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Abstract. The question whether the magnitude and fre-1 Detection and attribution of changes in flood
quency of floods have changed due to climate change or hazard trends
other drivers of change is of high interest. The number of
flood trend studies is rapidly rising. When changes are deFlood trend studies have become a topic of high interest. Re-
tected, many studies link the identified change to the underly<ently, many studies investigating trends in flood time se-
ing causes, i.e. they attribute the changes in flood behaviouries have been published (e.g. Douglas et al., 2000; Zhang
to certain drivers of change. We propose a hypothesis testet al., 2001; McCabe and Wolock, 2002; Milly et al., 2002;
ing framework for trend attribution which consists of essen-Robson et al., 1998; Mudelsee et al., 2003, 2004, 2006;
tial ingredients for a sound attribution: evidence of consis-Cunderlik and Burn, 2004; Lindgim and Bergstim, 2004;
tency, evidence of inconsistency, and provision of confidenceKundzewicz et al., 2005; Pinter et al., 2006; Svensson et al.,
statement. Further, we evaluate the current state-of-the-art 3006; Novotny and Stefan, 2007; Hamlet and Lettenmaier,
flood trend attribution. We assess how selected recent studigZ007; Cunderlik and Ouarda, 2009; Petrow and Merz, 2009;
approach the attribution problem, and to which extent theirPetrow et al., 2009; Villarini et al., 2009, 2011; Delgado et
attribution statements seem defendable. In our opinion, theil., 2010; Bormann et al., 2011). Many of these papers iden-
current state of flood trend attribution is poor. Attribution tify changes in flood hazard, discuss potential causes for the
statements are mostly based on qualitative reasoning or eveadentified changes and attempt to attribute them, i.e. link de-
speculation. Typically, the focus of flood trend studies is thetected changes to certain drivers.
detection of change, i.e. the statistical analysis of time series, We understand flood hazard as a chance phenomenon ca-
and attribution is regarded as an appendix: (1) flood time sepable of causing inundation. Fluvial flood hazard is usually
ries are analysed by means of trend tests, (2) if a significancharacterized by the probability and intensity of high river
change is detected, a hypothesis on the cause of change fiows, for example in terms of flood frequency, flood mag-
given, and (3) explanations or published studies are soughtitude or flood quantiles. The impact of high flows and in-
which support the hypothesis. We believe that we need aindation on elements at risk, i.e. aspects of vulnerability and
change in perspective and more scientific rigour: detectiordamage, are not considered here. Furthermore, changes in
should be seen as an integral part of the more challengingime series can be of different types; for example, short-term
attribution problem, and detection and attribution should beversus long-term change, gradual versus abrupt change, peri-
placed in a sound hypothesis testing framework. odic versus episodic change. For simplicity we use the terms
change and trend synonymously, i.e. a trend is not necessar-
ily a gradual change.
In this opinion paper we focus on attribution of flood haz-
ard trends. We look at studies that analyse observational time
series of flood indicators, and — in case of detecting change —
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relate this change to potential drivers. The question to whichassumed driver; for simplicity, we term them data-based and
extent the probability of occurrence of a single past floodsimulation-based attribution. The data-based approach com-
event has been influenced by a certain agent of change is ngiares flood time series or their statistics with those of the
in the focus of our study. However, since there are method-assumed driver, for example, by evaluating the correlation
ological similarities, the most recent developments in attribu-between the time series of the potential cause and effect vari-
tion of changes in hazard of a single natural event to externahbles. This approach has frequently been used when the link
drivers (Stott et al., 2004; Kay et al., 2011; Pall et al., 2011) between flood trends and climate drivers has been investi-
will be touched. Our restriction to observed time series alsogated. It assumes, however, that other conditions, such as
implies that we do not discuss the approaches that attemgand use, have remained stationary or have been of minor
to estimate future changes in flood behaviour, for exampleémportance over the period of investigation. An example is
as consequence of climate change, or modelling studies thahe study of Cunderlik and Burn (2004) who compare the
investigate the consequences of certain (hypothetical or reaBimilarity of the regional trend in monthly maximum flows
agents of change. An example for the latter would be a studyf southern British Columbia and that of climate variables.
which analyses the change in the 100-yr flood for differentTo measure the plausibility of the link between the flow
scenarios of urbanisation in the catchment. and climatic data, they perform cross-correlation analysis on
The terms detection and attribution are used in this pa+esiduals of the original series after subtracting all serially
per as they are given by IPCC (2007): “detection” is demon-dependent components. Another example is given in Pinter
strating that a change has been observed that is significantlgt al. (2006) who calculate correlation coefficients between
different (in a statistical sense) from what can be explainedime series of flood peaks and cumulative basin precipitation
by natural internal variability. An observed change is said tofor different intervals prior to the peak (1-30days) for the
be detected if its likelihood of occurrence by chance due toRhine basin at the gauge Cologne.
natural variability alone is small. Hence, detection is primar-  The simulation-based attribution approach uses simulation
ily a statistical argument, without explaining the causes formodels to identify the causal link between observed trend
change. “Attribution” is the process of establishing the mostand the assumed driver. The observed change in flood be-
likely causes for the detected change with some defined levahaviour is compared to the change simulated with a hydro-
of confidence. Attribution is understood to demonstrate thatlogical model which considers in its forcing and/or parame-
the detected change is consistent with the responses of thterisation the assumed drivers of change (such as land use
system to the given drivers, and not consistent with alternachange or climate change). One of the advantages of this

