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Riassunto Abstract

La protezione delle zone umide è diventata parte importante nella 
pianificazione degli ecosistemi nella maggior parte delle nazioni. In 
alcuni paesi il ripristino delle zone umide perdute o anche la creazio-
ne di nuove zone umide è considerato essenziale per i servizi ecosi-
stemici che esse forniscono. Il primo passo nella pianificazione delle 
zone umide e degli ecosistemi è la loro mappatura sia nel presente 
sia, ove possibile, nell’ambito storico. Il censimento e la mappatura 
delle zone umide su aree estese sono eseguiti attraverso l’analisi di 
immagini telerilevate, come immagini aeree o satellitari. Il censimento 
e la produzione di carte riguardanti le zone umide del passato sono 
più difficili poiché il telerilevamento da piattaforme aeree esiste solo 
dalla prima metà del XX secolo. Tuttavia, alcuni prodotti cartografici 
storici includono aree umide o caratteristiche del territorio che pos-
sono essere interpretate come aree umide e che possono fungere da 
proxy per le ricostruzioni storiche della distribuzione delle zone umide. 
In questa ricerca, sia le carte storiche sia foto aeree recenti sono state 
utilizzate per cartografare la distribuzione geografica delle zone umi-
de nella provincia di Padova nel nord Italia. Un’analisi diacronica del 
cambiamento delle zone umide ha rivelato un’importante perdita di 
zone umide in tale provincia. Le zone umide attuali rappresentano solo 
il 3,4% delle zone umide presenti nel 1882. L’attuale distribuzione di 
zone umide è, in gran parte, diversa dalla distribuzione storica in quan-
to, ad oggi, pochissime delle zone umide storiche rimangono ancora 
nel territorio, mentre le nuove zone umide sono sparse e sporadiche, 
perlopiù risultato di processi antropici.

The protection of wetlands has become an important part of ecosys-
tem planning in most countries. In some countries the restoration of 
lost wetlands or even the creation of new wetlands is considered es-
sential for ecosystem functions. The first step in wetlands and eco-
system planning is mapping the present and, hopefully, the historic 
geographic distribution of wetlands. For any large area mapping 
wetlands today is performed through the analysis of remotely sensed 
imagery, such as airborne or satellite-based imagery. Mapping his-
toric wetlands is problematic as remote sensing from airborne plat-
forms has only existed since the early part of the 20th century. How-
ever, some historic cartographic products do contain wetlands or 
wetland-like features that can serve as a proxy for historic wetlands 
distributions. In this research, both historic maps (1882) and recent 
(2015) aerial imagery were used to map the geographic distribution 
of wetlands in the Padova province in northern Italy. A change anal-
ysis of wetlands revealed a dramatic loss of wetlands in this prov-
ince. The present-day wetlands amount to only 3.4% of the wetlands 
present in 1882. The current distribution of wetlands is, in large part, 
very different from the historic distribution as few historic wetlands 
remain today, while scattered new wetlands are a result of anthropo-
genic processes.
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collections of inventories performed at national, regio-
nal or local scales. For example, Spiers (1999) provided 
a comprehensive review to quantify “the global wet-
land resource by compiling and reporting on existing 
wetland areal estimates and studies of wetland loss and 
degradation”. This work was based on data provided 
by information sources including regional inventories, 
global atlases for particular wetland types, journal and 
conference papers, books and web pages. Perennou et 
Al. (2012) assessed the existing wetlands in the 27 Me-
diterranean countries around the year 2000 and provi-
ded an evaluation of the changes in wetland extent at 
the national scale through the 20th century.

At the local scale, analyzing trends of wetlands loss 
is possible by the use of single or combined geo-histor-
ical methodologies such as remote sensing, analysis of 
stratigraphical records, or analysis of historical maps 
and GIS technologies. For example, Gong et Al. (2010) 
provided a national-wide comparison of wetlands in 
China between 1990 and 2000 using Landsat imagery. 
Coleman et Al. (2008) studied the loss of wetlands in 14 
deltas around the world between the early 1980s and 
2002 using satellite images provided by a NASA-proj-
ect. In their study on the Mississippi delta plain, Mor-
ton et Al. (2005) offered an example of an integrated 
approach between imagery analysis and stratigraphic 
coring techniques to demonstrate that subsidence is the 
most dominant cause of wetlands conversion to open 
water (e.g. a wetlands ‘loss’). However, the use of pho-
tography and remote sensing technologies for the study 
of wetland loss, although highly accurate, is limited be-
cause of the almost absence of aerial photography prior 
to the 1930s (e.g. Bromber, Bertness, 2005). The use of 
historical cartography can, in this sense, help to map 
wetlands in the past. For example, Gimmi et Al. (2011) 
analyzed the wetland collapse in the Swiss lowland be-
tween 1850 and 2000 from historical and current maps. 
Sprague et Al. (2007) used one hundred year old topo-
graphic maps in a GIS environment to analyze rice field 
persistence in Japan.

Georeferencing historical maps with many tech-
niques, both for environmental and urban studies, is 
very common. For example, using 1950s era maps, 
Salerno et Al. (2008) studied the surface area changes 
of a glacier in the Nepalese national park of Sagarmatha 

