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CO, in water and air during ASGAMAGE

1. Introduction

in 1996 the ASGAMAGE program was started. The acronym ASGAMAGE is a contraction of
ASGASEX (for air-sea gas exchange), an earlier experiment in the field of air-sea
interaction, and MAGE (Marine Aerosol and Gas Exchange), a subgroup of the International
Global Atmospheric Chemistry program, IGAC. Four main goals have been defined for
ASGAMAGE (Oost and Huebert, 1995; Oost, 1998):

to test new methods for the measurement of air-sea fluxes of CO, and DMS;

to compare these methods with established methods for estimating transfer velocities
of trace gases over sea,

to find relationships between the transport coefficients for the gas fluxes and relevant
geophysical parameters;

to investigate whether significant vertical CO, concentration gradients can exist in the
upper meters of the water column.

ASGAMAGE invoives the co-operation of 14 research groups from Europe, Canada and the
United States of America. Measurements were performed at "Meetpost Noordwijk" (MPN), a
research platform some 9 km off the Dutch coast in the North Sea (52°16' N, 04° 18'E) and
on the UK ship RRS "Challenger" during a cruise in the area near MPN. The experiment
consisted of two intensive observation periods, ASGAMAGE-A and ASGAMAGE-B. Many
geophysical parameters were determined, and many measurement techniques were applied.
The reader is referred to Oost (1998) and to the ASGAMAGE internet site
(http://www.knmi.nl/asgamage/) for an overview of the experiment and for a presentation of
prefiminary resuits.

One of the crucial observations during ASGAMAGE was the measurement of the
concentration of CO, in water and in air at MPN. A combination of these data with measured
CO, fluxes allows the direct determination of the air-to-sea transfer velocity of CO,, as
described in Jacobs et al. (1997; 1998a). The CO, concentration measurements were
performed by the Royal Netherlands Meteorological Institute (KNMI, The Netherlands), the
Max Planck Institut fur Chemie (MPIC, Germany), the Netherlands Institute for Sea
Research (NIOZ, The Netherlands) and the TNO Physics and Electronics Laboratory
(TNO-FEL, The Netherlands).

A comparison of preliminary results from ASGAMAGE-B at the ASGAMAGE workshop in
September 1997 (Oost, 1998) revealed that the measured CO, concentrations agreed only
within about 25-30 ppm (Jacobs et al., 1998b). However, at that time some re-calibrations
still had to be carried out. Because of the importance of the CO, concentration data the
ASGAMAGE participants agreed to construct a set of consensus CO, concentration data.
The present report describes the construction of this set of CO, concentration data. Data
used here are flagged "final" by the individual institutes.

The structure of the report is as follows. Chapter 2 describes the experimental set-up used to
determine the various concentrations. In Chapter 3 the actual procedure used to construct
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the consensus data is presented. Resulits are given graphically in Chapter 3, and a table with
the data is given in Appendix A for ASGAMAGE-A and in Appendix B for ASGAMAGE-B.
This listing includes air temperature, sea water temperature and atmospheric pressure,
which must be known to convert the units of the observed CO, concentrations from parts per
million by volume (ppm) to milligrams per cubic metre (mg m?) of air or water, respectively.
Chapter 4 gives a short summary and discussion.

2. Experimental set-up, processing and selection of data

2.1. Generai

The experimental part of ASGAMAGE reported on here was performed at MPN.
Measurements of the CO, concentrations were carried out during both experimental phases
of ASGAMAGE. ASGAMAGE-A started on 6 May 1996 and lasted until 6 June 1996. During
this period, CO, concentrations of water and air were measured by KNMI, MPIC and TNO-
FEL. ASGAMAGE-B started on 7 October 1996 and carried on until 8 November 1996.
KNMI, MPIC, NIOZ and TNO-FEL all performed CO, concentration measurements in water
and air.

In what follows the results of the measurements are given as averages for one KNMI
measurement run. This choice is made because the KNMI runs are the basic framework for
the ASGAMAGE participants to perform common analyses of the data. Each measurement
run lasted about 55 minutes. The number of runs performed during ASGAMAGE was 412, of
which 130 runs were performed during ASGAMAGE-A and 282 during ASGAMAGE-B. An
overview of the runs can be found in Appendix A for ASGAMAGE-A and in Appendix B for
ASGAMAGE-B.

2.2. Analysing equipment

2.2.1. General

Open air was sampled continuously at various heights. Results presented below refer to air
sampled at 12 m (MPIC, KNMI), 20 m (NIOZ) or 30 m (TNO-FEL) above mean sea level
(msl). The air samples were led directly to an infrared gas analyser (IRGA) to determine the
CO, content. More details on the instruments used are given in Sections 2.2.2 to 2.2.5.

To determine the CO, concentration in water, submerged pumps were used to obtain water
from a depth of 2, 3.5, 5, 7, 11 or 15 m below msl. During ASGAMAGE-A, samples from an
additional level at 0.5 m below the actual sea level could be obtained. The sample levels
were controlled manually. MPIC continuously took samples from 0.5 m (A-phase) or 2 m (B-
phase) below msl. The other institutes (KNMI, NIOZ and TNO-FEL) occasionally varied the
. sample level. They usually sampled a particular level between 3.5 and 11 m. On some
occasions, preferably around slack tide, CO, concentration profiles in the water were
measured by switching along all the available levels.

