is 1.00 at pH = 7; second slow response up to 20%

= Differences in stoichiometry at different pH imply that the
chemistry of reaction of ozone with Kl is complex, involving other
reactions that cause loss of iodine, as well as reactions that
produce additional iodine

= Flamm (1977): Stoichiometry increases with time, by 15-30%

= The stubborn issue of the background current also is related to
stoichiometry — most or all of it may be due to previous ozone
exposure. A cell in equilibrium will have iz =0

I*I Environment and Environnement et GMAC 2020 — 17/07/2020- 12
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s ECC sonde integrated columns agree very well with total ozone measurements

= But pump corrections measured by groups at NOAA and U. Wyoming are much
larger than the operational standard (Komhyr, 1986)

=

£d

The low Komhyr86 pump corrections are compensating for the increase in

stoichiometry — but only on average (one is a function of pressure, the other
of ozone exposure and time)

Environment and Environnement et
Climate Change Canada Changement climatique Canada GMAC 2020 - 17/07/2020- 13



0,5onde(t) = O,(1-e%%) + 0.07*0,(1-e%)

i, modeled as 2"
order time response

NOBUFFER ~ LXBUFFER 2 BURFER  4xBURFER Left: Response of
-\ R VEREEEEE 6000
unbuffered versus
buffered cathode
: 5000
solutions (Johnson
etal.,, JGR, 2002). ? g =
@4000 : e, PO
= .
=
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This error — effectively | .  Orone (sonde)
an error in iz — is more — Corrected (sonde)
than 5% of the profile | e eted
everywhere except in —— Slow response
— % diff
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10 15
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0.5% 0xB

		1Z1186 (0.5% KI + 0xBuffers) 6.47		1Z1339 (0.5% KI  + 0xBuffers) 6.51		1Z1342 (0.5% KI + 0xBuffers) 6.61		6A1915 (0.5% KI + 0xBuffers) 6.42		6A1913 (0.5% KI  + 0xBuffers) 6.46		6A1844 (0.5% KI + 0xBuffers) 6.53

		0.00		0.00		0.00		0.02		0.00		0.00

		3.98		3.98		4.00		4.02		3.83		4.07

		3.22		3.21		3.24		3.18		3.00		3.19

		2.42		2.41		2.44		2.51		2.37		2.52

		1.67		1.67		1.70		1.66		1.55		1.65

		3.99		4.00		4.05		4.01		3.84		4.04
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		9.76		9.76		9.85		9.80		9.60		9.89

		6.60		6.58		6.70		6.69		6.50		6.68

		4.15		4.14		4.27		4.23		4.10		4.20

		average		0.5% KI / 25g KBr / 0xBuffer						average		CALIBRATOR				0.5% KI

		0.00		0						0.00		5				5

		0.00		10						4.21		15		-5.38		15

		3.98		10						3.37		25		-4.43		25

		3.98		20						2.52		35		-3.88		35

		3.22		20						1.68		45		-0.58		45

		3.22		30						4.20		55		-5.05		55

		2.42		30						8.41		65		-4.64		65

		2.42		40						12.64		75		-4.92		75

		1.67		40						16.85		85		-4.52		85

		1.67		50						13.51		95		-3.77		95

		3.99		50						10.14		105		-3.79		105

		3.99		60						6.75		115		-2.23		115
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1% 0xB

		average		Stnd. Dev.		EX100-1z		EX101-6a		ex102-1z		1Z1339 (1% KI + 0xBuffers)		6A1915 (1% KI + 0xBuffers)		1Z1342 (1% KI  + 0xBuffers) 6.55		6A1844 (1% KI  + 0xBuffers) 6.61		6A1913 (1% KI/25g KBr + 0xBuffers) 6.21		1Z1342 (1% KI/25g KBr + 0xBuffers) 6.24

		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		4.04		0.06		4.02		3.95		4.11		4.07		4.15		4.03		4.07		4.03		3.97

		3.28		0.06		3.36		3.24		3.33		3.29		3.33		3.33		3.27		3.20		3.20

		2.48		0.06		2.55		2.41		2.54		2.51		2.52		2.50		2.46		2.38		2.42

		1.66		0.05		1.68		1.66		1.67		1.70		1.73		1.66		1.65		1.59		1.58

		4.10		0.06		4.14		4.04		4.15		4.13		4.21		4.07		4.09		4.01		4.05

		8.20		0.13		8.28		8.09		8.34		8.30		8.36		8.26		8.08		8.03		8.10

		12.34		0.20		12.44		12.17		12.48		12.53		12.62		12.39		12.26		12.09		12.09
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1% 1xB

		average		Stnd. Dev.		EX100-1z		EX101-6A		ex102-1z		ex104-6a

		0.01		0.01		0.02		0.00		0.00		0.00

		4.21		0.14		4.33		4.06		4.12		4.32

		3.47		0.14		3.65		3.38		3.34		3.53

		2.61		0.14		2.81		2.51		2.54		2.59
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		7.46		0.22		7.59		7.27		7.29		7.70

		4.76		0.15		4.92		4.64		4.61		4.85

		average		1% KI / 25g KBr / 1xBuffer						average		CALIBRATOR				1 x BUFFER

		0.01		0						0.00		5				5

		0.01		10						4.21		15		-0.06		15

		4.21		10						3.37		25		3.24		25

		4.21		20						2.52		35		3.79		35

		3.47		20						1.68		45		3.25		45

		3.47		30						4.20		55		2.17		55

		2.61		30						8.41		65		3.16		65

		2.61		40						12.64		75		3.93		75

		1.74		40						16.85		85		4.53		85

		1.74		50						13.51		95		6.33		95
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1% 2xB

