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Abstract  
 

Alice Harvey-Fishenden: Learning from past droughts: reconstruction and understanding 

from Staffordshire 

 

Drought is a global threat, including in the UK, with 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 distribution across the country, since most 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. This thesis explores reconstruction 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 development of water supplies and infrastructure within the Staffordshire region. It 

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 the public 

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 potential impacts 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 for drought 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 important role in the early development of the 

industrial canal network, particularly construction of large reservoirs.  
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/ƘŀǇǘŜǊ м 
 

Introduction 
 

This research was undertaken during an Arts and Humanities Research Council Collaborative 

Doctoral Award studentship (AH/N005147/1, Learning from the past ς exploring 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 maintaining a focus 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 the EM-DAT database (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 these deaths occurred within the first 

half of the century. Droughts can cause food and water shortages, with implications for 

health, and this results in deaths in some cases (World Meteorological Organization 2014). 

However, loss of life connected to drought in the late twentieth and twenty-first century is 

rarely simply the result of a natural event, but instead the product of the complex inter-

relationship between drought and social, political or cultural failings (Sen 1981).  

Globally, recent droughts, including the droughts of 2011-17 in California (Kam et al. 2019), 

2015-17 in Cape Town, South Africa (Booysen et al. 2019) and 1995-2010 and 2017 to present 

in Australia (Australian Government Bureau of Meteorology 2019; Kiem and Austin 2013) 

have refocussed attention on past droughts and water management practices, as well as 

planning for future water supplies and policy (Berber and Esteban 2019; Simpson et al. 2019). 

In continental Europe, the 2003 drought and heatwave has been used as a benchmark and 
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compared to past droughts (Wetter et al. 2014). The concept of drought has been discussed 

and reviewed extensively by Yevjevich (1967); Dracup et al. (1980); Wilhite and Glantz (1985); 

Panu and Sharma (2002); Mishra and Singh (2010) and Sheffield and Wood (2011). In 

considering droughts Mishra and Singh (2010) building on Wilhite and Glantz (1985) identify 

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

groundwater and socio-economic, with impacts both temporally and spatially variable. 

 

1.2 Drought in the UK 

The UK climate is inherently variable, with 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. 2013). Between 1800 and 2006, England and Wales experienced nine major 

droughts, as well as other less extensive or intense droughts (Marsh et al. 2007). Within the 

UK there are two commonly used reference droughts, 1976 in Southern and Central England 

and 1996 in Northern England, illustrating how droughts often have a regional focus with 

associated impacts.  

Droughts are a recurrent feature of the UK climate and demand for water is growing, so 

managing and predicting droughts is a major concern for water supply companies (Cook 

2016). Increasingly, UK water providers are considering both short and long-term drought 

risk within Drought Resource Management Plans (as required by the Water Act 2003). These 

provide regionally focused drought histories, though timespans vary across providers. 

Recently, Lennard (2016) worked with Severn Trent (the water company which supplies the 

Midlands) 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 region, Spraggs et al. (2015) 

reconstructed historic droughts and modelled the potential impact of these events on 

modern reservoirs modelled. The results of this analysis have been used in the Anglian water 

resource management and drought plans (Anglian Water 2019).  

In light of climate change, it has been predicted that droughts may become more frequent 

and have more severe impacts in the UK (Met Office 2018). A pattern of increasingly wetter 

winters and drier summers in the UK has been widely reported (Briffa et al. 2009; Jones et al. 

1997; Kendon et al. 2017), however this has recently been challenged following re-evaluation 

of historic data (Murphy et al. 2020b). The result is considerable uncertainty in how future 
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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 droughts can provide evidence for future scenarios. An understanding of past 

extremes, their management and their impact is essential in order to prepare for worst case 

scenarios and inform future decision-making (Rey et al. 2017). It is also important to bring in 

human stories and societal understanding of climate change when considering future 

vulnerability and resilience (Allan et al. 2016). In addition to the possible benefits of research 

into past droughts for future management, stories of past drought experience 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 supplies (Cook 2016; Lennard et al. 2015; Spraggs et al. 2015; Todd et al. 2013) and the 

historic impacts of droughts (van Lieshout 2016; Pribyl 2019; Pribyl and Cornes 2019; Stone 

2014; Waddington 2017).  

 

1.3 Temporal and Spatial framework 

1.3.1 Temporal framework 

This thesis will deal mostly with the eighteenth and nineteenth centuries (c.1700-1900). 

There are three main reasons for this:  

i) The focus on the eighteenth and nineteenth centuries reflects a wealth of qualitative 

archival evidence. From the eighteenth century onwards, it becomes more common 

for diaries and letters to survive in archives. These are often unanalysed, but have 

the potential to contain weather information. The UK has some of the longest 

instrumental weather records in the world, with instrumental records beginning in 

the late-seventeenth century (Jones et al. 1997), and becoming widespread in the 

mid-nineteenth century, but these only provide limited spatial coverage. In the 

eighteenth and early-nineteenth centuries, there is the opportunity to analyse 

archive material relating to experiences of weather, weather recording and weather 

impacts in diaries and letters, with instrumental records for comparison, but before 

instrumental records became widespread (Sangster et al. 2018; Veale et al. 2017b).  

ii) This is a major period of industrialisation in the UK, and therefore also of accelerated 

human impacts on the environment.  Several previous studies have suggested using 
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the eighteenth century as a period which is climatically ΨǎǘŀōƭŜΩ relative to longer 

timeframes within the analysis of historical climate (Brooks 1930; Macdonald and 

Sangster 2017). The last century, in comparison, has witnessed anthropogenic 

warming to levels not experienced in at least the last 1,300 years, as demonstrated 

by Mann et al. (1998; 2008) ƛƴ ǘƘŜ ΨIƻŎƪŜȅ ǎǘƛŎƪΩ ƎǊŀǇƘ (Figure 1.1). This graph plots 

the difference from the 1850-2006 mean temperature since the year 200 AD as 

reconstructed from tree rings, lake sediments and ice cores. The eighteenth and 

nineteenth centuries, therefore, represent a relatively stable period shortly before 

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

of the Little Ice Age, and are worthy of study from an extreme weather perspective.  

iii) This time period has been underrepresented in discussions of drought. Pribyl (2019) 

surveyed the impacts of summer droughts in England 1200-1700, and Marsh et al 

(2007) ŘƛǎŎǳǎǎ ΨƪƴƻǿƴΩ ƳŀƧƻǊ ŘǊƻǳƎƘǘǎ ƛƴ 9ƴƎƭŀƴŘ ǎƛƴŎŜ мулл !5, however the 

eighteenth century (lacking in quantitative records, but plentiful in qualitative 

records) falls outside the remit of most drought studies.  

 
CƛƎǳǊŜ мΦмΥ aŀƴƴΩǎ ΨIƻŎƪŜȅ {ǘƛŎƪΩ ƎǊŀǇƘΣ ǿƘƛŎƘ ŘŜǇƛŎǘǎ ŀƴƴǳŀƭ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴƻƳŀƭȅ ŦǊƻƳ ǘƘŜ мурл ǘƻ нллс ƳŜŀƴ 
in the northern hemisphere, reproduced from Mann et al. (2008), Copyright 2008 National Academy of Sciences 
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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 will focus 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 has a long agricultural and industrial history, with arable and pastoral 

farming and industrial centres such as Stoke-on-Trent.  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. Pallister (1976) 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. The moorlands are the southern end of the Pennine 

Hills, from which potable water is supplied to the East Midlands and South Yorkshire. In the 

north of the county, there is also the industrial city of Stoke-on-Trent. Historically, Stoke is a 

centre of pottery production, 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 

designated 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 are fed by rainfall in Staffordshire: the Trent and the Severn 

(Figure 1.2). The River Trent begins in Staffordshire, and most of the county is within the 

Trent catchment, however rainfall at the western edge of Staffordshire feeds the River 

Severn. The River Trent was navigable as far as Nottingham prior to improvements in the 

eighteenth century, which made the river navigable as far as Burton-on-Trent1 (Revill 2007). 

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

suggesǘŜŘ ǘƻ ƳŜŀƴ ΨƭŀƴŘƛƴƎ ǇƭŀŎŜΩ ƛƴ ǘƘƛǎ ŎƻƴǘŜȄǘ (Cole 2014). This suggests that the River 

Sow, a tributary of the River Trent (well upstream of Burton-on-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 the surrounding area, with places mentioned in the text. 

 

Climatically, Staffordshire is quite typical of central England. According to Met Office data 

from 1981 to 2010 (Met Office 2019c) from weather stations in North Staffordshire (Keele) 

and South Staffordshire (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 Midlands as a whole gets on average 798.3 
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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 Water. Severn Trent provides sewerage across the whole region.  

 

Staffordshire Record Office  

The main public archive in Staffordshire is the Staffordshire Record Office (SRO), in the county 

town of Stafford. As a public record office, the SRO holds documents related to 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 droughts 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 office 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 where, for the 

most part, the digital catalogue is created from, and identical 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 user groups.  

The SRO was unable to provide permanent desk space at Stafford.  They did, however, 

provide training to access the strong rooms, and computer log-ins, which made it possible to 

access the archives and edit the digital catalogue in the same way that the archivists would, 

rather than as an ordinary archive user.  

 

1.4 Aims and Objectives 

The aims of this thesis are to 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. To determine what evidence of droughts survives in the archives of the SRO and 

review their current archive research practice; 
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2. Using archive material contained within the SRO and other regional/national 

archives, construct a chronology of droughts and associated impacts for 

Staffordshire; 

3. Using available evidence from across the Staffordshire region, explore the potential 

to reconstruct local/regional precipitation series from diaries and letters and 

evaluate how different communities and organisations responded historically to 

drought; 

4. Critically review how experiences of droughts shaped the formation of the early 

canal companies in England and Wales and identify both their infrastructural and 

organisational responses to water shortages; and, 

5. Through a programme of activities run with the SRO, examine the use of volunteers 

and public engagement in drought research.  

 

1.5 Structure of Thesis  

This thesis is split into ten chapters; this introduction, a literature review and a 

methodological discussion, five results chapters (Chapters 4-8), a discussion and finally a 

conclusion. The results chapters contain three papers, which have been prepared for 

different journals; although the formatting has been homogenised, some variation in tone 

and style may remain, reflecting the interdisciplinary and multifaceted nature of this PhD 

project.  

Chapter 2 will review literature relevant to this interdisciplinary project. It is set out in 3 

sections, the first exploring the intellectual and disciplinary framework of this thesis, 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 existing weather and 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 scholarship and the history of water supplies in 

Staffordshire. The second section will 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 impacts of droughts in the UK and how drought is portrayed in the 

media. Chapter 2 will finish by discussing the use of volunteers in academic research, the 

nature of interdisciplinary research and knowledge exchange and 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 
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undertaken. It will start by discussing the process of archive research at the SRO, and issues 

of access and catalogue improvement. The next section will set out the background to the 

volunteer project undertaken at the SRO, as well as the recruitment of volunteers, selection 

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

data processing and archiving, as well as ethical consideration when working with volunteers. 

The third section will then detail other qualitative data collection approaches undertaken and 

the iterative process of research used, including 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 non-instrumental rainfall data and the use of indices.  

Chapter 4 and 5 investigate different ways droughts can be reconstructed. Chapter 4 

examines the impacts of droughts in Staffordshire, with a long drought chronology combining 

the available instrumental data with documentary records of the impact of droughts. Chapter 

5 explores the potential uses of weather data collected by the volunteer project in the 

reconstruction of rainfall using indices. This chapter is in the form of a paper which has been 

published in the journal Climate of the Past.   

Chapters 6 and 7 are also papers. Chapter 6 combines a long-term precipitation 

reconstruction from Chatsworth in Derbyshire with archival evidence to discuss the impact 

of droughts and water shortages on canals in the later eighteenth century. It has been 

published in the journal Regional Environmental Change. Chapter 7 discusses and 

contextualises the development of one of the earliest large capacity canal reservoirs, at 

Rudyard in North Staffordshire, and will be published in 2021 in the journal Landscape 

History.  

Chapter 8 explores in more detail the outcomes of the collaborative project with the SRO and 

public engagement undertaken as part of this project. It will discuss the types of records of 

drought available at the SRO in more detail and consider how they were used for different 

aspects of this project. It 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 during the public facing aspects of the project, including a questionnaire 

undertaken to gauge drought memory and perceptions of drought in Staffordshire. It will 

finish by evaluating the project overall and the approaches taken.  

Chapter 9 will discuss the themes and issues arising from the previous chapters, synthesising 

key concepts and unifying ideas, while exploring potential links to the wider literature and 
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future opportunities. Chapter 10 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 contribution of each co-author.  

Chapter 5: Harvey-Fishenden A, Macdonald, N. (2021) Evaluating the utility of qualitative 

personal diaries in precipitation reconstruction in the eighteenth and nineteenth centuries 

Climate of the Past 17: 133ς149 doi: 10.5194/cp-17-133-2021.  

The author contributions are, Harvey-Fishenden: Collation of manuscript, archival research 

and data collection, volunteer project management, data analysis and figure production, 

discussion, manuscript preparation; Macdonald: acquisition of funding and detailed 

manuscript review. Macdonald did not undertake any analysis or figure production for this 

paper. The majority of the work was undertaken by the lead author (Harvey-Fishenden). 

Chapter 6: Harvey-Fishenden, A., Macdonald, bΦ ŀƴŘ .ƻǿŜƴΣ WΦtΦ όнлмфύ Ψ5Ǌȅ ²ŜŀǘƘŜǊ CŜŀǊǎ 

ƻŦ .ǊƛǘŀƛƴΩǎ 9ŀǊƭȅ ΨLƴŘǳǎǘǊƛŀƭΩ /ŀƴŀƭ bŜǘǿƻǊƪΩ Regional Environmental Change 18: 2325-2337 

doi: 10.1007/s10113-019-01524-5.  

The author contributions are, Harvey-Fishenden: Collation of manuscript, production of map 

(Figure 6.1) archival research on canals, discussion, manuscript preparation; Macdonald: 

Analysis and production of reconstructed instrumental record and associated figures (Figures 

6.2, 6.3 and 6.4), detailed manuscript review; and Bowen: Archival work collecting 

instrumental weather data, review of manuscript. The majority of the work was undertaken 

by the lead author (Harvey-Fishenden).  

Chapter 7: Harvey-Fishenden, A. and Macdonald, N. (accepted September 2020ύ ΨThe 

development of early reservoirs ŦƻǊ ǿŀǘŜǊ ǎǳǇǇƭȅ ǘƻ ŀǊǘŜǊƛŀƭ Ŏŀƴŀƭǎ ƛƴ 9ƴƎƭŀƴŘ ŀƴŘ ²ŀƭŜǎΩ 

Landscape History  

The author contributions are, Harvey-Fishenden: Collation of manuscript, archival research 

on canals, discussion and analysis, manuscript and figure preparation; Macdonald: detailed 

manuscript review. Macdonald did not undertake any analysis or figure production for this 

paper. The majority of the work was undertaken by the lead author (Harvey-Fishenden). 
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It is anticipated that additional publications will be written-up from the thesis, including: 

*Harvey-Fishenden, A. όōƻƻƪ ŎƘŀǇǘŜǊΣ ǇǊƻǇƻǎŀƭ ǿƛǘƘ ǇǳōƭƛǎƘŜǊǎύ ΨCŀƭǘŜǊƛƴƎ Ŧƭƻǿǎ ŀƴŘ ƭŜŀƪƛƴƎ 

leats: Water ǎŎŀǊŎƛǘȅ ŀƴŘ ǘƘŜ ƭƻƴƎ ƛƴŘǳǎǘǊƛŀƭ ǊŜǾƻƭǳǘƛƻƴΦΩ ƛƴ [Ŝƻƴŀ {ƪŜƭǘƻƴ ŀƴŘ WƻƘƴ aƻǊƎŀƴ 

eds. Ripples, Leaks and Flows: Water and Society in Early Modern Britain (from Chapter 4) 

*Harvey-Fishenden, A., Houghton-Foster, H., Macdonald, N. Buchanan A. and Blake, M. (in 

preparation) Working with volunteers to uncover sources for Environmental History in the 

archives. Archives (from Chapter 8) 

*Harvey-Fishenden, A (in preparation) Ψ{ǳŎƘ ŀ ǎǳƳƳŜǊ ǿŀǎ ƴŜǾŜǊ ǊŜƳŜƳōŜǊŜŘΩΥ 

Perspectives on the aftermath of the Tambora eruption from a female traveller (expanding 

on Section 8.3) 

 

1.7 Process and timeline of the PhD project 

The first year of the PhD project was 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: Record-Keeping Theory (30 credits) and Practice and 

English Post-medieval Records (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, alongside talks to local societies and developing research on canal and 

domestic water supplies. The project team also co-ordinated and organised a study day on 

ΨwŜǎŜŀǊŎƘƛƴƎ 9ȄǘǊŜƳŜ ²ŜŀǘƘŜǊΩ ŀǘ ǘƘŜ {ǘŀŦŦƻǊŘǎƘƛǊŜ wŜŎƻǊŘ hŦŦƛŎŜ όмл CŜōǊǳŀǊȅ нлмуύ ǿƘƛŎƘ 

was attended by over 50 delegates.  The start of the third year focussed on finishing off the 

volunteer project. From January-April (2019), the PhD project was put aside to complete a 

UKRI funded policy internship with Natural England, working with their Marine Specialist 

Services team to undertake a review of literature relating to the provision of ecosystems 

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. Outcomes of this work included 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 gaps in the PhD. During the PhD project six 

academic conference or symposium oral presentations were given, 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:  

Harvey-Fishenden, A. όнлмтύ Ψ[ŜŀǊƴƛƴƎ ŀōƻǳǘ ǘƘŜ Ǉŀǎǘ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ƭŀƴŘǎŎŀǇŜ ŦǊƻƳ ŦƛŜƭŘ-
ƴŀƳŜǎ ƛƴ {ǘŀŦŦƻǊŘǎƘƛǊŜΩ ŀǘ Lƴ ǘƘŜ bŀƳŜ ƻŦ IƛǎǘƻǊȅ /ƻƴŦŜǊŜƴŎŜΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ {ƘŜŦŦƛŜƭŘΣ 
September 2017  

Harvey-Fishenden, A. and Houghton-CƻǎǘŜǊΣ IΦ όнлмуύ Ψά¢ƘŜ ǿŀǘŜǊ is very inconsistent, there 
ōŜƛƴƎ ƻŦǘŜƴ ƭƻƴƎ ŦƭƻƻŘǎ ŀƴŘ ƎǊŜŀǘ ǎŎŀǊŎƛǘȅέΥ ²ŜŀǘƘŜǊ ŀƴŘ ǿŀǘŜǊ ŀǘ ǘƘŜ {ǘŀŦŦƻǊŘǎƘƛǊŜ wŜŎƻǊŘ 
hŦŦƛŎŜΩΣ ŀǘ wƛǇǇƭŜǎΣ [Ŝŀƪǎ ŀƴŘ Cƭƻǿǎ {ȅƳǇƻǎƛǳƳΣ bƻǊǘƘǳƳōǊƛŀ ¦ƴƛǾŜǊǎƛǘȅΣ WǳƴŜ нлму 

Harvey-Fishenden, AΦ ŀƴŘ aŀŎŘƻƴŀƭŘΣ bΦ όнлмуύ Ψ9ȄǇƭƻǊƛng Impacts and Perceptions of 
5ǊƻǳƎƘǘǎ ƛƴ ǘƘŜ ¦YΣ ŦǊƻƳ ǘƘŜ муǘƘ /ŜƴǘǳǊȅ ǘƻ ǘƻŘŀȅΩ LƴǘŜǊƴŀǘƛƻƴŀƭ /ƻƴŦŜǊŜƴŎŜ ƻŦ IǳƳŀƴ 
Geographers 2018, University of Warsaw, Poland, July 2018 

Harvey-Fishenden, AΦ όнлмуύ Ψ¢ƘŜ 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ 5ƻƳŜǎǘƛŎ ²ŀǘŜǊ {ǳǇǇƭƛŜǎ ƛƴ ǘƘŜ aƛŘƭŀƴŘǎΩ 
New and Emerging Research: RGS-IBG Annual Conference University of Cardiff. August 
2018 

Harvey-Fishenden, AΦ ŀƴŘ aŀŎŘƻƴŀƭŘΣ bΦ όнлмфύ Ψ¢ƘŜ ǊƻƭŜ ƻŦ ϥŜŀǊƭȅ ƛƴŘǳǎǘǊƛŀƭϥ Ŏŀƴŀƭǎ ƛƴ 
ǊŜǎƘŀǇƛƴƎ Ŧƭƻǿǎ ƻŦ ǿŀǘŜǊ ƛƴ .ǊƛǘŀƛƴΩ 9ǳǊƻǇŜŀƴ {ƻŎƛŜǘȅ ŦƻǊ 9ǳǊƻǇŜŀƴ IƛǎǘƻǊy Biannual 
Conference University of Tallinn, Estonia, August 2019  
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Literature Review 

 

This thesis draws from the disciplines of geography, history, archaeology, and from the sub-

disciplines of hydrology, meteorology, environmental history, historical geography, transport 

history, industrial archaeology. All of these disciplines and sub-disciplines have their own 

history and theoretical frameworks. 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 explore drought 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; the use of volunteers in research, 

interdisciplinary and inter-professional research, knowledge exchange and 

qualitative/quantitative data.  

 

2.1 Intellectual Framework 

A discipline is an area of academic study, such as History or Geography. Within each discipline 

are sub-disciplines, which are more specialised areas of study, such as environmental history, 

or historical climatology. Each area has its own specialisms in terms of research methods and 

research paradigms, although these might be shared or similar across disciplines and sub-

disciplines. Importantly, disciplines have their own separate histories and reasoning behind 

their methodological framework. Interdisciplinary methodologies are often useful for 

addressing gaps in study, for example fieldwork in literary studies (Castillo and Puri 2016). 

Some disciplines naturally encompass many sub-disciplines and ways of working; geography 

Ƙŀǎ ōŜŜƴ ŘŜǎŎǊƛōŜŘ ŀǎ Ψŀ ǎǇǊŀǿƭƛƴƎΣ ǊŀƎƎŜŘΣ ƎƻǊƎŜƻǳǎΣ ŘƛǎŎƛǇƭƛƴŜΩ όDŜƻƎƘŀƎŜƴ Ŝǘ ŀƭΦ нлнл: 

462). Geography as a discipline is flexible and academics who identify as geographers can fit 

into many departments for teaching purposes (Wainwright et al. 2014). 

In some ways, the divisions between disciplines are artificial, however the disciplines remain 

a useful concept for understanding different conceptual and methodological approaches to 

research (Krishnan 2009; Wainwright et al 2014). Importantly, different disciplines may use 

the same language in different ways, and interdisciplinary projects need to explicitly address 
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the origins and meanings of their terminology to develop a shared vocabulary (Bracken and 

Oughton 2006).  

LƴǘŜǊŘƛǎŎƛǇƭƛƴŀǊȅ ƛǎ Ψŀ ŎƻƭƭŜŎǘƛǾŜ ǘŜǊƳ ŜƴŎƻƳǇŀǎǎƛƴg all forms of scientific collaboration where 

ǘƘŜ ŦƛŜƭŘ ƻŦ ŀ ǎƛƴƎƭŜ ŘƛǎŎƛǇƭƛƴŜ ƛǎ ǘǊŀƴǎƎǊŜǎǎŜŘΩ ό.ǊŀŎƪŜƴ ŀƴŘ hǳƎƘǘƻƴ нллс: 372). The terms 

ΨǘǊŀƴǎŘƛǎŎƛǇƭƛƴŀǊȅΩ ŀƴŘ ΨƛƴǘŜǊŘƛǎŎƛǇƭƛƴŀǊȅΩ ŀǊŜ ƻŦǘŜƴ ǳǎŜŘ ƛƴǘŜǊŎƘŀƴƎŜŀōƭȅΣ ƘƻǿŜǾŜǊ Balsiger 

(2004) states that research is interdisciplinary if only academics from more than one 

discipline are involved, however becomes transdisciplinary when the research is problem 

driven, and uses external expertise to define a solution. ¢ƘŜǊŜ ƛǎ ŀƭǎƻ ΨƛƴǘŜǊŘƛǎŎƛǇƭƛƴŀǊȅ 

ǊŜǎŜŀǊŎƘΩ within disciplines, such as Geography, where a need for greater cooperation across 

the physical-human divide has been explored repeatedly (for example Harrison et al 2004; 

Jones and Macdonald 2007; Lane et al. 2017).  

The following sections will explore the disciplinary, sub-disciplinary and interdisciplinary 

backgrounds relevant to the study of past weather and climate.  

2.1.1 Weather, Climate and History  
As Campbell (2010) ǿǊƻǘŜΣ ƘƛǎǘƻǊƛŀƴǎ ΨǘŜƴŘ ǘƻ ǇǊƛǾƛƭŜƎŜ ǘƘŜ ǊƻƭŜ ƻŦ ƘǳƳŀƴ ŀƎŜƴŎȅΩΦ ¢ƘŜǊŜ ƛǎ ŀ 

reluctance to credit weather events or trends in climate with shaping society and historical 

events. Since the mid-twentieth century, however, there has been academic discourse 

considering the impact of factors outside of human control (such as weather and climate) on 

the course of human history (de Vries 1981).  

Undeniably, annual and seasonal weather variability impacts agricultural outputs and 

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

climate historians (Jones 1964; de Vries 1981: 21). Equally, weather can be shown to have 

played important roles in events. Brown (2005) highlights the role of the weather in the 

discovery of penicillin, the importance 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 

I in 1120, which resulted in civil war (Brown 2005: 17). Whether these impacts of weather on 

history are exceptional cases, or if weather is a historical protagonist has long been, and 

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

quantitative assessments of the significance of short-term climate fluctuation and extreme 

ǿŜŀǘƘŜǊ ŜǾŜƴǘǎ ƻƴ ǎƻŎƛŜǘȅΣ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ όƛŦ ŜȄǘǊŜƳŜύ ǘƻ ŎƻƴŎƭǳŘŜ ǘƘŀǘ ΨǎƘƻǊǘ-term climatic 

ŎǊƛǎŜǎ ǎǘŀƴŘ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ŜŎƻƴƻƳƛŎ ƘƛǎǘƻǊȅ ŀǎ ōŀƴƪ ǊƻōōŜǊǎ Řƻ ǘƻ ǘƘŜ ƘƛǎǘƻǊȅ ƻŦ ōŀƴƪƛƴƎΩ (de 

Vries 1981: 23). While it is clear that weather has an impact on the society 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 

(Brázdil et al. 2005).  

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

society and climate; in the words of Pfister and Brázdil (2006: 126) Ψ¢ƘŜ ǎǘƻǊȅ ƻŦ ƘǳƳŀƴ 

vulnerability to climate, told along a chain of causation running from natural forcing to 

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

ƳŀŎǊƻǎŎŀƭŜ ƻŦ ƎŜƴŜǊŀƭƛȊŀǘƛƻƴ ǘƻ ǘƘŜ ƳƛŎǊƻ ǎŎŀƭŜ ƻŦ ŎŀǎŜ ǎǘǳŘƛŜǎΩΦ .Ǌȅǎƻƴ ŀƴŘ tŀŘƻŎƘ (1981), 

suggest that periods of climate change might coincide with periods of cultural change. The 

ŜȄŎŜǇǘƛƻƴŀƭƭȅ ŎƻƭŘ ǎǳƳƳŜǊ ƻŦ мумс Ƙŀǎ ōŜŜƴ ŘŜǎŎǊƛōŜŘ ŀǎ ŀ ΨǊŜƳŀǊƪŀōƭŜ ŎŀǎŜ ǎǘǳŘȅ ŦƻǊ ǘƘŜ 

exploration of various direct and indirect interactions between climate variability and human 

ƘƛǎǘƻǊȅΩ (Luterbacher and Pfister 2015: 247).  

Ideas around environmental 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 conditions (Gallaher 2009). 

Understandably, these ideas faced criticism at the time (Endfield et al. 2015) and have 

declined in popularity. There is, however, neo-environmental determinism, which stresses 

the influence of geographic and ecological forces on development. Particularly in disciplines 

such as landscape archaeology, there is frequent consideration of factors 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). 

Scholarship in environmental history has focussed on a wide variety of topics, including: 

relationships between humans and animals (Gaynor et al. 2020; Flack 2018; Pearson 2017, 

Webb et al. 2020); energy production and use (Wright 2018); the history of environmental 

movements (Mathis 2009; 2012); histories of disease-control (Clarke 2012); agriculture 

(Warde and Williamson 2014); industrialisation (Clifford 2018); landscape-scale development 

(Anderson 2012); and human interactions with weather (Bowen 2018, Camenisch and Rohr 

2018, Veale et al 2017) and water (Waddington 2017, Morgan 2015, Skelton 2017). Worster 

(1988) summarised the work of environmental historians as concerned with three main 
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areas: understanding nature; socio-economic interactions with the environment; and 

intellectual interactions with the environment.  Environmental historians work with a wide 

range of types of evidence, reflecting the wide variety of topics explored. This evidence can 

include policy documentation, informal records such as diaries and letters, and preserves of 

ΨtǊŀŘƛǘƛƻƴŀƭ ŜŎƻƭƻƎƛŎŀƭ ƪƴƻǿƭŜŘƎŜΩ in field names surviving on maps and in documents (Jones 

2016) and in oral histories (Williams and Riley 2020).  

¢ƘŜ ǘŜǊƳ ΨEnvironmental historyΩ developed out of American environmental movements of 

the 1960s and 70s (Sörlin and Warde 2007). At the same time, in response to rising public 

concern, other fields of scholarship were developing environmental strands, including law, 

economics and sociology (Worster 1988). The topics explored by environmental historians, 

however, were not new areas of study; the two-way relationship between humans and the 

environment are important facets of the human experience. Environmental historians have 

been criticised for a failure to engage with urban environments and a lack of engagement 

with social and political theory, which creates unnecessary marginalisation (Sörlin and Warde 

2007). Environmental history is not comprised of a single methodology or area of study but 

rather a way of approaching past human-environment relationships.  

2.1.2 Documentary Evidence and the Reconstruction of Weather and Climate  

The discipline of historical climatology developed in the late nineteenth and early twentieth 

centuries (Brázdil et al. 2005; Ingram et al. 1978), although this built on earlier scholarship 

(Fressoz and Locher 2015). Early works on historic weather in the UK include Brooks and 

Glasspoole (1928) British Floods and Droughts and works of climate synthesis include Brooks 

(1949) Climate Through the Ages. This scholarship followed on from the work collecting 

contemporary and past rainfall records undertaken 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 {ȅƳƻƴǎΩǎ .ǊƛǘƛǎƘ Rainfall from 1861 until 1899, and British Rainfall from 1900ς

1968. From 1969ς1986 these volumes were known as Monthly and annual totals of rainfall 

and those published between 1987 and 1991 entitled Rainfall (Burt 2010).  

One of the major criticisms of historical climatology stems from its interdisciplinary nature, 

and the improbability of practitioners being well versed in both historical source analysis and 

criticism and meteorological analysis. While methodologies for assessing the quality of and 

analysing archive material have been defined by historians, they are not generally skills 

taught to geographers (Brázdil et al. 2010). Before the 1960s, reconstruction of past climates 
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was mostly based on limited qualitative evidence (Bryson and Padoch 1981). This included 

the compilation of weather references from narrative sources, often by meteorologists or 

others without a critical historical training (Pribyl 2014). With climatology and other types of 

historical study where exact dating is important, the use of annals and chronicles can be 

problematic. These documents are generally compilations of material, which require a 

detailed understanding of textual relationships between different versions and sources to 

corroborate dates and avoid temporal and spatial errors (Bell and Ogilvie 1978). 

LƳǇƻǊǘŀƴǘ ŘŜǾŜƭƻǇƳŜƴǘǎ ƛƴ ǘƘŜ ŦƛŜƭŘ ŎŀƳŜ ǿƛǘƘ ǘƘŜ ǿƻǊƪ ƻŦ [Ŝ wƻȅ [ŀŘǳǊƛŜΣ ǿƘƻ ǿǊƻǘŜ Ψ¢ƛƳŜǎ 

ƻŦ ŦŜŀǎǘ ŀƴŘ ǘƛƳŜǎ ƻŦ ŦŀƳƛƴŜΦ ! ƘƛǎǘƻǊȅ ƻŦ ŎƭƛƳŀǘŜ ǎƛƴŎŜ ǘƘŜ ȅŜŀǊ млллΩΣ ƻǊƛƎƛƴŀƭƭȅ ǇǳōƭƛǎƘŜŘ ƛƴ 

CǊŜƴŎƘ ŀǎ ΨIƛǎǘƻƛǊŜ Řǳ ŎƭƛƳŀǘ ŘŜǇǳƛǎ ƭΩ!ƴ aƛƭΩ ƛƴ мфстΣ ŀƴŘ ǘǊŀƴǎƭŀǘŜŘ ƛƴǘƻ 9ƴƎƭƛǎƘ ōȅ мфтн (Le 

Roy Ladurie 1972). This work fits into a wider context of twentieth century French 

scholarship. Le Roy Ladurie was a key member of the Annales school, a group of historians 

associated with the journal of the same name, writing from a long social history view on the 

boundary between history, geography and anthropology (von Lünen and Le Roy Ladurie 

2013; Worster 1988). In addition to writing climate history, Le Roy Ladurie also worked on 

social and political history, using a variety of sources including poems and letters. His work 

has had a lasting influence, including on environmental historians, but particularly on 

continental European historic climatologists.  

Historical climatology in the UK has a parallel historiography to historical climatology in 

continental Europe. British climatology owes a lot to the work of Manley, a geographer, who 

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 and computer modelling 

(Endfield et al. 2015). Manley published 182 papers between 1927 and 1981 (Endfield et al. 