tive, physically plausible explanations. approach is that one is able to identify the relative impor-
When aiming at detection and attribution of changes intance of the different drivers if suitable models for these
flood hazard, we are faced with several problems: drivers exist. This advantage comes, however, at the expense

of the uncertainty which is involved in the simulations. To

our knowledge, there are no published studies that try to at-
tribute observed trends in flood hazard to the possible drivers
via the simulation based approach. The study of Hundecha

— Flood time series may show complex behaviour: theyand Merz (2012) seems to be the first step into simulation-
may vary at a range of time scales and floods may clusPased flood trend attribution. The authors drive a hydrolog-
ter in time; different moments of the time series may ical model with a large number of realisations of station-
behave differently, e.g. decrease in the mean flood andary and non-stationary meteorological time series, respec-

at the same time, an increase in variability (Delgado ettively, to support or falsify that observed flood trends are
al., 2010). climate-driven. Similarly, Hamlet and Lettenmaier (2007) in-

vestigate changes in flood quantiles in western US, resulting
— Different drivers frequently act in parallel in a catch- from hydrologic model simulations driven by two synthetic
ment, and there may be interactions between them. Taperturbed spatial temperature patterns: one de-trended, and
ble 1 gives examples of drivers of change and associate@nother one corresponding to the present temperature con-
variables. Changes in flood behaviour are the integraljitions. Hamlet et al. (2007) investigate among others the
response of the catchment to these different drivers angrends in simulated runoff timing and intra-annual redistri-
to their interactions. bution of runoff volume and try to attribute them to changes

— Some driver-effect mechanisms are well understood and” '€MPerature and precipitation by fixing drivers one-at-a-
quantified. However, the knowledge about many Othertime to the monthly climatological value. Although the latter

driver-effect mechanisms is still limited (@chl et al., two studies are conceptually very close to the study of Hun-
2007). decha and Merz (2012) and hence very valuable in order to

understand climate-related flood changes, they do not fit into
There are two basically different methods for quanti- our definition of flood trend attribution studies, since they do
tatively relating detected changes in flood hazard to an

— Flood time series often show high natural variability and
a low signal-to-noise ratio, given the usually available
series of observations.
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Table 1. Examples of drivers of change in flood hazard and associated variables.

Compartment  Processes Variables Drivers of change
Atmosphere Meteorological forcing of Temperature, total precipitation, Natural climate variability at
catchment water fluxes. precipitation intensity, snow cover, different time scales,

snowmelt, seasonal distribution of climatic  anthropogenic climate change.
variables, seasonality of floods.

