Al 4 Science - “Deep Extremes”

Multi -Hazards, Compounds and Cascade Events
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Scientific Relevance: Climate extremes are on the rise
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Scientific Relevance: Land-surface structure controls impacts

e C(Climate extremes can lead to
multiple responsesiepending on
ecosystem structure
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Scientific Relevance: Compounding event — /+dimensional impacts

Crop failures

N e C(limate extremes can lead to
Climate Change \:% Greening mU|t|p|e responsesdepending on

/ ecosystem structure

estie % Wildfires/peatfires e Compound eventsmax exacerbate

i i the impacts on multiple sectors
Atmospheric Health
blocking impact/deaths
Drought :% Economic losses

Fig. curtsey Karin Mora based on concept presented in
Zscheischler et al. (2020) Nature Reviews Earth & Environment 1, 333-347


https://www.nature.com/natrevearthenviron

Scientific Relevance: Timing of extremes is crucial

C balance of DHEs in a spatio-temporal continuum y/\
Large-scale atmospheric e (limate extremes can lead to

Time
) conditions & spatial inter-

a)
robabily and spatial multiple responsesiepending on

Large-scale atmospheric conditions ... alter probability, probability and spatial
patterns (Sec. 4), e.g. via

intensity, and spatial . . ) .
- Circulation anomalies ecosyste m Stru Ctu re

A patterns of DHE
E\/ : / (ENSO, NAO)
Drought / Heat Event ; : .| - Moisture Transport
A : . space . | &Recycling

‘ (DHE) tecy!
E . - Climatic trends (nat./ant.)

e Compound eventsmax exacerbate
the impacts on multiple sectors

Legacy effects & compensatory C :
dynamics post-DHE on various ’ /}é’

time scales, e.g. via
(i) plant health post-DHE : Temporal carry-over
(i) pest & pathogen outbreaks " | effects, feedbacks and
(i) soil erosion / degradation legacies (see Figure)

(iv) species composition changes | | (Sec. 3.3) . .
iy . e Timing mattersand can change

- N

Ecosystem-specific factors i m p a Ct d y n a m i CS

modulate ecosystem
responses to

DHE and C-balance (Sec. 3.2),
e.g. via

- Phenology / canopy structure
Longer term / Legacy effects _ zﬁfnit:ggur‘:ype

"Pre-conditioning" of
the Ecosystem, e.g.
via warm spring,
antecedent precipitation
anomalies, etc.

"carry-over" effects
enhancing/damping
DHE e.g. via
soil moisture

Ecosystem and land surfacd: state

|

b) Before Extreme Event onset Concurrent
- Soil moisture
- CO2 and nutrient availability
+ pre-event C-balance as a + spatial components + spatial components
result of antecedent conditions + fast C losses e.g. through fire, + fast C losses shortly after DHE e.g. C |
+ contribution of carry-over effects on harvest, or leaching through fire, harvest, or leaching
local & concurrent C balance + longer-term changes on C cycling through Concurrent DHE effects on
+ spatial components legacy effects (see text for details) ecosystem structure and C
balance through physiological
and phenological processes
(Sec. 3.1)

Sippel et al. (2018 Current Climate Change Reports4, 266-286


https://link.springer.com/journal/40641

Detecting large-scale /~dimensional extremes

_ Fig. https:/ivww.earthsystemdatalab.néimovie from
Fig. Mahecha, Gans et al. (202@arth Planetary Visionbasedon the analysisin Flach et al.
System Dynamics11, 20234 (2018) Biogeosciences15, 6066085



The devil is in the details! Can optical remote sensing data save us?

e Sentinel2 data bring us the required
detail and information

e But event detection 1s not enough, . —
impact prediction capacity is what d— !
matters. o
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The devil is in the details, so can optical remote sensing save us?

e Sentinel2 data bring us the required

detail and information

e But event detection is not enough,
impact prediction capacity is what
matters.