The sampled water was led to the laboratory level, located about 12 m above msl. At the
standard pumping rate of about 3.3 m® h™, it took less than 20 s for water from the deepest
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level to reach the analysing equipment. To determine the CO, concentration of the samples,
water was sprayed continuously into an equilibrator (Bakker, 1998). The air in the
equilibrator headspace and the sample water are assumed to be in equilibrium with each
other. Air was drawn from the equilibrator and its CO, content was determined using the
same instruments and procedures as in the case of open air. The actual CO, concentration
in the water can be computed from the CO, concentration in the equilibrator air, as explained
in Jacobs et al. (1997, 1998a), or can be converted to CO, fugacity of the water as described
in Bakker (1998). However, in this report the results will be presented as the CO,
concentration in the equilibrator headspace air, which provides the most direct way to
compare the results from the various institutes.

2.2.2. KNMI (A and B period)

During ASGAMAGE-A an ADC Mk3 IRGA (The Analytical Development Company, 1988)
was applied to determine the CO, concentration. In the case of open air samples the effect
of water vapour dilution on the CO, concentration was corrected for using the measured
vapour pressure of the open air. The latter quantity was determined by means of an
aspirated Vaisala thermo-hygrometer. A similar correction was applied in the case of
equilibrator air, but now using the saturation vapour pressure at the water temperature
measured near the platform at a maximum depth of 30 cm below the water surface. This
temperature was measured by means of a PT100 resistance thermometer. No corrections
were made for the effect of pressure broadening and for radiative absorption by water
vapour in the passband of CO, absorption. According to the manufacturer's specification, the
related error in the measured CO, concentration due to interference with water vapour is
about 2% of the water vapour concentration, corresponding to less than 0.5 ppm CO, in the
data from ASGAMAGE-A.

During ASGAMAGE-B KNMI measured the CO, concentration by means of a LI-6262 IRGA
(Li-Cor, 1991). The water vapour content of the sample air was also determined by means of
this instrument and used to correct for the influence of water vapour on the CO,
concentration measurements. These effects are related to the effect of pressure broadening
and to water vapour dilution. The internal software of the LI-6262 was applied to correct for
this effect in situ (Li-Cor, 1991).

Both detectors operated by KNMI were calibrated on a daily basis by means of a span gas
(358 ppm CO,) and a CO,-free nitrogen gas. Only minor adjustments were needed during
calibration to obtain the correct values for the calibration gases.

KNMI analysed equilibrator air most of the time. During the A-phase the CO, concentration
of open air was measured a number of times per day. During the B-phase open air was
analysed only occasionally.

2.2.3. MPIC (A and B period)

MPIC applied a LI-6262 IRGA (Li-Cor, 1991) to measure the CO, concentration of the air
samples. The instrument was calibrated four times during the A-phase and four times during
the B-phase, using span gases of 249, 331 and 373 (ASGAMAGE-A) or 402 (ASGAMAGE-
B) ppm, respectively. The calibration curve was determined from a linear interpolation
between the responses of the span gases. In between these calibrations, the stability of the
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instrument was checked during the automated measurement cycle by means of one of the
span gases. There appeared to be hardly any drift in the calibration curves during the
experiment. Insofar as this was the case, the actual calibration curve was determined from a
linear interpolation with respect to time between two calibration curves.

Every half an hour a fully automated sampling cycle was operated. Each cycle took 10
minutes. At the start of a cycle the concentration of a reference gas was determined. Next,
the CO, concentration in open air was determined and then again the concentration of the
reference gas. Finally, the CO, concentration in the equilibrator air was measured, followed
again by a measurement of the reference gas concentration. The reference measurements
served to check the stability of the instrument, which appeared to be excellent.

All samples were dried completely before the analysis. This implies that no correction for the
influence of water vapour on the CO, concentration was needed.

2.2.4. NIOZ (B period)

NIOZ analysed air samples by means of a LI-6252 IRGA. The samples were dried
completely before the analysis, so that no correction for the influence of water vapour on the
CO, concentration was needed.

NIOZ used a fully automated sampling and calibration cycle, which was completed in about
25 minutes. Span gases of 250, 368 and 444 ppm, respectively, were used for calibration. A
second-order polynomial response curve was fitted through the calibration data. The
concentration of the actual samples taken between two calibrations was computed using a
calibration curve that was determined from linear interpolation with respect to time. During
each cycle, the CO, concentration in the equilibrator air usually was measured five times,
whereas the concentration of the open air was measured once.

2.2.5. TNO-FEL (A and B period)

TNO-FEL also used a LI-6262 IRGA (Li-Cor, 1991) to the determine the CO, concentrations
as well as the water vapour content of the samples. Measurements were performed in an
automated sampling and calibration cycle. Calibration was performed every two hours, using
span gases of 248 and 454 ppm respeciively, and using CO,-free nitrogen gas. Between two
calibrations, samples from the equilibrator air and open air were sequentially analysed in
cycles of 20 minutes, thereby flushing the measurement system prior to each separate
analysis. The instrumental software correction provided with the IRGA was used to account
for the influence of water vapour. Afterwards, the calibration data were analysed to
determine offset and gain drift. Appropriate corrections of the CO, concentration to account
for these features were applied as well (Kunz et al., 1998).

