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Quality control method of Argo float position data

Tomoaki Nakamurat, Naoko Ogital and Taiyo K obayashit

Abstract We explain a method of quality-control (QC) of Argo float positions fixed by Argos system based on checking float

speed between the positions considering Argos position errors. The method gives us fairly reasonable QC results which are

comparable with those of visual inspection by experts, and several % of position data are identified “bad” in average. This

method has been suggested as (one of candidates for) the standard method to International Argo community. An execution pro-

gram of it was also prepared for Argo community from PARC-JAM STEC web-site so as that this method istried widely.
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1. Introduction

This manuscript explains a method of quality-control
(QC) of Argo float positions fixed by Argos system based
on check of float speed between the positions. This docu-
ment also describes some results obtained by this QC
scheme and the QC method has been suggested as a stan-
dard method to Internationa Argo community.

We suppose that this position QC procedure is the first
check for Argo trgjectory data to discard (or flag) very
“strange” positions automatically. We expect (and it has
been discussed in Argo community) that some of more
sophisticated interpolating schemes (e.g., Davis et al.,
19929, Park et ., 2005?, “delayed-mode QC” for Argo
trajectory data) will succeed it to estimate actual float
movements and locations where floats arrive at sea surface
and dive into subsurface. Since “strange”’ positions distort
these estimations largely. On the other hand, the more data
we can use for the interpolations the better results we can
have. Thus, it is desirable that this position QC scheme dis-
cardsonly very “unusua” position datafor most of experts.

Another purpose of the suggestion of this QC method is
to standardize data qudity of Argo trgjectory data by a sin-
gle QC scheme. Trgjectory files are generaly used to esti-
mate velocities on the sea surface and/or at the parking
depths of floats directly. Large amount of data are needed
regardless of float principal investigators (Pls) or Data
Assembly Centers (DACs) when basin (global) scale veloc-
ity fields are calculated (e.g., YoMaHa dataset, Kongtantin
et al., 2007%). Quality of such velocity atlases may depend

on the lowest level of origina data. Thus, standardized
quality of Argo trgjectory data brings lots of benefits to dl
datausers.

To standardize the data quality we believe a single stan-
dard program is needed definitely considering the present
confusion of Rea-time QC of float profiles. We know that
its results by DACs are very different from each other even
though they do follow the standard QC criteria defined by
Argo Program completely. It means that only definitions of
criteria (like the tables of Real-time QC flags for float pro-
file, Argo Data Management Team, 2006Y) might not be
enough to dissolve differences among DACs in the case of
complicated datalike float profiles and float trgjectories.

First, we described backgrounds of this QC method
development in section 2 in this manuscript. Then the actual
procedure of this scheme is mentioned (section 3). In sec-
tion 4 some results of position QC are shown and an execu-
tive program of the QC method is introduced in section 5.
Finally, we mentioned some issues to be discussed or
agreed in Argo community in section 6.

2. Background

Argo program aims not only to monitor the present sta-
tus of the upper ocean (up to 2000-dbar) from float tem-
perature and salinity profiles but dso to estimate velocity
fields on the sea surface and at float parking depths from
float drifting (trgectory) data. However, until now there
are only a few studies about the velocity field estimations
from the Argo data (e.g., Davis et a., 19929, Park et d.,
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2005°, Kongtantin et al., 20074). One of the reasons for it
may be that Argo trajectory data (including float position
data) are not as familiar as the Argo profile data which
have temperature/salinity profiles. But, the most reason
we think (and the most of persons involved in Argo will
agree) is that Argo trgjectory data are very far from com-
plicity (or no user-friendly), because its detail manners of
data description are not (have not been) determined well
to use them. This undesirable situation may be caused by
the fact that the most of human resources of Argo (espe-
cialy in its data management) are being consumed in
development/maintenance of data system for Argo pro-
files.

In order to improve these situations around Argo trgec-
tory data, which was also requested by Argo Steering
Team, the first and second Argo tragjectory workshop was
held in March 2006 (in Venice, Italy) and in October 2006
(in Incheon, S. Kored). Both workshops were led by Dr. B.
A. King. At the second workshop one of the authors (TK)
introduced a position QC method used at JAMSTEC. The
method was highly evaluated there and it was recognized
as a candidate for the standard QC method of Argo trgec-
tory (position) data for the following reasons;

— In Argo community there were amost no determina-
tions (definitions) about the details of Argo trgjectory
data. Thus, they wanted to have something concrete
about them.