		average		Stnd. Dev.		EX100-1z		EX101-6a		ex102-1z

		0.00		0.00		0.00		0.00		0.00

		4.32		0.08		4.35		4.38		4.23

		3.58		0.11		3.66		3.62		3.45

		2.70		0.09		2.80		2.70		2.61

		1.80		0.10		1.85		1.87		1.69

		4.45		0.12		4.53		4.51		4.31

		9.00		0.15		9.12		9.05		8.83

		13.63		0.17		13.75		13.70		13.43

		18.33		0.19		18.48		18.38		18.11

		15.00		0.16		15.15		15.03		14.83

		11.51		0.16		11.65		11.54		11.34

		7.85		0.14		7.93		7.93		7.69

		5.05		0.17		5.14		5.16		4.86

		average		1% KI / 25g KBr / 2xBuffer						average		CALIBRATOR				2 x BUFFER

		0.00		0						0.00		5				5

		0.00		10						4.21		15		2.56		15

		4.32		10						3.37		25		6.30		25

		4.32		20						2.52		35		7.51		35

		3.58		20						1.68		45		7.02		45

		3.58		30						4.20		55		5.86		55

		2.70		30						8.41		65		6.96		65

		2.70		40						12.64		75		7.83		75

		1.80		40						16.85		85		8.75		85

		1.80		50						13.51		95		11.06		95

		4.45		50						10.14		105		13.47		105

		4.45		60						6.75		115		16.27		115

		9.00		60						4.22		125		19.70		125

		9.00		70

		13.63		70

		13.63		80

		18.33		80

		18.33		90

		15.00		90

		15.00		100

		11.51		100

		11.51		110

		7.85		110

		7.85		120

		5.05		120

		5.05		130
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1% 4xB

		average		Stnd. Dev.		EX103-1z		EX103-1z		EX103-1z

		0.05		0.02		0.04		0.07		0.04

		4.57		0.05		4.62		4.55		4.54

		3.80		0.04		3.84		3.79		3.76

		2.96		0.03		2.99		2.95		2.94

		1.99		0.02		2.02		2.00		1.97

		4.76		0.05		4.81		4.75		4.72

		9.57		0.07		9.65		9.54		9.53

		14.50		0.11		14.63		14.43		14.43

		19.59		0.15		19.77		19.49		19.52

		16.14		0.11		16.27		16.09		16.07

		12.52		0.12		12.66		12.49		12.42

		8.67		0.11		8.78		8.66		8.56

		5.53		0.09		5.63		5.54		5.44

		average		1% KI / 25g KBr / 4xBuffer						average		CALIBRATOR				4 x BUFFER

		0.05		0						0.00		5				5

		0.05		10						4.21		15		8.57		15

		4.57		10						3.37		25		12.88		25

		4.57		20						2.52		35		17.73		35

		3.80		20						1.68		45		18.39		45

		3.80		30						4.20		55		13.26		55

		2.96		30						8.41		65		13.78		65

		2.96		40						12.64		75		14.71		75

		1.99		40						16.85		85		16.27		85

		1.99		50						13.51		95		19.49		95

		4.76		50						10.14		105		23.49		105

		4.76		60						6.75		115		28.44		115

		9.57		60						4.22		125		31.08		125

		9.57		70

		14.50		70

		14.50		80

		19.59		80

		19.59		90

		16.14		90

		16.14		100

		12.52		100

		12.52		110

		8.67		110

		8.67		120

		5.53		120

		5.53		130
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1% 0.5xB

		average		Stnd. Dev.		ex105-1z		ex105-1z		6A2553 (1% KI + 0.5xBuffers) 6.78		6A1915 (1% KI + 0.5xBuffers) 6.79		1Z1342 (1% KI + 0.5xBuffers)		6A2515X (1% KI + 0.5xBuffers) 6.78		1Z1143 (1% KI  + 0.5xBuffers) 6.77		6A1913 (1% KI + 0.5xBuffers) 6.74

		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		4.09		0.07		4.14		4.09		4.08		4.15		3.95		4.06		4.18		4.08

		3.34		0.05		3.32		3.34		3.39		3.40		3.23		3.33		3.40		3.34

		2.55		0.04		2.58		2.55		2.57		2.57		2.47		2.52		2.57		2.53

		1.72		0.04		1.73		1.71		1.73		1.72		1.63		1.73		1.75		1.73

		4.21		0.09		4.19		4.14		4.32		4.33		4.06		4.20		4.27		4.19

		8.39		0.15		8.27		8.22		8.51		8.62		8.28		8.32		8.54		8.33

		12.67		0.22		12.43		12.42		12.80		12.96		12.55		12.59		12.97		12.62

		16.99		0.33		16.56		16.60		17.21		17.43		16.86		16.94		17.38		16.95

		13.75		0.30		13.36		13.40		13.94		14.18		13.72		13.65		14.06		13.68

		10.42		0.22		10.13		10.14		10.55		10.68		10.40		10.34		10.70		10.40

		7.06		0.14		6.91		6.88		7.17		7.24		7.06		6.97		7.21		7.04

		4.49		0.12		4.35		4.32		4.61		4.64		4.48		4.44		4.59		4.49

		average		1% KI / 25g KBr / 0.5xBuffer						average		CALIBRATOR				0.5 x BUFFER

		0.00		0						0.00		5				5

		0.00		10						4.21		15		-2.83		15

		4.09		10						3.37		25		-0.67		25

		4.09		20						2.52		35		1.17		35

		3.34		20						1.68		45		2.01		45

		3.34		30						4.20		55		0.21		55

		2.55		30						8.41		65		-0.34		65

		2.55		40						12.64		75		0.23		75

		1.72		40						16.85		85		0.84		85

		1.72		50						13.51		95		1.77		95

		4.21		50						10.14		105		2.70		105

		4.21		60						6.75		115		4.59		115

		8.39		60						4.22		125		6.35		125

		8.39		70

		12.67		70

		12.67		80

		16.99		80

		16.99		90

		13.75		90

		13.75		100

		10.42		100

		10.42		110

		7.06		110

		7.06		120

		4.49		120

		4.49		130
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2% 0xB

		average		Stnd. Dev.		1Z1342 (2% KI + 0xBuffers) 6.38		1Z1339 (2% KI + 0xBuffers) 6.45		6A1913 (2% KI + 0xBuffers) 6.49

		0.00		0.00		0.00		0.00		0.00

		4.09		0.01		4.08		4.10		4.10

		3.40		0.06		3.44		3.42		3.33

		2.56		0.04		2.58		2.58		2.51

		1.72		0.03		1.75		1.72		1.69

		4.19		0.01		4.21		4.19		4.18

		8.32		0.11		8.30		8.43		8.22

		12.54		0.04		12.52		12.58		12.51

		16.78		0.09		16.69		16.88		16.78

		13.53		0.11		13.57		13.62		13.41

		10.24		0.06		10.21		10.31		10.21

		6.92		0.08		6.98		6.95		6.82

		4.41		0.08		4.44		4.48		4.32

		average		2% KI / 25g KBr / 0xBuffer						average		CALIBRATOR				2% KI

		0.00		0						0.00		5				5

		0.00		10						4.21		15		-2.78		15

		4.09		10						3.37		25		0.92		25

		4.09		20						2.52		35		1.59		35

		3.40		20						1.68		45		2.19		45

		3.40		30						4.20		55		-0.27		55

		2.56		30						8.41		65		-1.14		65

		2.56		40						12.64		75		-0.81		75

		1.72		40						16.85		85		-0.42		85

		1.72		50						13.51		95		0.17		95

		4.19		50						10.14		105		0.98		105

		4.19		60						6.75		115		2.52		115

		8.32		60						4.22		125		4.55		125

		8.32		70

		12.54		70

		12.54		80

		16.78		80

		16.78		90

		13.53		90

		13.53		100

		10.24		100

		10.24		110

		6.92		110

		6.92		120

		4.41		120

		4.41		130
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4% 0xB

		average		Stnd. Dev.		1Z1342 (4% KI + 0xBuffers)		6A1844 (4% KI + 0xBuffers)		1Z1339 (4% KI + 0xBuffers) 6.44		1Z1186 (4% KI + 0xBuffers) 6.41		6A1915 (4% KI + 0xBuffers) 6.43

		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		4.20		0.09		4.28		4.30		4.12		4.12		4.17

		3.46		0.05		3.52		3.51		3.42		3.44		3.41

		2.63		0.05		2.69		2.66		2.58		2.59		2.60

		1.78		0.04		1.81		1.83		1.76		1.73		1.75

		4.29		0.08		4.36		4.39		4.27		4.18		4.27

		8.52		0.16		8.75		8.65		8.43		8.42		8.38

		12.81		0.23		13.16		12.91		12.68		12.58		12.70

		17.08		0.30		17.58		17.13		16.86		16.85		16.98

		13.78		0.30		14.28		13.79		13.55		13.61		13.66

		10.41		0.18		10.70		10.47		10.25		10.30		10.33

		7.02		0.14		7.25		7.05		6.93		6.94		6.92

		4.43		0.07		4.55		4.39		4.43		4.45		4.36

		average		4% KI / 25g KBr / 0xBuffer						average		CALIBRATOR				4% KI

		0.00		0						0.00		5				5

		0.00		10						4.21		15		-0.28		15

		4.20		10						3.37		25		2.83		25

		4.20		20						2.52		35		4.35		35

		3.46		20						1.68		45		5.54		45

		3.46		30						4.20		55		2.13		55

		2.63		30						8.41		65		1.31		65

		2.63		40						12.64		75		1.32		75

		1.78		40						16.85		85		1.36		85

		1.78		50						13.51		95		1.99		95

		4.29		50						10.14		105		2.64		105

		4.29		60						6.75		115		4.01		115

		8.52		60						4.22		125		5.03		125

		8.52		70

		12.81		70

		12.81		80

		17.08		80

		17.08		90

		13.78		90

		13.78		100

		10.41		100

		10.41		110

		7.02		110

		7.02		120

		4.43		120

		4.43		130
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40%lo buf

		average		Stnd. Dev.		1Z		1Z		1Z		6A		6A		6A

		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		2.40		0.04		2.39		2.39		2.38		2.47		2.37		2.42