1. Introduction

1.1 Context, Goals, State of the Art 

Historical landscape and habitat reconstruction can be 
an important tool for regional habitat mitigation, con-
servation and restoration (NRC, 1992; Swetnam et Al., 
1999; Steiner, 2000). Among landscapes and habitats, 
wetlands play an important role in providing ecosystem 
services for a variety of reasons (see Tiner, 2003; Ramsar 
Convention Secretariat, 2013; Singh, 2015). Any loss of 
wetland areas may cause serious and sometimes irre-
parable environmental and habitat damages within a 
landscape (Soule, 1991). The goals of this research were 
to produce an updated wetlands database for the Pado-
va province (Venetian-Po Plain, northeastern Italy) and 
to provide a first estimation of wetlands change in this 
study area by comparing contemporary and historical 
wetlands data through the analysis of remote sensing 
and historical maps. Before describing the present un-
derstanding of wetlands in the study area, a brief re-
view on wetlands classification, mapping and wetlands 
change is provided. One of the earliest and certainly the 
most well-known work on developing a standardized 
method of wetland classification and mapping was con-
ducted by Cowardin et Al. (1979). This wetland classi-
fication system was subsequently adopted in a slightly 
modified form by the US Fish and Wildlife Service 
(USFWS) in their long-term National Wetlands Invento-
ry (NWI), which is now a nationwide wetland inventory 
in a Geographic Information System (GIS) format. Simi-
lar versions of wetland classification systems and map-
ping have been adopted by other large non-US projects 
such as the GReek INventory (GRIN) (Zalidis, Mantza-
velas, 1996), the Romanian Wetland Inventory (Török, 
2002), the Island Wetland Inventory in Croatia (Sučić 
et Al., 2018) and the wider Pan Mediterranean Wetland 
Inventory1 (PMWI) (Hecker et Al., 1996). Starting from 
present-day wetland inventories, many diachronical 
comparisons aimed at estimating the wetland changes 
for localized areas have been conducted. Wetlands in-
ventories at global and continental scale are based on 

1 https://medwet.org
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a series of important floods and coincidentally suprae-
levated rivers avulsions, which led to the flooding of 
large morphologically depressed areas. As a result, the 
most depressed areas of the Southern Venetian plain be-
came hosts to large lakes and swamps, such as Vighiz-
zolo and Anguillara (Marcolongo, Zaffanella, 1987; Vi-
gato, 1997). Many of those wetlands remained, partially 
human-managed, until the large land reclamation at 
the end of the nineteenth century (Zuccagni-Orlandini, 
1844; Stefani, 1854; Mozzi, 1927).

Many former natural wetlands, which later became 
human-managed, consisted of rice fields and irrigated 
meadows (Sereni, 2004; Vigato, 1997). For the Ram-
sar Convention, rice fields are classified as agricultural 
wetlands (Ramsar Information Paper no. 12). As noted 
by Verhoeven, Setter (2010), “rice cultivation has been a 
labour-intensive activity in fields that were kept under 
water for a major part of the year. Rice fields can there-
fore be classified as ‘agronomically managed temporary 
wetland ecosystems’.” In 1993, Hook found that 57% 
of rice fields were located on wetlands or former wet-
lands. Irrigated fields, wet meadows and flooded fields 
are terms usually associated with the practice of flood-
ing fields with very shallow waters for crops cultivation 
(Leibundgut, 2004; Sereni, 2004; Peck, Lovvorn, 2001). 
The Ramsar Convention included “seasonally flooded 
irrigation land” as wetlands3.

Nowadays, the largest and most important wet-
land areas of the Veneto region are the Po River Delta 
located in the province of Rovigo and the Lagoon of 
Venice located partially in the province of Venice and 
the province of Padova (in its southern part, see Fig-
ure 1).  These two larger wetlands (or their smaller parts) 
have been the focus of biochemical and ecosystem re-
search (Serandrei-Barbero et Al., 2011; Pappalardo et 
Al., 2017). Others have studied these two large wetlands 
from a socio-economical condition related to the vast 
land reclamations and the historical human-water rela-
tionship (for example, Bertoncin, 2004; Novello, 2009; 
Morin, Scola Gagliardi, 1993 (eds.); Pasa, 1999).

2 https://www.ramsar.org/sites/default/files/documents/library/
info2007-01-e.pdf

3 https://www.ramsar.org/sites/default/files/wwd14_leaflet_
en.pdf

through the second half of the 20th century. Affek (2013) 
used Austrian military survey maps to study the evo-
lution of the Polish territory of Galicia in the 18th and 
19th centuries; the same territory was studied by Harvey 
et Al. (2014) through a time period of 150 years using 
cadastral maps. San-Antonio-Gómez et Al. (2013) stud-
ied the Spanish territory of the Real Sitio de Aranjuez 
from the 18th century to present times. This historical 
approach with older maps is very common in Italy as 
well (Lo Rè, Terrana, 2005; Brovelli, Minghini, 2012; 
Brigante, Radicioni, 2014).

However, the georeferencing process of historical 
maps may be problematic when the original documen-
tation is missing and the projection or datum of the 
map is unknown (Balletti, 2000, 2006; Baiocchi, Lelo, 
2005; Podobnikar, Kokalj, 2006; Bitelli et Al., 2013); 
this is especially true for small scale (large area) maps. 
For smaller areas this problem is greatly diminished as 
the cartographic base is a rectangular coordinate sys-
tem and thus, compatible with an affine transformation. 
Identifying the original map projection is very import-
ant for small scale maps; others have proposed methods 
for identifying the missing map projection information 
(Triplat Horvat, Lapaine, 2015; Bayer, 2016).

The study area for this research is the province of 
Padova administrative unit, located in the Veneto re-
gion between the Lagoon of Venice and the Prealps 
piedmont. Our study used large scale (small area) maps.  
In the paradigms of map georectification methods our 
approach may be considered as a piecewise rectifica-
tion, since we used localized ground control points, in-
dependent for each of the map sheets.

Historical literature and maps provides information 
on the presence of large wetlands in the past within the 
Padova provincial study area. A significant change in 
both climate and anthropogenic management of waters 
occurred within the Late Ancient-High Medieval period. 
According to others (Bertolani Marchetti, 1966; Paniz-
za 1985; Veggiani, 1994), there was a deterioration of 
climatic conditions which, in coincidence with the pro-
gressive abandonment of the lands after the decline of 
the Western Roman Empire, produced disastrous envi-
ronmental effects in the Southern Venetian and Emilia 
Romagna plains (Cremaschi, Gasperi, 1989). From a hy-
drographic point of view, long rainy periods resulted in 
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other types of environments such as minor natural for-
ested areas. For the Padova province, the Regione Vene-
to (2004) reported a total of 31 minor natural areas (28 
areas in the alluvial plain zone and three areas in the 
lagoon) for a total of 3,117 ha. This report seems to 
include many of the inland wetlands but it does not 
officially categorize which areas correspond to wet-
lands versus other types of natural areas.  Furthermore, 
it does not include anthropogenically created wetlands. 
From a visual analysis of satellite imagery and contem-
porary cartography, the Veneto region seems to have 
many more inland wetlands than what is reported by 
the official data, which only includes wetlands protect-
ed by special regulations (see paragraph 1.2).

