Installation and First Evaluation of the King Edward Point Geodetic Observatory, South Georgia
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KEPA Data Quality
The standard tool within the IGS for the analysis of GNSS data quality is Teqc [Estey & Meertens, 1999].
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Abstract Position Estimates
During February 2013 the King Edward Point (KEP) Geodetic Observatory was established in South Geor- Using 17 IGS stations, CON2 and PHIG, and KEPA daily position estimates were obtained using the Ber-
gia through a University of Luxembourg funded research project in collaboration with the National Oceanog- nese GNSS Software v 5.2 in precise point positioning (PPP) mode [Teferle et al., 2007]. We use the final
raphy Centre and the British Antarctic Survey. Due to its remote location in the South Atlantic Ocean as well satellite orbit and clock as well as the Earth rotation products from the IGS COD analysis centre, which are
as being one of few subaerial exposures of the Scotia plate, South Georgia has been a key location for a also based on the Bernese GNSS software, avoiding effects arising from the use of different software and
el gele il INplelglicelglgle N Lol SRR AR ISyl (R T [oe lyleRelel Tyl el ET gl eNe [leleld elglelglieli e M model implementations during product generation and user application in PPP. In order to investigate the
station had been established previously despite the global network of Global Navigation Satellite System multipath effects on the position estimates three processing streams were applied using elevation cut off
(GNSS) stations is lacking observations from this region. _ . angles of 3, 10 and 15 degrees, respectively.
In this pres.entatlon we will present a first gvaluat/on of the observat_/ons from the KEP Geodetic _ngervatory tation: keps Ctation: hart Station: phis Figure 5: Example position time
for the period from 14 February to 14 April 2013. We calculate multipath characteristics and positioning sta- pimespan= 02 yous WRMS= 20 mm ) Timespan- 02year WAS: 14 20 R I ories for KEPA. HARB and
tistics from precise point positioning (PPP) and discuss the installation in terms of benefits for studies of tec- N SN | g wf D B I 1 PHIG from PPP using a 10
tonics and glacio-isostatic adjustment processes. The meteorological data is evaluated by comparison to the §_1g; T | §.op g 3 | degree elevation cut off angle for
data from the existing KEP meteorological station and a widely used numerical weather model. 20F | ) 1 = , ) | *F , { the period from 14 February to
oot emzom  Tesmozers ez oy wwsezmn 14APII 2013. HARB has one of
. - T ' - | " ] of | " ] the lowest MP1 and MPZ2 metrics
Introduction g fg o R _ E fg L £ 10 L due to the use of an external
Over the last two decades information from 1.0 R M | 5 ottt o o whereas PHIG has
geology, geophysics, seismology and satel- af , N A | ) 1 . . | one of the highest, possibly due
lite altimetry has lead to a good under- v 02goms | weosom  Toopmozpws  wwsessnn  Tmepozyess  wwsosomn [0 (€ T-metre antenna mast. Po-
standing of the Scotia Sea tectonic evolu- of T ] wof | ] = ] sition outliers are indicated by
tion [e.g. Barker, 2001]. It is believed that g 12 I % “F it ' § o the red CII’C'/eS and uncertainties
the northern edge of the Scotia plate forms Fob Pt ih et | o :;3 Zﬁf ;;?nfiggeefg};fg;z;-
a left lateral transform with the South e i P TIEXT s T IERT — s ing.
American plate, which has a transformrate  £jyre 1: Tectonic plates in the South Atlantic Ocean (Plate o . . - o ) . . .
of approximately 7 mm/yr [e.g. Thomas et Project, Institute of Geophysics, University of Texas at Austin): From both Table 2 and Figure 5 it can be seen that the position time series for KEPA with outliers show a
al, 2003]. However, due to a lack of sub- transforms/fracture zones (green), ridges (red) and trenches larger than average scatter as indicated by the WRMS values. For the time series without outliers, i.e. the
aerial exposure, the Scotia and South (blue); existing continuous GNSS stations (yellow circles) and KEP cleaned time series, the WRMS statistics for KEPA agree well with the others. However as indicated by
Sandwich tectonic plates have remained geodetic observatory (red circle); SN: the South Sandwich plate. Figure 5, the number of outliers for KEPA is much larger than for the other stations. Nearly 27% of position
geodetically under-sampled (Figure 1). | estimates have been removed for KEPA in contrast to 1-3% for the other stations. Table 2 also suggests
Hence, to this day there is an incomplete r Figure 2: Global network of that, except for the Up component time series (with outliers), there is little dependency of the WRMS sta-
understanding of the tectonics and poten- l(';éeéyiig t';j,i fé\cl)ifrigft% 'C?O tistic on the elevation cut off angle. |
tial glacio-isostatic adjustment of South g ) North East Up I North  East Up Table 2: Weighted root-mean square (WRMS)

