2014 ERDKUNDE Vol. 68 - No. 1 - 49-59

RECONSTRUCTING PEAK DISCHARGES OF HISTORIC FLOODS
OF THE RIVER AHR, GERMANY

THOMAS ROGGENKAMP and JURGEN HERGET

With 9 figures and 3 tables
Received 06. June 2013 - Accepted 13. March 2014

Summary: In the presented paper, peak discharges of historic floods in urbanized areas of different cities on the River Ahr
in western Germany are reconstructed based on documentary sources from pre instrumental and the early instrumental
period (1804-1937). Maximum water levels of five floods are denoted by flood-marks, with one of these events additionally
documented by old photographs. The main challenge is the reconstruction of historic floodplain conditions and modifica-
tions influencing the cross-section area and the hydraulic roughness. In order to overcome this problem, a simple approach
to estimate peak discharges of historic floods has been applied to the River Ahr. This approach includes a procedure for
reconstructing the hydraulic parameters of the river channel and overflooded areas, coupled with an approach for the veri-
fication of estimated peak discharge reliability. Five reconstructed discharge maxima are presented. One of these events is
well documented by numerous photographs, taken at different times of day, which allow the reconstruction of a hydrograph
peak. The validation of the technique by comparison with recent gauged floods reveals results of adequate accuracy. The
results show that reconstructed historic floods were partially larger than any gauged flood of the River Ahr.

Zusammenfassung: Der Artikel behandelt die Rekonstruktion von Scheitelabfliissen historischer Hochwasser in besie-
delten Gebieten verschiedener Stidte an der Ahr, basierend auf anthropogen erstellten Quellen aus der Zeit vor hydrologis-
chen Messungen bis zur Zeit frither Messungen (1804—1937). Fir fiinf Hochwasserereignisse sind Hochstwasserstinde in
Form von Hochwassermarken tberliefert. Eins dieser Hochwasser ist zusitzlich durch alte Fotoaufnahmen dokumentiert.
Als hauptsichliche Herausforderung gilt die Rekonstruktion der Beschaffenheit sowie der Umwandlung der historischen
Aue, welche sich auf das Querprofil und die hydraulische Rauigkeit auswirken. Um dieses Problem zu bewiltigen, wurde ein
simpler Ansatz zur Berechnung von Scheitelabfliissen historischer Hochwasser fiir die Ahr angewandt. Der Ansatz umfasst
ein Verfahren zur Rekonstruktion hydraulischer Parameter im Flussbett sowie weiterer iiberspulter Bereiche und ist mit
einem Plausibilititstest der berechneten Scheitelabflisse gekoppelt. Insgesamt werden fiinf rekonstruierte Scheitelabflisse
prisentiert, wobei eines der rekonstruierten Hochwasser so umfangreich durch Fotomaterial, welches zu verschiedenen
Zeiten im Verlauf des Ereignisses entstand, dokumentiert ist, dass die Rekonstruktion eines Teils der Hochwasserganglinie
moglich ist. Die Plausibilitdtspriifung des Rekonstruktionsverfahrens durch Vergleiche zu rezent gemessenen Hochwassern
zeigt, dass die Ergebnisse von hinreichender Genauigkeit sind. An den Ergebnissen ist abzulesen, dass die historischen
Hochwasser von deutlich groBerem Ausmall waren, als sdmtliche rezent gemessenen Hochwasser der Ahr.
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1 Introduction . L . . .
flood level for historic times as is the case for rivers in

Central Europe (KrAHE 1997; PrisTER 1999; WiITTE
et al. 1995; GLASER and STANGL 2004; SUDHAUS et al.
2008; MERz et al. 2011; HERGET 2012) depending on
the quality and quantity of the data. The approach
of flood frequency analysis based on gauged flood
events is well established, albeit it has to deal with the