2015). He established a long-term average temperature series for England (Manley 1974), 

and was responsible for many rainfall series including Manchester (Manley 1972), Durham 

(Manley 1941) and temperature series including Lancashire (Manley 1946). Although his 

work was primarily concerned with the scientific compilation and analysis of instrumental 

records, nevertheless he appreciated the value of more qualitative 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 

ǇǳōƭƛǎƘŜŘ ƻƴ ǿƘŀǘ ƘŜ ŘǳōōŜŘ ǘƘŜ ΨƳŜŘƛŜǾŀƭ ǿŀǊƳ ŜǇƻŎƘΩ (Lamb 1965). Later in his career he 

published a revised version of Brooks (1954) The English Climate (1964), and was active into 
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the 1990s, producing Climate, History and the Modern World (Lamb 1982), and Historic 

storms of the North Sea, British Isles and Northwest Europe (Lamb and Frydendahl 1991). He 

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 records. Hoskins (1964; 1968) demonstrated (without considering 

causation) that there were frequent fluctuations in harvests. Postan and Titow (1959) used 

ƘŜǊƛƻǘǎ όŘŜŀǘƘ ŘǳǘƛŜǎ ƻƴ ŎǳǎǘƻƳŀǊȅ ǘŜƴŀƴǘǎύ ǊŜŎƻǊŘŜŘ ƛƴ ǘƘŜ ōŀƛƭƛŦŦΩǎ ŀŎŎƻǳƴǘǎΣ ŀƴŘ ǇǊƛŎŜǎ ƻŦ 

wheat for Winchester Manors between 1245 and 1350 to examine the link between poor 

harvests, mortality and recorded poor weather conditions in chronicles.  The following year, 

Titow (1960) ǇǳōƭƛǎƘŜŘ ŀ ǇŀǇŜǊ ƻƴ ǘƘŜ Ψ9ǾƛŘŜƴŎŜ ƻŦ ²ŜŀǘƘŜǊ ƛƴ ǘƘŜ !ŎŎƻǳƴǘ wƻƭƭǎ ƻŦ ǘƘŜ 

Bishopric of Winchester 1209-морлΩΦ ¢ƘŜǎŜ ŀŎŎƻǳƴǘ Ǌƻƭƭǎ ƛƴŎƭǳŘŜŘ ǊŜŦŜǊŜƴŎŜǎ ǘƻ ǳƴǳǎǳŀƭ 

weather, recorded to explain high expenditure or low income, which Titow uses to produce 

a calendar of references to weather. He analyses these references alongside 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 winters (Titow 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 than average 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 developments in the field, 

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

During the 1970s, Manley (1974) used the earliest temperature measurements made in the 

UK to produce the Central England Temperature series (1659-present), which is one of the 

longest continuous regional temperature series in the world (Todd et al. 2015). This period 

also saw the construction of many of the existing long rainfall records. Initially these were 

studies of single station records or composite series representative of single areas, e.g.  Kew 

Observatory (1697ς1970, Wales-Smith 1971); Oxford (Craddock and Craddock 1977); 

Manchester (1765ς1971, Manley 1972), and the East Midlands (1726ς1975, Craddock and 
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Wales-Smith 1977). Craddock (1976) created the first catalogue of long-term 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 Europe have 

been produced using instrumental records (Camuffo et al. 2013; Demarée et al. 2002) or a 

combination of instrumental records and historical documentary evidence (Dobrovolný et al. 

2010).  

Against a background of climate change research there has been a renewed interest in 

understanding the effects of changing climate on people, therefore of valuing both 

quantitative and qualitative data. Recent scholarship has used a variety of methods to 

reconstruct past rainfall, including documentary records of rainfall, proxy data, physical proxy 

data such as tree rings, and early instrumental records (Wilhelm et al. 2019). This includes 

comparisons of modern events and potential future events with the largest recorded 

historical events (e.g. examination of the largest floods in the High Rhine basin since 1268 

(Wetter et al. 2011)).  

Modern historical climatology in Europe has advanced considerably, with academics such as 

Brázdil and Pfister, expanding and developing the work started by Le Roy Ladurie, similarly 

working with chronicles and annals, but with the addition of proxy evidence. A wide range of 

materials are now used to reconstruct climate. Modern historical climatologists often use 

tree-ring data as a proxy for rainfall. Kiss (2017) 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 variability (Büntgen et al. 2011; Cooper et al. 2013; Dobrovolný et al. 

2015b). Generally, however, tree ring data can only be used to examine precipitation during 

the summer growing season (Büntgen et al. 2010; Cooper et al. 2013). In the UK, oaks have 

been used to examine long-term summer precipitation for East Anglia (Cooper et al. 2013), 

southern-central England (Wilson et al. 2013) and Southern England (Rinne et al. 2013). Long 

term reconstructions use both living trees and timber preserved in historic buildings. Some 

studies have used tree growth as a proxy for precipitation (Cooper et al. 2013; Wilson et al. 

2013), whereas others use oxygen isotopes as a proxy (Rinne et al. 2013).  

Tree-ring reconstructions have been used alongside other forms of weather information and 

proxy data. For Sweden, Linderholm and Molin (2005) used tree rings from Scots Pines and a 

ŦŀǊƳŜǊΩǎ ŘƛŀǊȅΣ ǿƘƛŎƘ Ŏƻƴǘŀƛƴǎ ƴƻǘŜǎ ƻƴ ǘƘŜ ǿŜŀǘƘŜǊ ǘƻ ǊŜŎƻƴǎǘǊǳŎǘ ŘǊƻǳƎƘǘǎ ƛƴ ǘƘŜ ŜŀǊƭȅ 

nineteenth century. Similarly, Büntgen et al. (2011) combined an index 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, grape harvest dates are normally used for 

air temperature reconstruction but have also been used in drought reconstruction όaƻȌƴȇ 

et al. 2016). Grape harvest dates were decided centrally for a region dependent on grape 

development and appear in legal records and newspapers (Labbé et al. 2019). In 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 Pribyl (2014). 

She identified 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. Although some existing studies 

have used these sources, many potential sources remain unutilised.  

Challenges remain 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 other types of documentary 

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 circumstances. Similarly, 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 weather is recorded (Adamson 2015). Other sources such 

as letters, which can contain information about droughts, or drought impacts (Brázdil et al. 

2018) were written for a purpose, which may influence what is disclosed in them or the level 

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

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

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

archive documents. Over 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 events (Riede 2014).  
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Flooding 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 (fluvial flooding), 

heavy rainfall collects on the surface (pluvial flooding), a high water-table causes water to 

appear on the surface (groundwater flooding) or when high waves or a tidal surge cause 

coastal flooding. Recent flood events, such as the winter 2015-6 floods which primarily 

affected the north of England, have highlighted the potential threat and cost of flooding (the 

2015-6 floods have been estimated to have cost the economy about 1.6 billion pounds 

(Environment Agency 2018a)). Extreme events increase demand for flood risk assessments 

which often incorporate an understanding of past extremes, which can be obtained from 

historical records (Macdonald 2012a; Macdonald et al. 2014). Research into past floods can 

also build understanding of how people responded to past events (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 of flooding.  

Jones (2016) used Old English place-names (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 place-names has 

been known for a long time (Gelling 1984), they had not previously been used to examine 

modern flood risk. Using place-names, Jones was able to identify information about the 

character of watercourses, which might have implications for the flood risk of the area. These 

characteristics included: size of watercourse; channel morphology; water flow (speed, 

seasonality, flood risk); water quality; and position on the course of the river. Particularly 

valuable for flood risk prediction were names containing the elŜƳŜƴǘ Ψ-wæǎǎŜΩ όŀǎǎƻŎƛŀǘŜŘ 

with flash flooding), and names suggestive of narrow and shallow channels (Jones 2016). 

Jones et al. (2017) have also shown that major river names can provide clues as to the nature 

of the river and the chances of flooding. They propose that the name of the River Trent is 

ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ǿƻǊŘ ΨǘǊŜǎǇŀǎǎŜǊΩΣ suggesting a river that is prone to changing 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. 2011). Systematic gauged river data for 

the UK is normally only available from the second half of the 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 of high-magnitude 
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flood events across Britain since 1750 was undertaken by Macdonald and Sangster (2017), 

building on flood frequency series created for rivers around Britain. These include a series 

from 1200-2000 for the River Ouse at York (Macdonald 2012a; Macdonald and Black 2010); 

the Sussex Ouse at Lewes from 1650 onwards (Macdonald et al. 2014); the River Trent since 

1320 (Macdonald 2012b); the River Thames (1882 onwards, Marsh and Harvey 2012); in 

Scotland the River Tay at Perth (from 1210 to 2000, Macdonald et al. 2006); and River Tweed 

(c.1750 onwards, McEwen 1990). These series have used a combination of gauged and 

historic data (in varying proportions) to explore flood frequency and 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 pamphlets, parish records 

and records of the commissions of sewers. Parish records have also been used to look at 

extreme weather by Veale et al (2017a), 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 eighteenth-century 

Cumbria alongside two eighteenth-century diaries that recorded the weather almost daily 

(with instrumental and non-instrumental recording side by side) to investigate attitudes to 

weather and interaction with weather in the landscape. Weather 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 weather diary to produce rainfall 

indices for comparison to river discharges. 

Hall and Endfield (2016) 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 understanding of climate and in turn climate change (Hall and Endfield 2016).   

Newspapers have been used by historical climatologists, particularly where they publish 

proxy information such as grape harvest times (Labbé et al. 2019). Newspapers cover a long 

period of time and are relatively easily available; in 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 valuable when considering 

local impacts and vulnerability to extreme weather. Consider, for example, Figure 2.1, an 

article, published in the Hereford Times on the 16th November 2017.  
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Newspapers such as Figure 2.1 can represent contemporary attitudes towards drought; in 

ǘƘƛǎ ŀǊǘƛŎƭŜΣ ǘƘŜ ǳǎŜ ƻŦ ǇƘǊŀǎŜ ΨǎƘƻǊǘŀƎŜ ƻŦ ǊŀƛƴŦŀƭƭΩ ƻǾŜǊ ǘƘŜ ǘŜǊƳ ΨŘǊƻǳƎƘǘΩ ƛǎ ƛƴǘŜǊŜǎǘƛƴƎΦ Lǘ 

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 audience. 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 Germain (2017) 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 nineteenth-century droughts in southern Africa. They 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 vulnerability and 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. The SRO has a good example of this in a letter 

dated 14th August 1727 (Figure 2.2) that contains information about the impact of hot and 

ŘǊȅ ǿŜŀǘƘŜǊ ƻƴ Řŀƛƭȅ ŀŎǘƛǾƛǘȅΦ Lǘ ǊŜŎƻǊŘǎ ǘƘŀǘ [ƻǊŘ 5ŀǊǘƳƻǳǘƘ ǿŀǎ ƻōƭƛƎŜŘ ǘƻ ǎǘŀȅ ǳƴǘƛƭ ΨǘƘŜ 

ǿŜŀǘƘŜǊ ƛǎ ƴƻ ǎƻ ŜȄŎŜǎǎƛǾŜ ƘƻǘΣ ŀƴŘ ǘƘŜ ǿŀȅǎ ǎƻ ŘǳǎǘȅΩΤ ŘǊȅ ǊƻŀŘǎ ǿŜǊŜ ŘƛŦŦƛŎǳƭǘ ŀƴŘ 

unpleasant to travel on by horse-drawn transport.  

 
CƛƎǳǊŜ нΦнΥ {wh 5ό²ύмттуκLκƛƛκрфу [ŜǘǘŜǊ ŦǊƻƳ [ƻǊŘ 5ŀǊǘƳƻǳǘƘ ǘƻ aǊ wŀǘƘōƻƴŜ Ψǿŀǎ ƻōƭƛƎŜŘ ǘƻ ǎǘŀȅ ǘƛƭƭ Ƴy 
ƎǊŀƴŘǎƻƴ ǿŀǎ ŎƘǊƛǎǘƛŀƴŜŘΣ ŀƴŘ ǘƘŜ ǿŜŀǘƘŜǊ ƛǎ ƴƻ ǎƻ ŜȄŎŜǎǎƛǾŜ ƘƻǘΣ ŀƴŘ ǘƘŜ ǿŀȅǎ ǎƻ ŘǳǎǘȅΩ 
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2.1.4 Existing weather and climate databases  
A database is a structured collection of data held electronically. Databases can be useful as a 

way of accessing, sharing and interrogating information; however, they also have limitations 

and weaknesses. Many weather and climate databases, for example, bring together quotes 

and extracts from primary source material (e.g. TEMPEST), or references to extreme weather 

in secondary sources (e.g. Chronology of British Hydrological Events). In either case, the 

records may lose value by being taken out of their 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. However, databases provide a 

mechanism for rapid assessment of extremes, 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). These include the Chronology of British Hydrological Events (Black and 

Law 2004), the TEMPEST database (Veale et al 2017b) and 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 UK, but have a more international remit. These include 

CLIWOC (Garcia-Herrera et al. 2005; Ayre et al. 2015), CORRAL and ACRE, while other 

European projects include TAMBORA (Riemann et al. 2015), ECA&D, EURO-CLIMHIST and the 

EDII and EDR database (Stahl et al. 2016). Further details about these databases can be found 

in Veale et al. (2017bύΩǎ ǇŀǇŜǊ ŀŎŎƻƳǇŀƴȅƛƴƎ ǘƘŜ ¢9at9{¢ ŘŀǘŀōŀǎŜΦ  

All of these databases target different audiences and purposes, with associated strengths 

and weaknesses. For example, the Chronology of British Hydrological Events (CBHE) is 

accessible by anyone and therefore, in order to avoid contravention of copyright laws, does 

not allow the inclusion of material published in the last 70 years. Additionally, the database 

is relatively small, containing (as of July 2019) just under eight thousand records. The CBHE 

database is primarily designed for hydrologists, as a starting point for historic flood frequency 

analysis, and therefore contains few instances of drought. In addition to these databases 

specifically designed for studies of weather and climate, there are other databases which are 

useful for finding record of weather, for example, online newspaper databases.  

2.1.5 Previous work on climate, weather and water in Staffordshire  
Staffordshire has not been used as a detailed case study for previous detailed explorations 

of climate or weather and the history of water supplies in Staffordshire has not been 

systematically explored. There are, however, some Staffordshire examples in adjacent fields 

of study, for example, Pallister (1974) compiled the beginnings of an epidemiological history 
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of Staffordshire and Riley (1991) investigated the water-mills of the borough of Newcastle (-

under-Lyme). Staffordshire also fell under one of the broad regions included in the TEMPEST 

database (Veale et al. 2017b).  

2.1.5.1 Staffordshire Climate and weather  

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

to the average for the Midlands (section 1.3.2). Rainfall records from Staffordshire are 

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).  

IƛǎǘƻǊƛŎŀƭƭȅΣ {ǘŀŦŦƻǊŘǎƘƛǊŜ ǿŀǎ ǘƘŜ ǎǳōƧŜŎǘ ƻŦ wƻōŜǊǘ tƭƻǘΩǎ όмсу6) Natural History of 

Staffordshire. tƭƻǘ ǊŜŎƻƎƴƛǎŜŘ ǘƘŜ ǾŀƭǳŜ ƻŦ ǿŜŀǘƘŜǊ ǊŜŎƻǊŘƛƴƎ ŦƻǊ ŦǳǘǳǊŜ ŦƻǊŜŎŀǎǘƛƴƎ ƻŦ ΨŘƛǾŜǊǎ 

emergencies (such as heats, colds, dearths, plague and other epidemical dƛǎǘŜƳǇŜǊǎύΩ όtƭƻǘ 

1685: 930), but his Natural History of Staffordshire contains little about 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 small-scale private water supply 

companies (Hassan 1985: 532). Industrial pollution, over-use of existing water supplies and 

density of population in the nineteenth century necessitated the development of new 

methods of drinking water supply (Barclay 1898; Hassan 1985: 533). Areas that had 

previously collected reliable supplies of water from wells found that industrial and organic 

waste was polluting the wells (Hassan 1985: 543).  

Academic interest in the 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 Stern (1954) wrote about the 

development of water supplies as a public service, discussing the origin of commercial water 

supplies in London and the problems of competition and non-competition between 

providers, in terms of investment, costs and water purity. The history of the water industry 

followed, again written by economic historians such as Hassan (1985; 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 major water supply 

companies. There is a history of the South Staffordshire Waterworks company (1853-1989) 

written by two former employees of the company, Van Leerzem and Williams (1990), and for 

North Staffordshire, there was a booklet produced for the Staffordshire Potteries 
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Waterworks Company to celebrate their centenary (1949). Waterworks are often celebrated 

as symbols of civic progress and technological achievement (Roberts 2007) and company 

histories are often produced as part of this. In addition to the booklet 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 historian (Edwards 1994).  

Large scale urban development without accompanying drainage and clean water supply 

created high levels of disease. In thirteenth-century London there were free public water 

fountains for the collection of water, but when these became insufficient to meet demand 

for water, private companies began to offer alternative water supplies (van 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. Mapping these Acts of Parliament is one way of gaining an overview 

of the development of these water supplies (see Figure 2.3). It is apparent from this mapping 

that the earliest applications for acts came from the rapidly developing and expanding 

industrial areas and 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 pre-existing water supply systems, often associated 

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 the Midlands, where wells were routinely used for 

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

Worcester, see Figure 2.4) had an Act of Parliament relating to their water supply before 

муллΦ Lƴ мтфмΣ 5ǳŘƭŜȅ ƻōǘŀƛƴŜŘ ŀƴ !Ŏǘ ŦƻǊ ǘƘŜ ΨōŜǘǘŜǊ ǇŀǾƛƴƎΣ ŎƭŜŀƴǎƛƴƎΣ ƭƛƎƘǘƛƴƎΣ ǿŀǘŎƘƛƴƎ 

and otherwise improving of the town of Dudley in the County of Worcester and for better 

ǎǳǇǇƭȅƛƴƎ ǘƘŜ ǎŀƛŘ ǘƻǿƴ ǿƛǘƘ ǿŀǘŜǊΦ 9ŀǊƭƛŜǊΣ ƛƴ мттлΣ ǘƘŜǊŜ ǿŀǎ ŀƴ ŀŎǘ ΨŦƻǊ ōŜǘǘŜǊ ǎǳǇǇƭȅƛƴƎ 

ǘƘŜ Ŏƛǘȅ ƻŦ ²ƻǊŎŜǎǘŜǊ ŀƴŘ ǘƘŜ ƭƛōŜǊǘƛŜǎ ǘƘŜǊŜƻŦ ǿƛǘƘ ǿŀǘŜǊΩΦ .ŜǘǿŜŜƴ мулл ŀƴŘ муол ǾŀǊƛƻǳǎ 

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

Shrewsbury and Leek in 1827.  
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Acts of Parliament concerning water 

supplies to towns before 1770 
Acts of Parliament concerning water 

supplies to towns before 1800 

  
Acts of Parliament concerning water 

supplies to towns before 1830 
Acts of Parliament concerning water 

supplies to towns before 1850 
Figure 2.3: The locations of Acts of Parliament relating to the water supply to towns. Base mapping Crown 

Copyright Digimap licence 2018. Acts of parliament from the parliamentary archives catalogue 
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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 

Stoke-on-Trent 1847 

Derby 1848 

Bilston 1850 

Figure 2.4:  Acts of Parliament relating to water supply to towns in the West Midlands before 1850 

 

Historically, the northwest Midlands (Staffordshire, Cheshire, Shropshire and Derbyshire) has 

been highly dependent on groundwater, with the main contemporary sources of surface 

water used in the region being the Elan Valley in Wales and the River Severn, rather than 

local surface water. Hassan (1998), 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 Midlands and Home Counties), and river abstraction (most common in London and the 

southeast). The modern pattern of water sources roughly follows this pattern, however, 

water abstraction has become increasingly monitored and managed with the development 

of frameworks, 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 

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

(Drinking Water Inspectorate 2017). 95% 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 

ŘΩLƴŦƻǊƳŀǘƛƻƴ ǎǳǊ ƭΩ9ŀǳ нлмуύΦ {ƻǳǘƘ {ǘŀŦŦƻǊŘǎƘƛǊŜ ²ŀǘŜǊ ǎǘŀǘŜ ǘƘŀǘ ŀōƻǳǘ сл҈ ƻŦ ǘheir water 

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 third of the water comes from 

groundwater sources, most in the Midlands, but some in the Cotswolds and Derbyshire, and 

about two thirds from surface water (Severn Trent 2016).  

¢ƘŜ .ǊƛǘƛǎƘ DŜƻƭƻƎƛŎŀƭ {ƻŎƛŜǘȅ ŎƭŀǎǎƛŦƛŜǎ ŀǉǳƛŦŜǊǎ ŀǎ ΨŀǉǳƛŦŜǊǎ ǿƛǘƘ ǎƛƎƴƛŦƛŎŀƴǘ ƛƴǘŜǊƎǊŀnular 

ŦƭƻǿΩ ƻǊ ΨŀǉǳƛŦŜǊǎ ƛƴ ǿƘƛŎƘ Ŧƭƻǿ ƛǎ ǾƛǊǘǳŀƭƭȅ ŀƭƭ ǘƘǊƻǳƎƘ ŦǊŀŎǘǳǊŜǎ ŀƴŘ ƻǘƘŜǊ ŘƛǎŎƻƴǘƛƴǳƛǘƛŜǎΩΣ 

and then divides into those which are highly productive, moderately productive, or of low 

productivity. Approximately 22% of England and 1% of Wales is made up 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 are considered 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 national average. There are likely to be two main factors contributing to the higher than 

ŀǾŜǊŀƎŜ ǳǎŜ ƻŦ ƎǊƻǳƴŘǿŀǘŜǊΦ CƛǊǎǘΣ ǘƘŀǘ ǘƘŜ ƴŀǘƛƻƴŀƭ ǇƛŎǘǳǊŜ ƛǎ ǎƪŜǿŜŘ ōȅ Ƴŀƴȅ ƻŦ 9ƴƎƭŀƴŘΩǎ 

major cities being reliant on surface water, as much of Greater London lies on rock with 

essentially no groundwater, while Birmingham and Liverpool are reliant on surface water 

ōǊƻǳƎƘǘ ƛƴ ŦǊƻƳ ²ŀƭŜǎΣ ŀƴŘ aŀƴŎƘŜǎǘŜǊΩǎ ǿŀǘŜǊ ŎƻƳŜǎ ŦǊƻƳ ǘƘŜ tŜƴƴƛƴŜǎΦ {ŜŎƻƴŘΣ ƛǘ ƛǎ 

possible that the history of the region has shaped the modern water supply; because piped 

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

water supplies did develop, they similarly exploited groundwater sources as other 

commercially viable alternatives had been exploited by the growing cities of Birmingham, 

Liverpool and Manchester. Figure 2.5 shows water sources for different areas against a 

background aquifer map, illustrating moderately and highly productive aquifers; Stoke-on-

Trent is the blue dot within Staffordshire.  

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

of Stafford, later Duke of Sutherland, George Leveson-Gower. 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, with surviving 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 water continued to be used and new boreholes were sunk at the 

sites of the springs.  

 



32 
 

 
Figure 2.5: Sources of Water Supply (Ground or Surface Water). The dotted line shows the boundary of the modern 
ceremonial county of Staffordshire 

 

2.2 Drought  

drought drouth, n.  

1. a. The condition or quality of being dry; dryness, aridity, lack of moisture. archaic. 

    b. figurative 

2. spec. Dryness of the weather or climate; 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 weather. The exact definition of what conditions 

come together to produce a drought varies between place and people. Broadly, however, a 

drought is a water shortage caused by dry weather; a rainfall deficit relative to the normal 

rainfall in a region (Namias 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 on-set phenomenon caused by a lack of rainfall. 
Compounding factors, such as poverty and inappropriate land use, increase 
vulnerability to drought. 

(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 (Lloyd-Hughes 2014). This also relates to the difference between the 

terms drought and aridity, which are sometimes incorrectly used interchangeably (Heathcote 

2013). Aridity is long term dryness, a permanent climatic characteristic of an area relating to 

the amount of water normally available, whereas drought is short term dryness, a deviation 

from this climatic norm (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 

socio-economic (human factors and effects) (Heathcote 2013; Mishra and Singh 2010), 

although some authors omit socio-economic drought (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 be measured independently 

from their effect on people, by examining rainfall, river flow data or soil moisture 

measurements. The concept of socio-economic drought acknowledges the complex role of 

drought impacts and causation; it can be challenging to disentangle primarily human induced 

drought impacts from primarily weather induced impacts (Van 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 being relative 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 on little prior knowledge ς critical aspects in clear 

meaningful public communication (Rakedzon et al. 2017).  

2.2.1 Measuring Drought 

Droughts are normally measured according to their meteorological properties, using rainfall 

records. Meteorological data is used to produce indices, which allow droughts to be 

compared 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 rainfall data (McKee et al. 1993), Standardised Precipitation 
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Evapotranspiration Index (SPEI), which uses an SPI and potential evapotranspiration (PET) 

calculated using temperature (Vicente-Serrano et al. 2009), the Palmer Drought Severity 

Index (PDSI) which uses rainfall and surface air temperature (Palmer 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; Wells et al. 2004). These indices primarily quantify meteorological drought, 

but analysis across temporal scales (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 levels (Lennard et al. 2015). The severity of droughts 

can be categorised using these indices. For SPI, a SPI value of -1 to -1.49 is considered 

Moderate Drought, -1.5 to -1.99 is considered severe drought and -2 or less is considered 

Extreme Drought (McKee et al. 1993).   

Drought indices have been used to produce spatial representations of droughts (for example 

the Centre for Hydrology and EcoƭƻƎȅΩǎ ¦Y ŘǊƻǳƎƘǘ ǇƻǊǘŀƭΣ 

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. 2020b), 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 drought indices. Through analysis of a long rainfall series Lennard et 

al. (2015) found that the most severe meteorological droughts were not necessarily the worst 

droughts from the point of view of water resource management. Parson et al. (2019) 

concluded that SPEI6 is the best predictor of drought impacts on agriculture in the UK, but 

that the relationship between impacts and SPEI is complex and varies by region.  

Indices are also used for converting qualitative data into quantitative data (Brázdil et al. 

2018). Precipitation indices can be constructed from either proxy data such as harvest times 

(Labbé et al. 2019), or from non-instrumental weather records such as weather incidentally 

recorded in diaries (Adamson 2015). Indices are valuable for summarising and interpreting 

data. They allow non-instrumental weather data to be compared to the instrumental record 

for verification and validation (Brázdil et al. 2018). 

https://eip.ceh.ac.uk/apps/droughts/
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2.2.2 History of the word drought 
The word drought has had different meanings and connotations at different times and in 

different situations. As the Oxford English Dictionary entry quoted at the beginning of section 

2.2 demonstrates, the current sense normally refers specifically to weather conditions, a lack 

of rain. It has, however, also been used more generally as a synonym for dryness and 

figuratively to mean a lack of something, as well as historically as a synonym for thirst and to 

describe dry places.  

The earliest use of drought referring specifically to weather or climatic conditions (as 

ǊŜŎƻǊŘŜŘ ōȅ ǘƘŜ hȄŦƻǊŘ 9ƴƎƭƛǎƘ 5ƛŎǘƛƻƴŀǊȅύ ƛǎ ŦǊƻƳ ǘƘŜ ΨhǊƳǳƭǳƳΩ ό.ƻŘƭŜƛŀƴ [ƛōǊŀǊȅ a{ Wǳƴƛǳǎ 

1 (ed. Holt 1878)) a Middle English collection of homilies (religious discourse) from the 

thirteenth century.  

8625 CƻǊǊ ǈŀǘǘ ǘŜ ƭŀƴŘ ǿŀǎǎ ŘǊƛụụŜŘŘ ŀƭƭ  
8626 & scorrcnedd þurrh þe druhhþe.  

Because the land was all dried up 
And scorched because of the drought 

Bodleian Library MS Junius 1 (ed. Holt 1878) 

This occurrence of the word drought as 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 

refers to extreme weather in faraway lands (this example from the first printed book in the 

9ƴƎƭƛǎƘ ƭŀƴƎǳŀƎŜΣ wŀƻǳƭ [ŜCŜǾǊŜΩǎ Recuyell of the Historyes of Troye, translated by William 

Caxton).  

the londe of egipte was drye and not fertile but barayne. Busirie for to remedye 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 
Ǿƴǘƻ ƘŜƳ ƳŀƴƴŜǎ ōƭƻƻŘ Χ CƻǊ ǘƘŜǎŜ ƘƻƳȅǎƛdes & slaughter the droughte sessed not.  

(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 kingdom 
They consulted with the god, and received the answer that they must sacrifice human 
ōƭƻƻŘ ǘƻ ƘƛƳΧ ŘŜǎǇƛǘŜ ǘƘŜǎŜ ƘƻƳƛŎƛŘŜǎ ŀƴŘ ǎƭŀǳƎƘǘŜǊ ǘƘŜ ŘǊƻǳƎƘǘ ŘƛŘ ƴƻǘ ŎŜŀǎŜΦ  

In the UK today, droughts are often associated with foreign places, with recent and well 

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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Drought is also used as a general word for the condition of being dry. One of the most famous 

occurrences of the word drought is an example of its use as a synonym for dryness. The first 

ƭƛƴŜ ƻŦ /ƘŀǳŎŜǊΩǎ Canterbury Tales reads: 

Whan that Aprill, with his shoures soote 

The droghte of March hath perced to the roote    

(Chaucer fifteenth century: 2r) 

¢ƘŜ ǿƻǊŘ ΨŘǊƻǳƎƘǘΩ ƘŜǊŜ ƛǎ ƻŦǘŜƴ ƳƻŘŜǊƴƛǎŜŘ ŀǎ ŘǊƻǳƎƘǘΣ ōǳǘ ǇŜǊƘŀǇǎ ŀ ōŜǘǘŜǊ ƳƻŘŜǊƴƛǎŀǘƛƻƴ 

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 spring also appears iƴ ǘƘŜ ǇǊƻǾŜǊō ΨaŀǊŎƘ ǿƛƴŘǎ 

and April showers bring forth May flowers.Ω ! aŜǘŜƻǊƻƭƻƎƛŎŀƭ hŦŦƛŎŜ ōƭƻƎ (2019a) about the 

proverb notes that showers are common in April, since April is part of the transitional 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 word drought in popular media is in the sports 

ǎŜŎǘƛƻƴ ƻŦ ǘƘŜ ƴŜǿǎǇŀǇŜǊ ŀǎ ŀ ǎȅƴƻƴȅƳ ŦƻǊ ǎƘƻǊǘŀƎŜΣ ƴƻǊƳŀƭƭȅ ǊŜŦŜǊǊƛƴƎ ǘƻ ŀ Ŧƻƻǘōŀƭƭ ǘŜŀƳΩǎ 

lack of goals (Baker et al. 2017). Even more confusingly, drought is sometimes used as a 

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

news reported that:  

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

Scores of households in Telford, Shropshire, had no water supply after Severn Trent 
Water reported 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 word drought in these different contexts compounds confusion about what 

constitutes a drought in the UK. The wide ranging and varied use of the word drought today 

demonstrates that care must be taken when searching for the term in archive documents, 

since there are many potential different meanings aside from the scientific framing we often 

consider today.   
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2.2.3 Use of the word drought in the archive 
Before the mid-nineteenth century, the word drought is commonly used synonymously with 

dryness, as Chaucer used it in the prologue to his Canterbury Tales, even when referring to 

weather. When searching for information relating to past extremes of weather in the archive, 

therefore, the word drought can be unhelpful. For example, in September 1821, the following 

entries appear in the memoranda book of the Trentham Estate chief agent, William Lewis 

(SRO D593/L/2/2b) 

16th September:  a very wet day for Harvesting very close and warm. Grain growing 
very much. 
17th September: a very wet day warm & Growing. Grain very much grown and 
cannot be touched 
18th 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. 
19th September:  a Fine blowing and a great Drought much Grain has been carried 
to Day. I have examined a Great deal of Grain this day and a great quantity 
damaged. 

The use of the word drought here does not refer to a long-term rainfall deficit, but instead 

it appears to refer to an event lasting a single day, where as a result 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 word drought appears in historical 

documents not to assume that it is referring to an 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. Rohr (2007) 

identified four recurrent narrative motifs in descriptions of 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 identify common phrases and narrative motifs used when people 

describe significant periods of dry weather in the early modern and modern periods. These 

ƛƴŎƭǳŘŜΤ Ψƴƻǘ ŀ ŘǊƻǇ ƻŦ Ǌŀƛƴ Ƙŀǎ ŦŀƭƭŜƴ ǎƛƴŎŜΧΩΣ ΨǊŀƛƴ ƛǎ ǿŀƴǘŜŘΩ ŀƴŘ ΨǘƘŜ ƎǊŀǎǎ ƛǎ 

ǎŎƻǊŎƘŜŘκōǊƻǿƴΩΦ 

There are also occasions where the word drought is used in the modern scientific 

understanding of the word. For example, on the 16th September 1803, Thomas Birds wrote 

ƛƴ Ƙƛǎ ŘƛŀǊȅ ǘƘŀǘ ƛǘ ǿŀǎ Ψ! ŘŀǊƪ ŎƭƻǳŘȅ ŀŦǘŜǊƴƻƻƴΣ ŀǘ ƭŀǎǘ ōŜƎŀƴ ǘƻ Ǌŀƛƴ ŀ ƭƛǘǘƭŜ ŀŦǘŜǊ ǎƻ ǾŜǊȅ 

ƭƻƴƎ ŀ ŘǊƻǳƎƘǘΩ ό{wh 5мннфκпκсκфύΦ [ƻƻƪƛƴƎ ōŀŎƪ ŀǘ Ƙƛǎ ǇǊŜǾƛƻǳǎ ŜƴǘǊƛŜǎΣ ƘŜ ƻƴƭȅ ǊŜŎƻǊŘǎ ŀ 

few days of rain that summer, and it has been hot and dry since June, so the use of the word 

drought seems appropriate.  
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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 impacts and experience 

of drought (Veale et al. 2017b) or help us to reconstruct droughts (Linderholm and Molin 

2005; Zhang et al. 2013). Additionally, proxy evidence, such as harvest and ploughing 

evidence from medieval account rolls can be used to reconstruct drought severity and 

impacts (Stone 2014). Also important to our understanding of drought today, is the modern 

water supply system, and some work on droughts and water supplies has been undertaken 

using administrative records of water supply companies (van Lieshout 2016) or newspaper 

sources (Taylor et al. 2009; Waddington 2017).  

