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Abstract

Alice HarveyFishendenLearning from past droughts: reconstruction and understanding
from Staffordshire

Drought is a global threat, including in the ,WHth drought typically defined as a deficiency

in rainfall relative to the climatic norm of a region. Drought research in England has
predominantly focused on the south of the country reflecting the presence of long rainfall
series, with an uneven distution across the countrysincemost series focused on cities,
and limited research in the Midlands. Greater understanding of past droughts and water
supply practices in Staffordshire may help understand past societal vulnerability and
adaptability. Thishesis exploreseconstruction of droughts and understanding of droughts

in Staffordshire in partnership with the Staffordshire Record Office (CDA partner). It
examines how records of droughts survive in archives and examines the impact of droughts
on the cevelopment of water supplies and infrastructure within the Staffordshire redton.
investigates the ways in which records of past drought can be found in the archive, and
approaches to drought reconstruction from documentary evidence. It engages thec publi
with drought research and explores public perceptions of drought. In doing so, it identifies a
lack of understanding about droughts in Staffordshire, with potential implications for water
management strategies in the face of increasing demand and peleintpacts of climate
change. It constructs a long chronology of drought impacts for the Staffordshire region,
demonstrating varied and sustained impacts. It highlights the potential of personal diaries
for precipitation reconstruction and as sources faought reconstruction by presenting a
repeatable methodology for collecting and indexing weather records from personal diaries,
which has produced good correlations with nearby instrumental rainfall series. It
demonstrates that droughts played an importardle in the early development of the

industrial canal network, particularly construction of large reservoirs.
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Introduction

This research was undertaken during an Arts and Humanities Research Council Collaborative
Doctoral Awardstudentship (AH/N005147/1, Learning from the pgstxploring historical
archives to inform future activities: societal responses to past droughts) in partnership with
the Staffordshire Record Office, with supervisors in Geography (Macdonald) and History
(Buchanan) at the University of Liverpool. This defined the scope of the work, and introduced
some essential elements to the project, such as working with volunteers, public outreach and
working with archive material from Staffordshire, whilst maintainirigaus on the theme of

the project droughts and water shortages. Beyond these compulsory aspects the thesis

could be developed in any direction.

1.1 World Drought

Drought is typically defined as a deficiency in rainfall relative to the climatic norm of a region
(Namias 1981 )therefore, droughts can occur anywhere in the world, including in the UK.
Worldwide, droughts are a serious hazard; analysis of theDAW daabase(CRED 2019)
identifies that droughts were the primary cause of losses of life associated with natural
hazards during the twentieth century, with over half of all deaths from natural disasters
drought related(Below et al. 2007)The majority of theseleaths occurred within the first
half of the century.Droughts can cause food and water shortages, with implications for
health, and this results in deatlis some case@Norld Meteorological Organization 2014)
However, loss of lifeonnected to droughin the late twentieth and twentfirst century is
rarely simply the result of a natural event, butstead the product othe complex inter

relationship betweerdroughtand social, politicadr cultural failinggSen 1981)

Globally, recent droughts, inaling the droughts of 20117 in CalifornigKkam et al. 2019)
201517 in Cape Town, South Afri@ooysen et al. 201@nd 19952010 and 2017 to present

in Australia(Australian Government Bureau of Meteorology 2019; Kiem and Austin 2013)
have refocussedttention on past droughts andvater management practices, as well as
planning for future water supplies and poli@®erber and Esteban 2019; Simpson et al. 2019)

In continental Europe, the 2003 drougamnd heatwavehas been used as a benchmark and



compared to past drought@Vetter et al. 2014)The concept of drought has been discussed
and reviewed extensively by Yevjev{&867) Dracup et al1980) Wilhite and Glantg1985)
Panu and Sharm&002) Mishra and Singl§2010) and Sheffield and Woo011) In
considering droughtMishra and Singf2010)building on Wilhite and Glan{4985)identify

five classifications of drought: meteorological, agricultural/soil moisture, hydrological.

groundwater and socie@conomic, with impacts both temporallyd spatially variable.

1.2 Drought in the UK

The UK climate is inherently variabl@th extremes of wet and dry weather, often in quick
succession. In 2012, for example, prolonged drought was followed by a very wet summer
(Kendon et al. 2013Between 180 and 2006, England and Wales experienced nine major
droughts, as well as other less extensive or intense drou@ssh et al. 2007)Within the

UK there are two commonly used reference drough@/6in Southern and Central England
and 1996in NorthernEngland, illustrating how droughts often have a regional focus with

associated impacts.

Droughts are a recurrent feature of the UK climated demand for water is growingo
managing and predicting droughts is a major concern for water supply comp@ioek
2016) Increasingly, UK water providers are considering both short andtéwngdrought

risk within Drought Resource Management Plans (as required by the Water Act Z208)
provide regionally focused drought histories, though timespans varysacproviders.
Recently Lennard(2016)worked with Severn Trer{the water company which supplies the
Midlandg to investigate drought severity, characteristics and generating mechanisms in the
region These findings have been incorporated into the Severn Trent Drought Resource
Management Plan(Severn Trent 2018)In the Anglian regignSpraggs et al. (2015)
reconstructed historic droughts andmnodelled the potential impact of these events on
modern reservoirsnodelled The results of this analysis habeen used in the Anglian water

resource management and drought pla@siglian Water 2019)

In light of climate change, it has been predicted that droughts may become more frequent
and have more severe impactsthe UK(Met Office 2018) A pattern of increasingly wetter
winters and drier summers in the UK has been widely repdiBzidfa et al. 2009; Jones et al.
1997; Kendon et al. 201,f)owever this has recently been challenged followingvaluation

of historic data(Murphy et al. 2020b)The result is considerable uncertainty in how future



droughts may change and the implications of these events for communities and society,

which amplifies the need to understand past conditions and impacts.

Studying past ughts can provide evidence for future scenaritais understanding of past
extremes, their management aritleir impact is essential in order to prepare for worst case
scenarios and inform future decisianaking(Rey et al. 2017)t is also important to fing in
human stories and societal understanding of climate change when considering future
vulnerability and resiliencgAllan et al. 2016)in addition to the possible benefits of research
into past droughts for future management, stories of past drougkperience can have
educational value, and help contextualise a potentially abstract concept such as drought,

about which there is often a lack of awareness.

In the UK, recent work has investigated past droughts and their potential impact on modern
water aupplies(Cook 2016; Lennard et al. 2015; Spraggs et al.; 2@l et al. 20133nd the
historic impacts of droughtéran Lieshout 2016; Pribyl 2019; Pribyl and Cornes 2019; Stone
2014; Waddington 20D).

1.3 Temporal and Spatial framework

1.3.1 Tempordramework
This thesis will deal mostly with the eighteenth and nineteenth centuries (c:1900).

There are three main reasons for this:

i) The focus on the eighteentimd nineteenthcenturiesreflectsa wealth of qualitative
archival evidenceFrom the eipteenth century onwards, it becomes more common
for diaries and letters to survive in archivéthese areften unanalysedbut have
the potential to contain weather informationThe UK has some of the longest
instrumental weather records in the worlayith instrumental records beginning in
the late-seventeenth centuryJones et al. 1997pnd becoming widespread in the
mid-nineteenth century,but these only provide limited spatial coveragae the
eighteenth andearly-nineteenth centuries there is the opprtunity to analyse
archive material relating to experiences of weather, weather recording and weather
impacts in diaries and letters, with instrumental records for comparibobhpefore
instrumental records became widesprefslaangster et al. 2018; Veaeal. 201D).

i) Thisis amajor period of industrialisation in the UK, and therefore also of accelerated

human impacts on the environmen&everal previous studies have suggested using



the eighteenth century as a period whichdkmaticallyW a ¢ lretetivés @ longer
timeframes within the analysis of historical climg@rooks 1930; Macdonald and
Sangster 2017)The last century in comparisonhas witnessed anthropogenic
warming to levels not experienced in at least the last 1,300 yearslemonstrated

by Mann et al(1998; 2008j y (G KS WI 2 O(Fi§ute 14)THis@4p@ploB NI LIK
the difference from the 185@006 mean temperature since the year 200 AD as
reconstructed from tree rings, lake sediments and ice cores. The eightegnth
nineteenth centuriestherefore,represent a relatively stable period shortly before

the acceleration of anthropogenic climatic warming and after the most severe phases

of the Little Ice Ageand are worthy of study from an extreme weather perspective.

iii) This time period has been underrepresented in discussions of droBghyI(2019)
surveyed the impacts of summer droughts in England 12010, and Marsh et al
(2007)RA & 0dzaa Wiy26yQ YI 22N RN teavévérdhe Ay 9y 3t |y
eighteenth centwy (lacking in quantitative records, but plentiful in qualitative

records) falls outside the remit of most drought studies.
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1.3.2 Spatial context: Staffordshire

This thesis was developed with the involvement of the Staffordshire Record Office (SRO).
Spatially, therefore, this thesis Wwifocus on Staffordshire and the surrounding area.
Staffordshire is a land locked county in the English West Midlands, bordered by Shropshire,
Cheshire, Worcestershire, Warwickshire, Derbyshire, West Midlands and Leicestershire
(Figure 1.2). The county hasong agricultural and industrial history, with arable and pastoral
farming and industrial centres such as StokeTrent. Staffordshire is an important
thoroughfare for canals, railway and motorway, with a history of transport and industrial

innovation(Pallister 1976: 7)

Staffordshire contains a range of landscapes. Pall{g@r6)discussed how the borders of
Staffordshire are not defined by the landscape, but by administrative and political
boundaries. In the north of the county, there are the Staffordshire Moorlands, part of which
fall within the Peak District National Park. Theorlands are the southern end of the Pennine
Hills,from whichpotable wateris supplied to the East Midlands and South Yorkshir¢he

north of the countythereisalsothe industrial city of Stoken-Trent Hstorically Stoke is

centre of potteryproduction, fuelled by the coal fields of the West Midlands area and
originally using local clay. In the south of the county, to the south east of the county town of
Stafford, is Cannock Chase, an area of heathland and woodland, much of which has been
despnated as an SSSI. The Peak District and Cannock Chase have notably been affected by
wildfires during hot and dry weather, such as 2018 and 1976, both years of notable UK
drought(Parry 2018; Rodda and Marsh 2011)

Hydrologically, two river systems aralfby rainfall in Staffordshire: the Trent and the Severn

(Figure 1.2). The River Trent begins in Staffordshimd,most of the countyis within the

Trent catchment, however rainfall at the western edge of Staffordshire feeds the River
Severn. The Riverdmt was navigable as far as Nottingham prior to improvements in the
eighteenth century, which made the river navigable as far as Bwtefirent: (Revill 2007)

The first element of the name Stafford derives from the Old Engtishi, which has been

suggei SR G2 YSIy Wil yRA(Cd 2008)Th3sSigyestihat the Riveik O2 y (i S
Sow, a tributary of the River Trent (well upstreafiBurtonon-Trent) was navigable to small

boats in the early medieval period

1 although modern river traffic uses the Trent and Mersey Canal from Shardlow onwards
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Figure 1.2: Staffordshire and tearrounding area, with places mentioned in the text.

Climatically, Staffordshire is quite typical of central England. Accordinget@ifice data

from 1981 to 201@Met Office 2018) from weather stations in North Staffordshire (Keele)

and South Stafforshire (Penkridge)precipitation is close to the average for the Midlands.
Precipitation at Penkridge is below the average for the Midlands (with an average of 681.2
mm per year and 125.1 days per year, while the Midlaasla whole gets on average 798.3



mm rainfall per year and 131.35 days of rainfall) and precipitation at Keele is above the

average (with 806.1 mm per year, 143.6 days per year).

There are two water supply companies active in Staffordshire, South Staffordshire Water and

Severn Trent WateSevern Trent provides sewerage across the whole region.

Staffordshire Record Office

The main public archive Btaffordshire is the Staffordshire Record Office (SRO), in the county
town of Stafford. As a public record office, the SRO holds documdatsddo planning and

local government as well as documents deposited by companies and individuals. Prior to this
project, the SRO identified several collections amongst their archives which had the potential
to contain material relating to floods and drghts in the county. The SRO wanted to expand
this list and look at ways of improving their catalogue and resources for environmental
research. During the project, the record office has experienced some changes and challenges,
such as the closure of the a@fé at Lichfield (in 2017) and transfer of records to Stafford, and

a reduction in opening hours (in 2019).

The current archive catalogue at Stafford is a combination of paper and digital Vidvettee

most part, the digital catalogue is created from,daientical to, the paper catalogue.
Digitisation of the paper catalogue and improvement of the digital catalogue is an ongoing
process, and the archivists are keen to think about ways in which the catalogue can be made

more useful to different potential ser groups.

The SRO wasinable to provide permanent desk space Stafford They did however,
provide training to access the strong rooraad computer logns, which made it possible to
access the archives and edit the digital catalogue in the samehaayhe archivists would,

rather than as an ordinary archive user.

1.4 Aims and Objectives

The aims of this thesis ate investigate how records of droughts survive in archives and to
examine the impact of droughts on the development of water supplies and infrastructure
within the Staffordshire region. This will be achieved through five objectives, which are:

1. Todeterminewhat evidence of droughts survives in the archives of the &RD
reviewtheir current archive research practice;



2. Using archive material contained within the SRO and other regional/national
archives construct a chronology of droughts and associated intpafor
Staffordshire

3. Using available evidence from across the Staffordshire region, explore the potential
to reconstruct local/regional precipitation series from diaries and lettarsl
evaluate how different communities and organisations responded histlly to
drouglt;

4. Critically review how experiences of droughts shaped the formation of the early
canal companieqn England and Waleand identify both their infrastructural and
organisational responses to water shortages; and,

5. Through a programme of deities run with the SR@xamine the use of volunteers
and public engagemerin drought research

1.5 Structure of Thesis

This thesis is spliinto ten chapters; this introduction, a literature review and a
methodological discussioffive results chapters (Chapters8), a discussion and finally a
conclusion. The results chapters contdhree papers, which have been prepared for
different journals; although the formatting has been homogenised, some variation in tone
and style may remairreflecting the interdisciplinary and multifaceted nature of this PhD

project.

Chapter 2 will review literature relevant to this interdisciplinary projdcis set out in 3
sections, the first exploring the intellectual and disciplinary framework ofttiésis, the
second unpicking drought concepts and definitions and the third setting out the more
practical research framework. The first section will review the use of documentary evidence
in the reconstruction of weather and climate, explore existingtiveaand climate databases

and sources for drought research, and summarise research on droughts in the UK and across
Europe. It will explore theoretical frameworks underpinning the historical study of weather
and climate UK and discuss previous scholarsimg the history of water supplies in
Staffordshire. The second sectiwiill start by defining the word drought and discussing the
history of the word, before exploring how drought (the word and the concept) appears in the
archive. It will review the impas of droughts in thé&JKand how drought is portrayed in the
media. Chapter 2will finish by discussing the use of volunteers in academic resgtreh
nature of interdisciplinary research and knowledge exchaagd summarising research

opportunities.

Chapter 3 will outline and justify the methodologies used within this thesis, which span a

number of traditional disciplines, reflecting the interdisciplinary nature of the work



undertaken. It will start by discussing the process of archive research at @ea8&Rissues

of access and catalogue improvemehhe next sectiomill set out the background to the
volunteer project undertaken at the SRO, as well as the recruitment of vols)teaection

of material for the volunteers to work on, the process ofrking with volunteers and the

data processing and archiving, as well as ethical consideration when working with volunteers.
The third sectionvill then detail other qualitative data collection approaches undertaded

the iterative process of research wkeincluding talks to the public, postcards, a
questionnaire and oral histories. Subsequently it will discuss methodologies for the
reconstruction of rainfall from documentary data, including instrumental data, rainfall

proxies and nosinstrumental rainfdldata and the use of indices.

Chapter4 and 5 investigate different ways droughts can be reconstruct&hapter4
examines the impacts of droughts in Staffordshire, with a long drought chronology combining
the available instrumental data with documentagcords of the impact of drought€hapter

5 explores the potential uses of weather data collected by the volunteer project in the
reconstruction of rainfall using indiceghis chapter is in the form of a paper which has been

published in the journaClimate of the Past

Chaptes 6 and 7 arealso papers. Chapter 6 combines a londerm precipitation
reconstruction from Chatsworth in Derbyshire with archival evidence to discuss the impact
of droughts and water shortages on canals in the later eighteeetitury. It has been
published in the journalRegional Environmental Chang€hapter 7 discusses and
contextualises the development of one of the earliest large capacity canal reservoirs, at
Rudyard in North Staffordshireand will be published in 2021n the journal Landscape
History.

Chapter8 exploresin more detail the outcomes of theollaborative project with the SRO and
public engagementindertaken as part of this projedt will discuss the types of records of
drought available at the SRO in matetail andconsiderhow they were used for different
aspects of this projectt will then discuss the volunteer project and its outcomes, including
the process of working with volunteers. It will then explore the varied types of evidence
collected duringthe public facing aspects of the project, includiag questionnaire
undertaken to gauge drought memory and perceptions of drought in Stafforddhiveill

finish by evaluating the project overall and the approaches taken.

Chapter9 will discuss the thems and issues arising from the previous chapters, synthesising

key concepts and unifying ideas, while exploring potettitiéds to the wider literature and



future opportunities. ChapterlO will summarise and conclude the key findings from the

research.

1.6 Status of Manuscripts

This thesis consists of a combination of traditional PhD chapters and a set of papers that have
been produced as part of the PhD, detailed below is the state of each chapter that consists

of papers, detailing the role and contribat of each ceauthor.

Chapter 5:HarveyFishenden A, Macdonald, N. (2021) Evaluating the utility of qualitative
personal diaries in precipitation reconstruction in the eighteenth and nineteenth centuries
Climate of the Past7: 133;149doi: 10.5194/cpl17-133-2021.

The author contributions are, Harv@&jshenden: Collation of manuscript, archival research
and data collectionvolunteer project management, data analysis and figure produgtion
discussion, manuscript preparation; Macdonaldcquisition of funding anddetailed

manuscript reviewMacdonald did not undertake any analysis or figure production for this

paper. The majority of the work was undertakémy the lead author (Harvelishenden).

Chapter 6 HarveyFishenden, A., Macdonald,® ' yR . 26Sy > W®dt ® 6HAMPO W5N
2F . NRAGIAYQAa 91 NI & RegibnglEoziiohnmehtal CHangg: 23g337 b S 62 NI Q
doi: 10.1007/s1011®19-015245.

The author contributions are, Harn«®yshenden: Collation of manuscriptoduction ofmap
(Figure 6.1)archival research on canals, discussion, manuscript preparation; Macdonald:
Analysis and production of reconstructed instrumental record and associated figfigases
6.2, 6.3 and 6.4)detailed manuscript reviewand Bowen: Archival wk collecting
instrumental weather data, review of manuscript. The majority of the work was undertaken

by the lead author (Harvelyishenden).

Chapter 7: HarveyFishenden, A. and Macdonald, Mic¢epted September 2020Th&
development of early reservoi 2 NJ g 1 SNJ &adzllLJX @ G2 | NGSNRFE OF vyl f

Landscape History

The author contributions are, Harvé&jshenden: Collation of manuscript, archival research
on canals, discussiand analysismanuscriptand figurepreparation; Macdonald: detad
manuscript reviewMacdonald did not undertake any analysis or figure production for this

paper.The majority of the work was undertaken by the lead author (HaRishienden).
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It is anticipated that additional publications will be writteip from the tresis, including:

*HarveyFishenden, 20 0 221 OKI LJASNE LINR LI &l GAGK LJdzof A :
leats: Watei OF NOA G& YR (GKS f2y3 AYyRddzAUGNARLFIT NBG2f
eds.Ripples, Leaks and Flows: Water and Socidfaity Modern Britaiffrom Chapter)

*HarveyFishenden, AHoughtorFoster, H.Macdonald, N. Buchanan A. and Blake, M. (in
preparation) Working with volunteers to uncover sources for Environmental History in the

archives Archivegfrom Chaptei8)

*Harvey-Fishenden, A (in preparationy{ dzOK | adzYYSNJ sl a yS@SN
Perspectives on the aftermath of the Tambora eruption from a female trav@igranding

on Section 8.3)

1.7 Process and timeline of the PhD project

The first year of the PhD projeciaw split between Liverpool and Stafford. The first 3 months
involved training at Liverpool, including modules from the Master of Archive and Records
Management (MARM) qualification: Recefeéeping Theory (30 credits) and Practice and
English PosmedievalRecords (15 credits). After this approximately 6 months was spent at
Stafford, receiving training, investigating different types of records held in the archives, and
setting up the volunteer project. The second year of the PhD was spent undertaking the
volunteer project,alongsidetalks to local societiesand developing research on canal and
domestic water suppliesThe project team also eordinated and organised a study day on
YwSEaSENDKAYI 9EGNBYS 2S8FGKSNR i GKS {dFFF2N
was attended by over 50 delegate$he start of the third yeaiocussed orfinishing off the
volunteer project FromJanuaryApril (2019) the PhD project was put aside to complete
UKRIfunded policy internship with Natural England, working with their Marine Specialist
Services team to undertake a review of literature relating to the provision of starsg
services by habitats as part of a bigger project mapping habitat sensitivity to fishing
pressures. The internship also involved attending fisheries meetings and training on writing
briefing documents for government ministers. Qutcomes of this wockuged an internal

report for Natural England and a poster presentation at the International Council for the
Exploration of the Seas (ICES) Annual Science Conference. The remainder of the third year
was spent writing up and identifying and filling gapshiea PhD. During the PhD projesik

academicconference or symposium oral presentations wegaen, including four at
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international conferences, in addition to the community events undertaken as part of the

PhD research.

Conference Presentations:

Oral:
HarveyFishenden, A H A MT O W[ SFNYyAyYy3 F062dzi GKS LI-ad Sy@AiANRY
yEySa Ay {GFrFF2NRAKANBQ 4 Ly G4KS blYS 2F | Aal

September 2017

HarveyFishenden, Aand HoughtorC 2 & 1 SNE | @& 0 is veny indonsiétént; thieBe & | G S NJ
0SAy3 2FGSy f2y3a Ft22R&a yR ANBFG alOl NOAGeéy 28
hFFAOSQY G wALWLIX Sasx [SIF1a YR Cf2¢a {@YLRAaAdzy:
HarveyFishenden, # | Yy R al OR2 Yy | f Riag Inpdcts and PergedtionsVd E LI 2 NA
5NRdAKGA Ay (GKS !'YZI FNRBY (GKS myidK /Sydadz2NE (G2 G:
Geographers 2018, University of Warsaw, Poland, July 2018

HarveyFishenden,®# 6HnamMy 0 W¢KS 5S@St2LIYSyd 27 ywRABAGAO 2 |
New and Emerging Research: RBS Annual Conference University of Cardiff. August
2018

HarveyFishenden, # | yR al OR2Yy It R bd O6HAMpOd WEKS NRfS =
NEAKFLAY3 Ft26a 2F 4 GSNI Ay . NRAyBiagua 9 dzZNR LIS Y
Conference University of Tallinn, Estonia, August 2019

HarveyFishenden, ® oHAM®p0 W. dZAf RAYy3 F2N g+ GSNY (K RSOSt
GdZNY 2F GKS VA VIBE AnBudl Cenfe@rde RRBNAUGUSt R0DY

Posters:

HarveyFishenden, A.x I dzZ3 Kl yX 5& | yR | | dzlJis t® ounmdpyv Wal
ASNIDAOSa LINRPDAAAZY | inkryafcndl GoBncikdr theAExglofatioa Sy a A G A OA G &
the Seas Annual Science Conference, Gothenburg, Sweden, September 2019
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[ KF i SNJ
Literature Review

This thesis draws from the disciplines of geography, history, archaeology, and from the sub
disciplinesof hydrology, meteorology, environmental history, historical geography, transport
history, industrial archaeologyl of these disciplines and stdisciplineshave their own
history and theoretical framewogk The first section of this chapter will outline the
conceptual framework of this thesis and situate it within these broader academic literatures.
It will then exploredrought concepts in more detail, setting out changing definitions of the
word drought over time and the implications for investigating drought in archive documents.
The final section will discuss the research framework; uke of volunteers in research,
interdisaplinary and interprofessional research, knowledge exchange and

qualitative/quantitative data.

2.1Intellectual Framework

A discipline ian area of academic studstich adlistoryor GeographyWithin each discipline

are subdisciplines, which are more specialised areas of study, suativasnmentalhistory,

or historical climatology. Each area has its own specialisms in termssefirch methods and
researchparadigms, although these mighelshared or similar across disciplines and-sub
disciplines. Importantly, disciplines have their own separate histories and reasoning behind
their methodological frameworklInterdisciplinary methodologies are often useful for
addressing gaps in study, foxample fieldwork in literary studies (Castillo and Puri 2016).
Some disciplines naturally encompass many-gigziplines and ways of working; geography
KFra 0SSy RSaONAROGSR Fa W- aLIN}ygfAy3dIxs NIFIIISR3T 32N
462). Geograply as a discipline is flexible and academics who identify as geographers can fit

into many departments for teaching purposé¥dinwright et al. 2014).

In some ways, the divisistetween disciplineare artificial, however the disciplines remain
a useful cacept for understanding different conceptual and methodological approaches to
research Krishnan 2009Wainwright et al 2014 Importantly, different disciplinesnay use

the same language in different ways, and interdisciplinary projects need to explicitly address

14



the origins and meanings of their terminology to develop a shared vocabulary (Bracken and
Oughton 2006).

LYGSNRAAOALI Ayl NBE A & galFormOa écierfifid GoNaBoBation ®HedE Sy O 2
GKS FASER 2F  aAy3aftS RA&AOALI Ay Fhaterindld y & I NF
WOGNI YARAAOALE AYIFENEQ YR WAYGSNRAaORalslgek y I NE Q
(2004) states that reseeh is interdisciplinary if only academidrom more than one
disciplineare involved, however becomes trafisciplinary when the research is problem

driven, and uses external expertise to define a solutorK SNBX A& | f a2 WAYGS
NB a S witkiDdsBiplines, suchsGeographywhere a need for grear cooperation across

the physicahuman divide has been explored repeatedly (for exantfderison et al 2004

Jones and Macdonald 2007ane et al. 2017).

The following sections will explore the diiglinary, sukdisciplinary and interdisciplinary

backgrounds relevant to the study of past weather and climate.

2.1.1Weather, Climate and History
As Campbef2010)¢ NR (1 S5 KA &AG2NRAFya WGESYR G2 LINAOAL SIS

reluctance to credit weather events or trends in climate with shaping society and historical
events. Since the mitlventieth century, however, there has been academic discourse
consideiingthe impact of factors outside of human control (such as weather and climate) on

the course of human historfde Vries 1981)

Undeniably, annual and seasonal weather variability impagricultural outputs and

economic conditions; harvest recordmd crop prices have been used as proxy data by

climate historiangJones 1964; de Vries 1981: 2Ejually, weather can be shown to have

played important roles in events. Browf@005) highlights the role of the weather in the

discovery of penicillin, thamportance of storms in the English Channel in events preceding

the Norman Conquest of 1066, and later in the drowning of the only legitimate son of Henry

| in 1120, which resulted in civil wi@grown 2005: 17)Whether these impacts of weather on

history are exceptional casesy if weather is a historical protagonist has long beand

remains open to debate (Campbell 2010) De Vries(1981) suggested that without

gquantitative assessments of the significance of stern climate fluctuation and extreme
6SHFGKSN) SgSyita 2y az20ASdexr Al A demid@imaickof S 6.
ONRaSa adlyR Ay NBtlFGA2Y (2 SO2y2YAOMWMKAAG2NE
Vries 1981: 23)While it is clear that weather has an impact on taciety who experience

it, it is uncertain whether climate shapes the process of history, although some examples can
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be found, such as the decline in sea ice which allowed Viking exploration of Greenland

(Bréazdil et al. 2005)

Ideas around human vulnerdity to climate centre around concepts of interactions between

society and climate; in the words of Pfister and Bragilo6: 126)#¢ KS A G2 NE 2 F KdzY | y
vulnerability to climate, told along a chain of causation running from natural forcing to

economics andbo the level of political and social decision making, requires a change from the

YI ONR&aOItS 2F 3ASYSNItAT I GAZ2Yy G2 (K$98IKAONR &0t S
suggest that periods of climate change might coincide with periods of culturabehdhe

SEOSLIiAz2yltteé O2fR &dzYYSNJ 2F mymc Kl & 06SSy Sao0l

pu

exploration of various direct and indirect interactions between climate variability and human
K A a ((LatsiBacther and Pfister 201847).

Ideas around enwonmental influence on history have fallen and risen in popularity. The
discussion of the impact of climate comes close to the idea of environmental determinism.
The origins of Environmental Determinism are fundamentally racist and stem from attempts
to explain differences in living standards between colonising Europeans and the native
populations they encountered through environmental conditiof&allaher 2009)
Understandably, these ideas faced criticism at the tifBadfield et al. 2015and have
declined in popularity. There is, however, rRevironmental determinism, which stresses

the influence of geographic and ecological forces on development. Particularly in disciplines
such as landscape archaeology, there is frequent consideratifattors that influence that
location of settlements, and siting of other anthropogenic features within the landscape

(Gaffney and Van Leusen 1995)

There are two main fields of study concerned with historical weather and climate;
environmental history(the study of past human interactions with nature) and historical
climatology (using historical documentary and proxy data to explore past climate).
Scholarshign environmental history has focussed on a wide variety of topics, including
relationships betveen humans and animals (Gaynor etZ8120 Flack2018 Pearsorn2017,
Webb et al.2020); energy production and us@Vright 2018) the history of environmental
movements (Mathis 2009 2012) histories of diseasecontrol (Clarke 2012)agriculture
(Warde am Williamson 2014)ndustrialisationClifford 2018)landscapescale development
(Anderson2012); and human interactions with weath¢Bowen 2018Camenisch and Rohr
2018 Veale et ak017) and water(Waddington2017, Morgan2015 Skelton2017). Worster

(1988) summarised the work of environmental historians as concerned with three main
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areas: understanding naturesociceconomic interactions with the environmentnd
intellectual interactions with the environmentEnvironmental historians work thi a wide
range oftypes of evidencereflecting the wide variety of topics explored. This evidence can
include policy documentation, informal records such as diaries and lettard preserves of
WNJ RAGA2Y L SO anffiddhan@dsurvivihggnnsyis Srif i 8c@uments (Jones
2016) and iroral historiegWilliams and Riley 2020)

¢ KS {ES/iaMmental histor@leveloped out of American environmental movements of
the 1960s and 706S6rlin and Warde 2007). At the same time, in response togrisirblic
concern, other fields of scholarship were developing environmental strands, including law,
economics and sociology (Worster 198Bhe topics explored by environmental historians,
however, were not new areas of study; the tway relationship betwen humans and the
environment are important facets of the human experience. Environménsabrians have
been criticised for dailure to engage with urban environmenand alack of engagement
with social and political theoryvhich createsinnecessarynarginalisation (Sérlin and Warde
2007) Environmental history is not comprisedasingle methodology or area of study but

rather a way of approachingast humarenvironment relationships.

2.1.2Documentary Evidence and the Reconstruction of Weathe€Ctmmte

The discipline of historical climatology developed in the late nineteenth and early twentieth
centuries(Brazdil et al. 2005; Ingram et al. 1978)though this built on earlier scholarship
(Fressoz and Locher 201%5arly works othistoric weather in the UK include Brooks and
Glasspool€1928)British Floods and Droughasd works of climate synthesis include Brooks
(1949) Climate Through the Age3hisscholarshipfollowed on from the work collecting
contemporary and past rainfall records undaten by the British Rainfall Organisation
(incorporated into the Meteorological Office in 1919). The British Rainfall Organisation, and
its founder George Symons, identified many early observers of rainfall. These records were
published in{ & Y 2 y & QRainfallidmi1864 #ntil 1899, andritish Rainfalfrom 190Q;

1968. From 19681986 these volumes were known Eonthly and annual totals of rainfall

and those published between 1987 and 1991 entifRainfall(Burt 2010)

One of the major criticisms diistorical climatologystems from its interdisciplinary nature,
and the improbability of practitioners being well versed in both historical source analysis and
criticism and meteorological analysi&’hile methodologies foassessing the quality of and
analysing archive material have been defined by historigimsy are not generally skills

taught to geographersBrazdil et al. 2000Before the 1960s, reconstruction of past climates
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was mostly based on limited qualitative evider{@yson and Padoch 1981This included

the compilation of weather references from narrative sources, often by meteorologists or
others without a critical historical trainin@ribyl 2014)With climatology and other types of
historical study where exact dating is important, thee of annals and chronicles can be
problematic. These documents are generally compilations of material, wieighire a
detailed understanding of textual relationships between different versions and sources to

corroborate dates and avoigmporal and sptal errors(Bell and Ogilvie 1978

LYLRNIIFIYyd RS@St2LI¥Syida Ay (GKS FASEtR OFYS gAlGK (K
2F FSrad FyR GAYSE 2F FLYAYySd | KAAG2NER 2F Of AY!

CNBYOK |a Wl BalWARNDE QRJz QAX QR A YR mdc T Z(Lé YR
Roy Ladurie 1972)This work fits into a wider context of twentieth century French
scholarshipLe Roy Ladurigasa key member of thénnalesschool,a group of historians
associated with th journal of the same nam&yriting from a long social history view on the
boundary between history, geography and anthropoldqggn Linen and Le Roy Ladurie
2013 Worster 1988 In addition to writing climate history, Le Roy Ladurie also worked on
socialand political history, using a variety of sources including poems and letters. His work
has had a lasting influencéncluding on environmental historians, byarticularly on

continental European historic climatologists.

Historial climatology in the Ukias a parallel historiography to histaicclimatology in
continental EuropeBritish climatologywes a lot to the work of Manlew, geographernwho

was notable in searching for and compiling historic instrumental data from archive material,
at a time when historians like Le Roy Ladurie were using chronicles and similar sources, and
meteorologists were moving increasingly towards mathematics amdpeter modelling
(Endfield et al. 2015Manley published 182 papers between 1927 and 1@81idfield et al.

2015) Heestablished a longerm average temperature series for Englaiiianley 1974)

and wasresponsible for many rainfall series including Maestier (Manley 1972) Durham
(Manley 1941)and temperature series including Lancashiianley 1946) Although his

work was primarily concerned with thecientific compilation and analysis of instrumental

records, nevertheless he appreciated the value ofengualitative complementary sources.

In the 1960s, Lamb (based at the Meteorological Office and later at the Climatic Research
Unit created at the University of East Anglia) examined long term climatic patterns, and
Lldzo f AAKSR 2y 6K (OIKES dRdNitaSERLIBEKIES ivhisddtekrde
published a revised version of Brodk®54)The English Clima{@964) and was active into
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the 1990s, producinglimate, History and the Modern Wor{damb 1982) and Historic
storms of the North SeariBsh Isles and Northwest Eurofleemb and Frydendahl 199He

was a strong advocate of historical, geographical and cultural approaches to climate, at odds
with contemporary work on climate change, which was heavily invested in computer

modelling(Martin-Nielsen 2015)

In the UK in the 1960s, there were investigations into harvests and weather on a local scale
using administrative recordsdoskins(1964; 1968)demonstrated (without considering
causation) that there were frequent fluctuations in harve®sstan and Titowl1959)used
KSNA2Ga OoRSIGK RdziaASa 2y OdadG2YFNEB GSylydao
wheat for Winchester Manorbetween 1245 and 135 examine the link between poor
harvestsmortality and recorded poor weather aditions in chronicles. The following year,

Titow (1960)LJdz0 t A A KSR | LI LISNJ 2y GKS WO@GARSYyOS 27
Bishopric of Winchester 12600 p n Q® ¢ KSasS | 002dzy G NRftfa AyOf
weather, recorded to explain high espditure or low income, which Titow uses to produce

a calendar of references to weathdfle analyses these referencaengside grain prices to

reflect on the causes of harvest failures relating to weather. He found that wet autumns were

often associated with crop failure, and that outstandingly good harvests were normally
associated with dry summers, and average wini@risow 1960) Manorial accounts were

also used by Brandon (1971) to look at the impact of weather on agriculture in Sussex. Like
Titow, he found that the best wheat harvests followed moderate precipitation in the winter

and spring and slightly less thareaage summer rainfall, and that wet seasons generally led

to lower yields.

Le Roy Ladurie was first and foremost a social historian, Brandon and Titow were economic
historians and Lamb was based firmly within the meteorological world. They were not trained
in both history and climatology. While this period led to important depeients in the field,

it is certainly possible to criticise some of the approaches taken and highlight their limitations.

During the 1970s, Manlefl974)used the earliest temperature measurements made in the
UK to produce the Central England Temperatedes (1659resent), which is one of the
longest continuous regional temperature series in the wdgilddd et al. 2015)This period

also saw the construction of many of the existing long rainfall records. Initially these were
studies of single statiorecords or composite series representative of single areas, e.g. Kew
Observatory (16971970, WalesSmith 1971) Oxford (Craddock and Craddock 1977)
Manchester(17651971, Manley 1972)and the East Midlandd.726;1975, Craddock and
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WalesSmith 1977)Cradlock(1976)created the first catalogue of lorAgrm rainfall records

by grouping all known long rainfall records and produced annual rainfall series representative
of 11 regions across the UK. More recently, long series for regions in continental Bavepe
been produced using instrumental recor@@@amuffo et al. 2013; Demarée et al. 2002
combination of instrumental records and historical documentary evidéBodrovolny et al.

