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Abstract

There is increasing interest in past occurrences of flooding from intense rainfall, commonly referred
to as ‘flash flooding’, and the associated socioeconomic consequences. Historical information can
help us to place recent events in context and to understand the effect of low frequency climate
variability on changing flash flood frequencies. Previous studies have focussed on fluvial flooding to
reconstruct the temporal and spatial patterns of past events. Here, we provide an online flood
chronology for the north and south-west of England for flash floods, including both surface water
and fluvial flooding, with coverage from ~1700 to ~2013 (http://ceg-fepsys.ncl.ac.uk/fc). The primary
source of documentary material is local newspaper reports, which often give detailed descriptions of
impacts. This provides a new resource to inform communities and first responders of flood risks,
especially those from rapid rise in water level whose severity may be greater than those of
accompanying peak flow. Examples are provided of historical flash floods that exemplify how the
chronologies can help to place recent floods in the context of the pre-instrumental record for: (1)
more robust estimates of event return period, (2) identification of catchment or settlement
susceptibility to flash flood events, (3) characterisation of events in ungauged catchments.
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1. Introduction

River flow archives typically provide the most readily available source of information regarding past
flood events. However, many national gauging networks were not established until the mid-20%"
Century (Hall et al.,, 2015; Mishra and Coulibaly, 2009), with a focus on mesoscale and larger
catchments. Over the last forty years there has been increasing interest in historical hydrology, with
the use of documentary archives to temporally extend knowledge of the incidence of flood events,
assess the role of climatic variability and to place recent large floods into a historical perspective
(Brazdil et al., 2006). A major focus has concerned fluvial flood events, in particular on developing
methods to quantify peak water levels and peak flows in the pre-instrumental period (e.g. Bayliss
and Reed, 2001; Benito et al., 2004; Leese, 1973; Macdonald and Sangster, 2017; O'Connell et al.,
1998; Stedinger and Cohn, 1986; Wetter, 2017). Reporting on the incidence of historical surface
water and flash flood events in ungauged catchments has received much less attention.

Historical descriptions of floods are clearly less precise than river gauge data and associated
measurements and observations of recent flood levels. However, historical descriptions can often
provide good details of water levels in extant buildings and flood extent which can be compared
with more recent observation. This potentially allows the investigation of whether recent large
floods have historical precedents, thereby providing a better indication of rank and hence
probability of occurrence (e.g. Archer et al., 2017). However, consideration is required of historical
changes in channel conditions. A potential limitation of newspaper articles is the lack of a consistent
standard for reporting flood events, both in terms of the selection of events and details provided,
and a bias towards urban areas. However, the provision of information from ungauged catchments
and surface water flooding, which are rarely reported by national hydrological agencies, with good
temporal dating, provide a valuable resource.

Within the UK, previous partial compilations of flood histories have been made on the basis of
epigraphic flood markers (Macdonald, 2007; NERC, 1975), historical documents (Potter, 1978) and
historical newspaper accounts for a limited region (Archer, 1992). The Chronology of British
Hydrological Events (http://cbhe.hydrology.org.uk/) now provides a reasonably comprehensive
record of historical fluvial flood events throughout Great Britain up until 1930, with scattered
records thereafter (Black and Law, 2004). Macdonald and Sangster (2017) also provide a national
analysis of spatial and temporal flooding since 1750, with an emphasis on large river catchments.
Similar studies have also been performed across Europe; see for example the papers within special
issues of the Hydrological Science Journal (Brazdil and Kundzewicz, 2006) and Hydrology and Earth
Systems Science (Kiss et al., 2014).

The 2007 summer floods have increased attention on the impacts of intense rainfall in the UK. A
succession of intense rainfall events in 2007 resulted in deaths and widespread flooding affecting
55,000 properties and businesses (EA, 2007; Pitt, 2008), with approximately two-thirds of incidents
associated with surface water flooding (Hurford et al., 2012). The Pitt Review of the 2007 floods
recognised the benefits to surface water risk assessment of using local knowledge and an
understanding of historical flood events to constrain hydraulic modelling (Pitt, 2008). It has also
been suggested that historical information can maintain and raise awareness of past events, for
example through the creation of physical markers on buildings and sites of historical disasters (Shaw
et al., 2005), but it could also be used to provide information on the historical susceptibility of a
particular location to flooding.

