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Outline

1. Liang-Kleeman causality framework (brief)

1. Identifying sources of predictability at intraseasonal
to seasonal timescales

1. Bridging predictions across timescales

1. Further work on the topics



Quick Intro to Liang-Kleeman Causality
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FIG. 1. Schematic of the marginal entropy evolutions and infor-
mation flows in the system of (X, X>).

San Liang, 2015, 2016
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Quick Intro to Liang-Kleeman Causality
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FIG. 1. Schematic of the marginal entropy evolutions and infor- T2_> ) (rldl —TIry a1 )

mation flows in the system of (X, X>). l —r
San Liang, 2015, 2016 Obviously, two uncorrelated events (» = 0) must be noncausal
i (75—, = 0); in other words, causation implies correlation. The
C ot g— converse, however, does not hold; i.e., correlation does not
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Causal ID of Sources of Predictability

T_snow(lag0)->t2m(3 april, ERAS) T_z500(lag0)->t2m(3 april, ERAS)

LK causality
between (snow,
z500 and SST),
and t2m over
the China box,
using ERAS
data.

(colors indicate
statistically
significant
values, p<0.05)

Ardilouze, Materia and Mufioz (2024);
Ardilouze, Mufioz, Materia (in prep)
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Using Causality in Model Diagnostics

« Work driven by our previous research (e.g., Materia et al., 2019)

« Multi-model ensemble approach, but analysis also for each
Independent model (and members!)

* 4 models: ECMWF, CNRM, BoM (Australia) and HMCR (Russia)
10 members each = 40-member ensemble

« Model selection driven by ensemble size, common reforecast period
and the availability of snow cover data (not provided by the UK
model, for example )

Ardilouze, Materia and Mufioz (2024);
Ardilouze, Mufioz, Materia (in prep)
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Using Causality in Model Diagnostics

T_snow(lag0)->t2m(3 april, ERAS) T_z500(lag0)->t2m(3 april, ERAS)

LK causality
between (snow,
z500 and SST),
and t2m over
the China box,
for the multi-
model
ensemble and
ERAS5

(colors indicate
statistically
significant
values, p<0.05)

Ardilouze, Materia and Mufioz (2024);
Ardilouze, Mufioz, Materia (in prep)
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Merging Prediction Systems: The Problem

a) SubX calibrated subseasonal rainfall forecast b) NMME calibrated seasonal rainfall forecast
g F ' ' I ' T_ ] 7 I I 4 Dec 2021 - Feb 2022 IRl Seasonal Precipitation Forecast issued Nov 2021
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MUfioz et al 2023 (a) SubX multi-model, calibrated subseasonal rainfall forecast system, targeting Nov 27, 2021
to Dec 10, 2021 (weeks 3-4). b) NMME calibrated seasonal rainfall forecast system, targeting Dec
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Qoder . . . normal (brown) dominant tercile probabilities of rainfall at the two scales, both impacted by La
Nifia conditions, highlighting physical bridging
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How can we bridge predictions?

*Stitching S ==  EEe=
e.g. Wetterhall and DiGiuseppe (2018); Beford et al (2020) e - |

«Constraining Y| I LI
e.g. Beford et al (2020, 2022); Mahmood et al (2021) o) ot :

*Weighting

e.g. Ford et al. (2018); Dirmeyer et al (2018, 2020)
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a) CFSv2 <t2m= fcsts (Spain)

— EEasonal
#— subseasonal

CF5v2 <t2m> fcsts (Spain) [std)
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b) Subseasonal and seasonal Cross-Wavelet Power Spectrum (Morlet)
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Optimal period

Period (days)
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o

a) CFSv2 <t2m= fcsts (Spain)

— Easonal
fl — hseasonal

_j‘

%
[}

-

J
i
)

]
f

VY

|

15 45

o 5
Optimal forecast time



Ongoing research
(ask us more later about it)

1. Causal patterns (linear vs non-linear)
1. Causal pattern regression

1. Causality and predictive skill
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