Water level data for historic floods provide im-
portant information on potential magnitudes of con-
temporary floods. Furthermore, information on his-
toric floods enables a comparison with recent floods
to help classifying them. Historic flood levels can be

found as markings on historic buildings, identifying
the maximum flood level, or in documentary sourc-
es. Usually, written descriptions are qualitative, such
as “in consequence of the Ahr-flood, great damage
was affected everywhere...” (SEEL 1983). After care-
ful interpretation and analysis, many can be used as a
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serious problem of statistical unsteadiness of data-
sets (e.g. SAVENDE 1995; Benito et al. 2004; KipsoN
and RicHARDs 2005; MACDONALD 2013). By adding a
significantly increased number of large flood events
before the period of instrumental gauging, these
datasets can be enhanced considerably (e.g. WITTE et

http:/ /www.erdkunde.uni-bonn.de


dx.doi.org/10.3112/erdkunde.2014.01.05

50 ERDKUNDE

Vol. 68 - No. 1

al. 1995; Benrro and THORNDYCRAFT 2005). Direct
utilisation of these stage records in order to predict
actual flood discharges is impossible due to frequent,
mainly anthropogenic, modification of channels and
nearby floodplains since historic times. For compara-
ble discharges, the modern water levels would reach
a different elevation, probably in most cases higher
due to the decreased cross-section areas related to
dykes, constructions and settlements on the flood-
plain. Therefore, the historic flood levels must first
be transformed into historic peak discharges. These
discharge values can then be used to estimate com-
parable modern-day flood levels by deriving peak
discharges from historic events. In view of methodo-
logical problems, flood discharge estimations based
on historic flood levels in urban areas are quite rare
(e.g. BRAZDIL et al. 1999; THORNDYCRAFT et al. 2003;
MACDONALD et al. 2006; HERGET and MEURs 2010;
WETTER et al. 2011; ELLEDER et al. 2013). In this case
study, in addition to flood marks, historical photos
are used. In comparison to flood marks, photos have
the advantage of documenting a historic flood event
in its development. Thus, the discharge can be quan-
tified at different points in time. The consideration of
how anthropogenic floodplain modifications impact
upon the cross-section area and hydraulic roughness
is one of the main challenges of palacoflood research
in such contexts. In order to overcome these prob-
lems, a simple approach to estimate the peak dis-
charges has been developed and applied to the River
Rhine at the city of Cologne (HERGET and MEURS
2010) as well as the River Vltava at Prague (ELLEDER
et al. 2013). In this study, the approach is applied
to a smaller river for the first time. In contrast to
HerGET and MEURS (2010) and ELLEDER et al. (2013),
peak discharges are quantified at several locations.
One flood event was reconstructed at all locations,
which helps to reconstruct the special variation of
the flood wave. Multiple reconstructions of a single
flood event allow a greater plausibility of results.
This approach includes a procedure for reconstruct-
ing the hydraulic parameters of the river channel and
inundated floodplain, as well as a final verification of
the reliability of estimated peak discharges.

2 Historic flood levels at the Ahr from differ-
ent documentary sources

The River Ahr, a tributary of the River Rhine, is
located in western Germany. The catchment area of
the river is 897.5 km? with its main tributary sourc-
es in the High Eifel Mountains. The current mean

discharge of the river at Altenahr, which is located
31.7 km upstream the confluence, is 6.95 m?® s with
a peak monitored discharge of 214 m® s, recorded
in 1993 (LANUV NRW 2011). The depth of flow
in the river channel for mean discharge is 0.75 m
above gauge zero point (160.51 m above sea level)
and 3.49 m above gauge zero point during the high-
est gauged flood stage (LANUV NRW 2011). Most
foundations of the towns in the area took place
in medieval times. Flood descriptions have been
handed down since AD 1348 and recorded flood
levels date back to 1804.

