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Disclaimer 
IŀƭŎǊƻǿ DǊƻǳǇ [ƛƳƛǘŜŘ όΨIŀƭŎǊƻǿΩύ ƛǎ ŀ /Iнa IL[[ ŎƻƳǇŀƴȅΦ IŀƭŎǊƻǿ Ƙŀǎ ǇǊŜǇŀǊŜŘ ǘƘƛǎ ǊŜǇƻǊǘ ƛƴ 
ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ǘƘŜ ƛƴǎǘǊǳŎǘƛƻƴǎ ƻŦ ƻǳǊ ŎƭƛŜƴǘ {ŎŀǊōƻǊƻǳƎƘ .ƻǊƻǳƎƘ /ƻǳƴŎƛƭ ό{./ύ ŦƻǊ ǘƘŜ ŎƭƛŜƴǘΩǎ ǎƻƭŜ 
and specific use. Any other persons who use any information contained herein do so at their own risk. 
This report is a review of coastal slope monitoring data collected by JBA Consulting Ltd on behalf of SBC. 
The objective of this report is to analyse and interpret the slope monitoring data from specific locations 
in order to highlight any change in cliff instability risk. Halcrow has used reasonable skill, care and 
diligence in the interpretation of data provided to them and accepts no responsibility for the content, 
quality or accuracy of the monitoring data, third party reports, or further information provided either to 
them by SBC or, via SBC from a third party source, for analysis under this term contract.  

The interpretation of the level of cliff instability risk presented in this document is based solely on the 
data provided by JBA. While every effort will be made to ensure the data are correct, Halcrow cannot be 
held responsible for the quality of monitoring data. This data analysis report comments on the 
monitoring data collected over the preceding 6 month period at specific locations. It will not make 
projections of future cliff instability activity or discuss cliff instability risk at areas that are not monitored. 
Lǘ ƛǎ {ŎŀǊōƻǊƻǳƎƘ .ƻǊƻǳƎƘ /ƻǳƴŎƛƭΩǎ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ǘƻ ŘŜǘŜǊƳƛƴŜ ŀƴ ŀǇǇǊƻǇǊƛŀǘŜ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ guidance 
on cliff instability risk provided in this report. 

This report and associated data are available to download via the Cell 1 Regional Monitoring 
tǊƻƎǊŀƳƳŜΩǎ webpage: www.northeastcoastalobservatory.org.uk. The North East Coastal Observatory 
does not "license" the use of data or sign license agreements. The North East Coastal Observatory 
generally has no objection to the reproduction and use of these materials subject to the following 
conditions: 

North East Coastal Observatory material may not be used to state or imply the endorsement by North 
East Coastal Observatory or by any North East Coastal Observatory employee of a commercial product, 
service, or activity, or used in any manner that might mislead.  

North East Coastal Observatory should be acknowledged as the source of the material in any use of 
images and data accessed through this website, please state "Image/Data courtesy of North East Coastal 
Observatory". We recommend that the caption for any image and data published includes our website, 
so that others can locate or obtain copies when needed. We always appreciate notification of beneficial 
uses of images and data within your applications. This will help us continue to maintain these freely 
available services. Send email to Robin.Siddle@scarborough.gov.uk 

It is unlawful to falsely claim copyright or other rights in North East Coastal Observatory material.  

North East Coastal Observatory shall in no way be liable for any costs, expenses, claims, or demands 
arising out of the use of North East Coastal Observatory material by a recipient or a recipient's 
distributees.  

North East Coastal Observatory does not indemnify nor hold harmless users of North East Coastal 
Observatory material, nor release such users from copyright infringement, nor grant exclusive use rights 
with respect to North East Coastal Observatory material.  

North East Coastal Observatory material is not protected by copyright unless noted (in associated 
metadata). If copyrighted, permission should be obtained from the copyright owner prior to use. If not 
copyrighted, North East Coastal Observatory material may be reproduced and distributed without 
further permission from North East Coastal Observatory. 

  

mailto:Robin.Siddle@scarborough.gov.uk


 

02 SBC GEOTECHNICAL MONITORING REPORT 2 (FINAL NOV 2014).DOCX VI 
COPYRIGHT 2014 BY CH2M HILL, INC. ᵁ ᴀᴌᴊᴍ׳ᴋᴖ ᴀᴌᴋᴃᴆᴁᴂᴋᴑᴆAL 

Summary of findings 
This is the second report in the new phase of coastal slope monitoring along the Scarborough Borough 
Council frontage that covers the period between November 2013 and July 2014. This phase of coastal 
slope monitoring continues that previously undertaken by Mouchel Ltd between July 2009 and June 
2012.  