		2.03		0.02		2.05		2.02		2.05		2.04		2.00		2.03

		1.48		0.03		1.53		1.47		1.50		1.48		1.45		1.47

		0.95		0.07		1.06		0.96		1.00		0.90		0.89		0.90

		2.42		0.05		2.47		2.45		2.45		2.44		2.33		2.39

		4.99		0.07		4.96		5.09		5.05		4.98		4.89		4.94

		7.67		0.10		7.56		7.82		7.74		7.67		7.59		7.65

		10.36		0.14		10.19		10.60		10.45		10.32		10.28		10.34

		8.45		0.11		8.33		8.65		8.48		8.43		8.40		8.43

		6.41		0.09		6.34		6.59		6.41		6.40		6.38		6.36

		4.36		0.09		4.39		4.52		4.37		4.32		4.31		4.27

		2.76		0.07		2.83		2.86		2.74		2.74		2.71		2.68

		average		40% lower oz profile						average		CALIBRATOR				40% lower oz profile				TECO (mPa)		TECO (mPa)

		0.00		0						0.00		5				5				0		0

		0.00		10						2.56		15		-6.18		15				2.5188430698		2.6006015105

		2.40		10						2.05		25		-1.10		25				2.035480617		2.0697693608

		2.40		20						1.47		35		0.67		35				1.4421249291		1.507770579

		2.03		20						1.03		45		-7.41		45				0.9935151336		1.0621787674

		2.03		30						2.51		55		-3.63		55				2.4925778342		2.5362144181

		1.48		30						5.04		65		-1.10		65				5.0294470665		5.0522164093

		1.48		40						7.54		75		1.70		75				7.5346116016		7.5522600885

		0.95		40						10.11		85		2.53		85				10.0980597073		10.1141688138

		0.95		50						8.11		95		4.17		95				8.1119606315		8.1158437675

		2.42		50						6.05		105		6.03		105				6.0480597035		6.0498215402

		2.42		60						4.04		115		7.95		115				4.0791693479		4.0042444405

		4.99		60						2.52		125		9.31		125				2.5108623394		2.5320515455

		4.99		70

		7.67		70

		7.67		80

		10.36		80

		10.36		90

		8.45		90

		8.45		100

		6.41		100

		6.41		110

		4.36		110

		4.36		120

		2.76		120

		2.76		130
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40% Hi Buf

		average		Stnd. Dev.		1Z		1Z		1Z		6A		6A		6A

		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		5.92		0.06		5.85		5.95		5.91		6.02		5.87		5.93

		4.81		0.06		4.74		4.83		4.81		4.91		4.76		4.81

		3.68		0.06		3.61		3.66		3.65		3.79		3.65		3.70

		2.42		0.03		2.41		2.43		2.42		2.46		2.37		2.42

		6.00		0.09		5.95		6.08		6.05		6.09		5.86		5.96

		12.10		0.17		11.93		12.24		12.15		12.34		11.90		12.03

		18.25		0.25		18.01		18.45		18.30		18.60		17.97		18.17

		24.46		0.35		24.10		24.70		24.39		25.00		24.13		24.44

		19.99		0.33		19.64		20.16		19.79		20.55		19.76		20.03

		15.19		0.28		14.90		15.37		14.97		15.64		15.07		15.19

		10.32		0.17		10.18		10.53		10.18		10.55		10.19		10.30

		6.52		0.13		6.44		6.71		6.39		6.63		6.43		6.51

		average		40% higher OZ						average		CALIBRATOR				40% higher oz profile				TECO (mPa)		TECO (mPa)

		0.00		0						0.00		5				5				0		0

		0.00		10						5.91		15		0.23		15				5.8954617523		5.9177290779

		5.92		10						4.70		25		2.36		25				4.699114452		4.7025569069

		5.92		20						3.52		35		4.41		35				3.5261261516		3.5205297645

		4.81		20						2.39		45		1.40		45				2.3806344108		2.3918954634

		4.81		30						5.89		55		1.87		55				5.8763581198		5.8989983334

		3.68		30						11.80		65		2.58		65				11.7691982353		11.8210371048

		3.68		40						17.68		75		3.22		75				17.6475155317		17.7147237093

		2.42		40						23.61		85		3.63		85				23.5435101746		23.6680945446

		2.42		50						18.90		95		5.78		95				18.8265771058		18.9710355357

		6.00		50						14.19		105		7.02		105				14.1817072953		14.2037811542

		6.00		60						9.45		115		9.27		115				9.411314967		9.480664823

		12.10		60						5.92		125		10.03		125				5.900405041		5.9488651289

		12.10		70

		18.25		70

		18.25		80

		24.46		80

		24.46		90

		19.99		90

		19.99		100

		15.19		100

		15.19		110

		10.32		110

		10.32		120

		6.52		120

		6.52		130
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1% 0KBr

		average		Stnd. Dev.		6A1915 (1% KI/0g KBr + 0xBuffers) 6.57		1Z1186 (1% KI/0g KBr + 0xBuffers) 6.56

		0.00		0.00		0.00		0.00

		4.05		0.08		4.10		3.99

		3.25		0.07		3.30		3.20

		2.43		0.04		2.45		2.40

		1.60		0.08		1.66		1.55

		4.06		0.03		4.08		4.04

		8.12		0.05		8.16		8.09

		12.21		0.12		12.29		12.12

		16.39		0.14		16.49		16.29

		13.18		0.13		13.27		13.08

		9.99		0.14		10.09		9.89

		6.71		0.16		6.82		6.59

		4.22		0.14		4.32		4.12

		average		1% KI / 0g KBr / 0xBuffer						average		CALIBRATOR				0 x BUFFER

		0.00		0						0.00		5				5

		0.00		10						4.21		15		-3.88		15

		4.05		10						3.37		25		-3.44		25

		4.05		20						2.52		35		-3.59		35

		3.25		20						1.68		45		-4.85		45

		3.25		30						4.20		55		-3.40		55

		2.43		30						8.41		65		-3.45		65

		2.43		40						12.64		75		-3.42		75

		1.60		40						16.85		85		-2.73		85

		1.60		50						13.51		95		-2.47		95

		4.06		50						10.14		105		-1.46		105

		4.06		60						6.75		115		-0.63		115

		8.12		60						4.22		125		-0.12		125

		8.12		70

		12.21		70

		12.21		80

		16.39		80

		16.39		90

		13.18		90

		13.18		100

		9.99		100

		9.99		110

		6.71		110

		6.71		120

		4.22		120

		4.22		130
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1% 50KBr

		average		Stnd. Dev.		6A1844 (1% KI/50g KBr + 0xBuffers) 6.40		1Z1339 (1% KI/50g KBr + 0xBuffers) 6.52

