
Three PhD positions available at 

Department of Civil, Environmental and Mechanical Engineering 

University of Trento 

We encourage highly motivated students to apply for admission to the following PhD program:  

• PhD Program in Civil, Environmental and Mechanical Engineering 

(https://www.unitn.it/en/ateneo/1954/announcement-of-selection) 

2 open scholarships (see recommended topics below) 

+ 1 scholarship on reserved topics  

Deadline for application: August 29 at 4 pm (Central Europe Time, GMT +2) 
 

 
Curriculum A: Civil and Environmental Engineering  
https://www.unitn.it/en/ateneo/1954/announcement-of-selection 
 
2 open scholarships: proposals on the following themes will be warmly welcomed. 

1. Transport processes along riverine environments and their impact on 

climate change  

(P.I. Alessandra Marzadri, UniTrento) 

Recent studies underline the importance of riverine environments in greenhouse gases (GHGs) 

emissions drawing attention to the fact that nearly all fresh waters contain carbon dioxide (CO2), 

methane (CH4), and nitrous oxide (N2O) in concentrations that are supersaturated with respect to 

that of the atmosphere. In riverine environments, CO2 and CH4 emissions are controlled by the 

processes involving the metabolism of terrestrial organic carbon; while nitrification-denitrification 

processes are the major processes controlling N2O emissions. The proposed research will focus 

on modeling transport of nutrients and contaminants at the catchment and larger scales. New 

approaches will be developed in order to take into account the multifaceted interactions occurring 

in the riverine environment both in the stream and in the hyporheic zone. 

 

2. Data-driven modelling of thermal dynamics in water bodies:  

Physical models vs. machine learning  

(P.I. Marco Toffolon, UniTrento)  

Water temperature is a key physical variable affecting the whole range of biological and chemical 

processes occurring in lakes and rivers. Traditionally, two approaches have been developed to 

simulate water temperature, namely using physically based models and statistical models. Now 

the increasing availability of information, the so-called big data, is paving the way to the use of 

machine learning in environmental studies, a research field that is exponentially growing. The aim 

of the proposed study is to test the performances of machine learning tools in the context of water 



temperature dynamics, and to analyse their strength and weakness in comparison with those of 

physically based deterministic models. 

 
 
1 Reserved Topic scholarship (Departments of Excellence Grant A2) 

3. Effects of climate change and human exploitation on groundwater 

resources in a meso-scale watershed  

(P.I. Bruno Majone and Alberto Bellin, UniTrento) 

Groundwater is a critical resource under threat by overexploitation due to the combined effect of 

population growth and climate change. Despite its importance our capability to model 

groundwater at catchment and regional scales is still limited. This research project focuses on 

modeling groundwater at the catchment and regional scales. In particular, we are seeking for a 

suitable parametrization of formation heterogeneity and exchanges with the surface water. The 

final objective is to combine groundwater modeling with artificial intelligence techniques to limit 

modeling errors and better assess the impact of water extractions by making the best use of all 

available data.  

 

Attached is an extended description of the research activities. The PhD student will be included 
in an interdisciplinary research group. 

Alberto Bellin (alberto.bellin@unitn.it)  

Bruno Majone (bruno.majone@unitn.it)  

Alessandra Marzadri (alessandra.marzadri@unitn.it)  

Marco Toffolon (marco.toffolon@unitn.it)  

  



Effects of climate change and human exploitation on groundwater resources in a meso-
scale watershed 
 