. . . ITRF2008, (black dots), sta (with outliers) (without outliers) statistics for KEPA and 19 other stations for
Geo_rgla and the associated shelf areas in- tions using a Trimble NetR9 : degress clovation cut ot the North, East and Up position component
cluding that of Shag Rock [Smalley, et al. receiver (red dots) and 19stations 1.9 + 0.5 30+ 08 57 % 16 I 1.7 + 0.5 29408 S3%1S e cories for the period of 14 February to 14
2007]. KEPA. e 38 " . H o April 2013. The WRMS values were computed
The new King Edward Point (KEP) Geo- 19 stations 1.9 + 0.5 3.0 + 0.8 ° degr;ze: ellzlatlon cu:.gﬁi 0.5 2.8 £0.8 53 +15 With respect to a linear trend for both time
detic Observatory aims at filling this gap for ' KEPA 37 75 9.8 I 2.0 2.9 6.4 series with outliers and those without outliers.
regional StUdieS bUt aISO QIOba”y for SEd 19 stations 19 £+ 04 3.2 + 0.8 ° degr:e-ls- elle;ation cuI c8)ff+ 0.4 3.1 +0.8 6.1 + 1.6 The UnCGI’l‘ainl‘ieS Of the mean WRMS Va/ues
level studies and the International Terres- KEPA 38 83 92 I 21 32 63 arethe standard deviations.
trial Reference Frame (ITRF) (Figure 2).

The observatory consists of the continuous

GNSS station KEPA with auxiliary equip- .

ment for power, communic:ationsry an?j rr?ete- Troposphere EStlm_ateS_

orology (Table 1). It includes a network of N S | o Atmospheric \_/vater vapouris a primary greenhquse gas e | |

benchmarks both at KEPA and KEP, allow- F/_gurfe 3:a) G/;/S;S antenna on 1-mc?/lfre mast. b) aluminium and plays an _|mportant rolc_e In weather_forecastlng and cli-

ing to geodetically link the GNSS station pipe frame with electronics and auxiliary equipment. mate momtorl_ng. | GNSS signals experience a propaga- ]

with other geophysical sensors, in particu- Table 1: KEPA equipment details. tion delay, which is related to the amount of water vapour

lar the tide gauge.KEPA is located on the aNSS Equmment in the lower atmosp_here. Hgnce GNSS obggwahons can

highest point of Brown Mountain, which lies i?t:s::/:z:/Radome E::E:z Eﬁfﬁz Ring TRM59800.00 SCIS be processed to eStlmate. this delay Wlth m”“metre.-level oo | s

south of KEP research station across King 12V DC Power System accuracy and together with meteorological data (air tem- ~

Edward Cove. The GNSS antenna and Solar Panels pooatts perature and pressurg) can be used to compute the Ll

monument are bolted onto a rock outcrop S amount c_)f atmospheric water vapour on_varlous temporal o |