		0.00		0.00		0.00		0.00

		4.11		0.09		4.17		4.04

		3.35		0.03		3.33		3.37

		2.49		0.01		2.48		2.50

		1.65		0.01		1.66		1.64

		4.14		0.02		4.12		4.15

		8.24		0.01		8.25		8.23

		12.32		0.06		12.37		12.28

		16.41		0.04		16.38		16.44

		13.24		0.00		13.24		13.24

		10.06		0.07		10.11		10.01

		6.73		0.00		6.74		6.73

		4.27		0.02		4.28		4.26

		average		1% KI / 50g KBr / 0xBuffer						average		CALIBRATOR				0 x BUFFER

		0.00		0						0.00		5				5

		0.00		10						4.21		15		-2.46		15

		4.11		10						3.37		25		-0.37		25

		4.11		20						2.52		35		-1.07		35

		3.35		20						1.68		45		-2.04		45

		3.35		30						4.20		55		-1.65		55

		2.49		30						8.41		65		-2.06		65

		2.49		40						12.64		75		-2.48		75

		1.65		40						16.85		85		-2.63		85

		1.65		50						13.51		95		-2.01		95

		4.14		50						10.14		105		-0.83		105

		4.14		60						6.75		115		-0.22		115

		8.24		60						4.22		125		1.12		125

		8.24		70

		12.32		70

		12.32		80

		16.41		80

		16.41		90

		13.24		90

		13.24		100

		10.06		100

		10.06		110

		6.73		110

		6.73		120

		4.27		120

		4.27		130
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Data

		ex117		1Z1339 (1% KI/50g KBr + 0xBuffers) 6.52		1Z1342 (1% KI/25g KBr + 0xBuffers) 6.24		1Z1186 (1% KI/0g KBr + 0xBuffers) 6.56

		0.00		0.00		0.00		0.00

		4.21		4.04		3.97		3.99

		3.37		3.37		3.20		3.20

		2.51		2.50		2.42		2.40

		1.67		1.64		1.58		1.55

		4.21		4.15		4.05		4.04

		8.42		8.23		8.10		8.09

		12.66		12.28		12.09		12.12

		16.84		16.44		16.32		16.29

		13.49		13.24		13.15		13.08

		10.16		10.01		10.00		9.89

		6.75		6.73		6.76		6.59

		4.22		4.26		4.27		4.12

		ex116		6A1915 (1% KI/0g KBr + 0xBuffers) 6.57		6A1913 (1% KI/25g KBr + 0xBuffers) 6.21		6A1844 (1% KI/50g KBr + 0xBuffers) 6.40

		0.00		0.00		0.00		0.00

		4.23		4.10		4.03		4.17

		3.37		3.30		3.20		3.33

		2.52		2.45		2.38		2.48

		1.67		1.66		1.59		1.66

		4.19		4.08		4.01		4.12

		8.42		8.16		8.03		8.25

		12.64		12.29		12.09		12.37

		16.87		16.49		16.24		16.38

		13.49		13.27		13.11		13.24

		10.13		10.09		9.99		10.11

		6.76		6.82		6.63		6.74

		4.21		4.32		4.20		4.28

		ex115		6A1915 (0.5% KI + 0xBuffers) 6.42		6A1913 (0.5% KI  + 0xBuffers) 6.46		6A1844 (0.5% KI + 0xBuffers) 6.53

		0.00		0.02		0.00		0.00

		4.20		4.02		3.83		4.07

		3.35		3.18		3.00		3.19

		2.50		2.51		2.37		2.52

		1.68		1.66		1.55		1.65

		4.19		4.01		3.84		4.04

		8.37		7.98		7.73		8.07

		12.59		12.13		11.83		12.25

		16.75		16.17		15.80		16.35

		13.49		13.05		12.68		13.16

		10.10		9.80		9.60		9.89

		6.69		6.69		6.50		6.68

		4.20		4.23		4.10		4.20

		ex114		1Z1186 (0.5% KI + 0xBuffers) 6.47		1Z1339 (0.5% KI  + 0xBuffers) 6.51		1Z1342 (0.5% KI + 0xBuffers) 6.61

		0.00		0.00		0.00		0.00

		4.19		3.98		3.98		4.00

		3.35		3.22		3.21		3.24

		2.53		2.42		2.41		2.44

		1.70		1.67		1.67		1.70

		4.17		3.99		4.00		4.05

		8.37		8.02		8.06		8.12

		12.57		12.02		12.04		12.07

		16.78		16.09		16.11		16.18

		13.42		13.00		12.99		13.08

		10.09		9.76		9.76		9.85

		6.73		6.60		6.58		6.70

		4.20		4.15		4.14		4.27

		ex113		6A1915 (4% KI + 0xBuffers) 6.43		6A1844 (1% KI  + 0xBuffers) 6.61		6A1913 (2% KI + 0xBuffers) 6.49

		0.00		0.00		0.00		0.00

		4.20		4.17		4.07		4.10

		3.35		3.41		3.27		3.33

		2.53		2.60		2.46		2.51

		1.71		1.75		1.65		1.69

		4.17		4.27		4.09		4.18

		8.38		8.38		8.08		8.22

		12.59		12.70		12.26		12.51

		16.80		16.98		16.44		16.78

		13.44		13.66		13.19		13.41

		10.10		10.33		9.97		10.21

		6.74		6.92		6.68		6.82

		4.21		4.36		4.22		4.32

		ex112		6A2515X (1% KI + 0.5xBuffers) 6.78		1Z1143 (1% KI  + 0.5xBuffers) 6.77		6A1913 (1% KI + 0.5xBuffers) 6.74

		0.00		0.00		0.00		0.00

		4.23		4.06		4.18		4.08

		3.37		3.33		3.40		3.34

		2.48		2.52		2.57		2.53

		1.68		1.73		1.75		1.73

		4.22		4.20		4.27		4.19

		8.41		8.32		8.54		8.33

		12.62		12.59		12.97		12.62

		16.79		16.94		17.38		16.95

		13.46		13.65		14.06		13.68

		10.12		10.34		10.70		10.40

		6.71		6.97		7.21		7.04

		4.21		4.44		4.59		4.49

		ex111		1Z1186 (4% KI + 0xBuffers) 6.41		1Z1342 (1% KI  + 0xBuffers) 6.55		1Z1339 (2% KI + 0xBuffers) 6.45

		0.00		0.00		0.00		0.00

		4.19		4.12		4.03		4.10

		3.37		3.44		3.33		3.42

		2.52		2.59		2.50		2.58

		1.68		1.73		1.66		1.72

		4.21		4.18		4.07		4.19

		8.38		8.42		8.26		8.43

		12.60		12.58		12.39		12.58

		16.78		16.85		16.63		16.88

		13.49		13.61		13.47		13.62

		10.10		10.30		10.20		10.31

		6.72		6.94		6.89		6.95

		4.20		4.45		4.45		4.48

		ex110		1Z1339 (4% KI + 0xBuffers) 6.44		1Z1186 (1% KI  + 0xBuffers) 6.51		1Z1342 (2% KI + 0xBuffers) 6.38

		0.00		0.00		0.00		0.00

		4.14		4.12		3.93		4.08

		3.31		3.42		3.24		3.44

		2.49		2.58		2.41		2.58

		1.67		1.76		1.62		1.75

		4.14		4.27		4.00		4.21

		8.32		8.43		8.02		8.30

		12.52		12.68		12.08		12.52

		16.70		16.86		16.15		16.69

		13.37		13.55		12.99		13.57

		10.04		10.25		9.82		10.21

		6.67		6.93		6.63		6.98

		4.19		4.43		4.19		4.44

		ex109		6A1915 (1% KI + 0xBuffers)		6A3149 (2% KI  + 0xBuffers)		6A1844 (4% KI + 0xBuffers)

