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4. EXECUTIVE SUMMARY 
 

This report summarises results from monitoring coastal erosion and cliff retreat at Cowbar Nab, Staithes, 

over two Ɵmescales: 

 Monthly analysis over the period since our last report to North Yorkshire Council (NYC) which 

reported data up to July 2024. 

 Annual data since start of our monitoring at this site in January 2011. 

This report describes the rate of erosion and highlights features of the changes observed that are perƟnent 

to the management of erosion risk at this site. 

 The monitoring program is being undertaken for and on behalf of North Yorkshire Council. 

 Data have been collected in 3 phases at Cowbar Nab: 

 Between the start of surveys in 2011 and 2017 data was collected at monthly intervals using surveys 

from the foreshore accessed at low Ɵde.  

 Between 2017 and August 2023 data was collected using a permanently installed terrestrial laser 

scanning system, developed specifically for this project. This system scanned the cliff each hour, with 

the data streamed and erosion calculated on a rolling basis.  

 AŌer August 2023 surveys have again been undertaken from the foreshore at monthly intervals 

coincident with low Ɵdes and fair weather, due to constraints on access to the permanent monitoring 

equipment, which has now been mothballed. 

We make recommendaƟons based upon the changes that we have observed to date, and the outcomes 

from our wider program of coastal erosion monitoring along this coastline. 
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5. MONITORING OVERVIEW July 2024 to January 2025 
 

 Data is reported for the months including and between July 2024 to January 2025, totalling 6 months. 

This period resets the reporƟng window to the turn of the year aŌer the changed reporƟng around 

rockfalls in Q4 of 2024, and so allows future reports to be presented on an annual basis, with interim 

reports as and where required.  

 The background to the monitoring approach using the permanent laser scanner installaƟon is 

described in full in our report dated August 2018, available from the following website: 

hƩps://www.northeastcoastalobservatory.org.uk/data/reports/21_local_monitoring_reports/40_

Redcar_&_Cleveland_Borough_Council/ 

 During this monitoring period all surveys were undertaken by in-person visits to the foreshore during 

favourable weather and Ɵde condiƟons, and at monthly intervals as and where possible. ExcepƟons 

in this period include: 

o September 2024 - inclement weather coincident with available low Ɵdes. 

 In this report, we document the calculaƟon of the erosion rate for the seaward facing cliff at Cowbar 

Nab as a whole, which includes an area of the cliff face immediately below Cowbar Lane, termed our 

‘focus area’ from hereon. 

 

6. MONITORING RESULTS 
 

I. Results: July 2024 – January 2025 
 We present the erosion rates between July 2024 and January 2025, in Table 1, and Figures 1 to 5. 

The resultant erosion data is summarised on a monthly basis for comparability. 

 A relaƟvely large rockfall occurred on or around 23rd October based on local accounts. A set of interim 

surveys were conducted on the next available low Ɵde (15.11.24), and an interim report provided to 

Redar and Cleveland Borough Council, measuring the rockfall geometry, locaƟon and volume (email 

to L Hall, 22.11.24). The details of this rockfall were as follows: 

 
 Volume:    603 m3 (equivalent to 8.4 m cube) 
 Area of cliff face that failed: 279.8 m2 (equivalent to 16.7 m square) 
 Maximum rockfall width on cliff face:  27.05 m 
 Maximum rockfall height on cliff face:  16.60 m 
 Maximum depth of erosion:   4.28 m 
 Maximum retreat of the cliff edge:   1.26 m 
 Extent of cliff line that experienced retreat:  10.4 m 
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 In the data and analysis that follows, this event is captured with in the November 2024 survey epoch.  

 Over the full 6-month monitoring period reported here, a total volume loss of 662.89 m3 via 772 

discrete rockfall events occurred. The relaƟvely high total volume is dominated by the rockfall of 23rd 

October (91% of total loss).  

 The area-averaged rate of retreat observed in the period July 2024 to January 2025 for the whole 

site was 0.049 myr-1, which is again elevated relaƟve to the long-term baseline by the rockfall of 

October 23rd. 

 The modeled rate of retreat in the period July 2024 to January 2025, which takes into account the 

probability of the largest events whether they occur or not over the long-term, for the whole site 

was 0.038 myr-1. 

 The area-averaged rate of retreat observed in the period July 2024 to January 2025 for the ‘focus 

zone’ was 0.101 myr-1. 

