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OPINION*
HEWITT, Chief Judge

This is an action for just compensation filed by owners of property along the
eastern shore of Lake Michigan. Plaintiffs’ properties are located along an area of the
shoreline that erodes naturally, but allege that the government’s construction and
maintenance of a pair of jettieffected a@aking by speeding the erosion of their
properties.

This Opinion addresses a jurisdictional issue that arose after the second trial held
by the court to address the merits of plaintiffs’ claims. The court holds that, because
plaintiffs’ claims accrued earlier than 1952, plaintiffs filed this action outside of the
limitations period. The court therefore dismisses plaintiffs’ claims for lack of
jurisdiction.

“Without jurisdiction the court cannot proceed at all in any cause. Jurisdiction is
power to declare the law, and when it ceases to exist, the only function remaining to the
court is that of announcing the fact and dismissing the cauSéeel Co. v. Citizens for a
Better Envt, 523 U.S. 83, 94 (1998) (quoting Ex parte McCardeU.S. (7 Wallp06,

514 (1868)). For purposes of judicial efficiency, if the reviewing court in any appeal
should disagree with the court’s view of its jurisdiction, and to avoid the possibility of a
trial opinion being drafted months or years after the trial, and the possibiity of

repetitive trial, the court also presents here its findings from the trial. These findings are
presented in the alternative and, in the absence of jurisdiction, do not entitle plaintiffs to
just compensation in the amounts determined bycturt.

Before the court are Plaintiffs’ Post-Trial Brief (Pls.” Br.), Docket Number (Dkt.
No.) 495, filed June 21, 2011; United States’ Post-Trial Memorandum (Def.’s Br.), Dkt.
No. 496, filed June 21, 2011; Plaintiffs’ Response to the United States’ Post-Trial Brief

The court attaches Table of Contents at the end of this Opinion.



(Pls.” Resp.), Dkt. No. 497, filed July 12, 2011; and United States’ Post-Trial Response
Memorandum (Def.’s Resp.), Dkt. No. 498, filed July 12, 2011.

Also before the court is the following briefing on the topic of jurisdiction, filed
pursuant to the court’s August 9, 2011 Order, Dkt. No. 499: Plaintiffs’ Post-Trial Brief
on Jurisdiction (PIs.’ Jur. Br.), Dkt. No. 501, filed September 7, 2011; United States’
Supplemental Post-Trial Memorandum (Def.’s Jur. Br.), Dkt. No. 502, filece8dyar 7,
2011; United States’ Supplemental Posal Response MemorandufDef.’s Jur.

Resp.), Dkt. No. 503, filed September 21, 2011; and Plaintiffs’ Post-Trial Reply Brief on
Jurisdiction (PlIs.” Jur. Resp.), Dkt. No. 504, filed September 21, 2011.

Also before the court is the transcript of the trial of damages (Tr.), held from April
18 through April 21, 2011 and from April 25 through April 28, 2011.

l. Procedural Backgrounahd the Law of the Case

“Plaintiffs® are the owners of property along approximately four and a half miles
of the eastern shore of Lake Michigan south of St. Joseph Harbor.” Sept. 28, 2007 Op.,
Banks v. United Statd&iability Op.), Dkt. No. 245, 78 Fed. CI. 603, 604 (2007).
Beginning in the 1830s, the United States government, acting through the United States
Army Corps of Engineers (defendant or the Corps) re-constructed the mouth of the St.

’Plaintiffs identify themselves as follows in their briefing, which also contais th
addresses of their properties: Michael R. and Janice Anderson; John H. and Mary Banks;
Andrew C. Bodnar and Christine M. Zajl-Bodar; Gregory R. and Candice C. Boveg;Hrra
Bunker; Richard R. and M. Lynn Carter; Donald R. and Gail L. Chapman; the J. Thomas
Concklin Trust; Gerard V. Cosgrove; Marilyn J. Cunat individually and as Rarson
Representative of the Estate of Robert Cunat; Marc and Mary Del Mariani; Elcregah
Trust; Victor J. Horvath and Frances B. Horvath Trust under Trust AgreemeatNtatember
16, 1995; George J. Gregule, Jr.; Victoria Jackson aka Victoria lllsen; Hyun S.Thustg
Robert J. and Patricia Kane; Frank F. and Charlotte D. Lahr; Richard Neuset, Rael
Pamela S. Pancoast; Dorothy A. Renner][], as Trustee of the Dorothy Rewtaaien of Trust
aka Dorothy Renner Trust dated September 6, 1996; Leonard J. Smith; Kay F. \dakgey &k
Smith; Marcia Wineberg; Robert D. and Maria Melcher; Carolynne K. Morvig;T@uaig D.
and Cherie Okonski; Kent A. and Margaret Werger; Roger B. and Ann C. Wilschkeryount
LLC; Greenbriar Development; L. Riclthand Nancy A. Marzke; Donald D. and Judith E.
Miller; Notre Dame Tennis and Swim Club aka Notre Dame Path Condominium Assqgciation
Herzl Ragins, M.D.; Elizabeth S. Errant aka Elizabeth Saphir, individually ahdiatee to the
James W. Errant, Jr. Trust; Bank One fka NBD Bank, N.A., Trustee of the Thelmek@yM
Trust. PIs.” Post-Trial Br. (PIs.” Br.), Docket Number (Dkt. No.) 495, & $e alsd’Is.” Ex.
(PX) 248 (first stipulation regarding ownership); PX 249 (second stipulatiordiega
ownership); PX 250 (third stipulation regarding ownership); PX 251 (fourth stipulatiardieg
ownership). Although missing from plaintiffs’ list, the Estate of Yolanda ReSteis included
in one of the stipulations provided by the parti8eePX 248 (firststipulation regarding
ownership) Ex. A at 2.



Joseph River and began constructing harbor jetties that jutted into Lake Michigan in
order to accommodate commercial shipping vessels exiting the St. Joseph River into
Lake Michigan._Id.Over time, the Corps lengthened the jetties and then encased them in
steel. _Id. Plaintiffs claim that the Corps’ construction and maintenance of the jetties
caused erosion of their shoreline property. 3gecifically, plaintiffs allege that the
encasement of the jetties in “sand-tight” steel sheet piling during the period from 1950 to
1989 interrupted the natural littoralrift of sand to their properties, resulting in erosion.
SeeAug. 9, 2011 Order, Banks v. United Sta@sder to Brief JursisdictignDkt. No.

499, 99 Fed. Cl. 622, 624 (2011).

Several factors obscure the effect of the jetties on plaintiffs’ properties. Plaintiffs’
properties are located along a shoreline that is eroding natwedliiy. 2594:24-25
(Nairn); Tr. 710:22-23 (Mackey), making it necessary to distinguish the baseline of
natural erosion from erosion caused by defendant. The comparatively slow process of
long-term erosion is also masked by far larger swings in the width of the beaches next to
plaintiffs’ properties caused by cross-shore sand transport, a cyclical process by which
sand is moved offshore during times of high lake levels and returned to the shore during
times of low lake levelsSeeTr. 25933-19, 2594:2-2595:2 (Nairn) (“So, | mean, you've
got swings of hundreds of feet related to the cross or reversible process and then you've
got a very [s]low retreat, we believe to be around .62 [feet] per year on the south end,
going on in the background of all those very large swings back and focth.T);
1624:9-12 (Shabica) (stating that “predicting lake levels is like predicting the weather,
but if we look in the past, high lake levels from one high lake level to the next have
ranged anywherketweenll yearsand 22 years”). Furthermore, the composition of a
shoreline, a characteristic that impacts how the shoreline erodes and how it reacts to
efforts to mitigate erosion, can be hidden by surface sediments, and may be complex and
difficult to characterize into one of the two categories--sandy and cohesieeé-by
coastal engineers and geologisBeeinfra Part I11.B.

Defendant filed a motion to dismiss on the ground that plaintiffs’ claims are time-
barred. July 31, 2001 Op. and Ordganks v. United Statg#®\ccrual Op. J, Dkt. No. 3,
49 Fed. Cl. 806, 809 (2001), rey'814 F.3d 1304 (Fed. Cir. 2003) (Accrual Op. [The
court granted defendant’s motion to dismiss, finding that plaintiffs’ claims accrued no
later than 1989, more than six years before plaintiffs filed Setid. at 825. For
reasons discussed below, g&fea Partlll.A.1, the United States Court of Appeals for the
Federal Circuit (Federal Circuit) reversed and remanded for further proceedings, Accrual
Op. I, 314 F.3cht 1310.

*The littoral zone is, “[ijn beach terminology, an indefinite zone extending seduean
the shoreline to just beyond the breaker zor@oastal Engineering Manyapp. A (Glossary)
A-45 (2003). Littoradrift or transport refers to “[tlhe movement of beach material in the littoral
zone by waves and currents,” and “[ijncludes movement parallel (long shoyaddft
sometimes also perpendicular (creb®re transport) to the shordd.
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On remand, this case has been bifurcated for trial of liability and damages. In
2007 the court held one-week trial of liability and issued the couttiability Opinion.*
See generalliziability Op., 78 Fed. Cl. 603. Theability Opinion summarizes the
procedural history of the first eight years of this case, makes extensive findings of fact
and describes many of the scientific concepts at issue in this8asel. passim In
order to minimize repetition, this Opinion assumes substantial familiarity with the
Liability Opinion.

After the court issued itsiability Opinion, the court directed the parties to “file a
joint status report or, if they cannot agree, separate status reports, proposing additional
proceedings necessary to resolve the remaining issues in this matter.” Dec. 14, 2007
Order, Dkt. No. 250, at 1-2. Defendant filed a status report, stating that the parties had
met in person “in an effort to discuss issues and share thoughts on how to calculate
damages.” Def.’s Status Report, Dkt. No. 252, at 2. Defendant described several factual
and legal issues that remadoutstanding in regard to the measure of damages owed by
defendant.Seeid. at 2-5. Defendant stated that, while defendant believed that the court
had ruled on the issue of shoreline composition, plaintiffs believed that they would be
able to introduce additional evidence on the toeeid. at4. Defendant noted that the
“array of factors” that must be considered by the court in order to calculate damages is
complicated by the fact that “plaintiffs present a variety of different circumstances: for
example, some plaintiffs claim to have lost all of their property, some plaintiffs have sold
their property since the onset of litigation, and some also claim loss and damage to
structures and loss of rental income.” dtl2. Defendant suggested that appraisals of
plaintiffs’ properties would be necessary to establish the amount of damage caused by the
government’s actionsSeeid. at 2-3. Defendant proposed a schedule for briefing on the
remaining legal issues, limited additional discovery and a trial of dam&gesd. at 4-5.

Plaintiffs submitted a status report that proposed no further proceedings or
discovery. Pls.’ Status Report, Dkt. No 251, passhtaintiffs’ status report proposed

“In addition to the court’s trial opinion following the trial of liability, Sept. 28, 2007 Op.,
Banks v. United Statdgiability Op.), Dkt. No. 245, 78 Fed. CI. 603 (2007), several other of the
court’s orders, discussed below, further refine the law of the case in tites.n&eeAug. 11,

2009 Op. and Order, Banks v. United Stdtesv of Damages Oj.Dkt. No. 324, 88 Fed. CI.

665, 688 (2009) (determining that plaintiffs are entitled to damages for a time pegiodihg

in 1950, rather than at their date of acquisition); Oct. 15, 2008 Op. and Order, Banks v. United
StateqOrder Granting ReconsDkt. No. 276, 84 Fed. Cl. 288, 298 (2008) (granting
reconsideration on the topic of lakebed composition); May 3, 2007 Op., Banks v. United States
Dkt. No. 200, 76 Fed. Cl. 686, 692 (2007) (concluding that accrual of a takings claim is
determined by an objective standard); May 26, 2006 Op., Banks v. United (Stai&d Op),

Dkt. No. 141, 71 Fed. Cl. 5Qdassim(2006) (discussing the definition of the term “ordinary high
watermark”); June 23, 2005 Op. and Order, Banks v. United Sf&tabilization Op, Dkt. No.

87, 68 Fed. Cl. 52passim(2005) (discussing the federal navigational servitude and the date on
which the ordinary high water mark is to be measured).




that the court order defendant to pay plaintiffs $124,918,219, an amount that plaintiffs
argued was equal to the cost of the shore protection installed by plaintiffs, the loss of real
property and structures to erosion, the loss of rent, the loss of beach access, “prospective
damages” and interest. lat 1-3 5. Plaintiffs did not attachdequatelocumentation or
detailed calculations to their status report to support the amount of their alleged damages.
Seeid. passim Plaintiffs stated that “[p]laintiffs have reviewed numerous available
appraisals and find them to be unhelpful in that they use comparables, i.e., other sold
properties, which likewise lack unhindered (i.e., no need for shore protection) lake
access.”ld. at 6. Without explanation, plaintiffs attached to their status report a
newspaper article titled “River dredgingcesobstacles”; a list--largely typed but partly
written by hand--of the plaintiffs and the sums alleged to be due to each; a copy of two
filings in this case related to interrogatories; and a list--largely written by hand but typed
in part--entitled “Properties Sold or Destroyed[,] Reasonably Foreseeable Losat” Id.

Exs. 1-4.

Plaintiffs then filed Plaintiffs’ Motion for Leave to Supplement Status Report,
Dkt. No. 253, attached to which was a status report with the subtitle “taking is
spoliation} id. at 1. In their status report, plaintiffs stated that “defendant/spoliator, who
has been found liable for taking private property landward of the high water mark
(OHWM), now wants to foist upon the judicial process a tediously cumbersome effort to
measure that very property which it has destroyed or disposed of by its own continuing
activity.” Id. at 1-2. Plaintiffs argued that “[t]he best evidence of sand loss to each
plaintiff is based on his or her own recollection, photographs, appraisals, etc. listed in
plaintiffs’ answers to defendant’s 2nd set of interrogatories.’atld.(capitalization
omitted). Plaintiffs further argued that “[a]n appropriate sanction for the
defendant/spoliator would be for the [c]ourt to accept the calculations which have been
available to defendant since July 16, 2001--oveysats.” Id. at 2. Plaintiffs argued
that “defendant/spoliator has acted intentionally, in an anti-constitutional, anti-
environmental, anti-due process, and unnecessary manneat' 3d.

The court conducted two telephonic status conferences with the partidansee
22, 2008 Order, Dkt. No. 258, at 1-2, and scheduled briefing on the issue of whether
plaintiffs would be permitted to present additional evidence of shoreline composition at
the trial of damageseeFeb. 19, 2008 Order, Dkt. No. 260, passiduaintiffs filed a
memorandum that the court treated as a motion for reconsideration on the issue of
shoreline compositianOct. 15, 2008 Op. and Order, Banks v. United Stgdeder
Granting Recon}. Dkt. No. 276, 84 Fed. Cl. 288, 290 (2008). Plaintiffs argued that they
should be permitted at the trial of damages to present additional evidence that the
shoreline in plaintiffs’ zongis cohesivé. 1d. The court concluded that “[c]ontrary to

®Plaintiffs’ zone includes portions of Lincoln Township, St. Joseph Charter Township
and Stevensville, all of which are located in Berrien County, MichigeePIs.’ Br. 37; see
alsoDef.’s Ex. (DX) 293 (Mickelson Report) 4, Fig. 1 (map of plaintiffs’ zone); DX @¥airn
OHWM Report) 22, Fig. 4.1 (map of “Properties to the North”); DX 172 (Nairn OHWM Repor

6



plaintiffs’ contention, the court explicitly and conclusively determined the issue of the
nearshore lakebed composition in plaintiffs’ zone.” Tdhe court stated that “[p]laintiffs
did not carry their burden of proof regarding the composition of the nearshore lakebed
during the liability trial.” Id.at 293’ The court further stated that “[p]laintiffs’

arguments fail to demonstrate any of the three circumstances which would support
reconsideration: the occurrence of an intervening change in the controlling law, the
availability of previously unavailable evidence, or the necessity of allowing the motion to
prevent manifest injustice.” lét 292 (citing Matthews v. United Stat&8 Fed. CI. 524,
526 (2006)). However, notwithstanding that “[p]laintiffs had the opportunity during trial
to present evidence regarding the composition of the nearshore lakebed of plaintiffs’
zone,” id.at 297, the court held that “in order to avoid possible inefficiency and delay in
resolving plaintiffs’ claims, the court will accept additional evidence regarding the
composition of the nearshore lakebed in plaintiffs’ Zbitk,at 298;see alsonfra Pars
[11.B.2-3 (discussing additional evidence of shoreline composition). The court directed
the parties to suggest a schedule for further proceed8esOrder Granting Recons34
Fed. CI. at 298.

After receiving separate status reports from the parties, the court set a schedule
providing for discovery and the resolution of remaining legal issues. Nov. 12, 2008
Order, Dkt. No. 282, at 2-4ge alsdAug. 11, 2009 Op. and Order, Banks v. United
StateqLaw of Damages OJ.Dkt. No. 324, 88 Fed. Cl. 665, 669-70 (2009) (listing the
motions and memoranda filed by the parties). The court then issued its Law of Damages
Opinion in which it stated that “[t]he court’s legal rulings contained within this Opinion
and Order clarify the law that will govern the damages phase of the case.” 88 Fed. Cl. at
669 n.1.

The damages available to plaintiffs are calculated in accordance with the court’s
finding in theLiability Opinion that defendant is liable for the portion of 30% of the total

25, Fig. 4.2 (map of “Properties to the South”). Plaintiffs’ zone begins 18,188 feet fr&h the
Joseph Harbor, the site of the jetties, and ends 41,553 feet from the jetties. DX 298&@vicke
Report) 5, Table 1 (table of plaintiffs’ properties arranged by distancejétties).

The expert witness reports prepared in this case were admitted withoutoobgextiare
cited by the parties in their briefingee, e.g.PIs.” Br. 10 (citing PX 136 (Mackey Report));
Def.’s Br. 5 (quoting DX 294 (McNinch Report)).

®Shoreline composition is significant to whether defendant’s efforts to neitegasion
have been effectiveSeeinfra Part 111.B.

"The court also noted that “plaintiffs failed to present, as they might have and indee
should have, evidence on each individual plaintiff's specific property interest, imgltitie,
date of acquisition[] and boundaries, at the liability triaDfder Ganting Recons84 Fed. Cl. at
297 n.6.




erosion damages to each plaintiff's property not mitigated by defendant. 78 Fed. Cl. at
656-57. Plaintiffs’ damages are to be divided into three time per®elsid. During

each time period, defendant is liable for any portion of 30% the erosion damage to
plaintiffs’ properties not mitigated by defenda&@eeid. During the first time period,

which runs from 1950 to 1970, defendant undertook no mitigation activity and is liable
for damages for 30% of the erosion of each plaintiff's prope®egeid. at 656. During

the second time period, which begins in 19%@en the Corps began its efforts to

mitigate erosion caused by the jetties--defendant is liable “for any portion of 30% of each
plaintiff's total erosion above the high water mark . . . that was not effectively mitigated
by the Corps’ nourishment.Seeid. During the third time period, from January 2000
forward, defendant is liable for damages for any portion of 30% “of all reasonably
foreseeable future loss” not mitigated by defendant. Id.

Plaintiffs who have installed shore protection may recover the government’s share
of the cost to install and maintain the shore protection, Law of Damage88Jed. Cl.
at 685 & n.16, that is, 30% of any costs incurred from 1950-1970, and a portion of the
costs incurred from and after 1970 equal to the portion of the erosion caused by the jetties
and not mitigated by defendantf, Liability Op., 78 Fed. Cl. at 656.

Regarding defendant’s liability for “all reasonably foreseeable future lossthed.
court stated that if further erosion of plaintiffs’ properties is fact preventable by
prudent measures, the cost of that prevention is a proper basis for determining the
damage;” Law of Damages Op88 Fed. Cl. at 683 (quoting United States v. Dickinson
331 U.S. 745, 751 (1947)). Relevant to whether the installation and maintenance of shore
protection to prevent future erosion is a “prudent measure” is whether the shore
protection costs more than the reasonably foreseeable erosion damage that would occur
without it. Seeid. (“If revetments are less expensive than the value of the land forecast
to be lost, then the [gloverment may discharge its liability by bearing the cost of bank
protection.”) (quotingBoling v. United StategBoling ), 41 Fed. Cl. 674, 694 (1998),
vacated on other groun@8oling I1), 220 F.3d 1365 (Fed. Cir. 2000)).

“Although the general rule in takings cases is to award plaintiff the form of just
compensation that will be least expensive for the government,” the court, in its Law of
Damages Opinigrfound this general rule “inapplicable in the particular circumstances of

8At the time that the court filed the court&bility Opinion, the issue of the period of
time during which defendant’s liability is to be evaluated was not “squiaeétye the court.”
Law of Damages Op88 Fed. Cl. at 675 n.7. The court concluded at the time that plaintiffs were
not entitled to recover damages for erosion that predated their acquisition ofdpertips. See
Liability Op., 78 Fed. ClI. at 655-57. Following briefing on the issue, the court concluded in its
Law of Damages Opiniotihat each plaintiff is “entitled to compensation for any damage
attributable to the jetties from the time the jetty improvements began in 1950, notwiihgtan
the fact that 1950 may be prior to the date on wheh plaintiff acquired its respective property
interest.” 88 Fed. Cl. at 680.




the present case,” in which the government is not the sole source of erosion to plaintiffs’
properties._ld.The court stated that “[p]laintiffs may not be financially able to pay 70%

of the cost to construct shore protection measures out of their own pockets, resulting in
continued erosion of their property.” Idhe court held that “as an alternative to seeking
30% of the cost of shore protection measures, plaintiffs may instead seek 30% of the cost
of ‘reasonably foreseeableture loss’ to their property, although this amount may result

in greater cost to the government.” &i.684.

The court held a trial of damages from April 18 through April 21, 2011 and from
April 25 through April 28, 2011 in Niles, MichigahSeeTr. passint®

°For convenient reference, the name, in alphabetical order, and a description of each
witness upon whose live testimony the court relies in@ipimion follows:

Mr. David E. Burgoyne is an expert witness for defendant. Mr. Burgoyne holds a
bachelor’s degree in liberal arts with a concentration in physics and asyrémoomColgate
University. Trial Transcript (Tr.) 57:13-17 (colloquy between Mr. Burgoyne aaidtffs’
counsel). Mr. Burgoyne is an appraiser certified by the state of MichigaB8:6-18 (colloquy
between Mr. Burgoyne and plaintiffs’ counsel), and 90% of his work “involves doing sglgrai
for potential or existing litigation, and various litigation suggolr. 58:25-59:3 (Burgoyne).
Mr. Burgoyne is a senior member of the International Right-of-Way Aatsme, an organization
whose 10,000 members are professionals involved in the public acquisition of private property,
Tr. 93:23-94:23 (Burgoyne), andl one of seven “master facilitators” qualified to “teach [the]
teachers, teach [the] facilitators” for the organization, Tr. 94:18-21 (Burgoyhe)colurt
recognized Mr. Burgoyne as an expert in the appraisal of real property. Tr.235(@durt).

Dr. Michael J. Chrzastowski is an expert witness for plaintiffs. Dr. Clowagt is an
academic professional at the University of lllinois at Urb@hampaign and is the senior coastal
geologist at the lllinois State Geological Survey. Tr. 111Q:PB1:11 (Chrzastowski). Dr.
Chrzastowski holds bachelor’'s degrees in oceanography and geology from theitynofer
Washington, a master’s degree in coastal geology from Western Washingtersity and a
Ph.D. in coastal geology from the University of Delaware. Tr. 1108:18-1109:2 (Chrz&$tows
The court qualified Dr. Chrzastowski as an expert on types of shore protection and on how shore
protection impacts Lake Michigan and, in particular, the shore of Lake Michigr. 1132:14-

21 (court).

Mr. J. Thoma Concklin is a fact witness called by plaintiffs. Mr. Concklin is the trustee
and beneficiary of a trusteeTr. 1269:6-20 (colloquy between Mr. Concklin and plaintiffs’
counsel), which trust is a plaintiff in this acti@eePIs.’ Br. 4.

Mr. Martin Richard Jannereth is a fact witness called by plaintiffs. Mr. Jannereth was
employed by the Michigan Department of Environmental Quality at the time of theftrial o
liability. Tr. 1521:4-25 (colloquy between Mr. Jannereth and plaintiffs’ counsel).

Ms. Patricia Kane is a fact witness called by plaintiffs. Ms. Kane is a plainttifan
action. SeePlIs.’ Br. 5.



Dr. Grahame J. Larson is an expert witness for defendant, who testifiedrétl tbe t
liability and whose expert report was again admitted into evidence at the tehaiges. Tr.
1978:23-1980:4 (colloquy between parties and court). The court qualified Dr. Largon as
expert in glacial geology, glaciology and hydrology. Tr. 1984:24-1985:2 (court). aByoh’s
testimony addressedrtain matters contained in his expert rep@eeTr. 1978:11-2010:11
(testimony of Dr. Larson)

Dr. Scudder D. Mackey is an expert witness for plaintiffs. Dr. Mackey is getbks
“an adjunct professor in the departments of geology and biology at the Univeiitgasor in
Windsor, Canada.” Tr. 476:1-3 (Mackey). In 2003, Dr. Mackey started S.D. Mackey and
Associates, LLC, which does business as Habitat Solutions NA, primaxilpgé[flederal and
state agencies in both the U.S. and Canada.” Tr. 482:19-483:6 (Mackey). Dr. Mackey holds a
bachelor’s degree in geology from Hobart College, a master’s degree aggéam the
University of Wisconsin-Madison and a Ph.D. in geology from the State Univerilgvofy ork
at Binghamton. Tr. 467:7-13 (Mackey). Dr. Mackey has worked in the oil and gas industry in a
number of roles, Tr. 468:16-474:6 (Mackey), has served as a supervisor of the Lake Erie
Geology Group at the Ohio Department of Natural Resources, Tr. 474:19-21 (Masiewas
the projecimplementation manager for the Great Lakes Protection Fund, Tr. 481:11-24
(Mackey). Dr. Mackey has held positions as an adjunct professor at Ohio Statesitynared at
the University of Toledo. Tr. 475:17-23 (Mackey). The court qualified Dr. Mackag agpert
in coastal geology and nearshore coastal processes; in coastal helaéirdsto erosion; in
riverine processes in fluvial sedimentology; and in operating sidescanasswhiterpreting
sidescan sonar data. Tr. 487:17-24 (court).

Dr. Jessd&. McNinch is an expert witness for defendant. Dr. McNinch’s expert report
identifies his current position as “Director, Field Research Facilitygdstal Hydraulics Lab
USACE.” DX 294 (McNinch Report) 1. Dr. McNinch explains that “one of my spezsadts a
geological oceanographer . is developing new techniques to image, and to measure things like
substrates, beach erosion, wave energy during storms, and things like that.” Tr. 1769:4-8
(McNinch). He has used sidescan sonar “quite a bit.”1489:17-22 (colloquy between Dr.
McNinch and defendant’s counsel). Dr. McNinch holds a bachelor’'s degree in geologhé
University of Louisiana at Lafayette, a master’s degree from the kdityef North Carolina at
Chapel Hill and a Ph.D. in marine sciences from the University of North CarolZlzagiel Hill.

Tr. 1772:13-19 (McNinch). The court recognized Dr. McNinch as an expert in geologic
oceanography, geophysical techniques for surveys in shallow water enwvitsrfore

determining lakebed cgmosition, and for assessing the behavior of a shoreline. Tr. 1782:19-24
(court).

Dr. Guy A. Meadows is an expert witness for plaintiffs. Dr. Meadows is agzof at
the University of Michigan.SeeTr. 310:19-20 (Meadows); Tr. 313:24-314:9 (collogegmeen
Dr. Meadows and plaintiffs’ counsel). Dr. Meadows has conducted several coastgssar
study changes in the shoreline as a result of changes in water levels, stemt&oprand wave
conditions. Tr. 310:7-312:23 (colloquy between Dr. Meadows, plaintiffs’ counsel and the court)
Dr. Meadows holds bachelor's and master’s degrees in mechanical engineemiidi¢higan
State University and a Ph.D. from Purdue University, where he studied coastadynamics
and nearshore flows and circulations. Tr. 308:14-23 (Meadows). The court qualified Dr.
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Meadows as an expert in locating historic ordinary high water marks on Lakegifidor

specific property sites; evaluating and calculating land lost to erosion both tanaivebin the
lakebed of LakéVlichigan; and evaluating the existence and effect of a shadow zone on Lake
Michigan. Tr. 319:15-320:4 (colloquy between counsel for the parties and the court).

Dr. David M. Mickelson is an expert witness for defendant. Dr. Mickelson, cuyrrent!
retired,was a professor of geology and geophysics at the University of WisconsineMadis
2011:12-18 (colloquy between Dr. Mickelson and defendant’s counsel). Dr. Mickelson holds a
bachelor’s degree from Clark University in geography, a master’s deggeelogy from the
University of Maine, and a Ph.D. in geology from Ohio State University. Tr. 2012:19-22
(Mickelson). Dr. Mickelson has either authored or co-authored more than 100 publicabehs, m
of which were on glacial geology and coastal morphology, and most of which focused on the
Great Lakes Area. Tr. 2016:16-2017:6 (colloquy between Dr. Mickelson and defendant’s
counsel). The court qualified Dr. Mickelson as an expert in coastal and glesrabrphology.

Tr. 2022:57 (court).

Dr. Michael Moore is an expert witness for plaintiffs. Dr. Moore is a profegsor
economics at the University of Virginia and is “self-employed, doing busiseSkarlottesville
Partners.” Tr. 118:22-119:4 (colloquy between Dr. Moore and plaintiffs’ counsel). DreMoor
holds a bachelor’s degree from Boston College, a master’s degree in businesstiadiomi
from Babson College, and a master’s degree and Ph.D. in economics from theityrafers
Michigan. PX 149 (Moore Report) Ex. 1, at 3. The court qualified Dorglas an economic
expert on the change in value of the plaintiffs’ residences resulting frommnberacement in
January 2000 by the United States that the erosion south of the jetties in St. Jobeplétar
permanent. Tr. 141:1B8 (court).

Dr. Robert B. Nairn is an expert witness for defendant. Dr. Nairn is emplgywad
Baird & Associates, a firm that works exclusively on river and coastlineesgng. Tr.
2169:5-22 (colloquy between Dr. Nairn and defendant’s counsel). Dr. Nairn holdsetobach
degree in civil engineering and a master’s degree in coastal engineeringdeam' QUniversity
in Ontario, Canada and a Ph.D. in coastal processes and coastal engineeringéoah
College of Science and Technology in London, England. Tr. 2156:16-25 (Nairn). The court
qualified Dr. Nairn as an expert in coastal engineering; river engingeaagtal processes;
sediment transport for sediment budgets and longshore transport rate calculatiosiscal
modeling for coastal processes and sedintransport; shore protection; shore protection design
and cost; impact of coastal structures on shore erosion and beach nourishment; aobesive
sandy shores; coastal hazard assessment for flood and erosion hazardsagsaqghgal
information systems. Tr. 2215:11-22 (court).

Ms. Joan Pope is a fact witness deposed by both parties. Ms. Pope oversaw drafting of
the bulk of the Coastal Engineering Manual (CEM). Pope Dep. 19:15-20 (colloquy between Ms
Pope and plaintiffs’ counsel). Ms. Popeauttiored a document that guided work on the CEM,
entitled Guide for Preparation of the Coastal Engineering Mar@es. generall{?X 316 (Guide
for Preparation of the CEM). Ms. Pope’s video deposition was played into the recaatbatttr
omitted in error from the trial transcript. After trial, the court reopened theddard to admit
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After the court received the parties’ post-trial briefing, the court directed the
parties to file additional briefing addressing whether, in light of certain evidence
presented at the trial of liability and certain findings of fact made in the court’s Liability
Opinion the court has jurisdiction to hear plaintiffs’ claineeOrder to Brief
Jurisdiction,99 Fed. Cl. at 625-26.

the transcript of Ms. Pope’s deposition. May 31, 2011 Order, Dkt. No. 492 ez A|sd’ls.’
Notice of Filing, Dkt. No. 493, Exs. A-B (Pope Dep).

Dr. Charles W. Shaca is an expert witness for plaintiffs. Dr. Shabica taught at
Northeastern lllinois University for thirtgne years and is currently retired. Tr. 1572:18-24,
1573:19-21 (colloquy between Dr. Shabica and plaintiffs’ counsel). Dr. Shabicabaaiah
courses at Northwestern University and the University of the PacificbT8:24-1574:2
(Shabica), and at the University of the Virgin Islands, Tr. 1574:22-23 (Shabica). In 1984, Dr.
Shabica founded Shabica and Associates, a coastal consulting tichésdresearch and
development on coastal management.” Tr. 1574:9-11 (Shabica). Dr. Shabica holds a bachelor’
degree in geology from Brown University and a Ph.D. from the University oaGaicTr.
1570:23-1571:4 (Shabica). The court qualified Draldca as an expert in coastal geology, and
in coastal shore protection measures and costs. Tr. 1610:25-1611:2 (court).

Mr. Patrick O. Shires is an expert witness for plaintiffs. Mr. Shires isam@plby
Cotton Shires and Associates, a geotechnical consulting firm. Tr. 762:4-6 (SMre§hires
holds a bachelor’s degree in biology and a master’s degree in civil enginedahragspecialty
in geotechnical engineering and hydrology, both from Stanford University. Tr. 783:10-
(Shires). Cotton Shes and Associates specializes “in slope stability issues, [which includes
both] coastal slope stability [and] coastal bluff stability.” Tr. 7@l &hires). Mr. Shires
performs soil design studies, in which he sends soil samples for laboratory aestinges the
results to advise clients “on how to build, what kind of foundations should they put, how deep
should it should go, [and] what are you trying to protect against with that foundation.” Tr.
766:20-767:10 (colloquy between Mr. Shires and plaintiffs’ counsel). The court gliifie
Shires as an expert in geotechnical engineering and coastal engineeringssnab®f
identifying cohesive sediments and the lakebed profile. Tr. 783 408eurt).

Ms. Marcia Wineberg is a fact witness callgddbaintiffs. Ms. Wineberg is a plaintiff in
this action. SeePIs.’ Br. 5.

%The trial of damages was originally scheduled to take place in 2010. At a telephonic
status conference held on September 18, 2009, the court discussed scheduling fornhregremai
discovery and stated that it had “put a pencil line through the days, September 27, 28, 29, 30,
and. . . October 1, [2010] for trial.” July 23, 2010 Order, Dkt. No. 420, at 2 (internal quotation
marks omitted). Plaintiffs stated “[W]e are going to be read.’(internal quotation marks
omitted). Notwithstanding plaintiffgepresentation that they would be ready for trial in
September 2010, the court found on July 23, 2010 that “[i]n fact, discovery is not over and,
during 2010, plaintiffs have been a major source of delay . . .. In particular, pldiatiéidiled
seveal motions in an effort to strike the reports of defendant’s experts on grounds that the court
has found to be entirely without meritld.
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Il. Legal Standards
A. Jurisdiction

Subject matter jurisdiction is a threshold matter that a court must determine at the
outsetof a case.SeeSteel Ca.523 U.S. at 94-95; PODS, Inc. v. Porta Stor,, 1484
F.3d 1359, 1365 (Fed. Cir. 2007). “Plaintiff[s] bg¢ahe burden of showing jurisdiction
by a preponderance of the evidence.” Taylor v. United $taf&sF.3d 1357, 1359 (Fed.
Cir. 2002) (citing Thomson v. GaskiB15 U.S. 442, 446 (1942)). The court must
consider jurisdictional issues at any point in a case that they arise. St&s2&0.Sat
93. The court is obligated to raise the issue of its own jurisdiction sua Spante
guestion thereto exists.” Liberty Mut. Ins. Co. v. Wetd@4 U.S. 737, 740 (1976)
(citing Mansfield, C. & L.M. Ry Co. v. Swanl111l U.S. 3791884)).

The court must accept as true all undisputed allegations of fact made by the non-
moving party and draw all reasonable inferences from those facts in the non-moving
party’s favor. SeeHenke v. United State§0 F.3d 795, 797 (Fed. Cir. 1995) (citing
Scheuer v. Rhoded16 U.S. 232, 236-37 (1974), abrogated on other grounHsigw
v. Fitzgerald 457 U.S. 800 (1982)). However, “[w]hen a party challenges the
jurisdictional facts alleged in the complaint, the court may consider relevant evidence
outside the pleadings to resolve the factual dispute.” Arakaki v. United, BatEesd.

Cl. 244, 247 (2004) (citing Reynolds v. Army & Air Force Exch. Se846 F.2d 746,

747 (Fed. Cir. 1988) and Indium Corp. of Am. v. Semi-Alloys,,Ii81 F.2d 879, 884

(Fed. Cir. 1985)); dames Wm. Moore et aMoore’s Federal Practic® 12.30[3] (3d ed.
2004) (“[U]nlike a Rule 12(b)(6) dismissal, the court need not confine its evaluation to
the face of the pleadings . . . .”). If a court determines that it does not have jurisdiction, it
must dismiss the claimSeeRules of the United States Court of Federal Claims (RCFC)
12(h)(3).

“Every claim of which the United States Court of Federal Claims [Court of
Federal Claims] has jurisdiction shall be barred unless the petition thereon is filed within
six years after such claim first accrues.” 28 U.S.C. 8 2501 (2006). “Itis well established
that statutes of limitations for causes of action against the United States, being conditions
on the waiver of sovereign immunity, are jurisdictional in nature.” Martinez v. United
States 333 F.3d 1295, 1316 (Fed. Cir. 2003) (en banc) (citing, inter_alia, Block v. North
Dakotg 461 U.S. 273, 287 (1983)). Because the statute of limitations in this court is
jurisdictional,_id, plaintiffs have the burden of showing by a preponderance of the
evidence that their claims were timely filegeTaylor, 303 F.3d at 1359.

B. Accrual of Takings Claims

A takings claim must be filed “within six years after such claim first accruesée
28 U.S.C. § 2501. Pursuant to the “stabilization doctrifihe accrualbf a takings
claim where the government leaves the taking of property to a gradual physical process
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occurs when the situation has ‘stabilized.” Accrual Op314 F.3d at 1308 (quoting
Boling I, 220 F.3cat 1370). The stabilizéaon doctrine was first stated ancase
involving a taking of property by a gradual process of flooding, as follows:

[A]s there is nothing in reason, so there is nothing in legal doctrine, to
preclude the law from meeting such a process by postponing suit until the
situation becomes stabilized. An owner of land flooded by the Government
would not unnaturally postpone bringing a suit against the Government for
the flooding until the consequences of inundation have so manifested
themselves that a final account may be struck.

Dickinson 331 U.S. at 749. Ten years after Dickinseas decided, thenited States
Supreme Court (§oreme Couitclarified its holding, stating: “The expressly limited
holding in Dickinson was that the statute of limitations did not bar an action under the
Tucker Act for a taking by flooding when it was uncertain at what stage in the flooding
operation the land had become appropriated to public use.” United States,\89Jow
U.S. 17, 27 (1958).

Courts have recognized that interpreting the holding of Dickibsoadly would
put it in “unending conflict with the statute of limitations.” Gustine Land & Cattle Co. v.
United States174 Ct. Cl. 556, 656 (1966p5¢ee alsd®el. State Coll. vRicks 449 U.S.
250, 258 (1980); Boling JI220 F.3d at 1371 (stating the holding of Ritk®e that “the
proper focus in a claim accrual analysis ‘is upon the time of the [defendant’s] acts, not
upon the time at which the consequences of the acts become most painful” (internal
guotation marks omitted) (alteration in original)); Columbia Basin Orchard v. United
States116 Ct. Cl. 348, 357, 88 F. Supp. 738, 739 (1950) (“[W]e do not think the
Supreme Court, in the Dickins@ase, meant to hold that plaintiff was entitled to wait
until any possibility of further damage had been removed.”).

Stabilization ofa claimfor a taking by erosion occurs “when the erosion ha[s]
substantially encroached the parcels at issue and the damages [are] reasonably
foreseeable.”_Boling JI220 F.3d at 1373. [S]tabilization occurs when it becomes clear
that the gradual process set into motion by the government has effected a permanent
taking, not when the process has ceased or when the entire extent of the damage is
determined.” Accrual Op. 1} 314 F.3d at 1308 (quoting Boling B20 F.3d at 1370-71).
The extent of the taking must be “reasonably foreseeable,” Boli2g0IF.3d at 1371
but the damage need not be “complete and fully calculable before the cause of action
accrues,'Fallini v. United Statesb6F.3d 1378, 1382 (Fed. Cir. 1995).