2010)

Against a background of climate change research there has hemmewed interest in
understanding the effects of changing climate on people, therefore of valuing both
guantitative and qualitative data. Recent scholarship has used a variety of methods to
reconstruct pastainfall, including documentary records of r&ih, proxy data, physical proxy
data such as tree rings, and early instrumental recgighelm et al. 2019)This includes
comparisons of modern events and potential future events with the largest recorded
historical events (e.g. examination of the lastj floods in the High Rhine basin since 1268

(Wetter et al. 20121)

Modern histori@l climatology in Europe has advanced considerably, with academics such as
Brazdiland Pfister, expanding and developing the work started by Le Roy Ladurie, similarly
working with chronicles and annals, but with the addition of proxy evideAe@de range of
materials are now usetb reconstruct climate Modern historical climatologists often use
tree-ring data as a proxy for rainfall. K{917)compared tree ring data and documentary
data to investigate droughts in late medieval Hungary and using a combination of the two
was able to identify several drought periods. Tree ring data has also been used to examine
long term hydroclimate variabilitBuintgen et al. 2011; Cooper et al. 2013; Dobrovolny et al.
2015b) Generally, however, tree ring datan only be used to examine precipitation during
the summer growing seasdBiintgen et al. 2010; Cooper et al. 2018)the UK, oaks have
been used to gamine longterm summer precipitation for East Angli@ooper et al. 2013)
southerncentral Englan@Wilson et al. 2013nd Southern Englar@®inne et al. 2013).ong

term reconstructions use both living trees and timber preserved in historic buildBuyee
studies have used tree growth as a proxy for precipitaidooper et al. 2013; Wilson et al.

2013) whereas others use oxygen isotopes as a p(Biyne et al. 2013)

Treering reconstructions have been used alongside other forms of weather infaymand
proxy data. For Sweden, Linderholm and M¢#@05)used tree rings from Scots Pines and a
FINY¥SNRAE RAFINEBI gKAOK O2yidlAya y20Sa 2y

nineteenth century. Similarly, (Bitgen et al.(2011)combined an indx series based on
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documentary evidence dating back to AD 1500 for Central Europe, and a dated ring width
measurement series from living and historical fir trees, as evidence of spring hydroclimatic
extremes.In terms of other forms of proxy data, grapertiest dates are normally used for

air temperature reconstruction but have also been used in drought reconstruétian2 Oy é
et al. 2016) Grape harvest dates were decided centrally for a region dependent on grape
development and appear in legal records amavspapergLabbé et al. 2019)n most cases,

the choice of which forms of data to use are based more on availability than on any other

consideration.

A review of reconstructions of the climate of medieval England undertaken by @@iy)
Sheidentified that while medieval narrative sources have been extensively collected and
compiled, there remain many administrative records, particularly manorial accounts, which
have not yet been used to their full climatological potential. Althoagmeexisting stuéks

have used these sources, many potential sources remain unutilised.

Challengesremain concerning source reliability and confidence in climatic reconstructions
using documentary or proxy evidence. As previously mentioned, there are limitations to the
use of tree rings as a proxy for rainfall and annals can be vulnerable to misdating and
conflation of events, but there are also challenges to the use of difmrs ofdocumentary
evidence. Newspapers, for example, have been shown to prioritise human news stories over
natural hazards (Ibsen and Brunsden 1996), which may result in over or underrepresentation
of weather events dependent on the contemporary circumstancésil&@ly, diaries are
vulnerable to observer biases, and particularly in the case of personal diaries (rather than
diaries specifically recording the weather), sporadic recording, lack of rigour and the identity
of the recorder may affect how the weatherriecorded (Adamson 2015). Other sources such
as letters, which can contain information about droughts, or drought impacts (Brazdil et al.
2018) were written for a purpose, which may influendeat is disclosed in them dhne level

of hyperbole used. Whethe context of these sources is known and considered, however,

they can be useful sources for the reconstruction of past droughts and drought impacts.

2.1.3Researching Extreme Weather in the Archive
There is a significant body of scholarly literaturepast weather and weather impacts using

archive document®ver recent decades there has been a growing recognition of the role of
historic records in strengthening social resilience when there are long periods between high

magnitude eventgRiede 2014)
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Hooding is one of the most frequently explored results of extreme weather and is also one
of the most visible, presenting a serious risk to property and potentially life. Flooding
happens when river levels exceed the maximum capacity of the channel I(floading),

heavy rainfall collects on the surface (pluvial flooding), a higter-table causes water to
appear on the surface (groundwater flooding) or when high waves or a tidal surge cause
coastal flooding. Recent flood evensuch as the winter 2016 floods which primarily
affected the north of England, have highlighted the potential threat and cost of flooding (the
20156 floods have been estimated to have cost the economy about 1.6 billion pounds
(Environment Agency 2018aExtreme events increasdemand for flood risk assessments
which often incorporate an understanding of past extremes, which can be obtained from
historical record§Macdonald 2012a; Macdonald et al. 201Research into past floods can
also build understanding of how people respled to past event$McEwen et al. 2012)
Recent research has looked at how archive documents can be used to improve understanding
of flood risk and management, extend flood series backwards and assess the changing

impacts offlooding.

Joneq2016)used Old English plagemes (found in charters, leases and similar documents)
to examine modern flood risk, since old place names often preserve information about the
landscape. Although the environmental information contained in these pharees has
been known for a long timéGelling 1984)they had not previously been used to examine
modern flood risk. Using plageames, Jones was able to identify information about the
character of watercourses, which might have implications for the flood risk @friree These
characteristics includedsize of watercourse; channel morphology; water flow (speed,
seasonality, flood riskwater quality; and position on the course of the river. Particularly
valuable for flood risk prediction were names containing tHe ¥1S yinized #SQ ol aa2 OA G SR
with flash flooding), and names suggestive of narrow and shallow cha@iuiss 2016)
Jones et al2017)have also shown that major river names can provide clues as to the nature
of the river and the chances of flooding. Thapposethat the name of the River Trent is
NBfFGSR (2 (KSsuggesthdr rivértidiSsiprdheitéd Ganmirky course and
therefore flooding.

Long flood series are important when considering the risks of high magnitude, low frequency
events(Macdonald and Sangster 2017; Wetter et al. 208l)stematic gauged river data for

the UK is normally only available from the second bélthe twentieth century onwards
(Macdonald et al. 2014)There is, therefore, value in using archival information to

reconstruct events before the beginning of the gauged data. An analysis eflaighitude
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flood events across Britain since 1750 was undertaken by Macdonald and S4804&y
building on flood frequency series created for rivers around Britain. Thek&lée series
from 12002000 for the River Ouse at YqMacdonald 2012a; Macdonald and Black 2Q10)
the Sussex Ouse at Lewes from 1650 onwévticdonald et al. 2014}he River Trent since
1320 (Macdonald 2012h)the River Thamegl882 onwards, Marsh andarvey 2012)in
Scotland the River Tay at Peffrom 1210 to 2000, Macdonald et al. 200&hd River Tweed
(c.1750 onwards, McEwen 1990)hese series have used a combination of gauged and

historic data (in varying proportions) to explore flood frequgianid magnitude.

Other work using historic documents has investigated the impacts of flooding. An
investigation into the impacts of flooding in early modern England was undertaken by
Morgan(2015) exploring the depiction of floods in contemporary pampé|garish records

and records of the commissions of sewers. Parish records have also been used to look at
extreme weather by Veale et @017a), because damage to the church is recorded in parish

registers, as is the destruction of bridges.

Pillatt (2012) used records of farm produce confiscated from Quakers in eighteestiury
Cumbria alongside two eighteentfentury diaries that recorded the weather almost daily
(with instrumental and nosinstrumental recording side by side) to investigate attitudes
weather and interaction with weather in the landscapeather diaries were also used by
Macdonald et al(2010)in their assessment of the potential for reconstructing climate using
historical weather accounts from Wales, where they used a weathey thgroduce rainfall

indices for comparison to river discharges.

Hall and Endfield2016)used a combination of archive documents and memories collected
from participants to explore the role of memory and place in commemorating extreme
winters. They highlight the importance of local level extreme event memory, because it has

implications for mderstanding of climate and in turn climate charftall and Endfield 2016)

Newspapers have been used by historical climatologists, particularly where they publish
proxy information such as grape harvéistes (Labbé et al. 2019Newspapers cover a Ign
period of time and are relatively easily availabie;the UK,some of the British Library
holdings, dating from the eighteenth century onwards have been digitised and are available
online. Newspapers, both historic and modern are particularly valuablenwconsidering
local impacts and vulnerability to extreme weather. Consider, for example, Figlrar?

article, published in thélereford Times on the f6November 2017.
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Newspapers such as Figure 2.1 can represent contemporary attitudes towards tjrough

GKAEa I NIAOE ST UGUKS dzaS 2F LIKNIasS WakKz2NIF3IS 2F NI .
perhaps represents a reluctance to use the word drought because of uncertainty about what

a drought is, either on the behalf of the writer, or his audie. This example also mentions

contemporary drought research.

Figure 2.1: Newspaper report about fish saved from low river levels, Hereford Times 16th November 2017

Newspapers can be particularly good for examining contemporary biases and perceptions
but are poorly suited to quantifying extreme weather. In a study of extreme weather in
newspapers Mallet, Fortin and Germaf8017) found that 30% of events recorded in
newspapers were not severe enough to meet thresholds for extreme weather in

meteorological data.
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Nash et al(2019)used newspapers, letters, reports and diaries to explore the narratives
surrounding three nineteenttentury droughts in southern Africdhey found that in this

area, newspapers and weather diaries were suitable for reconstruction of temporal and
spatial patterns of weather, whereas the letters, reports and personal journals contained
narratives that could be used to explore societal vulndigband response to drought.

Letters can contain information about extreme and mundane weather but tend to discuss

the weather when it has an impact on daily life, which is why they are particularly good at
revealing information about drought impacts.aBRO has a good example of this in a letter

dated 14" August 1727 (Figure 2.fHat contains information about the impact of hot and

RNE 6SIFGKSNI 2y RIFAt& | OGA@GAGED® LG NBO2NRa f
6SHGUKSNI Aa y2 &2 SEOSaaAagsS K244 FYyR GKS g4I

unpleasant to travel on bydrse-drawn transport.

CAddz2NBE HPHY {wh 5620MTTYKLKAAKpPGY [SGGSNI FNRYW [ 2NR
IN)} yR&2Yy 61 & OKNRAGAIFIYSRE IyR GKS 6SIFGKSNI A& y2 &z
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2.1.4EXxisting weather and climatetdbases
A datéase is a structured collection of data held electronically. Databases can be useful as a

way of accessing, sharing and interrogating informatimwever, they also have limitations

and weaknesses. Many weather and climate databases, fompbe, bring together quotes

and extracts from primary source material (e.g. TEMPEST), or references to extreme weather
in secondary sources (e.€hronology of British Hydrological Events). In either case, the
records may lose value by being taken outladir original context. In the case of primary
source material, this may need expert interpretation, and in the case of secondary
references, the link to the original material may be lost. Howedatabasesprovide a
mechanism for rapid assessment of extres, trends, patterns or impacts in a centralised

place, facilitating research that may otherwise not be possible.

In the UK there are several databases which are useful for local weather and climate research
(Veale et al. 2017b)rhese include the Chrology of British Hydrological Everf®lack and

Law 2004) the TEMPEST databa@éeale et al 2017band y Tywyddiadur (the Weather
Record(Brown and Elias 2014)Several other projects are either based in the UK, or based
on archive documents from the UKut have a more international remit. These include
CLIWOGQGarciaHerrera et al.2005 Ayre et al.2015) CORRAL and ACRE, while other
European projects include TAMBO@emann et al. 2015ECA&D, EURCLIMHIST and the

EDII and EDR databg&tahl et al2016) Further details about these databases can be found

inVeale etal. 2080 Q& LJ LISNJ | O002YLI} yeAy3d GKS ¢9atof{¢ RIGLE

All of these databasemrget different audiences and purposewith associated strengths
and weaknesses. For example, the Clotogy of British Hydrological Evenf&BHE)s
accessible by anyone and therefore, in order to avamidtravention of copyright laws, does
not allow the inclusion of material published in the last 70 yeAdditionally, he database

is relatively small,antaining (as of July 2019) just under eight thousand recdrde CBHE
database iprimarilydesigned for hydrologists, as a starting point for historic flood frequency
analysis and therefore contains few instances of drougim addition to these datalses
specifically designed for studies of weather and climate, ther@#rer databasesvhich are

useful for finding record of weathefor examplepnline newspaper databases

2.1.5Previous work on climate, weathamd waterin Staffordshire
Staffordshire has not beemsed as aletailedcase study for previous detailed explorations

of climate or weather and the history of water supplies in Staffordshire has not been
systematically explored’here are, however, sontgtaffordshire exampleis adacent fields

of study, for exampleRallister(1974)compiled the beginnings of apidemiological history
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of Staffordshireand Riley (1991) investigated the wat®ills of the borough of Newcastle (
under-Lyme).Staffordshire also fell under one of thedad regions included in the TEMPEST
database (Veale et al. 2017Db).

2.1.5.1 Staffordshire Climatendweather
Climatically, Staffordshire is quite typical of central England, with average precipitation close

to the average for the Midlands (section 1.B.Rainfall records from Staffordshirare
relatively short with record beginning in the nineteenth century (kept by water companies).
Some of these later Staffordshire records have been used in drought reconstruction by
Lennard et al. (2015).

|l AadG2NROlIftexs {0 FF2NR&aKANDB 6pNatural iHistdy o dzo 2 S O
Staffordshiret £ 2 G NBO23IyAaSR GKS @I fdzS 2F 6SI 0KSNI NJ
emergencies (such as heats, colds, dearths, plague and other epidehidalidcS Y LISNE O Q 6

1685: 930) but hisNaturalHistory of Staffordshireontains littleabout weather or climate.

2.1.5.2 History of water supply development
Prior to the development of public water supplies, most drinking water came from local wells

and springs, and occasionally rivers and streams, or ssgale private water supply
companiegHassan 1985: 532)ndustrial pollution, oveuseof existingwater supplies and
density of population in the nineteenth century necessitated the development @f ne
methods of drinking water supplyBarclay 1898; Hassan 1985: 533Yyeas that had
previously collected reliable supplies of water from wells found that industrial and organic

waste was polluting the welldHassan 1985: 54.3)

Academic interest ithe water supply industry in Britain developed in the later twentieth
century, particularly in the early 1970s, when the Water Act 1973 made major changes to the
structure of the industry (Porter 1978). The economic historian StE964)wrote about the
devdopment of water supplies as a public service, discussing the origin of commercial water
supplies in London and the problems of competition and -nompetition between
providers, in terms of investment, costs and water purity. The history of the watesindu
followed, again written by economic historians such as Ha¢$$885; 1998) who wrote

generally about the development of modern water supply systems across the country.

The existing histories of water supplies in Staffordshire are specific to the waier supply
companies. There is a history of the South Staffordshire Waterworks company-128938
written by two former employees of the company, Van Leerzem and Willia&@90) and for

North Staffordshire, there was a booklet produced for the Staffbire Potteries
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Waterworks Company to celebrate their centenét$49) Waterworks are often celebrated

as symbols of civic progress and technological achievelfiiterts 2007jand company
histories are often produced as part of this. In addition to lo@klet produced to celebrate

100 years of the Staffordshire Potteries Waterworks company, a pamphlet celebrating 100

years of water supply to Rugeley was produced by a local hist@@&@mards 1994)

Large scale urban development without accompanyiinginage and clean water supply
created high levels of disease. In thirteerstbntury London there were free public water
fountains for the collection of water, but when these became insufficient to meet demand
for water, privatecompanies began to offertarnative water suppliegvan Lieshout 2016:
787). In the nineteenth century the number of towns supplied with water rapidly increased,
and applications to parliament for acts to support the development of water supplies
increased substantially. Mappirikgese Acts of Parliament is one way of gaining an overview
of the development of these water supplies (see Figusg. 2 is apparent from this mapping
that the earliest applications for acts came from the rapidly developing and expanding
industrial areasand ports, such as Whitehaven in Cumbria or Halifax in West Yorkshire, both
of which obtained Acts of Parliament to facilitate the development of water supply systems
in 1762. Other applications came from pegisting water supply systems, often assoadiate

with cathedrals.

Most of the early acts of parliament relate to redirecting streams to supply towns with water,

which might explain why there are less in tWédlands, where wells were routinely used for

domestic water supply. In the north and west Midts, only two towns (Dudley and

Worcester, see Figure 2.5pd an Act of Parliament relating to their water supply before

Mmynn® LYy mMTpmI 5dzRf S& 20GFAYySR |y 00 F2N) 6KS W
and otherwise improving of the town of Mley in the Countyf Worcester and for better

ddzLILJ eAy3a GKS alFAR G266y 6AGK 61 GSNI® 9F NI ASNE Ay
GKS OAGe 2F 22NDOSal0SNI YR KS ftAOSNIASA GKSNB2TF

other towns also obtain @s, Lichfield in 1815, Birmingham and Chester in 1826, and

Shrewsbury and Leek in 1827.

28



Dz

o 30 60 120 Miles

o 30 80 120 Miles

Acts of Parliament concerning water
supplies to towns before 1770

Acts of Parliament concerning water
supplies to towns before 1800

J

o 30 60 120 Miles

N

A

o 30 80 120 Miles

Acts of Parliamentoncerning water
supplies to towns before 1830

Figure 23: The locations of Acts of Parliament relating to the water supply to towns. Base mapping Crown

Acts of Parliament concerning water
supplies to towns before 1850

CopyrightDigimaplicence 2018. Acts of parliament from the parliamentary archives catalogue
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Figure 24: Acts of Parliament relating to water supply to towns in the West Midlands before 1850

Historically, the northwedtlidlands (Staffordshire, Cheshire, Shropshire and Derbyshire) has
been highly dependent on groundwater, with the maiontemporarysources of surface
water used in the region being the Elan Valley in Wales and the River Sether,than

local surface water. Hass&h998) whilst discussing the state of the UK water supply system
in the 1970s, states that there were three main types of water in the drinking water system;
impounded upland rivers (mostly used in the North), underground sources (most used in the
West Midlandsand Home Counties), and river abstraction (most common in London and the
southeast). The modern pattern of water sources roughly follows pihtsern, however,

water abstraction has become increasingly monitored and managed with the development

of framewaks, following the introduction of the EU Water Framework Directive and the UK

Water Act 2003.

Across all public water supplies in England in 2017, 64.5% of drinking water came from

Place Date of Act of
Parliament
Worcester 1770
Dudley 1791
Wirksworth 1802
Lichfield 1815
Birmingham 1826
Chester 1826
Nottingham 1826
Worcester 1826
Leek 1827
Shrewsbury 1827
Macclesfield 1830
Stamford 1837
Coventry 1844
Wolverhampton 1845
Leicester 1847
Stokeon-Trent 1847
Derby 1848
Bilston 1850

surface source, 30% came from groundwater sources and 5.5% came from mixed sources

(Drinking Water Inspectorate 20195% of water supplied in Wales by Dwr Cymru comes
from surface water (Dwr Cymru/Welsh Water 2018). In comparison, France gets about 60%
of its drinking water from groundwater and only about 40% from surface water (Le Centre

ddzNJ £t Q9 dz Hamy O ® { 2 dmiriater O F

ROLYT2NXYFGA2Y

comes from surface sources, slightly less than the national average and 40% from

groundwater, significantly more than the national average of 30% (South Staffs Water 2018).
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Severn Trent supplies water across a larger area, and about a thind efater comes from
groundwater sources, most in the Midlands, but some in the Cotswolds and Derbyshire, and

about two thirds from surface watdSevern Trent 2016)

¢CKS . NAGAAK DS2f23A0Ff {20ASdGe Of I anmuarfASa |
FE26Q 2N WHIdATSNE Ay 6KAOK Ff2¢ A& OANIdZ f 1
and then divides into those which are highly productive, moderately productive, or of low
productivity. Approximately 22% of England and 1% of Wales dermig of rocks with

essentially little groundwater (no intergranular flow), while an additional 23% of England and

79% of Wales has only low productivity aquifers. In the north and west Midlands about 41%

is of low productivity, however 56% of aquifers azensidered of high or moderate
productivity. The availability of groundwater through aquifers, therefore, does not alone

explain why the percentage of groundwater used for drinking in Staffordshire is higher than

the nationalaverage There are likely tbe two main factors contributing to the higher than

I SNF 3S dzaS 2F INBdzyRgl GSNX¥ CANRGE (GKFG GKS
major cities being reliant on surface water, as much of Greater London lies on rock with
essentially no groundvtar, while Birmingham and Liverpool are reliant on surface water
ONRdzZAKG AYy FTNRY 2FftSaz FyR alyOKSaiSNRa 41 i
possible that the history of the region has shaped the modern water supply; because piped

water supplies wre late to develop in the region, and private wells were the norm, when

water supplies diddevelop, they similarly exploited groundwater sources as other
commercially viable alternatives had been exploited by the growing cities of Birmingham,
Liverpool ad Manchester. Figure 2.shows water sources for different areas against a
background aquifer map, illustrating moderately and highly productive aquifers; -8teke

Trent is the blue dot within Staffordshire.

One of the first water supply systems in thearmas paid for by the (at the time) Marquess

of Stafford, later Duke of Sutherland, George LeveSower. It was at Lane End (now part

of Longton), and conveyed water from a spring. These water works seem to have been in
operation from 1824 to 1849, witkurviving rentals and rent books from this period, but
estate correspondence shows that the water works were being planned in 1819 (SRO
D593/K/3/2/1). The supply was taken over by the Staffordshire Potteries Water Company in
1849 The same sources of watepntinued to be used and new boreholesre sunk at the

sites of the springs.
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Figure 25: Sources of Water Supply (Ground or Surface Water). The dotted line shows the boundary of the modern
ceremonial county of Staffordshire

2.2 Drought

droughtdrouth, n.
1. a. The condition or quality of being dry; dryness, aridity, lack of moisture. archaic.
b. figurative
2. spec. Dryness of the weatherctimate; lack of rain. (The current sense.)
3. Dry or parched land, desert. Obsolete. rare.
4. Thirst archaic and dialect.
(Oxford English Dictionary 1989)

Like all extreme weather conditions, drought is relative to the local environment and cultural
understanding of what constitutes normal weath@he exact definition of what conditions
come together o produce a drought varies between place and people. Broadly, however, a
drought is a water shortage caused by dry weather; a raid&fikit relative to the normal

rainfall in a regiorfNamias 1981)According to the World Meteorological Organization:
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Drought is a prolonged dry period in the natural climate cycle that can occur
anywhere in the world. It is a slow-get phenomenon caused by a lack of rainfall.
Compounding factors, such as poverty and inappropriate land use, increase
vulnerability to draight.

(World Meteorological Organization 2019)

The conditions that constitute a drought are determined by regional rainfall averages and
water management infrastructure, which makes a universal, mathematical definition of
drought impractical(LloydHughes2014) This also relates to the difference between the
termsdroughtandaridity, which are sometimes incorrectly used interchange@dlyathcote
2013) Aridity is long term dryness, a permanent climatic characteristic of an area relating to
the amount ofwater normally available, whereas drought is short term dryness, a deviation

from this climatic norn{Smakhtin and Schipper 2008)

Drought is generally categorised in four ways; meteorological (as a direct result of lack of
rainfall), hydrological (a shortage of water in lakes and rivers), agricultural (soil moisture) or
sociceconomic (human factors and effectfjleathcote 2013; Migla and Singh 2010)
although some authors omit socezonomic drough{Kendon et al. 2013; Marsh et al. 2007)
Mishra and Singh(2010) also include groundwater drought as a fifth category.
Meteorological, hydrological and agricultural drought can all beasneed independently
from their effect on people, by examining rainfall, river flow data or soil moisture
measurements. The concept of so@oconomic drought acknowledges the complex role of
drought impacts and causation; it can be challenging to disetggmgmarily human induced

drought impacts from primarily weather induced impa¢tsan Loon et al. 2016a)

By defining drought as a water shortage caused by dry weather, the impact of droughts on
society are acknowledged and the idea of a drought beifgjive to the normal conditions

in the region introduced (since the concept of dry weather is dependent on an understanding

of normal weather conditions in an area). This definition is accessible to many, as it does not
use technical language and relies 6ttle prior knowledge¢ critical aspects in clear

meaningful public communicatiofRakedzon et al. 2017)

2.2.1 Measuring Drought

Droughts are normally measured according to their meteorological properties, using rainfall
records. Meteorological data issed to produce indices, which allow droughts to be
compaed across time. In order to compare and quantify droughts, various systems of
drought indices can be used. These include Standardised Precipitation Index (SPI), which is

produced using only rainfaldata (McKee et al. 1993) Standardised Precipitation
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Evapotranspiration Index (SPEI), which uses an SPI and potential evapotranspiration (PET)
calculated using temperaturé/icenteSerrano et al. 2009xhe Palmer Drought Severity
Index (PDSI) which useainfall and surface air temperatur@almer 1965)and self
calibrating Palmer Drought Severity Index (scPDSI), an improved version of the Palmer
Drought Severity Index which produces an index more comparable across climatic regions
(Todd et al. 2013; Wil et al. 2004)These indices primarily quantify meteorological drought,

but analysis across temporaktales (e.g. 3 months, 6 months, 12 months) can suggest
different drought impacts. Shorter timescales, for example, illustrate events which might
lead to soil moisture deficits, whereas longer time scales might show events leading to
reduced streamflow or groundwater levelsennard et al. 2015)The severity of droughts

can be categorised using these indicésr SPI, a SPI value df to -1.49 is consided
Moderate Drought-1.5 t0o-1.99 is considered severe drought a®lor less is considered
Extreme Drough(McKee et al. 1993)

Drought indices have been used to produce spatial representations of droughts (for example
the Centre for Hydrology and Hc® 3& Qa Ly RNEZ dzaK LJ2 N
https://eip.ceh.ac.uk/apps/droughts/ accessed 3/2/2020). They can be created using

modern or historic instrumental rainfall records. When using historic records, additional
uncertainty is introduced because of the possible calibration issues in early rainfall series
(Murphy et al. 2020h)however the use of historic records offers an opportunity to examine

drought over several centuries.

The severity of actual experiences of drought and drought impacts do not necessarily directly
relate to the severity of ught indces Through analysisfaa long rainfall serielsennard et
al.(2015)foundthat the most severe meteorological droughts were not necessarily the worst
droughts from the point of view of water resouraeanagement. Parson et af2019)
concluded that SPE&ik the best predictor bdrought impacts on agriculture in the UK, but

that the relationshipbetween impacts and SPEI is complex and varies by region.

Indices are also used for converting qualitative data into quantitative {Btazdil et al.
2018) Precipitation indces can b constructedrom either proxy data such as harvest times
(Labbé et al. 2019pr from noninstrumental weather records such as weather incidentally
recorded in diariegAdamson 2015)Indices are valuable for summarising antkrpreting
data. They allomon-instrumental weather data to be compared to the instrumental record

for verification and validatio(Brazdil et al. 2018)
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2.22 History of the wordirought
The word drought has had different meanings and connotations at different times and in

different situations. As the OxfoiEinglish Dictionary entry quoted at the beginningeétion
2.2demonstrates, the current sense normally refers specifically to waratbnditions, a lack

of rain. t has however,also been used more generally as a synonym for dryness and
figuratively to mean a lack of somethirag well asistorically as a synonym for thirst and to

describe dry places.

The earliest use ofirought referring specifically to weather or climatic conditions (as
NEO2NRSR 6& G(GKS hET2NR 9y3fAakK 5A00GA2YI NBO A
1 (ed. Holt 1878) a Middle English collection of homilies (religious discourse) from the
thirteenth certury.
8625C2 NNJ Ljl 4G GS tlIyR ¢l aa RNAuuSRR | ff
8626& scorrcnedd purrh pe druhhpe.

Because the land was all dried up
And scorched because of the drought
Bodleian Library MS Juniugeld. Holt 1878)

This occurrence of the woktoughtas an extreme of weather is from a religious source, and
therefore based on the portrayal of drought in the bible; it does not relate to the UK, but
instead to far off and foreign lands. Similarly, in fifteenth century literature, the word drought
refersto extreme weather in faraway lands (this example from the first printed book in the
9y 3t AaK f I y3dz R&wel wilthe dhistoryesSoCTSaPiBladedl by William
Caxton).

the londe of egipte was drye and not fertile but barayne. Busirimfemedye this

callid his clerkes that helden the scence of Zorastes. and axed of them what he myght

doo for the helthe of his royame

They counceylled them with the goddes and had answere that they muste sacrefye

Gyia2 KSY YIyySa ofdeeRslaxghte dadrolgktéseSed K@, Y & & A
(Caxton and Lefevre 1473)

the land of Egypt was dry and not fertile, but barren. To remedy this, Busirie called

his clerks who held the sense of Zorastes and asked of them what he might do for the

health of his kigdom

They consulted with the god, and received the answer that they must sacrifice human

0f22R (G2 KAYX RS&ALAGS GKSaS K2YAOARSa I yF
In the UK today, droughts are often associated with foreign places, with recent ahd wel
reported droughts in California, South Africa and Australia. The association of droughts with

something that happens elsewhere, therefore, is nothing new.
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Droughtis also useds a general word for the condition of being dry. One of the most famous
ocaurrences of the wordiroughtis an examplef its use as a synonym fdrynessThe first
f Ay S 2 T CantkrbudzOaelbama:

Whan that Aprill, with his shoures soote

The droghte of March hath perced to the roote
(Chaucer fifteenth century: 2r)

¢tKS 62NR WRNRIZAKGQ KSNB Aa 2F0Sy Y2ZRSNYyAasSR Fa R
would be;

When it is that April with his sweet showers

Has pierced the dryness of March to the root
The idea of highly variable weather in the spraigo appearsyi ( KS LINR GSND Wal NOK ¢
and April showers bring forth May flowegs ! a SiG S2 N2 f AZM98dbéut the¥ FA OS ot 2 3
proverb notes that showers are common in April, since April is part ofréimesitional spring
period, where weather is often unsettled due to low pressure systems being driven towards
the UK by the jet stream, and because the sea temperature is at its lowest, while the land is

warming.

Today the most common occurrence of the wairought in popular media is in the sports

aSOGA2Yy 2F GKS ySgaLILISNIIa | agyzzyey F2N aK2NIl
lack of goalgBaker et al. 2017)Even more confusingly, drought is sometimes used as a

synonym for shortage when reféng to water shortages. For example, in June 2018 the BBC

news reported that:

Up to 2,000 homes were left without water for-48urs during the hot weather.

Scores of households in Telfo&dropshire, had no water supply after Severn Trent
Water reportal a fault at one of its reservoirs.

Stafford and Whitchurch were also affected. The company has apologised for the
temporary drought
(BBC News 27th June 2018)

The use of the wordlroughtin these different contexdcompounds confusion about what
constitues a drought in the UK. The wide ranging and varied use of the avortgyhttoday
demonstrates that care must be taken when searching for the term in archive documents,
since there are many potential different meang®agide from the scientific framing wdten

consider today.
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2.2.3 Use of the word drought in the archive
Before the midnineteenth century, the wordiroughtis commonly used synonymously with

dryness as Chaucer used it the prologue to hiCanterbury Taleseven when referring to
weather. When searching for information relating to past extremes of weather in the archive,
therefore, the worddroughtcan be unhelpful. For example, in September 1821, the following
entries appear in the memoranda book of theefitham Estate chief agent, William Lewis
(SRO D593/L/2/2b)
16" September: a very wet day for Harvesting very close and warm. Grain growing
very much.
17" September: a very wet day warm & Growing. Grain very much grown and
cannot be touched
18" September: a dull Morning but broke up a windy day, and several farmers began
to carry in the afternoon. Wheat in very good conditions to carry, and to all
appearance promises a fine night.
19" September: a Fine blowing aadyreat Droughtmuch Grain ha been carried

to Day. | have examined a Great deal of Grain this day and a great quantity
damaged.

The use of the wordroughthere does not refer to a lorgerm rainfall deficit, but instead
it appears to refer to an event lasting a single day, whera assult of dry weather and
wind, a great deal of surface moisture evaporated, allowing the previously damp crops to
be harvested. Great caution must be exercised when the wloodghtappears in historical

documents not to assume that it is referring to extreme of weather.

Instead of searching for the word drought in the archive, there are several words and

phrases which may be more helpful and more indicative of drought conditions.(Ra0ir)

identified four recurrent narrative motifs in description§flooding in the late middle ages;

references to events being the worst in living memory, the destruction of bridges, using a

boat for transport and the floods covering the feet of statues of saints in the church.
Similarly, it is possible to identifpmimon phrases and narrative motifs used when people

describe significant periods dfy weather in the early modern and modern periods. These

AyOft dzZRST Wy2dG | RNRLI 2F NIXYAYy KlFa FrftSy a
d02NOKSRKONRGSY QO

There are ald occasions where the wordrought is used in the modern scientific
understanding of the wordFar exampleg on the 18" September 1803, Thomas Birds wrote

Ay KAa RAFNEB OGKFG AG ol a W' RFEN)] Of 2dzRe | Fii!
f2y3 I RNRBAAKIQ o6{wh 5MHHPKNKCKGPO® [221Ay3T 0o
few days of rain that summer, artchas been hot and dry since June, so the use of the word

droughtseems appropriate.

37



Archival documents can tell us about droughts in several ways. There are documentary
sources such as diaries and letters which can tell us about the direct impactsaeence

of drought (Veale et al. 201%) or help us to reconstruct droughidinderholm and Molin
2005; Zhang et al. 2013Additionally, proxy evidence, such as harvest and ploughing
evidence from medieval account rolls can be used to reconstruct dtosewerity and
impacts(Stone 2014)Alsoimportant to our understanding of drought today, is the modern
water supply system, and someork on droughts and water supplies has been undertaken
using administrative records of water supply comparfien Lieshut 2016)or newspaper

sourceqTaylor et al. 2009; Waddington 2017)

2.2.4Alternative Sources for Drought Research
As discussed in sectipl.1.2, there are a wide range of sources fxploration of historic

weather and climateancluding: chroniclespublished material (including historical rainfall
records), tree ring data, newspaper reports, personal diaries and letters. There are also
possible alternative sources for drought research, such as visual representations in the form
of photographs or paitings, and physical records, such as the hunger (drought) stones
(Brazdil et al. 2018)

Visual representations of drought are relatively hard to find because droughts, being a lack
of rainfall, are not easily visible. The impacts and aftermath of droughts, however, are more

visible,and these have been portrayed in photographs and paintings.

The American Dust Bowtas a drought related phenomenon which had a large cultural

impact, whichwas portrayed in contemporary photographs. As seerfrigure 2.6 large

amounts of dust were blown across the Great Plains area of the United States, Harping

land and equipmentThe Dust Bowl drought had severe impacts on society and individuals,

causing mass migratiomnd was in part drivefioy changes in landover caused by the

settlement of the Great Plain@u et al. 2018; Porter 2013Jhere remains high level of

6 NBySaa Ay (GKS DNBFG tflFAya NBIA2Y Fo2dzi (KS
(2013)has identified aliminishing awarenesamongst younger generations. The Dust Bowl

was photographed extensively, and the images have persistdte public imagination.
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Figure 26: Abandoned vehicles, buried by windblown sand. Photograph taken in May 1936 in Dallas, South Dakota
(from Wikimediacommons, public domain image produced by the United States Department of Agriculture)

Generally, dbughts and their impacts do not appear in popular culture, however, an
important exception to this is in some American literature and country and folk music. The

Dust Bowl was described in near contemporary works such as the songs of Woody Guthrie

and tSNJ G dzZNB & dzOK +Fa GKS We¢KS DNILISa 2F 2NFGK

narrates in an album entitled Dust Bowl Ballads in 1940:

From the south land and the drought land
Come the wife and kids and me
And this old world is a hard world
For a dusbowl refugee.
Woody GuthrieDust Bowl Refugee

These songs, and books have had a lasting impact on literature and folk(BeeieyMorris

2015) Drought remains a recurring theme in modern American Country music (see Table
2.1). Such sources also offer an opportunity to examine the experiences and impacts of
drought that may not otherwise be retained in more formal records, as they can capture the
experiences of those that may be illiterate or underrepresented in other formsaufrds;
similar experiences have beemwted in the experiences of floods on the Mississippi river

recalled through contemporary jazz music (McEwen et al2R01
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Table 21: Lyrics from American Country songs relevant to the underistguod drought
It ain't rained in four months
One cigarette spark will burn the whole town up
That 'ole well is plum dry
The city put a limit on the water you can buy
We don't mind ‘cause ‘round here
We save water and drink beer
/| KNRA & | 2dzy 3 AY{l} 9 SN SIS
My daddy spent his life lookin' up at the sky
He'd cuss kick the dust, sayin' son its way to dry
It clouds up in the city, the weatharan complains
But where | come from, rain is a good thing.
[ dzl S . NEI Y Wwl&52 MBEQ | Y& 2(
This is God's country
We pray for rain, and thank Him when it's fallen
'‘Cause it brings a grain and a little bit of money
. f11S {KStflh2y WD2RQ& [/ 2dz

In America, particularly in agricultural communities, a memory of past drought events is
preserved, and droughts remain an eymesent threat. In the UK, there is not the same

memory of severe drought impacts, and droughts do not appear often in popuitare.

