
Doctoral School in Environmental Engineering 
 

Research subjects proposed for the 27 th cycle  

 
Meccanica dei fluidi ambientale e idrologia  
Environmental fluid mechanics and hydrology 
 
Mechanics of granular flows 
A. Armanini, M. Larcher 
The research regards the mechanics of granular flows in water. The idea is to extend the theories to account the 
influence of the interstitial fluid. A first aspect the research will be focused on consists of the analysis of the transition 
between the frictional and collisional regime and on the particular case of the coexistence and intermittence of the two 
regimes, as it has been recently observed in some experiments carried out in Trento. Another aspect that will be 
investigated is the effect of the granular composition on the dynamics, focusing on the mechanisms determining grading 
and reverse grading. Part of the research will be developed using a special flume of the Hydraulic Laboratory designed 
for the experimental investigation of granular flows in water. The results of the research can be applied to the study of 
natural phenomena, like the propagation of debris-flows and gravity currents, and to industrial processes involving 
granular materials. 
 
Hyperconcentrated suspensions in free-surface flow 
A. Armanini, M. Larcher 
Mudflows are one of major natural hazard, claiming thousands of lives and millions of dollars in lost property each year in 
almost all mountain areas on the Earth. The practical interest of such flows is enormous due to the disruptive effects of 
the propagation of mud front through the incisions of hillslopes and their spreading on the alluvial fans which are located 
at the foot of mountains and are often densely populated. The constitutive behaviour of such highly concentrated 
suspensions has been the subject of several experimental investigations. The issue cannot be considered as completely 
settled, and new approaches are required in order to analyze separately the behavior of the solid phase and the one of 
the interstitial fluid at the bed. Within this frame, equilibrium conditions are supposed to take place and mudflow has to be 
treated as a mobile-bed flow. Moreover the rheological parameters have to be intended as a property of the flow and not 
merely considered as a function of the concentration and of the mineralogical composition. In this way every 
macroscopic behaviour should be explained through the knowledge of the evolution of the microstructural state. 
The proposed tools will be applied to investigate suspension dynamics with different dispersed phases under laminar and 
turbulent flow regimes. Specific measurements for cases of free-surface suspensions will be worked out and relevant 
results compared with theoretical ones. This field of application is quite novel in suspension flow. 
 
Size segregation in granular flows 
Michele Larcher 
Particle segregation in granular flows has important implications both for industrial activities, involving the production and 
transportation of granular media, and for natural phenomena. In some environmental phenomena, such as debris flows, 
reverse grading takes place, inducing a large concentration of big boulders on the top and in the front of the flow. This 
has important effects both on the rheology of the mixture, altering crucial parameters like the depth and the velocity of 
the flow, and on the characteristics and consequences of the impact of the debris flow on infrastructures. 
Despite the importance of particle segregation, the theoretical framework developed for its description is still incomplete. 
We propose to develop a theory for the segregation of binary mixtures resulting from the kinetic theory and to verify it 
against experimental data of collisional flows driven by gravity down an inclined erodible bed.  
 
Hydromorphological alteration and restoration optio ns in regulated Alpine rivers 
G. Zolezzi, A. Siviglia, M. Toffolon 
Hydromorphology is one of the key components of river ecological and environmental status as recognized by the EU 
Water Framework Directive (EU 2000/60). The alteration of the hydro- and morphodynamics within river corridors often 
results in a strong impact on the ecological integrity of freshwater systems, and considerable research efforts are still 
needed to enhance the effectiveness of mitigation and restoration options.  
Typical hydromorphological alterations in Alpine areas are associated with hydropower production and channelization of 
river corridors: here effective mitigation strategies are limited by the requirements of plant operation and intensive land 
use. Local widening of channelized reaches is increasingly used as measure to improve river habitat enhancement also 
through morphological diversity. In hydropower-regulated rivers, increased morphological diversity can also mitigate the 
hydrodynamic and thermal effects of power plant operation, although little research has examined this in detail. Giving 
more room to the river also implies allowing initiation of non-equilibrium morphodynamics that can produce effects at 
various space and time scales on the river system, including its biotic compartment (such as riparian vegetation, 
macroinvertebrate communities) .  
The proposed research aims to quantify the hydro-morphodynamical interactions occurring in regulated river systems 
with different channel morphologies. The research will integrate numerical and analytical modelling with the analysis of 
already available and newly collected field data. A preferential field site will be the Noce River system (located in the 



Trento Province), which presents a canalized morphology interrupted by a local widening where a multi-channel pattern 
spontaneously developed in the recent past during an exceptional flood  event. Also depending on the candidate’s 
attitudes, the research project can have a stronger focus on the modelling or on the field/experimental component. 
 
Modelling the morphodynamic response of meandering rivers to environmental change and 
channel engineering  
G. Zolezzi, M. Tubino 
Understanding and quantifying the dynamics of alluvial meandering rivers is important for both traditional river 
engineering and for river restoration, increasingly oriented at giving “more room to the river” or at re-meandering rectified 
reaches. However, few scientific-based tools are commonly employed for the scientific support of remeandering projects, 
which have often resulted in poor performance or even failure with strong economic losses. 
The planform dynamics of meandering rivers has been subject of a vast body of research for decades, allowing to 
qualitatively understand many key properties of river meander dynamics. However most investigations do not explicitly 
consider scenarios of alteration caused  by changing human pressures and environmental conditions, which may result 
in variations of sediment supply, vegetation cover, channel width and sediment size at various time and spatial scales. 
Aim of this research project is to investigate how river meander dynamics can be controlled by  environmental and 
anthropic changes. The research will integrate mathematical modelling with the analysis of field data using novel 
techniques for meandering rivers. The PhD candidate is expected to further develop existing meander morphodynamic 
models to look for significant field data which can allow closer comparisons between theoretical predictions and observed 
trends. 
The research project will be based on a multidisciplinary cooperation with national and international-level researchers in 
the area of river geomorphology in order to complement and provide validation to the modelling component.  
 
Numerical modelling of natural channel morphodynami cs: sediment heterogeneity, 
vegetation dynamics, planform change. 
G. Zolezzi, A. Siviglia, M. Tubino 
Two-dimensional numerical modelling of river morphodynamics is progressively becoming widely used for both research 
and practical management purposes worldwide thanks to huge improvements in both numerical techniques and 
computational power. Present challenges include at least three major areas of improvement. (1) The presence of multiple 
fractions in the sediment size distribution is seldom accounted for to reproduce horizontal and vertical sorting patterns 
that result from complex feedbacks with bedload transport and flow unsteadiness, as typical especially in gravel-bed 
streams. (2) Riparian vegetation is known to play a crucial role in shaping the riverine landscape through ecosystem 
engineering processes for which phenomenological insight is increasingly available; however, their proper incorporation 
into morphodynamic models still poses unanswered challenging questions, like those related with timing and seasonality 
of vegetation growth and flood events, or with feedbacks between plant dynamics, sediment trapping efficiency and root 
reinforcing of bar and bank surfaces. (3) In a variety of river channel styles, from single-thread to braided, short-term 
planform changes cannot be predicted without effective submodels able to capture the essential biophysics of bank 
erosion and accretion processes, which act at different time and spatial scales and require to incorporate the role of flow 
unsteadiness, vegetation dynamics and unbalanced sediment budgets albeit through simplified treatments.   
The proposed research will mainly foresee the development, testing and application to real cases of a 2D numerical 
morphodynamic model on one of the three above areas of work.  The model will be based on a recently developed finite-
volume, second-order, central-upwind numerical scheme that uses unstructured grids with triangular meshes suitable to 
deal with complex natural geometries. 
The choice among topics (1,2 or 3) will take into consideration the available funds, ongoing projects and the candidate 
interests and expertise.   
 