In the UK there is no organisation responsible for maintaining an archive of flash floods and
therefore no ready access to information on the occurrence and severity of past events or to the
vulnerability of particular locations. Borga et al. (2011) argue that a comprehensive archive of flash
flood events is required to advance analyses of flood climatology, hazard and vulnerability.


http://cbhe.hydrology.org.uk/

Additionally, the lack of knowledge of flooding in small settlements, often located in ungauged
catchments, has been one of the motivations for the compilation of the EA Rapid Response
Catchment (RRC) inventory which identifies catchments and settlements that experience a rapid
onset of flooding that poses a hazard to people and the presence of vulnerable populations (EA,
2009). A record of the occurrence of intense rainfall events has also been maintained by the UK
Meteorological Office (Met Office), which published annual British Rainfall reports from 1863 — 1968
(Symons British Rainfall from 1863 to 1900). However, since recording gauges are sparse and intense
rainfall is often localised, many severe flash floods have occurred (and still occur) without
information from accompanying ground-based rainfall gauges. Increasing reliance is being placed on
rainfall radar, but its reliability can be impaired in the most extreme events (Sandford et al., 2017).

The SINATRA project (Susceptibility of catchments to INTense RAinfall and flooding), funded by the
UK Natural Environment Research Council (NERC), was initiated in 2013 to enhance the
understanding of the physical attributes and impacts associated with flooding from high-intensity
convective storms. This allowed historical chronologies of flooding from intense rainfall to be
compiled for northern and south-west England, using newspaper archives and historical documents
dating back to the 1700s. These chronologies have many potential usages, for example to enable
comparisons to be made between recent and historical floods, to judge flood rarity and, from a
practical point of view, to assess the adequacy of urban drainage networks (Archer et al., 2017).

This paper presents the newly compiled flood chronologies of past flash flood events, describing:

1. The basis for the inclusion of an event within the database;

2. The documentary materials used in the compilation of the chronologies;

The selection of descriptive material for an individual event that is relevant to risk
assessment;

The associated assessment of rapid rates of rise in water level and discharge;

The incorporation of the chronologies into a database;

A brief summary of the occurrence of historical flash flood events;

An outlook on future uses of the flash flood regional chronologies.

Nous

2. Developing Regional Flash-Flood Chronologies

Chronologies of flash flood events have been compiled for nine regions, collectively covering
northern and south-west England (Table 1 and Figure 1). Each entry in a regional chronology refers
to a given date on which one or more intense rainfall events were reported in that region. There are
three chronologies for Cumbria, focusing on the River Eden, River Derwent (and Cumbrian coastal
rivers) and the South Lakes District (including the Leven and Kent rivers) and also three chronologies
for Yorkshire, focusing on the River Swale, the North York Moors (the Esk, Rye and Derwent rivers),
and south Yorkshire (the Ure, Nidd, Wharfe, Aire, Calder and Don rivers). The additional three
chronologies are for North East England (Northumberland and County Durham), Lancashire and
south-sest England (Cornwall and Devon). The rationale for choosing these areas was on the basis of
geographical proximity to the authors, given the need to make repeated visits to county offices and
libraries, with south-west England being of particular interest as it has experienced several of the
most devastating flash floods in Britain (Hand et al., 2004).



Table 1 The nine flash flood chronology regions and number of database entries

Region Number of entries
Cumbria, Derwent 288
Cumbria, Eden 250
Cumbria, South Lakes District | 468
Lancashire 557
North East England 430
South Yorkshire 622
Swale, Yorkshire 145
North York Moors, Yorkshire 195
south-west England 751
Total 3,706
QY

Derwent, Cumbria ©
Eden, Cumbria e
Lancashire @

North East @

North Moors, Yorkshire A
South Lakes, Cumbria A
- South West ¢
South Yorkshire ¢
" Swale, Yorkshire ¢

Figure 1 Location of places mentioned in the flood chronologies, separated by region

2.1 Flash flood characteristics considered for inclusion

There is no generally accepted definition of a ‘flash flood’ or a ready means of distinguishing
between a flash flood and a slow-rising flood. Implied or explicit definitions of flash floods in other
environments do not seem appropriate to British conditions. Individual flash floods in southern
Europe have mainly been defined by extreme rainfall totals and peak discharges (e.g. Huet et al.,
2003; Lefrou et al., 2000). Gaume et al. (2009), who compiled an inventory of 550 extreme flash
floods in seven European countries, suggested that flash floods are generally associated with rainfall
exceeding 100 mm within 24 hours. For conditions in the United States, Georgakakos (1986)
suggested a catchment response time of less than 6 hours to define a flash flood, but in Britain this
definition would include, what may be considered in many catchments, slow-rising floods.
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Archer and Fowler (2018) provided a definition of the characteristics of British flash floods caused by
intense rainfall (i.e. excluding flash floods arising from dam or embankment failure). The speed of
onset is considered the most significant feature, with a very short ‘threat response time’ - defined as
the time from the initial perception of a flood to the occurrence of a level posing a threat to life and
property. Threat response times are generally <1h but may be virtually instantaneous, and
manifested as a ‘wall of water’ with near instantaneous rise in level of a metre or more (Archer,
1994; Archer and Fowler, 2018). Such events may pose a danger to life, even when the associated
peak is not exceptional. Similarly, flash floods (crues rapides) have previously been defined with
respect to the speed of onset by Douvinet and Delahaye (2010) on the plateaus of north-western
France in a landscape and climate similar to South East England. Flash floods typically occur in small
catchments, with areas of a few hundred kilometres or less (Hapuarachchi et al., 2011; Kelsch, 2001),
and may also be accompanied by destructive hail and cause severe erosion of hillsides and
agricultural land.