 The lowest monthly volume of rockfall was observed in January 2025 (1.9 m3). The highest monthly 

volume of rockfall occurred in November 2024 (609.42 m3) (see: Table 1). The maximum depth 

(relaƟve to the plane of the cliff face) of any single rockfall observed into the cliff face during this 

period was 4.8 m, which was measured in November 2024 (Figure 3). 

 We observe the several sequences of events, whereby rockfall in successive months and years appear 

spaƟally connected. Notably this included failures on the cliff face that led to the release of the larger 

rockfall on October 23rd which resulted in volume loss at the cliff top and edge.  

 In summary, the main forms of rockfall and erosion behaviour observed in this period include the 

following, which have also been observed previously:  

 Upward and lateral propagaƟon of rockfall, most likely iniƟated by wave quarrying and erosion 

of the cliff toe and subsequent failure of the overhanging cliff mass above, to leave a more near-

planar and near-verƟcal cliff face remaining. In this period we have observed such an upward 

propagaƟon resulƟng in failure of the cliff top, via a larger single failure.  

 A related paƩern is emerging whereby detachments at the cliff top are relaƟvely large compared 

to those on the cliff face below. The relaƟvely infrequent occurrence of detachments that 

influence the cliff line and their size, indicates a close control of the wider disconƟnuity spacing 

in the upper beds in the cliff face modulaƟng rockfall occurrence and geometry in this locaƟon 

on the cliff.  

 Failure of small-scale convex secƟons (protusions) of the cliff face, to leave a more near verƟcal 

cliff face remaining. The size and shape of these failures are commonly defined by the pre-
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exisƟng joint structure in the cliff face. We note that such failures oŌen occupy posiƟons on the 

cliff that have not witnessed failure previously during our monitoring campaign.  

 Lateral across-cliff rockfall scar locaƟons, whereby rockfall scars coalesce into cross-cliff arch 

structures, which are inherently more stable, and are commonly bounded above by more 

massive rock beds. We note this behaviour within the focus zone described above, most notably 

immediately above the rock armour. In this period we conƟnue to see a large arch span develop 

across the Cowbar cliff frontage, in addiƟon to failures of upper parts of this arch, as was seen 

on October 23rd  

 As observed previously, quarrying of the cliff toe immediately to the east and west of the rock armour 

conƟnues (right in Figures 1 and 2), which has led to the undercuƫng of the cliff face above. The area 

to the west of the rock armour is sƟll to experience a larger-scale failure since the onset of 

monitoring. This is also captured in our analysis of Profile A, discussed below. 

 The spaƟal paƩern of erosion conƟnues to be commensurate with marine driven erosion at the toe 

of the cliff, in addiƟon to the conƟnued failure of previously acƟve secƟons of the cliff face above.  



8 
 

 



9 
 



10 
 

 

II. Results: January 2011 – January 2025 
 

 The long-term (January 2011 to January 2025) annualized erosion rates are as follows for the 170 

months (5,102 days) of monitoring at this site to date (see: Figures 3 and 4).  

 Note that given the survey duraƟon, the long-term erosion rates are increasingly insensiƟve to single 

larger rockfall events, such as that in October 2024: 

o 170-month area-averaged erosion rate for the whole site is 0.049 myr-1 (Table 1). This is 

based on observed rockfall alone.  

o 170-month modeled erosion rate for the whole site is 0.037 myr-1. This rate considers the 

full range of possible rockfall sizes at this site, and is observed to stabilize over Ɵme as a more 

complete range of event sizes is recorded. It is also expected that this rate will converge with 

the observed area-averaged erosion rate over Ɵme. Using a modeled measure of erosion 

overcomes the limitaƟons of monitoring only a small area/nonrepresentaƟve sample, during 

a limited Ɵme period (see: Barlow et al., (2012) for methodology, and Williams et al. (2019) 

for a wider jusƟficaƟon). Where the observed rate exceeds the modelled rate of erosion, the 

site in quesƟon is eroding more than on average for the wider coastline, as is now the case 

here.  

o 170-month area averaged erosion rate for the focus zone is 0.101 myr-1. This rate is based 

purely on the rockfalls observed at the site using the laser monitoring, and shows a higher 

rate of retreat in the central secƟon of the monitored cliff, primarily associated with the 

rockfall in October. 

o 170-month modeled erosion rate for the focus zone is 0.052 myr-1. This rate considers the 

full range of possible rockfall sizes at this site, and will stabilize over Ɵme as a more complete 

range of event sizes is recorded. This is lower than the observed rate given the previous 

balance of large versus small rockfalls from this cliff secƟon. 