Art canalsoshow impacts and ideas about drought. Figuréi2.a colour etching by British

artist Anthony Goss (1906 cpy n 0 X Sy G Aldf SR W5ENRAdZAKGQP ¢KS SHOKAY
distance, and in the foreground straight lines, and cuiees in dusty brown colours. There

are what look to be church towers and other buildings, which appear to be emerging from

the dirt. A number of British reservoirs were built in valleys which previously contained
villagegCosgrove et al. 1998hereemSNHSY OS 2F (KSAaS WRNRGYSR QAf I :
is one of the most visible aspects of droughts in the UK, and as such is often reported in
newspaperge.g. Bodkin 2018; Osborne 201B)gure B is a photograph of the remains of

Derwent Hall in Ladybower Reservoir, whicherserges from the reservoir in times of

drought.

Physical records of droughts can be found in a variety of forms, including tree rings or low

water marks (either in the form® YI NJ a 2y aG2ySa WKdzyaSN) adz2ySat
ancient organic material). Whilst historical climatologists have used tree rings as part of the

evidence used to reconstruct past climate, there are weaknesses to the use of tree rings as a

source of eidence for drought. Primarily that they can only be used to examine the summer

growing season, and many other factors other than rainfall can affect tree growth (e.g.

sunshine, temperature), however UK series have been extended back to the seventh and

eighth centuries using timber preserved in historic buildifig®oper et al. 2013; Wilson et

al. 2013)
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¥

Figure 28: Remains of Derwent Hallt ghe bottom of Ladybower Reservoir, photograph sourced from
geography.org.uk, taken by Graham Hogg in October 2018 and licensed undeS8Q BY
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Other physical evidence of droughts comes in the form of stones with low water marks on

0KSYZ (Y2 8S3N | a0 RAWdSgnyaibas common as flood marks, the best

R20dzYSyGd SR Aa I adiazagdd), dnihe BiversEN in theCreadRéHublier

This stonehas many dates carved inits faces with the earliest readable date of 1616

(visible on ke righthand side of Figure @b). The dates and marks are on all sides of the

dG2ySd ¢KS DSNXIY LKNIA&AS WwW2Syy Rdz YAOK &aASKail:
appears (upside down) on the left side oflf@2.9a. In many ways, these marks are similar

to flood marks, which are often seen on bridges and have been used to reconstruct past

floods (e.g. Wetter et al. 2018 Ly GKS 'Y GKS 2yfeée WwWlyz2syQ 4&dzOK
WR NER dzaweatr@rediedigraphic markigy { YSIF G2y Qa . Nieddd SWIASO S S NI K =

2F GKS NAOGSNI dzy RSNJ dGKA& YIN] Ay wmypy la mt FSSic¢

N

a2 —_— L e i -
Figure 20l ' yR 08Y 5S8NYy | dzy 3SNJ { (rgethd Grasy, sourée8 thrdilgidS NI 9t 6 S t A O
Wikimedia commons [CC A 3.0 dehttps://creativecommons.org/licenses/bsa/3.0/de/deed.ed]
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Droughts and their impacts cannot normally be seen archaeologically, howerasge cases
where waterlogged organic matetigurvivesdry weather and low water levels can be
compared to past extremes. For example, at Loch Vaa in Scptkmtaeological
investigations have dated waterlogged timber surviving in the lake very close to the surface
(BBC News 17th October 2019}is wood was about 750 years old. Preserved waterlogged
wood does not survive long when exposed to airgd material not have survived if the past
lake level had been lower than the current oneat&l waterlogged depositsherefore,

allow current water lgels to be compared to past water levels

As discussed in section B1placenames have been used to examine flood risk and past
flood management. Just as words whaifnifywetness or flood risk can be found in minor
placenames, so to can thosesigrifyingdrynesqField 1972)although whether theyndicate

droughtvulnerabilityis uncertain(since no studies to date have explored this relationship)

2.2.5Research on historic drought impacts across Europe and beyond
Over the last decade there hasdn increased recognition of the valueusfderstandingpast

droughts (Sangster et al. 2018; Wilhite et al. 2014jth a focus on extending the reference

period and identifying societal vulnerabilities, adaptation and responses to such events.

A long drought chronology for the Czech Lands (2B®IP) was produced by Brazdil et al.
(2013) using augmented instrumental and documentary déita the form of annals,
chronicles, diaries, tax documents, religious materials, letters and printed matefiad
Hungary and Croatia, Kiss and Nik¢#015)used account books, charters and letters to
investigatereported drought impactdetween 1362 and 1507. These impaictsuded food
shortages, transport problems and accounts of weakened military defétmeent work on
droughts in Germany has used the tambora.org database to reconstruct droughts since 1500
(Erfurt et al. 2019)Thisanalysisused town chronicles, annals, diaries and newspaper reports
from the tambura.org database, coupled with governmemports, annual harvest
information and weather reports to examine societal responses since 18Qfddition b
regional studies of droughtshére are events, such as the drought of 1540, which have been
documented across central Eurapéhe 1540 droughhadsevere impacts for cattle farming,
water mills, and water transport; despite good harvests, prices were high because water mills
could not operate to process grafivVetter et al. 2014)In the UK though the impact of this

drought appears limited.

In Africa, to date historicl climatologists have been reliant on written records created by

European colonistfNash et al. 2019Droughts in southern Afridzave been explored using
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documentary data, such as newspapers, letters, reports and didvliaktiple regions have
beencovered using a similar methodology, including; MalgiNash et al. 2018)»outh east
Africa/KwaZuleNatal (Nash et al. 2016)southern Kalaha iNash and Endfield 2002; 2008)
and LesothgNash and Grab 2010)

An international databas (EDIlI and EDR) collects drought impacts in the modern era across
Europe. It compiles textased reports, from academic work, government reports, other
reports and media and web pagéStahl et al. 2016)This shows that for modern UK, Ireland
and Francethe most commonly reported impactoncernpublic water supply, whereas for

much of central Europe, agriculture and livestock farming are more commonly reported.

2.2.6Research on historic drought impacts in the UK
Research identifying historic droughts in the UK has used tree (@msper et al. 2013;

Wilson et al. 20133nd reconstructed instrumental rainfall serigBriffa et al. 2009; Lennard

et al. 2015; Todd et al. 2013owever, less has been written abougtoric drought impacts

than drought reconstruction. The impacts of droughts in the UK have changed over time, as
water supply systems and industries developéHarveyFishenden et al. 2019)
Contemporary droughts are little more than a minor inconveniefacehe majority of the

UK population, with little impact on the course of daily life. Current water supply systems are

relatively robust and ensure greater resilience than was historically afforded.

Stone(2014)examined the impact of drought in earlgurteenth century England through
manorial account rolls, from over 60 manors across England. He found a clear relationship
between droughts and crop failure, with outbreaks of disease, in both humans and livestock.
Similarly, Brando1971) in his assessent of the agricultural significance of lateedieval
weather in Sussex found that poor legume crops and poor pasture were often associated
with droughts, particularly in the mitburteenth century. Waddingto2017)discussing the
impact of droughts inHe latenineteenth and early twentieth centuries on rural Welsh
communities, notes that a lack of reliable water was a serious limitation for these
communities, who were often reliant on surface wells, springs streams and stored rainwater.
These communitie faced challenges similar to earlier less well documented societies,
resorting to contaminated and poor sources of water and experiencing crop damage, milk
drying up, cattle mortality, poor sanitation and fear of disedsgng drought In many cases,

the worst impacts of droughts could be largely mitigated by more robust water supply
systems. In the UK, there is never no water to be had, but poor access to potablenaater

historically an issue
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Taylor et al.(2009)investigated the relationship betweedrought and water supplies in
England from 1892006, looking at the evolution of drought and water demand across this
period. $milarly, ®me of theinstrumental drought reconstructions in the UK have been
specifically targeted at modelling potential igts on water suppliesSpraggs et a(2015)
modelled reservoir levels for reservoirs before they were built (e.g. predicted levels for Alton
Reservoir 180@Q010, even though it was only built in 198R)is useful for water resource
managers to understad how past droughts would have affectadater levels in their

reservoirs under modern conditions

Pearcg2013)explored perceptions of drought by using grounded theory to identify patterns

Ay 61 GSNJ dzaS NBf SOFyd (2 R NEBndrmbHes of hSskirhni@A 2 dzNJp
of 1976 and modern newspaper representations of droughts. Through this work, Pearce
touches upon many of the modern narratives surrounding drought, such as climate change,
responsibility and resentment of water companies. Droughipacts in the UK were
investigated by Van Liesho(R016) as they relate to the supply of water in London in the
eighteenth century. She identified drought and geography as major drivers in the

development of water supplies in London.

2.2.7Drought Impacts in the UK
Since droughts are relative to the local conditions, droughts in different places in the world

manifest differently and have different characteristics. It is therefore relevant to look at the

typical impacts of drought in the UK. Even across relativelil ssm@as, the impact of

droughts can vary greatly. Stone showed that in 1328, while wist@m crops failed
wo2yarailisSydate FYyR RNIYIFIGAOIEEE@Q Ay &a2yYS | NBI
average or above average yiel@®one 2014: 4442). Drowght severity is not the only factor

that could cause different impacts; Dobs@dr®97)showed how patterns of disease and other

causes of mortality varied across different landscape types in the early modern world.

The impact of droughts has also changeemotime. In the keynote address at the 2017
a@YLRaAdzy WIRFLIGFGAZ2Y YR wSaixfASyOS (2 5NB
. Se2yRQ3 KSf R A3017Mdischsked inc2edsdddinetalility to dr&uydt in the

modern world He highlightd how energy production could be heavdifected by drought,

with a lack of water for powestation cooling, lesater for producing hydraulic energy and

in periods of high pressure and low rainfall, less wind enesgye effects of drought, such

as poo milk yields remain constant over time, while others, being more dependent on the

actions of humans and the vulnerabilities of society, change over time.
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Agriculture is oftersignificantly affected by droughts, since it is highly dependent on soil
moisture, which can be quickly affected by precipitation deficits and high evapotranspiration
Droughts have different impacts on agriculture depending on what time of year they occur
(Parsons et al. 2019pifferent crops favour different conditions at diffetetimes during
their growing period(Pribyl 2017: 95)and as such, crops like barley are particularly
vulnerable to failure during long dry speRribyl 2017: 123)

A spring drought might prevent germination of sprasmwn crops and make the ground hard
and difficult to plough, which might show in historic records as low yields and high ploughing
expensegStone 2014: 437)n 1352, following a dry spring and early summer, the gield
barley and oats in the Bishopric of Winchestaraonly about halbf the normal yield, and

problems were reported with the germination of spring cqRribyl 2017: 134)

The impact of spring droughts on livestock farming however will be different from arable
farmers. A moderately dry spring might have a positive effectlairy farmers by allowing
cattle to be turned out of their winter accommodation earliandthereby saving on feed.
Very dry springs, however, would have a negative impact by reducing the quantity of grass
available for immediate grazing and faroducingsilage or hay later in the ye@Parsons et

al. 2019)

A summer drought could have negative or positive effects on arable farmindhdue
historically generally had a negative impact on livestagBverton 1996) It has been
suggested that thenost abundant harvestare associated with dry summef§itow 1960)

Dry weather could also have negative consequences for arable farming; in 1297 and 1298,
manorial accounts from estates belonging to the Bishopric of Winchester show that repairs
had to bemade to ploughs broken due to hard ground during summer ploudRirigyl 2017:

97). For livestock farming, summer droughts could have long lasting consequences, since
AN aa GKFG gl a WaO2NOKSRQ ¢g2dz R NBadated Ay
overwinter fodder(Pribyl 2017: 12; Stone 2014: 239%inter food stores can be doubly
affected by summer drought if they have to be used early; in summer 2018, dry weather
meant that some farmers in the UK were obligedded supplementary foddentended for

winter use to compensate for the lack of grgdsatural England 2018Yhe lack of grass
during the summer, and afterwards, could cause a low milk yésldvell as restricted growth
Evidence ofow milk yieldcan be seen in medieval accoutls when the sales of dairy

produce were smaller than normal following a dry sumrfigtow 1960)
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Analysis by Parsons et €2019)of droughts in the UK from 1975 onwards found that there

was a higher probability aeported impacts of drought in theummer than in the winter for

the same value on a sironth SPE[Parsons et al. 2019 hey suggest that this may be
because SPEI is calculated using the six months preceding the reports in the summer. This
sixmonth period includes the growth phase foost crops, when they are prone to stunting

from dry conditions. Although the impacts are likely to be reported in summer, it is fact the
deficit of rainfall in the preceding spring which has caused the impdetderms of
vulnerability to drought in Staffdshire across the year, Parsons et (2019) examined
agricultural impacts of drought and concluded that the West Midlands was vulnerable only

during severe droughts.

Human healtlcan be adversely affected by drought. Pril(2017)has shown that outbreaks

of plague predominantly coincide witiot dry summer weather, and that no major plague
outbreak in the period she examined followed a cold winter. Not only are there risks caused
by poor sanitation and shortages of clean wateridgrdroughts, but in Britain droughts are
traditionally thought of as unhealthy and to foreshadow epidenfisbson 1997: 25Puring

the nineteenth century many of the cholera outbreaks across the UK occurred during
droughts(Sigsworth 1991; Waddington 20).

Another drought risk particularly associated with summer droughts, is urban fires, which
were generally an effect of heat and human error, made worse by a shortage of readily
available water for fire control. Fires were not uncommon in early modewns (Morgan
2016) A series of fires coinciding with hot dry summers are recorded in London, most notably
1212(Stone 2014: 437@nd the famoudire of 1666 Hres also occurred outside London, with
recorded examples across the countiorgan 2016)Oneof the drivers behind the creation

of municipal water supplies was the need for water for -fighting (Hassan 1985; van

Lieshout 2017)Droughts also increase the likelihood of wildfires, particularly in the summer.

Problems with travel, eithepy roador water, because adrought could occur at any time of
year, butare more likely in the summeif rivers or streams were short of water, this might
render navigable rivers too low for navigati¢Btone 2014)or cause shortages for canal
navigationgHawey-Fishenden et al. 2019Pnce hydrological impacts are apparent in rivers
and streams, other water bodies are also likely to be affected, with associated impacts e.g.
reports of fish dying in ponds (Stone 2014, 438). As seégume 2.2 before the adnt of

tarmacked roads, dry weather could also cause significant dust problems hintenet
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Autumn droughts are most likely to be described positively by contemporary sources. Dry
weather is essential for a successful harvest, since crops neededdyy before they could

be stored(Pribyl 2017: 12)For livestock farming, dry autumns were also favourable, allowing
cattle to be left out in the fields for longer, thereby preserving winter food stores, and

allowing hay and other fodder crops to be ectied and stored.

Winter droughts similarly could be seen in a positive light, particularly in the short term, for
livestock dry ground often meant cattle have access to grass for longer, saving on
supplementary feedinginter droughts, however can be particularly problematic for water
resources, because water supplies are dependent on the refill of reservoirs and aquifers over

the winter when there is lower evaporatidiMarsh et al. 2007)

2.2.8Droughtduring the progct
This section will examine the reporting of drought in the media, and recent impacts of

drought in the UK, particularly in Staffordshire and the surrounding area. During the project,
there have been several episodes of dry weatthat have had impacten agriculture and

domestic gardening, river levels and on water supply management.

During the period of this project (October 2016 to September 2019), river levels in the River
Trent were below normal for 14 months, normal for 13 months and above nofongd
Y2yiKa FOO0O2NRAYy3 (G2 GKS /SyGNB FT2NJ 902ftz23e
reports (see Table 2.2), and for the River Severn below normal for 10 months, normal for 17
and above normal for 9 months. In terms of rainfall, 16 of the momteese dry or very dry.

The period as a whole, therefore, has been quite dry. However, since the end of the project,
the UK has witnessed high flood levels, particularly on the River Severn in February 2020,

with widespread flooding across the UK.

Winter 201L6-7 and Spring 2017 were noticeably dry in Staffordshire, with below normal
water levels for much of this period in the Rivers Trent and SeverrGiliheliamnewspaper
ran an article about calls for a pipeline to bring water from the north of the UKe®stuth
to address shortages of water for agriculture following the driest winter for twenty years in

some parts of the countrgBarkham 2017)
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Table 22: Rainfall and river conditions in the Midlands during this project (defieed CEH hydrological

outlook reports)

Month Rainfall in Midlands River Flows

Trent Severn
October 2016 wDry wNormal Below normal (Hannaford et al. 2016)
November 2016 Normal wNormal wNormal (Parry et al. 2016)
December 2016  wDry wExceptionally low  wNotably low (Muchan et al. 2017d)
January 2017 Normal Below normal wNotably low (Hannaford et al. 2017a)
February 2017 Normal wNormal wNormal (Parry et al. 2017a)
March 2017 wWet Above normal Above normal (Hannafordet al. 2017b)
April 2017 wDry Below normal Below normal (Parry et al. 2017b)
May 2017 wWest dry, east normal  Below normal wNotably low (Muchan et al. 2017b)
June 2017 Normal wNormal wNormal (Barker et al. 2017a)
July 2017 wWet wNormal Below Normal (Hannaford et al. 2017c)
August 2017 Normal wNormal wNormal (Parry et al. 2017c)
September 2017  wWet wNormal Above normal (Muchan et al. 2017c)
October 2017 wDry wNormal wNormal (Barker et al. 2017b)
November 2017 wDry Below normal wNormal (Muchan et al. 2017a)
December 2017  wSlightly wet wNormal wNormal (Hannaford et al. 2018a)
January 2018 Normal wNormal Above normal (Barker et al. 2018b)
February 2018 wDry wNormal wNormal (Parry et al. 2018c)
March2018 wVery wet Above normal wNotably high (Turner et al. 2018a)
April 2018 wWet w 9EOSLIIA w 9EOSLIIA (Seftonetal 2018)
May 2018 wNormal/wet Above normal wNormal (Muchan et al. 2018a)
June 2018 wDry Below normal wNormal (Parry et al. 2018b)
July 2018 wVery dry wNotably low wNotably low (Barker et al. 2018a)
August 2018 wNormal (slightly dry) Below normal Below normal (Hannaford et al. 2018b)
September 2018 West wet, east dry wNormal wNormal (Parry etal. 2018a)
October 2018 wDry Below normal wNormal (Muchan et al. 2018b)
November 2018  wDry wNotably low Below normal (Turner et al. 2018b)
December 2018  wSlightly wet wNormal Above normal (Barker et al. 2019b)
January 2019 wDry wExceptionally low  wExceptionally low (Hannaford et al. 2019c)
February 2019 wDry Below normal wNormal (Sefton et al. 2019a)
March 2019 wNormal/wet Above normal wNotably high (Turner et al. 2019)
April 2019 wDry Below normal wNormal (Muchanet al. 2019)
May 2019 wDry wNotably low wNormal (Barker et al. 2019a)
June 2019 wVery wet wNotably high w 9EOSLII A (Hannaford et al. 2019b)
July 2019 Centre wet, edges dry wAbove normal wNormal (Parry et al. 2019)
August 2019 wNormal, slight wet w 9EOSLIi A wAbove normal (Hannaford et al. 2019a)
September 2019  wWet Above normal wNormal (Sefton et al. 2019b)

Summer 2018 was a hot and dry summer, with associated impacts for water supplies and

farmers; including guidance by the Rural Payments Agency about meeting conditions for farm

subsidies(Rural Payments Agency 2018his covered problems with wildfire, lfaie to

establish catch crops and the need to baly earlier than agreed. There were also reports in
newspapers about the risk of firde agriculture(Harvey 2018)Several water companies
applied for drought permits to help them to manage water, which were reported in the
media(e.g. BBC News 16th August 2018)section 2.2, there was an example of a BBC
NBLRNI O2y Tl dAay3
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phenomenon. In July 2018 there was a BBC News article with the he&tlithelzNJ/

offé (i 2

consumers to saveater by turning the taps off anghaking sure appliances such as washing

machines are operated with a full load; turniteps off, however, will not make it rain to
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stop the drought (which, as discussed previously, is a shortage of rainfall), and instead of
RNRAZAKGQ (G§KS S NlIFAAGR SYRINR2ddAKRI KAFYAJE OGaQ 2N Wgl GSNJ

In addition to the reporting of impacts for farmers and water supplies, there were also

reports about brown gras@BC News 23rd July 2018)il moisture deficité W! NOKI S2f 23Aad &
dust off their tools afteNJ A ya Q% . ax@sabgidence of hodises built on c(Byown

2018a)

2.3 Research framework
The following section will discusse background to the research framework used in this

thesis It will cover issues such as the use of volunteers in ewic research, the nature of
interdisciplinary research at the interface of hydrology and humanities, knowledge exchange
activities, the qualitative/quantitative data divide and will conclude by exploring the research

opportunities identified by this litexture review.

2.3.1AAcagemics, volunteers and research

¢tKS RAAGAYOGAZ2Y 0S0G6SSYy WIHYFGSdNR |y
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2012) Many early researchers and scientists did so as a hobby, alongside another profession.

This is particularly true in the case of historical and environmental research. William Stukely,
for example,was a doctor and later vicar, but also the fisgicretary of the Society of
Antiguities and a partime archaeologist, writing on seismology, palaeontology and garden
design(Smith 2013) The first historians, archaeologists, meteorologist, ornithologists were
generally polymath hobbyists. The rootglois may be in education system; early universities
taught philosophy, classics and divinity to undergraduates (Roach 1959), encouraging a broad

range of interests.

The roots of the split between professionals and amateurs may also lie in the development

of the education system. In the late nineteenth century universities began to send lecturers

out of the university to provide lectures in the wider community (Cambridge in 1873, Oxford

AY MyyyouI $2YSyQa SRdzOF A2y 6 lcieatddfGRldmani SR | YR WN.
1995; Hamilton and Schroeder 2007fhe opening up of education helped to create

professional researchers, and which ironically created a split between professional and

amateur researchers.
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Researchers practicing participatory geographyehquestioned and deconstructed barriers
between the researcher and the researched, to allow collaboration andreation of
knowledge(WynneJones et al. 2015V olunteers participate in research as collaborative
researchesor the subject of the reseah, and sometimes both. There are many reasons for
including volunteers in research. When the subject of the study is the volunteers, their
contribution and the reason for including them is clear, however, they can also be important
as researchers. Volupgrs can bringoth enthusiasm and experiencénother common
reason toundertake research with the help afolunteers is that they can reduce costs
(Williams et al. 2018)or make possible projects which would otherwise be unfeasible

because of theaumberof hours of work required.

2.3.1.1Wildlife and Conservation volunteers
Volunteers are often used by wildlife and conservation research projects. Volunteers typically

help with collecting data on distribution or abundance, although systems for monitoring
abundance of plants are less well established than those for wilili#scott et al. 2019)n

the UK there is a long history of voluntary biodiversity distribution and abundance data
collection, with origins in the private collections of the aristocrieicthe eighteenth century

and the learned societies of the nineteenth centfbawrence and Turnhout 2010hrough

the work of a network of volunteers the Botanical Society of Britain and Ireland have
produced atlases that show the changes in distributaf plant species (nhative and non

native) since that mighineteenth centuryPescott et al. 2019)

Phillips et al (2019) found a wide range of environmental and conservation projects currently
using volunteers in the United States. These included; mdngobird boxes, counting
species, measuring precipitation, monitoring air and water quality. For wildlife and
conservation research, often multiple counts or measurements are needed across a large
spatial and temporal extent, and this is made possibla Imgtwork of volunteers. Working

with volunteers helps to overcome access issues and spatial challenges; for exahrgrie
investigating species which primarily reside in urban areas and gardens, which researchers
cannot easily access, but which can beilgasirveyed with resident participatiofWilliams

et al. 2018) Volunteers are also particularly valuable for collecting high resolution data over
large spatial or temporal extents, for example distribution mapping over long periods of time
has been abldo show the effects of environmental change on bird breeding patterns

(Cooper et al. 2012)

Another important aspect of using volunteers in wildlife and conservation research projects

is that participation can encourage community engagement with consienvé®mith et al.
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2018; Williams et al. 20187 study by Smith et al. on the impact of volunteering in UK zoos
and aquariums as seléported by the volunteers, found an increased connection with
nature as one of the reported positive wéking outcomeof volunteering in this context
(Smith et al. 2018)

Some reports, however, have identified potential problems with using volunteers for
conservation and wildlife projects. Aside from problems with consistency and human error
in data collection, which wit robust checking systems in place can be identified and
accounted for, Pescott et al (2019) found that volunteers can be set in their ways and
uncomfortable with change. They observed that some volunteers with which they trialled a
new more structured plat monitoring system for the UK were resistant to new techniques,
FYR GKIFG Y2NB aGNUzOGdzZNBR aeaidSyigPesedttetaly 2
2019)

Everett and Geoghegan (2016) investigated the motivations and barriers to participant for
different groups of volunteers engaged in a natural history citizen science project (OPAL,
Open Air Laboratories).ofie of the benefits of participation for the volunteers included
enjoyment, confidence building, renewal of interests and feelings of validaftoem barriers

to participation they identified was a perceived lack of time.

2.3.1.2Heritage volunteers
Volunteers are an important part of the dagp-day running of museums and archives, and of

making collections accessible to the pulftapper and Scully 2016h addition to working
in museums and archives, volunteers also do research in the field aloragshteologists.

There are three main types of archaeology, all with subtly different characteristics;

commercial archaeology, community archaeology and academic or research archaeology.

Most volunteers will work within community archaeology projects, othwacademic
research digs. Although volunteers are rare in commercial archaeology today, even
commercial archaeology evolved from a culture of volunteering. Prior to WWII nearly all
archaeology, by academic researchers or amateurs, was research questien dnd
involved a substantial element of volunteering. During WWII, however as large numbers of
airfields were constructed, and under Ancient Monument legislation, the government had to
finance rescue excavations, which they did by recruiting from thresearchers(Everill
2009)

Simpson (2008) critically analysed the claimed benefits of community archaeology and its

potential to impact values and future management of sites. She found that community
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archaeology has the potential to promote understandin§ heritage by public and

LNEFSaaiz2yltas FyR G2 38y SNISinfsor2g0R)Thsdest R 2y

in with the findings of Coen et §R017)who used focus group discussions with participants

in community archaeology projects in Manctexso examine if physically engaging with the
environment and history informed social identity rooted in place. They found that working
with others from the local area helped participants to move from a personal to a community
based account of local higtpand heritage. Similar group and identity forming experiences
were noted by Phillips et a{2019)as experienced by volunteers on environmental citizen
science projects in the United States. Smith et al (2018) also identified increased community

valuesas a result of volunteering in the context of zoos and aquariums.

Participatory projects can grow out of regular volunteering in museums and arclives
example, the Potteries museum in Sted&e-Trent, have included volunteers in the process

of displayng and interpretation of objects to the general pub{€apper and Scully 2016)
These volunteers were initially recruited to help manage visitors, but over time and through
interacting with the objects on display became guides and helped the public engihigbe
museum objects (notably the Staffordshire Hoard). This is particularly important within the
context of Stokeon-Trent, which is generally a soe@gonomically deprived area, but which
has a history of skilled pottery manufacture, and a strongiomg identity. Local
interpretation and understanding from volunteers can help to open the collections to the
rest of their community. In historical geography, there is a growiagticeof participatory
research; projects involving archives, volunteery R LJdzo £ A O 2 dzi NB I OK X
STF2NI 2y 3 (Degsér RO Besd profeofsdasedvare and seltritical
about the potential ethical considerations of working alongside volunteersgloring
relationships between the researcher apdrticipants,and fosteing collaboration and co
creation of knowledgéWynneJones et al. 2015)

2.3.1.3Weather data, online citizen science and crowd sourcing

Much of the earliest weather data is recorded by amateur meteorolodEtelifield et al.
2015) There has long been an emphasis on the use of volunteers in collecting weather data
in the UK, as advocated by some of the important figures at the beginning of historic climate
studies in the UK, such as Manley and Lébrdfield et al. 2015Recatly, volunteers have
been usedy citizen science projects to transcribe and process weather data. Citizen science
is the involvement of the public in scientific research, with dual emphasis on research and
education (Phillips et al. 2019)In recent yeas there have been several projects using

volunteers to transcribe material online, notably the Weather Rescue Project
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(weatherrescue.org), which digitised published weather records from observatories at Ben
Nevis and Fort William (188304). More than 300 volunteers participated, and digitised
close to two million records in 10 weelBurt and Hawkins 2019The resulting data has
been published iGeoscience Data Jourrfilawkins etal. 2019 { AYAf I NY 82X (G KS
weather records from over a million pages of handwritten ships logb(dlkan et al. 2016)

With published material that is no longer in copyright, online transcription by volunteers is
an ideal metlod of digitisation. By requiring each section to be transcribed identically by two
or more volunteers, mistakes can be identified and rectified, and the plagesanscription

can easily be made available online. This would not be the case with manyearchi
documents, some of which would take longer to photograph than they would to read, and
most of which would lose important contextual detail as a result of being viewed as a single
page. The community building and interpretatioriorming positive aspecisf volunteering

are unlikely to be replicated online.

2.3.2Researching at the hydrology/humanities interface
The interface between hydrology and humanities is an interdisciplinary and- inter

professional research are&uggenheim (2006) argued (in thentext of environmental
consultancies) that research methods and standards are increasingly defined by
organisations and projects rather than disciplinary norms. Managing disaster risk is
inherently an interdisciplinary problem, requiring both physical aadial sciences (Culwick

and Patel 2016). Issues such as flooding and drought have meteorological, hydrological and
socieeconomic causes (van Loon et al. 2016@ing as such need to be approached in a

multifaceted interdisciplinary or transdisciplinanaw

2.33 Action Research and Knowledge Exchange
Action research igollaborativeresearch by doingan iterative process of problem solving,

where thelearning is an integral part of the resear&trevious projects have applied action
researchmethodologies to research at theydrology/humanities divideFor example, action
research wasised by Walker (2016) while imbedded within a local catchment partnership to
fulfil the dual aims of identifying drivers and barriers to delivery of the CatchrBased

Approach (CaBA) arid explore stakeholder responses to diffuse pollution risk.

Knowledge Exchange is a tma@y sharing of ideas, evidence, experience and skills between
researchers and research users. Knowledge exchange is a particularly oskfiuldisaster
risk planning, where local people are both a source of information and stakeholders in the

research (Cadag and Gaillard 2012, Mercer et al. 2007). The concept of knowledge exchange
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is relevant in any circumstances where the research isrg@ty of use to the participants.

Action research and knowledge exchange can work together.

Ideas about local knowledge and the value of knowledge exchange are not universally
appreciated or recognised across disciplines. For example, Ye (2016) facqdettions

from peer reviewers on an article written as part of an interdisciplinary project with
ecologistsabout whether how the experiences of local residents could be considered
Wiy 2 st I8 ki3 Somaxt Ye hadarried out interviews with local pple to address a
shortage of available weather datnd found some results which were consistent across
interviewees but not wholly consistent with the available scientific datas is indicative of

the problems of working with qualitative data, and theneral tendency towardgrivileging

gquantitative dataover qualitative (Harve¥ishenden and Macdonald 2021).

2.34 Research Opportunities
Drought research in England has so far focused mostly on the south of the country. The

coverage of long rainfakeries is uneven across the country, but generally lacking for the
Midlands. Severe and extreme droughts are particularly poorly captured by short
instrumental record¢Lennard et al. 2015Against a background of increased recognition of
the utility of past drought knowledgéSangster et al. 2018; Wilhite et al. 2014)is worth
investigating what source material there might be to investigate droughts in a county where

the impacts of draghts have not been heavily investigated.

Greater understanding of past droughts and water supply practices in Staffordshire, may help
understand past societal vulnerability and adaptab{@angster et al. 2018and the historic
records themselves mayave potential to illustrate the risk of droughts, which might help
strengthen social resilience when there are long periods between high magnitude events
(Riede 2014)It is important to consider that exposure to hazard is not the only factor in
vulnerablity (Bankoff 2003: 12and that the individual and community vulnerability is as
important as the relative magnitude of hazar@ldcEwen and Werritty 2007: 78Yhis
research connects with recent calRfister 2009yvithin the environmental history disdipe

that we must move away from a focus on extremes to consider how the everyday (mundane)
conditions shape societal responses; the study of droughts covers long time periods, and
must consider both the normal societal conditions and the response to ¥eme. As
Sangsteretal. (2018 o0 Yy 2GS ¢S y S Sy piatticed RBayeshape8 sdtickap &
vulnerability, with actions both increasing and decreasing overall vulnerability and
AYyFidzSYyOAy3a FTRIFELIWGFOATAGEQD
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Methods

This chapter wilpresent and justify the methods used in this PhD project. This PhD project

F2NYa 2y S LI NI iggF YIRKS NPlOAXKE2 RWO { @ FFR NRAKANBQ LI
Arts and Humanities Research Coumitwo collaborative doctoral studentship awards

between the University of Liverpool and the Staffordshire Record Office (SRO). This

RSOPSt 21LISR 2dzi 2F NBflIGA2yaKALA F2NX¥SR RdAdzNAy3I (KS
with many record offices around the UK, and created the TEMPEST da(sleade etal.

2017).

CKSNB 6SNB (62 YIAY ihglWaR SWNROAK IWIANE K ANITFT 2 DIRAE KR
First, that we should both contribute our own research to the broad field of environmental
history with one studentship investigating floods and excesses of water, and another
studentship investigating drought anddimpact onwater supplies. Seconthe SRO wanted

to make their collections more accessible to a #i@ditional user base and had identified
collections that could be used for environmental history. In addition, public engagement was
at the centre of theoriginal project proposal. The Revisiting Collections To(lKitA and
Collections Trust 2009as suggested as an appropriate model to base a project focused on
opening the archive collections to new and different users upon. The toolkit provides
guidane@ on collecting different perspectives on archive collections. Archive catalogues as
they exist today are likely to have been written by an archivist in the mid or early twentieth
century, who had an expectation of who the end user of the catalogue wailahid what

the records could be used for. This may repiresent the diverse community served by the
archive, and may notater to some fields of research, for example environmental history
(Veale et al. 2014).

Like many archive services, tieprovement of the SRO catalogue is ongoing. The online
catalogue was launched in 2002, after a tyear project which digitised thirty percent of the
paper catalogue. At the present timérough continued worknearly ninety percent of the
paper cataloga is replicated in the digital catalogue, though the paper catalogue remains
available. Digitisation was a long and time intensive process, therefore, when the digital

catalogue was produced, improvement of the records was not a pridnitgnost cases the
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information in the paper catalogue has just been transcribed. A digital catalogue which is
available online is important because it allows potential archive users to determine quickly
whether the archive is likely to hold material they are looking foobetthey travel to the

archive in person.

The SRO has longstanding volunteer groups, some working on cataloguing and document
O2yaSNBIFGA2Yy LINR2SOGa FyR &2 VYngand ProugdNid 2SO0 a
{GFrFTF2NRAKANBQ t NP Dévieen khg BRO @il yederndDd pdrtliers,0 2 NI
particularly universities. The annual report produced by the archive service for 2016/17 lists

the names of 124 volunteeramany of whomwere involved in more than one project
(Staffordshire & Stoke on Trent ArehiService 2017: 30)

3.1 Archival research

3.1.1 Use of archives

The use of archives is a foundational element of historical research in all disciplines.
Traditionally, archive users have come from historical disciplines, and county archives such
as the SRO are extensively used by family and local historians, however they often hold
collections with wider potential. Archival research is important in historical disciplines
because it provides the primary evidencesubstantiatehistorical commentaryHuistra et

al. 2013) can be used toeassess or revisthe work of predecessorgEskildsen 2013nd

hasan important role in the democratisation of history; archives are a source for history that

goes beyond the received political story.

The methodologydr using archive material and assessing its usefulness has been defined by
historians; historians have traditionally analysed the context and reliability of documentary
material Cther disciplines using historical documents tend to model their decigiaking
processes on their method®razdil et al. 2010)There are important factors to consider
whenexaminindhistorical records, many of whianerelevant when considering information
about weather and its impacts. Positionality of the author regarding the events being
described can bean important consideration in the case of weather records or
environmental records, it is particularly relevantdonsidethe purpose of theecord andf

the authors have a vested interest in downplaying or exaggerating eyBetsand Ogilvie
1978) Another consideration is the proximity of the author to the events described. This is
particularly relevant with wather records, where there is significant capacity for errors in

magnitude and dating if they are reported using sectiadid information(see section 2.1.2)
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There are a variety of materials which have been used in the reconstruction of past weather
and climate, including early instrumental records, administrative records and narrative
material (section 2.1.2 The first steps of this project involved determining which of these
types of material survive for Staffordshire and the surrounding areas. Malvéd searches

of archive catalogues, consultation with archivists, and searches of online databases (sections
2.1.4). Potentially useful source material was collated, and archive documents condtiieed.
most promising material from Staffordshiirecluded: diaries and letters relating to weather
papers relating to estate managemenmaterial relating to canal construction and

managementassorted material relating to water suppbnd digitised newspapers.