P.I.: prof. Bruno Majone, prof. Alberto Bellin 
 
Evaluation of climate change impacts on water resources is indisputably a “hot” topic in Hydrological 
Sciences which is capturing growing attention from scientists, managers and policy makers in addition 
to the general public. In particular, the effects of future climate and water use scenario, possibly leading 
to groundwater overexploitation, deserve particular attention due to the important role of groundwater for 
irrigation, urban consumptions and ecosystem sustainability (e.g. 2000/60/EC and 2007/118/EC). In this 
contest, reliable projections of long-term evolution of groundwater dynamics are of a paramount 
importance to settle advanced and sustainable adaptation and mitigation plans considering both climate 
change and linked human effects. 
Groundwater resources are indeed related to climate change through the direct interaction with surface 
water resources, such as lakes and rivers, and indirectly through the recharge process. Therefore, 
quantifying the impact of climate change on groundwater resources requires an accurate estimation of 
the spatio-temporal distribution of groundwater recharge, in addition to a reliable simulation of 
groundwater flows possibly including the role of heterogeneity in soil hydraulic properties. 
This latter aspect deserves particular attention due to the non linear interplay between external forcing 
and soil and aquifer heterogeneity acting at all scales from local to global. Although aquifer heterogeneity 
and its effect on flow and transport has been studied in great detail in the last decades in stochastic 
groundwater hydrology, the implementation of similar techniques to the simulation of the overall 
watershed hydrologic responses (i.e., joint evaluation of river streamflow and groundwater dynamics) is 
missing in the hydrological literature, especially at large spatial scales. 
Within this framework, distributed hydrological modeling will represent an excellent tool to unveil the 
complex relationships between climate, human exploitation and groundwater dynamics and to estimate 
their joint evolution. The analysis will be conducted by means of a suite of hydrological models. In 
particular we propose to further develop HYPERstreamHS, a distributed model recently developed by 
the Hydrology group of the University of Trento by including different modules dealing with groundwater 
storage dynamics: from simple lumped travel time formulations to more sophisticated process-based 
groundwater models like e.g. Modflow. The various approaches will be then compared to understand to 
which extent heterogeneity in aquifer hydraulic properties shape both streamflow and groundwater 
dynamics. 
The ideal case study to assess the effects of climate change and human exploitation on groundwater 
resources is the Northern part of Italy including both the Alpine and Padanian regions, with the latter 
being a densely populated area including one of the most important aquifers in Italy, i.e., the Po valley 
aquifer. A preliminary set-up of the modeling framework will be created for the Adige river basin (about 
10000 km2) in order to take advantage from well-instrumented test sites, excellent data availability and 
established collaborations with regional authorities. 
 
The expected outcomes of this activity can be listed as follows: 
 

1. Improvement of HYPERstreamHS in order to incorporate explicitly groundwater dynamics. Long 
time series of groundwater levels and streamflows will be used in a multi-objective calibration 
framework in order to better identify subsurface flows and groundwater recharge. 

2. Full coupling of Modflow groundwater model with HYPERstreamHS. In this case particular 
emphasis will be given to the reproduction of the heterogeneity in the hydraulic properties of the 
aquifer. 

3. Identification and attribution of the main drivers controlling groundwater dynamics in the Adige 
river basin through trend analysis of available and/or simulated long-term time series of 
hydrometeorological variables (e.g., precipitation, temperature, snow accumulation, etc.). 

4. Implementation of the modeling framework to a meso-scale watershed, i.e. the entire Northern 
Italy including the Alps and the Po floodplain (about 120.000 km2). In this case the added value 
of using both monthly time-lapse gravity field estimates provided by the Gravity Recovery and 
Climate Experiment (GRACE, http://science.nasa.gov/missions/grace/) and groundwater levels 



data) will be explored in a multi-objective calibration framework, with the aim to reduce epistemic 
and model parametric uncertainty. 

5. Climate change impact assessment on groundwater resources in the aforementioned meso-
scale watershed using an ensemble of meteorological forcing projection scenarios available in 
the EURO-CORDEX experiment.  

6. Evaluation of the combined effects on groundwater resources of concurrent changes in climate 
and water uses by considering different scenario of groundwater exploitation. 

 
The ideal candidate will have a background in Civil or Environmental Engineering or related fields, ability 
to develop her/his research activities with high level of autonomy, strong motivation, excellent 
communication skills (written and oral), and a positive attitude towards integrating this research project 
within a wider research group. Since foreseen activities include model development, the candidate is 
required to have computational proficiency (or the will to pursue them) preferably in fortran and 
python/Matlab. It is intended that the developed tools and/or models are produced as free software. 