2.2.4 Alternative Sources for Drought Research  
As discussed in sections 2.1.2, there are a wide range of sources for exploration of historic 

weather and climate including: chronicles, published 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 paintings, and physical records, such as the hunger (drought) stones 

(Brázdil 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 Bowl was a drought related phenomenon which had a large cultural 

impact, which was portrayed in contemporary photographs. As seen in Figure 2.6, large 

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

land and equipment. The Dust Bowl drought had severe impacts on society and individuals, 

causing mass migration, and was in part driven by changes in land-cover caused by the 

settlement of the Great Plains (Hu et al. 2018; Porter 2013). There remains a high level of 

ŀǿŀǊŜƴŜǎǎ ƛƴ ǘƘŜ DǊŜŀǘ tƭŀƛƴǎ ǊŜƎƛƻƴ ŀōƻǳǘ ǘƘŜ Ψ5ǳǎǘ .ƻǿƭΩ ŀƴŘ ƛǘǎ ƛƳǇŀŎǘǎΣ ŀƭǘƘƻǳƎƘ tƻǊǘŜǊ 

(2013) has identified a diminishing awareness amongst younger generations. The Dust Bowl 

was photographed extensively, and the images have persisted in the public imagination. 
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Figure 2.6: Abandoned vehicles, buried by windblown sand. Photograph taken in May 1936 in Dallas, South Dakota 
(from Wikimedia commons, public domain image produced by the United States Department of Agriculture) 

 

Generally, droughts 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 litŜǊŀǘǳǊŜ ǎǳŎƘ ŀǎ ǘƘŜ Ψ¢ƘŜ DǊŀǇŜǎ ƻŦ ²ǊŀǘƘΩ ōȅ WƻƘƴ {ǘŜƛƴōŜŎƪ όмфофύΦ !ǎ DǳǘƘǊƛŜ 

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 dust bowl refugee.  

Woody Guthrie, Dust Bowl Refugee 

These songs, and books have had a lasting impact on literature and folk music (Sealey-Morris 

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 forms of records; 

similar experiences have been noted in the experiences of floods on the Mississippi river 

recalled through contemporary jazz music (McEwen et al. 2012). 
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Table 2.1: Lyrics from American Country songs relevant to the understanding of 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 
/ƘǊƛǎ ¸ƻǳƴƎ Ψ{ŀǾŜ ²ŀǘŜǊΣ 5Ǌƛƴƪ .ŜŜǊΩ όbŜƻƴΣ нлммύ 

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 weather-man complains 
But where I come from, rain is a good thing. 
[ǳƪŜ .Ǌȅŀƴ Ψwŀƛƴ ƛǎ ŀ DƻƻŘ ¢ƘƛƴƎΩ ό5ƻƛƴΩ Ƴȅ ǘƘƛƴƎΣ нллфύ 

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 
.ƭŀƪŜ {ƘŜƭǘƻƴ ΨDƻŘΩǎ /ƻǳƴǘǊȅΩ όDƻŘΩǎ /ƻǳƴǘǊȅΣ нлмфύ 

In America, particularly in agricultural communities, a memory of past drought events is 

preserved, and droughts remain an ever-present threat. In the UK, there is not the same 

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

Art can also show impacts and ideas about drought. Figure 2.7 is a colour etching by British 

artist Anthony Goss (1905-мфупύΣ ŜƴǘƛǘƭŜŘ Ψ5ǊƻǳƎƘǘΩΦ ¢ƘŜ ŜǘŎƘƛƴƎ ŀǇǇŜŀǊǎ ǘƻ ǎƘƻǿ Ƙƛƭƭǎ ƛƴ ǘƘŜ 

distance, and in the foreground straight lines, and curved lines 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 

villages (Cosgrove et al. 1996), the re-emŜǊƎŜƴŎŜ ƻŦ ǘƘŜǎŜ ΨŘǊƻǿƴŜŘ ǾƛƭƭŀƎŜǎΩ ŘǳǊƛƴƎ ŘǊƻǳƎƘǘǎ 

is one of the most visible aspects of droughts in the UK, and as such is often reported in 

newspapers (e.g. Bodkin 2018; Osborne 2018). Figure 2.8 is a photograph of the remains of 

Derwent Hall in Ladybower Reservoir, which re-emerges 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 oŦ ƳŀǊƪǎ ƻƴ ǎǘƻƴŜǎ ΨƘǳƴƎŜǊ ǎǘƻƴŜǎΩΣ ƻǊ ǇǊŜǎŜǊǾŀǘƛƻƴ ƻŦ 

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 evidence 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 buildings (Cooper et al. 2013; Wilson et 

al. 2013). 
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Figure 2.7Υ Ψ5ǊƻǳƎƘǘΩ /ƻƭƻǳǊ ŜǘŎƘƛƴƎ ōȅ .ǊƛǘƛǎƘ ŀǊǘƛǎǘ !ƴǘƘƻƴȅ Dƻǎǎ ό.ǊƛǘƛǎƘ aǳǎŜǳƳ мфсуΣмлмнΦмтΣ // .¸-NC-SA 
4.0) 

 
Figure 2.8: Remains of Derwent Hall at the bottom of Ladybower Reservoir, photograph sourced from 
geography.org.uk, taken by Graham Hogg in October 2018 and licensed under CC BY-SA 2.0 
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Other physical evidence of droughts comes in the form of stones with low water marks on 

ǘƘŜƳΣ ƪƴƻǿƴ ŀǎ ΨƘǳƴƎŜǊ ǎǘƻƴŜǎΩΦ Although not as common as flood marks, the best 

ŘƻŎǳƳŜƴǘŜŘ ƛǎ ŀ ǎǘƻƴŜ ŀǘ 5ŠőƝƴ όCƛƎǳǊŜ нΦ9 a and b), on the River Elbe in the Czech Republic. 

This stone has many dates carved into its faces, with the earliest readable date of 1616 

(visible on the right-hand side of Figure 2.9b). The dates and marks are on all sides of the 

ǎǘƻƴŜΦ ¢ƘŜ DŜǊƳŀƴ ǇƘǊŀǎŜ Ψ²Ŝƴƴ Řǳ ƳƛŎƘ ǎƛŜƘǎǘΣ Řŀƴƴ ǿŜƛƴŜΩ όǿƘŜƴ ȅƻǳ ǎŜŜ ƳŜΣ ǿŜŜǇύ 

appears (upside down) on the left side of Figure 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. 2011)Φ Lƴ ǘƘŜ ¦Y ǘƘŜ ƻƴƭȅ ΨƪƴƻǿƴΩ ǎǳŎƘ ƳŀǊƪ ŘƻŎǳƳŜƴǘƛƴƎ ŀ 

ΨŘǊƻǳƎƘǘΩ ƛǎ a weathered epigraphic marking ƻƴ {ƳŜŀǘƻƴΩǎ .ǊƛŘƎŜ ƛƴ tŜǊǘƘΣ ǿƘƛŎƘ readǎ ΨƭŜǾŜƭ 

ƻŦ ǘƘŜ ǊƛǾŜǊ ǳƴŘŜǊ ǘƘƛǎ ƳŀǊƪ ƛƴ муру ŀǎ мт ŦŜŜǘΩ. 

 

 
Figure 2.9 ŀ ŀƴŘ ōΥ 5ŠőƝƴ IǳƴƎŜǊ {ǘƻƴŜΣ ƻƴ ǘƘŜ ǊƛǾŜǊ 9ƭōŜΦ tƛŎǘǳǊŜǎ ōȅ Dr Bernd Gross, sourced through 
Wikimedia commons [CC BY-SA 3.0 de (https://creativecommons.org/licenses/by-sa/3.0/de/deed.en)] 

b) 

a) 

https://creativecommons.org/licenses/by-sa/3.0/de/deed.en
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Droughts and their impacts cannot normally be seen archaeologically, however in rare cases 

where waterlogged organic material survives dry weather and low water levels can be 

compared to past extremes. For example, at Loch Vaa in Scotland, archaeological 

investigations have dated waterlogged timber surviving in the lake very close to the surface 

(BBC News 17th October 2019). This wood was about 750 years old. Preserved waterlogged 

wood does not survive long when exposed to air, and material not have survived if the past 

lake level had been lower than the current one.  Dated waterlogged deposits, therefore, 

allow current water levels to be compared to past water levels.  

As discussed in section 2.1.3, place-names have been used to examine flood risk and past 

flood management. Just as words which signify wetness or flood risk can be found in minor 

place-names, so too can those signifying dryness (Field 1972), although whether they indicate 

drought vulnerability is uncertain (since no studies to date have explored this relationship).  

2.2.5 Research on historic drought impacts across Europe and beyond 
Over the last decade there has been increased recognition of the value of understanding past 

droughts (Sangster et al. 2018; Wilhite et al. 2014), with 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 (1090-2012) was produced by Brázdil et al. 

(2013), using augmented instrumental and documentary data (in the form of annals, 

chronicles, diaries, tax documents, religious materials, letters and printed material). For 

Hungary and Croatia, Kiss and Nikoliŏ (2015) used account books, charters and letters to 

investigate reported drought impacts between 1362 and 1507. These impacts included food 

shortages, transport problems and accounts of weakened military defence. Recent work on 

droughts in Germany has used the tambora.org database to reconstruct droughts since 1500 

(Erfurt et al. 2019). This analysis used town chronicles, annals, diaries and newspaper reports 

from the tambura.org database, coupled with government reports, annual harvest 

information and weather reports to examine societal responses since 1800. In addition to 

regional studies of droughts, there are events, such as the drought of 1540, which have been 

documented across central Europe. The 1540 drought had severe impacts for cattle farming, 

water mills, and water transport; despite good harvests, prices were high because water mills 

could not operate to process grain (Wetter et al. 2014). In the UK though the impact of this 

drought appears limited. 

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

European colonists (Nash et al. 2019). Droughts in southern Africa have been explored using 
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documentary data, such as newspapers, letters, reports and diaries. Multiple regions have 

been covered using a similar methodology, including; Malawi (Nash et al. 2018), south east 

Africa/KwaZulu-Natal (Nash et al. 2016), southern Kalahari (Nash and Endfield 2002; 2008), 

and Lesotho (Nash and Grab 2010).  

An international database (EDII and EDR) collects drought impacts in the modern era across 

Europe. It compiles text-based reports, from academic work, government reports, other 

reports and media and web pages (Stahl et al. 2016). This shows that for modern UK, Ireland 

and France, the most commonly reported impacts concern public water supply, whereas for 

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

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

Wilson et al. 2013) and reconstructed instrumental rainfall series (Briffa et al. 2009; Lennard 

et al. 2015; Todd et al. 2013). However, less has been written about historic drought impacts 

than drought reconstruction. The impacts of droughts in the UK have changed over time, as 

water supply systems and industries developed (Harvey-Fishenden et al. 2019). 

Contemporary droughts are little more than a minor inconvenience for the 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 early fourteenth 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, Brandon (1971), in his assessment of the agricultural significance of late-medieval 

weather in Sussex found that poor legume crops and poor pasture were often associated 

with droughts, particularly in the mid-fourteenth century. Waddington (2017) discussing the 

impact of droughts in the late-nineteenth 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 communities 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 disease during 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 potable water was 

historically an issue.  
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Taylor et al. (2009) investigated the relationship between drought and water supplies in 

England from 1893-2006, looking at the evolution of drought and water demand across this 

period. Similarly, some of the instrumental drought reconstructions in the UK have been 

specifically targeted at modelling potential impacts on water supplies. Spraggs et al. (2015) 

modelled reservoir levels for reservoirs before they were built (e.g. predicted levels for Alton 

Reservoir 1800-2010, even though it was only built in 1987). It is useful for water resource 

managers to understand how past droughts would have affected water levels in their 

reservoirs under modern conditions.  

Pearce (2013) explored perceptions of drought by using grounded theory to identify patterns 

ƛƴ ǿŀǘŜǊ ǳǎŜ ǊŜƭŜǾŀƴǘ ǘƻ ŘǊƻǳƎƘǘ ōŜƘŀǾƛƻǳǊΦ {ƘŜ ŜȄǇƭƻǊŜŘ ǇŜƻǇƭŜΩs memories of the summer 

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. Drought impacts in the UK were 

investigated by Van Lieshout (2016), 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. 

2.2.7 Drought 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 relatively small areas, the impact of 

droughts can vary greatly. Stone showed that in 1328, while winter-sown crops failed 

ΨŎƻƴǎƛǎǘŜƴǘƭȅ ŀƴŘ ŘǊŀƳŀǘƛŎŀƭƭȅΩ ƛƴ ǎƻƳŜ ŀǊŜŀǎΣ ŀǊŜŀǎ ƻƴƭȅ ŀōƻǳǘ нл ƳƛƭŜǎ όϤолƪƳύ ŀǿŀȅ ǎŀǿ 

average or above average yields (Stone 2014: 441ς2). Drought severity is not the only factor 

that could cause different impacts; Dobson (1997) 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 changed over time. In the keynote address at the 2017 

ǎȅƳǇƻǎƛǳƳ Ψ!ŘŀǇǘŀǘƛƻƴ ŀƴŘ wŜǎƛƭƛŜƴŎŜ ǘƻ 5ǊƻǳƎƘǘǎΥ IƛǎǘƻǊƛŎŀƭ tŜǊǎǇŜŎǘƛǾŜǎ ƛƴ 9ǳǊƻǇŜ ŀƴŘ 

.ŜȅƻƴŘΩΣ ƘŜƭŘ ƛƴ {ǘǊŀǎōƻǳǊƎΣ tŦƛǎǘŜǊ (2017) discussed increased vulnerability to drought in the 

modern world. He highlighted how energy production could be heavily affected by drought, 

with a lack of water for power-station cooling, less water for producing hydraulic energy and 

in periods of high pressure and low rainfall, less wind energy. Some effects of drought, such 

as poor 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 often significantly 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. 2019). Different crops favour different conditions at different times during 

their growing period (Pribyl 2017: 95) and as such, crops like barley are particularly 

vulnerable to failure during long dry spells (Pribyl 2017: 123).  

A spring drought might prevent germination of spring-sown crops and make the ground hard 

and difficult to plough, which might show in historic records as low yields and high ploughing 

expenses (Stone 2014: 437). In 1352, following a dry spring and early summer, the yields of 

barley and oats in the Bishopric of Winchester were only about half of the normal yield, and 

problems were reported with the germination of spring corn (Pribyl 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 effect on dairy farmers by allowing 

cattle to be turned out of their winter accommodation earlier, and thereby saving on feed. 

Very dry springs, however, would have a negative impact by reducing the quantity of grass 

available for immediate grazing and for producing silage or hay later in the year (Parsons et 

al. 2019).  

A summer drought could have negative or positive effects on arable farming but have 

historically, generally had a negative impact on livestock (Overton 1996). It has been 

suggested that the most abundant harvests are associated with dry summers (Titow 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 be made to ploughs broken due to hard ground during summer ploughing (Pribyl 2017: 

97). For livestock farming, summer droughts could have long lasting consequences, since 

ƎǊŀǎǎ ǘƘŀǘ ǿŀǎ ΨǎŎƻǊŎƘŜŘΩ ǿƻǳƭŘ ǊŜǎǳƭǘ ƛƴ ŀ ǇƻƻǊ Ƙŀȅ ƘŀǊǾŜǎǘ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ƭƛǘǘƭŜ ƻǊ ƴƻ stored 

overwinter fodder (Pribyl 2017: 12; Stone 2014: 239). Winter 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 obliged to feed supplementary fodder intended for 

winter use to compensate for the lack of grass (Natural England 2018). The lack of grass 

during the summer, and afterwards, could cause a low milk yield, as well as restricted growth. 

Evidence of low milk yield can be seen in medieval account rolls when the sales of dairy 

produce were smaller than normal following a dry summer (Titow 1960).  
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Analysis by Parsons et al. (2019) of droughts in the UK from 1975 onwards found that there 

was a higher probability of reported impacts of drought in the summer than in the winter for 

the same value on a six-month SPEI (Parsons et al. 2019). They suggest that this may be 

because SPEI is calculated using the six months preceding the reports in the summer. This 

six-month period includes the growth phase for most 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 impacts. In terms of 

vulnerability to drought in Staffordshire across the year, Parsons et al. (2019) examined 

agricultural impacts of drought and concluded that the West Midlands was vulnerable only 

during severe droughts.  

Human health can be adversely affected by drought. Pribyl (2017) has shown that outbreaks 

of plague predominantly coincide with hot 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 water during droughts, but in Britain droughts are 

traditionally thought of as unhealthy and to foreshadow epidemics (Dobson 1997: 25). During 

the nineteenth century many of the cholera outbreaks across the UK occurred during 

droughts (Sigsworth 1991; Waddington 2017).  

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 modern towns (Morgan 

2016). A series of fires coinciding with hot dry summers are recorded in London, most notably 

1212 (Stone 2014: 437) and the famous fire of 1666. Fires also occurred outside London, with 

recorded examples across the country (Morgan 2016). One of the drivers behind the creation 

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

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

Problems with travel, either by road or water, because of drought could occur at any time of 

year, but are more likely in the summer. If rivers or streams were short of water, this might 

render navigable rivers too low for navigation (Stone 2014), or cause shortages for canal 

navigations (Harvey-Fishenden et al. 2019). Once 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 seen in Figure 2.2 before the advent of 

tarmacked roads, dry weather could also cause significant dust problems hindering travel.  
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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 needed to be dry 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 collected 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 feeding. Winter 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 evaporation (Marsh et al. 2007).  

2.2.8 Drought during the project 
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 weather that have had impacts on 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 normal for 9 

ƳƻƴǘƘǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ /ŜƴǘǊŜ ŦƻǊ 9ŎƻƭƻƎȅ ŀƴŘ IȅŘǊƻƭƻƎȅΩǎ ƳƻƴǘƘƭȅ ƘȅŘǊƻƭƻƎƛŎŀƭ ƻǳǘƭƻƻƪ 

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 months were 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 2016-7 and Spring 2017 were noticeably dry in Staffordshire, with below normal 

water levels for much of this period in the Rivers Trent and Severn. The Guardian newspaper 

ran an article about calls for a pipeline to bring water from the north of the UK to the south 

to address shortages of water for agriculture following the driest winter for twenty years in 

some parts of the country (Barkham 2017).  
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Table 2.2: Rainfall and river conditions in the Midlands during this project (derived from CEH hydrological 
outlook reports) 

Month Rainfall in Midlands  River Flows  

Trent Severn 

October 2016  ω Dry ω Normal ω Below normal  (Hannaford et al. 2016) 

November 2016 ω Normal ω Normal ω Normal (Parry et al. 2016) 

December 2016 ω Dry ω Exceptionally low ω Notably low (Muchan et al. 2017d) 

January 2017 ω Normal ω Below normal ω Notably low  (Hannaford et al. 2017a) 

February 2017 ω Normal ω Normal ω Normal (Parry et al. 2017a) 

March 2017 ω Wet ω Above normal  ω Above normal  (Hannaford et al. 2017b) 

April 2017 ω Dry ω Below normal  ω Below normal (Parry et al. 2017b) 

May 2017 ω West dry, east normal ω Below normal   ω Notably low (Muchan et al. 2017b) 

June 2017 ω Normal ω Normal ω Normal (Barker et al. 2017a) 

July 2017 ω Wet ω Normal ω Below Normal (Hannaford et al. 2017c) 

August 2017 ω Normal ω Normal ω Normal (Parry et al. 2017c) 

September 2017 ω Wet ω Normal ω Above normal (Muchan et al. 2017c) 

October 2017 ω Dry ω Normal ω Normal (Barker et al. 2017b) 

November 2017 ω Dry ω Below normal ω Normal (Muchan et al. 2017a) 

December 2017 ω Slightly wet ω Normal ω Normal (Hannaford et al. 2018a) 

January 2018 ω Normal ω Normal ω Above normal (Barker et al. 2018b) 

February 2018 ω Dry ω Normal ω Normal (Parry et al. 2018c) 

March 2018 ω Very wet ω Above normal ω Notably high (Turner et al. 2018a) 

April 2018 ω Wet ω 9ȄŎŜǇǘƛƻƴŀƭƭȅ ƘƛƎƘ ω 9ȄŎŜǇǘƛƻƴŀƭƭȅ ƘƛƎƘ (Sefton et al. 2018) 

May 2018 ω Normal/wet ω Above normal ω Normal (Muchan et al. 2018a) 

June 2018 ω Dry ω Below normal ω Normal (Parry et al. 2018b) 

July 2018 ω Very dry ω Notably low ω Notably low (Barker et al. 2018a) 

August 2018 ω Normal (slightly dry) ω Below normal ω Below normal (Hannaford et al. 2018b) 

September 2018 ω West wet, east dry ω Normal ω Normal (Parry et al. 2018a) 

October 2018 ω Dry ω Below normal ω Normal (Muchan et al. 2018b) 

November 2018 ω Dry ω Notably low ω Below normal (Turner et al. 2018b) 

December 2018 ω Slightly wet ω Normal ω Above normal (Barker et al. 2019b) 

January 2019 ω Dry ω Exceptionally low ω Exceptionally low (Hannaford et al. 2019c) 

February 2019 ω Dry ω Below normal ω Normal (Sefton et al. 2019a) 

March 2019 ω Normal/wet ω Above normal ω Notably high (Turner et al. 2019) 

April 2019 ω Dry ω Below normal ω Normal (Muchan et al. 2019) 

May 2019 ω Dry ω Notably low ω Normal (Barker et al. 2019a) 

June 2019 ω Very wet ω Notably high ω 9ȄŎŜǇǘƛƻƴŀƭƭȅ ƘƛƎƘ (Hannaford et al. 2019b) 

July 2019 ω Centre wet, edges dry ω Above normal ω Normal (Parry et al. 2019) 

August 2019 ω Normal, slight wet ω 9ȄŎŜǇǘƛƻƴŀƭƭȅ ƘƛƎƘ ω Above normal (Hannaford et al. 2019a) 

September 2019 ω Wet ω Above normal ω Normal (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 2018). This covered problems with wildfire, failure to 

establish catch crops and the need to cut hay earlier than agreed. There were also reports in 

newspapers about the risk of fires to 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). In section 2.2.2, there was an example of a BBC 

bŜǿǎ ǊŜǇƻǊǘ ŎƻƴŦƭŀǘƛƴƎ ǘƘŜ ǘŜǊƳǎ ΨŘǊƻǳƎƘǘΩ ŀƴŘ ΨǿŀǘŜǊ ǎƘƻǊǘŀƎŜΩΦ ¢Ƙƛǎ ǿŀǎ ƴƻǘ ŀ ƻƴŜ-off 

phenomenon. In July 2018 there was a BBC News article with the headline Ψά¢ǳǊƴ ǘƘŜ ǘŀǇǎ 

offέ ǘƻ ǎǘƻǇ ŘǊƻǳƎƘǘΣ ²ŜƭǎƘ ²ŀǘŜǊ ǇƭŜŀŘǎΩ (BBC News 20 July 2018). This article asks 

consumers to save water by turning the taps off and making sure appliances such as washing 

machines are operated with a full load; turning taps 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 

ΨŘǊƻǳƎƘǘΩ ǘƘŜ ŀǊǘƛŎƭŜ ǎƘƻǳƭŘ ƘŀǾŜ ǎŀƛŘ ΨŘǊƻǳƎƘǘ ƛƳǇŀŎǘǎΩ ƻǊ ΨǿŀǘŜǊ ǎƘƻǊǘŀƎŜǎΩΦ  

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

reports about brown grass (BBC News 23rd July 2018), soil moisture deficits όΨ!ǊŎƘŀŜƻƭƻƎƛǎǘǎ 

dust off their tools after ǊŀƛƴǎΩΣ .Ǌƻǿƴ нлмуōύ and subsidence of houses built on clay (Brown 

2018a).  

 

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

thesis. It will cover issues such as the use of volunteers in academic 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 literature review.  

2.3.1 Academics, volunteers and research 
¢ƘŜ ŘƛǎǘƛƴŎǘƛƻƴ ōŜǘǿŜŜƴ ΨŀƳŀǘŜǳǊΩ ŀƴŘ ΨǇǊƻŦŜǎǎƛƻƴŀƭΩ ǊŜǎŜŀǊŎƘŜǊǎ Ƙŀǎ ŘŜǾŜƭƻǇŜŘ ƻǾŜǊ ǘƛƳŜ. 

As Louv (2012) Ǉƻƛƴǘǎ ƻǳǘ ƛƴ ǘƘŜ ŦƻǊŜǿƻǊŘ ǘƻ ǘƘŜ ōƻƻƪ Ψ/ƛǘƛȊŜƴ {ŎƛŜƴŎŜΥ tǳōƭƛŎ tŀǊǘƛŎƛǇŀǘƛƻƴ 

ƛƴ 9ƴǾƛǊƻƴƳŜƴǘŀƭ wŜǎŜŀǊŎƘΩΣ ǘƘŜǊŜ ǿŀǎ ŀ ǘƛƳŜ ǿƘŜƴ ŦŜǿ ǇŜƻǇƭŜ ǿƻǳƭŘ ƘŀǾŜ ōŜŜƴ Ŧǳƭƭ ǘƛƳŜ 

ǊŜǎŜŀǊŎƘŜǊǎΣ ŀƴŘ ǘƘŜ ƴƻǊƳ ǿŀǎ ŦƻǊ ǊŜǎŜŀǊŎƘ ǘƻ ōŜ ΨŀƳŀǘŜǳǊΩΣ ŦƻǊ ǘƘŜ ƭƻǾŜ ƻŦ ƛǘ (Louv et al. 

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 first secretary of the Society of 

Antiquities and a part-time archaeologist, writing on seismology, palaeontology and garden 

design (Smith 2013). The first historians, archaeologists, meteorologist, ornithologists were 

generally polymath hobbyists. The roots of this 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 

ƛƴ муууύΣ ǿƻƳŜƴΩǎ ŜŘǳŎŀǘƛƻƴ ǿŀǎ ǇǊƻƳƻǘŜŘ ŀƴŘ ΨǊŜŘ ōǊƛŎƪΩ ǳƴƛǾŜǊǎƛǘƛŜǎ created (Goldman 

1995; Hamilton and Schroeder 2007). The 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 geography have questioned and deconstructed barriers 

between the researcher and the researched, to allow collaboration and co-creation of 

knowledge (Wynne-Jones et al. 2015). Volunteers participate in research as collaborative 

researchers or the subject of the research, 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. Volunteers can bring both enthusiasm and experience. Another common 

reason to undertake research with the help of volunteers is that they can reduce costs 

(Williams et al. 2018), or make possible projects which would otherwise be unfeasible 

because of the number of hours of work required.  

2.3.1.1 Wildlife 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 wildlife (Pescott et al. 2019). In 

the UK there is a long history of voluntary biodiversity distribution and abundance data 

collection, with origins in the private collections of the aristocracy in the eighteenth century 

and the learned societies of the nineteenth century (Lawrence and Turnhout 2010). Through 

the work of a network of volunteers the Botanical Society of Britain and Ireland have 

produced atlases that show the changes in distribution of plant species (native and non-

native) since that mid-nineteenth century (Pescott 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; monitoring bird 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 possible by a network of volunteers. Working 

with volunteers helps to overcome access issues and spatial challenges; for example, when 

investigating species which primarily reside in urban areas and gardens, which researchers 

cannot easily access, but which can be easily surveyed with resident participation (Williams 

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 able to 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 conservation (Smith et al. 
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2018; Williams et al. 2018). A study by Smith et al. on the impact of volunteering in UK zoos 

and aquariums as self-reported by the volunteers, found an increased connection with 

nature as one of the reported positive well-being outcomes of 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 with 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 plant monitoring system for the UK were resistant to new techniques, 

ŀƴŘ ǘƘŀǘ ƳƻǊŜ ǎǘǊǳŎǘǳǊŜŘ ǎȅǎǘŜƳǎ Ƴŀȅ ƴƻǘ ǎǳƛǘ ǾƻƭǳƴǘŜŜǊǎΩ ǿŀȅ ƻŦ ǿƻǊƪƛƴƎ (Pescott et al. 

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). Some of the benefits of participation for the volunteers included 

enjoyment, confidence building, renewal of interests and feelings of validation. The barriers 

to participation they identified was a perceived lack of time.  

2.3.1.2 Heritage volunteers  

Volunteers are an important part of the day-to-day running of museums and archives, and of 

making collections accessible to the public (Capper and Scully 2016). In addition to working 

in museums and archives, volunteers also do research in the field alongside archaeologists. 

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, or with academic 

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 question driven and 

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 these researchers (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 understanding of heritage by public and 

ǇǊƻŦŜǎǎƛƻƴŀƭǎΣ ŀƴŘ ǘƻ ƎŜƴŜǊŀǘŜ ŀƴŘ ōǳƛƭŘ ƻƴ ŀ ŎƻƳƳǳƴƛǘȅΩǎ ǾŀƭǳŜǎ (Simpson 2008). This ties 

in with the findings of Coen et al. (2017) who used focus group discussions with participants 

in community archaeology projects in Manchester to 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 history and heritage. Similar group and identity forming experiences 

were noted by Phillips et al. (2019) as experienced by volunteers on environmental citizen 

science projects in the United States. Smith et al (2018) also identified increased community 

values as a result of volunteering in the context of zoos and aquariums.  

Participatory projects can grow out of regular volunteering in museums and archives. For 

example, the Potteries museum in Stoke-on-Trent, have included volunteers in the process 

of displaying and interpretation of objects to the general public (Capper 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 engage with the 

museum objects (notably the Staffordshire Hoard). This is particularly important within the 

context of Stoke-on-Trent, which is generally a socio-economically deprived area, but which 

has a history of skilled pottery manufacture, and a strong regional 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 growing practice of participatory 

research; projects involving archives, volunteers ŀƴŘ ǇǳōƭƛŎ ƻǳǘǊŜŀŎƘΣ ǿƛǘƘ ΨǎƛƳǳƭǘŀƴŜƻǳǎ 

ŜŦŦƻǊǘ ŀƭƻƴƎ ƳǳƭǘƛǇƭŜ ŀǾŜƴǳŜǎΩ (DeLyser 2014). These projects are aware and self-critical 

about the potential ethical considerations of working alongside volunteers, exploring 

relationships between the researcher and participants, and fostering collaboration and co-

creation of knowledge (Wynne-Jones et al. 2015). 

2.3.1.3 Weather data, online citizen science and crowd sourcing  

Much of the earliest weather data is recorded by amateur meteorologists (Endfield 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 Lamb (Endfield et al. 2015). Recently, volunteers have 

been used by 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 years 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 (1883-1904). More than 3000 volunteers participated, and digitised 

close to two million records in 10 weeks (Burt and Hawkins 2019). The resulting data has 

been published in Geoscience Data Journal (Hawkins et al. 2019)Φ {ƛƳƛƭŀǊƭȅΣ ǘƘŜ ΨhƭŘ ²ŜŀǘƘŜǊΩ 

ŀƴŘ Ψ²ŜŀǘƘŜǊ 5ŜǘŜŎǘƛǾŜΩ ǇǊƻƧŜŎǘǎ have worked with 20,000 volunteers to read and extract 

weather records from over a million pages of handwritten ships logbooks (Allan et al. 2016). 

With published material that is no longer in copyright, online transcription by volunteers is 

an ideal method of digitisation. By requiring each section to be transcribed identically by two 

or more volunteers, mistakes can be identified and rectified, and the pages for transcription 

can easily be made available online. This would not be the case with many archive 

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 interpretation-informing positive aspects of volunteering 

are unlikely to be replicated online.  

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

professional research area. Guggenheim (2006) argued (in the context 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 and social sciences (Culwick 

and Patel 2016). Issues such as flooding and drought have meteorological, hydrological and 

socio-economic causes (van Loon et al. 2016b), and as such need to be approached in a 

multifaceted interdisciplinary or transdisciplinary way.  

2.3.3 Action Research and Knowledge Exchange  
Action research is collaborative research by doing, an iterative process of problem solving, 

where the learning is an integral part of the research. Previous projects have applied action 

research methodologies to research at the hydrology/humanities divide. For example, action 

research was used by Walker (2016) while imbedded within a local catchment partnership to 

fulfil the dual aims of identifying drivers and barriers to delivery of the Catchment Based 

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

Knowledge Exchange is a two-way sharing of ideas, evidence, experience and skills between 

researchers and research users. Knowledge exchange is a particularly useful tool in disaster 

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 



55 
 

is relevant in any circumstances where the research is potentially 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) faced the questions 

from peer reviewers on an article written as part of an interdisciplinary project with 

ecologists about whether how the experiences of local residents could be considered 

ΨƪƴƻǿƭŜŘƎŜΩΦ  In this context Ye had carried out interviews with local people to address a 

shortage of available weather data and found some results which were consistent across 

interviewees but not wholly consistent with the available scientific data. This is indicative of 

the problems of working with qualitative data, and the general tendency towards privileging 

quantitative data over qualitative (Harvey-Fishenden and Macdonald 2021).   

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

coverage of long rainfall series is uneven across the country, but generally lacking for the 

Midlands. Severe and extreme droughts are particularly poorly captured by short 

instrumental records (Lennard et al. 2015). Against a background of increased recognition of 

the utility of past drought knowledge (Sangster et al. 2018; Wilhite et al. 2014), it is worth 

investigating what source material there might be to investigate droughts in a county where 

the impacts of droughts have not been heavily investigated.  

Greater understanding of past droughts and water supply practices in Staffordshire, may help 

understand past societal vulnerability and adaptability (Sangster et al. 2018), and the historic 

records themselves may have 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 

vulnerability (Bankoff 2003: 12) and that the individual and community vulnerability is as 

important as the relative magnitude of hazards (McEwen and Werritty 2007: 78). This 

research connects with recent calls (Pfister 2009) within the environmental history discipline 

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 the extreme. As 

Sangster et al. (2018: тоύ ƴƻǘŜ ǿŜ ƴŜŜŘ ǘƻ ŎƻƴǎƛŘŜǊ Ƙƻǿ Ψdaily practices have shaped societal 

vulnerability, with actions both increasing and decreasing overall vulnerability and 

ƛƴŦƭǳŜƴŎƛƴƎ ŀŘŀǇǘŀōƛƭƛǘȅΩΦ  
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 Methods 
 

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

ŦƻǊƳǎ ƻƴŜ ǇŀǊǘ ƻŦ ǘƘŜ ΨIƛǎǘƻǊƛŎ CƭƻƻŘing ŀƴŘ 5ǊƻǳƎƘǘ ƛƴ {ǘŀŦŦƻǊŘǎƘƛǊŜΩ ǇǊƻƧŜŎǘΣ ŦǳƴŘŜŘ ōȅ ǘƘŜ 

Arts and Humanities Research Council as two collaborative doctoral studentship awards 

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

ŘŜǾŜƭƻǇŜŘ ƻǳǘ ƻŦ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ŦƻǊƳŜŘ ŘǳǊƛƴƎ ǘƘŜ Ψ²ŜŀǘƘŜǊ 9ȄǘǊŜƳŜǎΩ ǇǊƻƧŜŎǘΣ ǿƘƛŎƘ ǿƻǊƪŜŘ 

with many record offices around the UK, and created the TEMPEST database (Veale et al. 

2017b).  

