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Abstract: In recent decades, rivers in Southern Italy experienced remarkable channel changes. Studies
on this topic are relatively recent, and yet, far from defining a morpho-evolutionary trend that is
common to all rivers of this area. The types and roles of the different controlling factors are still
debated. In this study, we present preliminary results about the width channel changes of major
rivers in the Campania region (Southern Italy) in the last 150 years. The aim is to provide new
insights that are useful to define morpho-evolutionary trajectories at a regional scale and shed light
on the roles played by controlling factors. To this aim, we carried out a GIS-aided geomorphological
analysis of topographic maps and orthophotos. The results showed the existence of at least three
main phases of channel width variations. Between the 1870s and 1930s (Phase 1), most of the rivers
experienced widening. Between the 1930s and late 1990s (Phase 2), all of the rivers underwent
dramatic narrowing at high rates. Finally, from the 1990s onwards, no dominant trend was found
and variations were negligible. Land-use changes at the basin scale and rainfall changes at a decadal
scale are likely the main controlling factors, while variations in human disturbances and local factors
seem responsible for changes in general trends.

Keywords: short-term channel adjustments; morpho-evolutionary trajectories; controlling factors;
GIS analysis; Mediterranean area

1. Introduction

River channels of Southern Italy are representative of a much wider morphoclimatic
scenario, i.e., the Mediterranean area [1,2]. Thus, investigating their short-term morpho-
logical changes is of great importance, also in the framework of flood risk assessment and
river management [3,4]. An almost total lack of information existed for rivers in Southern
Italy, at least up until the early 2010s, which is different from rivers located in northern
and central part of Italy [5]. Recently, several papers partially filled this gap [2,6-11]. In
particular, Scorpio et al. [7] compared the channel changes experienced by some rivers
located in the different regions of Southern Italy during the last 150 years, and observed
three distinct phases of channel adjustments. However, even if all of the studied rivers
displayed incision and severe narrowing during the second phase (i.e., from the 1950s to
the end of the 1990s), contrasting behaviors among different rivers were observed during
the first (i.e., from the last decades of the 19th century to the 1950s) and the third phase
(i.e., from the 1990s onwards). Thus, a morpho-evolutionary trajectory that is common to
all the rivers of Southern Italy is still far from being defined. Similarly, different authors
debate over the type and the role of the different controlling factors in channel changes.
As most of the investigated rivers of Southern Italy are intensely anthropized, most of
the above-listed authors suggested a dominant role played by human disturbances (i.e.,
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in-channel sediment mining, channelization, and building of cross works, such as dams).
However, Magliulo et al. [2] recently demonstrated that, among the rivers located in
Southern Italy, the Tammaro River underwent the same channel changes experienced by
intensely anthropized rivers, notwithstanding it was affected by negligible in-channel
human disturbances. Thus, the authors suggested a more relevant role played by both
extreme floods and interactions between rainfall changes at a decadal scale, and land-use
changes at the catchment scale, in controlling channel adjustments. Such interpretation is
in good accordance with the vast literature on this topic. In particular, Arnaud-Fassetta [12],
in a study carried out on the river channel changes in the Rhone Delta (France), found that
the decrease of flood frequency, together with sediment dredging and building of dams,
caused a reduction of sediment yield that, in turn, caused channel incision. Hooke [13]
demonstrated the high degree of adjustments experienced by two fluvial systems in SE
to occasional, high magnitude, flash flood events. Similarly, Kiss and Blanka [14] found
that the main morphological changes experienced by the Hernad River (Hungary) were
determined by an altered water regime caused by precipitation change and engineering
works. Radoane et al. [15] examined the channel changes experienced by seven major rivers
in eastern Romania, which resulted in being highly responsive to both climatic signals
and anthropogenic factors. Finally, Liébault and Piégay [16] demonstrated the impact of
land-use changes at the basin scale (in particular, afforestation) on channel narrowing and
incision of a large set of rivers and streams located in southeastern France.

