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Abstract;, This paper presents the long-term analysis of flood-occurrence;-cause-and-fregueney-changes-of-floods;

their—development-and-distribution along the southern part of the upper Rhine River_system and of 14 of its
tributaries in France and Germany covering the period from 1480BC. Special focus is given on the temporal and

spatial variations of flood events and their underlying meteorological causes which-shew-a-significant-change-over
space-and-time. Examples are presented how long-term information about flood events and knowledge about the
historical aspect of flood protection in a given area can help to improve the understanding of risk analysis and
therefor transnational risk and-risk-management-anatysis—. Within this context special focus is given on flood

vulnerability while eennecting—singlecomparing selected historical and modern extreme events., establishing a
common evaluation scheme.

The transnational aspect becomes especially evident analyzing the tributaries: on this scale flood protection
developed impressively different on the French and German side. We argue, that the comparing high technological
standards of flood protection, which had been initiated by the dukes of Baden on the German side starting in the
early 19" century, misled to the common believe that the mechanical means of flood protection likewise dams and
barrages guarantee for security from floods and their impacts. This leads to widespread settlings and the
establishment of infrastructure as well as modern industries in potential unsafe areas until today. The legal status in
Alsace on the French side of the Rhine did not allow for continuous flood protection measurements leading to a
constant — and probably at last annoying — reminder, that the floodplains are a potentially unsafe place to be. From
a modern perspective of flood risk management this leads to a significant lower aggregation of value in the
floodplains the small rivers in Alsace compared to those on the Baden side — an interesting fact — especially if the
modern European Flood directive is taken into account.

1. Introduction, -

The knowledge about the occurrence of floods in historical times, their meteorological causes and their distribution
within the (hydrological) year does provide a deeper understanding of the natural variability of the severity of flood
events by providing long-term knowledge about changes in the causes, frequencies and gravities of the floods.
Flood research on smaller rivers presented in this paper complement those related to larger river systems for two
main reasons—first-creeks. Creeks and small rivers show a more direct response to the atmospheric forcing-and
second;—especiathy-smaler—catchment-areas—are-subjectto-major. The same holds true for land use changes and
alterations in the floodplain due to an increase in—settlement—areasof settlements and infrastructure— as those
alternations also directly affect discharge.

The flood risk management of these smaller catchments resides with the legal responsibility of smaller
communities while the large river systems are under control of larger and stronger administrative units. This
administrative difference concerning flood control and management plays an important role in modern flood risk
management. In France flood risk-management on non-navigable rivers is handled by PPRIs (Plan de prévention du
risque d’inondation) which are negotiated by the communities and the responsible parts of the administration. Their
goal is to definedetermine the area ef-the-fleedwith a risk of being flooded along a-riverthe examined rivers and his
zonage-in-differentsectorsto discriminate between zones where different human activities arecan be allowed or has

to be forbidden-{s—Chapter6)..

2997—'Fhe—resu+ts—presented—he¥e—emana{eln Germanv (espeuallv in Baden Wuerttemberq) the flood nsk

management_of smaller tributaries (water bodies of the 2™ category) resides with the legal responsibility of
communities while the large non-navigable rivers (water bodies of the 1% category) are under control of stronger
administrative units like regional councils. Still the category of water body changes from 2™ category (the upper
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parts of the river) into the 1% category at positions which had been specified according to the master plan of Johann
Gottfried Tulla (1770-1828) in the 19" century.

This study presents the results from the project TRANSRISK, which was realized between 2008 and 2011 in
collaboration between CRESAT of the University de Haute Alsace in Mulhouse andfunded by the French “Agence
Nationale de la Recherche” (ANR-07-FRAL- 025) and, the department of Phy5|cal Geography of the Albert-
Ludwigs-University of Freiburg;—fu J

and founded by, the “Deutsche Forschungsgemelnschaft” (DFG -Gl 358/5 -1).

2. Study areg -

The study area is located within the Upper Rhine Rift and stretches approx. 110 km between Basel / Switzerland
and Strasbourg / France including the rims of the Black Forest and VVosges Mountains (Fig. 1). The elevation of the
Upper Rhine Rift ranges from about 250 m a.s.l. in Basel to 130 m-.a.s.l. at Strasbourg. The highest mountaintops
of the region are the Feldberg (1493 m-.a.s.l.) in the Black Forest and the Grand Ballon d’Alsace (1424 m-.a.s.l.) in
the Vosges. The area is located in the mid-latitudes a zone of predominant westerly winds and in the transition of
maritime too continental climate. The climate is moderately mild due to its location around 48°N and decent
protection against cool air masses from the surrounding low mountain ranges. Warm southwesterly winds which
originate from the Western Mediterranean region can reach the area only moderately modified through the 'Belfort
gap’(BurgundischePforte™).. This however might only happen in less than 10% of the year. The westerly winds
and approx. 1000m of mean height difference between the rims and the valley floor account for a heterogeneous
distribution of precipitation between the VVosges Mountains and the Black forest as well as within the Upper Rhine
valley. Precipitation varies greatly from as little as 550mm/a at Colmar te-approx—1000mm/a—around-Freiburg
representing-the-leeward and-windward-side-of-the-valley-floorof the VVosges Mountains to more than 2200mm/a at

the summits. Two precipitation maxima can be identified in the course of the year: one in July and another in
December-{meuntainrange).. The July-maximum is generated mainly by convective rainfall, resulting usually from
thunderstorms.

Figure 11, Study area including the researched rivers and actual administrative districts in France and Germany

Large parts of the study area belong to the European Region “RegioTriRhena” and nearly the whole study area is
also eegart of the Trlnatlonal Metropolltan Region “Oberrhein” (TMO MRO) ormmg a multlcore tri-national
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yeengewepuletren-are—seme—mere—rn&eaters Both concepts try to improve the transnatronal collaboratron on the

fields of science, commerce, technology and polrtrcs as well as civil socretres Strasbourg is one of the European
capitals. A

vulnerable—te—ﬂeodeln history the researched area was affected from many terrrtorral conflrcts since the 17th
century. Between 1871 and 1919 and again from 1940 to 1945 Alsace was occupied by Germany. As far as flood
control management is concerned, those different administrations tried to realize their own concepts and ideas
however both administrations had not been able to come up with and enforce any own master plan for flood
protection due to traditional water rights (see below).

3. MaterialMethods and methodsData, .

Within the TRANSRISK project the Rhine between Basel and Strasbourg and 1514 of its tributaries had been
analyzed: tnin Alsace the rivers Largue, 111, Doller, Thur, Fecht and Lauch, in Baden the rivers Wiese, Klemmbach,
Kander, Neumagen/Mohlin, Dreisam, Elz, Schutter and Kinzig.

