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Arctic glacier movem ent monitoring w ith GPS m ethod on 2005
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Abstract During the 2005 A retic Y ellow R ver Station expedition the research on
monitoring the moveament and mass balance of wo glaciers around Ny-Alesund
A ustrelovenbreen and Pedersenbreen which were selected n the 2004 Y ellow R iver
Station expedition were conducted This paper analyzes the feasbility and advantage
n using GPSmethod tomonitor the A rctic glaciers movenent estimales the precision
of first tme m easured GPS data and discusses the relevant problans in surveying on
the A retic G laciers w ith GPS

Key words Arctic Yellw River Station glacier GPS moveanentmonitoring

During the first scientific expedition to Chinese A rctic Y ellow R ver Station on 2004
Chmese scientists conducted multi-disciplinary research works mn which the glacier re-
search group nvestigated the glaciers near Ny-)&lesund on basic features preceding re-
search works and the current research works and wo glaciers Austre Lovenbreen and Ped-
ersenbreen w ere chosen for long time researching focusing onm ass balance and theirm ove-
mentmonitoring A fter one year on the o selected glaciers mass balance poles aswell
as high precise movan entmonitoring poles were set up(Ren and Y an 2005). It’ s the first
tme for Chinese to do quantitative research works w ith A rctic land glaciers by them selves

The construction of A rctic GPS satellite track ng station was one of the primary pro-
gram s of the first and second A rctic Y ellow R wer Station expedition During the firstA retic
Y ellow R er Station expedition on 2004 the first Chimese A rctic GPS satellite track ing sta-
tion was set up which started operating and saving the acquired data in the server canput-
er One year later the GPS track ng station was upgraded during the second A rctic Y ellow
R wer Station expedition fran then on the GPS track ng station could transfer the acquired
data to W uhan everyday via Intemet In the sane tme differential GPS (D-GPS) survey-
ng was carried through on the wo glaciers with the GPS track ing station as reference sta-
tion Totally 25 high precise monitoring points on wo glacierswere setup and their coor
dmates w ith post D-GPS processing w ere firstly obtamed And the end edge position of Aus-
tre Lovenbreen w as measured toa

1 FieldW orks
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(1) Setting up mass balance poles and high precise GPS monitoring poles

In order tomonitor the A rctic glaciers for acquiring their accumulating orm elting data
mass balance poles on the wo glaciers have been set up fran source to end The poles are
made of glass fiber reinforced plastic Every pole is canposed of wo sections and each
section is 2 meters long Consiering that the glaciers are melting rapidly during summ er
tme the poleswere buried deeply fran 1 to 2 meters nside the ice Saq there’ re 2-3me-
ters of the poles that are exposed above the ice-snow surface Hence the antenna cable
should be longermore than 3 meters for the field GPS surveying works

Fran 25 th July to IstAugust drilling work was conducted at 20 points on the A ustre
Lovenbreen which is 6 km awvay fran Y ellow R iver Station and 20 monitorng poles were
setup(Fig 1) .
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Fig 1 Monitoring points on Austre Lovenbreen G lacier
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In the 20 poles on Austre Lovenbreen glacier 11 poles are made of glass fiber remn-
forced plastic and the other 9 poles is high precise GPS monitoring poles made of steel
(A2. B2, C2. D3, E2. B2N, B2E. B2S. B2W ). There’ s a dianond observing array can-
posed of S monitoring points( B2, B2N, B2E. B2S. B2AW ).

On 3" August field work started on another glacier Pedersenbreen Due to the sin-
ple glacier topography, only Smonitoring pontswere setup ( Fig 2) there which are can-
posed of 4 glass fiber remforced plastic poles and one high precise GPS monitoring pole
(P3).
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Fig 2 Monitoring points in Pedersenbreen G lacier

(2) Field GPS surveying works

A fter several days fieldwork for setting up the monitoring poles the GPS surveying
work started smultaneously Fram 31 st July to 12 th August all the 25 monitoring points
on the wo glaciers were measured Each point had been observed formore than one houy
and same points were measured repeatedly wo or three tmes During the poles’ height
measuranent for each yellow monitoring pole (made of glass fiber remforced plastic) only
one valuieH | was got which is the height of the pole fran the ice-snow surface During the
GPS surveying period one support pole was closely stick to the yellw pole which was lo-
cated on the glacier’ s ascending way contrast to the yellow monitoring pole (Fig 3).

