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Requirements (academic background, languages...) needed to apply for this research topic

A Master of Science in Architectural Engineering, or Geomatics, or Civil engineering or Environmental
engineering or equivalent is requested. Knowledge of English at level B2 is required. Reading and
understanding of German is an added value. Skills in managing GIS systems, cartography are needed.
Knowledge of the basics of the hydrological cycle are requested.

5 main KEYWORDS
Historical cartography, cultural landscapes, natural heritage, hydrology, agricultural heritage.

ABSTRACT (250 words max.)

The main goal of this proposal is to develop strong research and analysis skills of a PhD student,
including the ability to collect, generate, manage and analyse ancient cartography and spatial data, to
use and develop hydrologic models, to perform and to critically discuss results. Through this project, we
will provide young scientists with the opportunity to develop research skills in a stimulating
interdisciplinary environment. PhD candidates will acquire specialized technical skills relevant to
historical European cartography and hydrology, guided by experts also on the technical themes, and
through advanced digital techniques. More specifically, the research will deal with the assessment of
land use and land cover transformations over a long period (first half of the XIX century until present)
with reference to some selected case studies placed in Italy and Romania. Ancient maps developed by
the military service of the Habsburg Empire will be exploited to classify the land use-land cover featuring
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Europe in the early XIX century. Current and recent landscapes will be acquired by using the CORINE
project, that monitors the present landcover transformations in Europe. This analysis is expected to
reveal important information about the evolution of the cultural landscapes, agricultural and forestry
practices in mountain and rural areas. The digitization of ancient maps unveils effects of the complex
interaction between humans, nature and climate. In particular, the analysis will be the base to develop
hydrologic analyses aimed at investigating the change in water balance (evapotranspiration, water
demand and availability) in the selected case studies.

Research aims and methodology

In Central and Southern Europe, the maps of the Second and Third Military Survey of the Habsburg
Empire depict the landscape at the end of the Little Ice Age, at a major turning point of its evolution.
Presently, such maps have been digitalized and georeferenced as raster images, covering the whole
territory of the Habsburg Empire at the end of the Napoleonic Wars. Based on these maps, the
candidate will need to identify and vectorize the landscape classes of the Adda and Adige river basins
(Central Italian Alps) and of a test site in Transylvania (Romania) in the XIX century, when the surveys
were performed, by using GIS techniques. The vectorization of the raster images is crucial to make any
guantitative assessment of landscape transformations possible. Land use and land cover classes
including forest, grassland and pastures, urban and rural areas, bare rocks, glaciers etc. will be identified
according to the legend of the Military Survey and reclassified according to the legenda of the CORINE
project (https://land.copernicus.eu/en/products/corine-land-cover). Then, the digitized ancient maps
will be compared to current CORINE land cover maps, in order to quantify the magnitude of the land use
transformations in the analysed basins. The understanding of the landscape evolution is a key step to
the assessment of non-climatic trends, that affect the freshwater availability and demand, the
evapotranspiration losses and ultimately the hydrological cycle as a whole. This will pave the way to the
understanding of many aspects of the evolution of humans and nature interactions in rural and
mountain areas in Europe. The development of spatial data and analyses will accomplish EU INSPIRE
Directive (https://knowledge-base.inspire.ec.europa.eu/legislation/inspire-directive _en9) in order to
provide a spatial information compatible, usable and comparable in all European Countries.

Relevance and added-value of the proposed research in relation to the current state of knowledge
The research will develop and implement the original ideas, already outlined in Ranzi et al. (2021, 2022)
and tested by Umair et al. (2025) in Northern Italy, of vectorizing XIX century maps to produce land use
land cover of Europe in that period. The idea, shared in the community of the Cartographic Heritage in
the International Cartographic Association https://cartography.web.auth.gr/ICA-Heritage/ became also
the subject of a national project developed by the German Bundesamt fiir Kartographie und Geodasie
that is now producing its first results (Herold et al., 2025). The first added value of this research will be
the development of similar maps in the mountain and rural environment in Italy and Romania. As can be
seen in the following reference list, a vast body of research is now growing on this topic (Hargreaves &
Allen, 2003; Timar et al., 2010; Konkoly-Gyurd et al., 2017; Nistor, 2018; Salbitano et al., 2018; Wang et
al., 2020; Umar & Shuaibu, 2021; Nasiri et al., 2024; Herold et al., 2025; Umair et al., 2025).

