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Abstract 

In the face of a global rise in sea level, understanding the response of the shoreline to changes in sea level is a critical scientific 
goal to inform policy makers and managers. A body of scientific information exists that illustrates both the complexity of the 
linkages between sea-level rise and shoreline response, and the comparative lack of understanding of these linkages. In spite of the 
lack of understanding, many appraisals have been undertaken that employ a concept known as the "Bruun Rule". This is a simple 
two-dimensional model of shoreline response to rising sea level. The model has seen near global application since its original 
formulation in 1954. The concept provided an advance in understanding of the coastal system at the time of its fmt  publication. It 
has, however, been superseded by numerous subsequent fmdings and is now invalid. 

Several assumptions behind the Bruun Rule are known to be false and nowhere has the Bruun Rule been adequately proven; on 
the contrary several studies disprove it in the field. No universally applicable model of shoreline retreat under sea-level rise has yet 
been developed. Despite this, the Bruun Rule is in widespread contemporary use at a global scale both as a management tool and as 
a scientific concept. The persistence of this concept beyond its original assumption base is attributed to the following factors: 

1. Appeal of a simple, easy to use analytical model that is in widespread use. 
2. Difficulty of determining the relative validity of 'proofs' and 'disproofs'. 
3. Ease of application. 
4. Positive advocacy by some scientists. 
5. Application by other scientists without critical appraisal. 
6. The simple numerical expression of the model. 
7. Lack of easy alternatives. 

The Bruun Rule has no power for predicting shoreline behaviour under rising sea level and should be abandoned. It is a 
concept whose time has passed. The belief by policy makers that it offers a prediction of future shoreline position may well have 
stifled much-needed research into the coastal response to sea-level rise. 
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1. Introduction 

The global rise of sea level during the Holocene 
(Pirazolli, 1991) and during the historical period have 
prompted studies of the short-term response of 
shorelines to changes in water level (Hands, 1979, 
1980, 1983; Brambati et al., 1998; Ciavola and 
Corbau, 2002), geomorphological analysis of shore- 
line behaviour during transgression (Rosen, 1978; 
Carter and Orford, 1993; List et al., 1994, 1997) and 
investigations of transgressive coastal stratigraphic 
sequences @raft, 1978; Thorn, 1983; Cowell et al., 
1995; Cattaneo and Steel, 2003). Factors that cause 
changes in the morphology of coasts are numerous 
and include sediment supply, variations in wave 
energy, tidal currents, wind action, sediment type, 
tidal inlet dynamics, morphological feedback, etc. 
Isolating the influence of sea-level rise from these 
other factors is perhaps the biggest challenge in 
discerning its impact. 

Prediction of future sea-level rise and the resulting 
shoreline retreat are, however, among the most 
important tasks facing coastal and global change 
scientists, particularly given the population concen- 
tration in coastal zones. Cohen et al. (1997) estimated 
that over 2 billion people (37% of the global 
population) live within 100 km of a coastline. Much 
of this concentration is in the tropics, but dramatic 
increases have been noted in the temperate regions of, 
particularly, the Mediterranean and the USA ocean 
coasts. In the Mediterranean, the coastal population 
was estimated at 146 million in 1990 and the urban 
coastal population alone is projected to rise to 176 
million by 2025 with an additional 350 million 
tourists (Hinrichsen, 1998). In the United States, 55- 
60% of the population live in the 772 coastal counties 
of the Atlantic and Pacific coastlines. Coastal pop- 
ulation density in the United States rose from 275 to 
400 people per km2 between 1960 and 1990 
(Hinrichsen, 1998). Considerable effort has been 
expended on the prediction of sea-level rise (e.g. 
IPCC, 2001) although much uncertainty remains. The 
effort to predict shoreline behaviour related to such 
sea level changes has, however, received less atten- 
tion. 

Both identification and characterization of the 
critical parameters that control shoreline behaviour 
is difficult. While the prospect of future shoreline 

erosion related to sea-level rise is of global concern 
(Bird, 1985) it is increasingly apparent that the 
patterns of shoreline change during transgression are 
non-uniform and highly site-specific (Cattaneo and 
Steel, 2003). Thus, it might be expected that 
predictions of future shoreline erosion rates for given 
sea-level rise must be based, in significant part, on 
local geomorphological and sedimentological charac- 
teristics including the geological framework, sediment 
supply and dispersal rates, sediment type, existing 
geomorphology, vegetation, lithification rates, abra- 
sion, contemporary dynamics, human influences, etc. 

In spite of the scientific acknowledgement of 
significant local level control in shoreline response 
to sea-level rise, we show in this paper that the most 
widely used contemporary method of quantifying 
shoreline change is the 50-year-old Bruun Rule of 
erosion (Bruun, 1954, 1962, 1988). The "Bruun 
Rule7', so named by Schwartz (1967), is a simple 
generic geometric model of nearshore profile evolu- 
tion under rising sea level that is often assumed to 
work on all sandy shorelines. 

In this paper we illustrate the extensive contempo- 
rary use of the Bruun Rule as a predictor of shoreline 
retreat and demonstrate that it is a significant 
contributor in shaping societal response to rising sea 
level. We critically review the Bruun Rule short- 
comings, and discuss the reasons for the persistence of 
the approach in spite of its lack of scientific 
credibility. From this analysis, several generic con- 
clusions are presented regarding the application of this 
and similar earth surface models for environmental 
management and policy formulation. 