C. Damages in Partial Takings Cases

The Fifth Amendment of the United States Constitution provides that private
property shall not “be taken for public use, without just compensation.” U.S. Const.
amend. V. Erosion of property due to government action isygesf physical injury
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that rises to the level of a taking. See,,@qling Il, 220 F.3d at 1370. “When the
government fails properly to compensate private property owners for a taking, this court
has jurisdiction to enforce the owners’ right to just compensation.” Liability @pFed.

Cl. at 614 (citing 28 U.S.C. § 1491; Applegate v. United State$.3d 1579, 1581 (Fed.
Cir. 1994). Such aclaim is often referred to as a “inverse condemnation claim,” see,
e.d, Owen v. United State851 F.2d 1404, 1418 (Fed. Cir. 1988) (en banc), or as a
“taking claim,” see, e.gid. at 1406.

“If only a portion of a single tract is taken the owner’'s compensation for that
taking includes any element of value arising out of the relation of the part taken to the
entire tract. Such damage is often, though somewhat loosely, spoken of as severance
damagé€. United States v. Miller317 U.S. 369, 376 (1943) (footnote omitted); see also
Hendler v. United State475 F.3d 1374, 1383 (Fed. Cir. 1999) (“In cases of a patrtial
physical takingas that hergust compensation under the takings clause of the
Constitution includes ‘not only the market value of that part of the tract appropriated, but
the damage to the remainder resulting from that taking, embracing . . . injury due to the
use to which the part appropriated is to be devoted.” (alteration in original) (quoting
United States v. Grizzay@19 U.S. 180, 183 (1911))).

Plaintiffs carry the burden of proving “that a taking has occurred justifying the
payment of just compensation.” Loesch v. United St@&2g Ct. Cl. 34, 44, 645 F.2d
905, 914 (1981). Plaintiffs alsmarry the burden of proving the amount of just
compensation to which they are entitled for severance damage. Ga.-Pac. Corp. v. United
States 226 Ct. Cl. 95, 107, 640 F.2d 328, 336-37 (19B0Ner v. United States223 Ct.
Cl. 352, 383-84, 620 F.2d 812, 828-29 (1980).

Plaintiffs’ properties, being adjacent to the navigable waters of Lake Michigan, are
subject to the navigational servitude held by the federal government, which servitude
extends to the ordinary high water mafkeeUnited States v. Cherokee Nation of Okla.
(Cherokeg 480 U.S. 700, 704 (1987); United States v. Chicago, M., St. P. & P.R. Co.
312 U.S. 592, 595-97 (1941); Owedbl F.2d at 1408-10When the government
properly exercises its right to improve navigation in a manner that affects property within
the boundaries of this servitude, “the damage sustained does not result from taking
property from riparian owners within the meaning of the Fifth Amendmeritdouatthe
lawful exercise of a power to which the interests of riparian owners have always been
subject.” Cherokee480 U.S. at 704 (quoting United States v. Rag&8 U.S. 121, 123
(1967)).

Accordingly, plaintiffs are not entitled to just compensation for materials removed
from the littoral zone,eeOwen 851 F.2d at 1413, or eroded below and within the
ordinary high water markegid. at 1412 (holding that the federal navigational servitude
does not extend “to land located aboveotside the bed of the stream as delineated by
the . . . high-water mark at the time of constructiorgg generallyMay 26, 2006 Op.,

Banks v. United Statd®©HWM Op), Dkt. No. 141, 71 Fed. CI. 501 (2006) (discussing
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the definition of the term “ordinary high water mark”); June 23, 2005 Op. and Order,
Banks v. United State®kt. No. 87, 68 Fed. Cl. 524 (2005) (discussing the federal
navigational servitude and the date on which the ordinary high water mark is to be
measured).

D. The Law of the Case Doctrine and the Mandate Rule

The law of the case doctrine “posits that when a court decides upon a rule of law,
that decision should continue to govern the same issues in subsequent stages in the same
case. This rule of practice promotes the finality and efficiency of the judicial process by
protecting against the agitation of settled issues.” Christianson v. Colt Indus. Operating
Corp, 486 U.S. 800, 815-816 (1988) (citations and internal quotation marks omi¢ed); s
alsoGould, Inc. v. United State67 F.3d 925, 930 (Fed. Cir. 1995) (“The law of the case
is a judicially created doctrine, the purposes of which are to prevent the relitigation of
issues that have been decided and to ensure that trial courts follow the decisions of
appellate courts.” (internal quotation marks omitted)). The law of the case doctrine is
applicable both to issues decided explicitly and to issues detigeskcessary
implication.” Laitram Corp. v. NEC Corpl15 F.3d 947, 951 (Fed. Cir. 1997).

The Federal Circuit has explained, regarding its adherence to prior appellate
decisions:

[T]he law of the case doctrine is a policy not a command even respecting a
prior appellate decision in the case, and should be applied “as a matter of
sound judicial practice, under which a court generally adheres to a decision
in a prior appeal in the case unless one of three ‘exceptional circumstances’
exists: the evidence on a subsequent trial was substantially different,
controlling authority has since made a contrary decision of the law
applicable to such issues, or the decision was clearly erronedwsoald

work a manifest injustice.”

Mendenhall v. Barber-Greene C@6 F.3d 1573, 1582 (Fed. Cir. 1994) (quoting Cent.
Soya Co. v. Geo. A. Hormel & Cor23 F.2d 1573, 1580 (Fed. Cir. 1983)).

“[T]he law of the case doctrine is not applicable to issues neither presented nor
decided in a former proceeding in the case.”” Halpern v. Prir@84 F.3d 1297, 1301
(Fed. Cir. 2004) (quoting Stearns v. Beckman Instruments,18¢.F.2d 1565, 1568
(Fed. Cir. 1984)).

“The mandate rule requires that the [trial] court follow an appellate decree as the
law of the case.” Cardiac Pacemakers, Inc. v. St. Jude Med 5TecF.3d 1348, 1356
(Fed. Cir. 2009) (citing Sibbald v. United Stgtd8% U.S. (12 Pet.) 488, 492 (1838));
accordin re Sanford Fork & Tool Cp160 U.S. 247, 255 (1895). “The mandate rule
provides that ‘issues actually decided [on appeal]--those within the scope of the judgment
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appealed from, minus those explicitly reserved or remanded by the court--are foreclosed
from further consideration.” _Amado v. Microsoft Corpl7 F.3d 1353, 1360 (Fed. Cir.
2008) (quoting Engel Indus., Inc. v. Lockformer Cl66 F.3d 1379, 1383 (Fed. Cir.

1999)). “Unless remanded by [the appellate] court, all issues within the scope of the
appealed judgment are deemed incorporated within the mandate and thus are precluded
from further adjudication.”"Engel Indus.166 F.3d at 1383.

Much like the law of the case doctrine, which “is not applicable to issues neither
presented nor decided in a former proceeding,” Hal[884 F.3d at 1301, the mandate
rule provides that the trial court “may act on matters left open by the mandate,” L.aitram
115 F.3dat 951 (internafuotation marks omitted¥ee, a., Exxon Chem. Patents, Inc.

v. Lubrizol Corp.(Exxon), 137 F.3d 1475, 1484 (Fed. Cir. 1998) (holding that the scope

of the judgment appealed from, limited to literal infringement, did not preclude
adjudication of infringement by the doctrine of equivalents). “Interpretation of an
appellate mandate entails more than examining the language of the court’s judgment in a
vacuum.” _Exxon137 F.3d at 1484 The scope of the issues presented . . . on appeal

must be measured by the scope of the judgment appealed from, not by the arguments
advanced by the appellantEngel Indus.166 F.3dat 1382 (citations omitted). The

Federal Circuit has cautioned thddoth the letter and the spirit of the mandate must be
considered.” ldat 1383.

. Discussion
A. Jurisdiction

In their original complaint} plaintiffs alleged “that defendant effected a gradual
taking of their shorefront property through the construction and maintenance of ‘a series

Yafter the court denied class certification, the parties filed a notice dfcrud
plaintiffs--identifying thrty-sevenplaintiffs--and filed separate complaints for each plaintiff.
July 31, 2001 Op. and Order, Banks v. United Stgiesrual Op. ), Dkt. No. 3, 49 Fed. ClI.

806, 808 (2001)xev’'d, 314 F.3d 1304 (Fed. Cir. 2003) (Accrual Op. The individual
complaints supplanted the original complaint and were deemed to have been filed@n July
1999, the filing date of the original complainid. at 808 n.2. Plaintiffs’ counsel has represented
that the allegations in each of the individual complaintsheesame.ld. Plaintiffs have twice
amended their complaints, but both amendments addressed the naming of existiffg plaint
the adding or reinstating of additional owners of certain parcels rathahthanbstance of the
allegations.SeePl.’s Mot. for Leave to File an Am. Compl., Dkt. No. 294, at 2 (“The [p]laintiffs
do not seek to amend the substance of the [cJomplaint.”); Pls.” Am. Mot. for Leave anFil

Am. Compl., Dkt. No. 340, at 2 (stating same). In the past, “for ease of referenceessl unl
otherwise noted, the court [has referred] to the individual complaint filed by shedimed
plaintiffs, John and Mary Banks, when addressing plaintiffs’ claims in thisrattAccrual Op.

I, 49 Fed. CI. at 808 n.2. The court continues in@msion its practice of referring to the
individual complaint filed by the Banks plaintiffs.
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of 15 jetties along 200 miles of the eastern coast of Lake Michigan for over 100 years.
Accrual Op. ] 49 Fed. CI. at 810 (quoting Compl. 1 26, Banks v. United Stsdte99-

445 L (Fed. CI. filed July 9, 1999), Dkt. No. 1). Plaintiffs narrowed their claims in the
individual complaints they filed after the court denied class certification, focusing on the
effect of the jetties at St. Joseph Harbor. Cof®k7. The jetties at St. Joseph Harbor
were originally built in the 1830s, and were lengthened several times, reaching their
current length in 1903Liability Op., 78 Fed. Cl. at 604 (citations omitted).

Although the jetties had been in place at their current length for nearly a cemtury--
period of time longer than the six-year limitations period applicable takings claims, see
28 U.S.C. § 2501--plaintiffs’ complaints alleged thatdkeelerate@rosion of their
properties was caused rmt construction of the jetties, but by a maintenance activity that
took place more recently. Specifically, plaintiffs alleged that the jetties “continued to
exist without harmful interference to the natural littoral flow of sand and river sediment
until the [Corps] gradually installed sand-tight steel sheet piling during the period of 1950
to 1989,” which installation has “alter[ed] the supply of sand to the lake bed and subaerial
visible beach in front of the plaintiffs’ property.” Compl. 11 6-7. After plaintiffs filed
their individual complaints, defendant filed a motion to dismiss on jurisdictional grounds,
arguing that “the takings causes of action accrued, at the latest, in 1989,” when the
government completed its encasement of the jetties in the steel sheet piling. Accrual
Op. |, 49 Fed. Cl. at 811.

The briefing filed by defendant in support of its motion to dismiss and the
opinions filed by the court and by the Federal Circuit make it clear that defendant, the
court and the Federal Circuit presumed the truth of plaintiffs’ allegation that encasing the
jetties in steel sheet piling made them impermeable to sand, interfering with the littoral
flow of sand and damaging plaintiffs’ properties. Defendant stated in its motion that it
“[a]ccepted as tre for the sake of defendant’s motion” that the steel sheet piling
“prevents the drift of sand from passing through the jetties and proceeding south along
the eastern shore toward plaintiffs’ lands.” Mot. to Disrais§ Banks v. United States
49 Fed. CI. 806 (2001) (No. 99-445 L), Dkt. No. 64 (Mot. to Dismiss).

In its opinion addressing defendant’s motion to dismiss, the court noted that
“[w]lhen considering a motion to dismiss, the court must presume that well pleaded
factual allegations in the complaint are true.” Accrual Og91Fed. ClI. at 808 (citing,
inter alia, Miree v. DeKalb Cnty43 U.S. 25, 27 n.2 (1977)). Quoting the allegations in
the Banks plaintiffs’ complaint, the court stated, “Plaintiffs claim that the jetties did not
cause ‘harmful interference to the natural littoral flow of sand and river sediment until the
Corps gradually installed sand-tight steel sheet piling during the period of 1950 to
1989.” 1d. at 808 (quoting Compl. 1 8ee alsad. at 824 (“Plaintiffs allege in their
complaints, which the court construes in favor of the complainsegScheuer416 U.S.
at 236, that the Corps completed the installation of ‘sand-tight steel sheet piling’ in
1989.” (quoting Compl.  6)).
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Applying Applegatethe court considered and rejected plaintiffs’ argument that,
after the installation of the steel sheet piling was completed in 1989, the government
delayed the accrual of plaintiffs’ claims by promising to mitigate the erosion caused by
the jetties._Accrual Op, #9 Fed. Clat 81213, 822-23. In Applegai¢he Federal
Circuit held that the plaintiffs’ claims fartaking by erosion did not accrue while
promises by the government to mitigate the damage made the plaintiffs “justifiably
uncertain” whether a permanent taking had occurred. Apple2fate.3d at 1583-84ee
alsoinfra Part 1ll.A.1 (applying Applegat® the facts of this case).

Examining the evidence cited by the parties, the court found that “the evidence
here does not show that the Corps’ sand transfer program constituted a promise on which
plaintiffs could rely to postpone the filing of their suits, as contemplated by the Applegate
case.” Accrual Op. ] 49 Fed. ClI. at 823. The court therefore found that “the time for
filing suit expired in 1995,” six years after installation of the steel sheet piling was
completed.ld. at 825. Because plaintiffs did not file suit until 1999, the court granted
defendant’s motion to dismiss. lak 82526.

The Federal Circuit reversefihding that after the steel sheet piling was installed,
mitigation efforts that the governmdmad begun in 1970 created uncertainty as to
whether any erosion damage caused by the jetties was “permanent and irreversible.”
Accrual Op. 1] 314 F.3d at 13020. The Federal Circuit found that plaintiffs’ claims
accrued with the publication of three Corps reports that concluded that the mitigation
efforts were ineffectiveSeeid. On remand, the court determined that, because the last
of these reports was published no earlier than January of 2000, plairiffss @ccrued
in January of 2000May 3, 2007 Op., Banks v. United StatB&t. No. 200, 76 Fed. Cl.
686, 696 (2007).

After conducting a trial of liability, the court found that, contrary to the allegations
in plaintiffs’ complaints--allegations that the court had presumed to be true when
considering defendant’s motion to dismiss, Aeerual Op. ] 49 Fed. ClI. at 808--the
jetties were impermeable to sand before they were encased in steel sheet piling, Liability
Op., 78 Fed. CI. at 636 (stating that “plaintiffs’ own expert witness testified that the piers
were impermeable even prior to their encasement in steel”). The court further found that
“plaintiffs have failed to prove that the piers were ever gatote.” Liability Op., 78
Fed. Cl.at 635.

The implication of the court’s finding is that the installation of steel sheet piling
had not altered the supply of littoral sand to plaintiffs’ properties as plaintiffs had alleged,
seeCompl. 9 6-7, thereby exacerbating the erosion of plaintiffs’ properties. The most
recent government action that could have effected a takiimgrisasg the erosion of
plaintiffs’ properties was not the installation of steel sheet piling, a process that ended in
1989, but rather the extension of the jetties, a process that ended in £8Q&abfity
Op., 78 Fed. ClI. at 604.
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At the time of the court’kiability Opinion, neither the court nor the parties
addressed the impact of the court’s finding on the timeliness of plaintiffs’ cl&pes
Liability Op., 78 Fed. Clpassim However afterthe trial of damages, the court directed
the parties to file briefing on the issueee®rder to Brief Jurisdictior®9 Fed. Cl. at
626. The court now considers, in light of the extensive factual record developed at two
trials, whether plaintiffs’ claims were timely filed, given that the jetties were
impermeable to sand before they were encased in steel sheet pde§te& Cqa.523
U.S. at 93 (noting that the court mgsihsider jurisdictional issues at arngint in a case
that they arise).

To determine whether plaintiffs’ claims are timely, the court must address four
guestions. First, working backward from the date of filing, the court must determine the
period of time during which plaintiffs’ claims could not have accrued, under Applegate
because the government’s promises and efforts to mitigate erosion caused by the jetties
created justifiable uncertainty about the permanence of any erosion damage. Second,
working forward from 1903, the year that the jetties reached their final length, the court
must determine whether the situation stabilized sufficiently for plaintiffs’ claims to
accrue and for the statute of limitations to run before the government’s promises and
efforts to mitigate erosion made the permanence of any damage uncertain. Third, the
court must consider plaintiffs’ argument that their claims did not accrue until certain
adverse precedent was overruled by the Federal Circuit, sitting en banc. Finally, the
court must consider plaintiffs’ argument that the law of the case doctrine prohibits the
court from finding that it lacks jurisdiction over plaintiffs’ claims.

1. Justifiable Uncertainty Caused by the Corps’ Promises of Mitigation

The court first considers the period of time during which plaintiffs’ claims could
not have accrued because of the government’s promises and efforts to mitigate erosion
caused by the jetties. The Federal Circuit in Appletmtalyzed the stabilization
doctrine set forth in Dickinsoas it applied to situations in which the government was
attempting to mitigate actions that would otherwise constitute a permanent taking.”
Accrual Op. 1| 314 F.3d at 1308. In Applegatbe government repeatedly promised to
build a sand transfer plant to mitigate erosion of the plaintiffs’ properties caused by the
government’s construction and maintenance of a deep water h&behpplegate 25
F.3d at 1580. The Federal Circuit determined that “[t]he gradual character of the natural
erosion process set in motion by the Corps, compounded by the Government’s promises
of a sand transfer plant, have indeed made accrual of the landowner’s claim uficertain.
Id. at 1582

When this court addsseddefendant’s motion to dismiss, the court found
Applegateinapplicable, Accrual Op, 49 Fed. Cl. at 818-23; but the Federal Circuit
disagreed and held that this court had “misread Applegatequiring the presence of a
legally binding promise or duty or a matter requiring a congressional appropriation,”
Accrual Op. 1l 314 F.3d at 1309. This court noted that, according to the rate of erosion
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alleged in plaintiffs’ complaints to be caused by the jetties, plaintiffs lost almost eighty
feet of shoreline to erosion between 1950 and 1989, an amount “sufficient to put
plaintiffs on inquiry notice of their potential takings claims.” Accrual Q@9lFed. Cl.

at 825. The court granted defendant’'s motion, finding that “plaintiffs’ takings claims
accruedho later than 1989 and the time for filing suit expired in 1995."at @25-26.

The Federal Circuit reversed, stating:

In Applegate the mere promises of a sand transfer plant, held out by the
Corps and repeatedly renewed buteramplemented, indicated that “the
landowners did not know when or if their land would be permanently
destroyed.”Here, even greater uncertainty was created by the Corps’
mitigation plan. While the Corps in Applegatede promises of a

mitigating sand transfer plant, the Corps in this case actually performed its
mitigation activities for several years before the filing of this action.

Accrual Op. 1} 314 F.3d at 1309-10 (quoting Applega?é F.3d at 1582)The Fedeal

Circuit noted that the government’s mitigation activities began in 1970, delaying accrual
of plaintiffs’ claims until the publication of three reports by the Corps, which determined
that the mitigation program had not been effective and “collectively indicated that erosion
was permanent and irreversible.” &1.1310.

The Federal Circuit did not discuss whether the government’s protnisesgate
erosion created justifiable uncertainty before the Corps began mitigation efforts in 1970.
Seeid. passim However, beginning in 1958, “[t]he Corps released a series of
reports . . . over several decades describing the erosion caused south of St. Joseph Harbor
by the jetties, outlining a plan to mitigate the erosion attributable to the jetties, and
evaluating the effectiveness of the mitigation program that was eventually implemented.”
Liability Op., 78 Fed. Cl. at 612.

The first of these reports, a study released in 1958 (1958 Study), was published
before mitigation efforts began.e&id. at 604, 612. Plaintiffs contend that the 1958
Study delayed the accrual of their claims, pursuant to Appldgatause the 1958 Study
“promises that the government will attempt to mitigate the loss.” PIs.” Jur. Br. 16-18.
The 1958 Study is a “beach erosion control study,” transnbigetde Corps to the
Speaker of the United States House of Representatives. PIFXXL32 (1958 Study)

v. It assessed erosion in a “study area” including plaintiffs’ zone that is “about 32 miles
in length from the north city limit of Benton Harbor to the Michigan-Indiana State line.”
Id. at 3. The study recommended building a sand berm to protect a portion of the
shoreline north of plaintiffs’ zoneSeeid. at 24-25. It calculated the economic benefits

of extending the sand berm south to the southern limit of the village of Shorehatn, id.
44, which is in plaintiffs’ zone. The 1958 Study determined, however, that “[t]his
downcoast reach is entirely privately owned, would have no public benefits to make it
eligible for Federal aid,” and would cost more to protect than the value of extending the
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sand berm._ld.The study noted, however, that even without including this area in the
project, “this reach and adjacent shores to the south would receive substantial benefits of
shore stabilization due to restoration of normal littoral drift.” Id.

Plaintiffs’ argument is that the 1958 Study created justifiable uncertainty about the
permanaceand extent of the taking of their property, when viewed in the light of
Applegate SeePlIs.’ Jur. Br. 16-18. The 1958 Study proposes a shore protection project
that, while not intended to protect plaintiffs’ properties directly, was expectaeshtt
them by “restor[ing] normal littoral drift."PX 132 (1958 Study) 44The sand transfer
plant promised by the Corps in Applegatalike the sand berm proposed here, was
intended directly to address the erosion of the plaintiffs’ proper8esApplegate 25
F.3d at 1580. However, it was uncertainty about the permanence of the taking, rather
than the government'’s intentions in undertaking shore protection efforts, that delayed
accrual of the plaintiffs’ claims in Applegat&eeid. at 1582 (“With plans for a sand
transfer plant pending, the landowners had no way to determine the extent, if any, of the
permanent physical occupation.Boling I, 220 F.3d at 1372 (“[T]he critical element
that delayed stabilization in Applegdis] the justifiable uncertainty about the
permanency of the taking.”).

Even accepting plaintiffs’ contention that the justifiable uncertainty created by the
Corps began, not with the commencement of mitigation efforts in 1970, but with
publication of the 1958 StudY for plaintiffs’ claims to be timely, the situation must not
have stabilized, Accrual Op., 1B14 F.3d at 1308, before 1952, six years before the
possible creation of justifiable uncertaifty the publication of the 1958 Study.

2. Claim Accrual and Stabilization: the Impermeability of the Jetties is the
Law of the Case

“The accrual of a takings claim where the government leaves the taking of
property to a gradual physical process occurs when the situation has ‘stabilized.” Id.
(quoting Boling I} 220 F.3d at 1370). Stabilization of claims for a taking by erosion
occurs “when the erosion ha[s] substantially encroached the parcels at issue and the
damages [are] reasonably foreseeable.” Bolingd0 F.3d at 1373. “[S]tabilization
occurs when it becomes clear that the gradual process set into motion by the government

12Because the court finds below that plaintiffs’ claims accrued earlier th&) 4&énfra
Part I1l.A.2, it is immaterial whether the United States Army Coffgangineers (defendant or
the Corps) began to create justifiable uncertainty about the permanenceesmaiettte harm
created by the jetties in 1958 or in 1970.

13plaintiffs cite no case in which untimely takings claims were revived by promisés
by the government after the statute of limitations had saaPls.’ Post-Trial Br. on Jurisdiction
(Pls.” Jur. Br.), Dkt. No. 50passim PIs.” Post-Trial Reply Br. on Jurisdiction (PIs.” Jur. Resp.),
Dkt. No. 504passim and the court is not aware of amgchk case.
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has effected a permanent taking, not when the process has ceased or when the entire
extent of the damage is determined.” Accrual Op314 F.3d at 1308 (alteration in
original) (quoting Boling 1) 220 F.3d at 1370-71).

Defendant contends that plaintiffs’ claims stabilinath the Corps’ publication of
the 1958 Study, which “acknowledged that the construction and maintenance of the St.
Joseph Harbor was interfering with the littoral flow to properties south of the jetties and
advised that the United States did not intend to take action to protect that shoreline.”
Def.’s Jur. Br. 12.

The court, in itd.iability Opinion, found the 1958 Study to be highly persuasive
evidence that plaintiffs’ properties are, and were understood to be, within the zone of
influence of the jettiesLiability Op., 78 Fed. Cl. at 621 (“Although not specifically
pointed out by plaintiffs, the court views the most persuasive evidence to be contained in
the 1958 Study, an admission by defendant.”). Although a number of Corps reports were
introduced as exhibits and were before the courgti@12, the court found the 1958
Study to be “the most persuasive evidérnmewhether and for how long plaintiffs’
properties have been considered to be within the jetties’ zone of influenae6iti.

The court concluded that “plaintiffs’ properties have been considered in the zone of
influence of the jetties at least as far back as the 1950s, even if the specific impact of the
jetties was not quantified until later.” Id.

It is therefore the law of this case that plaintiffs’ properties were considered to be
within the zone of influence of the jetties at least as far back as the 1950s. It is also the
law of the case that the jetties have caused 30% of the erosion in plaintiffs’ zone since
1950. Seeid. at 654-57. In it&iability Opinion, the court agreed with plaintiffs’
argument that “[u]ntil this litigation, the Army Corps had repeatedly endorsdddhe
that the structures at St. Joseph had interrupted, dredged or diverted” a volume of sand
equal to “30% of the total annual loss to the littoral zone,ai&36 (quoting PIs.’

Opening Post Trial Br., Dkt. No. 241, at 30-31), finding that the Corgsrtzantained,

“as an admission, that the piers caused approximately 30% of the erosion to the south of
the harbor,” id. The court therefore found, based on plaintiffs’ argument that the Corps
had admitted the percentage of the erosion in plaintiffs’ zansed by the jetti€,see

id., that the government is liable for the portion of 30% of the erosion in plaintiffs’ zone
since 1950 not mitigated by the governmeegid. at 654-57.

Plaintiffs do not argue that any exception to the law of the case doctrine applies
here. SeePlIs.” Jur. Br._passinPIs.” Jur. Resp. passinPlaintiffs do not argue that the

plaintiffs also argued that, since the installation of steel sheet piling, the jetties ha
blocked more sediment and were responsible for a greater portion of the erosiomtiffisplai
zone than the Corps had admitted, an argument the court found unpersudilgy Op., 78
Fed. Cl. at 633-36.
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jetties did not begin to impact their properties until later than 1$e@PIs.’ Jur. Br.
passim Pls.” Jur. Resp. passinPlaintiffs, in fact, argue that the jetties caused
significantly more than 30% of the erosion in plaintiffs’ zone since 1$s@infra Part
[11.C.1 (discussing plaintiffs’ arguments that the jetties have caused 60-70% of the
erosion in plaintiffs’ zone since 1950).

It therefore remains the law of the cabased oran argument made by plaintiffs
and found persuasive by the court, sebility Op., 78 Fed. Cl. at 636--that the zone of
influence of the jetties reached plaintiffs no later than 1950, causing 30% of the erosion
of plaintiffs’ properties for no fewer than two years before 1952. Moreover, for the
reasons stated below, it is the view of the court that, based upon the documentation of
erosion in plaintiffs’ zone contained in the 1958 Study and upon the conclusions reached
by defendant’s expert, Dr. Nairn, the jetties began to increase the erosion of plaintiffs’
properties before 1950 and that stabilization occurred significantly earlier than 1952,
more than six years before plaintiffs arguee BIs.” Jur. Br. 16-18, that the government
began to create justifiable uncertainty by publishing the 1958 Study.

YImplying that the Corps’ 1958 Study (1958 Study) is applicable only to the
northernmost portion of plaintiffs’ zone, plaintiffs argue that the focus of the 1958 Basiion
the area immediatelysth of the jetties.” Pls.” Jur. Resp. 9. Plaintiffs quote the following
passage of the 1958 Study: “Detailed field investigations and development of acgpanibf
improvement were limited to that reach of the shore between St. Joseph Harbor andthe sout
limits of the village of Shoreham.Id. (quoting PX 132 (1958 Study) 8). Taken out of context,
this sentence appears to suggest that the study was limited to the area neroofttérn limit
of the village of Shoreham. Plaintiffs do not quitie next sentence, which states: “The county
shoreline south of Shoreham and north of the St. Joseph Harbor was covered in a general manner
by means of aerial photographs and available maps.” PX 132 (1958 Study) 8. This sentence
indicates that the aubrs, although they made their most detailed measurements in the area north
of the southern edge of the village of Shoreham, studied the rest of the study astaussng
aerial photographs and maps. The fact that the authors of the study madesheietailed
measurements in the area where they were proposing that shore protection ecidiitif 24
26 (describing proposed shore protection measures), does not render the 1958 Study an
unreliable source of information regarding the southern portion of plaintiffs’ zone.

Nor is the 1958 Study an unreliable source of information about the history of erosion in
plaintiffs’ zone because its ultimate purpose was to address ways of imgtitieg erosion rather
than to study the erosion or to determine the exact proportion of the erosion in any gien po
of the study area attributable to the jetti€&eeLiability Op., 78 Fed. CI. at 621 (“Even though
the focus of the 1958 Study was not to assess erosion from the St. Joseph Harbor lspécifical
nevertheless recognized that erosion was attributable to the harbor egactdrtheir
maintenance.”).
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Defendant is correct that the Corps acknowledged in the 1958 Study that the jetties
had long caused erosion in plaintiffs’ zofieThe 1958 Study notes that “[tJhe navigation
channel at St. Joseph Harbor is dredged annually to maintain project depth, and for this
reason little or no beach building material is believed to pass the harbor entrance and
reach the downdrift shore.” PX 132 (1958 Studygek alsad. at 20-21 (describing the
guantity of sand blocked by the jetties since 1907 and the amount of sediment dredged
from the navigation channel).

The 1958 Study concluded that, if the shore protection recommended in the study
were constructed, an area continuing south “to the south limit of the village of Shoreham”
and the “adjacent shores to the south would receive substantial benefits of shore
stabilization due to restoration of normal littoral drift.” PX 132 (1958 Study) 44.

Implicit in the statement that the project would restore “normal littoral drift,'Ische
understanding that normal littoral drift had been disrupted. Plaintiffs acknowledge that
this statement in the 1958 Study refers to a segment of shoreline that includes their
properties.SeePlIs.’ Br. 18 (stating that “the 1958 [Study] indicates that the properties in
the [p]laintiffs’ zone would benefit from the mitigation program”).

The 1958 Study also documented the greater rate of erosion south of the jetties
since their constructiol;

%plaintiffs argue that the 1958 Study “focuses extensively on erosion fromalmzguses
and makes no attempt to assess what, if any, impacttiesjhave on exacerbating natural
erosion.” PIs.” Jur. Resp. 8. In support of their interpretation of the 1958 Study, plaiteitis c
passage in which the 1958 Study states that “[t]he purpose of this cooperative beanh eros
control study of the shore of Berrien County, Mich[igan], is to determine the mtatlsiplans
for preventing the erosion of the shore by waves and currelats(uoting PX 132 (1958
Study) 7). Waves and currents, however, are the mechanism by which erodies away
saliment, regardless of whether the erasstems from natural causes or jetbedt by the
government.Seeinfra Part I11.B.3.d (describing shoreline behavidugbility Op., 78 Fed. CI. at
631-33 (describing littoral drift of sediment). Similarly, sron rarely manifests itself as a
steady retreat of the ordinary high water mark; erosion claims more grapéres of high
lake levels and during stormSeeinfra Part 111.D.4.b. References in the 1958 Study to
remedying the effects of waves, cums storms, and high lake levels do not, as plaintiffs
contend, indicate that the 1958 Study did not address erosion caused by the jetties.

Moreover, the 1958 Study recognized that the shoreline in plaintiffs’ zone “woeldeec
substantial benefits of shore stabilization due to restoration of normal littotdtaimfthe sand
fill to the north,” PX 132 (1958 Study) 26, a conclusion that is based on the recognition that the
normal littoral drift adjacent to plaintiffs’ properties had been interrupted

YPlaintiffs also argue that the 1958 Study does not specifically statedbitreis taking
place above the high water mark. Plaintiffs misinterpret the 1958 Study. The 1958 Study
documented widespread and longstanding erosion above the high water mark in plangffs’ z
See, e.9g.PX 132 (1958 Study) 12 (d=tbing erosion in the entire thirtyvo mile study area as
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The shores for about a mile north of the harbor structures and 1,200 feet
south thereof have been advancing lakeward since the entrance structures
were built. South of the latter accreting area, however, erosion of the bluffs
has been severe, causing the loss of, or necessitating the movement of, a
number of valuable residences and threatening a railroad and public
highway. Numerous protective structures have been erected but have
exhibited only moderate effectivené$s.

PX 132 (1958 Study3. The 1958 Study observed that, in the area up to 500 feet north of
the jetties, “the shoreline has been accreting at a rate of approyihddeit per year

follows: “Over the 82-year period of record, with few exceptions, continuous recession of cla
and sand bluffs in this regigdhas]occurred. In recent years (1943-54), due to the cycle of high
lake levels, recession of the bluffs has been intensified, resulting in seriougedamaaproperty
dedruction’); id. at 17 (“The rate of erosion of the bluff in the study area from the harbo
entrance to the south limits of the village of Shoreham has averaged 2.1 feetrpgrigeat 11
(stating that, in an area continuing southward to the southern edge of the village ba8hore
“Several residential structures originally constructexh@lthe top of the bluff have been moved
several times in the past few years to avoid being toppled into the lake. High lakdéanee
eroded the toe of clay banks causing large slides alengitire stretch of shore fréjitsee also
infra Part I11.D.1 (describing the lakeward toe of the bluff as representing the ordinary high wat
mark for properties characterized by bluffs).

Plaintiffs correctly note, regarding an area beginning in Lincoln Towrstdextending
to the south, that the 1958 Studyserved that “[much] of the area is fronted by extensive sand
dune deposits that provide a source of material to the beaches.[']” PIs.” Jur. Rasp. 9 (fi
alteration in original) (quoting PX 132 (1958 Study) 20). However, beaches along Lake
Michigan can vary dramatically in width from year to year and even month to m@gkinfra
Part 111.D.3.b.i (collecting statements by individual plaintiffs that their bes¢bome and go”);
seesupraPart | (describing the process of cross-shore sand transport, which can cahses tea
vary in width by hundreds of feet) (quoting Tr. 2593:3-19, 2594:2-2595:2 (Nairn)). The 1958
Study does not state that the beaches in the area with sand dune degesstgficiently wide
and immobile to prevent erosion of areas above the ordinary high water $&®siRX 132 (1958
Study)passim Rather, the fact that sand dunes are providing material to the beaches suggests
that erosion is taking place above the ordinary high water mark, inland from the beach.

8Analysis developed for purposes of this trial using modern techniques indicatéethat t
rate of erosion south of the jetties is also naturally higher than the rateioharogh of the
jetties. DX 1 (N&n Report) v, 2-27 to 2-30 (discussing how the lakebed profile concentrates
wave energy along the temile stretch of shoreline south of the jettie®e alsonfra Part
[11.B.3.d (discussing shoreline behavior). In light of this analysis, it appleatrshie 1958 Study
would have overestimated the amount of erosion caused by the jetties because it dioumbt ac
for the possibility that some of the increase in erosion south of the jetties weslnat
occurring. SeePX 132 (1958 Studypassim.
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since 1830,” idat 10, a rate of growth that, in the court’s view, would have been
apparent to landowners.

In addition to the disruption of normal littoral drift in plaintiffs’ zone and the
increasean erosion, the 1958 Study also documented the proliferation of shore protection
structures south of the jetties after their construction, a trend that is consistent with--
although it does not independently establish--an increased rate of erosion south of the
jetties after their construction and lengthenisgeeid. at 18, 20.Describing the area
northward from the jetties to the northernmost edge of Benton Harbor, the 1958 Study
states:

Beach erosion in this reach of shoreline has been limited to the extreme
northern end near the Benton Harbor city limits. No extensive beach
protective structures have been built in this reach with protective efforts
limited to the placement of an occasional steel barrel filled with sand. The
remaining portion of this shoreline has been accreting.

Id. at 18. In contrast, in the area extending southward from the edge of the shore
protection adjacent to a highway to the southern edge of the village of Shoreham, shore
protection was very common: “Approximately 22 individual structures built by property
owners are in existence and range from typical groin construction to steel sheet-pile
seawalls and revetments. The protection provided by a large portion of this work is
limited, and erosion is continuing in those intermediate areas not protectedt”2d.

Further to the south, where the southernmost properties owned by plaintiffs are located,
there were few shore protection structures, but the land was largely undeveloped, see
making them less necessary.

The disruption of normal littoral drift and the increased erosion south of the jetties
documented in the 1958 Study are consistent witledhelusion reached by Dr. Nairn in
his 2006 expert report that the jetties have long contributed to erosion south of the harbor.
SeeDef.’s Ex. (DX) 1 (Nairn Report) 4-151 to 4-152. Dr. Nairn, using a sediment
budget® and several types of numerical modeling, quantified the impact of the jetties on
erosion in the an area of shoreline beginning at the jetties and continuing for ten miles to

Dr. Nairn verified the results of his sediment budget analysis by comparireg tea]
rates of erosion to the observed rates of bluff recession over @aebX 1 (Nairn Report) 4
150 to 4-158. Dr. Nairn included in his report a summary of bluff erosion rates over time, both
for plaintiffs’ zone as a wholsgeid. at 4118 to 4-120, and for plaintiffs’ individual properties,
seeid. at App. D. The summary provided by Dr. Nairn, however, is not sufficiently ditaile
be of assistance in determining théeef that the jetties had on erosion in plaintiffs’ zone after
1903. Dr. Nairn provided recession rates for four time spans: 1830 to 1871, 1871 to 1938, 1938
to 1960 and 1960 to 2002d. at 4120. Because the most relevant time span, 1871 to 1938,
includes 32 years before the jetties reached their full length, it is not a reépbdsentation of
how bluff recession rates changed when the jetties reached their full length.
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the south.Seeinfra Parts 111.B-C (explaining and finding persuasive Dr. Nairn’s use of
sediment budgets and numerical modeling to predict rates of erosion and the
effectiveness of mitigation). Dr. Nairn determined that, during the period from 1836 to
1875, when the jetties were shorter, erosion in the study area continued to fall “within the
range of pre-harbor erosion estimat&s.DX 1 (Nairn Report) 4-151. Between 1876 and
1903, as the Corps continued to lengthen the jetties, the rate of erosiostudtharea

did not increase and, in fact, decreased slightly from pre-harbor |€edsd. at 4152.

The impact of the jetties began to be felt when they reached their final length. In
terms of volume, Dr. Nairn calculates that between 1904 and 1969, the year before the
Corps began its mitigation efforts, the jetties were responsible for 25% of all erosion in
the study areaSeeid. at 4-158. This impact would have been greatest in the northern
part of the study area and would not be the same for each prop&egid. at 4-159.

21t appears, however, from the bluff recession rates, that the jettiessiatre@sion in
the northernmost portion of Dr. Nairn’s study area during this time. To study &besion
rates, Dr. Nairn divided his study area into four reaches, from north to see¢X 1 (Nairn
Report) 4110. In the first reach, which contains the properties of the northernmost #aintiff
Dr. Nairn estimates that the rate of erosion averaged 5.25 feet per yeeer@830 and 1871,
id. at 4118, 4420, indicating that the jetties had already begun to impact thisseeda,
2755:1-5 (colloquy between Dr. Nairn and defendant’s counsel). This acceletatefig@sion
before the jetties were lengthened suggests that the properties locatest torthe north may
have been substantially encroached upon by erosion even before thegatiesirtheir final
length. Because the court determines that all of the plaintiffs’ propertiesswestantially
encroached by erosion caused by the jetties earlier than 1952, the court does not consider
whether erosion caused by the jetties substantially encroached upon plgraipksities in this
northernmost area at an earlier time.