Modelling ecohydraulic transport  processes in natu ral and regulated Alpine river  systems  
G. Zolezzi, M. Toffolon, A. Siviglia 
There is an increasing recognition of the key role  played by the transport of vegetation pieces, by heat as well as by 
organic matter in the physical-biological feedbacks that shape riverine landscapes, create a variety of aquatic and 
terrestrial habitats and are thus essential to sustain the services provided by freshwater ecosystems.  
The main purpose of this research project is to understand and model some of these hydrodynamic transport processes 
with recognized ecological significance, which have received little attention so far within fluvial hydraulics. The research 
will have a main focus on alpine gravel-bed rivers and will preferentially focus on the river thermal dynamics, the 
transport of vegetation and of fine sediments (of mineral and organic nature). Both near pristine and highly regulated 
river conditions, typical of most of the alpine environment, will be considered.  
The project will be essentially based on a mathematical modelling approach. The models will need to account for  
exchanges between the surface and the sub-surface regions, which are often an important ingredient for these transport 
processes. Models will be tested against already existing field data and additional field campaigns might be part of the 
project if needed. The case studies will be the nearly-pristine braided Tagliamento River (Friuli Region, NE Italy) and the 
strongly regulated Noce River (Trento Province, NE Italy), channelized and significantly affected by hydropeaking. 
 



The dynamics of solutes exchange between water and bed sediments with and without 
sediment transport, and its implication in river an d lake water quality.  
M. Righetti, P. Bertola, M. Ragazzi, M. Tubino, A. Armanini 
The research is addressed to the experimental and theoretical analysis of solutes exchange between water and bed 
sediments. The hydrodynamic effect of water flow on sediments nutrient release will be analysed. Solutes transport and 
transformations in the water body will then be analysed. The research will be developed by means of theoretical, 
numerical and experimental studies.  Both the conditions of immobile bed and bed load will be investigate3d theoretically 
and experimentally. Experiments: will be performed in a laboratory open channel flow, using image analysis techniques 
for the concentration measurements and LDA, PIV, PTV techniques for the velocity field characterization and 
experimental estimation of the diffusion-dispersion coefficient, on the basis also of Taylor theory. The PdE governing 
equations will be defined (also in case of reactive scalar tracers, like the Dissolved Oxigen) and resolved for different 
boundary (concentrations, bed roughness, etc.) and initial conditions, estimated on the basis of 
field measurements on the water column and on the bed material. Hydrodynamic critical conditions for sediments 
resuspension could also be studied and the solutes release potential capacity of suspended sediment particles will be 
characterized. 
 
Atmosphere and climate processes in mountain and pi edmont environment 
D. Zardi  
In the field of meteorology, the proposed research topics concern atmospheric phenomena in mountain regions, 
occurring in connection with the development of valley- and slope-wind systems, including turbulent processes in the 
atmospheric boundary layer. The research activity may include either field measurements and data analysis, or 
numerical simulation with meteorological models. The proposed activity is usually oriented towards the study of 
processes relevant for various applications, such as prevention of air pollution, weather forecast, assessment of wind 
power, agricultural meteorology, etc. In the field of climatology the proposed research topic is the retrieval, validation, 
reconstruction and analysis of long time series of instrumental data for specific areas and the detection of possible long 
term climate trends. Further details at the website: http://apg.ing.unitn.it.  
 
Landslide and debris flow triggering and erosion th resholds 
R. Rigon 
The goal of this research line is to develop and asses models of terrains instabilities through mathematical and numerical 
modeling and the validation of models by means of conceptual and field experiments. These last will be prepared jointly 
with other institutions.  The candidates are required to have good programming skill (or the will to pursue them) to 
improve the numerical modeling within GEOtop, and the JGrasstools, possibly also moving the models to HPC 
computing resources.  The candidate needs also to develop tools and techniques for the assessment of the boundary 
and initial conditions necessary to drive the models and perform innovative statistical analysis on the spatio-temporal 
patterns produced by the models.  It is intended that all the tangible work in programming an tools is produced as free 
software. 

 
Hydrodynamics and morphology of vegetated riverbeds  
A. Armanini, M. Righetti 
In the last decades there has been an increasing use of live materials in rivers, such as living bushes, in order to reduce 
the environmental impact of banks stabilisation. One of the problems due to plants presence is the high resistance to 
flow that they induce, the other is the effect of the vegetation on the structure of the turbulent flow field and on the 
reduction of the sediment transport capacity. The research will concern these two kinds of problem. 
 
In-stream contaminant dynamics 
A. Bellin, D. Tonina 
What is the role of hyporheic and riparian flows on the fate of in-stream nutrients and contaminants? 
Hyporheic and riparian zones are extremely rich ecotones where solute uptake and transformations take place with 
kinetics mainly controlled by the solute residence time within the streambed sediment. While the hyporheic zone is the 
saturated band of sediment that surrounds the river and forms a linkage between rivers and shallow aquifers, riparian 
areas act as buffer zones between hillslope and river dynamics affecting runoff generation and solute transport at the 
reach and larger scales. Solute residence time within the hyporheic and riparian zones is primarily controlled by a 
complex interplay among in-stream and subsurface water flows and channel morphology. Additionally, vegetation 
introduces further complexity in the riparian zones because of its feedback on soil moisture. Understanding the dynamics 
of these processes and subsequently modeling them are the first steps toward an improved management of rivers and 
theirs watersheds. The main objective of this project is to improve our knowledge on hyporheic and riparian flows, to 
highlight their differences, and most importantly, to model the impact of chemical and biological processes controlling 
solute (for example contaminants and nutrients) uptake. 
 
Hydrodynamic efficiency of hypolimnetic oxygenation  devices and their use in lake 
recovery  
M. Ragazzi, M. Righetti, M. Toffolon  
The research aims at studying oxygen diffusion/dispersion processes in the deep waters of a lake (hypolimnion), where 
seasonal thermal stratification usually determines reduced oxygen concentrations. Forced oxygenation is complex 



process and the comprehension of the mechanisms involved requires a multidisciplinary approach, which must take into 
account the hydrodynamics induced by the oxygenation devices, the chemistry of the organic and inorganic substances 
and the influence of the nutrient cycle on the biological component. The goals of the research are the definition of a 
mathematical model able to simulate the effect of oxygenation devices and to study the complex interactions between 
hydrodynamics and biochemical reactions. The hydrodynamics might also be studied by means of a physical model with 
LDA and image analysis techniques. 
 
Mixing efficiency of biomimetic jets 
M. Toffolon, M. Righetti 
Recent experimental observations seem to suggest that the turbulence dynamics produced by ciliate jets (i.e. where 
suitably shaped strips of elastic material are located around the jet nozzle) can be significantly different from the standard 
round jets, with alterations of the entrainment of ambient fluid and of the mixing efficiency. In particular, the mechanisms 
whereby such a peculiar configuration, which resembles some features observable in nature, interact with the freely 
evolving turbulence at the jet exit is not clear yet, and may also have interesting relationships with current studies about 
biomimicry and animal propulsion. The proposed research will aim at understanding the hydrodynamic  processes by 
means of theoretical analysis, laboratory experiments and numerical simulations. 
 
Mixing in lakes: estimating the role of internal wa ves, large-scale turbulence, and boundary 
effects 
M. Toffolon 
Modelling mixing processes in lakes is quite complex because several factors interact and contribute to the overall 
dynamics. Density stratification reduces the vertical exchanges, but also controls the development of internal waves and 
affects the fate of large turbulent eddies. Although these mechanisms have been studied extensively, modelling their 
interaction in real context is not trivial. In particular, recent studies suggest that the mixing occurring at the boundaries 
may contribute significantly to the vertical mixing at the basin scale. The research activity will aim at understanding the 
role of the different physical processes and describing the most important factors by means of suitable sub-grid 
parameterizations, in order to develop models that can be applied to real scale situations. 
 
Eco-morphological model of a tidal system: the case  of Venice lagoon   
M. Toffolon 
The research aims at developing a simplified model  to simulate the long-term eco-morphological dynamics of a tidal 
system that will be chosen for its relevance (Venice lagoon). The final objective is to understand the main dynamics in 
progress and to foresee the consequences of the variations of the external forcing due to climate change and anthropic 
interventions. The most innovative character of the project is the attempt to couple the biological dynamics with the 
proper morphological aspects tightly. To this end,  the characteristic spatial and temporal scales will be identified 
concerning the main morphological and ecological processes and the most important parameters will be selected for the 
description of the phenomena at the different scales. The simplified global model will be developed on the basis of the 
results of the specific research activities developed within an ongoing national research project, where suitable sub-
models will be identified for the main processes: bank dynamics and stability of the salt marshes borders; interaction 
between channels and adjacent tidal flats, also considering the influence of the drainage  network and the sediment 
resuspension due to wind waves; effect of  vegetation on the previous processes and on the stability of the system. 
 