¢ƘŜǊŜ ǿŜǊŜ ǘǿƻ Ƴŀƛƴ ŀƛƳǎ ƻŦ ǘƘŜ ΨIƛǎǘƻǊƛŎ CƭƻƻŘing ŀƴŘ 5ǊƻǳƎƘǘ ƛƴ {ǘŀŦŦƻǊŘǎƘƛǊŜΩ ǇǊƻƧŜŎǘΦ 

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 and the impact on water supplies. Second, the SRO wanted 

to make their collections more accessible to a non-traditional user base and had identified 

collections that could be used for environmental history. In addition, public engagement was 

at the centre of the original project proposal. The Revisiting Collections Toolkit (MLA and 

Collections Trust 2009) was suggested as an appropriate model to base a project focused on 

opening the archive collections to new and different users upon. The toolkit provides 

guidance 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 would be and what 

the records could be used for. This may not represent the diverse community served by the 

archive, and may not cater to some fields of research, for example environmental history 

(Veale et al. 2017a).   

Like many archive services, the improvement of the SRO catalogue is ongoing. The online 

catalogue was launched in 2002, after a two-year project which digitised thirty percent of the 

paper catalogue. At the present time, through continued work, nearly ninety percent of the 

paper catalogue 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 priority. In most 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 for before they travel to the 

archive in person.  

The SRO has longstanding volunteer groups, some working on cataloguing and document 

ŎƻƴǎŜǊǾŀǘƛƻƴ ǇǊƻƧŜŎǘǎ ŀƴŘ ǎƻƳŜ ƻƴ ǇǊƻƧŜŎǘǎ ƭƛƪŜ ǘƘŜ ΨIƛǎǘƻǊƛŎ CƭƻƻŘing and Drought in 

{ǘŀŦŦƻǊŘǎƘƛǊŜΩ tǊƻƧŜŎǘ ƛƴǾƻƭǾƛƴƎ ŎƻƭƭŀōƻǊŀǘion between the SRO and external partners, 

particularly universities. The annual report produced by the archive service for 2016/17 lists 

the names of 124 volunteers, many of whom were involved in more than one project 

(Staffordshire & Stoke on Trent Archive Service 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 evidence to substantiate historical commentary (Huistra et 

al. 2013), can be used to reassess or revise the work of predecessors (Eskildsen 2013) and 

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

goes beyond the received political story.  

The methodology for using archive material and assessing its usefulness has been defined by 

historians; historians have traditionally analysed the context and reliability of documentary 

material. Other disciplines using historical documents tend to model their decision-making 

processes on their methods (Brázdil et al. 2010). There are important factors to consider 

when examining historical records, many of which are relevant when considering information 

about weather and its impacts. Positionality of the author regarding the events being 

described can be an important consideration; in the case of weather records or 

environmental records, it is particularly relevant to consider the purpose of the record and if 

the authors have a vested interest in downplaying or exaggerating events (Bell and Ogilvie 

1978). Another consideration is the proximity of the author to the events described. This is 

particularly relevant with weather records, where there is significant capacity for errors in 

magnitude and dating if they are reported using second-hand 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. This involved 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 consulted. The 

most promising material from Staffordshire included: diaries and letters relating to weather; 

papers relating to estate management; material relating to canal construction and 

management; assorted material relating to water supply; and digitised newspapers.  

This project has used multiple archives including the 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 Past website (http://www.archives.staffordshire.gov.uk/CalmView/), 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, although the SRO does 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.  

Archivists in 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 actions (Gauld 2015; Jenkinson 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 archives and their availability for study has been shaped by a 

http://www.archives.staffordshire.gov.uk/CalmView/
https://discovery.nationalarchives.gov.uk/
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succession of archivists. The contents of archives are curated, and has traditional favoured 

ƭŀǊƎŜ ƛƴǎǘƛǘǳǘƛƻƴǎ ŀƴŘ ΨƛƳǇƻǊǘŀƴǘΩ ƛƴŘƛǾƛŘǳŀƭǎΣ ǇǊƛǾƛƭŜƎƛƴƎ ǘƘŜ ǇǊƛǾƛƭŜƎŜŘ (Gauld 2015). For this 

reason, it can be desirable to look at the archive from a different perspective, working with 

the communities to which the archive relates (MLA and Collections Trust 2009). There are 

debates amongst archivists about how to cater to and prioritise collections for different 

users, such as academics and genealogists (Gauld 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 

Calmview looks different and uses different search methods compared to the CALM software 

the archivists use to catalogue and search for records. At the SRO there are three ways of 

ƛƴǘŜǊŀŎǘƛƴƎ ǿƛǘƘ ǘƘŜ ŎŀǘŀƭƻƎǳŜΥ ƻƴ ǇŀǇŜǊΣ ǘƘŜ ǇǳōƭƛŎ ƻƴƭƛƴŜ ŎŀǘŀƭƻƎǳŜΣ ŀƴŘ ǘƘŜ ŀǊŎƘƛǾƛǎǘǎΩ 

digital catalogue. As at the SRO it is likely that the digital catalogue is in 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 person interacts with archives is also dependent on the level of access given; 

archive staff who visit the strong-rooms and handle large numbers of documents will have a 

different relationship to the material than a reader working in the reading room who is 

bought 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 quickly without impeding 

the day-to-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 was interested 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 toolkit aims to 

address the changing use of archives, by collecting different perspectives on archive 

collections and democratising the archive (MLA and Collections Trust 2009). The toolkit 

acknowledges that cataloguing is extremely important for facilitating access to the 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 users. Through the methodology 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 editing the 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 Thesaurus, UKAT, https://www.vocabularyserver.com/ukat/index.php). Using a set 

ǊŀƴƎŜ ƻŦ ǘŜǊƳǎ ǇǊŜǾŜƴǘǎΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ ǘŜǊƳǎ ΨŦƭƻƻŘΩ ΨŦƭƻƻŘǎΩ ŀƴŘ ΨŦƭƻƻŘƛƴƎΩ ōŜƛƴƎ ǳǎŜŘ 

interchangeably, which could be problematic when searching the catalogue. The restricted 

number of terms can, however, 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 would make 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 way of interacting 

with the documents. 

 

3.2 Working with volunteers  

As previously discussed in Chapter 2 (section 2.3.1), volunteers have a long history of 

participation in academic research in the historical, environmental and geographic 

disciplines. As part of this project, a volunteer project was run at the Staffordshire Record 

Office, which combined catalogue improvement with data collection inspired by the 

ΨǊŜǾƛǎƛǘƛƴƎ ŎƻƭƭŜŎǘƛƻƴǎ ǘƻƻƭƪƛǘΩΦ  

3.2.1 Background  

The Learning and Resource Centre at the SRO hosts 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 are involved in multiple projects.  

Collecting weather data is a labour-intensive 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 project (Hawkins et al. 2019) (see section 

https://www.vocabularyserver.com/ukat/index.php
http://www.oldweather.org/
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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 and read remotely by volunteers. They have therefore focused 

on instrumental data recorded in columns and rows (see Figure 3.1) rather than documents 

of a qualitative nature. Some documents lend themselves to working remotely, some to 

looking at in person. For example, long diary entries where not every page might contain 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 remotely. Most of the 

records we worked with were best suited to working with in person.  

 
Figure 3.1 Scottish Meteorological Society record of weather observations made at Stornaway in January 1881 

 

3.2.2 Volunteer Recruitment  

In order to recruit volunteers, an advertisement was placed in the Staffordshire Record Office 

newsletter and also shared on twitter by the project account and by the SRO (Figure 3.2). The 

archivists also advertised the project to people enquiring about volunteer projects. Eight 

ǾƻƭǳƴǘŜŜǊǎ ǿƻǊƪŜŘ ƻƴ ǘƘŜ ǿŜŀǘƘŜǊ ǊŜŎƻǊŘǎ ǇŀǊǘ ƻŦ ǘƘŜ ΨIƛǎǘƻǊƛŎ CƭƻƻŘing ŀƴŘ 5ǊƻǳƎƘǘΩ 

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, who had worked 

on several projects before starting on this one. These 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 volunteering with the SRO for 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 by the archivists. Studies of volunteer 
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engagement have identified different types of volunteers, ŦƻǊ ŜȄŀƳǇƭŜ Ψalready-engagedΩ 

(actively involved), Ψpreviously-ǳƴŜƴƎŀƎŜŘΩ όƴŜǾŜǊ ǳƴŘŜǊǘŀƪŜƴ ŀƴȅ ǎƛƳƛƭŀǊ ǿƻǊƪύΣ ΨŎŀǎǳŀƭƭȅ-

ŜƴƎŀƎŜŘΩ (some previous involvement) (Everett and Geoghegan 2016). The volunteers 

working on this project as a group might be described as Ψalready-ŜƴƎŀƎŜŘΩ ƻǊ Ψcasually-

ŜƴƎŀƎŜŘΩ in heritage volunteering.  When we discussed motivations with the group during 

the sessions, the volunteers said that they 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 volunteers all brought their own skills and experience to the project. Among the 

volunteers was an experienced typist and a keen photographer interested in digitisation. In 

addition, they all had their own historical and literary interests. Geoghegan (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 volunteering. At the SRO, volunteers make 

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

conservation tasks and cataloguing, as well as engaging with externally funded projects.  

 
Figure 3.2: Advertisement 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 events (Brunt 2015; Hoskins 1968; Titow 1960), and there 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 and/or language skills to 

understand and therefore are not ideal for using with volunteers. 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 volunteers. The intention with the volunteer project was for it to be open 

to all, regardless of past experience and skill level. Parish registers for Staffordshire are 

available online, which could be used to look at mortality, however the interpretation of 

parish records can be complicated, which again is not ideal for a volunteer project. It is 

important that the volunteers enjoy their work and find it rewarding, therefore documents 

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

Another potential option was to explore the 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 narratives, parish 

registers, diaries, chronicles, letters and sermons (Endfield and Veale 2018b; Jankovic 2000; 

Veale et al. 2017b). The TEMPEST database brings together a variety of different documents 

from archives across the UK, some of these sources have been published, for example ΨThe 

weather journals of a Rutland squireΩ (Kington 1988). At the SRO, it was possible to identify 

diaries which cover long periods of time, and some shorter diaries that help fill in gaps, and 

a large number of letters. The SRO had 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 century documents are relatively easy to read. From 

the late-seventeenth century onwards more people, such as merchants, began to need to 

keep detailed written records, rather than just professional clerks and scribes. Scripts, 

therefore, become more utilitarian and readable 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 used during the volunteer project arrived at the SRO through various routes. One 

of the main diary sources were the 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 connection to 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 married into 
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the Lane family in 1864. The Vincent family lived at Lily Hill near Bracknell in Berkshire, which 

IŜǊǾŜȅ ŘƻŜǎ ǊŜŎƻǊŘ ǾƛǎƛǘƛƴƎ ƛƴ ƘŜǊ ŘƛŀǊƛŜǎΤ ²ƛƭƭƛŀƳ IŜǊǾŜȅΩǎ ǿƛŦŜ !ƴƴŀōŜƭƭŀ tǊƛƳǊƻǎŜΩǎ ƳƻǘƘŜǊ 

was a Vincent. Hervey owned a house at Acton, in modern Greater London, 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 descriptions 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 incidental weather recording.  

Another major diary source was the 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 until relatively recently when they were 

deposited with the SRO. Although originally from Staffordshire, much of Richard Wilkes 

¦ƴŜǘǘΩǎ diaries 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 kept by his father Thomas Unett also survives, but only for June of 

мттп ό{wh 5осмлκпύΦ ¦ƴŜǘǘΩǎ ŘƛŀǊȅ ŜƴǘǊƛŜǎ ŀǊŜ ƎŜƴŜǊŀƭƭȅ ǎƘƻǊǘ ŀƴŘ ŦŀŎǘǳŀƭ ŀƴŘ ǘƘŜ ǿŜŀǘƘŜǊ ƛǎ 

easy to identify and extract. The 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 Collection (http://www.sutherlandcollection.org.uk/), which was purchased by 

the Staffordshire and Stoke on Trent Archive Service in 2006. The early-nineteenth century 

was an important period for the Trentham estate, when estate managers were brought in 

from Scotland, 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 improvement (Wordie 1974; 1982). Away from Trentham, Loch was also 

instrumental ƛƴ ǘƘŜ {ǳǘƘŜǊƭŀƴŘ 9ǎǘŀǘŜΩǎ ŎƻƴǘǊƻǾŜǊǎƛŀƭ IƛƎƘƭŀƴŘ /ƭŜŀǊŀƴŎŜǎ. Correspondence 

survives between James Loch and William Lewis, as does much 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.  

http://www.sutherlandcollection.org.uk/
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The volunteers worked with three main sources from the Trentham Estate; letters belonging 

ǘƻ ²ƛƭƭƛŀƳ [ŜǿƛǎΣ ²ƛƭƭƛŀƳ [ŜǿƛǎΩǎ ƳŜƳƻǊŀƴŘŀ ōƻƻƪΣ ŀƴŘ ƳƻƴǘƘƭȅ ǊŜǇƻǊǘǎ ό¢ŀōƭŜ оΦмύΦ ¢ƘŜȅ 

are particularly valuable when viewed together, because they reveal different ways of 

recording and different recording priorities that would otherwise be hidden.  

Table 3.1Υ aŀƛƴ ŘƻŎǳƳŜƴǘǎ ǳǎŜŘ ōȅ ǘƘŜ ΨIƛǎǘƻǊƛŎ CƭƻƻŘ ŀƴŘ 5ǊƻǳƎƘǘΩ ǾƻƭǳƴǘŜŜǊǎ ǘƻ ŎƻƳǇƛƭŜ Řŀƛƭȅ ǿŜŀǘƘŜǊ ǊŜŎƻǊŘǎ 

Document 
Reference 
Number(s) 

Description Extent  

D6584/C/55-
126 

Diaries of Elizabeth Hervey, July 1792- February 1820. 
Elizabeth Hervey was an author who moved in the 
higher echelons of British society. She travelled 
frequently in the UK and abroad and kept diaries 
recording her experiences.  

72 exercise 
books  

D1229/4/6/7-9 Diaries of Thomas Birds (1803, 1807, 1808). Thomas 
Birds was a mine owner and farmer, from Eyam in the 
Derbyshire Peak District.  

3 pocket 
size books 

D3610/4 Diary of Thomas Unett (undated, from days and dates 
are given, and the descriptions of his children it is likely 
to be from 1774). Thomas Unett was an Anglican priest, 
incumbent in the Parish of Baswich near Stafford.  

Notebook 
pages 

D3610/12/1-4 Diaries of Richard Wilkes Unett, July 1788- July 1803. 
Richard Wilkes Unett was at his death a Captain in the 
Royal Regiment of Artillery. He kept daily diaries from 
July 1788 onwards, when he received his commission.  

3 small 
pocket size 
books and 1 
booklet 

D593/L/2/2b ²ƛƭƭƛŀƳ [ŜǿƛǎΩǎ aŜƳƻǊŀƴŘŀ .ƻƻƪΣ мумс-1837. William 
Lewis was the Agent of the Marquess of Stafford later 
the 1st Duke of Sunderland, under the chief agent James 
Loch. William Lewis was based at Trentham but 
travelled around the country to the other estates.   

1 large (tall, 
narrow) 
volume  

D593/K/3/2/1-
8, /K/3/1/3, 
/K/1/3/6, 
/K/1/5/7  

Letters from William Lewis to James Loch. Copy letters 
between William Lewis and Chief Agent James Loch.  

Many 
ōƻȄŜǎΧ 

D593/L/6/2/2,  
D593/L/6/2/14-
46  

Monthly reports from the Trentham Estate, 1816-1826, 
1832-1865. Include weather description morning and 
evening, wind direction and temperature at 8am and 
8pm from 1821 onwards.  

1 book, 
many 
bundles.  

 

3.2.4 Research process   

The core volunteer group met weekly from March 2017 to September 2018, 10am-12pm on 

a Thursday in the Learning and Resource Centre at the SRO. There was a large table in the 

centre of the room, which the volunteers sat around. The number of volunteers varied, with 

about five attending most of the time. Each volunteer was given a bundle of diaries or letters 

to work on. They were given an Excel spreadsheet, digitally or on paper, with columns to 
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collect source (document reference number), names of correspondents in 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 about the 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 were also given a printed copy of the current catalogue entry 

to annotate with any corrections or essential additions. A researcher or archivist was always 

available to answer questions and help if necessary. Most weeks I worked alongside the 

volunteers on some 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). Mills (2013a) 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 the weather records, 

and the research environment was interactive and discursive.  

 

 
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 type onto 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 memory sticks. These 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 documents. These files also had an Excel 

searchable date added in the format yyyymmdd. Location information was added to entries, 

and new spreadsheets were created for regions. Spreadsheets for each diarist, for the letters 

and for the Trentham farm reports were 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 were added each 

source in a block, because different authors describe weather using different words. For 

ŜȄŀƳǇƭŜΣ ƛƴ Ƴƻǎǘ ŘƛŀǊƛŜǎΣ ǿŜ ǿƻǳƭŘ ŀǎǎǳƳŜ Ψŀ Řǳƭƭ ŘŀȅΩ ƳŜŀƴǘ ƴƻ Ǌŀƛƴ ōǳǘ ŎƭƻǳŘȅΣ however, 

ƛƴ ²ƛƭƭƛŀƳ [ŜǿƛǎΩǎ ƳŜƳƻǊŀƴŘŀ ōƻƻƪ ǿŜ Ŏŀƴ ƛƴŦŜǊ ǘƘŀǘ ΨŘǳƭƭΩ ƛǎ ƳƻǊŜ ƭƛƪŜƭȅ ǘƻ ƳŜŀƴ ǎƘƻǿŜǊǎ 

of rain. He descriōŜǎ ƎŜǘǘƛƴƎ ǿŜǘ ǿƘƛƭǎǘ ǊƛŘƛƴƎ ƻƴ ƻƴŜ ƻŦ ǘƘŜǎŜ ΨŘǳƭƭΩ ŘŀȅǎΣ writing Ψ! ǾŜǊȅ Řǳƭƭ 

ƳƻǊƴƛƴƎΦ Dƻǘ ǾŜǊȅ ǿŜǘ ǊƛŘƛƴƎ ŦǊƻƳ [ƛƭƭŜǎƘŀƭƭ ǘƻ ¢ǊŜƴǘƘŀƳΩ όD593/L/2/2b 23 Sep 1824). A 

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.  

3.2.6 Ethical considerations  

Volunteer research should be enjoyable for the volunteer, avoid impinging on paid work, and 

give something back to the community (Spencer 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 were not doing anything someone 

might be paid to do. From an enjoyment perspective, the document types were chosen to be 

accessible and interesting. The project gave something back to the wider community by 

improving future access to records at the SRO through catalogue improvement and by 

presenting results to local people. There are, however, some remaining potential ethical 

ŎƻƴŎŜǊƴǎ ŀǊƻǳƴŘ ǘƘŜ ǊƻƭŜ ƻŦ ǘƘŜ ΨǇǊƻŦŜǎǎƛƻƴŀƭΩ ǊŜǎŜŀǊŎƘŜǊ ƛƴ ǇǊƻƧŜŎǘǎ ǎǳŎƘ ŀǎ ǘƘƛǎΣ ǘƘŜ ŎƻƴǘŜƴǘ 

and context of the archival documents examined and the use of research material that has 
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been collected with the help of unpaid assistants. In undertaking this research, we adhered 

to the University of Liverpool Ethical approval process, (a copy of the approval letter can be 

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

In collaborative projects working with vƻƭǳƴǘŜŜǊǎΣ ǎǳŎƘ ŀǎ ǘƘƛǎΣ ƴƻǊƳŀƭƭȅ ŀ ΨǇǊƻŦŜǎǎƛƻƴŀƭ 

ǊŜǎŜŀǊŎƘŜǊΩ ǿƛƭƭ ōŜ ǎŜǘǘƛƴƎ ǘƘŜ ǊŜǎŜŀǊŎƘ ǉǳŜǎǘƛƻƴǎ ŀƴŘ ǉǳŀƭƛǘȅ ŎƘŜŎƪƛƴƎΦ !ǎ 5Ŝ[ȅǎŜǊ (2014) 

problematises, in some ways, having an academic lead uncomfortably reinforces colonial 

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

relationships due to the many different roles of the modern researcher. By working alongside 

the volunteers, it was hoped that some of these concerns might be overcome. Ideally, 

projects working with volunteers should be an overall positive experience for researcher and 

ǾƻƭǳƴǘŜŜǊǎΦ ¢ƘŜ ǘŜǊƳ ΨǇŀǊǘƛŎƛǇŀǘƻǊȅ ƘƛǎǘƻǊƛŎŀƭ ƎŜƻƎǊŀǇƘȅΩ ǿŀǎ ŎƻƛƴŜŘ ōȅ 5Ŝ[ȅǎŜǊ όнлмпύΣ ŀƴŘ 

welcomed by Geoghegan (2014) to refer to this type of project, involving a two-way process 

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

ŦǊƻƳ ǘƘŜ ŦǊƻƳ ǘƘŜ ǾƻƭǳƴǘŜŜǊΩǎ ŜƴǘƘǳǎƛŀǎƳ ŀƴŘ ǎǇŜŎƛŦƛŎ ǘƻǇƛŎ ƪƴƻǿƭŜŘƎŜΣ ǿƘƛƭŜ ǘƘŜ ǾƻƭǳƴǘŜŜǊ 

ōŜƴŜŦƛǘǎ ŦǊƻƳ ǊŜǎŜŀǊŎƘŜǊΩǎ ƻǾŜǊǾƛŜǿ ŀƴŘ ǘƘŜ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ƻǇŜƴ ǳǇ ƴŜǿ ƭines of enquiry 

(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 later. This can manifest in many ways, but issues such 

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

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

Elizabeth Hervey (writing 1792-1820), was a slave owner and the volunteers found her 

generosity towards her servants competed uncomfortably with the knowledge that she 

owned slaves. More subtly, another of our diarists, Richard Wilkes Unett (writing 1788-1803), 

was an army officer, ǿƘƻ ǎǇŜƴǘ ǘƛƳŜ ǎǘŀǘƛƻƴŜŘ ƛƴ {ŎƻǘƭŀƴŘ ŀƴŘ .ŀǊōŀŘƻǎΦ !ƭǘƘƻǳƎƘ ¦ƴŜǘǘΩǎ 

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 

rebellion. That being said, late-eighteenth 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 much of England.  

In the past, the role of unpaid labour in academic research has not always been 

ŀŎƪƴƻǿƭŜŘƎŜŘΥ ƛƴ нлмтΣ ŀ ƘŀǎƘ ǘŀƎ ΨІǘƘŀƴƪǎŦƻǊǘƘŜǘȅǇƛƴƎΩ ŎƛǊŎǳƭŀǘŜŘ ƻƴ ǘǿƛǘǘŜǊ ŀƴŘ ƛƴ ǘƘŜ 

media, highlighting the practice of using students or wives as unpaid research assistants and 
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how often twentieth century male academics thanked their wives in the acknowledgments 

for contributions such as translating, typing and editing (e.g. Trinterud 1971), which some 

have suggested would have constituted joint authorship today. There 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 volunteers can have ownership over the material 

that they produce, but also that the researcher is not breaching volunteer expectations 

around use and publication of the research.  

3.2.7 Where data collected by the volunteer project is used in this thesis  
Across the project, about 30,724 calendar days of weather information were collected, 

equivalent to about eighty-four years. Although all the data was collected at the SRO, just 

under 70% of the information relates to the West Midlands. This is because some of the 

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 Staffordshire. While learning from the volunteer 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 precipitation construction, 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 histories. All elements of this project (such as the archive work with 

volunteers, personal archive work and public engagement) were approached together in an 

iterative cycle of planning, data collection, presenting research. For each talk, for example, 

the recently collected material would be adapted and tailoring to the specific interests, 

geographically or temporally of the group to whom the talk would be presented.  

3.3.1 Talks to the public 

Talks were given at venues around Staffordshire (Figure 3.4ύΣ ŀōƻǳǘ Ψ²ŜŀǘƘŜǊ ŀƴŘ ²ŀǘŜǊ ƛƴ 

{ǘŀŦŦƻǊŘǎƘƛǊŜΩΣ ŀŎŎƻƳǇŀƴƛŜŘ ōȅ ǇƛŎǘǳǊŜǎ ƻŦ ŘƻŎǳƳŜƴǘǎ ŦǊƻƳ ǘƘŜ SRO that illustrated different 

aspects of extreme weather and weather recording in the past. The talks took place at 
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libraries, local history societies and Record Office 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 requested talks, 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 of the county, attendance typically ranged from eight and fifty individuals 

(Table 3.2).  

 

 
Figure 3.4: Location of talks in Staffordshire 
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Table 3.2: Location of talks and number of attendees 

Date Location/ Event  Approximate number of 
attendees  

6th May 2017 Staffordshire History Day 50 

2nd November 2017 Talk at Penkridge Library 8 

7th December 2017 Talk at Perton Library 10 

5th January 2018 Invited talk for Staffordshire NHS 
Retirees group 

18 

10th February 2018 hǊƎŀƴƛǎŜŘ ΨIƛǎǘƻǊƛŎ CƭƻƻŘ ŀƴŘ 
5ǊƻǳƎƘǘΩ ǎǘǳŘȅ Řŀȅ ŀǘ ǘƘŜ 
Staffordshire Record Office 

30 

22nd February 2018 Invited talk for the Mayfield 
Heritage Group 

15 

11th June 2018 Invited talk for Tamworth History 
Group 

17 

19th September 
2018 

Invited talk for the Landor (Local 
History) Society, Rugeley 

30 

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 Endfield (2016) 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 second with a photograph of workmen measuring streams around 

Stafford in the 1950s. On one side of the postcards was a photograph and a short section 

about the project, and prompts for data collection: Ψ²ƘŜǊŜ ŀƴŘ ǿƘŜƴ ŘƛŘ ȅƻǳǊ ǎǘƻǊȅ 

ƘŀǇǇŜƴΚΩΣ Ψ¸ƻǳǊ ƴŀƳŜΥΩ ŀƴŘ Ψ¸ƻǳǊ ŎƻƴǘŀŎǘ ŀŘŘǊŜǎǎΣ ǘŜƭŜǇƘƻƴŜ ŀƴŘ ŜƳŀƛƭ όƻǇǘƛƻƴŀƭύΥΩ. On the 

other side there was space to write a memory, with the words ΨL ǊŜƳŜƳōŜǊΧΩ ŀƴŘ ŀƴ ŀŘŘǊŜǎǎ 

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

Thirteen post cards were received either following talks or in the box at the Staffordshire 

Record Office. One of these postcards contained information about weather records at the 

SRO that a reader had been looking at, eight were memories of the drought of 1976 and four 

were memories of flooding.  
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Figure 3.5 Images of the postcards used in this study 

3.3.3 Questionnaires  

The questionnaires aimed to:  

a) determine ǿƘŀǘΣ ƛŦ ŀƴȅǘƘƛƴƎΣ ǘƘŜ ǿƻǊŘ ΨŘǊƻǳƎƘǘΩ ƳŜŀƴǎ ǘƻ ǘƘŜ ǊŜǎƛŘŜƴǘǎ ƻŦ 

Staffordshire  

b) determine what distinctions people draw between droughts, water shortages and 

heatwaves,  

c) quantify suggestions (e.g. Marsh et al. 2007) that in the UK due to the co-occurrence 

of dry and hot weather in recent years, the 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 some contemporary 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 as a tool for getting people talking and thinking 

about droughts.  

Questionnaires have 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 use (Ashraf and Routray 2013; 
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Bryan et al. 2019; Cooper and Cockerill 2015; Garcia-Cuerva et al. 2016; Palutikof et al. 2004; 

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

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

ǿƘƛŎƘ ŎǊŜŀǘŜŘ Ψŀƴ ƻǇŜƴΣ ǘǿƻ-ǿŀȅ ŘƛŀƭƻƎǳŜ ōŜǘǿŜŜƴ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊ ŀƴŘ ǘƘŜ ǎǳōƧŜŎǘΩΣ ǘŀǊƎŜǘŜŘ 

at people who grew food in their gardens (Pearce 2013: 175). Similar studies have looked at 

memories of other extreme weather events including floods (e.g. 2007 floods, Garde-Hansen 

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 self-selecting and were recruited from visitors to the SRO, 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 at the SRO and a few of these 

were taken and returned to record office staff. Responses 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 percent (at a talk given to Mayfield Heritage Group, 

where approximately fifteen people attended, and only six questionnaires were returned) to 

ninety percent (at Perton Library, where ten people attended the talk and nine 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 questionnaires being returned, 

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 across questionnaires 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 locations 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 strategies. Pearce 

(2013), for example, distributed 320 questionnaires to houses which looked to have tended 

gardens, from which 133 returned with a 42% return rate (Pearce 2013: 180). There is an 

elevated risk to the researcher associated with lone working outside of controlled 

environments like public libraries and record offices.  For 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 particular demographic.   

It is likely that the population sample for this questionnaire will not be representative of the 

general population. Record office users in general are mostly older and retired people, 

compounding the established trend that older and more education people are more likely to 

respond to questionnaires (Cooper and Cockerill 2015: 391). For this reason, it was essential 

that the questionnaire included a question about age. Pearce (2013) did not include 

questions about age and gender. Some participants can be reluctant to reveal their age and 

may not see how age is relevant to this questionnaire. For this reason, we used generalised 

age categories. 65+ was set as the top category because it indicated that the person was 

likely to be able to remember the summer of 1976 and will allow us to quantify how many of 

the respondents are older, without collecting unnecessary detail.  

The survey was undertaken mostly during winter 2017-2018. Although the previous spring 

saw below average rainfall, which was reported in some newspapers, concern about drought 

was high in the public consciousness. More questionnaires were collected in June and 

September 2018, after a dry summer and associated press coverage. There is therefore the 

potential to look at how season and 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 informal. Nine 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 

connection to Staffordshire (Figure 3.6). The question about occupation, which asked the 

respondent to choose the most appropriate category (out of retired, employed full-time, 

employed part-time, self-employed, student or not in employment) primarily aimed to 

characterise which sectors 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.  
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Figure 3.6: Questions 1-4 of the questionnaire 

 

Age was important for multiple reasons. As discussed above, older people are likely to be 

over-represented. 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 36-45 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 on the 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 in Staffordshire. 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 respondents in the 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 indicated that they felt this kind of prompting was 

necessary.  

Questions 5 and 6 asked about further details (Figure 3.7). Eight categories of interest were 

identified. These are groups that reading of newspaper and archive documents, and 

discussions with the public, 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.  

 
Figure 3.7: Questions 5 and 6 of the questionnaires 

 

Gardeners and farmers might experience the impacts of drought in terms of soil moisture 

and might be more aware of the need to store and conserve water. There is a body of work 

on drought and farmers (for 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 Staffordshire. People who frequently interact with water in the 

environment such as anglers, kayakers, sailors and canal boat owners might be more aware 

of low water levels, and people who work or undertake leisure activities outside are highly 



77 
 

dependent on and aware of the weather (Markuksela and Valtonen 2019; Varley 2011). Local 

and family historians are likely to be over-represented 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 talk to about drought and their experiences.  

Questions 7-11 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 as much in 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 deteǊƳƛƴŜ ǿƘŀǘΣ ƛŦ ŀƴȅǘƘƛƴƎΣ ǘƘŜ ǿƻǊŘ ΨŘǊƻǳƎƘǘΩ ƳŜŀƴǎ ǘƻ ǘƘŜ 

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 understand 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 reading habits.  

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 drought. A question was 

included about newspaper reading habits in the hope of gauging whether those people who 

ŘŜƳƻƴǎǘǊŀǘŜŘ ǎǘǊƻƴƎ ΨƳŜƳƻǊƛŜǎΩ ƻŦ ŘǊƻǳƎƘǘ ǿŜǊŜ ǊŜŀŘŜǊǎ ƻŦ ǇŀǊǘƛŎǳƭŀǊ ƴŜǿǎǇŀǇŜǊǎ ǘƘŀǘ Ƴŀȅ 

report on droughts and climate change more frequently or in particular ways. This would 

potentially enable the hypothesis that drought perception is shaped by media reporting, to 

be tested. 
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Figure 3.8: Questions 7-11 of the questionnaires 

 

 
Figure 3.9: Questions 12 and 13 of the questionnaires 
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3.3.4 Oral Histories 

The original intention was to use the questionnaires to recruit oral history participants. 

However, the response rate when potential interviewees were contacted and asked if they 

were prepared to do an interview was low. Instead of pursuing interviews from among the 

questionnaire respondents, interviews were targeted to develop on the established 

ǎǘǊŜƴƎǘƘǎ ƻŦ ǘƘŜ {whΩǎ ŀǊŎƘƛǾŜ ŎƻƭƭŜŎǘƛƻƴǎΤ ƴŀƳŜƭȅ ǿŀǘŜǊ ǎǳǇǇƭȅ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ ŎŀƴŀƭǎΦ 

Interviewees were identified at events at the SRO.  

The interviews undertaken for this project were semi-structured, 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 

conversation 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 prompting discussions 

in oral history interviews exploring landscapes by Riley et al. (2005).  

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 transcriptions 

provided to the Staffordshire Record Office (Appendix 3). 

Key themes (e.g. private vs public water supplies, drought preparation, memories of drought, 

uses of reservoirs beyond water storage) were noted from the oral history interviews and 

formed a part of reflection on archive material. Since 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. 2020). There remains the potential for these oral histories to be 

further analysed and used in the future.  

 

3.4 Documentary Accounts of Rainfall 

There are different ways rainfall might be reconstructed: from instrumental rainfall data, 

non-instrumental rainfall data or from proxy data. As part of this project, documentary data 

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

typical temporal ranges of these are shown in Figure 3.10.  
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Figure 3.10: Availability of common source materials. Figure reproduced from Sangster et al. 

(2018) Copyright © 2018 SAGE Publications 

 

3.4.1 Instrumental rainfall data and homogenisation 

Instrumental rainfall data are records containing measured amounts of precipitation. Such 

records normally survive as daily, monthly or annual totals. Precipitation continues to be 

collected and monitored to present. When assessing older records consideration needs to be 

given to the accuracy and reliability of the instruments, as well as completeness of record. 