1At the trial of damages, Dr. Nairn suggested that the zone of influence of tee ety
not have included the properties of the southernmost plaintiffs until after B8&Jr. 2760:6-
14 (colloquy between Dr. Nairn and defendant’s counsel). Discussing his tablef ot dsiion
rates, Dr. Nairn stated that, between 1938 and 1960, the third reach of the studpialea, w
begins at the Miller propertgeeid. at 2759:8-14, “does not appear to show any effect of the
harbor,” id.at 2755:2-2758:3:f. id. at 2759:1525 (stating that if the harbor did not impact the
third reach during this time, it also did not impact the fourth reach). Dr. Nairn tited that it
could be even beyond 1970 that there is no impact of the harbor tihdrat’2760:6-14. Dr.
Nairn qualified these statements, suggesting that the zone of influence of ésenety have
ended “somewhere in reach three” between 1938 and 1960. Tr. 2758:4-7 (Nairn). Dr. Nairn
further testified, “[T]o be honest with you, that’s a bit beyond our science to aatyetow
[erosion rates] var[y] along the shore on a, say, 100 meter by 100 meter basis.” Ti8-2758:
(Nairn). Dr. Nairn’s view that #zone of the influence of the jetties may not have included the
southernmost plaintiffs until after 1970 was not argued by defendant in its bffowing the
trial of liability. SeeLiability Op., 78 Fed. CI. at 613 n.17 (stating that defendant had not argued
in its briefing that the zone of influence of the jetties did not include plaintiffs'gptieg).
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In their post-trial briefing addressing the measure of their damages, plaintiffs
argue that Dr. Nairn’s approach significantly underestimates the impact of the jetties on
their properties since 1956.Seeinfra Part 111.C.1. Plaintiffs contend that:

the United States has (1) substantially undercouhegolume of sand

being blocked by the jetties, as well as the jetties['] percentage contribution
to the erosion in the [p]laintiffs’ zone; and (2) substantially overcouhied
volume of sand block[ed] by the C&O and MDOT revetments, so that the
jetties['] percentage contribution to the erosion in the [p]laintiffs’ zone is
well in excess of 30% and is fairly calculated as being between 60% and
70%.

Pls.’ Br. 23;see alsdr. 19:7-24 (plaintiffs’ counsel) (stating, in his opening argument,

that Dr. Mackey’s testimony about the flaws in Dr. Nairn’s methods will demonstrate that
the jetties have caused 60 to 70 percent of the erosion in plaintiffs’ zone since 1950). As
described below, the court finds plaintiffs’ criticisms of Dr. Nairn’s erosion analysis
unpersuasiveSeeinfra Parts Ill.B-C. However, the court finds plaintiffs’ argument that

the jetties caused 60-70% of the erosion in plaintiffs’ zone after 1950 inconsistent--absent
evidence cited by plaintiffs to explain the sudden change--with a finding that the jetties
did not cause significant and noticeable erosion in plaintiffs’ zone prior to 1950.

Becausef the interruption of littoral drift and the erosion documented in the 1958
Study and because of Dr. Nairn’s calculations of the jetties’ impact on eragimh
plaintiffs fail persuasivelyo contradict (suggesting instead that Dr. Nairn has
underestimated the amount of erosion caused by the jetties), the court finds that the

Because Dr. Nairn’s estimate of the zone of influence of the jetties is istemmsvith
the law of the case, pursuant to which the jettiesemgonsible for a portion of the erosion in all
of plaintiffs’ zone since 195@eeid. at 654-57, and because Dr. Nairn reached this conclusion
based on a table that documents periods of time that would not properly capture thé #féect o
lengthening bthe jettiesseesupranote 19, the court does not adopt Dr. Nairn’s theory that the
properties of the southernmost plaintiffs may have remained outside of the zoneesfaafof
the jetties until after 1970.

*?The trial of damages focused on the damage caused by the jetties since 1950 because
plaintiffs argued-and because the court accepted plaintiffs’ argusrtbat this was the correct
time period to considerSeeStabilization Op.68 Fed. Cl. at 525 (agreg with plaintiffs’
argument that each plaintiff is entitled to just compensation for erosion proven to haxedc
after plaintiffs acquired their properties, but in no case earlier than 1980)f Damages Qp
88 Fed. Cl. at 688 (agreeing with piaifs’ argument that plaintiffs were entitled to just
compensation for erosion proven to have occurred in or after 1950, regardless of the date on
which each plaintiff had acquired his or her property).
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erosion caused by the jetties in plaintiffs’ zone was a longstanding problem by 1952,
beginning as early as 1963.

To determine the point at which plaintiffs’ claims stabilized, the court must
determine the point at which this additional erosion “substantially encrotuhedrcels
at issue and the damages were reasonably foreseeable.” BoR@f F.3d at 1373. The
Federal Circuit has advised that, in making this determination, a courttakesinto
account the uncertainties of the terrain, the difficulty in determining the location of the
government’s easement, and the irregular progress of erosionPldohtiffs are correct
that, to some extent, the exact rate of eresant therefore changes in the rate of
erosion--would have been obscured by natural variations, such as changes in lake level,
barometric pressure, and wind direction, as well as “the dynamic nature of the
[p]laintiffs’ shoreline.” PIs.’ Jur. Br. 1;3see alssupraPart | (describing variations in
beach width caused by cross-shore sand transport and changes in lake levels). Plaintiffs
contend that fluctuations in lake levels of up to 1.8 feet occur with annual frequency and
that, as numerous plaintiffs testified at trial, beaches “come and go’ as lake levels
changed and storms occurredPts.” Jur. Br. 13

However, the erosion relevant to plaintiffs’ claims, that is, the erosion of property
above the ordinary high water madan be gauged more clearly becailseerosion of
such propertyloes not varyas widely as does the profile of beaches below the ordinary
high water mark with changes in lake depth, barometric pressure, and wind direction. As
described below in Part I11.D.1, the court finds persuasive a delineation of the high water
mark that lies, on properties characterized by bluffs, at the toe of the bluff, and, on
properties characterized by dunes, at the edge of permanent vegetation. Although the
evidence presented in this case establishes that beaches are somewhat ephemeral, see
infra Part I11.D.3.b.i, the ordinary high water mark is defined by these, more permanent,
features, semfra Part 111.D.1; Tr. 2343:1822 (Nairn) (defining the ordinary high water
mark for bluff properties as the toe of the bluff and distinguishing permanent vegetation
from “ephemeral vegetation,” such as marine grass and dune grass); Tr. 2363:11-13
(Nairn) (stating that the ordinary high water mark, when defined by bluffs, normally
moves only in one direction). Plaintiffs cite no evidence that bluffs and permanent
vegetation “come and go” as rapidly as beachesS#¢®PIs.’ Jur. Br,_passipPIs.’ Jur.
Resp. passimThe rate of erosion above the ordinary high water mark, therefore, can be
determined with some confidence.

“Notwithstanding Dr. Nairn’s calculation that the jetties are also resperisiti25% of
the erosion in plaintiffs’ zone since 19%@eDX 1 (Nairn Report) 4158, the court concluded in
its Liability Opinion, based on admissions by the Corps, that, excluding the effect of any
mitigation efforts, the jeii¢s have caused 30% of the erosion in plaintiffs’ zone since $880,
Liability Op., 78 Fed. CI. at 6587. Because the difference is not material to the present
discussion, the court does not consider whether it would be more accurate to adjust upward D
Nairn’s estimate of the effect the jetties had on plaintiffs’ zone before 1950.
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The location of the ordinary high water mark, becausechiasacterized by
observable features, can be identifisdandowners such as plaintiffSeelLoesch 227
Ct. Cl.at61,645 F.2dat 925 (stating that “the OHWM on a riverbank is a physical fact,
subject to determination by inspection of the riverbank” (citation omitted) (citing
Kelley's Creek & Nw. R.R. Co. v. United Statd90 Ct. Cl. 396, 406 (1943) (“The high
watermark is not to be determined by arithmetical calculation; it is a physical fact to be
determined by inspection of the river bank. It is the line where the water stands
sufficiently long to destroy vegetation below it.”)). “It is not unreasonable to expect that
plaintiffs, as riparian landowners, were familiar to some degree with their [shoreline].”
Id. at 61, 645 F.2d at 925. It is therefore not unreasonable to expect that plaintiffs, as
well as the prior owners of their properties, would have observed where the ordinary high
water mark lay on their properties and would have observed its changing location over
time.

Any uncertainty would have been further reduced by the significant span of time--
forty-nineyears-between the year 1903, when the jetties reached their final length, and
1952, the date after which plaintiffs’ claims must have accrued, under plaintiffs’ reading
of Applegate seesupraPart Ill.A.1, for the uncertainty created by the 1958 Study to
render plaintiffs’ claimgimely. Although bluffs and permanent vegetation would not be
expected to “come and go” as beaches do, erosion is often an irregular process,
accelerating at times of high lake levels and during sto®eeginfra Part I11.D.4.b. The
rate of erosion, and therefore the effect of the jetties, would have betsanerwith the
passage dime.?*

4Although not necessary to the court’s conclusion, the court observes that plaintiffs’ ow
expert witness, Dr. Meadows, agreed at a deposition given in this matter tbediaary
layperson who owns property on the shore” would be able to perceive both the role that the
jetties play in exacerbating erosion in plaintiffs’ zone and the growth ofttiesjeone of
influence over time:

| believe someone who has lived on the shoreline for a number of years would be
able to notice these trends.

From dayto-day exposure that you would be able to see that towards the
harbor there is death and destruction and the further away from the harbor you get
the less apparent thiat and that, particularly an astute observer, might notice that
that area of sediment depletion is migrating.

Accrual Op. ] 49 Fed. CI. at 819.

The Corps’ dredging activities would have reinforced the perception thaitties j
caused erosion. Betwe&803 and 1945, the Corps removed an average of 43,500 cubic yards
of sediment from St. Joseph Harbor per ysaeDX 1 (Nairn Report) 319, Fig. 3.8 (dredging
history at St. Joseph Harbor), a volume of sediment that would fill a football fieldsesedf
end zones, to a depth of nearly twefitye feet, se€2011 Official Playing Rules and Casebook
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During the forty-nine years between 1903, when the jetties reached their final
length, and 1952, the jetties were responsible for 25% of the material eroded from Dr.
Nairn’s study area, the ten mile segment of shoreline south of the | §aeBX 1
(Nairn Report) 4-158. Neither party cites--and the court does not find in the
record--estimates of how many additional feet of erosion occurred in plaintiffs’ zone
during this period as a result of the jetti€&eesupranote 19 (discussing Dr. Nairn’s
analysis of bluff recession rates). However, a study published in 1976 determined the
rate of bluff recession, averaged across all of Berrien County over 12Gybaré
meters, or two feet, per yeabeeDX 40 (1997 Report) 3. Given this rate of erosion and
the passage of forty-nine years between 1903 an 1952, the court concludes that the
additional erosion caused by the jetties was not limited to “mere inches.” BolRfpII
F.3d at 1372.

The well-documented additional erosion caused by the lengthened jetties would
have made it clear to a reasonable landowner well before 1952 that the government had
effected a permanent takingeePX 132 (1958 Study) 3-4, 10-12, 17-18, 20-21; DX 1
(Nairn Report) 4152, 4158. This is particularly true given the lower rates of erosion
(and the accretion of sand) occurring further north since construction of the jetties, and
given the diminishing impact of the jetties on properties further south from the jetties. At
thistime, the extent of the damage would have been reasonably foreseeable from the
increased rate at which erosion had occurred for forty-nine years.

Plaintiffs assert that “[e]ven if, for the sake of argument, the 1958 [Study] placed
[p]laintiffs on inquiry notice that the harbor jetties caused some degree of erosion, they
were clearly not on notice that the jetties had caused erosion to their specific properties,
much less a permanent loss.” Pls.’ Jur. Br. 14-15. Plaintiffs are correct that the 1958
Study did not discuss their properties individualBeePX 132 (1958 Study) passim
Because the 1958 Study was not prepared for purposes of this litigation, it would not be
expected to discuss plaintiffs’ properties individuatlyto mesure separately the
amount of erosion caused by the jetties in plaintiffs’ zone.

However, “plaintiff[s] bear[] the burden of showing jurisdiction by a
preponderance of the evidericd.aylor, 303 F.3d at 1359 (citing Thomsd@i5 U.S. at
446). Itis not enough for plaintiffs to argue in briefing that the general pattern of erosion
that followed the lengthening of the jetties in 1903 might not have affected certain of
their individual properties. Because plaintiffs have the burden of showing the court’s
jurisdiction, they must cite evidence that erosion caused by the jetties had netlreach
their properties when the 1958 Study, PX 132 (1958 Study) 3-4, 10-12, 17-18, 20-21, and
Dr. Nairn’s analysis,eeDX 1 (Nairn Report) 4-152, 4-158, indicate that it reached the

of the National Football League (2011) (stating that the dimensions of a football field are 300
feet by 160 feet), available lattp://static.nfl.com/st&t/content/public/image/rulebook/pdfs/
2011 Rule_Book.pdf.
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rest of the area. Apart from their interpretation of the 1958 Study, plaintiffs have cited no
such evidencegePlIs.” Jur. Br,_passinPIs.’ Jur. Respassim and have failed to carry
their burden of proof.

Plaintiffs argue that “the effect of the harbor jetties on the lakebed and adjoining
shoreline to the south was a very gradual process that occurred over decades of time.”
Pls.” Jur. Br. 14. Citing a single page of a report published by the Corps incb997,
authored by defendant’s expert witness, Dr. Nairn (1997 Report), plaintiffs argue that as
late as 1997 it was not understood that the harbor jetties caused increased erosion in
plaintiffs’ zone?® 1d. The implication of plaintiffs’ argument is that their claims
stabilized no earlier than 1997 because it was not understood at tHathiai¢he jetties
were causing erosion in plaintiffs’ zoAe.

*As discussed above in the third paragraph of this Part I1l.A.2, the court found the 1958
Study to be “the most persuasive evidence” of whether and for how long plaintif&rpes
have been awsidered to be within the jetties’ zone of influergegLiability Op., 78 Fed. Cl. at
621. The court concluded “that plaintiffs’ properties have been considered in the zone of
influence of the jetties at least as far back as the 1950s, even if tHecspgmact of the jetties
was not quantified until later.1d. The 1997 Report, like the other Corps reports, was before the
court when it made this determinatioBeeid. passim(repeatedly citing the 1997 Report).

’The court does not understand plaintiffs to be arguing that their properties were not
impacted by the jetties until 1997, an argument that plaintiffs are barred fromgnigitine
doctrine of judicial estoppel. The doctrine of judicial estoppel positSwheere a party assumes
a certain position in a legal proceeding, and succeeds in maintaining that positiow, e ma
thereafter, simply because his interests have changed, assume a conttiian; pepecially if it
be to the prejudice of the party who has acquiesced in the position formerly taken™y him
Davis v. Wakelegl56 U.S. 680, 689 (1895). Judicial estoppel “generally prevents a party from
prevailing in one phase of a case on an argument and then relying on a contradjatognato
prevail in another phase.’New Hampshire v. Mainé&32 U.S. 742, 749 (2001) (quoting
Pegram v. Herdrichb30 U.S. 211, 227 n.8 (2000)). Inliiisbility Opinion, based on
admissions by the Corps, the court agreed with plaintiffs that the entiretyrdiffdazone had
been within the zone of influence of the jetties during the time period, 1950 to 2000, considered
at the trial of liability. SeeLiability Op., 78 Fed. Cl. at 621. Plaintiffs may not now make the
contradictory argument that their propertiesne within the zone of influence of the jetties at a
date later than 19506eeNew Hampshire532 U.S. at 749.

?’Plaintiffs are therefore arguing that the situation did not stabilize until rioetyyears
after the government’s action in lengthening the jetties. Although thesfaot dispositive of
plaintiffs’ argument, the court’s research has identified no instance in whiclath&ge to a
plaintiff's property was found, pursuantWmited States v. Dickinsgi331 U.S. 745 (1947), to
stabilize sdong after the government’s actiorSee, e.g.Fallini v. United States56 F.3d 1378,
1382 (Fed. Cir. 1995) (finding that stabilization occurred within twelve years); G@udasin
Orchard v. United State416 Ct. Cl. 348, 356-57, 88 F. Supp. 738, 739 (1950) (finding that
stabilization occurred within one year); Forsgren v. United StéfeBed. Cl. 456, 457, 459

33




The only relevant sentence on the page of the 1997 Report cited by plaintiffs
describes an area approximately 8.2 kilometers south of the jetties, which, “up until
recently, may not have been significantly influenced by the harbor jetties.” DX 40 (1997
Report) 58° The page of the 1997 Report cited by plaintiffs does not explain why the
report’s authors believed that the area may not have been significantly influenced by the
jetties or what they meant by “until recentlySeeid. Neither does the referenced page
of the 1997 Report explain the term “significantly influenc&d3eeid. Other portions
of the 1997 Report suggest that its authors assumed that the area was not affected by the
jetties. See, e.gid. at 25,27 (listing among the authors’ “assumptions about the
nearshore conditions and profile evolution prior to the comparison of the data” that this
area was “not influenced by reduced sediment supply from the north--[and is]
representative of natural conditions or background erosion rate&, 7@ (assuming
that, because the rate of erosion in this area was similar to the rate of erosion north of the
jetties, this area is not affected by the jetties). Plaintiffs cite no page of the 1997 Report
on which the authors state that they made a detailed study of the effect of the jetties on
this portion of plaintiffs’ zone SeePIs.’ Jur. Brpassim Pls.” Jur. Resp. passinRather,
the court has found that the 1997 Report was largely based on data collected north of
plaintiffs’ zone. Liability Op., 78 Fed. Cl. at 624-25.

The court does not view an assumption in the single sentence cited by plaintiffs of
a report published in 1997 as establishing that it was not known that the jetties caused

(2005) (finding that stabilization occurred within four years); Pleasant Couuttkw. United
States 37 Fed. CI. 321, 328-29 (1997) (finding that stabilization occurred within three years). In
one case, in which it was necessary to distinguish erosion caused by the govexwment f
naturally occurring erosiosgeBaskett v. United State8 CI. Ct. 201, 211-12 (198%ff'd, 790

F.2d 93 (Fed. Cir. 1986) (table), the court rejected the plaintiffs’ argument dsairecaused by

the government did not sufficiently manifest itself within seven years of trergoent’s

actions for the situation to stabilizd, at 231.

28Paintiffs omittedPX 24 (1997 Report) from the exhibit binders plaintiffs provided to
the court. In place of the report is a piece of paper that reads: “PlaintiffdjitEx 24, JX-3[,]
DX-40.” The court therefore cites the copy of the 1997 Report filed as DX 40.

2%Although the authors of the 1997 Report did not explain their use of the term
“significantly influenced,” se®X 40 (1997 Report) 58, it is apparent from the context in which
the term was used that any erosion in this area that had been caused by thejdtlibsve
been overshadowed by the erosion that the jetties caused at a location further north. The
referenced page of the 1997 Report provided a “long-term comparison of beach profdes” a
locations, only two of which were south of the harborgstt Seed. The other location south of
the jetties described an area where erosion had been “severe,” cauSmfnbeeer (16.4 feet)]
depth contour” to move inshore at an average rate of nine meters (29.5 feet) petwean
1945 and 1995Id. To be legally significant, the additional erosion caused by the jetties need
not be as pronounced as it was in this area further to the north.
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erosion in plaintiffs’ zone until at least 199Because ther@as evidencapparent to an
ordinary landowner that the jetties accelerated erosion, plaintiffs were not entitled to
postpone the filing of their claims until they received scientific confirmation or a
technical explanation of the subsurface processes causing the aefccrual Op. J

49 Fed. Cl. at 820 (quoting Falljrs6 F.3d at 1380).

The court therefore finds that, significantly earlier than 1952, the erosion caused
by the jetties “had substantially encroached the parcels at issue and theslameg
reasonably foreseeable.” Boling 20 F.3d at 1373. Because the situation stabilized
prior to 1952, the court finds that plaintiffs’ claims accrued prior to 1952dsesnd
that, by waiting to file a complaint until 1999, plaintiffs failed to file their claims within
the six-year limitations period set out in 28 U.S.C. § 2501.

3. The Accrual Suspension Rule

In their opening brief on jurisdiction, plaintiffs argue that their claims “could not
have accrued, as a matter of law, prior to the issuance of the dawesiori because
“[p]rior to Owen,] it was settled federal law that a property owner could not recover for
a taking of its fast land absent a physical invasifSnPls.’ Jur. Br. 21. According to

3%n Owen the United States Court of Appeals for the Federal Circuit (Federal Circuit
heard the plaintiff's ppeal en banc “to clarify [its] precedents with respect to the scope of the
government’s navigational servitude.” Owen v. United Si&8% F.2d 1404, 1406 (Fed. Cir.

1988) (en banc). “[U]pon the determination of Congress to improve navigation, the navigational
servitude defines the appropriate boundaries within which the United Stateseraitsapswer

to supersede private ownership interests without creating an obligation to fpegynuyensation

under the Eminent Domain Clause of the Fifth Amendtheldl. at 1408.

The Federal Circuit stated that “[t]he holdings of fiiaited States Supreme Court
(Supreme Cou)} and the other federal courts make clear that no compensation is owed by the
government for injury or destruction of a riparian owner’s property which isddcatthe bed of
a navigable stream.Id. at 1409. The court therefore addressed “what constitutes the boundaries
of the ‘bed’ of a navigable stream, determination of which will also define the sctipe of
navigational servitude.ld. The Federal Circuit “conclude[d] that Supreme Court precedent
undeniably requires our holding that the navigational servitude does not provide a blanket
exception to the Takings Clause of the Fifth Amendment where improvements tatioavig
made byhe government result in erosion to land located aboweitside the bed of the stream
as delineated by the highater mark at the time of the constructiond. at 1412.

The Federal Circuit found that “nearly all of our own precedents are in acdbrthose
of the Supreme Court,” idbut overruled two cases “to the extent that they allow the
navigational servitude to reach fast land above and outside the bed of navigable water,”
exempting the government from liability for erosion,ati1416 (overruhg Pitman v. United
States 198 Ct. CI. 82, 457 F.2d 975 (1972) @allam v. United State806 F.2d 1017 (Fed.
Cir. 1986)). The Federal Circuit further stated that “[s]imilar statememther [United States
Court of Claims (Court of Claims)] casedthough not always necessary to their respective
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plaintiffs, “[p]rior to Ower]], federal cases uniformly held that erosion damage was not a
taking where the damage from the federal project was caused, not by a rise in water
levels, but as a consequence of some other interference with the natural water flow.” Id.
Plaintiffs contend that “to argue that [p]laintiffs[’] takings claim was barred before they
even had a recognized claim would be patently unfair.’ati@2.

Defendant, interpreting plaintiffs’ argument as an argument for the application of
equitable tolling, correctly notes that equitable tolling is not available in actions brought
under the Tucker Act. Def.’s Jur. Resp. 13-14 (citations omitted)ldeeR. Sand &
Gravel Co. v. United State§52 U.S. 130, 133-34 (2008); Young v. United Ste529
F.3d 1380, 1384 (Fed. Cir. 2008) (stating the holding of John R. Sand & Grdeethat
“the statute of limitations applicable to Tucker Act claims, 28 U.S.C. § 2501, is
jurisdictional and not susceptible to equitable tolling”). Equitable tolling extends the
statute of limitations “‘where the claimant has actively pursued his judicial remedies by
filing a defective pleading during the statutory period, or where the complainant has been
induced or tricked by his adversary’s misconduct into allowing the filing deadline to
pass.” Young V. United State$35 U.S. 43, 50 (2002) (quoting Irwin v. Dep’t of
Veterans Affairs498 U.S. 89, 96 (1990)).

Plaintiffs, in their jurisdictional response brief, do not argue for equitable tolling or
repeat their previous argument that it would be “patently unfair” to find that the
limitations period ended before the Federal Circuit's decision in OBerPIs.” Resp.
passim Plaintiffs instead raise the new argument that their claims are timely under the
“accrual suspension rule,” which, plaintiffs assert, directs that “[n]o cause of action
generally accrues until the plaintiff has a right to enforce his cause.” Pls.” Jur. Resp. 12
(alteration in original) (quoting United States v. One Red Chevrolet Impala §eedn
Chevrole}, 457 F.2d 1353, 1358 (5th Cir. 1972)).

Accrual suspension is an exception to the general rule “that a claim ‘first accrues’
when all the events have occurred which fix the alleged liability of the defendant and
entitle the plaintiff to institute an action.” Hopland Band of Pomo Indians v. United
States 855 F.2d 1573, 1577 (Fed. Cir. 1988) (citing Japanese War Notes Claimants Ass’'n
of the Phil., Inc. v. United State$78 Ct. Cl. 630, 632, 373 F.2d 356, 358 (1967)). It
directs “that the accrual of a claim against the United States is suspended, for purposes of
28 U.S.C. § 2501, until the claimant knew or should have known that the claim existed.”
Martinez 333 F.3d at 131%ee alsdngrum v. United State$60 F.3d 1311, 1315 n.1
(Fed. Cir. 2009) (stating that it “is both more common and more precise” to describe the
rule as suspending accrual while a claim is “concealed or inherently unknowable”
(internal quotation marks omitted) (citing Martin@83 F.3d at 1319)).

decisions, to the effect that the waters which effect the taking musbase the ordinary high-
water mark of the river involved as a result of improvements to navigation should alswbd vi
as inaccurate.’ld. at 1416 n.13.
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“The *accrual suspension’ rule is ‘strictly and narrowly applied: ... [The
plaintiff] must either show that defendant has concealed its acts with the result that
plaintiff was unaware of their existence or it must show that its injury was ‘inherently
unknowable’ at the accrual date.” Martin@83 F.3d at 1319 (alteration in original)
(quoting Welcker v. United Stateg52 F.2d 1577, 1580 (Fed. Cir. 1985)). “Mindful that
the ‘accrual suspension rule’ is to be ‘strictly and narrowly applied,” courts have
concluded that a misunderstanding of the meaning of the law or one’s legal rights does
not trigger this rule.”_Petro-Hunt, L.L.C. v. United Staté@ Fed. Cl. 51, 62 (2009)
(citation omitted); se alsgCatawba Indian Tribe v. United Stat€82 F.2d 1564, 1572
(Fed. Cir. 1993) (“[A]ll the relevarfactswere known. It was the meaning of the law that
was misunderstood.”). The accrual suspension rule “is based on a construction of the
term ‘accres’ in section 2501,” and “is distinct from the question whether equitable
tolling is available under that statute, although the term ‘tolling’ is sometimes used in
describing the rule.”_Marting833 F.3d at 1319.

Because plaintiffs did not raise their accrual suspension argument in their opening
brief, seePls.” Jur. Br. passinrdefendant did not have an opportunity to respond to it, and
the court finds the argument to be waivezk Gross Med. Prods., Inc. v. Medtronic
Sofamor Danek, In¢424 F.3d 1293, 1320 n.3 (Fed. Cir. 2005) (finding an issue not
properly raised in an opening brief to be waived); Becton Dickinson & Co. v. C.R. Bard,
Inc., 922 F.2d 792, 800 (Fed. Cir. 1990) (“[W]e see no reason to depart from the sound
practice that an issue not raised by an appellant in its opening brief . . . is waived.”).

Even if the accrual suspension rule had been properly raised, it is inapplicable to
plaintiffs’ claims. Plaintiffs’ argument is that, before Oweas decided in 1988,
plaintiffs “had no cause of action” because “federal cases uniformly held that erosion
damage was not a taking where the damage from the federal project was caused, not by a
rise in water levels, but as a consequence of some other interference with the natural
water flow.”* PlIs.’ Jur. Br. 21. Plaintiffs are therefore arguing that the legal
basis--rather than the factual bag§ their claims was “inherently unknowable,” Ingrum
560 F.3d at 1315 n.1 (citing Martiné¥33 F.3d at 1319), until Owemas decided.

3plaintiffs also argue, citing cases decided in the supreme courts of thestates
California and Michigan, that “the uniform rule,” Pls.” Jur. Resp. 12 n.3, in statesdmfdre
Owenwas that “riparian owners. . are not entitled to compensation for erosion damage created
by navigable improvements,” idt 12 (quotindPeterman v. Michiggrb21 N.W.2d 499, 511
(Mich. 1994) and citing, in an accompanying footnote, Miramar Co. v. City of SartarBa
(Miramar), 143 P.2d 1, 2-4 (Cal. 1943)). The boundaries of the navigational servitude held by
the states of California and Michigan are irrelevant to plaintiffs’ claims,iwihiolve the taking
of property by the United States governmeBéePeterman521 N.W.2d at 511 (discussing the
navigational servitude held by the state of Michigaiyamar, 143 P.2d at 2-4 (discussing the
navigational servitude held by the state of California).
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The accual suspension rule is generally applied in situations where the factual
basis, rather than the legal basis, of a plaintiff's claim is concealed or inherently
unknowable® See, e.gYoung 529 F.3d at 1385 (finding that the trial court had
properly declined to suspend accrual because “[i]t is a plaintiff's knowledge of the facts
of the claim that determines the accrual date” (citing, inter alia, United States v. Kubrick
444 U.S. 111, 122 (1979)); Martine®33 F.3d at 1319 (finding that the accrual
suspension rule was not applicable because “Mr. Martinez was not unaware of the
existence of his injury and the acts giving rise to his claim”); We|ck&2 F.2d at 1580
(finding that the plaintiff's claims accrued in 1949 or in 1950 because “[c]learly,
appellant was aware in 1949-1950 that he had been dismissed from the federal service on
grounds that he himself considered to be wrong and improper”). Plaintiffs do not
cite--and the court’s researtias not found--any decision in which the Court of Federal
Claims or the Federal Circuit has found that adverse precedent tolled a plaintiff's claims
under the Tucker Act, rendering them tim&lySeePIs.’ Jur. Br. passin®Is.’ Jur. Resp.

assim

32Taking out of context a portion of a decision by the United States Court of Federal
Claims (Caurt of Federal Claims), plaintiffs argue that accrual suspension “isatiypapplied
where ‘the change in circumstances arises out of a decision that overrutessoprabr
precedent.” Pls.’ Jur. Resp. 13 n.5. (quotiteireHunt, L.L.C. v. United &tes 90 Fed. Cl. 51,
62 (2009)).

In its entirety, the passage referenced by plaintiffs, which desdJitié=d States v. One
1961 Red Chevrolet Impala Sed&ed Chevrolgt 457 F.2d 1353 (5th Cir. 1972) aNeely v.
United Statesb46 F.2d 1059 (3d Cir. 1976), reads as follows:

Mindful that the “accrual suspension” rule is to be “strictly and narrowly

applied,” courts have concluded that a misunderstanding of the meaning of the
law or one’s legal rights does not trigger this rule. Yet, several cases involving
this rule and the related discovery rule intimate that the suspension rule may apply
where a claimant, through the exercise of reasonable diligence, could not have
known that its legal rights had been modified or abridged in a way giving rése to
claim. Cases of this sort typically involve situations in which the change in
circumstance arises out of a decision that overrules or alters prior preceitient

the claim deemed to have been tolled until the modifying decision was made.”

PetreHunt, 90 Fed. ClI. at 62 (citations and footnote omitted).

The PetreHunt court did not state that the application of accrual suspension urged by
plaintiffs is typical, but rather that certain cases suggest that such araapplioay be
appropriate in ceain situations.Seeid.

*In PetroHunt, the Court of Federal Claims found that “the accrual suspension rule
applied here to some extend: at 63, but rejected the plaintiff's argument that its claims
accrued with a change in the applicable casathvat 6263. The court found that the plaintiff
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The Federal Circuit has repeatedly stated that plaintiffs must file their claims
within the statute of limitations, notwithstanding the presence of adverse precedent or the
futility of filing. See, e.g.Aectra Ré & Mktg., Inc. v. United State$65 F.3d 1364,

1373-74 (Fed. Cir. 2009) (finding, in the internal revenue context, that “futility does not
excuse the failure to file a proper claim for limitations purposes” (citing, inter alia, United
Staes v. Clintwood Elkhorn Mining Cp553 U.S. 1, 5-6 (2008)); Frazer v. United States
288 F.3d 1347, 1354-55 (Fed. Cir. 2002) (finding that “it is, of course, irrelevant” to the
timeliness of the plaintiffs’ claims whether similar claims had been unsuccessful in the
past (citing Boling 1) 220 F.3d at 1374)); Boling,IR20 F.3d at 1374 (stating that the
difficulty of pursuing a takings claim due to adverse precedent “does not justify tolling
the statute of limitations”Welcker, 752 F.2d at 1583 (rejecting the plaintiff’'s argument
that any attempt to pursue his claims would have been “an exercise in futility” because of
the “tenor of the times” and noting that “the statute of limitations is not tolled by

litigative timidity”); see alsd/enture Coal Sales Co. v. United Stafésnture Cogl 57

Fed. Cl. 52, 54-55 (2003) (finding that accrual of plaintiffs’ claims for a tax refund was
not suspended until a decision finding the tax unconstituticedf@k), 370 F.3d 1102

(Fed. Cir. 2004).

Plaintiffs rely upon two related cases not binding on this court for the proposition
that, although the factual circumstances of a plaintiff's claim are not concealed or
inherently unknowable, “[n]o cause of action generally accrues until the plaintiff has a
right to enforce his cause.” PIs.” Jur. Resp. 12 (alteration in original) (quoting Red
Chevrolet 457 F.2cat 1358);d. at 13 (citing Neely v. United States46 F.2d 1059,

1068 (3d Cir. 1976)). The plaintiffs in Red Chevraeed for the return of property
forfeited to the United States government on the ground that it “had been used in
conducting a gambling business without payment of the taxes required” by the Internal
Revenue Code. Red Chevrob7 F.2d at 1355. The plaintiffs Neelysued for
annulment of their convictions under the federal wagering statutes and the return of the
fines they had paidNeely, 546 F.2d at 1061. In both cases, the courts determined that
the plaintiffs’ claims were timely, notwithstanding that they were filed more than six
years after the fines and forfeitures that gave rise to ffieBeeRed Chevrolet457 F.2d

at 1358; Neely546 F.2d at 1068.

“knew or should have known it had a permanent taking efaimd the statute of limitations was
triggered”-when the government began to issue mineral leases, rejecting a formadillprdkes
plaintiff's predecessor in interest that it held a valid mineral servitude allowing it to mine the
land in questionld. at 6364.

3although the fact is not dispositive of plaintiffs’ argument, the court observes that
plaintiffs’ interpretation of the accrual suspension rule would significaxjhand its reach.
Accrual of the claims at issue was delayed by five yeaRethChevrolet457 F.2d at 1355,
1358, and by as many as six yearblaely, 546 F.2d at 1068. Plaintiffs argue that, although the
jetties reached thefinal length in 1903seesupraPart 111.A.2, “[p]laintiffs’ takings claims did
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However, both Red ChevrolahdNeely“involve[ed claims that were filed to
obtain the benefit of a new constitutional rule that the Supreme Court expressly held to
have retroactive applicatioi™ Venture Cogl57 Fed. Clat55 (citing United States v.
United States Coin & Currendl.S. Coir), 401 U.S. 715, 723-24 (1971)). The statutory
provisions at issue in Red ChevrodgtdNeely“commanded that gamblers submit
special registration statements and tax returns that contained information which could
well incriminate them in many circumstances.” U.S. Cabil U.S. at 717. In a pair of
cases decided on the same day, the Supreme Court held that, “[bJecause the risk of self-

not accrue until, at the earliest, the decisiorOwén” in 1988. Pls.” Jur. Resp. 12. Plaintiffs
therefore contend that their claims accrued, at the earliest, €igatyears after the acts that
caused the erosion of their property. “The ‘accrual suspension’ rule is ‘samctigarrowly
applied. . ..”” Martinez v. United State833 F.3d 1295, 1319 (Fed. Cir. 2003) (en banc)
(quotingWelcker v. United State§52 F.2d 1577, 1580 (Fed. Cir. 1985)). Plaintiffs cite no
case-in this court or any otheiin which the suspension accrual rule rendered claims timely
notwithstanding that they were filed nearly a century after the actsabhatige to themSee
Pls.” Ju. Resppassim

*Another difference between this case and the decisidRedrChevroleandNeelyis
that, although adverse precedent existed that may have made it difficultififfslto recover
for the erosion of their properties, it is not cldéat plaintiffs’ claims were completely
foreclosed. Plaintiffs’ claims accrued before 1952 ssgwaPart III.A.2, more than twenty
years befor@itmanwas decided and more than thirty years beBakamwas decided.

Moreover, even aftdPitmanwas decided, it was not clear that it barred recovery for
erosion absent floodingSeeStockton v. United State814 Ct. Cl. 506, 519-20 (1977) (Dauvis,
J., concurring) (noting, five years after the decisioRitman that the court’s opinion and the
court’sprior decisions do not determine whether the plaintiffs would have been able to recover
for the erosion caused by wind, water and waves in the absence of flooding of a snaallgdorti
their land).

The trial court inOwen*“understandably concluded that it had no choice but to enter
judgment for the defendant as the precedent of [the Federal Circuit and the Cianns],
specificallyPitmanandBallam completely foreclosed any possible recovery.” Ové&i F.2d
at 1418. However, the Federal Circuit folRitmanandBallamto be contrary to controlling
precedent established by the Supreme Court, which would have allowed the plainétisver.
Seeid. (“If the only relevant precedent was that of the Supreme Court, it is cdréithe Payne
complaint would have withstood the government’s motion for a judgment on the pleadings.”).
TheOwencourt stated that “nearly all of our own precedents aredardavith those of the
Supreme Court.”ld. at 1412. Th&wentrial court could have applied the precedents that were
in accord with those of the Supreme Court rather BiamanandBallam

Unlike inNeelyandRed Chevroletwhere plaintiffs had no cause of action before one
was recognized by the Supreme CosegUnited States v. United States Coin & Curreryl
U.S. 715, 723-24 (1971), plaintiffs here merely would have found it “difficult,” Boling v. United
States 220 F.3d 1365, 1374 (Fed. Cir. 2000), to recover.
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incrimination was substantial, . . . a Fifth Amendment privilege could be raised as a
defense to a criminal prosecution charging failure to file the required forms.” Id.
(construing Marchetti v. United Stafe390 U.S. 39 (1968) and Grosso v. United States
390 U.S. 62 (1968)). The Supreme Court determined that the rule announced in
Marchettiand Gross@pplied retroactively, stating that, because “the conduct being
penalized is constitutionally immune from punishment, . . . [n]o circumstances call more
for the invocation of a rule of complete retroactivity.” &il.724.

The courts irRed ChevroleandNeelyboth noted the Supreme Court’s holding in
U.S. Cointhat the rule protecting the plaintiffs from self incrimination should be applied
retroactively. Red Chevrolet457 F.2d at 1353 eely, 546 F.2d at 1061. In contrast, the
Federal Circuit did not hold in Owehat its ruling was to be applied retroactive§ee
Owen 851 F.2d passimPlaintiffs cite no decision in which the holding_of Oweas
applied retroactively to extend the statute of limitations for a claim that was otherwise
untimely. SeePlIs.” Jur. Br._passinPIs.” Jur. Resp. passim

To the contrary, the Federal Circuit has expressly determined that the overruling
of adverse precedent in Owditd not extend the limitations period within which erosion
claims could timely be filed. The plaintiffs in Bolingdrgued that the “Ballamecision,
which effectively barred the cause of action they intended to assert, and its subsequent
reversal in Owenform another basis for equitable tolling.” Boling 2P0 F.3d at 1374.
The Boling Il plaintiffs further argued that “after the Ballatacision was rendered, any
attempt to assert their rights to compensation under the Fifth Amendment would have
been futile, because the identical claim had been previously refedtedlhe Federal
Circuit observed that “the plaintiffs point to no authority which would suggest that the
presence of adverse precedent automatically leads to equitable tollingrhdd=ederal
Circuit concluded: “It is true that during the period between the decision in Batldm
its subsequent reversal_in Owamy claim by the plaintiffs for compensation would have
been difficult. However, this difficulty does not justify tolling the statute of limitations.”
Id.

Although the Federal Circuit used the term “equitable tolling” rather than “accrual
suspension,” the Boling Plaintiffs’ argument is sufficiently analogous to the argument
raised by plaintiffs in this case that the court views the Federal Circuit's decision as
binding upon the courtSeeMartinez 333 F.3d at 1319 (stating that gaecrual
suspension rule is distinct from equitable tolling, “although the term ‘tolling’ is
sometimes used in describing the rule.”). The court therefore holds that the accrual
suspension rule did not delay the accrual of plaintiffs’ claims until the @eeision was
entered in 1988.

4, The Law of the Case and the Mandate Rule

Because the Federal Circuit has previously ruled on the timeliness of plaintiffs’
claims, the court directed the parties to address in their briefing whether the law of the
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case doctrine prohibits the court from holding, in light of its finding that the jetties were
impermeable to sand before installation of steel sheet piling, that plaintiffs did not timely
file their claims. SeeOrder to Brief Jurisdictior®9 Fed. Cl. at 626.

Plaintiffs, in their briefing, argue that the law of the case doctrine bars the court
from considering whether plaintiffs’ claims are timely. Plaintiffs argue that, in its
decision reversing the dismissal of plaintiffs’ claims on statute of limitations grounds, the
Federal Circuit “held that [p]laintiffs’ claims did not accrue until January 2000, and were
not time barred.” PIs.” Jur. Br. 5 (citing Accrual Op.3014 F.3d at 1310). Plaintiffs
contend that “[s]pecifically, the Federal Circuit held: ‘We are satisfied that the plaintiffs
met their jurisdictional burden before the Court of Federal Claims.{(glabting
Accrual Op. 1] 314 F.3d at 1310). Plaintiffs therefore believe that, because they have
met their jurisdictional burden, the court may not reexamine any aspect of the timeliness
of plaintiffs’ claims.

