Supplementary material

Supplementary Table 1
GNSS pole network at Dome C: locations of the poles and their annual horizontal movements derived from measurements taken between 1996 and 2014. Measurements from 2014 are indicated in bold.
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Supplementary Table 2
GNSS pole network at Dome C: surface elevation, elevation of the pole, and their annual vertical movements derived from measurements taken between 1996 and 2014. Surface Mass Balance (SMB) is presented in water equivalent (we) per year. Measurements from 2014 are indicated in bold.
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Supplementary Table 3
ITASE GNSS poles: locations of the poles, their GNSS annual movements, and MEaSUREs movements at nearby sites (Rignot and others, 2017). *Vittuari and others, 2004; °Urbini and others, 2008; ^Frezzotti and others, 2007; Frezzotti and others 1998.

	Site
	Longitude East°
	Latitude South °

	GNSS Horizontal
velocity m a-1
	Horizontal velocity
MeASUREs m a-1

	31Dpt*
	155°57’21”
	74°01’26”
	7.90±0.07
	5.15

	Aws7350”
	163°18'43"
	74°47'50"
	143.60±0.16
	113.13

	Aws7352”
	163°09'52”
	74°15'18"
	128.30±0.16
	133.48

	Charcot
	139°00’53”
	69°22’29”
	4.90±0.01
	3.42

	D2*
	140°37’47”
	75°37’18”
	3.60±0.07
	4.17

	D4*
	135°49’56”
	75°35’48”
	4.30±0.07
	5.72

	D6*
	129°48’39”
	75°26’53”
	1.46±0.07
	2.15

	D66
	136°56’07”
	68°56’23”
	26.10±0.02
	24.57

	DA10
	158°07’03”
	75°07’48”
	88.60±0.16
	74.79

	DA11
	158°10’44”
	75°04’31”
	56.10±0.16
	56.60

	DA2”
	162°06’31”
	75°21’38”
	553.38±0.16
	546.00

	DA3”
	160°48’55”
	75°15’52”
	262.75±0.16
	276.00

	DA4”
	161°03’20”
	75°18’20”
	508.90±0.16
	516.00

	Da5”
	161°27’15”
	75°10’14”
	113.20±0.16
	114.55

	Da6”
	161°42’29”
	75°12’25”
	68.43±0.16
	74.18

	DA9”
	158°11’45”
	75°15’45”
	102.90±0.16
	106.00

	DRY1”
	162°58’21”
	75°23’33”
	680.30±0.16
	651.03

	Dry7”
	165°18’54”
	75°30’49”
	714.50±0.16
	699.58

	Dry8”
	164°13’41”
	75°27’19”
	714.20±0.16
	692.56

	GPS1
	160°39’29”
	74°48’54”
	19.11±0.07
	14.40

	GPS2*
	157°30’19”
	74°38’44”
	28.40±0.07
	29.87

	GV1
	141°23’00”
	70°52’16”
	7.70±0.01
	8.36

	GV2
	145°15’47”
	71°42’42”
	10.50±0.01
	10.43

	GV3
	150°10’26”
	72°37’42”
	7.90±0.01
	5.99

	GV4
	154°29’03”
	72°23’19”
	4.10±0.01
	1.78

	GV5^
	158°32’13”
	71°53’13”
	0.30±0.01
	1.74

	GV7^
	158°51’45”
	70°41’03”
	0.30±0.01
	1.88

	GVP1
	137°15’01”
	69°12’12”
	4.20±0.04
	3.10

	GVP3
	141°04’30”
	70°23’15
	6.40±0.13
	6.11

	GVP4
	141°59’39”
	71°08’58”
	28.00±0.10
	28.58

	GVP7
	148°29’25”
	72°26’37”
	7.10±0.05
	8.24

	M2
	151°16’10”
	74°48’16”
	6.99±0.07
	12.15

	M3^
	157°39’42”
	73°22’55”
	1.90±0.01
	4.57

	MdPta*
	145°51’32”
	75°32’10”
	4.90±0.07
	5.30

	Ree1”
	162°42’08”
	74°45’30”
	251.80±0.16
	245.59

	Ree2”
	162°25’58”
	74°44’45”
	150.80±0.16
	134.78

	St553
	156°22’06”
	72°16’40”
	2.90±0.03
	0.58

	TD01°
	159°05’46’’
	72°48’03’’
	0.04±0.01
	0.62

	TD02°
	159°06’45’’
	72°43’41’’
	0.10±0.01
	1.60

	TD03°
	159°16’19’’
	72° 44’55’’
	0.32±0.01
	0.58

	TD04°
	159°20’28’’
	72°48’04’’
	0.31±0.01
	0.58

	TD05°
	159°16’21’’
	72°51’01’’
	0.14±0.01
	0.96

	TD06°
	159°05’58”
	72°52’19”
	0.30±0.01
	1.81

	TD07°
	158°55’38’’
	72°51’03’’
	0.28±0.01
	1.60

	TD08°
	158°51’24’’
	72°47’59’’
	0.12±0.01
	0.35

	TD09°
	158°55’44’’
	72°44’56’’
	0.15±0.01
	1.64

	TP6S
	143°04’55”
	71°24’30”
	9.00±0.04
	7.98

	TP7S
	147°17’15”
	72°18’07”
	8.3±0.01
	7.46

	TP8S
	152°21’26”
	72°31’15”
	3.3±0.01
	1.84




[image: Immagine che contiene Diagramma, linea, diagramma

Descrizione generata automaticamente]

Supplementary Fig. 1
Time series of the seven transformation parameters calculated epoch by epoch using a Precise Point Positioning Ambiguity Resolution (PPP-AR) approach, based on 20 years of GNSS signal acquisitions from permanent stations (CAS1, MAW1, MCM4, SYOG, TNB1, VESL). The graphs demonstrate a strong correspondence with the hypothesis of linearity in the movements expected from plate motion in the area of interest.