This project has used multiple archivasludngthe SRO, the National Archives, William Salt
Library, Lichfield Record Office and the Institution of Civil Engineer Archives. The main initial
access route to all of these archives was the online catalogue, through the Staffordshire

Gateway to the Pastvebsite fttp://www.archives.staffordshire.gov.uk/CalmViely/ or

through the National Archives Discovery website

(https://discovery.nationalarchives.gov.uk/ Online catalogues and other lists make it

quicker to check if the archive has relevant material compared to visiting to look at the
physical catalogue or even speaking to archivists on the telephone. It is likely that many
younger archive users also prefer to look online, althotiglh SRQdoes receive frequent

enquiries via telephone or email about their collections

3.1.2 Access to archives
There are different ways of interacting with archives; in person, online or through different
types of catalogue. Whatever way the archives are accessed, the archivist plays a key role in

making records accessible and providing access to them.

Archivistdgn organisations such as the SRO have many roles; applying an acquisition policy to
determine what material should be stored in the archive, cataloguing and describing
acquisitions, ensuring the preservation of material through storage, conservation and
digitisation, advising on the contents of the archive, providing access to documents and
interacting with the public. Traditionally, the role of the archivist has been to ensure the
preservation of material as evidence of facts, ideas and ac{®asld 2015Jenkinson 1980)

The activities and responsibilities of a modern archivist go far beyond the simple preservation

of material.

As one of the roles of the archivist is to oversee the acquisition and cataloguing of new

material, the contents of the archigeand their availability for study has been shaped by a
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succession of archivists. The contents of archives are curated, and has traditional favoured

fI NBS AyalAaddziazya | yR WA YL NGauld ZOB)FaryhR A @A R dzl
reason, i can be desirable to look at the archive from a different perspective, working with

the communities to which the archive relat@glLA and Collections Trust 2009here are

debates amongst archivists about how to cater to and prioritise collections fiaretit

users, such as academics and genealo@&isild 2015)Digital catalogues and archives offer

new opportunities for participatory cataloguing (Newman 2012).

Catalogues are key to facilitating access to archives, however they can come in many
different forms The same catalogue may be available in different forms; for example, an

online catalogue, produced in software such as Calm ALM, and displayed online with
Calmviewooks different and uses different search meth@dsnparedto the CALMsoftware

the archivists use to catalogue and search for recofdgshe SRO there are three ways of
AYGSNI OGAy3a 6A0GK GKS OFGFE23dz2SY 2y LI LISNE 0
digital catalogueAs at the SRO it is likely that the digital catalogue turn a version of the

paper one. At some institutions, the paper catalogue may be the only catalogue available,

and therefore potential readers are unable to find out exactly what is available without

visiting the archive in person.

The way a persointeracts with archives is also dependent on the level of access given;
archive staff who visit the stroagpoms and handle large numbers of documents will have a
different relationship to the material than a reader working in the reading room who is
bough individual documents, signed in and out by an archivist. The benefit of a collaborative
partnership with the SRO for this project, was that we were allowed staff level access to
catalogues and archives. This allowed us to look at material more qui¢klyuvimpeding

the dayto-day work of the archivists and meant documents that were initially unpromising
in their potential to contain weather information based on the catalogue description could

be checked anyway.

3.1.3 Catalogue Improvement

The SRO waasterested in how the catalogue could be adapted to a wider range of users;
historic cataloguing practices have prioritised the legal obligations of preserving records,
giving prominence to people and organisations. The revisiting collections toollsttaim
address the changing use of archives, by collecting different perspectives on archive
collections and democratising the archif®LA and Collections Trust 2009he toolkit

acknowledges that cataloguing is extremely important for facilitating adcetge archive,
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but that in the past, cataloguing has only been undertaken with specific user groups in mind,
and these catalogues can be enhanced to capture different perspectives and facilitate access
for a wider range of potential user§hrough the metodology of this toolkit, volunteers can

play an important role in catalogue improvement for accessibility, usability and content.

There are various ways of adding to the catalogue entries. For this project, the viable options
were index terms or editinghe catalogue descriptions. There are set thesauruses used to
add index terms in archive catalogues, and standard ways of producing catalogue entries.
Index terms are added using a standardised list of possible terms (the SRO uses the UK
Archival ThesaurysJKAThttps://www.vocabularyserver.com/ukat/index.phpUsing a set

N} y3IsS 2F GSNya LINB@SydGaszs F2N) SEFYLX ST (KS

interchangeably, which could roblematic when searching the cataloguiéhe restricted
number of terms caphowever, make it difficult to find a term that encapsulates the contents
of the record. For this reason, it was decided that the volunteers working on letters and
diaries wouldmake notes that could be used to add to the descriptions of the record in the
catalogue. The digital files containing collected extracts from the documents created by the
volunteers will also be retained by the record office, providing a different waytefacting

with the documents.

3.2 Working with volunteers

As previously discussed in Chapter 2 (sectid®1R. vdunteers havea long history of
participation in academic research in the historical, environmental and geographic
disciplines. As part dhis project, a volunteer project was run at the Staffordshire Record
Office, which combined catalogue improvement with data collection inspired by the
WNBQGAAAGAYT O2tftSOGA2ya G22t1A0Q@

3.2.1 Background

The Learning and Resource Cerdtéhe SRMosts volunteer groups every day. Volunteers
are engaged in a variety of different activities (such as catalogue improvement, creative
projects, cataloguing, digitising and conservation). Many of the volunteers at the SRO

volunteer for many years and anmevolved in multiple projects.

Collecting weather data is a labeimtensive process, and volunteers have been used by
other projects to collect weather data, primarily online, such as the Old Weather project

(www.oldweather.org, or the Weather Rescue projefiflawkins et al. 2019see section
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2.3.1.3. These projects have used documents where information is densely packed onto the
pages which can be scanned aeddremotely by volunteers. They have therefore dised

on instrumental data recorded in columns and rows (see Figure 3.1) rather than documents
of a qualitative natureSome documents lend themselves to working remotely, some to
looking at in person. For example, long diary entries where not every pagié ntntain a
weather reference are best looked at in person, whereas where there are lots of records on
one page it might be worth photographing it for someone to work on remotdlyst of the

records we worked with werbestsuited to working with in peson.
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Figure 3 record of weather observations made at Stornaway in‘Jénuary 1881

3.2.2 Volunteer Recruitment

In order to recruit volunteers, an advertisement wdaqedin the Staffordshire Record Office
newsletter andalso shared ottwitter by the project account and by the SigEgure 3.2). The
archivists also advertised the project to people enquiring about volunteer projects. Eight
@2t dzy 0 SSNE ¢2N] SR 2y (GKS ¢S (MENY REDRRFEK LD
project. There was a core of three volunteers who worked through the whole project, four
who did several months and one who tried to volunteer, but lived too far away for it to be
practical. Two of our volunteers were long term record office volunteers, dtworked

on several projects before starting on this offeese volunteers found out about the project
through the newsletter and discussions with the archivists as they came to the end of their
previous projects. Several of our volunteers were voluritegewith theSRGor the first time
(although they had volunteered with other heritage or charitable organisations in the past).
In general, these volunteers had contacted the record office looking for volunteering

opportunities, and our project was suggested to them Iy &archivistsStudies of volunteer
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engagement have identified different types wblunteers,¥ 2 NJ S Ealre¥dydinGagel)

(actively involvedl Previouslydzy Sy 3 ISRQ 6y S@OSNJ dzy RSNIk { Sy |yeg &i
Sy 3 Fsbneprevious involvemept(Eveett and Geoghegan 2016)The volunteers

working on this projecas a groupmight be described afllreadyS y 3 | 3 ScRsQally2 NJ W

Sy 3 m &dfitge volunteering When we discussed motivations with the group during

the sessions, the volunteers said thiagy were mainly motivated by interest, enjoyment and

desired to connect with different source material. This is broadly consistent with the

motivations identified by Everett and Geoghegan (2016) in natural history citizen science

projects.

The volunteersall brought their own skills and experience to the proje&mong the
volunteers was aexperienced typisanda keen photographer interested in digitisatioim
addition, tey all had their own historical and literary intereseoghegan (2014) writes
about the importance of volunteer knowledge and the potential loss of expertise to archives
and museums if volunteers were to decide to stop volunteerighe SROyolunteers make

a significant contribution to the activities of the record office, assistuith time consuming

conservation taskand cataloguing, as well as engaging veitternallyfunded projects.

Historic Flood and Drought in Staffordshire Project
LOOKING FOR VOLUNTEERS

Are you interested in diaries and letters from the past?

We are investigating past weather and its impact, and need
volunteersto help us read diaries and letters from the 18t" Century.
You would be contributingto academic research and helping the
Staffordshire Record Office improve their catalogues.

Our project runs on Thursday mornings, 10am — 12pm at the
Staffordshire Record Office

.u@‘\ Lot OH

Figure 3.2: Advertlsement for volunteers (as used on twitter and in the Staffordshire Record Ofﬁce newsletter)

3.2.3 Selection of material

At the beginning of the project, various types of material were considered and evaluated for
the volunteer project. Previous scholarship has looked at how crop yields or mortality can be
linked to weather event@runt 2015; Hoskins 1968; Titow 1968 dthere is material in the

Staffordshire Record Office that could be used for this purpose. However, documents such
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as manorial account rolls require advanced palaeography/@andanguage skillso
understandand therefore are not ideal for using with volears. Although it would be
interesting to look at late medieval weather records, or proxies for late medieval weather, it
is difficult to discern how much material at the SRO would be useful, and it would not be
suitable for many volunteerg.he intentionwith the volunteer project was for it to be open

to all, regardless of past experience and skill leRPalish registers for Staffordshire are
available online, which could be used to look at mortality, however the interpretation of
parish records can beomplicated, which again is not ideal for a volunteer project. It is
important that the volunteersenjoy their work and find it rewardingherefore documents

with guaranteed human interest, which will definitely contain relevant information are best.

Another potentialoption was to explorg¢he recording of weather in diaries and letters. From
the later seventeenth century onwards, many archives preserve a variety of document types
that can contain discussion of climate and weather, including private neesat parish
registers, diaries, chronicles, letters and serm(@@sdfield and Veale 2018b; Jankovic 2000;
Veale et al. 2015). The TEMPEST database brings together a variety of different documents
from archives across the UK, some of these sources haae fingblished, for exampl&he
weather journals of a Rutland squiigington 1988)At the SRO, it was possible to identify
diaries which cover long periods of time, and some shorter didniashelp fill in gaps, and

a large number of letters. TH8RChad a previous project looking at weather records in the
archives, which resulted in an online exhibition containing extracts from the archive

documents(Staffordshire & Stoke on Trent Archive Service 2009b)

In terms of palaeography, eighteenth centuryadionents are relatively easy to reagom

the late-seventeenth century onwards more peopkich as merchants, began to need to
keep detailed written records, rather than just professional clerks and scrifempts,
therefore, become moredutilitarian andreadable to the modern eye (sixteenth century
secretary hand, for example, is much more difficult to read). Within a few weeks, most of the

volunteers were able to read the handwriting with ease.

The records useduring the volunteer projecarrived at the SRO through various routes. One

of the main diary sourcesevethe diaries of Elizabeth Hervey. It is uncertain exactly how the
diaries were acquired by the archives, since Hervey did not live in Staffordshire or have any
clear connectiond Staffordshire. Her diaries were kept by her son William after her death
(and edited by him). At the SRO they are with the papers of the Lane Family of Kings Bromley,

and it seems likely that they were passed down through the Vincent family, who mantaed i
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the Lane family in 1864. The Vincéamilylived at Lily Hill near Bracknell in Berkshire, which

| SNISe R2Sa NBO2NR GAaAlAy3d Ay KSNI RAFNRARSAT 2Aff

was a Vincent. Hervey owned a house at Acton, in modernt&réandon, and rented a
house in Central London, but travelled extensively and many of her diaries relate to her
travels, in the UK and throughout Western Europe. She records the weather daily alongside
a detailed account of her day, her health and dgswihs of the places she visits. A daily
entry can run over several pages and the weather is often referenced multiple times a day
interspersed with other information. The diaries used in this study are not weather diaries,

but personal diaries with incidal weather recordig.

Another major diary sourc#/asthe journals of Richard Wilkes Unett and his father Thomas

Unett. It is easier to trace their route to the SRO, since they remain with the Unett family

archive The archive remained in the family uhtielatively recently when they were

deposited with the SRO. Although originally from Staffordshire, mucRiciard Wilkes

Iy § ididrieséecords life in Scotland or London. He kept a daily journal recording brief notes

about his daily activities, the vather, his health and the state of his garden. Interestingly, a

small section of journal kept by his father Thomas Unett also survives, but only for June of

MTTn O0{wh S5o0cManknO® ! ySiiQa RAINE SydidNASa I NB
easy b identify and extractThe principal documents consulted by the volunteers are listed

in Table 3.1.

Many of the documents, including the memoranda of William Lewis came from the
Sutherland Collectionhftp://www.sutherlandcollection.org.uk), which was purchased by
the Staffordshire and Stoke on Trent Archive Service in 2006. Thengagtgenthcentury

was an important period for th&renthamestate, whenestate managersvere brought in

from Scotand, including the chief agent James Loch and the Trentham agent, William Lewis.

They revolutionised record keeping on the estate, as well as engaging in a program of
landscape improvemeni{Wordie 1974; 1982) Away from Trentham, Loch was also
instrumentalA y G0 KS {dziKSNIlFyR 9adl S Q&orrespoyidemt® @S NBE A | f
survives between James Loch and William Leagisloesnuch of their correspondence with

others. The collection also includes monthly reports, with daily weather recording, and
memoranda books belonging to the agents, which also record weather and its effects on their

daily life. There are daily weather descriptions from 1816 onwards, and temperatures

recordings from 1821.
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The volunteers worked with three main sources from Trentham Estate; letters belonging
G2 2AEEALY [Soraszs 2AfEAFLY [S6A4Qa YSY2NI YyRI
are particularly valuable when viewed together, because they reveal different ways of

recording and different recording prioritiesahwould otherwise be hidden.

Table3lY al Ay R20dzySyiGa dzaSR o0& GKS WI AaG2NRO Ct22R | yR 5

Document Description Extent
Reference

Number(s)

D6584/C/55 Diaries of Elizabeth Hervey, July 17B@bruary 1820. 72 exercise
126 Elizabeth Hervey was an author who moved in the  books

higher echelons of British society. She travelled
frequently in the UK and abroad and kept diaries
recording her experiences.
D12294/6/7-9 Diaries of Thomas Birds (1803, 1807, 1808). Thomas 3 pocket
Birds was a mine owner and farmer, from Eyam in the size books
Derbyshire Peak District.
D3610/4 Diary of Thomas Unett (undated, from days and date Notebook
are given, and the descriptions of his children it is like pages
to be from 1774). Thomas Unett was an Anglican prie
incumbent in the Parish of Baswich near Stafford.
D3610/12/24  Diariesof Richard Wilkes Unett, July 178&ily 1803. 3 small
Richard Wilkes Unett was at his death a Captain in tt pocket size
Royal Regiment of Atrtillery. He kept daily diaries fror books and 1
July 1788 onwards, when he received his commissiol booklet
D593L/2/2b 2 AT EALY [ SoAaQa al837AMWllany F 1 large (tall,
Lewis was the Agent of the Marquess of Stafford late narrow)
the 15 Duke of Sunderland, under the chief agent Jan volume
Loch. William Lewis was based at Trentham but
travelled around the country to the otherstates.

D593/K/3/2/1-  Letters from William Lewis to James Loch. Copy lette Many

8, /IK/3/1/3, between William Lewis and Chief Agent James Loch. 0 2 ESaxX
/K/1/3/6,

IK/1/517

D593/L/6/2/2,  Monthly reports from the Trentham Estate, 181826, 1 book,

D593/L/6/2/14 18321865. Include weather description morning and many

46 evening, wind direction and temperature at 8am and bundles.
8pm from 1821 onwards.

3.2.4 Research process

The core volunteer group met weekly from March 2017 to September 2018,-12am on

a Thursday in the Learning and Resource Centre abR®. There waslarge table in the
centre of the room, which the volunteers sat around. The number of volunteersdyawiith
aboutfive attendingmost of the time Each volunteer was given a bundle of diaries or letters

to work on. They were given an Excel spreadshdigitally or on paperwith columns to
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collect source (document reference number), names of correspotsin the case of letters,
date, summary of weather, quote (including impacts) and other interesting information, as
relevant to the document they were looking at (Figure 3.3). In order to improve the record
office catalogue, additional information abotlte contents of the documents was recorded.
What to record as extra information was left at the discretion of the volunteers and they
were instructed to note anything that they thought might be useful or interesting to a
researcher in the future. They werlso given a printed copy of the current catalogue entry
to annotate with any correctionsrassential additions. A researcher or archivist was always
available to answer questions and heéfpnecessary. Most weelksworked alongside the
volunteers on sme of the less exciting or more difficult material (for example copy letters
which were written on very thin paper with faded ink, which only occasionally contained
references to the weather). Mill&013a)wrote about how participating in research as a
volunteer gives different perspectives on research. For this project it was an important part
of building a relationship with the volunteers. As local residents, and historians, the
volunteers had specialist knowledge to help identify the locations of thathes records,

and the research environment was interactive and discursive.

Historic Flooding and Drought in Staffordshire Project (Diaries, weathe

DocRefNo Date Place Weather Quote (weather and impacts)

Figure 3.3: Example of one of the sheets used by the volunteers to collect weather information from diaries
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3.2.5 Data Processing and Archiving

Some of the volunteers brought laptops or borrowed laptops to typw whilst at the SRO,
while others worked on paper and typed up their entries at home. The volunteers regularly
emailed their files to one of the researchers or saved them to memorysstidkese were
then compiled by source (one final spreadsheet was kept for each diarist/ source of letters).
At this point formatting issues were corrected, and any of the entries that the volunteers
were not sure about were checked against original documérhese files also had an Excel
searchable date added in the format yyyymmdd. Location information was added to entries,
and new spreadsheets were created for regiddweadsheesfor each diaristfor the letters

and for the Trentham farm reportsere archived with the Staffordshire Record Office.

A second Excel file was created for each source, and indices added, as well as location
information such as county, NUTS level 1 region and coordinates. Indices wereeaabted

source in a blogkbecause difrent authors describe weather using different wordsr

SEFYLX ST Ay Y2ail RAIFNASAI 6S 42 dz Fowewer dzyS Wi
AY 2ATEALY [SorAaQaONVEYRNFERI GERA] WRAZA £ Q A& Y
ofrain.Hedescrd S& 3ISGGAy3 6Si o6KATAG WEBWY IDEME 2 K&
Y2NYAYy3Id D20 OSNE 6SG N FDEIBR/MER/2E RPSEp I8ME A SaKI €
detailed knowledge of the context and the writing style of the writers is necessary when

applying the indices.

Periods for testing against instrumental record were identified. A spreadsheet containing all
the entries was also created, and the data divided by region. Periods of data for testing

against instrumental record were identified.

3.26 Ethical considerations

Volunteer research should be enjoyable for the volunteenidimpingngon paid work, and

give something back to the communiBpencer 2016 By collecting weather related
information from diaries and letters and identifying ways in which the catalogue could be
improved,the Historic Flooding and Drought volunteers we doing anything someone

might be paid to doFFom an enjoyment perspectivéhe document typesvere chosen to be

accessible and interesting. The project gave something back to the wider community by
improving future access to records at tf8ROthrough catalogue improvement and by
presenting results to local people. There are, koer, some remaining potential ethical
O2yOSNY & | NRdzyR GKS NRtS 2F (KS WLINRFTSaarzyl

and context of the archival documents examined and the use of research material that has
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been collected with the help afnpaid assistants. In undertaking this research, we adhered
to the University of Liverpool Ettdtapproval process, (a copy of the approval letter can be

found in Appendix 1) and the standards required at the SRO.

In collaborative projects working with2vf dzy § SSNAR X adz0K | a GKA&zX y2NX¥YI
NBaSINOKSNDR ¢gAff 0SS aSliaAay3a GKS NBIPBMNDOK 1jdzSada
problematises, in some ways, having an academic lead uncomfortably reinforces colonial

research relations and addinally, this person may be unable to build genuine meaningful

relationships due to the many different roles of the modern researdBgmvorking alongside

the volunteers, it was hoped that some of these concerns might be overctieally,

projects workiig with volunteers should be an overall positive experience for researcher and
@2fdzyiSSNAD® ¢KS GSNY WLI NGAOALI G2NEB KAAG2NROIf =
welcomed by Geoghegan (2014) to refer to this type of project, involving avayopracess

of knowledge exchange between researchers and volunteers, where the researcher benefits

TNRY GKS FTNRBY (KS @2fdzyiSSNRa SydKdzaAlay FyR aLJS
0SYSTAGA FTNRY NBaSINOKSNRa 2 @SNEBes6f@nquiry R GKS 2 LILJ
(Geoghegan 2014).

Archival documents are not without controversy or uncomfortable histories; the people

whose writing survives in the archive often have very different social backgrounds to the

volunteers reading it hundreds of years lat&his can manifest in many ways, but issues such

as class and attitudes toward slavery were particularly relevant to the documents

investigated in the Historic Floowyand Drought in Staffordshire project. One of the diarists,

Elizabeth Hervey (writing792-1820), was a slave owner and the volunteers found her

generosity towards her servantsompeted uncomfortably with the knowledge that she

owned slaves. More subtly, another of our diarists, Richard Wilkes Unett (writing118C&8,

was an army office K2 &aLISyd GAYS &adradA2ySR Ay {020t yR |y
time in these places seems to have been uneventful, it must be remembered that he would

have been stationed in these places to impose British rule with military force and to supress

rebelion. That being said, lateighteenth century Scotland was relatively peaceful, and
Mackillop(2011)writes about constant and undramatic struggles to disrupt smuggling and a

relationship with military presence in Scotland not dissimilar to that in mudngfand.

In the past, the role of unpaid labour in academic research has not always been
FO1ly26t SRISRY AYy wnamtI | KFakK GF3 W GKIFIyl1aFfFz2NIK

media, highlighting the practice of using students or wives as unpaid k&#saasistants and
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how often twentieth century male academics thanked their wives in the acknowledgments
for contributions such as translating, typing and edit{egy. Trinterud 1971)which some
have suggested would have constituted joint authorship toddere was a conference held

at the University of Oxford in March 2019 discussing the role of women who worked
alongside their male relatives, and who were able, or not able to have a career of their own.
It is important to design projects so that the unteers can have ownership over the material
that they produce, but also thathe researcher is not breachingolunteer expectations

around use and publication of the research.

3.2.7Wheredata collected by the volunteer projastused in this thesis
Acaoss the project about 30,724 calendar days of weather information were collected,

equivalent to about eightjour years. Although all the data was collected at 8ROjust
under 70% of the information relates to the West Midlands. This is because sbthe
diaries looked at were written by people who travelled extensively, and the letters looked at
were a mixture of letters written to people in Staffordshire from elsewhere and letters
written by people in StaffordshiraVhile learning from the voluner project and themes
from discussions with volunteers is integrated throughout this thesis, the collected material
is mainly used in Chapter 5. This chapter evaluates the utility of eighteenth and early
nineteenth century personal diaries in precipitatioanstruction, using collected data from

London and North Staffordshire/Trentham.

3.3 Other Qualitative Data Collection

Aside from the volunteer project at the SRO, this project used various other methods of
public engagement and data collection, including talks to the public, postcards,
questionnaires and oral historieall elements of this projedtsuch as the archive wiowith
volunteers, personal archive work and public engagemeste approached together in an
iterative cycle of planning, data collection, presenting reseafcheach talk, forexample,

the recently collected material would be adapted atailoring to the specific interests,

geographically or temporally of trgroupto whom the talk would be presented
3.3.1 Talks to the public

Talks were given at venues around Staffordshire (Figd@ 3. | 6 2 dzi W2 S| 4 KSNJ
{GF FF2NRAKANBQE | 002 YLI y A SSRObakilludtoadd ditfzed 3 2 F

aspects of extreme weather and weather recording in the pake talks took place at
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libraries, local history societies and Recd@ffice events. Local libraries were contacted
through SRO and an advert was placed in the SRO newsletter offering talks. South
Staffordshire Libraries service agreed to host talks at their libraries at Penkridge and Perton.
Four local societies requestedlks, based in Stafford, Mayfield (in North Staffordshire, on
the border with Derbyshire), Tamworth (South Staffordshire) and Rugeley (South
Staffordshire). The venues, therefore, were mostly in the south of the county, with no talks
in the north east ofhe county, attendance typically ranged fraight and fiftyindividuals
(Table ).

N
Cheshire
Nottinghamshire|
Derbyshire
*Mayfield
Clwyd
Staffordshire
:Staﬂ’ord
Staffordshire Record Office
*Rugeley
*Penkridge
Shropshire Leicestershire
Tamworth
sPerton
Warwickshire
West Midlands
0,25 5 10 miles
S T O T
0 4 8 16 km
Worcestershire Worcestershire T O B

Figure 3.4: Location of talks in Staffordshire
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Table 32: Location of talks and number of attendees

Date Location/ Event Approximate number of
attendees

6" May 2017 Staffordshire History Day 50

2"YNovember 2017 Talk at Penkridge Library 8

7" December 2017 Talk at Perton Library 10

5" January 2018  Invited talk for Staffordshire NH: 18
Retirees group

10" February 2018 h NBE+F yAASR Wl A & 30
5NRdzAKGQ &addzRe
Staffordshire Record Office

22" February 2018 Invited talk for the Mayfield 15
Heritage Group

11" June 2018 Invited talk for Tamworth Histon 17
Group

19" September Invited talk for the Landor (Loca 30

2018 History)Society, Rugeley

TOTAL 178

3.3.2 Postcards

Postcards were available after the talks to share any insights or memories in writing.
Postcards were originally used for National Snow Survey in the late 1930s to collect snow
observations, but more recently, were used in Cumbria by Hall and En@@@ to collect
memories of snow events. They were also used by the Weather Extremes project, although

these have yet to be analysed or published.

There were two designs of postcards, one with a black and white photograph of the river

Dove in flood, and a send with a photograph of workmen measuring streams around

Stafford in the 195090n one side oftte postcardsvasa photograph and a short section

about the project, andprompts for data collection®2 KSNBE | yR 6KSy RAR
KELILISY KQS WR 2WzN2 dEMIYS22yi H 0 +F RRNB & a ZOonittef SLIK2Z2 Y
other sidethere was space to write a memory, withthewotld. NBYSYOSNXQ | yR |

to return the postcard to by mail (Figure 3.5).

Thirteen post cards were received either followitadks or in the box at the Staffordshire
Record OfficeOneof these postcards contained information about weather records at the
SRO that a reader had been lookingesghtwere memories of the drought of 1976 afalr

were memories of flooding.
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| Where and when did your story
d happen?

Where and when did your story
happen?

Your name:

Your name:

Your contact address, telephone and

Your contact address, telephone and
cmail (optional): 2

email (optional):

Please wiite your story overleaf. Please wiite your story overleaf.

I remember... e ceiiiininnians

Historic Flood and Drought in Staffordshire
% Dr Neil Macdonald

Department of Geography and Planning
University of Liverpool

Roxby Building

Liverpool

L89 7ZT

UK

"*  Email: achf@liverpool.ac.uk

All submission will be used for ressarch purpases and held in ac|
" comiance with the Data Pretestion Act 1998

Figure 3.5Images of the postcards used in this study

3.3.3 Questionnaise
The questionnaireaimed to:

a) determine 6 KI 4> AT Fye@edKAyYy3aZ (GKS $2NR WRNRAdAKIQ
Staffordshire

b) determinewhat distinctions people draw between droughts, water shortages and
heatwaves,

¢) quantify suggestionfe.g. Marsh et al. 200hat in the UKdue to the ceoccurrence
of dry and hot weathemn recent yearsthe public do not understand the difference

between droughts and heatwaves.

Initial assessment of the archive material at Stafford identified that perceptions and
understanding of droughts were unlikely to be fully explored in the archive material, and
therefore that it would be valuable to collect somentemporary data.While the
questionnaire itself was relatively straightforward, and the data collected only able to inform
a small part of the thesis, it also functioned a®al for getting people talkingnd thinking
about droughts

Questionnaires haw previously been used to investigate response to droughts, understand
behaviour and perceptions of water supplies and unusually warm weather, assess resilience

to flooding and drought and document attitudes to water ugeshraf and Routray 2013;

72



Bryan etal. 2019; Cooper and Cockerill 2015; Gatigrva et al. 2016; Palutikof et al. 2004;

Pearce 201B Pearce(2013)used questionnaires to examine water use behaviours in an

attempt to bridge the gap between stated and actual behaviours, by designing goesti

GKAOK ONBLI GSRI & RARLBY®ES 2G6SSy GKS NBaSK NDI
at people who grew food in their garde(Bearce 2013: 1758imilar studies have looked at

memories of other extreme weather events including flo¢elg). 2007floods, GardeHansen

et al. 2017) and the impact of cold weather events on public perceptions of climate change

(Capstick and Pidgeon 2014)

3.3.3.1 Recruitment of participants

Participants were seffelecting and were recruited from visitors to tB&0, and attendees

at talks and events at local libraries and societies. In addition to questionnaires handed out
in person, some blank questionnaires were left out on the side aBiRéand a few of these
were taken and returned to record office staff. Reases were accepted on paper and via
email. 114 questionnaires were returned; because of the way the surveys were distributed
and collected, it is not possible to provide an exact response rate, although it can be
estimated to range from about forty peroé (at a talk given to Mayfield Heritage Group,
where approximatelyifteen people attended, and onlgixquestionnaires were returned) to
ninety percent (at Perton Library, wheten people attended the talk andine of them
returned questionnaires). Many of the people attending the talks came with a friend or
partner, and normally only one of them would complete a questionnaire. Talks with less
attendees tended to result in a greater percentage of questionnairesgbe@turned,
probably because there was more time to talk to attendees individually and they therefore
felt more obligated to complete it. This high level of response rate variability is also noted by
Palutikof et al(2004) who report high variability acr@squestionnaires which examine

perceptions of climate change.

The SRO, libraries and organised talks were good places to distribute questionnaires and have
conversations with the public about water supplies and weather because people attending
these locaibns were generally open to having conversations. Additionally, in terms of
researcher safety, public spaces, such as libraries provided suitable locations to undertake
the research. Some similar studies have used more selective distribution strategaese Pe
(2013), for example, distributed 320 questionnaires to houses which looked to have tended
gardens, from which 133 returned with a 42% return ré@earce 2013: 180)here is an
elevated risk to the researcheassociated withlone working outside of antrolled

environments like public libraries and record officd=or this reason, it was decided that all
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questionnaires distributed for this project would be done at events or within the SRO, since

there was no need to specifically target any partical@amographic.

It is likely that thepopulation sampldor this questionnairevill not be representativef the
general population Record office users in general are mostly older and retired people,
compounding the established trend thalder and more edcation people are more likely to
respond to questionnaire@Cooper and Cockerill 2015: 39Epr this reasort was essential

that the questionnaire included a question about age. Peaf2813) did not include
questions about age and gender. Some pastiats can be reluctant to reveal their age and
may not see how age is relevant to this questionnalter this reason, we usegtneralised

age categories. 65+ was set as the top category because it indicated that the person was
likely to be able to remembyghe summer of 1976 and will allow us to quantify how many of

the respondents are older, withoubllecting unnecessary detail

The survey was undertaken mostly during winter 2@0D4.8. Although the previous spring
saw below average rainfall, which waported in somanewspapers, concerabout drought

was high in the public consciousness. More questionnaires were collected in June and
September 2018, after a dry summer aamsbociatecpress coverage. There is therefore the

potential to look at how seasaand recent events effect perceptions of drought.

3.3.3.2 Questions

When devising the questionnaire, it was important that the questions were accessible and
balanced The tone of the questions was therefore informidine of the questions required
written answers, while three required selecting from a list and one was a tick box. The full

questionnaire can be found in Appendix 2.

The first four questions were demographic questions, establishing age, occupation and
conrection to Staffordshire (Figure 3.6)Jhe question about occupation, which asked the
respondent to choose the most appropriate category (out of retired, employedirfiod,
employed paritime, selfemployed, student or not in employment) primarigimed to
characterise whichsectors of society were represented in the responses. It was
hypothesised, based on the typical users of the SRO that a lot of retired people might answer

the questionnaire.

74



1. Are you: (please circle most appropriate)

Retired / Employed full-time / Employed part-time / Self-Employed / Student / Not in employment

2. What age category do you fall into?

16-25 / 26-35 / 36-45/ 46-55 [ 56-65 / 65+

3. What is your connection to Staffordshire? (feel free to elaborate if you don't fit neatly into
one of these categories)

Lived here all my life/ moved here recently / moved here a long time ago / | have no connection
to Staffordshire / Other

4. How would you describe yourself? (eg, archivist, retired teacher, postgraduate student
studying history, PhD student etc.)

Figure 3.6: Questions4lof the questionnaire

Age was imortant for multiple reasons. As discussed above, older people are likely to be
overrepresented. Additionally, age might change outlook on environmental issues and time
available for hobbies including gardening/history. Broad age categories were used for
comfort of participants and anonymity, whilst making it possible to evaluate the

demographic spread of the responses. Drought memory will vary with age; nobody below
the age of 46 is likely to have detailed memories of 1976 (41 years ago at the time of the
questionnaire), although a few people in the-86 age category might have stories passed

on by their parents, or memories enhanced by photographs.

The participants were not asked their gender. Gender was thought to be unlikely to have a
large impact orthe results of this questionnaire, and the aim was to keep the amount of

personal information to a minimum.

The question about connection to Staffordshire was initially included in order to assess
whether respondents would have experienced droughts irff@t@shire. It was expected

that most of the attendees at events in Staffordshire would live in the county.
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Question 4 asked the respondent to describe themselves. This would be used if a descriptor
was needed when quoting anything said by the respondantise questionnaire. Before the
questionnaire was used with the general public an example was tested with colleagues, who
thought that giving examples about how to answer this question was unhelpful, but
discussion with the volunteers at the SRO indidateat they felt this kind of prompting was

necessary.

Questions 5 and 6 asked about further details (Figurg Bightcategories of interest were
identified. These are groups that reading of newspaper and archive documents, and
discussions with the puie, suggested might have ideas about drought that differed from the
general population, and might have more memories, or a greater understanding of drought.
Additionally, there was a free text question which asked the respondent to identify if they
felt they had done or would do anything that made them particularly aware of drought or

water shortages.

5. Do you fall into any of these categories? (tick all that apply)

|:| Gardener |:| Lacal/family |:| Farmer |:| Canal boat owner
historian
|:| Angler |:| Kayaker/Sailor |:| Water industry |:| Outdoor worker

6. Do you feel you do/have done anything that has made you particularly aware of drought
and water shortages? If so, whaF?

Figure 3.7: Questions 5 and 6 of the questionsaire

Gardeners and farmers might experience the impacts of drought in terms of soil moisture
and might bemore aware of the need to store and conserve water. There is a body of work
on drought and farmergfor example Bahta et al. 2016; Campbell et al. 2011; Morton et al.
2017) as well as work on drought and gardeners (Pearce 2013). This category was included
to explore whether there might be the potential to explore some of the facets of agricultural
reliance on water supplies in StaffordshiReople who frequently interact with water in the
environment such as anglers, kayakers, sailors and canal boat ®wrighht be more aware

of low water levels, and people who wook undertake leisure activitiesutside are highly
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dependent on and aware of the weath@arkuksela and Valtonen 2019arley 201). Local

and family historians are likely to be ovapresentd in the responses and may have come
across impacts of extreme weather in their research (and this is also useful information to
collect from the perspective of the SRO). People with experience of working in the water

industry would be interesting to talio about drought and their experiences.

Questionsr-11 asked about definitions and perceptions (Figure 3.8). These questions asked
respondents to give their definitions of drought, heatwave and water shortage. The
questionnaire was designed to give asahun the way of prompts and structure as possible,

so that if someone could not immediately define drought, they could write down some words
they associated with drought and come back to the definition. The hope was that these
questions would help to detd¥ Ay S GKI G AF FyeidKAy3ar (GKS
residents of Staffordshire, determine what distinctions people draw between droughts,
water shortages and heatwaves and help to quantify suggestions made by various authors

that the public do not undrstand the difference between droughts and heatwaves.

Questions twelve and thirteen were additional questions (Figure 3.9), which asked the
respondent if they had any strong memories of droughts or water shortages and asked about

their newspaper readinbabits.

