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(black body)

1
[ Green vegetation ]l:>

cmissivity Contrast

TIR surface emissivity (€) is sensitive to soil water :
content. 1098
Emissivity Contrast: -
Wavelength (1:m) J .
d¢ = Max(Channel Emissivity) — Min(Channel Emissivity); R 007
Emissivity Contrast Index (ECI):
ECI=1 — é¢ 0.96
[
The closest ECl is to 1, the higher to water content. { Barren soll ] |:>

0.95



0.85

Emissivity

Green grass
Dry grass
Sand N

Emissivity was retrieved from the IASI spectrum
using the bands specified in the table below.

0.8 |

0.75

Highlight: channel 4.5-5.0 um shows a nice contrast
0.7 — : J : : : : : : :

between arid soil and green vegetation. 4 5 6 7 8 9 10 1 12 13 14
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Water Deficit Index (WDI)

Dew point temperature (T;) close to the surface is
directly related to evapotranspiration processes.

T, is obtained combining p(z,), Qlz,), T(z,).

T, - T, is related to water loss from surface and
vegetation to the atmosphere: the higher the
difference, the faster the water loss.

WDI =T, —T,

IASI retrieval (°C)
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Retrieval methodology

IASI  “~4-47
radiances

....................

g 1

Colocation &
Preprocessing
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MATLAB

Inverse
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Direct
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Monitoring surface water stress using hyperspectral infrared satellite observations
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Using ECI & WDl together

ECI

The lower the ECI, the lower __I'
the water content. Confirmation of water loss J.

'.

I

|'

m

happening when the indices
+ show an opposite trend over
the selected area.

WDI

ﬁ The higher the WDI, the 0
higher the water loss



From LZ to L3

|ASI-retrieved parameters on a non-evenly-distributed grid (level 2).

Remapping and upscaling (level 3).
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IASI L3, wdi (°C), June 2022

IASI L2, wdi (°C), June 2022 25
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Po Valley Drought

10.0 X 13.0
O Po Valley region 123-Port areas 222- Fruit trees and berry plantations 1 313- Mixed forest W 412-Peat bogs
o 124- Airports W 223-Olive groves 321- Natural grasslands 421- Salt marshes
Studied pixels W 131- Mineral extraction sites 231- Pastures 322-Moors and heathland 422-Salines
B Forest mountain B 132 Dumpsites 241- Annual crops associated with 323- Sclerophyllous vegetation 423- Intertidal flats
Agricultural plain B 133- Construction sites permanent crops 324- Transitional woodland-shrub Bl 511- Water courses
Corine Land Cover 2018 141- Green urban areas 242- Complex cultivation patterns 331- Beaches- dunes- sands 512- Water bodies
B 111, Continaous urban fabric 142- Sport and leisure facilities ' 243- Land principally occupied by 332- Bare rocks 521-- Coastal lagoons
211-Nonirrigated arableland ~ 28riculture with significant areas of 333- Sparsely vegetated areas 522- Estuaries
112- Discontinuous urban fabric & natural vegetation parsely veg
121- Industrial or commercial units 212 Permanently irrigated lend 5% gt forestry areas W 334-Burnt areas 523- Sea and ocean
W 122- Road and rail networks and 13- Rice fields 1 e e 335- Glaciers and perpetual snow
associated land M 221-Vineyards B 312 Conferous forest 411-Inland marshes

During 2022, the Po Valley region, driven by the incredible snowfall deficit — 1
over the Italian Alps (with an average snowfall deficit of 45% for the year), g4 1
Was affected by an unprecedented hydrological drought with a -85% Po e EE
River discharge in July near the river delta -

EEE



comparing month by month we notice that in 2022 the wdi
values were always higher by up to 10° compared to the
values observed for 2020.

Della Rocca et al. (2023) http://doi.org/10.1117/12.2679718

WD Po Valley, 2022
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comparing month by month we notice that in 2022 the wdiy |
\/\/ D | P \/ | ‘ 2 O 2 O values were always higher by up to 10° compared to the HEE
, O a ey, values observed for 2020. L]
Della Rocca et al. (2023) http://doi.org/10.1117/12.2679718 .===
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EClis higher over the coast, while it shows lower values over the forested,

FCl (2023)
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WDI values rise during summer on the Apennines forests (=20 °C
difference from January to August), showing an opposing trend with

respect to ECI.
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WDI (2015-23) - Genzano di L. (

The mean error remains below 1 °C
for the cultivated field.

The two T, curves closely overlap,
with their differences peaking at
values between 1 and 2 °Conly
during the summers of 2019 and
2021.

High consistency between the WDI
measured at station G and the
corresponding satellite retrieval for
the same area.

WDI

# months

25

Genzano di Lucania
: T T T

Fleld)

WDI station

20 [

15 2016 2017 2018 2019 2020 2021 2022 2023

Month

c)

Mean: -0.76 °C
Std: 1.87 °C
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FCI&WDI2015-23)

ECl and WDI exhibit an inverse
relationship over the cultivated
field, especially during the
summer months, whereas over
the woodland, they generally
show a positive correlation with
occasional divergent behavior,
particularly during the
summers of 2017 and 2023.

This suggests a more
consistent water stress pattern
for the cultivated land and a
more sporadic one for the
woodland.
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ET tower (mm/month)

WD Applications

We also apply these indices to woodlands in northern Italy
comparing with Evapotranspiration (ET) from ground-based

measurements using ECMWF analysis for Ts-Td (WDI)

Torresani et al. 2022 https://doi.org/10.3390/land11111903

Renon Lavarone
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( Summing up W

/ \_ J

WDI&ECI, estimated from hyperspectral TIR data,
as valuable indices to identify surface water
stress.