Catchments Runoff generation and Infiltration capacity, runoff coefficient, Urbanization, deforestation,
concentration. water storage capacity. wildfires, agricultural management practices,
drainage of wetlands and agricultural areas,
construction of flood retention basins.

Rivers Flood wave propagation, River morphology, conveyance, roughness, River training, reduction in river length,
superposition of flood waves.  water level, discharge, inundated area. construction of dikes, groynes and weirs,
operation of hydropower plants and reservoirs.

not compare the simulated change in flood behaviour with Evidence of inconsistendg showing that the detected
the observed change. change in flood characteristics is inconsistent with changes

In this opinion paper we appraise the state-of-the-art ofdue to alternative possible drivers. If more than one driver
flood trend attribution. In chapter 2 we discuss the necesof change is acting in a catchment, and since we observe
sary ingredients of flood attribution studies: what is neces-only the integral response of the catchment to all the act-
sary to attribute flood trends? Then we evaluate selected rang drivers, attribution requires evidence that the observed
cent studies on flood trend attribution and assess to whiclthange has not been caused by alternative drivers. Evidence
extent they consider these ingredients, and to which extenof inconsistency is necessary to avoid confirmation bias, i.e.
their attribution conclusions are defendable (chapter 3). Wehe tendency to favour information which confirms existing
finally present our thoughts towards the improvement of thepreconceptions or hypotheses (e.g. Nickerson, 1998). Con-
scientific practice in flood hazard attribution (chapter 4). We firmation bias results, among others, from biased search, i.e.
would like to note that our focus in this paper is the attri- searching for information consistent with one’s hypothesis.
bution problem in flood hazard studies. This focus does notAnother source of confirmation bias is biased interpretation,
imply that the closely related topic of change detection is ofi.e. hypotheses that do not meet one’s expectations are con-
less importance (see e.g. Merz et al., 2012), or that detecfronted with higher standards of evidence. Biased search in
tion studies without attribution are meaningless. Robust deflood hazard trend studies would mean, for instance, that
tection, based on a number of different statistical tests andve preconceive a climate signal to be responsible for the
on reliable and long observational time series, may providedetected change in flood behaviour, and that we are look-
useful information even without attribution. But in our opin- ing only for evidences that confirm our expectation, such
ion, the attribution problem has not received the necessaras changes in flood-related meteorological variables in the
attention. catchment during the study period.

The requirement for arovision of confidenckevel asso-
ciated with our attribution statement results from finite ob-
servational data, limitations in our knowledge of the system

