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Flood damage assessment is a non-consolidated challenging practice for River District Authorities, which, however, are 10 
required to produce flood damage and risk maps to accomplish with the European “Floods Directive”. On the other hand, 

no consolidated standard is available for such evaluations, as flood damage assessment is still an immature topic in the 

scientific debate (Handmer 2002; Messner and Meyer, 2006; Merz et al. 2010; Gerl et al., 2016; Molinari et al., 2019). In 

such a context, this manuscript reports challenges, opportunities and perspectives that came into light during the current 

revision of flood risk maps and flood risk management plans (FRMPs) in the Po River District (Northern Italy), with 15 
specific reference to flood damage assessment. The revision process started in January 2020 and is taking place within a 

partnership among the Po River District Authority and several Italian universities and research centres, coordinated by 

Politecnico di Milano (i.e., the MOVIDA project). The objective of the project is to identify shared and feasible state of 

the art solutions for flood damage assessment in the district where, so far, damage and risk were evaluated only in 

qualitative terms, mostly according to expert-driven rules of thumbs (Molinari et al., 2016). 20 

FRMPs ideally require consistent and comprehensive damage assessment for all items which are included in potentially 

flooded areas, and all kinds of expected impacts, being they related to the direct contact with flood water (i.e., direct 

damage) or being an indirect consequence of it, like business and services interruption. Nonetheless, the assessment 

should lead to a monetary evaluation, to be used as input in Cost Benefit Analyses of alternative mitigation strategies. In 

practice, this goal is not achievable due to the inhomogeneous levels of development of (and, in some cases the lack of) 25 
damage models (for an overview see, e.g., www.fdm.polimi.it). In particular, we were able to identify models for the 

estimation of direct damage in monetary terms only for residential buildings and a limited number of crops; for economic 

activities and livestock we could only estimate the exposed economic value (i.e., the maximum potential damage). 

Scarcity of damage models is also an issue for those items which can be hardly quantified in economic terms (i.e., 

intangible goods) like people, critical infrastructures, cultural heritage and environmental goods. For them, we were able 30 
to assess only their amount within the potentially flooded areas, and to classify them according to some vulnerability 

features, linked to their susceptibility to be damaged. For the specific case of cultural heritage, given its importance in the 

Italian context, an ad-hoc procedure was also developed to estimate damage, even though in qualitative terms (i.e., in 

classes ranges from low to high damage). Indirect damage estimation was instead not feasible, although an attempt has 

been made to estimate consequences of roads and railways interruption. Indeed, evidence from the past (collected during 35 
the project) shows that the weight of direct damage to transport infrastructures is negligible compared to the indirect one. 

In general, however, our experience corroborates the lack of appropriate knowledge and tools for indirect damage 

assessment. 

 

1

https://doi.org/10.5194/nhess-2021-217
Preprint. Discussion started: 26 August 2021
c© Author(s) 2021. CC BY 4.0 License.



Paucity and low quality of georeferenced data for the evaluation of characteristics of exposed items further limited the 40 
range of damage models that could be implemented for the assessment. In fact, we dealt with scarcity of institutional 

databases (i.e., data are often stored in private repositories), fragmentation of information among different databases (even 

for the same category of elements), and their inadequacy in supplying information required as inputs of the damage 

models; obsolescence of information was sometimes a problem, with data referring up to ten years ago. A meaningful 

example for the Italian context is represented by data on cultural heritage, that are spread among several institutional 45 
databases. Moreover, such databases are not complementary (duplications exist) and are characterised by different 

structures, levels of detail, and available information; lack of metadata also make difficult their interpretation and 

comparison. 

Given the previous premises, the main challenge for damage assessment is the necessity to compare inhomogeneous 

quantities having different meanings (e.g., damage versus exposed value; direct vs indirect damage) and metrics (e.g., 50 
economic loss, physical damage, qualitative damage). Such synthesis is unavoidable if we want to assess the total impact 

of a flood, as an input for decision making. 

What our experience highlights, however, is that the close collaboration between researchers and practitioners allowed to 

find an equilibrium between scientific rigour and the need of technical improvement. The MOVIDA project led to the 

identification of feasible solutions to emerged problems and, at the same time, the transferability of scientific knowledge; 55 
in this regard, the commitment of several research institutions, working together and sharing knowledge was certainly 

and added value. For example, thanks to such a collaborative environment we were able to develop tentative models for 

the estimation of indirect damage to roads and railways; we created an ad-hoc database and procedure for the assessment 

of damage to cultural heritage; we are presently setting up a model allowing to compare different damage-related data, 

by the definition of appropriate comparison criteria. The final product of the project is a comprehensive tool allowing for 60 
decision-making on flood risk mitigation on the basis of expected risk scenarios, contrary to the present situation when 

decisions are taken mostly according to hazard knowledge. At the same time, facing with real problems made researchers 

aware of limits of available tools, thus proposing new research questions. Starting from such limitations and with the 

perspective of the next revisions of flood damage maps, we are now developing models for the (quantitative) estimation 

of flood mortality, indirect damage to people, direct and indirect damage to economic activities, damage to cultural and 65 
environmental goods, and damage to infrastructures, also with specific reference to coastal areas.  

