28/09/2023

ESA UNCLASSIFIED=For ESA Official Use Only

= EE IR EE .

B . B B tE = B == B B 2 THE EUROPEAN SPACE AGENCY




THE DTE HYDROLOGY (EVOLUTION) PROJECT

DTE Hydrology: Create a digital replica of the Earth System for the
WATER CYCLE

First implementation over the Po valley and case studies, with focus on
landslide risk assessment

DTE Hydrology Evolution: implementation over the Mediterranean
basin, applications and what-if scenarios

Conclusions and outlook
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_THE DTE HYDROLOGY (EVOLUTION) PROJECT. Qesa,
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The DTE Hydrology (Evolution) project

To develop and demonstrate a prototype of
Digital Twin Earth with focus on the
terrestrial water cycle and hydrological
processes by highlighting the huge potential of
high-resolution  Earth  Observation (EO)
products for predicting hydrological extremes
(flood, landslide and drought) and water
resources management
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THE DTE HYDROLOGY (EVOLUTION) PROJECT

The DTE Hydrology (Evolution) project: concept

4D reconstruction of the water cycle at the decision making scale (1 km,1 hour)

DTE Hy(:i’roly Datacube

DTE Hydrology Modelling System
EO-based and in situ dataset

¢ Pﬁ%fcfal modelling and Artific’i,él_lntelligence

LANDSLI

High resolution datacube (1km, 1hour\lday) .

DTE Hydrology Open Science Platform (OSP)

DTE Hydrology Community

An integrated platform Eloating — ) 5 “f’“
including observations R S = 7] s — i
and modelling results  Bs — 3o & - 5% r - ' Vi
as a community tool to : =« -
foster science and "

applications.
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DESTINATION EARTH Lesa
UNLOCKING THE POTENTIAL OF DIGITAL MODELLING

Utilising high-performance computing, - : \ VISUALTSE & o
machine learning and satellite data, =~ « 1\ - v S
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the digital twins of Destination Earth * . *. , « %
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_THE DTE HYDROLOGY (EVOLUTION) PROJECT,

@ Create a digital replica of the Earth System for

the WATER CYCLE The Water Cycle
‘-Q - - -
Q ‘LIL_’ A Digital Twin of the water cycle: a
=~ -  glimpse into the future through high
N— " — - -
. = resolution Earth Observations
®©
—-—~— GS) Luca Broc:‘.a", Silvia Barbetta", Stefania Camici1, Luca Ciahatta1, Jacopo Dari': 1, Paolo
() D Filippu:ci1. Christian Massari', Sara Modanesi’, Angelica Tarpanell11, Bianca Bonaccorsi',
o ~ Hamidrezza Mosaffa', Wolfgang Wagner?, Mariette Vreugdenhil®, Raphael Quast’, Lorenze
8 GL) Alfieri®, Simone Gabellani?, Francesco Avanzi®, Dominik Rains®, Diege G. Miralles®, Simone
@) O Mantuvaniﬁ, Christian Brese?, Alessio Domeneghettia, Alexander Jacobg, Mariapina Castellig,
S C Gustau Camps-VaHsm, Espen Valden'", Diego Fernandez"
M S
Requirements:

1. Need for high spatiotemporal resolution of observations (< 1

km, £ 1 day) for both calibration and validation purposes Remote sensing technology
allows us to meet both
2. Representing human activities, which are absolutely not requirements!
negligible at such scales
6
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High-resolution data: a «<new era» for hydrology

SOIL MOISTURE \ PRECIPITATION -
) >3 | 10 km

ASM [% satu

N B
| DTE Hydrology 1km-hourly rainfall: 2019-10-15 00:00

June 2022
compared with 2020 |

11°E

12°E

Only coarse resolution data were available up to few years ago (up to 2020)...
...now new satellite observations at 1 km and 1 hour\day resolution are available!