2. History of the Bruun Rule 

Bruun (1954) concluded that, when considered in 
the shore-normal dimension, the nearshore zone 
existed in a profile of equilibrium on the basis of 
cross-shore profiles in Denmark and California. The 
profile could be described by Eq. (1): 

where h is water depth, y is the distance offshore and 
A is a scaling parameter based on sediment 
characteristics. 
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In 1962 Bruun suggested that the equilibrium 
profile would remain unchanged as the shoreline 
moved back and up in response to a rising sea level. In 
this conceptual model (Fig. 1)  he envisioned that sand 
was moved fiom the upper part of the beach profile to 
accumulate on the lower part of the profile. The upper 
profile volume of removed sand would be the same as 
the lower profile volume, which was held in place by 
a "sediment fence", called the closure depth. The 
closure depth concept is based on the assumption that 
sand transport on the shoreface occurs solely through 
the interaction of wave orbitals and sand on the sea 
floor. At the point of closure, the water is presumed to 
be sufficiently deep that sediment transport by waves 
is negligible. By definition, only small amounts of 
sand escape beyond the fence in a seaward direction. 
Other limiting conditions for this concept include no 
net longshore transport of sediment in or out of the 
shoreline reach under consideration as well as no 
significant loss to dunes or washover fans in a 
landward direction. Bruun (1962) envisioned the 
closure depth to occur off east Florida at a depth of 
18 m but in recent years the assumed depth has 
become as shallow as 4 m for the purpose of 
nourished beach design (Pilkey and Dixon, 1999). 

Dean (1977) modified the concept of the shoreface 
profile of equilibrium by examining a number of 
profiles along the US East and Gulf Coasts fiom 
Hayden et al. (1975). Dean concluded that the scaling 
parameter A was a function of grain size. Since A was 
the only fiee variable in the equation, the profile was 
assumed to be controlled by grain size alone; the 
coarser the grain size, the steeper the profile. Curray 
(1 969) observed that the relative stillstand of sea level 
during the last 4000 years (compared to the rapid sea- 
level rise of the early Holocene) had allowed 

shorefaces to "mature", that is to steepen in response 
to onshore sand transport. Such shorefaces are at 
maximum steepness at the present time. The implica- 
tion of Curray's suggestion is that present day 
shorefaces are not good indicators of future shoreface 
behaviour. Another implication is that on many 
shorelines, the point of sand starvation may have 
been reached as significant onshore transport has been 
cut off due to the depletion of relict shelf sources. 

The major contribution of Bruun (1962) was the 
recognition that shoreline response to sea-level rise 
was not a simple retreat of a line in the sand but rather 
was a response of the entire shoreface, which on the 
US east coast extends to a depth of 10-12 m. The next 
major step in our understanding of shoreface evolu- 
tion was the conceptual model of Swift (1976). 
According to Swift the shoreface responded to sea- 
level rise in a variety of ways depending upon grain 
size, wave conditions, sediment supply and several 
other factors. The shoreface would not be expected to 
retain its shape as it evolved. The Bruun Rule could 
be considered to be a special case of the more general 
case outlined by Swift. 

Recent research has added much additional under- 
standing of shoreface evolution. Clearly it is much 
more complex than envisioned by the conceptual 
models of either Bruun or Swift. Through the use of 
instrumented tripods with current meters, sediment 
traps and cameras, Wright and co-workers, summar- 
ized in Wright (1995), have documented complex 
boundary layer processes including extensive offshore 
transport, especially under storm conditions. Clearly a 
number of processes are involved in shaping the 
shoreface besides wave interaction with the seafloor. 
These include wind- and wave-induced upwelling and 
downwelling, gravity flows such as turbidity currents, 
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Fig. 1 .  The Bmun Rule of  shoreline erosion. 
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tide- and wind-induced currents and interactions 
between waves and bottom currents of many origins. 

The most recent step forward in understanding of 
shorefaces has been provided by side sonar mosaics of 
a number of US East Coast shorefaces (Thieler et al., 
1995; Schwab et al., 2000). Combined with vibracor- 
ing, such records have provided evidence of complex 
sedimentary processes, fiequent rock outcrops, rap- 
idly changing surficial grain size of the sediment 
cover and unexpected bedforms, including shore- 
perpendicular, large-scale, linear, rippled depressions, 
apparently the product of large scale lateral currents 
during storms. 

The original concept of shoreface retreat as 
postulated by Bruun, 50 years ago, was an advance 
in our understanding of large-scale coastal behaviour. 
It provided a conceptual basis for several advances 
that followed (e.g. Curray, 1964; Swift, 1976; Dean, 
1990; Wright, 1995; Short, 1999). As this under- 
standing of shoreface processes has evolved, the 
Bruun Rule and its accompanying shoreface profile 
of equilibrium concept have been utilised in applied 
coastal studies. They form the basis of a large 
proportion of the numerical mathematical models 
used to predict beach behaviour for engineering 
purposes, especially in the US (Thieler et al., 2000), 
and the Bruun Rule is the basis of theoretical models 
of coastal response to sea level rise (Cowell et al., 
1995). Despite its initial breakthrough in identifying 
the entire shoreface as responsive to sea-level rise, the 
subsequent advances in scientific understanding out- 
lined above have shown the Bruun formulation to be 
an inadequate descriptor of shoreface response to sea- 
level rise. Despite being in the dustbin of scientific 
history, however, the Bruun Rule remains central to 
many contemporary coastal management applications, 
and continues to occupy some scientists in seeking to 
find sites where it works. 