 Since the start of monitoring in 2011 a total of 6,462.86 m3 of rockfall has been observed, sourced 

from 216,867 detectable discrete rockfall events idenƟfied from monthly monitoring (Table 1). This 

total volume of rockfall is equivalent to a cube with dimensions of 18.6 m.  

 Rockfalls at this site adhere to a power-law volume frequency distribuƟon. This means that the 

majority of rockfalls are small (ca. 2.5 x 10-4 m3 or smaller) with a decreasing frequency of increasingly 

large events. As such, whilst the numbers of rockfalls observed is high, their individual volume and 

the erosion that the majority accrue remains very small, and importantly larger events that are more 

likely to result in a change to the cliff line are comparaƟvely infrequent, but not impossible. 
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 On average over 170 months 1,330 discrete rockfall events occur at this site monthly, in rockfall 

volumes > 2.5 x 10-4 m3, down from 1,544 reported in the last report. This may reflect either a low 

level of background acƟvity in this monitoring period, or given the larger rockfalls observed in this 

period, the superimposiƟon of small events within the monitoring interval. 

 Over 170 months, the average monthly volume of rockfall is 39.65 m3, equaƟng to 0.168 m3 per 

month per metre of coastline, and equivalent to a cube of dimensions 0.55 m from each metre of 

coastline in each month. 

 These data imply a conƟnued tendency of the cliff towards rates comparable to the long-term 

average, punctuated with occasional larger scale rockfall, notably at the cliff top (see Figure 3 and 4). 

These larger events may be associated with either specific triggering such as individual storms, or 

more likely the progressive destabilisaƟon and then failure of discrete secƟons of the cliff face. With 

only monthly survey data, we are unable to discern any spaƟal or temporal paƩerns that would allow 

the Ɵming or locaƟon of such larger rockfalls to be anƟcipated. It is however evident that some 

secƟons of the cliff have experienced these relaƟvely large events, and others immediately adjacent 

have not.  

 The short-term rates of erosion observed at this site within each month remain heavily influenced by 

a low number of larger (> 1 to 10 m3) rockfall events, such as that in October 2024. However, the 

potenƟal for retreat at any point on the coast remains best predicted with a detailed structural 

assessment of the rock mass and change (erosion) experienced at that specific locaƟon, rather than 

wider-area, long-term erosion rates. 

 In this period we see further evidence of the upward propagaƟon of rockfall from the cliff toe to top, 

as manifest by the release of a single large rockfall at the cliff top in October. This process is most 

likely iniƟated by wave acƟon at the cliff toe, which destabilises the cliff face above, tending to result 

in the failure of convex secƟons of the cliff face above over Ɵme. This likely reflects the culminaƟon 

of a full cycle of erosion on this secƟon of the cliff, iniƟated by undercuƫng leading to upward failure 

propagaƟon. The rates of propagaƟon, Ɵmings and locaƟon of resulƟng rockfall events remain 

stochasƟc, and the failure of the cliff secƟon in October does not rule out further failures of the cliff 

top - as a result of failures below - in coming months.  

 The monthly volume of rockfall and consequent erosion for this secƟon is now higher than that 

observed is many other locaƟons along this coastline (see: Benjamin, 2018), most likely due to the 

relaƟvely high recent volume loss and limited cliff height (< 30 m), as compared to the coastline both 

east and west of this site.  
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 The behaviour observed in this period reaffirms that this is an acƟvely eroding cliff and coast, 

whereby iteraƟve erosion of the cliff toe can lead to larger episodic failures of the cliff face and edge 

above, which may only be observed over a longer period of Ɵme, as here.  
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III. Analysis of profile change 
 

 Slope profiles have been extracted from the laser scan data through the cliff. Profile locaƟons are 

provided in Figure 1, and profile change through Ɵme on a monthly basis is provided in Figure 5.  

 Note that the precise profile locaƟons deviate slightly from report to report as the data is extracted 

from scratch for each reporƟng period.  

