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ABSTRACT

Using historical airphotos and maps, we measured amounts of bluff-top
retreat at 300 locations along 30 km of the Lake Michigan shoreline from
Wilmette to Waukegan, Illinois. For two time periods, 1872-1937 and
1937-1987, rates of retreat vary from 10 to 75 cm/yr between discrete
segments of bluffs (defined by lithology) and between time periods for a
given bluff segment. The average retreat rates for the entire area, however,
do not vary significantly between the two time periods and are approxi-
mately 20-25 cm/yr. Long-term average and short-term extreme lake
levels and precipitation also do not vary significantly between the two
periods, and thus local temporal variations in retreat rate cannot be
attributed to these factors. Shore protection built to date may have altered
the spatial distribution of retreat rates in the area but has had little overall
effect on the average regional retreat rates. Local rate variations correlate
closely with lithologic variations of the glacial materials exposed in the
bluff, which consist of clay tills and outwash silts, sands, and gravels. The
temporally constant regional retreat rates and the regular shape of the local
shoreline indicate that a long-term uniform rate of retreat prevails and that
local variations in rates balance out through time to produce long-term
parallel (in map view) bluffretreat in the area. This parallel retreat probably
is controlled by the uniform retreat rate of the lithologically homogeneous
shoreface in front of the bluff.

INTRODUCTION that locally have responded to brief periods of high

lake levels by retreating at accelerated rates; the re-

- Record high levels of Lake Michigan in the mid- cent period of increased retreat rates provoked con-
1980’s caused severe shoreline erosion in the devel- cerns about the safety of structures along the shore-
oped areas from Chicago to Waukegan, Illinois (Fig- line. We conducted this study to provide data on bluff
ure 1). Much of this shoreline consists of steep bluffs retreat rates that would be useful to public officials,
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Figure 1. Location map. Study area shown in Figure 2.

planners, and engineers. Interpretation of factors in-
fluencing these rates is valuable both for practical
application and for furthering research on bluff reces-
sion.

Retreat of shoreline bluffs (either lacustrine or
oceanic) can result from a variety of processes that
operate at different rates and that respond to different
triggering mechanisms. For example, wave erosion
is a primary cause of bluff retreat, and brief, intense
storms that generate large wave surges can trigger
very large amounts of bluff retreat in a matter of a few
hours or days. Longer term basin-wide or eustatic
increases in water level also can increase long-term
rates of bluff erosion and recession. Surface erosion
from precipitation runoff also can contribute to bluff
recession; runoff from normal rainfall produces what
might be considered a background rate of surface
erosion, and less common major rainstorms may trig-
ger brief episodes of surface erosion that far exceed
the background rate. Landslides along the bluffs

likewise contribute to bluff retreat, and such slides
can be triggered by long-term changes in ground-
water conditions, brief periods of intense rainfall,
rapid snowmelt, and wave erosion at the base of the
bluff.

Sorting out the relative effects of these processes
and the rates at which they operate obviously is a
complex problem, and most research to date (dis-
cussed below) has focused on individual processes
rather than on an integrated model. In terms of the
effects of bluff recession on the public, however, the
intricacies of the interaction of several processes and
their varying rates is perhaps less important than the
net effect over a given time period. Thus, the critical
issue in terms of human planning is how far a given
part of the bluff will recede in a relevant time period;
for human planning, time periods of 50-100 yr gen-
erally are of greatest interest.

In this paper, we address the practical effects of
bluff recession by documenting the amount and rate
of bluff retreat from 1872 to 1987 at 100-m intervals
along the 30 km of shoreline from Wilmette to Wau-
kegan, Illinois (Figure 2). We also measure rates of
retreat for two subdivisions of this period, 1872-1937
and 1937-1987, to measure temporal changes in re-
treat rates. We then relate observed temporal and
spatial variations in retreat rates to temporal changes
in lake level and precipitation and to spatial differ-
ences in bluff height, bluff lithology, and construc-
tion of shore-protective works to determine which, if
any, of these factors influence bluff retreat rates. Our
procedures are simple and can be applied to other
coastal bluff areas if maps and (or) airphotos of
appropriate age and scale are available.

GEOLOGY AND MORPHOLOGY OF THE
BLUFFS

The bluffs consist of Pleistocene Wisconsinan gla-
cial deposits, primarily tills of the Lake Border Mo-
rainic System (Willman, 1971), which is a morpho-
stratigraphic unit of the Wadsworth Member of the
Wedron Formation (Frye et al,, 1969). Although
Clark and Rudloff (1990) show that the Wedron Mem-
ber includes a variety of glaciolacustrine deposits as
well as true tills, we designate these deposits as till
for brevity. Lake-plain sediment of the Equality
Formation (Willman and Frye, 1970) from glacial
Lake Chicago (Clark and Rudloff, 1990) locally over-
lies and is interspersed between the tills, From Wau-
kegan to the Great Lakes Naval Training Center (Fig-
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Figure 2. Map showing the surficial geology of the study area (generalized from Willman and Lineback, 1970). Baseline shows
bluff segment numbers. Geologic units: LP-N, northern exposure of lake-plain deposits; LP-S, southern exposure of lake-plain
deposits; HP, Highland Park Moraine; ZC, Zion City Moraine. Dashed contacts separate distinct moraines.

ure 2), the Zion City Moraine, a silty clay till contain-
ing interbeds of glaciolacustrine silt, sand, and gravel,
forms the bluffs. From the Naval Training Center to
Lake Forest, the bluffs consist of lake-plain silts,
sands, and gravels overlying 3-4 m of till exposed at
the base of the bluff. The Highland Park Moraine,
similar to the Zion City Moraine, is exposed from

Lake Forest to Winnetka. Between Winnetka and
Wilmette, the bluff is only 5-10 m high and consists
of lake-plain silts and gravel interbeds overlying
about 2 m of till exposed at the base of the bluff.
Figure 3 shows idealized cross sections of bluffs
consisting of (A) till and (B) lake-plain sediment
overlying till.
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Figure 3. Typical cross sections of bluffs in the study area: A) bluff in silty clay till moraine, and B) bluff in lake-plain sand and

silt overlying till.

