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INTRODUCTION

The growing issue of vegetation and soil water stress, stemming from climate change, has become widespread across numerous countries. This phenomenon raises heightened concerns, particularly in regions
abundant with vegetation and forests. Extended periods of drought increase the risk of forest fires in these areas, while semi-arid zones experience intensified water stress. Monitoring and early detection of
vegetation and soil water stress is usually done by using field measurements, meteorological data, and remote sensing. Current stress analyses rely on parameters like the Normalized Differential Vegetation Index
(NDVI) alongside surface temperature (Ts) and air temperature (Ta) measurements. However, these approaches face spatial and temporal inconsistencies and raise concerns about their reliability. NDVI, for instance,
struggles to differentiate between arid soil and senescent vegetation, while surface and air temperature’s relationship with soil moisture is not straightforward to identify. To overcome these limitations, surface
temperature and emissivity (g), as well as dew point temperature (Td) close to the surface were used to define two new indices, the Emissivity Contrast Index (ECl) and the Water Deficit Index (WDI). These three
physical quantities are more closely related to surface type, coverage and soil moisture, proving to be extremely useful in detecting changes in surface water content and vegetation health, as it was demonstrated
through a practical application to southern Italy, comparing ground stations measurements from two different land covers to ECI-WDI data derived from satellite observation acquired by the Infrared Atmospheric
Sounding Interferometer (IASI) over the period 2014-2023.
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Data

|IAS| spectral range spans from 645 to 2760 cm-1, featuring a sampling interval of 0.25 cm-1, resulting in
8461 spectral channels. A single IASI IFOV has a ground resolution of 12 km at nadir. The initial step
involved feeding IASI radiances to a Level 2 (L2) retrieval scheme, ¢-IASI [1-2]. This procedure is capable
of concurrently extracting Ts, Td, and €, essential for computing the indices of interest. Subsequently, a
Level 3 (L3) module [3-4], was employed to remap and downscale the L2 data onto a regular, 5-km grid.
Ground stations measurements of Ta and relative humidity (rh) were provided by the Basilicata region’s
Civil Protection Authority and the Regional Agency for Development and Innovation in Agriculture
(ALSIA) for the period 2014-2023.

Methods

The two indices are defined as: Serio et al. (2024) Masieu;e{ ;},nzzozg)
ECI=1—- 0 WDI=T;—-Ty [5-6] JQSRT Ts, Td, € JQSRT
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where o0¢ is the difference between the maximum and minimum emissivity values across the TIR
channels at 4.8, 8.7, 9.7, 10.8 and 12.1 um, chosen for their high sensitivity to bare, green and
senescent vegetation. ECI varies between 0 and 1. Since TIR emissivity is sensitive to water content,
the closer the ECI gets to the unity, the higher the water presence on the surface. WDI is designed to
represent a humidity loss gradient from the surface to the atmosphere, since Td is explicitly related to
the evapotranspiration processes and the state of the atmosphere close to the surface: the higher the
WDI, the higher the water loss. When vegetation water stress occurs, ECl and WDI are anticorrelated:
an increase in WDI implies a rapid loss of water from the surface into the atmosphere, with a
consequent decrease in ECI and soil moisture, indicating a reduced water absorption by vegetation.
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During the summer, especially in July, there is a significant increase in WDI values, followed
by a decrease in ECl about a month later. This pattern indicates progressive drying caused by
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consistent water stress in the agricultural area and more sporadic stress in the woodland.
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Despite differences mainly due to spatial and temporal collocation, IASI-based EClI and WDI were in agreement with based WDI
values and proved able in identifying surface water loss related to summer heatwaves in southern Italy for the period 2014-
2023, specifically in presence of two different land covers (forest and cultivated field). Although MetOp’s polar orbit and the
spatial resolution of IASI present intrinsic limitations, this study underscores the utility of satellite data in environmental
monitoring and stress assessment.
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