Another possible source of mapped wetlands is the 
land cover database created and maintained by the Re-

Despite numerous works on local wetlands in the 
Veneto region (primarily in the Lagoon of Venice), there 
is still poor knowledge of the amount, the extension 
and the type of inland wetlands in this area. The Regi-
one Veneto provides an online database4 purported to 
represent wetlands conforming to the Ramsar definition 
(“Zone umide ex D.Lgs. 42/2004, art.142”); however, at 
the current date, there are no (0) wetlands reported for 
the province of Padova. In 2004, ARPAV5 published a 
census of the “minor natural areas in the Veneto re-
gion”6. This report includes both natural wetlands and 

4 https://idt2.regione.veneto.it/idt

5 Agenzia Regionale per la Prevenzione e Protezione Ambien-
tale del Veneto,

6 http://www.arpa.veneto.it/arpavinforma/pubblicazioni/censi-
mento-delle-aree-naturali-minori-della-regione-veneto

FigurE 1
The Veneto region and the borders 
of its provinces (in yellow). 
In blue, the study area of the 
Padova province 
(Graphics by Silvia E. Piovan)

 

Figure 1 – The Veneto region and the borders of its provinces (in yellow). In blue, the study area of the Padova 
province. (Graphics by Silvia E. Piovan). 

1.2 European and Italian regulation on wetlands 

To ensure the protection and/or the restoration of wetlands, whenever possible, the Ramsar Convention 
(1971) has provided a cooperative framework for the conservation and wise use of wetlands and their 
resources in every country that adheres to the treaty. As of January 2013, 163 nations have joined the 
Convention as Contracting Parties, and more than 2,060 wetlands around the world, covering over 197 
million ha, have been designated for inclusion in the “Ramsar List of Wetlands of International 
Importance” (Ramsar Convention Secretariat, 2013). The Ramsar Convention also provided an official 
definition for wetland areas, adopted for the purpose of this work as well: “Wetlands are areas of 
marsh, fen, peatland or water, whether natural or artificial, permanent or temporary, with water that is 
static or flowing, fresh, brackish or salt, including areas of marine water the depth of which at low tide 
does not exceed six meters”. 
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and inland wetlands in the Regione Veneto land cover 
database shows only a 53% correspondence. Thus, 47% 
of inland wetlands are missing from the Regione Veneto 
database (e.g. Figure 2). In this study we excluded rivers 
and canals (free flowing water bodies) and included all 
wetlands, including geographically isolated wetlands/
water bodies that belong to the inland context.

Many of the wetlands that appear in our visual anal-
ysis seem to fall into the European Pond Conservation 
Network (EPCN) (EPCN, 2008; Ewald et Al., 2010), where 
the definition of “pond” is “a temporary or permanent 
standing waterbody between one m2 and five hectares 
in surface area”. The EPCN also defines an “Important 
Areas for Ponds” (IAPs) as “a geographical area which 
supports a pond site or network of high biological, so-
cial or economic importance”. The concept of an IAP 
could also fit for some ponds in the study area.

gione Veneto7. This database was created in 2009 on the 
base of orthophotos taken in 2007, and contains four 
types of water bodies: inland wetlands, coastal wet-
lands, inland waters and coastal waters. Coastal wet-
lands and coastal waters are related to the Adriatic Sea 
and the Lagoon of Venice and are not considered in 
this paper, since we are interested only in inland wet-
lands. In the legend of the Regione Veneto database, 
inland wetlands are defined as wet areas referring to 
fluvial, lacustrine and peat bog environments; inland 
waters are instead defined as rivers, canals and water-
ways, and water basins. We examined this database for 
possible inclusion. However, a comparison (i.e. direct 
intersection) between our data and all the inland waters 

7 https://idt2.regione.veneto.it/geoportal/catalog/search/re-
source/details.page?uuid=r_veneto:c0506021_CopSuolo

In response to the Ramsar Convention, the European Union decided to add two different guidelines to 
ensure the protection of wetlands within the borders of every member state: 

§ the “Birds” directive (1979) for the preservation of aquatic birds, along with their nesting and feeding 
areas; 

§ the “Habitats” directive (1992) for the preservation of natural and semi-natural habitats. 

This lead to the institution of a network of protected areas throughout the entire European Union, 
called “Natura 2000”, which resulted in the creation of Special Protection Areas (SPAs) and Special Areas 
of Conservation (SACs), based on the Birds and Habitats Directives, respectively (ISPRA, 2011). Italy hosts 
53 Ramsar Sites, for a total of 62,016 ha. The Veneto region alone has only three of the Ramsar 
designated wetland sites: “Valle Averto” in the Lagoon of Venice (500 ha, Venice province), “Palude del 
Brusà – Le Vallette” (171 ha, Verona province) and “Vincheto di Cellarda” (99 ha, Belluno province), for a 
total of 770 ha. No Ramsar defined wetlands are present in the Padova province. 
The Veneto Region database hosts 12 SCAs/SPAs for the province of Padova, for a total of 106,368 ha. 
Within these protected zones, there are large areas, such as most of the Euganei Hills zone that are not 
wetlands. 

 

Figure 2 – The pond and surrounding wetlands, missing from Natura 2000, located almost at the western border 
of the Bassa Padovana, close to Montagnana, as an example of semi-natural wetland in the province of Padova. 

(Photo by Silvia E. Piovan) 

2 Geomorphological setting 
The study area for this research is located in the Central-Southern Venetian Plain and is contained in the 
administrative unit of the province of Padova, an area of 2,143 km2 (Figure 1). The Central-Southern 
Venetian Plain lies in the eastern part of the foreland basin of the Southern Alps. This part of the larger 

FigurE 2 – The pond and surrounding wetlands, missing from Natura 2000, located almost at the western border of the Bassa Padovana, 
close to Montagnana, as an example of semi-natural wetland in the province of Padova
(Photo by Silvia E. Piovan)
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– the “Habitats” directive (1992) for the preservation 
of natural and semi-natural habitats.