The answers to whether the respondent had any strong memories of droughts and water
shortages could be used as research material in its own rights and could be used to identify
people to interview about their memories and attitudes towards droughtquestion was
included about newspaper reading habits in the hope of gauging whether those people who
RSY2YyaGNI SR aGNRPY3I WYSY2NARASAQ 2F RNRAzAKI
report on droughts and climate change more frequently or imtipalar ways. This would
potentially enable the hypothesis that drought perception is shaped by media reporting, to

be tested.
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7. How would you define drought?

10. How would you define ‘water shortage’? What do you associate with the term ‘water
shortage'?

Figure 3.8: QuestionsTl of the questionnaie

12. Do you have any strong memories of droughts or water shortages?

Figure 3.9: Questions 12 and 13 of the questionsaire

78



3.3.4 OraHistories

The original intention was to use the guestionnaires to recruit oral history participants
However, he response rate when potential interviewees were contacted and asked if they
were prepared to do an interview waswolnstead of pursuing inteiews from among the
guestionnaire respondents, interviews were targeted to develop on #sablished
a0NBy3aikKa 2F GKS {whQad I NODKAGS O2ftSOGA2YyaAT
Interviewees were identified at events at the SRO.

The interviewsundertaken for this project were serstructured, the interviewer had a list

of possible questions, prompts and themes, but encouraged open ended responses and
allowing the interviewee to talk about what is important to them. In both cases, a short
convesation about what might be covered in the interview and the consent forms was had
before the recording started. The interviewer had a map and some photographs relating to
their local area as prompts. Aerial photographs were used as a tool for promptougsiisns

in oral history interviews exploring landscapes by Riley ¢2@05)

The two oral histories produced were recorded with a digital voice recorder, and with the
permission of the participants have been transcribed and copies of the transcsption

provided to the Staffordshire Record Office (Appendix 3).

Key themege.qg. private vs public water supplies, drought preparation, memories of drought,
uses of reservoirs beyond water storagedre noted from the oral history interviews and
formed a partof reflection on archive materiabince only a small number of oral histories
were collected, there was limited opportunity for systematic analysis such as thematic coding
(as used by Bryan et al. 2020nhere remains the potential fahese oral historie to be

further analysed and used in the future

3.4 Documentary Accounts of Rainfall

Thereare different ways rainfall might be reconstructed: from instrumental rainfall data,
non-instrumental rainfall data or from proxy datAs part of this project, acumentary data

in the form of diaries, letters and newspapers and early precipitation records were used, the

typical temporal ranges of these are showrHgure 3.10.
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Figure 3.10 not available fonline publication, please see original article
(https://doi.org/10.1177/0309133317744738 figure 2)

Figure 3.10Availability of common source materials. Figure reproddicmd Sangster et al.
(2018)Copyright © 201&AGE Publicatis

3.4.1 Instrumental rainfall datand homogenisation

Instrumental rainfall datare records containingheasured amounts of precipitatiorgich
records normally survive as daily, monthly or annual totals. Precipitation continues to be
collected and monired to presentWhen assessing older records consideration needs to be
given to the accuracy and reliability of the instrumeras,well asompleteness of record

Many early instrumental rainfalseries have missing sections or errors and require
reconstruction(Toddet al.2015).The earliest measured precipitation observations recorded

are from 1677 by Richard Towneley in Burnley (Lancashire, UK) and by 1720 there were at
least 10 sites acroshi¢ UK recording precipitatiofCraddock 1976; Jones 2001; Symons
1891: 130) These early records need validating and adjusting, since they commonly include
inconsistencies, including changes in instrumentation, siting, observing practices and units of
measirement (Aguilar et al. 2008) ¢ KSNB A a | faz2 GKS yBSROKIKR
which was acommon problem in early records, resulting from poor consistency and
instrument design (e.g. attaching the instrument to a wall) prior to the standardisativk

of the British Rainfall organisation from 1860 onwaf@soisman et al. 1991; Pedgley 2002)
Additionally, there may be gaps in the survivingcord;few sites where early observations
were made that have been in continuous operation for long perifdéme. To combat this

the construction of composite seridwith nearby weather stationased to fill gapsmay be

required(Todd et al. 2015)

The England and Wales precipitation recavds created byWigley et al.(1984) and
subsequently updated, résed or extended by Gregory et #1.991) Jones and Conway
(1997)Alexander and Jon€2001) and Simpson and Jong012) The most recent iteration
of this series covers the period 1766 to 2002 with recent revisions by Murphy(2020b)
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It has beerused to compare to rainfall series created from Aostrumental data(Lee and

MacKenzie 2010; Pillatt 2012)

There have been several long reconstructed historic rainfall series created for different parts
of the country.Those that are nearly complethat startbefore 1780 for the UkicludePode

Hole (Spalding), Oxfor@urt and Burt 2019and Kew(Jones 2001)andover the last few
decades these have been supplemented by further analysis of surviving fragmentary record,
and now also include Carligf€odd et al. 2015)Chatsworth(HarveyFishenden et al. 2019)

as well as several unpublished series. It is notable that some regions are much better served
than others. Thanorth of England is relatively well coverelhere is a series from Durham
from 183 to 2007 which was constructed by Burt and Hor{@A07)and revised by Burt
(2009) A series from Carlisle was developed by Craddd@&k6) this series was revised by
Tabony(1980) Joneq1983)and most recentlyupdatedby Todd et al(2015)to run from

1757 to presentAManchester series from 1765 onwards was created by Maidley2)and

has been revised and homogenised from 1786 to present by Macdonald (unpublished), who
has also produced a series (unpublished) for Liverpool from 1772 onwasasies for the

Lake District was created by Barker et(@004) In addition to the rainfall records which
survive for long periods or those created from composite records, some records exist in short
sections which cannot be joined to create a composite reeg. 17111715, 17161717 for

Crosby near Liverpo@urphy et al. 2018)

Similarly, well known long series exist for London and the South East; for London the Kew
series begins in 169fodd et al. 2013; WaleSmith 1971; 1980)For the South East, ¢h
Oxford series begins in 17@Burt and Howden 2011; Craddock and Craddock 1977; Todd et
al. 2013; Wallace 1997)

There are less analysed and homogenised long rainfall series from the Midlands. In the East
Midlands, a series from 1726 for Pode Hole (8ipg) was analysed by Todd et @013)

and a series for Chatsworth beginning in 1760 has been homogenised by {H&vepden

et al. (2019) There are few long series for the West Midlands, although J¢1h@33)
constructed homogenised series beginninghe nineteenth century for Rosm-Wye (from

1859), Leominster (from 1831), Kington (from 1841), Hereford (from 1861, although older
non-continuous data exists)here are no continuous series for Staffordshire, apart from a
series for Wall Grange begiimg in 1882Lennard 2016: 56)The nearest long precipitation
series is at ChatswortfHarveyFishenden et al. 2019%o it is worth looking at alternative

methods of investigating rainfat the region.

81



3.4.2 Rainfall proxies
Across Europe, proxiata has been used extensivéBrazdil et al. 2005; 2018)iexample,

Xoplaki et al. (2001) used a variety of proxies, including crop yields and disease prevalence

to produce monthly precipitation indicder the Balkangsee section 4..2).

Proxies mat be treated criticallyThere is risk that records of water shortages or other
drought impacts might also be used as proxies for drought; many of these impacts can have
more than one cause, and there is a risk the resulting drought series might bedraate

independent evidence corroborated by impacts, when in fact it is not.

In addition to reconstructions from instrumental weather data, and from natural or
documentary proxies, rainfall can also be reconstructed from-instrumental weather
data. Somemes proxy and noinstrumental weather data may be grouped together, and
they are often used together. Direct references to weather in documentary evidence,
however, provide a far more direct link to the contemporary weather conditions than proxy
data, snce there are factors other than rainfall which effect proxy data, such as tree ring

growth, crop yields and mortality from disea@&/ilhelm et al. 2019)

3.4.3 NorAnstrumental weather data and the use of indices
In reconstructing rainfall, either fromrpxy data or norinstrumental weather data, indices

are used tgoroduce quantitative data frorthe qualitativeinformation. Precipitation indices

are extensively used in the discipline of historic climatology, hade been widely used in
continental Europ (e.g. Brazdil et al. 2016; Dobrovolny et al. 201&&] recently used by

Nash in Africge.g. Nash et al. 2016; 2018)ost studies have created monthly or seasonal
series, andmonthly indices have beencaumulatedto obtain seasonal or annual series
(Brazdil et al. 2018)There are variousndex systemsavailable, most using a concept of
Wy2NXYFEQ +ta n YR 2yS (2 GKNBS RSINBSa 27
point scale (Table 3), with the choice of indices mostly depending og tjuality of the data.

For example, Nash et §2016) working in Southeast Africa had average of 155 quotations

per year, and therefore analysed quotes for each season collectively, assigning a classification
from +2 (very wet, floods) te? (very dry drought). Additionally, other indices exist, such as
that developed by Gimmi et a{2007)and used by Macdonald et g2010)to compare

documentary evidence to measured river flows (Tab8.3.

Material for conversion to indices can be extracted fromaaiety of documents, including
newspapers €.g. Nash2016), and diaries (e.g. Brazdil 2019b; Har#shenden and

Macdonald 2021). Some caution needs to be taken when choosing to extract and process
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material from diaries; as Hoyle (2011: 294) commesastificing rich qualitative information

in favour of quantitative datd & Wy 2RRf & AYLR OSNRAAKAY3I GKAyY

Table 33: Drought indices classificatisn

1 Wet

0 Normal

-1 Dry

Used by Nash et al Used by Gimmi et al Used by Dobrovolny €
(2016; 2018) (2007)and Macdonald al. (2015a) Nicholson
et al.(2010) et al(2012a,b) and

Xoplaki et al(2001)

w

1 relatively wet 4 Rain/Wet
1 wet
3 Showers
0 normal 0 normal
2 Drizzle / Foggy
-1 relatively dry -1 dry
1 Dry/Fair/Close
-2 very dry

-2 very dry/drought 0 Drought/ hot

-3 extremely dry

A weakness of many of these indicators, which would make them hard to apply on a smaller

spatial scald a

(KS AyOtdzaizy 27F UYyy22NIFHEQ RS WIS yOR & &2

and season. Nash et al. (2016) found when two investigators assigned classifications to the

same data, they agreed most on the extremes and least when conditions wese tdo
Wy 2NXYFEQT 20SNIXff>x GKS& 3+ @S GKS &alyYyS ao02NB

and within 2 classes 7% of the time. It is important therefore, that indices are either applied

using a rigid schema or are undertaken by the same pegiiNad et al. 2016)

Where daily weather diariehave been analysed, generally months or seasons have been

assesse@s a whole, using a content analysis approach and producing indices usinga 5 or 7

point scale described abov@&damson 2015)For example, Lindbolm and Molin(2005)

used daily weather data from the diaries of a farmer, Anders Berg, for the years 1814 to 1835

collectively to estimate the dryness and heat of the summers. Rainfall values were not
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assigned to each day. They produced estimated drbugtices for the summer months,
which were compared to precipitation (R=0.51) and temperature (R=0.74) from Stockholm,
a tree ring index (R=0.59) and reconstructed SPI (R=0.48).and MacKenzi€2010)
considered the effects of volcanic eruptions in gerly nineteenth century using the diary

of John Andrew, a farmer at Lumn in the Peak District (between Manchester and Glossop);
they identified the number of cold days and rain délyse and MacKenzie 2010y assigned
categories to keywords and phrasiesthe diary entries, and subjecting these to frequency

analysis.

There has been some work on a daily scale. Macdonald(@04l0)used a system of weather
indices to compare recording of rainfall in a twentieth century weather diary from northwest
Waleswith local river discharges for the period 1st June to the 30th September 1976, and for
the period 1st June to the 30th September 1988. Each day was given a value from O
(hot/drought) to 5 (storm). Zhang et €013)used the diary of Weng Tostde, an imperial
tutor, to produce precipitation reconstructions. Each day was rated using three categories of
rain day, from light to heavy. Thresholds (in mm) defined for each category, and the number
of days in each categomyere calculatedfor months, seasons and years, to produce an
estimate of the amount of rainfall for that period. The resulting reconstruction had a
correlation coefficient of 0.67 for 20 overlapping years (p>0.001) with instrumental record
(Zhang et al. 2IB).

The source of the nemstrumental weather data can affect what is captured most clearly,
extreme or daily weather. Documentary sources in general capture extremegHraztil et

al. 2005; Nash et al. 201 &)owever, this depends on the type of dmgent; diaries recording
daily weather may, particularly when thinking about drought in the UK, miss the-inoitef
extreme events, whereas letters and chronicles will only record extreme evEotdate,
most diaries used to analyse weather have beencfffmlly weather diaries, where their
main purpose is to record the weathée.g. Brazdil et al. 2019b; Domingt@astro et al.
2015; Druckenbrod et al. 2003; Sanderson 2018; Walsh et al. ,1B8@jever the data
collected by the volunteers for this projetid not come from weather diaries, but from more

general personal diaries. This may affect the nature of the weather records contained within.

Nornrinstrumental weather data also has advantages compared to instrumental records,
because it has the poteiatl to cover a much greater spatial extent, since instrumental
weather data only survives for a few places before the-niigeteenth century, and rarely in

rural or remote areas (Macdonald et al 2010). Nostrumental weather data can also be
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used to coroborate early instrumental weather data when doubt exists over its accuracy,

particularly when dealing with extremé&ergis et al. 2009)

3.5 Summary

This chapter has introduced the methods that will be applied throughout the rest of this
thesis, rangig from the qualitative and social science methodologies through to those from
the physical sciences. In doing so it demonstrates the different themes and approaches to be
applied illustrating the interdisciplinary nature of the research undertaken. Itsha
introduced the public engagement and volunteer project undertaken with the SRO, the
search for and collection of archive material relating to droughts and water shortages, and
the methods of constructing records of rainfall from historical instrumenghdnd from

non-instrumental documentary evidence.
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A chronologydroughts and drought impacts in Staffordshire

This chapter explores the ways in which droughts are recorded in historic documentary
evidence.lt will discuss the evidence from Staffordshire and the surrounding area, in four

temporally sequential sections:

i.  pre-instrumental rainfall records, where the evidence comes from sparse archival
evidence;

i. early instrumental records, when rainfall measuremend reported impacts in
archive documents can be compared;

iii. the period of increasing instrumental records and improving water supply systems,
which is covered by newspaper reports; and,

iv. the twentieth century, for which there is more local newspaperdence and

memories of living people.

A variety of source materials can be used to examine the impacts of drought (see sections
2.2.4and 22.6). For the earliest period, archive documents such as diaries, letters and parish
registers are usefBSangster eal. 2018) In later periods archive documents relating to water
supply companies are available, as are newspaper art{exdil et al. 2018)Here, the
records available at the SRO, and online through the TEMPEST database will be the primary
sources fothe early periods, while the British Library newspaper archivare searched for
references to drought and water supplies in the West Midlands in the nineteenth and
twentieth centuries. In addition to documentary evidence, instrumental rainfall evideiite

also be used, and compared to the recorded impacts.

Several drought chronologies have been created for regions of the UK, including Central
England. According to Marsh et £007) the most severe droughts nationally since the
beginning of the niateenth century occurred in 1854860, 18871888, 18961910, 1921

1922, 19331934, 1959 and 1976. Droughts, however, can vary spatially and have different
severities and durations at different locatior(kennard et al. 2015)therefore these
droughts although the worst across the whole of England and Wales were not necessarily
the most severe droughts for Staffordshire and the Midlands. For a longer timescale, and at

a location closer to Staffordshire, the SPI series for Chatsworth House in neighbouring
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Debyshire starts in 177{HarveyFishenden et al. 2019Yhe SPI is valuable for long time
series analysis as it requires only precipitatipficKee et al. 1993)SPi12 (standardised
precipitation index for twelvenonth periods) has been shown to be usdtrlicharacterising
the longest most significant drought periofilennard et al. 2015; Noone et al. 20whilst
SPI6 can be a valuable tool in examining shottienm variability. Tablel.1 uses the SHI2
series for Chatsworth and shows the years in Whdooughts occurred, the duration of the
drought (calculating using humber of months between drought onset atlS&M less and
return to SPI 0 or greater) and the severity of the drought @epter 2, section 2.1). The
twelve-month SPI for Chatsworth shows some evidence of drought for all the drought periods
identified by Marsh et al2007) There arehowever, severe and extreme droughts that are
not identified by Marsh, notably extreme droughts in 1#841861-6, and 186871. The 1784

6 drought has also been identified in Irelafibone et al. 2017)An extensive drought in the
Anglian region was identified by Spraggs e{2015)in 18616 is only partially represented
in the Chatsworth House series (1864Table4.1).

4.1 Before Instrumental Records ({iré77 in Staffordshire and surrounding

area)
There is little evidence of droughts in Staffordshire from archival sources in the period prior

to instrumental records, however, evidence of water supply dewmelent is evident, which

can contextualise and inform personal, community and societal vulnerability to droughts.

The earliest reference to organised water supply systems in Staffordshire relate to the
Cathedral Close of Lichfield CathedralisTdater sipply appears to date from the twelfth
century(Gould 1976; Greenslade 1998)onastic houses and cathedrals in medieval Britain
often had water supplies, since the rule of St Benedict in thesixith century advised that
water should be available withitné monastic precingfBond 2001)Some monasteries and
cathedrals (for example Canterbury Cathedral priory in the-mviglfth century) had both
piped water supplies, conveyed by a conduit from a spring at a higher altitude and wells. The
vulnerability andresilience of these supplies to droughts depended on the range of water
sources available; where there was both a conduit and a well, for example, the supplies
would have been more resilient. Monastic conduits were rarely longer than 5km, although
some wee complex systems with filters and settling tanks, and sometimes the monastic
water supply was extended beyond the precinct for tapsumergBond 2001) Although
Lichfield Cathedral Close was originally for the canons, from the fourteenth century onwards

there is evidence of lay occupatig@reenslade 1990)
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Table4.1: Droughts at ChatswortfHarveyFishenden et al. 2019; Lennard 2016)

Years
17841786
17881789
18001801
18031804
18051806
1808
1810
1821
18261828
18351836
18441845
18471848
18501852
18541856
18581859
18641866
18681871
18731875
1885
18871889
18901891
18931894
18951897
1898
1905
1909
19181919
19191920
1921-1923
19241925
19291930
19331935
19371939
19421944
19491950
19531954
19551956
19591960
1962-1965
19751977
19851986
1989
1991-1992
19951997
20032004
20052006
2011-2012

Duration
18 months
11 months
13 months
9 months
13 months
5 months
10 months
11 months
26 months
16 months
15 months
8 months
23 months
20 months
15 months
27 months
38 months
20 months
8 months
22 months
8 months
6 months
16 months
10 months
12 months
9 months
9 months
8 months
34 months
12 months
12 months
27 months
13 months
30 months
18 months
21 months
9 months
12 months
32 months
17 months
14 months
3 months
24 months
21 months
9 months
9 months
15 months

Min SPI (12month SPI)
-3.7 (July 1785)
-1.9(December 1788)
-1.6 (August 1800)
-1.6 (October 1803)
-1.5 (May 1806)

-1.2 (May 1808)

-1.4 (September 1810)
-1.2 (July 1821)

-1.5 (September 1827)
-1.0 (August 1835)
-1.5 (March 1835)

-1.6 (October 1847)
-1.5 (July 1852)

-1.8 (January 1855)
-1.0 (September 1858)
-2.8 (April 1865)

-2.1 (December 1869)
-1.8(September 1874)
-1.1 (September 1885)
-2.9 (January 1888)
-1.1 (February 1891)
-1.4 (November 1893)
-1.3 (AugustL896)

-1.2 (September 1898)
-1.9 (February 1905)
-1.5 (May 1909)

-1.3 (August 1918)
-1.0 (September 1919)
-3.7 (July 1921)

-1.7 (May 1924)

-1.9 (June 1929)

-2.6 (November 1934)
-1.9 (May 1938)

-1.2 (Novembed 942)
-1.7 (September 1949)
-1.2 (December 1954)
-1.6 (May 1956)

-1.9 (October 1959)
-1.4 (November 1964)
-3.1 (August 1976)
-2.3 (March 1985)

-1.1 (October 1989)
-1.6 (February 1992)
-2.4 (May 1996)

-1.1 (December 2003)
-1.1 (August 2005)
-2.5 (November 2011)

Severity
Extreme
Severe
Severe
Severe
Severe
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Severe
Moderate
Severe
Moderate
Extreme
Extreme
Severe
Moderate
Extreme
Moderate
Moderate
Moderate
Moderate
Severe
Moderate
Moderate
Moderate
Extreme
Severe
Severe
Extreme
Severe
Moderate
Severe
Moderate
Severe
Severe
Moderate
Extreme
Extreme
Moderate
Severe
Extreme
Moderate
Moderate
Extreme
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There are some forms of piastrumental drought evidence that have been used elsewhere,
but are not available for Staffordshire. The major work on medieval droughts to date was
undertaken by Ston€2014) who used manorial account rolls to investigate the impact of
droughts in fourteenth century England. He used 60 of the best documented maoi@ss

the country, unfortunately none were in Staffordshire. Generally, therefeve manorial
accounts from Staffordshire, and they are incomplete and patchy in coverage, particularly

for the earlyfourteenth century (Figurd.l1).

[T ST - A R R =R SR S

Mumber of manorial account records |

(=3

1250
1260
1270
1280

The earliest archival sources that refer to droughts in Staffordshire are parish registers. Parish
registers have been used since the nineteenth century in the compilation of weather
chronologieqe.g. Andrews 1887; Lowe 187@nd were one of the types of source used by
Morgan(2015)to explore understanding of flooding in early modern England. In 1581 in the
Alrewas parish register (SRO D783/1/1/1), it is reported the River Trent was dry ofb*the 2
December. Droughts are reported in 1619 and 1624 at Mucklestone (SRO D4610/1) and in
168081 a drought is reported in the parish register from Alstonefield in the Staffordshire
Moorlands (SRO D922/@)eale et al. 2017aJ his type of record is hard tmrroborate since

these droughtsiot repeated in parish registers from elsewhere.

There are some early references to water supplies in the wider area around Staffordshire

preserved in the SRO. For example, a marriage settlement dated 2nd August lddiésnc

NEFSNBYyOSa (2 &Kl NBa Awio02426 anite e&igeighteenthS NI & dzLJ

century, Daniel Defoe wrote that though water in Chester when he previously visited had
been carried up from the rivers in paniers by horses and sold on thetstrine city was by

then supplied with water pumped from the river in pipes, similar to Lonefoe 1948: 68

70). The first water supply in Chester was developed by the Romans, who laid lead pipes from

springs to their buildings in the towihewis and Aacker 2003)
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Records of earkgighteenthcentury water supplies in Staffordshire also exist. In 1736, the

Cannock Conduit Trust was founded, which brought water into the town of Cannock. The

surviving hexagonal conduit head building is listed (HistomtaEd listed building 1344626)

and hal an inscribed plaque added in 1950, which records that the conduit trust was founded

Ay MTo0cCcX YR (KS O2yRdzAlG 6l a LI AR F2NJ oeé Lldzof Ao

Meadow Rumer Hill Leacroft.

Following tlhs, the next record of water supply development in Staffordshire comes in 1741,

when there is a record ofwwater supply to Reynolds Hall in Walsall (SRO D260/M/E/425/1).

This is a lease of a watercourse, with permission to widen it and set up flood gatd®

condition that a water engine (pump) is managed and water supplied to Reynolds Hall. It is

uncertain what this water was intended for, but it may have been for domestic supply.

Outside of London, water supplies to private residences in this pevimadd have been

privately funded and managed enterprise, probably bringing water to the house from a

YSENDBeEe ALINAY3I 2N g GSND2dzNESSY a Ay (GKA& OFaSo L
AY MThp AKS KFR LALISR ¢ (hSudé wason BeymidurfSRedza S® | SNIBS
near Portman Square, so her water was likely provided by the Chelsea Waterworks company,

or the New River Compaifyan Lieshout 2016Hervey writes about it because between the

middle of December 1794 and"March 1795 due ta@old weather, the pipes were frozen

and the water supply failed (SRO D6584/C/63). At this stage water supplies in general, and

particularly those fed by surface water, as in the case of Reynolds Hall would be highly

susceptible to extremes of weather.

The first systems which carried water over long distances were canals. In Staffordshire, on

the 14" May 1766two canals the Trent and Mersey canal and the Staffordshire and

Worcestershire Canal were authoris¢dindsay 1979)The Trent and Mersey canal was

finished in 1777 Fior to this, in 1776, a letter written by Thomas Gilbert (agent to Earl

Gower) to Hugh Henshall (Clerk of Works for the Trent and Mersey Canal) discusses water

guality and a lack of water in the canal;
Mr Harwood informs me thatthé I G SNJ FNRBY aNJ { YAUGUKQa {2dzaK A&
Canal, but that from Handley Green works is very foul indeed, and makes a very bad
appearance here; | wish you would find means of turning the worst of that water
likewise into the canal, which | think, from& Q | LILJSTF N} y OS> aidlyRa Ay vy
seems to be very low (SRO D593/L/1/14/2)

Here, we see the canal being used as a destination for polluted and dirty water, with quantity

of water supply to the canal valued over water quality. The issue of water quality in the
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eighteenth century is a complex one; in the North East of Englandngvdh the River Tyne,
Skelton(2017)comments that¥hen river water was commonly used as drinking water,

before the construction of largscale upland reservoirs which provided preferable
supplies, ensuring the cleanliness of river water, as far as technology and resources
allowed, was a serious priority'i £ 20l f 3JI2@SNYYSy i Qo Ly {0 FF2
were sourcing their drinking water from wells, water quality seems to have been less of a
concern, particularly the quality of the water added to the canal. The use of watercourse

more generally aslpces to dispose of waste, at the expense of drinking water quality has

been identified as a threat to health in the early modern peripobson 1997: 497)

In contrast to the industrial nature of eighteenttentury canals, today, they are
predominantly gen as a place for wildlife and leisure. Water is by nature hard to contain,

and therefore pollution in one place might show up in another. In 1913 an investigation
Ayid2 GKS 2NRAIAY 2F WoONRgY 4&orkTreatcadlbed thatQ Ay 0
Wurface or canal water is gaining access to the supply, this carries in the diatoms and
crenothrix, and the latter in the presence of a trace of iron and manganese [which are
naturally in the water], grow luxuriantly throughout the system and grow thigctiobnable

RSLI2AAGDPQ O50TNHKOKNKMKTU®

4.2 Beginning of the Instrumental Drought Record (1-1B29s)
As discussed in sectighl, there are no early instrumental records for Staffordshire; the

earliest series close to Staffordshire which has been sigitiand homogenised, is from
Chatsworth House in Derbyshire and begins in 1777. There is a tendency for instrumental
data to take priority over other forms of evidence, but as discussethapter 2 (section

2.2.1), drought indices created from instrumemtaainfall are not infallible There are
problems with using early rainfall records and some systems of indices fail to consider other
factors such as temperature and soil conditions. Thare, therefore, considerable
opportunities for drought reconstruan from other forms of evidence. It is also important

to overlap records created from proxy data with the instrumental record to validate the proxy
RIFEGFQ&a FoAfAGe G2 SEadlgtrl. 0085 NBEO2NR ol O 61 NR
The first notable droughts in the Cisavorth House instrumental series are in 1784nd in
17889. These droughts are poorly recorded in Staffordshire, but the impacts can be seen on
the canal network and in some archive documents elsewhere inMiddands (Harvey

Fishenden et al. 2019Fheseverity of the 1784 drought is demonstratedationally,asa
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prevailed in all parts of the country had occasioned a scarcity, and considerably advanced
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century droughts might be part of a national drought rich phase identified at OxXfardd

et al. 2013and may be linked to poor crops in 1789 and a poor harvest in (MB@hinton

1953)

The relationship between weather and agricultural yields is complicé@ampbell and
Grada 2011)As discussed in Chaptefs2ction 21.2); Brandon(1971)whenexamining late
medieval impacts of weather on crops in Sussex found that e&sans generally lowered
yields more than dry weather. The effect of weather on English wheat yields was explored by
Brunt(2015) using yield estimates produced by the Liverpool corn merchants between 1815
and 1859 to model a longer time series (1688¥1). This analysis demonstrated that
weather was a crucial determinant of wheat yields in England, and that wet weather reduces
yields of wheat. The impacts of weather on agriculture were uneven, for example, farmers
with sheep worried about foot rot in wateather, while farmers with cattle reliant on grass

worry about dry weather damaging the gra§dverton 1996)

Grain prices and harvest amounts must be seen within their broader-potitical context.

There was a series of poor harvests in the 1790ss i@ which taxes were raised in the

1790s and 1800s, and in 1815, when the Napoleonic wars {1803) came to an end

legislation was introduced to keep grain prices Higmart 1909p ! WNA2{(2dza ! aaSYof |
t S2LJ Sax | Y2dzyiAy3 répdredirtl@ek Nd tHe™0FepleymBaNIT®anQ 4 | &
NBalLlRyasS (G2 WikKS 02ttSOlA2y 2F GKS bSé FyR I RR.
impact ofthe French Revolutionary Wars (172802) and Napoleonic wars impacted trade

and contributed to soci@conomic prbblems around this time. There was high

unemployment (due to trade restrictions and mechanisation), as well as high taxes and high

food pricegMather 2014) This was a contributing factor the severity of thempact of the

We S| NJ ¢ A (K2 dzi6, aresdlt dif Yhe Banbbra endptigwyhite et al. 2018b: 423)

In 1791Dudley was one of the first towns in the West Midlands to obtain an Act of Parliament

F2N) GKS WoSOHGSNI LI @Ay3ds Oft StyaAy3dasr fAIKIGAYyIAT gl (
DudleyA\ y G KS / 2dzydie 2F 22NDOSaGSNIFYR T2NJ 0S3G3GSNI adz
Act, 31 George lll, c. 79). As discussed in Chapter 2 (sectibrR)2.dnly 33 towns or cities

had a water supply system established throagh/ct of Parliament befee 1800, and Dudley
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and Worcester were the only places in the West Midlands. Acts of Parliament were important

for facilitating the construction of largscale infrastructure.

A drought is reported in the parish register from Alrewas for 1794 (SRO D183/1The

Trent and Mersey Canal also had problems with water supply in the same year (SRO
D593/L/1/14/2). For this year there is nothing notable in the precipitation records (although
no month has more than average rainfall) howewaacording to the Cenad England
Temperature series (CET), mean monthly temperatures for February, March, April, June and
July were all above the 17€850 averagéManley 1974; Parker et al. 1992%) seems likely,
therefore, that the water shortages seen in 1794 were as ntoctio with hot weather as

lack of rainfall. This, however, does not make the impacts any less real.

In about 1798, the town of Burslem, part of StekeTrent in North Staffordshire, was
provided with a free public water supply from a conduit by Enoch &Yetho owned a
pottery works in the town and used an engine within the works to pump water to the conduit
(Jenkins 1963)During the lateeighteenth and nineteenth centuries there was increasing
interest from industrialists in the lives and living condisoof their workers and the effect of
poor housing and sanitation on productivifihese philanthropic improvements resulted in
the construction ofmodel villages to house workers in improved conditions, such as
Tremadog in Wales built by agricultural iroper, factory owner and politician William
Madocks(Beazley 1967; Thomas and Matthew 20&8) New Lanark in Scotland built by
industrialists and philanthropists David Dale and hisisdaw Robert Owel§Siméon 2017)

the forerunners of nineteenth centurplanned villages like Port Sunligbh the Mergy

constructed by the Levddrotherscompany.

The periodl800-6 was a drought rich phase, consisting of three droughts 218A®034 and

18056 at Chatsworth, a series of three droughts with brief interludes has also been identified
between 180009 in Ireland(Noone et al. 2017)The evidence of impacts in thigriod is

hard to interpret. According to the diaries of James Caldwell (ODJC1) in September 1800
there were riots in Stoken-Trent over the high price of corn. In June and July 1800, almost
no rain fell at Chatsworth, howevex fine harvest reported irthe parish register from
Alrewas (SRO D783/1/1/3) which suggest that other secamomic and social aspects may
have contributed. Bad harvests in the 1790s and early 1800s, especialil8098have

been linked to generally cold conditions, rather thaol of rainfal(Luterbacher et al. 2004;

Veale and Endfield 2016a)
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In 1802, the town oWirksworth in Derbyshire obtained an Act of Parliament, which amongst

20KSN) GKAYy3az g1Fa WF2NI LINRPGSOGAY3 OSNIFAY {LINRY
Lands;and for the better securing a Supply of Water for the Use of the Inhabitants of the

¢26y 2F 2 AlGaBagcePHEoKaXAzt, 42 George Ill, c. cx). Wirksworth was a lead

mining area, which also had quarrying and textile industries, and was the loadtearly

steampowered cotton mill{Fitton 198; Gordon 1983; Miller and Glithero 201@&)dustrial

and port towns were often the earliest places to need water supply systems authorised by

parliament to manage increasing population and pollutittmands(see Chapter 2, section

2.1.5.2)

In the summer of 1803, there is evidence of people noticing unusually dry weather and

drought impacts, beginning with 26July 1803, when Thomas Birds, based in Eyam in
5SNDPDe@aKANBY 20aSNWSa Vg & R& S&ELISNRSGOSRwWh y5 WS ik d
follows this up about a month later, on the 2August 1803 with a diary entry which reads

Wi FAYS RIédd ¢KS RNRdAZAKG adAiatt O2yldAydsSad t | &l
D1229/4/6/9). Into September, multipleiaries comment on the perceived end of the

drought, when more rain began to fall. On the™6f September 1803, Thomas Birds

NEO2NRSR Wi RIFEN] Of2dRe FFGSNy22ys G tFad 683y
(SRO D1229/4/6/9), a few days laten the 20" September 1803, in Talke in North
{GFFF2NRAKANBZ WIHYSa /FfRgSttf NBO2NRSR WCAYS NI A
dry for the last 2 or 3 months, in so much that great inconvenience sustained in many parts

of the neighbourhood fromKS g yid 2F 6 GSNE 3 (GKS FlLAfdzNBE 2F GF
(ODJC1). The discussion of bare pastures suggests that this period of low rainfall had a

negative impact on the availability of food for cattle. There is no record of the quantity or

quantii @ 2F Nl 6f S ONRLAS odz2i FTNRY ¢K2Yl & . ANRaQ O2
probably an early harvest. Water shortages are mentioned by James Caldwell, although it is

unclear what the extent of these were and whether he is talking about avéyabilwater

for humans and animals, for transportation or for powering mills.

The Chatsworth SPI series shows moderate droughts in 1808 and 1810, both short in
duration, and both of which do not appear to have had any recorded impacts in the archives

at Stafford.

Lichfield had an early water supply because of its CathedrdB112 Lichfield Cathedral Dean
and Chapter sought legal opinion on their right to stop supplying water outside of the

Cathedral close (SRO LD30/6/5/2). This was followed in b§1&n Act of Parliament
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cleansing, lighting, watching and regulating the Streets, Lanes and other Public Places, with
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In 1817 George Granville LevegBower, then Marquess of Stafford made a grant of land to

lay pipes for Lane End Water Supply. The creation and running of this water supply is
mentioned frequently in letters relating to the ramg of his Trentham Estate. According to

a later booklet by the Staffordshire Potteries Water Board, (presumably on the evidence of
the Buccleugh Commission/ Royal Commission on the Health of Towns and Populous Places),
in 1844, water supply was the mostliable and best quality supply in Steka-Trent
(Staffordshire Potteries Water Board 194B&tters from July 1819 between the agents James
Loch and William Lewis reveal the purchase of iron and ceramic pipe for the Lane End water

supply, and the existeee of a small reservoir for the water supply (D593/K/3/2/1).

In 1818 there was a heatwave or drought which does not appear in the Chatsworth series,
however there is evidence of problems across the UK, from Scotland to London. Examining

only precipitation data or drought indices such as SPI which only use precipitation data does

not give the full picture of droughts, because it fails to consider evapotranspiration. This

means that moderately dry but hot years can see severe drought impaatsvill not be

remarkable from the SPI alone. The summer of 1818 occurred within a generally wet period,

Fa GKS RAFNRAG 9tATIOSGK | SNBSe gNRGS FTNRY !
RFe LIaa ¢gAGK2dzi NIXAYQ 6{wh 5cpynoodtakeaH n0o ® | ;
Y2Y(GK gAGK y2 O2yaAiARSNI o6t S NIFMay, wheCtBefetw@sg A y 3 |
WYdzOK RNATTEAYy3 NIAYyQ 6{wh 5cpynk/ kKkmMHn0OX &KS
the 8" of June Elizabeth Hervey records that her hay harvastderway and observes that

If K2dZAK WNI AY Aa YdzOK ¢l yiSR L OFly y2 f2y
D5684/C/120). On the 12June 1818 correspondence between Charles Adam in Scotland

YR WIFYS&a [ 20K NBO2NRa Udulfar Raineven at Bl Aydang o6 S3 A
- I never saw such divine weathdioo hot however, And the grass is beginning to suffer from

0KS RNRAAK{IPQ 0{ wh "Iupegaonontrksimae thelastcansidergblednS w1
Elizabeth Hervey writesthat thelS g+ a W! fAGGES NI AY SIENI& Ay
y2i Sy2dAaK (2 R2 YIFIGSNAIE &aSNBAOS G2 GKS LI
D6584/C/120).