Intense rainfall is a necessary, but not sufficient, condition for the initiation of a flash flood (Loczy et
al., 2012). A precise definition of ‘intense rainfall’ in relation to the initiation of a flash flood is not
appropriate as catchment characteristics also need to be taken into consideration; for example, the
natural and constructed drainage network, topography and the antecedent conditions. However, the
short-duration intensity of rainfall is typically greater than 40 mm/hr, although in urban areas
surface water exceeding drainage capacity often results from higher intensities over much shorter
durations (e.g. Phillips, 2003). These intense rainfall events are normally convective and may result
from localised individual cells or from mesoscale convective systems, with orography also having an
important role in enhancing and concentrating these events (Browning and Hill, 1984; Hand et al.,
2004). Given their typically convective origin, events generally occur during the summer months of
June, July and August, although events have occurred as late as October or as early as April (Hand et
al., 2004).

In compiling the flash flood chronologies, our focus was on the extended-summer period from April
to October. As a consequence, winter floods, which provide the majority of annual maximum floods
in most British catchments (Black and Werritty, 1997; Mediero et al., 2015) and normally result from
persistent rainfall associated with frontal storms and snowmelt, have been excluded (with
exceptions). As the boundary between flash floods and slow-onset floods remains imprecise, some
events outside the extended-summer period have been retained where the speed of onset or
meteorological origin was uncertain.

2.2 Documentary Sources

The selection of documentary sources was made on the basis of accessibility, continuity of records
and reliability. Exhaustive searches of the monthly Gentleman’s Magazine held at the British Library
(years accessed: 1731-1800) and continuous runs of regional newspapers stored in the electronic
British Newspaper Archive (~1700 to 1950) were performed. Post-1950 issues of regional
newspapers were accessed at local libraries and county record offices. Post-2000 events were
primarily identified through internet searches. (The North East, South Yorkshire and Lancashire
Chronologies are complete to 2015 and all other the Chronologies to 2013, with the dates reflecting
the year of compilation.) During the electronic searches of the Newspaper Archive, the keywords
‘flood’ and ‘thunder’ were used to identify events; the term ‘flash flood’ did not come into usage
until the mid-1900s. Additionally, miscellaneous documents including parish registers, ecclesiastical
records, Quarter Sessions bridge accounts and academic journals were searched. Several prior
compilations of events were consulted, including ‘Land of Singing Waters’ (Archer, 1992), covering
Northumbria, the doctoral thesis of Williams (1957), covering the River Swale in Yorkshire, and the



British Chronology of Hydrological Events (Black and Law, 2004). It was noted that reports of
flooding are often repeated verbatim in multiple newspapers; the source quoted in the Chronologies
is the first encountered in the search.

2.3 Meteorological Information

The purpose of the chronologies is to document rapid-onset floods, including both surface water and
fluvial events. To aid in selecting the dates of identified events for inclusion (and to focus electronic
searches), the annual publication, British Rainfall 1863 — 1968 was also inspected. These publications
provide details of meteorological conditions associated with notable rainfall events and gauge
depth-duration totals for ‘heavy falls in short periods’. For the period from 1970 to present, we used
the Climatological Observers Link (COL; www.colweather.org.uk/) monthly bulletins to provide
details of intense rainfall and the associated observers’ descriptions of events.

All relevant information was extracted from the documentary sources. This included the location of
the flood, the associated meteorological conditions, the occurrence of hail, the magnitude and
extent of flooding, the flood depth in buildings, any fatalities from drowning or lightning strikes, any
animal losses, details of bridges and buildings damaged by flood or lightning and information on
severe channel erosion. Material was included relating to geographical features impacted, thereby
providing a basis for comparison with more recent events. Additionally, remarks on the speed of
onset of events, especially where this posed a risk to life, are included where available, given this is
the principal characteristic of flash floods on the basis of our definition. An example entry is
provided in Table 2.

Table 2 Example of a Flood Chronology entry

Geographical region south-west England
Date 1850-05-31
Description Thunderstorm lasting more than 2 hours. Tavistock streets were

flooded; 1 foot deep in the Post Office. It was a sheet of water in the
cattle market being level with the coping of the wall, erected from the
Guildhall to the Abbey Bridge. A man sitting on the wall was washed

over into the river which was low at the time — he survived.