This study compares the channel width changes experienced by four of the major
rivers of the Campania region (Southern Italy) in the last 150 years. The aim is to provide
new insights to define a common morpho-evolutionary trend for the rivers of Southern
Italy and understand the roles played by different controlling factors. The presented results
must be considered preliminary, as an analysis at both the reach and the catchment scale is
unquestionably needed. However, the discussion of the obtained results in the framework
of the pre-existing scientific literature, dealing with land-use changes, variations at the
decadal scale in the rainfall regimes, and human disturbances at the reach, river, and
catchment scale provided useful reflections that need to be explored by further studies.

2. Materials and Methods
2.1. Study Area

The Campania region is located in the northwestern sector of Southern Italy (Figure 1).
It has an area of ~590 km? and could be subdivided into three main physiographic units
sensu [17], i.e., (i) the Apennine mountain range, which reaches altitudes of ~1000 to
>2000 m a.s.l. and accounts for ~30% of the total area; (ii) the low-altitude hills and alluvial
valleys for a further 52%, approximately; and (iii) the coastal plains that account for the
remnant part [18].

The climate of the Campania region is of a Mediterranean type with hot and dry
summers and moderately cool and rainy winters [19,20]. Mean annual air temperatures
range between 10 and 12 °C in the inner areas and 13 and 15 °C along the coast, while
rainfall regimes vary from the coastal or Mediterranean type to the Apennine sublittoral,
which is characterized by a principal maximum in autumn-winter and a minimum in
the summer [21]. The lowest mean annual rainfall, approximately 700-900 mm, occurs
in the western and eastern parts of the Campania region; the highest mean annual rain-
fall, approximately 1700-2000 mm, occurs in the central part of the Apennine ridge [18].
According to Diodato [22], the wettest periods occurred in the 19th century. Longobardi
and Villani [23] found a negative precipitation trend in the period 1918-1999. This latter
comprises two relatively wet periods (i.e., middle 1930s-middle 1940s and early 1960s-late
1970s) and two relatively dry periods (i.e., middle 1940s—early 1960s and late 1970s—early
2010s) [18,23].

The main rivers that mostly or entirely flow in the Campania region are Volturno,
Tanagro, Calore, Sele, Tammaro, and Sabato Rivers (Figure 1). The last four rivers were
investigated in this study. Table 1 shows their main features.
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Figure 1. Location map of the Campania Region and of the investigated rivers (thick, continuous

lines) and basins (dotted lines).

Table 1. Main features of the investigated rivers.

Mean Annual Flow

Investigated Segment

River Length (lm) Discharge (m3/s) (% of the Total Length)
Calore 110 30 69.6
Sele 68 69.4 68.2
Tammaro 68 5.0 72.5
Sabato 61 42 46.4

The investigated rivers flow into two main basins (i.e., Calore River and Sele River
basins), as the Tammaro and Sabato Rivers are the main tributaries of the Calore River

(Figure 1). Table 2 reports the main features of the investigated basins.

Table 2. Main features of the investigated river basins.

Minimum Maximum

% of

. . . Area X . Mean Annual Main
Basin Latitude Longitude 2 Altitude Altitude . Forests
(km?) (m asl) (m asl) Rainfall (mm) Land Use 2012)
41°30' N 14°27' E Arable
Calore 40°46' N 15°20' E 3037 35 1810 1100 lands 221
40°51' N 14°56' E
Sele 40°09’ N 15°50' E 3245 0 1886 1071 Forests 52.6
41°30' N 14°34' E Arable
Tammaro 41°09' N 14°59' E 671 127 1468 1015 lands 18.0
41°08' N 14°41" E
Sabato 40°46' N 15°00' E 401 112 1801 1193 Forests 36.9

The Sele River flows across all the physiographic units listed above (i.e., Apennine
mountain range, low-altitude hills/alluvial valleys, and coastal plain) and, finally, into
the Tyrrhenian Sea. Differently, the Calore River basin is an inner basin, as it is the main
left tributary of the Volturno River. The Calore River basin includes parts of the mountain
range and hills/alluvial plains physiographic units only.