GPP [pmol CO, m?s7"]

Pabon et al. (2022)/IEEE
Transactions on Geoscience and
Remote Sensing—
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https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=36

Project idea: Subsampling

? Thessaloniki region, Greece
= 25/05/2019 - 21/10/2019

102.4 km——

1024 km
Precipitation oo S€a Level Pressure |mm Mean Temperature b Minimum Temperature | =~ Maximum Temperature b Digital Elevation Model

Fig. top

Requena-Mesa et al. (2021) EarthNet21: A novel large-scale
dataset and challenge for forecasting localized climate imatcs.
arXiv2012.06246



DeepkExtremes in a nutshell

I Scientific results and roadmap

‘ Gap Analysis ‘

Advances in Al methods Advances in Earth system science

Complementary XAl methods tested!

i) Macro events ii) Mini cubes iii) Detection, prediction, deciphering iv) Implementation

Implementing
\ —_—- — Uptake of Al in the ESS

Case definition and event samplin : ; ;
piing } Technical and community requirements

Outreach
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living planet symposium|s GRS R}

A mce_ example Of the Explaining Deep Learning Models for Earth Surface Forecasting
work in the consortium o e Vi ot e Loy T o

2 Max-Planck-Institute for Biogeochemistry, Jena, Germany; 3 Remote Sensing Centre for Earth System Research, Leipzig University, Leipzig, Germany

Motivation and objectives Earth surface forecasting as a video prediction task )
2 >
E '\'\/’/
. -LJ- = i
* Understanding rather than fitting Ch.anneI'U' Net encoder-decoder, g .
Earth Surface Forecasting (ESF) models using EfficientNet-B5 as backbone [Requena-Mesa, 2021] ! oy
1) Model evaluation and improvement * Inputs (stacked, 191 channels): o Channel
2) lllustrate outputs in a more 1) Satellite [RGB+NIR] (10 context time steps; s: HR; t: 5-daily) U-Net
intelligible way for climate and 2) 5 meteo predictors: Prec. [RR], sea press. [PP], u/min/max temp. Model :
Earth science researchers [TG,TN,TX] (10 context + 20 target time steps; s: LR, up.; t: 1-daily)
* Apply eXplainable Al (XAl) methods to ESF 3) Digital Elevation Model [DEM] {HR! o
* Output (stacked, 80 channels): Satellite [RGB+NIR] (20 target ts.} _ \\
Methodology for eXplainable Al (XAl) Understanding In-Domain (1ID) predictions from EarthNet2021 database:

o - : First PCs for attributions obtained using IG and SHAP
For each minicube,

compute NDVI
time series from output
(target and prediction)

* Analysis limited to minicubes in France and going from May to September, approximately
* Still not enough [s] (R?> 0.6) predictions for XAl - Analysis over [m] (0.3 < R?< 0.6)
+ Attributions based on IG: First principal component PC1, exp_var = 0.96
+ Average feature values obtained by clustering minicubes according to PCs (weighted mean)
(@) R? score to highlight e IG Attributions, PC1, exp_var = 0.96
wrong [wr], weak [w], DAt
moderate [m] and

1.0
B

G

strong [s] predictions R 0.8 IG, PC2
NIR exp_var = 0.01
1 B (h)
G (h) 0.6
@ Apply post-hoc XAl m: i::
* Integrated Gradients RR 0.4
(IG) [Sundararajan, 2017] _'r’: G PC3
* SHAP [Lundberg, 2017 2 " !
[ 8 ] - o exp_var = 0.01
r DEM 0.0

(@) Apply clustering
(PCA, K-means) et

to summarize -2

all minicube attributions

|G Feature Values, PC1
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Take-home messaeges and future work



“Deep Extremes” — MultiHazards, Gompounds, Cascade Events

Thank you for your attention
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Brockmann Consult
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Thank you! Some preliminary
information is here;
rsc4earth.de/project/deepextremes/

Al 4 Science- “Deep Extremes” rsc
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