— This QC scheme was actually used at JAMSTEC,
which means its source code was available in Argo
community. Thisis one of large benefits for the com-
munity considering the then complicated problem on
Real-time QC of Argo profiles, where QC results by

1.253 = sqrt( pi/2 )
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DACs were different from each other even though its
agorisms and criteria have been defined clearly (and
were followed by al DACS).
At the same time, it was requested that this QC method
should be improved to consider position errors fixed by
Argos system. The position QC method described in this
manuscript is the modified scheme considering the com-
ments at the workshop.

3. Position QC procedure

This position QC scheme identifies “bad” float posi-
tions considering the float speeds which are required by
the float positions fixed by Argos system.

3.1. Identification of “questionable” segments
Assuming a float movement consists of numerous seg-
ments of two adjacent positions in time. If a segment
which satisfies the following 2 criteria (a “ questionable’
segment, see Fig. 1) is found, at least one position which
composes the segment will be flagged 3 (“bad”).
— Float speed dong the segment exceeds 3 m/sec.
 The criterion of 3 m/sec for “questionable’ float
speed is derived from a criterion of surface move-
ment in “Argo quality control manual” (Argo Data
Management Team, 2006Y).
e The minimum time interval is set 1 second to avoid
the calculation error of “dividing by 0".
—Thelength of the segment islonger than the critical error
length which is determined by the nomina errors of Argos
system asfollows:

thecritical error length= 1.0 x4/ Er} + Er; .

3 m/sec

) 4

Error length

> dt

Figure 1: Definition of “questionable” segment which includes at least one float position to be flagged 3
(hatched region). dx and dt are horizontal distance and time interval between 2 float positions fixed by Argos

system. Error length is determined by . 1.0x yEr} + Er;

, Era and Erg are the radii of position error of

Argos system (150m, 350m, and 1000m for Argos class 3, 2, and 1, respectively) at the float positions A and

B, respectively.
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Here, Er, and Erg are the radii of position error of
Argos system (150m, 350m, and 1000m for Argos class
3, 2, and 1, respectively) at the float positions A and B,
respectively. The factor of 1.0 above is one of optional
choices (see section 6.2).

Fig. 2 shows scatter plots of horizontal distance and
time interval between any two positions in the same cycle
of afloat (n = 4379 pairs for 290 float-cycles). The criteri-
on of 3 m/sec for float speed is not severe except for the
position pairs with shorter time interval (about less than 10
minutes). Only in this time range the Argos positioning
errors can not be ignored for float speed estimation. It
means that the above criteria are reasonable.

3.2. |dentification of “bad (flagged)” position

“Bad (flagged)” position of the questionable segment is
identified by the following steps:

— If Argos classes at the positions are different, the posi-
tion with the less grade classis flagged.

Accuracy of Argos class:

Moreaccurate<= 3,2, 1,0, A, B =>Lessaccurate
Here, the position with Argos class O means its error
radius is grater than 1000m, and Argos class A (B) repre-
sents that the float position is fixed by 3 (2) messages
received per satellite pass and its accuracy is not officialy
determined (positions with Argos class 3, 2, 1, and O are
determined by 4 or more messages and more accurate than
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Figure 2: Scatter plots of horizontal distance and time interval between any two float positions in the same
cycle (n = 4379 for 290 float-cycles). The red line represents the relation of float movement by 3 m/sec.
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those with class A and B: CLS, 20072).

— If Argos classes at both positions are the same, the posi-
tion which requires more quick movement along the con-
tinuous segmentsisflagged (see dso Fig. 3).

« In the case that 4 continuous positions can be used
for the check, average speeds aong the segmentsvia
A and via B are compared (yellow and cyan trajec-
toriesin Fig. 3a).

« In the case that 3 continuous positions are available
for the check (i.e., the questionable segment
includes the first/last position of the cycle), we com-
pare average speeds on the segments terminated at A
and at B (yellow and cyan trgjectoriesin Fig. 3b).

