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1. Introduction

➢ In the context of ongoing climate change, investigating how vegetation ecosystems respond to climate variability has become a growing research priority. 

➢  In European mountains, a notable trend in land-use change involves the abandonment of traditional pastoral activities, leading to the rewilding of grasslands and 

their subsequent conversion into forests. 

➢ Such land-use trend in Italy primarily involves mountains that are already experiencing climate change impacts, such as droughts. 

Objective: To examine how grasslands and forest ecosystems along climatic gradients in Italy respond to drought impacts 

➢ The study was conducted on two different study sites along climatic gradients:

✓ Passo Brocon: A high altitudinal belt with mountain climate dominated by coniferous stands and subalpine grasslands (1500 m to 1850m asl), northern Italy 

✓ San Venanzo: A medium altitudinal belt with Mediterranean climate dominated by deciduous and coniferous stands and dry grasslands   (303 m to 847 m asl), 

central Italy (Fig. 1)
Figure 1: Geographic locations of the study sites

2. Materials and Methods
2.1 Input Data Sources

Data type Variables (monthly) Resolution Temporal Coverage

European Center for Medium-Range 

Weather Forecasts 

(ECMW-Reanalysis ERA5) Climate Data

Precipitation 2.2 km 1981 to 2023

Minimum To  (Tmin)

Maximum To  (Tmax)

Satellite Imagery

MODIS 16-day NDVI

(High altitude site: to overcome cloud 

cover constraints) 

250 m 2001 to 2023

Landsat NDVI

(Medium altitude site) 

30 m 1984 to 1924

2.2 Trend analysis 
➢ MK trend and significance tests were applied on three climate variables: Rainfall, Tmin, and Tmax

2.3 Methods of Meteorological Drought Assessment

➢ The Standardized Precipitation Evapotranspiration Index (SPEI) was applied 

➢ It involves more climate variables compared to SPI: Monthly Precipitation, Tmin, and Tmax 

2.4 Selection of Vegetation Response Assessment Sites

Figure 2: Vegetation-drought response assessment sites, a) 

Brocon (high altitude), b) San Venanzo (medium altitude)  

2.5 Characterizing Vegetation Responses to Droughts

Standardized NDVI anomaly 

3. Results

3.1 Trend Analysis Results 

3.2. Drought Assessment Results  

3.3 Phenological Dynamics of Forest and Grassland Ecosystems

➢ Based on the monthly scale SPEI index, several drought events were identified across both 

study areas, but with a relatively higher frequency in the low-lying area (San Venanzo ) 

➢ The index has captured the documented dry and hot climate extremes experienced over the 

last four decades, including the drought and heatwaves of the summer of 2003. 

3.4 Drought Responses of Forest and Grassland Ecosystems

4. Conclusions

➢ Both study areas experienced recurrent drought events and  significant increasing trends (α<0.05) in Tmin and Tmax for JJA over 43 years (1981 to 2023)

➢ Drought frequency was slightly higher at  the lower elevation study area

➢ Nevertheless, the forest and grassland ecosystems of both study areas remained largely resilient to the impacts of such climate anomalies, except for  a few instances

➢ Despite the recurrent drought events that both the study areas experienced, the spectral responses of the forest and grassland ecosystems have remained largely intact, 

except for a few instances 

➢ Nevertheless, the drought and heatwaves of the 2003 summer had severely affected the deciduous and coniferous forests in San Venanzo (the low-lying area), 

➢ This was revealed by the significant decline in NDVI values in July 2003, compared to the mean of July in the time series

➢ On the other hand, the impact of the summer 2003 drought and heatwaves on the dry grassland in San Venanzo was less pronounced than on the forests regarding the 

decline in July NDVI

➢ Similarly, in Brocon (the highland area), the cumulative lag effect of consecutive drought events in April and May was revealed by a significant decline in the NDVI of 

the forest and grassland sites in June 2015

➢ Unlike in spring, consecutive drought events in summer didn’t significantly impact the spectral properties of the forest and grassland ecosystems in Brocon. 

Months Drought frequencies

Brocon (High altitude) San Venanzo (Medium altitude)

May 5.38 year 8.6 year

June 5.38 year 4.78 year

July 6.14 year 4.30 year

August 7.17 year 4.78 year
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