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Presidenza del Consiglio dei Ministri
Dipartimento della Protezione Civile

This work presents a remote sensing-based service designed to:

1. INTRODUCTION

The Mediterranean region is increasingly affected by climate change, leading to a rise in hydrometeorological extremes: e.g., droughts, floods, heatwaves, and wildfires. Among these, hydrological droughts significantly
impact water reservoirs, reducing water resource availability. To address this, there is a need for reliable monitoring and Early Warning Systems (EWS) = Satellite Earth Observation (EO) offers effective support tools.

Study Area: 14 reservoirs in Sardinia (i.e., an exemplifying Mediterranean area). Time period: 2017-2024

2. METHODS
1. Daily WB Extent maps

1Obtained by merging different Water Indexes (WI): NDWI, MNDWI, AWEIsh & AWEInsh

Growing algorithm

1994), In the final map, pixels classified as water have a weighted mean > 0.5

2. Daily time series of WB % Extent

3. Monthly time series of WB % Extent

4. Monthly time series of WB % Extent Anomalies

3. RESULTS & DISCUSSION

Livestock, Weir

 Different statistical metrics were used:
v’ Correlation Coefficient = Similarities among trends/time series
v' Mean difference = Bias
v Standard deviation of the difference = Noise
v' Root Mean Squared Error (RMSE) = Bias & Noise

* Factors affecting the accuracy of the results:
v'Errors in atmospheric corrections or in the S2 Scene Classification Map (used for masking pixels)
v'Persistent presence of clouds
v'Water use & other characteristics: Civil, hydroelectric power production, Multi-purpose, Agricultural and

Standardized Anomaly Time Series: |Is Barroccus
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Standardized Anomaly Time Series: Cucchinadorza

» Computed by averaging the Daily % WB Extent data collected every month

» Computed in two different modalities: Anomalies and Standardized Anomalies

Anomaly Time Series: Cucchinadorza

— L. Cenci, G. Squicciarino, L. Pulvirenti, S. Puca and A. Duro, "Validation
4Cl) YoExtent AnomalyMOTlth — %ExtentMO‘nth IR %EXtentMonth of a Prototi’/pe Monitoring System of Water Bodies Extent for Civil |1
Protection Applications," IGARSS 2024 - 2024 IEEE International .
0 — 0 Geoscience and Remote Sensing Symposium, Athens, Greece, 2024,
.4b) % Extent Standardized Anomalyyonin = AbxXtentmonth~ AEXTENIMonth pp. 3765-3769, 10.1109/§I]GXR5i53475.2024.10641198 e
C%Extent pyonth
MONTHLY TIME SERIES 2017-2024 MONTHLY ANOMALIES 2017-2024 MONTHLY STANDARDIZED ANOMALIES 2017-2024
Reservoir CorrCoef Mean Diff StDev RMSE Water Use Reservoir CorrCoef Mean Diff StDev RMSE Reservoir CorrCoef Mean Diff StDev RMSE
[-] [%] [%]  [%] [-] [%] [%] [%] [-] [-] [-] [-]

Is Barroccus 0.87 -4.59 11.43 12.32 Civil Is Barroccus 0.90 -0.19 10.00 10.00 Is Barroccus 0.91 0.00 0.38 0.38

Nuraghe Arrubiu| 0.82 13.26 6.49 14.76 Multi-purpose Nuraghe Arrubiu| 0.82 -0.12 5.71 5.71 Nuraghe Arrubiu 0.85 -0.02 0.50 0.50

Cucchinadorza 0.82 27.10 8.07 28.27 Hydroelectric Cucchinadorza 0.82 1.22 7.42 7.92 Cucchinadorza 0.75 0.10 0.65 0.65

Benzone 0.24 20.22 11.90 23.47 Hydroelectric Benzone 0.26 -0.25 11.55 11.55 Benzone 0.29 -0.01 1.10 1.10

Hydroelectric (also Civil Gusana 0.71 -0.24 7.39 7.40 Gusana 0.69 0.01 0.73 0.73

Gusana 0.79 10.37 896 13.71 during emergency) Sos Canales 0.83 1.42 14.96 15.02 Sos Canales 0.87 0.05 0.48 0.49