		0.00		0.00		0.00		0.00

		4.24		4.15		3.64		4.30

		3.40		3.33		2.99		3.51

		2.51		2.52		2.28		2.66

		1.72		1.73		1.54		1.83

		4.23		4.21		3.79		4.39

		8.48		8.36		7.62		8.65

		12.71		12.62		11.48		12.91

		16.96		16.92		15.48		17.13

		13.54		13.61		12.55		13.79

		10.20		10.35		9.55		10.47

		6.79		6.97		6.42		7.05

		4.24		4.34		3.96		4.39

		ex108		1Z1339 (1% KI + 0xBuffers)		1Z1186 (2% KI  + 0xBuffers)		1Z1342 (4% KI + 0xBuffers)

		0.00		0.00		0.00		0.00

		4.22		4.07		3.62		4.28

		3.36		3.29		2.96		3.52

		2.54		2.51		2.26		2.69

		1.70		1.70		1.51		1.81

		4.21		4.13		3.68		4.36

		8.48		8.30		7.46		8.75

		12.73		12.53		11.23		13.16

		16.95		16.75		15.07		17.58

		13.61		13.49		12.24		14.28

		10.21		10.16		9.18		10.70

		6.79		6.90		6.23		7.25

		4.23		4.35		3.91		4.55

		ex107		6A2553 (1% KI + 2xBuffers)		6A2515x (1% KI  + 0.5xBuffers)		1Z1342 (1% KI + 0.5xBuffers)

		0.00		0.01		0.00		0.00

		4.23		3.45		3.40		3.95

		3.38		2.72		2.80		3.23

		2.52		1.90		2.14		2.47

		1.66		1.12		1.42		1.63

		4.25		3.62		3.54		4.06

		8.47		8.20		7.16		8.28

		12.70		12.91		10.84		12.55

		16.94		17.57		14.53		16.86

		13.57		14.28		11.81		13.72

		10.17		10.70		8.91		10.40

		6.78		7.13		6.06		7.06

		4.22		4.30		3.84		4.48

		ex106		6A2553 (1% KI + 0.5xBuffers) 6.78		6A1913 (1% KI + 0.5xBuffers) 6.79		6A1915 (1% KI + 0.5xBuffers) 6.79

		TECO (mPa)		0.00		0.00		0.00

		0.00		4.08		3.55		4.15

		4.21		3.39		2.95		3.40

		3.39		2.57		2.23		2.57

		2.53		1.73		1.50		1.72

		1.68		4.32		3.76		4.33

		4.18		8.51		7.46		8.62

		8.45		12.80		11.30		12.96

		12.68		17.21		15.37		17.43

		16.88		13.94		12.51		14.18

		13.53		10.55		9.45		10.68

		10.19		7.17		6.40		7.24

		6.77		4.61		4.12		4.64

		4.23
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dualpercent

		SUMMARY OF UNBUFFERED VERSUS BUFFERED

		CATHODE SOLUTION EXPERIMENTS





dualpercent

		5		5		5		5		10

		-3.9567638896		-0.0607630229		2.5638921025		8.5726494979		10

		-2.4133086592		3.239318438		6.2964652772		12.8751234576		14.1871725277

		-1.5891550268		3.7913473824		7.5122336		17.7342886713		14.1871725277

		-1.6186956856		3.2533920039		7.0237850858		18.3867458289		13.3567660929

		-2.4746154521		2.1748016903		5.8634684127		13.2601380393		13.3567660929

		-2.4997735247		3.1648905845		6.9614310645		13.776111075		12.5111628145

		-2.3631247803		3.9281420555		7.8326903123		14.7062005194		12.5111628145

		-1.8194526666		4.5291468185		8.7512242815		16.2697590619		11.6733835597

		-1.2658025672		6.331808756		11.0556458294		19.4944081703		11.6733835597

		-0.4586233754		8.195260055		13.4723532294		23.4945055303		14.2

		0.6944458057		10.5928695843		16.2739047255		28.4442726902		14.2

		2.021526319		12.6396587385		19.6993433307		31.0774922139		18.41

										18.41

										22.64

										22.64

										26.85

										26.85

										23.5173576552

										23.5173576552

										20.1383448248

										20.1383448248

										16.7562173695

										16.7562173695

										14.2446272205

										14.2446272205

										10



NO BUFFER

1 x BUFFER

2 x BUFFER

4 x BUFFER

1% KI  BUFFERED SOLUTIONS

0 x BUFFER

1 x BUFFER

2 x BUFFER

4 x BUFFER

OZONESONDE  PERCENT  DIFFERENCE

0

15

15

15

15

10

25

25

25

25

10

35

35

35

35

20

45

45

45

45

20

55

55

55

55

30

65

65

65

65

30

75

75

75

75

40

85

85

85

85

40

95

95

95

95

50

105

105

105

105

50

115

115

115

115

60

125

125

125

125

60

70

70

80

80

90

90

100

100

110

110

120

120

130

130



testprofile

		5		5		5		5		10

		-5.3814796518		-3.9567638896		-2.7805300921		-0.2752139019		10

		-4.4281319525		-2.4133086592		0.9180999405		2.8294358275		14.1871725277

		-3.8848891993		-1.5891550268		1.5913271517		4.3496984588		14.1871725277

		-0.5838704242		-1.6186956856		2.1850516009		5.5374991988		13.3567660929

		-5.0492925137		-2.4746154521		-0.2699684565		2.1285688796		13.3567660929

		-4.6381537894		-2.4997735247		-1.1380549818		1.3129610962		12.5111628145

		-4.9164099715		-2.3631247803		-0.8050150584		1.3226075254		12.5111628145

		-4.5172522287		-1.8194526666		-0.42073778		1.3629759041		11.6733835597

		-3.7716776238		-1.2658025672		0.1721327178		1.9856644024		11.6733835597

		-3.7940234078		-0.4586233754		0.9816174557		2.6403099546		14.2

		-2.2322448037		0.6944458057		2.521037125		4.0104542166		14.2

		-1.6315083246		2.021526319		4.5546042707		5.0264535089		18.41

										18.41

										22.64

										22.64

										26.85

										26.85

										23.5173576552

										23.5173576552

										20.1383448248

										20.1383448248

										16.7562173695

										16.7562173695

										14.2446272205

										14.2446272205

										10



0.5% KI

1% KI

2% KI

4% KI

0.5% - 4% KI  UNBUFFERED SOLUTIONS

0.5% KI

1% KI

2% KI

4% KI

OZONESONDE  PERCENT  DIFFERENCE

MINUTES

0
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65
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40
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grfx

		CATHODE SOLUTION OZONE STOICHIOMETRY

		PROFILE TESTS AT NOAA





grfx

		0

		0

		4.2286993236

		4.2286993236

		3.3812479312

		3.3812479312

		2.5144302953

		2.5144302953

		1.6891382093

		1.6891382093

		4.2

		4.2

		8.41

		8.41

		12.64

		12.64

		16.85

		16.85

		13.5213406866

		13.5213406866

		10.1601249024

		10.1601249024

		6.7446867424

		6.7446867424

		4.2193363218

		4.2193363218

		0



Ozonesonde Response Test  (3cc of 1% KI)

OZONE  (mPa)

TIME  (minutes)
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grfx (2)