Source North Devon Journal, June 6%

Meteorological information | Tavistock 1.3 inches in 1 hour at Tavistock library

2.4 Impact Severity

An initial classification of the entries based on impact severity has been performed using database
searches for keywords. Calianno et al. (2013) provided a methodology to classify and rank the
impacts of flash flood severity using contextual comments and information contained within survey
data sets. Similarly, Stevens et al. (2016) identified descriptive terms used in the UK Meteorological
Office and the UK Centre for Ecology and Hydrology climate summaries to create a classification,
recognising the need for supplementary data from newspaper reports. Primarily on the basis of
Stevens et al. (2016) the entries have been assigned to 3 classes. The most severe impact entries,
Class 3, involve the loss of life and causalities, evacuation and destruction to buildings and
infrastructure. Terms selected for Class 2, intermediate impact events, indicate a degree of rarity or
high severity. All other events are assigned to Class 1, which are assumed to have localised impacts.

2.5 Rates of Rise (RoR) Analysis




The speed of onset of fluvial floods is a key characteristic of flash floods and can be identified in
hydrometric records of water level (stage) and discharge in digitised 15-minute interval records. As a
separate component of the SINATRA project, a ‘rates of rise’ (RoR) analysis was carried out to
guantify those rates and to assess their probability of occurrence. Analysis was carried out on 2578
flow and stage records provided by the Environment Agency covering the period up to 2013, with
802 stations having at least 20 years of observations. For each record, the moving lag-1, lag-2, lag-4
and lag-8 differences were calculated, resulting in RoR time series based on 15-minute, 30-minute,
1- and 2-hour sampling intervals, respectively.

A Generalised Pareto distribution was then fitted (by maximum likelihood estimation) to threshold
exceedances in each RoR series, using the “fpot’ function in the R package ‘evd’ (Stephenson, 2002).
The resulting statistical models were then applied to estimate return periods (expressed in years) of
the most extreme such rapid RoR events.

A component of this analysis is incorporated within the Flood Chronologies for south-west England,
and is also used within this paper to illustrate an example of rapid RoR for a flash flood on the River
Rye in North Yorkshire.

2.6 Database Compilation

The Flood Chronologies are available as an SQL database, which has been used to create online
interactive web pages. Several additional processing steps have been performed in creating the
database. Firstly, place names mentioned in the event descriptions were identified using the
Ordnance Survey ‘Open Names’ GIS data layer, which provides the locations of 44,000 settlements
within Britain. Given that place names are often not unique, the geographical extent of the data
layer was restricted during identification, typically to the county[s] to which the particular
chronology applied. Further manual inspection was performed to remove any incorrect matches that
may have arisen, for example, due to a place name forming part of a street or road name. Secondly,
additional data from a national set of daily rainfall gauges was obtained for the identified flood
events for use in the creation of interactive maps, thus providing an indication of the associated
rainfall event’s spatial extent and intensity. For 1863-1968, the ‘heavy falls on rainfall days’ data in
the British Rainfall publications have also been included within the database. These data have
previously been extracted from digital copies (MacDougall, 2010), but the locations of the gauges
are not provided. Gauge locations were obtained from the Met Office archives and later copies of
British Rainfall (from the 1960s), within which locations are provided. Blenkinsop et al. (2017)
provide a national data set of quality-controlled tipping bucket rainfall gauge data at a 1hr time
resolution. For consistency with British Rainfall, these data have been aggregated to daily totals
(9am-9am) and incorporated into the database. However, few gauges are available prior to 1990. A
future update of the interactive web pages will extend the rainfall data content to include this
newly-quality-controlled 1hr rainfall gauge data and a 1hr 1km gridded dataset across the UK
(Blenkinsop et al., 2017; Lewis et al. submitted).

The interactive web pages derived from the chronologies comprise: (1) the entries searchable by
keywords and (2) interactive maps, showing rainfall, and searchable by place. These are publicly
accessible at http://ceg-fepsys.ncl.ac.uk/fc. Each of the nine chronologies is provided on an
individual webpage. Figure 2 shows an interactive map for an entry from the south-west Chronology
for Ottery St Mary (2008), providing daily rainfall totals and the descriptive text.
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[1] The low centred pushed into France early on the 30th and a N'ly flow became established across the British Isles; embedded
troughs gave bands of precipitation to many areas during the day. Shortly after midnight there were localised and intense
thunderstorms over parts of E Devon. Devon and Somerset Fire Service described the situation after 30cm of halil fell in the
OTTERY ST MARY area as 'absolute chaos'. Floodwater rose up to 1.2m with precipitation falls of 60mm and over being reported
during the storm. Some people in remote houses were airlifted to safety. Devon and Somerset Fire and Rescue Service said 25
people were rescued from flooded homes in OTTERY ST MARY and FENITON. Susanne Reed, from the fire control centre, said it
was the worst flooding she had seen in 25 years. 'It got worse and worse and one crew got stuck in a 6ft [hail] drift,' she said. During

Figure 2 Example entry from the south-west Chronology showing daily rainfall totals (blue circles) in the vicinity of Ottery St
Mary, October 2008.