Innovative methodologies for aquifers’ characteriza tion 
A. Bellin 
Contaminant transport in subsurface waters is controlled by spatially variable geochemical and hydraulic properties with 
the latter often leading to preferential pathways. Accurate identification of this variability is needed to minimize the risk of 
failure of remediation projects. Therefore, an accurate and cost effective characterization of hydraulic properties of 
contaminated aquifers is an important prerequisite to any remediation project. This research focuses on developing new 
methodologies based on the combined use of different techniques such as hydraulic tomography, geophysical surveys, 
and tracer tests to determine aquifer hydraulic properties. These new models will be important tools in reducing site 
characterization uncertainty. Synthetic representation of porous and fractured formations will be used to develop and test 
the techniques, which will be subsequently applied in a field test with a fractured formation. Finally, the spatial variability 
of hydraulic properties will be analyzed in a Bayesian framework. 
 
Climate change and hydrology: their impact on nutri ent and contaminant transport at the 
catchment scale 
A. Bellin, D. Tonina 
The overall objective of this research is to select and improve existing approaches in modeling the impact of climate 
change, land-use, and management practices on soil-groundwater-river systems. The research will mainly investigate 
the effects of soil functioning, interaction between surface and subsurface waters, and climate change on the 
hydrological cycle within the framework of a large intra-center EU research group. An important objective is the 
quantification of the impact of climate variations on the hydrological cycle and water resources through predictive 
models. Within this general framework we will analyze the hydrological processes leading to the water and solute 
exchanges among streams, and theirs surrounding riparian and hyporheic zones. These three systems are connected by 
a dynamic mixing of theirs waters through the permeable streambed sediment. The riparian zone provides the linkage 



between hillslope and stream dynamics and the hyporheic zone is the transitional zone connecting in-stream and pore 
waters. Several mechanisms, which depend on temporal and spatial variations of near-bed pressure, hydraulic 
conductivity, and alluvial sediment volume,  drive these exchanges. These gradients are present at local (i.e., bedform) 
and large (i.e., watershed) scales. Several models have been developed to quantify the exchange mostly at scales 
smaller than the bedform scale. Additionally, recent findings showed the effect of stream network on the fate of in-stream 
solutes and nutrients. Therefore, there is a need to combine these results in a model that addresses hyporheic and 
riparian exchange at the watershed scale. This research focuses on developing a hyporheic and riparian exchange 
model that accounts for varying morphology, alluvial depth, streambed slope, and discharge within a watershed channel 
network. The application of the model will be important in modelling the fate of solutes and nutrients within a holistic 
study of the catchment. Additionally, it will provide an important tool to select hot spots where hyporheic exchange is an 
important process in characterizing both pore and in-stream habitats. 
 
Hillslope hydrology 
A. Bellin, R. Rigon, B. Majone 
Despite its importance in modeling runoff generation in mountain catchments, the interaction among meteorological 
events, soil, and geological formations is poorly understood. This project seeks for new approaches for runoff generation 
through a combined use of distributed modeling and experimental observations. The main objective of this project is a 
better understanding of the water-soil dynamics, which hopefully will lead to a significant improvement of the available 
semi-distributed models for runoff generation at the catchment scale. The above objective is pursued focusing on the 
following three lines of activity (corresponding to three different thesis works): 
1) distributed modeling of hillslope processes; 
2) laboratory scale investigation of infiltration under time varying rainfall intensities 
3) experimental investigation of soil water content at the hillslope scale. 
 
The impact of climate change and water use on water  resources: a basin scale perspective 
A. Bellin, B. Majone 
The spatial and temporal availability of meteorological data is the most constraining factor affecting the performance of 
large scale hydrological models. Usually the spatial location of rain-gauge stations and in general of any meteorological 
instrument is often limited to easily accessible sites due to maintenance reasons . This is a crucial factor, which leads to 
large, and often difficult to quantify, uncertainty in the spatial distribution of meteorological data (i.e., precipitation and 
temperature).Furthermore, the lack of reliable state variables, such as soil moisture content, at the proper scale leads to 
further uncertainty in the modeling results. The aim of this research is to develop a tool for designing efficient monitoring 
networks capable to capture the spatial and temporal variations of meteorological precipitations and temperature, which 
are the two primary variables affecting rainfall-runoff modeling. The potential beneficial effect of distributed 
measurements of streamflow as a surrogate for soil moisture measurements will be also investigated. The activity will 
involve the use of GeoTransf, a sophisticated continuous hydrological modeling tool that simulates rainfall-runoff 
processes in a semi-distributed framework at both large and small scales (i.e. the basin and hill-slope scales). The 
software will serve as a virtual laboratory to provide indications on the design of optimal rain-gauge networks. 
 
Long term variations of hydrological fluxes: analys is of the impact of climate change 
A. Bellin  
There is a compelling need to understand how climate change will impact the hydrological cycle and water resources at 
the catchment scale. Results from Global and Regional Climate models indicate trends in temperature and precipitations 
across Europe, and recently they have been linked by modelling to changes in river flows in UK. Furthermore, trends in 
water quality have been detected due to the combined effect of changes in hydrological fluxes and soil use. Several 
studies focused on trend analysis of temperatures and precipitations at the regional scale (see e.g. Frei and Schär, 
1998), but the resolution typically adopted is too course to link those variations to streamflow, groundwater storage and 
water quality variations at the catchment scale. On the other hand, trend analysis of streamflow and other hydrological 
time series, in most catchments, is hampered by data scarcity. The picture is further complicated by confounding factors 
such as water withdrawals and hydropeaking, which modify the timing of streamflows and interrupts the river continuum. 
This task aims to develop guidelines for detecting trends from measurements of streamflow, subsurface water storage 
and water quality. A first specific objective of this task is to develop techniques for trend detection in streamflow, water 
storage and water quality at the catchment scale, i.e. a scale that it is difficult to address with the current Climate Models, 
and separate the effect of climate change from other anthropogenic factors, such as water withdrawals, hydropeaking 
and soil use. A second objective is to develop methodologies for detecting geographic (spatial) trends based on 
geostatistical analysis of long time series. 
 
Hyporheic Flow at the Valley Scale 
A. Bellin, D. Tonina 
Scientific Question: What is the role of hyporheic flow in alluvial valley? Where are the hyporheic hot spots? What is the 
hyporheic distribution within the valley? What are the hyporheic streamline length, flux, and time distributions? What is 
the effect of heterogeneity and sediment transport patchy? 
The hyporheic zone is the saturated band of sediment that surrounds the river and forms a linkage between rivers and 
shallow aquifers. It is an extremely rich ecotone, where solute uptake and transformations occur with kinetics chiefly 
controlled by the solute residence time within the streambed sediment. Solute residence time is primarily controlled by a 
complex interplay among in-stream and subsurface water flows and channel morphology. Understanding the dynamics of 
these processes and subsequently modeling them are the first steps toward a better management of rivers and theirs 



watersheds. The main objective of this project is to improve our knowledge on hyporheic flows at the watershed or river 
valley scale to highlight and model the impact of chemical and biological processes controlling solute (for example 
contaminants and nutrients) uptake. 
Method: the student will work on these questions using analytical solutions and numerical simulations of the hyporheic 
flow for a stream flowing in an alluvial valley.  This stream presents straight, meandering, and off channel reaches. The 
Green Lidar (EAARL) technology allows us to have accurate topographies of both terrestrial and aquatic systems.  The 
coupling of topography and two-dimensional surface water models provides the means to predict the near-bed pressure, 
which drives the hyporheic exchange. 
Study Site: Bear Valley Creek (Idaho, USA) is a gravel bed river, which flows in large unconfined valley, and confined 
canyon. Green Lidar surveys are available providing the unique opportunity to study hyporheic flow at the valley scale. 
This approach has not been done yet except from a model proposed at the continental scale by Worman et al. under 
very restrictive conditions. 
 