		SUMMARY OF BUFFERED CATHODE EXPERIMENTS



OZONE  CALIBRATOR

3  OZONESONDES SAMPLING OZONE SOURCE

1

2

3

SIMULATED OZONE PROFILE



grfx (2)

		0.0000987654		0.0053888889		0		0.0484444444		0

		0.0000987654		0.0053888889		0		0.0484444444		4.2098446142

		4.0432710027		4.2072865854		4.3177804878		4.5707398374		3.3650324682

		4.0432710027		4.2072865854		4.3177804878		4.5707398374		2.5156827052

		3.2838238482		3.4740365854		3.5769105691		3.7982845528		1.683904994

		3.2838238482		3.4740365854		3.5769105691		3.7982845528		4.2045949826

		2.475704607		2.6110609756		2.7046666667		2.9618211382		8.4141643203

		2.475704607		2.6110609756		2.7046666667		2.9618211382		12.6384815168

		1.6566476965		1.7386890244		1.8021788618		1.9935203252		16.8509307523

		1.6566476965		1.7386890244		1.8021788618		1.9935203252		13.5092826899

		4.1005474255		4.2960365854		4.4511300813		4.7621300813		10.1420857919

		4.1005474255		4.2960365854		4.4511300813		4.7621300813		6.7480974698

		8.2038292683		8.6804634146		8.9999105691		9.5733089431		4.2217563552

		8.2038292683		8.6804634146		8.9999105691		9.5733089431

		12.3398184282		13.1349390244		13.6284146341		14.4971219512

		12.3398184282		13.1349390244		13.6284146341		14.4971219512

		16.5443360434		17.6141341463		18.3255934959		19.5925365854

		16.5443360434		17.6141341463		18.3255934959		19.5925365854

		13.3382818428		14.3646646341		15.0028211382		16.1428373984

		13.3382818428		14.3646646341		15.0028211382		16.1428373984

		10.0955718157		10.9732560976		11.5084634146		12.5249186992

		10.0955718157		10.9732560976		11.5084634146		12.5249186992

		6.7949593496		7.4629146341		7.8462764228		8.6675447154

		6.7949593496		7.4629146341		7.8462764228		8.6675447154

		4.307100271		4.7553719512		5.0534146341		5.5337723577

		4.307100271		4.7553719512		5.0534146341		5.5337723577



Ozonesonde Response Test  (3cc of 1% KI)

1% KI / 25g KBr / 0xBuffer

1% KI / 25g KBr / 1xBuffer

1% KI / 25g KBr / 2xBuffer

1% KI / 25g KBr / 4xBuffer

CALIBRATOR

OZONE  (mPa)

TIME  (minutes)
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90

90

90

90

90

90

90

90

100

100

100

100

100

100

100

100

110

110

110

110

110

110

110

110

120

120

120

120

120

120

120

120

130

130

130

130



grafHI

		5		5		5		5

		-3.9567638896		-0.0607630229		2.5638921025		8.5726494979

		-2.4133086592		3.239318438		6.2964652772		12.8751234576

		-1.5891550268		3.7913473824		7.5122336		17.7342886713

		-1.6186956856		3.2533920039		7.0237850858		18.3867458289

		-2.4746154521		2.1748016903		5.8634684127		13.2601380393

		-2.4997735247		3.1648905845		6.9614310645		13.776111075

		-2.3631247803		3.9281420555		7.8326903123		14.7062005194

		-1.8194526666		4.5291468185		8.7512242815		16.2697590619

		-1.2658025672		6.331808756		11.0556458294		19.4944081703

		-0.4586233754		8.195260055		13.4723532294		23.4945055303

		0.6944458057		10.5928695843		16.2739047255		28.4442726902

		2.021526319		12.6396587385		19.6993433307		31.0774922139



100*(Sonde - Calib.) / Calib.

NO BUFFER

1 x BUFFER

2 x BUFFER

4 x BUFFER

0 x BUFFER

1 x BUFFER

2 x BUFFER

4 x BUFFER

OZONESONDE  PERCENT  DIFFERENCE

15

15

15

15

25

25

25

25

35

35

35

35

45

45

45

45

55

55

55

55

65

65

65

65

75

75

75

75

85

85

85

85

95

95

95

95

105

105

105

105

115

115

115

115

125

125

125

125



TECO

		SUMMARY OF UNBUFFERED CATHODE EXPERIMENTS





TECO

		0		0.001		0.0000987654		0.0001481481		0.0009777778

		4.2098446142		0.001		0.0000987654		0.0001481481		0.0009777778

		3.3650324682		3.9832926829		4.0432710027		4.0927886179		4.1982585366

		2.5156827052		3.9832926829		4.0432710027		4.0927886179		4.1982585366

		1.683904994		3.2160243902		3.2838238482		3.3959268293		3.4602439024

		4.2045949826		3.2160243902		3.2838238482		3.3959268293		3.4602439024

		8.4141643203		2.4179512195		2.475704607		2.5557154472		2.6251073171

		12.6384815168		2.4179512195		2.475704607		2.5557154472		2.6251073171

		16.8509307523		1.6740731707		1.6566476965		1.720699187		1.7771512195

		13.5092826899		1.6740731707		1.6566476965		1.720699187		1.7771512195

		10.1420857919		3.9922926829		4.1005474255		4.1932439024		4.2940926829

		6.7480974698		3.9922926829		4.1005474255		4.1932439024		4.2940926829

		4.2217563552		8.023902439		8.2038292683		8.3184065041		8.5246390244

				8.023902439		8.2038292683		8.3184065041		8.5246390244

				12.0171219512		12.3398184282		12.5367398374		12.8056390244

				12.0171219512		12.3398184282		12.5367398374		12.8056390244

				16.0897317073		16.5443360434		16.7800325203		17.080604878

				16.0897317073		16.5443360434		16.7800325203		17.080604878

				12.9997560976		13.3382818428		13.5325365854		13.7775317073

				12.9997560976		13.3382818428		13.5325365854		13.7775317073

				9.7572926829		10.0955718157		10.2416422764		10.4098682927

				9.7572926829		10.0955718157		10.2416422764		10.4098682927

				6.5974634146		6.7949593496		6.9182195122		7.0187268293

				6.5974634146		6.7949593496		6.9182195122		7.0187268293

				4.1528780488		4.307100271		4.4140406504		4.4339609756

				4.1528780488		4.307100271		4.4140406504		4.4339609756



Ozonesonde Response Test  (3cc of 1% KI)

CALIBRATOR

0.5% KI / 25g KBr / 0xBuffer

1% KI / 25g KBr / 0xBuffer

2% KI / 25g KBr / 0xBuffer

4% KI / 25g KBr / 0xBuffer

OZONE  (mPa)

TIME  (minutes)

5

0

0

0

0

15

10

10

10

10

25

10

10

10

10

35

20

20

20

20

45

20

20

20

20

55

30

30

30

30

65

30

30

30

30

75

40

40

40

40

85

40

40

40

40

95

50

50

50

50

105

50

50

50

50

115

60

60

60

60

125

60

60

60

60

70

70

70

70

70

70

70

70

80

80

80

80

80

80

80

80

90

90

90

90

90

90

90

90

100

100

100

100

100

100

100

100

110

110

110

110

110

110

110

110

120

120

120

120

120

120

120

120

130

130

130

130



		5		5		5		5

		-5.3814796518		-3.9567638896		-2.7805300921		-0.2752139019

		-4.4281319525		-2.4133086592		0.9180999405		2.8294358275

		-3.8848891993		-1.5891550268		1.5913271517		4.3496984588

		-0.5838704242		-1.6186956856		2.1850516009		5.5374991988

		-5.0492925137		-2.4746154521		-0.2699684565		2.1285688796

		-4.6381537894		-2.4997735247		-1.1380549818		1.3129610962

		-4.9164099715		-2.3631247803		-0.8050150584		1.3226075254

		-4.5172522287		-1.8194526666		-0.42073778		1.3629759041

		-3.7716776238		-1.2658025672		0.1721327178		1.9856644024

		-3.7940234078		-0.4586233754		0.9816174557		2.6403099546

		-2.2322448037		0.6944458057		2.521037125		4.0104542166

		-1.6315083246		2.021526319		4.5546042707		5.0264535089



100*(Sonde - Calib.) / Calib.