The spatial extent of the flood chronologies is provided in Figure 1. Each marker depicted on the
map shows the location of a place identified in a flood event description. A total of 1836 places are
mentioned, of which 347 are classified as hamlets in the Open Names data layer, 1034 as villages,
351 as towns, 20 as cities, 16 as suburban areas and 68 are unclassified urban areas. It is noted that
202 places mentioned in the chronologies are also included in the EA Rapid Response Catchment
(RRC) inventory (which has a total of 393 places in England and Wales), 201 of which are assigned
the classification ‘very extreme hazard’.

3. Results

3.1 Regional time series of events

Figure 3 shows, for each chronology, the number of entries provided for each decade, 1700 to 2000,
inclusive (there are only a small number of entries prior to 1700). Taking into consideration the
decadal variability, prior to 1850 there are typically fewer entries which may reflect the lack of
establishment of regional newspapers, which increase in number over the 1800s. Additionally, there
have been changes in exposure over time, as a result of increasing populations and numbers of
dwellings, and construction of flood defence measures.

The temporal clustering of flood events within the UK, into flood-rich and flood-poor periods, has
previous been analysed, primarily using river flow records. During the instrumental period there was
a flood-poor period in the 1970s and a flood-rich period post-2000 (Hannaford and Marsh, 2008).
Macdonald and Sangster (2017) constructed historical flood chronologies for 12 British catchments,
from 1750-present, using instrumental river flow data and historical water levels derived from
documented descriptions. They identified the 1850s, 1875-1885, late-1940s, mid-1960s and 2000-
present as flood-rich periods.

Although the focus here is on summer flash floods, there is a degree of correspondence between the
frequency of flash-flood entries per decade and previously identified flood-rich periods in Figure 3



(black bars indicate the previously identified flood-rich periods). The correspondence is strongest for
the River Eden, Lancashire and the North East, for which at least three of the decades with the
highest number of entries correspond to a flood-rich period. However, Macdonald and Sangster
(2017) did note regional variations in the timings of flood-rich periods and the chronologies
presented here include surface water floods and fluvial floods in headwater catchments that may
not have previously been identified. This means that care should be taken in the interpretation of
the temporal variability of entries, given that each is weighted equally but some entries are
associated with large and widespread impacts.
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3.2 Contrasting North East and south-west England

Here we explore the two most detailed chronologies, for south-west England and North East
England, in greater detail. For south-west England, digital archives were available for seven local
newspapers (combined coverage from 1800-1950), and visits were made to the county record
offices of Cornwall and Devon where cuttings from local newspapers were available for 1950-2007.
Archer (1992) provides a detailed account of flooding in Northumbria, which was supplemented by
newspaper archives maintained by Newcastle City Library, where cuttings for the categories of
climate and flooding have been separately maintained.

The seasonality of the entries in the regional chronologies is provided in Figure 4, with the colour
coding of the stacked bars indicating the number of events in each of three categories of impact
severity (where Class 3 is the most severe). The monthly distribution of events is consistent with the
seasonality of UK hourly extreme rainfall (Blenkinsop et al., 2017; Hand et al., 2004). The percentage
of events in the summer period (June-August) is 63% and 50% for North East England and south-
west England, respectively.
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Figure 4 Number of entries for the North East England and south-west England regional chronologies, with impact severity
classifications indicated (black: Class 3, dark grey: Class 2; light grey: Class 1).

The frequency of some different terms used in the flood descriptions within the North East England
and south-west England regional chronologies are provided in Table 3. Despite the different source
material used to compile the two chronologies, the frequency of terms used is similar (when noting
the different number of entries in each region). It should be noted that in some cases a fatality may
refer to livestock, for example: “A cart and horses was washed away in crossing a normally very
small stream; the horses were drowned and the occupants rescued with difficulty.” (June 21, 1828,
Exeter and Plymouth Gazette). Given that this event posed a threat to life, it was retained in Class 3.
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We have assigned each entry to a single impact severity class based on the highest ranking term
contained within the text description. Particularly in North East England, there are few high
magnitude events in the winter (December to March) and spring periods (April-May) (see Figure 4).
This, in part, reflects the methodology for event selection, in addition to the dangers posed by flash
floods.