A second added value will be the demonstration that the monitored changes in the land use are useful
to assess their impact on the crop water requirements, evapotranspiration and runoff at the catchment
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area (Al-Sudani, 2019; Ranzi et al., 2021; Serban et al., 2022; Serban & Maftei, 2015, 2025a, 2025b). this
non-climatic trend is crucial to the assessment of the impact of climate con mountain/rural areas.

Al-Sudani, H. (2019). Derivation Mathematical Equations for Future Calculation of Potential
Evapotranspiration in Iraqg, A Review of Application of Thornthwaite Evapotranspiration. Iraqi Journal of
Science, 60, 1037-1048. https://doi.org/10.24996/ijs.2019.60.5.13

Serban., C., & Maftei, C. (2015) Using Grid Computing and Satellite Remote Sensing in
Evapotranspiration Estimation in Extreme Weather and Impacts of Climate Change on Water Resources
in the Dobrogea Region." IGI Global.

Hargreaves, G., & Allen, R. (2003). History and Evaluation of Hargreaves Evapotranspiration Equation.
Journal of Irrigation and Drainage Engineering-asce - J IRRIG DRAIN ENG-ASCE, 129.
https://doi.org/10.1061/(ASCE)0733-9437(2003)129:1(53)

Herold, H., Hartmann, A. & Kiss, E. (2025). Automated Detection of Landscape Features in Historical
Maps to Support Sustainability Research - towards a nationwide dataset. Proceedings 19th ICA
Conference Digital Approaches to Cartographic Heritage, 17-19 September 2025, Prague, Edited by A.
Tsorlini, C. Boutoura, Aristotle University of Thessaloniki (AUTH) CartoGeolab, Thessaloniki, ISSN 2459-
3893, 222-227, 2025.

Konkoly-Gyuré, E., Kiraly, G., Nagy, D., Balazs, P., & Tiraszi, A. (2017). Overview of the 18th-20th century
military surveys in the light of the land cover change assessment in Eastern Central Europe. e-
Perimetron, 12.

Nasiri, V., Rahmanian, S., Aslani, Z.H., Maftei, C., & Vaseashta, A. (2024). Spatial Trend Analysis of
Vegetation Dynamics and Their Responses to Climate Change on Black Sea Coasts, Romania from 2000
to 2021 in Modeling and Monitoring Extreme Hydrometeorological Events, |Gl Global, pp1962-184 DOI:
10.4018/978-1-6684-8771-6.ch008

Nistor, M. (2018). Projection of Annual Crop Coefficients in Italy Based on Climate Models and Land
Cover Data. Geographia Technica, 2/2018, 97-113. https://doi.org/10.21163/GT_2018.132.08 .

Ranzi, R., Balistrocchi, M., Barontini, S. & M. Peli (2021) Land cover changes since the 19th century
detected from historic maps for environmental applications: toward a “CORINE 1800” project?.
Proceedings 15th ICA Conference Digital Approaches to Cartographic Heritage, Online Conference, 6-7
May 2021, Edited by A. Tsorlini, C. Boutoura, Aristotle University of Thessaloniki (AUTH) CartoGeolab,
Thessaloniki, ISSN 2459-3893, pp. 179-188.

Ranzi, R., Balistrocchi, M., Barontini, S. & M. Peli, (2022) Land cover changes since the 19th century
detected from historic maps for environmental applications: toward a “CORINE 1800” project?, e-
Perimetron, 17(2), 86-95.
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Ranzi, R., Michailidi, E. M., Tomirotti, M., Crespi, A., Brunetti, M., & Maugeri, M. (2021). A multi-century
meteo-hydrological analysis for the Adda river basin (Central Alps). Part II: Daily runoff (1845-2016) at
different scales. International Journal of Climatology, 41. https://doi.org/10.1002/joc.6678.
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55-94,

Serban, C., & Maftei, C. (2025a). Spatiotemporal Drought Analysis Using the Composite Drought Index
(CDI) over Dobrogea, Romania. Water, 17(4), 481. https://doi.org/10.3390/w17040481

