Analysis of a precipitation time series
at monthly scale recorded in Molfetta (south Italy)
in the XVIII century (1784-1803) and comparisons
with present pluviometric regime
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Abstract: A time series of monthly precipitation, recorded in Molfetta (south Italy) in the period 1784-1803, was
studied in comparison with another analogous series in the period 1977-2015. The old length unit (in royal Paris
foot) was converted to the metric system. The two series of 20 and 39 years showed the same mean values of annual
precipitation but, after a detailed analysis of the monthly Standardized Precipitation Index (SPI), it resulted that the
XVIII century period presented wet to extremely wet seasons in autumn and winter and dry months in summer, with a
quite regular alternation of dry and wet years, while 1977-2015 series showed larger seasons of dry to very dry months
and shorter wet periods, without any very wet month. The analysis of trends showed that in the period 1784-1803 no
clear trend could be identified, while a significant decreasing trend was found in the period 1977-2015. The most recent
years, 2012-2015, presented an almost continue series of dry to extreme dry months, with very little precipitation.
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I, Memorie fisico agrarie, Bari 1839; II, Memorie
fisiche, ibid. 1840; III, Memorie diverse, ibid.
1841”. This tome was well known in the academic
circles (Pizzaleo, 2001; Toscano, 2009) and it is
present in some scientific libraries, as the one of
CREA-Research Unit for Cropping System in Dry
environments (SCA) in Bari to which many ancient
scientific books were donated in the ’70 years by the
Professor Vincenzo Carrante (1897-1982) director
of “Istituto Sperimentale Agronomico” previous
denomination of SCA.
In the Section II of the above-mentioned tome,
Giovene described the meteorology of each one
of the years from 1784 to 1803 in great detail and
yielded a well-documented time series of monthly
precipitation, recorded in the town of Molfetta in
those twenty years.
The precipitation’s (P) variability is an item of
great interest for the studies concerning the
measured climate changes and their impacts on
the hydrological cycle, in particular on agriculture
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Introduction
The archpriest Giuseppe Maria Giovene was a
talented scientist born in Molfetta (Bari, Apulia
region) on 5 January 1753 and dead there on
2 January 1837. He was canon in the dioceses
of Molfetta and Lecce (Apulia region), able
meteorologist and naturalist, but still not very wellknown despite the importance of his work in the field
of the evolution and innovation of the agricultural
techniques in the Kingdom of Naples (Toscano,
2009). The very important and well-known scientist
Giuseppe Toaldo (Bozzolato, 1984, Vogel, 2009)
was fundamental in his scientific formation; in fact,
he encouraged Giovene to disseminate his studies
among scientists (Pizzaleo, 2001). Giovene’s papers
were published under the supervision of his nephew
L. Marinelli Giovene in: “Raccolta di tutte le opere,
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Riassunto: Una serie storica di piogge, registrata a Molfetta (sud Italia) su scala mensile nel periodo 1784-1803 è stata
oggetto di studio in confronto con un’analoga serie storica registrata nel periodo 1977-2015. Prima di tutto abbiamo
convertito le antiche unità di misura di lunghezza (il piede reale di Parigi) al sistema metrico decimale. La seconda
serie contemporanea si riferisce al periodo 1977-2015. Le due serie di 20 e 39 anni mostrano lo stesso valor medio di
pioggia annuale. Tuttavia, l’analisi dell’Indice di Pioggia Standardizzato (SPI) a scala mensile mostra che il periodo
del ‘700 ha mesi piovosi o molto piovosi in autunno e inverno e mesi secchi in estate, con una alternanza abbastanza
regolare di anni secchi e umidi, invece il periodo 1977-2015 mostra stagioni secche più lunghe e stagioni piovose più
brevi, senza nessun mese estremamente piovoso. Lo studio, mentre non individua alcun trend delle precipitazioni
nel periodo 1784-1803, mostra un netto andamento decrescente nel periodo 1977-2015. Gli ultimi anni, 2012-2015,
presentano un’unica ininterrotta serie di mesi secchi o molto secchi, con limitatissime piogge.
Parole chiave: analisi di trend, Standardized Precipitation Index, breakpoint, piede reale di Parigi, arciprete Giovene.

