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« SMB model spread of 550 Gt per year
« Equivalent to nearly 2 mm sea level change per year

Integrated SMB on common mask
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Plot from Mottram et al. 2020
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COSMO - obhs HIRHAMS 0.44 - obs HIRHAMS5 Q.11 - obs

« Large spatial differences

« Inter-model disagreement on where the
precipitation is dropped

HE

Ensemble mean Reanalysis 1987-2015 6SMB (HIRHAMS 0.11 - Ensemble) 8SMB (HIRHAMS 0.44 - Ensemble)
o o o o o o
5505 0 55°S 5505 0 55°S 5505 0 55°S
¢ ] 55°5 oo 55°S
a 800 éﬂ"% 7Y 166 C J!!. i cl?’f"w-,,‘
2 0 5 o |
400 © 2 : 2 h E’ 3
o - "(A- 20 5 - L g
200 o ALl N LU By
Q AR 0 2 )
100 g N To 2 ‘,\_’Q 8
50 = X 20 £ - 1} 4
25 E % -0 & NS . g
0 i L
—400 -100 -50 -20 -10 [+] 10 20 S0 100 400 o ™ o
SMB bias ° 55 S ° 55 S
oo 55°8 55°9 55°g
gy 180° 180° 180
500 6SMB (COSMO-CLM - Ensemble) 6SMB (RACMO2.3 - Ensemble) 6SMB (MAR3.10 - Ensemble) 6SMB (MetUM - Ensemble)
o 5585 0° 55°S 55es 0° 55°S Ewe 0° 55°S 2558 0° 55°S
400 32 55°S 55°S 55°S 55°S
d -
200 16 v A
2 y‘, % E
100 s A 4 %\ %
50 i 4 <> Y o
4 (] ‘;,: ¢ 1 %
* 4 % % %
2 & * 7 1 = |
‘ ¥ 2 - T i
1 A d -
- ' o ‘j
SMB SMB Observation Number of observation 0 S f 3: < 4 2
tkgm Zyr 1) 28 - 2 sl Mg
25 S °S S
55°§ & 55°5| P> 55°5 i 55°5] i
180° 180° 180° 180°

Plots from Mottram et al. 2020
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Model: three subsurface simulations

- Dynamical layer model e Meteorological
S = 4 Institute
. 64 layers
Running and evaluating the results »  Dynamical layer merging/splitting,
_ based on: temp, density, grain size,
Fixed layer model water/ice/snow content and
shallowness
« 32 layers
_ _ Two model runs, both spun up from the
- Fixed layer height Fixed model
« Spun up 1980-1989, 25 times «  DynO03 spin up length Fixed+3 decades
« Called Fixed from now on »  Dyn15 spin up length Fixed+15

decades
(Vandecrux et al. 2018)

_ Fixed ________|Dyno3 Dyn15

Thickness Constant over time and space Varies over time and space Varies over time and space

(Langen et al. 2017)

#Layers 32 64 64
Spin-up [yr] 250 280 400
Melt First snow then ice Snow and ice simultaneously Snow and ice simultaneously

Main reason to use the dynamical version is so the variables do not get smeared out within one layer
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Model 10 m [°C]
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_______[Fixed [Dyn03 | Dyni5_

Mean difference [°C] 0.42 0.52 0.46
RMSE [°C] 1.66 1.77 1.71
R? 0.98 0.97 0.98

< 10 mtemp
o  Density

Data from Van Wessem et al. 2014
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BER0Q2C20_02 Differences in density, model minus core
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< 10 mtemp
o  Density

For 139 cores Dyn03 | Dynl5
Mean bias(p<550 kg m3) 24 -8.2 -10.0
Data from: std(p<550 kg m-3) 18.4 15.3 16.4

https://arcticdata.io/catalog/view/doi:10.18739/A26D5PB2S
Mean bias(p>550 kg m3) -31.7 -325 B85
std(p>550 kg m-3) 234 231 23.7
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Density bias (model minus core)
the outer ring represent densities
less than 550 kgm3 and the inner
circle represents densities greater
than 550 kg m™3.