By the & July, Elizabeth Herveactedto mitigate the effects of the weather on her garden.
{KS oNARGSa We¢KS IFNRSY y2¢ 3ASGa TFdzdfte g1 0SNS
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Oty GKNRS dzd GKFEG SEtSYSyd +ta KAIK & + Kz2dasSs YI
and the following d&@ W3INRBdzyR 4l GSNRAYy3A 6Syild 2y (GKS pK2f S S
pumping machine, and my three men with pots ands... by the constant attention my

I NRSy t2214a a oSldziaA¥dAg a AF RIFEAfe& NBFTNBAKSR
drought will lave serious consequences [for the cows] (SRO D6584/C/120).

The heat was the most prominent feature of the summer of 1818. On tfeJué/ 1818

9t AT FOoSGK | SNBSe gNARGSa GKIFG Ad Aa WGKS al Y$S o daN
in the shade at 78This has been by far the hottest day we have had this year. Mrs. P's
Therm[ometer] that stands quite in the shade is up to 81, and mine at past 10 at night, when

L NBGdzZNYSR K2YS FNBY KSNI K2dzaSs gla 4G tTpQ o6{wh
inthese diaries are@ariable in reliabilitecause thermometers were not standardised until

the midnineteenth century(Manley 1946)and readings are only given intermittently and

not always from the same thermometarr location (sometimes inside and sorimaes

outside buildings) According to the Central England Temperature series, the mean

temperature for July 1818, at 18.2 degrees centigrade was well above the 1BBDQJuly

average of 15.9 degrees centigrade. The mean temperature f8rJué/ 1818 was @5

degree centigrade, which is above average for July, but was surpassed or"tBel2by a

mean of 23.9 degrees centigrade, which is tféhdttest mean temperature for a day in July

for the period 17721850(Manley 1974; Parker et al. 1992)

Towardsi KS Sy R 2F wWwdzZ & (GKSNB ¢l ad a2YS NIAyYyIZ odzi 9
drizzling rain has fallen, but in such small quantity as to render it doubtful whether it rained

2N y20Q 6{wh 5cpynk/ kMHAUOZ FyR KSI (bJaingsy 1 A ydzSR (2
Loch from Londonontheqd dz3dza 4 GKIF 0 WGKS K24 ¢SFOKSNIJI KFa &ads
Ye . NlrySa KIF@S S@IFLRNF ISR (KNP dzAK"MizabethNRA aXQ 6{ wh
| SNB¥S& gNARAGSa w2yS 2F (KS K20 &8nnér, aRbstda ¢S KI @S
dzy LI NI £ £ St SR 2y S Ay "OKAaA OFdeSi NINGS al B R2 \LIE & K/S am
YR ¢62NBSQ 6{wh 5cpynk/ kKMHANUL G AQNEIMEeS daghNB 6 A Y A Y

GNAGSa WEKSNB KlFa y2aG 0S5 Syitatno thikBftide daffhadNd- Ay AAy OS
fire been disagreeable at the same time heat of the sun in the Glens in the Mountains for a

TS K2dzNE A& AyadzZlll2NIFofSQ o6{wh 5ppPoKYKMKPKTUOD
from the 27" August (SRO D6584/C/120).

The® documents, therefore, show an extended dry period, with hot weather and little rain

from mid-May to late August, which was at the time described as a drought and which
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damaged vegetation and animals. At Chatsworth, the rainfall during May to August®f 18
was about 75% of average rainfdlv77-2015). It is likely that the hot weather magnified the

impacts of this dry weather.

There was a moderate drought in 1§24ith no negative impacts reported at Trentham. This

is consistent with work by Parsons &t (2019)looking at agricultural impacts of modern

droughts, which suggested that agricultural drought impacts are likely to arise only from

severe droughts in this region. There is, however, evidence of impacts in the wider area. On

the 31% January te TEMPEST database shows that Robert Lowe mentions the water in the

River Trent being low in his diary (NA DD/SK/217/25), and on thétge 1821, Peter Pegge

. dzNyY Sttt FNBY 2Ay{10daNY AY b2G0AYy3IKI YAKANB NBC
(NADD/CW/8c/5/43).

4.3 Increasing instrumental rainfall records and increasing water supplies-(1820s

1890s)
The number and completeness of available rainfall records substantially increases inthe mid

nineteenth century, in part because of the creation of the British Rainfall Organisation and
the publication off @ Y2y & Q& . Ndtei Brifisk Rainfalfrofrif 1861 fonwards (see
section 21.2). Increases in water supplies also led to an increase in weather recording, as
water companies kept their own rainfall and reservoir recoffisese records wera toolto
suppot management decisions in relation to iafitructure use, but also to better
understand the environments within which they operated, as such information could help
maximise profits. The Staffordshire Potteries Water board, for example, had rain gauges at
Wall Grange (from 1870 onwards), Meir (froh892) and Hatton (from 1913)
(D3742/3/4/117).

In the nineteenth century concepts of dirtiness and disease devel¢petison 1997: 497)

as did an association between cholera and drought, since it was thought that abundant water
61 & YSSRSR Emwlerywaddington 2617)eh@number of towns with organised
water supplies greatly increases from the 1820s onwards. This period also saw the
development of concepts of public health and the recognition of waterborne disease,
culminating in the 1866 Sdary Act, and the creation of Urban and Rural Sanitary Authorities
in 1872, requiring the appointment of a qualified Medical Officer of Health for each authority.

In the latenineteenth century implementation of water supply improvements in Swansea
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wasfuelled by concerns that drought would make communities more vulnerable to cholera

(Waddington 2017: 602)

18268 saw a moderate drought at Chatsworth (&PF1.5) which lasted 26 months. This
was a key period for the development and formalisation of wadapplies; in 1826,
Birmingham ICocal and Personal Act, 7 George 1V, c, Cixgsterl(ocal and Personal Act, 7
George IV, c. oxgnd Nottingham (Local and Personal Act, 7 & 8 George 1V, c. Ixxxii) all
obtained Acts ofParliament for the improvement of the water supplies. The expansion of
water supplies was part of a larger pattern of urbanisation and the provision of lighting and
paving for the growing towns. Around this time, one of the earliest resertoitssolely for

the supply of potable watefGorton) was constructed by the Manchester and Salford

Waterworks company.

There is little recorded about the impacts o&tth8268 drought from Staffordshire, however
the TEMPEST databaseordsagricultural impacts in the wider area in central Englard. A
Old Bolingbroke in Lincolnshire, there was an agreement allowing cattle on the highways
because of shortage of water (LA 2 DAWSON/14). The diary of John Evelyn Denison, from
Ossington in Nottinghamshire has evidence of impacts for arable farmers adress t
Midlands. He writes:
This dreadful drought lasted quite into the autumspring crops almost entirely
failed- barley, oats, peas, beans, hardly any hay. My farmer Taylor got one ton off 24

acres. The drought was general, but most oppressive thrcwgimidland counties:
Lincolnshire, parts of Yorkshire, parts Stafford, DéiyL Os 3 D1)

This suggests th&taffordshirewas affected by the drought, with at least some spring sown
crops failing. There is evidence of impacts of dry weather on domeatér supplies; a letter
written on the 20" February 1827 from William Lewis to James Loch at Trentham records
than there are problems with water scarcity at Lane End (Longton, Stoleent) since
water pipes are supplying more inhabitants than cansbeplied by the springs, and as a

result the are inhabitants refusing to pay water rates (SRO D593/K/3/2/8).

The next drought in the Chatsworth SP2I series is in 1836. According to later information
from the Staffordshire Potteries Water Board, thsused water shortages in wells and
pumps at Tunstall in Stokan-Trent (Staffordshire Potteries Water Board 1949) cutting

from the Taunton Courier ¥6February 1835 included in the TEMPEST database, reveals that
there were problems across the countwyith the ground being very dry and animals having

to be driven long distance to find water and wells drying up (DRO 3223A/PR/1/3).
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There were droughts ifi8445, and in 1848. On the 4" June 1844 a notebook of Edward
Joseph Lowe, held at the National Meteorological Library and Archive records that the River
Trent was very low (NMLA MET/2/1/2/3/42), while the Worcestershire Chronicle in 1847
commented that the 1844 drought was more remalpke than the very dry summer that had

had been experienced that year (Worcestershire Chronicle, 15th September 1848414,

26 of the 50 largest towns in Britain had a water company with parliamentary authorization
(Hassan 1985: 534yhe Buccleugh Camission(Royal Commission on the Health of Towns
and Populous Places) in that year looked at the water supply to Stoke on Trent and recorded
the condition It was found thathere were some inhabitants carrying water from springs,
some supplied by piped wer (which was intermittent and impure), water brought in with
carts and sold on the streets for drinking, while washing was done in rainwater or canal
water, with some getting there supplies from public wells. The only parts well supplied were
Longton, by KS al NJjdzSaa 27F { ((StafardshNiRRDbterigs WstS Boawrg R 6 2 N
1949)

The Hereford Journal in September 1847 reports that across the Midlands and the North
253G GKS GdzNYyALI ONRL) KFa WoSSy adzfrdc&NAy 3 a2
showers benefitting turnips, pastures and the ability to plough, while there have been water
shortages to flour mills, and unemployment due to lack of water for machinery in industrial

south Wales (Hereford Journalf1September 1847). The soeémonomic effects of drought,

therefore, could be wide reaching. There is also discussion of water shortages on the Severn
navigation in September 1847, which were greater than at any time in the last 25 years, and
therefore the Severn Navigation company werable to keep 6ft of water in the navigation,

but since there had been recent improvements, whereas previously the shortage would have

led to athree-month stoppage, this had not happene@Vorcestershire Chronicle, 15

September 1847).

In1847the Stafordshire Potteries Water Company was createdagal and Personal Act 10&

11 Victoria |, c.ccivllhe water supply company eventually supplied water to most of North
Staffordshire (which contains the medieval market town of Newcastlder-Lyme, the city

of Stokeon-Trent, made up of the six towns of Stoke, Hanley, Burslem, Tunstall, Longton and
Fenton, and the outlying towns such as Kidsgrove, Biddulph, Leek and Cheadle). Much of the
archive material relating to the company is held by the SRO, deposttedlgifrom the
company archive, or through the Sutherland Estate Collections. According to the online

archive catalogue hftp://www.archives.staffordshire.gov.ul/ there are at least 219

volumes,36 boxes of documents, 5 boxes of photographs and 35 plans relating to the
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company at the SRO. This includes some discussion of droughts and their potential impacts
Ay NBLRNIA FTNRBY GKS O02YLIyeQa SyaAySSNI 6{wh 5o0r

integNJ 1 SR Ayid2 GKS Sy3dAySSNDRaE NBLR2NI & O

The first expansion of the Staffordshire Potteries Water Company came in 1849 (Private Act

12 & 13 Victoria |, ¢.)9driven not by recent droughts, but by a grant from the Duke of

Sutherland of the Lane End works, including springs, reservoirs and waterworks, which were

AN YGSR G2 GKS {GFFF2NRAKANS t20GSNASa 21 G4§SNB2NJ
this time, the company also built a large compensation reservoir at Deep Hayes, to

compensate the RiveChurnetfor the water taken from springs by the waterworks

(D3742/3/4/1/7). The new water company was quickly expanding and invested in

infrastructure to more eftiently and reliably supply Stoke on Trent with water.

18541860 is the first drought identified by Marsh et g2007)and has also been identified

in Ireland(Noone et al. 2017)In the Chatsworth series this recordedas two droughts,
18546 and 188-9. Of these, the earlier drought is the more severe with arl8Rif-1.8

and a duration of 20 months, although the second drought is easier to trace in the
newspapers. The first drought is reported as mainly an agricultural issue; in Derbyshire a good
harvest was expected, but the pastumesededrain, and farmers had to transport water for
their cattle (Manchester Times, #&eptember 1854), while an unusually small quantity of
cheese at the Leicester Cheese Fair was attributed to the drought (Deebyuhy, 18
October 1854)During the second of the two droughts, more serious impacts are reported.
There are reports of water works failing (Bolton, Liverpool, Manchester) in 1858 (Birmingham
Gazette, 3t August 1858), and reports of health impactseTBirmingham Journal, while
reporting on cholera in Europe, makes a link made between heat and drought in(Brigh
caugd stagnant canajsand the emergence afholera (Birmingham Journal, October™5
1859). An article in the Birmingham Daily Podtditow rates of marriages in 1858 to drought
because of the failure of rural springs, and reliance on stagnant water leading to poor health

(Birmingham Daily Post $4ebruary 1859).

In 18646, there is an extreme drought in the Chatsworth-$BIlastirg 27 months with a

minimum SPl 0f2.8 in! LINAf wmMycp® ¢KS KIFNBSad 2F wmycn NBadz
OSNBIFfa Ay GKS FTAySal LIRaaraocfsS O2yRAGAZYX (KS R
so sent up the value of cattle feed, that farmers may préffe8 SRAYy 3 GKSANI OF GGt S 47
(Birmingham Gazette, 97August 1864). A farmer wrote to the editor of the Derby Mercury

Ay 1dzaAdzAad wmycn LRaAaAGAY3I GKIG WYySOSNI aAyoOoS (KS
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Derbyshire been more bare than the currentys SN 6 5 S ND B AuguStN8B4ENE = ™M T
During the first year of the drought, the effects were primarily agricultural. In subsequent
years, more varied impacts are seémSeptember 1865 it was reported that:
THE TRENT AND MERSEY CANAE. long droughhas had the effect of nearly
drying up the reservoirs and other sources of supply of water to this canal, and the
proprietors (the North Staffordshire Railway Company) have given notice to the
carriers on the canal that in another fortnight, if there altbbe no fall of rain in the
meantime, the canal will have to be closed against traffic throughout its entire length
2F mMpn YAfSax ¢KS /I dAZ R2y oOoN}YyOK KlFa 0SS
(Birmingham Daily Post 2?&eptember 1865)
The drought wagerceived to be severe by those living through it and had impacts on

agriculture and on the water available in water courses.

Ly GKS . ANNAY3IKFIY t2a0s GKS adzYYSNI 2F mycy A
known in the Midland CountiesintheSny 2 NE 2 F YI y QX g X Mdytoyhe NI Ay
50 August (Birmingham Journal, 2August 1868). Between 1868 and 1871 there was an

extreme drought in the Chatsworth SP2, lasting 38 months with a peak severity-2fl in

December 1869. The lack of rainfall between May and August 1869 was followed by heavy

rain. This heat and drougfwllowed by heavy rain, there were high death and disease rates

in 1868 (Birmingham Daily Post} dJanuary 1869).

In August 1868, the Birmingham Daily Post reports fires: there were ongoing gorse and
heather fires in Sutton Park (and men in custody ogpgtion of arson), and fires had been
burning for a fortnight on Cannock Chase. Near Coventry, straw, barns, outbuildings and ricks
of corn had burnt, and thatched roofs had to be removed from buildings to save them from
catching. There was also fire afegctory in Burslem, which appears to have been caused by

dry straw catching light (Birmingham Daily Po$tAbigust 1868).

Ly GKS FdzidzyYy 2F mycds | wE20rf YS(iS2NRf23Ara
FT2NJ 0KS . ANXYAYIKI ¥wettestiMayeves tedorded Yiele, Jrle B Suyd (i K
were so dry that, with exception of the memorable drought of the corresponding months in
MycysS (GKS& 6SNB (GKS RNASadG SOSNI NBE3IAaGSNBR
Post, 2 September 1869). Teds evidence of economic impacts of the drought. The report

of the halld S Nf @ 3ISYySNIf YSSGAy3a 2F (GKS 22NOSadS
received for traffic] are not so large as they would have been, owing to the drought of last
summer causing th&evern to be unusually low. The effect of this was to prevent boats

W NNEAY3I FdzAf t2FIRAX FyR 200FaArz2ylftfe adz2LlL.

January 1870). The weather continued relatively dry, and in the early summer the
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BirminghamDall t 240 NBLR2NILISR (GKFdG Ww2S KIF@S edzai

weather ever experienced in the Midland Counties. Occurring at the present season of the

8SINE 6KSyYy GKS SINIK glyida  tFNBS FY2dzyi
tkAd 3INBIG RNRIAKG Aa F YFGGSNI 2F GKS Yza
June 1870).

The Chatsworth SPI series shows a severe drought in3,8@8ting 20 months, with a peak

SPI 0t1.8 in September 1874. This closely follows on fromli8@8-71 drought, with little
recovery period. The Tamworth Herald, for example, when reporting on excessive rain at
the beginning of 1873, acknowledges that the rain is in some way beneficial because of long
term drought (Tamworth Herald™January 1873Most drought impacts are reported in

the summer of 1874, and include impacts on health and water supplies.

Extracts from a report from the medical officer to the Willenhall Local Board of Health were
published in the Birmingham Daily Post; there wasigh Hevel of mortality and sickness

during June, which normally had the lowest levels of illness and morthldgned on the

L} &a SR

2T Y2A

G aSN?2

RNRAZAKG YR GSYLISNI GdzZNB OKlFy3dSad ¢KS YSRAOFE 2FF

had caused a great augmentation of thexious vapours given off from the brockurses,

GKAOK gSNB Ay I F2dzZ 02 yRuydsva.yrdedbcabgoverNdveirty I K Y 51 A
boardissudll y20AO0OS Ay ! dz3dzad wmyTtn G2 €20Ff &FyAdGlI NE |

duration of thedry weather, their attention has been drawn to the fact that in several parts
2F (KS O2dzyiNE GKS 2NRAYINE ¢ (SNIhabahdJ &
also warned of the need to monitor supplies and take steps to store waterprovide

alternative supplies if necessary (Tamworth HerdldA8gust 1874). The South Staffordshire

KlIa o8

2 GSNB2NyJa /2YLIlyes K2sSOSN) Wglka KFLILR G2 o6S |

previous period had the South Staffordshire Waterworks Company given a better sumply th
during the past halfear. The supply had been continuous... some complaints were made
against the company ofnea dzLJLJX @ X Ay O2y aSljdsSyO0S 2F (KS
(Birmingham Daily Post, 8August 1874). Similarly, the directors ofetiBirmingham
Waterworks Company reported that they had been able to maintain a continuous supply
during the summer drought, and had the capacity to cope with worse (Birmingham Daily Post

9" September 1874).

By 1881, 80.2% of towns had a municipal watepdy, (Hassan 1985: 534he Chatsworth
SPI series shows a moderate drought in 1885, lasting 8 months, with a peak sevdrity of

in September 1885. All the newspaper reports for this drought inMittands focus around
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the impact on hunting and fishg. The Lichfield Mercury reports that the dry weather was
good for the partridge shoot in Herefordshire, Gloucestershire and Monmouthshire and the
birds in good condition with many young hatched as a result of the drougtitfield Mercury

4" September1885). There are negative impacts foout fishing in Yorkshire, with low
stream levels and those fish that were caught being in poor condition (Tamworth Hefald 26
September 1885). There are no reported impacts on agriculture or domestic water supplies.

This drought was followed by a further drought in 188389.

According to Brooks and Glasspo(l628: 133y WA FX ¢S O2yaARSNJ G4KS . N
6S FTAYR G(GKS RNASaG &SINI 2y NBO2NRX ¢+ a dzyR2 dz
followed by low winter rainfall, so that drought termination at Chatsworth was not until April

1889. At Chatsworth,rdught onset was October 1887, and the drought had a peak severity

of -2.95 (SPI) with 8 months of extreme drought (an SPI of less2hérennard et al. 2015:

7, 9) This drought appears in 48onth SPI series at Chatsworth, Wall Grange and Rugby. At

Wall Grange it lasted 27 months with a peak severity®?2. It was less severe at Rugby,

lasting only 9 months with a peak severity-2f1 (Lennard et al. 2015)The extreme 1887

drought is worthy of particular attention becaugeomes about 100 years after the extreme

drought of 1785, and about 100 years before the modern extreme drought of.TB7i6

provides an opportunity to consider howeported impacts (both in terms of number and

type of report, and type of impact) are difent.

This drought functions as a test of the developing water supply systems. Piped water supplies
were widespread in this period, however intermittent supplies were not uncom(iawylor

et al. 2009: 571) There was also no duty to provide supplyrmes of drought or frost (Taylor

et al. 2009: 580). The minutes of the Tamworth Rural Sanitary Authority committee meeting
published in the local newspapédndicated that 94% of the houses within reach of mains
water were connected at the beginning of IB8§Tamworth Herald ' March 1887). At
Stafford, a report of a fire indicates that most houses in the town were still supplied with
drinking water from wells, and acquired their water for other purposes from river or drainage
channels, which provided an Sufficient supply for extinguishing fires in dry weather
(Birmingham Daily Post*3ctober 1887).

During the summer of 1887 the Tamworth Waterworks Company and South Staffordshire
Waterworks Company were both affected by erroneous suspicion from thdivrogss that
the water supply might be cut off. The Tamworth Company put a notice in the Tamworth

Herald to advise that there was no imminent prospect of them cutting water suppliés (30
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July 1887)In their August meeting they reported that the dry weath®ead resulted in little
change in the amount of water they were able to access (Tamworth Hefaldigust 1887).
The South Staffordshire Waterworks company experienced more severe effects as a result of
this anxiety, in the minutes of the South Staffs tééevorks company meeting in August
(published in Birmingham Daily Post) it is reported that:
A rumour got afloat that the supply would be cut off, and immediately the people,
especially in the poorer neighbourhoods, set to work to fill every tub and tesgel
could lay their hands on. When the next day the people found the supply had not been
cut off, the water they had stored was thrown away. In this way a great waste of

water had been caused at a time when every gallon was pre¢Busiingham Daily
Past 26" August 1887)

The greatest danger during the hot dry summer of 1887 was distrust in water companies,
which could result in unnecessary water consumption. Tamworth and South Staffordshire
Water Companies sourced their water from boreholes, and dichawe large reservoirs, so
were vulnerable to fluctuations in the water table. Fortunately for them, and their customers,
they were able to survive the 188889 droughtA report in the Birmingham Daily Post {12
August 188Y reveals that in some plac@siblic supplies had been cut off except at certain
times of day, while street watering and watering of gardens was banned. Despite anxiety
about water supplies, the actual impact varied substantially by region, dependent on sources

of water and the adequay of the supply for the size of the population.

The 1887 drought particularly affected the West and North West of Britain and precedes the
W[ 2y 3 5 NP dZBKO{LennadFet al1 20457 Marsh et al. 2007; Waddington 2017)
Although 1887 sits within &rger period of dry weather, it stands out in contemporary
newspapers reports because of its intengiyaddington 2017)Documentary evidence is
concentrated around the hot dry summer of 1887, continuing into the following winter and
the spring of 1888After the spring of 188&he documentary accounts considire drought

to have endeddespite modern analysis showing that drought termination did not occur in
some places, including Chatsworth, until the April of the following ,ygamonstrating the
difference in understanding and perception in the documented reports and the instrumental

records.
Ly mMyyyZ & GKS RNRdAKG fSaaSySRx GKSNB 4SNB
supply, even in average seasons, is barely equal to the needs of thewuoiynand has to

be eked out in time of drought by imported supplies from more favourable localities and the

O

dza$ 2F 68ttt ¢ GSNJ 2F R2dzo ¥ Hebruahydaes) @l @ato . A NYA Yy I K

WiKS YINBAY 06S06S8SSy adzallllveft gRORBYI YR BYOIHEX B
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new sources of water and the building of new reservoirs was recommended. The 1887
drought was a catalyst for investment in water supply improvement. Water supplies in this
period were more than a matter of convenience, nalitly rates from preventable diseases

were high, and reports of death from typhoid and other diseases are often present on the

same page of the newspaper as reports on water supplies (Tamworth H&rsldrgh 1887).

4.4 The twentieth century (19g8resent)
Although thearchivalfocus of this project has been the eighteenth and nineteenth centuries,

the twentieth and early twentfirst centuriesoffer other forms of evidenceThese include

the memories of living people, collected in written and oral form, but also the wealth of
published material in newspapers and books. The earliest memories colldaied
individualsby this project date from the 1940s. The twentieth century sees theticreaf

water supplies as experienced today, with the installation of bathrooms in houses becoming
standard (Taylor et al. 2009: 571)This placed much greater demand on water supply
systems. As might be expected for a series running from 1777 to 201ghlyolalf of the

droughts represented in the Trentham series occur after 1900.

The turn of the twentieth century is spanned by a long drought, documented by Marsh et al.
(2007)as lasting from 1890 to 1910. This drought appearhéChatsworth series afive
moderate droughts (189Q, 18934, 18957, 1898 and 1909) and one severe drought (in

1905). Although this period is ndweyondliving memory, it is well recorded in newspapers.

It is interesting that a newspaper article in discussing the drough8@38 does not reflect on
droughts of 1887 or 1896l; instead the article focusses on droughts much earlier picked
from a list of droughts published in British Rainfall 18Bifmingham Daily Post, 15th May
1893; Symons 1888jlespite the same publicatioroting that 1887 was dry throughout the
whole of Britain(Symons 1888: 158This is perhaps indicative of how hard droughts are to

identify as they happen(thout access to analysis of instrumental rainfall).

There was a documented split between urbam aaral water supplies and sanitation during
this drought, with public perception of drought as an urban problem, despite considerable
impacts from water shortages for rural communiti@aylor et al. 2009; Waddington 2012)

in 1893 there was a completeiliare of water supplies to rural Welsh villagg¥addington
2017) In Staffordshire, most of the documentary evidence for the nineteenth and twentieth
centuries comes from urban environments with widespread piped water. Evidence for water

supplies or watesupply problems in rural communities is dispersed and hard to identify.
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This was a period of reservoir construction which in Staffordshire saw the South Staffordshire
Waterworks gain an Act of parliament which included building new reservali®98 (Lcal

Act, 56 & 57 Victoria I, c.xcii). In the wider area, it was also in this period that the Elan Valley
NBEASNDP2ANBRTI GKAOK &adzZllid e YdzOK 2F . ANYAY3IKIYQaA
construction begun. A report by Barcléh898)states that prior to the Bn Valley scheme,
Birmingham was supplied by 5 wells, 4 streams and storage reservoirs, with a daily supply of
18 million gallons (81 MI), with an average daily demand of 17 million gallons (77 MI) and a
peak demand of 22 million gallons a day (100 Mter& was also about a 3% per year
increase in demand. Twater supply situatiorwas precarious, and vulnerable to drought.

It is uncertain to what extent the creation of reservoirs is driven by droughts, however there
is evidence from slightly earlien 1885, that the drought of 1888 in the Manchester area

was a major factor in the construction of the Thirlmere Reservoir (Manchester Courier and

Lancashire General Advertisef? 2an 1885).

By 1914, only 29 of the 1130 boroughs or urban districtsidatef London did not have a
water company with parliamentary authorization (Hassan 1985: 534), however a problem
faced by water supplies this periodand exacerbated by dry weather was water pollution.
One of the reasons for the construction of the El&lley reservoirs was that the surface
waters around Birmingham were either used by other companies and industries, of
insufficient flow, or too polluted. Pollution was also a problem with ground wéBarclay
1898) In Stokeon-Trent, the Staffordshire Potteries Water company also struggled with the
purity of their water; in a report dated4 September 1913 it is stated that:

The water drawn from the main along with the sediment contained a minute trace of

ronanda 2 YS YIy3lySasSs Ay az2tdziAz2yXadz2NFIFOS 2N Ol
the supply, this carries in the diatoms and crenotjaxtype of methane oxidising

bacterium (Oswald et al. 2017} YR (G KS fFGGSNJ X 3INRBg (G(KS 20628
slimy] deposit(SR3742/3/4/1/7)

A decade laterthe Staffordshire Potteries Waterboard suffered a pollution incident, with

grave consequences for the residents of StokeTrent:

Defective earthenware pipes in catchwater main [at Wall Grange] should be replaced
with iron pipes. The necessity for this was brought into disagreeable prominence in
the early part of this year by the Medical Officer for Stoke attributing typhoid cases
in his district to pollution in the water from Wall Grange. He supported his contention
by becteriological analyses of the water which certainly showed grave
contamination.(SRO D3742/3/4/1/7)

This event occurred during 1922, which falls within an extended period of droughts from

1918 to 1922. Although thevent is not directly linked to the drohgin the contemporary

106



sources, pollution was more likely with low water levels, and cracked dry ground might have
increase the amount of contamination that could find its way into the earthenware pipes.
This extended drought period appears as three sefgadaoughts at Chatsworth, the most
notable of which was the drought of 19221 which is included in the list of droughts by Marsh

et al. (2007) and was a severe drought at Chatsworth. There were also moderate droughts in

19189 and 19120, shortly aftetthe end of the first world war.

These droughts are interesting case studies in vulnerability to drought, and how it is shaped

by socieeconomic circumstances. Drought impacts are recorded in the newspapers in the

summer of 1919; the Tamworth Herald in @ut919 reports that wartime rationing of meat

and butter will be continue because of the increased costs of production caused by the

drought (Tamworth Herald 28June 1919). In the October, the Derby Daily Telegraph reports

that:
0KS adzlJl) ASa 27F I dzidzyy 3INraa NS Sttt o
farms in Derbyshire something approaching a water famine had been recorded. The
ditches and some few brook courses had run as dry as an asphalt footpath, and the

undergroundreservoirs stood in great need of being replenisiiBdrby Daily
Telegraph 24 October 1919)

Although the drought itself was not severe, seempnomic circumstances may have
multiplied the impacts; the first world war had a dramatic impact on food piowjsand the
impact of drought on already stressed systems was more severe than it might have been
otherwise. At any other time, rationing of dairy products would not occur because of

drought.

For the 19213 drought, impacts across the country are recordedocal newspapers; a
report of a storm in London after 100 rainless days was published in the Lichfield Mercury on
the 15'July 1921, and in the Tamworth Herald a day later, which includes general description
of stunted crops, water shortages in metrdjtan areas, dry grasmd alack of water in rivers

and streams (Lichfield Mercury'Duly 1921, Tamworth Herald®uly 1921). In terms of
local impacts, on the 5July 1921, there was a warning in the Lichfield Mercury that due to
the prolonged droght there is a need to conserve watéw,preventa complete stoppage of
supply, with consequences for healthichfield Mercury 15 July 1921). Two weeks later in

the Tamworth Herald the manager of the Tamworth Waterworks urged consumers to save
water, SOl dza S GKS ¢ GSNJ £t S@St Ay GKS O2YLJ yeé&Qa
warns that water rationing will be put in place if consumers do not reduce their consumption

(Tamworth Herald 30 July 1921). The drought was also blamed for fires in Tanmamt
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the surrounding area, in which hay fields, barns, haystacks and piles of wood chips caught
fire (Tamworth Herald 16 July 1921). In the end, however, the Report of Tamworth
waterworks joint committee meeting states that:
In view of the abnormal calitions which have prevailed during the past year, due to
the drought and coal strike, it is gratifying to note that very little inconvenience, if
any, had been felt by the consumers, and it was hoped that the economy that had
been practised would be contied, especially in view of the fact that there is still a

universal shortage, and also the high cost of pumgifigmworth Herald 14January
1922)

there continue to be occasional mentions of the droughtlie Tamworth Herald and the
Lichfield Mercuryand discussion of whether the reserves of water have yet recovered

through 1922 and early 1923.

In 1924 The Staffordshire Potteries Water Company became the Staffordshire Potteries
Water Board (Staffordshire Potteries Water Board Act c.Ixviii). As gfathis existing
arrangements and future requirements were reviewed. Extension requirements to manage
droughts were identifiedjncluding exparsion of reservoirs to manage increase in water
usage due to the increase in flushing toilets and baths inside houses. The reports particularly
RAalOdzaa (GKS Nrala 2F K24 6SFGKSNJ FyR (KS
invariably illegal, but is diffifui G2 LINB @Sy d |yR Ydzad Ay |ye
summer of 1925 was hot, and during that period the estimated summer maximum daily yield
of the springs and boreholes equalled the USRQ D3742/3/4/1/7). This is part of a national

interwar pattern of emphasis on extra storage (Taylor et al. 2009: 580).

There were two periods of drought in the 1930s, 1833and 1937. The 1934 drought
appears in record at Chatsworth, Wall Grange, Nanpantan (nr. Loughborough), Rugby,
Oxford, Rhayader, Kew and 8fiag (Lennard et al. 2015; Todd et al. 20B83Xhe SRO there

is a photograph of a woman in Staffordshire attempting to dowse for water during 1934

(Figured.2). This is perhaps indicative of an awareness of the drought and its impacts.

In March 1938 Sté&frdshire Potteries Water Board was having serious difficulties supplying
their growing number of customers with water. They had experienced relatively dry weather
since July 1937, in addition to an average nett deficiency of 3.71 inches of rainfallaper ye
between 1932 and 1937. In February and March 1938, the company faced an average
consumption of 12,531,000 gallons per day, 729,000 gallons more than at the same time the
previous year. They therefore had a serious need to find new supplies of wateedncke

consumption. Several measures were put in place to reduce water consumption, including
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y20A0Sa LlzofAaKSR Ay f20Ff LI LSNA ¢ NyAy3a 27
save water, the withdrawal of permits for watering gardens (bogthand and by hose), the

refusal of permits for using hose pipes for any purpose, and letters to local authorities and

large consumers requesting economical use of wélx3742/3/4/1/7). In Stafford, water
shortages in 1939 were reported by the StaffordehChronicle (21 June 1939, WSL
CB/STAFFORD/2610).

Figure4.2: Photograph from 1934 of a woman dowsing, with dry grass in the background (SRO F.P.41.1627.76)

The earliest drought and water shortage memories collected by the Historic Flooding and
Drought in Staffordshire project date from the 1940s. A retired teacher from Rugeley wrote

GKFG GKSANI 2yfé& YSY2NEB 2F 6+ GSNI aK2NI+F3S 41 2
that school in 1949). The headteacher (Miss Woolton) gave us all a setioabdat turning

GFrLa 2FF a a4aKS KIR aLlSyd ¢SS{SYyR Ay 21fSa
a drought at Chatsworth; there was a moderate drought lasting 30 months from-4.942d

another from 1949%0. However, across England and Walere were a series of short

duration droughtsg(Marsh et al. 2007and during this period there wamne of the longest,

most severe droughts in SE England, lasting from April 1943 to Octobel(T®dd et al.
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2013) Lennard(2016) identified a drought lashg from mid1944 to October 1947 at
Rhayader (Powys), Oakly Park (nr Ludlow, Shropshire), Weston Park (on the Shropshire and
Staffordshire border) and Rugby (Warwickshirederestingly, there is little media coverage

of this drought, probably reflectingostwar reporting restrictions, as Britain still needed to

operate food rationing.

There was a severe drought at Chatsworth in #869At the SRO there is a photograph of
children at Bartorunder-Needwood Primary School on dry playing fields in theraem{SRO
5850/2/1). According to the Chatsworth drought series onset was in July 1959, and
termination in July 1960 (although it was close to termination in March 1960, before going
into another small dip). Marsh et §2007)state that there were widesgad hosepipe bans,

with low river and reservoir levels.

The best remembered droughtcross much of England today is thatl&76(Waites 208),

and it was by far the most commonly referenced drought in memories collected by the

Historic Floodhg and Drought project. Most of the collected memories focus on the more

RN} YFGAO YR @GAadzZ f FalLlsoia 2F GKS RNRdAAKGI &dzOF
fFr01 2F NIAYQ | yRA viduallabdch of th& drouightRahichAaNiRared

frequey Gf &8 Ay LIS2LIX SQa YSY2NRSor esamglecoineits O2 f 2 dzNJ 2 F
collected from the questionnaires includéd W& (i dzR & A \-Bhd & &ayInside. Bioviny | £ &
floyaQT WtK2G2a 0GKFd adzYYSNI gAGK @ Rghe 3INI aad Ul
mode- plants to choose etcr TG SNJ 6 KAOK GKS NIAY 9 Ff22Ra NB{ dz\
months in Nigeria 1975 AuguSeptember and all fields appeared brown & dzNLINA 4 SQT | YR
Wi K@FH adzYYSNI 6KSY RARY QU Y2¢ GKS Ryrly FNPNI WSS a
5 NE ONJ QffiSrittable 2hat fthés@ descriptions of dry grass are also seen in much

earlier personal testimonies such as the eighteeogimtury diaries and letters but is not seen

in the newspaper sources.

Another striking visualmemdr g+ a 2F flF R&E0ANRAY Wl dAS olffa 2F f
O Y LJdzavee mhrgieR at Hichfield Cathedral and all photos were taken outside the West

Front in blazing sunshine, | recall that there were ladybirds everywhnr¢he garden

especially bii ' f a2 2dziaARS (KS OFGKSRN}Ift FyR Ay GKS Of

cause major inconvenience, their swarms are remembered as an unusual occurrence.

