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Tyngdarmatingar sum amboo
at fylgja einum skiftandi

veourlagi

Hvat kunnu broytingar i tyngdarfeltinum siga okkum um skiftandi
vatnst@gou, i Fgroyum og heiminum annars?
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Innihald

« Um tyngdarmegi og broytingar i tyngdarfeltinum

 Fylgisveinaméatingar av broytingum i tyngdarfeltinum: GRACE og GRACE-FO

- Arin av tyngdarfeltsbroytingum & vatnstgduna

03-07-2024 Technical University of Denmark Tyngdarmatingar sum ambod at fylgja einum skiftandi vedurlagi



=
—]
—

W

Tyngdarfeltio a jgrdini

« Tyngdarmatturin er ikki eins
allastadni a jgradini

Earth as sphere

« Tyngdarmatturin kann 5 ;: -
broytast yvir tid # ) m g 2 ! f)
e F=m-g ‘ f g g ‘ E

g= 9.8072467...m/s The constituents of 'g'

Irregular mass distrib.

Flattening

in Earth's interior

=

e g er tengt at stadi. Somuleidis
kann g broytast i tid
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Fravik i tyngdarfeltinum fra eini ideal jgro (referansu
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Havudsorosgkir til broytingar i tyngdarfeltinum

« Jard- og landafrgdiligar broytingar
— Jardskjalvtar
— Umskipan av massa jgradini
— Landhaekking og leekking

Earth as sphere

g & rotation

 Vatnringrasin :
. .
— Turkur og avfall ( /
— Bradnandi iskapur og jgklar ‘
— Broytingar i grundvatni buldiiain.

_\_
|

Mountains & Ocean trenches

Internal mass distribution

Earth flattenin

Irregular mass distrib.

Flattening in Earth's interior

=

« Lutfalsliga smaar broytingar, id to
kunnu matast reettiliga neyvt
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<« K/Ka band ranging system
3D-accelerometer

@ Star camera assembly
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GRACE og
GRACE-Follow On

« Gravity Recovery and Climate Expirement.
» Felags samstarv millum USA og Tyskland.

« GRACE var i ringras fra 2002 til 2016. GRACE-
FO hevur verid i ringras sidan 2018.

« Frastgdan millum fylgisveinarnar er 220+50 km.
« Haeddin & ringrasini er aleid 450 km omanfyri

jardina.

° V4 . Ve - 4 Recovered signal, such as over the ocean I
Manaéarllg datusett av I_oroytllngtljm | — e - / P Y
tyngdarfeltinum verda gjgrd Utfra hesum

matingum. Hesi datusett hava fingid avgerandi

fydning f rapportunum hja IPCC. N R,

Tapley et al. 2019
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14. Groundwater deplation
? 15. Groundwater depletion and drought
16. Groundwater depletion and drought
g 17. Decline of the Aral Sea
18. Decine of tha Caspian Sea
6. Precipitation increase

» 11, Gladier melt, surface-water
diversion and imgated agrculture
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3. Glacikers retreating
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Rodell et al. 2018
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DTU a Greenland ice sheet (1.7 x 10° km?) b Antarctic ice sheet (12 x 10° km?)
I I ‘:L; 200 1 1 | 1 | | 1 "f; 4(}0
> G o - G 200
| midal minkar 5 ~400 S
innlandsisurin i Grgnlandi £ | | | | | | | £ 600 | | | | | | |
um 270 Gtons um ario i c d .
hesum tidarskeidi. Hetta _ 0
svarar til meiraenn 0.7 mm  —s{ =L &% | oopaf Il o
globala havstigshaekking 2 B 3
um ario. 2 3 .3
3 E E
2 8 42
¥
iAntarktIS er m|6al| e|n - 0] 0.5 cm of global mean sea-level rise )
mlnklng é_ 150 GtonS um " iemof global mean sea-level rise JE 10 1 6
e . X 2002 2004 2006 2008 2010 2012 2014 2016 2002 2004 2006 2008 2010 2012 2014 2016
arid i sama tidarskeiai. veur e

Hetta svarar til 0.4 mm
. . Fig. 2 | GRACE observations of mass change of the Polar ice sheets between April 2002 and June 2017. a,b, Annual mass balance of the Greenland lce
QIObaIa haVStlgSh&kklng Sheet (a) and the Antarctic Ice Sheet (b). ¢,d, Time series of mass change of the Greenland lce Sheet (¢) and the Antarctic Ice Sheet (d), as well as the
um ér|6 region of the Amundsen Sea Embayment only (red). Dashed lines indicate the equivalent global mean sea-level rise by 1 cm (¢) and 0.5 cm (d). Updated
from Sasgen et al.*'?*, The data source is CSR RLOS5. Details on the data shown are presented in ‘Data availability’.