 
Suggested references (to be not considered as exhaustive for the topic): 

Bellin, A., Majone, B., Cainelli, O., Alberici, D., and Villa, F., 2016. A continuous coupled hydrological and water 
resources management model. Environmental Modelling and Software, 75, art. no. 3541, pp. 176-192, 
doi:10.1016/j.envsoft.2015.10.013. 

Clark, M. P., Y. Fan, D. M. Lawrence, J. C. Adam, D. Bolster, D. J. Gochis, R. P. Hooper, M. Kumar, L. R. Leung, 
D. S. Mackay, R. M. Maxwell, C. Shen, S. C. Swenson, and X. Zeng, 2015. Improving the representation of 
hydrologic processes in Earth System Models, Water Resour. Res., 51, 5929–5956, doi:10.1002/2015WR017096. 

I.E.M. de Graaf, L.P.H. van Beek, Y. Wada, M.F.P. Bierkens, 2014. Dynamic attribution of global water demand to 
surface water and groundwater resources: Effects of abstractions and return flows on river discharges. Advances in 
Water Resources 64 (2014) 21–33, doi:10.1016/j.advwatres.2013.12.002. 

I.E.M. de Graaf, L.P.H. van Beek, T. Gleeson, N. Moosdorf, O. Schmitz, E.H. Sutanudjaja, M.F.P. Bierkens, 2017. 
A global-scale two-layer transient groundwater model: Development and application to groundwater depletion. 
Advances in Water Resources 102 (2017) 53–67, doi: 10.1016/j.advwatres.2017.01.01. 

Diamantini, E., Lutz, S.R., Mallucci, S., Majone, B., Merz, R., Bellin, A., 2018. Driver detection of water quality trends 
in three large European river basins. Science of the Total Environment, 612, pp. 49-62, doi: 
10.1016/j.scitotenv.2017.08.172. 

Diamantini, E., Mallucci, S., Bellin, A. 2019 A parsimonious transport model of emerging contaminants at the river 
network scale. Hydrol. Earth Syst. Sci., 23(1): 573-593, doi:10.5194/hess-23-573-2019. 

L. Laiti, S. Mallucci, S. Piccolroaz, A. Bellin, D. Zardi, A. Fiori, G. Nikulin and B. Majone, 2018. Testing the 
hydrological coherence of high-resolution gridded precipitation and temperature datasets. Water Resour. Res., 54, 
1999-2016, doi:10.1002/2017WR021633. 

Piccolroaz, S., Di Lazzaro, M., Zarlenga, A., Majone, B., Bellin, A., and Fiori, A. 2016. HYPERstream: a multi-scale 
framework for streamflow routing in large-scale hydrological model. Hydrol. Earth Syst. Sci., 20: 2047–2061, 
doi:10.5194/hess-20-2047-2016. 

Reinecke, R., Foglia, L., Mehl, S., Trautmann, T. Cáceres, D., Döll,P., 2018. Beyond the bucket – Developing a 
global gradient-based groundwater model (G3M v1.0) for a global hydrological model from scratch, Geosci. Model 
Dev. Discuss., doi:10.5194/gmd-2018-120. 

 

  



 

Title: From local to global scale: transport processes along riverine environments and their 
impact on climate change 
 