23

28/11/16 10.57

Rivista Italiana di Agrometeorologia - 3/2016

Italian Journal of Agrometeorology - 3/2016

(IPCC, 2013, for example). Several papers (Lo
Vecchio and Nanni, 1995; Maugeri and Nanni,
1998; Buffoni et al., 1998; Brunetti et al., 2004;
Brunetti et al., 2006) analysed seasonal and annual
precipitation trends from the XIX century till now.
Nevertheless, studies regarding precipitation in
more ancient periods (XVIII century or before)
are very rare. In Italy indeed, in our knowledge,
as reported by Brunetti et al. (2006), only Milan
(from 1764) and Padova (from 1750), in northern
Italy, and Rome (from 1782) and Palermo (from
1797), respectively in middle and southern Italy,
had meteorological stations able to systematically
measure precipitation before the XIX century.
Therefore, a time series of precipitation recorded
in the years between XVIII and XIX centuries
can have strong interest in comparison with the
recent precipitation measurements, especially
in Mediterranean regions as those in the south
Italy, which has been identified as one of the most
prominent “hot-spots” in future rainfall projections
(Gao et al., 2006; Giorgi and Lionello, 2008;
Espadafor et al., 2011).
The meteorological measurements since the XVIII
century were carried out by using instruments of
acceptable quality and accuracy, albeit mechanical
of course, mainly for air pressure, temperature and
rainfall (Brooks, 1930). The major problem in using
these values is to transform the old local units to
the metric system. Actually, almost all scientists
having good fame and ability were part of academic
circles and, furthermore, certain members of these
academies were in close link with other European
scientists, mainly in Paris and London (Comani,
1987). This made possible the collection and use
of fairly homogenized meteorological instruments
from different countries and explains the use of
“royal Paris foot” as the unit of measurement of
pressure and precipitation all over the scientific
circles in Europe (Martini, 1883; Comani, 1987;
Rapetti and Ruschi, 2009; among many others).
The aim of this study was to analyse monthly
precipitation time series recorded in the town
of Molfetta by Giuseppe Maria Giovene from
1784 until 1803 and to compare it with analogous
contemporary time series recorded in the
experimental farm of CREA-SCA in Apulia region,
in a period of thirty-nine years (1977-2015).
Material and Methods
The original monthly precipitation time series
recorded in Molfetta (41°12′ N, 16°36′ E, 15 m
a.s.l.) from 1784 until 1803 is shown in Fig. 1. All
reported values were in inches, lines and points

(“pollici”, “linee” and “duodecime”, respectively).
In the scientific circle of the Kingdom of Naples,
of which Molfetta was part, the royal foot of Paris
was used for length measurements. The Paris foot
contains 12 inches, each inch contains 12 lines and
each line 12 points. The metric unit system was
made mandatory in the Kingdom of Naples from
1 January 1850, following a royal edict by Carlo
Alberto di Savoia published on 11 September 1845.
Following Rapetti and Raschi (2009) who cited
Martini (1883), among many others, the royal Paris
inch corresponds to 27,06995 mm, hence the line
is 2,2558 mm and the point is 0,18799 mm. These
correspondences among the royal Paris foot and the
metric system are also confirmed by Livini (1860).
Giovene received from his friend, colleague and
great scientist Giuseppe Toaldo several scientific
instruments and, presumably, a rain gauge
(Toscano, 2009 and page 381 of part II of his tome).
This kind of instruments was similar to the current
ones (Rapetti and Raschi, 2009): the precipitated
water was intercepted by a surface, carried toward
another surface and the collected rain was weighted
just after the event.
The 1784-1803 precipitation series should be
compared, rigorously, to similar time series recorded
in the same site, but precipitation series presently
recorded in Molfetta were not found. However,
measures of agro-meteorological variables in a
cultivated field at hourly scale were available from
May 1999 until May 2000 in Molfetta and from 1977
to 2015 (Rana et al., 1994; Lamascese et al., 1994)
at about 38 km from Molfetta, in Rutigliano (41° N,
17°54’ E, 122 m a.s.l.) which is still in Apulia region,
the same Province of Bari. Hence, an attempt to
use these Rutigliano data for a comparison with
the 1784-1803 dataset was made. The comparison
between monthly precipitation values of Rutigliano
and Molfetta is illustrated in Fig. 2, showing that
the Rutigliano site was slightly less rainy than
Molfetta (slope=0.94) with a fairly good correlation
(r2=0.88). This similarity of precipitation values in
the two sites (Molfetta and Rutigliano) is on line
with the one found by Brunetti et al. (2006) in
meteorological stations far less than 50 km one from
the other. These results suggest that the recent
Rutigliano precipitation time series is comparable
to that recorded in Molfetta in the period 17841803, at least at monthly time scale. Thanks to
this comparability, a recent 39-years long series
of precipitation was analysed in this study: 19772015. All the presented precipitation data in the
period 1977-2015 were measured at hourly scale
by mechanical rain gauges (SIAP, Bologna, Italy,
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various models in the 39-years period) annually
calibrated against electronical rain gauges (TEXAS
Inst., USA, different models).
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Fig. 2 - Comparison between precipitations at monthly
scale measured in Molfetta and in Rutigliano in the period
May 1999 – May 2000.
Fig. 2 - Confronto tra piogge mensili misurate a Molfetta e
Rutigliano nel periodo Maggio 1999 – Maggio 2000.

