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SHOA Sea level trends (2014-2023)

| ANTOFAGASTA | 510/511 | 174 | 80
| TALCAHUANO | si1 | |
. ARCA | 618 | | 8
| CAIDERA | 619 | | 8
| CALETAPERCY | 9% | |
| CORRAL  |1057/2262] |
PUERTOWILLIAMS | 1122 | | 287
| DIEGORAMIREZ* | 1785 | 180 |
 lQuIQUE  |1963/2261) |
| PUNTAARENAS | 2263 | |
. ANCUD | 284 | 0 |
| MEUNKA | 2265 | 000 |
| PUERTOMONTT | | 178 | 684
| BASEPRAT | 0 | 189 | 730

EASTER ISLAND-E

tation Information

Station ID: 1272 n

Latitude: -27.154722 = e
Longitude: -109.472778

GLOSS ID: 137

Coastline code: 810
Station code: 3 '; Hanga Roa

Country: CHILE
Time span of data: 1970 — 2020
Completeness (%): 83

Date of last update: 07 Apr 2021

Current Station
Meighbouring RLR Station
Meighbouring Metric Station
i Sources: Esr, Garmin, HERE, NGA, USG5
Please note: In many cases, the station position in our database is accurate to only one minute. Thus, the tide
gauge may not appear to be on the coast.

ide Gauge Data

*NO ACTIVE

ink to larger image of monthly data plot.
y mean sea level data.
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Hoja1

		Esta.		Prof.		Hora						UTM		UTM		Dist. 		Tiempo		Rec. 		Mag. 		Rec. 		Mag. 		Newman

				(m)				Lat S		Lon W		N		E		Tramo		Total		Total		Media		Neto		Neta		(%)

																(m)		(HH:MM)		(m)		(cm/s)		(m)		(cm/s)