A principal issue arising from the first report in this study was a concern over the integrity of a number of 
installations and the quality of inclinometer monitoring data received. Detailed checks have since been 
conducted. At most locations the tests suggest that while some inclinometer tubes are distorted good 
quality data can be recorded. At a limited number of locations, the inclinometers are blocked or 
deformed meaning random errors occur. Repairs should be attempted at these locations. Future 
monitoring of inclinometers requires extreme care to ensure good quality data are received.  

Monitoring locations that have been classified as Orange or Red in this assessment are summarised 
below. In general, these classifications relate to missing data or required maintenance, but exceptionally 
high water levels and potential ground movements have been recorded at some locations, most notably 
at Scalby Ness. 

¶ Robin Hoods Bay: inclinometers BH2 and BH4 are both partially blocked and require repair; 
piezometer BH3a records rising water level 

¶ Scalby Ness: inclinometers C002, C004 and BH7 reveal shearing and ground movement at depth. 
A site visit to this location is recommended to determine the spatial extent of surface instability 
and implications to properties. Piezometers P1a, P2a record no data while P4a, P4b and WS5 
require checks of equipment. 

¶ Scarborough North Bay: data from inclinometer BH10 appear unreliable which requires 
inspection and maintenance and data check. Piezometer BH9b shows rising water levels. 

¶ Scarborough South Bay: small movements were indicated by BH12 at Spa Chalet and AA07 at 
Holbeck Gardens. The ground at these locations should be checked over the wet winter period. 
Data from inclinometers BH103 and 105 are unreliable and require maintenance/checks. 
Piezometers 1spa and 19b have water at the highest level on record; H5, BH18a, BH18b and 
BH19a are unreliable and require checking; 5spa, BH106a, BH106b, BH104a and BH15 are all dry 
or exceptionally low and require integrity checks; BH3a has a damaged cable and BH4b has a 
broken data logger that requires maintenance; BH3b has possible water ingress and its cap 
requires maintenance. 

¶ Filey: BH4 has water at the highest level on record; CPBH04 and BHB are unreliable and should 
be checked to ensure surface water is not entering the borehole; CPBH06b, CPBH08b and 
CPBH09b all have logger errors and require maintenance / checking. 

¶ Flat Cliffs: possible ground movement or slope deformation was indicated at C1 and by the 
acoustic inclinometer C1A. Water was at ground level in B1 which needs checking to ensure 
surface water is not entering the borehole. 
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1 Introduction 
 Background to study 

The Scarborough Borough Council coastline is affected by widespread cliff instability, largely due to its 
geology and climate. Since the Holbeck Hall landslide of 1993, understanding the risk posed by landslides 
has been a high priority for the Council. Numerous ground investigations and associated studies at 
locations of particular concern have been undertaken in the last 20 years meaning the Council now has a 
widespread network of ground monitoring instrumentation installed, much of which is automated using 
data-loggers. The Council has also supported the installation of experimental acoustic inclinometers by 
Loughborough University along its frontage. These experimental devices have the potential to provide 
cost-effective and accurate real time information on ground movement. The dataset allows the Council 
to better understand cliff instability risk and support decisions on risk management. 

A comprehensive programme of data collection and analysis was commenced by the Council in October 
2008, when SBC awarded Mouchel Ltd a contract to design a monitoring strategy for the coastline. 
aƻǳŎƘŜƭΩǎ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ǿŜǊŜ adopted by SBC and a four-year contract for regular data collection 
and monitoring reports was awarded. The 7th and final of these reports covered the period up to spring 
2012, and was issued in August 2012 (Mouchel 2012).  

On completion of this contract, SBC commissioned Haskoning UK Ltd to undertake a thorough review of 
the condition of boreholes and associated monitoring instruments (Haskoning, 2013). This report 
highlighted a number of instruments were damaged, due to shearing of the borehole, wear and tear and 
vandalism. The work allowed SBC to develop a revised list of instruments and prepare tender documents 
for re-tendering of data collection and analysis work. 