Table 3 Frequency of terms used in North East NE and south-west SW Chronologies

Term NE SW Class

death 5 8

drowned 29 34

disastrous 0 4 o
destructive 5 4 3. High impact
destroyed 19 38

devastation 0 6

evacuated 12 2

notable 1 5

major 4 17

unprecedented 4 6

significant 2 3

substantial 0 3 2. Intermediate impact
severe 67 95

widespread 25 42

serious 35 39

extensive 12 12

considerable 24 25

localised 8 15 1. Low impact

The number of entries per year is provided in Figure 5, colour coded by the impact severity
classification. The 10-year moving average of the entries for both regional chronologies shows peak
frequencies centred on about 1880, 1900, 1930, 1965 and the late 2000s. Stevens et al. (2016) also
noted a high incidence of reported floods between 1910 and the mid-1930s, a low incidence until
the 1960s, followed by a gradual increase. This may possibly be linked to long-term variability in
large scale drivers such as the North Atlantic Oscillation and/or the Atlantic Meridional Overturning
Circulation (Kendon et al., 2018).
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grey and black, respectively)

3.3 lllustrative Examples

Three examples are briefly described here to indicate how the chronology might be used to assess
both catchment/location susceptibility and catchment response to flash floods. The first example
provides information regarding the history of flooding prior to the flood experience of resident , the
second demonstrates how recent floods can be placed in the context of the pre-instrumental record,
and the third provides information on rapid response in ungauged catchments.

1. North Yorkshire Wolds

The Yorkshire Wolds are a chalk outcrop in North East England, characterised by a low drainage
density network and seasonal streams. Despite the permeability of the chalk, there is a history of
flash flooding from convective rainfall events. For example, Clark (2007) reported a number of
thunderstorms (1657, 1888, 1892 and 1910) in a usually dry valley that caused flash floods which
inundated the downstream village of Langtoft.

The reporting of a severe flash flood in May 1800 in the Thixendale valley, 18km to the west of
Langtoft, places this flood risk into a different perspective, that of a ‘rapid response catchment’. The
following account of the Thixendale flood taken from the North East chronology is drawn from
several newspapers:

“Soon after the storm abated the houses were suddenly inundated by a large body of water which
came down the valley like a large wave and in a few minutes almost every house had three feet of
water in it. Inhabitants were obliged to take to their chambers or to the hillsides. One child in a
cradle which filled with water was saved by a girl who broke a window into the house to rescue the
child. The houses were all left with 4 inches of mud in them. In its descent from the summit of the
hill the flood left two holes in the rock nearly six feet deep. The flood continued its course to
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Raisthorp and Birdsall, a large body 30 yards broad taking with it all the hedges and fences. At
nearby Leavening and Acklam numbers of sheep were washed away and drowned and the posts and
rails of an enclosure together with the banks were carried for some distance.”

Further analysis of the North East chronology provides evidence that flash flooding is a common
phenomenon in the Yorkshire Wolds, although the majority of reported events were prior to 1950
(Figure 5). Following the summer 2007 floods, which affected much of England including the Wolds,
several reports highlighted a lack of local flood knowledge (Haughton et al., 2015). In response, the
East Riding of Yorkshire Council compiled a record of historic flood events to gain additional
knowledge of how and where flooding may occur (ERYC, 2011), although it is noted that the
inventory is not as comprehensive as chronology presented here.
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Figure 6 Floods reported in the Yorkshire Wolds from the North East Chronology.

2. Helmsley and River Rye, North York Moors

The catastrophic floods that hit Helmsley on 19 June 2005 were widely reported on national
television and in the press (Cinderey, 2005). Parts of Helmsley and neighbouring villages, particularly
Hawnby, were devastated, with many houses flooded, some being structurally damaged. Cars and
caravans were swept away by the swollen streams; one car being found 8km from where it had been
parked. No human lives were lost but many animals were drowned. Wass et al. (2008) estimated the
rainfall return period in the Upper Rye catchment at 400 years, but the flow return period at over
10,000 years. An estimate of 400 m3/s peak discharge, based on reconstructions of the peak flow for
the River Rye at Broadway Foot using modelling and wrack mark (maximum water level) data, was
11 times QMED (the median annual flood flow). The extreme conditions appeared to deserve the
description of ‘unprecedented’ and there had been no floods to approach the magnitude of the
2005 event within living memory. However, our historical evidence shows that an equal or more
severe flood occurred in Helmsley in October 1754:

The Universal Magazine (1754, p. 235) notes: "A sudden inundation of the river Rye happened at
Helmsley in Yorkshire, such as had never been known by the oldest people in those parts, probably
occasioned by the late heavy rains. Two houses were entirely washed away, the one inhabited by
James Holdforth, he and his whole family drowned, except his wife, who being sick in her bed, was
carried down the stream half a mile, and at last washed off into a field, where she was found the
next morning very little hurt. The other house belonged to John Sunley, was also drowned, and all
his family. In the whole thirteen persons”. John Pape’s diary noted that eight houses were driven to
the ground. There were no accompanying accounts of rainfall intensity, but the flood was far more
widespread than the 2005 flood, with bridges destroyed or damaged north and south of the North
York Moors. From this we may infer that the event was larger than that in 2005.

