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4. EXECUTIVE SUMMARY

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

over two timescales:

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

reported data up to February 2026.
e Annual data since start of our monitoring at this site in January 2011.

o This report describes the rate of erosion and highlights features of the changes observed that are pertinent

to the management of erosion risk at this site.
e The monitoring program is being undertaken for and on behalf of North Yorkshire Council.
e Data have been collected in 3 phases at Cowbar Nab:

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

from the foreshore accessed at low tide.

e 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.

o After August 2023 surveys have again been undertaken from the foreshore at monthly intervals
coincident with low tides due to constraints on access to the permanent monitoring equipment,

which has been mothballed.

e We make recommendations based upon the changes that we have observed to date, and the outcomes

from our wider program of coastal erosion monitoring along this coastline.



MONITORING OVERVIEW January 2025 to February 2026

Data is reported for the months including and between January 2025 to February 2026, totalling 13

months.

The background to the monitoring approach using the permanent laser scanner installation is

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

https://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 tide conditions, and at monthly intervals as and where possible. In this

period data was not collected in:
o January 2026 - due to inclement weather on available low tides.

In this report, we document the calculation 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.

MONITORING RESULTS

Results: January 2025 — February 2026

We present the erosion rates between January 2025 and February 2026, which are presented in
detail in Table 1, and Figures 1 to 5. The resultant erosion data is summarised on a monthly basis for

comparability:

A total volume loss of 175.12 m? in 2,193 discrete rockfall events occurred during this 13-month

period.

The area-averaged rate of retreat observed in the period January 2025 to January 2026 for the whole

site was 0.01 myr™.

The modeled rate of retreat in the period January 2025 to February 2026, which takes into account

the probability of the largest events whether they occur or not, for the whole site was 0.012 myr™.

The area-averaged rate of retreat observed in the period January 2025 to February 2026 for the focus

zone was 0.007 myr™,



The lowest monthly volume of rockfall was observed in November 2025 (0.06 m3). The highest
monthly volume of rockfall occurred in October 2025 (37.34 m3) (see: Table 1). The maximum depth
(relative to the plane of the cliff face) of any single rockfall observed into the cliff face during this

period was 4.3 m which occurred in October 2025 (Figure 3).

This period is dominated by isolated rockfalls, and whilst some have notable areas, most are relatively
shallow and so of low overall volume. For example, the largest (37.34 m3), occurred in October, and
whilst relatively extensive across the cliff (ca. 26 m width, 4 m in height), had a low mean depth (ca.

0.33 m).

We observe that these isolated rockfalls sit within longer term sequences of events, whereby rockfall
in successive months and years appear spatially connected. During this monitoring period, due to the
relatively low levels of activity, whilst these processes continue, they hold a minimal impact on the
overall cliff face topography. In summary, the main forms of behaviour observed in this period

include the following, which have also been observed previously:

e Infilling of failures in areas that have — up until this period - not experienced rockfall. This was
the case for the October 2025 rockfall, in addition to those more widely across the cliff which
were concentrated within the emergent arch of failures that spans the central section of Cowbar

Nab (see Figure 2 and 4).

e Related, the lateral across-cliff migration of rockfall source areas, whereby 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 behavior within the focus zone described above, most
notably immediately above the rock armour. In this period we continue to see a large arch span

continue to develop across the Cowbar cliff frontage.

e Failure of small-scale convex sections (protusions) of the cliff face, to leave a more near vertical
cliff face remaining. These size and shape of these failures are commonly defined by the pre-

existing joint structure in the cliff face.

As observed previously, quarrying of the cliff toe immediately to the east and west of the rock armour
continues (right in Figures 1 and 2), which has led to the undercutting off the cliff face above. The
area to the west of the rock armour is still to experience a larger-scale failure since the onset of

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

We see no further development in this period of the erosion which previously led to undermining of

the road bed of Cowbar Lane in 2024.

We note no significant loss of cliff top / edge material during this monitoring period.



e The spatial pattern of erosion continues to be commensurate with marine driven erosion at the toe

of the cliff, in addition to the continued failure of previously active sections of the cliff face above.
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Figure 1: Erosion depth (m) normal to the cliff face between January 2025 and February 2026, superimposed on a hillshade map of the cliff face from February 2026.
The location of erosion profiles A - C is indicated by the orange vertical lines. 43m N
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Figure 2: Hillshade digital elevation model of the seaward face of Cowbar Nab, overlaid with polygons of rockfall extents from January 2025 to Feburary 2026, in monthly increments.
Note that data for January 2026 was not possible to collect.