Floods before 1804 are not quantitative docu-
mented so the period of interest for this study be-
gins in 1804 and is terminated by the installation
of the first discharge measuring gauge in 1937.
Numerous floods are recorded in different archives
for this period and compilations of this informa-
tion are provided by, for example ULricH (1938),
Frick (1955), SEiL (1983) and KoHL (2007) — for
a complete list see RocGENkamP (2012). Flood
level markings are located in three places, namely
Ahrweiler, Dernau and Walporzheim in the lower
parts of the river course (Fig. 1). Flood level mark-
ings in Dernau and Walporzheim were placed on
houses, whereas markings in Ahrweiler where made
in a bankside road tunnel. In addition, historic
photographs, picturing a flood, which occurred in
1910, were taken in the city of Neuenahr (Fig. 2). In
this study historic photographs can be useful, but
must be chosen carefully, because of possible sub-
sequent editing (Fig. 3). From these sources, five
flood events were considered in this study (Tab. 1).
By reason of diverse locations, parameters for the
estimation of peak discharges must be determined
for each of them. Due to clarity only the location of
Bad Neuenahr is presented here (cf. ROGGENKAMP
2012 for further details).

3 Parameters for the estimation of peak dis-
charges

Based on the empirical Manning equation for
mean flow velocity (CHow 1959), peak discharges
for the selected historical flood events are estimated
as

— 2/3Q1/2 -1
Q,=A,R»8"n
With Q,, peak discharge, A, cross-section area

during the highest flood level, R, hydraulic radius
during the highest flood level, S slope and n hydrau-
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Fig. 1: Locations with historic sources of flood levels

lic roughness coefficient according to Manning. As
will be explained in detail below, the peak discharge
is calculated separately for five individual elements
of the cross-section area A and subsequently sum-
marized to a single value for each flood event.

3.1 Cross-section area A

The reconstruction of the inundated floodplain
area is based on data from historic maps, photo-
graphs and engineering drawings of bridge con-
structions and cover the periods of with the floods
listed in table 1. Based on these illustrations, any
significant topographic changes — including land
use change on the floodplain — can be traced back
through time. A cross-section profile is recon-
structed beginning in the city centre on the north-
ern bank, across the floodplain area through the
channel zone to the floodplain area on the southern
bank (Fig. 4). The length of the profile is 185 m.

During the entire period of interest in this
study, the principal form of the cross-section pro-
file was not significantly modified. Comparing the
city map from 1903 (Fig. 4) with current maps, it is
obvious that the settlements did not occupy more
extensive areas along the cross-section profile.

The relief data were derived from modern
high-resolution topographic maps with scales of
1:5000, as well as geodetic surveys. Due to the
small dimensions of the River Ahr, it never was
used for navigation, as such bathymetric maps were
not created. However the channel was canalized

and dredged before the flood of 1910 occurred in
Neuenaht. Possible trends of incision or deposition
of the channel bed can not be measured, so the re-
cent channel topography is approved for the entire
period of interest.

Fig. 2: Photograph picturing the flood-event from June 13"
1910, taken in Neuenahr
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Fig. 3: Photograph supposed to picture the flood event from June 13™ 1910. The water was edited later and the flood level

was exaggerated

3.2 Hydraulic radius R

Thy hydraulic radius is calculated as R=A/P,
with cross-section area (A) and wetted perimeter
(P). Like the cross-section area, the wetted perim-
eter can be determined from modern topographic
maps and from geodetic surveys considering the
same properties of the features along the profile as
discussed above.

3.3 Slope S

As in numerous previous palacohydrologi-
cal studies, the slope (§) is related to the slope of
the water level instead of the slope of the energy
line according to Manning equation (CHow 1959).
During and after the time of interest no significant
changes influencing the slope of the river channel
took place. The modern value of 0.0035 mm™ is ap-
plied for the water levels in Neuenahr.

3.4 Manning’s roughness coefficient n

Estimating the hydraulic roughness is the prin-
cipal challenge in reconstructing flood discharges.
Numerous factors influence the values, changing by
place and time. All elements affecting the hydraulic
roughness (CHOW 1959) are considered in the alge-
braic form of:

n=(mn +n,+n;+n,+n;+n,+n,+ng+n)m

With n; surface roughness, n, vegetation, n;
channel irregularity, n, channel alignment, n; silt-
ing and scouring, n, obstruction, n, variations of
stage and discharge, ng sediment load (density of
water), n, seasonal changes, and m as correction
factor for meandering of the channel. Each of the
five elements of the cross-section profile are de-
scribed below in detail, an individual roughness
coefficient n is estimated to take into account indi-
vidual aspects of hydraulic roughness. Elements of
uncertainty remain and to quantify these, a range
for each factor in each cross-section element men-
tioned above is given as N i, < N < N e and a
mean value ng,,.,, derived.