For none of those tributaries a flood research or a comparative survey regarding flood-protection measures had
hitherto been conducted. So the first interest was, to reconstruct the flood events between 1480 and 2007 as detailed
as possible, their underlying meteorological causes together with their spatio-temporal variation. Our approach
followed the method of critical source analysis which can be regarded as well established in the field of Historical
Pfister 1985; Glaser & Stangl, 2003; Jacobert et al., 2006; Glaser et al., 2010; Wetter et al., 2011;

prrncrples of critical source analvsrs the multrtude of |nformat|on gathered had been critically reviewed in a

hermeneutic approach due to their informational content mainly analyzing diction of the source as well as
additionally information about the author like level of education or social environment, intention etc., which might
have influenced or motivated the writings. Equally important is the cross-validation within different sources
describing the same event. Another valuable aspect for critical source analysis and evaluation is the described
impact of the floods and the damages, which are very often given in detailed images. Of course there is always a
time shift in historical records, the kind, that such detailed information decreases through time. Even though more
than 2800 flood events had been identified by a total of over 4000 references, cross validation becomes more
difficult for early events. Therefor the level of uncertainty diminishes through time, which has to be taken into
account for all given results.

The use and usefulness of information derived from historical sources is an ongoing discussion within the
scientific, and even more so, within the hydraulic engineering community. In contrast to measurement data
historical data never promises modelling results with seemingly mathematical exactness. Dealing with historical
information always means dealing with uncertainties, which is also a fundamental issue for all kind of statistical
analysis. But besides loads of additional information which might been regarded useful for some research questions
historical data offer, so the methodology of critical source analysis had correctly been applied, sound information
on the occurrence of past events and allow for a reliable estimation of the magnitude of the past flood event. That
those insights offer added value was proven amongst others by the work of Biirger et al. (2006) for the river Neckar
or by Griinewald (2010) for the river Elbe where the return intervals of flood events had to be recalculated due to
data originated from historical sources.

As data source written evidence, flood-marks, drawings, flood-maps, newspapers, gauges data and
contemporaneous administrative reports and chronrcles had been consrdered Fleed—rrsk—management—and

Gtase#&étangl—Z@QS—Jaeebert—et—al—Z@O%a#b—Jaeobert—et—All possrble |nformat|on reqardrnq rood events, thelr
4
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duration and spatial extent or mitigation strategies for helping those who were affected had been extracted. To
estimate and rank the intensity of the flood event a: : bl

2014)-

A classification scheme had been applied, in which the intensity and spatial dimension as well as the impacts as
primary indicators, the duration as secondary indicators and the mitigation strategies as tertiary indicators were
taken into account {Fable-1).(Table 1). With this scheme it is possible to distinguishdifferentiate between smaller,
medium size, strong and extreme events (see Glaser et al., 2012).

al—2006- Glas oereotal _2010- \Alottor ot Al 29011 Llymmalchach

_For some case studies, detailed information on impacts had been used to analyze and quantify the vulnerability. To
compare the spatial and economic dimension of single events of selected historical with modern events, the
| economic values had been standardized.-

Tertiary indicators
(Mitigation)

Primary indicators
(Damages)

Secondary
indicators
(temporal structure)

| Classification

(Intensity and spatial
dimension)

-1 No classification no Information no Information no Information
possible

1 Small flood Little damage: e.q. on Short flood Little (local) b
[Return-periodRequlated bankside fields and gardens; supporting measures

no bigger damages named,

yearstHQo-equivalent
Average-damageStrong

decline: damages on bridges
and bankside buildings;
flood-protection systems like
dams or barrages are affected

or damaged; loss of cattle and

Coordinated

supporting measures with
participation of regional
organizations

2 Above-average , big or
supra-regional flood

Flooding of average
duration to few days

years]Regulated rivers:
HQzoto HQ 100-equivalent

people;
Morphodynamical processes <
q Serious-damagestrong - ; : :
3 Extreme / supra-regional s stren Long-lasting flooding Supra-regional (national),
decline:severe damages / .
flood of a d ion of flood (several weeks) coordinated measures of
tastrophically destruction of flood: major extent
g?mension protection systems bridges =
and buildings; damages on .
e Th t is foll
. the bankside fields and £ Event Is 10 OW?d =
freturn-period-s- dens. loss of cattle and long lasting discussions
higherRegulated rivers: Z; eigs BRI (EE about security and a better
biggerthan 260- | PEoRiEs revention.

H -equivalent
yearsjHQ,op-equivalent The flood-event became

part of the long-term-
memory and resides as a

reference figure.

Table +1, Classification scheme for flood-events (meso-scale)

A

4.—Pata-set

Atlast—Gathering information on extreme events in historical sources is generally not overly difficult as
catastrophic events are of a tetal-2.830certain interest and widely recorded. In as far as medium or small events are
concerned information however become sparser and a correct differentiation between them is difficult.
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The availability of sources describing, flood-events- events on the French and the German side show some distinct

differences. In Alsace data on flood events is provided by a long tradition of writing chronicles, which was shared
by municipalities, abbeys or individuals and holds until the 19" century. Examples could be the town-chronicles of
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Murbach, Mulhouse, Ensisheim, Colmar, Sélestat, Ribeauvillé or Strassbourg. Famous is the chronicle from the
Abbey of Thann by Malachias Tschamser (1678-1742) who reports on extremes also outside of Alsace. Even so
gauging data is sparse in Alsace until the 1870", the fact that all creeks discharge into the river Ill before
discharging in the much bigger river Rhine allow for possible cross validation of flood events as the flood wave can
be tracked on its way and chronicles will (normally) state the villages and towns affected. The floods of 1511
(mentioned by 14 sources) or 1529 (mentioned by six sources) can be used as examples. Gauging data is available
in Alsace from 1870 to the 1930" and from the 1950" onward.

The situation is different on the German side. Here chronicles came “out of style” since the middle ages and the
few, which indeed had been written mainly concentrate on reporting political events. Even by researching
alternative sources like transcripts of the city councils or the building authorities it is not possible to gather the
same quantity of sources which is available in Alsace. Exceptions are the flood events of the river Rhine, which are
often described in great detail by the chronicles of Switzerland especially from Bern and Basel, like the floods of
summer 1480 and 1511 or December 1506. Especially for Basel the given information is exact enough to assess the
biggest ones (Wetter et. al. 2011). Following the idea of Johann Gottfried Tulla (1770-1828) Baden begun with the
installation of official gauging stations during the early 19" century and expanded the measuring network to the
tributaries during the 1820". In the early 1870" the duchy of Baden initiated the “Nachrichtendienst bei
Hochwasser” — a news service which was activated in case of flood events which was to establish communication
with the downstream communities in case of rising water levels. The related laws provide detailed information on
the water level, which had been regarded as dangerous.

With the 19" century newspaper started to appear within the research area which complemented the information
about past flood events by providing for a once more widened information base.