13°E
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High-resolution data: the new research trend

Several high-resolution, long-term and gap-
free soil moisture data sets have been
recently published

screntiric data February 2023

................................................................................................. ) creck =
OPEN ;

/A 21-year dataset (2000-2020) of
batabEscripTor : gap-free global daily surface soil

- /Mmoisture at 1-km grid resolution

e —————
£arth Syst. Sci. Data, 15, 2055-2079, 2023 ;J,’ Earth System
tlps.//doi.org/10.5194/essd-15-2055-2023 ¢ Science
© Author(s) 2023. This work is distributed under

the Creative Commons Attribution 4.0 License.

iData

Generation of global 1 km daily soil moisture product
from 2000 to 2020 using ensemble learning

Yufang Zhang', Shupjin Liang?, Han Ma2, Taq He!, Qian w ‘ang”, Bing Li*, Jia
\\ s  Har B . Li?, Jis
- — : i .

nglei Xu!,

OPEN] Global long term daily 1k co

March 2023

: fﬁAﬂli—Deﬁved 1-km Downscaled Surface Soij| Moisture Product, Version 1

Dot 10.506 77uQz2AXESY 79

scientific data

M) Check for updates

o
t with physics
arning

DATA DESCRIPTOR soil moisture da tase
informed machine le

‘' Qiangian Han
. &BobSupis=

A
+ Yijian Zeng 1, Ll/:eZhangz, Chao Wang3, Egor Prikaziuk?, Zhenguo Niu

\\\\\

...and similar (1 km\1 day) for air temperature, evap_oration, precipitation, ...
Global soil moisture, 2022: https://doi.org/10.1002/vzj2.20182 o
Global precipitation, 2021: https://doi.org/10.1038/s41597-021- -

Global meteo, 2021: https://doi.orq/10.48364/ISII\/IIP.836809.1 ot 20
Mediterranean precipitation, 2022: https://d0|.orq/1O.5194/hessé58—

China precipitation, 2023: https://doi.orq/10.5281/;.enodo.794292 i
Global evaporation, 2022: https://doi.org/10.1016/j.jhydrol.2022.

Europe meteo, 2023: https://zenodo.org/record/8308359
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https://doi.org/10.1002/vzj2.20182
https://doi.org/10.1038/s41597-021-01084-6
https://doi.org/10.48364/ISIMIP.836809.1
https://doi.org/10.5194/hess-26-2481-2022
https://doi.org/10.5281/zenodo.7949858
https://doi.org/10.1016/j.jhydrol.2022.128444
https://zenodo.org/record/8308359

_THE DTE HYDROLOGY (EVOLUTION) PROJECT. . @esa,

%42°N %42°N
= - 0
. 0.2
40°N
0.4 Soil moisture
‘ anomalies, April 2020
38°N - -0.6 Elab by
| | | | -0.8 \ ‘
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First implementation over
valley, Northern lItaly

* Longest italian river
« Data-rich basin
« Strongly human-altered

3 case studies:

* Flood
* lIrrigation
« Landslide

. THE DTE HYDROLOGY PROJECT

DTE Hydrology

4D DTE HYDROLOGY DATACUBE

the Po

Irrigation water use

g mapping and

i
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THE DTE HYDROLOGY PROJECT: CASE STUDIES Qesa

Irrigation water use mapping and quantification

 Method: SM-based inversion approach;
« Area: ~450 km? box North of the Reggio Emilia city;

 Products: Soil moisture from RT1 S1 data set, rainfall from MCM, and PET rates from GLEAM:;
« Period: 2018. SAN MICHELE FOSDONDO
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.THE DTE HYDROLOGY PROJECT: CASE STUDIES @esa

Irrigation water use mapping and quantification
CUMULATED IRRIGATION AMOUNTS 2018

44.8°N
1 1]
RMSE [mm/14 days]: RT1 51 =9.57 h
r[-]: RT1 51 =0.67 I
e 60 BIAS [mm/14 days]: RT1 51 =3.22 7
E OBS IRA RT151 | smsmE
E 1 --1-_ wi ! ;I_ e -
E 40 4 :-—I i ;
f | Vi &
— i T B
: g 44.7°N
S 201
=
o
ﬂ': 0 T T T T T T T
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100 125 150 175 200 225 250 275 300
[mm]
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THE DTE HYDROLOGY PROJECT: CASE STUDIES

Landslide mapping

‘| Ardivestra

Oltrepo Pavese, Ardivestra (47 km?) catchment
» Altitude ranges between 60 and 600 m asl;
« Mean yearly rainfall of about 680 mm;

* More than 2500 shallow landslides in the last 20 years.