Sos Canales 0.86 18.39 16.53 24.73 Civil Cedrino 0.76 -0.08 6.18 6.18 Cedrino 0.50 0.01 0.92 0.92

Cedrino 0.85 15.92 10.73 19.19 Multi-purpose Monte Lerno 0.92 0.19 7.17  7.17 Monte Lerno 0.90 0.02 0.41 0.41

Monte Lerno 0.95 13.41 8.43 15.84 Multi-purpose Maccheronis 0.82 0.78 8.92 8.95 Maccheronis 0.90 0.05 041 0.41

Maccheronis 0.91 24.39 13.88 28.06 Multi-purpose Monte Pranu 0.96 -1.31 9.13 9.22 Monte Pranu 0.97 -0.04 0.23 0.24

Monte Pranu 0.97 10.69 9.44 14.27 Multi-purpose Genna Is Abis 0.94 -0.10 9.18 9.18 Genna Is Abis 0.95 -0.01 0.31 0.31

Genna Is Abis 0.94 17.71 9.78 20.23 Multi-purpose Punta Gennarta| 0.93 0.11 11.34 11.34 Punta Gennarta 0.94 0.01 0.31 0.31

Agricultural and Livestock Monte Arbus 0.74 -1.27 12.64 12.70 Monte Arbus 0.79 -0.04 0.60 0.60

Punta Gennarta| 0.94 5.69 12.05 13.33 (also Civil during Casa Fiume 0.28 -0.80 13.95 13.98 Casa Fiume 0.22 -0.05 1.16 1.16

emergency) 25 percentile 0.74 -0.25 740 7.43 25 percentile 0.71 -0.02 0.39 0.39

Monte Arbus 0.86 12.59 16.06 20.41 Multi-purpose 50 percentile 0.82 -0.11 9.16 9.20 50 percentile 0.86 0.00 0.49 0.50

Casa Fiume 0.24 15.79 14.62 21.52 Multi-purpose / Weir 75 percentile 0.91 0.17 11.50 11.50 75 percentile 0.91 0.02 0.71 0.71
25 percentile 0.82 11.17 9.08 14.39
50 percentile 0.86 14.60 11.08 19.71
75 percentile 0.93 18.22 13.42 22.98
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» Reference volumetric data (i.e., volumes of water) collected by in-situ stations were used for computing
Monthly % Volume values (including anomalies), that were compared against S2 Monthly % Extent values

v’ Temporal sampling misalighment between in situ and satellite data observations within the reference

» A map representing the surface area of the reservoir covered by water on the day of the S2 acquisition = pixel size: 10 m

JdFor every Wils index, it is generated a binary map Water (W - value: 1) / Not Water (NW — value: 0): Automatic thresholding approach (Otsu, 1979) + Region o

JWI-based binary maps merged in a final map by computing their weighted mean: Weights based on the W/NW spectral separability (Kaufman and Remer,

» Obtained by comparing the Daily S2 WB Map extent against the maximum WB Extent derived from the Global Surface Water (GSW) dataset generated from
Landsat data acquired from 1984 to 2021 (https://global-surface-water.appspot.com/)

* Monitor reservoir surface water extent over time by means of Sentinel-2 (S2) = High spatial & temporal resolution (10-20 m / 5 days in clear sky conditions)
* Support operational activities of the Italian Civil Protection Department (DPC) = system designed for Near Real Time (NRT) applications

2. Daily time series of WB % Extent 3. Monthly time series of WB % Extent
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1. Daily WB Extent maps
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4b. Monthly time series of WB % Extent Stamdardized Anomalies
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Standardized Anomaly Time Series: Benzone
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Standardized Anomaly Time Series: Casa Fiume
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4. CONCLUSIONS

e Accurate monitoring: The service reliably tracks reservoir filling trends using Sentinel-2 “% Extent” time series.
e Detection of extreme conditions: It can identify potential hydrological droughts through anomalies and standardized
anomalies of “% Extent” data. Extreme conditions of “high degree of filling”

can be detected as well

e Early warning capability:

It is useful for anticipating critical periods and informing proactive water resource management.

e Strategic value for institutions: It can support agencies responsible for drought risk mitigation and water resource planning.
e Need for cautious interpretation: When analyzing results, there must be considered effects of human activities (e.g., irrigation,
hydropower, reservoir maintenance).
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