The bluffs can be separated into two morphologi-
cally distinct reaches, whose boundary is defined by
an abrupt doubling of the bluff height (Figure 4) at
the terminus of the Highland Park Moraine (Figure 2).
The bluff that coincides with the southern exposure
of lake-plain deposits between Wilmette and Winnetka
(segments 1-52), which we refer to as the low bluff,
averages 8 m in height and has 15°-25° slopes. The
bluff from Winnetka to Waukegan (segments 53-
300), which we refer to as the high bluff, averages 19
m in height and has slopes from 25° to almost verti-
cal. Figure 4 shows that the height of the till bluffs
is highly variable, whereas the lake-plain bluffs have
more consistent heights. The entire bluff supports a
thick cover of deciduous trees and associated under-
brush. Perched ground water commonly seeps from
the bluff face along contacts between layers of con-
trasting permeability. Almost the entire length of the
bluff has some sort of engineered shore protection, but
type and quality vary substantially.

Land use along the bluffs is primarily moderate-
density housing. Large, single-family homes on gen-
erous, well-landscaped lots are present along most of
the bluff; parks, golf courses, and cemeteries also are

common. The primary effect of land-use variation
along the bluffs would be on surface and ground
water; roads and structures decrease ground-water
infiltration (which would reduce the likelihood of
landsliding) and increase surface runoff (which would
enhance surface erosion). Because development and
land use along the entire bluff are uniform, the effect
of land-use variation need not be considered in this
study.

PREVIOUS STUDIES

Previous studies in the Great Lakes region have
focused primarily on the mechanisms of bluff retreat
(e.g., Edil and Vallejo, 1977, 1980; Edil and Bosscher,
1988; and Vallejo and Degroot, 1988) and on rates of
retreat (e.g., Carter, 1976; Kilgour et al., 1976; and
Quigley and Di Nardo, 1980). The primary mecha-
nisms responsible for bluff retreat in the region in-
clude both surficial and deep-seated landsliding trig-
gered by increases in ground-water levels and by
wave attack at the toe of the bluff. Little has been
published on bluff recession along the Illinois shore.
Berg and Collinson (1976) and Lineback (1974) used
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Figure 4. Graph showing variation in bluff height in the study area. Vertical dashed lines show locations of lithologic contacts;

abbreviations as in Figure 2.

maps and airphotos to determine rates of bluff-top
retreat along 21 profiles for periods of a few years to
more than 100 yr, and they compared rates in different
areas. Larsen (1973) modeled bluff recession as a
function of shoreline retreat at 26 evenly spaced
locations between Waukegan and Wilmette to esti-
mate spatial and temporal rate changes. Jibson and
others (1990) and Jibson and Staude (1991) intro-
duced the procedure discussed herein and estimated
retreat rates in the area.

These previous studies provide regional estimates
or single-point measurements of retreat rates along
the Illinois shoreline or analogous rate measurements
from other Great Lakes shorelines with which we can
compare our results. None, however, has involved a
comprehensive documentation and interpretation of
retreat rates along this shoreline over the time period
of interest to us.

MEASURING BLUFF RECESSION
AND CALCULATING RECESSION RATES

We divided the 30 km of bluffs from the north side
of Wilmette harbor to the north side of the Great Lakes
Naval Training Center into 300 segments, each 100
m long. Segments were defined by projecting perpen-

dicular lines from a baseline bearing N 20°W and were
numbered from south to north (Figure 2). Data on
bluff recession, bluff height, bluff lithology, and the
presence of shore-protective works were collected
for each bluff segment to provide the database for
analysis.

We used a common technique (e.g., Stafford and
Langfelder, 1971; Williams et al., 1979) of document-
ing bluff retreat by comparing bluff positions on
historical maps and airphotos of different ages. Our
density of measurements, however, is much greater
than in most previous studies and thus provides an
extensive database for analysis. We compared bluff
positions from three data sources: 1:20,000-scale
topographic maps made in 1872 by the U. S. Army
Corps of Engineers (earliest maps at a usable scale),
1:14,400-scale airphotos taken in 1936 (earliest
airphotos), and 1:14,400-scale airphotos taken in
1987 (most recent airphotos). The best method to
document changes in bluff position is to measure the
distance from the upper edge of the bluff to a refer-
ence feature. A recognizable feature on all data
sources is the Chicago and Northwestern railroad
grade, which roughly parallels the shoreline in the
area. On the 1872 maps, we plotted the baseline,
segmented bluff, and measured the distance perpen-
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dicular to the baseline from the upper bluff edge to
the center of the railroad grade for each segment. On
the airphotos, we used a zoom-transfer scope to trace
the position of the bluff edge onto U. S. Geological
Survey topographic base maps (Evanston, Highland
Park, and Waukegan 7-1/2’ quadrangles) enlarged to
1:12,000 scale. We plotted the baseline on the maps,
segmented the bluffs, and measured the distance to
the railroad grade for each segment. Bluff recession
at each segment was calculated by comparing the
distances between each pair of data sources. Thus,
we derived recession records for the 115-yr period
from 1872 to 1987, the 65-yr period from 1872 to
1937, and the 50-yr period from 1937 to 1987.