SBC invited tenders on 24 July 2013, with separate contracts for data collection and data analysis being 
let. Contracts were awarded on 3 September 2013 to JBA Consulting Ltd and Halcrow Group Ltd (a CH2M 
HILL company), for data collection and data analysis respectively. JBA undertook the first data collection 
exercise in November 2013 and the first data analysis report was issued by CH2M HILL in March 2014.  

The second set of data was received from JBA in August 2014. This report provides the second set of 
data analysis. The report is presented as a stand-alone document. 

 Aims and objectives of monitoring 
The principal objective of the monitoring programme is to provide home- and land-owners with 
information on instability risk in vulnerable areas. 

The sites and monitoring devices covered by this work are summarised in Table 1.1. Note that some 
boreholes may have multiple piezometers installed in order to monitor multiple water tables, 
inclinometers and piezometers are never located in the same boreholes and water-levels are not 
recorded in boreholes instrumented with inclinometers.  

To meet this objective, the specific aims of the study are as follows: 

¶ To place preceding 6 months monitoring data in the context of the historical record 

¶ To highlight the implications of the data to coastal instability risk 

In addition, the ultimate aim of the study is:  

¶ To collect sufficient monitoring data to enable site-specific relationships between rainfall, 
groundwater levels and ground movement to be understood. With sufficient data, it is hoped 
that threshold rainfall and groundwater levels, above which instability is likely to be triggered, 
can be identified. This understanding will eventually allow early warning of potential ground 
movement to be provided. 
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Table 1.1. Monitoring locations and devices.  

Location Inclinometers Acoustic 
Inclinometer 

Piezometers Weather station 

Runswick Bay 4 0 0 0 

Whitby West Cliff 1 0 0 0 

wƻōƛƴ IƻƻŘΩǎ .ŀȅ 2 0 4 0 

Scalby Ness  4 0 14 0 

Scarborough North 
Bay ς Oasis Cafe 

2 0 3 0 

Scarborough North 
Bay ς The Holmes 

2 0 6 0 

Scarborough South 
Bay 

17* 1 38* 0 

Filey Town 4 0 24 0 

Filey, Flat Cliffs 4 1 4 1 

TOTAL 40 2 92 1 

 
*a single inclinometer and a diver piezometer with barometric diver was added at St Nicholas Cliff in 2014, between collect of 

the 1st and 2nd set of monitoring data. 

 Programme of work 
The planned programme of future analysis and reporting is shown in Table 1.2, which assumes the final 
ƛƴǘŜǊǇǊŜǘŀǘƛǾŜ ǊŜǇƻǊǘ ǿƛƭƭ ōŜ ǇǊƻǾƛŘŜŘ ǘƘǊŜŜ ƳƻƴǘƘǎ ŦƻƭƭƻǿƛƴƎ ǊŜŎŜƛǇǘ ƻŦ ǘƘŜ ǇǊŜŎŜŘƛƴƎ с ƳƻƴǘƘǎΩ 
monitoring data. 

Table 1.2. Programme of data collection and reporting 

JBA Monitoring Period  CH2M HILL (Halcrow) Analysis Report 

Data set 1: June 2012 to November 2013 Report 1: March 2014 

Data set 2: December 2013 to May 2014 (data received 1 
Aug 2014) 

Report 2: November 2014 (this report) 

Data set 3: June 2014 to November 2014 Report 3: February 2015 

Data set 4: December 2014 to May 2015 Report 4: August 2015 

Data set 5: June 2015 to November 2015 Report 5: February 2016 

Data set 6: December 2015 to May 2016 Report 6: August 2016 

Optional 2 year extension Optional 2 year extension 

 Scope of data analysis work 
JBA have sole responsibility for collection and checking of all inclinometer and piezometer data at 6 
month intervals. JBA provide CH2M HILL with the inclinometer and ground water data presented as 
graphs, ready for interpretation. The following graphs are provided in Appendices to this report: 
 

¶ Inclinometer incremental displacement ς total displacement at 0.5m intervals down the length 
of borehole since the baseline reading along two axes (A0 being downslope, A180 being at right 
angles to the slope). This plot is free from errors associated with past readings as only the most 
recent and original readings are compared. This plot highlights the depths where most 
significant movement has occurred. 

¶ Inclinometer cumulative displacement ς sum of all incremental displacements down the length 
of the borehole showing total deformation since inception along the two axes. If a user error has 
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occurred, it is carried through all cumulative plots, potentially giving misleading results. Errors 
can usually be identified by comparison to incremental displacement plots. 