3. The Bruun Rule and field evidence 

The Bruun Rule states that beaches and nearshore 
profiles, when subjected to a sea-level rise, will 
translate upward and landward, maintaining their 
shore-normal geometry. If the amount of sea-level 
rise and the shape of the original offshore profile are 
known, the rule can be used to quantify the resulting 

shoreline retreat (Fig. 1). In a typical equilibrium 
nearshore profile, L is the length of the profile, 0 is 
the profile slope angle, B is the berm height and h is 
the depth at the base of the profile beyond which 
significant sediment exchange with the offshore does 
not occur (the closure depth). For a sea-level rise of 
the amount S, the profile will shift landward by the 
amount R according to the Bruun Rule equation 
(Bruun, 1988): 

R = S(L/(B + h)) = (S) 1 /tan0 

According to Storms et al. (2002), the Bruun Rule 
and its variants (Bruun, 1962; Edelman, 1972; 
Weggel, 1979; Dean and Maurmeyer, 1983; Dubois, 
1975, 1976, 1977, 1992, 2001) is a geometric model 
which "quantifies and visualizes . . .. shoreface trans- 
lation . . . as long as the assumed geometric rules are 
valid." A number of attempts to apply the Bruun Rule 
and compare its results with known erosion rates have 
been carried out, in for example Australia (Thom, 
1983), Caspian Sea (Nikiforov and Rychagov, 1988), 
North Carolina (Pilkey and Davis, 1987), Louisiana 
(List et al., 1997), Chesapeake Bay (Rosen, 1978), 
Great Lakes (Hands, 1983). Unsurprisingly, given the 
simplified nature of the concept, none has demon- 
strated that it works. 

The SCOR Working Group (1991) discussed 
studies that claimed to show that the Bruun Rule 
works. They point out serious flaws in many of the 
more widely cited proofs. For example, they criticize 
Schwartz's (1967) verification of the Bruun Rule 
using the assumption that beach profile response to 
spring and neap tides would be comparable to profile 
response to sea level changes. The report does not 
mention the significant scaling problems with 
Schwartz's (1965, 1967) wave basin studies. These 
wave basins were small (8 1 x 11 5 and 100 x 232 cm), 
increasing the chances of interference from edge 
effects. Schwartz used a mean grain size of 0.2 rnm, 
maximum wave heights of 3 cm, and water level rises 
between 1 and 6 cm. According to Krumbein and 
Pettijohn (1988), sediment with a diameter of 0.2 mm 
is fine sand, which naturally occurs on many real 
beaches. If one mentally scales Schwartz's sediment 
up to the size of a natural beach, these grains would be 
boulders. Additionally, global sea-level rise is on the 
order of about 1-2 mm per year, so Schwartz's 
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instantaneous water level rises are 100-600 times 
greater than the annual rate of change even at wave- 
basin scale. Although Schwartz (1965, 1967) used his 
results qualitatively, these results are extremely 
suspect due to these scaling problems. 

The SCOR Working Group (1991) also reported 
that that the agreement between predicted and 
measured erosion rates for all of Chesapeake Bay 
found by Rosen (1978) is likely fortuitous. Dean's 
(1990) study compared state-wide average sea-level 
rise data from tide gauges to state-wide averaged 
erosion rates measured by Dolan et al. (1983). The 
widely scattered data points show no obvious trend, 
and three sites showed accretion even though relative 
sea level is rising. Therefore, Dean's (1990) regional 
approach fails more often than it works. The SCOR 
report also emphasized that the Rosen (1978) study 
shows how the Bruun Rule fails dramatically when 
applied to specific sites, with predicted vs. measured 
errors ranging from (+) 224% to (-) 68%. The SCOR 
report (1991) does not mention, however, that Rosen's 
(1978) use of statistics is egregiously in error. In this 
situation, using a weighted average of predicted 
erosion rates to compare to measured rates is 
misleading. 

Lastly, the SCOR report (1991) discussed how 
Hands (1979, 1980, 1983) compared erosion rates 
predicted by the Bruun Rule to measured rates, and 
found that although the Bruun Rule over-predicted 
shoreline retreat while the lake level was rising, the 
retreat rates showed good agreement after lake levels 
began to fall. Hands concluded that this delay in 
agreement was due to the time lag of profile response. 
According to SCOR (1991), however, this agreement 
is probably due to the decrease in lake levels rather 
than the predictive ability of the Bruun Rule. If the 
lake level had continued rising, the initial disagree- 
ment almost certainly would have continued and 
might even have worsened. 

Subsequently, Leatherman et al. (2000), Leather- 
man (2001) and Zhang et al. (2004) claimed to 
demonstrate a relationship between sea-level rise and 
coastal erosion for beaches along the New Jersey, 
Delaware and Maryland Coast and "confirmed" as 
well that the Bruun Rule was valid. Sallenger et al., 
2000 and Pilkey et al. (2000) strongly contested these 
conclusions arguing that the authors unreasonably 
subsetted their data in order to test the relationship 

between sea-level rise and shoreline retreat without 
interference from other causes of retreat. They 
eliminated shorelines with net longshore transport, 
and those affected by inlets or coastal engineering 
structures, shorelines that were accreting or were 
stable and erosion hot spots and finally shorelines that 
have experienced storm activity in recent years. Most 
of the subsetting factors were impossible to determine 
or document and even if they were correctly 
characterized, the net result would be that the Bruun 
Rule could be tested on very few shorelines. 
Furthermore, Leatherman et al. (2000) and Zhang et 
al. (2004) failed to address the concerns of previous 
studies (Thieler et al., 2000) concerning the poor 
fundamental assumptions behind the Bruun equation. 