Primary sources of location error include inherent
airphoto distortion and imperfect registration of the
map and airphoto on the zoom-transfer scope. We
estimate that the combined location error from all
sources for single features plotted from airphotos does
not exceed 3 m; thus, distances measured betweenany
two features are accurate within 6 m, and comparisons
of two such distances are accurate within 12 m.
Measurements directly from the 1872 maps are esti-
mated to be accurate within 5 m; comparisons with
measurements from airphotos are thus accurate within
11 m. If location errors are random, they should have
little net effect on regional averages calculated from
the large database.

AMOUNTS OF RECESSION AND
RECESSION RATES .

From 1872 to 1987 the average amount of recession
for all bluff segments was 29 m; the maximum for any
segment was 155 m. Average amounts of recession
for the 1872-1937 and 1937-1987 periods were 20
m and 11 m, respectively; maximum amounts were
130 m and 85 m. These amounts of recession are
large in view of the fairly dense development along
most of the shoreline. To compare bluff retreat in
different time intervals, we divided the amounts of
retreat by the durations of the respective time periods
to obtain the annual retreat rate.

Figure 5 shows annual bluff retreat rates for the
three time periods and the locations of lithologic
contacts. Significant spatial variation in retreat rates
appears related to lithologic contrasts. In the 1872-
1987 and 1872-1937 periods (Figure SA and B), re-
treat rates in the lake-plain deposits are much greater
than the rates in the tills. Temporal variations are
apparent between the 1872-1937 and 1937-1987 re-

treat rates (Figure 5B and C). The 1872-1937 rates
vary markedly between lithologic units, and local
areas of high retreat rates are interspersed between
areas of little or no retreat. In contrast, the 1937-1987
rates are more uniformly distributed throughout the
area.

The rather spiky appearance of Figure 5 indicates
that bluff segments having high retreat rates are ad-
jacent to segments having much lower rates; thus, a
highly irregular shoreline is expected. Viewed at
regional scale, the shoreline appears quite regular
(Figure 2); but viewed at large scale (Figure 6), local
shoreline irregularities have sizes consistent with the
differences in retreat rates shown in Figure 5.

Table 1 records mean recession rates for each time
period and each lithologic unit and changes in mean
rates between periods; overall retreat rates for the
entire bluff and rates for the low and high bluff also
are shown. Retreat rates for the entire area are 20-
30 cm/yr. Rates for individual lithologic units, how-
ever, define a much broader range, from 10 to
75 cm/yr. For each time period, the spatial rate
variation relates to the lithology exposed. For 1872-
1987, the two reaches where lake-plain sediment is
exposed (LP-S and LP-N) have almost identical re-
treat rates that are much higher than the rates in the
two till areas (HP and ZC). The 1872-1937 data show
a similar rate contrast between lithologic types. In
1937-1987, the two till areas have almost identical
rates, but the two lake-plain areas differ markedly
from the tills and from each other.

Figure 5D shows changes in retreat rates between
the two time periods; positive values indicate a rate
increase from the early to the late period. The litho-
logic controlis striking. The rate-change data in Table
1 show that the lake-plain bluffs had much higher
retreat rates from 1872 to 1937 than from 1937 to 1987
and that the till bluffs had little change (ZC) or much
higher rates (HP) in the later period. Interestingly,
most local areas experienced large rate changes of as
much as 120 percent, but the overall rate change for
the entire area was a rather modest 27 percent de-
crease.

Retreat rates for the low bluff (Table 1) decreased
radically from 73.2 cm/yr in the early period to only
12.7 cm/yr in the late period. In contrast, rates for the
high bluff vary only slightly between time intervals:
the rate for 1872-1937 is 21.6 cm/yr, and for 1937-
1987 it is 24.2 cm/yr. This difference of roughly 10
percent is insignificant as compared to the range of
possible error in the method. Local rates along the



109

JIBSON AND STAUDE—BLUFF RECESSION RATES

*Z 231 Ul St SUONIBIAQIQQE (S10BIU0D 5150]00F JO SUOTIBI0] MOYS S| PAYSED [ed11IaA “(Pouad I9)e[ 9y} UI J91ea1d ST 9jer

a1aym sonjea 2anisod) L861-LE6T PUE LEGT-TLYT USAMISQ Sael Jeanal ur safueyd (d L861-LE6T 10§ Sl 1BaNRI (D fLE6T-TL8T 10§ Sl 18omal (g 1L861-7L81 10)
sare1 j1eanal (v :Z 21nJL Ul surjaseq o) puodsanoo sequnu JuswiSos Jyniq ‘UeSoynes PUE INIW[IM USIM]O] 181191 JJN]q JO SeI Ul Sofueyd pue sajel fenuuy ¢ 2mSL]

wawbag ynig wawbasg ynig
oom om_N oow om 8 oo 8 o_m 0 002 00¢ 0se 002 0S1 001 0s
| . -
F0S1-
@)
=
FOOL- 2 3]
Q c
@ =
0g- I D
& =
D D
= Q
3 @
® pol
T 2
(0]
0s m &
001 2 k=3
| -0S+ |
' a | g L€61-2.8}
. 002 - 002
wewbag ynig wawhag ynig
002 oSt 004 00¢ oSt 004
os] @©
oy oy
= =
% 2
00k 3 o
& 8
Lozt © @
| ) <)
_ opr 2 __ _ ort 2
ozl N dH Csdl = 0z Ndl dH sl =
091 _ 091
3 | 081 | 08t
[ O /861-/€61 _ |V | /861-2/81
! = . 002 ~00¢