In terms of water supplies, Staffordshire escaped many of the worse impacts of the drought.
Thecounty has two suppliers of water; the large Severn Trent Water Authehighcovers

most of the north and west of the county (and much of central England, extending from the
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Severn to the Humber estuaries and into Wales), while in the south and eatd V8
provided by the much smaller South Staffordshire (South Staffs) Water. While Severn Trent
must balance water supplies over a very large area, South Staffs Water manage a much
smaller area, and source most of their water from boreholes. Accordiagntater manager
working for the company at the time, in 1976 while larger companies were forced to apply
for drought orders, South Staffs Water, with their more reliable ground water supplies, and
by bringing in extra water from the Severn catchment, walde to avoid a drought order.
While they engaged in a program of water education and encouraging the public to use water
wisely, there were no failures to supply water in the South Staffs area, and no visible signs of

water supply problems, such as stamges in the streets.

By 1976, there was a clear expectation of a reliable water sypjalylor et al. 2009)Some
people in rural areas, however, were not connected to mains water, and for many of them,
their experience of the drought was significantl{felient from people who were connected
G2 GKS YFIAyao Ly GKS g2NRa 2F | 22dz2NyFfAad |
2dzNJ ¢ GSNJ YR 0dzNY G (Qpkl19BdRR) f I YR |y R 2 dzNJ & LJA N

Most people resident in Staffordshire in 1976 remembeg thater supply situation as an
WAYO2y@BSYyASyOSQ o062 jd2GS 2yS 2F GKS 1jdzSada
bath and dishwater for watering the garden and taking shallow baths. One respondent said
GKFG GKS& NBYSYO0 SN W2 e dardérmirh 197 andl badasidnblly i NJ G 2
M b T m St&ffordshire therefore, although there was an awareness of the national drought
situation, the direct impacts on water supply were minimislany of the people who
responded to the questionnaire had not berssident in Staffordshire in 1976. These people
have different memories of 1976; two respondents wrote about the threat of water
shortages in Wakefield, where standpipes or water bowsers were installed, although not
used. Another person wrote about thexperience in Essex:

The road split into gaping holes several feet deep and wide. Some houses and our

shed had to be demolished. My 'A' level students sat their exams outside in the shade

of a tree as [it was] too hot in class. We had standpipes for water the BBC

broadcast the slogan "Save water bath with a friend" amongst other water saving

tips.
Although the water supply in Staffordshire was not badly affected, the drought did have
impacts on leisure activities in the summer of 1976. Some people remembered relatively
positive experiences such as swimming in the rivers to cool off, but others rbarechmore
GNRdzof Sa2YS AYLI OGad hyS NBaLRYRSYyd sNRGS (K
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got stuck [I] can't recall where. We also met a theatre boat [which was a] proper narrowboat
with a deep draught, so they had to give up early and movéit@S & K2 4. Anothe2 NR | RQ
wrote that before they went camping, they hadtelephonethe campsite to make sure they

were open, because many had to close.

During the 1976 drought, Taylor et #2009: 580)found that the contemporary water

resource managment strategy was to stretch supply system by using full reservoir and river

capacity. Thizomplimentscomments made the water resource manager interviewed for

GKA&a LINRP2SO0 6! LIWISYRAE o®HOX ¢K2 alAR GKFIG We¢eKSN
on a drought order, and therefore we probably worked extremely hard to ensure that we

never put on a dsught order. We would work very hard moving water about to ensure we

fglea KIFIR Sy2dzZaK 6F0SNJ oF2NI AGSE y2d4 (G2 o6S Fye i

The next drought in the Chatorth SPI occurred in 1985 which wasremembered by P in
the oral historyinterview (Appendix 3.1)primarily for its impact on his walking in theke
Districtwhere he experienced Haweswater Reservoir nearly emmatiierthan for its impact

in Staffordshire.

The 1990s saw two periods of drought, 1994and 1995/. In drouglts of the 1990s, Taylor

et al (2009)identified a focus on consumers saving water, with an intensification of the
emphasis on the need to balance demand. This focus on water saving from the end user was
nothing new; throughout droughts of the lat@ineteerth century and eariwentieth
century there were calls for customers to reduce use, but was a departure from the rhetoric
of water management in 197@he 19957 drought is the benchmark drought in Northwest

and Northeast England, where it was more sevban 1976.

One respondent who travelled around the country noted that other arefathe country

GSNBE 62NRARS I TFSOUSR U K-IRgsenfoilih N. EerddRiad@vey3dw ¢ NA (A y 3
levels. Water authority had water tanker lorries coming down A from the N East. For

$pSS1a L F2ft26SR mn 2N a2 GFry1SNER Ay O2y@2& RN
ly20KSNI NBALRYRSY(G 6NRGS | o2dz2i W+AaAlGAy3d NBASND2
in the 1990's) when water levels were low enouglenable you to walk round the flooded

QAT ELFASaQd ¢KSNBE 6SNB Ifa2 NBFTFSNByOSa (2 YSY2NRS
GNRGS-ITUMbDdipKS 3INFaa Fd tNAYIFINR {OK22f RASRK ¢l a

KAt S | y2iKSNIrasdN®niptelyirned yeltbwh water authority suggested
O2y ONBGAY3 3IAFNRSYaHHQO®
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There were surprisingly few references to the drought of 202 amongst the questionnaire
respondents; only one remembered 2012 as a drought year, while a fusleewrote that

GKSe (K2dAKIGI G§KSNB KFIR 06SSy | RNRdAAKG WoAGKA
impacts on river and reservoir levels as well as ground water and led to hosepipe bans in

north west, eastern, central and southern England and water supglymtions in some

areas of the country including Shropshiiendon et al. 2013)n contrast to the 1976 and

1995 droughts, howevethe summerwasrelatively cold and wet. This might explain why,

despite the severity of the drought, it was not remembérdy the questionnaire
respondents as a drought year. As discusseGhipter 2 ection 2.2.8 there were also

drought conditions during this project (and 2018 was identified as a drought year by one

questionnaire respondent

4.5 The changing naturd records and impacts
While t istemptingto look for changing trends in the nature of drought impacts over time

this may not be appropriateThere are certainly infrastructural developments, such as the
provision of piped water which affect vulnerabjlito drought, but this relationship is not
straightforward. Although it might seem that communities are less vulnerable to drought
when connected to piped water supplies, the lived experience of this can be different. During
the 1887 drought, people storediater over night because they were worried about the
supply being cut off. Whether or not they wesietuallyvulnerableis uncertain, buthey felt

vulnerable because they did not have control over their water supplies.

The appearance of changing impaigtsalso caused by the changing nature of the records
used to construct this chronology. The early material comes predominantly from personal
sources, such as diaries and letters, whagh often not written to reflect onlarge spatial
scale impacts, rather reflecting the lived impacts on the author or their immediate
community. Institutional records, such as those used to explore canal and water supply
developments contain little in the way of personal stories of drought impattdocument

the functioning of water systemd&ven amongst the newspaper reporting of drought there
are changing patterns over time. The nineteegtimtury newspapers are often quite formal,
reporting on droughts rather than discussing impacts and management. Thgtdraports

in the nineteenthcentury newspapersome from minutes of water company or canal
company meetings, or local health board meetings, or commentaries on farming conditions.
Later newspapers, perhaps reflectiagvider newspaper readership, can teess formal, and

contain a wider variety of drought reports, including letters to the editors and reports on
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local events. The most recent material, drawn from memories recorded in oral history
interviews and on questionnaires, like the early materiabfia personal nature, and does
not necessarilyeflect the wider patterns across society. It is notable ttiet documentary
records depict theideasof what constitutesdrought andthe descriptions of droughtas

remarkably constant over time.

Chapter 4 hs presented a drought chronology for Staffordshire, derived from the
Chatsworth SPI series and documentary evidence of impacts. This chapter has used a wide
variety of archival material found at the SRO and other archives. Records of impacts were
found duing most of the droughts present in the Chatsworth SPI series. It showed that
documentary reports of drought relate to SPI values, but that the relationship between SPI
and drought reports is not completely straightforward, since some droughts are nottezh

in the documentary evidence while others have reported impacts which seem to be more

severe than suggested by the SPI values.
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Evaluating the utility of qualitative personal diaries in
precipitation reconstruction in the eighteenth camineteenth
centuries

The following chapteuses data collected with the help of volunteers at the Staffordshire
Record Office taexplore methods of rainfall reconstruction from documentary sources
There are currently ntbng precipitation reconstructionfor Staffordshire, but this chapter
demonstrates the potential of indices created from rAimistrumental weather recording in
diaries to reconstruct regional precipitation serighich correlate withhearbyinstrumental
rainfall seriesThis can then be used alongside the original documentary evidence to explore
pastimpacts of extreme weatheilogether, chapters 4 and 5 presawio different types of
drought reconstruction: reconstruction of impacts using documentary ewvide and

reconstruction of precipitation from noeimstrumental sources.

Chapter 5 hagpublishedin the openaccess journaClimate of the Pasias part of a special
A & & diftermaybnadmethods and comparisons in climate reconstruction and impacts from
archives of societie® LG A& LINB & $uyf HaS Reenl répaginited, fthe digudR

renumbered and the references reformatted.

HarveyFishenden A, Macdonald, N. (2)2Evaluating the utility of qualitative
personal diaries in precipitation recomsgttion in the eighteenth and nineteenth

centuriesClimate of the Pastl7: 138149. Doi: 10.5194/c{A7-133-2021.

Abstract:To date few studies have reconstructed weather from personal diaries (also known
as private diaries). In this paper, we considéfedent methods of indexing daily weather
information, specifically precipitation, from eighteenth and nineteen#ntury personal
diaries. We examine whether there is a significant correlation between indexed weather
information and local instrumental oerds for the period, thereby assessing the potential of
discursive materials in reconstructing precipitation series. We demonstrate the potential for

the use of diaries that record weather incidentally rather than as the primary purpose, and
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the value andutility of diaries covering short periods when used alongside nearby
contemporary diaries. We show that using multiple overlapping personal diaries can help to
produce a more objective record of the weather, overcoming some of the challenges of
working wth qualitative data. This paper demonstrates indices derived from such qualitative
sourcescan create valuable records of precipitation. There is the potential to repeat the
methodology described here using earlier material or material from further aveay éxtant
instrumental records, thereby addressing spatial and temporal gaps in current knowledge

globally.

5.1 Introduction
There has been an increased recognition in recent years of the value of long instrumental

series spanning several centuri@onnimann et al. 2019; Dobrovolny et al. 2010; Todd et
al. 2015), as they can provide valuable information on both climate variability (Murphy et al.
2018) and sensitivities in early records and loeign reconstructions (Murphy et al. 2081

Long seris also provide value through increased robustness in back casting in climate model
testing (Talento et al. 2019), extreme event contextualisation (Todd et al. 2015; Wetter et al.
2014), and for examining social and cultural changes and modificationg(fisl. 2010).

This increased recognition has coincided with public science projects that have seen
extensive archival materials transcribed and reanalysed through both national and

international programmes and initiatives (e.g. ACRE) (Allan et al. Béditan et al2009).

Whilst the focus has been on identifying instrumental datasets, considerable information is
stored within qualitative archival source materials (Strauss and Orlove 2003). These,
however, can be more challenging to analyse using aitigeience approaches. Such
descriptive materials incorporate valuable information detailing not just the weather but also
human interactions with the weather and wider environment, documenting social, cultural,
and economic responses to past extremes. didition, they may also offer insights and
information on activities undertaken during mundane intervening phases that either

exacerbate or mitigate the hazards and risks presented to communities during extremes.

There have been many studies globally of thea diaries, where the diary is predominantly

if not solely concerned with the weather (for example Brazdil et al. 2019a; DomHast

et al. 2015; Druckenbrod et al. 2003; Gergis et al. 2012; Mikami 2008; Sanderson 2018; Walsh
et al. 1999). An earlgxample is the weather diary kept in 133844 by William Merle in

Oxford, England (Lawrence 1972). Other diaries document the weather alongside related
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information, such as tides (Woodworth 2006). To date few studies have reconstructed
weather from personl diaries, where theveather is not the focus of the document but
rather noted as an aside (often daily). Where personal diaries have been considered authors
have often chosen to simply extract and present the weather data as they appear in the diary
(Adanson 2015; Schove and Reynolds 1973). However, there are some exceptions to this.
For example, Chen et #2020) analysed the weather from a fourteerthntury private diary

from Jiangsu Province, China, whilst Kelso and Vogel (2007) and Nash af208vabsed
diaries and correspondence from South Africa to examine rainfall and drought. The depth
and quality of descriptive materials have long been recognised within the historiographical
and geographical disciplines (Oliver 1958) but have to some els&amt shunned within the
physical sciences, though they have received increased recognition in recent years (Sangster
et al.2018). The sciences often present a preferencéifstrumentalinformation because

of concerns relating to quality, replicabilitgnd comparability of content within discursive
materials; as Adamsaf2015) notes, weather recording in personal diaries can lack rigour,
be sporadic, and be affected by the identity, personality, and beliefs of the writer. However,
the potential of quatative materials is considerable, and indices derived from qualitative
materials have been shown to offer good correlations, comparable to adjacent instrumental
series (Macdonald et al. 2010), and have previously been used for filling gaps in instrumental
rainfall data. The potential of such sources is considerable, presenting opportunities to

extend further back in time and cover areas poorly represented by instrumental information.

The series presented in this paper correspond to time periods when @risti are writing

from similar locations and therefore offers the opportunity to test whether having multiple
diarists recording simultaneously can between them produce a more objective record of the
weather. Using multiple overlapping personal diaries/mhalp to counteract potential biases
within personal diaries and therefore provide a more reliable weather record. This differs
from previous studies, which have often focused on either a single diary (Lawrence 1972;
Sanderson, 2018) or used multiple déar for the purpose of extending the temporal time
frame (Walsh et al. 1999). We consider different methods of indexing daily weather and
examine whether there is a significant correlation between indexed weather information and
local instrumental recordgor the period, thereby assessing the potential of discursive

materials in reconstructing weather series.
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5.2 Qualitative historical materials
Over 70years of daily qualitative weather data between 1770 and 1865 for the UK were

identified from diaries,dtters, and similar sources at the Staffordshire Record Office, with a
wide spatial and temporal extent (details of archival sources used in this reconstruction can
be found at the beginning of the reference list). The longest near continuous (dail\g werie
the materials collected were for Scotland 19094, London 17941795 and 1791801,

and Trentham in Staffordshire mitB16¢1865 (Figre 5.1). The majority of the daily weather
data were derived from personal diaries. These do not formally recorg desather but

rather describe daily life, incidentally referring to the weather (particularly precipitation).

Figue 5.1 Location of rainfall records used within this study in Staffordshire and London (instrumental rainfall
series markedvith a triangle; locations of large numbers of Rimstrumental records marked with a large circle,
small numbers with a small circle). Background map data from Digim&ro@n copyright and database rights
2019 Ordnance Survey (100025252)).
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The data aalysed consist of 2794 records (2857 for Trentham and 2379 using three
different indexing methods for London). The transcription of the materials was undertaken
by a small group of volunteers working alongside the authors at the Staffordshire Record
Office, with careful quality control. The classification and analysis of the index series was
undertaken by a single individual (Alice HarFgshenden). Previous studies that have
applied indices have often used two or more researchers to provide somesassels of
accuracy of classification (e.g. Nash et al. 2016); however, it would be impractical to have
two (or more) researchers look at this volume of material. In considering daily qualitative
data the effect of any occasional errors in classificationraiieimal when aggregated to

monthly time frames.

For the London series, diaries belonging to the author Elizabeth Hervey ¢Ui82)
provided many of the daily weather records. Hervey owned a house at Acton, in modern
Greater London (Fige 5.1) and renteda house ircentral London but travelled extensively
and many of her diaries relate to her travels, in the UK and throughout western Europe. She
records the weather daily alongside a detailed account of her day, her health, and
descriptions of the place#s visits. A daily entry can run over several pages and the weather
is often referenced multiple times during the day, interspersed with other information. The
detailed weather descriptions recorded by Hervey are particularly noteworthy as there are
few camparable female weather recorders in the late eighteenth century. Notable
exceptions are Margaret Mackenzie's temperature series (¢¥805) from Delvine,
Scotland (Wheeler 1994) and Constantia Orlebar's weather book ¢1888) from Ecton,
Northamptonshie (Manley 1955). The diaries of Richard Wilkes Unett also contribute to the

London series.

For the Staffordshire (Trentham) series the major sources were from the Marquis of
Stafford's Trentham Estate in Staffordshire. The majority of the information daome
monthly farm reports, which include daily weather descriptions (predominantly concerning
precipitation) from 1816 onwards, and from a memoranda book belonging to the agent for
the Trentham Estate, William Lewis. In addition to sections on the wedtieefarm reports
contain details from different employees on the estate, such as the gamekeeper, which help
to contextualise the weather information. Daily entries in Lewis's memoranda book are
relatively short (several to a page) but recollect the weathed its impact on Lewis's
activities and those of the wider estate. Letters between Lewis and his superior, James Loch,
were also consulted, as were diaries and letters from the wider north Staffordshire area for

comparison; however, these offered a lessnplete coverage.
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The Scotland series will not be analysed here simply because of the geographical distance
from the other two series. It consists mainly of diary entries made by Richard Wilkes Unett
(17651815) but offers future interesting opportunigsefor further analysis alongside the
records of Margret MacKenzie of Delvine, Perthshire (Wheeler 1994). Unett travelled
extensively with the military, with records according to his current posting. Although
originally from Staffordshire, much of his dianaterial records life in Scotland or London.

He kept a daily journal recording brief notes about his daily activities, the weather, his health,
and the state of his garden. Interestingly, a small section of journal with weather reports was
kept by his fabter, Thomas Unett, and also survives but only for June of 1774 (SRO D3610/4).
Unett's diary entries are generally short and factual, with information relating to the weather

easy to identify and extract.

Two sections of collected data were selectedfiother analysis: London (178Z801) and

north Staffordshire (18161865). These series contain overlapping accounts from different
sources and permit an assessment of how many weather records are needed per month for
the greatest reliability. The shorteeses for London was used to test different types of
indices and the Trentham series was used to evaluate how well the most successful index

system from the London tests could be used over a longer period.

5.3Indices and instrumental rainfall data
No sirgle index system is universally used when converting qualitative weather information

into quantitative data, although often a fiver sevenpoint scale, such as that used by Nash
et al.(2016), is utilised. Indices are generally not used for daily wedthtar, although Brazdil

et al.(2019b) calculated monthly days of rainfall for a set of weather diaries and converted
these to a 7index using a regular distribution of ranked monthly totals (assigning the highest
and lowest 8.3 of values an index valoé 3 ort 3 and assigning a further 16% of values

to each of intermediate index classes, as suggested by Pfister 1992). Since these types of
index rely on the concept dHormalQthey can be difficult to apply to daily weather data,
particularly when verking with subjective personal accounts. Within this study overlapping
daily weather data from different sources are studied, so for a given year there may
be>700 statements. The index therefore needs to be easy to apply, quantify daily rainfall,
and beable to be averaged for months with greater or fewer records. The system applied by
Macdonald et al(2010) uses an index from O (no rain, hot/drought) to 5 (very wet, storm);
this approach was selected for testing (ind&x Each record in the London &srivas given

a value from @5 following this method. For example, theMiy 1797, described by Hervey
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asMorrid weather, almost perpetual hail and heavy hail std¥D$584/C/74), was assigned

a value of 5, while the 1April 17994 has been showery allay(YD6584/C/85) was assigned

a value of 3. The Quly1801 described by Richard Wilkes Unettasery hot summers d&y
(D3610/12/3) was assigned a value of 0. Additionally, an index based on days of rainfall per
month was considered, as used by seVgnavious studies (for example Ayre et al. 2015;
Brazdil et al. 2019b; Lee and MacKenzie 2010). Two versions of this index are tested: one that
assigned each day a value of 0 for no rain, very light rain, or fog or a value of 1 for any
considerable rainfia(indexB) and a second which introduced nuance, aiming to capture the
heaviness of the rainfall (ind€X). IndexC assigns a value of 0 to no precipitation, 0.25 to
very light rain, or heavy fog, 0.5 to showers or light rain and 1 to heavy rain. Fopkxa

using indexB, the 6May 1797 and the 1Rpril 1799 would be assigned a valueloand the

9 July1801 a value 0B. These indices were then reassessed using the more nuanceddndex

to better quantify the rain where possible. Using index C fottiinee events detailed above,

6 May 1797 is assigned a value of 1,Adril1799 a value of 0.5 andJily1801 a value of O.

This gave three classification systems for consideration with the weather records from
London: indeXA (after Macdonald et al. 20)0indexB (based on days of rainfall), and index

C (based on days of rainfall with a consideratbrheaviness of rainfall). There were
insufficient data for London (only 56 months) to test the impact of converting into a

7- classification following thenethodology of Brazdil et 2019b).

It is important to verify the data through comparison of indices and instrumental rainfall
wherever possible (Brazdil et al. 2018). Fortunately, analysed and homogenised precipitation
series covering the period of thikaries are available from sites withirbO km of the London

diary locations.

For London the nearest instrumental rainfall data covering this period come from Kew
Gardens (Todd et al. 2013). The greatest number (692) of the London records are from
Elizaketh Hervey's home at Actorp @ km; all distances given are distance from Kew). There
are also 540 records from an unspecified location in London (although in most cases this is
likely to be central Londom(15km), 533 from Woolwichp(30km), 51 from 8awberry Hill

(0 5km), and a further 13 from various places around the Greater London area (Croydon,
Plumstead, Shooters Hill, Turnham Green, Twickenhamwe®dl). The area is relatively flat,

and the weather recorded in the diaries of Elizabeth Hgrat Aston and Richard Wilkes
Unett at Woolwich are generally very similar. For example, on th1da@h1798 at
Woolwich Richard Wilkes Unett wrote that it wisfine day. About 8 in the evening it began
rainingQ(SRO D3610/12/3), while at Acton ElizéibEervey wrote\A beautiful morn[ingk
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It rained violently this even[ingdSRO D6584/C/79). There are, however, occasions when
Elizabeth Hervey compares the weather at her home in central London with the weather at
Acton and identifies differences inindall. For example, on the 3llay 1798 when she writes

W morn[ing] that threatens rain... Tho' much rain fell here to day and yesterday, there was
scarcely any at Acton, so that my Hay has not suffered @S&I0 D6584/C/81). As most of
the noninstrumental rainfall data for London comes from close to Kew Gardens, it is
expected that there will be a high degree of correlation between the indices and recorded

rainfall.

For the Trentham series, the nearest instrumental weather station is Chatsworth kouse
Derbyshire (Harvefishenden et al. 2019)50km away; however, Chatsworth is located in
the Peak District (Fige 5.1), so the Trentham data were also compared to rainfall from
Manchester  55km) and Liverpool(70km) (both Macdonald, unpublished data). It is
likely that the correlation between rainfall at Trentham and instrumental weather stations
will not be as strong as the rainfall at Kew and London. This mainly reflects the distance and
topography between recaler and instrumental station, though there may be seasonal
variations reflecting precipitatiogenerating mechanisms. There is a good correlation
between rainfall for the period 1818865 at Chatsworth and Manchester
(r=0.655 p=<0.001) and Chatsworth and.iverpool (=0.637 p=<0.001) and a strong
correlation between Manchester and Liverpost@.875 p=<0.001).

The role of snowfall is challenging to quantify and assess (Manley 1958a); however, long
snowfall records are currently receiving renewed intergpencer et al. 2014), particularly
within early records and long series (Murphy et al., 2)20h London a long snowfall series
reconstructed by Manley (19581969) from 16681960 exists for consideration, with the

series currently being updated and resdysed.

5.4 Testing correlation with instrumental rainfall data for London
For 36 of the 61 months of the London series both Elizabeth Hervey and Richard Wilkes Unett

were in London and keeping their diaries. During the period ¢¥961 (Fgure5.2), there
are 4months with no records (July and AugdS®97, September and Octob#798);
3months had less than 16 weather recorded (Septembé&799, Octobed801, and
Decemberl801), and a further ghonths had less than 28 recorded (Decembek796,
April1797, Jund797, Septembet797, Octobefl797, Novembel798, Augusi799,
July1801, and Septembell801). The period analysed has a total of 2379 daily weather
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descriptions, each of which was given an index score using the three different index

classificéion systems.
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Figure5.2: Number of days with weather recorded in London by the two diarists Elizabeth Hervey and Richard
Wilkes Unett (Decembdr796;1801).

Initially any month with at least 1& of weather data was included. Subsequently, the
processwas repeated with only months including at leastd&nabling an analysis of the
result sensitivity to record density. Initially, iévas selected as it representesb % record

for any given month and potentially accounts for the absence of recordsenthe diarist

may not have recorded the weather as it was considered unremarkable relative to the
previous day(s). The maximum number of days that could be required without systematically

excluding February from the analysis was determined as beinlg 28

As different numbers of days are recorded per month within the diaries, these were
standardised to aid comparison. The sum monthly index value was calculated (the total of
the daily index values for the month added together) déimein divided by the numbeof
documented days within the month. Subsequently, this was multiplied by the total number
of days in that calendar month. For example, using index classification A for the month of
Decemberl796, the sum €5 index score for each day was calculated (49dh ®2d of
records that month from a possible 31, so 49 was divided by 22, and then multiplied by 31 to
get a scaled monthly value of 69. The monthly values for each of the three indices being
assessed and for both data threshold levels (16 and)28ereplotted (Fgure5.3acf). All
correlations were significanpE<0.001) using Pearson's produntoment correlation ce

efficient ). Index C with 28 or more of data per month produced the best result
(Figure 5.3f).
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instrumental wegher stations (e.gManchester and Chatsworth). The strong relationships
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Figure5.3: Statistical analysis dhe three classification approacheg@ (green) using 1@, c, eand 28(b, d,
Correlations between descriptive accounts were better than some of those between

f) day records respectively compared to instrumental rainfall at Kew (blue).



identified reflects the close proximity of Elizabeth Hervey's house to the Kew instrumental
series, increasing confidence in the approach. Each of the classifications assesseddoroduce
good correlations, which were comparable or stronger than those found by similar studies.
Linderholm and Molirf2005), for example, analysed the relationship between summer
weather reconstructed from a Swedish diary and tree rings0.69 ), while Zhanget

al. (2013) considered 29ears of overlapping qualitative information with instrumental data
(R=0.67 ). The strongest correlation identified (with both 16 andd}8vas using indeg;

therefore, this approach was selected for assessing on the longesdat Trentham.

5.5 Analysis of the Trentham records for north Staffordshire
There are considerably more data covering a longer time frame for Trentham in north

Staffordshire (nearly 5@ears from August816 to Decembet865) compared to the London
weather information analysed (fure5.3). Overall, there were 2657 weather records for
Trentham for this period. Each of these records was assignedua from @1, following
indexC.

z

¢KS GKNBaK2fR F2NJ AyOfdzaAzy X monkhIvVhisyfwof € aAa G ¢
levels were assessed in London, with more days (28) presenting a stronger correlation with

the instrumental precipitation series, selection of the higher threshold at Trentham would

leave several gaps and #tonths missing. Therefor§, KS G KNBaK2f R gt a t 26SNBR i
pragmatic reduction in threshold resulted in greater temporal coverage, with the results from

London suggesting the impact on correlation would be relatively limitedur@&i®3e

compared to 3f). Only 2tonths conained insufficient records to meet the revised lower

threshold. All records for 1862 are missing, as are SeptedfiH#8, Septembet832, and

July1858. Februarmmy oM O g KA OK 2yt &y &M ROy RRRYd Mh © dealZRKI S
Octobermy 0 0 6 MM vBb&ErmyloyoR My RO 6SNB I+t a2 SEOf dzRSF
(Figure 5.4).

Figure5.4: Number of records of daily weather per month at Trentham (Aub@6;1865).

126


https://cp.copernicus.org/articles/17/133/2021/cp-17-133-2021-f04-web.png

The resulting index was compared to the instrumental precipitation series from Chatsworth,
Manchester, and Liverpool (CML). All three showed significant correlgts0.001), with
Chatsworth the weakestr£0.579 and Manchester r£0.664 and Liverpool r€0.66%
stronger (Figre5.5: 1a, 2a, and 3a respectively). There is an even stroogeelation
between the average of all three instrumental stations and the index generated at Trentham
(r=0.706 p=<0.001); a potential explanation may be that averaging has a smoothing effect
on the data, reducing or removing localised extremes. Whilalpletwet and dry periods in

the instrumental precipitation series correspond well with the Trentham index (as
demonstrated in Figre 56), there are discrepancies in the distribution of data. There are
much greater extremes of heavy rainfall seen in thstrumental precipitation from
Chatsworth, Manchester, and Liverpool (Fg5.5: 1b, 2b, and 3b respectively). Extremes
are hard to capture from descriptions in archive documents because of different people's
perceptions of heavy or light rain and the potel for observers to misdescribe the weather

if they have spent key periods of the day inside or if the heaviest rainfall happened over night.

An assessment of the methodology applied by Brazdil ¢2@1.9b) using the ranking of the

months by days ofainfall and giving them values frob3 2 o &6l a dzy RSNI I {1 Sy =
of the months receiving the most extreme index valugsgnd 3) and all other indicesZq to

HO O0SAYy3 LI ASR mMcdc 22 2F GKS Y2yUKao |1 26S0Q
resulted in a loss of detail and slight reduction in the correlation with the instrumental series

from Manchester=0.65 p=<0.001).

5.6 Extreme weather: indices as recorders of snow, rain, and droughts
Extremes present challenges even witlistrumental series, whether it is defining the

absence, excess, or form of precipitation, with considerable effort still being made to improve
and reliably identify extremes in instrumental rainfall (Archer and Fowler 2018; Miller et al.

2013) and snow mesurement (Kay 2016). These same challenges exist within descriptive
accounts of the weather: whilst general wet and dry phases are reliably captured, extremes,

or at least the extremeness of rainfall, can be difficult to capture.
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Figure5.5: (a) Correlation between Chatsworth rainfall and the Trentham index ser8s5{79 p

rainfall and Trentham index seriesQ.667 p
and Liverpool (green) respectively.
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Figure5.6: Wet (blue) and dry (red) months Augd&16;Decembed 865, with distribution (note data for 1862
at Trentham are missing).

5.6.1The problem with snow
There has long been an awareness of the challenge of wrateh in early instrumental

records. In 1891, George James Symonds (founder or the British Rainfall Organisation) spoke
about the history of rain gauges in an address to the Royal Meteorologicigtys(Symons

1891). He noted that prior to the introduction of Snowdon pattern rain gauges in 1864, there
was a large undecatch of snow due to the absence of a protective rim on the rain gauge.
The instrumental data examined here (Kew Gardens ¢¥861and CML 18161865) were

collected prior to the introduction of these gauges. Recent work has challenged widely
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reported longterm trends in precipitation for England in Wales, by showing that much of the
trend towards wetter winters and drier summer canéeplained by undecatch in the early
record (Murphy et al. 2029). It is important, therefore, to consider the contribution of snow

to historic data. To this end, an assessment of snow days and months with snowfall at
Trentham was undertaken (Figube7g. References to snow can be found in these records
in the months between October and May. Most years had at least some snow, with the
greatest snowfall in January, with an average ofdl.8losely followed by March with 18

and then February with 1.@. All other months have less than a day of snowfall on average:
December (0.9), April (0.8), November (0May (0.2), and October (0.1). Most snow in the
records is in winter (Decembgfebruary), with an average of 4.d3er winter, followed by

the sping (MarcltMay; 2.76d) and autumn (SeptembeNovember 0.6@l). Visual
examination of the Trentham index against recorded rainfall at Chatsworth, Liverpool, and
Manchester showed that months with snowfall tended to have less rainfall in the

instrumental record than was suggested by the index.

@

Rainfall Indices for months with snow
k3

0 50 100 150 200 250 300 0 S0 100 150 200 250 300
Manchester Rainfall (mm) Manchester Rainfall (mm)

Figure5.7: (a) Days of snow per month at Trentham (note data for 1862 are missing) and precipitation index for
months with(b) and without(c) snow, plotted against Manchester rainfall. For the months with sre63 for
months without snow=0.71(for all correlation$=<0.001).
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Separating out months with and without snow gives a stronger correlation with the
Manchester precipitation series fothe months without snow rE0.70) and a similar
correlation for months with snow =0.63 (Fgure 57b andc respectively). The indices
systematically indicate slightly more precipitation than is recorded by the rain gauges. There

are four possible reasons for this systematic difference between the records:

i. There is tle potential for undercatch in the instrumental record (e.g. Murphy et
al. 202m).

i It might reflect overestimation of precipitation in the Trentham series due to
over-reporting of snow. Snow is a highly visible weather phenomenon and
thereforemight be ove-reported (Spencer et al. 2014). There is also the
complication of whether, when a record sai{#owQ it is referring to new
snowfall or snow lying on the ground.

i It may reflect overestimation of precipitation resulting from the way snow has
been transléed into any particular index. Snow has been treated in the same
way as rain in the index classification system, but it is possible that it should have
been treated more like showers than substantial rainfall.

iv. There is the potential for greater variabililp snowfall between two sites
compared to rainfall, reflecting local topographic and climatic conditions, with a
higher propensity for snowfall at Trentham (Barrow and Hulme 2014; Mayes
2000).

It is likely that a combination of these factors may accowntthe differences in the two
series. The index for the 138onths with 2 or less days of snow had a better correlation with
the rainfall at Manchester£0.70 ) compared to the 581onths with more than 21 of snow
(r=0.51 ). When plotted (Figre 5.7a), manyof the outliers come from months with moderate
amounts of snowfall (i.e. 2¢8d of snow). This suggests that oweporting of snow
(perhaps the reporting of snow remaining on the ground, rather than fresh snow) may be the

cause of the lower correlatiorfsr the months with moresnow.

Snow can have severe impacts on farming in the UK (Jones et al. 2012). An example of this
can be found in this material from Trentham in the winter of 18A®0, with snow lying on

the ground between the 3Decemberl819 andthe 29Januaryl820 and with a thaw
beginning on the 23anuary causing flooding (SRO D593/K/3/2/2, SRO D593/L/6/2/2 and
SRO D593/K/3/2/1). On theJanuaryl820, William Lewis recorded that the average depth
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of the snow was 22 inches (0.6 (D593/L/6/22). Lewis's letters highlight some of the

impacts of this extended period of cold weather. On theJaiuary he wrote the following:

The Storm continues and no appearance of any alteration. The Snow has been ever
on the ground which causes both Sheep @attle to be fed out of doors with every
morsel they consume(Letter sent by William Lewis to James Loch; SRO
D593/K/3/2/2.)

Towards the end of the episode he records that
[T]he severe weather has completely put all out door work at a stand for some weeks
which is the cause of the present distress [amongst the parishioners] a moderate

thaw has now taken place which | trust will contin(leetter from William Lewis to
James Loch, 2BRnuaryl820; SRO D593/K/3/2/2.)

The longlying snow led to underemploymenr(Lewis notes that he will take on more
labourers for ditching and draining when the weather allows) and higher costs in cattle
farming. While creating an index allows weather to be contextualised and compared with
instrumental records, the original qualdtive weather records tell of impacts and add details

absent from the index alone (e.gapacts of an event).

5.6.2Heavy rainfall
While an index may be good at representing dry weather and moderate rainfall events, it

appears to be weaker at capturing heavy and extreme rainfall. This is an inherent problem of
descriptive records, which often lack clear distinctions between modetake vy and then
extreme rainfall. When a writer describ&&inCor a $howeQ there is no way of knowing

how much rain fell or where the threshold betwedhoweQ4hinQandHeavy rails. When

a lot of rain falls in a short period of time, the &d will generally underestimate
precipitation, since there is a maximum value which can be given for a day (in thik)case
For this reason, studies with similar data have thought it inadvisable to attempt conversion
into quantitative values (for examplaze and MacKenz010). The difficulties in accurately
estimating extremes and the problems with trying to convert qualitative information
into quantitative values is demonstrated by &ig5.8, where a conversion from index to
rainfall (millimetres) hadeen attempted. There are various ways to do this; for example,
Zhang et al(2012) used monthly precipitation days to reconstruct the seasonal precipitation
for Beijing (186Q1897) by using regression models relating the precipitation and
precipitation dgs based on modern data. In this case, however, since there are nearby
contemporary instrumental rainfall data available, a linear regression is applied, derived from
the average of the CML stations' rainfall and the Trentham index series. Compared to the

instrumental data from CML stations the minimum monthly value of the rainfall series
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created from the Trentham index is higher (14m8), compared to between 0 and 3.54m)
and the maximum value much lower (123m&), compared to between 190.9382.35mm)

with the standard deviation also lower (21.66n, compared to between 31.435.05mm).

Unlike the issues around snow where there are possibly multiple contributing factors
resulting in differences between the index series and recorded instrumental rairtfél
apparent here that the main issue with extremes of rainfall is around the lack of range in the
index series, particularly when it comes to heavy and extreme rainfall. It might, however, be
possible to address these deficiencies at representingeaxtr rainfall by adjusting the
monthly index values. For example, they might be improved by increasing the values for
months with recorded floods or other severe impacts. This would be similar to approaches
undertaken by Brazdil et gR2019b), where afteapplying an index based on a ranking of
days of rain per month, the values were adjusted to account for months with particularly

heavy or light rainfall.
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Figure5.8: Rainfall (in mm) at Chatsworth (red), Manchester (yellow), and Liverpool (green) astiraate of
the rainfall (in mm) at Trentham (blue) based on the index conversion.