The SCOR study and several others (List et al., 
1997; Thieler et al., 2000; Pilkey et al., 2000; 
Sallenger et al., 2000) have showed that the Bruun 
Rule has no validity as a generic predictor of shoreline 
retreat. However, it continues in widespread use. We 
argue in this paper that its use should be discontinued. 

4. Why does the Bruun Rule not work? 

There are a number of specific problems with the 
Bruun Rule, some of which have been touched upon 
in the historical description of the evolution of 
geological knowledge of the shoreface. The funda- 
mental problem is that scientists who use the Bruun 
Rule have not revisited post-1960 shoreface theory. 
The Bruun Rule is a "one model fits all" approach, 
which is unsuitable for a highly complex sedimentary 
environment such as the nearshore zone with large 
spatial and temporal variations in sediment supply, 
wave conditions and coastal retreat rates, in variable 
geological frameworks. In addition, there has not been 
a single field verification that the Bruun Rule actually 
operates as B N U ~  (1962) envisioned it. 

The three main groups of reasons that the Bruun 
Rule does not work are as follows: 

1. The assumptions behind it are so restrictive that 
they probably do not exist in nature. 

2. It omits many important variables. 
3. It relies on outdated and erroneous relationships. 

Each of these factors is discussed briefly below. 
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4.1. Restrictive assumptions 

The Bruun Rule requires that a number of 
assumptions be met. These were outlined in Bruun 
(1962) in the initial publication and were expanded by 
Bruun (1983, 1988) specifically in the context of 
applications of the Rule for coastal management. The 
difficulties in finding coasts that apparently meet these 
criteria is illustrated by the work of Zhang et al. 
(2004) in their search for such sites on the eastern US 
coast. Nowhere were they able to identify conclu- 
sively sites where the conditions for the application of 
the Bruun Rule were met (Pilkey et al., 2000). The 
Bruun rule is a twodimensional model that assumes a 
closed materials balance for the profile. There must be 
no net longshore transport. If there is a net or gain or 
loss of sand on the profile fiom any source, including 
aeolian, overwash or onshore transport then any 
observed change in the profile could be due to 
something other than sea-level rise. Such a situation 
is likely impossible to occur in nature, and if it did, 
would not be able to be proved. 

The Bruun Rule assumes that rising relative sea 
level always causes shoreline retreat. It does not have 
an accretionary component. In nature many shorefaces 
have been known to accrete even under rapid sea-level 
rise. The work of Curray (1969) illustrated this 
implicitly, and subsequent work by Thom (1983) 
has shown numerous examples of this situation 
whereby coastline have accreted under sea-level rise 
due to abundance of sediment in the nearshore. 

In short, the assumptions that must be satisfied for 
the Bruun Rule, are extremely (probably prohibi- 
tively) restrictive, meaning that in theory it is only 
likely to be applicable on a small number of coasts. 

4.2. Omission of important variables 

The problems with the oceanographic/geological 
assumptions behind the Bruun Rule have been 
extensively discussed by others (Thieler et al., 2000; 
Wright, 1995; Pilkey et al., 1993; List et al., 1994; 
Pilkey and Cooper, 2004). The major oceanographic 
problems with the Bruun Rule are that it assumes 
implicitly that all sand movement on the shoreface is 
related to waves and that there is a sediment fence 
(closure depth) at the base of the shoreface, that there 
are no rock or mud outcrops on the shoreface, that no 

sand is lost or gained in a lateral or perpendicular 
direction from the beach. It is now clear that there are 
a variety of bottom currents, many of them storm- 
related, that move sediment, often in conjunction with 
wave activity. These include rip currents, storm surge 
ebb currents, wind driven up and downwelling wave 
driven up and down welling, tidal currents and wind 
amplified longshore currents. Clearly no sediment 
fence is located at the base of the shoreface, and the 
shoreface is not a smooth surface as assumed. In 
addition, bedforms, which can determine the direction 
of transport on the shoreface, are not considered. 

The Rule also implies that the slope of the upland 
over which the profile must translate does not affect 
shoreline retreat rate, yet we know that the surface 
slope of the coastal plaintcontinental shelf does play a 
role in retreat rates. Gently sloping coastal plains are 
likely to experience faster retreat than more steeply 
sloping ones (Cattaneo and Steel, 2003). Furthermore, 
as Cattaneo and Steel (2003) point out, transgression 
across a steep topography is associated with slow 
shoreline migration and wave action therefore has 
more time to rework and redistribute sediment than on 
low gradient continental shelves. On low gradient 
shelves, the shoreface may even be overstepped and 
drowned if the rate of sea-level rise is sufficiently high 
(Sanders and Kumar, 1975). 