14



Bringing historical evidence into estimation of return periods (with two similarly extreme events in
250 years) provides a different perspective on flood risk, in comparison with the return periods of
the 2005 flood as estimated by conventional methods (i.e. based on peak river flows or levels). At
Broadway Foot, some 2km downstream of Hawnby, river gauge records are available from the mid-
1970s. During the June 2005 flood, the river gauge recorded increases in water level of 1.43m over
15 minutes, 2.39m over 30 minutes and 3.4m over one hour (these data were recorded on the rising
limb of the flood hydrograph, just before the gauge was damaged by the flood). These exceptional
RoR in June 2005 are clearly visible in the context of the longer instrumental record in Figure 7(a),
although there have been several other relatively extreme, but smaller, events in recent history.
Figure 7(b) shows that the most extreme RoR events in the instrumental record have occurred in
summer months.

= Length of rise
, (a)
® 15 minutes
©a 30 minutes .
& 41 hour
TS
g ¥
oy A
O ™
14
*
£ o ]
. A
- s s s 22, B 2
o | alesnsifateth lociindein s e ohol o atdofiiiile. ribash .a.hm
T T T T
1980 1990 2000 2010
Year
~ Length of rise
.1 (b)
minutes
© . 30 minutes .
w £ 1 hour
=
E T
o iy
O o
o
*
™ n
. A
— — . ot [ . »a .
Slmm e o ok 2 & K 8 B &
T T T 1 T T 1 1 T T T

I
J F M A M J J A S o} N D

Month of year (Jan = 1)
Figure 7 Rates of rise (ROR) in water levels at Broadway Foot river gauge, expressed on a common scale in metres per hour

for sampling durations of 15 minutes, 30 minutes and 1 hour: (a) Historical time series; (b) Seasonality (data points jittered
within each month for visual effect, to avoid over-plotting).

Calculating return period estimates using the instrumental data gives ca. 880 years, 431 years and
561 years for RoR in water level over 15-minute, 30-minute and one-hour durations, respectively, as
shown in Figure 8(a-c). These analytical results are consistent with an interpretation of the historical
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documentary evidence that suggests RoR in water level may be far more likely than the <1/10,000
annual exceedance probability (i.e. >10,000 year return period) ascribed to the peak flow rate in
June 2005 by Wass et al. (2008).
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Figure 8 Statistical analysis of extreme rates of rise (RoR) for water levels at Broadway Foot river gauge. Peak RoR (rescaled
to the hourly equivalent rates) are plotted against return period, estimated with generalised Pareto distribution models
(solid curves) fitted to the ROR extreme observations (symbols, matching Figure 6). Short dashes indicate 95% confidence
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intervals. Also plotted are rank-based plotting position estimates of the return period of the observed extremes (‘x
symbols). The numbers in parentheses are the estimated return period and ROR of the June 2005 event.

3. Braunton and the River Caen North Devon

Recent and historical floods have affected the town of Braunton on the ungauged River Caen which
flows into the estuary of the River Taw in north Devon. Flooding of property from inadequate
drainage of surface runoff has been most frequent, but serious winter floods from the overtopping
of the River Caen have occurred on several occasions. A recent winter storm on 26 November 2016
caused flooding in South Street, Caen Street, Challoners Road, Station Road and Velator Road, whilst
serious flooding also occurred in December 2012 and December 2004. However, perhaps the most
severe event experienced in Braunton was a summer flood on 5 June 1931 caused by intense rainfall
in the headwaters of the River Caen. British Rainfall notes a daily rainfall of 2.31 inches (59mm)
measured at 09.00 on 5 June mostly fell in a 1.5 hour period from 06.30 to 08.00. The flood water
reached Braunton at about 09.30. The Chronology of British Hydrological Events (CBHE) also
describes this event but omits some of the following details on the hazards of rapid onset. Reports
from the North Devon Journal and the North Devon Herald are summarised below:

Spreacombe: “’The trouble arose from a cloudburst on Roddaway. We had no warning whatever of
the approach of the flood; before we knew where we were the raging torrent swept down upon us
flooding everything in its path. My workmen and | could do nothing but run for our lives.” To escape
the farmer jumped on a large corn chest but within a few seconds it was floating around in the barn;
he then scrambled for a high oak beam and made his way to the stable adjoining. Two cows ready
for milking were swept away. Horses were up to their necks.