Standard elementary statistics (mean, minimum,
maximum) of both series were first conducted and
normality was evaluated via both a numerical and a
graphical method, the Shapiro-Wilk test (Shapiro
and Wilk, 1965) and the Q-Q plot method (Wilk
and Gnanadesikan, 1968) respectively. The need
for the use of two methods was justified by the small
dimension of both sample sizes, which can affect
the power of numerical test.
Then, the presence of potential breakpoints was
investigated. Indeed, climatic time series that
are free of artificial or actual change points are
crucial to the study of observed climate variability
and trend, especially at local and regional scales
(Easterling et al., 1996). However, even minor
changes in a meteorological station’s environment
or in observation practices can artificially alter
the measurements and/or introduce a local trend
(Menne and Williams, 2005). For the breakpoint
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Fig. 1 - Original time series of precipitation recorded by Giuseppe Maria Giovene in Molfetta from 1784 until 1803. The
table can be found in the tome “Raccolta di tutte le opere, II, Memorie fisiche, Bari, 1840”. The monthly rainfall values are
in inches (“pollici”), lines (“linee”) and points (“duodecime”), separated by a dot (pol.li.dod.). Anni is years.
Fig. 1 - Serie storica originale di piogge registrata a Molfetta da Giuseppe Maria Giovene dal 1784 al 1803. La tabella si trova
nel suo tomo “Raccolta di tutte le opere, II, Memorie fisiche, Bari, 1840”. Le piogge mensili sono in pollici, linee e duodecime,
separati da un punto (pol.li.dod.).
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analysis a nonparametric method was used which
can detect any distributional change within an
independent sequence of data without making
any distributional assumptions (Matteson and
James, 2014). The method is based on Euclidean
distances between sample observations and
is performed in a manner that simultaneously
identifies both the number and locations of
change points. Estimation is based on hierarchical
clustering making use of a divisive algorithms that
iteratively divides a single segment (the entire
sequence of observation) in sub-segments at each
iteration.
Finally, the following techniques were applied:
(I) LOcally WEighted Scatterplot Smoothing
(LOWESS), (II) Mann-Whitney two-sample
test, (III) Theil-Sen trend line estimation, the so
called Theil-Sen approach (TSA), (IV) LjiungBox Q autocorrelation test, (V) Man-Kendall
test for trend and Trend free Pre Whitening
(TFPW-MK) test for trend and (VI) Standardized
Precipitation Index (SPI) computation. In
particular, (I) LOWESS (Cleveland and Devlin,
1988) is a smoothing procedure, also known as
locally weighted polynomial regression, consisting
in fitting a polynomial regression to sub-sets of
data with explanatory variable values near the
point whose response is being estimated. The
polynomial is fitted using weighted least squares,
giving more weight to points near the point whose
response is being estimated and less weight to
points further away. (II) Mann-Whitney twosample test (Mann and Whitney, 1947) is a
nonparametric test for the comparison of two
means and is equivalent to the parametric t-test.
Here it is used for comparison of the mean of twotime series. (III) TSA (Theil, 1950; Sen, 1968)
is a nonparametric method for robust simple
linear regression that chooses the median m of
the slope among all lines through pairs of twodimensional sample points and then estimates
the intercept as the median of all those lines. (iv)
The Ljung-Box Q autocorrelation test (Ljung and
Box, 1978) tests the presence of autocorrelations
in a time series and is preparatory to the choice
of an appropriate trend test. It is a function of
the cumulated sample autocorrelations, rj, up to
any specified time lag m. Its null hypothesis is
that the first m autocorrelation coefficients are,
jointly, equal to zero and the null distribution
of Q(m) is approximately a χ2 distribution with
m degrees of freedom. The choice of m affects
the test power and for our analysis we followed
the recommendations of Tsay (2010) and choose