2.3. Initial processing and selection of data

Analysis of the water concentration data by Jacobs et al (1997, 1998a) showed that in
general, the vertical stratification with respect to CO, concentration was insignificant.
Therefore, no distinction was made anymore between sample water from different levels.
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Further, an analysis of the air concentration data by Kunz et al. (1998) revealed that
concentration gradients in the air may be considered as insignificant as well. Thus, air
concentration data were also treated as being from one and the same level.

The KNMI measurement runs are the basic time framework in which the CO, concentration
measurements are going to be processed and used for common analyses by ASGAMAGE
participants. Therefore, the results from each institute were converted to run averages.
However, relatively few data points were available per run in case the automated calibration-
sampling cycles had been applied (MPIC, NIOZ, TNO-FEL). in order to increase the number
of data points from which a run-average is computed, data points are also considered as
belonging to a run if they were obtained within 15 minutes before or after a run. An average
was accepted as a run average if at least two observations per run were available.
Unfortunately, relatively few MPIC data are available due to malfunctioning of the data
logging system. Available MPIC data had been logged manually, but only a few of these
coincided with KNMI! runs. Therefore, it was decided to use the MPIC data set in an
unprocessed way as a reference data set, that is, to check general trends. The consensus
data will therefore only consist of a combination of KNMI, NIOZ and TNO-FEL data. The
resulting run averages for these institutes are listed in the Appendices A and B, respectively.

3. Results and construction of consensus data

3.1. General

In order to construct the set of ASGAMAGE consensus data the results from the two
observation periods were treated separately. Furthermore, open air and equilibrator air data
were processed separately. Below, the symbol C will be used to denote concentration. The
subscripts | or J (I # J) denote KNMI data (I or J = "K"), NIOZ data (I or J = "N") or TNO-FEL
data (I or J = "T"). In addition, the subscript C denotes the resulting consensus
concentration. The superscripts, x, are used to distinguish open air concentration (x = a), or
equilibrator air concentration (x = e).

The following steps were taken to construct the consensus data:

Step (1) Identify data that are unreliable and discard these data. This resulted in runs with
either zero, one or two independent observations left;

Step (2) Flag runs without CO, concentration data by means of the number -99
(ASGAMAGE-A) or -99.99 (ASGAMAGE-B);

Step (3) Compute the consensus concentration for runs with paired data as the average of
the two observations: C.* = (C* + C*)/2

Step (4) Determine the differences, C* - CJ*, of paired observations and find a suitable
measure & for the observed differences. In doing so, it appeared appropriate to
subdivide the main experimental phases (A or B) into a number of smaller periods
and to treat these periods separately. In most cases & was taken equal to the
median difference of a sub-period.

Step (5) Adjust unpaired observations by means of & to obtain the consensus values for
these runs: C* = CX - 8/2 if C/* is available or C.* = C/* + 8/2, if C ¥ is available.
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3.2. CO, concentration in equilibrator air

3.2.1. ASGAMAGE-A

The CO, concentration of the equilibrator air observed during ASGAMAGE-A is shown in
Figure 1. Results from KNMI and TNO-FEL are plotted as run averages and correspond to
the data listed in Appendix A. Available KNMI data had been rounded off to a fuil ppm.
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Figure 1. Run averaged CO, concentration in equilibrator air as observed by KNMI (squares) and
TNO-FEL (diamonds), and consensus data (solid circles).
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Figure 2.  Difference between run-averaged CO, concentration in equilibrator air according to KNMI
(C&) and TNO-FEL (C;%), respectively, during ASGAMAGE-A. The split median
differences & are -8 ppm for runs 1-66 and +3 ppm for runs 67-130 (dashed lines).
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Therefore, TNO-FEL data were also rounded off before further processing. No NIOZ or
MPIC equilibrator data are available during this period. The difference Cy°®- C-® for runs with
paired observations is shown in Fig. 2.

It can be seen that the agreement of the data is satisfactory in general. In most cases, the
difference remains between -14 and +10 ppm. Further, two periods can be distinguished.
The first period corresponds to the runs 1-66, and the second period to runs 67-130. In the
first period the differences tend to be negative. Their absolute value is somewhat larger than
in the second period, where the values are generally positive. The median difference is
-8 ppm in the first period and +3 ppm in the second period. Thes values are used to obtain
the consensus values according to Step (5), with 8 = -8 and & = +3 ppm respectively. The
resulting consensus concentrations are also shown in Fig. 1 and listed in Appendix A.

3.2.2. ASGAMAGE-B

The observed CO, concentration in the equilibrator air during ASGAMAGE-B is shown in
Fig. 3. Results from KNMI, NIOZ and TNO-FEL are plotted as run averages and correspond
to the data listed in Appendix B. MPIC data shown in the figure are unprocessed and only
serve as a reference (see Section 2.3). To facilitate a comparison with the MPIC data the
concentrations are plotted versus time in Day Of the Year 1996 (DOY) instead of versus
KNMI run number. It appeared useful to distinguish two parts of ASGAMAGE-B. The first
part covers DOY 289 to 297 and KNMI runs 1 to 112. The second part covers DOY 302 to
311 and KNMI runs 113 to 282.