Soil-water-plants interactions: an experimental and  modelling perspective 
B. Majone, A. Bellin 
The description of the complex interactions among the soil, water, plants and atmosphere within the hydrologic cycle is a 
key issue in hydrology and earth science. Nonetheless some of the aspects controlling the underlying physical processes 
still remain poorly understood. The proposed research project aims at improving the knowledge of the relationships 
existing among hydrological processes, soil properties and plant physiology by means of experimental and modelling 
activities. 
The experimental activities will include in situ geophysical observations (ERT 3D imaging), climatic and hydrologic 
measurements (precipitation and temperatures measurements, monitoring of soil moisture contents and suction heads) 
and plant water-stress measurements. The experimental site that will be employed in the project is the Maso Maiano 
apple orchard (Cles, TN), which has been partially instrumented by the University of Trento during previous research 
projects. The in situ field activities will be complemented, if needed, by laboratory activities aimed at analyzing in details 
the dynamics of the infiltration processes. 
The modelling activities will concern with the interpretation of geophysical and hydrologic data collected, aimed at 
improving our capability of conceptualize the hydrological processes involved. Specific attention will be devoted to the 
following issues: i) the observed spatial and temporal variability of soil moisture dynamics in the root zone, and of the 
related exchange terms with the atmosphere and the groundwater (evapotranspiration and recharge). Moreover, the 
long-term analysis of some key hydrologic variables (soil moisture and evapotranspiration) will allow inferring the 
relationships existing with stochastic climatic forcings; ii) the development of a suitable plant-physiology model for the 
apple trees able to interpretate the observed water stress measurements. This activity will be conducted in collaboration 
with Pr. Ralf Ludwig of the Ludwig-Maximilians-Universität (Munich, Germany); iii) the characterization of the infiltration 
mechanism. The latter will be analyzed via a two-phase distributed model able to cope with the subsurface flow in 
partially saturated soils. This model is based on a 3D numerical solver of the Richards equation in porous media and it is 
has been recently developed by the University of Padua. The approach will allow us to conduct a detailed analysis of the 
infiltration process which will contribute to a better understanding of soil moisture dynamics under strongly non-stationary 
climatic forcing. 
 
Fluid motion at micrometric scales 
L. Fraccarollo, M. Grigiante 
In the last years microtechnology and nanotechnology has not only emerged as a new area of science and engineering 
but it also has become an integral part of almost all natural science and engineering disciplines. The study of these 
disciplines results in close interactions across the boundaries of many traditional sciences. Knowledge of physical 
behavior at molecular levels plays more and more an important role in our understanding of the fundamental processes 
occurring in macro world and enable us to design and develop novel devices and machines. The key issue associated 
with miniaturization is the tremendous increase in heat and mass transfer processes. Knowledge of these phenomenon 
from the micrometric scale down to the nanometric scale is of critical importance to future technological growth. The 
proposed  activity will move from the base knowledge of these fundamental study both on theoretical and experimental 
point of view. 
 
Hillslope hydrology, landslide and debris flow trig gering, and erosion thresholds  
R. Rigon 
The goal of this research line is to develop and asses models of shallow terrain instabilities through mathematical and 
numerical modeling, and the validation of models by means of conceptual and field experiments. These last will be 
prepared jointly with other institutions.   
Besides covering hillslope hydrology issues, this research is intended to move from the simple assessment of triggering 
through the infinite slope stability model to model of propagation and self-organization  of the stresses within hillslopes.  
Obviously, the candidate will work directly on an appropriate subtopic that will be delineated together.  
The candidates are required to have good programming skills (or the will to pursue them) to improve the numerical 
modeling within GEOtop, and the JGrasstools, possibly also moving the models to HPC computing resources.  The 
candidate needs also to develop tools and techniques for the assessment of the boundary and initial conditions 
necessary to drive the models and perform innovative statistical analysis on the spatio-temporal patterns produced by 
the models.  It is intended that all the tangible work in programming an tools is produced as free software. 
 



Distributed Modelling of the Hydrological Cycle at large scales, hydrological predictability 
and data assimilation 
R. Rigon, A. Bellin 
This regards mainly the development of the  JGrass-NewAGE for the complete closure of the hydrological budgets, in 
medium to large scale modelling. This requires the implementation and testing of new physical-statistical model of the 
various terms of the hydrological cycle, and their application to case studies at the scale of hundreds to thousands of 
square kilometers. At the  moment the model has a first implementation of all the processes that is going to 
be thoroughly  tested, and the main interest in this research is to go beyond the simple forecasting of hydrological 
quantities (in space-time) to achieve  the estimation of error bounds in the predictions with the application of appropriate 
calibration methods, and data assimilation procedures.  The doctoral work is intended to achieve also the application of 
models and tools to real cases (as for instance those provided by the DMIP2 project).  
The candidates are required to have good programming skills (or the will to pursue them) to improve the numerical  
modeling within the JGrasstools. It is intended that all the tangible work in programming tools is produced as free 
software, and using free software.  
 
Distributed Modelling of the Cryosphere 
R. Rigon 
This study involves the modelling and forecasting of the evolution of the snow cover, and permafrost,  especially working 
with the model GEOtop.  Previous Ph.D works implemented a one dimensional energy budget of both the snowpack and 
freezing soil. They also posed the bases for further theoretical and numerical improvements of the model, to 3D version, 
and eventually including also different constitutive relations, which would be pursued in this research. The candidates are 
required to have good programming skills (or the will to pursue them) to improve the numerical modeling within GEOtop, 
and JGrasstools. It is intended that all the tangible work in programming tools is produced as free software, and using 
free software. 
 
Numerical Modelling of the groundwater and surface water interaction  
R. Rigon, V. Casulli 
Recent work was made to produce new numerical schemes that integrate unsaturated and groundwater flow with sound 
surface water schemes (shallow water equations). This research with pursue the implementation of these schemes (and 
the missing theory) in a sound integrated model, which will eventually substitute the schemes present at the moment in 
GEOtop. At present a core of this research modeling has been implemented with an integrator of the Boussinesq 
groundwater equation. The candidates are required to have good programming skills or, even more important, the will to 
pursue them. It is intended that all the tangible work in programming tools is produced as free software, and using free 
software. 
 
Theoretical and Numerical studies about the non equ ilibrium thermodynamics applied to 
Hydrology 
R. Rigon 
Hydrology is a thermodynamical science. Each of its fluxes is waiting for a proper assessment which ties together non-
equilibrium thermodynamics, and sound fluid dynamics. Little steps in this direction were already made in studying the 
interaction and the phase change in frozen ground, but remaining essentially in the framework of the classical quasi-
equilibrium thermodynamics. Consistent steps can be made actually for most of the processes, including evaporation 
and transpiration, flow in soil and groundwater, and freezing soils, building upon rational thermodynamics of irreversible 
processes, and the mesoscopic thermodynamics.  The theoretical work, if possible, should be completed by appropriate 
numerical work. It is intended that all the tangible work in programming and tools produced as free software, and using 
free software. 
 
Development of tools for the analysis of geomorphic  and hydrological characteristics 
R. Rigon 
The availability of LIDAR topographic  and high resolution satellite data increased the available information on terrain 
beyond the actual capabilities to interpret it.  During the years many tools were developed, and included, in the software 
suite Horton Machine, at its fourth implementation in the Jgrasstools. Much more can be done, however to single out 
terrain characteristics that reflect hydrological and geomorphological processes, either in terms of  new mathematical 
techniques or fusion (or assimilation) of multiple data sets. However, the first approach will be to decompose the terrain 
surface with proper mathematical tools (for instance wavelets) and finding association between the components of signal 
with geomorphic and hydrologic forms.  
The candidates are required to have good programming skills (or the will to pursue them) to improve the the JGrasstools. 
It is intended that all the tangible work in programming tools is produced as free software, and using free software. 
 