From a geological standpoint, the upper sectors of the studied river basins are mainly
shaped into limestone and dolostone, Triassic to Cretaceous in age [24,25]. The hilly
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sectors of these basins have a terrigenous bedrock, mainly Miocene to Pliocene-aged. The
investigated rivers flow into morphostructural depressions infilled with alluvial, volcanic,
and slope deposits [26-28]. In some cases (e.g., Sele River valley and lower Calore River
valley), Quaternary alluvial deposits form very thick sedimentary successions [29,30].
Finally, the coastal portion of the Sele River basin is mainly made up of beach and dune-
ridge sandy deposits, back-ridge flat depression deposits, and travertines [31].

From a geomorphological point of view, steep slopes, locally deeply dissected by
gorges, characterize the sectors of the basins shaped into the calcareous deposits. At the
top of these slopes, karstified remnants of ancient erosional landscapes (paleosurfaces
or Paleosuperfici Auct.) are present [26,30]. In contrast, the hilly relieves shaped into
the terrigenous deposits are gently sloping and gently rolling. Severe water erosion and
mass movements affect these relieves. Thick successions of alluvial and slope deposits,
often forming coalescent and/or telescopically arranged alluvial fans, connect the slopes
to the alluvial plains. The latter are characterized by a different order of river terraces.
Locally, structural terraces shaped into pyroclastic deposits (i.e., Campanian Ignimbrite)
and travertines are present.

The land-use in the Campania region experienced remarkable changes on a decadal
scale during the last 150 years. Between the mid-1800s and 1930s, a diffuse deforestation
occurred, with peaks in the periods 1870s-1890s and 1900s-1930s [32]. In contrast, from
the 1930s onwards, Southern Italy experienced forest expansion, especially since the 1950s,
due to land abandonment in the mountain areas and inland hills and displacement of
agricultural activities to alluvial and coastal plains [33-35]. Most human interventions
along the river channels occurred between the 1960s and 1990s [7]. In particular, in-channel
sediment mining was particularly intense and widespread between the early 1980s and
1990s, when local laws forbade it. Finally, the Sele River and the Tammaro River were
dammed in 1934 (Persano dam) and 2006 (Campolattaro dam), respectively.

2.2. Data Source and Methodology

We carried out a multitemporal analysis of the active channel mean width variations
of the investigated rivers using widely accepted, classical techniques of GIS-aided geo-
morphological analysis. ArcGIS® 10.3 software was used. Historical topographic maps,
provided by the Italian Geographical Military Institute (IGMI), at a scale of 1:50,000, and
produced in 1870, 1909, 1936, and 1941, were scanned at a resolution of 300 and 600 dpi.
We imported the maps into the ArcGIS® 10.3 software and georeferenced them in the
UTM-WGS84 coordinate system. As a base layer for georeferentiation, we used large-scale
topographic maps and selected a number (ranging from 30 to 40) of ground-control points
(GCPs), generally located near the active channel. We also performed a map analysis
on 1:25,000-scaled topographic maps from 1955, scanned at a resolution of 1200 dpi, and
published by IGMI. The topographic maps issuer provided the maps as a file already
georeferenced in the UTM-WGS84 coordinate system. We carried out aerial photo analyses
on 1:10,000 to 1:5000-scaled color orthophotos from 1998, 2011, and 2014. The Regione
Campania authority provided the orthophotos as files georeferenced in the UTM-WGS84
coordinate system. Table 3 summarizes the main characteristics of materials we used.

We manually digitized, in a GIS environment, the active channels of the investigated
rivers from different dates. On topographic maps, active channels were easily identified
as their main morphological features (i.e., riverbanks, fluvial scarps, fluvial bars), marked
by proper symbols. On the orthophotos, the channels were visually recognized. During
digitation in a GIS environment, the working scale was always set at 1:4000 or larger.
Channel segments that were too narrow and/or hidden by overhanging riparian arboreal
vegetation were excluded from the analysis, as it was not possible digitizing them correctly.
Thus, only river segments of adequate width and/or visibility were analyzed to provide
reliable results. The ArcGIS® 10.3 “Fluvial Corridor” tool allowed automatically defining
the centerlines and calculating their length. To calculate the channel mean width (CMW),
we used the method proposed by Surian et al. [36], i.e., we divided the area of the active
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channel by the length of the centerline. When the digitized river segments were not
continuous, the channel areas of all the segments (of a given river) were summed to obtain
the total channel area. Similarly, the lengths of the centerlines of each segment were also
summed. The active channel mean width was calculated by dividing the total channel area
by the total length of the centerlines.