3.4.1 Neuenahr — settled area

The left river bank was settled and urbanized
during the period of interest. The main streets
along the cross-section, namely Poststralle and
Telegrafenstralle, run transverse to the direction
of flow. The buildings act as barrier and also the
photographs taken in these streets show people
standing in almost still water (Fig. 2). The mean
flow velocity in the city is therefore assumed to be
practically zero. By algebraic expression, the value
of obstruction roughness (ng) equals infinity (v
= 0 ms") due to the closed row of houses begin-
ning orientated transverse to the flow direction. In
practice this observation is an argument for leav-
ing out this cross-section part in the estimation of
peak discharges.
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Tab. 1: Selected flood events between 1804 and 1937 along the River Ahr

Year Date Cause of flood Location Water-level (a.s.l.)

1804  July 21 Rain Dernau, Walporzheim 125.12 m (Dernau)
111.77 m (Walporzheim)

1888  June 24* Rain Altenaht 162.64 m

1910  June 12* to June 13®  Rain Altenahr, Dernau, 163.6 m (Altenahr)

Walporzheim, Neuenahr 123.6 m (Dernau)

110.31 m (Walporzheim)
93.3 m (Neuenahr)

1918  January 16™ Snowmelt Altenahr 162.41 m

1920  January 11™ Snowmelt Altenahr 162 m

3.4.2 Neuenahr — non-built-up area

Between the built-up area and the northern
river bank a small section of 9 m has no build-
ings. The area was predominantly overgrown
with a slim grass strip, related to a surface rough-
ness value of 0.012<n0,,,,<0.018 (ARCEMENT

and SCHNEIDER 1989) with a mean value being
Nimean=0.015. The vegetation has minor influence
on roughness. Photographs show a small green

area with turf grass, related to a vegetation-value
of 0.001<0,,,,<0.01 (ARCEMENT and SCHNEIDER
1989) with 5:6,,=0.005. Given that winter flood
events are not considered for the location of
Neuenahr, it is not necessary to estimate the in-
fluence of winter vegetation. Within this part of
the cross-section, some minor rises and dips have
an effect on the degree of irregularity. These are
quantified as 0.001<03,,,<0.005 (ARCEMENT and
SCHNEIDER 1989) with n3,,.,,=0.003.
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Alignment effects (n,) are not relevant, as the
entire area is considered. Silting and scouring (ns)
is irrelevant by reason of an overgrown surface.
Due to the minor influence of silting and scour-
ing for the roughness coefficient these effects can
be disregarded.

The degree of obstruction (ng) has a mi-
nor effect on roughness, as obstacles are lim-
ited to lampposts. The estimated range is
0.003<04e0<0.005 (ARCEMENT and SCHNEIDER
1989) with ngp.,=0.004. Stage and discharge ef-
fects (n;) and the sediment load (ng) are not of
further importance for this element of the cross-
section profile. The sediment load (ng) can not be
quantified directly and, as a result, the generaliz-
ing empirical character of the Manning equation
is assumed to be less important. For this obser-
vation area only one single historic flood, which
occurred in summer, is reconstructed. As such
seasonal changes (ny) are not considered. In this
area the River Ahr has a linear flow direction so
that the correction factor for meandering (m) is
not of importance.