 



Gestione delle risorse ambientali, energia e ingegn eria sanitaria 
Environmental resources management, energy and sani tary engineering 
 
Advanced technologies for excess sludge reduction i n municipal wastewater treatment 
plants 
G. Andreottola, P. Foladori 
Because of the increasing cost of sludge disposal, the introduction of advanced sludge reduction technologies in the 
wastewater or sludge treatment line is a major challenge for most wastewater treatment plants. The proposed research 
deals with the development, experimental trial and modelling of an innovative optimized combination of biological and 
physical-chemical sludge treatment. The developed optimized process will be applied at demonstrative scale in the 
province of Trento. 
 
Optimization of the sewage sludge management for th e maximization of hydrogen 
generation  
G. Andreottola, M. Ragazzi 
This doctoral research belongs to the sector of sewage sludge management. The recent developments of the researches 
in this field have pointed out the need of a deeper coordination among the technical choices at the wastewater treatment 
plant, where sludge is generated, and the ones downstream the plant, where sludge can be exploited for its energy 
content. The proposed research will deal with the overall history of sludge, from its generation to its disposal, taking into 
account a final aim: the production of hydrogen. The research will go beyond the typical Life Cycle Analysis approach as, 
from the environmental point of view, it will take into account, after validation, the latest methods suitable for expressing a 
mix of pollutants in terms of equivalence of impact. Other original aspects that will be developed concern for instance, the 
analysis of strategies aimed to save volatile solids at the wastewater treatment plant (the controversial role of anaerobic 
digestion and the problems of dewatering non-stabilized sludge will be studied) and the integration of the sludge 
exploitation with other biomasses. More in general, the research will take into account energy and mass balances, 
economical aspects, environmental and health impact. A collaboration with a company working in the sector of hydrogen 
has been planned. 
 
Remediation of old landfills by innovative reactive  barriers  
G. Andreottola, M. Ragazzi 
The doctoral research belongs to the sector of old landfills remediation. The recent developments of research showed 
that reactive barriers are a promising technical solution for treating the leachate plume generated by old municipal waste 
landfills. The proposed research will be aimed at evaluating the best design criteria for constructing a reactive barrier for 
old landfills. In particular sequenced permeable reactive barriers will be experimentally studied at lab-scale with the use 
of different materials (zeolites, ZVI, ORC).  Removal efficiency of ammonia, COD, AOX and heavy metals will be 
measured and optimal design criteria will be defined. Innovative barriers base on electrochemical reactions will be also 
evaluated in comparison to “passive” reactive barriers. 

Development of criteria for the impact minimization  of underestimated patways of human 
exposure to atmospheric pollutants 
M. Ragazzi 
This doctoral research is aimed to give a scientific contribution for the improvement of environmental regulations 
checking the anomalies when human exposure is compared from pathway to pathway in the sector of  sanitary 
engineering. This approach must develop in a multi-disciplinary network. 
 
Water treatment technologies and design for sustain able access to basic water services in 
developing countries 
M. Ragazzi, G. Zolezzi 
The aim of the project is to improve the present knowledge on sound technical and management practices leading to 
sustainable basic water supply and sanitation services in rural and peri-urban areas in developing countries. The 
technical focus will be on water treatment and sanitation technologies, with possible focus on systems aimed at 
facilitating water re-use in water scarce areas. The management focus will be on the development and testing of 
appropriate indicators that can be used to prioritize actions and to monitor progress accounting for both technical, cultural 
and socio-economic key elements. The project will be strongly based on case studies from small to medium scale 
development cooperation projects focussed on the improvement of access to basic water supply and sanitation. Some of 
these projects are presently based in Tanzania, Mozambique, South Africa, Peru, Madagascar and Rwanda. The 
research will partly make use of existing data but extensive field and experimental data collection will be needed for the 
specific purposes of the research. The research will be strongly applied to the environmental, social and institutional 
context and will require strong interaction with local stakeholders involved in planning and implementing water supply 
and sanitation projects. 
 



Modelling of “natural attenuation” and “enhanced bi oremediation” phenomena in polluted 
aquifers 
G. Andreottola, A. Bellin 
The aim of the proposed research is the development of an integrated model for groundwater quality and transport to be 
used for simulating the effect of remediation strategies of aquifers contaminated by organic compounds with different 
degrees of biodegradability. The PhD thesis will include three activity phases: 1) development of appropriate 
methodologies for lab-scale determination of biodegradation parameters (active biomass in the bulk and in the soil, 
biomass decay and growth kinetics, contaminant removal biokinetic), 2) development of an integrated simulation model 
of aquifer quality and transport and its calibration using a lab-scale physical model; 3) calibration of the model with field 
data gathered with the methodologies applied in point 1). 
 
Biomass gasification / pyrolysis / combustion: proc ess optimization 
P. Baggio, M. Grigiante 
The actual exploitation of biomass as a renewable fuel, aimed at replacing traditional fossil fuels, is largely dependent 
upon the possibility to obtain, starting from the raw material, high quality products to be employed as low-environmental 
impact fuels. The research project is focused on medium and small size systems, for use in distributed chp generation 
applications (possibly also rural) and is aimed both at modeling the process, with the purpose to develop pre-sizing tools, 
and to experimental activities (including the set-up of experimental apparata) also in cooperation with other 
university/research institutions. 
 
Energy performance of buildings: dynamic behaviour 
P. Baggio, M. Grigiante 
The dynamic behaviour of buildings is of fundamental importance in the summer period, but it is also quite significant for 
the exploitation of the internal heat gains in the winter period, especially when solar gains are high. A model of the 
dynamic behavior of buildings is usually based on a resistor and capacity network and/or on transfer functions (cf 
Energy-Plus and Trnsys) that not always can identify correctly the behavior of the structures with high thermal capacities 
and the interactions between the envelope and the interior heat capacity. Some problems seem to affect also the 
European standard EN-ISO 13790:2008. The aim of the research project is, then, the refinement and the verification of 
the modeling approach currently in use, possibly making use of the finite element method to model buildings or part of 
them. The simulation will be also useful to analyze the micro-climate comfort conditions inside the buildings taking into 
account both ventilation and thermal and humidity parameters . (in particular, the application of qualification protocols 
such as LEED in the Po valley and the Venetian plain cannot neglect the evaluation of latent heat exchanges because of 
the high humidity climate found in that area). Moreover, for the dynamic model validation, also real data collected in 
actual building will be used, if available. 
 
Energy performance of buildings: coupling of buildi ng with renewable energy sources 
systems 
P. Baggio, M. Grigiante 
The HVAC systems commonly installed in the Italian context, mainly based on hydronic systems, are pointing toward low 
temperature applications and are undergoing a fast evolution propelled by the need of a better integration with renewable 
sources and a higher efficiency. Recent laws (e.g. D.lgs 192/2005 as amended by D.Lgs. 311/2006), for example, 
require to use renewable sources to cover at least 50% of the domestic hot water energy need. The research project, 
therefore, is aimed at modeling the building -HVAC coupling in order to optimize specific plant solutions (e.g. thermal 
solar collectors, high efficiency boilers, indoor ventilation systems, geothermal heat pumps, solar cooling, etc.). In 
addition, the integration of thermal solar collectors with a biomass fuelled boiler will be investigated in view of the special 
importance of this approach in mountain areas. Moreover, a series of experimental activities will be performed about the 
integration of last generation thermal solar collectors with the building HVAC systems to investigate the performance of 
the solar collectors as a function both of the outdoor climate parameters such as incident solar radiation, clouds, wind 
velocity etc, and of the operating conditions of the collectors such as roof type, placement, properties of the heat transfer 
fluids etc. This, also in order to develop a dedicated simulation model and to check its reliability. This is quite important 
not only for the traditional systems (i.e. domestic hot water production) but also for advanced applications such as 
integration with other sub-systems, solar cooling, etc. 
 