According to the literature [2,5,10,17,37], the obtained channel mean width values
were used to calculate some robust dimensionless indexes, in particular the “width ratio”
(WR) and the “W/Wpax” indexes. Width ratio is the ratio between the channel mean width
measured on a topographic map (or aerial photo) from a given year by the channel mean
width measured on the immediately older topographic map (or aerial photo). W/Wmax
is the ratio between the channel mean width measured in the different dates (W) and
the maximum channel mean width in the studied period (Wmax) [5]. These indexes are
very useful to overcome, at least partially, some uncertainties connected to the different
scales of the used maps [2]. Width ratio is useful in highlighting phases of narrowing and
widening. In particular, width ratio values > 1 indicates phases of widening. In this case,
the higher the WR, the more intense the widening. In the studied region contrast, width
ratio values < 1 indicates phases of narrowing. When this is the case, the lower the width
ratio value, the more severe the narrowing. W/Wn,y is particularly useful in highlighting
the intensity of the phases of narrowing. Except for the date, in which the channel mean
width was the largest in the investigated period, W/Wnax was constantly < 1. The lower
the value, the narrower the channel.

Table 3. Main characteristics of the used materials. Legend—HM: historical topographic maps; TM: more recent topographic
maps; O: orthophotos; IGMI: Italian Geographic Military Institute; CRA: Campania Regional Authority. Positional errors
were calculated according to Slama et al. [38] and Taylor [39]. Symbol (*) indicates which maps and orthophotos were used

for the geomorphological analysis of each studied rivers.

Year Type Producer Scale Scanning Positional Calore Sele Sabato Tammaro
yp Resolution (dpi) Error (m) River River River River

1870 HM IGMI 1:50,000 300 33 *) *) *) *)
1909 HM IGMI 1:50,000 600 29 *) * *)
1936 HM IGMI 1:50,000 600 28 *) *)
1941 HM IGMI 1:50,000 600 26 *)

1955 ™ IGMI 1:25,000 1200 15 * *) *)

1998 e) CRA 1:10,000 - 2 *) *) *) *)
2011 e) CRA 1:5000 - - *)
2014 o) CRA 1:5000 - - *) *) *)

We also calculated the mean annual variations (MAV) in the channel mean width by
determining the differences in the channel mean width on topographic maps and/or aerial
photos of consecutive dates. Then, we calculated the mean annual variations in a given
period by dividing such differences by the number of years of the considered period.

Finally, we carried out a geomorphological field survey concurrently with GIS-analysis.
The aim of the field survey was to check the correctness of the data derived from GIS-aided
analysis of topographic maps and/or orthophotos. In particular, fluvial landforms, such as
abandoned channels and inactive fluvial scarps, were the main focus of the field survey,
with the aim to locate past channels correctly.

3. Results

Figure 2 shows the channel mean width variations in the considered time span for
the selected rivers. The figure shows that, except for the Sele River, all of the investigated
rivers underwent a phase of widening from the last decades of the 19th century to the late
1930s/early 1940s. At this preliminary stage of the study, this channel mean width variation
phase could be referred to as Phase 1. Figure 2 also shows that all of the investigated rivers
experienced severe narrowing between the late 1930s/1940s and late 1990s. This phase
can be referred to as Phase 2. Finally, different behaviors characterized the studied rivers
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in the final part of the considered period, i.e., from the late 1990s onwards. Namely, the
major rivers from the standpoint of length, flow discharge, and basin area (i.e., Calore and
Sele; Tables 1 and 2) experienced widening, while the smallest (i.e., Tammaro and Sabato)
experienced narrowing. This morpho-evolutionary phase will be referred to as Phase 3.