A total of 2830 flood-events were found and-in written sources and gauge data and were evaluated within the

research area- (Table 2). In Germany wea total of 1302 events have been identified J%QZ—BVEHI—S—WIth an emphasis

on the 20th century. a
we identified 1201 events and for the river Rhine 327 events could be found. We found more events in France for
the time before the 19th century, than for the 19" -century-German part of the research area, A main reason for that

ierln France
\ [Formatiert: Englisch (USA)

can be regarded as a result of the existence of more cities and monasteries in Alsace along the rivers and a deeper
tradition to jot down personal histories (“Livres de raison”). On the other hand, we could identify much more flood-
events on the German side on a basis of gauges data, because of the work of Johann Gottfried Tulla, who ordered
the installation of gauging stations on every river since 1816, as a basis for his rectification plans. In contrast the
limits of the French water rights prohibited the rectification of the rivers in Alsace during the 19th century (see
Sect. 5) there was no need to put qauqes on the rivers and working with moblle dewces seemed sufficient. This led
to only a minor, number of wii A
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can-be-found-in-a-higheris the existence of many chronicles in Alsace and nearly none for the German part, which

Durlnq the German occupation (1871 1919) some statlonarv gauges had been active, but were decommissioned bv

the French administration in the early 1930th. (Table 2).

To make this impressive data set accessible to the interested scientific community and the public, the data will be
presented on the Collaborative Research Environment www.tambora.org.
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Fecht 2 16 12 17 45 56 9 157
Lauch 3 21 11 16 26 38 9 124
Thur 5 28 18 16 39 30 3 139
Doller & 13 9 16 28 43 8 120
Largue 2 14 8 27 43 60 18 172
Total France: 21 129 86 166 297 437 65 1,201 [Formatiert: Deutsch (Deutschland)
Kinzig 1 8 26 39 88 160 10 332 [Formatiert: Deutsch (Deutschland)
Schutter 1 3 4 2 21 32 5 68 [ Formatiert: Deutsch (Deutschland)
Elz 1 6 4 23 53 96 5 188 [Formatiert: Deutsch (Deutschland)
Dreisam 1 3 10 22 57 115 10 218 [Formatiert: Deutsch (Deutschland)
Neumagen/M 2 3 3 8 15 115 10 156 [Formatiert: Deutsch (Deutschland)
6hlin
Klemmbach 1 3 2 6 10 11 1 34 [Formatiert: Deutsch (Deutschland)
Kander 1 3 2 2 5 18 0 31 [ Formatiert: Deutsch (Deutschland)
Wiese i 3 8 14 60 176 1 237 [ Formatiert: Deutsch (Deutschland)
JTotal 9 32 59 116 309 723 54 1,302 [ Formatiert: Deutsch (Deutschland)
Germany:
Rhine 28 81 41 28 86 59 4 327 [ Formatiert: Deutsch (Deutschland)
Jotal | | | 2,830 [ Formatiert: Deutsch (Deutschland)
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Table 2:2. Occurrence of reconstructed flood-events per century and catchment area
5. 4. Results, « Formatiert: Einzug: Links: 0,12 cm,

The highly spatio-temporal resolved data set and the detailed information on damages and impacts on the society
offers interpretation towards two main directions. First, different types of spatial flood occurrences had been
classified into five major groups and the underlying meteorological causes had been determined. There is evidence
about the changes of these underlying causes and changes in seasonality of the flood occurrences in the context of
the overall climatic change debate.-

A second part deals with the vulnerability of HQ 100 year events and the possibility of incorporation of historical
information into modern, integrated flood risk management. There is also another example about technical
alterations regarding the city of Mulhouse.-

521  Oeccurrenceand-definitiond.1 The derivation of specific spatial patterns of floed-types-floods “

In a first step all flood events had been clustered regarding their spatial patterns. Five types can be identified:
Fleedsfloods only at river Rhine, Floods at river Rhine and all its tributaries, floods on the French tributaries,
Floods at the German tributaries and Floods on French and German tributaries. These types are described below
(see Fig. 2 to Fig. 6).

Type 1; Floods occur only at the river Rhine without involving its tributaries. Examples for that type are the floods
of July 1343, June 1876, September 1881 or July 1910. The cause for this flood-type is located in the Alps and/or
in the Swiss midlands._For extreme summer events high temperatures and long lasting rain in addition to a quick
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snow-melt in the higher regions of the Alps are in most cases the reasons for those events. In the hydrological
winter half-year an early snow-fall and afterwards a quick snow-melt in addition to longer and/or stronger rainfall
are the meteorological conditions for extreme floods of the river Rhine. In other cases it might be a Vb weather
situation, which causes heavy rainfall in the Swiss midlands (Wetter et al. 2011, Wetter, Pfister (2011))

Type 2: Affects the river Rhine and all its tributaries in the study area at the same time. Examples are the floods of

July 1480, December 1882 or January 1910. In historic times as well as recently this flood type is characterized by
the biggest spatial extent of heavy damages. For this reason it is necessary to give the meteorological causes of this
type a special attention. Large scale and intensive rainfall events and/or rain on heavy snow pack characterize this

type.-

Type 3: This type only affects the French tributaries in Alsace. Examples are the floods of March 1876 or February
and December 1999. Small scale low-pressure systems with snow melt characterize this type.-

Type 4: This type only affects the German tributaries in Baden. An example is the flood of December 1991, which
was a so called “Christmas-flood”: Fhethe flow turns to the northwest and Lows, as part of a Cyclone family,
initiate an early Christmas thaw. The precipitation falls into the summit level of the average mountains as rain,
which could not infiltrate into the frozen ground (Weischet & Endlicher, 2000).

Type 5: This type represents flood-events, where only the French and German tributaries of the river Rhine are
affected, but not the Rhine itself. Examples are the events of May 1872, February 1877, March 1896, December
1919, December 1947 or April 1983.

The spatial pattern types can be connected with prevailing weather situation and therefore are of specific interest
for further climatological interpretation. This connection will be subject of further research (see Jacobeit et al.,
2003a/b). In the following chapter the changes in underlying meteorological causes through times is elaborated.

Figure 1. Damage map of the flood in Figure 2. Damage map of the flood in December 1882

September 1881 (Type 1) (Type 2)
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Figure 3. Damage map of the flood in Figure 4. Damage map of the flood in December 1991
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Figure 6.6. Damage map of the flood in March 1896 (Type 5)

5.2 4.2Changes in underlying meteorological causes and seasonality, <

Everyone, who deals with reconstructing and evaluating historical floods from historical data with hermeneutical
methods, has to determine indicators to differentiate the severity of the floods. Glaser & Stangl, 2003 and Glaser et
al., 2010 fecusfocused, on the effects and the damage caused by floods. However, it is important not only to collect

data about the consequences of the flood events, it is also important to record timing and, in case hints can be
found, meteorological causes of the event. Often historical sources provide that kind of information. Their
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collections might be useful to help reconstructing the initial meteorological situation which led to the researched
event. Based on meteorological information which further described the researched flood events we tried to display
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the temporal development of meteorological causes of floods for some of the researched tributaries. To classify

meteorological causes the classification scheme from Bauer— (1952) is used, which distinguishes five causes:

convective and continuous rainfall, snowmelt, ice breakup and rain on snow.

