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Using dendrochronology to identify historic ice jams
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Detailed information about historical ice jams often difficult to find, especially in
areas that are not heavily populated. In order to gather information about the
dates and areal extent of historic ice jams, we collected and analyzed tree cores
from 56 trees located along the Muskegon River in Michigan. Several of these
trees had visible scars from recent ice jams. After preparation and study of the
cores, we were able to identify a number of potential ice jams from the past. This
paper describes how we collected and analyzed the tree cores to identify potential
ice jam events.

1. Introduction
Ice jams can cause extensive flooding and damage, but in many locations they are rare occurrences.
It is important for planning and mitigation purposes to quantify the frequency of ice jams and
understand their drivers. This information can be difficult to obtain for historical events, even in
populated areas.
Dendrochronology, the use of trees to date events, has been used in several previous studies of ice
jams. Trees can record evidence of ice jams both directly, through scars, and indirectly, through
suppressed growth rings. Tuthill et al. (2005) and MacNider Taylor et al. (2009) both used tree
scar dating to estimate the prevalence of ice jams. Smith (2003) used similar data to supplement
sediment records in order to create a more extensive record of ice jams. Some researchers have
taken tree scar chronologies further, using them to reconstruct spring floods (Boucher et al., 2011)
and to investigate the conditions leading to ice jams (Lagadec et al., 2015).
A 2013 ice jam on the Muskegon River left a number of scarred trees that could be used as the
basis for a dendrochronology study. The Muskegon River runs southwestward through central
Michigan, from Houghton Lake to Muskegon, where it enters Lake Michigan (Figure 1). The City
of Big Rapids, MI is located roughly halfway down the river and was the site of the Big Rapids
Dam that was removed in two stages. In 1966, the dam height was reduced to 5ft (1.5m). The
remaining dam was removed in 2001. The city of Big Rapids and the surrounding area have been
impacted by ice jams repeatedly, but many residents feel the frequency of jams increased after the
partial dam removal (Syrek, 1994). The ice jam event in January 2013 was the most severe
recorded, cresting 4 feet above the 1% flood, according to the National Weather Service. This
event, caused by a rain-on-snow event, impacted 60 homes and caused nearly $2.6 million in
damage.
The U.S. Army Corps of Engineers used three lines of investigation to examine the historical ice
jams and their relation to changes in the river. The first, discussed in this paper, was a
dendrochronology investigation of ice jam-induced scars and suppressed growth in trees along the
Muskegon River. The second and third lines of investigations, hydraulic modeling and a review
of newspaper articles detailing ice jams in the area over the past half century, will be the subject
of a future paper.

Figure 1. The Muskegon River is located in central Michigan.
2. Methods
In order to examine the rings of trees that may have been affected by ice jams, researchers must
first remove a portion of the tree in one of three ways. The most accurate information can be
obtained by cutting down a tree and examining an entire cross-section of the tree. Alternatively,
a large wedge may be cut out of the tree, leaving the tree standing. Both of these options are
relatively destructive and are often considered undesirable by landowners, especially in urban and
suburban environments.
The third option is to collect a sample using an increment borer (Figure 2). Increment borers
remove a small cylinder, typically ~5mm in diameter and up to 400mm long. Increment borers
sample a much smaller portion of the tree than the other two methods, but they leave the tree intact
and do not significantly affect the health of the tree. It is possible to capture evidence of healed
over scars using tree cores (Figure 3), although it is less likely than when using the more destructive
methods. While all of these samples can be reviewed in the field, researchers will attain the most
accurate results by bringing the samples back to the lab and properly preparing and analysing them.

Figure 2. Increment borers are composed of three parts. From top to bottom, this picture shows
the handle, hollow bit, and extractor for an increment borer.
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Figure 3. Tree cores can capture evidence of healed scars. The direction of growth in this picture
is from left to right and the core is 5 mm in diameter (from top to bottom in this picture).
Ideally, dendrochronology studies are limited to trees at the edge of their preferred habitat. This
results in growth rings that are very sensitive to climatic conditions. When dealing with ice jams,
however, the trees most likely to be impacted are along streambanks, with ready access to water.
These favorable conditions tend to cause complacent growth, where significant stresses are needed
to cause noticeable differences in growth rings. Since relatively few trees will typically exhibit
scarring due to any given ice jam, all trees with visible scars should be sampled.
For the Muskegon River study, we floated down the river in kayaks in June 2015 and cored all
trees with visible scars. We also cored large trees in locations that made them vulnerable to ice
jams. We collected a core from both the upstream and downstream side of each tree. We cored
the upstream side because it was the most likely to have a scar from ice impacts. The downstream
core should have a more complete record of growth that will help to identify any missing rings in
the upstream core caused by scarring. If a scar was visible that could be attributed to the 2013 ice
jam event, the core was taken in the scar. For trees with older or multiple visible scars (Figure 4),
we took the upstream core adjacent to the scar location in order to potentially date all of the
individual scarring events. GPS locations were collected for each tree. For most of the trees, we
also collected the height of the scar above the water surface for use in model calibration.
The team dried the cores collected in the field and then glued the cores to wood mounts in order
to maintain the structural integrity of the samples (Figure 5). The upstream and downstream cores
collected from each tree were kept together on the same mount. The cores were then sanded using
a succession of finer sandpapers. After the samples were prepared, they were scanned using a high
resolution digital scanner (Figure 6). We then initially analyzed the samples by counting the rings