Tables 4 and 5 provides further details about the recognized channel mean width
variation phases. Both width ratio values (Table 4) and W/Wnax values (Table 5) con-
firmed the widening that affected Calore, Tammaro, and Sabato Rivers during Phase 1. In
particular, width ratio values calculated for these three rivers are constantly > 1 (Table 4),
while W/Wpax values are constant and close (or very close) to 1 (Table 5). The widening
ranged between 6.7% (Calore River) and 33.8% (Tammaro River) and width ratio increased
accordingly (Table 4). The geomorphological sketches of some selected significant reaches
reported on in Figure 3 further confirmed the widening of the Calore (Figure 3a), Sabato
(Figure 3b), and Tammaro (Figure 3d) rivers. Figure 4 shows that the mean annual widen-
ing during Phase 1 ranged from 0.07 m/y (in the case of Sabato River) to 0.29 m/y (in the
case of Tammaro River).

180
160 @@ Calore River
—~140 4—¢-¢ Sabato River
§,120 #+4 Tammaro River
% 100 Sele River
= 80
§ 60
= 40
20
0
1860 1880 1900 1920 1940 1960 1980 2000 2020

YEAR

Figure 2. Changes in channel mean width (CMW) over the period 1870-2014.

The data also confirmed the anomalous behavior of the Sele River with respect to
the other investigated rivers during this phase, as the Sele River experienced narrowing
(Figures 2 and 3c). Such narrowing accounted for 45.9% and was confirmed by the width
ratio <1 (i.e., 0.5) (Table 4) and the W/Wnax value for the year 1909 (Table 5).

Table 4. Channel mean width variations (expressed both in meters and percent) and width ratio
(WR) values of the investigated rivers in the considered period.

Phase 1 Phase 2 Phase 3

River AW AW AW

—— WR ——— WR WR
(m) (%) (m) (%) (m) (%)

Calore 11 6.7 1.1 —136 —80.7 0.2 6 18.5 1.2
Sabato 5 9.0 1.1 —41 —70.1 0.3 -2 -89 0.9
Tammaro 19 33.8 1.3 —48 —64.5 0.4 -2 -10.2 0.9
Sele —-79 —45.9 0.5 —36 —38.5 0.5 2 2.9 1.0

The narrowing of the Sele River during Phase 1 occurred at a mean annual rate of
0.93 m/y (Figure 4). Unfortunately, no topographic maps from the late 1930s/early 1940s
were available for the Sele River, to assess more precisely the upper chronological limit of
Phase 1 for this river.
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Table 5. W/Wnay values of the investigated rivers in the considered dates.

Year
River
1870 1909 1936 1941 1955 1998 2011 2014
Calore 0.94 - 1.00 - 0.64 0.19 - 0.23
Sabato 0.92 0.92 - 1.00 0.62 0.30 - 0.27
Tammaro 0.75 0.75 1.00 - - 0.35 0.32 -
Sele 1.00 0.82 - - 0.54 0.33 - 0.34

In regards to Phase 2, the narrowing that affected all of the studied rivers (Figure 2) is
confirmed by both the width ratio (Table 4) and W/Wnax (Table 5), all of them < 1, and
by the geomorphological sketches shown in Figure 5. Several data confirm the severity of
the narrowing experienced by the investigated rivers during this phase. First, both width
ratio (Table 4) and W/Wnax (Table 5) are much lower than 1. Second, Table 4 shows that
narrowing ranged between 38.5% (Sele River) and 80.7% (Calore River), at a mean annual
rate (Figure 4) ranging from —0.73 m/y (Sabato River) to —2.20 m/y (Calore River).

Sabato River |

Figure 3. Geomorphological sketches of some selected river stretches showing channel width
variations during Phase 1.

04
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] 0 J - |
E -
5 -04
‘E -0.8
; i
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E ' I Tammaro River
E -1.6 I Scle River
= I Colore River
] -2
7}
=
2.4
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Figure 4. Channel width mean annual variation (MAV) of the investigated rivers in the detected phases.
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Figure 5. Geomorphological sketches of some selected river stretches showing the channel narrowing
that affected the investigated rivers during Phase 2.