Braunton: At one stage the Caen was already high when inhabitants were amazed to see a small
bore nearly a foot high surging down the New Challoners Road. The rapid rise did not allow for
remedial response and practically every building in the vicinity was flooded. The Square was entirely
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inundated and at the other end of the Main Street the water poured over the railway crossing
carrying outbuildings. It poured down South Street like a stream. An observer noted: “The water
came from Heddon Mill like a tidal river, the streams having burst their banks were restrained in
their progress by bridges over which the muddy torrent mounted”. In Caen Street the water was 5
feet deep.

Such a summer flood has, in addition to the flood peak, the added hazards of the short lag time
between the occurrence of rainfall and the onset of flooding and then a rapid or near instantaneous
RoR. Flood warning and response must be tailored to these added hazards. This historical
information is able to provide information on flow response in this ungauged catchment, helping to
define it as a rapid response catchment.

4. Discussion and Conclusions

The flash flood chronologies provide a unique time series of flood events arising from intense
rainfall. These complement the Chronology of British Hydrological Events (CBHE) by focussing on
rapid onset flood events (including consequent risk to life), associated meteorological hazards of
lightning and hail, and morphological impacts, which may in some cases be linked with information
about flood depths or extents. The methodology and compilation of nine flood chronologies has
been described, which collectively comprise a total of 3,706 entries, dating from the 1700s. This long
data set provides a wealth of information on historical events, opening a number of avenues for
future research.

The chronologies provide valuable insights for flood risk assessment and management. For
improving flood risk assessments for peak discharges in rivers, the effective use of historical and
local data can be expected to lead to more effective spending on flash flood risk management (EA,
2017). In the case of surface water flooding, design of sewer systems or Sustainable drainage
systems (SuDs) can be better targeted. Frequency analysis may further underline the importance of
not overlooking risks stemming from extremely rapid rises in water levels, which could in some cases
provide a more likely, or impactful, hazard than the associated peak river flow, as in one of the
examples explored here. To aid flood practitioners, it would be useful to further combine the
chronologies with quantitative data relating to catchment characteristics and geomorphology for the
identification of high risk settlements. For example, this could be used to extend the Rapid Response
Catchment inventory (EA, 2009). Given that intense summer rainfall events are projected to become
more frequent in the future (Kendon et al., 2014), many places that have not previously experienced
flash flooding may become vulnerable, and places that have flooded historically may suffer exposure
to more frequent, and larger, events. Much of the information contained within the chronologies
will also be useful in flood event reconstruction, such as information on the extent of flooding
(streets and land marks impacted) to estimate past discharges and levels. These are critical for the
design of flood alleviation measures.

The use of historical flood records, flash floods or otherwise, to assess future impacts depends to
some extent on the long-term stationarity of climate. The stationarity assumption in flood risk
management has been challenged by the magnitude of current hydroclimatic change with global
warming. Milly et al. (2008) argued that stationarity should no longer serve as a central default
assumption,however, there have been dissenting voices (Lins and Cohn, 2011; Matalas, 2012).
Villarini et al. (2009) note that it may be easier to claim non-stationarity than to prove it through
analysis of actual data. Indeed, historical databases highlight natural climatic variability affecting the
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frequency or magnitude of flash floods. For example, Archer et al. (2017) on the basis of these
Chronologies drew up a decadal time series of the occurrence of flash floods in North East and
south-west England suggesting a greater decadal frequency during the late nineteenth and early
twentieth centuries than during the last 60 years of more readily available observations which are
typically used for future impact assessments.

Relevance for assessing future risks also depends on effects of changes in catchment or channel
conditions especially for surface water flooding in urban areas. Changes in the urban surface
permeability (likely to increase flood risk) and improvements to subsurface drainage (likely to
decrease flood risk) may have altered the risks at given locations. However, in extreme events where
the rainfall intensity is far in excess of the design capacity of both current and historical drainage
systems, surcharging of sewers and surface flows exceeding gulley capacity may lead to ponding of
surface water at the same critical points in spite of urban expansion. Archer et al, (2017) describe an
example in Newcastle upon Tyne North East England, where the same location was flooded at
intervals by intense rainfall from 1833 to the most recent incident in 2012.

Additional analysis of the database is needed to provide greater insight regarding the meteorological
conditions and the impacts associated with flash flood events. This may complement ongoing
attempts to link occurrences of high intensity rainfall with synoptic weather patterns and
teleconnections for the understanding of long-term trends in flood frequency (e.g. Jacobeit et al.,
2003).

So far, regional chronologies have been compiled only for northern and south-west England. The
extraction of data is time consuming but, given the unique value of the database, it is recommended
that the analysis be extended to cover the whole of the United Kingdom, accompanied by wider (and
periodically updated) quantification of RoR from gauged data.
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