110 BULLETIN OF THE ASSOCIATION OF ENGINEERING GEOLOGISTS

— 2

uebiyIIW 24

0 100 200m
LSS T

Figure 6. Large-scale map showing the position of the upper
edge of a part of the bluff south of the Great Lakes Naval
Training Center (see Figure 2).

high bluff vary considerably between lithologic units,
however. For example, along the Highland Park
Moraine, the retreat rate more than doubled from the
early to the late period; just to the north along the
northern lake-plain bluffs, the retreat rate was halved.

FACTORS AFFECTING RATE OF BLUFF
RETREAT

What causes the observed spatial and temporal
variation in retreat rates along the bluffs? In this
section, we examine and analyze how temporal varia-
tion in lake level and precipitation and spatial varia-
tion in bluff height, bluff lithology, and shore-protec-
tive works might affect bluff retreat rates.

Temporal Changes in Lake Level

Change in lake level commonly is considered the
major factor that controls changes in bluff retreat
(e.g, Carter, 1976; Vallejo and Degroot, 1988). High
stands of Lake Michigan commonly last a few years
and have caused brief periods of increased bluff re-
treat (Lineback, 1974; Berg and Collinson, 1976; and
Vallejo and Degroot, 1988). Gradual, long-term (de-
cades to centuries) changes in lake level also would
affect bluff retreat according to most models of bluff
retreat mechanisms (e.g., Edil and Vallejo, 1980;
Vallejo and Degroot, 1988). Because we are inter-
ested in time periods of 50-100 yr (relevant for human

Table 1. Bluff recession data.

Recession Rate

Groins (as of 1955)

Unit 1872-1987 1872-1937 1937-1987 Rate Change Number Density
(segments) (cm/yr) (cmy/yr) (cm/yr) (cm/yr) (percent) (#/km)
LP-S 46.8 732 12.7 -60.5 -82.7 9 1.7
(1-52)

HP 13.2 10.2 22.6 124 121.6 64 35
(53-233)

LP-N 458 59.2 30.4 -28.8 -48.6 26 5.1
(234-284)

ZC 22.0 24.6 220 -2.6 -10.6 12 7.5
(285-300)

Low Bluff 46.8 73.2 12.7 -60.5 -82.7 9 1.7
(1-52)

High Bluff 209 21.6 24.2 2.6 12.0 102 4.1
(53-300)

Total Bluff 254 30.5 223 -8.2 269 111 3.7
(1-300)

Note: Unit refers to lithologic unit: LP-S, southern exposure of lake-plain deposits; HP, Highland Park Moraine; LP-N, northern
exposure of lake-plain deposits; ZC, Zion City Moraine. Rate change is calculated by subtracting the 1872-1937 recession rate

from the 1937-1987 rate.
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planning purposes), we measured some parameters of
lake-level change between the 1872-1937 and 1937-
1987 periods to detect a) gradual changes in average
lake levels and b) differences in short-term extreme
(maximum and minimum) lake levels.

We analyzed monthly and annual average lake-level
data from the National Oceanic and Atmospheric
Administration (no date); these data are derived from
hourly and daily lake levels and thus implicitly ac-
count for durations as well as elevations of lake levels.
We calculated the arithmetic mean, standard devia-
tion, maximum, minimum, and total range of average
annual lake levels for both time periods. We also
calculated the percentage difference between various
statistical measures for the data from the two time
periods, and we used a statistical z-test to calculate the
probability that the lake levels for the two time periods
are statistically identical. To analyze extreme events,
we determined the maximum and minimum monthly
lake levels for each year and determined statistical
parameters for these data sets as described for average
annual precipitation.

Table 2 shows that average annual lake levels for
the two periods are remarkably similar: thetotal range
in average annual lake level for both periods is 5.42
ft (1.65 m), and the difference in the means for the
two time periods is only 0.01 ft (0.31 cm), or 0.1
percent. Maximum and minimum values of average
annual lake level and the standard deviations all differ
by less than 5 percent. Maximum and minimum
monthly lake-level data likewise show remarkable
similarity between the two periods. For all three pairs
of data sets, the z-tests show that the data from the two
time periods are statistically identical.

The data show no significant differences in average
lake levels between the two periods that would indi-
cate gradual, long-term changes in lake level. The
similarity between the standard deviations for the two
periods shows that variation about the means also was
consistent between periods. The data also show no
significant differences in maximum or minimum lake
levels that would indicate differences in the number
or magnitude of extreme lake-level events between
the two periods. Therefore, at this time scale, local
temporal changes in bluff retreat rates cannot be
attributed to lake-level fluctuations. This is not to say
that changes in lake level do not affect retreat rates
at any time scale, but rather that because lake-level
fluctuation was virtually identical for both observed
time intervals, it could not have caused differences in
retreat rates between those intervals. Lake level
certainly changes over shorter (days to years) and

longer (several centuries or millennia) durations, but
the time periods examined are appropriate for long-
term planning in human terms.

