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Motivation

(o “What is ‘easily explained’ )

with words is expected to
werease the end-unser’s

Q@V@l of trust in the vmod@[j
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Sea-level projections for the Greenland ice sheet (GrlS) within ISMIP6

MIROC5,RCP8.5-forced Multi-Model
Ensemble MME [1]
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cevosrene s senever. 1] modelling assumptions described in Appendix A of Goelzer et al., the Cryosphere, 2020;
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Modelling choices

K Numerical method = Finite Difference (FD)

" |ce Flow type = shallow-ice approximation (SIA)

* Type of initialization = nudging to ice mask (NDm)
= Min. grid size (resolution) = 16km

{ Retreat parameter x=-0.9705 km (m3.s1)04°C

~

= |nitial surface mass balance (SMB) = RACMO anomalies (RA)

/




Sea-level projections for the Greenland ice sheet (GrlS) within ISMIP6

MIROC5,RCP8.5-forced Multi-Model
Ensemble MME [1]

55 experiments
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Modelling choices

el’lment2 ﬂ Numerical method = Finite Difference (FD)
= |ce Flow type = shallow-ice approximation (SIA)
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= Type of initialization = nudging to ice mask (NDm)

Sea level contribution (cm SLE)

= Min. grid size (resolution) = 16km
] = |nitial surface mass balance (SMB) = RACMO anomalies (RA)

[ [ [ [ [
2020 2040 2060 2080 2100 t Retreat parameter x = -0.06 km (m3.s1)0-4°C /
Year

..Etc...
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" What modelling assumptions contribute the

most to the sea level value?

" Does it change from one experiment to another?

\-Does it change over time?

.




Methods
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Local explanation approach

For each experiment (i)

Sea level elevation = function f(.) of the modelling choices

sea level” =f(Num®, Init®, iceflow®, SMB®, Retreat®

| |

Reso™)

Modelling choice for Modelling choice for N Mode!ling c_;hoi_ce for
the Numerical method the initialization the min. grid size
Objective:
(1) _ _ . . . . .
sea level™ = o + HNum® T Hinit® T Hiceflow® +p‘SMB(1) +P‘Retreat(‘) T HReso®

‘additive’ contribution of each input to the seal level value
= Influence of the modelling choice

Prete@l

CRYOSPHERE & SEA LEVEL



Difficulties Proposed method

=1 () is a complex chain qu Approximate f(.) by a Machine Learning ML [1]
numerical models model f(. )
f(.) is long running, and the Use tools of XAI*:
2]| number of experiments isq
limited decompose the ML predictions
using SHAP local attribution
approach [2,3]
Design of experiments s, ?
3|l unbalanced + dependence ~ regression coefficients with
betw. the inputs accounts for dependence between

inputs

) a& S *XAl Explainable Artificial Intelligence;
EngEweSEi@L’EVE [1] Random forest, Breiman [2] Lundberg & Lee 2017; [3]: Aas et al. 2019



Validation of using the machine learning (IVIL) model
10-fold Cross validation

Performance qualit For 2100
o . y Best ML
= madel .
o _ \ I o
o N ﬁ ©
; 5 E‘ n
z oy 3 ] ] B
m 5 : I
~ w g . I
O o] o & 5  h 1 I
5 il
-g © ll - y = I | |
% h = B il
~ E I.I § | " =
o S © o
Best ML
— LIN — LIN
S € model S
— BEST — BEST
20|20 k 20|40 20|60 20|80 21|00 E:IE BI 1IO 1|2 1I4 1|6 1|8
Year True sl value (cm SLE)

Prefe@l

cevosprine s seaeve. - RF Random forest; XGB eXtreme Gradient; LIN linear regression




Application
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Experiment (1), prediction time = 2100

V[o} 10.81 «

num = FD+

+0.07
iceFlow = SIA- 8 «
: 0.65

init = NDm+

res = 161

SMB = RA"

+0.14
retreat = -0.97051 +5.45
prediction 18.31 d
10 15 20

Sea level change (cm SLE)

With words " "The largest sea level value is mostly influenced by the
assumption of a retreat parameter set up at its largest
absolute value"

r@le@l The contribution of this assumption reaches s5em”
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Experiment (2), prediction time = 2100

With words
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num =

retreat = -0.061

HO?

FD:

+0.09
iceFlow = SIA 12 «
: -0.03

init = NDm/+

res = 161 +1.26 «
| N

SMB = RA

15 20

Sea level change (cm SLE)

-

\_

"The sea level value of 12em is mostly controlled by 3
modelling choices with an edqual contribution of 1-1.5cm”
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Aggregation of all 55 experiments, prediction time =2100

(a)

H (cm SLE)

Threshold of
significance ™
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4 )

"Twcreasivg the absolute value of the retreat
parameter iicreases its contribution to the sea
level value”

\_
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Aggregation of all 55 experiments, prediction time =2100

(a) (b)

H (cm SLE)

-1.00 -0.75 -0.50 -0.25 0.00 0 5 10 15
Retreat para. (km.(m3/s)*(-0.4)°C) Min. Resolution (Kkm)

"Too high mesh grid size (>5km) might vias the
computed sea level valne'
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Aggregation of all 55 experiments, over time
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(1) we decompose:

(1) _ _ | | . . .
™ = o + HNum® T Hinit® T Hiceflow® +HSMB(1) +uRetreat(1) T HReso®

sea leve
oThree levels of analysis
1. [ (expressed in cm SLE) measures the contribution of the modelling choices in the sea level
value =
2. Analysing all decompositions at a given prediction time helps understanding how the
Influence relates to the modelling choices =

3. Aggregating all decompositions for any prediction time helps getting insights in the
of the modelling choices

oApplicable to any MME with

oa of experiments (50-100)
design
opresence of between the inputs
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Unbalanced design of experiments in the considered MME GrlS case [1]
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[1] modelling assumptions described in Appendix A of Goelzer et al., the Cryosphere, 2020;



Evidence of dependence
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Aggregation of all 55 experiments, prediction time =2100

(a) (b)

2 2 . e
g 1 g 1 - g‘% ]
e OL - ———_ - En:‘:"{EE‘:"_': e s !
[ 2 [ -
=1 =1 ; °b
2 2 ; /"Tlne choice in the numerical \me-l'l/\oal\
FD ~ FE HO  HYB SIA  SSA does vwot influence much”
Numerics IceFlow
(c) (d) . .
"Setting the ice flow type to HYB or
o o _ STA has the largest impact” p
= I =N
g~ 5
=-1- =
2- 2-
DA _CYC/SPDAv NDm NDs HIR ISMB MAR RA
Initialization initial SMB

Prete@l

CRYOSPHERE & SEA LEVEL