¶ Inclinometer absolute position ς this plots the absolute position of the inclinometer casing when 
viewed vertically. While it does not give information on the rate of movement, it highlights the 
direction of any deformation and can be used to assess error in the data.  

¶ Groundwater data from piezometer divers or data loggers ς these data are plotted as a 
continuous line showing groundwater level fluctuation relative to Ordnance Datum (OD). 

¶ Groundwater data from monitoring wells ς these data are plotted as single points, showing 
groundwater level relative to OD at a particular point in time. They provide an independent 
check of piezometer data or water level information from boreholes that do not have automatic 
data logging capability. 

 
The scope of HalcrowΩǎ Řŀǘŀ ŀƴŀƭȅǎƛǎ ǿƻǊƪ ƛƴǾƻƭǾŜǎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǘŀǎƪǎΥ 
 

¶ Checks of inclinometer and piezometer monitoring data provided by JBA to ensure the correct 
information is provided, and identification of any obvious errors in the data.  

¶ Downloading and analysis of meteorological data from the weather station installed at Filey Flat 
Cliffs.  

¶ Acquisition of experimental acoustic inclinometer data from Loughborough University.  

¶ Analysis and interpretation of the data, including commentary on short and long-term patterns 
of change and observed relationships between rainfall, groundwater levels and ground 
movement.  

¶ Comment on the implications of the observed data with regard to cliff instability risk, allowing 
SBC to take any appropriate action.  

 
The following sections provide a site-by-site discussion of the history of cliff instability and the 
monitoring regime, and present an interpretation of the new monitoring data. Comment is made on any 
relationships between rainfall, groundwater and ground movement, and the implications of the new 
data with regard to cliff instability risk. 

 Cliff instability hazard assessment 
Cliff instability hazard at each monitoring location is presented using a simple colour-coding system that 
summarises the significance of the result (Table 1.3). The assessment provides a simple record of activity 
that will be developed in subsequent reports to indicate changing levels of hazard. 
 
Table 1.3. Instability hazard assessment guidance level 

Hazard (low to high) Definition 

Green 

 

Situation normal. No change in groundwater level from previous records, which are low or 
falling. Movement in inclinometers within margin of error (<5mm). 

Orange 

 

Site requires attention. Moderate or large increase in groundwater level from previous records 
or moderate movement in inclinometers. Failure of equipment, unreliable or no data requires 
attention. 

Red 

 

Immediate action required. Significant movement of inclinometer indicating high cliff instability 
hazard potential. Carry out site inspection, consider increasing the frequency of monitoring and 
managing public access to the area.  

 Checks of monitoring equipment integrity 
Following completion of checking and interpretation of the first round of monitoring in early 2014, 
several inclinometer readings appeared to be erroneous, with some locations showing potential ground 
movement. A series of checks were recommended to determine whether or not the data were accurate, 
the source of any errors, and the implications to cliff instability risk management. For most 
inclinometers, the checks comprised an additional site visit to take three consecutive readings to 
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determine whether the error was systematic, or random. At some locations, where potential ground 
ƳƻǾŜƳŜƴǘ ǿŀǎ ƛƴŘƛŎŀǘŜŘΣ ǘƘŜ ŎƘŜŎƪǎ ŎƻƳǇǊƛǎŜŘ ƳƻƴǘƘƭȅ ǊŜŀŘƛƴƎǎ ƻǾŜǊ ǘƘŜ ΨƘƛƎƘ ǊƛǎƪΩ ǿŜǘ ǿƛƴǘŜǊ ǇŜǊƛƻŘ 
to document any changes in ground movement and to explore the potential for error in the data. Four 
scenarios are identified that may cause error: 

¶ Distortion of the inclinometer tube, can occur a few months after installation, causing a sinuous 
pattern of incremental readings. The cause of the distortion is unclear, but often correlates with 
granular strata (i.e. sands and gravels and not tills), suggesting it may be due to groundwater 
washing out the grout leading to loss of support of the casing. Given the sinuous pattern of 
distortion along a significant length of casing it is unlikely that natural ground movements are 
the cause. The test data have a consistent pattern, indicating that the deformation does not 
cause random errors. This means the BH is still capable of recording potential future ground 
movements.  

¶ Real movement along a discrete shear surface at depth, leading to deformation of the overlying 
soil column and associated casing. This results in a sinuous pattern of change in the upper part of 
the BH above the shear surface and overlying in situ material. The BH is still capable of recording 
movement so should be closely monitored, with close attention paid to movement at the shear 
surface. 