This lead to the institution of a network of protected 
areas throughout the entire European Union, called 
“Natura 2000”, which resulted in the creation of Special 
Protection Areas (SPAs) and Special Areas of Conser-
vation (SACs), based on the Birds and Habitats Direc-
tives, respectively (ISPRA, 2011). Italy hosts 53 Ramsar 
Sites, for a total of 62,016 ha. The Veneto region alone 
has only three of the Ramsar designated wetland sites: 
“Valle Averto” in the Lagoon of Venice (500 ha, Venice 
province), “Palude del Brusà – Le Vallette” (171 ha, Ve-
rona province) and “Vincheto di Cellarda” (99 ha, Bel-
luno province), for a total of 770 ha. No Ramsar defined 
wetlands are present in the Padova province.

The Veneto Region database hosts 12 SCAs/SPAs for 
the province of Padova, for a total of 106,368 ha. With-
in these protected zones, there are large areas, such as 
most of the Euganei Hills zone that are not wetlands.

2. Geomorphological setting

The study area for this research is located in the Cen-
tral-Southern Venetian Plain and is contained in the 
administrative unit of the province of Padova, an area 
of 2,143 km2 (Figure 1). The Central-Southern Venetian 
Plain lies in the eastern part of the foreland basin of the 
Southern Alps. This part of the larger Venetian Plain is 
composed, to the north, by the alluvial megafan develo-
ped by the Brenta River and, to the south, by the Adige-
Po sedimentary system, both developed during the Late 
Quaternary (Fontana et Al., 2008; Piovan et Al., 2012). 
The study area can be divided into three geographical 
regions, which are characterized by quite different geo-
morphological and hydrographical processes and forms.

The northernmost portion, here called Alta Padova-
na (561 km2), is defined by the border of the Padova 
province to the north and, to the south, by the Brenta 
River and minor hydrography (Figure 3). The Alta Pa-
dovana lies on the medium-grained sector of the Bren-
ta River megafan (Mozzi et Al., 2010). The northern 
part of the Alta Padovana marks the transition zone 
between the so-called “high plain”, characterized by 

This research in our study was focused on providing 
an updated inventory of inland wetlands for the Padova 
province from a remote sensing survey of 2015 ortho-
photos in the spirit of the Pan-Mediterranean Wetland 
Inventory (PMWI): to “include as many wetlands as 
possible in each Mediterranean country” (Tomàs-Vives, 
2008). After collecting the 2015 wetland polygons in a 
GIS database, the comparison with wetland-type poly-
gons obtained from the Orazio Morelli (1882) historical 
map provided a good estimate of wetland loss in the 
study area. This work was based, in part, on the contri-
butions of unpublished University of Padova bachelor 
thesis works (Zandonà, 2015; Benolich, 2016) focused 
on wetlands inventories in portions of the study area.

1.2 European and Italian regulation on 
wetlands

To ensure the protection and/or the restoration of wet-
lands, whenever possible, the Ramsar Convention (1971) 
has provided a cooperative framework for the conser-
vation and wise use of wetlands and their resources in 
every country that adheres to the treaty. As of January 
2013, 163 nations have joined the Convention as Con-
tracting Parties, and more than 2,060 wetlands around 
the world, covering over 197 million ha, have been de-
signated for inclusion in the “Ramsar List of Wetlands 
of International Importance” (Ramsar Convention Se-
cretariat, 2013). The Ramsar Convention also provided 
an official definition for wetland areas, adopted for the 
purpose of this work as well: “Wetlands are areas of 
marsh, fen, peatland or water, whether natural or arti-
ficial, permanent or temporary, with water that is static 
or flowing, fresh, brackish or salt, including areas of 
marine water the depth of which at low tide does not 
exceed six meters”.

In response to the Ramsar Convention, the European 
Union decided to add two different guidelines to ensure 
the protection of wetlands within the borders of every 
member state:

– the “Birds” directive (1979) for the preservation of 
aquatic birds, along with their nesting and feeding 
areas;
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mainly related to the Bacchiglione system, since many 
of the canals crossing this area were dug hundreds of 
years ago (mostly in the 12th century) for navigation 
and water-strategy purposes (Genio Civile, 1879).

The southernmost portion, called Bassa Padova-
na (770 km2), is completely included in the so-called 
“low plain”, composed by fine sediments (sandy and 
silty-clayey). The major rivers in the Bassa Padovana 
are the Adige and the Fratta-Gorzone ones. The Bas-
sa Padovana is characterized by a dense network of 
alluvial ridges created mostly by the Adige River. In 
the western part of the Bassa Padovana there are geo-
morphological and stratigraphical evidences of ridges 
intersections that are a product of the interaction be-
tween the Po and the Adige rivers sedimentary activ-
ities during the Bronze Age. The geomorphologically 
depressed basins formed between the alluvial ridges are 
generally silty-clayey, although they frequently show 
accumulations of peat, results of extensive swamps and 

coarse gravel beds in the piedmont plain, and the me-
dium-fine-grained sedimentary sequence, forming the 
so-called “low plain”.

In the transition zone between the high plain and 
the low plain the water table intersects the topograph-
ic surface and the groundwater emerges on the plain 
as numerous springs called “fontanili” (Vorlicek et Al., 
2004; Piccinini et Al., 2017). The major river is the 
Brenta and, in the Alta Padovana, its course changes 
from braided to meandering.

The central area, here called Medio Padovano (813 
km2), is mostly defined by the border of the Padova 
province and also by minor hydrography, especially to 
the south: proceeding from west to east the Frassine 
River, the Bisatto, the Vigenzone and Cagnola canals 
and the Bacchiglione River. The Medio Padovano in-
cludes the Euganei Hills in the southwestern area and a 
small portion of the Venice Lagoon in the eastern part 
(Figure 3). The hydrography of the Medio Padovano is 

 

Figure 3 – Terrain map of the three areas considered in this work. From north to south: 
Alta Padovana, Medio Padovano and Bassa Padovana. (Graphics by Silvia E. Piovan). 

 

Figure 4 – a) Vighizzolo d'Este, August 18th 1922. Final stages of the construction of the pumping station building 
in the Colonna locality along the Fratta River (see also Figure 5) (modified from Piovan (2014b); b) the same 

pumping station today (Google Earth, 2019). 