Temporal Changes in Precipitation

Precipitation can affect bluff stability in several
ways. In addition to affecting lake levels, precipita-
tion also affects local ground-water conditions and
surface runoff. Brief (hours to days), intense storms
as well as longer periods (months to years) of in-
creased rainfall probably affect bluff retreat rates,
though possibly in different ways. We compared
average annual and maximum monthly data for the
two time periods in the same manner as for the lake-
level data. Analysis of average annual data enables
detection of gradual, long-term changes in precipita-
tion levels, and analysis of maximum monthly data
provides an index to determine if the number or
magnitude of shorter term, extreme precipitation events
has changed between periods.

Table 2 shows statistical parameters for the data-
bases analyzed. Somewhat more variation is present
in the precipitation data than in the lake-level data.
Foraverage annual precipitation, differences in means,
standard deviations, and ranges for the two periods
differ by 8-16 percent; average precipitation in the
1937-1987 period was slightly greater and more vari-
able than for the 1872-1937 period. The t-test prob-
ability that the 1872-1937 and 1937-1987 popula-
tions for average annual precipitation are identical is
only 0.07, much lower than the probabilities for the
lake-level data; however, a probability of 0.07 still
indicates that the hypothesis that the populations are
significantly different is rejected at the 93 percent
confidence level. The difference of less than 8 percent
in the mean precipitation probably is not enough to
significantly affect bluff retreat processes and rates.
Extreme values of average annual precipitation through
these periods show even less variability than mean
conditions. Minimum and maximum annual precipi-
tation amounts for the two periods differ by only 6.2
and 4.3 percent, respectively. Thus, as with lake
levels, the differences in annual precipitation between
the two periods is small enough that changes in bluff
retreat rates cannot be attributed to changes in annual
precipitation as analyzed at this time scale.

Data for maximum monthly precipitation fora given
year show even less variation: the means, standard
deviations, and maximum values all differ by less than
S percent between time periods, and the total ranges
of the two data sets differ by only 1.2 percent. The
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Table 2. Changes in lake-level and precipitation.

Standard Maximum Minimum
Mean Deviation P Value Value Range
Average Annual
Lake Elevation (ft)
1872-1937 578.56 1.23 580.94 575.84 5.10
1937-1987 578.57 1.27 0.99 581.18 575.76 542
Percent Difference 0.1 3.2 44 1.5 59
Maximum Monthly
Lake Elevation (ft)
1872-1937 579.14 1.28 581.55 576.21 5.34
1937-1987 579.12 1.32 0.94 581.89 576.15 5.74
Percent Difference 0.3 29 5.9 1.1 7.0
Minimum Monthly
Lake Elevation (ft)
1872-1937 577.87 1.20 580.15 575.40 4.75
1937-1987 577.82 1.29 0.83 580.62 575.42 5.20
Percent Difference 1.0 6.9 9.0 0.4 8.6
Average Annual
Precipitation (in.)
1872-1937 3291 5.42 45.86 22.78 23.08
1937-1987 3495 6.48 0.07 46.96 21.19 25.77
Percent Difference 79 16.4 43 6.2 10.4
Maximum Monthly
Precipitation (in.)
1872-1937 5.89 1.68 11.28 2.82 8.46
1937-1987 6.31 1.75 0.20 11.69 3.33 8.36
Percent Difference 4.7 4.0 4.6 5.8 1.2

Note: P is the probability that the two populations (1872-1937 and 1937-1987) are statistically identical. Elevations are in feet
(1 ft = 0.305 m); datum is 1955 International Great Lakes Datum. Precipitation is in inches (1 in. = 2.54 cm).

t-test probability is 0.20; thus the hypothesis that the
populations differ significantly is rejected at the 80
percent level of confidence. Therefore, we detect no
significant differences in extreme levels of monthly
precipitation that would indicate variability in short-
term extreme precipitation conditions between time
periods that could significantly affect bluff retreat
rates.
Bluff Height

Bluff height might be expected to influence retreat
rates for at least two reasons, which have opposite
effects. First, bluff height directly affects the stability
of the bluff with respect to landsliding; all other
factors being equal, increasing bluff height corre-
sponds to decreasing slope stability (Edil and Vallejo,
1980). Therefore, higher bluffs should be more sus-

ceptible to retreat from landsliding. Second, bluff
height determines the volume of material that must be
lost for a given amount of bluff retreat; thus, higher
bluffs lose greater volumes of material per unitamount
of retreat, and this greater amount of material requires
more energy to remove it from the base of the bluff.
In this case, higher bluffs correspond to lower rates
of retreat because of the greater difficulty in removing
the failed material.