W hereas the height of precise steelmonitoring poles was measured fran the transfer
knot to the ice-snow surface (H1). In the sane time the steelmonitoring pole had add ition-
alheightH2 andH3 (Fig 4). H2 was just referenced formeasurenent because the part
of pole above H3 maybe flexible But the pole below H3 is fixed mside the glacier The
height fran bottan of the transfer knot to the bottan of GPS antenna is 3 an.



64 A iSongtao et al

Fig 3 Relative position of both poles

Fig 4 Heightmeasuranent for precise steelmonitoring poles

W ith above works all the monitoring poles height list below ( tablel).

: . . y .
Tahle 1 Listoftme and monitoring poles’” height of GPS m easnrement

PointN e Tine(UTC) Hi(m) H2(m) H3(m)
Pedersenbreen
Pl 20050803 09: 25 L 95
P2 20050803 10: 50 L 97
P3 20050803 16: 01 L 92 L 62 Q42
P4 20050803 12: 57 L 94
P5 20050803 14: 21 253
A ustre Lovenbreen
Al 20050806 11: 43 2 85

A2 20050806 10: 28 L 91 L 86 Q 97
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A3 20050804 16: 53 245
B1 20050809 16: 19 2 41
B2 20050804 10: 52 2 00 L 95 0 88
B2N 20050804 09: 36 L 94 L 89 L 185
B2W 20050804 12 03 L 77 L 73 L 17
B2S 20050804 13: 10 L 77 L 72 Q52
B2E 20050810 16: 45 L 96 L 92 L 25
B3 20050804 15 37 215
Cl 20050806 14: 19 220
Cc2 20050809 09: 02 L 94 L 94 Q75
C3 20050809 10: 27 2 40
D1 20050810 09: 11 299
D2 20050809 12: 10 2 47
D3 20050810 15: 31 L 85 L 80 Q 62
D4 20050731 15 07 2 34
D5 20050731 16: 56 273
El 20050810 11: 04 2 62
E2 20050810 13: 26 2 31 L 40

2 Data process
2. 1 GPS data preprocess

W ith field GPS surveying multi-segm ent GPS observing data file of the 25 monitoring
points were obtained A fter data fom at exchange and period choice the standard R NEX
fom at GPS data of the 25 pointswere acquired In order to get high precise positioning re-
sultw ith post process D-GPSmethod the smultaneous GPS observing data files fran A retic
Y ellow R iver Station GPS track ng station were selected In addition it’ swas also very m-
portantwork to preprocess the GPS antenna heighf and to uniform the coordnate system,
the coordnates of control pomnt for future data process

2.2 Data process

Post process D-GPS method was used with Yellow R wer Station GPS track ing station
as reference station for processing the GPS observing data according to carrier phase differ-
ential theory Themathenaticalmodel( Zhou et al 2002) of GPS carrier phase differential

theory is as below:
cF{'(t‘f::) = _{TQ(%) +f[ & (1) - &I(ff)] _N{'(t(l) +"’§6pnnp—fagm+"’§&;(&)

‘ _ | | | | (2 1)

PJ:'(E:) = p{(ta) + [&I(ti) - &(’t{)] + §plmp + E?pm + g’i(ti) (2 2)
Fomula(2 1), (2 2) are original observing equationswhich only consider the L1 and

CA code of GPS signal where ?.(#,) is the carrier phase observing value fran receiveri to
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GPS satellitej (unit is circum ference); P’ (1) is the pseudo distance value fran receiver i
to GPS satellitej (unit ismeter); f is the frequency of the carrier ¢ is the velocity of light