At the start of the first part of ASGAMAGE-B (DOY 289 to 297, runs 1 to 112) the scatter is
relatively large. Nevertheless, results from all institutes agree reasonably well, with some

500
480 1
g 460 | °
&
S 440 | :
-~ A
S &
T 420
% o KNMI
8 4004 oNIOZ |
O \ _ i
O 380 - o TNO-FEL|
: aMPIC
360 ; ; ; t ; + f i t t T + t f f + : + ; ; + +
288 292 296 300 304 308 312
Time (DOY)

Figure 3. Run averaged CO, concentration in equilibrator air as observed by KNMI (squares),
NIOZ (open circles) and TNO-FEL (diamonds), and CO, concentration of the equilibrator
air as determined by MPIC (triangles). Data are plotted versus time in day of the year
1996 (DOY) in order to facilitate a comparison with the unprocessed MPIC data. The
latter data were used for reference only. NIOZ averages for runs 9-16 (rejected) are
marked by means of the dashed square.
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exceptions. A closer examination of the few KNMI data for this period revealed a trend in
the concentration that was not observed by other institutes. Therefore, it was decided to
ignore all KNMI data for runs 1 to 112, leaving only NIOZ and TNO-FEL data to be used
during this part of ASGAMAGE-B. From the remaining data the NIOZ data for Runs 9-16
(marked in Fig. 3 by means of a dashed square) were discarded as well.

The differences between the NIOZ and the TNO-FEL data, C\° - C;®, for this period are
plotted in Fig. 4, along with the median difference. In most cases, the resuits agree within +
10 ppm. The median difference, used as & in Step (5) to compute the consensus value for
runs 1to 112is -1.75 ppm.

For the ASGAMAGE-B period after DOY 302 a different pattern arises (see Figure 3). For
the first part in this period of ASGAMAGE-B (DOY 302.5 to 304.5, run numbers 113 to 152)
no clear judgement of the quality of the data could be made. Because many other crucial
data (fluxes of momentum, sensible heat, water vapour and CO,) for these runs where also
lacking it was decided to flag these runs as "unreliable” and to discard the corresponding
CO, concentration data.

After DOY 304.5 the NIOZ results were systematically lower than those of the other
institutes. C* and C-°® agreed mostly within 5 to 10 ppm. Concentrations measured by MPIC
tended to be in between C,* and C.°. Deviations of C\° from the minimum of C,* and C;°
varied between -7.6 and -42.3 ppm, with an average and median deviation of -17.4 and -
16.0 ppm, respectively. Therefore, the NIOZ data for this period where rejected for further
processing, which left the KNMI and TNO-FEL data to construct the consensus data set.

In Fig. 5 the difference C.° - C;® is plotted versus time. It can be seen that a further two
periods must be distinguished. From DOY 304.5 until DOY 306, corresponding with runs
153-188, the difference is generally negative. By contrast, the differences from DOY 307
onwards, corresponding with runs 189-282, appear to be positive in general. The median
differences used in Step (5) are 6 =-1.88 ppm for runs 153-188 and &= + 6.74 ppm for runs
189-282.
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q_)|_ O l‘ﬁ A
AP n “F
%] 4
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-20 - : - : :
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Time (DOY)
Figure 4. Difference between run-averaged CO, concentration in equilibrator air according to NIOZ

(C\%) and TNO-FEL (C;®), respectively, during the first part of ASGAMAGE-B. The median
difference 6= -1.75 ppm is indicated by means of the dashed line.
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Difference between run-averaged CO, concentration in equilibrator air from KNMI (C,¢)
and TNO-FEL (C{) data during the second part of ASGAMAGE-B. The split median
differences 6 = -1.88 ppm (DOY 304-306; runs 153-188) or § = +6.74 ppm (DOY 307-
311, runs 189-282) are indicated by means of the dashed lines.

Figure 6 shows the data used to compute the consensus CO, concentration in the
equilibrator air during ASGAMAGE-B along with the resulting consensus data. Note that the
data are plotted versus run number again. Also note the concentration scale difference
between Fig. 3 and Fig. 6. In sumfnary, consensus data for runs 1-112 are obtained from C,°
and C;°, using & = -1.75 ppm in Step (5), and from C,® and C¢ in runs 153-188 and 189-282
with 8 = -1.88 ppm and +6.74 ppm, respectively.
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Figure 6.  CO, concentration data used to compute the consensus CO, concentration in the

equilibrator air during ASGAMAGE-B (squares: KNMI data; open circles: NIOZ data;
diamonds: TNO-FEL data) and resulting consensus data (solid circles).
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Figure 7. Run averaged CQO, concentration in open air as observed during ASGAMAGE-A by KNM/
(squares) and TNO-FEL (diamonds), and unprocessed MPIC data (triangles).