A comparison of the meteorological causes which induced flood events on some selected tributaries shows, that

over the whole period “snowmelt/rain on snow” is the most important cause which is followed by “long-lasting
rainfall”. Events which are triggered by “convective rain” are currently discussed in connection with a changing
climate (REMO, 2006; Zebisch et al., 2005) played a less important role as well as “ieebreakice break”. However:

comparing the meteorological causes of the floods for the whole time-period with the last five decades a

signhtficantdistinct increase of convective-rain-events can be noted—with-ene-exception-the-Wiese—whie, It is
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reasonable to assume, that convective events gain intense due to an increased hydrological cycle intensified by

however can not only be attributed to generally higher temperatures, but to a variety of reasons with the widespread
loss of floodplains and induction of coolants being some major reasons., There is also an increase in snowmelt

related events. Floods caused by rain on snow show antithetic development. Changes in occurrence of floods
caused by long lasting rain range from pronounced to minor decrease (see Fig. 7-).,

Changes of the meteorciocgical causes of the floods (in %) in the last 50 years (all events)
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higher temperatures. Likewise, ice break-up has almost vanished as a reason for flood events jn modern times._This
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Changes of the meteorclegical causes of the floods (in %) in the last 50 years (all events)

" {1957-2007)

Largun (1480-2007)

EERRRIEERRERE 155 . — Jas 50
RIS S e m— EPE) | — |
REECTEE R 103 1.3 — 51 E3
cinzg (1257 2007, [ e T ] E=F] v
foato R — T EEH
B %3 — ECP] | w— —
wiese (1430 2007 e T &2 Ive]
RESISERE o S———— | b =5
o 0% % Ee 40N 0% s 0% L) s 100%
W convective rain W ce break @ iorglasting rain Orain co snow O snowmeit

Figure 77. Changes of the meteorological causes of the floods in the last five decades in comparison to the period

from 1480-2007

In a second step the changes in seasonality of flood events happening at the river Rhine have been

analysedanalyzed, Previous studies concluded that the runoff regime of the river Rhine changed during the 20"

century from a main discharge during the hydrological summer- to the hydrological winter half year (IKHR, 2007;
IKSR, 2011). From-eurOur, data itis-evidentsuggests, that only during a period lasting from the 1820" to the 1860"

the river Rhine displayed preneunced—a phase with an accentuated and rather unusual occurrence of summer

ranofifloods, That event might be linked to the ending of the Little Ice Age (LIA) around 1850. ButHowever, it has

to be taken into account that from 1817 onwards the massive alterations in the context of the rectification of the

river Rhine system by Tulla and successors changed-therunoffregime:likely increased awareness to even minor
flood events and the installation of numerous new gauging stations raised the availability of data. This alone might
interpret the risen number of flood events as a pure data signal — which will, of course, give no reasonable
explanation for the observed decline of flood events. , All other decades from 1500 to now did not show a distinct

[ Formatiert: Englisch (USA)

emphasis towards one season. The only exception might be the period between the 1940" and the 1970" where
winter runoff dominated (see Fig. 8). In contrast to the period around the 1950™ where the elevated winter runoff
did not occur in conjunction with extreme events (see Fig. 10), the period at the ending of the LIA was, at last to a
certain degree, induced by big and extreme events.

31-y running mean of floods in the Hydrological Year: river Rhine (all events (1480-2007))
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Figure 8:8. Floods of the river Rhine in the Hydrological Summer- and Winter-Year (all events)
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Figure 9-9. Floods of the river Rhine in the Hydrological Summer- and Winter-Year (big and extreme events)

Looking at the two most important tributaries of the river Rhine in the study area (the French Ill and the German <«
Kinzig) it is noticeable, that up to the present day no major changes in the flood-regime has taken place (Fig. 10
to Fig. 13). It is evident, that most flood events occur during the hydrological winter half year with a strong
increase in the total number since the second half of the 18 century. This however can most likely be attributed

to a data related signal. Furthermore the Il displays a noteworthy increase in summer flood events recently,
which however is not triggered by extreme flood events.
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314y running mean of floods in the Hydrological Year: river Il (all events (1480-2007))
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Figure 10-10. Floods of the river Il (Alsace) in the Hydrological Summer- and Winter-Year (all events),

31-y running mean of flceds in the Hydrological Year: river Il (heavy and extreme events (1480-2007))
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Figure 1111, Floods of the river Il (Alsace) in the Hydrological Summer- and Winter-Year (big and extreme
events),

31-y running mean of flceds m the Hydrological Year: rver Kinzig (all events (1480-2007))
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Figure 12:12, Floods of the river Kinzig (Baden-Wuerttemberg) in the Hydrological Summer- and Winter- Year

(all events)

31-y running mean of flcods in the Hydrological Year: river Kinzig (heavy and extreme events (1430-2007))
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Figure 13:13. Floods of the river Kinzig (Baden-Wuerttemberg) in the Hydrological Summer- and Winter- Year <

(big and extreme events)

5. Trans-boundary aspects of flood protection

The different legal traditions of France and Baden led to different Flood protection concepts that exist in their
essential features until today. The significant differences developed in the 17" century. Until that time flood
protection on the non-navigable rivers was a particular interest of all those who had to or wanted to protect
something alongside the river. Here the differences can be seen between the towns and the rural communities: rich
towns, like e.q. Strasbourg, were able to protect their goods very well until wars or economic crisis made it
impossible to pay the price for the flood protection or military arguments required a change. The little communes,
resp. their habitants, had to protect their land on an unpaid basis, so only the most critical points were protected
with dams, which were furthermore not conducted by technical knowledge, so in most cases their protection level
was not very high and the lifespan of those actions was limited.

For the navigable rivers, like the river Rhine, there was not a big difference between the French and the German
part of the research area regarding flood protection measurements: both sides relied on dams, sluices and other
flood-protection projects since the 18th century. For the German part of the research area many particular states had
been responsible: e.g. the Duchy of Baden, the Habsbourg-Monarchy and many sovereign landlords. That leads to
the fact that the quality of flood-protection was not only a technical question, but also a guestion of financial
opportunities and was coordinated neither between the different German authorities nor with the French side.
However, the legal situation on both sides was similar: the responsibility for navigable rivers where by the highest
authorities, but action was not always taken. In later times all contracts and plans could be handled out between the
representatives of the states of France and the Grand Duchy of Baden. In 1840 the controlled and planned
development of the river Rhine according to the plans and projects of Johann Gottfried Tulla (1770-1828) started
(Himmelsbach, 2014).

The real difference in terms of flood control developed between Baden and France along the non-navigable rivers.
To underline the political and administrative dimension of flood control it is necessary to analyze the different
laws, bylaws and regulations concerning the flood control.