FigurE 3
Terrain map of the three 
areas considered in this work. 
From north to south: Alta 
Padovana, Medio Padovano 
and Bassa Padovana
(Graphics by Silvia E. Piovan)
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3. Data Sources and Methods

3.1 Data Sources

Our inventory of present-day and historical wetlands 
was based on two sources – recent orthophotography 
and historical maps. The study of present-day wetlands 
was based on a visual analysis of digital aerial ortho-
photos for the province of Padova, produced by AGEA 
(AGenzia per le Erogazioni in Agricoltura – “Agency for 
Agriculture Supply”) in 2015 with a resolution of 20 cm/
pixel. Both panchromatic and color-infrared versions of 
these orthophotos were used. The color-infrared version 
allowed an easier recognition of smaller water bodies 
because of the sharp contrast between water features 
and other land cover.

The inventory of historical wetlands was based on 
a map dated back to 1882 and drawn by Orazio Mo-
relli, a Venetian cartographer. The map is titled “Carta 
Idrografica Stradale Amministrativa Consorziale della 
Provincia di Padova e dei terreni che si estendono fino 
alla sinistra sponda del fiume Adige e della Laguna di 

organic deposition occurred in the past (Piovan et Al., 
2012). Many historical documents (for a review, see for 
example Valandro, 1980) and maps (e.g. Lai, 1593) show 
the Bassa Padovana occupied by large wetlands, ponds 
and lakes, and drained by a long land reclamation pro-
cess. The first important hydraulic work aimed at drain-
ing the southeastern portion of the Bassa Padovana was 
the “Taglio del Gorzon” (i.e. the digging of the Gorzone 
canal). The Gorzone is an artificial canal excavated in 
1572 by the Padova rulers to discharge the waters of the 
Fratta, Santa Caterina and other minor watercourses. 
Prior to the creation of the Gorzone canal, the waters 
of the Bassa Padovana flowed into a large marshy area 
(called Lago della Griguola), in the northwest area of 
Anguillara (Piovan, 2014a). Other important land rec-
lamation works occurred during the first decades of 
the 20th century (Piovan, 2014b), primarily through the 
construction of drainage canals and pumping stations 
(Figure 4). Pumping stations are necessary in the Bassa 
Padovana area to move the water from the drainage ca-
nals (low waters) to the major rivers (such as the Adige 
and the Fratta-Gorzone) as their courses are supraele-
vated on the alluvial plain. 

 

Figure 3 – Terrain map of the three areas considered in this work. From north to south: 
Alta Padovana, Medio Padovano and Bassa Padovana. (Graphics by Silvia E. Piovan). 

 

Figure 4 – a) Vighizzolo d'Este, August 18th 1922. Final stages of the construction of the pumping station building 
in the Colonna locality along the Fratta River (see also Figure 5) (modified from Piovan (2014b); b) the same 

pumping station today (Google Earth, 2019). 

FigurE 4

a) Vighizzolo d’Este, 
August 18th 1922. 
Final stages of the 
construction of the pumping 
station building in the 
Colonna locality along the 
Fratta River (see also Figure 5) 
(modified from Piovan 2014b); 

b) the same pumping station 
today (Google Earth, 2019)
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The 1882 Morelli ‘map’ is actually composed of twelve 
sheets, numbered from I to XII. Eleven map sheets were 
required (I to V and VII to XII) to cover the study area; 
sheet VI was not used because it barely covered the area 
of the Padova province. Each map sheet was a subset of 
the entire map with an original scale of 1:50,000. Wet-

and completed with indications of cultivations and elevation of 
ground surface above sea level, with plans of district capitals. 
Dedicated to the Government of the province of Padova, which 
encouraged the production of this work, 1882”

Chioggia. Delineata da Orazio Morelli. 2° edizione ri-
dotta alla scala di 1/50000; riveduta, corretta e com-
pletata colla indicazione delle coltivazioni e delle altezze 
del piano campagna sul livello del mare, e colle piante 
dei Capoluoghi distrettuali. Dedicata alla Deputazione 
provinciale di Padova che incoraggiò l’opera, 1882”8. 

8 “Map of hydrography, roads, government and consortiums of 
the Province of Padova, of the territories on the left side of the 
Adige River and of the Chioggia Lagoon. Drawn by Orazio Mo-
relli. 2nd edition reduced to a scale of 1:50,000; revised, corrected 

FigurE 5
Detail of the Valli Mocenighe 
area from the 1882 map by 
Orazio Morelli (A, modified by the 
original map provided by courtesy 
of Biblioteca di Geografia, 
University of Padova) and the 
same area today (B, ArcGIS Online 
basemap) at the same scale. The 
three types of historical wetlands 
in 1882 are shown 
(Graphics by Marco Filippini)

 

Figure 5 – Detail of the Valli Mocenighe area from the 1882 map by Orazio Morelli (A, modified by the original 
map provided by courtesy of Biblioteca di Geografia, University of Padova) and the same area today (B, ArcGIS 

Online basemap) at the same scale. The three types of historical wetlands in 1882 are shown. (Graphics by 
Marco Filippini). 

4 Results 

4.1 Survey of historical wetlands and comparison with the present day 

Polygonization of 1882 wetlands allowed us to create three different feature classes for all three areas 
of the province of Padova, thus separating irrigated fields and meadows from marshes and rice fields, as 
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ne transformation) resulted as the best approximation, 
as other kinds of transformations provided unsatisfying 
results. In particular, the spline transformation was ori-
ginally expected to result in greater accuracy with con-
trol points located around wetland areas, but produced 
unsatisfying results around the borders of the sheets.

A target spatial error for all sheets was maintained 
below 100 m (RMSE), varying by map sheet from 29.78 
m to 85.06 m. The final step was to merge all sheets 
for each study region and clip the resulting raster of 
the historical map using the boundary files of the study 
area as a mask.

3.2.2 Polygonization of wetland areas

Polygonization of wetlands from the 1882 map was 
interpreted from the legend (thus, separating irrigated 
fields/meadows, marshes and rice fields in three diffe-
rent layers). Although Morelli (1882) did not specify 
his minimum mapping unit, our observation of his re-
corded polygons indicates that a minimum mapping 
unit of about 0.0017 km2 (0.17 ha) was used, becau-
se 0.17 ha was the smallest extension of the mapped 
wetlands.