		I ROJO		1		9:20		33°02'38,09"		71°39'47,5		6340690.69		251302.21				3:07		1199		11		387		3.4		32

						10:43		33°02'20,5"		71°39'49,1"		6341231.56		251246.94		544

						10:43		33°02'16,8"		71°39'50,0"		6341344.96		251220.70		116

						11:04		33°02'20,3"		71°39'49,9"		6341237.20		251226.03		108

						11:19		33°02'22,0"		71°39'48,9"		6341185.48		251253.31		58

						11:44		33°02'28,8"		71°39'50,1"		6340975.19		251227.48		212

						12:27		33°02'27,9"		71°39'56,2"		6340998.91		251068.50		161

		II VERDE		1		9:26		33°02'33,1"		71°39'47,5		6340844.42		251298.31				3:04		1422		12.9		107		1.0		7

						10:38		33°02'19,6"		71°39'45,0"		6341261.98		251352.63		421

						10:43		33°02'20,3"		71°39'50,0		6341237.13		251223.43		132

						11:02		33°02'21,9"		71°39'49,7"		6341188.03		251232.47		50

						11:17		33°02'21,3"		71°39'59,3"		6341200.19		250982.90		250

						11:40		33°02'22,8"		71°39'50,1"		6341160.04		251222.79		243

						12:30		33°02'33,3"		71°39'51,6"		6340835.57		251192.08		326

		IV VERDE		1		9:30		33°02'35,0"		71°39'47,1"		6340786.15		251310.18				2:56		858		8.1		326		3.1		38

						10:04		33°02'27,6"		71°39'48,2"		6341013.41		251275.85		230

						10:42		33°02'19,4"		71°39'50,0"		6341264.86		251222.73		257

						11:06		33°02'20,7"		71°39'48,7"		6341225.66		251257.48		52

						11:20		33°02'23,2"		71°39'48,6"		6341148.70		251262.03		77

						11:46		33°02'22,8"		71°39'52,1"		6341158.72		251170.90		92

						12:26		33°02'26,9"		71°39'55,2"		6341030.36		251093.67		150

		V ROJO		1		9:32		33°02'35,0"		71°39'49,7"		6340784.44		251242.70				2:51		3187		31.1		318		3.1		10

						10:03		33°02'73,3"		71°39'51,0"		6339603.63		251238.92		1181

						10:45		33°02'19,4"		71°39'52,8"		6341263.01		251150.07		1662

						11:07		33°02'19,4"		71°39'54,3"		6341262.03		251111.15		39

						11:35		33°02'21,5"		71°39'51,1"		6341199.43		251195.83		105

						11:47		33°02'23,5"		71°39'54,5"		6341135.58		251109.17		108

						12:23		33°02'26,2"		71°39'56,1"		6341051.34		251069.76		93

		VII ROJO		1		9:42		33°02'35,6"		71°39'52,7"		6340763.99		251165.33				2:40		769		8.0		319		3.3		41

						10:02		33°02'30,1"		71°39'53,3"		6340933.04		251145.46		170

						10:47		33°02'20,3"		71°39'55,1"		6341233.77		251091.09		306

						11:09		33°02'18,9"		71°39'56,3"		6341276.11		251058.86		53

						11:36		33°02'21,9"		71°39'55,4"		6341184.27		251084.56		95

						11:48		33°02'23,7"		71°39'54,5"		6341129.41		251109.32		60

						12:22		33°02'25,8"		71°39'56,6"		6341063.34		251056.48		85

		S/N VERDE		1		9:47		33°02'30,5		71°39'56,8"		6340918.40		251054.96				2:27		3595		40.8		369		4.2		10

						10:30		33°02'20,0"		71°39'59,4"		6341240.18		250979.28		331

						10:58		33°02'16,3"		71°39'01,7"		6341392.07		252473.66		1502

						11:14		33°02'17,9"		71°39'03,3"		6341341.73		252433.38		64

						11:38		33°02'19,3"		71°39'05,2"		6341297.36		252385.17		66

						11:53		33°02'19,1"		71°40'05,7"		6341263.75		250815.10		1570

						12:14		33°02'21,1"		71°40'05,6"		6341202.21		250819.26		62

		VI VERDE		1		9:57		33°02'36,3"		71°39'56,0"		6340740.24		251080.25				2:29		2166		1.9		290		3.2		167

						10:24		33°02'25,6"		71°39'48,5"		6341074.84		251266.50		383

