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Challenges in (Al/ML for) Sub-Seasonal and
Seasonal Forecasting

Sub-Seasonal to Seasonal (S2S) Forecasting

Weather forecasts have greatly improved over the past
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Yet, prediction skill sharply decreases after weeks 1 or 2

Increasing evidence shows that the various sources of S2S predictability
are not always independent and interact with longer or shorter timescales
(e.g. Madden Julian Oscillation impacts on extratropical weather)

Prediction skill

The “loss” of sKkill is particularly true for low-frequency events, such as
extreme weather events including tropical cyclones, droughts, floods and
heat waves.

The recent advancements in S2S modelling capabilities and m — : — —
data availability offers a fertile ground for Al/ML application | |

Prediction lead time

The ever increasing quality and quantity of monitoring/observational and Adapted froms . columbia,edufnews/qa-subseasonal-prediction-project
. . . . Source: Mariotti, A., Ruti, P.M. & Rixen, M. Progress in subseasonal to seasonal prediction through a joint weather and climate community effort. npj Clim
reanalysis data to support big-data analysis and deep-learning models Atmos Sci 1, (2018). https://dol.org/10.1038/541612-018-0014-2

The development and refinement of Al/ML algorithms can help unravelling
the complexity of S2S forecasting

The increasing developments in computing power (e.g. Supercomputers,
Tensor Processing Unit (TPU) by Google, Tensor Cores by Nvidia)
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Current Initiatives in Al/ML for S2S Forecasting
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Destination Earth (DestinE) aims to develop
a highly accurate digital model of Earth to monitor
the effects of natural and human activity on our planet,

anticipate extreme events and adapt policies

to climate-related challenges. . | o
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Source: Chattopadhyay et al., 2020, https://doi.org/10.1029/2019MS001958, CC BY 4.0
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Al-enhanced Climate Services

Source: arXiv:2202.11214 [physics.ao-ph]
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Challenges in S2S Forecasting for Droughts
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Drought S2S Forecasting

Why extreme events, such as droughts, matter?

High-impact, low-frequency event are economically and
environmentally relevant

S2S forecasting of slow-onset events is challenging:

As slow-onset events usually fall under the S2S forecasting horizon,
extreme events such as drought are particularly challenging to forecast

SPI-06 SPI-12

Moreover, droughts are not trivial to define in time and space 2021-12-01

E.g., with respect to rapid-onset events such floods, tropical cyclones, or
even heat waves, droughts are not trivially identifiable

Moreover, a “same” drought event might impact a variety of sectors in
different ways, leading to the definition of different types of droughts (e.g.
meteorological, hydrological, agricultural)
The main challenge is on predicting the probability of large-
scale, long-lasting patterns a few weeks in advance, and
their impacts on the environment and the society:

E.g., through new weather/climate services, early warnings and actions in

response to extreme events B I @ C S

Al-enhanced Climate Services

Data source: ERAS reanalysis
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European (EDQO) and Global (GDO) Drought Observatories
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Drought event clustering
& tracking
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Forecasting drought

Indicator for Forecasting Unusually Wet and Dry Conditions = |-emowm 5

4 Precipitation Forecasts
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ALARM LEVELS
WET DRY
0 No alarm
An unusual wet or dry event is forecasted, with large model reliability and / or forecast intensity. This forecast has a
10-year return period (based on the 36-year re-forecast period of SEASS).
An unusual wet or dry event is forecasted, with a continued increase in model reliability and a larger forecast

INTERPRETATION

1 1

2

intensity. This forecast represents a 20-year return period. e
Maximum level of alert. An unusual wet or dry event is forecasted, with both model reliability and forecast VL% ; |
intensity at their maximum (based on the 36-year re-forecast period of SEAS5). 1 16800000 - ; Projcton: Lampert Azmina Equs Aved (LAEA)

Ongoing development: Copernicus multi-system long-range weather predictions; skill enhancement;
drought predictability and concurrent events

‘ Sectoral Information

DATA

European
Commission




Al-Enhanced Drought Forecasting?
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Thank you
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