image1.png
Pole | Geographical| Dsnce | GUS19%6 | Soorh | Long £1596 | fofast | GUS199%9 | foNoh | Lowg €199 | Sofast | L5LSZ012/2014 | £oNoth | Long E2012/2014 | <oEast | Horvel | Worvel | Horvel | Worvel | Worvel | Worvel | Changehor
positon | from 199 1996 1999 1999 2012/ 2012/ | 19961999 | samutr | 1999 | awmutnt | 1996 | admuth' | velocity mma
respectto | summit (mm) (mm) (mm) (mm) 201 2014 | mmat | 19961999 |2012/201a| 1999 | 201272004 | 19%. | 1896-1989 1955.
summit | (km) (mm) (o) mmat | 20122014 | mmat | 20122018 | 201271
A0 ) 3 TR 5 [ mmamsy | &1 | s ema 51 |wrmaewr | 61 | nemaer | 13 [ maear | 12 | s | 35 | iwos | 3 | e | 6
AL ~ e 757 553097 52 [ivarsesus | a1 | 757 ssan 62 [ nrmmsenr | 62 | 7sossawr | 26 [lraesmrr | 13 | aeas | 32 | sw0s | a5 | amos | s
a1z ~ Tos | ey saasr | 55 | ivaraases | sz | 4y saser | 64 | Lravarssr | 64 | 4 svsaan? | o4 | v adarson | o4 | osas | ss | eos06 | 30 | eesos |z
y¥E) ~ 35 | rszasw | 61 [ avieses | as | wrszaiier | 67 | Lyaracssy | bs | swszaiessr | 0a | 1 avaessey | 0a | izees | a2 | imwe | s | daws | s
) NE 3 755 170056 52 [ wrermee | a1 | 7550w 64 | rawesmr | 62 | 755 Hower | o8 | nrogemos | 13 | s T [ ie0s | e 906 100
A5 e % 75T 605 57 [rawnsns | a1 | s eme 58 [ rwmsno | 67 | nemese | 23 [T awisemns | 05 | tmas | i | s | s | imos | 1
Al Ne T25 | 757595 53 iy saery | a1 | 757559 60 [ raszie0 | 63 | 7 rsens | 0z | uvaynaesr | oz | ama 5[ amos | 7 | amos [ 105
17 Ne T2s | s 0emr 5a [iaviear | s | 750 64 |1 i6a90¢ | 63 | 750sane | 02 |1 awieavor | oz | smaa | 38 | 3ow0s | 30 | 3005 | 39
i Ne 55 | st now | 66 [lrwsine | a7 | svnaw | 67 | Ly | bs | s nse | 02 | 1 evsuase | 02 | s 0 [ emos [ 1 3105 )
a1 Ne 35 | rsvorar | ss | uresmsosr | a2 | sy ser | 67 | e sons | bs | wsywsaw | 02 | uewwsae | 02 | sams 77| 606 | w4 76105 &
10 3 s | weaams 55 [ s | s | e 51 [ mone | 64 | 7scanee | 06 | mawsoos | oa | 7s:s | 15 | ewos | 1w | mws | 1w
ey 3 35 | v ysser 55 [nwivseissr | s | 755 o9 68 [ visseieer | 6s | 755senr | 06 | uwivseany | oa | Tasis | 1 | Gzmos | | wews | im
a0 E3 3 7575 533307 52 [ 1o amser | s | 755 s 62 | v asss | 62 | 7s6sasimy | 21 | 1ravasaar | o6 | zmaa | 17 | sw0s | w1 | 3mos | 1®
ar E © 757 28007 52 i awseaoer | a1 | 757 eseea 64 | uwrssony | 63 | 7s7azsuer | 45 | 13w 3esssiw | oa | seaa | 17 | emos | 1% | emos | m
5] E3 25 | sy 53 [iavamr | s2 | svimmor | e | mest | e | s59many | o5 | ravmews | oa | owaa | 133 | dosos | 136 | toaws | 1
a3 E3 35 | s irmmser | 57 | 1wvisone | as | 75 i7ma | 69 | Leoissser | 71 | 7517 azeo@ | 05 | 1e9ias’ | 04 | lmses | 13 | 107 | a0 | ssaws | a0
7] s 3 75 7 Az 51 [ aests | a1 | 757, 62 [rmaesy | 61 | rs7memy | 22 | Lroaems | o | mwas | s | sa0s | 1 | 2mos | 11