3.3. CO, concentration in open air

3.3.1. ASGAMAGE-A

The CO, concentration in open air as observed during ASGAMAGE-A is depicted in
Figure 7. Results from KNMI and TNO-FEL are plotted as run averages and correspond to
the data listed in Appendix A. Available KNMI data had been rounded off to a full ppm.
Therefore, TNO-FEL data were also rounded off before further processing. No NIOZ data
were available here, and only a few MPIC data could be recovered. Again, the latter data set
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Figure 8.  Difference between run-averaged CO, concentration in outside air as obtained by KNM/
(C,&) and TNO-FEL (C;?), respectively. The split median difference & = +5 ppm (runs
1-66) or § = +12 ppm (runs 67-130) is indicated by means of the dashed lines.
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Figure 9. Run averaged CO, concentrations in open air (C}?) used to computed the consensus data

for ASGAMAGE-A. KNMI data: squares; TNO-FEL data: diamonds; consensus data: solid
circles.

is used in an unprocessed way and concentrations are therefore plotted versus time in DOY
again. The difference C,?- C;? for runs with paired observations is shown in Fig. 8.

It can be seen that there are periods with satisfactory agreement between the data from
KNMI and TNO-FEL, but also periods with marked differences. The difference is especially
surprising in the second half of ASGAMAGE-A, from DOY 150 to DOY 154. In this period,
the MPIC data agree slightly better with the TNO-FEL data but are in general in between
both other data sets. Therefore, no decisive judgement between KNMI data and TNO-FEL
data can be made here. Precisely at the moment that the observations seem to come into
agreement again the KNMI observations stop. But from this moment on the MPIC data and
the TNO-FEL data agree reasonably well. In conclusion, there was no good reason to reject
part of one of the data sets, and the procedure to construct consensus data was adhered to
as in the previous cases.

In general, the difference C,® - C;® remains within 0 and +13 ppm. Further, two periods can
be distinguished again. As for the equilibrator data, the first period corresponds to DOY 135
to 146 and runs 1 to 66, while the second period extends from DOY 149 to 157 and runs 67
to 130. The first period shows somewhat more consistency between the data sets than the
second one. The median differences are + 5 ppm and +12 ppm in the first and second
period, respectively. The consensus concentrations with & in Step (5) equal to these median
values are plotted versus run number in Fig. 9 and listed in Appendix A.

3.3.2. ASGAMAGE-B

The observed run-averaged CO, concentration in open air during ASGAMAGE-B is shown in
Fig. 10. Again, the results are plotted versus time in order to facilitate a comparison with the
unprocessed MPIC data. It can be seen that there are only a few KNMi data and it was
decided to taken these data not into consideration here.
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Run averaged CO, concentration in open air during ASGAMAGE-B according to KNMI!

(squares), NIOZ (open circles) and TNO-FEL (diamonds), and CO, concentration of open
air determined by MPIC (triangles). Data are plotted versus time in day of the year 1996
(DOY) in order to facilitate a comparison with the unprocessed MPIC data, which were

used for reference.

The agreement between the data for concentrations less than 375 ppm is generally good,
with a slight offset but with a trends that are almost the same for the NIOZ and TNO-FEL
data. In some instances MPIC data agree more with NIOZ data, in others more with TNO-

FEL data.

The scatter is larger for concentrations higher than 375 ppm. A closer examination showed
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Figure 11.  Difference between run-averaged CO, concentration in outside air as obtained by NIOZ

(C\?) and TNO-FEL (CF#), respectively. The dashed line corresponds to the fit of 6 in ppm
versus time in DOY, giving 6 = 0.1203DQY - 31.366 ppm.
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Figure 12. Run averaged CO, concentration in open air used to computed the consensus data for
ASGAMAGE-B. NIOZ data: open circles; TNO-FEL data: diamonds; consensus data:
solid circles.

that these particular data were obtained at a wind direction of less than 220 degrees. Such
data are possibly affected by CO, sources over land (Kunz et al., 1998), which would imply
relatively unreliable CO, flux and concentration data. Therefore, it was decided to reject
these data.

For the remaining data, the difference between the NIOZ result and the TNO-FEL result,
C\? - C;°, is depicted in Fig 11. It is seen that most of the differences remain within 8 ppm. In
fact, there are a number of data clusters here. One possibility would be to determine the
median difference for all of these clusters. However, slightly better results for the consensus
data - that is, trends in consensus data agree better with trends in observations - can be
obtained by boldly regressing the differences in ppm versus time in DOY. It is stressed that
this regression analysis serves no physical or statistical purpose and is only applied to obtain
reasonable numbers for & in Step (5). The linear regression yields 3 = 0.1203DQOY - 31.366
ppm. The result for the consensus data is shown versus run number in Fig. 12. Note the
difference in concentration scaling between Fig. 10 and Fig 12.