Defendant argues that “gdausehe Federal Circuit’s decision . . . incorporated
[p]laintiffs’ legal theory-a theory premised on facts substantially different from those
facts subsequently proven at trial--the law of the case doctrine does not preclude this
[c]ourt from dismissing [p]laintiffs’ action at this time.” Def.’s Jur. Br. 12. Defendant
further argues that “[p]laintiffs initially alleged that the installation of steel sheet-piling
was the government action that began the erosion process; but the evidence presented at
trial established that the construction and maintenance of St. Joseph Harbor initiated the
erosion process many years before the sheet-piling installation begaat™14d.
Defendant therefore contends that the Federal Circuit’s decision “is inapposite” to the
guestion currently before the court. &.15.

Deferdant’s argument is best understood as two distinct arguments. First,
defendant argues that the law of the case doctrine is inapplicable because the law of the
casedoes not address the aspect of the court’s jurisdiction currently at issue, which was
“neither presented nor decided in a former proceeding in the case.” Def.’s Jur. Resp. 11
(quoting Halpern384 F.3d at 1301). Second, defendant argues that, even if the law of
the case addresses the aspect of the court’s jurisdiction currently at issue, a change in
circumstances--specifically, a change in the evidence available to the court--after the
Federal Circuit's decision warrants application of one of the exceptions to the law of the
case doctrine. Icht 1012 (citation omitted). For the reasons stated below, the court
agrees with defendant that the law of the case doctrine or, more specifically, the mandate
rule, is inapplicable because the aspect of the court’s jurisdiction currently at issue was
not decided by the Federal Circuit on appeal. Rather than addressing the aspect of the
court’s jurisdiction currently at issue, the Federal Circuit presumed the truth of the
allegations in plaintiffs’ complaints related to steel sheet piling and addressed only the
jurisdictional facts relevant to the judgment from which plaintiffs appealed.

“The mandate rule provides that ‘issues actually decided [on appeal]--those within
the scope of the judgment appealed from, minus those explicitly reserved or remanded by
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the court--are foreclosed from further consideration.” Am&dd F.3d at 135

(alteration in original). “The scope of the issues presented . . . on appeal must be
measured by the scope of the judgment appealed from, not by the arguments advanced by
the appellant.”_Engel Indysl66 F.3d at 1382 (citations omitted). The court must

therefore determine whether the scope of the judgment that was appealed to the Federal
Circuit encompassed the effect of the steel sheet piling on the erosion of plaintiffs’

property.

As discussed above in Parts Ill.A-A.1, the question addressed by the court in its
order granting defendant’'s motion to dismiss was whether plaintiffs’ claims accrued
when the government finished the installation of steel sheet piling in 1989 or whether,
under_Applegatethe government’s promises to mitigate erosion darosggged
justifiable uncertainty as to the permanence of erosion caused by the jetties, delaying
accrualof plaintiffs’ claims. The court stated that “[w]hen considering a motion to
dismiss, the court must presume that well[-]pleaded factual allegations in the complaint
are true’. Accrual Op 1, 49 Fed. ClI. at 808.

Plaintiffs had alleged that the installation of steel sheet piling increased the rate of
erosion of their propertiesSeeid. at 810 (stating that plaintiffs allege “that it was the
Corps’ installation of ‘sand-tight steel sheet piling during the period of 1950 to 1989’ that
has ‘alter[ed] the supply of sand to the lake bed and subaerial visible beach in front of the
plaintiffs’ property™ (alteration in original)); id(“Referring to the installation of the
steel sheet piling, plaintiffs state that as a ‘direct result of [d]efendant’s actions,’ they
‘have suffered a gradual and continued taking of their prgpert .”).

The court presumed this allegation to theef analyzingvhen, after installation of
the piling, plaintiffs’ claims for erosion damage caused by the steel-clad jetties accrued.
Seeid. passim Plaintiffs cite no portion of the court’s opinion in which the court
examined, either expressly or bgagssary implicatiorseeLaitram 115 F.3d at 951,
whether the steel sheet piling does, in fact, exacedmageon of plaintiffs’ properties,
seePls.” Jur. Br, passipPIs.’ Jur. Resp. passim

Plaintiffs correctly note that the exhibits that the parties intended to present at trial
were before the court when it ruled on defendant’s motion to dismiss. Pls.” Jursee. 3;
alsoAccrual Op. |, 49 Fed. ClI. at 809 n.4 (stating that the parties’ trial exhibits had been
filed in accordance with the court’s pretrial order). Plaintiffs are also corre®|sée
Jur. Resp. 5, that some of the evidence before the court suggested that the jetties had
increased erosion in plaintiffs’ zone to some extent before the installation of steel sheet
piling, see, e.g.Accrual Op |, 49 Fed. Cl. at 820-21 (quoting a newspaper interview in
which a Corps official stated that “we have 80, 90, or 100 years of non-mitigation to
make up for”). Plaintiffs correctly note, sBés.” Jur. Resp. 3; that &fendant argued in
its motion to dismiss that the erosion caused by the jetties did not begin only with the
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installation of steel sheet pili§.seeMot. to Dismiss at 10 (stating that a non-
governmental report “indicate[d] that erosive processes preceded plaintiffs’ theory that
such erosion only began after the commencement of sheet paingemance by the

Corps in 1950”); idat 8 (stating that many of the exhibits submitted by plaintiffs with an
earlier filing “reiterate the conditions of erosion plaintiffs complain of as having existed
for decades or even more than a century”).

The court, however, reviewed the evidence submitted by the parties only to
resolve the dispute upon which the court decided defendant’s motion: whether plaintiffs’
claims had accrued, at the latest, in 1989, when the Corps finished installation of steel
sheet piling, or whether the government’s promises to mitigate erosion delayed accrual.
The court stated that “[i]f the jurisdictional facts in the complaint are disputed, . . . the
court may consider relevant evidence beyond the pleadings to decide the jurisdictional
guestion” Accrual Op. | 49 Fed. Clat 809(emphasis added) (footnote omitted) (citing,
inter alia, Land v. Dollgr330 U.S. 731, 735 n.4 (1947)). The court therefore considered
the evidence submitted by the parties as it pertained to when, after installation of steel
sheet piling, plaintiffs’ claims would have accrued. The court did not weigh the evidence
of whether the jetties caused erosion in plaintiffs’ zone or whether the steel sheet piling,
in fact, exacerbated the erosion caused by the jeesid. passim The court made no
findings of fact regarding whether the jetties caused erosion in plaintiffs’ zone or whether
the steel sheet piling did, in fact, exacerbate erosion caused by the [etiesd. passim
The court resolvedhese facintensive questions, with the assistance of extensive expert
testimony and the parties’ post-trial briefirmgply after the trial of liability. See Liability
Op., 78 Fed. ClI. passim

On appeal of the court’s dismissal of plaintiffs’ claims, the Federal Circuit
addressed the proper application of accrual principles rather than the factual issues of
whether the jetties actually caused erosion in plaintiffs’ zone or whether the steel sheet
piling exacerbated this erosion. The Federal Circuit stated that “the question is whether
the ‘predictability [and permanence] of the extent of damage to the [plaintiffs’] land’ was
made justifiably uncertain by the Corps’ mitigation efforts.” Accrual Op31l4 F.3d at
1309 (alterations in original) (quoting Applega2® F.3d at 1583). The Federal Circuit
determined thdtthe Court of Federal Claims and defendant misread Applegate
requiring the presence of a legally binding promise or duty or a matter requiring a
congressional appropriation.”_Idihe Federal Circuit reversed the dismissal of
plaintiffs’ claims “[b]ecause the Court of Federal Claims misapplied the standard for

%Defendant did not argue in its motion to dismiss that any erosive effect of the jettie
was not increased by the installation of steel sheet piBagMot. to Dismisgassim Banks v.
United States49 Fed. CI. 806 (2001) (No. 99-445 L), Dkt. No. 64. Rather, defendant stated that
plaintiffs’ allegation that “the jetties did not interfere with their littoral drift of santl the
Corps began a program of installing steel sheet piling in 1950” is “[a]cceptaddortthe sake
of defendant’s motion.”ld. at 6.
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claim accrual under Applegatend because plaintiffs remained uncertain as to the
permanent nature of the taking until the Corps reported that the erosion was permanent
and irreversiblé. Id. at 1310. The Federal Circuit did not address whether the
installation of steel sheet piling increased erosion in plaintiffs’ z&weid. passim

In addition to the text of the Federal Circuit’s decision and the judgment from
which plaintiffs appealed, the court is mindful of the Federal Circuit’s admonition that
“both the letter and the spirit of the mandate must be considered.” Enge| &f§.3d
at 1383. Whether the jetties, with or without the steel sheet piling, cause erosion in
plaintiffs’ zone goes to the merits of plaintiffs’ claims. As the Federal Circuit has
explained, an appellate court reviewing the disposition of a motion to dismiss does not
examine the ultimate merits of the case: “That is what the trial judge will do on remand.
Appellate courts do not do that, even if we had a record on which to do it.” Hihke
F.3d at 801 n.5seealsoCordis Corp. v. Boston Scientific Cor$58 F.3d 1347, 1360
(Fed. Cir. 2011) (“It would be illogical for this court to remand for findings on
unresolved outcome determinative issues, while simultaneously foreclosing
reconsideration of the outcome after the district court considered those issues for the first
time.”). The court therefore concludes that the Federal Circuit did not intend to address
the merits ofwhether the jetties cause erosion in plaintiffs’ zone before the issue was
taken up, and before trial was held on the issue, by the trial ¥ourt.

A trial courtmay act on mizers left open by the mandate. Laitralit5 F.3chat
951. The issuedttually decided on appgaAmadq 517 F.3d at 1360 (brackets
omitted), was whetheunderApplegate plaintiffs’ claims could have accrued between
1989 and 1999 despite promises and efforts by the government during that period of time
to mitigate erosion damage caused by the jetties. Since the decision of the Federal
Circuit, the court has found, based on evidence presented at trial rather than allegations
made in plaintiffs’ complaints, that the most recent government act that increased the rate
of erosion of plaintiffs’ properties took place, not in 1989, but in 1903, more than fifty
years before the government first proposed to mitigate erosion in plaintiffs’ Saee.
supraParts 1ll.A.1-2. Because the Federal Circuit addressed only the delay of accrual
resulting from promises and efforts to mitigate erosion, the court finds that whether
plaintiffs’ claims accrued before the government made its first promises of mitigation is
an issue left open by the mandate. The mandate rule therefore does not bar the court’s
holding that plaintiffs’ claims were filed after the end of the limitations period.

B. Composition of the Shoreline

3The court has also concludegeMar. 30, 2011 Order, Banks v. United Statekt.
No. 452, 98 Fed. Cl. 123, 126 (2011), that the Federal Circuit did not, in addressing when
plaintiffs’ claim accrued, determine whether&om damage caused by the jetties is in fact
“permanent and irreversible,” as the Corps reports appeared to indicadecsed Op. || 314
F.3d at 1310.
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1. The Court’s Previous Findings on Shoreline Composition

In its Liability Opinion the court addressed the evidence presented at trial as to
the composition of the shoreliagljacent to plaintiffs’ propertiesSeeLiability Op., 78
Fed. Cl. at 621-28. “The composition of the lake bed is relevant because the composition
affects erosion and mitigation processes. If the shore is composed of sand, the quantity
of sand that is depleted is directly proportional to the quantity of sand that needs to be
replaced.” _Idat 622 (footnote omitted). Therefore, “[F]or a predominantly sandy
shore . . . as long as the sand supply south of the harbor is restored to the pre-harbor
levels, then we can assume directly that the erosion will remain the same as the pre-
harbor levels, all other things aside . . 1d. (alteration and omissions in original)
(quotingtranscript ofthe trial of liability (Liability Tr.) 1215:1116, 1296:410 (Nairn))
As Dr. Nairn explained at the trial of liability, “it's a simple sediment budget’ and a
‘simpler assessment.”_Idquoting Liability Tr. 1215:12, 1215:8 (Nairn)).

Assessing the erosion of cohesiehores is “much more complicated. We know
the sand acts to abrade, sort of like sandpaper, the till. And it also acts to protectit. . ..
Id. (omission in original). Once cohesive material is eroded, “it cannot reconstitute
itself, and the cohesive form is lost forever.” Kgitation and quotation marks omitted).
However, it is possible for sand cover to increase to the poird toditesive section of
shoreline would be categorized as sanflgePX 178 (Coastal Engineering Manual
(CEM)) 111-5-9%° (“[O]nly when the sand cover is sufficient to protect the cohesive
substratum at all times will the shore revert to a sandy classification (i.e., truly a ‘thick
pile of sand’).”); Tr. 512:11-5135 (colloquy betveen Dr. Mackey and plaintiffs’
counsel) (quoting same with approval), PX 178 (CEM) IlI-5-13 ( “Investigations of
Great Lakes sites have shown that approximately 20® of sand cover (measured
from the top of the beach out to themcontour) is required to halt the downcutting
process . . "). Short of providing such large quantities of sand, however, “it is unclear
whether mitigation is ever possible. There no longer is a direct correlation between

38A] cohesive lake bottom refers to [a] bottom [where] materials are held &mstich
that theyare not freely mobile. . . [I]t could be broken up but is going to take more energy.”
Liability Op., 78 Fed. ClI. at 621 (alteration and omission in original) (quotation marks omitted).

Whether a sediment is cohesive depends in part on its coroposiGravel and sand are
not cohesive. Coarse silt, if well sorted[,] is usually not cohesive. Medium and ffiaedsilay
typically have cohesion. A mix of sizes, such as occurs in till, can be cohesive dgpmmttie
amount of clay and silt it egains.” DX 293 (Mickelson Report) 10. “Till is an all-
encompassing name that refers to a variety of materials, including contip@ta\si and
pebbles.” Liability Op., 78 Fed. Cl. at 621 (internal quotation marks omitted). “Glacial till is
cohesivamaterial.” Id.

3When citing the Coastal Engineering Manual (CEM), the court refers to the pag
numbers located on the bottom of each page rather than the section numbers, which follow a
similar format.
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replacing material and effective mitigation besa nourishment can act as an abrasive
agent that exacerbates erosion, and the erosion of the lake bottom is considered
permanent.”_Liability Op.78 Fed. Cl. at 624 (citation omitted).

Determining shoreline composition can be difficult for two reasons. First,
“cohesive shores are often difficult to identify owing to the presence of a sand beach at
the shore,” PX 178 (CEM) 111-5-3, which can mask the underlying substsgtes,
generallyinfra Part 111.B.2.b (discussing the CEM and its role in the parties’ arguments).
Cohesive shores often are covered by a thin “veneer of sand and gravel” that the CEM
states “is usually in the range of a few centimeters to 2 or 3 [mef@rgiX 178 (CEM)
[11-5-3. Secondashoreline may contain both sandy and cohesive material as a result of
its geological history. See, e.pX 3 (Larson Report) 34, Fig. 9 (geological map and
cross section of plaintiffs’ zone) (showing layers, pockets, and lenses of cohesive
material embedded between layers of sand); Tr. 2035:3-2036:12 (colloquy between Dr.
Mickelson and defendant’s counsel) (describing DX 293 (Mickelson Report) 8,"Big. 3
For instanceDr. Mickelson and Dr. Larson described a thin layer, rich in organic
material, that formed approximately 6,000 years ago, which is sandwiched between thick
deposits of sand in the southern portion of plaintiffs’ zodBeeinfra Part I11.B.3.a
(describing the formation of the thin, organic-rich layer between thick layers of sand).

The composition of the shoreline is significant in this case because it indicates
how the shoreline will erode, whether any erosion is permamehivhéher it is possible
to mitigateanyongoing erosionLiability Op., 78 Fed. Cl. at 622. After analyzing the
evidence of shoreline composition presented at the trial of liability, the court concluded
that “plaintiffs failed to prove by a preponderance of the credible evidence that plaintiffs’
properties are located on a cohesive lake bottom.atl28. The court found persuasive
the testimony of defendant’s expert witness in geology, Dr. Larsomnd.sse628, who

4°The CEM defines the word “shore” as follows:

The narrow strip of land in immediate contact with the sea, including the zone
between high and low water lines. A shore of unconsolidated material is usually
called a beach. Also used in a general sense to mean the coastal area (e.g., to live
at the shee). Also sometimes known as the littoral.

Coastal Engineering Manyapp. A (Glossary) A72 (capitalization and internal citation
omitted),available ahttp://140.194.76.129/publications/eng-manuals/em1110-2-1100/AppA/a-
a.pdf.

“The crosssection shwing the stratigraphy in plaintiffs’ zone is almost identical in the
Larson and Mickelson reports. Comp&r¥ 3 (Larson Report) 34, Fig. @ith DX 293
(Mickelson Report) 8, Fig. 3. The court cites the cross section in the Larson repasdée
copyis clearer.
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testified in detail about the geological history of the area and described the strafigraphy
he had prepared by interpreting well logs and engineering borings and by traveling every
path through the area to observe exposures of sedffregtid. at 625. The process of

using well logs collected nearby to assemble a stratigraphy of the shoreline has been
found persuasive in the past--by this cobytthe Federal Gicuitand by the United

“2The stratigraphy means the layering of the sediment&bility Op., 78 Fed. Cl. at
625 n.36 (internal quotation marks omitted). “Stratigraphy is just the layers ofesdgias they
relate to each other in a vertical sequence.” Tr. 20252 (Mickelson). “[l]f you were
studying stratigraphy, you would typically look at the composition of layers acichtss,
evenness or unevenness of the boundaries or the contacts between them and so on.” Tr. 2025:16-
19 (Mickelson).

“Well logs are logs that are recorded by drillers every time they dribger well for
someone.” Tr. 2037:1%7 (Mickelson). Drillers submit well logs to the Michigan Department
of Natural Resources, which makes them available to the public. Tr. 2037:17-19 (Mickelson)
Dr. Mickelson described well logs as “a wealth of information about the subsrédts
available to be interpreted.” Tr. 2039:11-13 (Mickelson). According to Dr. Mickelson, tigbu |
couldn’t afford to do all that drilling yourself if you were trying to do a gealogap, unless it
was just a very small area.” Tr. 2039:13{Mickekon). Accordingly, well logs are “routinely
used in geologic mapping.” Tr. 2039:16 (Mickelson).

The court discussed the use of well log data from onshore to determine theagingtof
the lakebed in itgiability Opinion, finding the technique parasive._Seeiability Op., 78 Fed.
Cl. at624-28; Order Granting Recon84 Fed. Cl. at 295-97 (discussing the court’s analysis of
well logs in itsLiability Opinion). In addition to analyzing well logs, Dr. Mickelson examined
the results of three engineering borings collected by the United StatlegjiGaloService
(USGS) SeeTr. 2041:18-24 (colloquy between Dr. Mickelson and defendant’s counsel); DX
293 (Mickelson Report) 29-30, Figs. 12, 13 (showing locations and results of engineering
borings).

Plaintiffs object to the use of well logs to study stratigrapbgePls.’ Br. 20-21
(arguing, among other things, that “the person identifying the varioua efreaterial is not a
trained geologist”). In light of the court’s previous finding thatgemy-screened well logs can
be a reliable source of data, $eability Op., 78 Fed. Cl. at 627-28, and in light of further
testimony and further evidence at trial as to the use of well logseinti§ic research, Tr. 1810:3-
6 (McNinch) (stating that he used well log data in a recent project in New Aeéataget an
idea of what the regional stratigraphy was like”); DX 293 (MickelsonoRgf (stating that
extrapolation using well logs is a common geologic practice), the courudeasdhat Dr. Larson
and Dr. Mickelson, in using well logs to develop their stratigraphy, applied a ectiatl
common geologic practice, see alg01992:171995:4 (colloquy between Dr. Larson and
defendant’s counsel) (describing the techniques Dr. Larson used to enstine thall logs he
used were reliable). Plaintiffs’ expert witness, Mr. Shires, testified tloat Cgn use [well logs
if] it's all you’ve got. ... Butin my opinion[,] it's not as reliable as actually doing borings . . .
at regular intervals.” Tr. 834:4-11 (Shires). Neither party has presentesbthies 0f borings
conducted at regular intervals by geologists in plaintiffs’ zd&eeTr. passim
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States Court of Clairasvhen direct evidence as to actual subsurface conditions is
unavailable!* Order Granting Recons84 Fed. Cl. at 296-97 (discussiRgnda Marine,
Inc. v. United State09 F.3d 1372, 1378 (Fed. Cir. 200&ff;,g Renda Marine, Inc. v.
United States66 Fed. Cl. 639 (2005)); iet 297 n.6 (discussing Arundel Corp. v. United
States207 Ct. Cl. 84, 98, 515 F.2d 1116, 1124 (1975)).

Based on his stratigraphy and the geological history of the area, Dr. Larson
concluded that “the shoreline for some of the northern-most plaintiffs’ properties is a
cohesive shore that then transitions to a sandy shore for the remaining larger group of
plaintiffs’ properties.” _Liability Op.78 Fed. Cl. at 625 (internal quotatiorarks
omitted). He further testified that south of the harbor, the exposed layer of till gives way
to an area that is “mainly raw sand.” (quotation marks omitted). Dr. Nairn,
defendant’s expert witness in coastal engineering, reviewed Dr. Larson’s stratigraphy and
conduced measirements and numerical modeling, also concluding that “the properties
belonging to a majority of the plaintiffs are located on a sandy, not a cohesive, shoreline.”
Id.

At the trial of liability, plaintiffs presented “no expert evidenceto.counter
defendant’s expert’s studies and explanations, and no expert review of Dr. Nairn’s--and
particularly Dr. Larson’s--research conclusions regarding the lake bottom composition.”
Id. at 628. Plaintiffs’ expert, Dr. Chrzastowski, testified that he had not reviewed Dr.
Nairn’s report, and plaintiffs provided no evidence that Dr. Chrzastowski had reviewed
Dr. Larson’s report or testimony. IdDr. Chrzastowski instead “opined that the lake
bottom was cohesivéaging] his evaluation on existing literature, aerial photography,
historical maps, and ground photography,” documentary evidence that the court found
had been “credibly refuted” by Dr. Larson. |Br. Chrzastowski did not take any
measurements in connection with his formulation of his expert opii8erid.

The court noted that “[t]here is no dispute that, prior to this litigation, defendant
consistently held the position that the shore in the area south of St. Joseph Harbor was
cohesive.”_ld.However, defendant had previously held this position as a result of
studies conducted prior to this litigation that the court found less probative than the
evidence presented at trial. Two of the earlier studies, which the court referred to in its
Liability Opinion asthe “1996 Report” and the “1997 Report,” had focused on a broader
areaof shoreline with little data from plaintiffs’ zone.e&id. at 625 627. A study that
the court referred to in itsiability Opinion asthe “1992 Pilot Study” stated on its title
page that it waa preliminary study, failed to discuss the geological history of the area

“The United States Court of Claims is the predecessor court to this court and a
predecessor to the Uad States Court of Appeals for the Federal Circuit. When acting in its
appellate capacity, the Court of Claims created precedent that is binding oauttti_South
Corp. v. United State$90 F.2d 1368, 1369 (Fed. Cir. 1982) (en banc).
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and, in Dr. Larson’s opinion, made “no geological sens@gid at 627(quotation
marksomitted).

The court also found the use of sidescan sonar in the 1992 Pilot Study
problematic? Sidescan sonar, the court stated, “scans only the surface of the lake bed
and does not penetrate it.” |k 626. Sidescan sonar “doesn’t [actually] tell you what's
there, it simply produces a picture of what the surface of the lake bed looks like, that is, it
provides information on whether it is bumpy or flat.” (dlteration in original) (internal
guotation marks omitted). The radar used to supplement sidescan sonar in the 1992 Pilot
Study penetrates the ground but “can’t penetrate very far . . . because the energy is
consumed very rapidly.” lcat 626 (internal quotation marks omitted). Dr. Larson
testified that sidescan sonar and the other techniques used in the 1992 Pilot Study were
“good science” but explained that it “should not stand alone; it has to be verified,” for
example with well logs. Idcitation and internal quotation marks omitted). Instead of
using well logs to verify their conclusions about the composition of the lakebed, the
authors of the 1992 Pilot Study performed “periodic sampling of the surface” of the
lakebed by collecting sediment samples. (titation and quotation marks omitted). The
court found these superficial sediment samples less persuasive than “Dr. Larson’s
extensive use of well logs, which obtains samples of materials in strata that are at the
same depth as the subsurface of the adjacent shoreat Ga6-27.

The court, having found Dr. Larsorasd Dr. Nairn’s testimony persuasistated
that “[t]lhe inference of this conclusion is that for any given plaintiff it is more likely than
not that his or her property is located in a sandy zone."Hlovever,“The evidence at
trial did not permit the court to determine (by, for example, an overlay of plaintiffs’
property lines onto the lakebed composition data presented by defendant) exactly which
of plaintiffs’ properties in the northernmost portion of plaintiffs’ zone were adjacent to
the cohesive nearshore lakebed shown on defendant’s exhibits.” Order Granting,Recons.
84 Fed. Cl. at 291. The court stated that the issue of which specific properties are located
along the small section of cohesive shoreline would be determined in future proceedings.
Liability Op., 78 Fed. Cl. at 628.

2. Additional Evidence of Shoreline Composition Presented by Plaintiffs at
the Trial of Damages

a. Observation of the Surface of the Lakebed by Sidescan Sonar, Underwater
Video and Sediment Grab Sampling

“>At the trialof damages and in their briefing, plaintiffs again presented the results of
sidescan sonar and sampling of sediments on the surface of the lakebed adjadent to the
properties.Seeinfra Part I11.B.2.a
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At the trial of damages, plaintiffs presented additional evidence addressed to the
composition of their section of shoreliffe However, plaintiffs did not provide an
interpretation of the geological history of the area or present a stratigraphy of the area to
challenge the geological history and stratigraphy developed by Dr. LaesdiT, s
passim and found persuasive by the court at the trial of liability Lsalaility Op., 78
Fed. Cl. at 628. Plaintiffs’ expert witness on the topic of shoreline composition, Dr.
Mackey, testified at the trial of damages that he had not reviewed the well logs that Dr.
Larson used to develop his stratigraplBeeTr. 710:5 (Mackey) Plaintiffs did not
present evidence that the properties of individual plaintiffs had sandy or cohesive
shorelines, se&r. passimbut instead argued that the entirety of plaintiffs’ zone is
located along a cohesive shoreline, B&x’ Br. 15.

Plaintiffs retained Dr. Mackey to perform a sidescan sonar survey of the nearshore
lakebed adjacent to their properties, to map the distribution of surface sediments and to
determine whether the shoreline along which their properties are located is cohesive. Tr.
488.7-13 (Mackey). To aid in the interpretation of the sidescan sonar data, Dr. Mackey
recorded underwater video of plaintiffs’ zone. Tr. 507:17eplldquy between Dr.

Mackey and plaintiffs’ counsel). As Dr. Mackey explains in his replortmany

respects, sidescan sonar data is similar to aerial photographs taken of the earth’s surface.
The only difference is that the images are produced with sound instead of light.” PX 136
(Mackey Report) 3. Alevice called @owfish is pulled behind a boat, idt 2, 3; the

towfish emits acoustic pulses and records the acoustic energy reflected by the lakebed, id.
at 2. To survey the nearshore lakebed adjacent to plaintiffs’ properties, Dr. Mackey
piloted a boat along five survey lines parallel to the shoredsae5-6, and used

specialized software to merge the data from the five survey lines “into a seamless image
of the lakebed,” idat 7.

Sidescan sonar can be used to determine whether materials at the surface of the
lakebed are sandy or cohesivgeeid. at 2 (“Generally, harder materials (bedrock, sand,
metal) will give a stronger acoustic return than softer materials (silt, clay, or mud).”); DX
136 (McNinch Report) 2 (stating that “different surfaces often generate characteristic and
distinguishable changes to the reflected sound”). Dr. Mackey explained that “[i]n
general, harder materials . . . will show up as ‘bright’ patterns on the sidescan sonar.
Softer materials ...will show up as ‘dark’ patterns on the sidescan sonar.” PX 136
(Mackey Report) 10; see, e.gd. at 11, Fig11l

Because sidescan sonar maps the surface of the lakebed, it is of limited value to
researchers attempting to determine the composition of substrates located below the
surface. Dr. Mackey testified that the sidescan sonar penetrated the lake bottom to a
depth of “a couple of inches, at most.” Tr. 728:M&¢key). Under the correct

“*Following the trial of liability, the court graed reconsideration of the issue of
shoreline compositionSee generallPrder Granting Reconsd4 Fed. Cl. 288eesupraPart 1.
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conditions, sidescan sonar can be used to detect subsurface materials/gatedr

the surface, but it does not indicate the depth at which the subsurface materials are
located?” Tr. 727:9-11 (Mackey). Accordingly, Dr. Mackey agreed that the “mapped
image usually does not provide a cross section of or insight into the depth of a substrate
that appears on the surface of a lake bda.”721:26 (colloquy between Dr. Mackey

and defendant’s counsel).

In his trial testimony, Dr. Mackeggreedhat he is aware of acoustic devices,
including “sparkers,” “boomers” and “chirper[s],” which “produce fairly high energy that
allow([s] the sound of the side scan sonar to penetrate into the earth’s crust and then
reflect off different areas of different density in the earth’s crust at varying depths.” Tr.
721:7-20 (colloquy between Dr. Mackey and defendant’s counsel). Dr. Mackey did not
suggest to plaintiffs that they employ any of these deviceat 71@2:5-7, because he
“didn’t think it was [his] place to suggest the use of those sort of tools because [he does
not] own that type of equipment and [he] typically [does not] do that kind of worlat id.
725:9-22. Dr. Mackey also testified that he was “not directly aware” that the question of
what substrates lie below the surface of the lakebed and at what depth was an issue in this
case.ld. 722:8-13.

Interpreting the results of his sidescan sonar, Dr. Mackey concludes that
approximately 5% of the lakebed surface consistobésive materiatather than
boulder cobble, bedrock, gravel or sdfidseePX 136 (Mackey Report) 13, Table 1. Dr.

“’Based on Dr. Mackey’s testimony about sidescan sonar, the court was not persuaded
that Dr. Mackey’s study could be a soeiaf significant data on subsurface materials. Dr.
Mackey testified that, to detect subsurface materials with sidescan ‘§gjuar would have to
have a substrate that is somewhat less hardvhere you don't get a very hard acoustic
response.” Tr. 726:23-25 (Mackey). However, Dr. Mackey found that the approximately 95%
of the lake bottom he sampled was covered with boulder cobble, bedrock, gravel sesixd,
136 (Mackey Report) 13, Table 1, the type of hard materials that give a stronticaasp®nse,
seeid. at 2. Dr. Mackey also testified that ldvequency sound waves are better able to
penetrate the surface of the lakebed, &e&27:2-3 (Mackey), but that he used primarily high-
frequency sound waves, a technique that, although it didgeenetrate the lakebed surface,
“gives you a higher and more detailed resolution,” Tr. 506:11-14 (Mackey).

“8Dr. Mackey copied a portion of a geological map produced by 8@Sinto his report.
PX 136 (Mackey Report) 16. On the map, the words “CI&ikyTill Deposits of Lake Border
Moraine” appear offshore near plaintiffs’ zone. at 16, Fig. 17 (surficial geological map of
plaintiffs’ zone). Dr. Mackey also copied the following text, which accompanidd$&S map,
into his report: “Offshore, the till is overlain by a gray medium to coarse sandared, gvhich
is interpreted to be surficial lag deposit derived from eroded till; the till is als@owvby thin,
patchy, very fine to fine sand lake-bottom deposits and near shore sand dejhsitisT6
(quotation marks omitteg¥ee alsd”ls.” Resp. to the United States’ Post-Trial Br. (PIs.” Resp.),
Dkt. No. 497, at 178 (citing same).
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Mackey infers, without explanation, that an addition@¥&of the lake bottom is covered

by “[t]hin deposits of fine-rad-sand overlying cohesive clay/silt deposits.” dd113. Dr.
Mackeystates that his obseti@ns “fit the typical cohesive profile.” It 157°

However, Dr. McNinch, reviewing Dr. Mackey’s results, argues persuasively that far less
of the lakebed surface is composed of cohesive materials. Dr. McNinch “found it very
difficult to duplicate or even identify many of the same surface expressions of the
cohesive clay substrate” identified by Dr. Mackey. DX 294 (McNinch Report) 4; but see
PX 139 (Mackey Response to McNinch) 6 (stating that Dr. Mackey hasaxjpegience

than Dr. McNinch in interpreting sidescan sonar data collected in the Great Lakes).
Regarding Dr. Mackey’s inference that five percent of the lake bottom is composed of a
thin layer of sand overlying cohesive material, Dr. McNinch stated that “[ijnterpreting
thickness based solely on the patchiness of exposed substrates . . . is highly spgeculative
and noted that none of Dr. Mackey’s sediment samples revealed “a non-sandy,
underlying layer.*® DX 294 (McNinch Report) 3.

Dr. McNinch also argues that, althoutjlihe data acquisition and processing
methodologies used by Dr. Mackey .were quite good and met conventional
standards,” idat 2, Dr. Mackey failed properly to corroborate the results of his sidescan
sonar, sedr. 1799:25-1800:6 (colloquy between Dr. McNinch and defendant’s counsel);
DX 294 (McNinch Report) 2-5 (describing several respects in which Dr. Mackey's

The court, as it did at the trial of liabilitgeeLiability Op., 78 Fed. Cl. at 619, places
greater weight on the reports and opinions developed by the expert witnessesifidu dést
trial than on excerpts of agency reports based on studies and methods not subjeuj toytest
crossexamination. The court notes also the “sharper focus” on plaintiffs’ zone andube o
this case in the expert witnesses’ testimony than in publications unrelated teg¢h8exid.; cf.
PX 41 (1999 Report) 2 (surveying the existing studies of shoreline composition, includieg thos
conducted by the USGS, and concluding that “[m]uch more work remains to be done to quantify
the extent of cohesive coastlines”).

“9Dr. Mackey included in his report a conceptual cross-section of the substrates in
plaintiffs’ zone as he believes thexig. SeePX 136 (Mackey Report) 15, Fig. 16. The
conceptual crossection contained linear sand ridges running parallel to the shoreline, with
cohesive sediments visible in the troughs between sand riSgetd.

*%Dr. Mickelson further testified th&li]f you have cohesive sediment where there’s
glacial till, then boulders end up sitting on the bottom because they’re not moved byése wa
so they’re not moved very much and the clay has been dwindled out from between them. So you
almost invariablyfom my experience have rocks of various sizes scattered, not piled, but
scattered on that cohesive bed surface.” Tr. 2079:11-18 (MicketSoRX 41 (1999 Report) 2
(stating that in cohesive areas, any “large rock[s] and boulders are usualliyds a lag deposit
laying directly on top of the consolidated layer”). Dr. Mickelson furthstified that “if there is
till below the sand here[,] the sand cover has to be thick enough to be covering any boulders that
had washed out of the till.” Tr. 2080:6-9 (Mickelson). Plaintiffs do not contradict thigsanal
SeePIs.’ Br.passim Pls.” Resppassim
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measurements could have been imprové&i) Mackey acknowledges in his report that
“Iit is alwaysnecessary (and appropriate) to validate the acoustic responses in the sidescan
data either by sampling or direct observatioh.PX 136 (Mackey Report) 7.

One reason that it is necessary to validate sidescan sonar data with other
measurements is that even sandy lakebeds contain a measure of finer material, which will
often become separated from the sand and settle on the surface. Dr. McNinch explained
that “waves and currents typically winnow and sort unconsolidated sediment on the
lakebed. These processes often result in what appears as a complex, patchwork pattern of
different substrates at the surface but which, in fact, could simply originate from an
underlying layer that is composed of a mixture of these sediment types.” DX 294
(McNinch Report) 3.

However, the sampling amtirect observation undertaken by Dr. Mackey were
quite limited and provide littleorroboration oDr. Mackey’s conclusion that his
observations “fit the typical cohesive profileSeePX 136 (Mackey Report) 15. Dr.
Mackey recorded underwater videos and collected sediment samples from the surface of
the lakebed Id. at6. After studying Dr. Mackey’s underwater videos, which tiiyl-
five minutes in length, Dr. McNinch determined that cohesive material was visible for
thirty-seven seconds, or slightly more than 1% of the tfmér. 1835:3-7 (McNinch);
DX 294 (McNinch Report) 5Severalof Dr. Mackey’s underwater videos document no
cohesive sediment at all. DX 293 (Mickelson Report) 27. Dr. Mackey does not argue
that Dr. McNinch has incorrectly measured the amount of cohesive material visible in the
underwater videos. €ePX 139 (Mackey Response to McNinchj 3-

>1Dr. Mackey referred to the process of validating sidescan sonar resslsipjing or
direct observation as “ground truthing:”

Ground truthing is when you have interpretations you're making based on
information that may not be precise, so you do the best you can with what you
have.. .. [T]he ground truthing would involve actually going to that area and
gathering data from that very area where you're interested in.

Tr. 834:22-835:5 (Mackeyxee alsdr. 1799:2-5 (colloquy between Dr. McNinch and
defendant’s counsel) (agreeing that the term “ground truthing” is “consisténiiat we are
talking about here for corroboration”).

>2Dr. Mackey notes thate recorded the sidescan sonar and underwater videos as much as
three months apart and that exposures of cohesive material may be short livese ipésiatiffs’
properties are located in a “lhly mobile sand environment.” PX 139 (Mackey Response to
McNinch) 4. Dr. Mackey's video recordings are also less comprehensive than raarsisi@sar
observations SeePX 136 (Mackey Report) 9, Fig. 9 (map of survey area) (showing video
survey lines that cover a small portion of the sidescan sonar survey area).
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None of the sediment ajo sample® collected by Dr. Mackey verified the
existence of exposed cohesive materizdePX 136 (Mackey Report) App. A (sample
descriptions) (describing every sediment sample as consisting of sand or “[v]ery coarse
sand/[g]ravel”); Tr. 1799:22-24 (McNinch) (“I believeotn his table at the back of his
report, all the samples from his petite ponar were sandy, sandy mat&ribtst
significantly, Dr. Mackey failed to verify his observations with subsurface investigation.
SeePX 136 (Mackey Report) passifoffering no discussion of subsurface investigation).
Dr. McNinch stated that, when studying lakebed composition, “[w]e often take cores, and
we often take subottom profiles® so that we know what the stratfum] is like just
below.” Tr. 1798:13t5 (McNinch). Subbottom profiles also allow an observer to “see
where the base of the sand is, and where other layers of different geology might be
present.”®® Tr. 1804:24-1805:5 (McNinch). Dr. Mackey did not ground truth his results
with cores or sulbbottom profiles” SeePX 136 (Mackey Report) passim.

>3Dr. Mackey testified that the sediment grab sampler he used is a metal device, shaped
like a clamshell.SeeTr. 508:921 (colloquy between court and Dr. Mackesge alsd®X 136
(Mackey Report) 8, Fig. 7 (photo of “Petite Ponar sediment sampler”). rabesgmpler
collects samples from the surface of the lakebed. T&8€£33:10-12 (colloquy between Dr.
Mackey and defendant’s counsel) (agreeing that “it doesn’t extend much into thedake
itself”).

*Dr. Mickelson, who probed the surface of the lakebed with an epéded tube attached
to a tenfoot rod, DX 293 (Mickelson Report) 1, reported similar results. The probe he used
penetrated to a depth of about 8 inches, allowing Dr. Mickelson to determine, “by the sound and
the resistance on the tube,” tt@mposition of the lakebed surfade. In every observation but
one, Dr. Mickelson sampled sand, gravelly sand or a combination of sand and concreke or ro
Id. at 19, Table 8 (list of probe observations). Dr. Mickelson testified that the “chunks of
concrete or rubble” that he observed in several samples were located close todhiketya
constituted “old shore protection materials.” Tr. 2044:6-11 (Mickelson). The one obmervati
that sampled a different material revealed “sandy organic sedimenDXs283 (Mickelson
Report) 19, Table 8, that appears to the court to constitute part of the thin layer af-codpani
sediment discussed belogeeinfra Part 111.B.3.a.

*°A “sub-bottom profile” is the cross section of subsurface layers depictad bgoustic
device that penetrates the lakebed. Bed785:4-13 (McNinch).