(Figure 3a) with an aluminium pipe frame Radiolink Intuicom E6-1 300 Miz Ethernet radiobrdge and ;pat'il ?cales.f\:xe ‘}J(Ss;he ogs?waélons 0: the ; S I S N N N S N N NN

housing the auxiliary equipment and enclo- Other Sensors V&’E?) er stations orthe geodetic observatory an R | I

sures approximately 30 m away (Figure3b). N Vaisala WXT-520 research station, fjenoted as BAS, together_W|th E o [ | e
NCEP/NCAR reanalysis [Kalnay et al., 1996] gridded b , | ‘ RN
data to verify the observations and to evaluate the impact ¢ | | » h" »,J Y \ '
of these data sets on the integrated water vapour (IWV)
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Teqc allows the computation of a number of quality control metrics of which the most important ones in- tTab/e 3&Stat’3t’cs ’;?r tthe ?’fffr e”ifg/;’;\ a ;eg’/fgr a Figure 6: Time series or air temperature and pres-
clude code-multipath on L1 and L2, denoted as MP1 and MP2, and the number of observations per cycle v%itigr ft'zfj,ﬁ’fani, i,é?g/i//';/oqu reanz';ys,-s grid- SN”CrZZf,\%ﬁgiéaan"aofyiésg,rv,-vjjége;as}ftfg,f,-tmgta,
slips. The latter ratio can be expressed in terms of cycle slips per observa’gons in 1000, Iea_dlng toa ded data and the integrated water vapour estimates delay and integrated water vapor for the period from
number close to zero for the optimal case. Estey & Meertens [1999] describe the computation of the MP1 from the Vienna Mapping Function (VMF1). 14 February to 14 April 2013

and MP2 metrics in detail and here we use the root-mean-square value after fitting a moving average to i St e Median T5th v M RS .

the absolute multipath values. Temperature (all values in °K) Tgble 3 and Figure 6 show the exellent. agreement for the
The computed MP1 and MP2 metrics only partly reflect the multipath environment at a particular site as ANGP 76 20 o1 36 13 a1 air temperature and pressure observations from the KEPA
their values also dependent on the stability of receiver clocks and any receiver observation filtering. BAS - NCEP 72 08 19 49 148 4B and BAS wgather stations. W';th the required accuzrames
Hence, using a highly stable external atomic clock, generally reduces the multipath metrics. Also, within e e ) o s o1 1a 10 for I\_NV estlmgtes of 1-5_kg/_m and O '2,5'2'5 kg/m?® for fore-
the IGS data providers are encouraged to disable any receiver observation filtering. For this reason we (EPANCEP S 20 8 0 e T casting and cllmate monltor:clng appllca]’flons [Barlag et al,
assume that none of the data used in this study have been filtered. Currently Trimble NetR9 receivers op- Integrated Water Vapour from ZTD using VML (all values in kg/mA2) 2.004]’ respectlvely,- the performance of both \{veather sta-
erate at 27 stations within the global IGS tracking network (Figure 2). Furthermore, CON2 and PHIG, two B, om om0 A 08 flons needs fo monitored and compared to_grldded values
sites installed and operated by Unavco Inc., use the same receiver and the same 1-metre antenna mast as BAS-NCEP _ -455 195 091 049 468 203 such as those from NCEP/NCAR reanalysis.

KEPA. All available data from these sites have been used in this study for the period from 14 February to
14 April 2013.

Conclusions

- - S Figure 4: Time series (a-c) and
1= ! 1 * statistics (d-f) of quality control The new King Edward Point Geodetic Observatory and its KEPA GNSS station have been introduced and
18 ™ 1 @ metrics MP1, MP2 and slips per an initial evaluation has been performed. The data quality metrics indicate a high level of code-multipath
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From Figure 4 it can be seen that the KEPA data quality as indicated by the three metrics varies. Whereas White.
the mean MP1 value for KEPA is one of the highest, its mean MP2 value is among the lowest. Although at
different levels, both appear to remain fairly constant over the two-month period and show not spikes,

which does not hold true for most other sites. It can also be seen that, as expected, the metrics for sites
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