In France the riparian rights based on the Roman law, which means in this case, that every private and commune
had to protect their particular owned land and goods for themselves. In other words: the non-navigable rivers were
part of the owner’s property. Only with their permission the administration could implement plans of flood
protection. The start of the so called administration of the “Ponts et chaussées” in 1716 in Alsace, the French
government tried to get access at least to the roads and bridges for military and economic connections from Paris to
the river Rhine. In the following decades many bridges across the non-navigable rivers were renewed or built. But
bigger and continuous flood protection projects were not possible because of the water-rights. Only where towns
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paid for the work of the administration, limited projects could have been brought forward like the canal protecting
Mulhouse (see sect. 5.3.3). Neither the French administration after the revolution of 1789, nor the German
administration between 1871 and 1919 were able to get a full access on these kinds of rivers. In the end flood
protection in Alsace on the non-navigable rivers developed more as a chain of random individual actions. That led
the consequence that the natural flood plains of the rivers had to be respected as a potentially unsafe area to settle.

In the German part of the study area the Grand Dutch of Baden followed another tradition of law: Since 1716, were
parts of the river Murg (outside the study area) were rectificated to protect the town of Rastatt it was obvious, that
the administration had no problem to see the non-navigable rivers as part of their responsibility. That claim was
unchallenged since. The German riparian rights were first fixed in the so called “Sachsenspiegel” in the beginning
of the 13th century. The non-navigable rivers became part of the feudal system which means that the feudal
landowner had all rights on them. Without that legislation the work of Johann Gottfried Tulla and those who
followed him would have never happened. In the state of the Grand Duchy of Baden the first attempt to work on
the non-navigable rivers was done in 1816 by founding the first river training syndicate of the Grand Duchy of
Baden (“1.GroRherzoglich-Badischer Flussbauverband™), which was a result of the engagement of Johann Gottfried

Tulla, The fact that the state incurred 2/3 of river constructlon costs offered at some rivers a “‘win-win- s1tuat10n
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Hydrographie des GroBherzogtums Baden, 1887). Up to the middle of the 19th centur
rivers in the Grand Duchy of Baden were canalized.

attempt of the French government, to challenge that by launching so called “river training syndicates” (“Syndicats

fluviaux™) failed because of the complicate structures, the insufficient support b
frequently because of the divergent interests of the members which had been ordered into them. One part was only
interested in water for agricultural needs, the other part were industrials (mainly from the drapery), which wanted
to canalize the rivers, to get constant water into their factories and to protect them against flooding. The farmers
worried, that a canalization of the rivers hinders irrigating their land. This conflict could be solved neither by the
French nor by the German administration after 1871. The only bigger project that was done was the correction

work on the river Il between Meyenheim and Colmar between 1878 and 1888 (Bordmann, 2004, Himmelsbach,
2014).

In_a long-term consequence these different concepts of flood protection led to two different points of view

regarding the natural stream channel: in Baden all rivers were canalized while in Alsace no significant flood
protection was archived the natural flooding areas needed to be respected. In Baden-Wuerttemberg the attitude

evolved, that behind the technical flood protection systems one can build nearly anything, from industrial areas to
apartment houses. Now as the European Flood-Risk-Management directive from 2007 (EU 2007) is implemented
by publishing the flood- and risk-maps, a big and controversial discussion has started in the concerned communities
regarding the consequences for the private people and the enterprises, who reside near the rivers, what will happen
to the prices of their properties besides the rivers (and behind the dams) and which possibilities will the enterprises
have in the industrial areas (which in many cases were placed in the natural flood areas) if they want to expand?

53 5.1

Vulnerability analysis, .

Historical sources provide not only information about floods and climate but also on damages and impacts on

society, which can be used to analyseanalyze vulnerability and resilience aspect. Both, hazards and vulnerability

historical information.
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are fundamental elements of risk analysis. One major task of the TRANSRISK project is to bridge modern and
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While there are convincing examples concerning flood events and hazard analysis-{Grinewald;2010: Birgeretal;

2006);, the concepts to evaluate vulnerability is subject of recent and further research. Integrating historical gauging
data for definition of return periods tkewiselike, the mega-flood of 2002 at Dresden leads to a significant changed
reassessment of this important parameter. Taking the gauging data from 1879-2002 into account vs:in comparison
to merely using, the data for the time period from 1936 to 2002, changes the return period effrom a HQ1000 to a
HQ150- (Grinewald, 2010)., A case study for the extreme flood event 1824 at river Neckar at Stuttgart showed that
beth;flood events, water, level-and, return period and rainfall intensity were underestimated using modern data
alone. For this purpose, historical data on precipitation pattern and intensity and inundation areas were incorporated
into modern the hydrological budget model LARSIM:_(Burger et al., 2006) and led to a redefined design flood for
the river Neckar, Pfister et al--. (1999) underlined the importance of the social dimension and can be regarded as

e 1IVEl INVLAAL,

first step for vulnerability assessment.

The_below, given examples for the river Dreisam and Mulhouse shewdemonstrate, how HQ100 events can be used

for a better understanding of the spatial dimension of flood_extent and damages and to evaluate vulnerability

A N

aspects as integrating part of modern and historical flood risk management.

In-a-second-approachFor the tributaries of the river Dreisam, the flooded areas at the water bodies category 1l east
of Freiburg had been compared with the modern HQ50 and HQ100, flood prone area as lined out by administration
authorities as part of the risk maps of the European water directive (EU 2007;; Santato et al., 2013;; Kjellgren,
2013):) and the actual status of the bridges within a HQ100 or higher event was added to underline our point of an
missing flood protection of the water bodies category II.

For Mulhouse it was possible to reconstruct the build-process of the so called “Canal de décharge”, a major part of
the flood-protection system of Mulhouse, which was started in the early 19th century, as an example for the a
historical dealing with flood-risk-management accompanied by technical problems.

531 5.1.1 River Dreisam: Flood March 1896 vs December 1991, «

JFor parts of the German river Dreisam catchment area it was possible to summarize and map the damages, which

were caused by two HQgoo-events. To show the differences between the damage of the two flood-_gvents, we
worked with raster maps (1:25000), to get a spatial view of the concentration of the damages, like on bridges,
sluices dams and the areas which were flooded. We-determined;that-a-raster-ceHl-of 625-square-metersfis-best-in
this-case-to-show-the-normalizedWe normalized the, damage in four classes from “no damage” (white) to “high
damage” (red) (Jeworutzki, 2010).