¶ Blockage/damage to inclinometer casing leading to random errors, usually near the base of the 
BH. While data at the location of random error is not reliable, readings from the rest of the BH 
can be interpreted with confidence. However, caution is needed interpreting cumulative 
movement plots, which will be affected by compounding of the random error.  

¶ Noise in the data, representing normal instrument error that is exaggerated by incorrect scaling 
of the plot. Incremental movements of 2 to 3mm for a 40m deep borehole are within the 
Ψinstrument errorΩ and cannot be interpreted as ground movement. However, more significant 
movement shown in cumulative readings is likely to represent real movement. 

The results of these checks are documented in Table 1.4. In most cases, the error is systematic and 
represents minor settlement of the borehole casing that gives rise to a sinuous pattern of deformation. 
Provided these boreholes are read carefully e.g. ensure that the inclinometer probe does not come free 
of the key ways, ground movements should still be detectable. At locations where random errors are 
reported, it is likely that the borehole is partially blocked or damaged, leading to the probe coming away 
from the key ways. In these instances, there is low confidence in the resulting data and the boreholes 
should be repaired.  

Table 1.4. Results of inclinometer integrity testing 

BH Location 30 Jan 2014 6 March 
2014 

30 April 2014 28 May 2014 26 June 2014 11 August 
2014 

BH2 wƻōƛƴ IƻƻŘΩǎ 
Bay 

 Upper 22m 
of BH 
damaged, 
leading to 
random error  

    

BH4 wƻōƛƴ IƻƻŘΩǎ 
Bay 

 Systematic 
error due to 
minor 
settlement  

    

BH11 Scarb N Bay 
Holms 

 Consistent 
error. BH 
deformed 
between 9 
and 13m 
depth 
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BH Location 30 Jan 2014 6 March 
2014 

30 April 2014 28 May 2014 26 June 2014 11 August 
2014 

AA04 Scarb S Bay  Minor 
movement at 
29 to 30m 
depth 
evident 
despite noise 

    

BH12 Scarb S Bay  Systematic 
sinuous error 
due to minor 
settlement of 
BH 

    

BH13 Scarb S Bay  Systematic 
sinuous error 
due to 
settlement of 
BH from 32 
to 61m 
depth  

    

BH14 Scarb S Bay  Systematic 
sinuous error 
due to 
settlement of 
BH below 
28m depth 

    

BH16  

(BH 
damaged 
and read 
in error)  

Scarb S Bay Random 
error. 
Blocked or 
damaged key 
way 

     

BH16A Scarb S Bay  Systematic 
sinuous error 
due to 
settlement of 
BH  

Systematic 
error. No 
change.  

Systematic 
error. No 
change. 

Systematic 
error. No 
change. 

Systematic 
error. No 
change. 

BH17 Scarb S Bay  Systematic 
sinuous error 
due to 
settlement of 
BH  

    

BH20 Scarb S Bay Systematic 
sinuous 
error.  

Systematic 
sinuous error 
due to 
settlement of 
BH 

Systematic 
error. No 
change. 

Systematic 
error. No 
change. 

Systematic 
error. No 
change. 

Systematic 
error. No 
change. 

BH6 Filey Town  Consistent 
error. 
Blockage at 
base of BH 

    

C1 Flat Cliffs  Consistent 
sinuous 
error. 
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2 Weather Summary 
 Introduction 

A meteorological station has been operational at Flat Cliffs, central Filey Bay, since 29 September 2011. 
The device records wind speed and direction, air temperature, humidity, air pressure, rainfall and rainfall 
intensity every 15 minutes. For the purposes of this analysis, data are presented on a monthly basis. The 
full dataset is referred to if required. 

This dataset is used for comparison with all coastal slope monitoring data in order to identify 
relationships. It is taken to be representative of the whole Scarborough Borough Council frontage 
although it is accepted that micro-climate effects do lead to local variations in weather. 

Battery failure in 2013 means there is a c. 6 week gap in the record between 23 May and 6 August. This 
period was characterised by exceptionally warm and dry conditions. 

 Rainfall 
Monthly rainfall data between September 2011 and July 2014 are summarised in Figure 2.1.  

 
 
Figure 2.1. Rainfall records at the Flat Cliffs met station (October 2011 to July 2014) 

 

Long-term monthly averages, maxima and minima (1981 to 2010) from Met Office records are indicated 
on the plot to provide context. The data highlight the following: 

¶ Limited data from 2011 indicates dryer than average conditions in October and November and 
typically high rainfall in December. 