Polygonization of wetlands from the 2015 ortho-
photos was instead based on the Ramsar Convention’s 
guidelines, thus identifying not just the areas where wa-
ter was clearly visible, but also those with a thick aquat-
ic vegetation. In addition, as suggested by the PMWI 
manual (Tomàs-Vives, 2008), we digitized as many wet-
lands as we were able to confidently recognize at the 
working scale. Although the Ramsar definition of wet-
lands also includes rivers and canals, in this work rivers 
and canals as wetlands were not mapped, neither in the 
Morelli map nor in the 2015 orthophotos. The digitiz-
ing of wetlands from the orthophotos was conducted 
at a scale of 1:500. The minimum mapping unit for the 
survey using 2015 imagery was 0.0001 km2 (0.01 ha). 
We did not attempt to map the same three categories 
as in the 1882 Morelli map as there seem to be no rice 
fields nor irrigated fields (in the sense discussed in the 
paragraph 3.1) in the three study areas today. In the 
last thirty years the irrigation of fields in the study area 
has been performed mostly by spray and sprinkler tech-
niques and not by flooding.

lands were depicted in three different land cover cat-
egories – marshes (“paludi e canneti”), irrigated fields 
and meadows (“prati irrigui o naturali e pascoli”), and 
rice fields (“risaie”) (Figure 5). The term “irrigated field” 
was used in the past to indicate fields (usually cultivat-
ed with grasses for hay production) that were covered 
by water at least during part of the year (Di Filippo 
conte Re, 1815). We decided to include the “irrigated 
fields and meadows” category in our analysis because 
the Ramsar Convention defines wetlands also as areas 
temporarily covered by water (Ramsar Convention Sec-
retariat, 2013). However, since the use of irrigated fields 
and meadows as a wetlands category may be argumen-
tative, we summarized the results for each category of 
wetland separately. The use of the 1882 historical map 
is justified as most of the land reclamations in the study 
area were performed in the 20th century; thus, it was 
necessary to go back at least as far as the 19th century 
to gain a proper understanding of how the wetlands 
environment has changed. To define the areas of study, 
three different boundary files were created and used to 
delineate the areas of the Alta Padovana, Medio Pado-
vano and Bassa Padovana.

3.2 Methods

3.2.1 Georeferencing

Georeferencing of the historical map sheets was based 
on the feature linking ground control point technique, 
using the AGEA 2015 orthophotos as a reference base-
map9. To minimize distortions endemic to large study 
areas, a separate rectification was conducted for each of 
the three study regions. Each sheet was georeferenced 
separately; also, if a sheet covered parts of two different 
areas, it was georeferenced twice with control points 
unique to each specific region. As one of the goals of 
the georeferencing process was to obtain a historical 
basemap for the province of Padova, the control points 
were spread as much as possible throughout each she-
et. The first order polynomial transformation (i.e. affi-

9 All operations shown in this work were performed with the 
software ArcGIS (v. 10.5.1).
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meadows from marshes and rice fields, as they were 
at the end of the 19th century (Figure 6, Figure 7, Fig-
ure 8). The areas for each type of wetland in 1882 were 
calculated for each region and summarized for all wet-
lands in that region (Table 1). A similar analysis was 
obtained for the 2015 wetlands, but in this case the type 
of wetlands was not differentiated (Figure 6, Figure 7, 
Figure 8, Table 2). Finally, the total wetland areas for all 
regions were calculated and compared (Table 2).

4. Results

4.1 Survey of historical wetlands and comparison 
with the present day

Polygonization of 1882 wetlands allowed us to create 
three different feature classes for all three areas of the 
province of Padova, thus separating irrigated fields and 

they were at the end of the 19th century (

 
Figure 6, Figure 7, Figure 8). The areas for each type of wetland in 1882 were calculated for each region 
and summarized for all wetlands in that region (Table 1). A similar analysis was obtained for the 2015 

FigurE 6
Comparison between 1882 and 2015 wetlands 
in the Alta Padovana area
(Graphics by the authors)
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Figure 7 – Comparison between 1882 and 2015 wetlands in the Medio Padovano area. (Graphics by the authors). 

 

Figure 8 – Comparison between 1882 and 2015 wetlands in the Bassa Padovana area. (Graphics by the authors). 

5 Discussion 
The data collected from the Morelli (1882) map (Table 1) shows that the Alta Padovana was the region 
with the larger area of wetlands (15% of its area contained wetlands) while the Bassa Padovana was the 
region poorer in wetlands (6% of its total). However, if irrigated fields and meadows are not considered 
as part of the wetlands (Table 2), the Bassa Padovana was the region richest in wetlands by extension 
(22.48 km2, corresponding to 2.92% of the total surface of this region) and similar in percentage with the 
Alta Padovana (2.93%, corresponding to 16.44 km2). The most common type of wetland was the 
irrigated fields and meadows (152.36 km2, corresponding to 7.11% of the total area of the Padova 
province), followed by rice fields (29.94 km2, corresponding to 1.40%) and marshes (22.82 km2, 
corresponding to 1.06%). 
It is interesting to note the influence that the different geomorphological features have on the locations 
of wetlands within each of the three regions (Alta Padovana, Medio Padovano and Bassa Padovana). In 
general, the wetlands distribution and type are correlated with the location of water bodies (Figure 9). 
In the Alta Padovana, wetlands in 1882 were almost uniformly distributed, while in 2015 the few 
remaining ponds are mostly located near the course of the Brenta River. In the Medio Padovano, the 
historical wetlands are located in three particular areas: the area between the Brenta and Bacchiglione 
rivers, the so called “peri-euganeean” belt around the Euganei Hills and the northern side of the 
Bacchiglione River. In 2015 most of the ponds are instead located in the “peri-euganeean” belt. The 

Figure 7
Comparison between 1882 and 2015 
wetlands in the Medio Padovano area
(Graphics by the authors)

FigurE 8
Comparison between 1882 and 2015 
wetlands in the Bassa Padovana area 
(Graphics by the authors)
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Medio Padovano area (13.84 km2 excluding the ir-
rigated fields and meadows, corresponding to 1.70% 
of the Medio Padovano area); in 2015, only 1.49 km2 
were present, corresponding to 0.18% of the entire 
Medio Padovana area;

– In the Bassa Padovana, in 1882 there were 48.15 
km2 of wetlands, corresponding to 6.25% of all the 
Bassa Padovana area (22.48 km2 excluding the irri-
gated fields and meadows, corresponding to 2.92% 
of the Bassa Padovana area); in 2015, only 2.45 km2 
were present, corresponding to 0.32% of the entire 
Bassa Padovana area;

– In the entire province, the total area of wetlands 
was 205.12 km2 in 1882 and 7.09 km2 in 2015. Even 
excluding the irrigated fields and meadows, the to-
tal wetland area in 1882 was 52.76 km2, over seven 
times greater than in 2015.