In Fig. 14 different patterns for the damages can be observed which are specific to each flood situation. For the
inner city of Freiburg the comparison shows that the damages in 1896 had been more concentrated along the
Dreisam river itself, while the one of 1991 had been more disperse around the modern city and also touches a canal
in the city. The map of the accumulative damages for 1896 shows that the smaller villages like Zarten have been
much more affected by the flood than the city of Freiburg.,

The background for this observation js the fact, that the part east of the city of Freiburg is(some of the tributaries of
the river Dreisam) were and are, not protected in the same way against floods: Fherethere, are no dams along the
river and the creeks. On-the-ether-handAnyway, there was an increase of human activities during, the last 100
years in this region, concerning settlements and industrial areas. The displayed tributaries are waterbodies of the
category II, and the responsibility of their flood protection lies in the hands of the communities, which hadn’t had
the financial resources and /or the knowledge to take the needed actions. Both developments led to the fact that the
pattern of the damages ir-thisregion-hason the tributaries had not changed very much between 1896 and 1991 in
total. However in the upper parts of the researched creeks the more damage was caused. However it had to be
noted, that due to a multitude of reasons the available data is in all likelihood not complete. So the spatial
distribution of the damages might to a certain degree also be influenced by the data availability,
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Spatial damage raster of the Dreisam catchment area

Figure 24-14. Normed damages of the floods from March 1896 (left) and December 1991 (right) near Freiburg

Spatial damage raster of the Dreisam catchment area
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Comparison of flooded areas of 1896 and 1991 with modern HQ50 and HQ100 risk maps,

.The comparison of the histerical-inundationflooded areas of the 1896 and 1991 eventsflood, with modern HQ50 and
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HQ100 inundation areas as published by LUBW (Regional planning authority of Baden-Wirttemberg) as part of ) { rormatiert: Schriftart: Nicht Felt J
the EU water directive (EU 2007) shows mere-differentiatedthat the modelled areas do not always correlate with [Formaﬁem Englisch (USA) ]
those which actually had been flooded in recent events. In addition it seems that important actions had not been [Formaﬁem Englisch (USA) ]
taken since 1991. So bridges, and WWW | [Formaﬁeﬂ_ Enalioch (U5R) ]
riverbed-and-smal-flood-protection-measurementstheir bases were establisched-{Riach2014)There-is-an-ongeing :

debate whether differencesnot up to a HQ100-event, because they, are due to-either weak constructed or their spread ~_[F°rmatie"t: Englisch (USA) )
was too small so that swells could be caused (Fig. 15). Even if the results from past flood events cannot be ,[F"matie"’ Englisch (USA) J
translated into modern akterationstimes without adaptation the comparison of the flooded area from the 1896 and [ Formatiert: Englisch (USA) )
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Figure 15:, Comparison of flooded areas of 1896 and 1991 with modern HQ50 and HQ100 inundation areas as+

published by LUBW as part of the EU water directive (EU 2007).

533 5.1.3 Mulhouse — Changes in flood frequency due to technical alterations, «

JFor the city of Mulhouse and the river 11l aan, analysis shows that technical alterations, in the case of Mulhouse the

building of a diversion canal (“Canal de décharge”), had positive effects on flood events and flooding of the city of
Mulhouse. There was only one major flood event in 1924 after the establishment of this bypassing channel. The

situation is very different for the rest of the Ill basin, where such strong technical alterations were not possible due
to water rights—,

In Figure 16 an inventory of the historic floods in the basin of the Ill and a classification in a scale of three levels of
damage is shown. Two separate chronologies are displayed, in order to compare the evolution of the number and
intensity of the damaging floods, respectively in Mulhouse and in the rest of the Il basin.

The comparison between the two chronologies turns out to be very instructive for the evaluation of the process of
increasing the safety against the flood risk for Mulhouse, which is mainly due to the role of the channel. Its
construction has an impact on the random effects of flooding (due to its indirect influence on the dynamics of

17

[Formatiert: Schriftart: 10 Pt. ]

Formatiert: Standard, Zeilenabstand:
Genau 10 Pt.

Formatiert: Schriftart: Times New
Roman, Fett

Formatiert: Englisch (USA)

Formatiert: Block, Tabstopps: Nicht
an 7,5cm

Formatiert: Standard, Links, Einzug:
Links: 0,12 cm, Abstand Vor: 10 Pt.,
Keine Aufzéhlungen oder
Nummerierungen

{
(
{
[ Formatiert: Schriftart: Nicht Fett
(
(
(
(

Formatiert: Englisch (USA)
Formatiert: Englisch (USA)
Formatiert: Englisch (USA)
Formatiert: Englisch (USA)

o G e A .




451
452

453
454
455
456

457
458
459
460

461
462

463

464
465
466
467
468
469
470

471
472
473
474
475
476
477

478
479
480
481
482
483
484

N

floods) and thereby on the vulnerability of the city, through the protection it provides, enabling the urbanization,
which became possible after its completion.

Until 1860 there is a high coherence between floods at Mulhouse and the rest of the basin as to the number and
intensity of the floods. So, the efficiency of the diversion canal has only become manifest very progressively. There
was a huge demand for building land, and the urbanization (factory buildings and housing estates) was carried out
in parallel with, and even in anticipation of the construction of the canal.-

And the new districts, working-class and industrial, developed on land liable to flooding, were those that proved

highly vulnerable owing to the weaknesses of the early versions of the canal. Conversely, after the year 1905 when
the final version of the canal was completed, Mulhouse appears clearly marked off from the rest of the Ill basin,
with fewer and above all less damaging floods (Martin et al., 2010; Martin et al., 2011).

WAT e WD W T 18 et AT Fabs 1900 W e 18

TG ks

T
WA E Y fEN TME O Sept 1D Feb MR v 15 T W 18 b O 20 o 10

L UG gtk i o

*

e s

sl vrvion
10w 2w

«gmtin a
of e tharme = bs e
o
-

£ of e
9 be

A

[Formatiert: Schriftart: 10 Pt.

)

[Formatiert: Standard, Zeilenabstand:

Genau 10 Pt.

|

[Formatiert: Englisch (USA)

Formatiert: Rechts: 0,27 cm, Abstand
Vor: 1,55 Pt., Zeilenabstand: Mehrere
1,13 ze

[Formatiert: Englisch (USA)

[ Formatiert: Rechts: 0,48 cm




485
486
487
488
489
490
491
492
493
494

495
496
497
498
499
500
501
502
503
504

505
506
507
508
509
510
511
512
513
514

515
516

517
518
519
520
521
522

523
524
525
526
527

va 6. Conclusions,

The—reconstruction—ofThe French-German transboundary project Transrisk demonstrates that it is possible to
identify, record and evaluate historical floeds-at-high-spatial-and-temperalresolutions-allows-flood events on both

sides of the border with high temporal and spatial resolution from documentary sources by using a common
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classification scheme. Often the sources itself contains additional information which allow for detailed insights into

flood hazard and flood hazard perception. Fhe-The derived 500 yearlong flood chronology identified different

Spatial patterns of flood concurrencies which reveal local, regional and supra--regional dimensions of flood events.
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Regarding the social-political context-due-to-the—restrictiveregulations—on—public-data—access—n—medern-times:

Flood-centrel, flood control was exploited for political objectives in many timestime periods on both sides of the

border-and-the. The border is_clearly, reflected in the risk perception but also risk management and risk assessment

elearly-. This aspect clearly shows the different history of the both nations as far as legal water-rights is concerned,
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evited.