P.I. : ing. Alessandra Marzadri 
 

 
Riverine environments (streams, rivers and wetlands) represent the natural connectivity between terrestrial 
and marine environments. Field evidence confirm that they can't be considered just passive pipes shuttling 
any water borne quantity, such as solutes, nutrients, contaminants, and pathogens from the land to the 
ocean. Riverine environments play a crucial role on stream eutrophication, hypoxic zone formation and 
climate change as the amount of carbon (C), and nitrogen (N) delivered to the oceans is only a fraction of 
that received from upland terrestrial ecosystem. It is estimated that riverine environments transform, store 
and outgas more than 50% of C and about 50% of the N received from terrestrial ecosystems. The amount 
of load they receive is strongly related to the combined effects of climate change, human pressures, land 
cover and streamflow alteration and consequently, understanding their role in controlling transport and 
transformation processes is and extremely important environmental target. 
Recent studies underline the importance of riverine environments in greenhouse gases (GHGs) emissions 
drawing attention to the fact that nearly all fresh waters contain carbon dioxide (CO2), methane (CH4), and 
nitrous oxide (N2O) in concentrations that are supersaturated with respect to that of the atmosphere. In 
riverine environments, CO2 and CH4 emissions are controlled by the processes involving the metabolism of 
terrestrial organic carbon; while nitrification-denitrification processes are the major processes controlling 
N2O emissions.  
Under a changing climate, among the multitude of pressures introduced by human activities, special 
attention needs to be given also to the fate of an overwhelming number of chemical products, form 
pharmaceuticals and personal care products (PPCPs) to PFASs (Per- and polyfluoroalkyl substances) and 
other products that are used daily and that will be created in the near future. The wide use of anthropogenic 
PFASs (especially PFOS, perfluorooctane sulfonate, and PFOA perfluorooctanoate) led to the current 
situation which estimate thousands of new chemicals (i.e. there are more than 3,000 PFASs) introduced 
into the market each year. These contaminants enter the stream network after escaping degradation from 
waste water treatment plant (WWTPs) and during the time they spend within the riverine environments they 
may have potential adverse effects on human and freshwater ecosystems. 
Under climate change scenarios, one of the big challenges in study environmental problems, is the 
evaluation of their effects at different spatial scales. To this end, the project will open a new window in our 
understanding of the processes responsible of climate change through a holistic and interdisciplinary 
(hydrology, geomorphology, geochemistry and biology) approach which lead to a framework that link 
processes along and among riverine environmental components (i.e. surface water, hyporheic zone, benthic 
and riparian areas) from the local reach scale, to the large watershed scale up to the planetary global scale. 
We will develop a modeling framework based on a Lagrangian approach which is particularly suitable 
because of its ability to represent the transport-reaction processes by means of the residence time 
distribution (RTD). We will start looking at the processes occurring at the reach scale where the stream 
boundaries are extended beyond the surface water in order to include, where important, the role of benthic, 
hyporheic and riparian areas. Modeling the local (reach) scale behavior allow us to understand the main 
hydro-morphological and biogeochemical processes that control the fate of the different water borne 
quantities mentioned above. This can be considered as a first needed step toward the application of this 
modeling framework at the river network and larger scales.  In fact, the residence time concept is quite 
general and it is not limited to a particular riverine environment; therefore, it has the potential to be extended 
at the river network scale for predicting GHGs emissions and the fate of PFASs as a function of the 
watershed land use, stream network characteristics and climate change conditions.   
The river network will be schematized as composed by nodes, which are set at major morphological and 
hydraulic changes (i.e., river confluences) and links that connects the different nodes where transport and 
reactions occurs. The framework will be developed and tested using available literature data as well as 
available hydrological and bio-geochemical measurements. Information on possible subsurface interactions 
will be assessed starting from water discharge and boundary conditions (i.e. groundwater elevation).  



From the information gained at the local and network scale, and thanks to the scalable nature of the 
proposed approach, we will be able to identify possible key index (i.e., a suitable Damköhler number) to 
upscale these physically-based local scale models at the global scale. 
The analyzed topic will provide benefits to the society at local and global scales because climate change 
effects may have important environmental consequences that reflect on many aspect of human quality of 
life. 
 
The expected outcomes of this activity can be listed as follows: 
 

1. Improvement of the local reach scale model for N2O emissions to incorporate also the emissions of 
CO2 and CH4. To do this, the project will characterize the interplay between transport and 
biogeochemical processes that involve nitrogen (N, contributing to N2O), and carbon (C, contributing 
to CH4 and CO2) cycles along and among surface-subsurface riverine environmental components. 
Available literature data of N2O, CO2 and CH4 emissions from different worldwide streams and rivers 
will be used to validate the model outputs. 