Figure 4 shows variation in bluff height along the
shoreline; the high and low bluff are distinct, but
variation within the high- and low-bluff areas also is
significant. We constructed two linear regression
models, one for 1872-1937 and one for 1937-1987,
to measure correlation between bluff height and re-
treat rate. In each model, we regressed the bluff height
at each 100-m segment against the retreat rate for that
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segment. The model for 1872-1937 has an R® value
of 27 percent and a high level (greater than 99 percent)
of statistical significance, which indicates that for the
early time period, a small but significant amount of
the variation inretreat rates is explainable by variation
in bluff height. The correlation is negative, that is,
high retreat rates correlate with low bluff height.
Figure 5 clearly shows that in the early period, the
southern lake-plain bluffs, which correspond to the
low bluff, had very high rates of retreat, and this is
reflected in the regression model.

The regression model for 1937-1987 has an R’
value of only 2 percent and a low level (less than 95
percent) of statistical significance, and the regression
model shows an opposite (positive) sense of correla-
tion as compared to the regression model for the early
period. Therefore, for the later period, we detect no
significant correlation between bluff height and re-
treat rates. Thus, whatever influence low bluff height
may have had on increasing retreat rates in the early
period is not present in the later period.

The reason for the negative correlation between
bluff height and retreat rate for the early period and
the lack of correlation for the late period is not entirely
clear. One possible reason may relate to the influence
of Wilmette harbor at the southern end of the area
(Figure 2). At present, Wilmette harbor is a sediment
barrier that has impounded large amounts of sand and
created wide updrift beaches to the north that protect
the bluff from wave attack. Wilmette harbor was
constructed in 1910, so during much of the early
period the bluffs immediately north of the harbor
probably had much narrower fronting beaches and
less protection from wave attack than at present. If
low bluffs retreat more rapidly than high bluffs when
subject to wave attack because less material must be
removed, this difference in beach width between early
and late periods could explain the results of the re-
gression models.

Bluff Lithology

As discussed above, bluff lithology relates closely
to spatial differences in retreat rates (see Figure 5).
Lithologic differences in the bluffs are primarily con-
fined to the upper part of the bluff, which is subject
to wave attack only in the most extreme conditions.
The lake-plain deposits lie on silty clay tills exposed
at the base of the bluff (Figure 3). Therefore, differ-
ences in retreat rates between lithologically distinct
parts of the bluffs must relate primarily to processes

that affect the upper part of the bluff, such as land-
sliding and rainfall-induced surface erosion, which
are not controlled solely by wave attack.

Lake-plain deposits, primarily sands and silts, have
greater retreat rates than tills in all time periods and
areas but one, the south lake-plain area from 1937 to
1987. Sandsand silts lack significant cohesive strength,
which may render lake-plain bluffs more susceptible
to sediment loss due to sheetwash and gullying during
rainstorms (Lineback, 1974) and to wave attack dur-
ing rare extreme events. Also, the sand and silt layers
conduct ground water to the bluff face, where seeps
are common. Interbedded clayey till layers create
perched water tables and confine some permeable silt
and sand layers causing buildup of high pore-water
pressures; both the perched and confined ground-
water conditions contribute to landsliding along the
bluff (Hadley, 1976; Mickelson et al., 1977; Edil and
Vallejo, 1980; and Edil and Bosscher, 1988). Our
observations indicate that the northern lake-plain
bluffs contain the greatest concentration of landslides
in the area.

The fine-grained tills are older and have a signifi-
cant component of cohesive strength, which imparts
greater overall shear strength to the tills as compared
to the lake-plain deposits (DuMontelle et al., 1976).
Although the clay tills probably resist wave attack
more effectively than silts and sands, they also are
susceptible to deep-seated landsliding. Landslides
are abundant along the bluffs of the Highland Park
Moraine, and, when they occur, they shift the location
of the upper edge of the bluff by a large amount almost
instantly.

The extreme rates of retreat and changes in retreat
rates along the southern lake-plain bluffs probably are
better explained by the distinct bluff morphology
there than by lithologic differences. As discussed
previously, retreat of the low bluff probably occurred
rapidly prior to construction of Wilmette harbor,
which created a sediment barrier that substantially
widened the fronting beaches in much of the low bluff
area.

If lower retreat rates in the till as compared to the
lake-plain deposits were to persist, the till bluffs
would become headlands and the lake-plain bluffs
would recede to become reentrants: an irregular coast-
line would develop. Although Figure 6 shows that
local irregularities have developed, Figure 2 shows
that the southwestern Lake Michigan shoreline, re-
flecting the geometry of the local glacial deposits, is
very regular and broadly arcuate and that the shape
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and character of the shoreline do not change abruptly
at lithologic boundaries. Rate variations since 1872
in different lithologic units do not explain the ob-
served geomorphology of the bluffline and thus must
not persist for long periods of time. Therefore, retreat
rates in different lithologic units must vary in time to
produce parallel (in map view) bluff retreat on a
regional scale. For example, the more than doubling
of the retreat rate along the Highland Park Moraine
between the early and late periods corresponds in time
with substantial reductions in retreat rates in adjacent
lake-plain bluffs (Table 1). The 115-yr observation
period is too brief to unequivocally document this
phenomenon, but the regular coastline strongly sup-
ports a model of long-term parallel bluff retreat in the
area.

