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The problem: Representing sub-shelf melt in ice-sheet

and ocean models
lce-sheet models need information about ocean-induced melt Ocean models need information about the melt as it
at the base of the ice shelves... affects the water properties...

~—— Sub-shelf cavities are typically not resolved in ocean
~ or coupled-climate models...

The link between the open ocean and
the ocean-ice sheet interface is missing!
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Basal melt parameterisations exist to bridge the gap

Ocean Ocean models

Tembperature without cavity
P e.qg. CMIP-type

and Salinity F¥He

Melt parameterisation

Southern Ocean

(3)
S
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Basal melt parameterisations exist to bridge the gap
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Basal melt parameterisations exist to bridge the gap
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The evaluation of these parameterisations is challenging...
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The evaluation of these parameterisations is challenging...

Quadratic function of thermal forcing
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Evaluation with observations

IN-si rvations of in nic pr rties are sparse . .
Sltq obse. vations orinput oceanic prope .t &> P 6 Possible temporal mismatch between the two
Satellite estimates of melt rates are uncertain

Evaluation with models is one solution.
Assessment in idealised coupled ocean-ice-sheet model simulation was done [Favier et al., 2019].

Only one (idealised) ice shelf

When applied to several Antarctic ice shelves, empirical corrections were needed to get the right present-day melt
rates underneath individual sectors or ice shelves [De Conto and Pollard 2016, Lazeroms et al., 2018, Jourdain et al., 2020]
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Our goal: Assess and re-tune the existing basal melt
parameterisations for circum-Antarctic applications

‘“Perfect model” approach
Circum-Antarctic ocean simulations (resolving cavities) // virtual reality
» tune the parameters in the parameterisations in self-consistent context

Simulations: 4 x NEMO global ocean simulations conducted by P. Mathiot (for H2020 TiPACCs),
| on eORCAO0.25 grid for in total 127 simulation years.
RMSE .. NEMO resolves the 36 largest cavities and the melt at the ice-ocean interface
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Variations of simple functions of thermal forcing
Parameterisation AT S, loc, Ant OF K ATSloc, Ant OF K
Tuned (50 km) Tuned (offshore)

Linear-local 2.5%107° 029%107°

Quadratic-local Ant slope 11.8x107° 024%107°

Quadratic-local cavity slope 6.6x107° 0.72x107°
Quadratic-local Jocal slope 9.0x107° 037x107°
Quadrauc-semﬂocal Ant slope 13.0%107° 0.25%107°
Quadratic-semilocal cavity slope 6.3%107° 071%107°
9.3%107° 038x107°

Quadratic-sernilocal local slope
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Integrated melt (50 km input) Integrated melt (offshore input)

e JMimeanlocal e
Quadratic, local, Ant slope 1 1
Quadoratic, local, cavity slope il il
__________ Quadratic, local, localslope 1 ¢ oo e
Quadratic, semilocal, Ant slope g g
Quadratic, semilocal, cavity slope - -
Quaderatic, semilocal, local slope - -
Plume, Lazeroms 2019 version g -
Plume, modified version - -
Box, 2 boxes T @ T ¢
Box, 5 boxes - ® T ®
Box, 10 boxes 7] ® T ®
_____________________________ Box,PICOboxes 1 o
PICOP, 10 boxes T o T ®
PICOP, PICO boxes - O - O
20 4IO 6|O 8|O 20 4IO 6|O 8|O
RMSE [Gt/yr] RMSE [Gt/yr]
over 127 simulation years over 127 simulation years

and 36 ice shelves and 36 ice shelves




Integrated melt (50 km input) Integrated melt (offshore input)

e Himeanlocal L F | S :
Quadratic, local, Ant slope | {; ' ] Best for 50 km input
Quadratic, local, cavity slope 7§ : I | Quadratic parameterisation
__________ Quadratic, local,localstope 1 ¢ o4 b using Antarctic or local slope
Quadratic, semilocal, Ant slope 1 i ! - f Plume parameterisation
Quadratic, semilocal, cavity slope 1 ~' . i
Quaderatic, semilocal, local slope - -
Plume, Lazeroms 2.(?19 vers?on . - Best for offshore
Plume, modified version 1 4 - | |
Box.2boxes 1 | | o _ K Box parameterisation
Box,5boxes 1 | o - KR Quadratic using cavity slope
Box, 10 boxes 7§ } @ ' 1 ® BUT RMSE generally 10 to 40 Gt/yr
_____________________________ Box,PICOboxes 1 & ¢ o 1%L higher
PICOP, 10 boxes i ¢ i ®
PICOP, PICO boxes 1 , o - O
20 40 60 80 20 40 60 80
RMSE [Gt/yr] RMSE [Gt/yr]
over 127 simulation years over 127 simulation years
and 36 ice shelves and 36 ice shelves

RMSE generally high compared to mean
reference integrated ice-shelf melt: 38 Gt/yr M