0.5% KI

1% KI

2% KI

4% KI

OZONESONDE  PERCENT  DIFFERENCE

15

15

15

15

25

25

25

25

35

35

35

35

45

45

45

45

55

55

55

55

65

65

65

65

75

75

75

75

85

85

85

85

95

95

95

95

105

105

105

105

115

115

115

115

125

125

125

125



		





		0.0484444444		0		0.0053888889		0.0000987654		0		0		0.0000185185

		0.0484444444		0		0.0053888889		0.0000987654		4.2098446142		0		0.0000185185

		4.5707398374		4.3177804878		4.2072865854		4.0432710027		3.3650324682		5.9200650407		2.4014349593

		4.5707398374		4.3177804878		4.2072865854		4.0432710027		2.5156827052		5.9200650407		2.4014349593

		3.7982845528		3.5769105691		3.4740365854		3.2838238482		1.683904994		4.8116626016		2.0301138211

		3.7982845528		3.5769105691		3.4740365854		3.2838238482		4.2045949826		4.8116626016		2.0301138211

		2.9618211382		2.7046666667		2.6110609756		2.475704607		8.4141643203		3.678699187		1.4848414634

		2.9618211382		2.7046666667		2.6110609756		2.475704607		12.6384815168		3.678699187		1.4848414634

		1.9935203252		1.8021788618		1.7386890244		1.6566476965		16.8509307523		2.4197235772		0.9516341463

		1.9935203252		1.8021788618		1.7386890244		1.6566476965		13.5092826899		2.4197235772		0.9516341463

		4.7621300813		4.4511300813		4.2960365854		4.1005474255		10.1420857919		5.9976829268		2.4232073171

		4.7621300813		4.4511300813		4.2960365854		4.1005474255		6.7480974698		5.9976829268		2.4232073171

		9.5733089431		8.9999105691		8.6804634146		8.2038292683		4.2217563552		12.099101626		4.9851829268

		9.5733089431		8.9999105691		8.6804634146		8.2038292683				12.099101626		4.9851829268

		14.4971219512		13.6284146341		13.1349390244		12.3398184282				18.2498902439		7.6718861789

		14.4971219512		13.6284146341		13.1349390244		12.3398184282				18.2498902439		7.6718861789

		19.5925365854		18.3255934959		17.6141341463		16.5443360434				24.4615365854		10.3622682927

		19.5925365854		18.3255934959		17.6141341463		16.5443360434				24.4615365854		10.3622682927

		16.1428373984		15.0028211382		14.3646646341		13.3382818428				19.9904390244		8.452203252

		16.1428373984		15.0028211382		14.3646646341		13.3382818428				19.9904390244		8.452203252

		12.5249186992		11.5084634146		10.9732560976		10.0955718157				15.1896260163		6.4134593496

		12.5249186992		11.5084634146		10.9732560976		10.0955718157				15.1896260163		6.4134593496

		8.6675447154		7.8462764228		7.4629146341		6.7949593496				10.3219105691		4.3628658537

		8.6675447154		7.8462764228		7.4629146341		6.7949593496				10.3219105691		4.3628658537

		5.5337723577		5.0534146341		4.7553719512		4.307100271				6.5187886179		2.7562357724

		5.5337723577		5.0534146341		4.7553719512		4.307100271				6.5187886179		2.7562357724



Ozonesonde Response Test  (3cc of 1% KI)

SUMMARY OF BUFFERED CATHODE TESTS

1% KI / 25g KBr / 4xBuffer

1% KI / 25g KBr / 2xBuffer

1% KI / 25g KBr / 1xBuffer

1% KI / 25g KBr / 0xBuffer

CALIBRATOR

40% higher OZ

40% lower oz profile

OZONE  (mPa)

TIME  (minutes)

0

0

0

0

5

0

0

10

10

10

10

15

10

10

10

10

10

10

25

10

10

20

20

20

20

35

20

20

20

20

20

20

45

20

20

30

30

30

30

55

30

30

30

30

30

30

65

30

30

40

40

40

40

75

40

40

40

40

40

40

85

40

40

50

50

50

50

95

50

50

50

50

50

50

105

50

50

60

60

60

60

115

60

60

60

60

60

60

125

60

60

70

70

70

70

70

70

70

70

70

70

70

70

80

80

80

80

80

80

80

80

80

80

80

80

90

90

90

90

90

90

90

90

90

90

90

90

100

100

100

100

100

100

100

100

100

100

100

100

110

110

110

110

110

110

110

110

110

110

110

110

120

120

120

120

120

120

120

120

120

120

120

120

130

130

130

130

130

130



		5		5		5		5		5		5

		-3.9567638896		-0.0607630229		2.5638921025		8.5726494979		0.2280438154		-6.1837696769

		-2.4133086592		3.239318438		6.2964652772		12.8751234576		2.3576004292		-1.0967014369

		-1.5891550268		3.7913473824		7.5122336		17.7342886713		4.4097861671		0.6707837147

		-1.6186956856		3.2533920039		7.0237850858		18.3867458289		1.4021343391		-7.4148008261

		-2.4746154521		2.1748016903		5.8634684127		13.2601380393		1.8683884548		-3.6266683726

		-2.4997735247		3.1648905845		6.9614310645		13.776111075		2.5772015544		-1.1039608925

		-2.3631247803		3.9281420555		7.8326903123		14.7062005194		3.216824701		1.7028093886

		-1.8194526666		4.5291468185		8.7512242815		16.2697590619		3.625101205		2.5346441324

		-1.2658025672		6.331808756		11.0556458294		19.4944081703		5.7761992218		4.1694001753

		-0.4586233754		8.195260055		13.4723532294		23.4945055303		7.0238833007		6.0261581414

		0.6944458057		10.5928695843		16.2739047255		28.4442726902		9.2729368106		7.9461219692

		2.021526319		12.6396587385		19.6993433307		31.0774922139		10.0285253764		9.3112369269



100*(Sonde - Calib.) / Calib.