Shore-Protective Works

Almost the entire length of the shoreline along the
bluffs currently has some type of artificial shore
protection. Types of protective works include groins,
sea walls, revetments, rip-rap, and breakwaters, all
of which vary in size, age, and quality of construc-
tion. Virtually all of these works, however, have
been built since about the late 1920’s; before then,
very few shore-protective works existed along the
bluffs. Thus, during most of the early time period, the
bluff could be considered as retreating in an unpro-
tected or natural state; during most of the later period,
awide variety of shore-protective works were present.
Surprisingly, data from Table 1 show that the over-
all rate of retreat along the bluffs has not changed
significantly; in fact, the retreat along the high bluff
has actually increased slightly. The only exception,
the reduction in retreat rates along the low bluff,
probably corresponds with the construction of Wil-
mette harbor, the largest sediment barrier south of the
Great Lakes Naval Training Center. At this simplis-
tic level of analysis, we could conclude that the
collective shore-protective works built to date have
had little or no impact on the regional rates of bluff
retreat. Figure 5 shows that the spatial distribution
of retreat rates does differ between time periods.
Figure 5B (1872-1937) shows several distinct areas
of high retreat rates and intervening areas of little or
no retreat; Figure SC (1937-1987) shows a more even
spatial distribution of rates, Therefore, construction
of shore protection may have changed the spatial
distribution of retreat rates, even if they did not affect
the overall regional rate.

A report by the Illinois Division of Waterways
(1958) provides a good database to more closely
examine the effects of the first generation of one type
of shoreline protection-groins. Groins are vertical
barriers extending from the beach offshore designed
totrap sediment moving along shore and thus to widen
beaches and protect bluffs from wave attack. Begin-
ning in the late 1920’s, an ambitious groin-building
program began along much of the shoreline. Asstated
above, few groins or other protective structures ex-
isted along the bluffs during most of the early period
(1872-1937). By the late 1930’s, many groins were
in place, and this first episode of groin construction
continued into the 1950’s. Most groins constructed
along the bluffs during this period were of fairly
consistent size and type (Illinois Division of Water-
ways, 1958). Thus, comparing retreat rates along
different parts of the bluffs between the two periods
should provide insight for evaluating the effective-
ness of this first generation of groins onretarding bluff
recession.

We used Larsen’s (1973) compilation of the data
from the Illinois Division of Waterways (1958) on the
number and distribution of groins in the area built
between 1872 and 1955. About 95 percent of these
groins were built after 1920. Table 1 records the
numbers of groins built by 1955 along each section
of bluff and their density (number of groins per ki-
lometer). The data show that these groins had no
consistent effect on bluff retreat rate. The area having
the greatest groin density (ZC) had anegligible change
in retreat rate. The area having the lowest groin
density (LP-S) experienced an 80-percent reduction
in retreat rate, while the rate along the Highland Park
Moraine, which had twice the groin density, more than
doubled. Along the high bluff, which contains 92
percent of the groins and has a high groin density, the
retreat rate actually increased slightly; whereas, along
the low bluff, which has a much lower groin density,
the retreat rate decreased by more than 60 percent.
Thus, construction of this first generation of groins
neither enhanced nor degraded bluff stability in a
consistent manner. The evening out of the spatial
distribution of bluff retreat rates in the later period,
therefore, probably cannot be attributed to this earliest
generation of groins.

The observations of the effects of shore-protective
works on bluff retreat rates indicate that a) shore-
protective works (other than the first generation of
groins) along the bluffs may have created a more
uniform spatial distribution of retreat rates in the later
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period, but b) these engineered works had little, if
any, effect on the overall regional rate of bluff retreat.
These conclusions probably do not apply to shore
protection built in the last few years, which has not
been in place long enough to have had a significant
effect on retreat rates in the later period.

DISCUSSION AND CONCLUSIONS

Retreat rates from our study are similar to those
from previous studies of this area (Larsen, 1973;
Lineback, 1974; and Berg and Collinson, 1976) and
other parts of the west shore of Lake Michigan (South-
western Wisconsin Regional Planning Commission,
1989). Published recession rates for other Great
Lakes shorelines composed of similar lithologic units
are significantly greater than our rates; for example,
long-term (100-150 yr) average rates of 50-280 cm/
yr have been documented for several reaches of the
Lake Erie shoreline (Carter, 1976; Kilgour et al.,
1976; Quigley et al., 1977, and Quigley and Di Nardo,
1980). Lithologically similar bluffs in some areas
along oceanic coastlines retreat by mechanisms simi-
lar to those operating along Great Lakes bluffs, so
comparisons withrates there also is of interest. Reces-
sion rates along coastal till bluffs in the British Isles
are much greater than along the Illinois bluffs: rates
along part of the Northern Ireland coast are 21-84 cm/
yr (McGreal, 1979), and rates in southern England are
25-510 cm/yr (Hutchinson, 1973; Barton and Coles,
1984). Lower retreat rates along Lake Michigan than
along oceanic bluffs are not surprising because of the
greater wave energy present along oceanic coasts.
Thus, although retreat rates in Illinois are significant,
they are modest compared to rates in other geologi-
cally similar areas that retreat by similar processes.

Our results regarding the influence of various fac-
tors on retreat rates appear at odds with some conclu-
sions of previous studies as well as with intuition.
Changes in bluff retreat rates commonly have been
expected to correlate with fluctuations in lake level,
and over brief time intervals (a few years) they have
been shown to do so (e.g., Berg and Collinson, 1976;
Carter, 1976; Quigley et al., 1977; Quigley and Di
Nardo, 1980; and Vallejo and Degroot, 1988). Over
time periods of several decades, however, which are
of greatest interest for human planning, average lake
levels and the amount of variation in lake levels are
constant, and extreme events that trigger short-term
catastrophic bluff retreat appear to occur with the
same magnitude and frequency over these time peri-

ods. Because no long-term variation in average or
extreme lake-levels can be detected, we can reason-
ably expect that lake-level fluctuations in the next 50-
100 yr will be similar to those of the past 50-100 yr.
The same conclusions apply to precipitation levels.