However, taking for example Jul§28, this method might not always improve results. In July

1828, 282.3%5nm rainfall fell at Chatsworth, 251.42m at Manchester and 19069nm at
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Liverpool, whereas Trentham only experience 1165 rainfall (which using this method of
conversion gives 94.0Wm). It seems likely, therefore, that this is a substantial
underestimation of the rainfall caused by abeaeerage rainfall on muftie days. There are
sixWery wetdlays mentioned in the diary descriptions, but no severe impacts of wet weather
that might indicate a need for this month to be adjusted. The only impact mentioned is a
delay inetting in the hagXSRO D593/L/2/2b), whiccould be caused by even mild wet
weather. For the current data, it is hard to see how any methodology based on impacts would

flag this month as one meriting adjustment.

From the perspective of quantifying and comparing rainfall, therefore, conversion to
millimetres using this approach may create a dataset or limited utility and may also be
unnecessary. Further analysis, however, may explore a more probabilistic fitting approach
based on a predefined distribution, possibly from local contemporary instraaheacords,

to better define upper and lower bounds, although this is beyond the scope of this paper. To
better quantify and compare rainfall across instrumental and-irstrumental records, it
would be interesting to compare the number of days of rair pnonth within the
instrumental record with the days in these diaries and to investigate the amounts of rain per
day in the instrumental record. Unfortunately, most of the surviving instrumental records for
this period only contain monthly totals and d@tinclude daily totals nor records of the

number of days of precipitation.

5.6.3Droughts
There are several droughts identified elsewhere in the literature that occurred during the

period covered by the records from London and Trentham. In London, teeaedrought
period identified by Todd et a02013) between 1801 and 1808. The most severe drought
episode begins in September 1802 at Kew; however, it is preceded by conditions fluctuating
between normal and rainfall deficit. This period of dry weathexgeding drought onset is
evident in the qualitative records from London. On theJ20y1800 Elizabeth Hervey reports
that Yround is sadly parch€iSRO D6584/C/93), and on the RBy1800, she writes that
there is'\Btill burning weather the leaves fall in winte(fSRO D6584/C/93). The leaves falling
from the trees is corroborated by Richard Wilkes Unett, who on th&&#temberl800
wrote Wwing to the very dry weather in July, most kind of trees lost their leaves the same as
in Octobef2(D3610/12/3, p. 139). Notably low rainfall in the Kew series of Mm@ in
Februaryl800 and Gnm in July1800 is reflected in the indices faondon, although the low

value in Februarg797 of 5.86nm is not captured particularly well within the indices.
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In terms of theTrentham record, droughts are recorded at Chatsworth in 1821, B2#3,
18351836, 18441845, and 184q1848, all of which are relatively minor droughts, within
the context of the long drought series available (1gB015; HarveyFishenden et al. 2019).

The farm and woodranger reports accompanying the weather information recorded at
Trentham mention drought in sprifiB17, stating that théttees planted this spring are
suffering much from the extreme drought, except the Mountain Ash planted in Trentham
coppice which having a cool soil, and being shaded by the larger oaks are looking very well
(D593/L/6/2/2). The CML series all show low rainfall in Jani@ty, Marchl817, and

April 1817, while the Trentham index shows dry weather in January and1&irland a wet
March. This reflects the challenge of truly capturingaoughtQaccurately following
precipitation, particularly using historical descriptive accounts. A short phase of rainfall may
offer some respite but may not formally terminate a droughent as defined and classified
using drought indices. The dry weather may no longer have an agricultural or water resource

impact but may still technically be a meteorological drought.

Neither the 1821 drought nor the 1826828 drought are reported as sene weather events

in the archival records, with no adverse drought impacts reported at Trentham. The dry
weather in 1821 seems to have led to abundant crops and fine weather, whereas ig 1826
1828, diary entries are focused on the eayday running of thédarm and fail to identify any
negative impacts of the weather. There are two other droughts within this record: 1835
1836 at Chatsworth, lasting I8onths, with a peak severity 0f1.0 (using the standardised
precipitation index) in August835, and 18441845 at Chatsworth, lasting XBonths with a
peak severity of 1.5 in March1845. Once again, although dry, there is no comment on the

weather or its impact in these records from Trentham.

5.6.40ther extreme weather
One of the strengths of mutsource qualitative recording is that sometimes the overlap

between different archival sources can tell you more about the impacts of extreme weather
than any one document alone. For example, a letter sent odu2@1824, from William
Lewis to James Loch about timepacts of a storm, reads
In my last | forgot to name to you that we had a severe Thunder storm on Monday
last and the lightening (sic) killed six Deer under a Tree close by the reservoirs & the

Day following a cow at Corn Croft -lmnging to one of Mr Lafs labourers
(D593K/3/2/6)

Accordingly, in the monthly report for June 1824 at the Trentham estate, we see that an entry
for the previous Monday, the 21 June, rediiunder and RafdIn the accompanying park

keeper's report for the same month, it noteésat one buck and five does were killed by
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lightning (although it does not give a date) (SRO D593/L/6/2/2). William Lewis's own
memoranda book for the same date, however, merely nd&wery dull mornin@(SRO
D593/L/2/2b). The different sources tell complementary stories: the letter identifies the
event that killed the deer but not the date; the monthly report gives the date for the storms
but does not state which storm killed the deer. William Lewis'snmanda book does not
even mention the event at all. The notes on the weather kept by William Lewis appear to
have generally been made quite early in the morning, and he appears to sometimes revisit
the previous day to update it with later changes in theather but sometimes, as in this

case, fails to dso.

Descriptive accounts can also provide valuable insights relating to weather events that are
poorly recorded in early instrumental records, such as tornadoes, mists, fog, haars, and
lightning storms, wh documentary sources offering a valuable tool in creating long

reconstructions (e.g. Camuffo et 2D00).

574 ¢KS @SFEN) gA(GK2dzi & &AdzZYYSNE O6mMywmcoO
In April1815, Mount Tambora in Indonesia erupted, with impacts around the world (Pfister
and White 2018a). The year of 1816 has been described a¢¢he without a summeby
several authors (Stothers 1984; Veale and Endfield 2016; Pfister and White 2018a), with the
impacts of the Tambora eruption on weather extensively recorded across &urbp diaries

of Elizabeth Hervey offer considerable potential for examining its impact from a different
perspective: that of a female traveller as she travels around Europe during the susfimer
1816.

It is unfortunate that the Trentham record misses mughthis Yummeg beginning in
Augustl816, as it fails to capture the potential impacts of the Tambora eruption on the day
to-day running of the farm. However, the fact that the farm reports and memoranda book
start partway through 1816 may reflect a siee to record farm experiences based on an
unusual year at that point. June saw some of the worst impacts across Europe, with
anomalously cold and wet weather (Luterbacher and Pfister 2015). There have been several
attempts to use diaries from this peridd examine the effects of the Tambora eruption in

the UK. Lee and MacKen£2910), for example, used a farmer's diary from near Manchester
(about 50km north of Trentham), which recorded wind direction, barometric pressure and
observations of weather andther phenomena (including red skies), to examine the impact

of the Tambora eruption. Veale and Endfi€2816) describe the general pattern of the
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weathernationally (UK) around this time: in August much hay was spoilt by rain; September
was cold and frsty; there were floods in October, while November was wet and very cold
(Veale and Endfield 2016). These conditions led to food shortages, and following on from this
1817 is described as having the fourth successive cold and sunless spring and alsoybeing d
(Veale and Endfield 2016). There was a heatwave in June, with July, August, and September
being wet. The Trentham records primarily document rainfall, and there are no descriptions
of nonweather phenomena, such as red skies identified in other soufidesrecords from
Trentham, however, do support some of the overall narrative put forward by Veale and
Endfield, with August to December 1816 all being relatively wet months at Trentham. This,
however, differs from the instrumental records from Manchesiad Liverpool, with August
being quite dry (although it is wet at Chatsworth), and September and November are either
dry or average at instrumental stations. In OctofE816) the Trentham farm reports state

that \grain of all descriptions much injured the inclemency of the weath&@however, other

crops such as beans and turnips seem to have given normal yields (D593/L/6/2/2). The
weather patterns identified by Veale and Endfi€2916) for 1817 are replicated in the
Trentham records. Generally, the wibar records from Trentham seem to fit well with the
patterns described by Veale and Endfield for the years following the Tambora eruption,

although these years are not statistically different from preceding years.

5.8 Confidence in documentary souneEonstructions
The quantity and quality of information contained within the sources impact the confidence

in any derived index classification. A particular issue with diaries is that, when incomplete
(not daily), they tend to only report more notable ewsmand, in the UK and northern Europe,

are biased towards snow and rainfall. Globally, biases towards recording extremes are not
uncommon, but vary regionally. Nagt996) noted a preference for documenting droughts

in the Kalahari, whilst Endfield and @itd(1997) note a similar pattern towards droughts
and water scarcity in central Mexico. Tablé shows the entries for the first half of
December 1807 from the diary of Thomas Birds (in Eyam in Derbyshire, SRO D1229/4/6/7)
and James Caldwel) 45km away at Talke, in north Staffordshire). These demonstrate that
James Caldwell is only recording particularly extreme days and does not repiinediays,

and if we were to use these sources together to produce an index score for Decééther

this month might look rather colder and snowier than it was. While the London data
demonstrate the benefits of having diarists recording simultaneously when producing

indices, the source material must record both extreme and noufagk.
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Much of the collected ata from Trentham, from William Lewis's memoranda and the farm
reports do not include impacts, which limits their utility when considering extreme weather;
however, they do record daip-day activities such as harvest or ploughing, which may be

delayed duedo inclement or inappropriate weather.

While there is insufficient information in the documentary records to produce a temperature
index, the Trentham farm reports include temperature measurements, taken at 08:00 and
20:00GMT from 1821 onwards, while Ho€Elizabeth Hervey and Richard Wilkes Unett had
access to a thermometer and occasionally reported temperatures, particularly extremes.
There is one day (12uly1800) in the London series where they both report the temperature.
Richard Wilkes Unett writeé&ery close & warm. The glass today in a room where there are
three doors was at 73nost of the dagrom Woolwich (D3610/12/3, @27), while from
Acton Lodge, Elizabeth Hervey writeottest day we have yet had thermometer 75 in the
shade) (D6584/C/93) Unfortunately neither of these diarists consistently record the
temperature, and because they both lived relatively transient lifestyles, the readings they

give are not always from the same thermometer.

Different types of sources record weather diffetlsninfluencing how the resulting data can

be used. Diaries often use weather as a starting point for an account of the day, as do some
letters. Mundane weather acts as a space filler, a neutral topic. If a diary records the weather
every day or a letteis not primarily about the weather, a full range of different types of
weather are likely to be recorded. If, however, it is a diary that only records the weather
occasionally, it is likely to record more unusual weather, for example heavy rain, snow, or
frost (Tableb.1). Likewise, letters where the weather is one of the main topics are likely to
record extreme weather events. The other type of weather that appears in letters is weather
used to explain actions or inaction in estate correspondence. For gearwilliam Lewis
wrote to his superior, James Loch1i824: Wfollowed up the old proverb ‘'make hay while
the sun shines' the weather still remains favourable and dry and all have been busy with the

Turnips which are in a very forward state and veryrpisingQ

A further consideration is the purpose of the original diaries; most of the records are not
intended to record the weather accurately for posterity, but are instead a record of
someone's life and thoughts. A possible criticism of weather recoastns from diaries is

that they only record the weather during the daytime (Adamson 2015). Whilst true, all the
diaries used in this project tend to comment on heavy rain or snow if it occurs overnight, so

if the object is to record rainfall, this may raways be problematic.
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Table5.1: Diary entries for Thomas Birds and James Caldwell, December 1807.

Date Thomas Birds (Evam) James Caldwell (Talke)
1 Dec 1807 A fine winters day

2 Dec 1807 A plashy day & some rain

3 Dec 1807 A very fine frosty morn

4 Dec 1807 A most tlempestuous wel day

5 Dec 1807 Showry day

6 Dec 1807 Snowy day Snow

7 Dec 1807 A severe frost Severe frost

8 Dec 1807 A most tempestuous snowy day

9 Dec 1807 A fine day

10 Dec 1807 A fine day

11 Dec 1807 A partial thaw at home Al night great fog & Snow
12 Dec 1807 A fine day continued thawing a little

13 Dec 1807 A fine day

14 Dec 1807 A very fine day

Careful analysis of the Elizabeth Hervey diaries presents a contrasting perspective to
comments by Adamsof2015) that diaries as a source of information in climate research
provide WHighly personal documents... representing an unbiased acétlhere ievidence

in the diaries of Elizabeth Hervey of her reading aloud from her diaries for her friends and
acquaintances and of the diaries being edited after her death by her son (with sections he
considered uninteresting or unsuitable being redacted or renddvélthough sometimes
described asprivateCdiaries, these sources are not necessarily private but rather personal

accounts which were regularly shared and performed.

5.9 Conclusions
Work on diaries to date has often focussed on specific weather diesi@muously recorded

for long periods (Pfister and White 2018b). This paper demonstrates the value and utility of
personal diaries reflecting shorter periods, particularly when used alongside other nearby
coeval diaries. In analysing over2J0 recordsproviding a rich depiction of the weather in
two regions of England during the periods 1¢9801 and 18161865, we demonstrate the
considerable potential of personal diaries that recorded weather incidentally rather than as
the primary purpose for reconsicting long weather series. The results demonstrate the
potential of indices in weather reconstruction from qualitative sources. Having evaluated
current approaches employed in such studies and based on our dataset of 088027

records, we advocate thduture studies consider an approach that deploys a nuanced
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classification depicting heaviness of the rainfall (i.e. assigning a value of 0 to no precipitation,
0.25 to very light rain or heavy fog, 0.5 to showers or light rain, and 1 to heavyg ocain
index C), as this provided the strongest correlations with existing nearby instrumental series.
A pragmatic approach should be deployed to ensure that threshold selection (preferably
between 1&28d a month) results in the inclusion of an optimal numbernodnths. If

threshold selection is set too low or high then suboptimum results may be achieved.

This paper demonstrates that for periods with overlap between documentary sources,
indices can create valuable and reliable records of precipitation. We denadastrat while
indices can statistically represent the nature of the rainfall comparably to available
precipitation series in this period (17q0865), they failed to represent extremes well.
Further work is required that considers how extremes in desegptiecords may be
represented more effectively by indices, with potential for the use of statistical fitting
approaches in defining classification bounds. In addition, alternativereigiution indices
could be created, such as consecutive dry days,iwhigy be more useful than monthly data

for investigating specific impacts such as drought (Pfister et al. 2020).

Personal diaries can provide greater spatial and temporal coverage than instrumental
records currently offer, permitting the extension of ekigt weather and climate knowledge

to areas where no, or limited, instrumental information exists. It is likely that diaries with the
potential to be used in a similar way can be found in almost all regions of the world, with the
potential to extend back neh further than is often possible with instrumental series, as
demonstrated by Chen et gR020) in considering the weather from fourteentintury
China. Even where instrumental records do exist, diaries can provide greater temporal
resolution, overcomig challenges where only monthly or annual instrumental totals are
available; as such it may enable the scaling of monthly or annual instrumental totals to the
(sub)daily scale. Descriptive accounts such as diaries can provide significant extra detalil,
enabling us to understand and contextualise the impacts of past extreme weather events,
enabling us to contest and contextualise claims of uniqueness, unparalleled magnitude, or
severity, within recent instrumental records. The qualitative nature of diariearma we can

also consider the adaptive responses undertaken by individuals and communities to events
and the nature of actions undertaken during periods between extremes that may

exacerbaterisk.

140



141



/| KI LdJi S NJ

5NE 6SFGKSNI FTSWRI REZA G NNK 6 QA PRFIF S+

Chapters 4 and 5 have demonstrate the breadth of archival evidence for past droughts; both
impacts and local rainfall conditions. Archival records of droughts can come either directly,
from material commenting on droughts and drought impacts, or indireftthyn material
recording weather informationChapter 5 has set out a chronology of droughts and water
supply developments in Staffordshire; the following chapters looks at a section of this
chronology in greater detail. While chapters 4 and 5 made u#iecainaterial collected with

the help of volunteers, these chapters explore WRNA SN 3IANRdzLJ 2F YIF GSNRARF € as
nature, relating to organisations involved in canals and drinking water supply. This chapter
explores some of this material in detaihoking at the contents of Acts of Parliament,
investigating the notes about the construction of canals held in the Sutherland Estate, and
examining in detail the records of the parliamentary discussions around the construction of

Rudyard Reservoir.

Thischapterhas been publishedpenaccessn the journalRegional Environmental Change
as part of a special issue on Societal Impacts of Historical Drouayidsis presented as
published, except forrepagination, the renumbering of figures and reformatting of

references.

HarveyFishendenA., Macdonald N. and BowenJP.(2019)The dry weather fears
2T NRARGFAYyQa S| NI &Refidngl Rumorimedial ChendsDB)y | y S 6 2 N
23252337 Doi: 10.1007/s10113019-015245

Abstract: The first largescale water supply in Britain was not for potable domestic supplies,
but for the canal network, the arteries of the industrial revolution. This paper examines how
episodes of dry weather in the late eighteenth and early nineteenth cergurézonstructed

from early instrumental sources, impacted the developing canal network. Analysis reveals
how a frequent lack of preparedness for even relatively minor drought events resulted in
conflict between water users, with potentially serious seee@mnomic consequences. The
economic pressure of compensating other users for loss or reduction of their water supply

resulted in canal companies investing in technologies and management techniques that
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continue to be used today as drought mitigation stigitss, such as the building of large
capacity reservoirs and groundwater abstraction. This period represents a key technological
milestone in the development of the modern water supply systems, contextualising current
challenges faced by the water indusimyresponding to drought events. Although the failure

of the British canal system no longer has serious economic impacts, themes emerge from this
research which are as relevant for water supplies today as they were in the eighteenth
century, such as issuesound water rights and the value of preparing for potential future
extreme weather scenarios. A newly reconstructed composite precipitation series for
Chatsworth House is presented (1@besent). Through comparing weather records within

the archives otanal companies and their competitors for water supplies, historical insight

can be gained into the possible fagaching societal impacts of drought.

6.1 Introduction
Droughts are complex events that can be spatially extensive or regionally folsddiet

al. 2013) Largescale droughts are a recurrent feature of European clin{&ginoni et al.

2015) with notable British droughts in 19736 (Rodda and Marsh 2011; Zaidman et al.

2002) 199596 and 2003Fink et al. 2004and recent droughts such as 2w 2 (Lennard et
al.2015K A IKf AFKGAY3I (GKS . NARGFEAYQa @dz ySNIoAf Al
exceptional, with a long history of droughts impacting on European and British climatic
history(Spraggs et al. 2015)he widescale megadroughif 1540 is well documented across
Europe(Wetter et al. 2014p dzii Ol dza SR f AYAGSR AYLI OG0 Ay . NXR
(1880;1910) as documented by Marsh et @007)highlights that droughts may be a single

event or a series of events in closeseassion. Whilst much of the analysis of past droughts

has focused on drought reconstructigBrazdil et al. 2009; 2013; 2018hcreasingly past

droughts are being viewed relative to other drought indicators, for example, water resource

managemen{Lennad et al. 2014; 2015 nd hydrological droughilones and Lister 1998)

Definitions of droughts are frequently characterised within five intdated categories:
meteorological, hydrological, agricultural and seemnomic droughiWilhite and Glantz
1985), with groundwater drought added by Mishra and Siig®10) Droughts usually begin
following a prolonged period of widespread moisture deficien@®almer 1965)and
propagate through the hydrological cydan Lanen 2006¢xhibiting differing spatialrad
temporal characteristics depending on a variety of factors. Droughts are often defined as dry
periods relative to climatic norms and occur even in climates where normal conditions are

relatively wet(Namias 1981)They are not only geophysical events lawe also socially
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constructed, with societal structures affecting impacts and perceptions of drqigytafield

et al. 2004; OlivieBmith and Hoffman 1999Recent work has highlighted the importance

of considering people when developing anderstandingdf contemporary drought(Van

Loon et al. 2018,b); however, this can also be extended into the past. Drought in Britain
before the industrial revolution caused fires, disease, mortality (human and animal) and crop
failures (Stone 2014: 437)but asindustrialisation took hold, the impacts became more

connected to the availability and quality of water for industry, transport and drinking.

The first largescale water supply systems in Britain provided water not for domestic or
industrial use but for th canal network, the arteries of the industrial revolution. Analysis of
the impact of dry weather on water supply networks has predominantly focussed on the
supply of potable water in urban are@gsan Lieshout 2016; Taylor et al. 2009; Waddington
2017) Litle attention has been paid to the role of canals and the significance of the
development and expansion of the early canal network, particularly the role of reservoirs.
The systems supplying canals generally predate {acgée potable water supplies, vehi

were in their infancy when the water supply systems for canals were established. During the
eighteenth and early nineteenth centuries, water for towns was rarely transported more
than a few kilometregvan Lieshout 2016; Porter 1978; Taylor et al. 2008ps inside houses
were a luxury, and water was seldom stored in sufficient quantities to provide supply during
droughts (Hassan 1985)Canal water supply systems were the first to regularly transport
water long distances in Britain and to establish éesgale water storage systems as a result
of drought and competition for water. The builders of late eighteenth century canals
negotiated rights to water, which later informed how commercial water companies managed
their supplies. By responding to waterstages, they laid the groundwork for modern water

supply resilience.

¢CKA& LI LISNI SELX 2NBa (GKS RNEB 6SIFGKSNI FSIENBR 27
the impact of droughts on canal operation in the late eighteenth century. It presents a
previously unpublished long instrumental precipitation reconstruction for Chatsworth in
Derbyshire and demonstrates the impact of droughts on the development of canal
infrastructure, particularly the nearby Trent and Mersey Canal. It argues that the
developmen of the canal network, which was driven in part by responses to drought, was
an important phase in the development of water supply systems in Britain, which has

previously been overlooked.
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In exploring how the early canal network developed and its vubigtato droughts, this
paper also contributes to the growing literature exploring how past experiences can, and
continue to, shape our understanding of contemporary clinfétdamson 2015; Adamson et

al. 2018; Mitchell 2011; Westermann and Rohr 2045 hazard adaptation and resilience
(Jones et al. 2012; Sangster et al. 2018)

6.2 The development of canals in the eighteenth and nineteenth centuries
Movement and transport of water for irrigation and communities has been a feature of the

water landscapesince early settlements (Middle East c. 5@X0), but these systems often

remained relatively simple in structure and scéd@zza 2007)n Britain, transporting heavy

and bulky goods by water has been undertaken for many cent(B&sr 2@7; Gardiner

2017) The early industrial canal network expanded and improved on an earlier system of

natural and engineered navigable rivers, supplemented by some artificial chaiBueid

2007). These river navigations were subject to seasonal variation in flow &rld tia the

movement of sediments during periods of high flow, which could easily render the channel
unnavigablgSatchell 2017)The modification of river channels to allow for easier navigation

only provided short term improvements; widening, deepeningexucing sinuosity often

increased the water velocity and concurrently increased erosion rates and downstream

silting (Rhodes 207). As Thomas Telford (17&1.834), the notable civil engineer, remarked

AY mynnI WENIAFAOALIE Olylta KFEgS 0SSy F2NI¥SR
of many of the other rivers in this island have been greatly improved; yet still the niavigat

of the River Severmhas been suffered to remain in its natural and imperfect state; not one
20401 0tS Kra 088y NBY2OSRT y2NJ KFa 2y$S AYLN
Ol dzaSa 2F GKS WAYLISNFSOG adl dS eranHrought,&ndy | @A 3|
FNRY (GKS &dzLISNJI 06 dzy Rl y O@lyndley 18A3( 286 TtieNd A ndvihabel A y &
rivers were unpredictable and uncontrollable; the canals of the early industrial age
attempted to improve upon them by taming and redirecting natuféater was captured and

controlled in slowmoving and relatively straight channels of predetermined dimensions,

thereby significantly reducing problems caused by sediment movement. However, these
characteristics could themselves present problems of sediat@®n where water sources

introduced sediments to the canal network.

In the second half of the eighteenth century, many laligtance canals were constructed.
Travel by water was susceptible to extreme weather, with major disruptions caused by dry,

wet and cold weather recorde@Freeman 1980; Satchell 201The earliest industrial canals,
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like the river navigations before them, mostly sourced their water from streams and rivers
along their length, although sometimes supplemented with water drained orgadrfrom
mines(Boughey and Hadfield 1994: 47; Hadfield 1969: 28)a result, the supply of water

to these canals was sometimes no more reliable than the supply of water to river navigations,
with canals frequently suffering from water shortages and Zing(Freeman 1980)The early

canal builders did not greatly innovate when establishing the water supplies to their canals;
consequently, their canals were often vulnerable to water shortages. As the number of canals
increased, the amount of stream andreér water available to new enterprises decreased.

Acts of Parliament concerning canals became increasingly prescriptive about the use of
surface water. Clauses giving rights to take flood or rainwater or to compel mine owners to
raise water pumped out oftieir mines to a level at which it could be discharged into the
OFLylt @gSNB ¢gARSt& FR2LISR® 2KAES GKS 5dzZl S 2F . NA
opened 1761) Acts (32 George I, c. 2, 33 George I, c. 2, 2 George lll, c. 11) contained only a
few sentences about water supply, by the 1790s, multiple paragraphs described the rights
and the restrictions on using water (see for example the Rochdale Canal, 34 Geo Il c. 78 or

Newcastlefunder-Lyme) Canal, 35 George lll, c. 87).

The longdistance canal of the industrial age faced additional water supply challenges

compared with river navigations, as they crossed watersheds, where water was naturally in

short supply. Some, relatively small, reservoirs were built at the same time as the early

canals, taegulate the supply of water to these difficult to supply summit sections. Although

bigger than the average mill pond, these reservoirs operated in a similar way, allowing canal

companies to (in the words of the standard clause of the earliest canal eg&sding
NEASND2ANBRO WY2NB O2y@SyAsSyidfteQ adzlie GKSAN OF
regulated the flow on a daily and weekly scale but did not store sufficient water for use during

longer periods of dry weather.

Canals, therefore, as argugitithe largest water users in early industrial Britain, faced some

of the most severe drought impacts in this period. Much can be learned about canals and the
effects of extreme weather in the late eighteenth and early nineteenth centuries by
examining thearchival material relating to canals alongside historical weather data. Many of
the canal company archives are located within local and regional archives and The National
Archives (TNA) in Kew. An initial archival search for documents relating to watéagss

on canals was undertaken at the Staffordshire Record Office (SRO), which resulted in the
discovery of a substantial amount of material in the Sutherland Estate Collection, including
correspondence with the Clerk of the Trent and Mersey Canal Comi&RO D593/L/1/14)
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and Acts of Parliament and related material (SRO D593/V/3/29). Other relevant material at
the SRO included letters sent by Samuel Barnett and Company (tin manufacturers in Kings
Bromley) between 1796 and 1803 (SRO 6702/1) and the 8taffme Quarter Sessions
records (SRO Q/SB 1810 T/466). The company archive of the Trent and Mersey Canal
Company does not survive intact, though some records, which for the eighteenth century are
mainly financial, are stored at the TNA (RAIL 878). Thhkivarcof the neighbouring
Staffordshire and Worcestershire Canal Company, however, survives, split between the SRO
and the TNA. The minutes of the hgHfarly meetings of the Staffordshire and Worcester
Canal Company 1766845 were read (SRO D3186/1/1/1padiside surviving committee

order books 17661785 and 18081804 (TNA RAIL 871/1, RAIL 871/2). Letters written
between 1797 and 1801, preserved in the letter book of civil engineer John Rennie, (1761
1821), were another key archival source (ICE REN/RB/B8)TEMPEST database was
searched for corroboratory archival evidence (Veale et al. BD1@ order to complement

the rainfall series from Chatsworth, the material selected for this paper relates mostly to the
Trent and Mersey Canal, although impacts wieteacross the country and canals elsewhere

faced similar problems.

The Trent and Mersey Canal was authorised by Act of Parliamentin 1766 (6 Geo Il ¢.97), and
its construction was finished in 1777. I1ts summit level, which was the most difficult toysuppl
with water, is on the border between the counties of Cheshire and Staffordshire. This summit
level is 34 km from Chatsworth House, where, as this paper will detail, a long instrumental
precipitation series has been reconstructed, with monthly homogshiainfall series from

1777 (when the Trent and Mersey Canal fully opened) to the present day. The reconstructed
precipitation series for Chatsworth provides a new long series, which is likely to be a
representative of the rainfall at the summit of theeht and Mersey Canal, since comparison

with non-instrumental records from Trentham, near Stede-Trent, several kilometres the

other side of the summit of the canal show similar precipitation patterns.

6.3 Chatsworth house precipitation reconstruction
Chatsworth House, located 25 km southwest of Sheffield (kige 6.1), is the ancestral home

of the Duke and Duchess of Devonshire and has been owned by the Cavendish family since

the purchase of Chatsworth Manor in AD 1549.
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Weather data was recorded at Chatsworth from 1760 to 1813 and from 1860 to the present
day. The early Chatsworth series 16077 consists of annual precipitation &. It is likely

a higher resolution series (daily) existed for this period, but can no longer be found, though
some monthly values were published by Farey inGameral View of the Agriculture and
Minerals of Derbyshir€l811). The monthly precipitatiototals for Chatsworth 17771793
(Figure 6.5) are reported by théMlemoirs and Proceedingd the Literary and Philosophical
Society of ManchestdGarnett 1796) Following this, only annual totals are available for the
period 17981800, as reported by Gege Cavendish; however, monthly data for Manchester
allows the Chatsworth annual series to be scaled to provide monthly data. Monthly values
are again available from 1800 to 1810. The original record appears to end in 1810, at the
same time as the death éfenry Cavendish, though annual totals continue to be reported in

the Meteorological Office accounts until 1813. A gap then exists until 1860 when records
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recommence, with data supplied to British Rainfall, with the records now retained in the
archives ofthe Meteorological Office (Exeter), with the series running through to the present.
The Chatsworth House series can be reconstructed by using published and unpublished data,
supplemented with precipitation records from Welbeck AbbeB@km away) for which
monthly meteorological observations during the period 180878 exist. This permits the
reconstruction of a homogenized composite monthly rainfall series (Table 6.1), notable in
comparison with other coeval reconstructions, as it represents a rural &egbyshire) in
central England and one of the longest rainfall series in Britain, from-piEgéent day and

with an annual series from 176fresent.

Farey(1811) a geologist and surveyor, argued that weather registers, such as that kept at
Chatsworth, wofi R WAy GAYS LINRP@ZGS 2F GKS 3INBFGISaid iYL
2T aSiS2NRft238Q o6LIPMno0d ¢KS QI fdS 2F adzOK a
helping to understand lonterm climate variability, but also providing a better
understanding of extreme event frequendisangster et al. 2018)The rain gauge at
Chatsworth House was monitored by the gardener, who maintained meticulous notes on the
weather conditions, with abstracts published in scientific accounts of the period, inglud

the Memoirs and Proceedings the Manchester Literary and Philosophical Societyu(Eig

6.5). As with the promotion of new farming practices at the time, improvements in estate
management and the construction of farm buildings, the recording of weather data was often
pioneered at large estates like Chatsworfdankovic 2000) The recording o early

instrumental meteorological data, such as barometric pressure, temperature, rainfall, wind
direction and strength provides valuable quantitative data as to the nature of the weather

and climate in the past and can be used to help recover locaawdimistories(Strauss and

Orlove 2003)
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Table 61: Sources of data for the reconstruction of the Chatsworth rainfall series

Station Date Source Observer Notes
Chatsworth  1760;  Met office tenyear q Annual totals only
1769 books
Chatsworth  1761¢ Farey, Annual totals, some monthly
1810 values quoted in the text.
Chatsworth 1777,  Met office tenyear Lord George Monthly and annuatotals
1793 books. Data extracted Cavendish
from the Memoirs of
the Literary and
Philosophical Society
Manchester(Garnett
1796)
Chatsworth 1794  Met office tenyear Lord George Annual totals only
1799 books Cavendish
Chatsworth  180(Q Met office tenyear G Monthly and annual totals
1813 books
Wellbeck 1806&g Met office tenyear Monthly and annual totals
Abbey 1878 books
Chatsworth  1860;9 Met office tenyear Monthly and annual totals. Jan
Gardens books Mar 1860 missing and no annu
total for 1860
Chatsworth 1861  Chatsworth register of Monthly and annual totals
1956 Rainfall, House
archive
Chatsworth 1861 BADC: digitised from Station ID 544, missing da
Gardens current 1878 includes 1882, 1883,1884, 188
1924, MarDec 1976, Jun 1984
Sep 1984, Jan 1985, Feb 19
Dec 1997, Aug 2001, Jan, H
2002, AugDec 2002, Sep 200f
NowDec 2012. Single missi
months infilled with
interpolation.  Prel925years
filled with digitised archive
photographs. More recen
missing months infilled via lineg
regression with BADC statiQ
552.

6.4 Precipitation series reconstruction, homogenisation and homogeneity

testing

A number of components of precipitation record are used in reconstructing the Chatsworth

House series, 1760 to present. Three primary series are used in the composite

reconstruction, the series of monthly and annual data at Chatsworth Housed18%0), tre

series from Welbeck Abbey (18¢¥878) constructed by Craddock (unpublished) and the

series from Chatsworth House that is continued to present (¢pfksent). The greatest

uncertainties are likely to be with the early Chatsworth series, as meteorolagstalments

were nhot consistently used nor designed. Consistency in siting of meteorological instruments
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closely relates to the development of the British Rainfall organisation #866ent) in
Britain and the pioneering work of G. J. Sym{eadgley 200 as such early instruments

were often attached to walls or in poorly selected locations, resulting in erroneous data.

To extend the earliest part of the record (part A; 1¢6810), linear regression analysis was
performed using annual data from Chatsworitiouse and monthly and annual data from
Manchester (50 km away) for the overlapping period 178KB00. A good relationship exists
between annual precipitationR=0.7) and monthly R =0.54) totals, with monthly data
adjusted to ensure comparabilitp the earlier Chatsworth House series. The period £810
1860 was infilled at Chatsworth using monthly data for Welbeck Abbey; the regression
equation (using overlapping dafs860;1878;R=0.59) was used to adjust data from
Welbeck Abbey to ensure compaility with data observed at Chatsworth House and to
construct the second part (B) of the homogenous record: £8860. Existing transcribed
data for Chatsworth House (186fresent) was downloaded from the British Atmospheric
Data Centre(BADC; MET Office018b) and checked against the original records from
Chatsworth House, with gaps in the transcribed series infilled from the original records. The
two sections A and B are then adjusted to the Chatsworth House seriex;(866nt), part

C.

Visual inspectin of the composite series (kige 6.2) illustrates that discontinuities exist
within the early recordAnnual mean rainfall for 3@ear periods in each of the primary series
(Chatsworth 177@1810, 700mm; Welbeck Abbey 18%1843, 784nm and Chatsworth
19091942, 821y Y0 Af fdzadN» GSa GKId GKS SENI@&-LSNR2R
OFGOKQZ I 02YY2y Q&g Gréisthgh=®Sal. 7109T)he latR18TIBMDME NR &
are recorded in several British stations as being particularly wet I828, 961mm annual
average); this is evident within the Chatsworth series (1882 is the wettest year in the full
series, 1418nm); therefore, this period was not used for comparative purposes when
assessing 3gear periods, with the period 19Q2942 selectecs more representative; the
average rainfall over the period 1868013 is 84%nm. Annual average rainfall totals for
three parts of the records A, B and C were calculated along with annual percentage
differences. Comparison of parts of the record showedttthe average percentage
difference between section A with section C was 17.2%, and section B and C was 7.3%
(Figire 6.2); rainfall values comprising sections A and B were increased respectively to

correct for these inhomogeneities (kig 6.2).
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Figure 6.2: Chatsworth precipitation reconstruction. a Annual average rainfall totaleéer parts of the record
prior to homogenisation. b Homogenised precipitation series. The thicker line regratéiytear moving average
[Fgure produced by Macdondld

The homogeneity of the constructed rainfall series for Chatsworth was statistisatygsed

by crosscomparing with other independent long rainfall records, which are considered

homogenous from a number of sites within a similar precipitation region (northwest

England), and from others distributed across England that have a long sehigst. tére is

I 322R 3ASYySNIt O2NNBflIGAZ2Yy 0 9BBIISY # Kt dameNIIKy B A
t2RS 12tS8 o{ f{IRAIYREBLNIMNnpndnnanmd NBaLISOGABSt & 1
1786¢2015, there are notable years of difference in total anclated precipitation. For

example, in 1839, Manchester recorded 89.8% of average rainfall, Chatsworth 133%, whilst

GKS adlkdAazy |kiaway) gcebrfigd $35%R of avdrage precipitation. A deuble

mass curve test (Craddo&R79 was undertaken, directly comparing cumulative rainfall

totals between a sample station, for instance, Chatsworth and reference station(s), like

Manchester and Pode Hol&palding) to assess relative homogeneity. Gradient changes in
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