Many early instrumental rainfall series have missing sections or errors and require 

reconstruction (Todd et 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 across the UK recording precipitation (Craddock 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 

measurement (Aguilar et al. 2003)Φ ¢ƘŜǊŜ ƛǎ ŀƭǎƻ ǘƘŜ ƴŜŜŘ ǘƻ ŎƻƳǇŜƴǎŀǘŜ ŦƻǊ ΨǳƴŘŜǊ-ŎŀǘŎƘΩ 

which was a common problem in early records, resulting from poor consistency and 

instrument design (e.g. attaching the instrument to a wall) prior to the standardisation work 

of the British Rainfall organisation from 1860 onwards (Groisman et al. 1991; Pedgley 2002). 

Additionally, there may be gaps in the surviving record; few sites where early observations 

were made that have been in continuous operation for long periods of time. To combat this 

the construction of composite series (with nearby weather stations used to fill gaps) may be 

required (Todd et al. 2015).  

The England and Wales precipitation record was created by Wigley et al. (1984), and 

subsequently updated, revised or extended by Gregory et al. (1991), Jones and Conway 

(1997) Alexander and Jones (2001), and Simpson and Jones (2012). The most recent iteration 

of this series covers the period 1766 to 2002 with recent revisions by Murphy et al. (2020b). 

 

 

Figure 3.10 not available for online publication, please see original article 

(https://doi.org/10.1177/0309133317744738 figure 2) 

https://doi.org/10.1177%2F0309133317744738


81 
 

It has been used to compare to rainfall series created from non-instrumental 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 complete that start before 1780 for the UK include Pode 

Hole (Spalding), Oxford (Burt and Burt 2019) and Kew (Jones 2001), and over the last few 

decades these have been supplemented by further analysis of surviving fragmentary record, 

and now also include Carlisle (Todd et al. 2015), Chatsworth (Harvey-Fishenden et al. 2019) 

as well as several unpublished series. It is notable that some regions are much better served 

than others. The north of England is relatively well covered. There is a series from Durham 

from 1850 to 2007 which was constructed by Burt and Horton (2007) and revised by Burt 

(2009). A series from Carlisle was developed by Craddock (1976), this series was revised by 

Tabony (1980), Jones (1983) and most recently updated by Todd et al. (2015) to run from 

1757 to present. A Manchester series from 1765 onwards was created by Manley (1972) and 

has been revised and homogenised from 1786 to present by Macdonald (unpublished), who 

has also produced a series (unpublished) for Liverpool from 1772 onwards. A series for the 

Lake District was created by Barker et al. (2004). 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 record e.g. 1711-1715, 1716-1717 for 

Crosby near Liverpool (Murphy et al. 2018).  

Similarly, well known long series exist for London and the South East; for London the Kew 

series begins in 1697 (Todd et al. 2013; Wales-Smith 1971; 1980). For the South East, the 

Oxford series begins in 1767 (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 (Spalding) was analysed by Todd et al. (2013), 

and a series for Chatsworth beginning in 1760 has been homogenised by Harvey-Fishenden 

et al. (2019). There are few long series for the West Midlands, although Jones (1983) 

constructed homogenised series beginning in the nineteenth century for Ross-on-Wye (from 

1859), Leominster (from 1831), Kington (from 1841), Hereford (from 1861, although older 

non-continuous data exists). There are no continuous series for Staffordshire, apart from a 

series for Wall Grange beginning in 1882 (Lennard 2016: 56). The nearest long precipitation 

series is at Chatsworth (Harvey-Fishenden et al. 2019), so it is worth looking at alternative 

methods of investigating rainfall in the region.  
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3.4.2 Rainfall proxies  
Across Europe, proxy data has been used extensively (Brázdil et al. 2005; 2018). For example, 

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

to produce monthly precipitation indices for the Balkans (see section 2.1.2).  

Proxies must be treated critically. There 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 be treated as 

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 non-instrumental weather 

data. Sometimes proxy and non-instrumental 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, since there are factors other than rainfall which effect proxy data, such as tree ring 

growth, crop yields and mortality from disease (Wilhelm et al. 2019). 

3.4.3 Non-instrumental weather data and the use of indices  
In reconstructing rainfall, either from proxy data or non-instrumental weather data, indices 

are used to produce quantitative data from the qualitative information. Precipitation indices 

are extensively used in the discipline of historic climatology, and have been widely used in 

continental Europe (e.g. Brázdil et al. 2016; Dobrovolný et al. 2015a) and recently used by 

Nash in Africa (e.g. Nash et al. 2016; 2018). Most studies have created monthly or seasonal 

series, and monthly indices have been accumulated to obtain seasonal or annual series 

(Brázdil et al. 2018). There are various index systems available, most using a concept of 

ΨƴƻǊƳŀƭΩ ŀǎ л ŀƴŘ ƻƴŜ ǘƻ ǘƘǊŜŜ ŘŜƎǊŜŜǎ ƻŦ ǿŜǘ ƻǊ ŘǊȅ ŜƛǘƘŜǊ ǎƛŘŜ ǘƻ ŎǊŜŀǘŜ ŀ ǘƘǊŜŜ ǘƻ ǎŜǾŜƴ-

point scale (Table 3.2), with the choice of indices mostly depending on the quality of the data. 

For example, Nash et al. (2016), working in Southeast Africa had an average of 155 quotations 

per year, and therefore analysed quotes for each season collectively, assigning a classification 

from +2 (very wet, floods) to -2 (very dry, drought). Additionally, other indices exist, such as 

that developed by Gimmi et al. (2007) and used by Macdonald et al. (2010) to compare 

documentary evidence to measured river flows (Table 3.3). 

Material for conversion to indices can be extracted from a variety of documents, including 

newspapers (e.g. Nash 2016), and diaries (e.g. Brázdil 2019b; Harvey-Fishenden 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) comments, sacrificing rich qualitative information 

in favour of quantitative data ƛǎ Ψŀƴ ƻŘŘƭȅ ƛƳǇƻǾŜǊƛǎƘƛƴƎ ǘƘƛƴƎ ǘƻ ŘƻΩΦ  

Table 3.3: Drought indices classifications 

 

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

spatial scale ƛǎ ǘƘŜ ƛƴŎƭǳǎƛƻƴ ƻŦ ΨƴƻǊƳŀƭΩ ŀǎ ŀ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴΣ ǎƛƴŎŜ ΨƴƻǊƳŀƭΩ ŘŜǇŜƴŘǎ ƻƴ ƭƻŎŀǘƛƻƴ 

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 were close to 

ΨƴƻǊƳŀƭΩΤ ƻǾŜǊŀƭƭΣ ǘƘŜȅ ƎŀǾŜ ǘƘŜ ǎŀƳŜ ǎŎƻǊŜ рф҈ ƻŦ ǘƘŜ ǘƛƳŜΣ ǿƛǘƘƛƴ м Ŏƭŀǎǎ оп҈ ƻŦ ǘƘŜ ǘƛƳŜ 

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 person (Nash et al. 2016). 

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

assessed as a whole, using a content analysis approach and producing indices using a 5 or 7-

point scale described above (Adamson 2015). For example, Linderholm 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 

 Used by Nash et al.  
(2016; 2018) 

Used by Gimmi et al. 
(2007) and Macdonald 
et al. (2010) 

Used by Dobrovolný et 
al. (2015a), Nicholson 
et al.(2012a,b) and 
Xoplaki et al. (2001) 

1 Wet 2 extremely wet/ very 
wet/ floods 

5 Storm 3 extremely wet 
2 very wet 

1 relatively wet 4 Rain/Wet 

1 wet 

0 Normal 3 Showers 

0 normal 0 normal 

2 Drizzle / Foggy 

-1 relatively dry -1 dry 

1 Dry/Fair/Close 

-2 very dry 

-1 Dry 

-2 very dry/drought 0 Drought/ hot 

-3 extremely dry 
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assigned to each day. They produced estimated drought indices 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). Lee and MacKenzie (2010) 

considered the effects of volcanic eruptions in the early 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 days (Lee and MacKenzie 2010), by assigned 

categories to keywords and phrases in the diary entries, and subjecting these to frequency 

analysis. 

There has been some work on a daily scale. Macdonald et al. (2010) used a system of weather 

indices to compare recording of rainfall in a twentieth century weather diary from northwest 

Wales with 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 0 

(hot/drought) to 5 (storm). Zhang et al (2013) used the diary of Weng Tong-He, 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 category were calculated for 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. 2013).  

The source of the non-instrumental weather data can affect what is captured most clearly, 

extreme or daily weather. Documentary sources in general capture extremes best (Brázdil et 

al. 2005; Nash et al. 2016), however, this depends on the type of document; diaries recording 

daily weather may, particularly when thinking about drought in the UK, miss the build-up of 

extreme events, whereas letters and chronicles will only record extreme events. To date, 

most diaries used to analyse weather have been specifically weather diaries, where their 

main purpose is to record the weather (e.g. Brázdil et al. 2019b; Domínguez-Castro et al. 

2015; Druckenbrod et al. 2003; Sanderson 2018; Walsh et al. 1999), however the data 

collected by the volunteers for this project did not come from weather diaries, but from more 

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

  

Non-instrumental weather data also has advantages compared to instrumental records, 

because it has the potential to cover a much greater spatial extent, since instrumental 

weather data only survives for a few places before the mid-nineteenth century, and rarely in 

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

particularly when dealing with extremes (Gergis et al. 2009).  

 

3.5 Summary 

This chapter has introduced the methods that will be applied throughout the rest of this 

thesis, ranging 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 inter-disciplinary nature of the research undertaken. It has 

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 instrumental data and from 

non-instrumental documentary evidence.  
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/ƘŀǇǘŜǊ п 
 

A chronology droughts and drought impacts in Staffordshire    
 

This chapter explores the ways in which droughts are recorded in historic documentary 

evidence. It 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;  

ii. early instrumental records, when rainfall measurement and 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 newspaper evidence and 

memories of living people.  

A variety of source materials can be used to examine the impacts of drought (see sections 

2.2.4 and 2.2.6). For the earliest period, archive documents such as diaries, letters and parish 

registers are used (Sangster et al. 2018). In later periods archive documents relating to water 

supply companies are available, as are newspaper articles (Brázdil et al. 2018). Here, the 

records available at the SRO, and online through the TEMPEST database will be the primary 

sources for the early periods, while the British Library newspaper archives were 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 evidence will 

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 al. (2007), the most severe droughts nationally since the 

beginning of the nineteenth century occurred in 1854-1860, 1887-1888, 1890-1910, 1921-

1922, 1933-1934, 1959 and 1976. Droughts, however, can vary spatially and have different 

severities and durations at different locations (Lennard 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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Derbyshire starts in 1777 (Harvey-Fishenden et al. 2019). The SPI is valuable for long time 

series analysis as it requires only precipitation (McKee et al. 1993); SPI-12 (standardised 

precipitation index for twelve-month periods) has been shown to be useful for characterising 

the longest most significant drought periods (Lennard et al. 2015; Noone et al. 2017), whilst 

SPI-6 can be a valuable tool in examining shorter-term variability. Table 4.1 uses the SPI-12 

series for Chatsworth and shows the years in which droughts occurred, the duration of the 

drought (calculating using number of months between drought onset at SPI -1 or less and 

return to SPI 0 or greater) and the severity of the drought (see Chapter 2, section 2.2.1). The 

twelve-month SPI for Chatsworth shows some evidence of drought for all the drought periods 

identified by Marsh et al. (2007). There are, however, severe and extreme droughts that are 

not identified by Marsh, notably extreme droughts in 1784-6, 1864-6, and 1868-71. The 1784-

6 drought has also been identified in Ireland (Noone et al. 2017). An extensive drought in the 

Anglian region was identified by Spraggs et al. (2015) in 1861-6 is only partially represented 

in the Chatsworth House series (1864-6: Table 4.1).  

 

4.1 Before Instrumental Records (pre-1777 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 development 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 Cathedral. This water supply appears to date from the twelfth 

century (Gould 1976; Greenslade 1990). Monastic houses and cathedrals in medieval Britain 

often had water supplies, since the rule of St Benedict in the mid-sixth century advised that 

water should be available within the monastic precinct (Bond 2001). Some monasteries and 

cathedrals (for example Canterbury Cathedral priory in the mid-twelfth century) had both 

piped water supplies, conveyed by a conduit from a spring at a higher altitude and wells. The 

vulnerability and resilience 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 were complex systems with filters and settling tanks, and sometimes the monastic 

water supply was extended beyond the precinct for lay consumers (Bond 2001). Although 

Lichfield Cathedral Close was originally for the canons, from the fourteenth century onwards 

there is evidence of lay occupation (Greenslade 1990). 



88 
 

Table 4.1: Droughts at Chatsworth (Harvey-Fishenden et al. 2019; Lennard 2016)  

Years Duration Min SPI (12-month SPI) Severity 
1784-1786 18 months -3.7 (July 1785) Extreme 
1788-1789 11 months -1.9 (December 1788) Severe 
1800-1801 13 months -1.6 (August 1800) Severe 
1803-1804 9 months -1.6 (October 1803) Severe 
1805-1806 13 months -1.5 (May 1806) Severe 
1808 5 months -1.2 (May 1808) Moderate 
1810 10 months -1.4 (September 1810) Moderate  
1821 11 months -1.2 (July 1821) Moderate 
1826-1828 26 months -1.5 (September 1827) Moderate 
1835-1836 16 months -1.0 (August 1835) Moderate 
1844-1845 15 months -1.5 (March 1835) Moderate 
1847-1848 8 months -1.6 (October 1847) Severe 
1850-1852 23 months -1.5 (July 1852) Moderate 
1854-1856 20 months -1.8 (January 1855) Severe 
1858-1859 15 months -1.0 (September 1858) Moderate 
1864-1866 27 months -2.8 (April 1865) Extreme 
1868-1871 38 months -2.1 (December 1869) Extreme 
1873-1875 20 months -1.8 (September 1874) Severe 
1885 8 months -1.1 (September 1885) Moderate 
1887-1889 22 months -2.9 (January 1888) Extreme 
1890-1891 8 months -1.1 (February 1891) Moderate 
1893-1894 6 months -1.4 (November 1893) Moderate 
1895-1897 16 months -1.3 (August 1896) Moderate 
1898 10 months -1.2 (September 1898) Moderate 
1905 12 months -1.9 (February 1905) Severe 
1909 9 months -1.5 (May 1909) Moderate 
1918-1919 9 months -1.3 (August 1918) Moderate 
1919-1920 8 months -1.0 (September 1919) Moderate 
1921-1923 34 months -3.7 (July 1921) Extreme 
1924-1925 12 months -1.7 (May 1924) Severe 
1929-1930 12 months -1.9 (June 1929) Severe 
1933-1935 27 months -2.6 (November 1934) Extreme 
1937-1939 13 months -1.9 (May 1938) Severe 
1942-1944 30 months -1.2 (November 1942) Moderate 
1949-1950 18 months -1.7 (September 1949) Severe 
1953-1954 21 months -1.2 (December 1954) Moderate 
1955-1956 9 months -1.6 (May 1956) Severe 
1959-1960 12 months -1.9 (October 1959) Severe 
1962-1965 32 months -1.4 (November 1964) Moderate 
1975-1977 17 months -3.1 (August 1976) Extreme 
1985-1986 14 months -2.3 (March 1985) Extreme 
1989 3 months -1.1 (October 1989) Moderate 
1991-1992 24 months -1.6 (February 1992) Severe 
1995-1997 21 months -2.4 (May 1996) Extreme 
2003-2004 9 months -1.1 (December 2003) Moderate 
2005-2006 9 months -1.1 (August 2005) Moderate 
2011-2012 15 months -2.5 (November 2011) Extreme 
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There are some forms of pre-instrumental drought evidence that have been used elsewhere, 

but are not available for Staffordshire. The major work on medieval droughts to date was 

undertaken by Stone (2014), who used manorial account rolls to investigate the impact of 

droughts in fourteenth century England. He used 60 of the best documented manors across 

the country, unfortunately none were in Staffordshire. Generally, there are few manorial 

accounts from Staffordshire, and they are incomplete and patchy in coverage, particularly 

for the early-fourteenth century (Figure 4.1).  

 
Figure 4.1: Total number of manorial account records from Staffordshire by year 

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 

chronologies (e.g. Andrews 1887; Lowe 1870), and 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 on the 21st 

December. Droughts are reported in 1619 and 1624 at Mucklestone (SRO D4610/1) and in 

1680-81 a drought is reported in the parish register from Alstonefield in the Staffordshire 

Moorlands (SRO D922/2) (Veale et al. 2017a). This type of record is hard to corroborate, since 

these droughts not 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 1710 includes 

ǊŜŦŜǊŜƴŎŜǎ ǘƻ ǎƘŀǊŜǎ ƛƴ /ƘŜǎǘŜǊΩǎ ǿŀǘŜǊ ǎǳǇǇƭȅ ό²{[ M1024/2/9b).  In the early-eighteenth 

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 the streets, the city was by 

then supplied with water pumped from the river in pipes, similar to London (Defoe 1948: 69ς

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

springs to their buildings in the town (Lewis and Thacker 2003). 
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Records of early-eighteenth-century 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 (Historic England listed building 1344626) 

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

ƛƴ мтосΣ ŀƴŘ ǘƘŜ ŎƻƴŘǳƛǘ ǿŀǎ ǇŀƛŘ ŦƻǊ ōȅ ǇǳōƭƛŎ ǎǳōǎŎǊƛǇǘƛƻƴ ǘƻ ōǊƛƴƎ ǿŀǘŜǊ ŦǊƻƳ {ǘǊƛƴƎŜǊΩǎ 

Meadow Rumer Hill Leacroft.  

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

when there is a record of a water 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 gates, on the 

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 period would have been 

privately funded and managed enterprise, probably bringing water to the house from a 

ƴŜŀǊōȅ ǎǇǊƛƴƎ ƻǊ ǿŀǘŜǊŎƻǳǊǎŜΣ ŀǎ ƛƴ ǘƘƛǎ ŎŀǎŜΦ Lƴ [ƻƴŘƻƴΣ 9ƭƛȊŀōŜǘƘ IŜǊǾŜȅΩǎ ŘƛŀǊƛŜǎ ǊŜǾŜŀƭ ǘƘŀǘ 

ƛƴ мтфр ǎƘŜ ƘŀŘ ǇƛǇŜŘ ǿŀǘŜǊ ƛƴ ƘŜǊ ƘƻǳǎŜΦ IŜǊǾŜȅΩǎ [ƻƴŘƻƴ house was on Seymour Street, 

near Portman Square, so her water was likely provided by the Chelsea Waterworks company, 

or the New River Company (van Lieshout 2016). Hervey writes about it because between the 

middle of December 1794 and 7th March 1795 due to cold 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 14th May 1766 two canals, the Trent and Mersey canal and the Staffordshire and 

Worcestershire Canal were authorised (Lindsay 1979). The Trent and Mersey canal was 

finished in 1777. Prior 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 

quality and a lack of water in the canal;   

Mr Harwood informs me that the ǿŀǘŜǊ ŦǊƻƳ aǊ {ƳƛǘƘΩǎ {ƻǳƎƘ ƛǎ ǘǳǊƴŜŘ ƛƴǘƻ ǘƘŜ 
Canal, but that from Handley Green works is very foul indeed, and makes a very bad 
appearance here; I wish you would find means of turning the worst of that water 
likewise into the canal, which I think, from iǘǎΩ ŀǇǇŜŀǊŀƴŎŜΣ ǎǘŀƴŘǎ ƛƴ ƴŜŜŘ ƻŦ ƛǘ ŀǎ ƛǘ 
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 England, writing on the River Tyne, 

Skelton (2017) comments that Ψwhen river water was commonly used as drinking water, 

before the construction of large-scale upland reservoirs which provided preferable 

supplies, ensuring the cleanliness of river water, as far as technology and resources 

allowed, was a serious priority iƴ ƭƻŎŀƭ ƎƻǾŜǊƴƳŜƴǘΩΦ Lƴ {ǘŀŦŦƻǊŘǎƘƛǊŜΣ ǿƘŜǊŜ Ƴƻǎǘ ǇŜƻǇƭŜ 

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 as places to dispose of waste, at the expense of drinking water quality has 

been identified as a threat to health in the early modern period (Dobson 1997: 497).  

In contrast to the industrial nature of eighteenth-century canals, today, they are 

predominantly seen 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 

ƛƴǘƻ ǘƘŜ ƻǊƛƎƛƴ ƻŦ ΨōǊƻǿƴ ǎƭƛƳȅ ƎǊƻǿǘƘΩ ƛƴ ǘƘŜ ǿŀǘŜǊ ǇƛǇŜǎ ƛƴ {ǘƻƪŜ-on-Trent concluded that 

Ψsurface 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 the objectionable 

ŘŜǇƻǎƛǘΦΩ ό5отпнκоκпκмκтύΦ  

 

4.2 Beginning of the Instrumental Drought Record (1770s-1820s) 
As discussed in section 4.1, there are no early instrumental records for Staffordshire; the 

earliest series close to Staffordshire which has been digitised and 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 discussed in Chapter 2 (section 

2.2.1), drought indices created from instrumental rainfall 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. There are, therefore, considerable 

opportunities for drought reconstruction from other forms of evidence. It is also important 

to overlap records created from proxy data with the instrumental record to validate the proxy 

ŘŀǘŀΩǎ ŀōƛƭƛǘȅ ǘƻ ŜȄǘŜƴŘ ǘƘŜ ǊŜŎƻǊŘ ōŀŎƪǿŀǊŘǎ (Brázdil et al. 2018).  

The first notable droughts in the Chatsworth House instrumental series are in 1784-6 and in 

1788-9. These droughts are poorly recorded in Staffordshire, but the impacts can be seen on 

the canal network and in some archive documents elsewhere in the Midlands (Harvey-

Fishenden et al. 2019). The severity of the 1784-6 drought is demonstrated nationally, as a 
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ōƛƭƭ ǇǊŜǾŜƴǘƛƴƎ ǘƘŜ ŜȄǇƻǊǘ ƻŦ Ƙŀȅ ǿŀǎ ǇŀǎǎŜŘ ƛƴ Wǳƭȅ мтур ōŜŎŀǳǎŜ ΨǘƘŜ ƎǊŜŀǘ ŘǊƻǳƎƘǘ ǘƘŀǘ ƘŀŘ 

prevailed in all parts of the country had occasioned a scarcity, and considerably advanced 

price ƻŦ ǘƘŀǘ ŎƻƳƳƻŘƛǘȅΩ ό/ƘŜƭƳǎŦƻǊŘ /ƘǊƻƴƛŎƭŜΣ нфǘƘ Wǳƭȅ мтурύΦ ¢ƘŜǎŜ ƭŀǘŜ-eighteenth-

century droughts might be part of a national drought rich phase identified at Oxford (Todd 

et al. 2013) and may be linked to poor crops in 1789 and a poor harvest in 1790 (Minchinton 

1953).  

The relationship between weather and agricultural yields is complicated (Campbell and 

Gráda 2011). As discussed in Chapter 2 (section 2.1.2); Brandon (1971) when examining late-

medieval impacts of weather on crops in Sussex found that wet seasons 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 (1690-1871). 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 wet weather, while farmers with cattle reliant on grass 

worry about dry weather damaging the grass (Overton 1996).  

Grain prices and harvest amounts must be seen within their broader socio-political context. 

There was a series of poor harvests in the 1790s, wars for which taxes were raised in the 

1790s and 1800s, and in 1815, when the Napoleonic wars (1803-1815) came to an end 

legislation was introduced to keep grain prices high (Smart 1909)Φ ! ΨǊƛƻǘƻǳǎ !ǎǎŜƳōƭŀƎŜ ƻŦ 

tŜƻǇƭŜǎΣ ŀƳƻǳƴǘƛƴƎ ǘƻ ǎŜǾŜǊŀƭ ƘǳƴŘǊŜŘǎΩ ǿŀǎ reported in Leek on the 9th September 1797 in 

ǊŜǎǇƻƴǎŜ ǘƻ ΨǘƘŜ ŎƻƭƭŜŎǘƛƻƴ ƻŦ ǘƘŜ bŜǿ ŀƴŘ ŀŘŘƛǘƛƻƴŀƭ ¢ŀȄŜǎΩ ό{wh 5рфоκ[κмκмрκпύΦ ¢ƘŜ 

impact of the French Revolutionary Wars (1792-1802) and Napoleonic wars impacted trade 

and contributed to socio-economic problems around this time. There was high 

unemployment (due to trade restrictions and mechanisation), as well as high taxes and high 

food prices (Mather 2014). This was a contributing factor to the severity of the impact of the 

ΨȅŜŀǊ ǿƛǘƘƻǳǘ ŀ ǎǳƳƳŜǊΩ ƛƴ мум6, a result of the Tambora eruption (White et al. 2018b: 423).  

In 1791 Dudley was one of the first towns in the West Midlands to obtain an Act of Parliament 

ŦƻǊ ǘƘŜ ΨōŜǘǘŜǊ ǇŀǾƛƴƎΣ ŎƭŜŀƴǎƛƴƎΣ ƭƛƎƘǘƛƴƎΣ ǿŀǘŎƘƛƴƎ ŀƴŘ ƻǘƘŜǊǿƛǎŜ ƛƳǇǊƻǾƛƴƎ ƻŦ ǘƘŜ ǘƻǿƴ ƻŦ 

Dudley ƛƴ ǘƘŜ /ƻǳƴǘȅ ƻŦ ²ƻǊŎŜǎǘŜǊ ŀƴŘ ŦƻǊ ōŜǘǘŜǊ ǎǳǇǇƭȅƛƴƎ ǘƘŜ ǎŀƛŘ ǘƻǿƴ ǿƛǘƘ ǿŀǘŜǊΦΩ όtǳōƭƛŎ 

Act, 31 George III, c. 79). As discussed in Chapter 2 (section 2.1.5.2), only 33 towns or cities 

had a water supply system established through an Act of Parliament before 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 large-scale infrastructure.  

A drought is reported in the parish register from Alrewas for 1794 (SRO D783/1/1/2). The 

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) however according to the Central England 

Temperature series (CET), mean monthly temperatures for February, March, April, June and 

July were all above the 1700-1850 average (Manley 1974; Parker et al. 1992). It seems likely, 

therefore, that the water shortages seen in 1794 were as much to do 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 Stoke-on-Trent in North Staffordshire, was 

provided with a free public water supply from a conduit by Enoch Wood, who owned a 

pottery works in the town and used an engine within the works to pump water to the conduit 

(Jenkins 1963). During the late-eighteenth and nineteenth centuries there was increasing 

interest from industrialists in the lives and living conditions of their workers and the effect of 

poor housing and sanitation on productivity. These philanthropic improvements resulted in 

the construction of model villages to house workers in improved conditions, such as 

Tremadog in Wales built by agricultural improver, factory owner and politician William 

Madocks (Beazley 1967; Thomas and Matthew 2010) and New Lanark in Scotland built by 

industrialists and philanthropists David Dale and his son-in-law Robert Owen (Siméon 2017), 

the forerunners of nineteenth century planned villages like Port Sunlight on the Mersey 

constructed by the Lever Brothers company.   

The period 1800-6 was a drought rich phase, consisting of three droughts 1800-1, 1803-4 and 

1805-6 at Chatsworth, a series of three droughts with brief interludes has also been identified 

between 1800-09 in Ireland (Noone et al. 2017). The evidence of impacts in this period is 

hard to interpret. According to the diaries of James Caldwell (ODJC1) in September 1800 

there were riots in Stoke-on-Trent over the high price of corn. In June and July 1800, almost 

no rain fell at Chatsworth, however a fine harvest reported in the parish register from 

Alrewas (SRO D783/1/1/3) which suggest that other socio-economic and social aspects may 

have contributed. Bad harvests in the 1790s and early 1800s, especially 1798-1801, have 

been linked to generally cold conditions, rather than lack of rainfall (Luterbacher et al. 2004; 

Veale and Endfield 2016a).  
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In 1802, the town of Wirksworth in Derbyshire obtained an Act of Parliament, which amongst 

ƻǘƘŜǊ ǘƘƛƴƎǎΣ ǿŀǎ ΨŦƻǊ ǇǊƻǘŜŎǘƛƴƎ ŎŜǊǘŀƛƴ {ǇǊƛƴƎǎ ǎƛǘǳŀǘŜ ƻƴ ǘƘŜ ǎŀƛŘ /ƻƳƳƻƴǎ ŀƴŘ ²ŀǎǘŜ 

Lands; and for the better securing a Supply of Water for the Use of the Inhabitants of the 

¢ƻǿƴ ƻŦ ²ƛǊƪǎǿƻǊǘƘΧΩ όLocal and Personal Act, 42 George III, c. cx). Wirksworth was a lead 

mining area, which also had quarrying and textile industries, and was the location of early 

steam powered cotton mills (Fitton 1989; Gordon 1983; Miller and Glithero 2016). Industrial 

and port towns were often the earliest places to need water supply systems authorised by 

parliament to manage increasing population and pollution demands (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 26th July 1803, when Thomas Birds, based in Eyam in 

5ŜǊōȅǎƘƛǊŜΣ ƻōǎŜǊǾŜǎ ǘƘŀǘ ƘŜ ŜȄǇŜǊƛŜƴŎŜŘ ŀƴ ΨŜȄǘǊŜƳŜƭȅ Řǳǎǘȅ ǊƛŘŜΩ ό{wh 5мннфκпκсκфύΦ IŜ 

follows this up about a month later, on the 21st August 1803 with a diary entry which reads 

Ψ! ŦƛƴŜ ŘŀȅΦ ¢ƘŜ ŘǊƻǳƎƘǘ ǎǘƛƭƭ ŎƻƴǘƛƴǳŜǎΦ tŀǎǘǳǊŜǎ ǾŜǊȅ ōŀǊŜΦ /ƻǊƴ ŎƻƳŜǎ ŦŀǎǘΦΩ ό{wh 

D1229/4/6/9). Into September, multiple diaries comment on the perceived end of the 

drought, when more rain began to fall. On the 16th of September 1803, Thomas Birds 

ǊŜŎƻǊŘŜŘ Ψ! ŘŀǊƪ ŎƭƻǳŘȅ ŀŦǘŜǊƴƻƻƴΣ ŀǘ ƭŀǎǘ ōŜƎŀƴ ǘƻ Ǌŀƛƴ ŀ ƭƛǘǘƭŜ ŀŦǘŜǊ ǎƻ ǾŜǊȅ ƭƻƴƎ ŀ ŘǊƻǳƎƘǘΩ 

(SRO D1229/4/6/9), a few days later on the 20th September 1803, in Talke in North 

{ǘŀŦŦƻǊŘǎƘƛǊŜΣ WŀƳŜǎ /ŀƭŘǿŜƭƭ ǊŜŎƻǊŘŜŘ ΨCƛƴŜ ǊŀƛƴΦ ¢ƘŜ ǿŜŀǘƘŜǊ ǿƘƛŎƘ ƘŀŘ ōŜŜƴ ǳƴŎƻƳƳƻƴƭȅ 

dry for the last 2 or 3 months, in so much that great inconvenience sustained in many parts 

of the neighbourhood from tƘŜ ǿŀƴǘ ƻŦ ǿŀǘŜǊΣ ϧ ǘƘŜ ŦŀƛƭǳǊŜ ƻŦ ǘƘŜ DǊŀǎǎΣ ŀǇǇŜŀǊƛƴƎ ǘƻ ōǊŜŀƪΦΩ 

(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 

quantiǘȅ ƻŦ ŀǊŀōƭŜ ŎǊƻǇǎΣ ōǳǘ ŦǊƻƳ ¢ƘƻƳŀǎ .ƛǊŘǎΩ ŎƻƳƳŜƴǘ ǘƘŀǘ ǘƘŜ ΨŎƻǊƴ ŎƻƳŜǎ ŦŀǎǘΩΣ ƛǘ ǿŀǎ 

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 availability of water 

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 Cathedral. In 1812 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 1815 by an Act of Parliament 
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ƻōǘŀƛƴŜŘ ƛƴ ƻǊŘŜǊ ǘƻ ƳŀƪŜ ƛƳǇǊƻǾŜƳŜƴǘǎ ǘƻ ǘƘŜ ǿŀǘŜǊ ǎǳǇǇƭȅ ƛƴ ǘƘŜ ŎƛǘȅΣ ŀǎ ǿŜƭƭ ŀǎ ΨǇŀǾƛƴƎΣ 

cleansing, lighting, watching and regulating the Streets, Lanes and other Public Places, with 

ƛƴ ǘƘŜ /ƛǘȅ ƻŦ [ƛŎƘŦƛŜƭŘΩ ό[ƻŎŀƭ ŀƴŘ tŜǊǎƻƴŀƭ !Ŏǘ, 55 George III, c. xxvii).  

In 1817 George Granville Leveson-Gower, 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 running 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 most reliable and best quality supply in Stoke-on-Trent 

(Staffordshire Potteries Water Board 1949). Letters 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 existence 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 impacts, but will not be 

remarkable from the SPI alone. The summer of 1818 occurred within a generally wet period, 

ŀǎ ǘƘŜ ŘƛŀǊƛǎǘ 9ƭƛȊŀōŜǘƘ IŜǊǾŜȅ ǿǊƻǘŜ ŦǊƻƳ !Ŏǘƻƴ ƴŜŀǊ [ƻƴŘƻƴ ƛƴ aŀȅ муму ΨǎŜƭŘƻƳ ŘƻŜǎ ŀƴȅ 

Řŀȅ Ǉŀǎǎ ǿƛǘƘƻǳǘ ǊŀƛƴΩ ό{wh 5срупκ/κмнлύΦ IƻǿŜǾŜǊΣ ǘƘŜ ǎǳƳƳŜǊ ǿŀǎ Ƙƻǘ ŀƴŘ contains a 

ƳƻƴǘƘ ǿƛǘƘ ƴƻ ŎƻƴǎƛŘŜǊŀōƭŜ ǊŀƛƴΦ CƻƭƭƻǿƛƴƎ IŜǊǾŜȅΩǎ ŜƴǘǊȅ ƻƴ ǘƘŜ мтth May, when there was 

ΨƳǳŎƘ ŘǊƛȊȊƭƛƴƎ ǊŀƛƴΩ ό{wh 5срупκ/κмнлύΣ ǎƘŜ ŘƻŜǎ ƴƻǘ ǊŜŎƻǊŘ ŀƴȅ ƳƻǊŜ Ǌŀƛƴ ŦƻǊ ŀ ƳƻƴǘƘΦ .ȅ 

the 8th of June Elizabeth Hervey records that her hay harvest is underway and observes that 

ŀƭǘƘƻǳƎƘ ΨǊŀƛƴ ƛǎ ƳǳŎƘ ǿŀƴǘŜŘ L Ŏŀƴ ƴƻ ƭƻƴƎŜǊ ǿƛǎƘ ŦƻǊ ƛǘ ǘƛƭƭ Ƴȅ Ƙŀȅ ƛǎ Ǝƻǘ ƛƴΩ ό{wh 

D5684/C/120). On the 12th June 1818 correspondence between Charles Adam in Scotland 

ŀƴŘ WŀƳŜǎ [ƻŎƘ ǊŜŎƻǊŘǎ ǘƘŀǘ Ψ²Ŝ ŀǊŜ ƴƻǿ ōŜƎƛƴƴƛƴƎ ǘƻ Ŏŀƭƭ out for Rain even at B[lair] A[dam] 

- I never saw such divine weather- Too hot however, And the grass is beginning to suffer from 

ǘƘŜ ŘǊƻǳƎƘǘΦΩ ό{wh 5рфоκYκмκоκсύΦ hƴ ǘƘŜ мтth June, a month since the last considerable rain, 

Elizabeth Hervey writes that theǊŜ ǿŀǎ Ψ! ƭƛǘǘƭŜ Ǌŀƛƴ ŜŀǊƭȅ ƛƴ ǘƘŜ ƳƻǊƴώƛƴƎϐ ǿƘƛŎƘ ŘƛŘ ƴƻǘ ƭŀǎǘΧ 

ƴƻǘ ŜƴƻǳƎƘ ǘƻ Řƻ ƳŀǘŜǊƛŀƭ ǎŜǊǾƛŎŜ ǘƻ ǘƘŜ ǇŀǊŎƘŜŘ ƭŀƴŘΣ ŀƴŘ ŘǊƻƻǇƛƴƎ ǾŜƎŜǘŀǘƛƻƴΦΩ ό{wh 

D6584/C/120).  

