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Introduction 
The Sacca di Goro (Fig. 1) is a shallow-water embayment of the 
Po River Delta (44.78-44.83°N, 2.25-12.33°E) approximately 
triangular in shape with a surface area of 26 Km2, an average 
depth of 1.5 m, and it is connected to the sea by two mouths 
about 0.9 Km wide each. Morphometry, hydrodynamics and the 
main sedimentary features are reported by Simeoni, (2000). the 
western area influenced by freshwater inflow from the Po di 
Volano and the central area influenced by the sea. The eastern 
zone is very shallow (maximum depth 1 m) and accounts for one 
half of the total surface area and one quarter of the water 
volume. 

Figure 1: General layout of the Sacca di Goro lagoon (Italy) in 1999. 
 
 The lagoon is surrounded by embankments. The main 
freshwater inputs are the Po di Volano River (approximately 
350.106 m3 yr-1), the Canal Bianco and Giralda, which have 
approximately the same discharge rates (20-55 x 106 m3 yr-1). 
Freshwater inlets are also located along the Po di Goro River and 
are regulated by sluices. There are no direct estimates of the 
freshwater input from the Po di Goro, which is usually assumed 
to be equivalent to that of the Po di Volano. The freshwater 
system is mostly located in a subsident area and is regulated by a 
system of pumping stations (scooping plants). The fresh water or 
hydraulic residence time oscillates monthly between 2.5 and 122 
days with a mean value of 24.5 days, whereas the water 
exchange time ranges from 2 to 4 days (Cattaneo et al., 2001).  
The tidal amplitude is ca 80 cm. The bottom of the lagoon is flat 
and the sediment is alluvial mud with high clay and silt content 
in the northern and central zones. Sand is more abundant near 
the southern shoreline, whilst sandy mud occurs in the eastern 
area. 
The climate of the region is Mediterranean with some 
continental influence (wet Mediterranean). Precipitation is 
approximately 600 mm yr-1, with late spring and autumn peaks. 
However, this pattern is undergoing significant changes with an 
increase of short-term intense events. 
The catchment is heavily exploited for agriculture, whilst the 
lagoon is one of the most important aquacultural systems in 
Italy.  About 10 km2 of the aquatic surface are exploited for 
farming of the Manila clam (Tapes philippinarum), with an 
annual production of about 15000 tons.  The annual revenue has 

been oscillating during the last few years around 50 million 
Euros. 
 

In the last decade the N loading has been persistently high, about 
2000 t yr-1, whilst the P loading has decreased from ca 200 to ca 
60 t yr-1. The lagoon is subjected to anthropogenic 
eutrophication, which causes extensive growth of seaweeds, 
especially the chlorophyceans (Ulva sp. and Cladophora sp.) in 
the sheltered eastern area and phytoplankton in the deeper 
central zone. Macroalgal growth is responsible for summer 
anoxia and dystrophy (Fig. 2), which usually take place in the 
eastern area (for an updated review see Viaroli et al. 2001). 
Recent studies have also demonstrated that the clam stock can 
contribute to the oxygen depletion and internal loading (Bartoli 
et al., 2001). 
Due to its characteristics and its economic importance, the Sacca 
di Goro has been the object of a continuous study and, hence, 
long-term data is available (Bencivelli & Castaldi, 1991-1994; 
Giordani et al., 1997; Viaroli et al., 2001, Castaldelli et al., 
2003; Fano et al., 2003). However, a biogeochemical model able 
to capture the essential dynamics of the lagoon, correlate the 
different compartments (clams, macroalgae, bacteria, etc.) as 
well as predict its future behavior was missing.  
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Figure 3: General schema of the biogeochemical model for Sacca di 

Goro 

 
Figure 2: The Sacca di Goro lagoon during a dystrophic crises in which 

water assume the typical white colour ( in the background) 
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Modelling the Sacca di Goro  
For the above mentioned reasons and based on previously 
developed models (Lancelot et al. 2002; Tusseau et al. 1997; 
Chapelle et al. 2000; Solidoro et al. 1997; Chapelle 1995; and 
Bacher et al. 1995), a biogeochemical model for the Sacca di 
Goro was implemented and tested. The model considers the 
nutrient cycles in the water column as well as in the sediments. 
Furthermore, phytoplankton, zooplankton, and Ulva sp. 
dynamics, as well as shellfish farming, are taken into account. 
Due to the recent anoxic crises in the lagoon, the dynamic of 
oxygen has been also simulated. The actual version of the model 
is a 0D with input fluxes from the watershed and exchange with 
the Northern Adriatic Sea. Nutrients from the watershed, wet and 
dry deposition, temperature, light intensity and wind speed are 
considered as forcing functions (Fig. 3).  

 
 Figure 4: Experimental and simulated results for 1989-1999. 
 
We have selected to simulate the years from 1989 to 1998 for 
two reasons. The first is that watershed data as well as lagoon 
and coastal data concerning water fluxes and quality started to be 
monitored monthly at the end of the 80s beginning of the 90s. 
The second is related to the changes and variations that Sacca di 
Goro has suffered during the selected period. In fact from 1987 
to 1992 the Sacca di Goro experienced an abnormal proliferation 
of macroalgae (Ulva rigida), which replaced gradually 
phytoplankton populations (Viaroli et al., 2001). This was a 
clear symptom of the rapid degradation of environmental 
conditions and of an increase in the eutrophication of this 
ecosystem. The decomposition of Ulva in summer (high 
temperatures 25-30° C) produced the depletion of oxygen. At the 
beginning of August 1992, after a particularly severe anoxic 
event which resulted in a high mortality of farmed populations of 
mussels and clams, a channel, 300-400 m wide and more than 2 
m deep, was cut through the sand bank to allow an increase in 
the sea water inflow and the water renewal. This measure solved 
temporarily the situation and in the following years a reduction 
of the Ulva cover (Viaroli et al., 1996) and an increase in 
phytoplankton biomass values were observed (Sei et al., 1996). 
However, in 1997 another anoxic event took place with half of 
the lagoon covered by Ulva, with an estimated biomass of 100-
150.000 tons. The economical losses from the farmed 
populations of clams were around 7.5-10 million Euro. 
Fig. 4 shows the experimental and simulated values for several 
variables in Sacca di Goro. As can be seen the model is able to 
capture the essential dynamics of the lagoon. However a proper 
validation is difficult due to the small data availability. Fig. 5 
shows a simulated anoxic crises. As can be seen when anoxia 
occurs there is a sudden crash of macroalgal productivity, which 
coincide with a significant peak in soluble reactive phosphorous 
due in part to the release of nutrients from Ulva and in part to the 
release of phosphorous from the sediment. 

 
 Figure 5: Simulated anoxic crises due to Ulva decomposition and the 
subsequent release of soluble reactive phosphorous from the sediments  
 
In a second step, this model will be coupled with the watershed 
model and used to run different land use and/or point sources 
scenarios in order to assess its impact on the quality and 
productivity of the Goro lagoon ecosystem.  
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