2 Hypothesis testing framework for attribution as well as from the uncertainties of our modelling tools used
in the attribution. A confidence or uncertainty level acknowl-
Reviewing the definition of attribution, we find three ingre- edges these limitations and attempts to quantify the strength
dients of attribution: evidence of consistency, evidence of in-of our attribution statement in terms of a likelihood state-
consistency, and provision of confidence level. ment, expressing how likely it is, given the available data,
Evidence of consistencig showing that the detected that a certain driver or set of drivers caused the observed
change in flood characteristics is consistent with the assumeghange in flood characteristics.
drivers of change. For example, if we detect a change inflood In their discussion of climate change impacts)®ihl and
magnitude in a given catchment and hypothesize that a cliMontanari (2009) propose to distinguish between hard and
mate signal is responsible for this change, then we need tsoft facts. They consider future changes in air temperature
show that the effect of this climate signal translates into theas a hard fact, whereas future changes in mean precipitation
observed change in flood hazard. Hence, the strength of ouat continental scale are considered as soft facts, and changes
evidence of consistency is based on our ability to demon-n extreme precipitation as speculation. Similarly, we pro-
strate the relationship between cause (e.g. climate signal) angose to distinguish between hard and soft attribution. Attri-
effect (e.g. change in flood behaviour). bution studies that show both consistency and inconsistency
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with a decent amount of reliability qualify as hard attribution, Bormann et al. (2011) attempt to prove the inconsistency of
whereas all other studies may be seen as soft attribution.  flood hazard changes with river training measures undertaken
at the point of analysis. It, however, does not allow a general
statement about the inconsistency with anthropogenic river
3 How is attribution approached in flood trend studies?  changes which may have been undertaken upstream of an in-
vestigated gauge.
We review recent flood trend studies published in the scien- Among the attempts to support the attribution statements
tific literature. We focus on those attempting to interpret themade, there is surprisingly little effort to reliably quantify the
detected changes in terms of the effects of possible driversassumed cause-effect relationship, and there is even less ef-
Since our focus is trend attribution, we do not consider stud-fort to falsify alternative candidate drivers. A very popular
ies which are limited to trend detection. To be included in approach is to cite literature which is interpreted as support
our review, a paper must start from a detected change ifor the own claim. Those cases where we see the strongest
flood behaviour, and must include an attribution statementlink between drivers and change in flood behaviour are based
i.e. it must state that the observed flood trend is caused byn correlation analysis between driver time series and flood
certain drivers. Given this perspective, the number of papersime series. However, even in these cases there are questions
decreases rapidly, although there is a wealth of papers oononcerning the validity of the attribution. For example, of-
changes in flood behaviour. Frequently, no clear trends aréen precipitation is correlated with flood variables. Unfortu-
detected, or there is no attribution statement associated withately, the relationship between precipitation and flood mag-
the detected changes. nitude or frequency is not well-defined. Precipitation is spa-
Table S1 (in the Supplement) summarises published andially and temporarily highly heterogeneous, and it is not ob-
peer-reviewed studies which detect changes in flood hazvious if and how a certain precipitation variable, integrated
ard and include attribution statements. In order to evaluatever a certain time period and a certain spatial extent, is re-
the state-of-the-art in flood trend attribution, we limited our- lated to flood magnitude or frequency at a given gauge.
selves to ten studies. Although this selection contains a sub- Recalling our proposed framework for flood trend attribu-
jective element, we attempted to select publications whichtion, we find that all papers belong to the group of soft attri-
present the spectrum of attribution approaches that are in udeution; there is not a single paper which gives convincing ev-
in the hydrological community and which are, therefore, typ- idence of consistency, convincing evidence of inconsistency,
ical. The table contains in a very condensed form the esand which provides a measure of confidence. In some cases,
sential characteristics of each study (investigated flood beattribution statements are made which are not even further
haviour, data and methods used, main results and final attridiscussed; or the attribution is supported by reference to lit-
bution statements). In particular, it contains an assessmerdrature but when we looked into this literature we could not
of the ingredients of attribution, i.e. we appraise if and how find this support. A further observation is that the studies tend
the studies attempt to provide evidence of consistency, oto attribute the detected flood trends to a single driver or a
inconsistency and assess the reliability of their attributionvery limited selection of drivers (e.g. climate and river train-
statement. ing) disregarding the remaining drivers or assuming their ef-
The studies considered in our review approach the attrifect to be negligible.
bution of detected flood trends mainly through an attempt to In our opinion, attribution of flood trends has not received
show consistency. The attempts range from referring to liter-much attention. Although authors frequently give the cause
ature that provides certain indications of expected changesf a detected change, they do not spend much effort on sup-
(e.g. Bormann et al., 2011; Villarini et al., 2011) to own porting their claim. Among the ten papers, there is not a sin-
consistency analyses (e.g. Cunderlik and Burn, 2004; Pintegle one which considers all three ingredients of attribution.
et al., 2006). Classifying the attempts to show consistencyTo our knowledge, this statement is also valid for other stud-
into quantitative and qualitative reasoning, most of the pa-ies that are not contained in our overview. We have the im-
pers restrict themselves to qualitative reasoning, i.e. the aupression that flood trend attribution is not handled according
thors explain the change in flood behaviour by some changéo its complexity and relevance. The lion’s share of the work
in another variable (precipitation, circulation patterns, agri-is devoted to detection by statistically analysing flood time
cultural practises etc.) without quantitatively linking changes series. If changes are detected, a hypothesis on the cause of
in the assumed driver to the change in flood behaviour. Evi-change is given, and explanations or published studies are
dence of inconsistency was in several cases based on choossught which support the hypothesis. Hence, attribution is
ing undisturbed catchments (e.g. Cunderlik and Burn, 2004treated as an appendix to detection studies.
Hannaford and Marsch, 2008). Only Mudelsee et al. (2003)
explicitly checked the inconsistency of trends in flood haz-
ard with a local anthropogenic forcing, namely the increase
of reservoir volume over time. The specific gauge analysis
(SGA) carried out by, for instance, Pinter et al. (2006) and
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4 Some thoughts on ways forward floods the increase in the runoff coefficient may be consid-
erably less pronounced and even practically negligible, since
4.1 Single-driver versus multiple-driver approach it may already be high, for instance due to antecedent rain-