m equal to log(N), with N representing the time
series length. For any series also the first-order
autocorrelation coefficient (r1) is reported, which
is especially important because dependence on
past values is likely to be strongest for the most
recent past. (v) MK (Kendall, 1975) test and
TFPW-MK (Yue et al. 2002, Blain 2015) are
trend tests in the case of independent and serial
correlated data, respectively. The MK test is used
to assess whether the time-ordered data sets of the
studied periods exhibit an increasing or decreasing
monotonic trend within a predetermined level
of significance: its null hypothesis is that the
data come from a population with independent
and identically distributed realizations, while
the alternative hypothesis is that the data follow
a monotonic trend. MK test is used in place of
a parametric linear regression analysis, which
could have been used to test if the slope of the
estimated linear regression line was different from
zero. Indeed, unlike regression, MK test does
not require the data to be normally distributed
and it does not state the linearity of the found
trend, resulting more appropriate for the analysis
of meteorological data. However, although the
MK test has been widely used, it does not handle
the case of serial correlation. In the TFPW-MK
procedure the slope is estimated by the TSA and
if the trend differs from zero (if almost equal to
zero, it means that there is no trend), it is assumed
to be linear, then, the data is de-trended by the
slope and the autoregressive process 1 – AR(1) –
model is computed for the de-trended series, in
which only the previous term in the process and
the noise term contribute to the output. The trend
and residuals are then blended together and the
Mann-Kendall test is applied to the blended series
to assess the significance of the trend. (vi) The
Standardized Precipitation Index (SPI; Neves,
2012; Naresh Kumar et al., 2009) is a normalized
index representing the probability of occurrence
of an observed rainfall amount when compared
with the climatological average at a rainfall station
over a reference period. The rainfall data of the
station is fitted to a gamma distribution through
a process of maximum likelihood estimation, as
the gamma distribution has been found to fit the
precipitation distribution quite well. Negative SPI
values represent rainfall deficit, whereas positive
SPI values indicate rainfall surplus: as the dry or
wet conditions become more severe, the index
becomes more negative or positive. All statistical
analyses were conducted using R version 3.2.3 (R
Core team, 2015).
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Results
Both the series resulted non-normal (data not
shown) from the numerical and graphical analysis.
The search for breakpoints both in the XVIII
century series and in the contemporary series
of precipitation did not give any result (data not
shown), thus the series resulted without sudden
changes. The subsequent analyses were carried
out by comparing the two series: (1) 1784-1803, 20
years, hereafter indicated as P1 and (2) 1977-2015,
39 years, hereafter indicated as P2.
The mean values of annual precipitation were equal
to 516.5 and 552.8 mm in P1 and P2, respectively;
the minimum values were 373.7 and 211.1 mm for
P1 and P2, respectively; the maximum were 801.6
and 922.5 mm for P1 and P2, respectively. From
this preliminary analysis and because the p-value