By the 3rd July, Elizabeth Hervey acted to mitigate the effects of the weather on her garden. 

{ƘŜ ǿǊƛǘŜǎ Ψ¢ƘŜ ƎŀǊŘŜƴ ƴƻǿ ƎŜǘǎ Ŧǳƭƭȅ ǿŀǘŜǊŜŘΧ ŦƻǊ L ƘŀǾŜ ǇǳǊŎƘŀǎŜŘ ŀ ǿŀǘŜǊ ŜƴƎƛƴŜΣ ǿƘƛŎƘ 
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Ŏŀƴ ǘƘǊƻǿ ǳǇ ǘƘŀǘ ŜƭŜƳŜƴǘ ŀǎ ƘƛƎƘ ŀǎ ŀ ƘƻǳǎŜΣ Ƴŀȅ Ŝŀǎƛƭȅ ōŜ ǿƻǊƪŜŘ ŀƴŘ ŘƛǊŜŎǘŜŘ ŀƴȅǿƘŜǊŜΩΣ 

and the following daȅ ΨƎǊƻǳƴŘ ǿŀǘŜǊƛƴƎ ǿŜƴǘ ƻƴ ǘƘŜ ǿƘƻƭŜ ŜǾŜƴώƛƴƎϐ DŀǊŘƛƴŜǊ ǿƛǘƘ Ƙƛǎ 

pumping machine, and my three men with pots and tubs... by the constant attention my 

ƎŀǊŘŜƴ ƭƻƻƪǎ ŀǎ ōŜŀǳǘƛŦǳƭ ŀǎ ƛŦ Řŀƛƭȅ ǊŜŦǊŜǎƘŜŘ ōȅ ǎƘƻǿŜǊǎΧ L ŀǇǇǊŜƘŜƴŘ ǘƘŀǘ ǘƘƛǎ ŎƻƴǘƛƴǳŜŘ 

drought will have serious consequences [for the cows] (SRO D6584/C/120).  

The heat was the most prominent feature of the summer of 1818. On the 16th July 1818 

9ƭƛȊŀōŜǘƘ IŜǊǾŜȅ ǿǊƛǘŜǎ ǘƘŀǘ ƛǘ ƛǎ ΨǘƘŜ ǎŀƳŜ ōǳǊƴƛƴƎ ǿŜŀǘƘŜǊΣ ŀǘ о ƻϥŎƭƻŎƪ ǘƘŜ ǘƘŜǊƳώƻƳŜǘŜǊϐ 

in the shade at 78. This 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 ǊŜǘǳǊƴŜŘ ƘƻƳŜ ŦǊƻƳ ƘŜǊ ƘƻǳǎŜΣ ǿŀǎ ŀǘ трΩ ό{wh 5срупκ/κмнлύΦ ¢ŜƳǇŜǊŀǘǳǊŜ ǊŜŀŘƛƴƎǎ ƎƛǾŜƴ 

in these diaries are variable in reliability because thermometers were not standardised until 

the mid-nineteenth century (Manley 1946), and readings are only given intermittently and 

not always from the same thermometer or location (sometimes inside and sometimes 

outside buildings). According to the Central England Temperature series, the mean 

temperature for July 1818, at 18.2 degrees centigrade was well above the 1700-1850 July 

average of 15.9 degrees centigrade. The mean temperature for 16th July 1818 was 20.5 

degree centigrade, which is above average for July, but was surpassed on the 24th July by a 

mean of 23.9 degrees centigrade, which is the 4th hottest mean temperature for a day in July 

for the period 1772-1850 (Manley 1974; Parker et al. 1992). 

Towards ǘƘŜ ŜƴŘ ƻŦ Wǳƭȅ ǘƘŜǊŜ ǿŀǎ ǎƻƳŜ ǊŀƛƴΣ ōǳǘ 9ƭƛȊŀōŜǘƘ IŜǊǾŜȅ ǿǊƛǘŜǎ ΨǎƻƳŜǘƛƳŜǎ 

drizzling rain has fallen, but in such small quantity as to render it doubtful whether it rained 

ƻǊ ƴƻǘΩ ό{wh 5срупκ/κмнлύΣ ŀƴŘ ƘŜŀǘ ŎƻƴǘƛƴǳŜŘ ǘƻ ŀ ǇǊƻōƭŜƳΦ ! aǊ .ǊŀŘǎƘŀǿ ǿǊƛǘŜǎ ǘo James 

Loch from London on the 3rd !ǳƎǳǎǘ ǘƘŀǘ ΨǘƘŜ Ƙƻǘ ǿŜŀǘƘŜǊ Ƙŀǎ ǎǘŜǿŜŘ ƳŜ ǎƻ ŎƻƳǇƭŜǘŜƭȅ ǘƘŀǘ 

Ƴȅ .ǊŀƴŜǎ ƘŀǾŜ ŜǾŀǇƻǊŀǘŜŘ ǘƘǊƻǳƎƘ Ƴȅ ƛǊƛǎΧΩ ό{wh 5рфоκYκмκоκсύΣ ǿƘƛƭŜ ƻƴ ǘƘŜ рth Elizabeth 

IŜǊǾŜȅ ǿǊƛǘŜǎ ΨƻƴŜ ƻŦ ǘƘŜ ƘƻǘǘŜǎǘ Řŀȅǎ ǿŜ ƘŀǾŜ ƘŀŘ ǘƘƛǎ ǾŜǊȅ ǎǳƭǘǊȅ summer, almost 

ǳƴǇŀǊŀƭƭŜƭŜŘ ƻƴŜ ƛƴ ǘƘƛǎ ŎƻǳƴǘǊȅΩΣ ŀƴŘ ƻƴ ǘƘŜ моth ǘƘŀǘ ΨǘƘŜ ǘǊŜŜǎ ŀƴŘ Ǉƭŀƴǘǎ Řŀƛƭȅ ƎŜǘ ǿƻǊǎŜ 

ŀƴŘ ǿƻǊǎŜΩ ό{wh 5срупκ/κмнлύΦ CǊƻƳ 5ǳƴǊƻōƛƴ ƛƴ {ŎƻǘƭŀƴŘ ƻƴ ǘƘŜ нмst August James Loch 

ǿǊƛǘŜǎ Ψ¢ƘŜǊŜ Ƙŀǎ ƴƻǘ ōŜŜƴ ŀ ŘǊƻǇ ƻŦ Ǌŀƛƴ ǎƛƴŎŜ L ŎŀƳŜ ƘŜǊŜ- but at no time of the day has a 

fire been disagreeable at the same time heat of the sun in the Glens in the Mountains for a 

ŦŜǿ ƘƻǳǊǎ ƛǎ ƛƴǎǳǇǇƻǊǘŀōƭŜΩ ό{wh 5рфоκYκмκрκтύΦ bƻǊƳŀƭ ǊŀƛƴŦŀƭƭ ǎŜŜƳǎ ǘƻ ƘŀǾŜ ǊŜǎǳƳŜŘ 

from the 27th August (SRO D6584/C/120).  

These 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 of 1818, 

was about 75% of average rainfall (1777-2015). It is likely that the hot weather magnified the 

impacts of this dry weather.  

There was a moderate drought in 1821, with no negative impacts reported at Trentham. This 

is consistent with work by Parsons et al. (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 31st January the 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 the 29th June 1821, Peter Pegge-

.ǳǊƴŜƭƭ ŦǊƻƳ ²ƛƴƪōǳǊƴ ƛƴ bƻǘǘƛƴƎƘŀƳǎƘƛǊŜ ǊŜŎƻǊŘǎ ƛƴ Ƙƛǎ ŘƛŀǊȅ ǘƘŀǘ ΨǊŀƛƴ ώƛǎϐ ƳǳŎƘ ǿŀƴǘŜŘΩ 

(NA DD/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 in the mid-

nineteenth century, in part because of the creation of the British Rainfall Organisation and 

the publication of {ȅƳƻƴǎΩǎ .ǊƛǘƛǎƘ wŀƛƴŦŀƭƭ (later British Rainfall) from 1861 onwards (see 

section 2.1.2). Increases in water supplies also led to an increase in weather recording, as 

water companies kept their own rainfall and reservoir records. These records were a tool to 

support management decisions in relation to infrastructure 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 (from 1892) and Hatton (from 1913) 

(D3742/3/4/1/7).  

In the nineteenth century concepts of dirtiness and disease developed (Dobson 1997: 497), 

as did an association between cholera and drought, since it was thought that abundant water 

ǿŀǎ ƴŜŜŘŜŘ ǘƻ ΨǿŀǎƘ ŀǿŀȅΩ cholera (Waddington 2017). The 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 Sanitary 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 late-nineteenth century implementation of water supply improvements in Swansea 
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was fuelled by concerns that drought would make communities more vulnerable to cholera 

(Waddington 2017: 602).  

1826-8 saw a moderate drought at Chatsworth (SPI-12 -1.5) which lasted 26 months. This 

was a key period for the development and formalisation of water supplies; in 1826, 

Birmingham (Local and Personal Act, 7 George IV, c. cix), Chester (Local and Personal Act, 7 

George IV, c. cx) and Nottingham (Local and Personal Act, 7 & 8 George IV, c. lxxxii) all 

obtained Acts of Parliament for the improvement of their 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 reservoirs built solely for 

the supply of potable water (Gorton) was constructed by the Manchester and Salford 

Waterworks company.  

There is little recorded about the impacts of the 1826-8 drought from Staffordshire, however 

the TEMPEST database records agricultural impacts in the wider area in central England. At 

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 across the 

Midlands. He writes:  

This dreadful drought lasted quite into the autumn - spring 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 through the midland counties:- 
Lincolnshire, parts of Yorkshire, parts Stafford, Derby. (NUL Os 3 D1) 

This suggests that Staffordshire was affected by the drought, with at least some spring sown 

crops failing. There is evidence of impacts of dry weather on domestic water supplies; a letter 

written on the 20th February 1827 from William Lewis to James Loch at Trentham records 

than there are problems with water scarcity at Lane End (Longton, Stoke-on-Trent) since 

water pipes are supplying more inhabitants than can be supplied 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 SPI-12 series is in 1835-6. According to later information 

from the Staffordshire Potteries Water Board, this caused water shortages in wells and 

pumps at Tunstall in Stoke-on-Trent (Staffordshire Potteries Water Board 1949). A cutting 

from the Taunton Courier 16th February 1835 included in the TEMPEST database, reveals that 

there were problems across the country, with 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 in 1844-5, and in 1847-8. On the 4th 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 remarkable than the very dry summer that had 

had been experienced that year (Worcestershire Chronicle, 15th September 1847). In 1844, 

26 of the 50 largest towns in Britain had a water company with parliamentary authorization 

(Hassan 1985: 534). The Buccleugh Commission (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 that there were some inhabitants carrying water from springs, 

some supplied by piped water (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 ǘƘŜ aŀǊǉǳŜǎǎ ƻŦ {ǘŀŦŦƻǊŘΩǎ [ŀƴŜ 9ƴŘ ǿƻǊƪǎ (Staffordshire Potteries Water Board 

1949). 

The Hereford Journal in September 1847 reports that across the Midlands and the North 

²ŜǎǘΣ ǘƘŜ ǘǳǊƴƛǇ ŎǊƻǇ Ƙŀǎ ΨōŜŜƴ ǎǳŦŦŜǊƛƴƎ ǎƻ ƳǳŎƘ ŦǊƻƳ ŘǊƻǳƎƘǘΩΣ ŀƴŘ ŀƭǎƻ ƳŜƴǘƛƻƴǎ recent 

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 Journal 15th September 1847). The socio-economic 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 were unable to keep 6ft of water in the navigation, 

but since there had been recent improvements, whereas previously the shortage would have 

led to a three-month stoppage, this had not happened (Worcestershire Chronicle, 15th 

September 1847).  

In 1847 the Staffordshire Potteries Water Company was created (Local and Personal Act 10& 

11 Victoria I, c.cciv). The water supply company eventually supplied water to most of North 

Staffordshire (which contains the medieval market town of Newcastle-under-Lyme, the city 

of Stoke-on-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, deposited directly from the 

company archive, or through the Sutherland Estate Collections. According to the online 

archive catalogue (http://www.archives.staffordshire.gov.uk/), there are at least 219 

volumes, 36 boxes of documents, 5 boxes of photographs and 35 plans relating to the 

http://www.archives.staffordshire.gov.uk/
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company at the SRO.  This includes some discussion of droughts and their potential impacts 

ƛƴ ǊŜǇƻǊǘǎ ŦǊƻƳ ǘƘŜ ŎƻƳǇŀƴȅΩǎ ŜƴƎƛƴŜŜǊ ό{wh 5отпнκоκпκмκтύ ŀƴŘ ǎƻƳŜ ǊŀƛƴŦŀƭƭ ǊŜŎƻǊŘǎ 

integǊŀǘŜŘ ƛƴǘƻ ǘƘŜ ŜƴƎƛƴŜŜǊΩǎ ǊŜǇƻǊǘǎΦ 

The first expansion of the Staffordshire Potteries Water Company came in 1849 (Private Act 

12 & 13 Victoria I, c. 9), driven 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 

ƎǊŀƴǘŜŘ ǘƻ ǘƘŜ {ǘŀŦŦƻǊŘǎƘƛǊŜ tƻǘǘŜǊƛŜǎ ²ŀǘŜǊǿƻǊƪǎ /ƻƳǇŀƴȅ ΨŦƻǊ ŀ ƭƻƴƎ ¢ŜǊƳ ƻŦ ¸ŜŀǊǎΩΦ !ǘ 

this time, the company also built a large compensation reservoir at Deep Hayes, to 

compensate the River Churnet for 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 efficiently and reliably supply Stoke on Trent with water.  

1854-1860 is the first drought identified by Marsh et al. (2007) and has also been identified 

in Ireland (Noone et al. 2017). In the Chatsworth series this is recorded as two droughts, 

1854-6 and 1858-9. Of these, the earlier drought is the more severe with an SPI-12 of -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 pastures needed rain, and farmers had to transport water for 

their cattle (Manchester Times, 16th September 1854), while an unusually small quantity of 

cheese at the Leicester Cheese Fair was attributed to the drought (Derby Mercury, 18th 

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, 30th August 1858), and reports of health impacts. The Birmingham Journal, while 

reporting on cholera in Europe, makes a link made between heat and drought in Bruge (which 

caused stagnant canals) and the emergence of cholera (Birmingham Journal, October 15th 

1859). An article in the Birmingham Daily Post links low 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 14th February 1859).  

In 1864-6, there is an extreme drought in the Chatsworth SPI-12, lasting 27 months with a 

minimum SPI of -2.8 in !ǇǊƛƭ мусрΦ ¢ƘŜ ƘŀǊǾŜǎǘ ƻŦ мусп ǊŜǎǳƭǘŜŘ ƛƴ ΨƛƳƳŜƴǎŜ ŀƳƻǳƴǘ ƻŦ 

ŎŜǊŜŀƭǎ ƛƴ ǘƘŜ ŦƛƴŜǎǘ ǇƻǎǎƛōƭŜ ŎƻƴŘƛǘƛƻƴΧ ǘƘŜ ŘǊƻǳƎƘǘ Ƙŀǎ ƳŀŘŜ ǎǳŎƘ ƘŀǾƻŎ ǿƛǘƘ ŦƻǊŀƎŜΣ ŀƴŘ 

so sent up the value of cattle feed, that farmers may prefer ŦŜŜŘƛƴƎ ǘƘŜƛǊ ŎŀǘǘƭŜ ǿƛǘƘ ŎƻǊƴΩ 

(Birmingham Gazette, 27th August 1864). A farmer wrote to the editor of the Derby Mercury 

ƛƴ !ǳƎǳǎǘ мусп ǇƻǎƛǘƛƴƎ ǘƘŀǘ ΨƴŜǾŜǊ ǎƛƴŎŜ ǘƘŜ ǘƘƛǊǎǘȅ ǘƛƳŜ ƻŦ муму ƘŀǾŜ ǘƘŜ ǇŀǎǘǳǊŜǎ ƻŦ 
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Derbyshire been more bare than the current suƳƳŜǊΩ ό5ŜǊōȅ aŜǊŎǳǊȅΣ мтth August 1864). 

During the first year of the drought, the effects were primarily agricultural. In subsequent 

years, more varied impacts are seen. In September 1865 it was reported that: 

THE TRENT AND MERSEY CANAL. ς The long drought has 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 should be no fall of rain in the 
meantime, the canal will have to be closed against traffic throughout its entire length 
ƻŦ мрл ƳƛƭŜǎΧ ¢ƘŜ /ŀǳƭŘƻƴ ōǊŀƴŎƘ Ƙŀǎ ōŜŜƴ ŀƭǊŜŀŘȅ ŎƭƻǎŜŘ ŦǊƻƳ ǘƘŜ ǎŀƳŜ ŎŀǳǎŜΦ 
(Birmingham Daily Post 28th September 1865) 

The drought was perceived to be severe by those living through it and had impacts on 

agriculture and on the water available in water courses.  

Lƴ ǘƘŜ .ƛǊƳƛƴƎƘŀƳ tƻǎǘΣ ǘƘŜ ǎǳƳƳŜǊ ƻŦ мусу ƛǎ ŘŜǎŎǊƛōŜŘ ŀǎ ΨǘƘŜ Ƴƻǎǘ ǘŜǊǊƛōƭŜ ŘǊƻǳƎƘǘ ŜǾŜǊ 

known in the Midland Counties in the mŜƳƻǊȅ ƻŦ ƳŀƴΩΣ ǿƛǘƘ ƴƻ Ǌŀƛƴ ŦǊƻƳ ǘƘŜ нфth May to the 

5th August (Birmingham Journal, 22nd August 1868). Between 1868 and 1871 there was an 

extreme drought in the Chatsworth SPI-12, lasting 38 months with a peak severity of -2.1 in 

December 1869. The lack of rainfall between May and August 1869 was followed by heavy 

rain. This heat and drought followed by heavy rain, there were high death and disease rates 

in 1868 (Birmingham Daily Post, 4th January 1869).  

In August 1868, the Birmingham Daily Post reports fires: there were ongoing gorse and 

heather fires in Sutton Park (and men in custody on suspicion 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 at a factory in Burslem, which appears to have been caused by 

dry straw catching light (Birmingham Daily Post, 5th August 1868).  

Lƴ ǘƘŜ ŀǳǘǳƳƴ ƻŦ мусфΣ ŀ ΨƭƻŎŀƭ ƳŜǘŜƻǊƻƭƻƎƛǎǘΩ ŎƻƳƳŜƴǘŜŘ ƻƴ ǘƘŜ ǎǳƳƳŜǊǎ ƻŦ мусу ŀƴŘ мусф 

ŦƻǊ ǘƘŜ .ƛǊƳƛƴƎƘŀƳ tƻǎǘΣ ǿǊƛǘƛƴƎ Ψ!ŦǘŜǊ ǘƘe wettest May ever recorded here, June and July 

were so dry that, with exception of the memorable drought of the corresponding months in 

мусуΣ ǘƘŜȅ ǿŜǊŜ ǘƘŜ ŘǊƛŜǎǘ ŜǾŜǊ ǊŜƎƛǎǘŜǊŜŘ ƛƴ ǘƘƛǎ ŘƛǎǘǊƛŎǘΧ ǎƛƴŎŜ мумуΩ ό.ƛǊƳƛƴƎƘŀƳ 5ŀƛƭȅ 

Post, 2 September 1869). There is evidence of economic impacts of the drought. The report 

of the half-ȅŜŀǊƭȅ ƎŜƴŜǊŀƭ ƳŜŜǘƛƴƎ ƻŦ ǘƘŜ ²ƻǊŎŜǎǘŜǊ ŀƴŘ .ƛǊƳƛƴƎƘŀƳ /ŀƴŀƭ ΨώŀƳƻǳƴǘǎ 

received for traffic] are not so large as they would have been, owing to the drought of last 

summer causing the Severn to be unusually low. The effect of this was to prevent boats 

ΨŎŀǊǊȅƛƴƎ Ŧǳƭƭ ƭƻŀŘǎΣ ŀƴŘ ƻŎŎŀǎƛƻƴŀƭƭȅ ǎǘƻǇǇƛƴƎ ǘƘŜƳ ŀƭǘƻƎŜǘƘŜǊΩ ό.ƛǊƳƛƴƎƘŀƳ 5ŀƛƭȅ tƻǎǘΣ р 

January 1870). The weather continued relatively dry, and in the early summer the 
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Birmingham Dailȅ tƻǎǘ ǊŜǇƻǊǘŜŘ ǘƘŀǘ Ψ²Ŝ ƘŀǾŜ Ƨǳǎǘ ǇŀǎǎŜŘ ǘƘǊƻǳƎƘ ŦƻǳǊ ǿŜŜƪǎ ƻŦ ǘƘŜ ŘǊƛŜǎǘ 

weather ever experienced in the Midland Counties. Occurring at the present season of the 

ȅŜŀǊΣ ǿƘŜƴ ǘƘŜ ŜŀǊǘƘ ǿŀƴǘǎ ŀ ƭŀǊƎŜ ŀƳƻǳƴǘ ƻŦ ƳƻƛǎǘǳǊŜ ŦƻǊ ǘƘŜ ǇŀǎǘǳǊŜǎΣ ŎŜǊŜŀƭǎ ŀƴŘ ǊƻƻǘǎΧ 

tƘƛǎ ƎǊŜŀǘ ŘǊƻǳƎƘǘ ƛǎ ŀ ƳŀǘǘŜǊ ƻŦ ǘƘŜ Ƴƻǎǘ ǎŜǊƛƻǳǎ ƛƳǇƻǊǘŀƴŎŜΩ ό.ƛǊƳƛƴƎƘŀƳ 5ŀƛƭȅ tƻǎǘΣ мо 

June 1870).  

The Chatsworth SPI series shows a severe drought in 1873-5, lasting 20 months, with a peak 

SPI of -1.8 in September 1874. This closely follows on from the 1868-71 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 4th January 1873). Most 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 was a high level of mortality and sickness 

during June, which normally had the lowest levels of illness and mortality, blamed on the 

ŘǊƻǳƎƘǘ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ ŎƘŀƴƎŜǎΦ ¢ƘŜ ƳŜŘƛŎŀƭ ƻŦŦƛŎŜǊ ŀƭǎƻ ƴƻǘŜŘ ǘƘŀǘ Ψ¢ƘŜ ǎŎŀǊŎƛǘȅ ƻŦ ǿŀǘŜǊ 

had caused a great augmentation of the noxious vapours given off from the brook-courses, 

ǿƘƛŎƘ ǿŜǊŜ ƛƴ ŀ Ŧƻǳƭ ŎƻƴŘƛǘƛƻƴΦΩ ό.ƛǊƳƛƴƎƘŀƳ 5ŀƛƭȅ tƻǎǘΣ нnd July 1874). The local government 

board issued ŀ ƴƻǘƛŎŜ ƛƴ !ǳƎǳǎǘ мутп ǘƻ ƭƻŎŀƭ ǎŀƴƛǘŀǊȅ ŀǳǘƘƻǊƛǘƛŜǎ Ψƛƴ ŎƻƴǎŜǉǳŜƴŎŜ ƻŦ ǘƘŜ ƭƻƴƎ 

duration of the dry weather, their attention has been drawn to the fact that in several parts 

ƻŦ ǘƘŜ ŎƻǳƴǘǊȅ ǘƘŜ ƻǊŘƛƴŀǊȅ ǿŀǘŜǊ ǎǳǇǇƭȅ Ƙŀǎ ōŜŎƻƳŜ ŎƻƴǎƛŘŜǊŀōƭȅ ŘƛƳƛƴƛǎƘŜŘΩ. The board 

also warned of the need to monitor supplies and take steps to store water or provide 

alternative supplies if necessary (Tamworth Herald 8th August 1874). The South Staffordshire 

²ŀǘŜǊǿƻǊƪǎ /ƻƳǇŀƴȅΣ ƘƻǿŜǾŜǊ Ψǿŀǎ ƘŀǇǇȅ ǘƻ ōŜ ŀōƭŜ ǘƻ ǎǘŀǘŜ ǘƘŀǘ ƴŜǾŜǊ ŘǳǊƛƴƎ ŀƴȅ 

previous period had the South Staffordshire Waterworks Company given a better supply than 

during the past half-year. The supply had been continuous... some complaints were made 

against the company of non-ǎǳǇǇƭȅΧ ƛƴ ŎƻƴǎŜǉǳŜƴŎŜ ƻŦ ǘƘŜ ǊŜǇŀƛǊǎ ǘƻ ǘƘŜ ŜƴƎƛƴŜ ŀǘ [ƛŎƘŦƛŜƭŘΩ 

(Birmingham Daily Post, 28th August 1874). Similarly, the directors of the Birmingham 

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 

9th September 1874).  

By 1881, 80.2% of towns had a municipal water supply, (Hassan 1985: 534). The Chatsworth 

SPI series shows a moderate drought in 1885, lasting 8 months, with a peak severity of -1.1 

in September 1885. All the newspaper reports for this drought in the Midlands focus around 
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the impact on hunting and fishing. 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 drought (Lichfield Mercury 

4th September 1885). There are negative impacts for trout fishing in Yorkshire, with low 

stream levels and those fish that were caught being in poor condition (Tamworth Herald 26th 

September 1885). There are no reported impacts on agriculture or domestic water supplies. 

This drought was followed by a further drought in 1887-1889.  

According to Brooks and Glasspoole (1928: 133)Σ ΨƛŦΧ ǿŜ ŎƻƴǎƛŘŜǊ ǘƘŜ .ǊƛǘƛǎƘ LǎƭŜǎ ŀǎ ŀ ǿƘƻƭŜΣ 

ǿŜ ŦƛƴŘ ǘƘŜ ŘǊƛŜǎǘ ȅŜŀǊ ƻƴ ǊŜŎƻǊŘΧ ǿŀǎ ǳƴŘƻǳōǘŜŘƭȅ муутΩΦ ¢ƘŜ ƘƻǘΣ ŘǊȅ ǎǳƳƳŜǊ ƻŦ муут ǿŀǎ 

followed by low winter rainfall, so that drought termination at Chatsworth was not until April 

1889. At Chatsworth, drought onset was October 1887, and the drought had a peak severity 

of -2.95 (SPI) with 8 months of extreme drought (an SPI of less than -2) (Lennard et al. 2015: 

7, 9). This drought appears in 12-month SPI series at Chatsworth, Wall Grange and Rugby. At 

Wall Grange it lasted 27 months with a peak severity of -3.2. It was less severe at Rugby, 

lasting only 9 months with a peak severity of -2.1 (Lennard et al. 2015). The extreme 1887 

drought is worthy of particular attention because it comes about 100 years after the extreme 

drought of 1785, and about 100 years before the modern extreme drought of 1976. This 

provides an opportunity to consider how reported impacts (both in terms of number and 

type of report, and type of impact) are different.  

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 uncommon (Taylor 

et al. 2009: 571).  There was also no duty to provide supply in times of drought or frost (Taylor 

et al. 2009: 580). The minutes of the Tamworth Rural Sanitary Authority committee meeting, 

published in the local newspaper, indicated that 94% of the houses within reach of mains 

water were connected at the beginning of 1887 (Tamworth Herald 5th 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 insufficient supply for extinguishing fires in dry weather 

(Birmingham Daily Post 3rd October 1887). 

During the summer of 1887 the Tamworth Waterworks Company and South Staffordshire 

Waterworks Company were both affected by erroneous suspicion from their customers 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 supplies (30th 
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July 1887). In their August meeting they reported that the dry weather had resulted in little 

change in the amount of water they were able to access (Tamworth Herald 6th August 1887). 

The South Staffordshire Waterworks company experienced more severe effects as a result of 

this anxiety, in the minutes of the South Staffs Waterworks 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 vessel they 
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 precious. (Birmingham Daily 
Post 26th 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 did not have large reservoirs, so 

were vulnerable to fluctuations in the water table. Fortunately for them, and their customers, 

they were able to survive the 1887-1889 drought. A report in the Birmingham Daily Post (12th 

August 1887) reveals that in some places public 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 adequacy of the supply for the size of the population.  

The 1887 drought particularly affected the West and North West of Britain and precedes the 

Ψ[ƻƴƎ 5ǊƻǳƎƘǘΩ ƻŦ муфл-1910 (Lennard et al. 2015; Marsh et al. 2007; Waddington 2017). 

Although 1887 sits within a larger period of dry weather, it stands out in contemporary 

newspapers reports because of its intensity (Waddington 2017). Documentary evidence is 

concentrated around the hot dry summer of 1887, continuing into the following winter and 

the spring of 1888. After the spring of 1888, the documentary accounts consider the drought 

to have ended, despite modern analysis showing that drought termination did not occur in 

some places, including Chatsworth, until the April of the following year, demonstrating the 

difference in understanding and perception in the documented reports and the instrumental 

records.  

Lƴ муууΣ ŀǎ ǘƘŜ ŘǊƻǳƎƘǘ ƭŜǎǎŜƴŜŘΣ ǘƘŜǊŜ ǿŜǊŜ ŀŎƪƴƻǿƭŜŘƎƳŜƴǘǎ ǘƘŀǘ ΨǘƘŜ ŘƻƳŜǎǘƛŎ ǿŀǘŜǊ 

supply, even in average seasons, is barely equal to the needs of the community, and has to 

be eked out in time of drought by imported supplies from more favourable localities and the 

ǳǎŜ ƻŦ ǿŜƭƭ ǿŀǘŜǊ ƻŦ ŘƻǳōǘŦǳƭ ǇǳǊƛǘȅΩ ό.ƛǊƳƛƴƎƘŀƳ 5ŀƛƭȅ tƻǎǘΣ моth February 1888) and that 

ΨǘƘŜ ƳŀǊƎƛƴ ōŜǘǿŜŜƴ ǎǳǇǇƭȅ ŀƴŘ ŘŜƳŀƴŘ ƛǎ ǳƴǇƭŜŀǎŀƴǘƭȅ ǎƳŀƭƭΩ ό[²¢!ύΦ LƴǾŜǎǘƛƎŀǘƛƻƴ ƛƴǘƻ 
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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, mortality 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 Herald 5th March 1887).  

 

4.4 The twentieth century (1900-present) 
Although the archival focus of this project has been the eighteenth and nineteenth centuries, 

the twentieth and early twenty-first centuries offer other forms of evidence. These 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 collected from 

individuals by this project date from the 1940s. The twentieth century sees the creation of 

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 2012, roughly half 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 appears in the Chatsworth series as five 

moderate droughts (1890-1, 1893-4, 1895-7, 1898 and 1909) and one severe drought (in 

1905). Although this period is now beyond living memory, it is well recorded in newspapers.  

It is interesting that a newspaper article in discussing the drought in 1893 does not reflect on 

droughts of 1887 or 1890-1; instead the article focusses on droughts much earlier picked 

from a list of droughts published in British Rainfall 1887 (Birmingham Daily Post, 15th May 

1893; Symons 1888), despite the same publication noting that 1887 was dry throughout the 

whole of Britain (Symons 1888: 158). This is perhaps indicative of how hard droughts are to 

identify as they happen (without access to analysis of instrumental rainfall).  

There was a documented split between urban and rural water supplies and sanitation during 

this drought, with public perception of drought as an urban problem, despite considerable 

impacts from water shortages for rural communities (Taylor et al. 2009; Waddington 2012); 

in 1893 there was a complete failure of water supplies to rural Welsh villages (Waddington 

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 water supply 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 reservoirs in 1893 (Local 

Act, 56 & 57 Victoria I, c.xcii). In the wider area, it was also in this period that the Elan Valley 

ǊŜǎŜǊǾƻƛǊǎΣ ǿƘƛŎƘ ǎǳǇǇƭȅ ƳǳŎƘ ƻŦ .ƛǊƳƛƴƎƘŀƳΩǎ ŘǊƛƴƪƛƴƎ ǿŀǘŜǊ ǿŜǊŜ ǇƭŀƴƴŜŘ ŀƴŘ 

construction begun. A report by Barclay (1898) states that prior to the Elan Valley scheme, 

Birmingham was supplied by 5 wells, 4 streams and storage reservoirs, with a daily supply of 

18 million gallons (81 Ml), with an average daily demand of 17 million gallons (77 Ml) and a 

peak demand of 22 million gallons a day (100 Ml). There was also about a 3% per year 

increase in demand. This water supply situation was 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 earlier, in 1885, that the drought of 1884-5 in the Manchester area 

was a major factor in the construction of the Thirlmere Reservoir (Manchester Courier and 

Lancashire General Advertiser, 2nd Jan 1885).  

By 1914, only 29 of the 1130 boroughs or urban districts outside of London did not have a 

water company with parliamentary authorization (Hassan 1985: 534), however a problem 

faced by water supplies in this period and exacerbated by dry weather was water pollution. 