						10:42		33°02'19,4"		71°39'50,0"		6341264.86		251222.73		195

						10:50		33°02'23,6"		71°39'56,4"		6341131.24		251059.94		211

						11:06		33°02'20,7"		71°39'48,7"		6341225.66		251257.48		219

						11:10		33°02'19,6"		71°39'57,2"		6341253.95		251036.06		223

						11:20		33°02'23,2"		71°39'48,6"		6341148.70		251262.03		249

						11:36		33°02'21,6"		71°39'56,9"		6341192.54		251045.40		221

						11:46		33°02'22,8"		71°39'52,1"		6341158.72		251170.90		130

						11:49		33°02'24,0"		71°39'55,3"		6341119.65		251088.80		91

						12:19		33°02'25,1"		71°39'59,6"		6341082.92		250978.08		117

						12:26		33°02'26,9"		71°39'55,2"		6341030.36		251093.67		127



		VII ROJO		1		15:38		33°02'36,0"		71°39'39,7"		6340760.22		251502.96				2:45		429		4.3		76		0.8		18

						16:09		33°02'36,4"		71°39'38,1"		6340748.95		251544.80		42

						16:21		33°02'37,7"		71°39'38,6"		6340708.56		251532.84		11

						16:36		33°02'37,8"		71°39'38,2"		6340705.75		251543.29		28

						16:50		33°02'38,6"		71°39'37,7"		6340681.42		251556.89		14

						17:07		33°02'38,9"		71°39'37,3"		6340672.45		251567.51		49

						17:24		33°02'38,2"		71°39'35,6"		6340695.14		251611.07		29

						17:40		33°02'37,3"		71°39'35,3"		6340723.06		251618.15		70

						17:55		33°02'36,0"		71°39'37,5"		6340761.66		251560.05		22

						18:09		33°02'36,7"		71°39'37,6"		6340740.03		251558.01		46

						18:23		33°02'38,1"		71°39'38,2"		6340696.50		251543.53		119

		VI VERDE		1		15:40		33°02'34,7"		71°39'40,4"		6340799.81		251483.79				2:45		532		5.4		157		1.6		29

						16:10		33°02'35,8"		71°39'39,4"		6340766.57		251510.60		24

						16:22		33°02'36,5"		71°39'39,8"		6340744.75		251500.76		34

						16:37		33°02'36,3"		71°39'38,5"		6340751.76		251534.34		34

						16:51		33°02'37,4"		71°39'38,3"		6340718.01		251540.38		32

						17:09		33°02'37,6"		71°39'37,1"		6340712.63		251571.67		42

						17:25		33°02'37,8"		71°39'35,5"		6340707.52		251613.35		40

						17:40		33°02'36,6"		71°39'36,1"		6340744.10		251596.84		54

						17:56		33°02'37,7"		71°39'37,7"		6340709.15		251556.19		34

						18:10		33°02'38,8"		71°39'37,6"		6340675.33		251559.65		23

						18:25		33°02'39,4"		71°39'38,1"		6340656.52		251547.14		215

		S/N VERDE		1		15:46		33°02'35,4"		71°39'44,9"		6340775.28		251367.57				2:43		963		9.8		250		2.6		26

						16:12		33°02'37,6"		71°39'36,8"		6340712.83		251579.47		267

						16:25		33°02'37,8"		71°39'47,1"		6340699.90		251312.36		250

						16:40		33°02'38,9"		71°39'37,5"		6340672.32		251562.31		277

						16:55		33°02'40,0"		71°39'48,2"		6340631.39		251285.54		30

						17:11		33°02'41,0"		71°39'49,4"		6340599.79		251255.18		26

						17:28		33°02'41,3"		71°39'50,4"		6340589.89		251229.47		32

						17:44		33°02'40,8"		71°39'51,6"		6340604.50		251197.95		18

						17:59		33°02'40,8"		71°39'52,3"		6340604.04		251179.78		5

						18:13		33°02'40,9"		71°39'52,5"		6340600.84		251174.67		5

						18:29		33°02'40,6"		71°39'52,3"		6340610.21		251179.62		53

		S/N ROJO		1		15:52		33°02'32,3"		71°39'50,0"		6340867.42		251232.81				2:41		931		9.6		90		0.9		10

						16:13		33°02'34,4"		71°39'48,9"		6340803.45		251263.00		43

