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Sesto Forum Italiano di Scienze della Terra – Rimini, 12-14 settembre 2007.
SESSIONE 59 – T32 – Idrogeologia applicata in aree urbanizzate.

DATA

IN
P

U
T

MONITORING NETWORK

O
U

TP
U

T
G

ro
ud

w
at

er
S

up
er

fic
ia

lw
at

er

BRERA

0
50

100
150
200
250
300
350
400

19
51

19
53

19
55

19
57

19
59

19
61

19
63

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

(month)

(m
m

)

-4
-3
-2
-1
0
1
2
3
4

SP
I

Rainfall SPI12 SPI24 Moving average

BUSTO ARSIZIO

0
50

100
150
200
250
300
350
400

19
51

19
53

19
55

19
57

19
59

19
61

19
63

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

(month)

(m
m

)

-4
-3
-2
-1
0
1
2
3
4

SP
I

SPI12 SPI24 Rainfall Moving average

MONZA

0
50

100
150
200
250
300
350
400

19
51

19
53

19
55

19
57

19
59

19
61

19
63

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

(month)

(m
m

)

-4
-3
-2
-1
0
1
2
3
4

SP
I

SPI 12 SPI24 Rainfall Moving average

TREVIGLIO

0
50

100
150
200
250
300
350
400

19
51

19
53

19
55

19
57

19
59

19
61

19
63

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

(month)

(m
m

)

-4
-3
-2
-1
0
1
2
3
4

SP
I

SPI 12 SPI24 Rainfall Moving average

PAVIA

0
50

100
150
200
250
300
350
400

19
51

19
53

19
55

19
57

19
59

19
61

19
63

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

(month)

(m
m

)

-4
-3
-2
-1
0
1
2
3
4

SP
I

SPI12 SPI24 Rainfall Moving average

LODI

0
50

100
150
200
250
300
350
400

19
51

19
53

19
55

19
57

19
59

19
61

19
63

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

(month)

(m
m

)

-4
-3
-2
-1
0
1
2
3
4

SP
I

SPI12 SPI24 Rainfall Moving average

CREMONA

0
50

100
150
200
250
300
350
400

19
51

19
53

19
55

19
57

19
59

19
61

19
63

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

(month)

(m
m

)

-4
-3
-2
-1
0
1
2
3
4

SP
I

SPI12 SPI24 Rainfall Moving average

CASALMAGGIORE

0
50

100
150
200
250
300
350
400

19
51

19
53

19
55

19
57

19
59

19
61

19
63

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

(month)

(m
m

)

-4
-3
-2
-1
0
1
2
3
4

SP
I

SPI12 SPI24 Rainfall Moving average

te
m

pe
ra

tu
re

ra
in

fa
ll

CHIARI

0
50

100
150
200
250
300
350
400

19
51

19
53

19
55

19
57

19
59

19
61

19
63

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

(month)

(m
m

)

-4
-3
-2
-1
0
1
2
3
4

SP
I

Rainfall SPI12 SPI24 Moving average

CODOGNO

0
50

100
150
200
250
300
350
400

19
51

19
53

19
55

19
57

19
59

19
61

19
63

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

(month)

(m
m

)

-4
-3
-2
-1
0
1
2
3
4

SP
I

Rainfall SPI12 SPI24 Moving average

BRERA (temperature)
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BRERA (rainfall) vs PARCO FELTRE (hydrometric level)
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TREVIGLIO (rainfall) vs TREZZO (hydrometric level)
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CHIARI (rainfall) vs CAPRIOLO (discharge)
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BUSTO ARSIZIO (rainfall) vs MIORINA (dicharge)
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PAVIA (rainfall) vs BECCA (hydrometric level)
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CODOGNO (rainfall) vs PIACENZA (discharge)
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CREMONA (rainfall vs hydrometric level)

0
50

100
150
200
250
300
350
400

19
51

19
53

19
55

19
57

19
59

19
61

19
63

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

(month)

(m
m

)

28
29
30
31
32
33
34
35
36

(m
 s

.l.
m

.)

Hydrometric level Rainfall Moving average Moving average

CASALMAGGIORE (rainfall vs hydrometric level)
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BUSTO ARSIZIO (rainfall) vs RESCALDINA (water table)
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Water table Rainfall Moving average Moving average
MONZA (rainfall) vs MONZA and CONCOREZZO (water table)
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TREVIGLIO (rainfall vs water table)

0
50

100
150
200
250
300
350
400
450

19
51

19
53

19
55

19
57

19
59

19
61

19
63

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

(month)

(m
m

)

114

116

118

120

(m
 s

.l.
m

.)

Raifall Water table Moving average Moving average

CREMONA (rainfall) vs PIEVE SAN GIACOMO (water table)
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CREMONA (rainfall) vs BRANCERE (water table)
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CASALMAGGIORE (rainfall) vs GUSSOLA (water table)
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Rainfall Water table Moving average Moving average
CODOGNO (rainfall) vs S.ROCCO AL PORTO (water table)
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Rainfall Water table Moving average Moving average

TREVIGLIO (rainfall) vs CASALETTO SOPRA (water table)
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TARGETS OF THIS STUDY
Rebuilding of  pluviometric, hydrometric, discharge and piezometric datasets, 

necessary to the study of hydrogeological cycle and its evolution.
Analisys of  temporal trend of datasets.
Comparison between rainfalls datasets and hydrometric/discharge datsets, 

between rainfalls datasets and piezometric datasets in order to underline possible 
relationship between them.

Identifying anomalous drought or wet periods, thanks to SPI.

RESEARCH PROJECT RICLIC-WARM
(Regional Impact of Climatic Change in Lombardy Water 

Resources: Modelling and Applications)

In Lombardia parameters that describe the hydrogeological cycle are monitored by different Monitoring Networks:

• Regional thermometric and pluviometric monitoring network  (ARPA Lombardia).
• Manual and mechanic hydrometric monitoring network (ARPA Lombardia).
• Automatic hydrometric monitoring network (ARPA Lombardia).
• Regional piezometric monitoring network (ARPA Lombardia).
• Groundwater monitoring network of Milano and Lodi provinces.

The target of the project is to develop a scientific 
methodology in order to evaluate climatic impacts on 
water resources of Lombardia region.
The project involves: public monitoring authorities 
(ARPA LOMBARDIA), scientific research authorities 
(UNIMIB, UNIMI, UNIPV) and regional public 
authorities (REGIONE LOMBARDIA).

Standardized precipitation index (SPI)
SPI is a tool wich was developed primarily to define and monitor drought. It can also be used to dertimine
periods of anomalous wet events.
Technically, the SPI is the number of standard deviations that the observed value would deviate from the 
long-term mean, for a normally distributed random variable. Since precipitation is not normally distributed, a 
transformation is first applied so that the transformed precipitation values follow a normal distribution. 
(www.wrcc.dri.edu – Western Regional Climate Center)

This study is only a preliminary analysis of the complex datasets collected.

The validity of every elaboration is associated to a limited temporal continuity of data.

The comparison between the pluviometric and hydrometric/discharge datasets shows that surface water is 
directly correlated to rainfalls.

The comparison between the pluviometric and piezometric datasets shows that water table level is directly 
correlated not only to rainfalls, but also to other anthropic factors like pumping and irrigation.

www.riclic.unimib.it

CONCLUSIONS
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