&'_(tf-) and & (1;) is the clock error of satellite j and receive i respectively Sp,m}, is the
troposphere delay error fran receiver i to satellite ; &0, is the ionosphere delay error fran
receiver i to satellite ; @( ) is the geanetrical distance fran receiver i to satellite ; N,
(o) is the nteger anbiguity at the time ¢ fran recewer i to satellite ; which will keep n-
variable if no circum ference ump €, () is the surveying noise and other error( including
ephan eris error multi-path error) during the carrier phase observing fran receiveri to sat-
ellite By differential process betv een receivers and satellites w ith single epoch observing
equations and ignoring the troposphere delay as well as the onosphere delay i fast short
distance m easurement the double differential equations of carrier and pseudo observing val-
ue beteen receivers and satellites can be obtamned

R Aph(t;) = ‘ci B Aply (1) - W AN (1) +‘c£ i 46‘};12(35) (2.3)

¥ AP (1) = W 8php (1) + W Achp () (2.4)

In formula (2.3),(2.4) .

¥ Aol () = p{ () - ph(n) -pi(e;) +p3(s;)
B AN (1) = Mi(19) - My(15) - Ni(ty) + N3 (tp)

Because the clock errors of receivers and satellites are ramoved in double differential
equations and the mfluences of troposphere and ionosphere are greatly reduced or elm ma-
ted during the fast short distance static relative positioning the ideal precision can reach
mm level( L 2002). So this method is good enough for the glaciers monitoring works
whose required precision only in several centm eters

A's the wo glaciers are all less than 10 km away fran Y ellow R er Station GPS track-
ing station the surveying there can be seen as short distance measuranent W ith the post
differential D-GPS process good resulis of high quality were got The softw are used for pro-
cessing the GPS data isTGOL § underW GS84 coordinate systam, and elevation mask set
15 degree The Y ellow R iver Station GPS track ng station ( code CNYR) is reference sta-
tion which is located at 78°5521. 36'N, 11°56'07 81'E, 46 116m. A fter data process
the glaciermonitoring points’ coord inates are listed below (Table 2).

[ahle 2 Coondmnates of themonitorineg points eetl at first time
L= I L=

Point Latitude N Longitde E H eicht h error
N dane error error
CNYR  78°55'21 36000N . 000m 11°56'07 81000'E . 000m 46 116m . 000m
A ustre Lovenbreen
D4 78°52'13 88821'N . 002m 12°10'58 49441"F . 002m 407 091m . 008
D5  78°52"17 95681'N . 002m 12°12'56 54788'E . 002m 474 835m . 009m
A3 78°53°04 07419'N . 002m 12°09'42 02856'F . 002m 195 329m . 008n
B2  78°52'53 68222'N . 002m 12°08'42 18749'F . 002m 249 052m . 008m
B2N  78°52'57 37322'N . 002m 12°08'43 96118'E . 002m 243 329m . 008m
B2S  78°52'53 73068'N . 002m 12°08'40 11264E . 002m 255 380m . 008m

BW  78°52'56 08386'N . 001m 12°08'32 05113'E . 00Im 249 902m. 005m
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B3  78°52'52 37265'N . 003m 12°09'17 47730 . 002m 253 432m . 009m
Al 78°53°06 43612'N . 002m 12°08"38 68545'F . 002m 203 223m . 007m
A2 78°53/06 54920N . 002m 12°09'12 19707'E . 002m 200 884m . 008m
Cl  78°52"34 96545'N . 002m 12°07'59 78995"F . 002m 315 439m . 008n
Bl 78°52'56 94152'N . 002m 12°08'08 58737'E . 002m 248 480m . 01lm
C2  78°52'33 58071'N . 002m 12°08'36 46295'F . 002m 313 735m . 007m
C3  78°52/33 75541'N . 002m 12°09"13 05403'E . 002m 308 97%m . 007m
D2 78°52"18 55582'N . 002m 12°07°40 14233'E . 00Im 360 465m . 006m
B2E  78°52'55 27178'N . 002m 12°08'52 46330'E . 002m 248 353m . 007m
D1 78°52"15 30490'N . 002m 12°06'29 13238'E . 002m 413 181m . 007m
D3 78°52"18 22709N . 003m 12°09'32 59366'FE . 002m 367 152m . 00%m
El  78°51'47 55313'N . 002m 12°09'09 35655'F . 001m 47Q 912m . 013m
E2  78°51'48 73665N . 00Im 12°10"38 78124 . 001m 445 456m . 006m
Pedersenbreen
Pl 78°52'33 41423'N . 002m 12°18"18 20146'E . 002m 197. 917m . 00%m
P2 78°52'17 13132'N . 002m 12°17'33 24910 . 002m 275 790m . 008n
P3  78°51'48 08060N . 003m 12°17°0Q 44056'E . 002m 361 49%m . 009m
P4 78°51'29 07536'N . 002m 12°17°09 38360'E . 002m 421 296m . 008m
PS5  78°51°03 20327'N . 002m 12°17°15 29366'E . 001m 495 950m . 007m