						16:26		33°02'33,3"		71°39'49,9"		6340836.69		251236.19		67

						16:42		33°02'32,3"		71°39'52,2"		6340865.97		251175.73		62

						16:57		33°02'32,2"		71°39'54,6"		6340867.48		251113.37		55

						17:15		33°02'32,3"		71°39'56,7"		6340863.01		251058.96		20

						17:31		33°02'32,6"		71°39'57,4"		6340853.31		251041.04		24

						17:47		33°02'32,4"		71°39'56,5"		6340860.07		251064.24		54

						18:02		33°02'31,5"		71°39'54,7"		6340888.98		251110.24		250

						18:16		33°02'39,6"		71°39'54,0"		6340639.90		251134.73		279

						18:33		33°02'30,6"		71°39'52,8"		6340917.96		251158.83		76

		III ROJO		1		15:58		33°02'30,9"		71°39'55,7"		6340906.80		251083.82				2:37		3385		35.9		89		0.9		3

						16:15		33°02'31,8"		71°39'55,9"		6340878.94		251079.33		23

						16:28		33°02'32,1"		71°39'56,7"		6340869.18		251058.81		28

						16:44		33°02'31,8"		71°39'57,7"		6340877.76		251032.62		56

						16:59		33°02'30,8"		71°39'59,5"		6340907.38		250985.13		1516

						17:16		33°02'31,0"		71°39'01,1"		6340939.59		252500.65		17

						17:32		33°02'30,8"		71°39'00,5"		6340946.14		252516.07		1529

						17:48		33°02'30,7"		71°39'59,4"		6340910.53		250987.65		14

						18:03		33°02'30,4"		71°39'59,0"		6340920.03		250997.80		11

						18:17		33°02'30,3"		71°39'58,6"		6340923.38		251008.10		14

						18:35		33°02'30,5"		71°39'59,1"		6340916.88		250995.28		178

		VIII VERDE		1		16:05		33°02'35,6"		71°39'55,9"		6340761.88		251082.30				2:26		2468		28.2		1104		12.6		45

						16:17		33°02'36,1"		71°39'55,8"		6340746.54		251085.29		30

						16:30		33°02'36,8"		71°39'56,6"		6340724.44		251065.08		18

						16:46		33°02'36,9"		71°39'57,3"		6340720.91		251046.99		33

						17:02		33°02'36,5"		71°39'58,5"		6340732.44		251015.54		20

						17:18		33°02'36,1"		71°39'59,1"		6340744.36		250999.66		26

						17:34		33°02'35,3"		71°39'58,8"		6340769.21		251006.82		55

						17:50		33°02'35,4"		71°39'56,7"		6340767.51		251061.39		52

						18:05		33°02'35,3"		71°39'54,7"		6340771.91		251113.21		60

						18:20		33°02'34,7"		71°39'52,5"		6340791.84		251169.82		1070

						18:31		33°02'00"		71°39'51,2"		6341861.75		251176.43		1104



		ROSADO		1		11:01		33°02'41"		71°39'38"		6340607.29		251550.98				1:48		145		2		49		1		34

						11:40		33°02'44"		71°39'39"		6340514.21		251527.38		96

						12:49		33°02'42,4"		71°39'38,9"		6340563.57		251528.72		49

		VERDE		1		11:04		33°02'45"		71°39'52" 		6340474.85		251190.85				0:46		485		17.6		485		18		100

						11:50		33°03'00,5"		71°39'55,3"		6339995.14		251117.35		485

		NARANJO CON 3 RAYAS		1		11:09		33°02'43"		71°39'56"		6340533.83		251085.50				0:00		0		ERROR:#DIV/0!		0		ERROR:#DIV/0!		ERROR:#DIV/0!

		AMARILLO		1		11:15		33°02'43"		71°39'40.4"		6340544.10		251490.27				1:21		1045		21.5		1045		21		100

						12:36		33°03'4"		71°40'12"		6339876.30		250686.80		1045

		NARANJO   		1		11:20		33°02'34,4"		71°39'58,1"		6340797.40		251024.28				1:26		363		7.0		361		7		99

						11:56		33°02'44,3"		71°40'4"		6340488.51		250878.94		341

						12:46		33°02'44,7"		71°40'04,7"		6340475.72		250861.09		22

		BLANCO		1		11:28		33°02'34"		71°40'2"		6340807.15		250922.77				0:00		0		0.0		0		ERROR:#DIV/0!		ERROR:#DIV/0!

