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Introduction: 4) Calculate 6-month  Standardized  Precipitation
Evapotranspiration Index (SPEI) for E-OBS (1971-2005)

In the realm of climate predictions and extremes, machine and observed data (2001-2023)

learning (ML) techniques serve as versatile tools not only for

capturing climate patterns but also for climate change 5) Train ML models for estimating SPEI using E-OBS and
Impact assessments. validate for observed data

Problem statement:

This study explores performances of tree-based boosting

techniques including Adaptive Boosting (AdaBoost),

eXtreme Gradient Boosting (XGBoost), Light Gradient- || II

(CatBoost) for predicting extreme drought under climate
change impacts in the upper part of Reno basin, northern
Italy.

45.00

Legend
[ countries

O reno_Q-stations
— rivers_reno01

Boosting Machine (LightGBM), and Category Boosting \\

44.75

.U

T 0.3 'z
™ 0.2
0.1
~ 0.0

CatBoost (Test)
LightGBM (Test)
XGBoost (Test)

Casalecchio Adaboost (Test)
@A Reno_subbasin RMSE
T B 1316 CatBoost (Train)
77 2580 NSE LightGBM (Train)
| 7] 4240 Metr,c 7 XGBoost (Train)
N Reno_river_basin_dem Accura CA)Faboost (Train)
Banda 1: Band_1 (Gray) ;
8. — 11,759 Performance of different tree-based ML models for estimating SPE| (accuracy equal to one
3 0 10 20 30km o . .
—1 — Indicates that the model predicted correct SPEI class for all data)
10.75 11.00 11.25 11.50 11.75 12.00 12.25
. . AB Test Confusion Matrix XGBR Test Confusion Matrix
Study area and location of the basin Extreme Drought- 0 0 ©O0 O0 ©O0 ©O0 O O O -0 0 0 O O O0 0 0 0
Step_by_step process and results: SevereDrought- 0 0 O ©O0 13 0 0 0 0 0o 0o 0 ©0 13 0 0 0 0 °0
Moderate Drought- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50
. . . Mild Drought- 0 0 0 0 BGE 0 0 0 O O 0 0 O O 0 0 O
40
1) Extract 39 bias-adjusted EURO-CORDEX CMIP5 climate 5
= ear Normal- 0 0 0 0 o 11 1 0 0 0 0 0 0 10 0 0 0
° ° ° < - 30
models with 71 future projections (rcp2.6, rcp4.5, and Midwe:- 0 o o o @M 9 5 o o o o o 0|23 17 5 o o
ModerateWet- 0 O 0 O 19 5 6 0 O o o o0 o0 15 8 5 2 0 -20
rcp8.5)
p Severe Wet- 0 0 0 0 3 6 6 0 0 0 0 0 0 2 2 7 4 0 10
. . . . Extreme Wet- 0 0 0 0 0 1 0 0 0 -0 0 0 0 0 1 0 0 0
2) Calculate precipitation and temperature bias for S T T
. . . CBR Test Confusion Matrix LGBR Test Confusion Matrix
baseline of climate models in the dry-hot group Extreme Drought- © 0 0 0 0 ©0 0 0 0 -0 0 0 0 0 0 0 0 o
Climate Models Severe Drought- 0 0 0 0 13 0 0 0 0 0 0 0 0 13 0 0 0 0 >0
® cccma-canesmZ2_clmcom-clm-cclm4-8-17 O ichec-ec-earth_smhi-rcad4_r12i1p1 O  miroc-mirocS_clmcom-clm-ccim4-8-17 © mohc-hadgem2-es_smhi-rca4
© cccma-canesm2_gerics-remo2015 @ ichec-ec-earth uhoh-wrf361h @ mohc-hadgem2-es clmcom-eth-cosmo-crclim ©  mpi-m-mpi-esm-Ir_mpi-csc-remo2009 r2i1p1 Moderate Drought- 0 0 0 0 BEIl O 0 0 0 0 0 0 0 BEF O 0 0 0 40
@ ichec-ec-earth_clmcom-eth-cosmo-crclim O ipsl-cmb5a-mr_gerics-remo2015 © mohc-hadgem2-es_gerics-remo2015 © mpi-m-mpi-esm-Ir_smhi-rcad _
© ichec-ec-earth_dmi-hirhamb_r12i1p1 @ ipsl-cmb5a-mr_smhi-rca4 @ mohc-hadgem2-es_knmi-racmo22e © ncc-noresm1-m_gerics-remo2015 . Mild Drought g 2 L L <L L L L L 0 0 0 0 40 0 0 0 0
@ ichec-ec-earth_gerics-remo2015 Bias of Pra?;;;}fifggglnéﬁ*ﬂ;iE{Ti[ﬁ;a’fure{"C} % Near Normal- 0 0 0 0 YA 18 3 0 0 0 0 0 0 1 19 1 0 0 -30
1e-6-3.51446 B Mild Wet- 0 0 0 0O 20 18 6 1 0 0 0 0 0 21 15 9 0 0
-20
~1 ® O ModerateWet- 0 O O O 8 9 8 4 1 o 0O O 0 9 10 6 5 0
5 o Severe Wet- 0 0 0 0 0 3 3 8 1 0 0 0 0 0 2 7 6 0 -10
@) Extreme Wet- 0 0 0 0 0 0 0 1 O - 0 0 0 0 0 0 1 0 0
-3 L UV 0
= e L L M QL Q Q Q = .'.': o e ] Q @ (] )]
—~ (=) = o
S O o 2 £ 3 3 § 3 3 3 5 2 2 % 2 §8 2 3 3 %
g 4 ®
o e . 0 s & y ¢ 3 = o RS Y 5
- £ Q © s = o £ @ © S > o wn X
S -5 O 5 3 9 = £ 3§ 9 = -
S oS S 5 Y 2
= =
% 6 o Predicted = Predicted
) _? o © Confusion matrices for SPE| estimated by ML models for test data
O ®) O . . .
. o 6) Forecast SPEIl using trained ML models for the climate
. ° (] ° )
. o © projection with the lowest bias
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 1000 - Model
Temperature Bias (°C) " B AB
Precipitation bias vs. temperature bias for all climate models (the climate model with the lowest bias S goo- XGBR
is mohc-hadgem2-es_uhoh-wrf361h) s LGBR
. . . < 600 BN CBR
3) Classify climate into four groups (dry vs. wet and hot vs. g,
[ ] [ ] [ ] [ ] E
cool) based on changes In precipitation and ER.
Climate Model Clustering: Wet/Dry vs. Hot/Cool
temperatu re o e Group 0 . . . N ——
o ~ LW L L X
‘ : Egﬁogl G\}‘Sﬁ(\ D\}C\f\ O\)(SJ(\ 0{‘{(@ ®$@ E‘Q\@ @@E
107 *  Wet/Cool Q ') Q A > e <
e ® \Wet/Hot & {.@ .@z ‘E;E‘ SZ‘E‘ Q::s' .@2’
S & K\ @’ S o ? 2
c 5 _‘-_c} X2 & 3
$ < Q°
=t g SPEI Class
®  g-
] : Frequency of SPEI classes estimated by different ML models for the future projection with the lowest
g = bias
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