4. Summary and Discussion

During the ASGAMAGE observation periods the CO, concentration in water and air at the
research platform MPN was determined by various institutes. In all cases, open air was
continuously sampled and its CO, concentration was determined by means of Infrared Gas
Analysers (IRGAs). To determine the concentration in the water equilibrators were
continuously flushed with sample water and the CO, concentration in the air of the
headspace of the equilibrators was measured by means of the IRGA that was also used for
open air. Although all institutes relied on the same principle for their measurements, the
actual details of the measurements were different, as described in Section 2. As such, three

13
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independent sets of observations where obtained during ASGAMAGE-A (observations by
KNMI, MPIC and TNO-FEL) and four during ASGAMAGE-B (observations by KNMI, MPIC,
NIOZ and TNO-FEL). Unfortunately, only a few MPIC data appeared to be available in the
end. Nevertheless, the MPIC data proved to be valuable as a reference data set.

Per individual institute the available data were converted to averages for KNMI measurement
runs. Such runs were initiated at a wind direction between 180 and 360 degrees, and lasted
about 55 minutes. In the case of the water concentration measurements the CO,
concentration observed in the air of the equilibrator headspace was used to compare results
from the different institutes. The independent run averages were compared and seemingly
unreliable data were rejected. From the remaining data a set of consensus CO,
concentrations could be constructed as follows.

After the initial screening for unreliable data both the ASGAMAGE-A and the ASGAMAGE-B
experiment could be subdivided into a number of smaller periods. During each of these
periods zero, one or two independent observations were available per run. For runs with two
observations the mean was taken to be the consensus concentration in open or equilibrator
air. The differences between the two results for such runs were used to adjust the result for
runs with only one observation. Usually, the median difference was used for this adjustment.
However, in the case of the open air concentration during ASGAMAGE-B the size of the
adjustment was determined from a linear regression of the differences against time, the
single goal of this procedure being to obtain a reasonable adjustment. Runs with zero
reliable observations left were flagged off. The resulting consensus data are shown in
Figures 1, 6, 9 and 12, and are also listed in the appendices.

To this end, we feel that the consensus data represent a reasonably reliable set of
concentration data for both ASGAMAGE observation periods. However, the reliability differs
somewhat per period of ASGAMAGE-A and ASGAMAGE-B. This is indicated by means of
Table 1 for the concentration in equilibrator air and by means of Table 2 for the open air
data. For the runs indicated in the first column of these tables, the mean difference of paired
observations is given, along with the observed range and two times the standard deviation of
the differences between two independent observations. Assuming that the systematic part of
the differences are corrected for during the construction of the consensus data, the numbers
given in column 4 and 5 of the tables provide an indication of the remaining differences in the
observed CO, concentrations.

Table 1. Characterisation of the observed differences in paired concentration data for equilibrator
air.
Runs" n? Mean® Range®* 25°
A:1-66 27 -7 [-20,+3] 12
A:67-130 19 +4 [-2,+9] 6
B:1-112 35 -1 [-14,+18] 13
B:154-188 30 -2 [-11,+4] 7
B:189-282 74 +6 [-10,+14] 9

DA: ASGAMAGE-A; B: ASGAMAGE-B

2n: number of paired observations

Units: ppm

“minimum, maximum]

%q: standard deviation of differences in ppm
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Table 2. Characterisation of the observed differences in paired concentration data for open air.
Runs” n? Mean®  Max-Min** 25°
A:1-66 27 +6 [-1,+13] 7
A:67-130 19 +12 [+3,+19] 10
B:1-282 72 +5 [+3,+8] 3

DA: ASGAMAGE-A; B: ASGAMAGE-B

In: number of paired observations

3Units: ppm

Aminimum,maximum]

5. standard deviation of differences in ppm

These results can be used to construct errorbars that depend on the period under
consideration. Furthermore, assuming that the standard deviation of the differences is an
appropriate measure of the quality of the consensus data and that the data from
ASGAMAGE-A can be compared directly to those from ASGAMAGE-B, the reliability of the
data for equilibrator air is found to decrease in the following order: A:67-130; B:153-188;
B:189-282; A:1-66; B:1-112. Note that runs B:113-152 were discarded as being too
unreliable. For CO, concentration in open air the following order can be established: B:1-
282; A:1-66; A:67-130.

Finally, we attempt to find an overall accuracy of the measurement method, that is, in the
case of a point measurement with one system. In this case it is in principle not known
whether the observation is performed in a period with high or low accuracy. Thus, assuming
that data with a truly inferior qualiiy can be rejected in all cases, the accuracy of such a
measurement could be estimated from the present data by regarding all differences of paired
observations as being from a single population of data.

-25
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20 L
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S 15
(0]
-
O
® 10
w
5
0 H ; !11;-.‘L-{
vamvmwr\wmg‘:gggggr;gggg$

Difference (ppm)

Figure 13.  Frequency distribution of differences in paired observations on CO, concentration in
equilibrator air (all available differences from ASGAMAGE A and B).
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Figure 14.  Frequency distribution of differences in paired observations on CO, concentration in open
air (all available differences from ASGAMAGE A and B).

Figure 13 shows the frequency distribution of the absolute value of the differences in
observed concentration, rounded off to a full ppm. More than 98% of the differences appear
to be less than 14 ppm. There are three rather extreme differences of 18, 18 and 20 ppm,
respectively. Excluding these extremes as atypical, the method may be characterised as
accurate within 14 ppm.