3.4.3 Northern river bank

In the time of interest, a floodplain on both
sides of the river existed. Different illustrations
of the floodplain give information on the cov-
erage of vegetation and condition (Fig. 5). The
floodplain has a firm surface, related to a value
0f0.025<n, <0.032 (ARCEMENT and SCHNEIDER
1989) with n, _=0.028. The floodplain area is
mostly woodless with grass coverage added by
smaller weeds. The related vegetation-value is
quantified as 0.01<n,  <0.025 (ARCEMENT and
ScuNEIDER 1989) with n,  =0.018. Within the
floodplain some moderate rises and dips have an
effect on the degree of irregularity, quantified
28 0.006<05,,,<0.01 (ARCEMENT and SCHNEIDER
1989) with N34,,,=0.008. As mentioned above,
alignment effects (n,) as well as silting and
scouring (ns) can be disregarded. The differ-
ent illustrations show merely smaller obstacles
with minor effects on roughness coefficient, re-
lated to a value 0.001<04p00<0.004 (ARCEMENT
and SCHNEIDER 1989) with n4p.,,=0.002. For the
floodplain area the effects of stage and discharge
(n;), sediment load (ng) and seasonal changes (n)
are not of further importance. As mentioned
above, the effect of meandering (m) is also not
considered.

T

Fig. 5: Photograph of the northern river bank in 1909

3.4.4 River channel

Recent investigations reveal that the channel
bottom of the River Ahr in Neuenahr consists of
medium to coarse gravel with few boulders and
has moderate to serve irregularities. According
to Crow (1959), this can be transferred to a
surface roughness factor of 0.026<n;,,<0.03
with N1y,,=0.028 and a channel irregularity of
0.01<036,,<<0.02 with n3,,.,,=0.015. The vegeta-
tion in channel bed is nearly negligible in the range
0<N24n<0.005 (CHOW 1959) with N5, =0.002.
As all other factors are negligible for large mag-
nitude flood events, the hydraulic roughness of
the channel is in the range 0.038<n,,,,<0.053
with the mean value of n,,,=0.045.

The river has no significant curvature indi-
cating that channel alignment (n4) is not an influ-
ence. According to scale and surface, silting and
scouring (ns) are of minor importance. Upstream
from the cross-section the Kurgarten-Bridge was
present in 1910. Historic photographs document
that the bridge did not have bridge piers that
could influence the roughness coefficient, there-
fore the effect of obstruction (ng) does not have
to be considered further. Stage and discharge ef-
fects (n,) are considered to be unimportant due
to the separation of the cross-section area into
different elements which are studied individu-
ally. The sediment load (ng) can not be quantified
directly and, as mentioned above is assumed to
be less important. As previously mentioned, the
effect of seasonal changes (ny) is not relevant in
this case. The channel of the river is practically
straight within the limits of the city, so the cor-
rection factor for channel meandering is assumed
to be m=1.
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3.4.5 Southern river bank and floodplain

The condition of the southern bank and flood-
plain differs slightly from the northern river bank
in reference to increased obstacles (ng) and vegeta-
tion coverage (n,). The southern floodplain ranges
to a former recreation area, a part of the health re-
sort Neuenahr. Different illustrations show flower-
beds, hedges, bushes and isolated trees. The veg-
etation has a major effect on the roughness and
is quantified as 0.02<n,;,.,,<0.03 (ARCEMENT and
SCHNEIDER 1989) with n,,,.,,=0.025. In addition,
illustrations show street furniture occurring as
obstacles and affecting the roughness, related to a
value 0.015<04,,,<0.02 (ARCEMENT and SCHNEIDER
1989) with Ngpe,,=0.018. Other parameters affect-
ing the roughness do not differ from the northern
river bank and are quantified similarly.

4 Results and reliability check

Based on the data and derived parameters, peak
discharge for the listed (Tab. 1) historic large-scale
flood events were estimated (Fig. 6). The principle
of the approach is illustrated by the flood event of
1910 (Tab. 2). Details for the other flood events,
particularly the flood event of 1804, which was
the major flood event on the River Ahr in historic
times, are given by RoGGENkaMP (2012). Estimated
discharges for all reconstructed floods are listed in
table 3. The flood event of 1910 presented a consid-

erable danger for residents. Several structures near
the River Ahr were damaged and wooden building
materials mobilized, becoming a danger for bridge
constructions along the stream (ULricH 1938). For
mean roughness values, the peak discharge can be
estimated as about 590 m® s, with a range of 470
m? 57 < Qe < 750 m® s considering maximum
and minimum roughness coefficients. Note that
about 69% of the discharge flowed within the chan-
nel zone.