fall which saturated the soils. Similarly, the influence of flood

Table 1 illustrates that there are many potential drivers ofretention basins may become negligible for floods which sig-
change affecting river systems and catchments. Although waificantly exceed the design flood. If the candidate drivers in
suspect that several drivers act in parallel in most catchmentsg given catchment act on very different temporal, spatial or
frequently flood trend attribution statements in the hydrolog- severity scales, this behaviour may help to support or falsify
ical literature are limited to a single driver. This single-driver certain hypotheses on causes of change.
approach may be adequate in case of one driver dominat- Multiple-driver attribution requires much more effort and
ing change in flood behaviour. However, the question “Is adata than single-driver attribution. A particular problem
single-driver explanation adequate for the given catchmentis that in many catchments information on past interven-
the time period studied and the investigated flood charactertions is not easily available. However, this additional ef-
istics?” is rarely discussed. fort should not stop us from trying to assess the effects of

We propose that any attribution study should give accountdifferent drivers on observed changes in flood behaviour.
of the drivers that may have impacted the flood behaviour.Savenije (2009) gives a number of examples for cases where
At least, an attempt should be made to list the drivers thathydrologists have limited their analysis to certain domains
may have played arole. When there are several candidates fand have failed to see important interactions and feedbacks:
drivers of change, a further question is: is it possible to distin-a too limited view on hydrology led to apparent anomalies
guish between their impacts on flooding? In some cases a difthat could only be explained by looking beyond the limits of
ferentiation may be possible, since drivers of change act orsub-disciplines. Similarly, we argue that we should not pre-
different time, space and severity scales, and they have diffematurely narrow our view by limiting ourselves to the candi-
ent consequences for different flood characteristics (Merz etlate driver which we perceive as dominant cause for change.
al., 2012). For example, dam construction and implementa-
tion of river training measures have rather short time scales o#.2 A look over the rim of a tea cup: fingerprinting and
afew years, hence, their effect on flood characteristics should  fraction of attributable risk
be visible as step change or short-term change. Most land use
changes develop with time scales of decades and centurieklnlike flood trend attribution, the problem of attributing ob-
They have a long-term effect on flood hazard and the changserved climate change signals to potential drivers has been
in hazard might develop slowly. approached in a more systematic way over the past three