The frequency distribution of differences in the case of open air, depicted in Fig. 14, reveals
a pattern completely different from equilibrator air. Most of the differences remain within 8
ppm, but there is a rather large number of differences over 10 ppm. However, it is felt that it
would be unfair to assign an accuracy of only 19 ppm to these measurements, because the
large differences arose from a rather peculiar period during ASGAMAGE-A (see Figure 7
and Table 2). During ASGAMAGE-B and in 21 out of 27 cases during the first part of
ASGAMAGE-A the difference remained within 8 ppm. Thus, it is felt that the accuracy of the
measurement of open air is better estimated as + 8 ppm.
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M KNMI-PUBLICATIE MET NUMMER

150-28 Sneeuwdek in Nederland 1961-1990 / A.M.G. Klein Tank

176-S  Stormenkalender: chronologisch overzicht van alle stormen (windkracht 8
en hoger) langs de Nederlandse kust voor het tijdvak 1990-1996 / [sa-
menst. B. Zwart ea.]

180a  List of acronyms in environmental sciences : revised edition / [compiled
by P. Geerders and M. Waterborg]

181a  FMI2 synor " internationale en nationale regelgeving voor het coderen
van de groepen 7wwW 1W2 en 960ww

181b  FMI2 synor " internationale en nationale regelgeving voor het coderen
van de groepen 7wwW 1W2 en 960ww; derde druk

183-1 Rainfall in New Guinea (Irian Jaya) / T.B. Ridder

183-2  Vergelijking van zware regens te Hollandia (Nieuw Guinea), thans Jaya-
pura (Irian Jaya) met zware regens te De Bilt / T. B. Ridder

183-3  Verdamping in Nieuw-Guinea, vergelijking van gemeten hoeveelheden
met berekende hoeveelheden / T.B. Ridder

183-4  Beschrijving van het klimaat te Merauke, Nieuw Guinea, in verband met
de eventuele vestiging van een zoutwinningsbedrijf / T.B. Ridder ea.

183-5  Overzicht van klimatologische en geofysische publikaties betreffende

Nieuw-Guinea / T.B. Ridder
184 Inleiding tot de algemene meteorologie : studie-uitgave / B. Zwart, A.
Steenhuisen, m.m.v. H.J. Krijnen
Inleiding tot de algemene meteorologie : studie-uitgave ; 2e, druk / B.
Zwart, A. Steenhuisen, m.m.v. H.J. Krijnen
185 Handleiding voor het gebruik van sectie 2 van de Fm 13-X sHipP-code door
stations op zee / knM1; KLu; KM

184a

185a  Handleiding voor het gebruik van sectie 2 van de Fm 13-X sHiP-code voor
waarnemers op zee / KNM1; KLu; KM

186-1  Rainfall generator for the Rhine Basin: single-site generation of weather
variables by nearest-neighbour resampling / T. Brandsma and T.A.
Buishand

187 De wind in de rug: knMI-weerman schaatst de Elfstedentocht / Henk van
Dorp

M TECHNISCH RARPORT = TECHNICAL REPORT (TR)

168  Analyse van het seismische risico in Noord-Nederland / Th. de Crook, B.
Dost en H.W. Haak

173 Measurement of the structure parameter of vertical wind-velocity in the
atmospheric boundary layer / R. van der Ploeg

174  Report of the AsGAsEx’94 workshop / ed. by W.A. Oost

175  Over slecht zicht, bewolking, windstoten en gladheid / J. Terpstra

176  Verification of the wAQUA/csM-16 model for the winters 1992-93 and 1993-
94/ J.W. de Vries

177 Nauwkeuriger nettostraling meten / M.K. van der Molen en W. Kohsiek

178 Neerslag in het stroomgebied van de Maas in januari 1995: waamemingen
en verificatie van modelprognoses / R.Jilderda ea.

179  First field experience with 600PA phased array sodar / H. Klein Baltink

180 Een Kalman-correctieschema voor de wegdektemperatuurverwachtingen van
het vaisaLa-model / A. Jacobs

181  Calibration study of the K-Gill propeller vane / Marcel Bottema

182  Ontwikkeling van een spectraal UV-meetinstrument / Frank Helderman

183  Rainfall generator for the Rhine catchment : a feasibility study / T. Adrd
Buishand and Theo Brandsma

184  Parametrisatie van mooi-weer cumulus / M.C. van Zanten

185  Interim report on the KNMI contributions to the second phase of the AEro-
project / Wiel Wauben, Paul Fortuin ...[et al.]

186  Seismische analyse van de aardbevingen bij Middelstum (30 juli 1994) en
Annen (16 augustus '94 en 31 januari '95) / [SO]

187  Analyse wenselijkheid overname rivM-windmeetlokaties door KNMmi / H.
Benschop

188  Windsnelheidsmetingen op zeestations en kuststations: herleiding waarden
windsnelheden naar 10-meter niveau / H. Benschop

189  On the kN M1 calibration of net radiometers / W. Kohsiek

190 NEDWAM statistics over the period October 1994 - April 1995 / F.B. Koek

191 Description and verification of the HIRLAM trajectory model / E. de Bruijn

192 Tiltmeting : een alternatief voor waterpassing ? / H.W. Haak

193 Error modelling of scatterometer, in-situ and ecMwF model winds; a cali-
bration refinement / Ad Stoffelen

194 kNMmi contribution to the European project popsicLE / Theo Brandsma and
T. Adri Buishand

195  EcBiLT . a coupled atmosphere ocean sea-ice model for climate predictabi-
lity studies / R.J. Haarsma ao.

196  Environmental and climatic consequences of aviation: final report of the
KNMI contributions to the AERO-project / W. Wauben ao.