One of the reasons for the construction of the Elan Valley 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 water (Barclay 

1898). In Stoke-on-Trent, the Staffordshire Potteries Water company also struggled with the 

purity of their water; in a report dated 24 September 1913 it is stated that: 

The water drawn from the main along with the sediment contained a minute trace of 
iron and ǎƻƳŜ ƳŀƴƎŀƴŜǎŜΣ ƛƴ ǎƻƭǳǘƛƻƴΧǎǳǊŦŀŎŜ ƻǊ Ŏŀƴŀƭ ǿŀǘŜǊ ƛǎ ƎŀƛƴƛƴƎ ŀŎŎŜǎǎ ǘƻ 
the supply, this carries in the diatoms and crenothrix, [a type of methane oxidising 
bacterium (Oswald et al. 2017)] ŀƴŘ ǘƘŜ ƭŀǘǘŜǊ Χ ƎǊƻǿ ǘƘŜ ƻōƧŜŎǘƛƻƴŀōƭŜ ώōǊƻǿƴ 
slimy] deposit. (SRO D3742/3/4/1/7)  

A decade later, the Staffordshire Potteries Waterboard suffered a pollution incident, with 

grave consequences for the residents of Stoke-on-Trent:  

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 bacteriological 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 the event is not directly linked to the drought in the contemporary 
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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 separate droughts at Chatsworth, the most 

notable of which was the drought of 1921-2, 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 

1918-9 and 1919-20, shortly after the end of the first world war.  

These droughts are interesting case studies in vulnerability to drought, and how it is shaped 

by socio-economic circumstances. Drought impacts are recorded in the newspapers in the 

summer of 1919; the Tamworth Herald in June 1919 reports that wartime rationing of meat 

and butter will be continue because of the increased costs of production caused by the 

drought (Tamworth Herald 28th June 1919). In the October, the Derby Daily Telegraph reports 

that:  

ǘƘŜ ǎǳǇǇƭƛŜǎ ƻŦ ŀǳǘǳƳƴ ƎǊŀǎǎ ŀǊŜ ǿŜƭƭ ōŜƭƻǿ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǊŜŀƭ ƴŜŜŘǎΣ ŀƴŘ ƻƴ Ƴŀƴȅ 
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 
underground reservoirs stood in great need of being replenished (Derby Daily 
Telegraph 24th October 1919) 

Although the drought itself was not severe, socio-economic circumstances may have 

multiplied the impacts; the first world war had a dramatic impact on food provision, and 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 1921-3 drought, impacts across the country are recorded in local newspapers; a 

report of a storm in London after 100 rainless days was published in the Lichfield Mercury on 

the 1st July 1921, and in the Tamworth Herald a day later, which includes general description 

of stunted crops, water shortages in metropolitan areas, dry grass and a lack of water in rivers 

and streams (Lichfield Mercury 1st July 1921, Tamworth Herald 2nd July 1921). In terms of 

local impacts, on the 15th July 1921, there was a warning in the Lichfield Mercury that due to 

the prolonged drought there is a need to conserve water, to prevent a complete stoppage of 

supply, with consequences for health (Lichfield Mercury 15th July 1921). Two weeks later in 

the Tamworth Herald the manager of the Tamworth Waterworks urged consumers to save 

water, bŜŎŀǳǎŜ ǘƘŜ ǿŀǘŜǊ ƭŜǾŜƭ ƛƴ ǘƘŜ ŎƻƳǇŀƴȅΩǎ ǿŜƭƭ ǿŀǎ ǾŜǊȅ ƭƻǿ ŀƴŘ ǊŜŘǳŎƛƴƎ ŘŀƛƭȅΦ IŜ 

warns that water rationing will be put in place if consumers do not reduce their consumption 

(Tamworth Herald 30th July 1921). The drought was also blamed for fires in Tamworth and 



108 
 

the surrounding area, in which hay fields, barns, haystacks and piles of wood chips caught 

fire (Tamworth Herald 16th July 1921). In the end, however, the Report of Tamworth 

waterworks joint committee meeting states that:  

In view of the abnormal conditions 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 continued, especially in view of the fact that there is still a 
universal shortage, and also the high cost of pumping. (Tamworth Herald 14th January 
1922)  

there continue to be occasional mentions of the drought in the Tamworth Herald and the 

Lichfield Mercury, and 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.lxviii). As part of this existing 

arrangements and future requirements were reviewed. Extension requirements to manage 

droughts were identified, including expansion of reservoirs to manage increase in water 

usage due to the increase in flushing toilets and baths inside houses. The reports particularly 

ŘƛǎŎǳǎǎ ǘƘŜ Ǌƛǎƪǎ ƻŦ Ƙƻǘ ǿŜŀǘƘŜǊ ŀƴŘ ǘƘŜ ǳǎŜ ƻŦ ǘŀǇ ǿŀǘŜǊ ƛƴ ƎŀǊŘŜƴǎ ǿƘƛŎƘ ƛǎ ΨŀƭƳƻǎǘ 

invariably illegal, but is difficuƭǘ ǘƻ ǇǊŜǾŜƴǘ ŀƴŘ Ƴǳǎǘ ƛƴ ŀƴȅ ŎŀǎŜ ōŜ ǘŀƪŜƴ ŀŎŎƻǳƴǘ ƻŦΩΦ ¢ƘŜ 

summer of 1925 was hot, and during that period the estimated summer maximum daily yield 

of the springs and boreholes equalled the use (SRO 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, 1933-5 and 1937-9. The 1934 drought 

appears in record at Chatsworth, Wall Grange, Nanpantan (nr. Loughborough), Rugby, 

Oxford, Rhayader, Kew and Spalding (Lennard et al. 2015; Todd et al. 2013) At the SRO there 

is a photograph of a woman in Staffordshire attempting to dowse for water during 1934 

(Figure 4.2). This is perhaps indicative of an awareness of the drought and its impacts. 

In March 1938 Staffordshire 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 rainfall per year 

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 water and reduce 

consumption. Several measures were put in place to reduce water consumption, including 
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ƴƻǘƛŎŜǎ ǇǳōƭƛǎƘŜŘ ƛƴ ƭƻŎŀƭ ǇŀǇŜǊǎ ǿŀǊƴƛƴƎ ƻŦ ΨŘǊŀǎǘƛŎ ǊŜŘǳŎǘƛƻƴǎ ƻŦ ǘƘŜ ǎǳǇǇƭȅΩ ƛŦ ǘƘŜȅ ŘƛŘ ƴƻǘ 

save water, the withdrawal of permits for watering gardens (both by hand 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 water (D3742/3/4/1/7). In Stafford, water 

shortages in 1939 were reported by the Staffordshire Chronicle (21 June 1939, WSL 

CB/STAFFORD/2610).  

 

 

Figure 4.2: 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 

ǘƘŀǘ ǘƘŜƛǊ ƻƴƭȅ ƳŜƳƻǊȅ ƻŦ ǿŀǘŜǊ ǎƘƻǊǘŀƎŜ ǿŀǎ Ψŀ ȅŜŀǊ ōŜŦƻǊŜ ƻǊ ŀŦǘŜǊ ǿƛƴǘŜǊ ƻŦ мфпт όL ƭŜŦǘ 

that school in 1949). The headteacher (Miss Woolton) gave us all a serious talk about turning 

ǘŀǇǎ ƻŦŦ ŀǎ ǎƘŜ ƘŀŘ ǎǇŜƴǘ ǿŜŜƪŜƴŘ ƛƴ ²ŀƭŜǎ ŀƴŘ ǘƘŜȅ ƘŀŘ ƴƻ ǿŀǘŜǊΗΩΦ ¢Ƙƛǎ ŘƻŜǎ ƴƻǘ ǘƛŜ ƛƴ ǿƛǘƘ 

a drought at Chatsworth; there was a moderate drought lasting 30 months from 1942-4, and 

another from 1949-50. However, across England and Wales there were a series of short 

duration droughts (Marsh et al. 2007) and during this period there was one of the longest, 

most severe droughts in SE England, lasting from April 1943 to October 1950 (Todd et al. 
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2013). Lennard (2016) identified a drought lasting from mid-1944 to October 1947 at 

Rhayader (Powys), Oakly Park (nr Ludlow, Shropshire), Weston Park (on the Shropshire and 

Staffordshire border) and Rugby (Warwickshire). Interestingly, there is little media coverage 

of this drought, probably reflecting post-war reporting restrictions, as Britain still needed to 

operate food rationing.  

There was a severe drought at Chatsworth in 1959-60. At the SRO there is a photograph of 

children at Barton-under-Needwood Primary School on dry playing fields in the summer (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 al. (2007) state that there were widespread hosepipe bans, 

with low river and reservoir levels.  

 The best remembered drought across much of England today is that of 1976 (Waites 2018), 

and it was by far the most commonly referenced drought in memories collected by the 

Historic Flooding and Drought project. Most of the collected memories focus on the more 

ŘǊŀƳŀǘƛŎ ŀƴŘ Ǿƛǎǳŀƭ ŀǎǇŜŎǘǎ ƻŦ ǘƘŜ ŘǊƻǳƎƘǘΣ ǎǳŎƘ ŀǎ ΨCƛǊŜǎ ǎǘŀǊǘŜŘ ƛƴ Ƴŀƴȅ ǇƭŀŎŜǎ ŘǳŜ ǘƻ ǘƘŜ 

ƭŀŎƪ ƻŦ ǊŀƛƴΩ ŀƴŘ ǎǿŀǊƳǎ ƻŦ ƭŀŘȅōƛǊŘǎΦ  A visual aspect of the drought which appeared 

frequeƴǘƭȅ ƛƴ ǇŜƻǇƭŜΩǎ ƳŜƳƻǊƛŜǎ ǿŀǎ ǘƘŜ ŎƻƭƻǳǊ ƻŦ ǘƘŜ ƎǊŀǎǎ, for example comments 

collected from the questionnaires includedΥ ΨǎǘǳŘȅƛƴƎ ŦƻǊ Ƴȅ Ŧƛƴŀƭǎ- had to stay inside. Brown 

ƭŀǿƴǎΩΤ ΨtƘƻǘƻǎ ǘƘŀǘ ǎǳƳƳŜǊ ǿƛǘƘ Ǿ ŘǊȅ ƎǊŀǎǎΦ ϥDŀǊŘŜƴŜǊǎ ²ƻǊƭŘϥ ƻƴ ¢± ǎǿǳƴƎ ƛƴǘƻ ŘǊƻǳght 

mode- plants to choose etc- ŀŦǘŜǊ ǿƘƛŎƘ ǘƘŜ Ǌŀƛƴ ϧ ŦƭƻƻŘǎ ǊŜǘǳǊƴŜŘΗΩΤ ΨCƭŜǿ ōŀŎƪ ŦǊƻƳ с 

months in Nigeria 1975 August-September and all fields appeared brown- ŀ ǎǳǊǇǊƛǎŜΩΤ ŀƴŘ 

ΨƭƻƴƎ Ƙƻǘ ǎǳƳƳŜǊ ǿƘŜƴ ŘƛŘƴΩǘ Ƴƻǿ ǘƘŜ ƭŀǿƴ ŦƻǊ ǿŜŜƪǎ ŀǎ ƛǘ ǿŀǎ ǇŀǊŎƘŜŘ ŀƴŘ ŘƛŘƴΩǘ ƎǊƻǿΦ 

5Ǌȅ ŎǊŀŎƪŜŘ ǎƻƛƭΦΩΦ It is notable that these descriptions of dry grass are also seen in much 

earlier personal testimonies such as the eighteenth-century diaries and letters but is not seen 

in the newspaper sources.  

Another striking visual memorȅ ǿŀǎ ƻŦ ƭŀŘȅōƛǊŘǎΥ ΨIǳƎŜ ōŀƭƭǎ ƻŦ ƭŀŘȅōƛǊŘǎ ŀƭƭ ƻǾŜǊ .ϥƘŀƳ ¦ƴƛǾ 

ŎŀƳǇǳǎΩ ŀƴŘ Ψwe married at Lichfield Cathedral and all photos were taken outside the West 

Front in blazing sunshine, I recall that there were ladybirds everywhere- in the garden 

especially buǘ ŀƭǎƻ ƻǳǘǎƛŘŜ ǘƘŜ ŎŀǘƘŜŘǊŀƭ ŀƴŘ ƛƴ ǘƘŜ ŎƭƻǎŜΩΦ !ƭǘƘƻǳƎƘ ǘƘŜ ƭŀŘȅōƛǊŘǎ ŘƛŘ ƴƻǘ 

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. 

The county has two suppliers of water; the large Severn Trent Water Authority which covers 

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 east, water is 

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. According to a water 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, were able 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 standpipes in the streets. 

By 1976, there was a clear expectation of a reliable water supply (Taylor 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 significantly different from people who were connected 

ǘƻ ǘƘŜ ƳŀƛƴǎΦ Lƴ ǘƘŜ ǿƻǊŘǎ ƻŦ ŀ ƧƻǳǊƴŀƭƛǎǘ ŀƴŘ ŦŀǊƳŜǊ ŦǊƻƳ IŜǊŜŦƻǊŘǎƘƛǊŜΣ ΨώǘƘŜ ŘǊƻǳƎƘǘϐ ǘƻƻƪ 

ƻǳǊ ǿŀǘŜǊ ŀƴŘ ōǳǊƴǘ ǳǇ ƻǳǊ ƭŀƴŘ ŀƴŘ ƻǳǊ ǎǇƛǊƛǘΩ (Cox 1978: 122).  

Most people resident in Staffordshire in 1976 remember the water supply situation as an 

ΨƛƴŎƻƴǾŜƴƛŜƴŎŜΩ όǘƻ ǉǳƻǘŜ ƻƴŜ ƻŦ ǘƘŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜ ǊŜǎǇƻƴŘŜƴǘǎύΦ ¢ƘŜȅ ǊŜƳŜƳōŜǊ ǎŀǾƛƴƎ 

bath and dishwater for watering the garden and taking shallow baths. One respondent said 

ǘƘŀǘ ǘƘŜȅ ǊŜƳŜƳōŜǊ Ψƻƴƭȅ ǳǎƛƴƎ ōŀǘƘǿŀǘŜǊ ǘƻ ǿŀǘŜǊ the garden in 1976 and occasionally in 

мфттΩΦ In Staffordshire therefore, although there was an awareness of the national drought 

situation, the direct impacts on water supply were minimal. Many of the people who 

responded to the questionnaire had not been resident 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 their experience 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 and 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 remembered more 

ǘǊƻǳōƭŜǎƻƳŜ ƛƳǇŀŎǘǎΦ hƴŜ ǊŜǎǇƻƴŘŜƴǘ ǿǊƻǘŜ ǘƘŀǘ ǘƘŜ ΨŎŀƴŀƭǎ ώǿŜǊŜϐ ǾŜǊȅ ƭƻǿ ŀƴŘ ƻǳǊ ōƻŀǘ 
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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 move to gƛǾŜ ǎƘƻǿǎ ōȅ ǊƻŀŘΩ. Another 

wrote that before they went camping, they had to telephone the campsite to make sure they 

were open, because many had to close.  

During the 1976 drought, Taylor et al. (2009: 580) found that the contemporary water 

resource management strategy was to stretch supply system by using full reservoir and river 

capacity. This compliments comments made the water resource manager interviewed for 

ǘƘƛǎ ǇǊƻƧŜŎǘ ό!ǇǇŜƴŘƛȄ оΦнύΣ ǿƘƻ ǎŀƛŘ ǘƘŀǘ Ψ¢ƘŜǊŜ ǿŀǎ ŀ ŎŜǊǘŀƛƴ ŀƳƻǳƴǘ ƻŦ ǇǊƛŘŜ ƛƴ ƴƻǘ ǇǳǘǘƛƴƎ 

on a drought order, and therefore we probably worked extremely hard to ensure that we 

never put on a drought order. We would work very hard moving water about to ensure we 

ŀƭǿŀȅǎ ƘŀŘ ŜƴƻǳƎƘ ǿŀǘŜǊ ώŦƻǊ ƛǘϐ ƴƻǘ ǘƻ ōŜ ŀƴȅ ǘǊƻǳōƭŜ ŀǘ ŀƭƭ ŦƻǊ ƻǳǊ ŎǳǎǘƻƳŜǊǎΩΦ  

The next drought in the Chatsworth SPI occurred in 1985-6, which was remembered by P in 

the oral history interview (Appendix 3.1), primarily for its impact on his walking in the Lake 

District where he experienced Haweswater Reservoir nearly empty, rather than for its impact 

in Staffordshire.  

The 1990s saw two periods of drought, 1991-2 and 1995-7. In droughts 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 late-nineteenth century and early-twentieth 

century there were calls for customers to reduce use, but was a departure from the rhetoric 

of water management in 1976. The 1995-7 drought is the benchmark drought in Northwest 

and Northeast England, where it was more severe than 1976. 

One respondent who travelled around the country noted that other areas of the country 

ǿŜǊŜ ǿƻǊǎŜ ŀŦŦŜŎǘŜŘ ǘƘŀƴ {ǘŀŦŦƻǊŘǎƘƛǊŜΣ ǿǊƛǘƛƴƎ Ψмффм- Reservoir in N. Leeds dried & very low 

levels. Water authority had water tanker lorries coming down the A1M from the N East. For 

ǿŜŜƪǎ L ŦƻƭƭƻǿŜŘ мл ƻǊ ǎƻ ǘŀƴƪŜǊǎ ƛƴ ŎƻƴǾƻȅ ŘǊƛǾƛƴƎ ǘƻ ǘƘŜ ǊŜǎŜǊǾƻƛǊ ƛƴ ǇŜŀƪ ǘƛƳŜ ǘǊŀŦŦƛŎΩΦ 

!ƴƻǘƘŜǊ ǊŜǎǇƻƴŘŜƴǘ ǿǊƻǘŜ ŀōƻǳǘ Ψ±ƛǎƛǘƛƴƎ ǊŜǎŜǊǾƻƛǊǎ ƻƴ ǘǿƻ ƻŎŎŀǎƛƻƴǎ όƻƴŜ ƛƴ мфуп ŀƴŘ ƻƴŜ 

in the 1990's) when water levels were low enough to enable you to walk round the flooded 

ǾƛƭƭŀƎŜǎΩΦ ¢ƘŜǊŜ ǿŜǊŜ ŀƭǎƻ ǊŜŦŜǊŜƴŎŜǎ ǘƻ ƳŜƳƻǊƛŜǎ ƻŦ ŘǊȅ ƎǊŀǎǎ ƛƴ ǘƘŜ мффлǎΤ ƻƴŜ ǊŜǎǇƻƴŘŜƴǘ 

ǿǊƻǘŜ Ψмффр- ŀƭƭ ǘƘŜ ƎǊŀǎǎ ŀǘ tǊƛƳŀǊȅ {ŎƘƻƻƭ ŘƛŜŘκ ǿŀǎ ǾŜǊȅ ŘǊȅ Ҍ ȅŜƭƭƻǿΦ ²ŀǎ ǾŜǊȅ ǿŀǊƳΦΩΣ 

ǿƘƛƭŜ ŀƴƻǘƘŜǊ ǿǊƻǘŜ Ψƛƴ мффлǎΣ Ǝrass completely turned yellow, water authority suggested 

ŎƻƴŎǊŜǘƛƴƎ ƎŀǊŘŜƴǎΗΗΩΦ  
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There were surprisingly few references to the drought of 2011-12 amongst the questionnaire 

respondents; only one remembered 2012 as a drought year, while a further two wrote that 

ǘƘŜȅ ǘƘƻǳƎƘǘ ǘƘŜǊŜ ƘŀŘ ōŜŜƴ ŀ ŘǊƻǳƎƘǘ ΨǿƛǘƘƛƴ ǘƘŜ ƭŀǎǘ р ȅŜŀǊǎΩΦ ¢Ƙƛǎ ŘǊƻǳƎƘǘ ƘŀŘ ǎǳōǎǘŀƴǘƛŀƭ 

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 supply disruptions in some 

areas of the country including Shropshire (Kendon et al. 2013). In contrast to the 1976 and 

1995 droughts, however, the summer was relatively cold and wet. This might explain why, 

despite the severity of the drought, it was not remembered by the questionnaire 

respondents as a drought year. As discussed in Chapter 2 (section 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 nature of records and impacts 
While it is tempting to look for changing trends in the nature of drought impacts over time, 

this may not be appropriate. There are certainly infrastructural developments, such as the 

provision of piped water which affect vulnerability to 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 stored water over night because they were worried about the 

supply being cut off. Whether or not they were actually vulnerable is uncertain, but they felt 

vulnerable because they did not have control over their water supplies.  

The appearance of changing impacts is also 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, which are often not written to reflect on large 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 impact but document 

the functioning of water systems. Even amongst the newspaper reporting of drought there 

are changing patterns over time. The nineteenth-century newspapers are often quite formal, 

reporting on droughts rather than discussing impacts and management. The drought reports 

in the nineteenth-century newspapers come from minutes of water company or canal 

company meetings, or local health board meetings, or commentaries on farming conditions. 

Later newspapers, perhaps reflecting a wider newspaper readership, can be less 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 material, is of a personal nature, and does 

not necessarily reflect the wider patterns across society. It is notable that the documentary 

records depict the ideas of what constitutes drought and the descriptions of drought as 

remarkably constant over time.  

Chapter 4 has 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 during 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 not reported 

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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/ƘŀǇǘŜǊ р 
 

Evaluating the utility of qualitative personal diaries in 

precipitation reconstruction in the eighteenth and nineteenth 

centuries 
 

The following chapter uses data collected with the help of volunteers at the Staffordshire 

Record Office to explore methods of rainfall reconstruction from documentary sources. 

There are currently no long precipitation reconstructions for Staffordshire, but this chapter 

demonstrates the potential of indices created from non-instrumental weather recording in 

diaries to reconstruct regional precipitation series which correlate with nearby instrumental 

rainfall series. This can then be used alongside the original documentary evidence to explore 

past impacts of extreme weather. Together, chapters 4 and 5 present two different types of 

drought reconstruction: reconstruction of impacts using documentary evidence and 

reconstruction of precipitation from non-instrumental sources.  

Chapter 5 has published in the open-access journal Climate of the Past, as part of a special 

ƛǎǎǳŜ ƻƴ ΨInternational methods and comparisons in climate reconstruction and impacts from 

archives of societies.Ω Lǘ ƛǎ ǇǊŜǎŜƴǘŜŘ ŀǎ ǇǳōƭƛǎƘŜŘ but has been repaginated, the figures 

renumbered and the references reformatted.  

 

Harvey-Fishenden A, Macdonald, N. (2021) Evaluating the utility of qualitative 

personal diaries in precipitation reconstruction in the eighteenth and nineteenth 

centuries Climate of the Past, 17: 133ς149. Doi: 10.5194/cp-17-133-2021.  

 

Abstract: To date few studies have reconstructed weather from personal diaries (also known 

as private diaries). In this paper, we consider different methods of indexing daily weather 

information, specifically precipitation, from eighteenth and nineteenth-century personal 

diaries. We examine whether there is a significant correlation between indexed weather 

information and local instrumental records 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 



117 
 

the value and utility 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 with qualitative data. This paper demonstrates indices derived from such qualitative 

sources can create valuable records of precipitation. There is the potential to repeat the 

methodology described here using earlier material or material from further away from extant 

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 centuries (Brönnimann et al. 2019; Dobrovolný 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 long-term reconstructions (Murphy et al. 2020b). 

Long series 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 modifications (Pfister et al. 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. 2016; Brohan et al. 2009). 

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 citizen science 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. In addition, 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 weather diaries, where the diary is predominantly 

if not solely concerned with the weather (for example Brázdil et al. 2019a; Domínguez-Castro 

et al. 2015; Druckenbrod et al. 2003; Gergis et al. 2012; Mikami 2008; Sanderson 2018; Walsh 

et al. 1999). An early example is the weather diary kept in 1337ς1344 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 personal diaries, where the weather 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 

(Adamson 2015; Schove and Reynolds 1973). However, there are some exceptions to this. 

For example, Chen et al. (2020) analysed the weather from a fourteenth-century private diary 

from Jiangsu Province, China, whilst Kelso and Vogel (2007) and Nash and Grab (2010) used 

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 extent been shunned within the 

physical sciences, though they have received increased recognition in recent years (Sangster 

et al. 2018). The sciences often present a preference for ΨinstrumentalΩ information because 

of concerns relating to quality, replicability, and comparability of content within discursive 

materials; as Adamson (2015) 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 qualitative 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 two diarists 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 may help 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 diaries 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 records for the period, thereby assessing the potential of discursive 

materials in reconstructing weather series. 
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5.2 Qualitative historical materials 
Over 70 years of daily qualitative weather data between 1770 and 1865 for the UK were 

identified from diaries, letters, 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 (daily) series in 

the materials collected were for Scotland 1790ς1794, London 1794ς1795 and 1797ς1801, 

and Trentham in Staffordshire mid-1816ς1865 (Figure 5.1). The majority of the daily weather 

data were derived from personal diaries. These do not formally record daily weather but 

rather describe daily life, incidentally referring to the weather (particularly precipitation). 

 

Figure 5.1: Location of rainfall records used within this study in Staffordshire and London (instrumental rainfall 
series marked with a triangle; locations of large numbers of non-instrumental records marked with a large circle, 
small numbers with a small circle). Background map data from Digimap, © Crown copyright and database rights 
2019 Ordnance Survey (100025252)). 
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The data analysed consist of 27794 records (20657 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 Harvey-Fishenden). Previous studies that have 

applied indices have often used two or more researchers to provide some assessment 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 classification are minimal when aggregated to 

monthly time frames. 

For the London series, diaries belonging to the author Elizabeth Hervey (1749ς1820) 

provided many of the daily weather records. Hervey owned a house at Acton, in modern 

Greater London (Figure 5.1) 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 

descriptions of the places she 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 comparable female weather recorders in the late eighteenth century. Notable 

exceptions are Margaret Mackenzie's temperature series (1780ς1805) from Delvine, 

Scotland (Wheeler 1994) and Constantia Orlebar's weather book (1786ς1808) from Ecton, 

Northamptonshire (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 came from 

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 weather, the farm 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 weather and 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 less complete 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 

(1765ς1815) but offers future interesting opportunities for 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 diary material 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 father, 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 selected for further analysis: London (1797ς1801) and 

north Staffordshire (1816ς1865). 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 shorter series 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. 

 

5.3 Indices and instrumental rainfall data 
No single index system is universally used when converting qualitative weather information 

into quantitative data, although often a five- or seven-point scale, such as that used by Nash 

et al. (2016), is utilised. Indices are generally not used for daily weather data, although Brázdil 

et al. (2019b) calculated monthly days of rainfall for a set of weather diaries and converted 

these to a 7ʐ index using a regular distribution of ranked monthly totals (assigning the highest 

and lowest 8.3% of values an index value of 3 or ī3 and assigning a further 16.6% of values 

to each of intermediate index classes, as suggested by Pfister 1992). Since these types of 

index rely on the concept of ΨnormalΩ, they can be difficult to apply to daily weather data, 

particularly when working 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 be able to be averaged for months with greater or fewer records. The system applied by 

Macdonald et al. (2010) uses an index from 0 (no rain, hot/drought) to 5 (very wet, storm); 

this approach was selected for testing (index A). Each record in the London series was given 

a value from 0ς5 following this method. For example, the 6 May 1797, described by Hervey 
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as ΨHorrid weather, almost perpetual hail and heavy hail stormsΩ (D6584/C/74), was assigned 

a value of 5, while the 11 April 1799 Ψit has been showery all dayΩ (D6584/C/85) was assigned 

a value of 3. The 9 July 1801 described by Richard Wilkes Unett as ΨA very hot summers dayΩ 

(D3610/12/3) was assigned a value of 0. Additionally, an index based on days of rainfall per 

month was considered, as used by several previous studies (for example Ayre et al. 2015; 

Brázdil 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 rainfall (index B) and a second which introduced nuance, aiming to capture the 

heaviness of the rainfall (index C). Index C 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. For example, 

using index B, the 6 May 1797 and the 11 April 1799 would be assigned a value of 1 and the 

9 July 1801 a value of 0. These indices were then reassessed using the more nuanced index C, 

to better quantify the rain where possible. Using index C for the three events detailed above, 

6 May 1797 is assigned a value of 1, 11 April 1799 a value of 0.5 and 9 July 1801 a value of 0. 

This gave three classification systems for consideration with the weather records from 

London: index A (after Macdonald et al. 2010), index B (based on days of rainfall), and index 

C (based on days of rainfall with a consideration of heaviness of rainfall). There were 

insufficient data for London (only 56 months) to test the impact of converting into a 

7  ʐclassification following the methodology of Brázdil et al. (2019b). 

It is important to verify the data through comparison of indices and instrumental rainfall 

wherever possible (Brázdil et al. 2018). Fortunately, analysed and homogenised precipitation 

series covering the period of the diaries are available from sites within Ḑ50km 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 

Elizabeth Hervey's home at Acton, (Ḑ2 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 London (Ḑ15km), 533 from Woolwich (Ḑ30km), 51 from Strawberry Hill 

(Ḑ5 km), and a further 13 from various places around the Greater London area (Croydon, 

Plumstead, Shooters Hill, Turnham Green, Twickenham; Figure 5.1). The area is relatively flat, 

and the weather recorded in the diaries of Elizabeth Hervey at Aston and Richard Wilkes 

Unett at Woolwich are generally very similar. For example, on the 10 March 1798 at 

Woolwich Richard Wilkes Unett wrote that it was ΨA fine day. About 8 in the evening it began 

raining.Ω (SRO D3610/12/3), while at Acton Elizabeth Hervey wrote ΨA beautiful morn[ing]Χ 
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It rained violently this even[ing].Ω (SRO 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 in rainfall. For example, on the 31 May 1798 when she writes 

ΨA 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 at allΩ (SRO D6584/C/81). As most of 

the non-instrumental 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 House in 

Derbyshire (Harvey-Fishenden et al. 2019) Ḑ50km away; however, Chatsworth is located in 

the Peak District (Figure 5.1), so the Trentham data were also compared to rainfall from 

Manchester (Ḑ55km) and Liverpool (Ḑ70km) (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 recorder and instrumental station, though there may be seasonal 

variations reflecting precipitation-generating mechanisms. There is a good correlation 

between rainfall for the period 1816ς1865 at Chatsworth and Manchester 

(r=0.655, p=<0.001) and Chatsworth and Liverpool (r=0.637, p=<0.001) and a strong 

correlation between Manchester and Liverpool (r=0.875, p=<0.001). 

The role of snowfall is challenging to quantify and assess (Manley 1958a); however, long 

snowfall records are currently receiving renewed interest (Spencer et al. 2014), particularly 

within early records and long series (Murphy et al., 2020b). In London a long snowfall series 

reconstructed by Manley (1958b; 1969) from 1668ς1960 exists for consideration, with the 

series currently being updated and reanalysed. 

 

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 1796ς1801 (Figure 5.2), there 

are 4 months with no records (July and August 1797, September and October 1798); 

3 months had less than 16d weather recorded (September 1799, October 1801, and 

December 1801), and a further 9 months had less than 28d recorded (December 1796, 

April 1797, June 1797, September 1797, October 1797, November 1798, August 1799, 

July 1801, and September 1801). 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 

classification systems. 

 

Figure 5.2: Number of days with weather recorded in London by the two diarists Elizabeth Hervey and Richard 
Wilkes Unett (December 1796ς1801). 

Initially any month with at least 16d of weather data was included. Subsequently, the 

process was repeated with only months including at least 28d, enabling an analysis of the 

result sensitivity to record density. Initially, 16d was selected as it represented >50 % record 

for any given month and potentially accounts for the absence of records where the 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 being 28d. 

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) and then divided by the number of 

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 

December 1796, the sum 0ς5 index score for each day was calculated (49), with 22d 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 28d) were plotted (Figure 5.3aςf). All 

correlations were significant (p=<0.001) using Pearson's product-moment correlation co-

efficient (r). Index C with 28d or more of data per month produced the best result 

(Figure 5.3f).  
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Figure 5.3: Statistical analysis of the three classification approaches AςC (green) using 16 (a, c, e) and 28 (b, d, 
f) day records respectively compared to instrumental rainfall at Kew (blue). 

 

Correlations between descriptive accounts were better than some of those between 

instrumental weather stations (e.g. Manchester and Chatsworth). The strong relationships 
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identified reflects the close proximity of Elizabeth Hervey's house to the Kew instrumental 

series, increasing confidence in the approach. Each of the classifications assessed produced 

good correlations, which were comparable or stronger than those found by similar studies. 

Linderholm and Molin (2005), for example, analysed the relationship between summer 

weather reconstructed from a Swedish diary and tree rings (R=0.59 ), while Zhang et 

al. (2013) considered 20 years of overlapping qualitative information with instrumental data 

(R=0.67 ). The strongest correlation identified (with both 16 and 28d) was using index C; 

therefore, this approach was selected for assessing on the longer dataset at 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 50 years from August 1816 to December 1865) compared to the London 

weather information analysed (Figure 5.3). Overall, there were 20657 weather records for 

Trentham for this period. Each of these records was assigned a value from 0ς1, following 

index C. 

¢ƘŜ ǘƘǊŜǎƘƻƭŘ ŦƻǊ ƛƴŎƭǳǎƛƻƴ ƛƴ ǘƘŜ ŀƴŀƭȅǎƛǎ ŀǘ ¢ǊŜƴǘƘŀƳ ǿŀǎ ǎŜǘ ŀǘ нл Ř per month. Whilst two 

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 45 months missing. Therefore, ǘƘŜ ǘƘǊŜǎƘƻƭŘ ǿŀǎ ƭƻǿŜǊŜŘ ǘƻ нл ŘΦ ¢Ƙƛǎ 

pragmatic reduction in threshold resulted in greater temporal coverage, with the results from 

London suggesting the impact on correlation would be relatively limited (Figure 5.3e 

compared to 3f). Only 20 months contained insufficient records to meet the revised lower 

threshold. All records for 1862 are missing, as are September 1818, September 1832, and 

July 1858. February муом όǿƘƛŎƘ ƻƴƭȅ ƘŀŘ му ŘύΣ !ǳƎǳǎǘ муом όф ŘύΣ hŎǘƻōŜǊ муом όмм ŘύΣ 

October муоо όмм ŘύΣ ŀƴŘ bƻvember муоо όму Řύ ǿŜǊŜ ŀƭǎƻ ŜȄŎƭǳŘŜŘ ŦǊƻƳ ǘƘŜ ŀƴŀƭȅǎƛǎ 

(Figure 5.4). 