Many drivers of change are also associated with spatiadecades. The state-of-the-art method for attribution used in
scales. For instance, flood retention basins have a certain ar¢he climate research community is optimal fingerprinting
of influence. Their effect on the flood hydrograph is great- (Hasselmann, 1997, 1993; Allen and Stott, 2003). The ap-
est immediately downstream of the basin and, depending oproach is based on multivariate regression in which a field
the characteristics of the retention basin and of the flood, itof an observed climate indicator is represented as a linear
may not be seen much further downstream. Other drivers otombination of signal patterns (fingerprints) that are simu-
change, such as climate change and climate variability, ddated by a climate model under external forcings plus a noise
not have such an obvious relation to spatial scales. It is evefield, which represents a realisation of the internal climate
hypothesized that these drivers may be insensitive to the spaariability. The scaling factors that are used to weigh the sig-
tial scale (Bbschl et al., 2007). However, an indirect link nal patterns are meant to adjust the amplitudes of the signal
may be given by the changing dominance of flood types atpatterns to achieve best matching with that of the observa-
different spatial scales. High-intensity, short-duration rain-tion. The approach is “optimal” in that it allows estimation
fall events frequently dominate the flood behaviour in small of the scaling factors that maximise the signal-to-noise ra-
catchments, whereas other processes such as long-lastinig, thereby increasing detectability of the signal due to a
synoptic rainfalls or snow accumulation and snow melt are offorced climate change. It has been applied in the detection
major importance in many large basins. Since climate changef changes in climate variables and attributing them to ex-
may affect different flood process types differently, also cli- ternal forcing (Hegerl et al., 1996; Min et al., 2011). De-
mate change and climate variability may be related to spatiatection of the external forcing signal in the observations is
scales. achieved by testing the null hypothesis that the scaling fac-