*Dr. McNinch also stated that he would want to “look at the [bathymetry], and look at
the depths across the shallow nearshore, both to correct the side-scan sashaoutatso to
have very good control on the elevation of the seabed.” Tr. 1804:19-23 (McNinch).
“Bathymetry is. . . basically the water depth.” Tr. 549:6-7 (Mackey). Dr. McNinch stated that,
to determine water depth, Dr. Mackey “used what we call the watiedial the sidescan sonar
records,” which gives only a “rough idea” of the water depth directly uhéaotwfish, rather
than using “a multi-beam, or swap [bathymetry], which is fairly common in tlt &ed gives
the depth of the water to the sides of the towfish as well. Tr. 1806:10-1807:3 (McNinch). Dr.
McNinch further stated that, regardless of the type of sidescan sonar usattewdon’t use or
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Dr. Mackey’s observations of the surface of the lakebed are simply insufficient to
establish that the shoreline is cohesive. The court discussed the limited value of sidescan
sonar coupled with surface sampling in_its Liability Opirionwhich it found Dr.

Larson’s stratigraphy more persuasive than the results of a 1992 study that relied on
sidescan sonar and sampling of the lakebed surface, Liability/®ped. Cl. at 626-

28--ard again pointed out the limited value of sidescan sonar and other surface evidence
in its Order Granting Reconsideratj@# Fed. Cl. at 295. Plaintiffs do not explain why
they presemd again at the trial of damages the results of sidescan sonar uncorroborated
by subsurface investigation, such as cores otstiem profiles SeePls.’ Br. passim

Pls.” Resp. passinef. Tr. 1798:13-15 (McNinch) (stating that, when studying lakebed
composition, “[w]e often take cores, and we often take sub-bottom profiles so that we
know what the stratfum] is like just below’Neither do plaintiffs attempt to distinguish

the techniques used by Dr. Mackey from the techniques used in the 1992 stséynted

at the trial of liability, and found unpersuasive by the co8eePIs.’ Br.passim PIs.’

Resp. passim

The court agrees with Dr. McNinch that “sediment thickness and the character of
underlying substrates cannot be directly measured from sidescan sonar, underwater video,
and surface sediment samples. No corroborating evidence, such as sediment cores or
sub-bottom seismfé profiles, that explicitly measure the thickness and nature of buried
substrates|,] are provided to support these interpretations.” DX 294 (McNinch Report) 1.
The court therefore finds that Dr. Mackey’s observations of the lakebed surface, without
supplementation by subsurface sampling orlsotbtem profiles are insufficient to
establish that plaintiffs’ zone is cohesive.

b. CEM Techniques to Identify Cohesive Shorelines

Plaintiffs offer two arguments that supplement Dr. Mackey's observations of the
surface of the lakebed with analysis drawn from the CEM. The CEM is an engineering

rely heavily on the depth from a side-scan sonar” because the towfish can move up and down,
causinginaccurate readings. Tr. 1807:1808:2 (McNinch).

>'Neither did Dr. Mackey ground truth the results of his sidescan sonar survey by
examining the sediment samples, discussed below in Part I11.B.2.b, collesteth& surface of
the lakebed and analyzég plaintiffs’ expert witness, Mr. Shires. Tr. 753 ZMackey) (‘I
have not seen his report nor have | seen his samples nor have | seen any of thad results
whatever analyses were done on those samples.”); sdafadsBart 111.B.2.b.i (finding that Mr.
Shires’ samples are not “subsurface investigations” as contemplated bgh&Cuse in
verifying observations of the surface of the lakebed).

*%3ejsmic information is basically using energy production at the surfati isreither

reflected or refracted off of sediment| | interfaces beneath the bed of Lakegaficht gives
you some idea of what the materials are like beneath the surface.” Tr. 1993:182)L
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manual drafted by the Corps to describe “the basic principles of coastal processes . . . and
[to provide] guidance on how to formulate and conduct studies in support of coastal
flooding, shore protection, and navigation projects.” PX 316 (Guide for Preparation of

the CEM) 5. Part Ill, Chapter 5 of the CEM, entitled “Erosion, Transport, and Deposition
of Cohesive Sediments,” has been admitted into evidence as PX 178 and addresses,
among other things, the identification of cohesive shores. PX 178 (CEM) 111-5-2 to IlI-5-

8.

Plaintiffs’ first argument concerns six visual features that the CEM states may help
in the identification ok cohesive shorelineSeePIs.’ Br. 9-12. Plaintiffs argue that four
of the six visual features set out by the CEM are present in plaintiffs’ zone. Tr. 17:5-8
(plaintiffs’ counsel). Plaintiffs’ second argument purports to summarize with a two-part
analysis the CEM'’s discussion of cohesive shorelines and how they are identified. PIs.’
Br. 8. Because neither argument employs the detailed analysis of shoreline composition
described in the CEM, the court does not find either argument persuasive.

I Six Visual Features that May Indicate a Cohesive Shore

Although the CEM notes that “cohesive shores are often difficult to identify owing
to the presence of a sand beach astiore,” the CEM states that “[t]here are at least six
ways of visually identifying the presence of underlying consolidated cohesive
sediment.”® PX 178 (CEM) Ill-5-3 Drawing from Dr. Mackey’s initial expert repdfit,

*Consolidated sediment is “[df or hard coheive sediment that has had centuries to
drain, probably compressed beneath glaciers or other overburden.” PX 178 (CEM) III-5-

ODr. Mackey writes in his initial expert report that the visual indicators listed infhé C
“define a cohesive shoreline.” P86 (Mackey Report) 2&ee alsad. at 25 (“[F]our of the six
characteristics listed in the [CEM] that define cohesive shorelines aenpreghin the St.
Joseph survey area. Based on the sidescan sonar data collected within tleplSsulesy site,
there is no question that the area surveyed is asamnked cohesive shoreline.” (emphasis
omitted));cf. PX 141 (Shires Report) 6 (stating that the visual indicators listed in the CEM
“establish a cohesive shore”). Dr. Mackey disavowed this argumérg subsequent reports.

Without explaining the change in his analysis, Dr. Mackey wrote in his response to Dr.
McNinch’s rebuttal report, “Note that the definition of a cohesive shoreline isasetbn
whether or not the six criteria listed in ffi&EM] are present (as implied by Dr. McNinch)..”
PX 139 (Mackey Response to McNinch) 7. Dr. Mackey further stated that “theéacttiat Dr.
McNinch is referring to are what the [CEM] suggests be used to assist in tireidaten of
whether cobsive materialare preserdilong a shoreline, not whether the area survesyad
cohesive shoreline.1d. (some emphasis omitted). Dr. Mackey then advanced a second
analytical framework, emphasizing a tstep analysis, discussed bel@gePart 111.B.2b.ii; see
alsoinfra note 64 (summarizing the discussion of the two-step analysis in Dr. Mackeyttsje
that considers whether cohesive materials are present and “have been, ardyeosutiject to
irreversible erosion,” PX 139 (Mackey Report) 7.
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plaintiffs contend that “the six factors set forth in the CEM provide strong visual clues to
the presence of a cohesive shore.” Pls.’ Br. 12; seelaldd:5-8 (plaintiffs’ counsel)
(“There are six ways, in the [CEM], to identify whether a [coheS8haekebed exists.

We have four out of six.”); PX 136 (Mackey Report) 17-25 (discussing the presence of
four of the six factors in plaintiffs’ zone).

The six visual features listed by the CEM are (1) “the presence of exposed
cohesive sediment on the beach”; (2) pieces of clay or peat that have washed onto the
beach; (3) “[s]prings or surface runoff across a beach”; (4) “[d]iscoloration of water in
the nearshore zone”; (5) “[p]ermanent undulations in the shoreline platfanch’(6)
exposed cohesive sediments in troughs between offshore bars. PX 178 (CEM) IlI-5-3 to
[11-5-6. In addition to the six visual indicators, the CEM describes the “[u]se of more
detailed subsurface investigations to confirm visual observations and provide more
detailed information.” ldat I11-5-6. Plaintiffsclaim that four of the six CEM factors are
present on their properties: exposed cohesive material on the beach, pieces of cohesive
materialwashed up on the beach, discoloration of the water in the nearshore zone and
exposed cohesive sediments in the troughs between offshore bars. Pls.’ Brsd@®-11;
alsoPX 136 (Mackey Report) 17-25 (discussing the presence of four of the six visual
features in plaintiffs’ zone); PX 141 (Shires Report) 6-7 (discussing Dr. Mackey’s
analysis of the six visual features).

The CEM contemplates that the six visual indicators would be used in conjunction
with “more detailed subsurface investigations.” PX 178 (CEM) IlI-5-63¢€4.55
(Nairn Composition Report) 17 (stating that the six visual factors are “clues”). The CEM
describes a shoreline in Ghana where “initial visual observations” were followed by “a
series of subsurface investigations” including “augers, boreholes, vibracores and sub-
bottom profiling.” PX 178 (CEM) IlI-5-6. A section of the CEM describes “a variety of
techniques for characterizing the surface and subsurface conditions, with particular focus
on the sand cover thickness,” including the use of steel probes, jet probes and sub-bottom
profiling. Id. at I11-5-20.

Plaintiffs’ expert witness, Mr. Shires, examined samples obtained by divers and
determined them to be cohesive. Pls.’ Br. 12-1Bes€ samplefiowever, are not

Plaintiffs do not acknowledge or explain the change in Dr. Mackey’s anaseRIs.’
Br. passim Pls.” Resppassim Plaintiffs instead apply the two methods of analysis
simultaneously, as though they were a single met&a®, e.g.PIs.” Br. 12 (stating, in a section
that primarily discusses the tvatep “test” that “the six factors set forth in the CEM provide
strong visual clues to thegmence of a cohesive shore”).

®IThe transcript reads “coastal lakebed” rather than “cohesive lakebed.” Tr. 17:7
(plaintiffs’ counsel). Because this sentence appears during counsel faffplanmmary of the
evidence that the lakebed is cohesive, the court concludes that the word “coastatake im
transcription.

58



“subsurface investigations” as claimed by plaintiffs. ad12. The fact that the samples
were collected below the surface of the water does not make them “subsurface
investigations” as contemplated by the CEM. Compael 78 (CEM) 111-5-6

(describing the use of the visual features in conjunction with techniques that sampled
material below the surface of the lakepedth Pls.’ Br. 12-13 (characterizing as
“subsurface investigations” Mr. Shires’ analysis of samples collected at “various depths
(between 10 and 20 feet)” below the surface of the Yater

Mr. Shires testified that the samples were taken from the surface of the lakebed.
Tr. 789:24-790:1 (Shires) (“So these are right on the bottom, they're exposed on the
bottom.”). Mr. Shires’ expert report, the permits obtained before the samples were
collected and the photographs taken by the divers similarly indicate that the samples were
collected from the surface of the lakebed and that the divers wdaet, prohibited from
collecting samples more than four inches below the surfaeePX 141 (Shires Report)
App. A., Attachment B (letter from the Corps) (authorizing collection of samples two
inches thick) App. A, Attachmen8 (letter from Michigan Department of Natural
Resources & Environment) (authorizing the collection of samples two to four inches
thick), App. A, Attachment C (photographs taksndivers) (showingexposed samples
of cohesive material lying on the surface of the lakebed). The letter from Prism
Environmental Services (Prism), the company retained to collect the samples, states that
“[t]he primary purpose of this investigation was to locatplaceexposure®f cohesive
bottom sediments.”_ldat App. A (letter from Prism) 1 (emphasis added).

The first and second CEM features relate to the presence of cohesive materials on
the beacheither as a result of intact cohesive units becoming exposed or as a result of
cohesive materials washing up on the beach. PX 178 (CEM) I1I-5-3. Plaintiffs argue that
both features are present on the beaches adjacent to their properties. PIs.’ Br. 10.
However, the evidence cited by plaintiffs to document the existence of exposed, intact
cohesive units on the beach is limited and unpersuasive. Plaintiffs cite the trial testimony
and expert report of Dr. Mackey, who, they argue, observed “exposed cohesive material
and eroding cohesive scarps in the lakeddidcent to [p]laintiffs’ properties.” PIs.’ Br.

10 (emphasis added) (citing Tr. 538:399:7 (colloquy between Dr. Mackey and

plaintiffs’ counsel); PX 136 (Mackey Report) 20). But the CEM refers to exposed
cohesive sediment “on the beach,” PX 178 (CEM) IlI-5-3, not the lakebed. As Dr. Nairn
explained, “A ‘beach’ is defined as the above water or ‘subaerial’ part of the nearshore
profile.” DX 155 (Nairn Composition Report) 12e alsd’he American Heritage
Dictionary of the English Languag@merican Heritage Dictionajyi55 (4th ed. 2000)
(including in its definition of a beach: “[tlhe zone above the water line at a shore of a
body of water”); Coastal Engineering Manu&pp. A (Glossary) A-6 (2003) (defining a
beach as “[tlhe zone of unconsolidated material that extends landward from the low water
line”), available atttp://140.194.76.129/publications/eng-manuals/em1110-2-
1100/AppA/a-a.pdf.
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Plaintiffs also rely on the trial testimony of Mr. Shires, Pls.” Br. 10, who identified
cohesive materials in two pictures of bluffs above beaches in plaintiffs’®one
observing that “there appear[s] to be some vertically standing materials in the beach
environment just upslope of the beachr’ 817:1618 (Shires) (discussing PX 161
(unidentified photos of beaches)®)Mr. Shires explained that “in order for it to stand
vertically[,] it's got to have some consolidation, some consolidated cohesive properties to
it.” Tr. 817:25-818:2 (Shires).

Mr. Shires did not testifyhoweverthat he had collected or tested samples of the
material in the photos or even examined the materials in peBs®Tr. 816:4-818:6
(colloquy between Mr. Shires and plaintiffs’ counsel). The court finds Mr. Shires’
characterization of the exposed materials as cohesive, which is based on photographs, to
be less reliable evidence of their composition than the more sophisticated laboratory tests
Mr. Shires ordered performed on the samples collected from the lake botemr. S
796:19-810:19 (colloquy between Mr. Shires and plaintiffs’ counsel) (discussing the
laboratory tests conducted on soil samples--including tests of shear strength, dry unit
weight, moisture content, loss on ignition, plasticity and grain size). Furthermore, the
materials Mr. Shires identified in photographs are not “on thetbee contemplated by
the CEM, sed®X 178 (CEM) 1l1I-5-3, but are bluffs, sé& 161 (unidentified photos of
beaches) 1, located, in Mr. Shires’ words, “upslope of the beach,” Tr. 817:17-18 (Shires).

Nor are the pieces of sediment that wash up on beaches in the soeicerofr
plaintiffs’ propertiesseePlIs.’ Br. 10 (describing this sediment as “pieces of exposed
cohesive clay and consolidated peat,” “chunks of grayish brown clay material” and
“pieces of peat’)evidence of a cohesive shoreline. Defendant points out that the
presence of rafts of organic-rich sediments washing ontoehehis consistentvith
defendant’s explanation of the geological history and the stratigraphy of theSaea.
Def.’s Br. 22-23.Dr. Mickelsonand Dr. Larson testified that changing lake levels
deposited a thin layer of orgamich materialin the southern reach of plaintiffs’
properties about seven feet below mean lake level appra@iym@e)0 years agoSee
infra Part 111.B.3.a (describing the formation of the thin, organic-rich layer); DX 293
(Mickelson Report) 3-6 (discussing the formation of a layer of “marshy soil”
approximately 6,600 years ago that has become exposed in areas and creates “rafts of

®2At trial, plaintiffs added color prints of the photos in PX 1&keTr. 816:7-21
(colloquy between Mr. Shires and plaintiffs’ counsel). The court directedthereporter to
place the color photos in front of the black and white photocopies plaintiffs had oyigilzaéd
in the record copy of plaintiffs’ exhibit binders. Tr. 2317:6-9 (court). Plaintiffs pievided
color prints of certain photos in PX 264 and a clearer photocopy of certain pages of PX 409, all
of which the court directed the court reporter to add to the record copy of plaitifibit
binders. Tr. 2312:9-2315:15 (colloquy between court and plaintiffs’ counsel).
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peaty sand that occasionally wash up on the bed@HD). Larson states that radiocarbon
testing of one of the rafts of material that washed up on shore determined its organic
material to be approximately 6,980 years old. DX 3 (Larson Report) 17. The court is
persuaded by Dr. Mickelson’s conclusion that “it all fits together that the cohesive
material that’s showing up out here. is this organigich sand and silt.” Tr. 2100:4-6
(Mickelson). The presence of rafts of “organic-rich sand and gllt is not evidence

that the shoreline as a whole is cohesive.

The two other visudkatures drawn from the CEM and relied upon by
plaintiffs--exposed sediment in the troughs between offshore bars and discoloration of
waterin the nearshore zonare similarly unpersuasive as evidence of a cohesive
shoreline. Plaintiffs argue that Dr. Mackey observed exposed cohesive sediment in the
troughs between offshore sand bars. Pls.’ Br. 11 (citing Tr. 542:10-543:10 (colloquy
between Dr. Mackey and plaintiffs’ counsel); PX 136 (Mackey Report) at 22-23).
However, as Dr. McNinch explained, “waves and currents typically winnow and sort
unconsolidated sediment on the lakebed. These processes often result in what appears as
a complex, patchwork pattern of different substrates at the surface but which, in fact,
could simply originate from an underlying layer that is composed of a mixture of these
sediment types.” DX 294 (McNinch Report) 3. Plaintiffs have not rebutted Dr.
McNinch’s account of the source and composition of the sediment and have not,
therefore, carried their burden of proof.

Plaintiffs contendhat “[ae]rial photographs taken of the Plaintiffs’ nearshore zone
document discoloration in the nearshore zone.” Pls.’ Br. 10. However, Dr. Nairn
determined that the plumes of discoloration actually travel downstream to plaintiffs’
properties from areas that defendant describes as coh&aeP.X 155 (Nairn
Composition Report) 12-13ge alsad. at 2-26 (describing a section of cohesive
shoreline approximately 1.9 miles long and located south of the jetties). Dr. McNinch
notes that “many sandy beaches worldwide exhibit . . . plumes of discoloration in the
surf.” DX 294 (McNinch Report) 7. Plaintiffs failed to rebut defendant’s evidence on
the source of the discoloration and similarly failed to carry their burden of proof on this
issue.

®3Defendant first introduced evidence of this thin layer of orgeinfcmaterial at the trial
of liability, several years before plaintiffs presented their argumesatdban the visual features
listed in the CEM.SeeDX 3 (Larson Report) 16-17 (discussing the formation of a layer of peat
andlogs ten centimeters thick, which had been sampled in an engineering boring, anel was t
likely source of the rafts of sediment that wash up on the beaches adjacemttiffspla
properties). Dr. Larson stated in his report that radiocarbon dating fyttr of organicich
material revealed the presence of organic materials approximately 6@406a5 years oldld.
at 16. Dr. Larson stated that radiocarbon dating of the rafts of sediment detetratrtbd t
sediment contained organic material mpmately 6,980 old.Id. at 17.
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The court finds the explanation by defendant’s expert witnesses of the presence of
the four visual features in plaintiffs’ zone to be both credible and persuasive. Because
plaintiffs failedeither to rebut defendant’s evidencdmsupplemenits evidence of the
visual features on which they rely with “more detailed subsurface investigations” such as
“augers, boreholes, vibracores and sub-bottom profiling,” as contemplated by the CEM,
PX 178 (CEM) llI-5-6, the court finds unpersuasive plaintiffs’ argumenttbeatlaimed
existence of four of the six CEM visual features estabsifiat plaintiffs are located
along a cohesive shoreline.

. Plaintiffs’ Two-Part “Test” of Composition

Plaintiffs’ second argument purports to summarize the CEM’s discussion of
cohesive shorelinessa two-part “test”

In short, if (1) cohesive materials are exposed on the lakebed or covered
with less than 9 feet of sand and (2) those materials are subject to
irreversible lakebed erosion, a shoreline is cohesive.

Pls.’ Br. 8%* For the following reasons, the court finds that plaintiffs’ proposed two-part
“test” does not accurately represent the analysis recommended by the CEM to use in
identifying cohesive shorelines. Nor do the facts adduced at trial support plaintiffs’
proposed analysis.

®This argument is drawn from Dr. Mackey’s rebuttal reports, in which he exphains t

Dr. Mackey’s opinion that the shoreline south of St. Joseph is a cohesive

shoreline is based on the fact that a shoreline caallesl cohesive when the

following requirements are met: 1) that cohesive materials are present on the
lakebed or on a beach, and 2) that those cohesive materials have been, are, or will
be subject to irreversible erosion as defined in the USACE [CEM].

PX 137 (Mackey Response to Mickelson) 1 (emphasis omitted)alsd®X 138 (Mackey
Response to Nairn) 11 (stating sanod)supranote 60(discusang the change in Dr. Mackey’s
analysis from the six visual indicators listed by the CEM to adigp analysis).

On cross-examination, Dr. Mackey agreed with defendant’s counsel’s tehiaiaon of
Dr. Mackey’s analysis as having three parts:

[T]he first one is that the cohesive materials are present on the lake bed or on the
beach, the second is those cohesive materials have been, are, or will be subject to
irreversible erosion or lake bed downcutting, and then third that those materials
must also be subject to direct erosion byl[,] in this casel[,] Lake Michigan][.]

Tr. 712:16-23 (colloquy between Dr. Mackey and defendant’s counsel).
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Nowhere does the CEM reduce the detailed analysis it describes to a two-part
“test.” SeePX 178 (CEM) passiminstead, the CEM recommends a detailed analysis.
The CEM contains a non-exhaustive list of six visual factors to consa#ad. sit 111-5-3
to I11-5-6, and describes “a variety of techniques for characterizing the surface and
subsurface conditions,” i@t 111-5-20, which are to be used to verify the visual indicators,
seeid. atlll-5-6 (stating that, at the shoreline used as an example, such techniques
included “augers, boreholes, vibracores andisttem profiling).

Not only has plaintiffs’ proposed two-part “test” oversimplified the detailed
analysis suggested by the CEM, but plaintiffs have also reduced the analysis described in
the CEM to a “test” that is more easily satisfied. With regard to the first part of the
“test,” that cohesive materials are exposed on the lakebed or covered with less than nine
feet of sand, PIs.’ Br. 8, Dr. Mackey testified that even a very small amount of exposed
cohesive material would be sufficient under plaintiffs’ analysis:

Q: [S]o the presence of those two substrates, that fulfills that part of the
definition foryou . .. ?
A: Yeah.

Q: Sir, would that still be your opinion if the percentage of those two
substrates were say 5 percent?

A: Yes.
Q: 1 percent?
A: Yes.

Tr. 715:17-716:10 (colloquy betwa Dr. Mackey and defendant’s counskut seeDX

294 (McNinch Report) 3 (W]aves and currents typically winnow and sort

unconsolidated sediment on the lakebed. These processes often result in what appears as
a complex, patchwork patin of different substrates at the surface but which, in fact,

could simply originate from an underlying layer that is composed of a mixture of these
sediment types.”).

To demonstrate the existence of cohesive materials, plaintiffs presented the
testimony of Mr. Shires, who reviewed the results of laboratory tests run on samples
taken from the surface of the lakebe&fkeePX 141 (Shires Report) 2. Rather than
sampling at regulasr predetermined intervals, divers hired by plaintiffs searched the
lakebed for “in-place exposures of cohesive bottom sediments” and provided samples to
Mr. Shires. _Idat App. A (Letter from Prism) 1. Mr. Shires states that, although some of
the samples contained as much as 87% sanak 9dthey could be considered cohesive,
because they contain organic material that “provides binding properties (i.e., apparent
cohesion) not accounted for by simply considering grain sizedtil; seed. at 9. Mr.

Shires opined that the samples he teatedf nearshore lake bottom that is composed
of “glacial till that was consolidated in the geologic past by glaciers.atld; see also
id. at 1, 5.
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The theory that the samples were taken from a thick layer of till formed and
consolidated by glaciers, however, is inconsistent with the geological history of the area.
More persuasive is the explanation that Dr. Shires’ samples were collected from
outcroppings of a thin layer of organic-rich soikeethfra Part 111.B.3.a (describing the
formation of the thin, organic-rich layer). Plaintiffs acknowledge that radiocarbon dating
indicates that a layer of “peat and logs” is present seven feet below the mean lake level in
the southern portion of plaintiffs’ zone and contairganic material approximately
6,600 years old. Pls.’ Br. 13. As Dr. Mickelson explairikd,organic materials were
deposited too recently to be glacial till: “the glacier was gone by 10,000 years ago . . .
[T]hat layer is date as just under 6,000 years old. So, it's muchdter, much
younger.” Tr. 2096:10-21 (Mickelson); sBX 293 (Mickelson Report) 3-6 (discussing
the formation of a layer of “marshy soil” approximately 6,600 years ago), 34-36
(discussing radiocarbon dating of the peat layer penetrated by engineering borings). The
fact that “rafts of peaty sand,” DX 293 (Mickelson Report) 3, which have been
determined by radiocarbon dating to be approximately 6,600 years old, Pls.’ Br. 13
(citing Tr. 2099:1-2101:4 (colloquy between Dr. Mickelson and plaintiffs’ counsel)),
wash up on the beach indicates that this thin, peaty layer has become exposed in some
areas of the nearshore adjacent to plaintiffs’ propertiedDXe293 (Mickelson Report)

3; cf. PX 136 (Mackey Report) (stating that pieces of cohesive material Dr. Mackey
observed on the beach had been “eroded from exposed cohesive deposits on the lakebed
located immediately adjacent to[,] and offshore ffollme areasvhere they were found);

Tr. 532:1-533:3 (colloquy between Dr. Mackey and court) (describing a scarp of material
he interpreted as cohesive, visible in his sidescan sonar survey).

In addition to the age of the materials, their content is also inconsistent with their
being composed of glacial till. The existence of a large proportion of organic material in
the samples analyzed by Mr. Shires is consistent with defendant’s explanation that the
samples were collected from a thin layer, rich in peat and other organic material, formed
after the retreat of the glaciergePef.’s Br. 22-23, and is inconsistent wiAr. Shires’
contention that the matial was deposited by glaciers, $&¢ 141 (Shires Report) 1, 5, 7.
Dr. Mickelson testified that glacial till “has a mix of grain sizes and typically isn’t
organic. This has organic materials, fine sand grains that look like wind[-]blown sand
and no pebbles, no stoneBhey’re certainly not til' Tr. 2096:3-9 (Mickelson)see also
DX 293 (Mickelson Report) 2 (stating that glacial till is “characterized by containing a
wide range of grain sizes compared to sediment deposited in streams or lakes”). The
court is persuaded by Dr. Mickelson’s report and related testimony that the samples
analyzed by Mr. Shires are pieces of the thin laérin organic material®cated
between thick deposits of sandeeJr. 2096:10-21, 2096:3-9 (Mickelson); DX 293
(Mickelson Report) 27, 33-34 (describing the formation of the thin, organic-rich layer);
cf. DX 3 (Larson Report) 16 (describing same); isdea Part 111.B.3.a (describing how
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the thin, organic-rich layer formed and is eroding, forming rafts that wash up on the
beach)™

Plaintiffs do not reconcile their “test” for the presence of a consolidated
shoreline--which is satisfied by even the very small amount of cohesive material on the
surface of the lakebed found by plaintiffs’ experts, Bee15:17716:10 (colloquy
between Dr. Mackey and defendant’s counsel)--with the geological history of the area,
which resulted in the incorporation of small amounts of cohesive material into otherwise
sandy areas of shoreline, sefra Part I11.B.3.a (describing the geological history and
stratigraphy of plaintiffs’ zone).

The second part of plaintiffs’ “testherely restates the faewell established in
this case--that the erosion of cohesive materials is irreversigleP|s.’ Br. 8; Liability
Op., 78 Fed. Cl. at 628 (finding that the erosion of cohesive material is permanent and
irreversible). The CEM provides:

A shore is defined as consolidated cohesive when the erosion process is
directly related to the irreversible removal of a cohesive sediment
substratum . . . . This differs fundamentally from sandy shores where
erosion (or deposition) is directly related to the net loss (or gain) of
noncohesive sediment from a given surface area. Erosion on a sandy shore
Is a potentially reversible process (i.e., due to natural pgesgswvhile

erosion on a consolidated cohesive shore is irreversible.

PX 178 (CEM) III-5-2 to 11I-5-3. It is the nature of cohesive materials that any erosion
they undergo is irreversibléSeeid. The second part of plaintiffs’ “test” merely restates
this fact.

%At trial, plaintiffs objected to Dr. Mickelson’s testimony regarding the materiaMna
Shires had characterized asesive, contending that such testimony was beyond the scope of
his report. SeeTr. 2083:6-24, 2100:20-2101:4 (colloquy between Dr. Mickelson and defendant’s
counsel and objection by plaintiffs’ counsel). The court overruled plaintiffs’ e stating
that, because the focus of Dr. Mickelson’s report was shoreline composition, dt beul
efficient for Dr. Mickelson to address Mr. Shires’ testimony on the subjec2083:25-2084:6
(court). In fact, the portions of Dr. Mickelson’s testimony cited and quoted adestext
accompanying this note, are within the scope of his expert report, which discusstbot
composition and age of the glacial till in plaintiffs’ zoseeDX 293 (Mickelson Report) 2-6,
and the composition and age of the thirelaych in organic material, séd at 2738. Although
the court has included sections of Dr. Mickelson’s contested trial testimony éd¢lcaus
testimony is based on his expert report and provides the reader an accessitdeysoinhis
views, the testimny contained in Dr. Mickelson’s expert repaegid. at 26, 27-36, and Dr.
Larson’s expert reporseeDX 3 (Larson Report) 16, is sufficient to allow the court to reach its
conclusions regarding the composition of the sediment tested by Mr. Shires had therobjec
been sustained.
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The “test” plaintiffs propose reduces the analysis of whether a shoreline is
cohesive to the narrow inquiry of (1) whether thereaang'exposed cohesive materials
on the lakebed in [p]laintiffs’ zone which [(2)] are subject to irreversible downcutting.”
Pls.” Resp. 18 n.6egalsoPlIs.’ Br. 8(stating same) Because this approach is
inconsistent with the thorough analysis of shoreline composition recommiendeel
CEM, seePX 178 (CEM) IlI-5-3 to 11I-56 (describingsix visual features of cohesive
shorelines); idat I11-5-20 (describing “a variety of techniques for characterizing the
surface and subsurface conditions”), from which plaintiffs purport to draw their two-part
“test,” seePlIs.’ Br. 8 (citing,inter alig PX 178 (CEM)); Tr. 716:25-717:3 (colloquy
between Dr. Mackey and defendant’s counsel) (agreeing that Dr. Mackey limited his
analysis of shoreline composition to “what is set forth in Chapter 5 [of the CEM]”), the
court declines to adopt plaintiffs’ approach.

3. Additional Evidence of Shoreline Composition Presented by Defendant at
the Trial of Damages

In addition to the evidence of shoreline composition submitted by defendant at the
trial of liability, which the court found persuasive, $aability Op., 78 Fed. Cl. at 621-
28, defendant submitted additional evidence of shoreline composition at the trial of
damages. Defendant states that assessing the composition of the shoreline “requires
locating the shoreline at a point on a spectrum encompassing ‘two ends of a limiting
system, one of which is almost all cohesive, and the other which is . . . all sand.” Def.’s
Br. 5 (omission in original) (quoting Tr. 2781:1-3 (Nairn)). Defendant, therefore,
“supplemented its understanding of shoreline composition with geological and physical
evidence related to the shoreline’s material composition, as well as computer modeling
and a sediment budget that assesses the shoreline’s behavior.” Id.

Specifically, defendant presented the testimony of Dr. Mickelson, a geologist, and
Dr. Nairn, a coastal engineeBeesupranote 9. Dr. Mickelson reviewed the stratigraphy
and geological history presented by Dr. Larson at the trial of liaBSikityd supplemented
both with his own analysis of the history and grain size distribution of the northern and
southern areas of plaintiffs’ zon&eeTr. 2011:7-2154:14 (testimony of Dr. Mickelson).
Dr. Nairn used the stratigraphy developed by Dr. Mickelson and Dr. Larson to determine,
on a propertypy-property basiswhether each plaintiff's property has a sandy or a
cohesive shorelineSeeDX 155 (Nairn Composition Report) 27-32. Dr. Nairn also
discussed the erosion and accretion of different areas in plaintiffs’ zone over time,
concluding that most of plaintiffs’ properties were located in areas that behaved as a
sandy shoreline would be expected to beh@eeTr. 2748:2-5 (Nairn) (stating that the
shoreline in plaintiffs’ zone behaves as a sandy shoreline).

®Dr. Larson also testified briefly at the trial of damages, discussinexiert opinions
he presented to the court during the trial of liabili8eeTr. 1978:11-2010:11 (testimony of Dr.
Larson).
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The record indicates that the shoreline in plaintiffs’ zone is neither pure sand nor
pure cohesive material. Certain areas contain layers of both cohesive and sandy material.
Seeinfra Part 111.B.3.a (describing the formation of a thin band of sediment rich in
cohesive organic material between thick layers of sand); DX 293 (Mickelson Refort) 2-
(describing the complex stratigraphy formed in the northerly portion of plaintiffs’
properties by the retreat and advance of glaciers, as well as deposition and erosion by
lake and stream environments). Certain sediments sampled in plaintiffsirsone
difficult to classify as sandy or cohesivBee, e.g.PX 141 (Shires Report) 5 (discussing
sediment samples with both high sand content and cohesive characteristics). Because the
shoreline composition is more complex than pure sand or pure cohesive material, the
court finds the approach used by defendant--an approactntipédysseveral metrics to
evaluate shoreline composition--to be useful in determining where on the spectrum of
compositionplaintiffs’ zoneis located.

a. Additional Evidence Regarding Geological Histaryd Stratigraphy

Dr. Mickelson provided additional detail to supplement the geological history and
stratigraphy presented by Dr. Larson at the trial of liabil@gegenerallyDX 293
(Mickelson Report). Regarding the stratigraphy, Dr. Mickelson reviewed all of the well
logs Dr. Larson had used to assemble his stratigraphy and cedthad “for the most
part | agreed with the stratigraphy that he had put togethefr: 2027:5-9 (Mickelson).
Dr. Mickelson states that, because of the dearth of subsurface samples, “the best
information available about what is below the surface in the nearshore is extrapolation of
well log data from onshore.” DX 293 (Mickelson Report) 20.

Based on the geological history and stratigraphy of plaintiffs’ zone, Dr. Mickelson
concludes thahere are tivo distinctly different regions” in plaintiffs’ zone, which he
“treat[s] . . . separately.” Tr. 2027:12-15 (Mickelson). The dividing line between Dr.
Mickelson’s regions, orréaches is West Glenlord Road, which intersects Lake
Michigan in approximately the same location as the Inner Lake Border moraine, a ridge
built by glaciers. Tr. 2029:7-12 (Mickelson); see dlp¢ 293 (Mickelson Report) 4, Fig.

1 (map of plaintiffs’ zone). Dr. Mickelson concludes that the compositions of the

northern reach and the southern reach are very different: “The northern reach is made up
of glacial till and sand and gravel. The southern reach is made up of sand dunes and
some organic material.” Tr. 2030:19-22 (Mickelson). The northern reach is

characterized bYbluff shoreline. And south of that[,] it's dominated by dunes.” Tr.
2023:11-13 (Mickelson). The twelve northernmost properties are located in the northern

®’Dr. Mickelson notes that his disagreements with Dr. Larson’s analysise
“relatively minor changes” that “do not significantly change [Dr.] bars conclusions.” DX
293 (Mickelson Report) 9.
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reach, and the twenty-eight remaining properties are located in the southern reach. DX
293 (Mickelson Report) &

Dr. Mickelson explained that the differing composition of the northern and
southern reaches results from their differing geological histBtiésl of the sediment
underlying plaintiffs’ properties was deposited since the last glaciation of the
area-25,000 years ago. Id‘The glacier lobe scoured much of the Lake Michigan basin,
enlarging it and removing most of the older glacial deposits down to the bedrock
surface.” _ld. Starting approximately 20,000 years ago, the glacier began to retreat,
depositing glacial till, “which is sediment deposited directly by glacier ice and which is
characterized by containing a wide range of grain sizes compared to sediment deposited
in lakes or streams.” IdDr. Mickelson described how the retreat of the glaciers formed
the layers that underlie the northern reach of plaintiffs’ properties:

The retreat of the glacier was interrupted by numeroaslvence®f the

glacier as [thetlimatefluctuated. Each re-advance of the glacier deposited

a layer of till with a distinct composition. The two till layers present along
this shoreline are the younger Saugatuck till and the somewhat older
Ganges till. Gravel, sand, silt, and clay were deposited in shallow lake and
stream environments near the front of the retreating glacier. These deposits
lie between the Saugatuck and Ganges till units as well as beneath the
Ganges till where it is present.

Id. at2-3. The resulting stratigraphy is complex, consisting of two layers of glacial till,
with deposits of gravel, sand, silt and clay between the layers of till and--in certain
locations--beneath both layers of tibeeDX 3 (Larson Report) 34-ig. 9 (geological

map and cross section of plaintiffs’ zone). Certain of the layers of sediment are located
above the surface of the lake and therefore outside of the lak8bel.; DX 293
(Mickelson Report) 11 (describing cohesive material located in onshore bluffs). Other

®8Dr. Mickelson states that the twelve northernmost properties, listed in order frédm nor
to south, belong to plaintiffs Bovee, Wineberg, Werger, Okonski, Bodnar, Wilschke, Jyung
Trust, Varga, Jackson, Greenbrier Development, Marzke and Neuser. DX 293 (Mickelson
Report) 5, Table 1. The remaining properties, located in the southern reach, listht finoon
north to south, belong to plaintiffs Del Mariani (two properties), Miller (two prtagsr Ragins,
Morvis Trust, Chapman, Errant (Saphir), Notre Dame Path Association, Count@y,L.L
Concklin Trust, Anderson, Melcher, Smith, Lahr, Pancoast, Renner, Carter, Mciag,, K
Cosgrove, Frett (Horvath Trust), Banks, Ehret Michigan Trust, Cunat, Gregule and Burtke
properties).ld. Although several plaintiffs own two properties, no plaintiff owns properties in
both the northern and southern reaclheseid.; see alsinfra note 132describing the total
number of properties owned by plaintiffs).

*9plaintiffs presented no evidence to contradict Dr. Mickelson’s testimoaydieg the
geological history of plaintiffs’ zos Se€lr. passim
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layers of sediment are located below the depth to which the nearshore lakebed is eroding.
SeeDX 155 (Nairn Composition Report) 30 (stating that, for this reason, Dr. Nairn

would examine sediments to a depth of eight meters); DX 293 (Mickelson Report) 20, 34
(stating that, in characterizing the composition of plaintiffs’ shorelbneMickelson

would focus on sediments up to twenty feet below the surface of the lake).

At this point, the geological histories of the northern reach and the southern reach
diverge because the southern reach underwent further change. When the glacier that
formed the moraine retreated, lake levels rose and the edge of the lake reached the edge
of the moraine, submerging the southern reach under Wafiar.2029:19-2030:7
(colloquy between Dr. Mickelson and defendant’s counsel). As a result, the surface was
“cleaned off by waves” and covered in sand. Tr. 2029:25-2030:12 (colloquy between Dr.
Mickelson and defendant’s counsel); Tr. 2(82 (Mickelson) (stating that “sand would
have been delivered to the area at the time the lake level was high”).

Approximately 9,000 years ago, the lake level dropped, creating a land surface
with shallow ponded areas, on which organic material began to collect. Tr. 2032:4-10
(Mickelson). This organic meerial accumulated into a layer of peat and logs
approximately ten centimeters thick and located approximately seven feet below the
current surface of the lake. DX 3 (Larson Report) 16. This material is cohesive, but
because of its thinness, constitutes a small fraction of the sediment in the shoreline. DX
293 (Mickelson Report) 36. Approximately 6,000 years ago, lake levels again rose,
submerging this layer and depositing sand abovBeeTr. 2032:22-2033:8 (Mickelson).
The thin layer of organic-rich materials was penetrated by two of the well logs, as well as
the two engineering borings conducted by the United States Geological Service (USGS)
SeeDX 293 (Mickelson Report) &

"“The map of plaintiffs’ properties reveals why the southern reach was sidsmerg
although the northern reach was n8eeDX 293 (Mickelson Report) 4, Fig. 1 (topographic
map of plaintiffs’ zone). Because the moraine runs at an tmgte shoreline, disappearing into
the water where the northern reach begins, the southern reach lies betweeraihe amorthe
edge of the lake. Se@. When the water levels rose the edge of the moraine, the southern
reachwould have been submerge8eeid. The area that forms the northern reach,aathe
time, separated from the lake by a section of the moraine, which has since eroded ake.the |
SeeTr. 2049:10-21 (colloquy between Dr. Mickelson and defendant’s counsel). This section of
the moraine prevented the northern reach from being submerged when lake levels rose.