of the Mann-Whitney test is equal to 0.19, showing
a non-significant difference in the means, it can be
said that the two periods were comparable.
More information is deductible by the analysis of
SPI calculated, at monthly time scale, in the two
periods, shown in Fig. 3(a) and 3(b) for P1 and P2,
respectively. At the intersection of the years (on
the x-axis) and the months (on the y-axis) different
SPI’s values are represented by different colours.
From the Fig. 3(a) it is evident that in P1 the dry
months were almost always from June to August,
with few exceptions in the period 1793-1800, when
there were also some moderately dry months until
October and from January until April. In the same
period, wet and extremely wet months were in
autumn period, from September until December;
moreover, around the years 1784-1791 the spring-
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Fig. 3 - SPI for the monthly
precipitations recorded
in Molfetta in the period
1784-1803 (a)
and in Rutigliano
in the period 1977-2015 (b).
Fig. 3 - SPI
per le precipitazioni mensili
registrate a Molfetta
nel periodo 1784-1803 (a)
e a Rutigliano nel periodo
1977-2015 (b).
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summer period was moderately wet. Furthermore,
very dry (-1.99≤SPI≤-1.5) and extremely dry
months (SPI≤-2), were recorded during summer
(from June to August). The years from 1788-1790
were extremely wet in November and December.
In general, wet years were alternated to dry years,
with good distribution of rainfall during the growth
seasons of winter - spring crops, from March to
September.
The distribution of wet and dry months in P2
is completely different from P1. In fact, it is
immediately evident from Fig. 3(b) that wet months
are much fewer than normal and dry months. There
was almost no extremely wet month in the whole 39year period, except in short periods during winters
1978-1998, autumn 1997-1998 and 2005. Moreover,
the dry seasons started always in March-April and
ended in September-October; the period 20132015 was a unique long dry season, with extremely
dry periods from May until December. No long wet
periods were recorded in the contemporary series.
In summary, in P1 the number of dry to extremely
dry months (SPI<-1) were, in percentage, quite
similar to P2, being equal to 19.2% and 17.5% in P1
and P2, respectively. Moreover, the percentage of
wet to extremely wet months (SPI>1) was equal to
31.7% and 9.83% in P1 and P2, respectively, being
in the XVIII century period 3 times longer than the
present one.
The Chi-square values of Ljung-Box Q test for P1
and were 2.47 (p=0.48) and 6.06 (p=0.16) and the
r1 equalled 0.31 and 0.35, respectively. Therefore,
both P1 and P2 were analysed via a MK test.
Precipitation trends, together with the original
values at annual scale and the LOWESS curve, are
shown in Fig. 4 for P1 and in Fig. 5 for P2. The P1
series did not show any significant trend, being the
p-value of the MK trend greater than 0.05 (equal
to 1) and the TSA slope very close to zero (0.371
mm year-1). Instead, in P2 the annual precipitation
time series showed a clear and highly significant
(p<0.005) decreasing trend with a negative TSA
slope with much higher absolute value than in P1
(-6.75 mm year-1).
Conclusions
The 20-years monthly precipitation time series,
recorded in Molfetta in the XVIII century (17841803) by the archpriest Giuseppe M. Giovene was
compared with that measured at the same time
scale in recent years (1977-2015). The 1784-1803
series resulted similar, in terms of mean annual
values to the period 1977-2015. However, the
analysis of the monthly Standardized Precipitation

Fig. 4 - Original precipitation time series, LOWESS curve
and Mann-Kendall (MK) - Theil Sen Approach (TSA) trend
line in the period 1784-1803.
Fig. 4 - Serie storica originale, curva LOWESS e MannKendall (MK) - Theil Sen Approach (TSA) linea di trend nel
periodo 1784-1803.

Fig. 5 - Original precipitation time series, LOWESS curve
and Mann-Kendall (MK) - Theil Sen Approach (TSA) trend
line in the period 1977 - 2015.
Fig. 5 - Serie storica originale, curva LOWESS e MannKendall (MK) - Theil Sen Approach (TSA) linea di trend nel
periodo 1977-2015.

Index showed differences in the precipitation
distributions between the two periods. In particular,
the 1784-1803 period was markedly wetter than the
contemporary period, with a greater number of wet
to extremely wet months and a lower number of
dry to extremely dry months than the period 19772015.
Furthermore, precipitation in the period 1977-2015
showed a high decreasing monotonic trend while
the period 1784-1803 did not have, substantially,
any marked trend.
The same conclusions were impressively formulated,
for the period 1784-1883, by Archpriest Giovene. In
fact, at page 341 of his physical memories he writes
“è questo dunque il mio principio. Se vi è stato
un più vi dovrà essere un meno, e se vi è stato un
meno vi dovrà essere un più, è quanto maggiore è
stato il più, tanto maggiore ragione vi è, che vi sarà
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