As stated above, channel mean width variations that differed markedly among major
and minor rivers characterized Phase 3 (Figure 2). More precisely, Calore and Sele Rivers
underwent a slight widening (Figure 6a,c), ranging between 2.9% (Sele River) and 18.5%
(Calore River). Such widening was confirmed by width ratio values > 1 (Table 4). In
contrast, both Tammaro and Sabato Rivers experienced a slight narrowing (Figure 6b,d),
ranging between 8.9% and 10.2%, confirmed by width ratio values that were slightly lower
than 1 (Table 4). The W/Wnax values of all the investigated rivers were <1, confirming that
all the rivers were significantly narrower than in the past (Table 5).

a0 0,5

i¥| Tammaro River

Figure 6. Geomorphological sketches of some selected river stretches showing channel width
variations during Phase 3.
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Finally, the results showed that the minor rivers (i.e., Tammaro and Sabato Rivers)
always showed similar behaviors from the standpoint of both the type and the rates of
channel mean width variations (Figures 2 and 4).

4. Discussion

The results presented in this paper provide a synthesis of the channel mean width
variations experienced by the major rivers of the Campania Region (Southern Italy). As
previously stated, such results have to be regarded as preliminary. In fact, an analysis at
the reach scale of the investigated rivers is unquestionably needed to highlight possible
controls by local factors (e.g., confinement conditions, hydrological discontinuities, and
anthropogenic infrastructures) on the channel mean width variations. Similarly, a detailed
assessment of the controlling factors at the basin scale is necessary and planned for future
studies. Such future perspectives of the research are currently in progress. Notwithstanding
this, the obtained results provided some interesting discussion points, especially when
considered and discussed in the framework of the literature data about the type and
variations of the controlling factors in the study area (Campania Region). Figure 7 provides
a synthesis of the channel mean width evolutionary trajectory and, based on literature data,
controlling factors.

Phase-1 Phase-2

|
o
3
&

Tammaro R.
Sabato R.
Calore R.
Sele R.

Channel width

Rainfall
Forest cover
Mining

C.F.

Increase [ | .
Low Moderate High
Decrease . .

Very high

Figure 7. Channel mean width (CMW) evolutionary trajectories of the investigated rivers and
controlling factors in the considered period. Shaded cells indicate years of damming along the
Tammaro and Sele Rivers. C.F.: controlling factors. Rainfall data are from [18,22,23]; forest cover data
are from [32]; mining data are from [2,7].

As previously stated, the remarkable changes experienced by the investigated rivers
define three major channel mean width morpho-evolutionary phases (Figure 7). The first
phase (Phase 1), which lasted from the last decades of 19th century to the late 1930s/early
1940s, is dominated by an increase in channel mean width (widening), as three rivers
out of four (i.e., Tammaro, Sabato, and Calore Rivers) experienced such type of planform
change (Figures 2 and 3; Table 4). Scorpio et al. [7] analyzed the channel adjustments of
five rivers of Southern Italy and found that, similarly, three rivers out of five (i.e., Biferno,
Sinni, and Volturno Rivers) underwent similar widening during the same period. The
widening experienced by Calore, Tammaro, Sabato, and other rivers in Southern Italy
during this phase appears coherent with the intense deforestation of slopes [32] and the
wet climate [18,22,23] that characterized the Campania region from the last decades of 19th
century to the late 1930s (Figure 7). In fact, many studies (e.g., [40,41] and references therein)
demonstrated that, in such environmental conditions, severe water and mass erosion on
slopes and associated sediment supply to the rivers increase. In turn, in conditions of
increased sediment supply from slopes, river channels tend to increase their width/depth
ratio [42]. In the same time span, rivers located in northern and central Italy underwent
slight narrowing and incision, probably because they were affected by more severe in-
channel human disturbances [5].
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In this framework, the contrasting behavior of the Sele River (i.e., the narrowing
experienced during Phase 1) is still an open question, at least at this preliminary stage of
the study. Worthy to note is the fact that Sele River was not the only river of Southern
Italy that experienced narrowing during this phase, as narrowing also affected Trigno and
Crati Rivers, located in Molise and Calabria regions, respectively [7]. Studies of coastal
geomorphology carried out on the Sele River mouth [43] showed that, in the considered
period, the river mouth underwent progradation between 1870 and 1908, but retreat from
1908 onwards. These literature data suggest that the sediment supply from the Sele River
was probably higher from 1870 to 1908 and decreased from 1908 onwards. One preliminary
hypothesis that we will attempt to verify in further studies is that some role could have been
played by the capture of the Sele River springs, which started in the 1910s. On this basis, at
this stage of the research, we cannot exclude that the Sele River started narrowing later
than suggested by the topographic maps analyses carried out in this study and synthesized
in Figure 2. Moreover, the role played by the Persano Dam (which was closed in the 1930s)
on the channel adjustments upstream and downstream from the dam itself needs to be
clarified, as the dam likely played a role in the reduction of sediment supply inferred by the
above-mentioned studies of coastal geomorphology [43]. To clarify the role of the Persano
Dam, a reach-scale analysis of the Sele River is planned.