4 Scuropasso

v @ nov 2019
v ® 27 29 feb 2016

2 rainfall events over the Ardivestra catchment;
About 100 landslides (10 m2 — 20000 m?);

Model parameters obtained through field
campaign, lab tests, literature and high resolution
digital elevation model.

14
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Landslide mapping

__tang n 2cC

FS

\ J

- tanfS  Hggysin2f
]

| |

Linked to internal frictional Linked to cohesion

resistance of soil

Hgsy

.THE DTE HYDROLOGY PROJECT: CASE STUDIES

(tanf + cotf)taneg

Linked to suction stress

Lu and Godt, (2008),
doi:10.1029/2008WR006976

Where: - | |
@ is the angle of internal friction cf r VVM/—W—WV[VW WWV WWWVVV ]
B is the slope angel Oy g g g PP S
c 1S this soil cohesion l1\lov Dec Jan Mar Apr May Jun Jul
H, is the depth of the sliding surface 1 | | ‘ [
y is the unit weight of soil - W\ﬂ/\[\\/\/\r\
/ s 05 .
n
SO” mOISture glov Dlec J;n Mlar AL)r May Jl:n Jul
o’ ~ _ o _ .20 | ‘ | ‘ [
rainfall through infiltration rate £
€ A AIVL L AJ\«\ A ‘ LA ,
Nov Dec Jan Mar Apr May Jun Jul 16
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Landslide mapping

THE DTE HYDROLOGY PROJECT: CASE STUDIES

The model has been implemented with different rainfall and remotely sensed soil moisture data

1km precipitation [mm/year] - Mean yearly prec

ipitation (mm/year) =112

1 MCM Rainfall,1
km,1 hDur

46°N

30 iz
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30 3 - a "
: -

SM SAT, 1 km, daily
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T I
0 | |
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Landslide mapping

.THE DTE HYDROLOGY PROJECT: CASE STUDIES

Rainfall [mm]
B
o

Ny
(=]
T

Aug Sep Oct Nov Dec

November 2019 event

; ATV
o —~
1 —
0 | | | |
Jul Aug Sep Oct Nov Dec Jan

Qesa.

MCM Rainfall
November 2019 — 31 landslides

S1ASCAT 28 90%
DIREX 29 93%
RT1 29 93%
DTE Hydrology
November 2019 — 31 landslides Rainfall

S1ASCAT 21 68%
DIREX 20 64%
RT1 21 68%
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THE DTE HYDROLOGY EVOLUTION PROJECT °

DTE Hydrology Evolution

Implementation over the whole Mediterranean basin
[1] ’ — g
[2]

[1] \ Hydrological

. High-resolution | Modeling
mearth ) -
Observation

DTE Hydrology Datacube
EO-based (1km, 1hour\1day

-
|

TOEERRES . i | {/4DMED

DTE Hydrology Modelling System [2]
Physical modelling and Artificial Intelligence

APPLICATIONS |
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DTE Hydrology Evolution

Welcome to DTE Hydrology Platform

The European Space Agency (ESA) DTE Hydrology project aims at fostering a fast step forward towards establishing a solid scientific and technical basis to realise a Digital Twin
Earth focused on the water cycle, hydrology and its different applications. The project will capitalise on existing developments and incorporate the necessary elements to prototype a
first instance of Digital Twin Earth for hydrological processes, as an integrated and interactive system providing the best possible reconstruction and simulations of the water cyefé

and the hydrological processes and its interactions with human activities at unprecedented resolutions and accuracies.