The examples of the river Dreisam and Mulhouse show, that the derivation of damage maps from historical sources
as part of the vulnerability analysis is also possible. Especially the example of the river Dreisam shows, that the
vulnerability on minor tributaries could increase if the flood-protection measurements will not keep pace with the
development of the human occupations of the riverside, Since 2007 the flood risk management is controlled by the

EU--policies (EU 2007) but-we-see-many-differencesin-the-which does not extend to small tributaries, flood risk

management remains in the responsibility of the communities.

For the future it is necessary to focus on risk perception, risk acceptance and the communication structures between

the admlnlstratlon and the concerned persons reqardlnq the |mplementat|on 9n4heureg49naland49@al4evel—where

y a —of flood protection
svstems also on minor trlbutarles in conqested areas. This could Iead toa comprehenswe and integrative flood risk

management. The aim should be a holistic understanding of the flood risk management, which traces the changing
aspects in perception, policy decisions, assessment of technology and the role of risk- and public-discourse at the
interface between climate change and social conceptualization in their temporal dynamics.,
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Response to the referees on the HESS article
“Flood risk along the upper Rhine since AD 1480“ from Himmelsbach et al.

We, the authors, thank the reviewers for their constructive comments which helped improving the text. We
hope that we were able to edit the passages in question in an acceptable manner. Please find our
comments on the referee’s suggestions in the text below.

Anonymous Referee #1
Received and published: 13 February 2015

[...] My principal remark relies on the main scientific objectives of the paper:

these objectives should (in my opinion) figure more clearly, starting from the abstract
and the introduction. Some parts of the article suffer then from a lack of connection
between them, which contributes to reduce the organization and the coherence of your
results. For instance, the link between underlying the meteorological causes and the
risk management analysis should be developed and argued.

Those points had been addressed by the referee in greater detail in the sections below. Please find our
comments there.

The general visibility of the Figures has to be improved (use a bigger font, localize the examples on your
studied area by adding a small map in a corner of the figure, use a more contrasted colour for the
“natural flood plain” of the Rhine river).

We generally revised the figures, changed fond size and some color and added information (e.g. in form
of a general map) where necessary.

Some general remarks for each section
The title of the paper may be judged as too neutral and doesn’t point totally out your
approach. Maybe consider to change it for a more relevant one.

We agree with the point made by the revere and changed the title.

The abstract is tooshort, and doesn’t seem to represent all the objectives of your study. You should
maybe give more details on your methodology and your results in order to incite the reader. Insist more
on the originality of the studied area and of the solicited approach in a such way to promote the scientific
interest of the paper. During the introduction you point out

the interest of studying small catchments area but don’t develop this aspect anymore

in the rest of the paper, and especially in the conclusion. As in the abstract, the main

purpose of the study should clearly figure and be developed within the introduction

(historical analysis of floods events and relation between floods risk and vulnerability,

flood risk management?).

We agree with the revere and revised the abstract.

Concerning the methodology and the data set, the paper makes reference of the several
classifications schemes used in historical climatology and seems especially based

on the works of Glaser. It firstly would be necessary to develop the main criteria used

and show the main limits of each class. For instance, we don’t know exactly the difference
between the class “average damage” and the class “severous damage” without

looking at the referenced articles. It would be a good idea to represent these limits

inside the Table 1 (?).

We added the requested class limits into table 1 as suggested.
23
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Secondly, the uncertainties about dealing with historical information

are not mentioned. These uncertainties are yet a significant parameter to point out

in order to criticize the methodology (especially for quantitative data such as return periods
or economic values). For instance, comparing economic value of disasters from

different temporal and spatial scales raises many questions such as the data availability
through centuries.

In general we agree with the referee. Uncertainties are always an important aspect when dealing with
(historical) data. As far as our methodology comparing economic loss between two flood events from
different centuries goes, we however feel to have addressed that issue by normalizing the damages. We
have not claimed that the database we use will cover the entire losses of both events. Neither can that be
archived nor is it necessary for our approach. However we feel that the comparison we made — based on
the available data — is sound. We added a paragraph hinting to the likely incomplete dataset.

The analysis of the evolution of meteorological causes triggering to floods points out
some interesting points. It should however be relevant to bring some conclusions at the
end of this part and link this part with the vulnerability analysis. | would be more critic
about this second part of your results. In fact, you mainly compare the vulnerability
face to flood taking mainly into account the inundated area and the damages and don’t
really take into account the land-use evolution (except for the case study of Mulhouse
which is more detailed and quite clear). It would be interesting to link more the land use
and flood risk management evolutions in consideration for the two first case studies.
The second needs in that way to be more developed (it doesn’t seem very useful in
comparison with the others which are more detailed). We don’t know of which part of
the studied area you make reference within this part (it is the same for Fig. 15). The
studied of trans-boundary aspects should me bore linked to the rest of the study. You
mention many interesting points but the text should be related to the precedent points
developped in the paper (Why the study of local flood risk management is interesting
and influence or is influenced by the floods chronology?)

Maybe the title of this part should be review and focusing more on rivers and flood risk management?
You could also post section 6 before section 5, in order to explain the administrative differences between
France and Germany.

We discussed the suggestion of the referee to reorganize the text and found that idea helpful. We decided
to print paragraph 6 before paragraph 5.3.

Finally within the conclusions, some on the main results should be resumed and more
developed in order to illustrate why this paper can be considered as an original article
and is relevant for improving flood risk analysis (or depending from you initial
objectives). The conclusions given are not substantial and need to be revised. Some
perspectives should also appear.

Specific remarks:
P178, L21-26: You give some examples about flood risk management on small catchment
area in France. How is this management in Germany?

We added the requested information.

P179: Maybe insist on

the historical context of the studied area. How this historical context significant in your
analysis? For instance you didn’t mention that Alsace was attached to the German
government for almost 50 years. | would suggest to also insisting on the originality
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726  of the studied area: a local context marked by the presence of a significant river (the

727  Rhine) and a cross-border location. Concerning the meteorological aspects, maybe a

728  map could illustrate the annual rainfall on the studied area in order to shed the light on

729  the rainfall characteristics? You indicate the presence of numerous stakes inside the

730  region: are they spread over the territory in a homogenous way? (I especially think

731 about the little tributary of the Il River)?

732

733 We added a small map of the spatial distribution of precipitation. However we feel that this topic was
734 conclusively dealt with during the REKLIP project and we therefor want to refer to their web-page.