¶ 2012 was an unusually wet year, with a reversed pattern of seasonal rainfall. Data from 2012 
indicates exceptionally low rainfall in the early part of the year, from January to March, with 
December the only wet month of the 2011/12 winter. In contrast, the spring and summer were 
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particularly wet, with April and June 2012 receiving almost twice the long-term average rainfall 
and higher than average rainfall in July. Late 2012 was also wet, with above average rainfall in 
November and the highest recorded monthly rainfall of any month falling in December. It is 
likely that the wet summer had limited effect on slope stability at the time because the atypically 
dry winter will have resulted in relatively low groundwater levels for the time of year. However, 
the sustained high rainfall through the autumn and winter will have raised groundwater levels 
above average levels by the end of 2012. 

¶ 2013 was a dry year and the data shows below average rainfall in all months (NB no data were 
recorded during June and July). The pattern of rainfall shows limited seasonality, with April, 
September and November having unusually dry conditions. It is likely that groundwater levels 
were low through much of the year. 

¶ In 2014, January and February were substantially wetter than average. March, April and June 
were much drier than average, and rainfall in May and July was about average.  

The seasonal pattern of rainfall ƛǎ ǎǳƳƳŀǊƛǎŜŘ ƛƴ CƛƎǳǊŜ нΦнΦ Lƴ ǘƘŜ ŎƘŀǊǘΣ ΨǿƛƴǘŜǊΩ comprises the 
months of December, January and February and therefore spans the calendar year. The timing of 6 
monthly monitoring reports coincides with the summer-autumn and winter-spring periods. The data 
indicate: 

¶ The spring, summer and autumn 2013 periods were considerably drier than that experienced in 
2012 (this pattern is unaffected by the missing data from June and July that were dry months). 

¶ In contrast, the winter of 2013 was wetter than 2012 and represents the most recent period of 
significantly wet weather. 

¶ Groundwater levels during the preceding July to December 2013 monitoring period are likely to 
have been low.  

¶ During the winter 2013/14 period, rainfall has been higher than previous winters and may have 
led to some recovery of groundwater levels during the current monitoring period. Due to the 
data gap beginning in late May 2013, it is difficult to be sure how rainfall levels during that 
period compared to spring 2014. However, rainfall during spring and summer 2014 is more likely 
to represent conditions closer to average. This is confirmed by UK Met Office rainfall anomaly 
maps. 

Figure 2.2. Seasonal rainfall totals. 

 

Daily rainfall totals for each year monitored are provided in Figures 2.3, 2.4, 2.5 and 2.6. These plots 
clearly show the exceptionally wet spring, summer and autumn of 2012 (which can be seen from Fig 2.1 
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continued into December 2012) and contrasting dry conditions of 2013.  The data for the most recent 
period of monitoring, covering the first half of 2014 shows (Figure 2.6): 

¶ The wettest days occurred on 5 February, 9 May and 5 July, with 5 July being the wettest day 
when just over 25mm of rain fell. 

¶ March and April were particularly dry, with no individual day experiencing rainfall more than 
5mm. 

2.2.1 Rainfall and landslides 
The relationship between rainfall and the occurrence of landslides is known to be complex and site-
specific. It is often the case that a single intense rainfall event has little effect on a slope formed of 
relatively impermeable clay strata and soils, and instead cliff instability is only triggered after a period of 
sustained rainfall that allows groundwater levels to rise above a threshold level. This cumulative effect of 
sustained wet weather is known as antecedent rainfall. The time period over which high antecedent 
rainfall exceeds a threshold for instability will vary from site to site, based principally on the local 
hydrogeology. It may vary from a period of weeks in sites of relatively higher permeability where 
groundwater responds rapidly to rainfall, to a period of months at locations of lower permeability. 

Figure 2.3. Daily rainfall recorded at Flat Cliffs during 2011. 
 

Figure 2.4. Daily rainfall recorded at Flat Cliffs during 2012. 
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Figure 2.5. Daily rainfall recorded at Flat Cliffs during 2013. 
 
 

 

Figure 2.6 Daily rainfall recorded at Flat Cliffs during 2014 (to end July). 