4.22 Diachronic comparison

It was also of interest to note the specific changes 
in wetlands throughout the study region. For instan-
ce, we wanted to know what areas were consistently 
wetlands from 1882 to the present versus what are-

4.2 Data analysis

4.2.1 Wetlands Statistics

The creation of digital representations of all wetland are-
as allowed us to summarize and analyze individual chan-
ges in wetlands for each region. In 1882, a total of 205.12 
km2 of wetlands was present in the entire province. Of 
this total, 22.82 km2 were marshes, 152.36 km2 were irri-
gated fields and meadows and 29.94 km2 were rice fields. 
Table 1 shows the amount in km2 and percentage of the 
total area for that region by types of wetland.

The totals and the percentages of wetlands for each 
region and date were also derived (Table 2). The results 
show a dramatic decrease in wetlands for all regions. 
More precisely:

– In the Alta Padovana, in 1882 there were 86.28 km2 
of wetlands, corresponding to 15.38% of all the Alta 
Padovana area (16.44 km2 excluding the irrigated 
fields and meadows, corresponding to 2.93% of the 
Alta Padovana area); in 2015, only 3.16 km2 were 
present, corresponding to 0.56% of the entire Alta 
Padovana area;

– In the Medio Padovano, in 1882 there were 70.69 
km2 of wetlands, corresponding to 8.70% of all the 

TablE 1 – Total area of wetlands in 1882 and the percentage area in each study region 

Marshes Irrigated Fields 
and Meadows Rice Fields TOTAL 

BY REGION*

Alta Padovana
0.46 km2

0.08%
69.83 km2

12.45%
15.98 km2

2.85%
86.28 km2

15.38%

Medio Padovano
7.27 km2

0.89%
56.85 km2

7.00%
6.57 km2

0.81%
70.69 km2

8.70%

Bassa Padovana
15.08 km2

1.96%
25.68 km2

3.33%
7.39 km2

0.96%
48.15 km2

6.25%

TOTAL BY WETLAND TYPE
22.82 km2

1.06%
152.36 km2

7.11%
29.94 km2

1.40%
205.12 km2

9.57%

* Values in the tables are rounded independently
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– In the Medio Padovano, the total area consistently 
wetland in both time periods was 0.26 km2, corre-
sponding to only 0.36% of the historical wetlands 
(0.01 km2 without I.F.&M., corresponding to 0.08% 
of the historical wetlands);

– In the Bassa Padovana, the total area consistently 
wetland in both time periods was 0.43 km2, corre-
sponding to only 0.90% of the historical wetlands 
(0.02 km2 without I.F.&M., corresponding to 0.07% 
of the historical wetlands).

In the entire province, the total area consistently wetland 
in both time periods was 1.30 km2, corresponding to only 
0.63% of the historical wetlands (0.20 km2 without I.F.&M., 
corresponding to 0.39% of the historical wetlands).

as were wetlands in 1882 and were transformed into 
non-wetland areas (or vice-versa). The intersection 
geoprocess was used to calculate the wetland presen-
ce in both years (i.e. wetland persistence) and wet-
land change, as well as the percentages of these areas 
covered in wetlands (Table 3). For this calculation, we 
considered the two cases in which the irrigated fields 
and meadows are either considered as wetlands or 
not. More precisely:

– In the Alta Padovana, the total area consistently 
wetland in both time periods was 0.61 km2, corre-
sponding to only 0.71% of the historical wetlands 
(0.18 km2 without I.F.&M., corresponding to 1.08% 
of the historical wetlands);

TablE 2 – Total area of wetlands and the percentage area in each study region for 1882 and 2015. I.F.&M. implies the irrigated fields and 
meadows

Alta Padovana Medio Padovano Bassa Padovana TOTAL*

1882

86.28 km2

16.44 km2 without I.F.&M.
70.69 km2

13.84 km2 without I.F.&M.
48.15 km2

22.48 km2 without I.F.&M.
205.12 km2

52.76 km2 without I.F.&M.

15.38%
2.93% without I.F.&M.

8.70%
1.70% without I.F.&M.

6.25%
2.92% without I.F.&M.

9.57%
2.46% without I.F.&M.

2015
3.16 km2 1.49 km2 2.45 km2 7.09 km2

0.56% 0.18% 0.32% 0.33%

* Values in the tables are rounded independently

TablE 3 – Areas of wetlands in 1882 that remained as wetlands in 2015. I.F&M. implies the irrigated fields and meadows

Alta Padovana Medio Padovano Bassa Padovana TOTAL*

0.61 km2

0.18 km2 without I.F&M.
0.26 km2

0.01 km2 without I.F&M.
0.43 km2

0.02 km2 without I.F&M.
1.30 km2

0.20 km2 without I.F&M.

0.71%
1.08% without I.F&M.

0.36%
0.08% without I.F&M.

0.90%
0.07% without I.F&M.

0.63%
0.39% without I.F&M.