As mentioned above, the flood event of 1910 is
well documented by numerous photographs, taken
in Neuenahr. Picturing the accurate water level, the
presented approach affords the calculation of rela-
tive discharges. Some of these photographs show,
apart from the water level, a clock (Fig. 7). This for-
tunate circumstance allows a connection between
time and relative level, based on photographs, to es-
timate a hydrograph peak of a historic flood (Fig. 8).

As several approximations are required to es-
timate the peak discharges of historic floods, peak
discharges of modern gauged flood events have
been calculated applying the same approach. For
illustration, the two flood events from May 30"
1984 and March 16" 1988 have been selected. Both
flood events had water levels with heights, sufficient
to reach a bankside road tunnel, mentioned above.
Pictures showing the water levels inside the road
tunnel were used as source for estimating the peak
discharges. The resulting calculated peak discharges
are 182 m® s (1984) with range from 148 to 232
m? s, dependent on n-value and 176 m?® s (1988)
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Fig. 6: Estimated peak discharges and critical range of historic floods at different locations
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Tab. 2: Estimated parameters of the 1910 flood in Bad Neuenahr

Non-built-up Northern River Southern river  Entire relevant
area river bank channel bank and cross-section
floodplain
A cross-section 8 m? 36 m? 99 m? 68 m? 211 m?
area
v mean flow 1.87ms’! 249 ms’! 4.09 ms"! 1.12m s’
velocity (for n,can)
Qunean peak 15 m3s?! 90 m?s™ 405 m? st 76 m? s’ ~ 590 m? s
discharge

with range from 143 to 225 m?® s”'. Comparing the
discharges with the gauged peak discharges of 192
m?®s? (1984) and 190 m? s (1988) the approach pre-
sented in this study underestimates observed values
by an acceptable degree of error of 5 to 7%.

5 Discussion
The presented attempt to improve the es-

timation of peak discharges for the River Ahr
based on a combination of knowledge of histori-

cal flood peak water levels, analysis of historic
floodplain conditions and hydraulic calculation,
has remained unequalled so far. Although ULriCH
(1938) gives information on discharge of the
flood event of 1910, these data refers to assump-
tions. In contrast to ULRICH (1938), the presented
approach provides the first quantitative informa-
tion on non-gauged floods of the River Ahr.
Estimated discharges within the floodplain
represent about 30—65% of the total estimated
discharge. Possible errors in the reconstruction
of floodplain conditions may have major effect

Tab. 3: Discharge-reconstruction with range between maximum, mean and minimum discharge, dependent on n-value

Location Discharge 1804 1888 1910 1918 1920 Gauged data
Qumax - 360 m®/s 630 m3/s 300m3/s 220 m?®/s HHQ = 214 m?/s
Altenahr Qumean - 280 m3/s 500 m3/s 240m3/s 170 m3®/s MHQ = 90.6 m3/s
Quin - 230 m3/s  410m3/s 190m?3/s 140m3/s MQ = 6.95m?/s
Qunax 1600 m?/s - 710 m3/s - - -
Dernau Qunean 1210 m?/s — 550 m3/s - - -
Qumin 940 m3/s - 460 m3/s - - -
Quax 1520 m3/s - 660 m?/s - - -
Walporzheim Q... 1180 m?/s — 540 m?/s — — —
Quin 970 m3/s — 430 m?/s - - -
Qs - - 750 m3/s - - —
Neuenahr Qumean - — 590 m3/s - - -
Quin - - 470 m*/s - - —
Qe - — - - - HHQ = 214 m3/s
Bad Bodendotf Q.. - — - - - MHQ = 85.5 m?/s