Il.  Results: January 2011 — February 2026

e The long-term (January 2011 to February 2026) annualized erosion rates are as follows for the 183

months (5,495 days) of monitoring at this site to date:

O

183-month area-averaged erosion rate for the whole site is 0.047 myr? (Table 1). This is

based on observed rockfall alone.

183-month modeled erosion rate for the whole site is 0.036 myr™. This rate considers the
full range of possible rockfall sizes at this site, and is observed to stabilise over time as a more
complete range of event sizes is recorded. It is also expected that this rates will converge
with the observed area-averaged erosion rate over time. Using a modeled measure of
erosion overcomes the limitations of monitoring only a small area / nonrepresentative
sample, during a limited time period (see: Barlow et al., (2012) for methodology, and

Williams et al. (2019) for a wider justification).

183-month area averaged erosion rate for the focus zone is 0.09 myr?. This rate is based
purely on the rockfalls observed at the site using the laser monitoring, and shows a slightly

higher rates of retreat in the central section of the monitoring cliff.

183-month modeled erosion rate for the focus zone is 0.050 myr?. This rate considers the
full range of possible rockfall sizes at this site, and will stabilize over time as a more complete
range of event sizes is recorded. This is lower than the observed rate given the previous

occurrence of relatively large rockfalls from this cliff section.

e Since the start of monitoring in 2011 a total of 7,300.9 m? of rockfall has occurred, sourced from

219,832 detectable discrete rockfall events identified from monthly monitoring (Tables 1 and 2). This

total volume of rockfall is equivalent to a cube with dimensions of 19.40 m.

e Rockfalls at this site adhere to a power law volume frequency distribution. This means that the

majority of rockfalls are small (ca. 2.5 x 10* m* smaller) with a decreasing frequency of increasingly

large failure 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 comparatively infrequent.

e On average over 183 months 1,249 discrete rockfall events occur at this site monthly, in rockfall

volumes > 2.5 x 10* m3, down from 1,330 reported in the last report, reflecting a relatively low level

of recent activity in this monitoring period.
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Over 183 months, the average monthly volume of rockfall is 35.85 m3, equating to 0.157 m? per
month per metre of coastline, and equivalent to a cube of dimensions 0.539 m from each metre of

coastline in each month.

These data imply a continued return of the cliff towards rates comparable to the long term average,
with limited occurrence and impact from individual storms which have not had comparable erosion

/ cliff collapse effects as those seen in, for example, late 2015.

The modeled erosion rate for the whole site, and for the ‘focus section’, continues to converge to a
stable longer-term average (Table 1). This reflects the tendency to capture a more complete rockfall
volume-frequency distribution of all possible rockfall volumes within a longer period of monitoring.
This gives more confidence in the annualized erosion rates as a function of the convergence of these

two methods.

The rates of erosion observed at this site within each month remain heavily influenced by a low
number (commonly < 3 in any given month) of larger (> 1 to 10 m?) rockfall events possible at this
site. This period of monitoring has again witnessed a relatively lower number of events of this size,

and so aggregate rates between months remain both consistent and relatively low.

The potential for retreat at any point on the coast remains best predicted with a detailed structural
assessment of the rock mass and change experience at that specific location, rather than wider-area,

long-term erosion rates.

Over the .16 years of monitoring reported here, the development of rockfall scars that evolve from
one year to the next is observed. In this period this process continues, and is initiated by wave action
at the cliff toe (potentially the cause of the October 2025 rockfall observed above), which destabilises

the cliff face above, tending to result in the failure of convex sections of the cliff.

Based upon this data, there is no indication that the erosion of the cliff at Cowbar is accelerating or
deviating away from longer-term behaviour observed at this site previously. We see no continued
development of the area that collapsed in October 2024, or that immediately adjacent to it. We also
observe no evidence of cliff top failure as a result of upward propagation of rockfall scars in this
period, although the loss of material reported in this period will in time continue this wider process,

and the preparation of the cliff top and edge to collapse.

The variations in rates of erosion reported here represents variability widely observed on similar
cliffs, and should not be taken to infer increasing or decreasing stability. Despite the results in this
monitoring period, this relative quiescence does not preclude the future possibility of a large scale
rockfall that may threaten Cowbar Lane, as witness in late 2024. However, the data presented here

does not indicate a deterioration of the condition of the cliff that currently raises concern.