* Values in the tables are rounded independently
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Statistics from Table 2 and Table 3 show that the prov-
ince of Padova has lost a huge amount of wetlands during 
a time period of only 133 years. In fact, if in 1882 there 
were a total of 205.12 km2 of wetlands (including the irri-
gated fields and meadows), in 2015 there were only 7.09 
km2. From the diachronic comparison it is also possible 
to notice that, thanks to the intersection between the two 
wetlands polygons layers (1882 and 2015), only 1.30 km2 
of wetlands are located in the same place in both dates; 
the remaining 5.79 km2 of the present-day wetlands are 
located in completely different positions. This is the result 
of the land reclamations that were performed especially 
during the first decades of the 20th century, which have 
radically changed the landscape of the province and its 
economy. The original classification by Orazio Morelli 
(irrigated fields, marshes and rice fields) does not apply 
anymore, as the present-day wetlands have a completely 
different origin and purpose and the irrigation techniques 
are different. Most of the wetlands are in fact abandoned 
clay or sand pits or oxbow lakes, sometimes reinvented as 
ornamental water bodies or containment tanks. As shown 
in Table 2, even when the irrigated fields and meadows 
are excluded as wetland, the loss of wetlands between 
1882 and 2015 was substantial.

A final consideration regarding the minimum mapping 
unit and the amount of wetlands mapped is given. Using 
a MMU of 0.17 ha, Morelli mapped 205 km2 of wetlands 
in the three regions. If Morelli had mapped wetlands of 
smaller size than 0.17 ha, then his estimate of total wet-
lands would have obviously been larger and the loss of 
wetlands from 1882 to the present day would have been 
even larger. One assumption that could be made is that the 
percentage of wetlands not mapped by Morelli (because of 
his larger MMU of 0.17 ha instead of 0.01 ha that we used 
for 2015) was the same proportion (1.67% of total) of what 
we  mapped for 2015. Using a minimum mapping unit 
identical to what was used in 2015 (0.01 ha) then Morelli’s 
estimate would have been approximately 1.67% greater, 
resulting in a total wetlands area of circa 208 km2. Thus, 
the resulting wetland loss is substantial regardless of the 
smaller MMU used in 2015. In summary, the total wetlands 
in 2015 is only 3.4% of the total wetlands present in 1882. 
This dramatic loss of wetlands in the three regions of the 
province of Padova would have substantial impacts on the 
avian habitat as well as other species.

5. Discussion

The data collected from the Morelli (1882) map (Table 1) 
shows that the Alta Padovana was the region with the 
larger area of wetlands (15% of its area contained wet-
lands) while the Bassa Padovana was the region poorer in 
wetlands (6% of its total). However, if irrigated fields and 
meadows are not considered as part of the wetlands (Ta-
ble 2), the Bassa Padovana was the region richest in wet-
lands by extension (22.48 km2, corresponding to 2.92% 
of the total surface of this region) and similar in percen-
tage with the Alta Padovana (2.93%, corresponding to 
16.44 km2). The most common type of wetland was the 
irrigated fields and meadows (152.36 km2, corresponding 
to 7.11% of the total area of the Padova province), fol-
lowed by rice fields (29.94 km2, corresponding to 1.40%) 
and marshes (22.82 km2, corresponding to 1.06%).

It is interesting to note the influence that the differ-
ent geomorphological features have on the locations of 
wetlands within each of the three regions (Alta Padova-
na, Medio Padovano and Bassa Padovana). In general, 
the wetlands distribution and type are correlated with 
the location of water bodies (Figure 9). In the Alta Pado-
vana, wetlands in 1882 were almost uniformly distrib-
uted, while in 2015 the few remaining ponds are most-
ly located near the course of the Brenta River. In the 
Medio Padovano, the historical wetlands are located in 
three particular areas: the area between the Brenta and 
Bacchiglione rivers, the so called “peri-euganeean” belt 
around the Euganei Hills and the northern side of the 
Bacchiglione River. In 2015 most of the ponds are in-
stead located in the “peri-euganeean” belt. The wetlands 
in 1882 in the Bassa Padovana were located especially 
in the intrabasinal depressed areas between the alluvial 
ridges and the rivers embankments. In 2015 there was 
no particular relationship between the distribution of 
wetlands and rivers or other geomorphological features 
in the Bassa Padovana.

In 1882 the marshes were more common in the Bas-
sa Padovana, where the alluvial ridges intra-basin con-
ditions may have contributed to the difficult drainage of 
water, facilitating the formation of natural swamps and 
marshes. In the Alta Padovana, where the sediments are 
coarser (highest gradient in elevation) and the drainage 
better, there were almost no marshes in 1882.
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FigurE 9 – Comparison of location and distribution of wetlands between 1882 (A, including I.F.&M.; B, without I.F.&M.) and 2015 (C)
(Graphics by the authors)
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different causal factors for the distributions of wetlands 
in 1882 on the base of their different geomorphological 
conditions. No major conclusions can be proposed for 
the present-day wetlands distribution, since their few 
numbers, small sizes, and what seems to be their artifi-
cial origin, limit a quantitative correlation. In this sense, 
a field survey to improve the knowledge on the origin 
and purpose of the present-day wetlands could help in 
the understanding of their apparent non-geomorpho-
logical influenced distribution.

Another future prospective for this work could be 
to expand the current knowledge of the wetlands in 
the Polesine area, corresponding to the Rovigo prov-
ince, located south of the Padova one. The Polesine 
area, as suggested by historical maps and documen-
tation, seems to have also lost a huge amount of wet-
land environment, due to land reclamation process-
es. Furthermore, the Polesine seems to have a similar 
geomorphology as the Bassa Padovana and this could 
help confirm our thesis on the distribution of histor-
ical wetlands in the intrabasinal depressions between 
the alluvial ridges.

6. Conclusions

The two main objectives of this work were: 1) to per-
form a survey of wetland areas for the Padova provin-
ce, taking in consideration two different periods (19th 
century and present-day), and 2) to make a diachronic 
comparison between the two periods representing the 
change in total areas and positions of wetlands. During 
this work the historical map of Orazio Morelli (1882) 
was georeferenced and analyzed, while aerial orthopho-
tos were used to survey the entire Padova province for 
the present day (2015).

An analysis of the location and the distribution of 
wetlands was conducted. This research improves our 
knowledge on historical and present-day wetlands in 
the Veneto region and shows how great the impact of 
the reclamations of the 20th century have been for the 
Padova province. The observations on the distribution 
of wetland polygons in the two studied years seem to 
confirm that the original subdivision of the province of 
Padova into three areas was justified. The Alta, Medio, 
and Bassa Padovana regions appear to have experienced 
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