The weather records for the SBC frontage span a short time period, but do include the particularly wet 
year of 2012. Significant ground movements only occurred over the monitoring period in BH7 at Scalby 
Ness, suggesting that the antecedent rainfall threshold levels were not achieved throughout much of the 
frontage. As cliff instability has not yet been observed at most locations, the antecedent rainfall time 
period is also unknown. 

Monthly rainfall totals are provided in Table 2.1. The highest rainfall in a single month was 132mm, 
recorded in December 2012. This suggests if there was a one month antecedent rainfall relationship, the 
threshold level would be greater than 132mm. 

Two and three month antecedent rainfall periods have been calculated from the available dataset. The 
data suggest a two month antecedent rainfall period threshold is in excess of 210mm and a three month 
threshold is greater than 263mm.  

Table 2.1. Monthly rainfall recorded at Flat Cliffs met station 

Month Rainfall (mm) 

 
Long-term mean 

(upper range) 
2011 2012 2013 2014 

January 80 No Data 31 41 113 
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February  60 No Data 8 38 96 

March  60 No Data 27 32 29 

April  60 No Data 96 4 26 

May  60 No Data 34 37 (part month) 59 

June  80 No Data 104 No Data 34 

July  60 No Data 70 No Data 70 

August  80 No Data 45 38 (part month)  

September  80 0.14 (part month) 69 15  

October  80 35 53 52  

November  80 15 78 25  

December  80 72 132 6  

 Temperature  
Air temperature is presented in Figure 2.7 showing minimum, maximum and mean for each month. The 
data show a later seasonal decline in temperatures in autumn of 2011. The temperature dropped below 
0°C during February 2012 and January 2013. The data for June and July 2013 are missing and as a result 
the particularly warm weather experienced during the summer of 2013 was not recorded. Data for 2014 
indicates a mild winter, with minimum temperatures rarely dipping below freezing, and average 
temperatures increasing earlier in the year in February, rather than March as in the previous two years. 

 

Figure 2.7. Record of air temperatures recorded at Flat Cliffs 

 

 Wind and storms 
Wind speed is summarised in Figure 2.8 that shows the maximum speed recorded in each month period 
and the Beaufort scale storm force thresholds. The September 2011 and December 2013 records are 
incomplete and June and July 2013 records are missing.  
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The winter of 2012-2013 had particularly high wind speeds compared to the rest of the data record, with 
all of the months experiencing Force 4 or 5 winds. The highest wind speed recorded was 17.5mph in 
March 2013, which is the only month to record a Force 5 wind. The rest of 2013 had a similar pattern to 
2012 in terms of the magnitude of wind speed with winter being windier than summer.  

Overall the recorded wind speeds are comparatively low, but this is likely to reflect the relatively 
sheltered location of Flat Cliffs. The wind speeds during December 2013, when the east coast of the UK 
experienced a significant storm surge event, were only Force 4 at Flat Cliffs and overall the winter 2013-
14 period was much less stormy that 2012-13. 

Wind speed and direction for 2012 and 2013 are shown in Figures 2.8 and 2.9. Figures 2.10 and 2.11 
provide a comparison of the winters for 2012/13 and 2013/14, and a comparison of the springs for the 
same period are provided in Figures 2.12 and 2.13. Each unit on the frequency scale represents a 15 
minute period in the weather station record. 

The wind roses for 2012 and 2013 are similar, and show that onshore winds from all westerly directions, 
NNW and SSW, are the most common and rarely exceed 3m/s, but that the strongest winds are 
offshore, from the east, where they can exceed 6m/s. Overall, 2013 experienced more frequent and 
higher speed winds. There is considerable variation in direction of the most frequent and strongest 
winds when viewed on a seasonal basis.  

 

Figure 2.8. Maximum monthly wind speeds recorded at the Flat Cliffs met station. Equivalent Beaufort scale 
categories are presented on the right of the chart. 

In comparison, winter 2013-14 and spring 2014 show an absence of the strong easterlies, with the 
pattern in winter 2013-14 being especially notable by the low strength but the dominance of 
comparatively light winds from the south. This is a possible explanation for the warm and wet January 
and February of 2014.  
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Figure 2.9. All data from 2012 Figure 2.10. All data from 2013  

  

Figure 2.11. Winter 2012-13 (Dec, Jan and Feb) Figure 2.12. Winter 2013-2014 (Dec, Jan and Feb) 

  

Figure 2.13. Spring 2013 (March, April and May) Figure 2.14. Spring 2014 (March, April and May) 

 
 

  