NO BUFFER

1 x BUFFER

2 x BUFFER

4 x BUFFER

0 x BUFFER

1 x BUFFER

2 x BUFFER

4 x BUFFER

40% higher oz profile

40% lower oz profile

OZONESONDE  PERCENT  DIFFERENCE

15

15

15

15

15

15

25

25

25

25

25

25

35

35

35

35

35

35

45

45

45

45

45

45

55

55

55

55

55

55

65

65

65

65

65

65

75

75

75

75

75

75

85

85

85

85

85

85

95

95

95

95

95

95

105

105

105

105

105

105

115

115

115

115

115

115

125

125

125

125

125

125



		average		Stnd. Dev.		EX100		Ex101		ex102-1z		EX103				ex104-6a		ex105-1z		TECO (mPa)		ex107		ex108		ex109		ex110		ex111		ex112		ex113		ex114		ex115		ex116		ex117

		0.00		0.00		0.00		0.00		0.00		0.00				0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		4.21		0.02		4.23		4.21		4.23		4.19				4.21		4.23		4.21		4.23		4.22		4.24		4.14		4.19		4.23		4.20		4.19		4.20		4.23		4.21

		3.37		0.02		3.38		3.37		3.37		3.36				3.37		3.36		3.39		3.38		3.36		3.40		3.31		3.37		3.37		3.35		3.35		3.35		3.37		3.37

		2.52		0.01		2.51		2.51		2.53		2.51				2.52		2.51		2.53		2.52		2.54		2.51		2.49		2.52		2.48		2.53		2.53		2.50		2.52		2.51

		1.68		0.02		1.69		1.66		1.69		1.67				1.68		1.71		1.68		1.66		1.70		1.72		1.67		1.68		1.68		1.71		1.70		1.68		1.67		1.67

		4.20		0.03		4.23		4.22		4.22		4.22				4.24		4.20		4.18		4.25		4.21		4.23		4.14		4.21		4.22		4.17		4.17		4.19		4.19		4.21

		8.41		0.04		8.43		8.41		8.40		8.41				8.45		8.42		8.45		8.47		8.48		8.48		8.32		8.38		8.41		8.38		8.37		8.37		8.42		8.42

		12.64		0.05		12.67		12.64		12.63		12.62				12.68		12.64		12.68		12.70		12.73		12.71		12.52		12.60		12.62		12.59		12.57		12.59		12.64		12.66

		16.85		0.07		16.89		16.87		16.86		16.83				16.90		16.92		16.88		16.94		16.95		16.96		16.70		16.78		16.79		16.80		16.78		16.75		16.87		16.84

		13.51		0.06		13.52		13.59		13.51		13.52				13.58		13.54		13.53		13.57		13.61		13.54		13.37		13.49		13.46		13.44		13.42		13.49		13.49		13.49

		10.14		0.04		10.16		10.14		10.15		10.14				10.19		10.17		10.19		10.17		10.21		10.20		10.04		10.10		10.12		10.10		10.09		10.10		10.13		10.16

		6.75		0.03		6.74		6.75		6.75		6.76				6.79		6.77		6.77		6.78		6.79		6.79		6.67		6.72		6.71		6.74		6.73		6.69		6.76		6.75

		4.22		0.02		4.22		4.24		4.22		4.24				4.27		4.24		4.23		4.22		4.23		4.24		4.19		4.20		4.21		4.21		4.20		4.20		4.21		4.22

						average		TECO								graph data for illustrating ozone test profile in dual percent

		average		CALIBRATOR		0.00		0				0.00		10.00		0

		0.00		5		0.00		10				0.00		10.00		10

		4.21		15		4.23		10				4.19		14.19		10

		3.37		25		4.23		20				4.19		14.19		20

		2.52		35		3.38		20				3.36		13.36		20

		1.68		45		3.38		30				3.36		13.36		30

		4.20		55		2.51		30				2.51		12.51		30

		8.41		65		2.51		40				2.51		12.51		40

		12.64		75		1.69		40				1.67		11.67		40

		16.85		85		1.69		50				1.67		11.67		50

		13.51		95		4.20		50				4.20		14.20		50

		10.14		105		4.20		60				4.20		14.20		60

		6.75		115		8.41		60				8.41		18.41		60

		4.22		125		8.41		70				8.41		18.41		70

						12.64		70				12.64		22.64		70

						12.64		80				12.64		22.64		80

						16.85		80				16.85		26.85		80

						16.85		90				16.85		26.85		90

						13.52		90				13.52		23.52		90

						13.52		100				13.52		23.52		100

						10.16		100				10.14		20.14		100

						10.16		110				10.14		20.14		110

						6.74		110				6.76		16.76		110

						6.74		120				6.76		16.76		120

						4.22		120				4.24		14.24		120

						4.22		130				4.24		14.24		130

						0.00		130				0.00		10.00		130
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| Eureka 2011

Altitude (km)

—— Day 26
— Day 36
—— Day 38 (-18%)
—— Day 45 (-32%)
—— Day 52 (-23%)
—— Day 55 (-26%)
—— Day 58 (-32%)
—— Day 60 (-31%)
—— Day 61(-34%)

Day 62 (-29%)
—— Day 65 (-28%)
—— Day 66 (-29%)
— Day 67 (-30%)

Day 68 (-39%)
—— Day 70 (-39%)
—— Day 71 (-39%)

— 2006-2010 Feb/Mar

Ozone Partial Pressure (mPa)

Environment and
Climate Change Canada

22 24

Deviations in integrated total ozone are relative to the 2006-2010 mean

» 2011: Significant loss at 20 km
» But not really comparable to typical Antarctic ozone hole profiles

Environnement et
Changement climatique Canada

Altitude (km)

10

3 selected ozonesonde profiles with total
column ozone in Dobson Units (DU)
before depletion Mid August 260 DU

Sept 18
Oct 15

10
Ozone Partial Pressure (mPa)
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Altitude {km)

10 -

£d

Day 84: 96% loss against 2006-2010 mean; 94% against 2011 mean; 128 ppb
Day 101: 95% loss against 2006-2010 mean; 93% against 2011 mean; 138 ppb

30

Eureka 2020

Eureka 2020

Day 1
Day 20
Day 21
Day 22
Day 29
Day 37
Day 41 | _
Day 44
Day 59
Day64 | e
Day 65
Day 66
DayBs8 | e
Day 69
Day 70
Day 71

Altitude (km)

Day 72
EAR Day 83 — 2006-2010 Feb/Mar Day 84
e li‘~‘\*’ BTSRRI e 2006-2010 Feb/Mar Day 86 —— —— Day 87
AN — 20t Femiarmoan e ot peomarmaan || D
/‘gff‘.‘ an/Apr minimum Day 100 0
5 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24
Ozone Partial Pressure (mPa) Ozone Partial Pressure (mPa)

Flights that failed to reach 14 km not shown

» 2020: Losses peak below 18 km (altitude of typical ozone maximum)
» Losses greater than 95%
» Sonde profiles corrected for hysteresis (2nd time constant)
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Day 90: 93% loss against 2006-2010 mean; 91% against 2011 mean; 190 ppb
Day 84: 94% loss against 2006-2010 mean; 91% against 2011 mean; 215 ppb

Altitude (km)

Day 97: 96% loss against 2006-2010 mean; 94% against 2011 mean; 108 ppb
Day 87. 96% loss against 2006-2010 mean; 92% against 2011 mean; 140 ppb 30
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Conclusions

= The detection of artifacts iIn ozonesonde time series
should be a priority for the global network.

= Regular comparison with multiple satellite sensors
will be a valuable tool for detection of such artifacts.

= \We need more “housekeeping” data, such as pump
motor current, speed, and cell temperature

= Regular sonde intercomparisons, using UV standard
Instruments traceable to the modern UV-absorption
standard (the WCCQOS facility)

= Need to detect and quantify any systematic changes
In response (biases) that could affect the reliability of
ozonesonde time series for merging shorter satellite
data sets and for evaluation of satellite sensor drift.
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(Stauffer et al., 2014)

P e ™

“*=iMet
==iMet-P
==iMet-S
==RS80
= 2

200 -1.50 -1.00 -0.50 0.00 050 1.00 1.

Pressure Offset (sonde - GPS, hPa)

Above: Average pressure biases in a
sample of 731 sondes with onboard GPS

* GPS units make it possible to check
the pressure calibration of sondes.

* It may be possible to correct older
data based on changes in

calculated rise rate.
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