Tapley et al. 2019
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Arin & tyngdarfeltid av
7 -, s s . Water held up to ice sheet
bradnandi iskapum a landi eebody P

» Frati bradnandi iskapuni, i radius
— 0-2200 km: havstgdan laekkar.
— 2200-6600 km: havstgdan haekkar, men lutfalsliga litid.
— 6600 km og longur: havstgdan haekkar lutfalsliga nogv.

mm/a

— —
o -

* T6 n6gv meira samansett

1

T

* Landido haekkast, har isurin bradnar, av ti at minni massi
liggur a jardarskorpuni.

| N
U'I-LCOI\)—*O—*I\)ODAU‘ICD\I(D(D

) _

50

%0

po 1 °
1 5 20 . 2 5 ° 30 * 35
The uplift in northern Europe as calculated with the best-fitting GIA model called NKG2016GIA prel0306. Unit in mm/a

Vestgl et al. 2019
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Y Orspkir til broytingar i
= havstiginum i heiminum

« 2/3 av ti haekkandi havstiginum skyldast massa id legst afturat havinum
+ 1/3 av ti haekkandi havstiginum skyldast hitavidkan (thermal expansion)

Components of sea-level rise (2005-2017)

Total measured
1 (Altimetry)
40— 3.75+ 0.67 mmyr

Global mean sea-level change (mm)

I Total summed up

| (GRACE and Argo) Argo National contributions - 3881 Operational Floats February 2018

e Latest location of operational floats (data distributed within the last 30 days)
| 3.60 +0.39 mm yr

ARGENTINA(1) ® EUROPE (94) < INDIA(124) * KENYA(1) ° PERU@) * USA(2179)
F AUSTRALIA (361) © FINLAND (3) INDONESIA (1) * MEXICO (2) = POLAND (5)
* BRAZIL(3) FRANCE (277) © IRELAND(12) © NETHERLANDS (24) * KOREA, REPUBLIC OF (53)

B @ * CANADA (87) o GERMANY (142) e [TALY (65) * NEWZEALAND (6) ¢ SPAIN (5 @
L * CHINA (105) © GREECE (2) © JAPAN(156)  © NORWAY (7) o UK (163)

Generated by www jcommops.org, 02/03/2018

| Ocean mass (GRACE)
™ 2.46 + 0.36 mm yr

__ Thermostatic (Argo)
1142015 mmyr’

T T
2006 2008 2010 2012

Tapley et al 2019 Year

ig. 4 | Global mean sea-level observed with satellite altimetry, GRACE and Argo floats between 2005 and 2016. Shown are the observed sea-level
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Figure 1. This is a schematic of the observational tools that we presently have for study-
ing sea level change. It is essential that these observations continue if we are to under-
stand why sea level is changing and how it might change in the future.
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Regionalar massabroytingar i heimshgvunum

Fig. 3: Regional ocean mass budgets.

W

From: Global and regional ocean mass budget closure since 2003
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DTU
= Hvat vid havstiginum i
Faroyum?

Torfart at meta um stadbundnar havstigsbroytingar
einans fra tyngdarmatingum.

Stadbundnar havstigsbroytingar eru eisini tengdar at
landhaekking og —laekking.

K e +
e Y mmmaa
satellite .-==="" ~ -
orbit satellite __
altimetry
GNSS ~ —
antena e ~—— sy
~———
tide
a2 gauge —
\______/
~— sea surface
local Imealn |-
sea leve relative : lobal mean
sealevel  ©c 3'{2:,“,‘ i 90 ea lovel
e topography :
e geoid

rface Fo. &
el \\ ellipsoid A "‘\w@ 9 a/‘)
~
sea floor

Ludwigsen et al. 2020. Landhaekking/-leekking i mm/ar
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Samanumtgka

« Tyngdarfeltid a jgrdini broytist av mongum orsgkum, baedi a stadi og i tid. Ein av hesum er
tann, at iskapur og jgklar braona.

 GRACE matadi hesar broytingar i tidarskeidinum 2002-2016 og GRACE-FO hevur matad
sidan 2018 (og matar enn).

» Hesar matingar visa m.a.,
— at Grgnlandsisurin minkar um. 270 Gtons um ario.
— at isurin i Antarktis minkar um. 150 Gtons um ario.

« GRACE matar broytingar i globala havmassanum. Hetta samsvarar veel vid matadu
haekkingunum i havstiginum.

« Globala réaki® noydist ikki at vera lokalt umbodandi. Arin av broytingum i tyngdarfeltinum, av
landhaekkingum/-laekkingum o.@. speelir ein leiklut i stadbundnu havstigsbroytingununm.

03-07-2024

Technical University of Denmark Tyngdarmatingar sum ambod at fylgja einum skiftandi vedurlagi



=
—]
—

W

Keldur
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