 

Figure 5.4: Number of records of daily weather per month at Trentham (August 1816ς1865). 

https://cp.copernicus.org/articles/17/133/2021/cp-17-133-2021-f04-web.png
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The resulting index was compared to the instrumental precipitation series from Chatsworth, 

Manchester, and Liverpool (CML). All three showed significant correlation (p=<0.001), with 

Chatsworth the weakest (r=0.579) and Manchester (r=0.664) and Liverpool (r=0.667) 

stronger (Figure 5.5: 1a, 2a, and 3a respectively). There is an even stronger correlation 

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. While notable wet and dry periods in 

the instrumental precipitation series correspond well with the Trentham index (as 

demonstrated in Figure 5.6), there are discrepancies in the distribution of data. There are 

much greater extremes of heavy rainfall seen in the instrumental precipitation from 

Chatsworth, Manchester, and Liverpool (Figure 5.5: 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 potential 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 Brázdil et al. (2019b) using the ranking of the 

months by days of rainfall and giving them values from ҍ3 ǘƻ о ǿŀǎ ǳƴŘŜǊǘŀƪŜƴΣ ǿƛǘƘ уΦо ҈ 

of the months receiving the most extreme index values (ҍ3 and 3) and all other indices (ҍ2 to 

нύ ōŜƛƴƎ ŀǇǇƭƛŜŘ мсΦс ҈ ƻŦ ǘƘŜ ƳƻƴǘƘǎΦ IƻǿŜǾŜǊΣ ǘƘƛǎ ǿŀǎ ŘŜǘŜǊƳƛƴŜŘ ǘƻ ōŜ ǳƴŘŜǎƛǊŀōƭŜ ŀǎ ƛǘ 

resulted in a loss of detail and slight reduction in the correlation with the instrumental series 

from Manchester (r=0.65, p=<0.001). 

 

5.6 Extreme weather: indices as recorders of snow, rain, and droughts 
Extremes present challenges even within instrumental 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 measurement (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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Figure 5.5: (a) Correlation between Chatsworth rainfall and the Trentham index series (r=0.579; p=<0.001); (c) Manchester rainfall and Trentham index series (r=0.664; p=<0.001); (e) Liverpool 
rainfall and Trentham index series (r=0.667; p=<0.001). (b, d, f) Comparison of the Trentham rainfall index (blue) alongside instrumental rainfall from Chatsworth (red), Manchester (orange) 
and Liverpool (green) respectively. 
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Figure 5.6: Wet (blue) and dry (red) months August 1816ςDecember 1865, with distribution (note data for 1862 
at Trentham are missing). 

 

5.6.1 The problem with snow 
There has long been an awareness of the challenge of under-catch 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 Meteorological Society (Symons 

1891). He noted that prior to the introduction of Snowdon pattern rain gauges in 1864, there 

was a large under-catch of snow due to the absence of a protective rim on the rain gauge. 

The instrumental data examined here (Kew Gardens 1796ς1801 and CML 1816ς1865) were 

collected prior to the introduction of these gauges. Recent work has challenged widely 
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reported long-term trends in precipitation for England in Wales, by showing that much of the 

trend towards wetter winters and drier summer can be explained by under-catch in the early 

record (Murphy et al. 2020b). 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 (Figure 5.7a). 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 of 1.9d, closely followed by March with 1.8d, 

and then February with 1.6d. All other months have less than a day of snowfall on average: 

December (0.9), April (0.8), November (0.5), May (0.2), and October (0.1). Most snow in the 

records is in winter (DecemberςFebruary), with an average of 4.43d per winter, followed by 

the spring (MarchςMay; 2.76d) and autumn (SeptemberςNovember 0.66d). 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. 

 

Figure 5.7: (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 snow r=0.63; for 
months without snow r=0.71 (for all correlations p=<0.001). 
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Separating out months with and without snow gives a stronger correlation with the 

Manchester precipitation series for the months without snow (r=0.71) and a similar 

correlation for months with snow (r=0.63) (Figure 5.7b and c 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 the potential for under-catch in the instrumental record (e.g. Murphy et 

al. 2020b). 

ii.  It might reflect overestimation of precipitation in the Trentham series due to 

over-reporting of snow. Snow is a highly visible weather phenomenon and 

therefore might be over-reported (Spencer et al. 2014). There is also the 

complication of whether, when a record says ΨsnowΩ, it is referring to new 

snowfall or snow lying on the ground. 

iii.  It may reflect overestimation of precipitation resulting from the way snow has 

been translated 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 variability in 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 account for the differences in the two 

series. The index for the 138 months with 2 or less days of snow had a better correlation with 

the rainfall at Manchester (r=0.70 ) compared to the 58 months with more than 2d of snow 

(r=0.51 ). When plotted (Figure 5.7a), many of the outliers come from months with moderate 

amounts of snowfall (i.e. 2.5ς4 d of snow). This suggests that over-reporting of snow 

(perhaps the reporting of snow remaining on the ground, rather than fresh snow) may be the 

cause of the lower correlations for the months with more snow. 

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 1819ς2020, with snow lying on 

the ground between the 30 December 1819 and the 29 January 1820 and with a thaw 

beginning on the 22 January causing flooding (SRO D593/K/3/2/2, SRO D593/L/6/2/2 and 

SRO D593/K/3/2/1). On the 3 January 1820, William Lewis recorded that the average depth 
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of the snow was 22 inches (0.56m) (D593/L/6/2/2). Lewis's letters highlight some of the 

impacts of this extended period of cold weather. On the 17 January 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 and Cattle 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 I trust will continue. (Letter from William Lewis to 
James Loch, 23 January 1820; SRO D593/K/3/2/2.) 

The long-lying snow led to underemployment (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 qualitative weather records tell of impacts and add details 

absent from the index alone (e.g. impacts of an event). 

5.6.2 Heavy 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 moderate to heavy and then 

extreme rainfall. When a writer describes ΨrainΩ or a ΨshowerΩ, there is no way of knowing 

how much rain fell or where the threshold between ΨshowerΩ, ΨrainΩ, and Ψheavy rainΩ is. When 

a lot of rain falls in a short period of time, the index will generally underestimate 

precipitation, since there is a maximum value which can be given for a day (in this case 1). 

For this reason, studies with similar data have thought it inadvisable to attempt conversion 

into quantitative values (for example Lee and MacKenzie 2010). The difficulties in accurately 

estimating extremes and the problems with trying to convert qualitative information 

into quantitative values is demonstrated by Figure 5.8, where a conversion from index to 

rainfall (millimetres) has been 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 (1860ς1897) by using regression models relating the precipitation and 

precipitation days 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 (14.48mm, compared to between 0 and 3.54mm) 

and the maximum value much lower (123.78mm, compared to between 190.95ς282.35mm) 

with the standard deviation also lower (21.26mm, compared to between 31.43ς35.05mm). 

Unlike the issues around snow where there are possibly multiple contributing factors 

resulting in differences between the index series and recorded instrumental rainfall, it is 

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 representing extreme 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 Brázdil et al. (2019b), where after applying 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. 

 

 

Figure 5.8: Rainfall (in mm) at Chatsworth (red), Manchester (yellow), and Liverpool (green) and an estimate of 
the rainfall (in mm) at Trentham (blue) based on the index conversion. 

 

However, taking for example July 1828, this method might not always improve results. In July 

1828, 282.35mm rainfall fell at Chatsworth, 251.42mm at Manchester and 190.95 mm at 
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Liverpool, whereas Trentham only experience 11.75d of rainfall (which using this method of 

conversion gives 94.07mm). It seems likely, therefore, that this is a substantial 

underestimation of the rainfall caused by above-average rainfall on multiple days. There are 

six Ψvery wetΩ days 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 in Ψgetting in the hayΩ (SRO D593/L/2/2b), which could 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 instrumental records, 

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 non-instrumental records, it 

would be interesting to compare the number of days of rain per month 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 do not include daily totals nor records of the 

number of days of precipitation. 

5.6.3 Droughts 
There are several droughts identified elsewhere in the literature that occurred during the 

period covered by the records from London and Trentham. In London, there is a drought 

period identified by Todd et al. (2013) 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 weather preceding drought onset is 

evident in the qualitative records from London. On the 20 July 1800 Elizabeth Hervey reports 

that Ψground is sadly parchedΩ (SRO D6584/C/93), and on the 25 July 1800, she writes that 

there is ΨStill burning weather the leaves fall as in winterΩ (SRO D6584/C/93). The leaves falling 

from the trees is corroborated by Richard Wilkes Unett, who on the 24 September 1800 

wrote ΨOwing to the very dry weather in July, most kind of trees lost their leaves the same as 

in OctoberΩ (D3610/12/3, p. 139). Notably low rainfall in the Kew series of 7.9mm in 

February 1800 and 0mm in July 1800 is reflected in the indices for London, although the low 

value in February 1797 of 5.6mm is not captured particularly well within the indices. 
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In terms of the Trentham record, droughts are recorded at Chatsworth in 1821, 1826ς1828, 

1835ς1836, 1844ς1845, and 1847ς1848, all of which are relatively minor droughts, within 

the context of the long drought series available (1760ς2015; Harvey-Fishenden et al. 2019). 

The farm and wood-ranger reports accompanying the weather information recorded at 

Trentham mention drought in spring 1817, stating that the Ψtrees 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 wellΩ 

(D593/L/6/2/2). The CML series all show low rainfall in January 1817, March 1817, and 

April 1817, while the Trentham index shows dry weather in January and April 1817 and a wet 

March. This reflects the challenge of truly capturing a ΨdroughtΩ accurately following 

precipitation, particularly using historical descriptive accounts. A short phase of rainfall may 

offer some respite but may not formally terminate a drought event 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 1826ς1828 drought are reported as severe 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 in 1826ς

1828, diary entries are focused on the day-to-day running of the farm and fail to identify any 

negative impacts of the weather. There are two other droughts within this record: 1835ς

1836 at Chatsworth, lasting 16 months, with a peak severity of ī1.0  (using the standardised 

precipitation index) in August 1835, and 1844ς1845 at Chatsworth, lasting 15 months with a 

peak severity of ī1.5  in March 1845. Once again, although dry, there is no comment on the 

weather or its impact in these records from Trentham. 

5.6.4 Other extreme weather 
One of the strengths of multi-source 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 on 26 June 1824, from William 

Lewis to James Loch about the impacts of a storm, reads 

In my last I 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 be-longing to one of Mr Lord's 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, reads ΨThunder and RainΩ. In the accompanying park 

keeper's report for the same month, it notes that 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 notes Ψa very dull morningΩ (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's memoranda 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 the weather but sometimes, as in this 

case, fails to do so. 

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, with documentary sources offering a valuable tool in creating long 

reconstructions (e.g. Camuffo et al. 2000). 

 

5.7 ά¢ƘŜ ȅŜŀǊ ǿƛǘƘƻǳǘ ŀ ǎǳƳƳŜǊέ όмумсύ ƛƴ {ǘŀŦŦƻǊŘǎƘƛǊŜ 
In April 1815, Mount Tambora in Indonesia erupted, with impacts around the world (Pfister 

and White 2018a). The year of 1816 has been described as the Ψyear without a summerΩ by 

several authors (Stothers 1984; Veale and Endfield 2016; Pfister and White 2018a), with the 

impacts of the Tambora eruption on weather extensively recorded across Europe. The 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 summer of 

1816. 

It is unfortunate that the Trentham record misses much of this ΨsummerΩ, beginning in 

August 1816, 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 part-way through 1816 may reflect a desire 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 period to examine the effects of the Tambora eruption in 

the UK. Lee and MacKenzie (2010), 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 and other phenomena (including red skies), to examine the impact 

of the Tambora eruption. Veale and Endfield (2016) describe the general pattern of the 
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weather nationally (UK) around this time: in August much hay was spoilt by rain; September 

was cold and frosty; 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 also being dry 

(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 non-weather phenomena, such as red skies identified in other sources. The records 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 Manchester and 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 October (1816) the Trentham farm reports state 

that Ψgrain of all descriptions much injured by the inclemency of the weatherΩ; 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 Endfield (2016) for 1817 are replicated in the 

Trentham records. Generally, the weather 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 source reconstructions 
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 events and, in the UK and northern Europe, 

are biased towards snow and rainfall. Globally, biases towards recording extremes are not 

uncommon, but vary regionally. Nash (1996) noted a preference for documenting droughts 

in the Kalahari, whilst Endfield and O'Hara (1997) note a similar pattern towards droughts 

and water scarcity in central Mexico. Table 5.1 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 Caldwell (Ḑ45km away at Talke, in north Staffordshire). These demonstrate that 

James Caldwell is only recording particularly extreme days and does not report on ΨfineΩ days, 

and if we were to use these sources together to produce an index score for December 1807, 

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 normal days. 
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Much of the collected data 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 day-to-day activities such as harvest or ploughing, which may be 

delayed due to 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 both Elizabeth Hervey and Richard Wilkes Unett had 

access to a thermometer and occasionally reported temperatures, particularly extremes. 

There is one day (14 July 1800) in the London series where they both report the temperature. 

Richard Wilkes Unett writes ΨVery close & warm. The glass today in a room where there are 

three doors was at 75ʐ most of the dayΩ from Woolwich (D3610/12/3, p. 127), while from 

Acton Lodge, Elizabeth Hervey writes ΨHottest day we have yet had thermometer 75 in the 

shadeΩ (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 differently, influencing 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 letter is 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 (Table 5.1). 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 example, William Lewis 

wrote to his superior, James Loch, in 1824: ΨI followed 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 very promising.Ω 

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 reconstructions 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 not always be problematic. 
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Table 5.1: Diary entries for Thomas Birds and James Caldwell, December 1807. 

 
 

Careful analysis of the Elizabeth Hervey diaries presents a contrasting perspective to 

comments by Adamson (2015) that diaries as a source of information in climate research 

provide Ψhighly personal documents... representing an unbiased accountΩ. There is evidence 

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 removed). Although sometimes 

described as ΨprivateΩ diaries, 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 diaries continuously 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 over 27500 records, providing a rich depiction of the weather in 

two regions of England during the periods 1797ς1801 and 1816ς1865, we demonstrate the 

considerable potential of personal diaries that recorded weather incidentally rather than as 

the primary purpose for reconstructing 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 over 27500 

records, we advocate that future 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 heavy rain ς our 

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 16ς28d a month) results in the inclusion of an optimal number of months. 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 demonstrate that while 

indices can statistically represent the nature of the rainfall comparably to available 

precipitation series in this period (1770ς1865), they failed to represent extremes well. 

Further work is required that considers how extremes in descriptive records may be 

represented more effectively by indices, with potential for the use of statistical fitting 

approaches in defining classification bounds. In addition, alternative high-resolution indices 

could be created, such as consecutive dry days, which may 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 existing 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 much further than is often possible with instrumental series, as 

demonstrated by Chen et al. (2020) in considering the weather from fourteenth-century 

China. Even where instrumental records do exist, diaries can provide greater temporal 

resolution, overcoming 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 detail, 

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 diaries means 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 

exacerbate risk. 
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/ƘŀǇǘŜǊ с  
 

5Ǌȅ ǿŜŀǘƘŜǊ ŦŜŀǊǎ ƻŦ .ǊƛǘŀƛƴΩǎ ŜŀǊƭȅ ΨƛƴŘǳǎǘǊƛŀƭΩ Ŏŀƴŀƭ ƴŜǘǿƻǊƪ 
 

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 indirectly from material 

recording weather information. Chapter 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 use of the material collected with 

the help of volunteers, these chapters explore ŀ ΨŘǊƛŜǊΩ ƎǊƻǳǇ ƻŦ ƳŀǘŜǊƛŀƭǎΣ ƻŦ ŀ ƳƻǊŜ ŦƻǊƳŀƭ 

nature, relating to organisations involved in canals and drinking water supply. This chapter 

explores some of this material in detail, looking 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.  

This chapter has been published open-access in the journal Regional Environmental Change, 

as part of a special issue on Societal Impacts of Historical Droughts, and is presented as 

published, except for repagination, the renumbering of figures and reformatting of 

references.  

Harvey-Fishenden, A., Macdonald, N. and Bowen, J.P. (2019) The dry weather fears 

ƻŦ .ǊƛǘŀƛƴΩǎ ŜŀǊƭȅ ΨƛƴŘǳǎǘǊƛŀƭΩ Ŏŀƴŀƭ ƴŜǘǿƻǊƪΣ Regional Environmental Change, 19 (8): 

2325-2337. Doi: 10.1007/s10113-019-01524-5  

 

Abstract: The first large-scale 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 centuries, reconstructed 

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 socio-economic 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 

https://doi.org/10.1007/s10113-019-01524-5
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continue to be used today as drought mitigation strategies, 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 industry in responding 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 issues around water rights and the value of preparing for potential future 

extreme weather scenarios. A newly reconstructed composite precipitation series for 

Chatsworth House is presented (1760ςpresent). Through comparing weather records within 

the archives of canal companies and their competitors for water supplies, historical insight 

can be gained into the possible far-reaching societal impacts of drought. 

 

6.1 Introduction 
Droughts are complex events that can be spatially extensive or regionally focused (Todd et 

al. 2013). Large-scale droughts are a recurrent feature of European climate (Spinoni et al. 

2015), with notable British droughts in 1975ς76 (Rodda and Marsh 2011; Zaidman et al. 

2002), 1995ς96 and 2003 (Fink et al. 2004) and recent droughts such as 2010ς12 (Lennard et 

al. 2015) ƘƛƎƘƭƛƎƘǘƛƴƎ ǘƘŜ .ǊƛǘŀƛƴΩǎ ǾǳƭƴŜǊŀōƛƭƛǘȅΦ IƻǿŜǾŜǊΣ ǘƘŜǎŜ ŘǊƻǳƎƘǘǎ ŀǊŜ ƴƻǘ ǳƴƛǉǳŜ ƻǊ 

exceptional, with a long history of droughts impacting on European and British climatic 

history (Spraggs et al. 2015). The wide-scale megadrought of 1540 is well documented across 

Europe (Wetter et al. 2014) ōǳǘ ŎŀǳǎŜŘ ƭƛƳƛǘŜŘ ƛƳǇŀŎǘ ƛƴ .ǊƛǘŀƛƴΣ ǿƘƛƭǎǘ ǘƘŜ ΨƭƻƴƎ ŘǊƻǳƎƘǘΩ 

(1880ς1910) as documented by Marsh et al. (2007) highlights that droughts may be a single 

event or a series of events in close succession. Whilst much of the analysis of past droughts 

has focused on drought reconstruction (Brázdil et al. 2009; 2013; 2018), increasingly past 

droughts are being viewed relative to other drought indicators, for example, water resource 

management (Lennard et al. 2014; 2015) and hydrological drought (Jones and Lister 1998).  

Definitions of droughts are frequently characterised within five inter-related categories: 

meteorological, hydrological, agricultural and socio-economic drought (Wilhite and Glantz 

1985), with groundwater drought added by Mishra and Singh (2010). Droughts usually begin 

following a prolonged period of widespread moisture deficiency (Palmer 1965) and 

propagate through the hydrological cycle (Van Lanen 2006), exhibiting differing spatial and 

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 but are also socially 
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constructed, with societal structures affecting impacts and perceptions of drought (Endfield 

et al. 2004; Olivier-Smith and Hoffman 1999). Recent work has highlighted the importance 

of considering people when developing an understanding of contemporary drought (Van 

Loon et al. 2016a,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 as industrialisation took hold, the impacts became more 

connected to the availability and quality of water for industry, transport and drinking. 

The first large-scale water supply systems in Britain provided water not for domestic or 

industrial use but for the 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 areas (van Lieshout 2016; Taylor et al. 2009; Waddington 

2017). Little 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 large-scale potable water supplies, which 

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 kilometres (van Lieshout 2016; Porter 1978; Taylor et al. 2009). Taps 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 large-scale 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 water shortages, they laid the groundwork for modern water 

supply resilience. 

¢Ƙƛǎ ǇŀǇŜǊ ŜȄǇƭƻǊŜǎ ǘƘŜ ŘǊȅ ǿŜŀǘƘŜǊ ŦŜŀǊǎ ƻŦ .ǊƛǘŀƛƴΩǎ ŜŀǊƭȅ ƛƴŘǳǎǘǊƛŀƭ Ŏŀƴŀƭ ƴŜǘǿƻǊƪ ǘƘǊƻǳƎƘ 

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 

development 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 vulnerability to droughts, this 

paper also contributes to the growing literature exploring how past experiences can, and 

continue to, shape our understanding of contemporary climate (Adamson 2015; Adamson et 

al. 2018; Mitchell 2011; Westermann and Rohr 2015) and 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 landscape since early settlements (Middle East c. 5000 BC), but these systems often 

remained relatively simple in structure and scale (Bazza 2007). In Britain, transporting heavy 

and bulky goods by water has been undertaken for many centuries (Blair 2007; Gardiner 

2017). The early industrial canal network expanded and improved on an earlier system of 

natural and engineered navigable rivers, supplemented by some artificial channels (Bond 

2007). These river navigations were subject to seasonal variation in flow and liable to the 

movement of sediments during periods of high flow, which could easily render the channel 

unnavigable (Satchell 2017). The modification of river channels to allow for easier navigation 

only provided short term improvements; widening, deepening or reducing sinuosity often 

increased the water velocity and concurrently increased erosion rates and downstream 

silting (Rhodes 2007). As Thomas Telford (1757ς1834), the notable civil engineer, remarked 

ƛƴ муллΣ ΨŀǊǘƛŦƛŎƛŀƭ Ŏŀƴŀƭǎ ƘŀǾŜ ōŜŜƴ ŦƻǊƳŜŘ ƛƴ Ƴŀƴȅ ǇŀǊǘǎ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΣ ŀƴŘ ǘƘŜ ƴŀǾƛƎŀǘƛƻƴ 

of many of the other rivers in this island have been greatly improved; yet still the navigation 

of the River Severn has been suffered to remain in its natural and imperfect state; not one 

ƻōǎǘŀŎƭŜ Ƙŀǎ ōŜŜƴ ǊŜƳƻǾŜŘΣ ƴƻǊ Ƙŀǎ ƻƴŜ ƛƳǇǊƻǾŜƳŜƴǘ ōŜŜƴ ȅŜǘ ƛƴǘǊƻŘǳŎŜŘΩΦ hƴŜ ƻŦ ǘƘŜ 

ŎŀǳǎŜǎ ƻŦ ǘƘŜ ΨƛƳǇŜǊŦŜŎǘ ǎǘŀǘŜ ƻŦ ǘƘŜ ƴŀǾƛƎŀǘƛƻƴΩ ǿŀǎ ΨǘƘŜ ŘŜŦƛŎƛŜƴŎȅ ƻŦ ǿŀǘer in drought, and 

ŦǊƻƳ ǘƘŜ ǎǳǇŜǊŀōǳƴŘŀƴŎŜ ƻŦ ƛǘ ŘǳǊƛƴƎ Ǌŀƛƴȅ ǎŜŀǎƻƴǎΩ (Plymley 1803: 286). These navigable 

rivers were unpredictable and uncontrollable; the canals of the early industrial age 

attempted to improve upon them by taming and redirecting nature. Water was captured and 

controlled in slow-moving and relatively straight channels of predetermined dimensions, 

thereby significantly reducing problems caused by sediment movement. However, these 

characteristics could themselves present problems of sedimentation where water sources 

introduced sediments to the canal network. 

In the second half of the eighteenth century, many long-distance canals were constructed. 

Travel by water was susceptible to extreme weather, with major disruptions caused by dry, 

wet and cold weather recorded (Freeman 1980; Satchell 2017). The 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 or pumped from 

mines (Boughey and Hadfield 1994: 47; Hadfield 1969: 20). As 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 freezing (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 and river 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 of their mines to a level at which it could be discharged into the 

Ŏŀƴŀƭ ǿŜǊŜ ǿƛŘŜƭȅ ŀŘƻǇǘŜŘΦ ²ƘƛƭŜ ǘƘŜ 5ǳƪŜ ƻŦ .ǊƛŘƎŜǿŀǘŜǊΩǎ /ŀƴŀƭ όǘƘŜ ŦƛǊǎǘ ƛƴŘǳǎǘǊƛŀƭ ŎŀƴŀƭΣ 

opened 1761) Acts (32 George II, c. 2, 33 George II, c. 2, 2 George III, 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 III c. 78 or 

Newcastle(-under-Lyme) Canal, 35 George III, c. 87). 

The long-distance canals 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, to regulate 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 acts regarding 

ǊŜǎŜǊǾƻƛǊǎύ ΨƳƻǊŜ ŎƻƴǾŜƴƛŜƴǘƭȅΩ ǎǳǇǇƭȅ ǘƘŜƛǊ Ŏŀƴŀƭǎ ŀƴŘ ƭƻŎƪǎ ǿƛǘƘ ǿŀǘŜǊΦ ¢ƘŜǎŜ ǊŜǎŜǊǾƻƛǊǎ 

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 arguably the 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 the archival 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 water shortages 

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 Company (SRO 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 Staffordshire 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). The archive of the neighbouring 

Staffordshire and Worcestershire Canal Company, however, survives, split between the SRO 

and the TNA. The minutes of the half-yearly meetings of the Staffordshire and Worcester 

Canal Company 1766ς1845 were read (SRO D3186/1/1/1) alongside surviving committee 

order books 1766ς1785 and 1803ς1804 (TNA RAIL 871/1, RAIL 871/2). Letters written 

between 1797 and 1801, preserved in the letter book of civil engineer John Rennie (1761ς

1821), were another key archival source (ICE REN/RB/02). The TEMPEST database was 

searched for corroboratory archival evidence (Veale et al. 2017b). In order to complement 

the rainfall series from Chatsworth, the material selected for this paper relates mostly to the 

Trent and Mersey Canal, although impacts were felt across the country and canals elsewhere 

faced similar problems. 

The Trent and Mersey Canal was authorised by Act of Parliament in 1766 (6 Geo III c.97), and 

its construction was finished in 1777. Its summit level, which was the most difficult to supply 

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 homogenized rainfall 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 the Trent and Mersey Canal, since comparison 

with non-instrumental records from Trentham, near Stoke-on-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 (Figure 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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Figure 6.1: Location of sites, topography and rainfall records used (background map data from Digimap, © Crown 
copyright and database rights 2019 Ordnance Survey (100025252)) 

 

Weather data was recorded at Chatsworth from 1760 to 1813 and from 1860 to the present 

day. The early Chatsworth series 1760ς1777 consists of annual precipitation totals. 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 in the General View of the Agriculture and 

Minerals of Derbyshire (1811). The monthly precipitation totals for Chatsworth 1777ς1793 

(Figure 6.5) are reported by the Memoirs and Proceedings of the Literary and Philosophical 

Society of Manchester (Garnett 1796). Following this, only annual totals are available for the 

period 1793ς1800, as reported by George 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 of Henry 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 of the 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 Abbey (~30 km away) for which 

monthly meteorological observations during the period 1806ς1878 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 area (Derbyshire) in 

central England and one of the longest rainfall series in Britain, from 1777-present day and 

with an annual series from 1760-present. 

Farey (1811), a geologist and surveyor, argued that weather registers, such as that kept at 

Chatsworth, wouƭŘ Ψƛƴ ǘƛƳŜ ǇǊƻǾŜ ƻŦ ǘƘŜ ƎǊŜŀǘŜǎǘ ƛƳǇƻǊǘŀƴŎŜΣ ŀǎ ǘƘŜ ŦƻǳƴŘŀǘƛƻƴ ƻŦ ŀ {ŎƛŜƴŎŜ 

ƻŦ aŜǘŜƻǊƻƭƻƎȅΩ όǇΦмлоύΦ ¢ƘŜ ǾŀƭǳŜ ƻŦ ǎǳŎƘ ǎŜǊƛŜǎ ƛǎ ƛƴŎǊŜŀǎƛƴƎƭȅ ōŜƛƴƎ ǊŜŎƻƎƴƛȊŜŘ ƛƴ ƴƻǘ ƻƴƭȅ 

helping to understand long-term climate variability, but also providing a better 

understanding of extreme event frequency (Sangster 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, including, 

the Memoirs and Proceedings of the Manchester Literary and Philosophical Society (Figure 

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 Chatsworth (Jankovic 2000). The recording of 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 local climate histories (Strauss and 

Orlove 2003). 
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Table 6.1: Sources of data for the reconstruction of the Chatsworth rainfall series 

Station Date Source Observer Notes 

Chatsworth 1760ς
1769 

Met office ten-year 
books 

ς Annual totals only 

Chatsworth 1761ς
1810 

Farey,   Annual totals, some monthly 
values quoted in the text. 

Chatsworth 1777ς
1793 

Met office ten-year 
books. Data extracted 
from the Memoirs of 
the Literary and 
Philosophical Society 
Manchester (Garnett 
1796) 

Lord George 
Cavendish 

Monthly and annual totals 

Chatsworth 1794ς
1799 

Met office ten-year 
books 

Lord George 
Cavendish 

Annual totals only 

Chatsworth 1800ς
1813 

Met office ten-year 
books 

ς Monthly and annual totals 

Wellbeck 
Abbey 

1806ς
1878 

Met office ten-year 
books 

  Monthly and annual totals 

Chatsworth 
Gardens 

1860ς9 Met office ten-year 
books 

  Monthly and annual totals. Janς
Mar 1860 missing and no annual 
total for 1860 

Chatsworth 1861ς
1956 

Chatsworth register of 
Rainfall, House 
archive 

  Monthly and annual totals 

Chatsworth 
Gardens 

1861ς
current 

BADC: digitised from 
1878 

  Station ID 544, missing data 
includes 1882, 1883,1884, 1886, 
1924, MarςDec 1976, Jun 1984, 
Sep 1984, Jan 1985, Feb 1988, 
Dec 1997, Aug 2001, Jan, Feb 
2002, AugςDec 2002, Sep 2005, 
NovςDec 2012. Single missing 
months infilled with 
interpolation. Pre-1925 years 
filled with digitised archive 
photographs. More recent 
missing months infilled via linear 
regression with BADC station 
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 House (1760ς1810), the 

series from Welbeck Abbey (1806ς1878) constructed by Craddock (unpublished) and the 

series from Chatsworth House that is continued to present (1860ςpresent). The greatest 

uncertainties are likely to be with the early Chatsworth series, as meteorological instruments 

were not consistently used nor designed. Consistency in siting of meteorological instruments 
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closely relates to the development of the British Rainfall organisation (1860ςpresent) in 

Britain and the pioneering work of G. J. Symons (Pedgley 2002), 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; 1760ς1810), linear regression analysis was 

performed using annual data from Chatsworth House and monthly and annual data from 

Manchester (~50 km away) for the overlapping period 1786ς1800. A good relationship exists 

between annual precipitation (R2 =0.7) and monthly (R2 =0.54) totals, with monthly data 

adjusted to ensure comparability to the earlier Chatsworth House series. The period 1810ς

1860 was infilled at Chatsworth using monthly data for Welbeck Abbey; the regression 

equation (using overlapping data 1860ς1878; R2 =0.59) was used to adjust data from 

Welbeck Abbey to ensure comparability with data observed at Chatsworth House and to 

construct the second part (B) of the homogenous record: 1810ς1860. Existing transcribed 

data for Chatsworth House (1860ςpresent) was downloaded from the British Atmospheric 

Data Centre (BADC; MET Office 2018b) 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 series (1860ςpresent), part 

C. 

Visual inspection of the composite series (Figure 6.2) illustrates that discontinuities exist 

within the early record. Annual mean rainfall for 33-year periods in each of the primary series 

(Chatsworth 1777ς1810, 700 mm; Welbeck Abbey 1811ς1843, 784 mm and Chatsworth 

1909ς1942, 821 ƳƳύ ƛƭƭǳǎǘǊŀǘŜǎ ǘƘŀǘ ǘƘŜ ŜŀǊƭȅ ǇŜǊƛƻŘ ƛǎ ƭƛƪŜƭȅ ǘƻ ƘŀǾŜ ǎǳŦŦŜǊŜŘ ŦǊƻƳ ΨǳƴŘŜǊ-

ŎŀǘŎƘΩΣ ŀ ŎƻƳƳƻƴ ŎƘŀƭƭŜƴƎŜ ƛƴ ƻƭŘ ǊŜŎƻǊŘǎ (e.g. Groisman et al. 1991). The late 1870ς1890s 

are recorded in several British stations as being particularly wet (1875ς1894, 961 mm annual 

average); this is evident within the Chatsworth series (1882 is the wettest year in the full 

series, 1418 mm); therefore, this period was not used for comparative purposes when 

assessing 33-year periods, with the period 1909ς1942 selected as more representative; the 

average rainfall over the period 1860ς2013 is 845 mm. 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 showed that the average percentage 

difference between section A with section C was 17.2%, and section B and C was 7.3% 

(Figure 6.2); rainfall values comprising sections A and B were increased respectively to 

correct for these inhomogeneities (Figure 6.2). 
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Figure 6.2: Chatsworth precipitation reconstruction. a Annual average rainfall totals for three parts of the record 
prior to homogenisation. b Homogenised precipitation series. The thicker line represents a 10-year moving average 
[Figure produced by Macdonald] 

The homogeneity of the constructed rainfall series for Chatsworth was statistically assessed 

by cross-comparing 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 series. Whilst there is 

ŀ ƎƻƻŘ ƎŜƴŜǊŀƭ ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ /ƘŀǘǎǿƻǊǘƘ ǿƛǘƘ aŀƴŎƘŜǎǘŜǊ όǊ Ґ 0.61, Ǉ Ґ ғ лΦллмύ ŀƴŘ 

tƻŘŜ IƻƭŜ ό{ǇŀƭŘƛƴƎΣ Ϥ млр ƪƳ ŀǿŀȅύ όǊ Ґ 0.668, Ǉ Ґ ғ лΦллмύ ǊŜǎǇŜŎǘƛǾŜƭȅ ŦƻǊ ǘƘŜ ǇŜǊƛƻŘ 

1786ς2015, there are notable years of difference in total accumulated precipitation. For 

example, in 1839, Manchester recorded 89.8% of average rainfall, Chatsworth 133%, whilst 

ǘƘŜ ǎǘŀǘƛƻƴ ŀǘ aŀƴǎŦƛŜƭŘ όϤ ну km away) recorded 135% of average precipitation. A double-

mass curve test (Craddock 1979) was undertaken, directly comparing cumulative rainfall 

totals between a sample station, for instance, Chatsworth and reference station(s), like 

Manchester and Pode Hole (Spalding) to assess relative homogeneity. Gradient changes in 

https://link.springer.com/article/10.1007/s10113-019-01524-5#CR25













































































































































































































































































