as E3 e 5T 1915 51 [imaraassoy | a1 | s59waier | e [ lraveeasss | 63 | 759107 | a7 | v oraasess | o4 | assea | te2 | aeor | 109 | a6 | s
Gs s Tos | vsraone | 52 | uvermses’ | s1 | 75i7sion0 | 65 | Lraymenr | 64 | 751731000 | 03 | t2r23mser | 03 | 7mea | s | w06 | a9 | mmos |
a7 E3 25 [ ey | 53 |y | sl | sraane | e | s nsee | 67 | sarasse | o3 |y nas | 03 | omis | 57 | nows | e | s |
as E3 35 | sirases | s | 1rsvsmer | as | 75 irmseer | 77 | nrsssomr | 85 | 75 irsasnr | 03 | 1 svszor | 03 | a2 | e | aswe | 14 | zuws | 1
as s 35 [ srwnaw | 6 [soviene | si | s vnare | 71 |y | 72 | 7sigmsar | 0a | s avacsnr | 03 | s | 151 | 1007 | 1s | amws | s
10 W Tas | ssaraser | 53 | uaririons | sz | s irasess | 66 | L ivioamr’ | &6 | 7sareasne | os | daririooms | Os | sssas | 16 | 306 | 367 | sesos | e
o1 W s | rrasw | s | wrsramy | a7 | iaser | 74 | ursrame | i | ssimews | s | ursrzme | 0a | emso | te | wmr | 37 | 7ew06 | e
10 Sw 3 75 5 502005 s [wnany | s [ 5o 51 [ 1oy | 61 | ssesiaer | 1s |l istoaseer | 14 | toas | 2w | mos | e | imos | s
11 Sw e 757 431055 51 [ wseuor | s | s 7w 63 [y | 61 | 7s7amsens | 08 [ lrirasuer | o7 | s | s | 006 | s | 2m0s | am
37} Sw D25 | 5 9isem0 55 [ rvsaer | 83 | 5o 65 | rvsamne | 64 | 759mene | 06 | 15 vsaews | 05 | deas | 300 | amw0s | | 306 | 30
) Sw 35 | sarassee | 51 | lrawiserr | as | T i7assesy | 37 | urwises | 76 | 75 izasasP | s | uwawrae | 4 | vos0 | w3 | ewos | a7 | es0s | aas
) ) 3 755 0T 51 [mwaany | s | 55 51 [ rwanr | 61 | sy isouer | 22 | v iszizoor | 15 | smas | s | zmos | am | amos | %
s ) e 754 300368 51 [iwsiony | &1 [ seaonr | e [ lrizsoser | ez | sasomos | 13 | nrirsosser | os | emas | s | swos | 36 | swos | o7
E6 W D25 | s rsm 56 | mrriene | s | s 7sune 64 | 1 riewe | 64 | rrszenr | 04 | urZiesw | 0a | Tums | a0 | o606 [ 30 | do06 | 309
7 W T2s | 5660w 56 [ Tswsar | sa | 756 a6 65 [ Trsessier | 64 | 756aese | 04 | Tmswasses | 03 | mmas | a0 | euos | 3z | smos | m
) W 25 755 0 Se [imarnses | ss | 75 e0s0s 71 [ nrarmens | s | 7seoss | 03 | 1mavmassy | 0a | Trsss | 05 | Ieex07 | 304 | Teesos | 304
) ) 35 | rsvmier | 62 [rawsoser | sy | o miasy | 69 | Lrawszne | 67 | wsvmew? | 0a | urawesws | 03 | aws | 30 | mowe | a0 | zaws | ws
Fi0 ) T2s | 75 030aze 57 |1 wieanr | sa | 5030y | 67 [ 1ririsist’ | 67 | 750303e9 | o4 | dzrarizsme | o4 | oes | a5 | om0 | 313 | ams | am
11 ) 35 | wsemaeos | 5a | larsrassess | as | 7asezeiesr | 79 | Larsraeswr | sa | 7sezoms’ | 04 | wrsrasawz | 0a | aass | 35 | iomos | su | desws | m
000 W 3 75 7 2.4205 s [ wrwsamy | s | svrmar | 63 | urwaiae | 63 | ssrsams | 75 | wriwasmer [ 5a | mas 2 | 09 | 1 808 205





