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Introduction

◼ The advancement of technology has transformed flood risk estimation from rudimentary manual 
calculations to sophisticated computer-based models. 

◼ This research traces the evolution of flood risk assessment methods, comparing the analog 
approaches of the 1970s with modern digital tools. 

◼ In the past, engineers relied on basic hydrological formulas, manual data collection, and physical 
models to estimate flood risks, often resulting in limited accuracy. 

◼ Today, modern software like HEC-RAS, digital elevation models, and satellite imagery have 
revolutionized this field, providing highly detailed and precise flood hazard maps. 

◼ In this research, we applied the above tools to the Pikrodafni river in the Attica region as a case 
study to showcase the impact of technological advancements on flood risk management, 
emphasizing on how digital tools enable better mitigation strategies and contribute to urban 
resilience against flood hazards.
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Historical approaches of flood risk studies
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Flow chart of the rainfall-runoff model [2]

Monthly meteorological data [2] 

A detail, close to the Noce-Adige rivers 
junction, north to Trento, of the map of 
the “Second Military Survey”, 
alsonamed Franziszeische 
Landesaufnahme, sketched between 
1816 and 1823 for the Adige river area 
in 1:28.800 scale.[1]



Hydrological study

G.-Fivos Sargentis et al. The Technological Evolution in Flood Risk Estimation 5

Data collection

Task Past Present day Remaining challenges

Rainfall data 

acquisition

Engineers collected 

and digitized data 

contacting related 

services

Data are widely available in public 

databases.

An amount of data is still privately 

handled and non-digitized.

Land use data 

acquisition 

(infiltration)

Engineers performed 

field investigation or 

relied on literature 

estimates.

Public land use databases exist. Changes in land use may not be 

well-represented in remote 

sensing data and field 

investigation may still be 

necessary.

Runoff data 

acquisition

Data not widely 

available. Sparse data 

collected and digitised 

by engineers 

contacting related 

services

Some open databases exist. Flood-

extent satellite-based estimates are 

available in some cases. Crowdsourcing 

data can be used for validation 

purposes.

Reliable gauge-based runoff data 

are still sparse and not publicly 

available.

Locating and 

registrating of 

previous storm - 

flooding events

Engineers attempted 

loose-format 

interviews with 

citizens during field-

work.

The communication with the citizens 

can be achieved through in-line 

questionnaires, in Municipalities sites, 

etc, in a more flexible manner. 

Information upon previous 

flooding incidents should be 

gathered from a certain 

institution (Municipality, Political 

Protection, Firefighting). 

Methodology

Task Past Present day Remaining 

challenges

Design rainfall estimation Engineers performed 

simplified probabilistic 

analyses using data from a 

few stations.

Design rainfall 

information is 

already available at 

the country-level.

Robust design 

rainfall 

estimation is still 

challenging at 

the spatial scale.

Hyetograph estimation Standard design practices 

applied manually or in a 

spreadsheet environment.

Standard design 

practices applied in 

spreadsheet 

environments or 

using software.

Rainfall-runoff 

transformation

Related methods had to be 

studied and applied 

manually by engineers.

A multitude of 

rainfall-runoff 

transformation 

methods is 

available in open-

source and ready to 

use hydrologic 

software.

Selection of the 

best method is 

subject to 

uncertainty due 

to the lack of 

rainfall-runoff 

data for many 

basins.



Hydraulic study
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Task Past Present day Remaining challenges

Data collection

Survey studies. Engineers collected and 

digitized data contacting 

related services

Data are widely available in public databases, 

and easier collected.

An amount of data is still privately handled and non-digitized.

Land use data acquisition 

specialized for Manning’s 

roughness values.

Engineers performed field 

investigation or relied on 

literature estimates.

Public land use databases exist. Changes in land use may not be well-represented in remote 

sensing data and field investigation may still be necessary.

Sensitivity analyses by generating 

thousands of scenarios with 

different parameters’ input set.

Non-applicable. High computational power. Low even more the computational burden to extend the 

sensitivity analyses and perform surrogate scenarios.

Flood extent data. No data. Satellite images, crowd sourcing data. Image quality, availability 

Methodology

Flood parameters in 2D (depth, 

velocity and runoff).

Physical hydraulic models 

and empirical estimations 

mainly in 1D.

Hydraulic software. Increase even more the accuracy of the hydraulic models 

without further increasing the computational burden.



Modern methodology for the field research 
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Modern field research
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370 positions

[3, 4, 5]



Survey study
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• Each map in scale 1:5000, represents an area about 4.5 km horizontally 
and 3 km vertically.

• The physical dimension of each map (without borders) is 0.9m×0.6m

Pikrodafnis’ stream basin



Evaluation of historical and modern mapping tools
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• Τhe information given by Google Earth are corresponding with a map in scale 1:100
• The dimensions of the map of Pikrodafnis’ basin in scale 1:100 will be about 135×60 m 
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Historical approaches of flood risk studies
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Modern approaches of flood risk studies
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[3, 4, 5]
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Report of flood risk study and field research (1)
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Report of flood risk study and field research
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Modern approaches of flood risk studies

[3, 4, 5]
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Timeline of the appearance of modern tools 

Timeline of the appearance of modern tools used for flood risk studies in Greece in terms of an estimated ratio of time 
required on the task with respect to using modern tools 

[6]



Conclusions
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A study of flood risk in 1970s would have the following limitations:

◼ Calculations to 2nd digit. Even if we assume that the calculations were correct, this limitation leads to 
computational errors.

◼ Time lag of the hydrological data was monthly. In present the time lag is 10 minutes. 

◼ No simulation process for the creation of synthetic timeseries. 

◼ The analysis in 1970s was in 1D. 2D analysis were not referred in Greece.

◼ The provided blueprint maps in 1970s (scale 1:5000) refers approximately to a cell’s grid in DEM  
250X250. The DEM background with cell 2X2 refers approximately to a map in scale 1:100.

◼ The hydraulic analysis in one dimension does not provide information for the two-dimensional flow. 
Therefore, it loses the information about the hydraulic losses from upstream in correlation with 
hydraulic supply with downstream. Modern methods diminish this issue. 

◼ The cumulative progress which is depicted in the estimation of time optimization shows that studies 
with similar accuracy and visualization would be impossible in 1970s.
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