Supercritical technologies for the valorisation of wine industry by-products 
L. Fiori 
The research project intends to analyse the exploitation of biomass (with special focus on wine industry by-products) 
through technologies based on supercritical fluids: supercritical CO2 extraction (SFE) and supercritical water gasification 
(SCWG). 
As far as SFE is concerned, the project will focus on grape seeds, rich in oil containing large percentage of unsaturated 
fatty acids, such as linoleic and oleic acids, and significant amounts of tocopherols. SFE will be intended for the oil 
recovery and, parallely, to obtain a defatted seed powder rich in polyphenolic compounds. The capabilities of the 
supercritical technology in the enrichment of the oil in its noble constituents (poly-unsaturated fatty acids and 
tocopherols) will be assessed to find out the best operative conditions to make possible a (partial) fractionation of the oil 
in its components. Mechanical pressing will be carried out for production of reference oils for comparison purposes. The 
fatty acid composition of seed oil will be measured by GC/FID and the tocopherol content of seed oil by HPLC/DAD; 
HPLC analyses will be performed by a laboratory partner in the research, which will also evaluate the storage stability of 



the oil and its sensorial characteristics. Seeds of different grape cultivars (red and white: Barbera, Nebbiolo, Pinot noir, 
Moscato, Chardonnay and Muller Thurgau) and resulting from different processes (distillation and red and white 
vinification,) will be tested. 
SCWG will be studied as an innovative process to convert wet biomass and organic waste into a syngas rich in hydrogen 
and/or methane. The process is alternative to the more conventional thermo-chemical treatments such us combustion, 
low-pressure air and steam gasification, pyrolysis. In particular, application of SCWG to grape marc and grape lees will 
be analysed. The work is aimed at an applied research, which experience has shown to proceed efficiently when 
supported by parallel simulation and experimentation in a relationship of mutual verification and guidance. 
The research considers both plant and process aspects (thermodynamics, kinetics and design). The research will use 
commercial software for process simulation (Aspen Plus) and models and computer codes already partly developed and 
partly to develop during the research. 
The experimental work will be performed in a laboratory equipped with a supercritical extraction plant and some 
analytical facilities. More sophisticated analytical equipments could be utilized in laboratories of research partners. 
 
Supercritical water gasification of biomass 
L. Fiori 
The research project intends to analyse the supercritical water gasification (SCWG) of biomass in its different aspects: 
thermodynamics, kinetics and plant and process design.  
SCWG can be seen as an innovative alternative to the more traditional thermo-chemical conversion processes such us 
combustion, low-pressure air and steam gasification, pyrolysis. The advantage of SCWG in respect to the ‘conventional’ 
gasification lies on the unique properties of water at supercritical state (i.e. temperature and pressure higher than 375°C 
and 221 bar, respectively), which allow for fast kinetics, thus avoiding the formation of tar and char and significantly 
improving the product gas quality. Moreover, wet and low-quality biomass can be effectively converted into gas, paving 
the way to the usage of large amounts of residual and waste materials.  
So far SCWG has not been investigated extensively: actually, we are the only research group in Italy dealing with SCWG 
of biomass, and research teams involved in SCWG are nowadays active in Germany, Japan, America and China.  
Considering the above, the research will encompass the fundamentals of the process (thermodynamics and kinetics 
aspects) and design issues (process and plant design, economical and environmental aspects).  
SCWG of model compounds (glucose, glycerol), of actual biomass (micro-algae, grape marc) and waste (paper residue, 
sewage sludge) will be analyzed.  
The work is aimed at an applied research, which experience has shown to proceed efficiently when supported by parallel 
simulation and experimentation in a relationship of mutual verification and guidance. Considering that experimental 
apparatuses for SCWG are nowadays missing nearby the University of Trento (but possibly they will be available soon), 
the experimentally activity could be performed nearby laboratories partner in the research: opportunities exist in 
Germany and Japan. 
The research will make use of commercial software for process simulation (Aspen Plus, Comsol) and models and 
software codes (MatLab and Fortran) already partly developed and partly to develop during the research. 
 
Omega-3 concentrates from fish by-products through supercritical CO2 fractionation 
L. Fiori 
The research project will analyze the use of the solid waste resulting from industrial fish processing (fish skins, viscera, 
bones) for obtaining omega-3 concentrates interesting for both food and pharmaceutical applications. 
The study will evaluate the recovery of the oil from fish waste (the so-called Wet Reduction Process) e, then, will focalise 
on the enrichment of the oil in omega-3 (EPA and DHA). The enrichment phase foresees a first step consisting on the 
trans-esterification of the oil to obtain fatty acids ethyl esters (FAEE), and a second step where the FAEE fractionation 
will occur in a supercritical CO2 fractionation column.  
The work is aimed at an applied research, which experience has shown to proceed efficiently when supported by parallel 
simulation and experimentation in a relationship of mutual verification and guidance. 
The research considers both plant and process aspects (design, thermodynamic, kinetic). The research will use 
commercial software for process simulation (Aspen) and models and computer codes already partly developed and 
partly to develop during the research.  
Il progetto di ricerca intende analizzare l’utilizzo degli scarti solidi dell’industria della lavorazione del pesce (pelle, visceri, lische) quale 
substrato da cui ricavare concentrati in acidi grassi poli-insaturi omega-3 di interesse alimentare e farmaceutico. 
 

Innovative energetic processes for biomass exploita tion 
L. Fiori 
The exploitation of biomass as a renewable resource fits well in a sustainable energy policy and can valorise the territory 
by the use of local resources, such as waste from forest cleaning and by-products of the grape-processing (grape marc), 
or by proposing innovative applications of general interest, such as the recovery of lipid fractions from oily biomass.  
The proposed research addresses highly topical issues such as the conversion of biomass in gaseous and liquid fuels. 
Within this vast field it will be considered:  
- the production of syngas by thermo-chemical processes (pyrolysis, gasification) with the possible coupling fuel cell.  
- biodiesel production through processes of extraction of the lipid fraction from the waste and subsequent processing;  
The research considers both plant and process aspects (design, thermodynamic, kinetic, fluid dynamics). The research 
will use commercial software for process simulation (Aspen, Comsol) and models and computer codes already partly 
developed and partly to develop during the research.  



The work is aimed at an applied research, which experience has shown to proceed efficiently when supported by parallel 
simulation and experimentation in a relationship of mutual verification and guidance. The experimental work will occur 
through existing contacts with research partners. 
 
Reliability and efficiency of water distribution ne twork 
P. Bertola  
The research deals with the study of hydraulic network simulation problems and with the study of design and managing 
of hydraulic network; the aim of the research is the reliability increasing of the whole system with a deep knowledge of 
some qualitative aspect involved by drinking water. 
 
Urban drainage and modelling of discharge and pollu tants  rates by means of IUGH 
P. Bertola, R. Rigon 
The research deals with studying and upgrading of software Trento_p, developed to verify and design urban drainage 
networks, and to have a deeper knowledge of discharge distribution and reactive and passive pollutants in such 
networks. 
 
Mini-hydro plants: hydrological aspects and set-up 
P. Bertola  
Mini-hydro plants (power less than 3-10 MW) have a very low environmental impact and minimize electricity transport 
problems because they are all distributed over territory. In this type of plants are often included those built in water 
supply pipes with a high drop before distribution network. Both plants need deep and careful studies in the field of 
hydrology and about hydraulic machines efficiency. 
 
Hydroelectric plants and environmental problems 
P. Bertola  
Environmental impact of hydroelectric plants is rather high and growing from direct ones to plants with reservoir. The 
respect of minimum vital discharge and the presence of passages for fishes constitute nowadays the environmental 
constrains for constructing of such works. 
 