with the aid of a microscope. We qualitatively graded rings with visibly limited growth or other
indicators of disturbance (marker rings) as slight, moderate or severe (Figure 7).

Figure 4. This tree near High Banks Park had three, concentric scars. The core taken from this
tree, shown on the right immediately after collection, also displays evidence of these older
scarring events.

Figure 5. The tree cores were mounted in upstream/downstream pairs on wood blocks prior to
final preparation.

Figure 6. High resolution scans of the prepared tree cores were made by the research team. In
the example shown, the growth proceeded from left to right. The top core is from the upstream
side of the tree and the bottom is from the downstream side.

Figure 7. Potential marker rings were qualitatively graded as slight, moderate, or severe.
We also went back through the cores and created skeleton plots. Skeleton plots are a common tool
in dendrochronology for creating chronologies and determining the exact year of events that
affected the trees (Speer, 2010; Stokes & Smiley, 1968). Skeleton plots are created by estimating
the width of each ring relative to the adjacent ones. Narrower rings are indicated by longer lines
(Figure 8). This procedure can be performed much more quickly than taking measurements of the
actual ring widths while still being useful for cross dating (Speer, 2010). Cross dating is the
process of using data from multiple tree cores to identify false and missing rings in order to create
accurate (within one year) dates.

Figure 8. The researchers used skeleton plots to find marker rings in the cores. The example
shown here represents the cores shown in Figure 6.

3. Results
We collected data from 56 trees. Eleven different tree species were represented in our samples,
with silver maples and cottonwoods being the most common. Figure 9 shows the locations of the
tree cores relative to the City of Big Rapids and the Rogers Dam impoundment. The distribution
of cores was dictated both by the location of scarred trees and by access. The southernmost cores
are near locations of the most severe flood damage caused by the 2013 ice jam event.

Figure 9. Tree cores collected in 2015 are indicated by red circles. The locations of Rogers Dam
and the former site of Big Rapids Dam are also indicated.
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Figure 10. The potential marker rings were assigned qualitative severities by the research team, as well as an initial estimate of the
year based on the ring count.

The marker rings were assigned qualitative severities by the research team, as well as an initial
estimate of the year based on the ring count (Figure 10). The CRREL Ice Jam database lists ice
jams after the end of the 2004, 2006, and 2013 growing seasons. We expected marker rings to
form in years immediately following ice jam events. This hypothesis was supported by the high
number of marker rings identified between 2005 and 2008. There are a number of years with high
scar counts in the 1980s and 1990s, raising the possibility of additional ice jams during this time
period.
While it is tempting to treat the counts of marker rings as a direct proxy for ice jams, there are
several other considerations. The most significant is that multiple factors, including non-ice jam
flooding or unusually dry years can affect the formation of marker rings. Other lines of evidence,
such as contemporary newspaper articles, should be examined for confirmation. The marker rings
should also be compared to historical weather and hydrologic data. It is important to recognize
that the tree cores do not all reach back the same amount in time, therefore the scar counts for the
older years may not be representative.
4. Conclusions
Ice jams often leave evidence of their occurrence on trees along the margins of rivers. Tree scars
and other indicators of trauma and suppressed growth can be dated using dendrochronology and
used to improve estimates of ice jam frequency. Here we have shown that there were likely many
more ice jams on the Muskegon River between Big Rapids and Rogers Pond than are indicated in
the CRREL Ice Jam database.
We are currently extending this work by comparing the tree ring data with contemporary
newspaper stories of ice jams. The tree ring data will also be used to create a master chronology
that can be used to identify missing rings and refine the accuracy of the dates of the previously
identified scars. Finally, we plan to compare the tree ring and scar data to hydrological and
meteorological records so that we can better attribute marker rings specifically to ice jams.
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