« If we use only 2 positions for the check (i.e., the
float cycle for check is composed of only 2 posi-
tions), both positions are flagged 3 because we can
not determine which position is worse than the other
(an exceptiona case).

3.3. Other “bad” data identified in this scheme
Some of Argo trajectory data we have checked
included very strange position data and we concluded
that they should be flagged 4. Because most of them
should be removed initialy by other tests before the QC
method discussed here.
— Duplication of position data (both location and time).
=> They are flagged 4 except for a single data. If dif-
ferent positions are fixed in the same time, all
positions are checked by the QC scheme.
— Positions which are apart from the first position by
more than 24 hoursin time.
=> It is considered that surface-drifting data of anoth-
er cycle may beinvolved.

— Float speed in subsurface (from the last “reasonable”
position of the previous cycle to the first position of
the present cycle) exceeds 3 m/sec.

=> Questionable float position due to too fast move-
ment in subsurface.

— Unredlistic dates of float positions fixed for Argo tra-
jectory data.
=> Adjusted to the “right” dates.

— Values for Argos class are written by “octal nota-
tion”.
=> Adjusted to the decimal notation.

4. Results

Fig. 4 shows some of position QC results obtained by the
method. Fig. 4aisresults for afloat deployed in the subarc-
tic region of the North Pacific (77" cycle of WMO 1D
2900055). The first position of this cycle was fixed on
12:03, 22 July 2003 (Argos class 1), and then the float drift-
ed north-eastward generaly. The red line represents a float
trgjectory obtained by connection of float positions which
passed through the QC scheme. This shows that the float
moved sometimes zigzag, and some of them seem unredis-
tic movements. But al the positions except for one (on
00:08, 23 July 2003, represented by a red star) are falen
within error radii of float positions fixed by Argos system.

Fig. 4b shows another example (541 cycle of WMO ID
2900056). This float drifted on the sea surface within very
small areaand most of the circles of positioning errors over-
lapped each other. The float may have moved north-east-
ward dowly in the cycle when positioning errors are con-
Sdered, and 2 positions arefailed by the QC check.

Fig. 4c is a result that many position data are failed. In
this float-cycle total 19 positions were fixed by Argos sys-

(a) (b)

+1 A

Figure 3: Schematic figures of identification of the position to be flagged in the cases of (a) 2 next posi-
tions (signed by -1 and +1) of the “questionable” segment (AB) and (b) only one next position (-1, the
previous or next) of the segment can be used for the check.
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Ja)  WMO 2900055, Profile No.077
40.8 °I\P7
40.75 °NH
17‘5A‘85“’E 175‘.9 °E 175}95 °E 17% °E 176}05 °E 176‘.1 °E 176.'15‘"E‘ ‘1‘76.2 °E
(b) WMO 2900056, profile No. 054
44.6 °N
17017 °E 170.75 °E
(©) WMO 2900056, Profile No. 055
44.15 °NH
441 °N T
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Figure 4: Examples of the position QC results for (a) the 771" cycle of WMO ID 2900055, (b) the 54 cycle and (c)
the 551 cycle of WMO ID 2900056. The flagged positions are shown by red stars, and positions though the QC are
connected by red line in time. The time when the position is fixed by Argos satellites is also shown. Circles mean
error radii of Argos system for the positions (1000m, 350m, and 150m for Argos class 1, 2, and 3, respectively).
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tem and 5 data of them were flagged 3 by this QC scheme.
The 8" and 9% position in the cycle (fixed on 2:38 and 4:08,
16 December 2002) was very far away from the other suc-
ceeding (7" and 10M) position considering the time fixed,
which showsthey are erroneous positions clearly.

Table 1 is the summary of position QC results for 26
Argo floats (for their whole lives) and they are randomly
sdlected from GDAC. This QC method identifies several %
of position datato be flagged 3 (or 4) in average. Thisratio
varieslargely (about 1 % to more than 10%) by float and P
(or DAC). The differences among DACs are mainly caused
by features of their trgectory files (e.g., postions with less
accurate Argos classes (O/A/B) areincluded or nat).

5. Execution program of the position QC
method for Windows

We have prepared an execution program of this QC
method for Windows so as that this method should be tried
widely in Argo community. This program and everything
related to it are available from the page of “Tools and
Links’ at PARC-JAMSTEC web-site.