Integrated melt Melt rate near grounding line

e bwearlocal | |
Quadratic, local, Ant slope |
Quaderatic, local, cavity slope 7 i
__________ Quadratic, local, localslope 1 = o
Quadratic, semilocal, Ant slope - 7
Quadratic, semilocal, cavity slope - .
Quadratic, semilocal, local slope - 1
Plume, Lazeroms 2019 version 7 7
Plume, modified version 7 1
Box, 2 boxes - ® T ®
Box, 5 boxes ] ® - ®
Box, 10 boxes ] ® - ®
_____________________________ Box,PICOboxes 1 o e
PICOP, 10 boxes - ® 1 @
PICOP, PICO boxes 1 o 1 ©
20 4IO 6IO 8|O 0 i é é
RMSE [Gt/yr] RMSE [m ice/yr]
over 127 simulation years of time and space mean near grounding

and 36 ice shelves line for 36 ice shelves and 4 simulations




Not the same parameterisations perform well on ice-shelf level

and near grounding line
Integrated melt Melt rate near grounding line
o nearlocal 1 f 1§ S
Quadratic, local, Antslope | } ‘_ |
Quaderatic, local, cavity slope 7 i
__________ Quadratic,local localslope § § <} 4f o
Quadratic, semilocal, Ant slope - ~'?  ", 14
Quadratic, semilocal, cavity slope A ;, ;"'- T ;’
Quadratic, semilocal, local slope : f ! 1 f "
Plume, Lazeroms 2019 version 7 " .
Plume, modified version - t ~l 1
Box, 2 boxes ] ;‘; ® 11 ®
Box, 5 boxes 7 i e . ;‘ ® f
Box, 10 boxes - ', j® 14 ® ;,
_____________________________ Box,PICOboxes 1 & ¢ ® 1t e
PICOP, 10 boxes 1 i o 11
PICOP, PICO boxes - o 1 {o
20 4IO GIO SIO 0 i é é

Mean referencei

RMSE [Gt/yr]
over 127 simulation years
and 36 ice shelves

ntegrated ice-shelf melt: 38 Gt/yr

RMSE [m ice/yr]

Mean reference melt near the grounding line: 0.44 mice/yr

Remember
Best for integrated melt,
50 km input

» Quadratic parameterisation
using Antarctic or local slope
» Plume parameterisation

Melt rate near GL

» All similar range except
quadratic using local slope

of time and space mean near grounding
line for 36 ice shelves and 4 simulations
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The best compromise...

Integrated melt Melt rate near grounding line

Linear, local

Quadratic, local, Ant slop

Quadratic, local, cv‘ity sl _ ‘
Quaderatic, local, local slope - : ; - :

Quadratic, semilocal, Ant slop:

Quadratic, semilocal, cavity slope 7§ {1
Quadratic, semilocal, local slope - ff I -
Plume, Lazeroms 2019 version 1 | : 11

Box,2 boxes 7 : ® - »} O |
Box, 5 boxes 7 i1 0 . ;‘ ® .‘
Box,10 boxes 1 f i® 14 ® |
_____________________________ Box,PICOboxes ] f §® o D
PICOP, 10 boxes 1 { | ® 11
PICOP,PICOboxes {1 &___ 1 ® {le ]
20 4IO GIO 8IO 0 i é é
RMSE [Gt/yr] RMSE [m ice/yr]
over 127 simulation years of time and space mean near grounding
and 36 ice shelves line for 36 ice shelves and 4 simulations

Mean reference integrated ice-shelf melt: 38 Gt/yr Mean reference melt near the grounding line: 0.44 mice/yr L@_@J
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Uncertainty distributi
Parameterisa ty distributions for the tuned para Parameterisation
Plume, Lazer;:’ - meters  Linearlocal (X 10~%) oo 20 23 23 »9 60 80
Boxes, PICO po $Ca" Trsx104, 500 Quadratic-local Ant slope (X 1079 95 98 112 121 31 153 159
Boxes, 10-boy S:’S (X105, 200 boors Ootstrap samples) Sth Quadratic-local cavity s10P¢ (x107°) 41 46 59 6 74 88 93
PICOP, 10-pox setup (7%1 x10-5. 100 bOOtstrap samples) ) . Quadratic-local local sIoPe (x107°) 21 15 85 8 93 98 100
PICOP, PICo boxeup ©;’ Prex 10-4 | trap samples) 21 024 o 37 ’ 2.1 7 Quadtatic-semilocal Ant slope (X 107°) 107 111 12.4 13.3 142 160 16.4

S (CY2Pys 104 1 00 bootstrap samples) 024 029 (46 045 057 . 3.0 Quadratic-semilocal cavity dope (x107°) 36 41 55 64 T2 g9 9.4

> 100 bootstrap samples) g;’: 10 15 2-59 0.80 | : 1.96 Quadratic—semilocal Jocal slope (X 0% 13 78 838 9.2 96 102 10.4
' L1 21 4 '97 72 78x102 227 |
' 7x10°