Interesting correlations between in-situ
measurements and satellite observations for
WDI considering two different land covers (field
and woodland).

K WDI&ECI synergy applicable to both land covers.
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Further developments «f -

Using the Weather Research and Forecasting (WRF) model to

EEEN

further validate the proposed methodology. ===
(11

i

Estimating ECI&WDI from IASI-NewGeneration and FORUM higher H EEN
- - EEEN

spectral resolution soundings. EEEE
[ 1 |

(11

(11

Leveraging NASA-ASI SBG-TIR Orbiting Terrestrial Thermal Emission -
Radiometer (SBG-OTTER) to estimate both ECl and WDI at a higher EEN
spectral and spatial resolution. .===
EEEN
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The problem

- In-situ measurements

|
SnEEnm
EEEEN
(1 111

Water stress in soil and vegetation can be
- Meteorological data

identified using Remote rensing

HEEEEN

T . - NDVI from satellite data
Most used indicators: NDVI e air
- T, measured in situ or obtained from

temperature (T, ) close to the surface. meteorology

HEEE

NDVI does not discriminate well between arid soil and senescent vegetation.
Moreover, it is not possible to obtain both NDVI and T, from the same source A

(spatial and temporal coherence not always guaranteed)



The proposed solution =

i ®

Using physical parameters (surface emissivity, surface
temperature and dew point temperature) to estimate two
new water deficit indices.

Retrieving them from remote-sensed data acquired by the
same instrument, thus ensuring spatial and temporal
coherence, and global coverage.
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The problem uet

PERCENTAGE OF DAYS WITH EXTREME HEAT STRESS « SUMMER (JJA)
Southern Europe (land area, 25°W-40°E, 34°-45°N)

Dataz ERAS-HEAT daily maximum Universal Thermal Climate Index (UTCI) ® Credit: ECMWF/C3S

10 o
C||mate Chan ge, heatwaves Daily global surface air temperature 7
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Reference period: 1991-2020 « Data: ERAS e« Credit: C3S/ECMWF .
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Why Southern Italy?

Droughts & fires have been occurring
every summer over the last 10 years

The 2017 drought was one of the most
intense, followed by the ones occurred in
2021 and 2023.

The most intense and numerous fire
outbreaks of the entire Italian peninsula
occur in its southern part.

https://effis.jrc.ec.europa.eu/apps/effis.statistics/estimates

August 2017

une 2021




IASI

Infrared Atmospheric
Sounding Interferometer

Part of EUMETSAT Polar System
(EPS)

(o

Repeat cycle: 29 days
(412 orbits)

MetOp(-A/B/C) , . &

~N

rbital period: 101.4 min

Global Earth coverage: 2 times Spectral coverage: 3.4-15.5 um

\per day /

Spectral resolution: 0.25 cm-1

Total channels: 8461

FORs per scan: 30
IFOVs per FOR: 4

IFOV resolution: 12 km
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Uew point temperature estimation

Relationship between partial water vapor pressure p,, and water mixing ratio close to the
surface Q(zy) :

pw =P(20) - Q(zp) - R

where R = . 1073, my;, e m,, air and water molecular mass.

awr

Relationship between saturation water vapor pressure p,,s and air temperature close to the
surface T(z,) , relative humidity rh estimation:

T(zo)+237.1)
(T(zy) + 105)1:57

0 exp(34.494 — 292499 Pw
Pws =

Estimating T}, close to the surface (Magnus equation, —45 °C < T(z,) < 50 °C):

) 243.12-T(zp)
s [log(rh) + 22212720
D

= _ 243.12-T(zp)
17.62 [log(rh) + 62+ T(z0)



From LZ to L3

|ASI-retrieved parameters on a non-evenly-distributed
grid (level 2).

Remapping and upscaling (level 3).

IASI L2, wdi (°C), June 2022

Monthly maps are produced.
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WDI (2015-23) - Side by side comparison
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Nonetheless, both WDI estimations effectively highlighted water loss during summer l===
for the two types of land cover. Specifically, the heatwaves of 2017, 2021, 2022, and B .===
2023 were clearly identified in both cases, with peaks of 20 °C for the cultivated field ENEEE
and 14 °C for the forested. .==
EEEN



	Diapositiva numero 1
	Outline
	Emissivity Contrast Index (ECI)
	ECI estimation
	Water Deficit Index (WDI)
	Retrieval methodology
	Φ-IASI REFERENCES
	Using ECI & WDI together
	From L2 to L3
	Po Valley Drought 
	WDI Po Valley, 2022
	WDI, Po Valley, 2020
	Diapositiva numero 13
	ECI (2023)
	WDI (2023)
	WDI (2015-23) – Genzano di L. (field)
	WDI (2015-23) – Pierfaone (forest)
	ECI&WDI (2015-23)
	WDI Applications
	ECI Applications
	Diapositiva numero 21
	Thank you for your attention!
	Further developments
	Diapositiva numero 24
	Diapositiva numero 25
	Diapositiva numero 26
	Diapositiva numero 27
	Diapositiva numero 28
	Southern Italy
	Dew point temperature estimation
	From L2 to L3
	WDI (2015-23) – Side by side comparison