Finally, drivers of change may be associated with floodtor corresponding to a given forcing is zero. If it is signifi-
severity scales. Some drivers of change may influence onlgantly different from zero, a signal is detected. Attribution of
small floods, whereas others may affect large floods. For exthe detected change to the given forcing is then performed
ample, an important effect of urbanization may be an in-using an attribution consistency test, which involves testing
crease in the runoff coefficient. This may have significantthe hypothesis that its scaling factor is unity. This basically
influence on flood peaks for smaller floods. For very largemeans that no scaling of the amplitude of the response signal
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is needed so that it best matches the pattern of change comnd P1 are the probabilities of a variable in a reference sys-
tained in the observation field. The climate indicator used intem state and in a perturbed state given external forcing, re-
the analysis can be a field that represents a spatial pattern @pectively. FAR represents the portion of risk (in our nota-
may additionally contain a time dimension. Estimates of thetion: hazard) that cannot be explained by the probability of
natural internal variability are obtained from a long control occurrence in the reference system state (Stone and Allen,
simulation. The approach can be implemented using a singl@005). Pall et al. (2011) use this idea in order to assess the
response pattern (Hegerl et al., 1996), where detection of anthropogenic greenhouse gas contribution to the flood haz-
signal of a single forcing or combination of different forc- ard in England and Wales in autumn 2000. They generate
ings in the observation is performed separately, or multipleseveral thousand climate model simulations of autumn 2000
response patterns (Hasselmann, 1997), which allow simulweather, both under realistic conditions and under condi-
taneous dectection of signals of different forcings and quantions had these greenhouse gas emissions and the resulting
tification of the relative contributions of the different forcings warming not occurred. The results are fed into a hydrologi-
to the changes in the observations. The implementation usingal model to simulate daily river runoff events. Finalg0D
multiple response patterns has been applied to distinguish thend P1 are estimated as the fraction of runoff events that
effect of greenhouse gas, greenhouse gas-plus-aerosols asgceed a certain flood threshold under realistic weather and
solar forced climate change (Hegerl et al., 1997). under no-warming weather, respectiveBO and P1 need
Provided that one can identify the most important driversnot necessarily be viewed as crisp probabilities but can be
of changes in extreme flows and estimate them with reatreated as probability distributions representing sampling or
sonable confidence levels, the optimum fingerprinting ap-modelling uncertainties. Like optimal fingerprinting, FAR is
proach offers an attractive analytical framework for attribut- a consistent quantitative approach to the attribution problem,
ing changes in extreme flows to these drivers. The approachnd therefore, it can potentially be applied to the problem
would even enable us to identify the relative importance ofof attributing changes in the hydrological system, including
each of the drivers in the detected changes. In a work, whiclthanges in flood hazard due to changes in climate, land use,
is conceptually loosely related to this approach, Hundechaiver training or other drivers.
and Merz (2012) attempted to detect change signals in model
simulated extreme flows driven by non-stationary meteoro-4.3 The role of uncertainty in flood hazard attribution
logical drivers that are similar to the changes detected in the
observations. The work was limited to detecting the changeDur analysis of the state-of-the-art of flood trend attribution
signal due either to precipitation or temperature changes antlas shown that the attribution statements come without a
identifying the relative importance of each of the two vari- statement on the confidence of the attribution. The impor-
ables in the change pattern contained in the observations. Usance of providing uncertainty statements in hydrology has
ing the optimal fingerprint approach the work can potentially often been discussed. For instance, Beven (2008) proposes
be extended to include other drivers such as changes in lantb referees, editors and hydrological journals that they in-
use and implementation of river training works. sist on the presentation of uncertainty estimates in modelling
One of the premises of the optimal fingerprinting approachpapers. In the context of flood trend attribution we would
is that the variable whose change is to be detected and atike to highlight in particular the problem of natural climate
tributed should be estimated with high signal-to-noise ratiovariability which usually translates into high natural variabil-
and that it should be consistently estimated using differenity of flood time series. The observed flood peak discharges
models under a given driver. This necessitates carefully sehave to be seen as a single realisation of a stochastic process,
lecting a measure of extreme flow that is not unduly sensitiveand since we are interested in flood flows, the available data
to both the uncertainty in the drivers and parameterization obase to derive the statistical characteristics of this process
the hydrological model implemented in the analysis. The ef-is sparse, and hence, the sampling uncertainty is large. The
fect of uncertainty of drivers can be assessed through usingeneration of many synthetic realisations of flood time series
ensembles of drivers in the estimation of the response signals a way to assess the effect of natural variability on sam-
as has been done in Hundecha and Merz (2012). Similarlypling uncertainty. In the context of flood attribution this ap-
the sensitivity of the response to the hydrological modellingproach has been used by Hundecha and Merz (2012) by cou-
can be assessed through sensitivity or uncertainty analysis gfling a weather generator to a time-continuous hydrological
the hydrological model. model. In climate change attribution studies, natural climate
A special metric, which can be derived from the optimal variability is usually estimated from long control simulations
fingerprinting methodology by spatial averaging of the trendand/or several climate model realisations with perturbed ini-
patterns and estimating their distribution, is the fraction oftial conditions. By using their output as forcing to a hydro-
attributable risk (FAR), originally developed in the epidemi- logical model, natural climate variability can be transformed
ological sciences and recently established in the climate reto natural variability in flood time series.
search community (Allen, 2003; Stone and Allen, 2005; Pall There are many other sources of uncertainty in flood trend
etal., 2011). FAR is defined as FAR =1P0/P1, wherePQ attribution studies. In this respect flood trend attribution is
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similarly plagued with uncertainty as other quantitative as-seasonality and flashiness of the runoff regime may allow
sessments in hydrology. Besides the sampling uncertaintyaluable insights into changing flood processes (Parajka et
related to natural variability, the simulation-based approachal., 2010; Holko et al., 2011).
to the attribution problem is inherently confronted with un-  Finally, we call for more scientific rigour in flood detec-
certainties in model formulation, parameterisation and inputtion and attribution studies. The quite often used approach to
data. Consideration of these uncertainties is essential and dsupport own detection results and attribution statements by
sirable, if data availability and computational resources al-references to related works should be viewed with caution
low, in order to reliably discern the effects of drivers. For and does not substitute own attempts to show consistency or
example, Monte-Carlo based assessments of parameter, iniaconsistency, unless the cited works establish an unambigu-
tial and boundary condition uncertainties are an already well-ous link (related to the responsible variables, consistent time
established approach to support the reliability assessment gferiods etc.) to the changes under study. The mere discussion
flood attribution studies. of possible causes of detected changes is helpful to formu-
late hypotheses and to identify the candidate drivers and their
4.4 Hypothesis testing framework and scientific rigour possible impact mechanisms. However, this should not sub-
stitute the attempt to show consistency, show inconsistency
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