Sensors network and spatial database integration fo r monitoring  
P. Zatelli 
The project uses the modern OGC services to create, manage and use a sensors network. The research is focused on 
the monitoring of a geotechnical site: a new approach is used of a classic type of monitoring. The large number of 
sensors and, above all, their heterogeneity, poses new challenges with respect to the usual Sensor Observation Service 
(SOS). This system integrates a SOS and a Web Processing Service (WPS), as defined by the Open Gis Consorzium 
(OGC), to manage the sensors network, data and their processing. Unlike the sensors networks usually managed by 
SOS, geotechnical monitoring sites involve a large number of heterogeneous sensors, often delivering redundant 
measurements, whose calibration and data validation plays a fundamental role and must be carried out routinely. For this 
reason a new set of procedures to validate new data in (near) real time will be create in a DataBase Management 
System (DBMS). Since all the information has a spatial component (instruments, and therefore measurements, have 
coordinates, as weel as all the derived features) a DBMS with spatial extension will be used. The interface between the 
system and the users will consist in a dynamic WebGIS, able to display the measured quantities as maps, tables and 
graphs, representing for example their trend with respect to time. Moreover, the system will be able to apply some 
models to the available data, using a WPS, integrating a GIS with the SOS and the spatial DBMS. 
Since the deployment of SOSs is fairly recent, the available implementations must be evaluated, both in terms of OGC 
standard adherence and relevant feature for the project. The need to implement new functionality is foreseeable. 
In the same way, the creation of a WPS requires the choice of the suitable environment and the integration of different 
DBMSs, GISs and WPSs, with the development of new software. The system will be tested on a pilot monitoring site: a 
model to evaluate the distribution of interstitial pressures, to evaluate in (quasi) real-time the possible danger to the 
riverbank stability. The system will be implemented using Free and Open Source Software, with the intention to release 
all the software created in this project using a FOSS license. 
 
 

Modelli computazionali / Computational models  
 
Mathematical and numerical modelling of debris-flow  
Rosatti G. 
Starting from a comprehensive and critical literature review, the first aim of this research consists in deriving suitable 3D 
equations for the description of debris flows over mobile-bed by means of a complete two-phase (or two-fluids) approach. 
Particular attention will be devoted to the choice of the averaging procedure necessary to obtain the equations: the 
analytical phase average must fit as much as possible the phase average that can be actually performed in the 
laboratory measurements. The shallow-flow (or thin-layer) equations (both 3d and 2d) will be obtained from appropriate 
approximations. Rheological closures will be adapted from the most recent specific studies performed in this doctoral 
school. The resulting system will be analysed in order to verify the possible hyperbolicity. The second goal of this 
research is exquisitely numeric. The target is to integrate the obtained system with a proper numerical strategy obtained 



starting from the most recent method employed in the Trent2D code. Another important point will regard the possibility of 
simulating debris flows over a substratum of rock: this means that the code will have to deal with flows over fixed bed 
and transitions from mobile- to fixed-bed conditions. The resulting model will be systematically applied to laboratory and 
field test cases. 
 
Modellazione distribuita integrata del ciclo idrolo gico dei bilanci energetici al suolo e data 
assimilation 
R. Rigon  
Sviluppo del modello GEOtop nell'ambito di vari progetti europei e nazionali per la descrizione di una delle componenti 
del ciclo idrologico. Il campo lavoro in questo momento e' l'implementazione del modello secondo gli schemi del progetto 
ESMF in modo da poterlo agganciare a strumenti di modellazione climatica e meteorologica. Il campo specifico di 
applicazione può essere uno dei vari aspetti connessi a questo tipo di modellazione. In questo momento stiamo 
studiando l'assimilazione di dati satellitari, l'evoluzione del manto nevoso e la produzione di deflusso, la modellazione 
della radiazione. 
 
 

Edilizia sostenibile / Sustainable building  
 
Sustainable Architecture: sustainability rating sys tem for new and historical buildings  of 
small and medium size 
A.Frattari 
There are different rating systems  to define  the sustainability of the buildings. Different methodological approaches  
characterize the actual standards used in the different geographical context . There aren’t procedures to evaluate the 
environmental impact of small or medium buildings. The proposed research is focused on the development of new 
methodological approach also based on Life Cycle Assessment (LCA) to determinate a new rating system for small and 
medium buildings, new or under restoration, through an analysis of the existing rating systems  and the proposal of new 
indicators of the sustainability.  
 
Sustainable architecture: low energy timber buildin gs for low environmental costs 
A.Frattari 
The aim is to develop tools and methods for a new constructive practice in the buildings in which the typological and 
constructive characteristics are compatible whit the use of alternative heating and coolness systems based on the use of 
renewable and not polluting resources integrated with home automation systems. 
 
Sustainable architecture: improving the quality of life at home of people with disabilities  
A.Frattari 
The aim of the research is to advance the knowledge and the methods in the design of the accessible environments for 
elderly people and people with motor, sensorial and cognitive disabilities  to improve the quality of the life at home 
offering increased safety, security and greater independence in carrying out daily activities. The research’s focus will 
especially be the studying spatial interaction using full-scale models of domestic environments barrier free, ergonomic 
and integrated with assistive devices and home automation, to measure functional abilities in context and obtain data on 
outcomes, i.e. measures of successful fit between environment and a person's abilities. This approach can be used to 
supplement traditional anthropometric studies to help improve the fit between person and environment.  
 

Architettura per la città e il territorio / Archite cture for the city and the landscape 
 
 
Pianificazione e progettazione per lo sviluppo sost enibile  
Planning and design for sustainable development 
 
Sustainable Urban Development in the framework of t he European Union 
Bruno Zanon 
Sustainable Urban Development is a key issue in the European framework, being at the crossroads of different sectoral 
policies and  actions. Urban sustainability regards different scales and diverse topics, some of technical kind, other of 
cultural, social and economic nature and is expected to provide an urban space characterized by environmental, 
architectonic and social quality.  
In general, urban quality means an appropriate balance among the use of resources (energy, water, soil, etc.), the quality 
of the outputs of urban processes (waste, waste water, air, etc.) and the quality of the urban space, which relates to the 
physical features on the one side and to the social environment on the other.  Another key issue regards the scale of 
intervention, as cities are connected to the external territory and to the wider space. The origin of the resources and the 
effects of environmental, social and economic kind of urban processes involve places often far away. In such conditions, 
it is difficult to take full responsibilities of the misuse of renewable and non renewable resources and of the negative 



effects of actions.   Planning is the procedure used to transform and develop urban areas and the challenge to urban 
plans is the innovation of traditional physical planning in order to take into account such a complexity in answering the 
demands of local communities as well as other stakeholders’ expectancies. The European Union has defined a political 
and legal framework which is more and more effective in orientating and regulating actions of members states, regions 
and cities. Specific strategies for the urban environment have been approved, documents such as guidelines and reports 
have been elaborated, and databases activated. This dynamic framework challenges traditional urban planning and 
policies. The research work, on the basis of a theoretical framework, has to focus on a specific issue in order to define a 
methodological and operative path for a sustainable development of middle sized cities. A first phase will regard the 
construction of a methodology, the analysis of recent experiences and the collection of the available tools. A second 
phase will concern the analysis of the key factors concerning the urban sustainability. A third phase will elaborate a 
proposal able to connect technical issues with planning procedures, taking into consideration both physical and strategic 
aspects. The expected result is a contribution, which can be of methodological or sectoral kind, for the improvement of 
urban sustainability. Depending on the knowledge and abilities of the candidate, more emphasis will be given to physical 
or strategic planning, to environmental or social issues, to local development or territorial cohesion. The research, in any 
case, has to take into consideration the European challenge. 
 
Spatial planning and local development facing globa l challenges 
Bruno Zanon 
The research proposal intends to address the methodological and operational issues of spatial planning and local 
development of areas characterized by fragile environments. This definition stresses the sensitivity to change of some 
territories and regards diverse aspects: hydro-geological risks, ecosystemic richness, landscapes in peril, weak urban 
systems, deprived local communities. Such conditions are usual for mountainous areas, but in the Alps and in other 
mountain regions the proximity to important transport corridors of international level, to developing urban areas (at the 
margins or inside the involved contexts), and the multiplication of new forms of local development, define contradictory 
dynamics. Spatial planning is a traditional tool for managing change and supporting local development, in particular by 
means of a design which provides the physical organization of space. The change going on at different levels and the 
evolution of the discipline require the assessment of the effectiveness of traditional methods and tools and the 
experimentation of new ones. 
Some theoretical issues must be addressed:  
Institutional change: 
- the role of institutions is changing, due to the emerging role of the European Union and the fading of national borders; 
the role of international agreements and EU directives; the devolution of state powers to regions and local authorities; the 
increasing role of private or quasi-private organisations in constructing and managing public interest infrastructures and 
services. 
Territorial change:  
- the development of infrastructural systems supports connections (of physical and immaterial kind) and construct 
differently the territories; the “jumping of scale” produced by new connections. 
Economic change: 
- the value of local resources – in a globalized context - is changing dramatically, with the connected crisis of traditional 
activities and the emergence of new opportunities. 
Socio-political change and learning:  
- the role of local communities can be crucial in terms of appropriate knowledge, social capital and ability to construct 
new strategies. 
The research questions regard how local communities can intervene - by means of planning - in such a complex 
situation, where usual administrative competencies and consolidated disciplinary instruments can address only partially 
the emerging issues. The candidate, on the basis of an overview of the cited issues and the analysis of the changing role 
of consolidated spatial planning methods and tools, will address a specific aspect. The focus can regard the perspectives 
of institutional change, the role of innovative infrastructures, the innovation of the use of local resources. The elaboration 
of new methodologies or tools is finally expected. 
 