2. Development of a local process based model for characterizing the fate of emerging contaminants 
like PFASs. To do this, the project will characterize the interplay between transport and 
biogeochemical processes that involve the degradation (i.e. oxidation) of these contaminants. 
Available literature data from different worldwide streams and rivers will be used to validate the 
model outputs. 

3. Development of a multi-species (GHGs and PFASs) framework to model the fate of the different 
biogeochemical compounds at the watershed scale. At this larger scale, the behavior of riverine 
environments is represented as a nested structure of geomorphic states that include: i) a sub-basin 
state, which represents the un-channeled area of the catchment, where solute generation within 
hydrologic runoff occurs; ii) the in-stream state, where hydrologic transport along the different flow 
paths connecting the river network occurs; and iii) the sub-surface states, where important 
exchange processes occur between surface and subsurface riverine environments. The multi-
species (GHGs and PFASs) Lagrangian framework will be applied to selected watersheds to test 
its validity and to analyze the effects of land use land cover and human activities on model 
predictions.  

4. Results obtained applying the framework at the reach and at the watershed scales will provide 
important information to parameterize GHGs emissions and PFASs fate in terms of dimensionless 
numbers (i.e.  the Damköhler number) through which we will be able to predict their distribution at 
the global scale. Analysis of seasonal and climatic effects on the model predictions will be 
performed.  

5. Identification of possible best practices in the riverine ecosystems management to attenuate GHGs 
emissions and to improve PFASs degradation. 

6. Evaluation of the impact of extreme events (i.e. droughts and floods) on the developed framework.  
 
The ideal candidate will have a background in Civil or Environmental Engineering or related fields. 
Candidates should also possess strong computer, scientific, and analytical expertise, have excellent 
communication (oral and written) skills, have the ability to work independently and as part of a team, self-
motivation, adaptability, and a positive attitude.  Since foreseen activities include model development, the 
candidate is required to have computational proficiency (or the will to pursue it) preferably in Fortran, 
R/python/Matlab and GIS products. It is intended that the developed tools and/or models are produced as 
free software. 
 
Suggested references (to be not considered as exhaustive for the topic): 

Diamantini, E., Mallucci, S., Bellin, A. 2019 A parsimonious transport model of emerging contaminants at the river 
network scale. Hydrol. Earth Syst. Sci., 23(1): 573-593, doi:10.5194/hess-23-573-2019. 

Boso, F., Marzadri, A., Tartakovsky, D.M. 2018 Probabilistic forecasting of nitrogen dynamics in hyporheic zone. Water 
Resour. Res., 54: 4417-4431, doi:10.1029/2018WR022525. 

Reeder, W., Quick, A., Farrell, T., Benner, S., Feris, K., Marzadri, A., Tonina, D. 2018 A Flowline-Scale, Predictive 
Model of Nitrous Oxide Emissions from the Hyporheic Zone of Streams. Water Resour. Res., 54: 5001-5016, doi: 
10.1029/2018WR022525. 



Wollheim, W.M., Bernal, S., Burns, D., Czuba, J.A., Driscoll, C.T., Hansen, A.T., Hensley, R.T., Hosen, J.D., Kaushal, 
S.S., Koenig, L., Lu, Y., Marzadri, A., Raymond, P., Scott, D., Stewart,  R.J., Vidon, P.G., Wohl. E. 2018 River network 
saturation hypothesis: factors influencing biogeochemical demand of entire river networks relative to supply. 
Biogeochem., 141(3): 503-521, doi: 10.1007/s10533-018-0488-0. 

Marzadri, A., Dee, M. M., Tonina, D., Bellin, A., Tank J. L. 2017, Role of surface and subsurface processes in scaling 
N2O emissions along riverine networks, Proceedings of the National Academy of Science.(PNAS), 114(17): 4330-4335, 
doi: 10.1073/pnas.1617454114.  

Marzadri, A., Tonina, D., Bellin, A., Valli, A. 2016, Mixing interfaces, fluxes, residence times and redox conditions of the 
hyporheic zones induced by dune-like bedforms and ambient groundwater flow. Advances in Water Resources, 88: 
139-151, doi:10.1016/i.advwaters.2015.12.014.  