Serban, C., & Maftei, C. (2025b). Remote Sensing Evaluation of Drought Effects on Crop Yields Across
Dobrogea, Romania, Using Vegetation Health Index (VHI). Agriculture, 15(7), 668.
https://doi.org/10.3390/

Serban C, Maftei C, Dobrica G. (2022) Surface Water Change Detection via Water Indices and Predictive
Modeling Using Remote Sensing Imagery: A Case Study of Nuntasi-Tuzla Lake, Romania Water 2022, Vol.
14, pp556 https://doi.org/10.3390/w14040556

Timar, G, Biszak, S., Székely, B., & Molnar, G. (2010). Digitized Maps of the Habsburg Military Surveys -
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Umar, S., & Shuaibu, A. (2021). PLATFORM -A Journal of Engineering Analysis of land use / land cover
and climate impacts on kangimi streamflow and sediment yield: Kangimi catchment, Kaduna Nigeria.
26369877.

Umair, M., Ranzi, R. Timar, G., Hanif, M.F., & Barontini, S. (2025). Detection of land use and land cover
changes between 19th and 21st century by means of a CORINE—based reclassification of early 1800
Habsburg Empire maps of Central and Southern Europe: The case study of the Adda river basin,
Proceedings 19th ICA Conference Digital Approaches to Cartographic Heritage, 17-19 September 2025,
Prague, Edited by A. Tsorlini, C. Boutoura, Aristotle University of Thessaloniki (AUTH) CartoGeolab,
Thessaloniki, ISSN 2459-3893, 239-255.

Wang, S. W., Gebru, B. M., Lamchin, M., Kayastha, R. B., & Lee, W.-K. (2020). Land Use and Land Cover
Change Detection and Prediction in the Kathmandu District of Nepal Using Remote Sensing and GIS.
Sustainability, 12(9), 3925. https://www.mdpi.com/2071-1050/12/9/3925.
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Interdisciplinary nature of the research together with the alighment with the CHORAL programme and
complementarity expertise of the teams
The research is characterized by a strong interdisciplinary nature. The performed activities will involve
the analysis of agricultural and natural landscapes in the XIX century, the production and the
quantitative analysis of digital cartography (geomatics skills), the assessment of hydrologic fluxes of the
hydrologic cycle (hydrology skills). Such skills align with the CHORAL programme as geomatics skills suit
the topics of cultural landscapes, digitalization/digital tools, and heritage management, whereas
hydrology skills suit the topic of climate impact on mountain/rural areas. Both supervisor and co-
supervisor already have deep skill on the topics involved in the research, as can be seen in the above
reference list: historical chartography digitalization (Ranzi et al., 2021, 2022; Umair et al., 2025);
hydrology (Ranzi et al., 2021; Serban et al., 2022; Serban & Maftei, 2015, 2025a, 2025b).
The supervisor, Prof. Roberto Ranzi has been Member of the Commission on Cartographic Heritage into
the Digital of the International Cartographic Association from 2019 to date
https://cartography.web.auth.gr/ICA-Heritage/2023-2027/Members.html and published already four
papers on its official open access journal e-Perimetron.

Output plan including publication and dissemination activities

It is planned that the candidate will write two proceedings papers in international conferences and will
have two papers submitted to international peer-reviewed journals by the end of the doctoral
programs. The vectorized maps will be archived being compliant with the standards of the INSPIRE EC
Directive.

Estimated schedule
The start of the Doctoral programme will be in the second semester of 2026 and will last for 3 years.

Months 1 to 12 M1-M12 will be dedicated to the collection and eventually purchase of the digital maps
in raster format and to the bibliographic collection about cartography, cultural and natural landscape of
the investigated areas.

M13-M18 will be dedicated to the identification of the appropriate land use and land cover classes
(LULC) in the ancient maps of the Habsburg 2nd and 2rd military survey maps compatible with the
modern Corine classes.

M19-M24 vectorisation of the raster maps in the investigated areas in Italy and Romania

M25-M30 estimation of the impact of land use changes in the evapotranspiration and hydrological
fluxes

M31-M36 Thesis writing and dissemination
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