LUD&C, Landscape, Urban Design & Contexts; quality and sustainability, Alps: innovation 
Lab-design 
G. Scaglione 
 
Under the name LUD&C is configured a system of research and design experiments conducted, by G.Scaglione, within 
the TALL (Trentino Alto Adige/Advanced Land-scape design Lab) Observatory/Laboratory which coordinates design 
research activities -in collaboration with national and international universities and professional partners- open to 
architects, engineers, urban planners, landscape architects, designers and students. The issues are related to various 
dimensions of the interscalar design, from the scale of the landscape, to the city, architecture, design the public space, 
with the most attention at the report with the sensitive contexts (Alps, mountains, natural and coastal systems) through 
applications and case studies in the contemporary city and space built, in the urban places, landscape and territory, in 
the relations with the system of infrastructures.  
In particular, through some recent experiments (Research "InfrA22scape"), research is focused on the relationship 
between infrastructure and landscape -in a real dimension of sustainability and regeneration- toward different systems of 
non-polluting mobility and a new dimension of high environmental quality. 
The full list of the different research issues –closely interacting- is as follows: ecourbanism; landscape and 
infrastructures; new ecological networks in the landscape; landscape transformations in the Alps: tourism, territories, 



cities, infrastructures; small metropolis: urban regenaration; coastal transformations in the Mediterranean places; 
sustainable ecodesign for outdoor spaces and sensitive contexts. 
These avenues of research, as a whole and individually, are transferable on the courses in the training of the aspiring 
Phd students who have a strong interest for the new international designing dimension that born of the research activities 
of the Landscape Urbanism. The entire search path is intended primarily as an anticipation of future scenarios and 
visions, rather than mere descriptions of the present. 
 
Exploring the links between land use changes, water  quality and health in data-poor 
contexts 
Davide Geneletti, Guido Zolezzi 
Land use change processes, jointly with climate change, are affecting the provision of important ecosystem services, 
such as water yield and water purification, with potentially severe consequences on human health. The capability to 
understand and predict the impact of these processes in many developing contexts is undermined by the lack of 
adequate data and modelling tools. This problem is exacerbated by the mismatch between locally-recorded information 
on water quality and water-borne diseases, and large-scale datasets on land use dynamics and climate variables. This 
research will explore this topic by combining a desk study based on the review of existing datasets, with fieldwork and 
modelling. The overall purpose is to generate a methodological approach that could complement existing tools models 
targeted at assessing health risks in contexts characterised by rapidly changing environmental conditions. Emphasis will 
be given on the applicability of the method in the light of typical constraints found in developing contexts, namely in 
relation to data availability, quality and to the operational capacity of local institutions in charge of water resources and 
environmental management. Depending on availability of funds and status of ongoing development projects, a limited 
number of case studies will be chosen to address linkages between changes in land use and anthropic activities, water 
source contamination potential, and human health risk through extensive fieldwork and interaction with local 
stakeholders. 
 
Innovative methods for strategic environmental asse ssment  
D. Geneletti 
This research aims at developing methods to improve current practice of strategic environmental assessment (SEA) at 
the planning level. It is envisaged for the research to specifically address one, or more, of the most critical issues being 
currently discussed by the literature, among which : 

- The integration of information of ecosystem services into SEA. 
- The integration of consideration of climate change risks in SEA 
- The use of scenario analysis and uncertainty analysis to support SEA of plans  
- The development of metrics to include in SEA of plans the key elements of sustainability assessment (e.g., 

intra- and inter-generational equity).  
According to the candidate’s interest and background, the study will address problems, and undertake case study 
analysis, in an European setting or a developing country setting. In the latter case, emphasis will be given to the 
relationships between environmental degradation and poverty, and to the interaction between SEA and poverty 
alleviation strategies. 
 
Transitioning to a greener economy in Europe: terri torial potentials and challenges  
D. Geneletti 
According to the Europe 2020 Strategy, transitioning towards a greener economy is to promote environmental 
sustainability, economic growth and social equity. The green transition concerns a number of economic sectors (in 
particular renewable energy, agriculture and food production, forestry, tourism and transport), as well as cross-cutting 
themes (clean technologies, green building, water management, etc) that are deeply influenced by territorial factors. This 
research aims at developing an understanding of the potentials and challenges that different European territories face in 
the eve of the transition towards a greener economy. Emphasis will be given to the characteristics of the geographical 
contexts, in terms of biophysical opportunities  and constraints, as well as infrastructures and technologies (e.g., solar 
energy, carbon sinks, nature-based tourism, mobility). However, links to the policy and economic domains will be also 
addressed. The final goal is to characterize the suitability of representative study areas across Europe to develop a 
greener economy, identifying potentials and limitations.  The research will mainly make use of existing spatial indicators 
and data sets available at European scale.  
 
Integrating urban and environmental processes in ar eas of high environmental interest 
C. Diamantini, D. Geneletti 
The dispersion in progress of the built environment is not only redesigning the territory, posing wholly new problems for 
urban planners – problems of cohesion in a large area yet in some respects having the features and functions of a city – 
but also multiplying and scaling up the problems raised by the interactions between settlement and natural processes, 
insofar as these are now territory-wide problems, not referable only to the urban regeneration, to the urban form, or to the 
edge of the city. In other words, the “edge” cannot so much be identified with the edge of the city, (i.e. the urban 
dynamics that interfere with the surrounding countryside), as with a multiple and multi-form edge of a growing built 
environment that ramifies over a vast territory and interferes – virtually from inside – with environmental and ecological 
processes. In terms of sustainable development the fact that the edge of the built environment coincides with a vast 
territory calls for a wholly new approach to planning practices vis-à-vis the natural environment. The purpose of this 
procedure is not so much that of simple guaranteeing green areas use, as happened in past practices through landmark 



actions in the history of town and country planning, as to guarantee a real integration between settlement and natural 
processes. This means that the building processes should adjust themselves to meeting conservation needs, if not to 
increasing the present level of biodiversity, in order that equal status be attributed to settlements and natural processes. 
A useful indication, in this sense, is provided by the numerous experiences of environmental upgrading or remediation, 
guided by design criteria taken from ecosystem quality indicators that can be usefully incorporated in planning practice 
on both an urban and territorial scale. 
 
Alpine landscape 
C. Diamantini 
This research topic deals with the identification of alpine landscape types characterised by high quality and complex 
interactions between human-driven processes and natural processes. The study focuses on alpine landscapes in 
Trentino, Tirol, South Tirol, Voralberg and Allgäuer. The goal is to relate landscape types to their territorial specific 
contexts, and hence to use them as key elements in spatial planning and environmental management, with the purpose 
of strengthening the development of competitive local entities. 
 
Exploring rur-urbanity in Africa 
C. Diamantini 
In the last few years academic research and development programs have underlined the important role of small towns in 
Sub-Saharan Africa in promoting the growth of the surrounding rural areas. Anyway, defining the nature of these urban 
centres and analysing the relevant effects of transformations they are going through, are still unsolved issues. This 
research project aims to contribute to explore both aspects by considering as case study small urban centres situated in 
Mozambican rural Districts. Field research and direct survey results will be used to highlight the peculiar characters of 
those rural town together with the new rural-urban interactions emerging from radical transformations involving sub-
Saharan African rural areas. Moreover, the research project aims to suggest some key topics to be considered within 
spatial planning in those contexts.  
 