PARC-JAMSTEC: http://www.jamstec.go.jp/ARGORC/

This program reads netCDF files of Argo trgjectory in
direct and then outputs QC flags of float positions by text
file. Also it creates a KML file of the results for “Google
Earth”, which helps us to check results easily by visual
inspection (see Fig. 5 as an example). Some parameters of
the QC method (the maximum speed, positioning error
radius of Argos system) are changeable by its configuration
file (postion_gc.cfg).

If you would like to modify this program largely, its
source codes are also available from the same web site.
Note that the source codes are written by “Ruby”.

6. Issuesto be discussed in Argo community

In developing the QC system, we found several issues
which should be discussed and agreed among the Argo
community. Some of them may need changes of parameter
definitions.

6.1. Argosclassand itserror radius

Argos class represents the accuracy of afloat position
fixed by Argos satellites and it has 7 categories of 3, 2,
1,0, A, B and Z. Except for Z, which means position
fixing error, a location data has a corresponding Argos
class. However, the accuracy (error radius) of Argos
classfor O, A, and B is not determined officialy. In this
QC system positions with all Argos classes can be
examined and those error radii for Argos class of 0, A
and B are set as 1500m uniformly (default value: it is
changeable in the system). International standardization
of the position QC method needs some agreement about

JAMSTEC Rep. Res. Dev., Volume 7, March 2008, 11-18

Table 1: Ratio of flagged positions by Argo float. Ratio is evau-
ated by (the number of position data flagged 3 or 4 by the QC
method) / (the number of position data during the float life).

WMO ID DAC Ratio
4900369 | AOML 1.10%
4900598 AOML 4.20%
6900091 AOML 1.80%
1900097 | BODC 4.60%
1900288 | BODC 1.20%
1900453 | BODC 1.60%
2900194 BODC 6.00%
6900082 | BODC 9.10%
6900083 | BODC 9.80%
6900193 | BODC 7.30%
53553 CSIRO 0.70%
2900425 | ifremer 4.90%
3900137 | ifremer 1.40%
3900195 | ifremer 3.10%
6900139 | ifremer | 10.50%
6900279 | ifremer 1.70%
7900097 | ifremer 2.20%
2900342 | INCOIS | 13.00%
2900343 | INCOIS | 12.10%
2900354 | INCOIS | 10.60%
2900463 | INCOIS 8.40%
2900287 JMA 5.50%
2900312 KMA 2.80%
4900101 MEDS 5.60%
4900414 MEDS 3.90%
4900517 MEDS 1.20%

Argos class to be used for position QC and their error
radii. Thisis closely related to creation of Argo trgjecto-
ry data, e.g., what float positions should be recorded
there.

6.2 Error length criterion

The length criterion used in the method is much simpli-
fied to be factor 1, by which our concept is understood
easily. The preliminary statistic examinations gave us
another candidate for the factor,

1.263 (=4/m/2) (seeFigs 1land6).

6.3. Consistent description of Argo trajectory data

This QC scheme needs to deal with “strange” data
in Argo trajectory files. It is better that they are
removed before the position QC, which gives us much
simpler codes of the position QC scheme and also lots
of benefits to all persons who use Argo tragjectory data
directly. We suggest that the trajectory data which sat-
isfy the following criteria be required for any position
QC method.
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Figure 5: An example of output of position QC results for Google Earth. Y ellow and red marks represent the
positions with flag 3 and 4, respectively.
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Figure 6: Estimation of “actual” distance between float positions fixed by Argos system with Monte
Carlo method. (a) Average and standard deviation of the actual distance between two positions (as a func-
tion of the distance fixed by Argos) considering Argos error distance. Color means each combination of
float positions with different Argos class. (b) Average +/- standard deviation of the distances normalized

by the factor of /fr?+ Er}
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— All data are filled by the format determined offi-
cialy.

— All data (e.g., date, longitude, latitude ...) fal in reason-
ablevaues.

— All dataare ascending ordered in time.

— No complete duplications (all data of date, position,
Argos class are the same).

— All positions have corresponding data of Argos class.

— No large (temporal) gaps in the same cycle, because
such the data can be considered as miss involving of
another cycle data.
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