197 Global radiation measurements in the operational KNMI meteorological net-
work: effects of pollution and ventilation / F. Kuik

198 KkALcoRR: a kalman-correction model for real-time road surface temperature
forecasting / A. Jacobs

199 Macroseismische waarnemingen Roswinkel 19-2-1997 / B. Dost en HW
Haak

200 Operationele UV-metingen bij het knmi / F. Kuik

201 Vergelijking van de Vaisala’s HMP233 en HMP243 relatieve luchtvochtig-
heidsmeters / F. Kuik

202 Statistical guidance for the North Sea / Janet Wijngaard and Kees Kok

203 UV-intercomparison SUSPEN / Foeke Kuik and Wiel Wauben

204 Temperature corrections on radiation measurements using Modtran 3 / D.A.
Bunskoek, A.C.A.P. van Lammeren and A.J. Feijt

205  Seismisch risico in Noord-Nederland / Th. De Crook, H.W. Haak en B. Dost

206 The HIRLAM-STAT-archive and its application programs / Albert Jacobs

207 Retrieval of aerosol properties from multispectral direct sun measurements /
O.P. Hasekamp

208 The KNMI Garderen Experiment, micro-meteorological observations 1988-
1989, instruments and data / F.C. Bosveld, J.G. van der Vliet and W.A.A.
Monna.

Y WETENSCHAPPELIJK RAPPORT = SCIENTIFIC REPORT (WR)

95-01  Transformation of precipitation time series for climate change impact
studies / AM.G. Klein Tank and T.A. Buishand

95-02 Intemal variability of the ocean generated by a stochastic forcing / M.H.B.
van Noordenburg

95-03  Applicability of weakly nonlinear theory for the planetary-scale flow /
E.A. Kartashova

95-04 Changes in tropospheric NOx and o3 due to subsonic aircraft emissions /
W.M.F. Wauben ao.

95-05 Numerical studies on the Lorenz84 atmosphere model / L. Anastassiades

95-06 Regionalisation of meteorological parameters / W.C. de Rooy

95-07  Validation of the surface parametrization of HIRLAM using surface-based
measurements and remote sensing data / A.F. Moene ao.

95-08  Probabilities of climatic change - a pilot study / Wieger Fransen (ed.) and
Alice Reuvekamp

96-01 A new algorithm for total ozone retrieval from direct sun measurements
with a filter instrument / W.M.F. Wauben

96-02  Chaos and coupling: a coupled atmosphere ocean-boxmodel for coupled
behaviour studies / G. Zondervan

96-03  An acoustical array for subsonic signals / H.-W. Haak

96-04 Transformation of wind in the coastal zone / V.N. Kudryavtsev and V K.
Makin

96-05  Simulations of the response of the ocean waves in the North Atlantic and
North Sea to co2 doubling in the atmosphere / K Rider ao.

96-06 Microbarograph systems for the infrasonic detection of nuclear explosions
/ H.W. Haak and G.J. de Wilde

96-07  An ozone climatology based on ozonesonde measurements / J.P.F. Fortuin

96-08 GoMeE validation at kNMI and collaborating institutes / ed. by P Stammes
and A. Piters

97-01  The adjoint of the wam model / H. Hersbach

97-02  Optimal interpolation of partitions: a data assimilation scheme for
NEDWAM-4; description and evaluation of the period November 1995 -
October 1996 / A.Voorrips

97-03  saTview: a semi-physical scatterometer algorithm / J.A.M. Janssen and H.
Wallbrink

97-04  Gps water vapour meteorology : status report / H. Derks, H. Klein Baltink,
A. van Lammeren, B. Ambrosius, H. van der Marel ao.

97-05  Climatological spinup of the cBiLT oceanmodel / Arie Kattenberg and
Sybren S. Drijthout

97-06  Direct determination of the air-sea transfer velocity of co2 during
ASGAMAGE / J.C.M. Jacobs, W. Kohsiek and W.A. Oost

97-07  Scattering matrices of ice crystals / M. Hess, P. Stammes and R.B.A.
Koelemeijer

97-08  Experiments with horizontal diffusion and advection in a nested fine mesh
mesoscale model / E.ILF. de Bruijn

97-09  On the assimilation of ozone into an atmospheric model / E.Valur Hélm

98-01  Steady state analysis of a coupled atmosphere ocean-boxmodel / F.A.
Bakker

98-02  The AsGAMAGE workshop, September 22-25, 1997 / ed. W.A. Oost

98-03  Experimenting with a similarity measure for atmospheric flows / R.A.
Pasmanter and X.-L. Wang

98-04

Evaluation of a radio interferometry lightning positioning system / HR.A.
Wessels