image2.png
Poleand | Elev.surface | Elev.Pole(m) | Elev.surface | Elev.Pole(m) | Elev.surface | Elev. Pole(m) | ElevationPole | Vert.Vel 1996- | Vert.Vel.1999- | Vert.Vel. 1996 | SMB 1996-2012/14
Station (m) 1996 1996 (m) 1999 1999 (m) 2012/14 2012/14 2012/14 (m)* 1999mmat | 2012/14mma’ | 2012/14mma? mm we a
AL0 323312 3234.610.017 3233.06 3233.27:0.015 32332 3233.08:0.001 323551 -93+7.4 -87+1.0 -56+1.0 3452
ALl 3232.63 3232.68 3233.02:0.015 323275 3232.2+0.001 3232.75 -89+7.4 -86+1.0 64+1.0 33+19
AL2 323029 323032 3232.50:0015 | 323051 | 3230.05$0.001 3232.65 94575 -82:1.0 -47:0.9 33119
AL3 3226.57 3228.0820.017 32266 3232.35:0015 | 3226.63 | 3226.19$0.001 322887 -100£7.6 91:1.0 -4430.9 33119
AL 32333 3234.4520.017 32333 3232.9620.015 3233.09 3232.82:0.001 3235.43 90:7.5 83+1.1 61£1.0 30:1.8
Al5 32331 3234.50:0.017 3233.05 3233.65:0.016 3233.14 3233.17:0.001 32355 -0247.6 83+1.1 63+1.0 20417
Al6 3231.49 3232.99:0.016 323165 3233.71:0015 | 323163 | 3231.5010.001 3233.76 -93+7.4 75811 59+1.0 30¢1.8
A7 3232.03 3233.57:0.017 323227 323317:0015 | 323245 | 3231.8710.001 3234.41 96+7.5 -841.0 -47:0.9 32119
Al8 322811 3229.5620.017 322843 3234.33:0.016 32281 3227.7310.001 3230.34 -10147.8 -89%1.1 -43:0.9 31118
A19 322652 3227.70:0.017 3226.63 323387:0016 | 322674 | 3225.4710.001 322855 -94+7.7 8811 -47:0.9 3412
810 3229.65 3231.1420.017 3229.82 323151:0015 | 322975 | 3229.48$0.001 3231.95 91475 8411 -45:0.9 31118
B11 322451 3226.02:0.017 3224.63 3227.78:0015 | 322871 | 3224.2210.001 3226.87 95475 -85:1.0 -48:0.9 33119
€10 3232.82 3234.27:0.017 323291 3234.1820.015 3232.96 3233.010.002 3235.28 92475 80+1.1 63¢1.0 30¢1.8
c11 323144 3232.880.017 32314 3234.22:0.015 32315 3231.5320.001 3233.73 96+7.5 84511 53¢1.0 30:1.8
c12 322845 3229.82:0.016 322871 3232.71:0015 | 3228.42 3228.120.001 32307 94475 -85$1.1 -49:0.9 29117
c13 322165 3222.9920.017 322177 3233.28:0015 | 3221.66 | 3221.22$0.001 322388 96+7.5 8410 -50£0.9 29117
c14 3233.12 3234.70:0.016 323321 3229.2620.015 323335 | 3233.4620.002 3235.57 92:7.3 -83+1.0 -55+1.0 31518
c15 323232 3233.75:0.016 3232.26 3227.42:0.015 323241 3232.410.001 3234.77 91475 82+1.1 64+1.0 30:1.8