Shoreline response to sea-level rise is mediated by 
many factors that operate at regional to site-specific 
levels and which incorporate many potential feedback 
relationships. Many studies provide insights into the 
nature of shoreline response to sea level change. 
Carter and Orford (1993) for example illustrate the 
diversity of planform changes that occur on gravel 
barriers during sea-level rise. Similarly, the patterns of 
barrier island planform evolution under rising sea 
level are extremely complex, involving inlet forma- 
tion, erosion, spit elongation, overwashing and 
accretion (Oertel, 1985; Woodroffe, 2002). 

At millennia1 time scales, the patterns of coastal 
evolution are highly variable even at a regional or 
local level. Thom (1983), for example, showed that 
the sediment supply offshore determined whether 
barriers in eastern Australia accreted, aggraded or 
eroded during the past 2000 years under a consistent 
sea-level rise. In some cases, accretion of several 
hundred metres was recorded. At historical and 
millennia1 time scales, the patterns of shoreline 
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change can also be mediated by processes of self- 
organisation (Ashton et al., 2001). Shoreline response 
to transgression is heterogonous and subject to a 
diversity of controls at the local level. This in itself is 
support enough for the abandonment of the Bruun 
Rule as a generic (one model fits all) tool. 

4.3. Outdated and erroneous concepts 

Several concepts now known to be erroneous 
provide the explicit and implicit foundation for the 
Bruun Rule. Firstly, the Bruun Rule relies on the 
shape of the shoreface being described by a profile of 
equilibrium that can be described by Eq. (1). While 
this equation may describe some shorefaces it is not 
universally applicable (Pilkey et al., 1993). The 
supposed relationship between the parameter A in 
the equation and grainsize has also been shown to be 
in error, particularly on sand beaches (Pilkey et al., 
1993; Thieler et al., 2000). Furthermore, it is now 
known that many parameters (other than sediment 
grain size) determine shoreface shape including wave 
energy, storm frequency, and sand supply. Implicit in 
the shoreface profile of equilibrium concept is the 
assumption that underlying geology has no effect or 
control upon the translation of the profile. It is now 
known that the geology underlying the shoreface 
frequently plays a role in shoreline behaviour (e.g. 
Riggs et al., 1995; Cowell et al., 1995). 

Related to the profile of equilibrium theory is the 
requirement that a closure depth exists, seaward of 
which no significant sediment transport of sediment 
from shallower water occurs. Modem oceanography 
shows there to be a temporally variable depth to which 
wave action disturbs the seabed (Berkemeier, 1985). 
During storms in particular, waves penetrate much 
deeper and may mobilise sediment far beyond the 
normally accepted closure depth. Furthermore, it is 
now known that many factors other than wave orbitals 
affect sediment transport on any shoreface (wind, tidal, 
wave-generated and gravity currents all potentially 
exist, as do secondary wave motions). The notion of a 
closure depth is therefore a gross simplification. 

In its simplest form, as it is actually applied, the 
Bruun Rule states that shoreline erosion caused by 
sea-level rise is a function of the average slope of the 
shoreface, which is typically the steepest part of the 
nearshore profile (Eq. (1)). There is no evidence from 

field studies that shoreface steepness bears any 
relationship to shoreline retreat rates, and no reason 
to suspect that it does. 

5. Current applications of the Bruun Rule 

In reviewing the extensive literature of Bruun Rule 
applications in coastal management, it is apparent that 
the use of the rule is widespread. From a geographical 
perspective the Bruun Rule has found virtually global 
application in coastal management. Below we outline 
examples of its use in North America, The Caribbean, 
South America, Europe, New Zealand, Australia, SE 
Asia and the Middle East. Its applications fall into 
several categories listed below for each of which a 
few examples are cited: 

Application of the Bruun Rule for coastal manage- 
ment either (a) without question, or (b) after 
acknowledgement of some shortcomings; 
Non application because of recognition that a site 
does not meet the assumptions required by the 
Bruun Rule (still recognising it as a valid concept); 
Incorporation of the concept into other models 
such that it becomes hidden; 
Rejection of the concept that the Bruun rule relates 
sea-level rise and shoreline retreat; 
Application of the mechanism (with caveats andlor 
modification) for basic science. 

5.1. Application of the Bruun Rule for coastal 
management either (a) without question, or (b) after 
acknowledgement of the shortcomings 

The use of the Bruun Rule for practical prediction 
of the impacts of sea-level rise is widespread. Its use 
has been actively promoted by a number of authors. 
Leatherman et al. (1994), for example, present a 
four-step approach to the assessment of future sea- 
level rise and its impacts. This is aimed at national 
level assessments and follows IPCC (1991) in 
recommending that an assessment be undertaken 
for a 1-m rise in sea level. This approach involves 
the following steps: 

1. Collection of all existing data (physical, socio- 
economic, etc.) on the coastline; 
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2. Assessment of the impacts of a l-m rise in sea 
level. Specifically, the approach recommends 'for 
important beach areas, conduct a Bruun Rule 
analysis (Nicholls et al., 1994) and preferably a 
trend analysis (Leatherman, 199 1) to assess likely 
shoreline recession given a one metre rise in sea 
level'; 

3. Assess the implications of future development; 
and 

4. Assess potential responses (retreat, accommodate, 
protect). 

Leatherman et al. (1994, p.23) suggest that 
'sometimes tens or hundreds of kilometres of shore- 
line can be represented by one cross-shore profile, and 
hence erosion can be estimated with one application 
of the Bruun Rule', although no evidence of this was 
presented. 