Piccolroaz, S., Di Lazzaro, M., Zarlenga, A., Majone, B., Bellin, A., and Fiori, A. 2016. HYPERstream: a multi-scale 
framework for streamflow routing in large-scale hydrological model. Hydrol. Earth Syst. Sci., 20: 2047–2061, 
doi:10.5194/hess-20-2047-2016. 

Marzadri, A., Tonina, D., Bellin, A., Tank, J. L. 2014, A hydrologic model demonstrates nitrous oxide emissions depend 
on streambed morphology. Geophysical Research Letters. 41: 5484-5491, doi: 10.1002/2014GL060732.  

Marzadri, A., Tonina, D., McKean, J. A., Tiedemann, M. G., Benjankar, R. M. 2014, Multi-scale streambed topographic 
and discharge effects on hyporheic exchange at the stream network scale in confined streams. Journal of Hydrology, 
519: 1997-2011, doi:10.1016/j.jhydrol.2014.09.076.  

Rinaldo, A., Botter, G., Bertuzzo, E., Uccelli, A., Settin, T., Marani, M. 2006, Transport at basin scales: 1. Theoretical 
framework, Hydrol Earth Syst Sci. 10:19-29. doi:10.5194/hess-10-19-2006. 

  



Title: Data-driven modelling of thermal dynamics in water bodies: Physical models vs. 
machine learning 
 

P.I. : prof. Marco Toffolon 
 
Water temperature is a key physical variable affecting the whole range of biological and chemical processes 
occurring in lakes and rivers. Modelling the thermal dynamics has always been a priority in many fields of 
environmental studies, but the topic has become even more important in the last decades because of two 
stressors that can heavily affect the ecological functioning of water bodies: (i) changes in the climatic 
conditions, both at local and global scale; and (ii) the anthropogenic impact on water resources, deriving for 
instance from thermal pollution (releases from industries, heating systems, etc.), hydropower production, and 
withdrawals. 
Traditionally, two approaches have been developed to tackle the problem of simulating water temperature, 
namely using physically based models and statistical models (e.g., Caissie, 2006). Recently, hybrid models 
have been proposed (e.g., Piccolroaz et al., 2016) that aim at combining the deterministic structure of models, 
formulated in a suitable reduced-complexity way, with a data-driven calibration of the parameters. The main 
factor that led to the development of this kind of hybrid approaches, and to their successful implementation, 
is the increasing availability of data concerning environmental processes, the so-called big data. This also 
paved the way to the use of machine learning in environmental studies, a research field that is exponentially 
growing. 
The aim of the proposed study is to test the performances of machine learning tools in the context of water 
temperature dynamics, and to analyse their strength and weakness in comparison with those of physically 
based deterministic models. As an additional yet primary goal of the analysis, the possibility to infer some 
features of the physical system on the basis of the coefficients of the machine learning algorithms will be 
investigated. In such an effort, the algorithms will be applied also to synthetic results obtained by physically 
based models in order to correlate the physical parameters with the calibrated coefficients. 
 
The expected outcomes of the study are papers in peer-reviewed journals. 
 
A collaboration is possible with prof. H.A. Dijkstra (Utrecht University, NL) (e.g., Nooteboom et al., 2018). 
 
References: 

Caissie, D., (2006), The thermal regime of rivers: a review, Freshwater Biol., 51, 1389–406. 

Nooteboom, P.D., Q.Y. Feng, C. López, E. Hernández-García, H.A. Dijkstra (2018), Using network theory and machine 
learning to predict El Niño, Earth System Dynamics, 9(3), 969-983. 

Piccolroaz, S., E. Calamita, B. Majone, A. Gallice, A. Siviglia, and M. Toffolon (2016), Prediction of river water temperature: 
a comparison between a new family of hybrid models and statistical approaches, Hydrol. Process., 30(21), 3901-3917, 
doi:10.1002/hyp.10913. 

 