"The evidence presented by plaintiffs confirms defendant’s evidence about the thin,
organic-rich layer that has become exposed in some parts of plaintiffs’ zone. Tiessam
collected by divers and analyzed by Mr. Shires contained significant gesuatitirganic
material. SeePX 141 (Shires Report) 8{stating that samples he tested contained an average of
11.1% organic material). The divers retained by plaintiffs to search the lakeledplace
exposures of cohesive bottom sediments,” PX 14TéStteport) App. A (Letter from Prism) 1,
searched for, and found, the samples of orgaaicmaterial tested by Mr. Shires only in the

69



This thin, organic-rich layer has become exposed offshore in some areas in the
southern reach of plaintiffs’ propertieSeeid. at 36. As it erodes, it creates rafts of
organic-rich material that wash up on the bedgséeid. at 3. Radiocarbon testing of one
of the rafts of material determined its organic material to be approxina8s9 years
old, DX 3 (Larson Report) 17, roughly the same age as the organic material in the thin,
organicrich layer,seeid. at 16-17 (stating that radiocarbon dating of this layer revealed
the presence of organic materials approximately 6,630 to 6,675 years old).

The geologic history described by Dr. Mickelson strongly suggests that the
southern reach of plaintiffs’ zone is composed primarily of sand, with a thin layer of
organic¥ich mateial deposited approximately 6,600 years ago. Tr. 2029:19-2033:8
(colloquy between Dr. Mickelson and defendant’s counsef;alsdX 293 (Mickelson
Report) 3-6 (describing the geological history of the southerih)edhe geologic
history is less probative of the shoreline composition in the northern reach. The
stratigraphy of the northern reach is more complex, containing two layers of till layered
with other sedimentsSeeDX 3 (Larson Report) 34, Fig. 9 (gegical map and cross
section of plaintiffs’ zone).

b. Grain Size Distribution in the Northern and Southern Reaches

In addition to describing the geological history of the area, Dr. Mickelson
calculated the sand content of the nearshore lakebed as a percentage of its overall
composition’> DX 293 (Mickelson Report) 10, 20. Dr. Mickelson restricted his analysis
to sediments located between the level of the lake surface and a level twenty feet below

southern reactseePX 141 (Shires Report) App. A (Letter from Prism) 1 (stating that diving
activities would take placbetween Grand Mere State Park and West Glenlord Road), App. A,
Attachment A 13 (maps showing sample locations).

Plaintiffs acknowledge that the rafts of material that wash up on the beach atfjacen
plaintiffs’ properties “were tested and determinedbe over 6,000 years old.” Pls.” Br. 13. Dr.
Mackey inferred that the rafts of material washing up on the beach weregeftmdiman
exposed layer located immediately offshore from where the raftsfawgrd. PX 136 (Mackey
Report) 21. Dr. Mackey obsved a scarp or “mini cliff” of material that he interpreted as
cohesive in the southern reach of plaintiffs’ properties. Tr. 532: 1-533:3 (colloquyepebre
Mackey and court). The court interprets this scarp to be an outcropping of the thirg-aadani
layer described by defendant.

"?Dr. Mickelson also calculated the sand content of the area inland of the $esidK,

293 (Mickelson Report) 10, a figure Dr. Nairn uses in his sediment budget arsdgséa
Part 111.B.3.d.
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the lake surfacé® 1d. at 20, 34. Dr. Mickelson states that whether a sediment is cohesive
depends in part on grain size:

Gravel and sand are not cohesive. Coarse silt, if well sorted[,] is usually
not cohesive. Medium and fine silt and clay typically have cohesion. A
mix of sizes, such as occurs in till, can be cohesive depending on the
amount of clay and silt it contains. Both till units (Saugatuck and Ganges)
have cohesion. Most of the lake sediment between the till is not cohesive.

Id. at 10.”* Plaintiffs do not argue otherwige.SeePls.’ Br. passimPls.’ Resp. passim

As sources of dat®@r. Mickelsonrelied upon well logs, his own observations, sediment
samples that Dr. Mickelson and a graduate student under Dr. Mickelson’s supervision
collected and analyze®r. Larson’s observations and “various reports and papers
including USGS reports and journal article®X 293 (Mickelson Report) 6-7

"*The court, withoubbjection, took judicial notice at trial thaaccording to data
published by the Corpdhe surface of Lake Michigan was located at 576.808 feet above the
International Great Lakes Datum in March, 2011. Tr. 2108:Teolloquy between court,
plaintiffs’ counsel and defendant’s counsef);Tr. 2332:1215 (Nairn) (stating that “IGLD”
stands for International Great Lakes Datum).

"“Dr. Mickelson employs the Wentworth scale, which he characterizes as “the scale most
commonly used by geologists and soil scientists,” to classify grain d2e¢293 (Mickelson
Report) 10cf. PX 137 (Mackey Response to Mickelson) 2 (“Dr. Mackey alse trse
Wentworth grainsize scale to identify and describe the gisare distribution of sediment.”).
On the Wentworth scale, grains larger than .0625 millimeters are ddsa#fisand. DX 293
(Mickelson Report) 10. Smaller grains are classified asisdlay. Id. Dr. Mickelson notes that
engineers typically use a different system, in which grains larger@@dmillimeters are
classified as sandd.

>Mr. Shires wrote in his expert report that sediments with a high sand content may
nonetheless exhibit cohesive properties if they contain a high proportion of orgésimam&ee
PX 141 (Shires Report) 5 (discussing sediment samples with both high sand content and
cohesive characteristics). However, Mr. Shires did not dispute Dr. Mickeldaa$fication of
the sediment types that are ordinarily viewed as cohesiveid Seessim

°Dr. Mickelson “concur[red] with [Dr. Larson’s] interpretation of the well logd &is
extrapolation of well logs out to the bluff face,” DX 293 (Mickelson Report) 7, with the
exception of minor changes he made, based on his own observatian®, {describing the
modifications Dr. Mickelson made to Dr. Larson’s interpretation).
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To calculate the sand content of the lakebed in the southern reach and the northern
reach Dr. Mickelson employed a twstep method’ Dr. Mickelsoris first step entailed
calculating the number of feet of each sedintgpéthat each driller encountered, as
recorded in the well logs, and determining the percentage of the total described as sand.
See, e.g.id. at 22, Table 11 (tabulation of sediment types and thicknesses for the
northern reach) (stating that, at the depths Dr. Mickelson observed, drillers in one section
encountered forty-four feet of sarmbrofeet of clay, thirteen feet of interbedded sand
and silt, and 25 feet of Ganges till). Dr. Mickelson calculated that the well logs described
42% of the sediment in the northern reach between the level of the lake surface and a
level twenty feet below the lake surface as sand and 18% as interbedded sand and silt.
Seeid.; Tr. 2062:9-15 (colloquy between Dr. Mickelson and defendant’s counsel). Dr.
Mickelson calculatethat the well logs described 89% of the sediment located at the
same range of depths in the southern reach as sand. DX 293 (Mickelson Report) 35,
Table 13 (tabulation of sediment types and thicknesses for the southern reath); see
2087:10-11 (Mickelson).

Dr. Mickelson’s second step accounts for the fact that the individual sediment
layers contain not a single grain safematerial such as sand or silt, butiestribution of
grain sizes SeeTr. 2088:68 (Mickelson) (stating that “what I've tried to do then is
adjust these numbers . . . for the realistic sand content in those sediment types”). Dr.
Mickelson exylained that “when a driller--when somebathscribes something as
sand[,] it isn't necessarily 100 percent sand[,] and so what | tried to do here is not count
sand as being 100 percent sand. . .. There’s going to be some silt [and] clay in it
probably.” Tr. 2087:25-2088:6 (Mickelson). Using his own observations and reviewing
the measurements made by other researchers, Dr. Mickelson examined the sand content
of the various types of sediment present in plaintiffs’ zddeeDX 293 (Mickelson
Report) 11 (discussing sources of ddfa]pr. Mickelson determined th#te Saugatuck

""When calculating the sand content of the lakebed, Dr. Mickelson characterized the
content of the material beneath the sand on the surface of the lakebed. As Dr.avickels
explained, the sand on the surface of the lakebed is modern:

So basically, these deposits that we're looking at and I've been talking about][,]
they're associated witlaciation.. . . But there is also on the bed of the lake

sand that is basically modern. | mean[,] it's sand that's been [depositeal]yece

in the last storm or something like that that's on top of these deposits. So[,] what
I’'m doing here is characterizing the glacial age material beneath that layer of
sand.

Tr. 2062:20-2063:4 (Mickelson). It appears that, had Dr. Mickelson included the surfacaf laye
modern sand, his calculations would have indicated higher sand content for the lakebed.

®Plainiffs do not argue that Dr. Mickelson has incorrectly calculated the sand content of
the various sediment types or of the lakebed in plaintiffs’ z&e=PIs.’ Br. passim PIs.” Rep.
passim cf. PX 137 (Mackey Response to Mickels@assim
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till contains 29.7% sand, the Ganges till contains 31% sand and the unit of interbedded
sand and silt between the till layers contains 81.5%.sk&hat 13-14. Dr. Mickelson

treated sediments described by the well drillers as “sand” as containing only 90% sand
and treated any layers described as “clay” as containing no Saet. at 20. Applying

the sand content of each sediment type to the amount of each sediment type present, Dr.
Mickelson calculated that that the material between the lake surface and a level twenty
feet below the lake surface--and therefore, the material in the nearshore lakebed--consists
of 65% sand in the northern reach,atl20, and consists of 80% sand in the southern

reach id. at 38.

Dr. Mickelson’s calculations indicate that plaintiffs’ zone has significant sand
content. The well logs described 60% of the sediment at the depth of the lakebed in the
northern reach as either sand or interbedded sand an8esid. at 22, Table 11
(tabulation of sediment types and thicknesses for the northern reach). The well logs
described 89% of the sediment at the depth of the lakebed in the southern reach as sand.
Id. at 35, Table 13 (tabulation of sediment types and thicknesses for the southern reach).
Applying the sand content of each sediment type to the observations documented in well
logs, Dr. Mickelson determined that the sand content of the lakebed in the northern reach
Is 65%, id.at 20, and that the sand content of the lakebed in the southern reach is 80%, id.
at 38.

C. Grain Size Distribution on a Propetiy-Property Basis

Dr. Nairn analyzed the sand content of the shoreline to determine, on a property-
by-property basiswhich of plaintiffs’ properties are located along a sandy shoreline.
Recognizing that there is a “spectrum of shore types between purely cohesive shores and
fully sandy shores,” DX 155 (Nairn Composition Report) 5, Dr. Nairn argues that, for
three reasons, the sand content of the shoreline is “the over-riding factor” in determining
whether the shoreline should be considered sandy or cohesive for purposes of erosion:

1. the definition in the literature of a limit of 10% to 30% [sand] for a
cohesive shore;

2. the fact that the rate of removal of sand is limited by the available
wave energy whereas the rate of removal of cohesive [material] (silt
and clay) . . . offshore is not; and

3. the fact that without removal of the sand the erosion of any
underlying expeures of cohesive and sandy sediment could not
continue,

id. at 17.
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Dr. Nairn undertook an extensive literature review to determine the maximum
sand content of cohesive shorelines described in other res&aelal. at 5-15. Dr.
Nairn states that “[a] large body of scientific understanding of cohesive shores on the
Great Lakes emerged from the Port Burwell Litigation in the early 1980’s,” which
involved erosion caused by harbor structuresatil. Beginning with the scholarly
papers that emerged from the Port Burwell litigation in 1983, Dr. Nairn examined a
number of papers and articles--including several of histbatnwere published before
this litigation, id.at 5-15--and concluddthat “[t]he literature unanimously puts the upper
limit for sand content of a cohesive shore no higher than 30% (although for one part of
one cohesive shore bluff in the Toronto area[,] the sand content was found to e 36%),
id. at16-17.

Using the stratigraphic map developed by Dr. Mickelson, Dr. Nairn calculated the
sand content at a number of “representative locations” along the shoreline to a depth of
eight meterdelow chart datur’ 1d. at30. Dr. Nairn selected the eight-meter cutoff
because he determineith the analysis of historic shoreline erosion contained in the
report he prepared for the trial of liability--that the nearshore profile is eroding to a depth
of approximately eight metef§. 1d. For each representative location and for each of
plaintiffs’ properties, Dr. Nairn calculated the sand content using the Wentworth scale
appliedby Dr. Mickelson and most geologists, on which sand is defined as sediment
larger than .0625 millirters Seeid. at28; seesupranote74 (discussing the Wentworth
scale) Dr. Nairn also calculated the sand content using a cutoff of .1 millimeters, which,
although larger than the grain size cutoff normally utilized by geologists and endieers,
is “more consistent with the grain size of sand that might be expected to exist in the
littoral zone (i.e.[,] whereas finer sediment would move offshore outside the littoral
zone).” DX 155 (Nairn Composition Report) 28. Of coutke,.1 millimeter cutoff
results in findings of lower sand content, which is favorable to plaintiffs’ argument that
the shoreline is cohesive.

Regardless of the grain-size cutoff Dr. Nairn used, he determined that all but one
of plaintiffs’ propertie&? were adjacent to areas of lakebed with sand cotitants

A chartdatum is “The plane or level to which soundings (or elevations) or tide heights
are referenced. .. To provide a safety factor for navigation, some level lower than mean sea
level is generally selected for hydrographic charts” Coastal Engineering Manyapp. A
(Glossary) Al4 (capitalization omitted).

8Dr. Nairn also calculated the sand composition of the bluffs in plaintiffs’ ze&X
155 (Nairn Composition Report) 30, a figure he used in his sediment budget.

81Dr. Nairn noted that engéers, following the ASTM International (formerly the
American Society for Testing and Material) standards, generally @rsgdiment with a grain
size of .075 millimeters or greater to be sand. DX 155 (Nairn Composition Report) 28.

82Seeinfra note 132 (discussing the number of properties owned by plaintiffs).
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consistent with a sandy shorelingeeid. at 35, Fig. 4.3b (chart of lakebed sand content)
(showing one property with lakebed sand content equal to or less than 30%). The
northernmost property? belonging toplaintiffs Gregory and Candice Bovee, has “a sand
content between 61.5% and 67.5% (using the minimum sand size of 0.0625 mm and 0.10
mm, respectively).”_Idat 31. The next property, belonging to plaintiff Marcia

Wineberg, has a sand content between 66% and 72%Tl hilthird property, belonging

to plaintiffs Kent and Margaret Werger, has a sand content between 41% and 48%, the
lowest sand content of the plaintiffs’ properties. . Nairn concludes that, although

the sand content of the Werger property “is above the sand content limit for cohesive
shores derived from the available literature (i.e., 30% with one instance of 36%), it is
close enough to the limit[ ] that in this expert’s opinion, it is classified as a cohesive
shore.” 1d.

Continuing to the south, “The properties between Okonski and Nueser all fall in a
range where sand content of the lakebed sediment is always greater than 59% and usually
greater than 70%[,] with averages across this zone of 67.5% to 73%Thédproperties
in this area are owned by plaintiffs Okonski, Bodnar, Wilschke, Jyung, Varga, Jackson,
Greenbriar, Marzke and Neuser. [@he sand content of the lakebed adjacent to the next
property, which belongs to the Del Mariani plaintiffs, is “just above 75%.” Tide
lakebed adjacent to the remaining properties has a sand content of 82% to 8&£82.1d.
These southernmost properties are owned by plaintiffs Miller, Ragins, Morvis, Chapman,
Errant (Saphir), Notre Dame Path Association, Country LLC, Concklin Trust, Anderson,
Melcher, Smith, Lahr, Pancoast, Renner, CaiMeKay, Kane, Cosgrove, Frett (Horvath
Trust), Banks, Ehret, Cunat and BunR&rSeeid.

Plaintiffs do not present competing sand-content calculations for their properties.
SeePIs.’ Br.passim PIs.” Resp. passimin fact, plaintiffs do not present any property-
by-property analysis of shoreline compositiseePIs.” Br. passim PIs.” Resp. passim
despite multiple statements by the court that such evidence would be wesjalh) s22,
2008 Telephonic Status Conference Tr. 13:13-22 (court) (“[W]e thaw'e evidence

8Dr. Nairn listed plaintiffs’ properties in order from north to south. Compa¢d 55
(Nairn Composition Report) 31-32 (discussing the sand content of the lakebed adjacent to
plaintiffs’ properties)with DX 293 (Mickelson Report) 5, Table 1 (table of plaintiffs’ properties
arranged by distance from jetties).

8The Gregule property does not appear on Dr. Nairn’s list of the sand content of the
individual properties.SeeDX 155 (Nairn Composition Report) 31-32. Because Dr. Nairn
discusses the properties in order from north to south and because the Gregule proyerty is t
located between the Bunker and Cunat propet@spared. at 3132 (discussing the sand
content of the lakebed adjacent to plaintiffs’ propertiegh DX 293 (Mickelson Report) 5,
Table 1 (table of plaintiffs’ properties arranged by distance froneg@itihe court concludes that
the Gregule property is among this southernmost group of properties and is locatedtadja
lakebed with a sand content between 82% and 85%.
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explained to the [c]ourt [about] whose properties were at the northerly end of the
[p]laintiff[s’] properties, who could have fallen into the area that it shows as cohesive on
Dr. Larson’s study.”); Order Granting Recar$¥ Fed. Cl. at 297 (quoting same in
parenthetical) (quoting Jan. 22, 2008 Telephonic Status Conference Tr. 13:13-22; (court))
Liability Op., 78 Fed. Cl. at 628 (“If, in further proceedings, some or all of a plaintiff's
property is determined to lie in the northernmost zone characterized by Dr. Nairn and Dr.
Larson in their expert reports as not predominantly sandy, the erosion damage to such
property will be analyzed as damage to a cohesive shore.”).

Plaintiffs argue that, by considering the sand content of the lakebed, Dr. Nairn is
“literally run[ning] from the established definition of a cohesive shoreline set forth in the
CEM--a document drafted by Dr. Nairn and described by the Corps--to this daya. .
state-of-the-art technical manual for coastal engineers.” Pls.’ Br. 15. Plaintiffs further
contend that “the United States and Dr. Nairn attempt to create a new shoreline definition
called ‘predominantly sandy.” This definition is found nowhere i[n] coastal engineering
literature and was created out of whole cloth by Dr. Nairn for purposes of this
litigation.”®> 1d. at15-16. Plaintiffs argue that the CEM defines cohesive shorelines “by

®Pplaintiffs state that, “[ajmazingly, Dr. Nairn’s prior, nbtigation definifon of
cohesive shore, as set forth in the CEM, was based, in part, upon research he did in St. Joseph,
Michigan.” PIs.’ Br. 16. Plaintiffs cite the proposal Dr. Nairn submitted to ttv@<Cin 1996
regarding the drafting of the chapter of the CEM oresole shores, in which Dr. Nairn states
that he “just completed a twyear investigation of the cohesive shore processes in the vicinity of
St. Joseph and that the ‘multifaceted study involved all aspects of researohestigiation of
cohesive shores . [.]"” Id. (quoting PX 311 (CEM Drafting Proposal) 5). Plaintiffs further
state that, “[i]n fact, a photograph that Dr. Nairn selected and included in the CHibtative
of a cohesive shoreline is a photograph of Glenlord Beach, which is located in the middle of
[p]laintiffs’ zone.” Id. (citing, inter alia, PX 178 (CEM) 11I-5-51, Fig. 11I-5-28). Plaintiffsgyaie
that “[t]lhe caption below the photograph indicates that it is an example of failedsbtection
on a cohesive shore in Berrien County, Michigall”’(citing, inter alia, PX 178 (CEM) Hb-
51, Fig. 11-5-28).

The CEM photograph to which plaintiffs refer is captioned, “A steel ghikewall and
groin field has been ineffective at protecting this section of a cohesive shiogeted Berrien
County shore of Lake Michigan, south of the town of St. Joseph, April 1994.” PX 178 (CEM)
l11-5-51, Fig. 11I-5-28. The photograph is located in a section of the CEM which addtesses t
design of shore protection for cohesive shorelirseid. at I11-5-48 to I1I-5-53. There is no
evidence that any of plaintiffs’ progass is located along GlenlorceBch, nor could there be,
because Glenlord Beach is a public beach.

Plaintiffs’ treatment of the Glenlord Beach photograph in the CEMDanNairn’s
proposal for drafting a chapter of the CEM on cohesive simagse reado suggest that Dr.
Nairn adoptedor this litigation a position that is contradicted by his-lirgation views about
the composition of plaintiffs’ zone. If that interpaon is correct, it would not be the first time
that plaintiffs have suggested “that Dr. Nairn’s expert report is an &oiby a lone scientist
whose opinion has been bought and paid fawdbility Op., 78 Fed. Cl. at 61&ee alsd’ls.’ Br.
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how the shore behaves and not by some arbitrary sand percentage.17ld:‘Most
importantly,” plaintiffs argue, “Dr. Nan’s newn category of ‘predominantly sandy’

shores fails to meet the basic requirements set forth in Daubert v. Merrell Dow
Pharm[aceuticals] becausehe term “predominantly sandy . . . is not recognized” in the
scientific community or literature. let 18;see alsoDaubert v. Merrell Dow Pharms.,

Inc., 509 U.S. 579, 592-93 (1993) (stating that, before admitting expert testimony, a trial
court must make “a preliminary assessment of whether the reasoning or methodology
underlying the testimony is scientifically valid”).

Defendant is correct that this assertion “constitutes a straw man argument on
which the United States has not relied.” Def.’s Resp. 9. In pre-trial motions practice
before the trial of damages, the court declined to exclude Dr. Nairn’s tegtimder
Daubertfor its use of the term “predominantly sandy.” Banks v. United StBtdsNo.

403, 93 Fed. ClI. 41, 56-57 (2010). The court stated that “[p]laintiffs present[ed] no legal
basis upon which the court is required to strike Dr. Nairn’s use of the term
‘predominantly sandy’ and the court deelgto do so.” Idat 57 see alsad. at 56-57
(discussing plaintiffs’ argument). It is the view of the court that Dr. Nairn’s use of the
term “predominantly sandy” in his report is similar to the court’s use of the term in its
Liability Opinion, 78 Fed. Cl. at 628, as a descriptive term to capture the complex

25 (redting the amount of expert fees paid to Dr. Nairn). As the court stated ity

Opinion, however, “Dr. Nairn’s report and testimony have been admitted into evidence by the
court as an expert report and expert testimobmgbility Op., 78 Fed. Cl. at 618, and must be
evaluated based on their credibility and persuasiveness. “[T]he fact that Brwdaipaid for

his services as an expert is not, without more, evidence of bihsat 643;compareDX 1

(Nairn Report) App. F(3), (stating Dr. Nairn’s hourly rate of remuneratigith, PX 149 (Moore
Report) 2 (stating an hourly rate of remuneration of an expert witness fatiffdanore than

four times greater thanrDNairn’s hourly rate).Dr. Nairn has cauthored publications that the
court has treated as admissions by the governniggthility Op. 78 Fed. Cl. at 618. The court
addressed the Corps’ changed view of the shoreline composition of plaintiffs’ zége in i
Liability Opinion, noting that “[d]efendant acknowledges that the Corps considered the zone of
plaintiffs’ properties cohesive in its earlier Corps Reports, but it artpa¢shis was an

erroneous conclusion because that assumption was based on studies that did not focus on
plaintiffs’ zone.” Id. at 624. The court is mindful of the “increasing sophistication of methods of
study of littoral processes and the sharper focus of the expert reports ondisang$is case.”

Id. at 619. The court is also mindful of the fact that Dr. Nairn is a respected exiher field of
coastal engineering, as one of plaintiffs’ expert witnesses acknowledgidl aBe€eTr.

1613:17-20 (colloquy between Dr. Shabica and court) (stating that “Nairn is theitguahodr
sedimenistarved shorelines).

In any case, the quotation from Dr. Nairn’s proposal and the photograph he included in
the CEM are of limited probative value regarding the composition of plaimtdfse. Dr. Nairn
agrees that significant portions of the shoreline near St. Joseph are coBesive.g.DX 1
(Nairn ReportR-26 (describing a section of cohesive shoreline 1.9 miles in length, located
between the jetties and the properties of the northernmost plaintiffs).
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composition of some of plaintiffs’ shoreline, rather than as a term of art that displaces the
sandy and cohesive categories of shoreline composition. Dr. Nairn, in addressing
whether plaintiffs’ shoreline should be characterized as sandy or cohesive, observes that
there is a “spectrum of shore types between purely cohesive shores and fully sandy
shores. DX 155 (Nairn Composition Report) 5. The court finds helpful Dr. Nairn’s
acknowledgement that shoreline composition can be complex and the clarity of his focus
on the two factors he considers most significant to the court’s analysis of shoreline
erosion--grain size distribution and erosional beha¥fior.

Plaintiffs are incorrect in their view that the sand content of a lakebed is irrelevant
to the determination of whether it is sandy or cohes&&ePIs.’ Br. 17. The court has
considered a number of metrics to determine the composition of the shoreline of
plaintiffs’ properties, including the sand content of the sedimentntains its
geological history, stratigraphy derived from well logs and engineering borings, the
composition of the surface of the lakebed as determined by sidescan sonar, underwater
video and sediment sampling, the visual features identified by the CEM, previous
assessments made in the scientific literature and discussed by the parties’ expert
witnesses, and erosional behavior--both as predicted by numerical modeliasg an
measured over the span of more than a century. Although the sand content of the lakebed
Is not dispositive of whether the shoreline is cohesive, the court agrees with Dr. Nairn
that it is useful to consider whether the lakebed has a hsghercontet than cohesive
shorelines identified in other researc@®eeid. (arguing that sand content is “the
overriding factor” regarding whether a shoreline should be considered sandy or
cohesive).

Furthermore, Dr. Nairn’s analysis of sand content is consistent with the analysis of
shoreline composition described by the CEM. Plaintiffs contend that the CEM defines
the composition of a shoreline “by how the shore behaves and not by some arbitrary
percentage.”ld. Plaintiffs oversimplify the analysis recommended by the CEM. The
CEM recommends the use of “subsurface investigations” including “augers, boreholes,
vibracores and sub-bottom profiling.” PX 178 (CEM) 1lI-5-6. Plaintiffs do not contend
that it would be inappropriate to measure the sand content of any samples collected using
these techniquesSeePIs.’ Br. passimPIs.” Resppassim Plaintiffs’ own expert
witness, Mr. Shires, measured the sand content of the sediment samples collected in
plaintiffs’ zone as part of his investigation into whether the samples were cohesive or
sandy, sePX 141 (Shires Report) 7-9, implicitly assuming that sand content is relevant
to cohesion in his statement that the samples had greater cohesion than their sand content
would indicate because of a high organic conteggics at 5 (“It is my opinion that
organic content . . . provides binding properties (i.e., apparent cohesion) not accounted
for by simply considering grain size.”).

8The court discusses shoreline behavior bel8eeinfra Part 111.B.3.d
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Neither must Dr. Nairn’s analysis fit within the four corners of the CEM to be
“scientifically valid.” SeeDauberf 509 U.S. at 592-93. The Corps’ goal in drafting the
CEM was “to develop an engineering manual which includes the basic principles of
coastal processes . . . and guidance on how to formulate and conduct studies in support of
coastal flooding, shore protection, and navigation projects.” PX 316 (Guide for
Preparation of the CEM) 5. The CEM was to be written “at a level suitable for the
USACE District, BSlevel graduate civil/hydraulic engineer who has no advanced
academic training in coastal engineering and its related subjectsseédalsdep. of
Joan PopeRope Dep, Dkt. No. 493-285:21-87:4 (Pope) (stating that the Corps hired
Dr. Nairn to draft a portion of the CEM in part because of his ability to “explain very
complex concepts so they're clearly understood by non-engineers”). The CEM was
intended to be “a living document and continually revised to reflect improvements as
they are developed.” PX 316 (Guide for Preparation of the CEM) 5. Such improvements
in the understanding of cohesive shorelines can be expected to develop in the primary
literature cited by Dr. NairnSeeTr. 1802:24-1803:4 (McNinch) (stating that the CEM
“Iis certainly nothing that | would cite in our peer[-]Jreviewed publications as a
cornerstone to our methodology, and we are developing new methodologies. So, | would
use primary literature and try to advance the field in that manner.”

Ms. Pope, who oversaw the drafting of most of the CEM, Pope Dep. 19:15-20
(colloquy between Ms. Pope and plaintiffs’ counselgusently the Assistant Director
for Civil Works in the Research and Development Directorate of the Corps, “which
means [she] coordinate[s] the overall civil works research and development activities,”
id. at 8:14-19. Ms. Pope testified that the study of cohesive shorelines “is probably one
of the more immature areas of coastal engineering and coastal geology in terms of
understanding|[ ] the processes and being able to . . . quantify those processes,” Pope Dep.
86:7-13 (Pope). Ms. Pope further testified that the Corps hired Dr. Nairn to co-author the
chapter of the CEM on cohesive shorelines in part because Dr. Nairn is “the foremost
English[{speaking autority on” cohesive shorelines. Pope Dep. 86:14-16 (Pope). The
chapter of the CEM on cohesive shorelines was released nearly a deca8ee&fope
Dep., Dkt. No. 493-1, 34:11-16 (colloquy between Ms. Pope and plaintiffs’ counsel)
(stating that the chapter authored by Dr. Nairn was released in early 2000). It appears
reasonable to the court that Dr. Nairn's analysis of shoreline composition in connection
with his expert report and testimony in this case would examine more than the “basic
principles of coastal processes” describetheyears ago in the CEM, PX 316 (Guide for
Preparation of the CEM) and would address matters discussed in current scholarly
research on cohesive shorelinpasticularly giverthat he is working in “one of the more
immature areas of coastal engineering,” Pope Dep. 86:9-10 (Pope).

Dr. Nairn’s testimony indicates that plaintiffs’ properties, with the exception of the
Werger property, are located along areas of lakebedgnether sand content than those
in the cohesive shorelines described in the scholarly literaBeeDX 155 (Nairn
Composition Report) 31-32.
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d. Shoreline Behavior

Dr. Nairn also created a sediment budget to determine whether the shoreline in
plaintiffs’ zone behaves as a sandy shoreline or a cohesive sho®éial. at 25, Table
3.2 (revised sediment budget). A sediment budget is “‘an accounting procedure to keep
track along the shoreline of sediment inputs and sediment losses.” Liability ®iped.
Cl. at 613 (quoting Liability Tr. 112:2%13:3 (Meadows))Dr. Nairn first presented his
sediment budget at the trial of liability, concluding that, because the sediment budget “is
able to describe the erosion of [p]laintiffs’ shores and the fact that it does, necessarily
means that the shore is behaving as a [sandy] shore.” Tr. 256B{(N&irn);seealso
Liability Op., 78 Fed. Clpassim DX 1 (Nairn Report) 4-147 to 4-148. The court
discussed Dr. Nairn’s sediment budget in its Liability Opini@eeLiability Op., 78
Fed. Cl._passimHowever, at the trial of liability, plaintiffs presented “no expert
evidence . . . to counter defendant’s expert’s studies and explanations, and no expert
review of Dr. Nairn’s . . . research conclusions regarding the lake bottom composition.”
Id. at 628. Because plaintiffs now contend that Dr. Nairn’s sediment budget is unreliable,
Pls.’ Br. 18-20, the court here describes how Dr. Nairn compiled his sediment budget and
addresses plaintiffs’ arguments.

One way to distinguish between sandy and cohesive shores is “[hJow the shore
erodes--in other words, the behavior of the shore when it is exposed to waves and
currents.” DX 155 (Nairn Composition Report) $ég alsdls.’ Br. 17 (stating that the
CEM defines cohesive shorelines “by how the shorevetia “If the shore is
composed of sand, the quantity of sand that is depleted is directly proportional to the
guantity of sand that needs to be replaced.” Liability, @®.Fed. Cl. at 622 (footnote
omitted). The amount of wave energy impacts the amount of sand being carried along
the shoreline at any particular location. In areas where the amount of energy decreases,
the sand transport rate decreases; sand “drop[s] out,” and is deposited. Tr. 2588:4-13
(Nairn); see alsdX 1 (Nairn Report) 2-26 (“Sand is deposited along sections of shore
where the net rate of Longshore Sand Transport (LST) diminishes spatially along the
shore, i.e.[,] the capacity for the waves and wave-generated currents to carry sand is
reduced and thus sand drops out of the river of sand.”). In areas where the amount of
wave energy increases, the water picks up additional gewllr. 2589:1017 (Nairn)

DX 1 (Nairn Report) 2-26. Erosion can be therefore be expected to take place along a
sandy shoreline when “there is an increase in the rate (or a gradient in the rate) of
longshore sand transport from one end of an area of interest to another.” DX 155 (Nairn
Composition Report) 2. Accordingly, “sandy shore erosion can be defined through a
sand budget approach and the rate of loss of sand from a given area of interest is directly
related to, and limited by, the available wave energy.’at8.
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Dr. Nairn described plaintiffs’ properties as being located in a “hot spot,” where a
decrease in water depth focuses wave energy, increasing €toSleaTr. 2584:10-
2585:6 (Nairn); DX 1 (Nairn Report) 2-27 to 2-29 (presenting and discussing modeling
resultsthat showthe wave fausing effect). He also described areas with lower wave
heights, located to the south of plaintiffs’ zone, that are characterized by lower rates of
erosion. Tr. 2583:5-2584:6 (Nairn). To some extent, Dr. Nairn testified, this analysis can
also be applied to specific sections of plaintiffs’ zone; sand can be expected to
accumulate in areas where wave energy decreases and to erode in areas where wave
energy increasesSee, e.qg.Tr. 2586:11-22 (describing several “depositional zone[s]”
and “eroding zone[s]").

Dr. Nairn explained why sandy shorelines behave in a manner that can be modeled
with a sediment budget while cohesive shorelines do not. Summarizing an academic
paper he published in 1992, Dr. Nairn expéaithat “the definition of a cohesive shore is
primarily related to the root cause of erosion of these shores.” DX 155 (Nairn
Composition Report) 8. Erosion “occurs in two steps: a) the pickup of the sediment
from the beach or lakebed, where individual grains of clay, silt and sand are put into
suspension; and b) the removal of these suspended grains from the area of interest.” Id.
at 2. The first step is the same for sandy shorelines and for cohesive shorelines with
“extensive sand cover.” |ldFFor sandy shorelines, however, the second step relates to the
available wave energy:

[R]lemoval of sand from a given area of interest occurs in a longshore
direction within the littoral zone. This only occurs where more sand can be
transported by waves and wave-generated currents out of an area of interest
than is supplied to that area--in other words, there is an increase in the rate
(or a gradient in the rate) of longshore sand transport from one end of an
area of interest to another.

Id. Dr. Nairn explains that “[t]his is the key differentiating factor between predominantly
sandy and cohesive shores: the rate of removal of the heavier sand grains is limited by
the available wave energy; whereas the offshore loss of the easily suspended and smaller
clay and silt grains occurs at low energy levels and the loss rate is not limited by the
available wave energy.” 1d.

Dr. Nairn explained that, if plaintiffs’ zone is a sandy shoreline, the erosion he
predicts should match the historical rate of erosion. Tr. 2570:16-21 (Nairn) (“[I]f I'm

87Dr. Nairn studied the longshore transport gradients using a coniyased model he
developed and uses for engineering projects, called COSN@&Ir. 2585:23-2586:1 (Nairn);
cf. DX 1 (Nairn Report) App. A (model descriptions). On defendant’s motion, the court entered
a protective order regarding three numerical models used by Dr. Nairn. Mar. 16, 2007 Orde
Dkt. No. 175, at 3.
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able to predict the rate at which the shoreline and lake bed erode using the sediment
budget when I'm considering sand only, it effectively is a validation of the approach, that
taking a sand budget approach, based on a sandy shore concept, is a correct one.”).
Citing the study he authored in 1992, Dr. Nairn described why studying shoreline
behavior is particularly useful when analyzing an area of shoreline that contains some
amount of both sandy and cohesive materials:

[A] distinction is made that eroding sandy shores may feature cohesive
material, but that its presence does not alter the primary mechanism of
erosion[,] which is the net balance in sand supply as determined by the
sediment budget. In contrast, cohesive shore erosion is distinguished by the
primary importance of the irreversible loss of cohesive sediment from the
nearshore zone--and the lack of a relationship between the erosion rate and
the sand budget.

DX 155 (Nairn Composition Report) 8.

In calculating his sediment budget, Dr. Nairn considered the sources that provide
sediment to plaintiffs’ zone and the “sinks” that remove it: “[T]he difference between
what's coming [in] and what goes out should match what is supplied from the bluffs and
the lake bed, in terms of sand. If it does, then effectively this is behaving [as] a
predominantly] sandy shore.” Tr. 2572:25-2573:4 (Nairn). In addition to the erosion of
bluffs and the lakebed, sources of sand include the littoral flow of sand around the jetties
from the north and sand that is supplied by the St. Joseph River. Tr. 28/@%irn).

Dr. Nairn testified that[a] lot of this work, the sediment budget, then goes to
evaluating . . . how much sand gets [past] the harbor effectively.” Tr. 2918l&kn).

One factor that Dr. Nairn examined when determining how much sand flows
around the harbor jetties and into plaintiffs’ zone is the role of bypassing shoals. As sand
travels south along the shoreline and arrives at the harbor, it is deflected offshore by the
jetties and their fillet beach&%.Tr. 2601:3-7 (Nairn). “And then as it gets into this deep
water--remember, that used to be just deep water before[--]but it sort of builds a natural
sort of sand bridge or attemptsbuild a sand bridgacross and through the
channel . ...” Tr. 2601:7-11 (Nairn). The sand bridgedypassing shoalset as a
sink, absorbing sand as they form and as they re-form after the shipping channel is
dredged. Tr.2601:11-19, 2600:1-2601:21 (Nairn).

To determine how much sand the river supplies, Dr. Nairn examined the St.
Joseph watershed at different points in time, consideanwpng other factorghe effect

8 fillet beach is formed when a harbor structprejecting into the lake interrupts the
littoral transport of sand, causing sand to be deposited against the str@&aefe. 1116:11-14
(Chrzastowski).
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of agriculture and deforestation on the amount of sand entering the river, the effect of
river dredging on the amount of sand accumulating in the river, and the effect of dams,
river flows and water levels on the amount of sand carried by the BesTr. 2575:2-

2576:5 (Nairn). Dr. Nairn’s numerical modeling of the sediment delivered to plaintiffs’
zone by the St. Joseph River also considered potential variations under different weather
conditions, includindghe effect & storms and floodsSeeTr. 2603:4-2607:11 (colloquy
between Dr. Nairn and defendant’s coupsel

The sediment sinks that Dr. Nairn examined included dredging of the harbor,
accumulation of sand in fillet beaches and sand deposited in bypassing shoals. Tr.
2574:3-17 (Nairn). Using a numerical model of hydrodynatfiaghich weighs, among
other factors, longshore currents, water flows driven by the waves and the level of river
flow--Dr. Nairn also modeled the amount of sediment lost offshore under different
conditions. SeeTr. 2602:22-2604:10 (colloquy between Dr. Nairn and defendant’s
counsel).

Dr. Nairn testified that sediment budgets are one of the “usual types of
investigations we do” when working on engineering projects. Tr. 2174:1-4 (N&firn);
Tr. 2169:21-22 (Nairn) (stating that Dr. Nairn’s work focuses on river and coastline
engineering). Plaintiffs’ expert witness, Mr. Shires, agreed that “a sediment budget can
be used for understanding how a coastal shoreline behaves[,] which then itself . . . can be
used for understanding the composition of the shoreline.” Tr. 853:11-16 (colloquy
between Mr. Shires and defendant’s counsel). Mr. Shires further agreed that “the Coastal
Engineering Manual speaks . . . about considering the quantity and mobility of sand
cover,” which “relates to the idea of considering the behavior of the sediment.” Tr.
853:19-25 (colloquy between Mr. Shires and defendant’s coutsel).

8Hydrodynamics is “how waves, currents, [and] physical forces act on the acéda
Great Lakes syst to produce motions in those bodies.” Tr. 314:3-5 (Meadows).