12x 104




More to look forward to in our preprint...

th 95th

4 Median 66th 90

. st 10th  33r
° . ° . . uon 6 0 8.0
Uncertalnty dIStrlbUt Parameterisa 0 -3 )5 2.9 .
ion . -6 20 &%
S for the tu ned pa rameters Linear-local (x1077) . 95 98 112 12.1 13.1 153 15.9
Parameterisatjoﬂ Quadraﬁc—local Ant SlOpe (X 10 ) . 6 5 9 6 6 74 88 93
Plume, Lazeroms (/2 Quadraﬁc-local cavity slope (X 107°) 4.1 : 5 8. s 2.9 93 98 100
d -5 . . . '
Boxes, PICO boxes (V7 x1075 00 bootstrap samples) uaiciost oo g O 7.17 1 124 133 142 160 164
T d 4 X -5 10. - : '
Boxes, 10-box Setup (v x 105 200 bootstrap samples) Quadtatic-semﬂocal Aatslope (<10 ) 5 6 41 53 6.4 72 89 94
PIC r , 100 0.2 ' 2.1 . : : 10~ 3. : - ‘
PIC OF: 10-box sewp (¢1/2p, X1 TOtStrap samples) 0.2 L1024 037 (45 0 27 3.0 Quadatic-semiloce’ <47 1 sore ™ 5 | 13 78 88 92 96 102 104
S B . ’ - ® . - . . *
OP, PICO boxes (¢!/ T 0 100 bootstrap sam 4029 046 0.5 " .54 1.96 Quadrauc-sennlocal local slope (X107
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Empirical relationships between the two tuneable

parameters of the complex parameterisations




More to look forward to in our preprint...

ParameteﬁSation

Plume, Lazeroms /2 | Quadratic
Boxes, PICO boxes (V3 x 105 20(; 500 bootstrap samples) 13 14 4 Quadratic-s
Boxes, 10-box Setup (v x 10_5, : OObOOtSmP Samples) 021 024 o 3 | 2.1 2.7 3.0 'y
PICOP, 10-pox setup (C;/ 2r, ;(IO—TOtStrap Samples) 024 (29 ) 4; 0.45 0.57 1.54 1.96
PICOP, PICO poyes (C1/2 ° Y 100 bootstrap samples) 096 |, ' 0.59 080 14 207 |
=70 100 bootsrap samples) 095 .1 21 15 2772 78x107 7>.< 10°
' : 49 73 '
12x 104

Empirical relationships between the two tuneable
parameters of the complex parameterisations

Parameterisation
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And ... check out
our python package!

"
4 '.

https://github.com/
ClimateClara/multimelt/
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What you should take home... vinimisation of

difference

We use a “perfect-model” approach with an ensemble of ) i INPUT

° ° . . ° ° ‘i;'_ ’ [ 0 |
circum-Antarctic ocean simulations to re-tune existing Y e — S
basal melt parameterisations. | e wikiliv)

/ Melt parameterisation Mean profiles over a l‘/ from NEMO

domain in front of the simulation
B —— " ice shelf

THIS PROJECT HAS RECEIVED FUNDING FROM THE EUROPEAN UNION'S HORIZON 2020 RESEARCH AND INNOVATION PROGRAMME UNDER GRANT AGREEMENT 869304.

s THIS MATERIAL REFLECTS ONLY THE AUTHOR’S VIEW AND THE EUROPEAN COMMISSION IS NOT RESPONSIBLE FOR ANY USE THAT MAY BE MADE OF THE INFORMATION
IT CONTAINS.
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What you should take home... vinimisation of

difference
%
We use a “perfect-model” approach with an ensemble of oS < __INPUT
° ° . . ° ° ' 0 o
circum-Antarctic ocean simulations to re-tune existing pe S
° ) & 7 . .
&/ &) _and Salinity
basal‘ melt parameterlsatlons° Vgp Q\o N elt parameterisation Mean profiles over a / from NEMO
A N 0 O domain in front of the simulation
& 44— ———— | ice shelf
: i Melt rat ding li . . . .
e I:t:Er:ted melt (50 km input) _ Integrated m:'l_tioffshore nput) - Pe ra éneargroun ing line A“ parameterlsathnS result in hlgh RMSE Compared
Quadratic, local, Ant slope 1 - ‘ to the reference even after re-tuning

Quadratic, local, cavity slope
Quadratic, local, local slope - i 1

Quadratic, semilocal, Ant slope A . 1

Quadratic, semilocal, cavity slope - 1 - 11
Quadratic, semilocal, local slope - - 4t

--------------------------------------------------------

Plume, Lazeroms 2019 version 1 i O . o . ®
_______________ Plume, modified version 1 - ] - 18 S S
Box, 2 boxes 1 { ® . ® T ° |
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