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e Ensembles of Global Climate Models (GCMs) are the main tool available to
study the future evolution of climate (e.g. CMIPS and CMIPG).

e However, the problem of model interdependency (Boe, 2018) poses limitations
for the application of multi-model simulations in practical applications.

e [here is a need of automatic methods for assessing similarity of GCMs.
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Assessing model dependency in CMIP5 and CMIP6
based on their spatial dependency structure with
probabilistic network models

We propose the use of Directed Probabilistic Networks (DPNs)



ultidisciplinary approach for weather & climate
e DPNs have proven effective in learning the spatial structure underlying climate data using a complex

network and encoding it as a multivariate probabilistic model (Graafland et al.,2020).
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This DPN is constructed from monthly mean surface temperature data from a reanalysis dataset (ERA-Interim) for the
1981-2010 period interpolated to a 10 degrees grid with bilinear interpolation.
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multidisciplinary approach for weather & climate

e DPNs provide the spatial backbone of complex data, modeling spatial dependencies between

variables (in contrast to global statistical field measures such as mean, standard deviation) and only
include significant dependencies (in contrast to networks based on correlation).

but one is also able to extract probabilistic
features like conditional probabilities given
some evidence E.

T P(X>1 | E=2) - P(X>1)
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The backbone can be analysed with
complex network measures like
community structure detection:

P(X<=1| E=2) - P(X<~1)
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- A multidisciplinary approach for weather & climate

Assessing model dependencies with DPNs

e \{/e have monthly mean surface temperature data from three reanalysis (ERA-Interim, NCEP-NCAR, and
JRA55) from historical simulations from 33 GCMs participating in CMIP5 and from 24 GCMs participating
in CMIP6 (Eyring, 2016), for the 1981-2010 period. The original resolutions of the datasets vary from 1 to 3
degrees. All datasets are interpolated to a 10 degrees grid with bilinear interpolation.
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DPN 1 DPN 2
Py = p(W|X, Z)p(Z| XY )p(Y )p(X) Pprz = p(WI|X, Z)p(Z| X )p(Y )p(X)
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A mu tidisciplinary approach for weather & climate

e Example: resulting sub-matrix of pairwise Bhattacharya distances for CMIP5
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interim_10d_akima_cubic-59 50
CNRM.CMS (1)-64
JRAS5_10d_akima_cubic-75538789 61 53 4646 5159 56 53 48 443943
CSIRO.MK3.6.0 (5)-64 51 44 38 60 62 4849 4554 54 49
bee.csm1.1 (2)-6959 4950 49424241 47 53 5051
bee.csm1.1.m (2)-6456 4747 55525051 4149 4744
ACCESS1.3 (8b)-60 68 5556 6974 6565 4859 5244 45
ACCESS1.0 (8a)-56 69 6057 6976 67 67 4555 50
GFDL.ESM2G (7a)-58 46 44 44 44
GFDL.ESM2M (7a)-6244 4744 46
CanESM2 (4)-6150 474047
CESM1.BGC (3b)-5550 46 46 4641 4545
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MRI.CGCMS3 (12)-56 52 45504343 46 45
HadGEM2.CC (8a)-4858 47 47 57 62 56 56/
HadGEM2.ES (8a)-4956 47 46 56 59 53 53

ncep_10d-4657 4945 5360 5251

CMCC.CMS (6a)-4951 4644.474646

MPI.ESM.LR (6b)-46 59 5549 47 58 53 53

CMCC.CM (6a)-88 63 56 60 50 65 63 63
IPSL.CM5B.LR (10b)-8963 5960 46 58 57 56/
IPSL.CM5A.LR (10a)-5359 5957 48 52 50 51

IPSL.CM5A.MR (10a)-49 56 52 49 48 52 49 50 4548.474551
MIROC.ESM.CHEM (11a)-815044 676551
MIROC.ESM (11a)-824943 67 6550
BNU.ESM (3a)-8957 535344 5252 58 65 5847 605962 43 767452 62534853

CMCC.CESM (6a)-6569 64 65[f]44 48 47 48 48 46 50 4741 5356 57
MIROCS (11b)-77 45 655341424957 6060 4944 4546 47 50 51 4846 40 44 44 57 56 47 50
EC.EARTH (1)-79 46 J0888 64 53 43 44 5259 59 56 55 46 4947 47 45 51 4946 47 47 44 60 55 47 49 44
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e Example: resulting sub-matrix of pairwise Bhattacharya distances for CMIP5,

e Matrix

of pairwise distance

between DPNs of CMIP5 and
Reanalysis.
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e Example: resulting sub-matrix of pairwise Bhattacharya distances for CMIP5

e Matrix of pairwise distance
between DPNs of CMIP5 and
Reanalysis.

e Hierarchical clustering of close
DPNs
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e Example: resulting sub-matrix of pairwise Bhattacharya distances for CMIP5

e Matrix of pairwise distance
between DPNs of CMIP5 and
Reanalysis.

e Hierarchical clustering of close
DPNs

e Uncover interdependencies
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Assessing model dependencies with DPNs

e \X/e extend the analysis adding CMIP6 models to identify significant model changes that underwent
CMIP5 GCMs in their transition to CMIP6.



e Matrix of pairwise distance
between DPNs of CMIP5 and
CMIP6 and Reanalysis.
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e Matrix of pairwise distance
between DPNs of CMIP5 and
CMIP6 and Reanalysis.

e Under CMIP6 some models hold
a similar spatial dependency
structure
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e Matrix of pairwise distance
between DPNs of CMIP5 and
CMIP6 and Reanalysis.

e \X'hereas other CMIP6 models
show significant change in spatial
dependency  structure  with
respect to their predecessors
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A multidisciplinary approach for weather & climate

e CMIP5 models
GFDL ESM2G and
GFDL ESM2M did
not appear close to
GFDL CM3:

They are build on a

distinctively different

atmospheric model.

(Donner et al. 2011)
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