11
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Figure 3: Digital elevation model of difference (m), showing depth of cliff surface erosion per pixel between 2011 and February 2026. m
Warmer colours show deeper erosion depth. Erosion data is superimposed on top of hillshade DEM of the cliff face from February 2026. 6.00 N
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Figure 4: Rockfall footprints grouped and coloured by year from 2011 to end of 2025, superimposed on hillshade digital elevation model. Grid increment is 20 m.
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Analysis of profile change

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

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

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

from scratch for each reporting period.

Profile A has remained relatively unchanged in form during this monitoring period. The most
significant change is associated with the October cliff toe rockfall, potentially associated with marine
undercutting, which steps back the profile ca. 2 m at its maximum. This contributes to the
development of an evolving overhanging profile form at this location. Only minor adjustments to

small-scale convexities are observed elsewhere on the profile at this location.

Profile B has experienced a greater degree of back-wearing in the lower mid-cliff area via discrete
rockfall, adjusting the profile form by between 1 to 2 m locally. Again, this degree of back wearing is
relatively small and reflects the coincidence of a single slab-like rockfall at this location, rather than
a wider and more systematic alteration of the wider cliff form. In sum, however, these alterations
are generating a now prominent overhanging profile form, with the upper 15 m of the cliff projecting
up to 4 m seaward of the cliff toe. It is notable that this profile sits between the two previously
observed larger scale failures at Cowbar (those observed in 2017 and 2024), and so it is anticipated
that the rock above this section will likely fail to set the profile back to near vertical. Whilst the timing

of this remains unknown, our data to date shows no sign that this is imminent.

Profile C—the location of the larger rockfall from October 2024 - shows minimal loss of material from
toe to crest., with only minor isolated failures concentrated around the failure of protusions from

the cliff face.

14
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Figure 5: Monthly cliff profiles, from locations indicated in Figure 1, for the period January 2025 to February
2026.
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Table 1: Monthly rockfall and erosion data for Cowbar Nab for this monitoring period, showing both
observed and modelled rates.
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171 February 2025 5130 133 35.10 0.011 0.020 0.000
172 March 2025 5161 541 6.08 0.002 0.000 0.000
173 April 2025 5191 761 14.33 0.043 0.003 0.000
174 May 2025 5222 93 24.52 0.114 0.004 0.000
175 June 2025 5252 130 15.48 0.072 0.006 0.000
176 July 2025 5283 137 26.15 0.236 0.005 0.001
177 August 2025 5314 1 1.20 0.021 0.001 0.000
178 September 2025 5344 18 2.69 0.001 0.022 0.000
179 October 2025 5375 234 37.24 0.310 0.004 0.000
180 November 2025 5405 2 0.06 0.001 0.005 0.000
181 December 2025 5436 3 8.60 0.002 0.021 0.000
182 January 2026 5467 - -
183 February 2026 5495 140 3.68 0.001 0.000 0.000 0.01 0.007 0.009
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RECOMMENDATIONS

Monitoring since 2011 has demonstrated the continued failure of the cliff face at Cowbar Nab,
Staithes. It is clear that surveys of the cliff line alone, either from visual inspection, stake
measurements or from aerial imagery, would not have captured these changes, which amount to

nearly 7,300.9 m3 of rock in over 219,832 individual failures.

This period of monitoring shows a period of relatively low rates of erosion, and limited rockfall
magnitude at Cowbar Nab. Where rockfalls have occurred, in this period they have been relatively

shallow to the rockface and so of limited volume.

We see no significant further development of the area of the cliff face that collapsed in October 2024,
or the area immediately adjacent to this. Where changes have been observed to occur, these have
tended to be small in size and, based upon the analysis conducted, do not indicate a wider pattern

of developing instability.

The erosion in the ‘focus zone’ — in which we calculate a separate set of erosion rate statistics for the
section of cliff immediately underneath Cowbar Lane - in this period has coverged towards longer-

term rates.

Some evidence of smaller rockfalls exaggerating overhanging sections of the cliff during this
monitoring period has been seen, most probably driven by wave action at the cliff toe, notably

between the two sections where the cliff top failed in 2017 and 2024, respectively.

These observations do not rule out the possibility of another future large rockfall that would change

the position of the cliff line, and monitoring and planning for this eventuality should be continued.

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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