2.3 Error analyze

The data process results above indicated that the errors of the entire glaciermonitoring
points are below 1. 5 an. The errormost point in elevation isEL which is 1L 3 an; the er
rormost point n plane isD3 and their error ellipses are showed below (Fig 5). In gener
ally speaking the precision of the data process results is fully satisfied w ith the planed glac-

iermonitoring and research work

85° v/ h -74° .

Fig 5 Enrwor ellipse ofmonitoring pont E1 and D3

3 Conclusion and discuss

The GPS monitoring for Austre lovenbreen and Pedersenbreen on 2005 is the first tme
to research the A rctic land border glaciers by Chinese scientists there may be more rele-
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vant research works in the future A's for this expedition the conclusions are as the follow-
ng

(1) Due to the obviousmultrrpath influence on the glaciers the GPS antenna heicht
should be mcreased as higher as possible m fieldwork and the elevation mask should be
appropriately increased i data process (2) It is found that during the period 2-3 o clock
pm, the quality of the field GPS surveying data isworse than other time period n one day
M aybe it is caused by the relatively strong ionosphere activity near by after noon tme(Hu et
al 2001), which nterferes the receiver n GPS signal receiving Y et it needs to be stud ied
deeply Sq it’ s better that field GPS surveying woik is out of this tme period or to -
crease the observing tme length n this period (3) In addition the GPS equipment i
field works should better be able to show the current satellite state For exanple the GPS
receiver can show the GDOP value of current satellites W hen GDOP is larger than § it in-
dicates that the gean etrical mntensity of GPS constellation is bad then it is need to extend
the observing tine length according to the practical status waiting for better gean etrical in-
tensity of GPS constellation and getting better positioning effect

Additionally the author propose the follow ings for future work according to above con-
clusion and the unsolved problans this tme (1) The quantitative m oven ent of the glaciers
The authors repeatedly m easured the pomts D3 E2  and D1 on Austre Lovenbreen glacier
and the repeat period was 10 days or sa A fter data process itwas found that the glacier is
moving toward downriver I-— 1L 5 an everyday atm iddle glacier n August The movem ent
tendency is evidently but the glacierw ill notmove so rapidly n thew intertme At least it
can be inferred that the glacier w illmove more than 1 meter every recent year O f course
it’ s need to be verified n the future work Same future works were also needed to testify
whether or not the glacier is i its leaping period asmoving so rapidly (2) M ulti-technique
cooperated to research on the glaciers
A lthough the authors can get high precise monitoring data using GPSmethod the results is
san e separated points and the fieldwork is very hard The follow ings are recanm ended for
future research

i Application of multi-period large area satellite mages with which the researchers
can monitor the whole wo glaciers m long tme period i1 Application of aviation photo-
granm etry method to get the three-dimensional photos and to acquire the digital elevation
model (DEM ) of the whole glacier dranage areg iii Setting up autan atic w eather station
on the glacier so the researchers can get the accurate glaciermeteorological data which is
good for mproving the GPS measure precision and monitoring area A pplication ofw ire-
less canmunication m ethod to set up sensor on glacier and transfer gathered data to Y ellow
R wver Station then researchers can renotely download themonitoring data via Intemet con-
nected to Yellow R iver Station which will greatly mprove the updated rate of research
work
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