The fairly uniform regional retreat rates between
the early period of almost no shoreline engineering
and the late period of intensive shoreline engineering
indicates that, although shore-protective works may
have altered the spatial distribution of retreat rates,
they had little effect on the overall rates of retreat. The
absence of correlation between groin construction and
retreat rates argues against the conventional wisdom
at the time of their construction that groins would
produce wider beaches that would protect bluffs from
wave attack. The ineffectiveness and even detrimen-
tal effects of groins on bluff stability have been docu-
mented morerecently (Inman and Brush, 1973; Larsen,
1973; and Mickelson et al., 1977). Existing data,
however, are insufficient to evaluate the effects of the
most recent shore-protective works that have been in
place only for a few years.

Figure 5 shows that some individual bluff segments
or small groups of bluff segments had very large
retreat rates relative to adjacent segments. The regu-
lar shape of the shoreline at regional scale (Figure 2)
indicates that radical local differences in retreat rate
do not persist over long periods of time. Data from
Figure 5, however, indicate that local irregularities in
the shoreline should have dimensions of 50-100 m.
Bluffline irregularities shown in Figure 6 have such
dimensions and thus are consistent with the recession
data.

Of the factors examined, only variation in the lithol-
ogy of the upper part of the bluff correlates with local
changesinretreat rate. Overthe 115-yr period, retreat
rates of lake-plain bluffs are much greater than those
of till bluffs (Table 1). Retreat rates in all units except
the Zion City Moraine vary substantially between
early and late intervals; rates in lake-plain bluffs
decrease, and rates in the Highland Park Moraine
increase. However, the minor changes in the regional
retreat rates between the two time periods (particu-
larly for the high bluff) and the fairly linear, regular
shape of the southern Lake Michigan shoreline both
indicate that spatial and temporal changes in retreat
rates balance out over time periods of several decades
to centuries and that a uniform regional rate of retreat
prevails. For the last 115 yr, that retreat rate is about
20-25 cm/yr, a significant amount both in human and
geological terms. Although bluff segments composed
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of materials more susceptible to surface erosion and
landsliding than adjacent segments will experience
anomalously high rates of retreat for limited periods
of time, the data indicate that rates in such areas will
eventually decrease and allow adjacent segments to
“catch up.” Although the mechanism by which this
occurs is uncertain, we surmise that the long-term
regional bluff retreat rate is controlled by the rate of
erosion and retreat of the shoreface in front of the bluff
rather than by lithologic variations in the upper part
of the bluff. Throughout the area the base of the bluff,
the beach platform, and the shoreface all consist of
hard clay till, covered in places by a thin veneer of
sand and gravel. We can reasonably infer that a
shoreface having essentially uniform lithology and
physical properties erodes and retreats at a uniform
rate throughout the area. Localized episodes of rapid
bluff recession temporarily widen the beach platform
and thus increase the distance from the base of the
bluff to the shoreface, which does not necessarily
react by eroding more quickly. In such areas, waves
will break farther from the bluff base, and wave
energy will be dissipated before reaching the base of
the bluff. This effectively retards bluff recession until
the shoreface retreats closer to the bluff. Thus, the
uniform lithology and erosion rate of the shoreface
could effectively damp excessive bluff-retreat in any
given location and therefore constrain the geometry
of the shoreline to its fairly linear shape.

For the most recent period of observation, 1937-
1987, retreat rates along the till bluffs are about the
same as the long-term regional average. Retreat rates
in the northern lake-plain deposits are much greater
than the regional average but are lower than those for
the 1872-1937 interval; this decrease in retreat rate
might be expected to continue there if rate changes
balance out through time. Rates for the southern lake-
plain bluffs are much lower for the late time interval
as compared to the early time interval. Retreat rates
there might be expected eventually to increase toward
the regional average unless shore-protective works
maintain the low rate.

What are the human consequences of the 20-25
cm/yr bluff recession rates in this area? Development
inmost of the area consists of medium-density single-
family housing (large homes on fairly large lots)
ranging in age from new to nearly 100 yr old. Set-
backs from the bluff vary from almost zero to a few
tens of meters. If the regional retreat rate prevailed
everywhere (which it does not), then a house would
need a 20-25 m setback from the bluff to survive 100
yr.  Few houses have such large setbacks. Even

though regional retreat rates are fairly constant, Fig-
ure 5 shows that retreat rates vary substantially from
place to place for a given 50-100 yr period. The
retreat that a specific part of the bluff might experi-
ence in any 50-100 yr period probably depends on
several factors at that site and at nearby parts of the
bluff:

—

The type and quality of shore protection.

2. The rate of retreat in the previous 50-100 yr pe-
riod.

3. The local lithology and geotechnical properties of
the bluff material.

4. The width of the fronting beach.

5. The geometry of the shoreface in front of the bluff.

Therefore, the data and conclusions from this study
are relevant for regional planning rather than for site-
specific engineering. Any planning for construction
near the bluffs, however, must anticipate some amount
of bluff recession and stipulate sufficient setback to
insure the integrity of structure for its anticipated
life.
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