		AMARILLO X		1		11:36		33°02'41"		71°40'4"		6340590.17		250876.35				1:08		361		8.9		361		9		100

						12:03		33°02'47,1"		71°40'7,3"		6340400.07		250795.50		207

						12:44		33°02'51,8"		71°40'09,4"		6340253.88		250744.70		155

		ROJO		1		11:45		33°02'37"		71°39'37,2"		6340731.05		251568.62				2:15		503		6.2		479		6		95

						12:54		33°02'35"		71°39'40"		6340790.83		251494.40		95

						13:52		33°02'24"		71°39'41"		6341129.06		251459.86		340

						14:00		33°02'21,8"		71°39'41"		6341196.84		251458.15		68



		ROJO		1		15:46		33°02'35,5"		71°39'36,9"		6340777.46		251575.23				2:28		2175		24.5		2040		23		94

						16:28		33°02'28,7"		71°39'46,5"		6340980.64		251320.82		326

						17:08		33°02'08,4"		71°39'44,3"		6341607.50		251362.05		628

						18:14		33°01'29,3"		71°39'36,6"		6342817.16		251531.36		1221

		VERDE		1		15:51		33°02'36,9"		71°39'43,4"		6340730.05		251407.66				2:53		2651		25.5		2570		25		97

						16:36		33°02'12,9"		71°39'36,6"		6341473.92		251565.38		760

						17:14		33°01'56,9"		71°39'35,9"		6341967.31		251571.06		493

						18:44		33°01'20,4"		71°39'04"		6343112.74		252370.50		1397

		ROSADO		1		15:56		33°02'36,9"		71°39'43,4"		6340730.05		251407.66				2:26		2822		32.2		2797		32		99

						16:40		33°02'08,4"		71°39'46,5"		6341606.05		251304.96		882

						17:17		33°01'45,7"		71°39'44,6"		6342306.65		251336.54		701

						18:22		33°01'06,5"		71°39'34"		6343521.29		251581.05		1239

		MORADO		1		16:01		33°02'31,5"		71°39'54,7"		6340888.98		251110.23				1:19		1728		36.5		1728		36		100

						16:15		33°02'04,0"		71°39'51,3"		6341738.45		251176.96		852

						17:20		33°01'35,7"		071°39'48,2"		6342612.36		251235.30		876

		NARANJO		1		16:07		33°02'29,1"		071°39'59,4"		6340959.82		250986.40				1:23		1608		32.3		1607		32		100

						16:44		33°02'04,6"		071°39'59,4"		6341714.63		250967.23		755

						17:30		33°01'37"		71°39'57,2"		6342566.38		251002.74		852

		ROSADO X		1		16:05		33°02'30,6"		71°39'55,8"		6340915.98		251080.99				1:28		1550		29.3		1549		29		100

						16:59		33°02'05,1"		71°39'55,6"		6341701.73		251066.24		786

						17:33		33°01'40,4"		71°39'53,2"		6342464.27		251109.21		764

		AMARILLO		1		16:25		33°02'35,9"		71°39'56,0"		6340752.57		251079.94				2:40		3563		37.1		3562		37		100

						16:55		33°02'21,6"		71°39'58,4"		6341191.54		251006.48		445

						19:05		33°00'40,6"		71°40'05,6"		6344298.43		250740.62		3118





Hoja2

						STATION		PSMSL ID		GLOSS ID		UHSLC ID

						VALPARAISO		499		175		81

						ANTOFAGASTA		510 / 511		174		80

						TALCAHUANO		571

						ARICA		618				83

						CALDERA		619				88

						CALETA PERCY		994

						CORRAL		1057 / 2262

						PUERTO WILLIAMS		1122				287

						EASTER ISLAND		1272 / 1462		137		22

						JUAN FERNANDEZ		1644		176		21

						SAN FELIX		1751		177		35

						DIEGO RAMIREZ*		1785		180

						IQUIQUE		1963 / 2261

						PUNTA ARENAS		2263

						ANCUD		2264

						MELINKA		2265

						PUERTO MONTT				178		684

						BASE PRAT				189		730

						* NO ACTIVE
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INTRODUCTION

Mean sea level (MSL) has risen 20 cm since 1880, with projected increases between 30
and 122 cm by 2100 (UNDP,2020).In Chile about one million people live less than 10
meters above sea level, making the country highly vulnerable to these changes ( Morales,
Winckler & Herrera,2020).

Sea level rise causes coastal erosion, flooding and loss of territory affecting ecosystems
and communities (Nicholls, 2002; Martinez et al., 2018).

This study examines the variability of the tide series allowing the detection of trends and
anomalies, facilitating mitigation and adaptation strategies.

RESULTS

Antofagasta

Figure 2. Seasonal variability of sea level by tide gauge stations (1999-2023). A cyclical pattern
with fluctuations throughout the year is observed, showing changes in mean sea level in
different months.

Table 1. Sea level characteristics by tide gauge stations, showing the presence and type of trend
{linear or quadratic). Arrows indicate the main direction of the trend.

Linear \
quadratic 7
Linear
Linear
quadratic N

METHODOLOGY

Study area

The data used in this analysis were
obtained from & sea level stations
along the Chilean coastline (Figure 1) of
the Chilean Navy Hydrographic and
Oceanographic Service (SHOA) tide

gauge network.

Missing data processing

Missing data from the sea level time Figure 1. Locations of SHOA tide gauge
series were processed according to the stations. From North to South: Arica,
methodology of Emery & Thompson Antofagasta, Rapa Nui (Easter Island),
(2001). Two methodologies were used Valparaiso, Talcahuano and Punta Arenas.

to handle gaps in the data: for gaps
smaller than 6 hours, linear
interpolation was used, while for gaps
larger than 6 hours, harmonic analysis
was used.

Analysis techniques

The analysis of sea level time series was
carried out in the Rstudio environment,
where trends and seasonal
characteristics were addressed through

Sea level correction an exploratory analysis with linear and

The effect of the inverted barometer was
corrected using sea level atmospheric
pressure (SLP) data from the ERAS
reanalysis product, distributed by
Climate Data Store, Copernicus
(Hersbach et al., 2023). The methodology
described by Vinogradova et al.(2015)
was applied using the expression:

(SLP = P,y

NM=NM - — .
(Pair* 9)

CONCLUSION

nonlinear approaches.

To model and project sea levels, ARIMA
models were applied following the Box-
Jenkins methodology (Box &
Jenkins,1976) with the R forecast
package ( Hyndman & Khadakar,2018).
Validation of the results was performed
using error indices (RMSE, MAE, AICc)
and fit metrics (R, PI) to ensure the
model with the best forward projection.

1.5ea level seasonality: Clear inter-monthly variability, possibly attributable to seasonal
cycles of temperature, precipitation, atmospheric pressure and wind, reflecting
upwelling patterns and local weather and climate conditions.

2. Trends: Presence of cyclical level changes, compatible with effects of climate change,
weather events, decadal oscillations and seismic activity.

3.ARIMA models and projection: Short-term future trends with high wvariability
indicating continuous increases or decreases, showing the need to develop adaptation
and mitigation strategies for the Chilean coastline and the approval of the new Coastal
Law.

Linear 1
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Figure 3. Future sea level projections by tide gauge stations. Observed data are represented in
black while projections made by the ARIMA model in red associated with the uncertainty
shaded in blue (95% confidence interval).
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