Details of how to apply the Bruun Rule for 
assessment of shoreline recession are given by 
Nicholls et al. (1994). They contend, (p.30) that 'the 
Bruun rule has been widely applied in studies of this 
type (e.g. Leatherman, 1991) although there is much 
debate about determining the best values for the input 
parameters'. Nowhere is the possibility that it is 
incorrect or inappropriate, contemplated. The applica- 
tion advocated by Nicholls et al. (1994) uses the form 
of the Bruun Rule adopted by Hands (1983) where: 

R = SGL/(b + h*) 

where R is shoreline retreat, G is a factor that 
quantifies loss or gain of sediment from the profile, 
S is sea-level rise, L is width of the active profile, b is 
berm height and h is depth of closure. 

For sandy coasts G is assumed to be 1 (i.e. no 
sediment is lost from the profile) due to a lack of data. 
The method advocates two calculations of the depth of 
closure, which "would likely encompass the actual 
depth of closure". These were dL,l (annual scale), 
determined from the annual exceeded wave height in a 
twelve hour period and dL,lO0 (century scale) esti- 
mated as 1.75 dL,lOO. These estimates of the depth of 
closure over a century and over a year were considered 
to provide high and low estimates, respectively of the 
likely erosional response of the shoreline to sea-level 
rise. The assumption that a 'profile of equilibrium' 
exists thus leads to the expectation that greater closure 

depths will lead to greater recession. Nicholls et al. 
(1994) and Nicholls (1998) also advocate the use of 
the Bruun formulation to sand and gravel coasts, 
erodible, cliffed coasts (Bray and Hooke, 1997) and, 
with some reservations, to muddy coasts. 

It has been shown elsewhere that the closure depth 
concept has no validity (Thieler et al., 2000). The 
extent of wave-sediment interaction during storms in 
particular is poorly understood. Furthermore, signifi- 
cant sediment movement within the coastal zone can be 
accomplished by bottom currents (Wright et al., 199 1 ; 
Jaffe et al., 1997), which are ignored in the Bruun Rule. 

In a volume edited by Nicholls and Leatherman 
(1994), a number of studies are reported from the 
developing world in which the likely consequences of 
sea-level rise are assessed. Several of the studies 
reported did not use the Bruun Rule, however, seven of 
the ten national assessments utilised the Bruun Rule to 
assess shoreline recession. Studies in Malaysia (Midun 
and Lee, 1994), Egypt (El-Raey et al., 1994), 
Argentina (Dennis et al., 1994a), Nigeria (French et 
al., 1994), Senegal, (Dennis et al., 1994b), Uruguay 
(Volonte and Nicholls, 1994), and Venezuela (Volonte 
and Arismendi, 1994) applied the Bruun Rule in a 
variety of ways. The studies in Argentina (Dennis et 
al., 1994b) and Uruguay (Volonte and Nicholls (1994) 
not only applied the Bruun Rule to sandy coasts but 
also to mud coasts and erodible cliffs. French et al. 
(1994) only applied the approach to sandy coasts in 
Nigeria. In two case studies, Dennis et al. (1994a,b) 
(Senegal) and Volonte and Arismendi (1994) (Ven- 
ezuela) the authors reported that contrary to expect- 
ations and experience elsewhere the dLloo large-wave- 
associated depth of closure predicts less recession than 
the smaller (annual) dL1 wave condition. This was 
ascribed to the shape of the shoreface, and interpreted 
by Nicholls et al. (1994) as evidence that an 
equilibrium profile did not exist in those situations. 

Cicin-Sain et al. (1997) question the Bruun Rule 
within the context of application of the IPCC common 
methodology in China and suggest that while it can be 
used it should be considered only as a 'general tool'. 
Chou (1994), considering sea-level rise in eastern 
Asia, similarly acknowledged that the Bruun model 
"omits potentially significant factors7' but suggests that 
the method "remains the only practical way of 
yielding a rapid, semi-quantitative assessment of 
shore response to a rise in sea level" in the East 
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Asian seas region. In Christchurch, New Zealand, 
Tonkin and Taylor (1999) applied the Bruun concept 
to calculate shoreline recession for various sea-level 
rise scenarios, after acknowledgement that its verifi- 
cation has been hampered by time lags in beach 
response. To accommodate these uncertainties a range 
of beach regression scenarios were calculated. Cooper 
(1995) applied the Bruun Rule to mainland-attached 
shorelines in South Africa to estimate future sea level- 
related retreat while taking account of likely planform 
changes associated with local bedrock outcrop. 

A number of instances occur where the Bruun Rule 
has been applied without apparent acknowledgement 
of its limitations, or results fiom its application are 
cited without appropriate caveats. For example, Peters 
(2000) applied the Bruun Rule to the beaches of 
Grenada and concluded that up to '60% of its beaches 
would disappear with a 50-cm rise of sea level' 
(Department of Economic Affairs, Grenada, 2001). 
Similarly Mimura (2001) concluded that erosion of 
beaches in Japan according to Bruun-Rule based 
calculations would lead to 5690% of beaches 
disappearing for sea-level rises of 30 cm and 1 m, 
respectively. Mimura (2001) was also incorrect in 
assuming that shoreline retreat is synchronous with 
beach loss. The approach has also been applied to 
predict coastal recession in Gambia (Jallow et al., 
1996), Estonia (Kont, 2000), Egypt (Frihy, 1992a,b) 
Lebanon (Republic of Lebanon, 1999) and Uruguay 
(Saizar, 1997). 

