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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.

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

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

= Inthis 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

_21- o l - H,l,z“ NI\‘ilfg..j”ﬂup.,,b.‘ LIABHOY Gt EEAAON | ki3
10 0 N 4 | ° N B - - — -—
MHNIAIA MHNIALA  BYNAMIKH . ' " A 1|
BPOXDATOEH EZATMIZOAIANNCH 1959-60 15,7 3,23 ; o
o e ! SJ9 13,23 1,02 7 5,31 13,91 19,04
. 1960-61 19,46 14,51 5,68 697 12,09 16,50 19,5
J . |2216 1,94 13,91 B03 S50 598 M1 263 2,08 %9 2
- | > | |9-5‘:; :;.vt 14,39 1,63 n 8,5 13,99 18,78 27,26 6,8
63~ 01 13,72 3,45 6,2 9 4,35 25 §
e on ANEPATH verte | e o6 J‘J? ! ,Jj 18,03 5,08 8,8
& EGANEIS > | 5 . 6,74 3,07 g8 13,20 18,0 5,8 8%
1965-66 [ 16,69 12,00 4,51 123 10,06 15,67 18,87 %, 2,64
196667 0,39 13,15 4.5 5,24 10,28 13,66 19,3 5.5 %80
ANDBHKEYIH AL 1967-68 | 18,20 12,82 4,04 8,65 9,50 15,64 %45 M3
“-’0""“‘;:5"‘”' MHNA 1968-63 | 16,30 13,09 407 B40 881 13,22 2.3 uAs 5.2
1969-70 | 16,66 13,19 7,62 BA3 10,21 1598 11.% BN 25,68
| EZATMIIH 1970-71 15,95 1,84 8,95 6,30 8,77 13,5 20,3 46 B8

25,5 »,%

4 || ANOPPOH -PYER

AKO EAADIKH ZOMH
MllzH ano sz} AE

AND AEZ 6,67 7,52 10,36 1542 19,81

|
wnae | w0 1%
5 2 Ny )
) KOPHTIKOTHTA Sm f{Ea.n £ PER 197273 ‘ 13,20 1,53 4,86 B, 8,03 13,85 20,06 n\; 3:.;; )A:o
1973-74 | 16,8 9,16 6,06 8,26 10,18 1241 822 2.2 B,
4-15 | 18,12 1,29 N
i | 650 6,55 8,80 14,50 18,9 2248 D0 24
B ; : 1,2 4,20 19,90 23,60 26,10 25,60
o 1976-17 ‘ 17,45 12,20 7.3 6,70 10,90 1,20 14,5 o »\- R
amens 1977-78 15,20 13,40 5,50 5,09 g,50 1,70 13,50 18,8 - ;5'|l’ >-.45
“‘I. 1978-79 15'06 9,21 9,17 5,04 8,13 12,00 12,9 19,68 28,86 25,10 &
- a3 WA B s BB
'P‘?:_'H'u"_-" T Tiaas 76 s e 1.0 13 oA 0.8
M.T. | . B

A detail, close to the Noce-Adige rivers |

junction, north to Trento, of the map of o Svema an o Y rorevs OPIZONTAT IKEZ) [—Blan KET |
h ”S d M I S ” KEZ GBn ONOMAETIKH XOPHTIKGTHTA Lol Ed.n £ PEn-Eq
the “Secon ilitary Survey”, I
alsonamed Franziszeische N R et e oy e
M b MHNA Ln ErsEa.n sEBn

Landesaufnahme, sketched between AT okE MoNEAGY S0k anceni . Monthly meteorological data [2]
1816 and 1823 for the Adige river area —EDEIHLOEHL
in 128800 scale_[l] [ezozog] E:amﬂ AOINET METABAMTEEY _|%*amzrmu AElTovPr\A[

V3

Flow chart of the rainfall-runoff model [2]

G.-Fivos Sargentis et al. The Technological Evolution in Flood Risk Estimation 4



Hydrological study

Rainfall data
acquisition

Engineers collected
and digitized data
contacting related
services

Land use data Engineers performed
field investigation or

relied on literature

acquisition
(infiltration)
estimates.

Runoff data
acquisition

Data not widely
available. Sparse data
collected and digitised
by engineers
contacting related
services

Locating and Engineers attempted

registrating of loose-format
interviews with
citizens during field-

work.

previous storm -

flooding events

Present day

Data are widely available in public
databases.

Public land use databases exist.

Some open databases exist. Flood-
extent satellite-based estimates are
available in some cases. Crowdsourcing
data can be used for validation
purposes.

The communication with the citizens
can be achieved through in-line
questionnaires, in Municipalities sites,
etc, in a more flexible manner.

Remaining challenges

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

Changes in land use may not be
well-represented in remote
sensing data and field
investigation may still be
necessary.

Reliable gauge-based runoff data
are still sparse and not publicly
available.

Information upon previous
flooding incidents should be
gathered from a certain
institution (Municipality, Political
Protection, Firefighting).

DESEONETNEN ST ELT N Engineers performed
simplified probabilistic
analyses using data from a
few stations.

Hyetograph estimation Standard design practices
applied manually orin a

spreadsheet environment.

Related methods had to be
studied and applied

Rainfall-runoff

transformation

manually by engineers.

Present day

Design rainfall
information is
already available at
the country-level.

Standard design
practices applied in
spreadsheet
environments or
using software.

A multitude of
rainfall-runoff
transformation
methods is
available in open-
source and ready to
use hydrologic
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Data collection Methodology

Remaining
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Robust design
rainfall
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the spatial scale.

Selection of the
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subject to
uncertainty due
to the lack of
rainfall-runoff
data for many
basins.
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Hydraulic study

Task  lpast |presentday Remaining challenges
Data collection

Engineers collected and Data are widely available in public databases, An amount of data is still privately handled and non-digitized.
digitized data contacting  and easier collected.

related services

Land use data acquisition Engineers performed field Public land use databases exist. Changes in land use may not be well-represented in remote
specialized for Manning’s investigation or relied on sensing data and field investigation may still be necessary.
roughness values. literature estimates.

SO ELWE SRR ETE -8 Non-applicable. High computational power. Low even more the computational burden to extend the

thousands of scenarios with sensitivity analyses and perform surrogate scenarios.
different parameters’ input set.

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

Methodology

Flood parametersin 2D (depth, Physical hydraulic models Hydraulic software. Increase even more the accuracy of the hydraulic models
velocity and runoff). and empirical estimations without further increasing the computational burden.
mainly in 1D.
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Modern methodology for the field research
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Modern field

research
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Survey study

Pikrodafnis’ stream basin

:mmm%’ * Each map in scale 1:5000, represents an area about 4.5 km horizontally
lhaly L ik ot and 3 km vertically.
* The physical dimension of each map (without borders) is 0.9mx0.6m
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Evaluation of historical and modern mapping tools

cPikrodafnis” stream basin 135 m; scale 1:100 S

»
>

60 m; scale 1:100

0.6m
scale 1/5000

i iR~

‘0,.9 m; scale 1/5000

* The 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 135x60 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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Report of flood earch (1)
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Report of flood risk study and field research
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Modern approaches of flood risk studies
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Timeline of the appearance of modern tools
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Conclusions

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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