What clearly emerged from our experience is that flood damage (and, more in general, risk) assessment is not a solely 

technical problem; social and economic aspects are key elements, calling for a multidisciplinary and a participative 

approach. Local stakeholders must be especially involved in the final synthesis of the damage evaluations: as previously 

discussed exposed assets are evaluated through different metrics and suffer from different type of consequences as a result 70 
of a flood; the total damage must, therefore, reflect the perception of such values by those who will make use of the 

assessment in decision-making.  

The main conclusion that we can infer from the development of the MOVIDA project is that implementing available and 

new-coming damage models in real practice is the most appropriate way towards the standardisation of damage 

assessment tools. Indeed, differently from other disciplines, flood damage models cannot be validated by laboratory tests. 75 
Their quality, validity and transferability must be evaluated on the field, and strongly depend on the objective for which 

the model is implemented, as performing damage assessment for long-term planning purposes may have different 

requirements than for insurance, or emergency management related reasons. In fact, a model can be very useful for one 
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objective and not for others. To clarify whether or not a damage model is useful, scientists, practitioners and stakeholders 

must confront each other, overcoming shared practices. The MOVIDA project represented a good opportunity in this 80 
direction. We wish that such a collaborative way of working will be adopted not only in other districts or river basins, but 

at the European community level. Indeed, in light of the harmonisation required by the European Commission as regards 

the implementation of the Floods Directive among member states, a comparison between scientists, practitioners and 

stakeholders at the European level would be suitable, in order to converge on objectives and methods and, in turn, on 

homogenous requirements of input data at the European level (on which improved datasets can be designed), in a top-85 
down approach. As occurred during the MOVIDA project, the new research challenges and directions will consequently 

emerge. We claim that such an approach would be beneficial not only for damage assessment related problems but also 

for challenges linked to other aspects of flood risk management (like climate change), or to the management of other 

risks. Our wish is the creation of real opportunities to work in this direction, as the definition of a European platform, a 

COST action or, more ambitiously, an inclusive, big (research) project supported by the European Commission.  90 

Acknowledgment. Authors acknowledge with gratitude all researchers involved in the MOVIDA project: C. Armaroli, 

M. Arosio, R. Giusti, M.L.V. Martina and B. Monteleone from IUSS-Pavia (Italy); C. Arrighi and F. Castelli from 

University of Florence (Italy); E. Borgogno-Mondino and F. Ghilardi from University of Turin (Italy); F. Carisi, A. 

Domeneghetti, and N. Petruccelli from University of Bologna (Italy); P. Ciavola and E. Duo from University of Ferrara 

(Italy); G. Farina and M. Pilotti from University of Brescia (Italy); A. Gallazzi from Politecnico di Milano (Italy); F. 95 
Luino and L. Turconi from CNR-IRPI (Italy); A.R. Scorzini from University of L’Aquila (Italy); M. Hammouti, S. 

Sterlacchini and M. Zazzeri from CNR-IGAG (Italy). 

References 

Gerl T, Kreibich H, Franco G, Marechal D, Schröter K (2016) A review of flood loss models as basis for harmonization 

and benchmarking. PLoS ONE 11(7): e0159791,  https://doi.org/10.1371/journal.pone.0159791 100 

Handmer J, (2002) The chimera of precision: inherent uncertainties in disaster loss assessment, Int. J. Mass Emergencies 

Disasters, 20, 325–346 

Merz B, Kreibich H, Schwarze R, and Thieken A (2010) Review article “Assessment of economic flood damage”, Nat. 

Hazards Earth Syst. Sci., 10, 1697–1724, doi:10.5194/nhess-10-1697- 2010 

Messner F, Meyer V (2006) Flood damage, vulnerability and risk perception – Challenges for flood damage research. In: 105 
Schanze J, Zeman E, Marsalek J (eds) Flood risk management: hazards, vulnerability and mitigation measures. NATO 

Science Series, vol 67. Springer, Dordrecht. https://doi.org/10.1007/978-1-4020-4598-1_13 

Molinari D, Minucci G, Mendoza MT, Simonelli T (2016)  Implementing the European “Floods Directive”: the Case of 

the Po River Basin, Water Resources Management, 30(5), 1739-1756 

Molinari D, De Bruijn K, Castillo-Rodríguez JT, Aronica GT, Bouwer LM (2019) Validation of flood risk models: 110 
Current practice and possible improvements, International Journal of Disaster Risk Reduction, 33, 441-44, 

https://doi.org/10.1016/j.ijdrr.2018.10.022 

3

https://doi.org/10.5194/nhess-2021-217
Preprint. Discussion started: 26 August 2021
c© Author(s) 2021. CC BY 4.0 License.