*plaintiffs’ expert witness, Dr. Mackey, gave contradictory testimany avhether
sediment budgets can be used to determine shoreline composition. Dr. Mackeydedt“that
a sedimenbudget can be used to assist in the definition of a cohesive shoreline.” Tr. 717:7-10
(colloquy between Dr. Mackey and defendant’s counsel). After asking if he claulfy this
testimony, Dr. Mackey then stated: “I do not believe that a sedimentttzadgbe used to assist
in the definition of a cohesive shoreline, but | believe that a sediment budget can lmeassest t
in understanding the reasons why you have irreversible lake bed downcutting.” Tr. 717:14-18
(Mackey). At the request of defend'arcounsel, Dr. Mackey then read the following testimony
from his deposition into the record:

| don’t believe that [a sediment budget] has a significant bearing in the Coasta
Engineering Manual. It doesn’'t describe sediment budget as a defindlve to
determine whether or not a shoreline is cohesive or not. However, | do recognize
that the volume of sand is important and it would be tied to sediment budget, and
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Summarizing the findings he presented at the trial of liability, Dr. Nairn writes that
“a sand budget approach, relying on longshore sand transport gradients (i.e.[,] defining
the deficit in sand supply) was able to predict the observed historical erosion . . . .
Therefore, . . . the [p]laintiffs’ shore is indeed a predominantly sandy sto@X 155
(Nairn Composition Report) 16; see aldability Op. 78 Fed. Cl. passirfdiscussing Dr.
Nairn’s sediment budget).

Plaintiffs do not propose an alternate sediment budeeEls.’ Br. passimPIs.’
Resp. passipbut argue that “Dr. Nairn’s opinions are based on manipulated and
inaccurate data,” Pls.” Br. 18. Specifically, plaintiffs argue that Dr. Nairn has incorrectly
modeled the flow of river sediment into plaintiffs’ zone, that only under rare conditions
would littoral sand bypassing the jetties return to shore and that certain large areas of
shore protection considered in Dr. Nairn’s analysis were installed at a later date than Dr.
Nairn believed.Seeid. at 18-20. Defendant responds that “[p]laintiffs misrepresent the
record before the court.” Def.’s Resp. 10.

In regard to the flow of river sand into plaintiffs’ zone, plaintiffs question Dr.
Nairn’s testimony “that all river sand that gets to the end of the jetties[ ] turns left, makes
it[s] way around the jetties and directly into the littoral drift aimed at [p]laintiffs’ shores.”
Pls.” Br. 18. Plaintiffs cite to no evidence, however, to support their implicit suggestion
that the river sand would not turn left at the mouth of the jetties as it encounters the
prevailing water currentsSeeid. Plaintiffs instead argue that “sand samples taken in
1997 from lake bottom sand deposits just lakeward of the jetties and beyond the depth of

if you had a significant volume of sand, enough sand present that would
permanently protect the underlying cohesive materials from erosion or lkhke be
downcutting, that’s where | could see that a sediment budget could be important,
but having a sediment budget put together is not necessary to define a cohesive
shoreline.

Tr. 719:15-720:2 (Mackg. The court interprets Dr. Mackey’'s deposition testimony that “the
volume of sand is important [when determining whether a shoreline is cohesive] and would be
tied to sediment budget,” and Dr. Mackey’s recognition of the role of sand cover inipgtect

any underlying cohesive materials, sgeas expressions of his agreement that sediment budgets
can be usefdlif not necessaryin distinguishing sandy shorelines from cohesive shorelines.

°IDr. Nairn revisited his sediment budget in light of the €sdinding in its Liability
Opinion*“that the coarse fraction of the trucked sediment for beach nourishment was not
effective.” DX 155 (Nairn Composition Report) e alsd.iability Op., 78 Fed. Cl. at 63&f.
infra Part 111.C (discussing the Corps’itigation efforts). Dr. Nairn “found that the sand budget
approach still effectively explained, in a quantitative manner, the ratesiberof the shore in
the zone of the [p]laintiffs’ properties.” DX 155 (Nairn Composition Report) &4d;als®X
155 (Nairn Composition Report) 25, Table 3.2 (revised sediment budget). Plaintiffs do not argue
that Dr. Nairn has improperly incorporated the findings in the cousdilsility Opinion. See
Pls.” Br.passim PIs.” Resppassim
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closuré? were consistent with sand that came from the St. Joseph Rive(fodthote
added). Plaintiffs contend that “[t]Jo reconcile the data to his opinion, Dr. Nairn
implausibly testifiedwithout a shred of corroborative evidence--that the sampled sand
was not river sand but sand dredged ftbe St. Joseph Harbor and dwdghere 27

years earlier.”_ld.

Defendant is correct, however, that Dr. Nairn identified several bases for his
conclusion that the river sand near the end of the jetties had been dredged from the harbor
and placed there. Def.’s Resp. 10-11 (citing DXai{n Repor}t at 3-53). At trial, Dr.

Nairn testified that “the amount of dredge from the inner harbor and the outer harbor
matches very closely the amount of growth or deposition in that zone . . . for each of the
periods we consider.” Tr. 2602:16-19 (Nairn). Dr. Nairn further testified that the coarse
grain size in the samples discussed by plaintiffs is consistent with the grain size of sand in
the river rather than sand that has been deposited by the river in deeper water. Tr.
2602:10-15 (Nairn).

Plaintiffs’ argument that Dr. Nairn has incorrectly modeled the flow of littoral
sediment into plaintiffs’ zone is similarly unsupported by the evidence. Plaintiffs
contend that “in conflicting testimony, Dr. Nairn embarrassingly admitted that the
projected wave action required to move littoral material beyond and to the shore south of
the St. Joseph jetties occurs on only 2¥sdzer yeatr . . , which is hardly sufficient to
bring that sand into the littoral drift on any regular basis.” Pls.’ Br. 19 (footnote omitted)
(citing Tr. 2925:12-2931:21 (colloquy between Dr. Nairn and plaintiffs’ counsel)); DX 1
(Nairn Report) App. A, Fig. A-20 (offshore wave rose); see BIXdlL (Nairn Report)

App. A (Wave Distribution Table). Plaintiffs further argue that “[ijn contrast, Dr.
Meadows testified the majority of waves do not move material close to the jetties to the
[p]laintiffs’ properties.” Pls.” Br. 19.

Plaintiffs misinterpret Dr. Nairn’s testimonylhe waves described by plaintiffs as
occurring only on 2.4 dayser yearare those projected to be traveling due south with a
wave period® of eight to ten secondSeeDX 1 (Nairn Report) App. A (Wave
Distribution Table). Dr. Nairn did not testify that waves traveling soathbe expected
to occur on only 2.4 days per year but, instead, that “for .652 percent of the time, you get
waves of eight to ten seconds from a direction of zero degrees,” Tr. 2931:2-4 (bfairn);

Tr. 377:24 (Meadows) (statirtbat “zero is out of the true north”), which Dr. Nairn

%%The depth of closure is a point from the shore beyond which there is never enough
energy to move [sediment particles] again, that is, a point beyond the littoral 2osiaility
Op., 78 Fed. Cl. at 611 (alteration in original) (citation and quotation marks omitted). The expe
witnesses at the trial of liability estimated the depth of closure for the Ladtegdn coast
differently, placing it betweeaighteerfeet and more thasixty-six feet. 1d.

%The wave period is the time that elapses between the passage of waveTcrests.
1632:17-24 (Shabica).
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compared, metaphorically, to that particular type of wave occurring all day for 2.4 days
per year, Tr. 2931:16-19 (Nairn). Plaintiffs appear to confuse the prediction Dr. Nairn
generated by numerical modeling with the metaphor that he used to describe that
prediction.

Plaintiffs also overlook waves approaching from the north but characterized by
different wave periodsThe chart Dr. Nairn was describing, See 2928:20-2929:1
(colloquy between Dr. Nairn and plaintiffs’ counsel), is titled “Wave Distribution by
Period and Direction,” DX 1 (Nairn Report) App. A (Wave Distribution TabBleffach
row represents waves approaching from a different direcéaeid. The columns
divide the waves into wave periods ranging from two to four seconds, four to six seconds,
Six to eight seconds, eight to ten seconds, ten to twelve seconds and more than twelve
seconds.Seeid. Plaintiffs are describing waves that approach from the north with a
wave period between eight and ten secor@keid. Whenwaves characterized by wave
periods of two to four seconds, four to six seconds, six to eight seconds, ten to twelve
seconds and more than twelve seconds are included in the total, waves traveling south
(from a direction of zero degreesjcurnot .662% of the time but 6.93% of the time, a
more than tenfold increas&eeid.

Furthermore, plaintiffs cite no evidence indicating that waves traveling due south
are the only type of “wave action required to move littoral material beyond and to the
shore south of the St. Joseph jettiésind no evidencexplaining whythe percentage of
waves traveling south is insufficient to carry littoral material from the end of the jetties to
plaintiffs’ zone. SeePlIs.’ Br. 19 (stating, without citation to evidence, that the frequency
of waves traveling south is “hardly sufficient to bring that sand into the littoral drift on
any regular basi3’ Instead, plaintiffs state, without further explanation, “In contrast, Dr.
Meadows testified the majority of waves do not move material close to the jetties to the
[p]laintiffs’ properties.” _Id.(citing Pls.’ Br. 28-29). The referenced portion of plaintiffs’
Brief cites two pages of Dr. Meadows’ trial testimony and--without explanation or page
citation--Dr. Meadows’ expert reporEeeid. at 29 (citing, inter alia, Tr. 377:5-378:27
(colloquy between Dr. Meadows and plaintiffs’ counsel); PX 142 (MeadowsWa
Condition Report)). In the two pages of Dr. Meadows’ testimony cited by plaintiffs, Dr.
Meadows discusses only thapacityof waves to carry nourishment material to

%The table to which the court refers as the “Wave Distribution Table” is on a pBye of
Nairn’s report with no page number, located two pages after Fig@@ A-he table is titled
“Wave Distribution By Period And Direction.” DX 1 (Nairn Report) App. A (Wave fsition
Table).

%For instance, plaintiffs do not explaseePls.’ Br. passim Pls.” Resppassim why
waves approaching aR.5 degrees, which occur 13.03% of the time, or waves approaching from
337.5 degrees, which occur 4.7@¥%he timeseeDX 1 (Nairn Report) App. A (Wave
Distribution Table), do not play a role in carrying sediment south to plaintiftsesine.
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plaintiffs’ zone if the material is placed directly south of the jetties in an area that he calls
a “shadow zone.” Tr. 377:578:17 (colloquy between Dieadows and plaintiffs’

counsel). Dr. Meadows does not testifythat portion of his testimony thtie existing

wave conditions would prevent littoral material from bypassing the jetties or describe the
wave conditions necessary to carry littoral sediment from the end of the jetties to
plaintiffs’ zone. Seeid.; see alsonfra Part 111.C.2.b (discussing the limitations of Dr.
Meadows’ analysis of wave conditions).

Plaintiffs’ final argumentegarding Dr. Nairn’'s analysis ehoreline behavior
involves the role of large installations of shore protection constructed by the C&O
Railroad (C&O) and the Michigan Department of Transportation (MDCEEEPIs.’ Br.
19-20. Dr. Nairn explained in his initial expert report why shore protection must be taken
into account when creating a sediment budget and assessing shoreline behavior:

On an eroding shore, shore-based, shore-parallel shore protection (i.e.[,]
constructed on or very near to the shore) only prevents erosion inshore and
above the structure. Erosion of the lakebed will continue, whether it is
sandy or cohesive. Therefore, when placed along an eroding shore, shore
protection prevents sand that is inshore and above the protection from
naturally entering the littoral system. The effect of this is to transfer that
part of the natural erosion that was prevented by the shore protection, in
addition to any harbor[-]influenced erosion . . . to the unprotected shores to
the south.

DX 1 (Nairn Report) 4-138&ee alsad. at 4-120, Table 4.2 (listing bluff erosion rates
during four time periods). Dr. Nairn therefore included in his calculations the effect of .7
miles of shore protection installed by C&O and one mile of shore protection installed by
MDOT. 1d.at4-138. Plaintiffs allege that “Dr. Nairn assumed that the C&O and MDOT
revetments affected the rate of bluff erosion (and the amount of sand entering the littoral
systemthrough bluff erosion) for the time period between 1871 and 1938.” Pls.’ Br. 19.
Plaintiffs argue that “Dr. Nairn’s assumption is fundamentally misconceived because
C&O did not install its shore protection until 1929, which is 58 years after the start of Dr.
Nairn’s study period and only 9 years before that period ended(értghhasis omitted).
Plaintiffs further argue that “MDOT did not install any revetments until 1969, well after
Dr. Nairn’s study period.”_Idat 19-20.

However, Dr. Nairn’s report indicates that he was aware of when the MDOT and
C&O shore protection measures began to affect the sediment supply to plaintiffs’ zone.
Dr. Nairn stated in his report that C&O completed the installation of its shore protection
in 1929. SeeDX 1 (Nairn Repont4-138 (“Upon completion of the full 0.7 mile (1.1 km)
of shore protection for the railway line in 1929, approximately 10,000 cy/yr (7 3@0m
was effectively trapped or prevented from entering the littoral system . . . .”). Although
the details are not in Dr. Nairn’s report, he stated, both in his report and at trial, that C&O
installed some of its shore protection prior to finishing the .7-mile stretch in 1929. Id.
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(“Sometime between 1871 and 1938 the railway was moved inshore, apparently in
response to the erosion. . . . Its new position was also terraced into the eroding bluff, and
therefore, once again, the shoreline below the railway would have had to be

protected .. ”); Tr. 2908:7-9 (Nairn) (“I think if we check the report, we’ll see that there
was some earlier protection before 1929.").

Nor is there any indication in Dr. Nairn’s discussion of shore protection in his
report that he assumed that the MDOT shore protection began to influence the sediment
budget before the shore protection was, in fact, constru&eeDX 1 (Nairn Report) 4-

138 to 4-140. Rather than assuming that the MDOT shore protection currently in place
affected his sediment budget during the 1871 to 1938 time period, as plaintiffs suggest,
Pls.” Br. 19-20, Dr. Nairn determined that “[t]his protection was constructed in the late
1960][s] to replace a groin system that was constructed after damages caused by storms in
the 1940[s],” DX 1 (Nairn Reporéd-138 to 4-139. Applying his experience in coastal
engineering, however, Dr. Nairn inferred that some of the MDOT revetments were likely
installed at an earlier dat&eeid. at4-138 (noting that, given the slope of the bluffs and
the proximity of the highway to the edge of the bluff, that “at least the northerly half of
the MDOT revetment would have had to be constructed almost immediately”).
Accordingly, Dr. Nairn concluded that the “reduction in recession rate is mostly due to
the implementation of shore protection along the railway and part of the highway
shoreline toward the end of this period.” &i4-118.

Without explanation, plaintiffs cite the declaration of Mr. John Konik for the
proposition that “MDOT did not install any revetments until 1969.” Pls.” Br. 19-20
(citing, inter alia, PX 126 (Konik Aff.)§° Mr. Konik states in his affidavit that he is “the
Chief of the Regulatory Office, U.S. Army Corps of Engineers . . . , Detroit District.” PX
126 (Konik Aff.) § 1. Mr. Konik states that “[the responsibilities of the Detroit District
Regulatory Office include the processing of permit applications submitted under . . .
Section 10 of the Rivers and Harbors Act of 1999.”1I&. The construction of certain
shore protection structures, including revetments, requires the permission of the Corps.
Id. 5. Mr. Konick lists the permits that the Corps has granted to MDOT]. 1i8. The
first permit for the construction of “a stone sea wall” was granted in 1969 dd.ever,

Mr. Konik also states that “there are alternate forms of authorization used in certain
prescribed situations.” 1d.9. One alternate form of authorization is the “[l]etter([] of
permission,” which “may be used where, in the opinion of the district engineer, the
proposed work would be minor, not have significant individual or cumulative impact on
environmental values, and should encounter no appreciable oppositiorAhdther

form of authorization is the “general permit,” which is not issued to individual applicants,
but rather allows specific activities in a particular geographical are. 110l

Additionally, before the enactment of the National Environmental Policy Act in 1969 and
the Federal Water Pollution Control Act of 1972 in 19747id2, “if it was decided that

%The affidavit of Mr. Konik was admitted without objection. Tr. 2911:6 (court).
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the proposed work would have no impact on navigation, a Department of the Army
permit would not have been requiredl. { 11. Plaintiffs cite no evidence that indicates
that MDOT did not install revetments prior to 1969 pursuant to a letter of permission, a
general permit or a determination that the revetments would have no impact on
navigation. SeePls.” Br. 19-20.

The court finds plaintiffs’ criticisms of Dr. Nairn’s sediment budget unpersuasive,
particularly in light of plaintiffs’ failure to introduce a competing sediment budget,
numerical modebf erosion, hydrodynamic model of wave conditions or any other
comprehensive assessment of the erosional behavior of the shoreline in plaintiffs’ zone.
SeePls.” Br.passim PIs.” Resp. passimDr. Nairn’s study of the erosional behavior of
plaintiffs’ shoreline provides highly persuasive evidence that the shoreline in plaintiffs’
zone should be categorized as a sandy shoreline.

Plaintiffs bear the burden of demonstrating “that a taking has occurred justifying
the payment of just compensation.” Loes2h7 Ct. Cl. at 44, 645 F.2d at 914. The
additional evidence of shoreline composition presented by plaintiffs is unpersuasive and,
at times, repetitive of evidence rejected by the court in the SassupraPart I11.B.2.

In contrast, the government has presented additional evidence of shoreline composition
that the court finds persuasive. Based on credible and persuasive evidence, the court
finds that plaintiffs’ properties are located in an area of sandy shoreline, with the
exception othe Werger property, whiatlefendatis expert witness, Dr. Nairtgcates

along a section of cohesive shorelirgeeDX 155 (Nairn Composition Report) 31.

C. Mitigation
1. The Proportion of the Erosion Caused by the Jetties

This case has been bifurcated to allow the issues of liability and damages to be
treated separately. Following the trial of liability, the court found that, if unmitigated, the
jetties are responsible for 30% of the erosion taking place in plaintiffs’ zone. Liability
Op., 78 Fed. CI. at 654-57. Notwithstanding the court’s finding, plaintiffs now argue that
“the United States is responsible for between 60% and 70% of the erosion to [p]laintiffs’
properties.” Pls.’ Br. 23. Plaintiffs have not filed a motion for reconsideration on the
scope of the government’s liabylit SeePls.” Damages Trial Mem., Dkt. No. 264, passim
(requesting reconsideration on the issue of shoreline composition but not requesting
reconsideration of the scope of the government’s liability). It therefore remains the law
of this case that, if unmitigated, the jetties are responsible for 30% of the erosion taking
place in plaintiffs’ zone.

Plaintiffs do not acknowledge that it is the law of the case that, if unmitigated, the
jetties are responsible for 30% of the erosion taking place in plaintiffs’ ZeePIs.’
Br. passimPIs.” Resp. passimNeither do plaintiffs list the three “exceptional
circumstances,” Mendenha?6 F.3d at 1582 (internal quotation marks omitted), that
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may warrant departure from the law of the case or argue that any of the three is present,
seePls.’ Br. passimPIs.” Resp. passim

Plaintiffs do cite one line of evidence that plaintiffs allege was not available at the
trial of liability, arguing that dredging records “obtained in the damages phase of this
matter demonstrate that the United States is responsible for between 60% and 70% of the
erosion to Plaintiffs’ properties.” Pls.” Br. 28 DX 34a (updated dredging data).
However, Dr. Nairn’s initial expert report contained a thorough analysis of the sediments
dredged from the St. Joseph Harbor since the 1868sDX 1 (Nairn Report) 3-47 to 3-

49, 3-85 to 3-86 Plaintiffs do not argue that the dredging data analyzed by Dr. Nairn
were unavailable to them before the trial of liabili§eePls.” Br.passim Pls.” Resp.
passim cf. DX 34 (dredging data presented at the trial of liability). Nor do plaintiffs
explain how the dredging data now available differ from the data available to plaintiffs at
the trial of liability. SeePls.’” Br. passimPIs.” Resp. passim

Plaintiffs’ expert witness, Dr. Mackey, examined the percentage of the dredged
material dumped at a confined disposal facility against the percentage used for
mitigation, concluding that the dredged material contains more sandy material
appropriate for beach nourishment than Dr. Nairn calculated. PX 140 (Mackey Response
to Nairn) 8-10°" However, plaintiffs do not state that records of where dredged material
was dumped were unavailable before the previous t8aéPIs.’ Br. passimPIs.” Resp.
passim Dr. Mackey also concludes, on the basis of the dredging records, that Dr. Nairn’s
estimate of the quantity of sediment delivered to the inner harbor by the St. Joseph River

®The court finds Dr. Mackey’s use of dredging records to determine the sandtadnte
the dredged materials speculative. Dr. Mackey states that “[t]ypicallygroordted sediments,
fine-grained materials (silts and clays), and/or materials withfadriganic content are placed in
a [confined disposal facility] to minimize impacts to the environment. In messcalean sand
that contains a low percentage of silt and clay will be suitable for beach nourisimdéstopen
lake disposal.” PX 140 (Mackey response to Nairn) 8. Dr. Mackey does not state whetsqualif
as a “low percentage of silt and clay.” $&e Dr. Mackey states that “for the period 1978 to
2004, there were 13 years where no dredged materials were placed in the CDiefahe al
dredged materials were placed in the littoral zone for beach nourishment, candhis,
assumes that the dredged materials have “100% sand content (otherwise tia¢smatigld not
have been used for beach nourishmenit).” Observing that, between 1978 and 2004,
approximately 30% of the dredged sediment was sent to a confined disposaldadilihat
approximately 70% of the sediment was used for mitigation, Dr. Mackey conthadeke
dredged material consists of 70% satdl.at 9. Howeverif dredged sandy material is suitable
for beach nourishment when it “contains a low percentage of silt and clagt"8dand if
“[s]and is a valuable commodity,” making it “unlikely that dredged materiadisting of clean
sand would be placed in a [confined disposal facility] unless it was either contanomdtad a
high siltclay/organic content,it. at 9, Dr. Mackey’'s assumption that dredged material used for
mitigation is 100% sandppearsmprobable.
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is 15% too low?® SeePX 140 (Mackey Response to Nairn) 8-10. Plaintiffs do not state,
however, how this figure differs from the figure that could have been derived from
dredging records available to them at the trial of liability had they retained Dr. Mackey at
that time to make such a calculatidBeePIs.’ Br. passimPIs.’ Resp. passimPlaintiffs
therefore provide the court no basis on which to conclude that the dredging data they cite
contains new information that warrants a departure from the law of the case.

The balance of the evidence relied upon by plaintiffs for their contention that the
jetties cause 60 to 70% of the erosion to plaintiffs’ properties consists of expert opinions
that also could have been presented at the trial of liabfigePls.’ Br. 2125. Dr.

Mackey, observing the types of soil at the surface in the watershed that feeds the St.
Joseph River and its tributary, the Paw Paw River, concludes that the sediment carried by
the St. Joseph River contains a larger sand component than Dr. Nairn detei®aaed.

PX 140 (Mackey Response to Nairn) 3 (stating that Dr. Nairn “significantly
underestimated by 35 to 40%” the amount of sand the St. Joseph River contributes to the
littoral zone). Dr. Mackey buttresses this conclusion by estimating that the dams along
the St. Joseph and Paw Paw Rivers trap less sand than Dr. Nairn determiredasde

by stating that higher water flows during storms and snow melt would cause the rivers to
carry more sediment than Dr. Nairn determiféseeid. at 8 (describing the role of

%The 15% discrepancy between Dr. Nairn’s prediction of the volume of sediment
delivered to the inner harbor by the St. Joseph River and Dr. Mackey'’s calculatieraofidunt
of sediment dredged from the “inner harbor and outer channel,” PX 140 (Mackey regponse t
Nairn) 9, is, based on an analyBisDr. Nairn, likely due to littoral material that was washed
into the outer channel and dredgseéeTr. 2712:18-2713:12 (Nairn) (stating that, although Dr.
Mackey assumed otherwise, “a large majority of [the sediment dredged froniénelmannel]
comesfrom the littoral sediment transport”After conducting numerical modeling of the
hydrodynamics in the area adjacent to the jetidesNairn concluded that littoral material enters
the outer channelSeeTr. 2712:18-2713:3 (Nairnkf. Tr. 407:23-408:1 (colloquy between Dr.
Meadows and defendant’s counsel) (agreeing that Dr. Nairn conducted “a ttansgel, [two-
dimensional] hydrodynamic and sediment transport model”). Neither Dr. MasseyX 140
(Mackey response to Nairpassim nor Dr. Meadows, Tr. 407:17-19 (colloquy between Dr.
Meadows and defendant’s counsel), claims to have performed any such analyssning
whether sediment deposited in the outer channel was deposited by the river oittoyrahe |
stream.

%plaintiffs imply thatDr. Mackey’s opinions should carry additional weight on this topic
because Dr. Mackey is “the only recognized fluvial sedimentology expsdmed at trial.”
Pls.’ Br. 25;see alssupranote 9(stating that the court qualified Dr. Mackey as an expert in,
among other areas, “riverine processes in fluvial sedimentology.”). Howelsedatian of
sediment transport is within the areas of expeiitisvhich the court found Dr. Nairn to be
qualified. Seesupranote 9 (stating that the court qualified Dr. Nairn as an expert in, among
other areas, “sediment transport for sediment budgets,” “numerical modeling fedimest
transport” and “river engine®g”). Dr. Nairnprovidedboth “[a] detailed hydrodynamic
model . . . and an associated sediment transport model . . . to evaluate sediment movement
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“episodic events” and “flood pulses”); Tr. 2957:2-2958:8 (Mackey) (describing the role
of “pulses” caused by major storms and snow melt). Plaintiffs could have presented this
type of evidence at the trial of liability; defendant, in fact, didSee e.g, DX 1 (Nairn
Report) 3-67 to 3-108 (describing Dr. Nairn’s analysis of sediment delivered to the
littoral zone by the St. Joseph River).

The court is not compelled by “the discovery of new and material evidence,” Toro
Co. 383 F.3d at 1336, or by a determination that its previous finding is “is clearly
incorrect and its preservation would work a manifest injustice(gubtation marks
omitted), to depart from its conclusion that, if unmitigated, the jetties are responsible for
30% of theerosion inplaintiffs’ zone.

2. The Effectiveness of Defendant’s Mitigation Efforts

In its Liability Opinion the court found that the Corps began to place dredged
material in the littoral zone south of the jetties in 19Zability Op., 78 Fed. Cl. at 654-
55. In 1972, the Corps began “sidecasting” dredged material into the littoral zone by
extending a pipe over the south jetty and pumping dredged material throughait. Id.
654. In 1976, the Corps began a formal mitigation program to place beach nourishment
materials in the littoral zone, replacing the sand blocked by the jettieast @85. Noting
that “the Corps’ effect on erosion is at issue and not the purpose of measures that could
[a]ffect mitigation; mitigation incidental to another activity carries no less weight than
purposeful mitigation,” the court found that mitigation of the erosion caused by the jetties
began in 1970. IdThe question now before the court is the effectiveness of defendant’s
mitigation efforts in preventing the erosion that would have been caused by the jetties.

Defendant argues that the sediment budget developed by Dr. Nairn “demonstrates
that, since 1970, the Corps of Engineers’ beach nourishment program has fully
compensated for the impact of any erosion the jetties at the St. Joseph Harbor have
caused.” Def.’s Br. 14. In fact, Dr. Nairn determined that the volurbeaxh
nourishment material placed by the Corps has more than compensated for the volume of
material removed by the jetties since 198&eTr. 2746:25-2747:1 (stating that the
sediment budget “shows that there was no impact since 1970”); Tr. 2831:2-24 (Nairn)
(stating that, omitting the coarse fraction of the nourishment materials trucked in by the
Corps, “there is still an overall surplus”); DX 155 (Nairn Composition Report) 25, Table
3.2 (revised sediment budget), columns xxi(a), xxi(b) (reflecting that the net result of the

through the harbor and into the nearshore zone,” DX 1 (Nairn Rep®6t) & well as a form of
numericalmodeling known as a Soil and Water Assessment Tool (SWAT) that examines the
behavior of the watershed as a whole over time, incorporating changes in land tise a
construction of damseeid. at 373 to 384 (summarizing results of SWAT modead; at App.

A (model descriptions). In contrast, Dr. Mackey does not claim to have conductedredditi
measurements or numerical modeling of the sediment load of the St. JoseplSeeRX 140
(Mackey response to Nairpassim
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sand removed from the littoral system by the jetties and the sand added to the littoral
system by the Corps’ placement of beach nourishment materials is a net gain in sand in
Dr. Nairn’s study area)’® Although not argued by defendaseeDef.’s Br. passim

Def.’s Resp. passinDr. Nairn also determined that the rate of lakebed downcutting in
much of plaintiffs’ zone was lower in the time period after mitigation began, confirming
Dr. Nairn’s view of the effectiveness of the mitigation prograge[»X 155 (Nairn
Composition Report) 4-131.

Notwithstanding the evidence presented by defendant that the mitigation program
has been successful, plaintiffs argue that the mitigation program cannot have been
effective because the Corfasled properly to administet and because local wave
conditions prevent nourishment materials from reaching the shoreline. Pls.” Br. 26-31.
Summarizing the alleged flaws in defendant’s mitigation program, plaintiffs conclude
that “there is no actual nourishment program. Rather, there is a dredging program, and
not one of the key factors for an effective beach nourishment program . . . are taken into
account.” ldat 30.

a. Administration of the Mitigation Program

Plaintiffs have not created their own sediment budget or modified Dr. Nairn’s
sediment budget to reflect the deficiencies that plaintiffs allege exist in the Corps’
mitigation progam. SeePls. Br._passimPIs.’ Resp. passimNor have plaintiffs
developed a comprehensive studyhe effeciveness of the Corps’ mitigation program.
SeePls. Br._passimPIs.” Resp. passiminstead, plaintiffs simply assert that, because of
flaws in the implementation of the Corps’ mitigation program, “the United States’
mitigation efforts have been unsuccessful.” Pls.” Br. 26 (capitalization omitted)

1%Dr. Nairn explained thahe last two columns of the sediment budget estimate the
impact of the jetties, in each time period, expressed as the volume of sand theretented
from entering the littoral zone south of the jetti€&eeTr. 2747:2-8 (Nairn); DX 155 (Nairn
Composition Report) 25, Table 3.2, columns xxi(a), xxi(b). In the time period between 1946 and
1969, which, Dr. Nairn explained, provides the best estimate of the impact of thebjetivesn
1950 and 197&eeTr. 2747:2-4 (Nairn), the last two columns indecthat the jetties reduced
the supply of littoral materiakeeTr. 2747:2-15 (Nairn); DX 155 (Nairn Composition Report)
25, Table 3.2, columns xxi(a), xxi(b).

The Corps began its mitigation efforts in 1970, placing an average of 74,000 cubic yards
per year of nourishment material between 1970 and 1991 and 35,000 cubic yards per year
between 1992 and 200%&eeDX 155 (Nairn Composition Report) 25, Table 3.2, column viii.
Averaging the impact of the Corps’ activitighe impact of the harbor as offsst e
placement of nourishment materiduring the 1970 to 1991 time period with the impact of the
Corps’ activities during the 1992 to 2005 time period reveals that they resulted in anradt gai
sediment to the area south of the jetti8seTr. 2831 (Nairn); DX 155 (Nairn Composition
Report) 25, Table 3.2, columns xxi(a), xxi(b).

93



However, the only comprehensive examination of the results of the Corps’ mitigation
efforts, created by Dr. Nairn, indicates that defendant has successfully mitigated all of the
erosion damage caused by the jetties to properties located along sandy sections of
shoreline since 19705eeDX 155 (Nairn Composition Report) 25, Table 3.2 (revised
sediment budget)Dr. Nairnreached this conclusion based both on the erosion rates he
projected by creating a sediment budget and the erosion rates directly observed in
plaintiffs’ zone. Seeid., columns xxi(a), xxi(b) ghowing projected and historical erosion
rates from 1836 to 2005).

Plaintiffs’ criticisms of the Corps’ mitigation program are unpersuasive. Plaintiffs
argue that “beach nourishment requires, at a minimum, yearly monitoregaolf
conditions at the nourished sitf’™ Pls.’ Br. 27. Plaintiffs allege that there were gaps of
up to 18 months in placement of nourishment materials and that a portion of the dredged
material was placed at a disposal facility or used for construction purposes rather than
being placed in the littoral zone. \L28. Plaintiffs also contend that, “[a]s established
in the liability phase of the trial, beach nourishment material must have the same physical
properties as the natural material on the beach and nearshorat27dciting, inter alia
Liability Op. 78 Fed. ClI. at 630). Plaintiffs assert that “a substantial portion of the beach
nourishment placed by the United Stated did not have the same physical properties at the
natural material. Id.

However, because “the Corps’ effect on erosion is at iskiahility Op., 78 Fed.
Cl. at 655, rather than the techniques used by the Corps to mitigate erosion, the ultimate
issue is whether the Corps’ mitigation efforts have been successful. Plaintiffs have
developed no comprehensive study of the effect of the mitigation program to dispute the
sediment budget developed by Dr. Ndith.SeePIs.’ Br. passimPls.’ Resp. passimDr.

910N the following page of plaintiffs’ Brief, plaintiffs cite a document titled “Aahu
Report on the Section 111 Beach Nourishment Monitoring Program” (1999 Repeed!s’
Br. 28 (citing PX 41 (1999 Reportpf. PX 41 (1999 Report) 5 (discussing prior funding “for
several years” of “annual monitoring”). Plaintiffs do not explain why the raong discussed
in the 1999 Report is inadequatgeePls.’ Br. 26-30.

1%Although plaintiffs have not developed a comprehensive study of the effectiveness of
the Corps’ mitigation program, plaintiffs argue that defendant has admittedeh@abtram is
ineffective. _Se®Is.” Br. 2829. Plaintiffs cite the following statement frarl996 Corps report
co-authored by Dr. Nairn: “these [mitigation] techniques were developed foy shndes and
may not provide the protection required by the cohesive shorelines that exiskoseph.”1d.
at 29.

Notwithstanding the foregoing, the court has concluded that, with one exception,
plaintiffs’ properties are located along a sandy shoreline.s@@@Part 111.B. Plaintiffs rely on
the conclusion of the Federal Circuit that “the Corps issued reports in 1996, 1997 and 1999 that
‘collectively indicated that erosion [due to the government’s construction of jettiis Jiseph
Harbor] was permanent and irreversible.” Pls.” Br. 29 (alteration in origipadtingAccrual
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Nairn’s sediment budget indicates that, regardless of any potential flanes Gorps’
program, it has been effectiv®. SeeDX 155 (Nairn Composition Report) 25, Table 3.2
(revised sediment budget). Furthermore, the court finds plaintiffs’ criticisms of the
Corps’ mitigation program unpersuasive.

In its Liability Opinion the court found that “the nourishment program needs to
provide sediment that has the same physical characteristics as the shore that is to be
nourished.” Liability Op., 78 Fed. Cl. at 630 (internal quotation marks omitted).
Plaintiffs are correct that some of the nourishment material placed by the Corps was

Op. Il, 314 F.3d at 1305). Not only is there a “sharper focus” on plaintiffs’ zone and the issues
of this case in the expert withnesses’ reports and trial testimony than in flobBaanrelated to

the case, sesupranote48, but the court has determined that the Federal Circuit addressed only
the accrual of plaintiffs’ claimsnot whether erosion caused by the jetties was in fact permanent
and irreversible, sesupranote 37 Plaintiffs cite no evidence that persuades the court that the
mitigation program was uniformly ineffective for the entire area downdrtfi@jetties,
notwithstanding variations in shoreline composition or proximity to the jetties ardod
nourishment materialSeePlIs.’ Br. 28-29cf. DX 155 (Nairn Composition Report) 12

(describing an area of cohesive shoreline north ohfils’ zone).

Plaintiffs also argue that an open file report published by the United Statésggal
Survey shows “little evidence of sand reaching the [p]laintiffs’ properttesy ¢than in the
immediate vicinity of the beach nourishment site.” 'Hs. 29 (citing Tr. 613:3-615:2 (colloquy
between Dr. Mackey and plaintiffs’ counsel); PX 136 (Mackey Report) 9, Figap $fmowing
accretion and erosion of lakebed adjacent to plaintiffs’ properties between 1945 and 1991)).
Plaintiffs misunderstand tregnificance of Dr. Mackey’s testimony. Dr. Mackey testified that
there had been lakebed downcutting in plaintiffs’ zone, visible as a changeymbéath Tr.
612:4419 (Mackey). Dr. Mackey also testified that there had been a net accretemhinés
immediately south, west and offshore from where nourishment material had &eeah. pTr.
612:9414 (Mackey). Dr. Mackey testified that “[w]hat we don’t see is accreti@onmulation
of material to the south.” Tr. 612:14-15 (Mackey). However, the ongoing downcutting
discussed by Dr. Mackey does not indicate that defendant’s mitigation effortbdwve
unsuccessful. Even if defendant mitigates the portion of the erosion caused byethenbith
only accounts for 30% of the erosion taking place in plaintiffs’ zeael,iability Op., 78 Fed.

Cl. at 654-57, erosion caused by natural processes and exacerbated by lalgtoinstad shore
protectionseeDX 1 (Nairn Report) iliv, can be expected to continue and to prevent the
widespread accumatiion of nourishment material.

193Dy, Nairn notes in the report he prepared for the trial of liability that, resteinding
the Corps’ mitigation efforts, overall erosion rates have increased over3iee®X 1 (Nairn
Report) 4132. This is due to a number of factors, including high lake levels in the 1970s and
1980s and the resulting installation of shore protection by a large number of landewners
including the C&0O and MDOT Seeid. at 4156-57. Controlling for such factors, Dr. Nairn
concludes thiathe rate of erosion since thbemmencement of mitigation efforts has been
approximately equal to the “pre-harbor erosion ratd."at 4156 to 4-157.
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transported from elsewhere and was, on average, more coarse than the natural material on
which it is placed._ldat 629. The court found that the coarse sediment is “at best
ineffective and will not be considered part of mitigation as to plaintiffs’ properties.” Id.

at 630. In light of the court’s finding, Dr. Nairn revised his sediment budget, examining
the grain size distribution of the sediment brought from elsewhere to determine how

much of it was too coarse to be effective nourishment mat&ti@X 155 (Nairn

Composition Report) 19-23. After determining that 50% of the sediment was too coarse
to serve as effective nourishment material under the court’s rulingf, 28,Dr. Nairn

concluded that, regardless, the Corps had completely mitigated the erosion caused by the
jetties, seed. at 26 (stating that “from 1970 to 2005[,] more sand was supplied than
necessary to compensate for the impact of the harbor and operatbns)at 25, Table

3.2 (revised sediment budget). Plaintiffs do not contend that Dr. Nairn has inaccurately
calculated the portion of trucked sediment that the court found ineffective as nourishment
materialat the trial of liability. SeePls.’ Br. 26-30.

Plaintiffs argue that gaps in the beach nourishment program “exacerbated the
already sand]starved condition ofp]laintiff[s’] zone, which contributed to further
lakebed downcutting.ld. at 28 (citing Tr. 616:3-15 (colloquy between Dr. Mackey and

1%Dr. Nairn argues in a report drafted after the trial of liability that all ofrineked
sediment Bould be considered effective nourishment material:

[T]here are four lines of evidence that the gravel component of the trucked
sediment should be considered as effective nourishnaghere is gravel in the
eroding sediment that is naturally suppliedhe littoral zone; b) there is gravel

on the beaches that would appear to be derived from the natural source noted in
(a); ¢) the sediment budget predictions match the actual eroded volume of
sediment more closely when all of the trucked sediment is considered as effective;
and, d) the technical literature on beach nourishment notes coarser sediment
(i.e.[,] gravel in this case) is effective, and in fact, more erosion resisiesmt

placed as beach nourishment.

DX 155 (Nairn Composition Report) df. Liability Trial Transcript 130:20.31: 2 (Meadows)
(stating that nourishment material should “be of a coarser gain sizehsugribat will stay on

the beach.”). The court, in itsability Opinion, based its conclusion that coarse sediment was
ineffectivenourishment material on a statement in a Corps report that that court integw eie
admission that nourishment material should “have the same physical proerties natural
material on the beach and nearshoigédbility Opinion, 78 Fed. CI. 78 at 630 (quoting PX 41
(1999 Report) 4). Because neither Dr. NasgeDX 155 (Nairn Composition Reponpassim

nor defendantseeDef.’s Br. passim Def.’s Resppassim argues that evidence discovered since
the trial of liability requires the conclusion that coarse sediment is effectivisimment

material, and because Dr. Nairn concluded-thegardless of whether the coarse sediment is
excluded from the calculationthe Corps has provided sufficient nourishment material, the
court does not reexamine its findings regarding coarse sedi@eesupraPartll.D (discussing
the law of the case doctrine).
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plaintiffs’ counsel)). However, plaintiffs do not attempt to quantify the effect of the gaps
in beach nourishment and do not state how often they occi8e=PIs.” Br. 26-30cf.