735

736  P180, L19: You wrote 15 tributaries instead of 14 mentioned on the page 179.
737

738  We apologize for the typo and corrected the passage in question.

739

740  P180, L24: The sentence “Had as of yet” seems incorrect. | suggest “Had yet been
741  conducted”?

742

743 We edited the passage in question.

744

745  P181, L1: The dash for “Flood-risk-management” seems unnecessary.

746

747  We apologize for the typo and corrected the passage in question.

748

749  P181: The data should be more detailed as well as it limits (cf. General remarks).

750  P181: | disagree with your affirmation indicating that most of the floods events in France
751  can be found before the 19th century. According to the table, it seems that there are
752 402 events from the 15th to the 18th and 799 events from the 19th to the 21th century
753  right? Next sentence: does the figure 2 only points out the gauge data or is it also

754  about written sources? (cf. remarks on methodology)

755

756  We substantially edited the passage in question and added information in the text.

757

758  P182: It would be better to give the number of the Figure after the date of the concerned
759 flood instead of at the beginning of the section.

760

761  We discussed that point. However we decided to maintain our system.

762

763  P182, L15: What is the general meteorological pattern responsible for this kind of

764  flood? | know it is located outside of the studied area but | would be interesting to

765  notice it from the literature.

766

767  We edited the passage in question and added some information.

768

769 P182: End of 5.1 section, Remark: A table similar to the table 2 and including the

770  number of floods within each group (and associated with the class of severity) would
771  be interesting to create in order to go further in the analysis.

772

773 We agree with the referee. However the organization of our dataset would make that task time
774 consuming, so that we unfortunately will go without that table.

775

776  P183, L15-17: Why is it important to collect data on timing and meteorological causes?
777 It would be necessary to affirm the aim of this information and link it to the objective of
778  your analysis.

779

780  We edited the passage in question and added information in the text.
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P184, L2: Are the changes in Fig. 7 statistically significant or simply due to sampling
variability?

We edited the passage in question and substituted the word significant.

P185, L11: Syntax problem: A link word seems missing between “modern” and “the
hydrological budget

We corrected the passage in question.

P185: | think the term of “vulnerability analysis” has to be taken with precaution. Maybe
give more examples of how useful can be your work for studying flood vulnerability? In
the same order, you may mention your methodology clearly: comparing the inundated
area from different floods on a same territory and analysing the damage location in
order to see the changes and the possible influence of risk management policies and
land use?

We substantially edited the passage in question and added information in the text.

P186, L6: FIG. 14: You need to locate the village mentioned in the text on the map,
unless we cannot verify your point.

We added a general map providing that information.
P186, L13: “The pattern of this region has not changed very much between 1896 and

1991” seems in contradiction with you last paragraph explaining the changes. Maybe
that's an assessment to do at the beginning of the section?

P185, L20: “Established” without the “c”.

We apologize for the typo and corrected the passage in question.

P186, L25: Spelling mistake: “an analysis”

We apologize for the typo and corrected the passage in question.

P. 186: “After 1991” isn’t supposed to be “After 1896”? We cannot judge of the situation
after 1991 from the map? What is the return period of these two events according to
your analysis (I think it has to be indicated)? What are the differences on damages

between these two floods?

We indeed meant “after 1991”. The passage in question gives additional information which exceeds the
information given in the maps. We substantially edited the passage in question and added information in
the text.

P186, section 5.3. As suggested on general remarks, | would suggest developing
or deleting this point. The merits of this case study are not clearly shown from your
comments.

We substantially edited the passage in question and added information in the text.

FIG. 15: We don’t know exactly where the area is located. You need to put another
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map on the left high corner in order to locate this region in you study area. We don’t
know which river this point is focusing on: is it still on the Dreisam River or is it one of
its tributary?

We added a general map providing that information.
P187, L1: | suggest to date the last major flood event (1924 according to the figure).
We added that information in the text.

P187, L25: Maybe indicate the subject of your comparison: “flood risk management?”
or “rivers management”? On” the research area instead “of” seems better.

We edited the passage in question.

P188: The older example of prevention cited is 1716, but the study is starting in 1480
: What was the situation before ? In a general way, how can you link this part with the
first ones and with the scientific interest of your study?

We substantially edited the passage in question and added information in the text.
P188, L22; P189, L14; P189, L24: after “:” do not start with a capital letter.
We apologize for the typos and corrected the passage in question.

P190: Your conclusions are short. | suggest developing briefly the main results coming

from your research (changes in flood chronology, evolution in vulnerability (or nonevolution)?).
You need to bring some new perspectives and highlights why the Transrisk

project contributed to improve the methodology on flood risk analysis. Do these results

can be used for Flood Directive?

M. Ertsen (Referee #2)
Received and published: 27 February 2015

[...] Basically, what | argue is that the paper should include more detail on the source material, including
the type, certainty, and socio-political context.

In general we do totally agree with the point taken by the referee. However we feel this discussion,
covering the region of the upper Rhine with its eventful history and an actual count of nearly 3000
described floods way overshoots the possibilities even of a long paragraph in this article, but would be
perfectly suitable for an paper of its own.

The introduction stands rather brief as is, ... (comment continued below)
We agree that the introduction was to short and revised the paragraph. See comments to referee#1.

(comment continued) ... and suggests that "small" and "large" can be compared as "weak" and "strong".
Even if this were to be correct for the cases to be discussed, it would still need to be shown.

We feel that we never implied that “small” could be compared to “weak” and “large” could be
compared to “strong”. We did not use the latter categories in the text, but only referred to the physical
size of the catchment areas researched. We apologize for a possible misunderstanding of our text.

In addition, the introduction could be used to position this study within the larger scholarly context of
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historical hydrology.

The paragraphs 3 and 4 as they are now, are hardly informative and could apply to any
study - even on those about very different topics.

We edited parts of paragraph 3 and substantially edited and added information in paragraph 4.

The interesting remark in 4 about the difference between France and Germany suggests that the
database is shaped through differential data sets. This is obviously well-known in history: the surviving
data are usually the data of the winners and at least of those who could write.

In order to be able to judge the validity of the hydrological argument, | would suggest

that much more emphasis on the historical argument is needed.

What do the different types of data mean?

We agree with the referee that our dataset on flood events in the upper Rhine region (covering nearly
3000 different events as of now) originates form a large variety of sources covering different
administrations and different political and social systems since 1480. This lies in the nature of things.
However we argue that information about floods are mostly free of value. Furthermore the method of
critical source analysis requires multiple hints to a single event to be regarded as “true” information.
Therefore we feel that our data is — at large — reliable.

Why are certain data sources better represented or not?

See comment to the point taken by referee#1 to p181.

Similar debates have been held within studies on fisheries, with historians suggesting that
treating historical material as neutral raw data is problematic, as these data (like the
actual catch and processes on board of ships) were at least partially manipulated within

the existing political economy.

We argue that concerning the motivation to edit / falsify data there is a large difference between
economic data giving information about trade value and the descriptions about flood events used in our
text.

Especially the transboundary aspects of the case in the paper would allow for a critical analysis on the
source material. This would improve the paper even further.

We substantially edited the passage in question and added information in the text.

28