Qmin - -

MQ = 6.31 m?®/s
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Q =397 m®/s

on total discharge, but due to exactness of used
sources, the potential for error should be low. If
flood inventories and information on the devel-
opment of the floodplain area since historic times
are available, the presented method can be ap-
plied in numerous other areas in Europe (BENITO
2003). BrAzpIL et al. (1999) and Graser (2008)
research on historic floods in Europe, without
quantifying peak discharges. The approach, ap-
plied in this study, was also applied by HERGET
and MEURs (2010) and ELLEDER et al. (2013) who
reconstructed accurate peak discharges of historic
floods. Also in other areas like China (CHENG-
ZHENG 1987) or India (KALE 1998) historical
floods are quantified, but due to lacking histori-
cal sources, the reconstructed peak discharges
are arguable. Like the established slack-water-
deposit approach (BAKER et al. 1983) frequently
applied outside settled areas, the estimated peak
discharge provides a valuable contribution for
flood frequency analysis beyond just the timing
of the event. The presented approach can not help
to extend the series of measurement of recent
floods. Due to the fact, that only single events
are reconstructed, the series is incomplete with
no statistical validity. KirBy et al. (1987), Housk
et al. (2002), BEntTO et al. (2004) and BENITO and
THORNDYCRAFT (2005) discuss the problem in
adding single floods from historic times to the
gauged datasets in detail.

The results reveal that four out of five re-
constructed historic flood events of the River
Ahr were larger than any recently gauged floods.
Particularly with regard to the high-magnitude
flood events of 1804 and 1910 the recent danger
of flooding is underrated in case of disregarding
historic floods. The large discrepancy between re-
cent mean discharge (6.95 m?/s) and reconstructed

Fig. 7: Photographs documenting the water level of the flood event of 1910 in Neuenahr during June 13

01:40 p.m.
Q =547 m¥/s

peak discharges is conspicuous. The flood event
of 1804 multiplies the mean discharge by about
170. Such differences occur only in smaller riv-
ers such as River Ahr. The floods of 1804 and
1910 were both caused by persistent rainfall, es-
pecially in the southern catchment area (ULRICH
1938; Frick 1955; PrisTER 1999; WEIKINN 2002).
The flood event of 1910 was reconstructed at four
locations. Results show no outlier, however, a
trend is in evidence (Fig. 6). The peak discharge
increases downstream slightly, due to persistent
rainfall. Favourable state of sources allows not
only the reconstruction of peak discharges but
also of partial hydrograph of the flood event of
1910 in Neuenahr. The timed exactness is unprec-
edented so far and underlines the value of pho-
tographs for the quantitative reconstruction of
historical floods.

As the reliability check indicates, the approach
underestimates the factual peak discharge by 5 to
7%. The approach seems to be conservative and
previous applications show a similar underesti-
mation (HERGET and MEURs 2010; ELLEDER et al
2013).
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Fig. 8: Reconstructed hydrograph peak of the 1910-flood
event in Neuenahr
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Fig. 9: Photography documenting the water level of the flood event of May 30" 1984 in Altenahr

6 Conclusion

The results for the River Ahr show that the
approach to the peak discharge estimation of his-
toric flood levels in a settled area presented in
this paper can successfully be applied. The valida-
tion of the technique by comparison with recent
gauged floods reveals results of sufficient accu-
racy. In addition to that, the high level of infor-
mation contained within the sources allows the
estimation of a hydrograph curve for the flood
event from 1910 in Neuenaht. The results show
that the flood from 1804 was the largest flood
event on the River Ahr in historic times. The part-
ticularly high runoff values of the flood events of
1804 and 1910 are confirmed by written reports,
which tell of devastating damages (ULricH 1938;
Frick 1955; SEEL 1983; Konr 2007).

A future challenge is to investigate the likely
modern level of an event such as 1804 or 1910
in the settled areas along the River Ahr. Urban
expansions reduced retention areas and the peak
levels of historic flood events would, most likely,
be higher with the current structure.
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