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ABSTRACT 

The first purpose of the present study is to ana-
lyze the relationship between observed groundwater 
levels and two drought indices in an historical pe-
riod. The second purpose is to predict the variation 
of groundwater level due to climate change. 

INTRODUCTION  

Groundwater represents a precious resource, es-
pecially in the critical period of the years when the 
surface flows are of very low quality and the need 
of water supply increases. Therefore, the analysis of 
the groundwater level response to climate change is 
essential and the discussion on this topic is increas-
ing in the recent scientific literature. 

Groundwater levels depend on many factors such 

as the geological formation, the anthropogenic in-

fluences, etc. Due to the difficulties to quantify 

these elements, it is challenging to evaluate the ef-

fects of climate change on these important aspects. 

We try to apply a simple statistical approach to anal-

yses the variation of groundwater level, in a certain 

number of wells, as a function of two simple 

drought indices: the Standardized Precipitation In-

dex (SPI), and the Standardized Precipitation Evap-

otranspiration Index (SPEI). SPI [3] is a multiscale 

index that defines droughts as a function of only 

precipitation data. SPEI [4] is analogous to the SPI, 

but describes droughts in terms of temperature and 

precipitation. 

The aim of our study is to investigate if a good 

correlation exists between the groundwater level 

and the drought indices and, in positive case, to ap-

ply the same correlation to future climate projec-

tions; this is a novelty with respect to previous 

works. The future drought indices were computed 

according to 13 EURO-CORDEX [2] Regional Cli-

mate Model (RCM) results, under two Representa-

tive Concentration Pathways (RCP): RCP 4.5 and 

RCP 8.5. The groundwater levels, in the different 

monitoring wells, were forecasted up to 2100. 

DATA AND METHODS 

The study area involves the basins of the Parma, 

Taro and Enza rivers, in Northern Italy. We used the 

well data available from the Regional Environmen-

tal Agency (ARPAE); 24 wells were selected based 

on the data abundance in the monitoring years 1976-

2017. The monthly groundwater levels in the spring 

season, which present minimal anthropogenic influ-

ences such as pumping and irrigation, were chosen 

for the analysis. 

The historical precipitation and temperature data 

(available from ARPAE) were collected for 15 rain 

gauges from 1917 to 2017 and 4 temperature sta-

tions in the period 1976-2017. 

The SPI and SPEI were calculated at the time 

scales of 3, 6, 9, 12, 18, 24 and 36 months; the po-

tential evapotranspiration was calculated according 

to the Thornthwaite (1948) equation. 

After the estimation of the drought indices in the 

period 1917-2017 for the SPI and 1976-2017 for the 

SPEI, we analyzed the Pearson correlation coeffi-

cient between the groundwater levels at a well and 

the indices at different time scales. For the wells 

presenting correlation coefficients greater than 0.7 

(5% confidence level) we fitted a linear relationship. 

The same regression coefficients were used to com-

pute the future groundwater levels according to the 

forecasted drought indices (SPI and SPEI). 

     The future precipitation and temperature data, 

used for the computation of the SPI and SPEI, were 

extracted from the 13 RCMs for three time periods: 

2016-2035 (short term), 2046-2060 (medium term), 

2081-2100 (long term); the 1986-2005 data were 

considered as a reference period. The raw climate 

model data were bias corrected using the quantile 

mapping method [1]. 

RESULTS  

In the historical period 1976-2017, the SPI and 
SPEI indices behave in agreement detecting the 
same dry and wet periods. In general, however, the 
negative values of the SPEI index are lower than the 
SPI ones.  

The Pearson correlation coefficients between 
groundwater levels and drought indices at the time 
scales of 3, 6, 9, 12, 18, 24 and 36 months are very 
similar for the two indices. These are different for 
each well and for each time scale; the higher 
coefficients are observed at the time scales of 9, 12 
and 18 months. The wells that have at least one 
coefficient greater than 0.7, are 14. For brevity, in 
Figure 1 only the results for one well (PR55-01) and 
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the SPEI at different time scales are shown. The 
points represent the observed groundwater levels, 
the solid line is the regression line and the dashed 
lines are the confidence intervals; in the box the 
values of the correlation coefficient are shown. For 
this well, the best correlation occurs at the time scale 
of 18 months. 

 

 
Figure 1 – Linear regression model for a well in the Enza basin 

with SPEI at the time scale of 3, 6, 9, 12, 18, 24 and 36 months. The 

x-axis shows the SPEI values and the y-axis the groundwater level in 

m a.s.l..  

For each well, the future analyses were carried 
out only for the time scale with the higher correla-
tion coefficient. 

Groundwater level projections are different for 
the two drought indices. The analysis with the SPI 
does not detect significant changes in the three fu-
ture periods; instead, the evaluation with the SPEI 
predicts a decrease in groundwater levels, especially 
at medium and long term and for the RCP 8.5 sce-
nario. In Figure 2 the cumulative distribution func-
tion of the groundwater level in May (PR55-01 
well) as a function of the SPI-18 and SPEI-18 for 
RCP 8.5 are shown. In the figures, all the results of 
the 13 models have been considered as a single re-
alization with equal reliability. In Figure 2-b an in-
crease of the frequency of the lower groundwater 
levels is observed. For example, let’s consider the 
10th percentile groundwater level in the reference 
period (44.8 m a.s.l.); it presents a frequency in-
crease of 3% at short term, 14% at medium term and 
21% at long term. 

CONCLUSION  

In the present study we assessed the ability of the 
two multiscale drought indices, SPI and SPEI, to 
predict the groundwater level fluctuations. In the 
historical period, the SPI and SPEI behavior is sim-
ilar and both indices show high correlations with ob-
served levels. 

  
Figure 2 - Cumulative distribution function of groundwater level in 

May characterized by SPI-18 (a) and SPEI-18 (b). 

Analyzing the future climate projections, we 
found that the analysis with the SPI predicts a not 
critical alteration of the groundwater levels. 
Applying the linear regression relationships with 
SPEI, an increase of the frequency of the low 
groundwater levels is noticed. In this study area, in 
fact, the future projections show a very small 
decrease of the precipitation and a remarkable 
temperature increase: and index that only consider 
precipitation cannot be able to detect the effect of 
climate change on the groundwater levels. On the 
other hand, the SPEI is able to quantify the effect of 
the precipitation-temperature changes projected by 
the RCM models. 
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