In some instances the Bruun Rule has been 
applied to calculate set-back lines for coastal devel- 
opment in Nevis (Cambers, 1998), Eastern Caribbean 
(UNESCO, 1997), the Coromandel Peninsula, New 
Zealand (Environment Waikato, 2002) In Western 
Australia setback lines are based upon the Bruun Rule 
(a crude multiplier of 100 x the sea-level rise is used) 
(Western Australian Planning Commission, 2001). 

5.2. Non application but acceptance as a valid 
concept 

In a volume (Barth and Titus, 1984) that the 
commissioning body explicitly points out was 
"written by EPA employees and EPA contractors" 
(http:www.EPA.gov/globalwarming/publications/ 
impacts/sealevel/), Leatherman (1984) outlines the 
Bruun concept, and states that 'the diEculty of 

defining the offshore limit of sediment transport 
limited the application of this procedure' in a study 
of Galveston Bay, TX. While the Bruun approach was 
regarded as 'more sophisticated', the geomorpholog- 
ically 'more realistic' use of historic erosion rate trend 
lines was adopted in that study. Similarly, Kirby 
(2000), developing an approach for assessment of sea- 
level rise impacts on tidal flats believed the Bruun rule 
to be conceptually viable for sandy shores and 
believed that it had been 'proved to be widely 
applicable seasonally and on the longer term'. A 
number of authors have accepted the Bruun concept 
and attempted to improve it by modifications that 
render hindcast results more similar to observed 
changes. For example Pranzini and Rossi (1995) 
modified the Bruun Rule by substitution of a 
polynomial equation (for Dean's profile of equili- 
brium) to describe the inshore profile in an attempt to 
improve the accuracy of predictions. Brambati et al. 
(1998) also modified the Bruun Rule to try to improve 
predictions, taking account of longshore transport. 

5.3. Incorporation into other models 

Societal response to sea-level rise of course 
requires many additional steps other than prediction 
of land losses due to coastal erosion. Thus a number 
of approaches have been developed that attempt to 
incorporate all areas of concern (physical, biological, 
socio-economic) together with potential response 
mechanisms. The IPCC (1991) 'Common Method- 
ology' is probably the best known and involves a 
seven-step process of which step 4 is the quantifica- 
tion of physical impacts. The common methodology 
stops short of providing specific guidelines on how to 
assess physical impacts but several related papers 
make reference to the Bruun Rule. 

Van Vuren et al. (2001) in developing a complex 
model that addresses social and physical aspects of 
shoreline change in response to rising sea level, 
include the use of the Bruun concept to calculate the 
shoreline retreat to sea-level rise without acknowl- 
edgement of its limitations. This information is then 
camed forward to other modules of the model. Nairn 
and Zuzek (2000) advocated the development of a 
module that "incorporates the Bruun Rule shift for 
predicting response of sandy shore profiles" into the 
Flood and Erosion Prediction System (FEPS) tool for 
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the US Great Lakes. Silenzi et al. (2002) utilised the 
Bruun Rule as the basis of a risk assessment of coastal 
plains in Italy to rising sea level. Perhaps more 
importantly, the Bruun Rule is the basis of the concept 
of the profile of equilibrium (Dean, 1977). This 
concept pervades coastal engineering and mathemat- 
ical modelling to predict shoreline behaviour. For 
example, it is the basis of the design of beach 
nourishment projects (Dean, 1983; Houston, 1996), 
and it appears in both GENESIS (Hanson and Kraus, 
1989) and SBEACH (Larson and Kraus, 1989), two 
popular models of shoreline change. As Pilkey et al. 
(1993) and Thieler et al. (2000) demonstrate, the 
concept of the profile of equilibrium, as determined 
for these uses, is fundamentally flawed. 

5.4. Rejection of the concept that the Bruun Rule 
relates sea-level rise and shoreline retreat 

A number of authors have explicitly rejected the 
Bruun concept and/or its applicability. Kroonenberg 
et al. (2004), for example, in planning future coastal 
engineering research at Delft University concluded 
that "commonly applied engineering concepts of 
shoreface response to sea-level rise, viz. the 
"Bruun-rule" which ignores scale variability com- 
pletely, are now known to be inadequate". Kaplin 
and Selivanov (1995) working in the Caspian Sea 
maintained that Bmun-type calculations gave only an 
order of magnitude estimate of shoreline retreat and 
in many cases could not be applied at all. List et al. 
(1997) noted that equilibrium profile conditions for 
application of the Bruun Rule were met on "only 
about half the studied profiles" along 150 km of the 
Louisiana coast. They concluded that "in terms of 
the Bruun approach, relative sea-level rise has no 
power for hindcasting (and presumably forecasting) 
rates of coastal erosion for the Louisiana barrier 
islands." 

5.5. Application of the Bruun Rule (with caveats and/ 
or modiJication) for basic science 

Ciavola and Corbau (2002) in a study of the 
dynamics of an intertidal bar in Italy utilised the 
Bruun Rule to predict the response of an intertidal bar 
to sea-level rise over a ten year period. This was 
despite acknowledgement that the model did not take 

account of longshore drift and that this was an 
important process in the study area. 

