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This study investigates the relations between the dynamics of satellite-
based indicators of reservoir water extent and the stress of the 
surrounding vegetation during dry periods and in drought conditions. 
A qualitative and quantitative comparison was performed between 
the monthly values of indices as NDVI and fAPAR and the changes in 
the water extent of the Maccheronis Reservoir (Sardinia, Italy), also in 
terms of anomalies. The indices and the water extent were derived 
from Sentinel-2 data, and the analysis was performed for an eight-year 
period (2017–2024). The results suggest that combining information 
on vegetation and reservoir water extent dynamics improves the 
detection of dry periods and/or drought conditions. Being based on 
the satellite data only, the analysis has the potential to be replicated 
elsewhere in the World, including data scarce environments.
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• Time period: January 2017 to December 2024 
• Satellite data: Sentinel Level 2A with Cloud Cover < 40%
• Water Extent (WE) computed with method from [2]
• Monthly averages of WE & Vegetation Indicators (VIs):

• Monthly anomaly: ∆𝑋𝑡 =
𝑋𝑡−𝑋𝑡

𝛿
, where:

− 𝑋 = one of VIs or WE
− 𝑋𝑡 = average value of 𝑋 for month 𝑡 
− 𝑋𝑡, δ = long-term mean and stdev of 𝑋 for month 𝑡

Maccheronis Reservoir on the Posada River in Sardinia, Italy:

• Maximum lake extent: ~3.75 𝑘𝑚2

• Water capacity: ~39.5 𝑀𝑚3 
• Area for vegetation analysis: ~1300 𝑘𝑚2 

Land cover (by Corine LandCover 2018 [1]):
• Agricultural areas: 35% (~455 𝑘𝑚2) 
• Forests: 16% (~210 𝑘𝑚2)
• Scrub and herbaceous vegetation: 38% (~490 𝑘𝑚2) 

Abstract

• Dry months: 59 over 96, Drought months: 28 over 96
• Anomalies: lowest values in 2017 and 2024 (stronger drought conditions)

𝑓(CDI level) = fraction of the territory labeled by the level 

The month is dry if   𝑓 Watch + 2𝑓 Warning + 3𝑓 Alert > 0.6 

The month is under drought if   𝑓 Alert > 0.05

• Assess effects of dry periods and drought events on water bodies 
and natural vegetation

• Investigate connection between the Water Extent dynamics of a 
reservoir and the condition of the surrounding vegetation using 
only remote sensing data

• Set up analysis for water basins where direct measurements of 
filling degree are not available.

Levels of Combined Drought Indicator (CDI, [3]): 

• “No drought”
• “Watch”
• “Warning”
• “Alert”

• “Recovery”
• “Temporal soil moisture recovery” 
• “Temporal vegetation recovery”

Main goals

Study area Scores for WE and VIs dynamics analysis

WE and VIs dynamics 

− 𝑵𝑫𝑽𝑰 (Normalized Difference Vegetation Index)

− 𝒇𝑨𝑷𝑨𝑹 (Fraction of Absorbed Photosynthetically Active Radiation)

− 𝑽𝑰&𝑾𝑬 =  0.5(𝑉𝐼 + 𝑊𝐸)

Dry periods definition
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Conclusions & Discussion

Results

• 𝐴, 𝑃 → negative anomalies consistently detect dry       
and drought months

• 𝑅 → slight underestimation of dry and drought months
• Combinations VIs&WE improve all scores for dry 

months in comparison with WE and VIs and significantly 
improve 𝑃 for drought months

Scrub and herbaceous vegetation:

Dry months Drought months

TP Anomaly < 0 Anomaly <  −1

FN Anomaly > 0 Anomaly >  −1

Not dry months Not drought months

FP Anomaly < 0 Anomaly < −1

TN Anomaly > 0 Anomaly > −1

• Recall   𝑅 =
𝑇𝑃

𝑇𝑃+𝐹𝑁

• Precision  𝑃 =
𝑇𝑃

𝑇𝑃+𝐹𝑃

• Accuracy  𝐴 =
𝑇𝑃+𝑇𝑁

𝑛

• 𝑭-score   𝐹 = 2
𝑃∙𝑅

𝑃+𝑅

• 𝑭𝑫(𝑋𝑡) = 𝑋𝑡 − 𝑋𝑡−1

• Compute 𝐴, where:

− 𝑇𝑃 = # months with 𝐹𝐷 𝑉𝐼𝑡 < 0 and 𝐹𝐷 𝑊𝐸𝑡+𝑙𝑎𝑔 < 0 

− 𝑇𝑁 = # months with 𝐹𝐷 𝑉𝐼𝑡 > 0 and 𝐹𝐷 𝑊𝐸𝑡+𝑙𝑎𝑔 > 0 

• High  𝐴 → agreement in VIs and WE behavior with possible time lag

First Differences (FDs) of WE and VIs 

WE–VIs directional agreement assessment

Dry months

• 𝐹𝐷s analysis shows vegetation changes often precede shifts in WE → 
 vegetation reacts early to drought stress or climatic cues

• Combining VIs and WE offers an improved tool for detecting dry and drought conditions

• VI changes tend to lead WE directionally, suggesting vegetation may signal drought 
onset earlier

• High percentage of dry/drought months and uncertainties related to the human 
activities may affect the performance; threshold adjustment was considered

• The study can be performed over water basins where direct measurements of water 
filling degree are not available

Drought months
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• Relaxing the threshold on anomalies from -1 to -0.5 improves sensitivity to drought and the overall performance 
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