Epomnn

b

it

DATA EXPLORATIUWN SERVICE LARGE SCALE WATER BALANCE

Exploration of DTE Sydiglesy ASSESSMENT
Datacube Statistics of the different

components of the water balance:

precipitation, soil moisture,
evaporation, snow water
equivalent and runoff

Click to Enter Click to Enter

5 "x

Available C se Stuwes

[ Apollo Medl... [ Enza flooding

Label: DTE Hydrol Label: DTE Hydrol

FLOOD\FLOODING PREDICTION
Flooding simulation for different
extreme events (Medicane Apollo
- October 2021; Enza levee breach
- December 2017)

Click to Enter

WHATHF SCENARIO FOR FLOOD
RISK ASSESSMENT
Synthetic flood database for
operational flood forecasting: Po
River Basin as case study

Click to Enter

E = BB - AN

WHATF SCENARIO FOR WATER
RESOURCES MANAGEMENT
Long-term (4-month) water uses
scenario for water resources
management: Po River Basin as
case study

Click to Enter

Applications:

Large scale water
balance assessment

High resolution
flooding

What-if scenario for
flood risk and water
resources
management
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https://explorer.dte-hydro.adamplatform.eu/

THE DTE HYDL}ROJMOGY EVOLUTION PROJECT
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DTE Hydrology datacube SOIL MOISTURE
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THE DTE HYDROLOGY EVOLUTlON PROJECT
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THE DTE HYDROLOGY EVOLUTlON PROJECT
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DTE Hydrology datacube RAINFALL
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THE DTE HYDROLOGY EVOLUTION PROJECT:
_DATACUBE _

DTE Hydrology datacube m

8 S 5roLocy c esa

E 48.28°N w 11.11°E 1 527 m ® 4,641km | 280 Km

DTE Hydrology: MED Snow Water Equivalent monthly anomaly < A
o 500 -
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THE DTE HYDRO_LOGY EVOLUTION PROJECT:

What if scenario for flood risk assessment

£ 42.47°N - B81E @ 700km What-if scenario for flood risk assessment

The "what-if scenario for flood nsk assessment” provides the data over the Po river's basin for 25 initial soil moisture conditions and 29 cumulated precipitation
events. The map shows the selected initial conditions (soil moisture at the surface, precipitation at the top level) and respective alerts for 6 stations. The green @
markers represent low alert {0—4500), the yellow @ ones represent medium alert (45071 —7000) and the red " ones represent high alert (7007+).

The hydrograph displays the ensemble of river discharge on the station of Borgoforte
To switch between stations click on the markers on the map.
To change the initial conditions edit the values in the "Soil moisture mean” and/or the "Precipitation mean” fields.

Soil moisture mean Precipitation mean Show/hide precipitation layer

0.6 148 v m

5% DB =8 50% DB 95% DB

m
E
P
m
=
=
S
=

Time (days)
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THE__ DTE HYDROLOGY EVOLUTION PROJECT:

What-if scenario for water resources management
The "what-if scenario for water resources management” provides the agricultural, civil and industrial water uses over the Po river basin from April to August as a function of different

scenario (Very high, High, ..., Very low) for: (a) precipitation, (b) air temperature, (c) initial soil moisture, (d) initial snow water equivalent, and (¢) releases from reservoirs (currently only
average).

To show the impact of the water resources management, you can enable/disable the agricultural 8%, civil #4 and industrial la water uses by clicking on the respective icon.

“s— Precipitation Evaporation Runoff Root-zone Soil moisture —s— Snow Water Equivalent

Jan18 Jan19 Jan20

ESTIMATED IRRIGATION - SEASON 2016

fluxes [mm)]
storages [mm)
o 2 @ B B
(=} (=] (=} (=1 (=]

=}

Time [days] Time [days]

—e— Deficit civii M Industrial W Agricuitural Value (Km3)

375

]
=

277

103

e

water uses [mm]

10°E 11°E 12°E 13°E
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CONCLUSIONS AND OUTLOOK

Conclusions and outlook
Challenges to be still addressed

« Validation of novel EO
data

* Managing uncertainties

 (Real) high resolution

Need for (real)

high
EO data for monitoring spatiotgmporal
processess occurring at resolution of
the target scale EO data

* In-situ networks
* New satellite missions

Reproducing the
complexity of human
iviti « Capability of tracking effects of
human activities on the Earth
system (EO data) and

29
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