Ellison (1993) adopted the Rule and applied it to 
Caribbean mangrove swamps suggesting that the 
approach was appropriate for prediction of their 
response to sea-level rise. Kirby (2000) adopted the 
principles of what he regarded as the 'well estab- 
lished Bruun Rule' and applied them (maintenance 
of profile shape) to develop a generic model of 
mudflat response to sea-level rise. In both the latter 
cases there is no geomorphological basis for such an 
approach, other than the supposition that 'if it works 
for sandy beaches it ought to work in other 
locations'. The questions of sediment supply, com- 
paction, geological control etc are equally important 
in muddy coast geomorphology as on sandy ones 
(Healy et al., 2002). 

Each of the above examples demonstrate the 
widespread acceptance of the Bruun concept despite 
the lack of any proof of its validity. 

6. Discussion 

Because the Bruun Rule ignores various important 
geological and oceanographic principles, it does not 
and cannot predict shoreline retreat due to sea-level 
rise accurately. Therefore, coastal management strat- 
egies such as setback zones, coastal engineering 
models, coastal evolution studies, and beach nourish- 
ment design strategies based upon the Bruun Rule and 
the related concept of the profile of equilibrium must 
be re-evaluated. 

Historically, long-accepted rules and principles of 
geology whose times have come and gone fade 
away slowly unless dramatic new discoveries such 
as plate tectonics or barrier island migration 
fundamentally and "instantly" disprove them. Prin- 
ciples tucked into equations and models may take 
even longer to disappear as the Bruun Rule 
illustrates. It has been made more durable by the 
facts that (1) the rule addresses a very important 
societal problem and (2) there is no simple, viable 
quantitative alternative. 

Throughout these examples of coastal manage- 
ment application of the Bruun Rule is a thread of 
urgency. The problem of prediction of shoreline 
retreat is a critical one and only the Bruun Rule 
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claims to have solved it. Inevitably managers, given 
the slightest encouragement, will apply it to their 
shoreline. Proponents of the use of the Bruun Rule 
have defended and promoted the Bruun Rule as a 
coastal management tool for many communities and 
countries (e.g. Leatherman, 199 1, 200 1; Leatherman 
et al., 1994, 2000; Nicholls and Leatherman, 1994; 
Nicholls et al., 1994). 

It is clear that a number of users are concerned 
with possibly invalid assumptions behind the rule 
but they apply it nonetheless. In other cases the rule 
is applied to predict erosion on mudflats or gravel 
beaches for which even its strongest supporters, 
even Bruun (1988) never intended the model to be 
used. 

It is unfortunate that in many instances, the 
discussion and caveats around the use of the Bruun 
Rule centre on choices of the depth of closure, the 
means of calculating the closure depth, the lack of 
available input data and choices of substitutes, or 
reasonable estimates of input factors. This type of 
superfluous discussion masks the essential discus- 
sion that relates to the applicability of the Bruun 
Rule. Given the wrong assumptions in its formula- 
tion, and the rare circumstances in which the 
necessary conditions are fulfilled for its theoretical 
application we contend that the Bruun concept, if it 
works anywhere, is not a 'rule' but rather an 
exception. 

We attribute the longevity of the Bruun Rule to 
several factors: 

1. There is a certain appeal in a simple, easy to use 
analytical model that is in widespread use. It is 
simple to apply for coastal managers who may 
have no understanding of the "Bruun Rule" 
weaknesses. 

2. Several studies in the scientific literature that 
purport to prove the Bruun Rule taken by 
themselves provide support for the use of the 
approach. Equal validity accorded to proofs and 
disproofs places other scientists and managers in 
the position of not knowing which to accept 
without significant analytical effort that may be 
beyond their time, knowledge, or ability limits. 

3. The approach can be applied easily. There is no 
need for detailed field study (profiles are some- 
times determined from navigation charts). This 

obviously enables rapid assessment of large areas 
by policy makers and enables international 
obligations to be met. 

4. Positive advocacy by some scientists adds impe- 
tus to the utilization of the approach. Strong 
advocacy can overcome doubts that may be 
entertained (see point 2, above) and encourage 
use of the technique. 

5. The numerical form in which the Bruun Rule is 
stated acts to mask the real meaning of the 
relationship. For example, the rule essentially 
says that the average shoreface slope controls 
coastal retreat. There is no geological evidence 
for such a relationship and such a concept stated 
in word form would almost certainly promote 
instant rebuttal in the geological literature. The 
same factor may also be responsible for the 
Bruun Rule being viewed as a purely applied 
concept (in the engineering field) and this may 
serve to disconnect it from the realm of scientific 
scrutiny. 

6. Application by other scientists without critical 
appraisal. Too often, such concepts are adopted 
and applied in the mistaken expectation that the 
scientific review process provides all necessary 
validity, We believe that this has bolstered the 
longevity of this concept. The application of the 
approach by high profile scientists also lends 
credence to the approach. Only, it appears, by 
determined, directed and conclusive critical 
review can such concepts be proven invalid and 
discarded. 

7. The lack of an alternative is presented as a 
constraint in several of the studies reviewed. 
In many ways this simply serves to show (a) 
the lack of research into transgressive coasts 
(this has inhibited the search for relationships 
between sea-level rise and coastal retreat) 
and @) the lack of data with which to test 
alternatives. 

The Bruun Rule, which was a useful tool at the 
time of its conception, is an example of a principle 
that is fading very slowly and that, having moved into 
the applied sphere, maintains a momentum that has 
carried it far beyond its original assumption base. We 
conclude that it has outlived its usefulness and should 
be abandoned. 
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