 Profile A has remained relaƟvely unchanged in form during this monitoring period, with only minor 

adjustments to small-scale convexiƟes up profile. Some evidence of minor cliff toe quarrying is 

apparent, in line with typical changes observed on this cliff. This represents a minor addiƟonal 

oversteepening of the cliff, but is far from a degree that would act to significantly destabilize the cliff 

mass above. 

 Profile B has also experienced limited adjustment in this period, and the profile remains overhanging. 

As a result, whilst this profile has remained liƩle changed in this monitoring period, it is anƟcipated 

that the rock top at this secƟon will likely fail in due course. The Ɵming of this remains unknown, and 

our data to date shows no sign that this is imminent. Importantly, based on the style of previous 

failures of this type at this locaƟon, the rockfall will likely remove the overhang, rather than retreat 

the cliff edge back substanƟally, and so it is unlikely that the fence line will be impacted. 

 Profile C shows the consequences of the October 2024 rockfall, with a significant modificaƟon to the 

upper 1/3 of the cliff. This provides an example of the degree to which a single rockfall can alter a 

convex cliff face, albeit with a relaƟvely limited impact on the cliff edge. In places the profile steps 

back by ca. 4.8 m. Prior to this rockfall, the cliff line was ca. 5.5 m seaward. This distance is now 

reduced to ca. 4.5 m.  
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Figure 5: Monthly cliff profiles, from locaƟons indicated in Figure 1, for the period July 2024 to January 
2025. 
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Table 1: Monthly rockfall and erosion data for Cowbar Nab for this monitoring period. Table appends to 
Table 1 in the previous reports. 

 

M
on

th
 

M
on

th
 

Ye
ar

 

D
ay

s 
el

ap
se

d 

Ro
ck

fa
ll 

nu
m

be
r 

To
ta

l v
ol

um
e 

Ar
ea

 a
ve

ra
ge

 e
ro

si
on

 ra
te

 (x
 1

0-
3 

m
yr

-1
) 

m
/f

 m
od

el
le

d 
er

os
io

n 
ra

te
 (x

 1
0-

3 
m

yr
-1

) 

M
on

th
ly

 a
ve

ra
ge

 e
ro

si
on

 ra
te

s 
- m

od
el

le
d 

(m
yr

-1
) 

1 
ye

ar
 a

ve
ra

ge
 o

f m
on

th
ly

 a
ve

ra
ge

 e
ro

si
on

 ra
te

s 
(m

yr
-1

) 

Fo
cu

s 
ar

ea
 e

ro
si

on
 ra

te
 (m

yr
-1

) 

Fo
cu

s 
ar

ea
 e

ro
si

on
 ra

te
 (m

yr
-1

) -
 m

od
el

ed
 

165 August 2024 4949 131 30.12 0.018 0.000 0.000    

166 September 2024 4979 - - - - -    

167 October 2024 5010 273 609.42 0.120 0.050 0.000    

168 November 2024 5040 131 12.87 0.001 0.000 0.000    

169 December 2024 5071 163 8.59 0.038 0.001 0.000    

170 January 2025 5102 74 1.90 0.010 0.007 0.000 0.049 0.101 0.052 
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7. RECOMMENDATIONS 
 

 Monitoring since 2011 has demonstrated the conƟnued failure of the cliff face at Cowbar Nab, 

Staithes. It is clear that surveys of the cliff line alone, either from visual inspecƟon, stake 

measurements or from aerial imagery, would not have captured these changes, which amount to 

nearly 6,463 m3 of rock in over 216,867 individual failures. 

 This period of monitoring shows a period of relaƟvely high rates of erosion, dominated by a single 

large rockfall that altered the cliff line at Cowbar Nab. This event was > 600 m3 in volume, and at its 

peak stepped the cliff profile back by 4.8 m. The spaƟal paƩern and sequencing of preceding rockfall 

imply that this occurred as a result of the upward and lateral migraƟon of rockfall events from the 

cliff toe through Ɵme, likely iniƟated by wave quarrying and undercuƫng.   

 These observaƟons do not rule out the possibility of another future larger rockfall that would change 

the posiƟon of the cliff line, and monitoring and planning for this eventuality should be conƟnued. 

 Any failure of the top of the cliff as a result of the loss of support from the erosion of the cliff face 

below is likely to be a rapid event. It is, however, likely that this will be preceded by either creep or 

rockfall from the failing cliff face area, over a period of months to days. Rockfalls from this cliff have 

however been shown to be rapid to evolve from a point of apparent stability, and so can occur with 

limited warning.
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