The second phase of channel mean width variations (Phase 2) was common to all
investigated rivers, which experienced dramatic narrowing that occurred at high or very
high mean annual rates (Figures 2, 5 and 7). Such narrowing affected all of the Ital-
ian rivers [2,5-8,10,11]. In the Campania Region (Southern Italy), this phase occurred
when a diffuse reforestation affected the slopes; thus, likely reducing sediment supply to
rivers, especially during dry periods (i.e., middle 1940s—early 1960s and late 1970s—early
2010s [18,23]) (Figure 7). During this phase, human disturbances that favor narrowing,
such as in-channel sediment mining [44], also increased, especially between the 1980s and
early 1990s (Figure 7). In regards to floods, literature data [45] report that some catas-
trophic floods occurred during this phase, such as the one that occurred on 2 October, 1949,
which hit both the Tammaro and Calore Rivers. Recent studies [46,47] demonstrated that
extreme floods generally induce, among others, geomorphological effects that can last
for decades, such as a significant widening of the river channel. In the case of the 1949
flood, Magliulo et al. [2] clearly documented such widening for the Tammaro River, but
Figure 2 shows that no similar effects are evident for the larger and longer Calore River.
Furthermore, the case of the Calore River is similar to those of the Arno [42] and Basento
Rivers [11], as both these rivers experienced catastrophic floods during phases of intense
narrowing. In both cases, the authors did not report evidence of channel widening strictly
associated to these extreme floods [11,42]. Thus, it is possible that widening induced by
catastrophic floods during phases of channel narrowing could be more evident and intense
on relatively smaller rivers (such as Tammaro River) than on larger ones (such as Arno,
Basento and Calore Rivers), where they could be more easily obliterated.

River dimensions and discharge could have also influenced channel mean width varia-
tions experienced by the investigated rivers during Phase 3, as the major rivers (i.e., Calore
and Sele) experienced widening, while the minor ones (Tammaro and Sabato) underwent
narrowing (Figures 2 and 6). However, in all these cases, channel mean width variations
were negligible, never exceeding 18.5% (Table 4). Such different behaviors among different
rivers of Southern Italy during this phase were common [2,7,10] and were also detected
for the rivers of central and northern Italy [5]. This led to hypothesizing that the phase
of recovery (Phase 3) that these rivers experienced (and, probably, are still experiencing)
after the severe narrowing of Phase 2 was mainly driven by local conditions (at both
reach and basin scale), more than by variations of controlling factors at the regional scale.
Among the local factors, the role of damming was investigated by Magliulo et al. [2] for the
Tammaro River. The authors stated that, five years after the closure of the Campolattaro
Dam, damming did not produce evident effects on channel width, while effects on channel
pattern were clearer. Obviously, the short duration of Phase 3 (less than 20 years) cannot be
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neglected, compared with the previous morpho-evolutionary phases, which lasted for at
least 60 years. Possibly, after a reasonable period, a common trend will be evident for all of
the rivers (as occurred in Phase 2) or not (as for Phase 1).

5. Conclusions

This preliminary study provided new insights to define the morpho-evolutionary
trajectories of river channels of Southern Italy in the last 150 years. The results were
substantially coherent with the pre-existing literature and highlighted at least three morpho-
evolutionary phases. The third and, to a lesser extent, the first phases seemed more
controlled by local factors, while the second phase seemed more markedly at the regional
scale. Land-use changes at the basin scale and rainfall changes at the decadal scale are
probably the main control factors. Some exceptions emerged from general trends. Further
analysis at the reach and basin scale will attempt to establish if the role played by local
factors is able to explain such exceptions.
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