Ci6 323057 3230.76 323087:0015 | 323073 | 3230.3010.001 3232.94 ~90+7.5 8410 -50:0.9 32119
c17 322853 3230.0420.016 322834 322573:0015 | 322849 | 3228.5310.001 3230.91 -99+75 8211 -48:0.9 28116
ci8 322118 322135 3233.99:0016 | 322125 3221.0410.01 322356 9347.7 8211 51:0.9 30118
c19 3224.09 322394 3232.60:0.016 | 322008 | 3223.3210.001 32264 94+7.7 83111 51309 28116
D10 323237 32325 3229.53:0016 | 323238 | 3232.1010.002 3234.77 -0247.6 8211 51510 28116
D11 32295 3231.0420.017 322952 3222.70:0017 | 322957 | 3228.9610.001 3231.92 -94+8.0 83111 -49:0.9 30118
10 3233.15 3234.6520.016 323328 3234.42:0.014 323338 3233.510.002 3235.63 91572 76+1.0 61+1.0 25417
E11 3232.95 3234.40:0.016 3232.92 3233.47:0.015 3232.96 3233.1620.001 323534 -90:7.4 83+1.1 58+1.0 25417
E12 3231.87 3233.27:0.016 323179 3231.77:0.016 32319 3231.9610.002 3234.11 93476 8411 64+1.0 33519
E13 322976 3231.1620.017 32296 3229.75:0018 | 3229.81 | 3229.65$0.001 3231.87 -95+8.2 8213 -55¢1.0 28416
E14 323275 3234.25:0.016 32328 3222.37:0.014 3232.87 3232.81:0.002 3235.25 93473 85+1.1 63¢1.0 33416
E15 323181 3231.94 3225.2120.015 3231.86 3231.830.001 3234.27 -93+7.4 84511 64+1.0 31518
E16 322928 3230.88:0.017 322957 3233.58:0.016 | 322061 | 3229.0410.001 323173 93476 8511 -47:0.9 36121
E17 3230.34 3230.43 3230.76:0.016 | 323038 | 3230.18$0.001 3232.71 ~96+7.6 83111 -50£0.9 30118
Elg 32255 322551 3234.37:0017 | 322555 | 3225.35$0.001 3227.86 -98+7.8 8411 -47:0.9 30118
E19 3222.46 32225 3234.13:0016 | 322254 | 3221.9710.001 3224.68 -98+7.7 8711 -36:0.9 32119
F10 322959 3231.0420.017 32297 3232.99:0017 | 322981 | 3229.1130.001 323191 -96+7.9 8611 -49:0.9 3452
F11 322343 3224.9320.017 322341 323087:0021 | 322354 | 3223.05$0.001 322572 -99:8.9 89514 -4430.9 32119
1000 323348 3234.87:0.016 323338 3233.97:0.015 3233.46 3233.410.001 3235.76 93:7.4 87+1.1 56£0.9 31518

* Elevation of the top of the pole after the 2012 and 2014 surveys when were prolonged by 1.5 m after the measurements to maintain the network operative for the next 20 years
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