6 density [kg m~3]

(A) is the Fixed model,

(B) is the Dyn03,

(C) is the Dyn15.

Each panel show the entire AlS
with three dashed black boxes,
each box outlines a zoom-in area,
from east to west the Dronning
Maud Land, Filchner—Ronne ice
shelf and Marie Byrd Land.

These panels show that that there
is a spatial density bias.

26 April 2021 DTU Space Antarctic Surface Mass Balance from 1980 to 2017



DTU Mean SMB with the largest differences between model " The Danish

e Meteorological

> . . i

== versions in West Antarctica o
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Mean SMB from 1980 to 2017 in mm per year of water equivalent. a) the mean of the model mean, note nonlinear colour
bar. b) West AIS where the SMB has the largest differences between model versions, (model minus ensemble mean).
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Precipitation SMB Runoff/Melt

32001
3000 4
2800
2600

2400

Precipitation [Gt)

T ¥ Pa % R
2200 Tl A N S A P N
']

2000 i b
1980 1985 1990 1995 2000 2005 2010 2015 1980 1985 1990 1995 2000 2005 2010 2015 1980 1985 1990 1995 2000 2005 2010 2015

Melt Refreezing
1400 ] 1 I 1 T T T 1000 {5 - T :

800

600+

4004

Refreezing [Gt)

A,
&, Fhyt .

5,' s ‘f\*r "{\ 200 i" T 2\ "‘:,l" hr l-ir‘E - ""!l"r.'*i‘-'

200 --nw N e e Ny ¥ 1 - ‘*\“"(.: e )

1980 1985 1990 1995 2000 2005 2010 2015 1980 1985 1990 1995 2000 2005 2010 2015

Runoff Years
—e— TobAls Dynl3: -=- GAIS Dynl3

a001E o ToMAIS Dyn03 =~ GAIS Dyno3 This figure shows the integrated values for
350 T TPUAISFed o GRS Fed precipitation, SMB, melt, refreezing and runoff,

g >0 for both total ice sheet and the grounded ice

w 2201

5200 sheet. Note that all the model runs are forced
1501 with the same precipitation.

i e
100 R "140—-"3‘ P

'.
50 fopege Ii'H#:F‘:‘“*W\l;r:ziqﬂ'#‘z‘_!«;_;‘-:ﬂ##k‘

1980 1985 1990 1995 2000 2005 2010 2015
ears

26 April 2021 DTU Space Antarctic Surface Mass Balance from 1980 to 2017




Mean values in Gt per year e

fi“ ® The Danish
® Meteorological
Institute

=
—]
—

W

Fixed ToAIS 2564+114 695+132 464+97 208+48 29714122
GAIS 1995+96 180450 12540 49+10 2194198

Dyn03 ToAIS 2583+122 984+166 749+133 190+30 -
GAIS 1995+99 24862 215154 49+7

Dynl5 ToAIS 24744114 1005+174  6/5%122 30047 -
GAIS 1963+96 262166 201+51 81+14
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the SMB?

<« 10mtemp
o Density

Southern annular mode (SAM) impact on
basin scale, monthly data, when SAM
positive the westerlies are closer to
Antarctica, when negative SAM westerlies
are further away form Antarctica
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pTu Robust relationship between SAM+ and delta SMB
on basin scale
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and delta SMB

Robust relationship between SAM

on basin scale
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i SMB-D(Gardner) and SMB-D(Rignot) compared to ¢
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Main difference between simulations are over the ice shelves

There are spatial varying density biases (important for e.g altimetry use)

The phase of the SAM affects the spatial distribution of SMB

Regional estimations of SMB-D, can vary a lot depending on the discharge data set

Read the full study:
https://doi.org/10.5194/tc-2021-69
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