Tr. 616:7410 (Mackey) (stating that “if you put a pile of sand in the littoral zone[,] it will
gradually erode away, but if you do it on a fairly regular basis[,] you will maintain a

fairly continuous sediment supply,” but not stating whether the gaps in nourishment were
sufficiently long for the piles of nourishment material to fully “erode away”).

Furthermore, plaintiffs’ theory that gaps in the nourishment program made the program
ineffective appears to be premised on the lakebed adjacent to their properties being
cohesive, which the court has found, with one exception, to be inco8eesupraPart

[11.B. (discussing shoreline composition). In the testimony cited by plaintiffs, PIs.” Br.

28, Dr. Mackey testified that “if you have gaps in the beach nourishment program(,]
you're going to have gaps in the sediment supply[,] which will cause thinning of the near
shore sands and exposure of the underlying cohesive materials and actually accelerate the
lake bed downcutting procesg,t. 616:1115 (Mackey). Sandy shorelines erode

differently than cohesive shorelines and can reconstitute themselves ovebéaselpra

Part 111.B.3.d (discussing shoreline behavior). Plaintiffs do not analyze the effect of gaps
in the placement of beach nourishment materials on a sandy shot2IBeePls.’ Br.

passim Pls.” Resp. passim

b. Wave Conditions and Placement of Nourishment Material

1%pJaintiffs also state that, by dredging the harbor for 90 yeefire beginning
mitigation activities, Pls.’ Br. 228, defendant “created an enormous deficit of sand south of the
jetties, which has to be taken into account before a beach nourishment program could even begi
to be effective,’id. at 28. In support of this proposition, plaintiffs cite the dredging records and a
single page of the 1999 Reportl. (citing PX 41 (1999 Report); DX 34a (updated dredging
data); DX 1 (Nairn Report) App. B, Fig. B.10 (dredging history)). The refedepage of the
1999 Reprt states, “At several of the older harbors, thsorizedthat this long period of sand
removal from the littoral systemay havecreated an enormous deficit in the sand supply,
triggering lake bed downcutting that may have contributed to the creditaosaas of severe and
continuing erosion.” PX 41 (1999 Report) 3. Plaintiffs overstate the significance of the
referenced page of the 1999 Report. First, the 1999 Report states only thiaebrized that
the period of sand removaitay havé creaed a deficit in sand supplyd. The court finds the
sediment budget and numerical modeling developed by Dr. Nairn after spiécstudying
plaintiffs’ zone more persuasive than the theoretical possibility that atdiefsand supply may
undermine mitigate efforts. Second, the report was discussing the effedbafshan cohesive
shorelines, as the title of the section, “Cohesive Coastlines and Lakebed Dowticotakes
clear. Id. at 2. On the page following the page referenced by plaintiffs, the 1999 Report
examines the relationship between the effectiveness of mitigation and “fifita k& time
between harbor construction and the beginning of mitigatitth.at 34. The report notes that
“[flor the harbors located along cohesive coas#iin particular|,] this has likely contributed to
sand loss and downcuttingltl. at 4. The court has concluded, however, that with the exception
of one property, plaintiffs’ properties are located along a sandy shor8eesupraPart 111.B.
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Plaintiffs also argue that “the effectiveness of beach nourishment also depends on
the orientation of waves.” Pls.” Br. 29. Plaintiffs state that the jetties diminish the energy
of waves approaching from the north and northwest, creating a “shadowing effect.” Id.
Plaintiffs state that “[t{jhese waves are prevalent and, therefore, placing beach
nourishment close to the jetties diminishes its effectiveness.Plaintiffs conclude that,
“[c]onsistent with this principle, the Corps (and Dr. Nairn) recommended that beach
nourishment be placed at Shoreham, much further south from the St. Joseph jetties than
the current placement site.” ldefendant respondsat‘“[p]laintiffs’ experts concede
that their analysis did not constitute an effort to precisely locate each wave in the shadow
zone, but was merely illustrative of the problem of a shadow zone generally.” Def.’s Br.
14. Relying on hydrodynamic modeling performed by Dr. Nairn, defendant argues that
nourishment material is, in fact, carried south to plaintiffs’ zootevithstanding the
shadow zone south of the jettie€Seeid. at 14-15.

In his report, plaintiffs’ expert witness, Dr. Meadows, writes that “[a]reas of
coastline that are artificially sheltered from incident wave action (shadow zones) become
traps of sediment, receiving insufficient energy to move nearshore materials along the
beach.” PX 142 (Meadows Wave Condition Report) 1. Based on a wav® nske
expert report that Dr. Nairn drafted for the trial of liability, Dr. Meadows calculated the
frequency of waves approaching the shore from different direct®esid. at 3, 4, Fig.

2 (wave frequency chart). Eliminating waves that he believed would be blocked by the
jetties, Dr. Meadows concluded that the nourishment material placed by the Corps “is
exposed to direct wave attack and corresponding [southward transport] less than 19.65%
of the time.” Id.at 5. In contrast, “material placed in this same location is transported
north [(Jback toward the harbor structures) approximately 39.39% of the timeat6ld.

As a result, “a good portion of the material that is placed there ends up causing this
southern fillet to grow.” Tr. 380:15-17 (Meadows).

However, Dr. Meadowsanalysis Was intended to be demonstrative of the
problem” created by shadow zones. Tr. 378:20-21 (Meaddws)Meadows did not
“determine the details of that transport.” Tr. 407:15-19 (colloquy between Dr. Meadows
and defendant’s counsel). Dr. Meadows did not perform hydrodynamic modeling or
conduct measurements of the actual wave conditiSeePX 142 (Meadows Wave
Condition Report) passimDr. Meadows agreed that “all [he was] trying to show was if
you put nourishment anywhere near a shadow zone, you can run into problems with the
wave action.” Tr. 410:12-15 (colloquy between Dr. Meadows and plaintiffs’ counsel).
Dr. Meadows further agreed that his “only opinion today is that the nourishment . . .
should be placed well away from a shadow zone.” Tr. 410:18-20 (colloquy between Dr.
Meadows and plaintiffs’ counsel).

1%The wave rose in Dr. Nairn’s report is a circular chart describing theeiney and
height of waves approaching a specific location from various direct®eaDX 1 (Nairn
Report) App. A, Fig. A.20 (offshore wave rose).
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In contrast, Dr. Nairn did perform hydrodynamic and sediment transport
modeling which Dr. Meadws agreed would allow Dr. Nairn to “determine the details of
that transport.” Tr. 407:10-408:4 (colloquy between Dr. Meadows and defendant’s
counsel). Dr. Naircharacterizedr. Meadows’ shadow zone analysis, which only
considered the percentage of deepwater waves approaching from each dseeRdn,

142 (Meadows Wave Condition Report) 4, Fig. 2 (wave frequency chart), as “very
simplistic,” Tr. 2609:19 (Nairn). Dr. Nairn employed his engineering firm’s “in-house
numerical model,” called HYDROSED, which Dr. Nairn states “has been verified

through laboratory experiments as well as field measurements and has been applied
extensively to several projects by Baird & Associates in the past few y&axXsl’

(Nairn Report) 3-50. Dr. Nairn explains that “[flor a given wave condition, HYDROSED
can provide a full spatial description of nearshore currents and sand transport around the
harbor.” 1d.

Describing the results of his numerical modeling, Dr. Nairn disagreed with the
hypothesis “that somehow if you place the sand in the wrong place and it goes to the
north instead of the south, it's lost.” Tr. 2611:16-21 (Nairn). Dr. Nairn explained that,
because the angle at which the waves approach thedtarges as thesncounter
shallower watemortherly curents-those that approach from the north--strike the shore
further north than Dr. Meadows determin8d.SeeTr. 2609:18-2610:2 (Nairn).

19%Comparing Dr. Meadows’ discussion of the shadow zones with Dr. Nairn’s analysis of
local wave conditions, defendant notes that “the analysis of wave movement iiff®le@piorts
does not take into account the phenomena of refraction and diffraction, causingf®laintif
estimates of where and how waves strike the beach to be inaccurate.” Def.’¢datiohs
omitted). “Refraction is the changing of wave approach angle as the wave intettathew
bottom.” Tr. 401:20-21 (Meadows). Diffraction is the “[c]hange in the directiodsraensities
of a group of waves after passing by an obstacle or through an aperture hadse s
approximately the same as the wavelength of the waves.” The American Herittigaddy of
the English Language06 (4th ed. 2000).

Dr. Meadows testifiedhat he did not take into account the effect of refraction and
diffraction on the waves as they approach the shore. Tr. 379:17-21 (Meadows). Dr. Nairn
testified that “the more complex and accepted practice” for evaluating shadesvizda
“transfer tke waves to shore” to determine more precisely where they will arrive2609:18-
2610:2 (Nairn). Dr. Meadows stated that after submitting his expert report, herpstftrack
of the envelope calculations,” Tr. 379:21-22 (Meadows), which led him teviedinat as a result
of refraction and diffraction, “the closer [a wave] gets to shore[,] the moren#t &und the
ultimate end is it will be travelling 15 degrees more to the north than it is in my diagnam,” T
380:5-7 (Meadows). Dr. Meadows’ failure to account for refraction and diffrachistrdtes
the limited utility of his analysis. Dr. Meadows’ testimony describes a sinigieigle rather
than analyzing the range of factors that determine actual wave conditidrisediment transport.
SeeTr. 378:18-20 (colloquy between Dr. Meadows and plaintiffs’ counsel) (stating that Dr.
Meadows did not “attempt to precisely locate each wave in the shadow zone”).
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Although these northerly waves do split when they reach the staorgng some
nourishment material to the north, this sediment is largely caught in an eddy, which
carries the sediment north to the jetty, west along the jetty until the sediment rejoins
currents traveling south, and then back to shore, Tr. 2608:17-2609: 17 (Negm@so
DX 1 (Nairn Report) 3-59, Fig. 3.16(a), 3-60, Fig. 3.16(b) (maps showing nearshore
currents and sand transport vectors during a storm from the northwest).

Dr. Nairn testified that southerly conditions--those in which currents approach
from the south--occur “quite often,” Tr. 2612:3-4 (Nairn), and also play a role in carrying
nourishment material to plaintiffs’ zone. As currents approach from the soutmdwvey
north toward the jetties, are deflected offshore by the jetties and slow as they move away
from shore. Tr. 2612:2-14 (Nairrgee alsdX 1 (Nairn Report) 361, Fig. 3.17(a), 3-62,
Fig. 3.17(b) (maps showing nearshore currents and sand transport vectors during a storm
from the southwest). As the currents slow, they deposit sand in a large bypassing shoal,
Tr. 2612:11-14 (Nairn), where it accumulates, “waiting for northerly waves to then take it
back into the system to the south,” Tr. 2611:13-28;asdDX 1 (Nairn Repoit3-61,
Fig. 3.17(a), 3-62, Fig. 3.17(b) (maps showing nearshore currents and sand transport
vectors during a storm from the southwé8}) Therefore, even when the currents
reaching the dredging material are approaching from the south, “almost all of the dredged
sand that may be carried in this direction will eventually return to the shore to the south
via the southward-directed current and bypassing pathway.” DX 1 (Nairn R&&att

Dr. Nairn confirmed his modeling by verifying thaaurishment materidhat was
carried north has not built up on the fillet beach south of the jetieeTr. 2613:11-22
(Nairn). Summarizing his finding®r. Nairn stated thatynder southerly conditions,
sand is directed toward the fillet beach south of the jetties:

We know it's not growing. [The sand gets] forced off into this . . . shoal.
We know it's not growing. We’'re tracking its growth. So, there’s nowhere
else that the nourishment sand can go but [south] during the northerly
waves [and] come back, as I've shown, to reach the shoreline and continue
to the south.

19%paintiffs argue that the role of storms must be “carefully considered antlitage
accountin a beach nourishment program.” Pls.’ Br. 27. It is apparent, however, that Dr. Nairn
examined the hydrodynamics of plaintiffs’ zone under a variety of weather corsdstind
studied the impact of those hydrodynamics on the effectiveness of mitigbais. Dr. Nairn’s
trial testimony described wave conditions during two different types of sfame approaching
from the southwest and one from the northwest. 2607:18-2613:22 (colloquy between Dr. Nairn
and defendant’s counsefee als®X 1 (NairnReport) 359 to 3-62 (maps showing nearshore
currents and sand transport vectors during storms from the northwest and soutinvaistlDr.
Nairn examined hydrodynamic conditions under “58 different conditions of directions . . . in a
variety of wave priods.” Tr. 2614:13-8 (Nairn).
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Tr. 2613:17-22 (Nairn). Plaintiffs offer no hydrodynamic modeling to contest Dr.
Nairn’s analysis.SeePIs.’ Br. passimPIs.” Resppassim

Plaintiffs argue that, consistent with giacticeof not placing nourishment
material in a shadow zone, “the Corps (and Dr. Nairn) recommended that beach
nourishment be placed at Shoreham, much further south from the St. Joseph jetties than
the current placement site.” Pls.” Br. 29 (citing, inter alia, PX 24 (1997 Report) 88).
Plaintiffs are correct that the 1997 Reparithored by Dr. Nairn with others, sBX 40
(1997 Report) i, concluded that “[iJt would be much more effective to place the entire
annual allotment of beach nourishment (or at least the trucked coarse sediment) [further
south,] where it would be 100 percent effective in supplying the downdrift shoreat” id.
88. The 1997 Report theorized that a large lakebed depression “has been a sink, possibly
for up to 50 percent of the coarse sediment placed in the feeder beach araa871d.
The 1997 Report also theorized that “perhaps as much as 50 percent of the sand placed in
the feeder beach area (particularly dredged finer sediment) ends up back in the navigation
channel from where it was originally removed (and will be removed again).THd.
1997 Report proposes that both of these problems could be avoided by placing
nourishment material further soutBeeid. at 87-88.

Dr. Nairn has since determined that the findings of the 1997 Report are inaccurate.
With respect to the nourishment material that the 1997 Report predicted would be carried
into the navigation channel, Dr. Nairn noted that this conclusion was made “without the
benefit of [two-dimensional] numerical modeling at the harbor mouth (of waves, currents
and sediment transport) and sediment budget analysis performed in support of this
report.” DX 1 (Nairn Report 3-66. This numerical modeling indicates that “when sand
is transported towards the north . . . it will eventually encounter a stronger southward-
directed current that extends off the end of the jetties.atl8-66 to 3-67. Dr. Nairn
further stated that “[i]f sand was being re-deposited in the navigation channel (i.e.[,] after
it was dredged and placed on the south side of the jetties), then it would be expected that
the dredging quantity for the outer channel would be accelerating rapidlyat 3e67.
However, “There is no indication of this kind of increase in the dredging record data.”
Id.

Regarding the coarse material that the 1997 Report concluded is lost to an offshore
depression in the lakebed, Dr. Nairn testified at the trial of liability that “this was based
on an ‘incorrect assumption,” because a sand bar forms at the depression that ‘provides
the pathway or bridge for sediment to get through that . . . area.” Liability7®-ed.
Cl. at 640 (citations omitted). The “very prominent long shore bar” described by Dr.
Nairn, Tr. 2626:13 (Nairn), is clearly visible on the bathymetric map contained in Dr.
Nairn’s report,eeDX 1 (Nairn Report) 3-69, Fig. 3.19 (1999 bathymetric map). Dr.
Nairn testified that the sand bar serves as “the delivery path for sand past the C&O
railway revetment, past the end dottkyards thesouth of the [p]laintiffs’ property.
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Sol,] that’s sort of like the bridge or highway along which most of the sand runs now
because there isn't a beach there.” Tr. 2616:16-21 (Nairn).

Again, as at the trial of liability, plaintiffs “offer nexpert critique countering Dr.
Nairn’s more recent conclusions about the [deposition of nourishment materials in the]
depression,Liability Op., 78 Fed. ClI. at 640, or in the navigation channelXg¢Br.
passim Pls.” Resp. passimApart from Dr. Meadows’ description of the concept of
shadow zones, plaintiffs do not offemny analysis of the local hydrodynamics that
indicates that nourishment material is not carried south to their prope&ae®ls.’ Br.
passim Pls.” Resp. passimPlaintiffs do not demonstrate where nourishment material is
accreting over time if shadowing by the jetties prevents it from being carried Segh.

Pls.” Br. passimPIs.” Resppassim Nor do plaintiffs dispute Dr. Nairn’'s conclusi@ee

DX 1 (Nairn Report) 3-67, that the dredging totals do not reflect a growing quantity of
nourishment materials carried ttointo the navigation channekePls.’” Br. passim

Pls.” Resp. passimPlaintiffs’ argument that Dr. Nairn’s testimony is “not credible”

because he has reached different conclusions in prior research, Pls.’ Br. 30 (capitalization
omitted), is insufficient--without evidence contradicting his conclusions--to persuade the
court that Dr. Nairn has doctored his conclusions for the purposes of this litigagon, s
supranote 85 (addressing plaintiffs’ argument that Dr. Nairn’s opinions are “bought and
paid for' (quoting Liability Op, 78 Fed. Cl. at 618)).

In light of the evidence presented at trial, the court finds that, with regard to every
property but the Werger property, which is located along a cohesive section of shoreline,
seesupraPart Il1.B, the Corps has successfully mitigated all of the erosion damage
caused by the jetties between 1970 and the publication of Dr. Nairn’s revised sediment
budget in 2009.

D. Damages
1. The Ordinary High Water Mark

Becauselaintiffs’ properties are encumbered by the government’s navigational
servitude, no just compensation must be paid for erosion below and within the ordinary
high water mark when the government acts to improve navigation. Liabilify7®Fed.

Cl. at 655-57see generall@HWM Op, 71 Fed. Cl. 501 (discussing the definition of the
term “ordinary high water mark”). It is therefore necessary to determine what property
has eroded above and outside of the ordinary high water mark.

To delineate the ordinary high water mark for plaintiffs’ properties and the
comparable properties considered by defendant’s appraiser, Mr. Burgoyne, Dr. Nairn
interpreted “historic aerial photography and satellite imagefyDX 172 (Nairn

19%Dr. Meadows also delineated the 1950 ordinary high water mark (OHWM) for
plaintiffs’ properties as part of his analysis of the volume of materialtiffa’ properties have
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OHWM Report) 1. Dr. Nairn delineated the ordinary high water marks as they stood in
“1950, 1970, 2000, 2009, the purchase date of the property, and sometimes the sale date
of the property.**® Tr. 2339:2123 (Nairn).

Dr. Nairn explained at trial that the properties fell into three different types, which
required him to use three difent techniques to delineate the ordinary high water mark.
SeeTr. 2341:4-23 (Nairn); see alfdX 172 (Nairn OHWM Report) 12-15 (describing
the three techniques). When a property had shore protection, Dr. Nairn “delineated the
ordinary high water mark along the shore protection.Tr. 2343:4-6 (Nairn) Whena
property’s nearshoneascharacterized by bluffs, Dr. Nairn “delineated the ordinary high
water mark at the toe of the bluff . ... Tr. 2343:8-10 (Nairn). Dr. Nairn notetbfier

lost to erosion.See generall{?X 143 (Meadows Volume Report); PX 144 (Meadows Revised
Volume Report)seeinfra note126 (discussing plaintiffs’ theory of damages based on the
volume of material lost to erosiorgee alsdr. 333:3-6 (colloquy between Dr. Meadows and
plaintiffs’ counsel) (agreeing that Dr. Meadows delineated the ordinanywager mark only as

it existed in 1950).

However, the expert withesses retained leyghrties to testify on the topic of damages
both employed the ordinary high water mark as delineated by Dr. Nairn. Tr. 7&8Hbj{y
between Mr. Burgoyne and plaintiffs’ counsel) (agreeing that Mr. Bugbgsed his appraisals
on the property dimensions determined by Dr. NagagPX 149 (Moore Report) Ex. 2
(materials reviewed) (citing a summary of the appraisal reports providedrgpyne Appraisal
Company, LLC, but not citing another source of ordinary high water mark data).

Dr. Meadows agesd at trial that he “didn’t have any reservations with the method that
Dr. Nairn used to calculate the area$pdfaintiffs’ properties,” and that “the use of air photos
and satellite images as a basis for developing the location of the ordinary hégimankt
provides the most consistent and dependable information.” Tr. 400:11-20 (colloquy between Dr.
Meadows and defendant’s counsel).

11%Dr. Nairn applied the following definition of the ordinary high water mark, which
appears in a regulatory definition of “the ‘ordinary high water mark’ ontit@h+ivers:”

the line on the shore as established by fluctuations of water and indicated by
physical characteristics such as a clear, natural line impressed on the bank;
shelving; changes in the character of thi& slestruction of terrestrial vegetation;
the presence of litter and debris; or other appropriate means that consider the
characteristics of the surrounding areas.

DX 172 (Nairn OHWM Report) 2 (quoting 33 C.F.R. 329.11(a)(1) (20@@n;generally
OHWM Op., 71 Fed. CIl. 501 (discussing the definition of the ordinary high water mark).

where properties had sloping shore protection, Dr. Nairn testified that he tiglinea

the ordinary high water mark at the “still water line,” Tr. 2348:@Nairn), because is “a
clearly visible position.” Tr. 2348:123 (Nairn).
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there’s a different color in soil, [or a] change in vegetation”. Tr. 2343:812 (Nairn).

When a property’searshore areaas characterized by sand dunes, which, in some cases,
covered shore protection structures, the “[o]rdinary high water mark is defined as the
edge of the vegetation. It's not just ephemeral vegetation, like young marine grass or
dune grass, but it's that's the more permanent vegetation . . ..” Tr. 2343:16-22
(Nairn).'*?

Dr. Nairn plotted the ordinary high water mark “using GIS, geographic
information systems, which is essentially a tool that allows you to work on screen with a
digital map” Tr. 2344:3-5 (Nairn). When no aerial or satellite photograph was available
for a particular year, Dr. Nairn interpolated the line position using “an interpolation
technique within the GIS tools.” Tr. 2350:2-3 (Nairn); see als@350:1214 (Nairn)

(stating that, in contrast, Dr. Meadows “took the two paper maps from my [report
presented at the trial of liability] and eyeballed the position between those two lines”).
To calculate the size of a property at a particular date, Dr. Nairn userithary high
water markand the property boundaries listed on the property records maintained by
Berrien County. Tr. 2351:22-2352:3 (Nairn).

Between 1950 and 2000, the ordinary high water mark on eighteen of the forty
parcelsmoved lakeward, meaning theighteen properties were larger in 2000 than they
were in 1950. DX 172 (Nairn OHWM Report) 54, Table 6.6 (table of property lost and
gained); Tr. 76:18 (Burgoyne) (“Half the properties gained lan®&f.’s Br. 32 n.9. Dr.
Nairn observed that the ordinary high water mark moved lakeward on two types of
properties: those with shore protection built, not abtidenary high water markout
“out in the lake,” and certain of the properties with sandy beaches. Tr. 2362:16-2363:10
(Nairn). Regarding the properties with beaches, Dr. Nairn explained that as lake levels
rise and fall over time, “the ordinary high water mark is moving back and forth, not just
inland as it would in a bluff case.” Tr. 2363:11-13 (Nairn). Accordingly, “the 2000 and
2009 positions happen to be further lakeward in a lot of the sand properties to the south
because the beach was bigger in 2000 than it was in 1950 in those cases.” Tr. 2363:13-16
(Nairn).

2. Plaintiffs’ Evidence of Damages Between 1950 and 2000: Econometric
Analysis Performed by Dr. Moore

a. Dr. Moore’s Analysis and Conclusions

14yith regard to this third group of properties, Dr. Meadows measured to the ayeer ed
of the more permanent vegetation to determine the ordinary high water &e’kr. 2344:17-
20 (Nairn). Dr. Nairn measured to the inner edge of the more permanent vege&&agdn.
2344:2023 (Nairn). Dr. Nairn explained that “[t]he difference between that is€d@lfshe’s
erring in favor of the [d]efendants and I'm erring in favor of the [p]laintiffst” 2344:23-25
(Nairn).
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Because plaintiffs bear the burden of proving the amount of just compensation to
which they are entitled for severance damaditier, 223 Ct. Clat 383-84, 620 F.2dt
828, the court first considers the evidence of damages presented by plaintiffs.

“The concept of just compensation . . . cannot be reduced to a formula_. .. .” Ga.-
Pac, 226 Ct. Clat 106, 640 F.2ét 336 (citing_Miller, 317 U.S. at 375). Nor can just
compensation “be confined to inexorable rules.” (¢iting United States v. Toronto,
Hamilton & Buffalo Navigation C9.338 U.S. 396, 402 (1949)). However, the
“standard” method of provingeverance damages is to determine the value of a property
before and after a taking occuigl.; seeUnited States v. Va. Elec. & Power C865
U.S. 624, 632 (1961) (stating that comparing the value of a property before and after a
taking is “indeed the conventional method”). “This is generally the simplest and perhaps
the most widely used approach in severance damage determination$24d5326 Ct.
Cl. at 106, 640 F.2d at 336.

Plaintiffs did not present evidence of the value of their properties before or after
the erosion caused by the government occurgaPIs.’ Br. passimPIs.” Resp. passim
Plaintiffs instead adopt the hypothetical appraisals presegtddfendant’s expert
witness, Mr. Burgoyne, of the values of plaintiffs’ properties in January 2000 with their
1950 dimensions and January 2000 improveme®e® e.g, Pls.’ Br. 36. Rather than
presenting evidence of the value of their properties after the erosion took place, plaintiffs
presented the testimony of Dr. Moore, an economist, who determined that, although sale
prices of properties affected by the jetties rose in the time period after the publication of
the 1999 Report, they may have risen less than did sale prices in areas not affected by the
jetties™® Tr. 149:18-19 (Moore). Plaintiffs determine the amount of damage to their

13Dr. Moore,seePX 149 (Moore Reporpassim and plaintiffs seePls.’ Br. passim
refer to an announcement made by the Corps in January of 2000. In its opinion reversing the
court’s dismissal of plaintiffs’ claims on statute of limitations grounds, the HeClecait
determined that, “[w]ith the mitigation efforts underway, the accrual aftiffa’ claims
remained uncertain until the Corps’ 1996 Report, 1997 Report, and 1999 Report collectively
indicated that erosion was pemeat and irreversible.’Accrual Op. 1| 314 F.3d at 1310. The
1999 Report was published in January 20B@nks 76 Fed. Cl. at 69&ee alsd®X 41 (1999
Report). The court understands Dr. Moore and plaintiffs to be referring to puisiicétine
1999 Report when referring to the January 2000 “announcement.”

Dr. Moore writes in his report that he focused on the effect of the 1999 Report on the
value of plaintiffs’ properties because the impact of the report can be measured

In my opinion, it is not pasble in this litigation to estimate the full impact of the
beach erosion on real estate values. It is apparent that information about the
problem was emerging at an early state, and there is no record available to
identify the timing or the content of ents and information releases from 1950 to
2000.
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propertiedy calculating how much their properties’ pre-erosion values, as determined by
Mr. Burgoyne, failed to increas&eePls.’ Br. 38; PX 275 (table showing plaintiffs’
estimates of the erosion damage to each propedg)alsdr. 154:4 (Moore) (stating

that he did not prepare PX 275).

Dr. Moore“employed ahedonic regression model to determine the effect of the
United States’[ | [a]Jnnouncement on the value of the [p]laintiff[s’] properties.” PIs.’ Br.
37. Hedonic regression “looks at the price of a good and tries to determine how much of
that price is due to each of the attributes that enter into the market pricingcitiidy Tr.
132:6-133:3 (colloquy between Dr. Moore and court)). For example, a hedonic model for
the price of a house may include variables for the “number of bedrooms, square footage,
[and] the lot size.” Tr. 133:1-2 (Moore).

Dr. Moore states that the hedonic pricing model “is directly applicable to
computing the economic effects of discrete ‘events’ as seemingly disparate as

. Itis possible, however, to estimate the effects of the January 2000 public
information release.

PX 149 (Moore Report) 9.

Plaintiffs’ focus on the publication of the 1999 Report is a relativelyaotimanner of
calculating plaintiffs’ damages. The publication of the 1996 Report, the 1997 Report and the
1999 Report is significant in this case because the Federal Circuit deteth@ahtuk three
reports eliminated reasonable property owners’ justifiable uncertaitbywesether the Corps’
mitigation efforts have been generally successful. Aeeual Op. || 314 F.3d at 1309-18ge
alsoApplegate v. United State®5 F.3d 1579, 1583 (Fed. Cir. 1994) (stating that uncertainty
about the permanenoé damage to property can stay the accrual of a takings clse@gupra
Part 11I.C (concluding that, notwithstanding the Corps reports, which appearedctteénthiat, in
general, the Corps’ efforts to mitigate erosion caused by the jetties havenseeoessful, the
Corps’ mitigation efforts have been completely successfigle 1970 in mitigating erosion
caused by the jetties to the properties of every plaintiff but one).

However, the potential taking at issue in this case is the erosion of plaintfi€rpes
caused by the jetties, not the publication of reports stgdire Corps’ mitigation efforts.
Regardless of whether the mitigation program has been effective for tteezemte of influence
of the jetties, additional study focused specifically on plaintiffs’ propentassrevealed that the
mitigation program hecompletely compensated for the effect of the jetties since 1970 on the
properties of every plaintiff but on&eesupraPart 111.C.2. The government’s expert witness,
Dr. Nairn, acknowledges that a segment of cohesive shoreline is present northtiffsplai
properties. DX 1 (Nairn Report) 26 (describing a section of cohesive shoreline approximately
1.9 miles long). Mitigation efforts may have been ineffective for this reacbhafsive
shoreline. SeeLiability Op., 78 Fed. Cl. at 628 (holding thitne erosion of cohesive material is
permanent and irreversible). The issue in this case is the mitigation of sfeneybplaintiffs’
properties specifically. SesipraPart I11.C.2.
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environmental contamination, an attempt to fix prices, a violation of the securities laws,
or beach erosion due to a taking.” PX 149 (Moore Report) 5. In a case involving
securities fraud, for example, “[tlhe price change around the time of the event would give
a market-based estimate of the perceived fraud.atlfl. Dr. Moore testified that this

type of analysis is called an “event study.” atl5; Tr. 176:25-177:1 (Moore).

To create his dataset, which contained 107 observations, PX 149 (Moore Report)
Ex. 5, Dr. Moore used data on sales of properties up to three years before and three years
after the publication of the report, Tr. 204:21-24 (colloquy between Dr. Moore and
defendant’s counsel), a time period that “equates to the years 1997 through'20®3,”
206:16-19 (colloquy between Dr. Moore athefendant’s counsel)Dr. Moore described
in his report how he coded his data. Dr. Moore “created the dependent variable ‘price per
lakefront foot [(LFF)],” by dividing selling price by reported lake frontage.” PX 149
(Moore Report) 15. He created indicator variables for whether each property was located
inside the affected area (treatment) and whether it was sold after the announcement
(post), as well as a variable for the interaction of these two indicator variables (treatpost).
Id. Because of “data limitations,” Dr. Moore used three control variables: “a measure of
square footage of the structure and dummy indicators of LFF between 100 and 150 feet,
and LFF greater than 150 feet--to control for differences in price due to differences in the
size of the house and for potential nonlinearities in the effects of LFF on prickl’ at
16 (footnote omitted}™® Dr. Moore noted that “[t]o the extent square footage is
correlated with other characteristics (number of rooms, number of bathrooms),
controlling for square footage will capture price variation due to these features too.” Id.

¥Dr. Moore explained that it was necessary to consider this broader time span in order
to assemble enough data: “In this particular analysis, there aren’t a loeofatimns out there.
Sol,] if you confine your attention to a very narrow event windowyou’ll get extremely
imprecise estimates. So you extenfdjut a little bit.” Tr. 177:1519 (Moore). According to
Dr. Moore, it is necessary “to strike a balance,” Tr. 177:23 (Moore), becalis®t{ only go
out plus or minus one year, then you can be more certain that any changes youlsedcatiee
evant, and the event alone. If you go out farther, there might be intervening evenfs713-6
(Moore).

15Dr. Moore further explained at trial one nonlinearity of the effect of lake fyerta
price: “if prices go up steadily, up to maybe a threshold point of 100 feet. And thentendto. ..
get flatter, up to 150 feet.” Tr. 144:21-24 (Moore).

19n Dr. Moore’s model, “The location indicator variable ‘treatment’ equals ohe if t
sale is in the affected area, and equals 0 otherwise. The variable ‘post’ edtia¢sshie
occurred on or after January 27, 2000, and 0O if before. Finally, the ‘interaction tetpdst’
equals the product of ‘treatment’ and ‘post.” PX 149 (Moore Report) 15 (footnote omitted).
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Dr. Moore described his regression analgsis‘difference-in-differences”
approach. PX 149 (Moore Report) 8. At trial, Dr. Moore summarized his analysis as
follows:

| took the prices before 2000 for houses in the non-erosion zone, | took the
prices before 2000 for houses in the erosion zone. | looked at the
difference, the average difference in prices there. That established a
baseline difference in prices that would reflect different characteristics in
the neighborhoods and the properties . . . in the erosion zone, and outside
the erosion zone. ... Andthen | ... made the same comparison of

prices . . . after January of 2000, again comparing the non-erosion zone to
the erosion zone. | observed the average difference in prices there. And
then | compared the pre-announcement difference to the post-
announcement difference, and the difference in those differences is what's
interpreted as the trgment effect . . , [that is,] the effect of the
announcement on residential real estate prices in the erosion zone relative
to a control group.

Tr. 146:5-25 (Moore).

Dr. Moore first conducted “a simple comparison of mean differences in selling
prices pre- and post-announcement [to give] an unconditional estimate of the change in
relative values after the announcement.” PX 149 (Moore Report) 15-16. This first
comparison considered only the change in price per lakefront foot of progedttyid
not control for lakefront footage or for the square footage of any structure built on the
property. Seeid. at 16, Ex. 3. In his report, Dr. Moore writes that, using this approach,
the changes in property values were “roughly identical” iraffected area and the
control group._ldat 17. On cross-examination, Dr. Moore agreed that, considering only
the price of property per lakefront foot, listed in Exhibit 3 of Dr. Moore’s report, property
valuesactuallyincreased more in theffected are€142%) thann thecontrol group
(115%). Tr. 221:19-223:7 (colloquy between Dr. Moore and defendant’s counsel).

Dr. Moore then contra#id for differences in the square footage of the structures on
each propertyfinding that, when the square footage of structures on the property is
controlled for, property values increased more in the control group than ifietied
area SeePX 149 (Moore Report) 18. Controlling for the square footage of the structure,
Dr. Moore calculated that the effect of the 1999 Report on the market value of a house in
the treatment grougthat is, a house located within the affected area--was either 13% or
27%, depending on whether Dr. Moore used or omitted dummy indicators that describe
whether the property is between 100 and 150 lakefront feet in width or greater than 150
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feet™’ Id. Dr. Moore states in his report that “[n]either the 13% or 27% estimates are

significantly different from zero. Given the small number of observations in the relevant
cells, this is not surprising.”_1d.

In his final regression specification, Dr. Moore found that removing the five
properties that he considered outliers increased the size of the difference-in-differences
estimator._ld.Excluding outliers, Dr. Moore’s model “indicates prices are about 42%
lower in the erosion zone after the disclosure, [a difference] greater than its standard
error, albeit statistically insignificant.”_Id.

Regardless of whether Dr. Moore controlled for the square footage of structures on
each property and eliminated sales that he considered to be outliers, Dr. Moore concluded
in his report that the effect of the 1999 Report on sale prices in the affected area was
statistically insignificant Seeid. at 16-18.

Citing Dr. Moore’s testimony, plaintiffs argue that “the market adjusted after
January 2000 to account for the United States’[ ] [ajlnnouncement that the erosion to
[p]laintiffs’ properties was permanent and the land lost was not coming back.” PIs.’ Br.
37. Plaintiffs interpret Dr. Moore’s conclusion to be that “there was a 42% diminution in
value to the [p]laintiff[s’] properties as a result of the [aJnnouncem@éhtld. (citations
omitted);see alsd’ls.” Resp. 5 (stating that “the market value of [p]laintiffs’ properties
substantially declined after January 2000”). Applying Dr. Moore’s estimated coefficient
of -42% to the appraised value of the plaintiffs’ properties in January\Zifio¢heir
1950 dimensions and January 2000 improvements, as determined by defendant’s expert
witness, Mr. Burgoyne, plaintiffs calculate that the “value of the land taken as a result of
the [alnnouncement is collectively $19,113,621.” Pls.’ Br. 38.

27To determine the annual return oniptifs’ property values related to each variable,
Dr. Moore alsapecified a model that uséae natural logarithm of the price per lakefront foot as
the dependant variable. Tr. 215:14-18 (Moore); PX 149 (Moore Report) 18.

18Contrary to plaintiffs’ clainthat Dr. Moore observed a differenicedifferences of
42%,seePls.’ Br. 37, Dr. Moore indicated at trial that he would select one of the lower
estimates. When asked by plaintiffs’ counsel which of the differenddferencesstimatess
the most accurate, s@e. 158:16-19 (plaintiffs’ counsel asking, “Based upon your economic
analysis, what do you think is the..percentage difference in the fair market value with that
range, resulting from the announcement?”), Dr. Moore replied:

Well, it's toughto pick a specific number. |say 10 to 20 percent in my report. |
think . . . if you see no reason to exclude the outliers in the range from 13 to 27,
pick a midpoint there, which is about 20 percent. But I'd rather just present those,
and leave it tahe [c]ourt, if possible, to choose the one that’'s most plausible,
based on my testimony.

Tr. 158:20-159:2 (Moore).
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b. The Limitations of Dr. Moore’s Analysis

Defendant arguakat Dr. Moore’s event study isapplicableto the question of
just compensation because “Unlike Mr. Burgoyne’s appraisals--which attempt to capture
the value of different properties at the same point in time--Dr. Moore’s analysis attempts
to track movement in the prices of the same properties across different times.” Def.’s Br.
30. Defendant further argues that “[e]ven if Dr. Moore’s analysis was applicable to the
guestion before the [c]ourt, [p]laintiffs’ reliance on Dr. Moore’s report does not account
for the flaws that Dr. Moore himself acknowledges in his work.”at®0-31. Defendant
lists three such flaws. “First, Dr. Moore acknowledges that the quantity of data he was
provided is less than ideal for performiagegression analysis.” It 31 (citation
omitted). “Second, rather than show a loss in value, Dr. Moore acknowledges that
property values within the erosion zone increased generally after January 2000.” 1d.
“Third, Dr. Moore did not control for any preexisting differences in the rates of increases
in the prices before January 2000.” Id.

Defendant is correct that Dr. Moore’s analysis is unpersuasive. Although Dr.
Moore’s analysis of the data provided to him is credible, the limited dataset, the fact that
Dr. Moore’s estimates reflect unrealized appreciation rather than a loss in value, and Dr.
Moore’s failure to examine and--if necessatgntrol for preexisting trends in price
increase for the treatment group and the control group, together with plaintiffs’
application of Dr. Moore’s analysis--which generalizes across plaintiffs’ zone--to each
individual property regardless of the actual erosion damage it suffered or did not suffer
leave the court unconvinced that plaintiffs have carried their burdeMibee 223 Ct.

Cl. at 383-84, 620 F.2d at 828, to prove their severance damages.

I. Insufficient Data

Defendant argues that “Dr. Moore acknowledges that the quantity of data he was
provided is less than ideal for performiagegression analysis.” Def.’s Br. 31. Plaintiffs
respond that “[a]lthough Dr. Moore testified under cross-examination that he would
‘ideally’ like more data, more importantly[,] he also testified that he performed a series of
sensitivity tests to ensure that the results he obtained with the data he used were accurate
and reliable.” Pls.” Resp. 8 (citing Tr. 204:21-206:15 (colloquy between Dr. Moore and
defendant’s counsel})?

19pJaintiffs also argue that “Dr. Moore used the same universe of data as Shaites!
expert David Burgoyne.” Pls.’ Br. 8 (citation omitted). Mr. Burgoyne, however, didomotuct
a hedonic regression analysis of property values in plaintiffs’ zoee, €3.DX 295 (Anderson
Appraisal)passim Mr. Burgoyne testified that his appraisal methods did not include statistical
analysis: “[O]ne does not take the data and add it up and divide it, or do a lineanwagress
analysis or some sort of statistiamalysis. One looks at the data, considers the differences in
the relevant characteristics of the data, and comes to a conclusion of markét ¥al 70:4-11
(Burgoyne). Mr. Burgoyne further testified that “[t]he idea of an apprassort of to put
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Plaintiffs appear to conflate reliability--the ability to get the same results--with
accuracy-the closeness of an estimate to its true valb@mpareAmerican Heritage
Dictionary 13 (stating, as one definition of “accuracy,” “[t]he ability of a measurement to
match the actual value of the quantity being measured”),iditit 1474 (stating, as one
definition of “reliable,” “[y]ielding the same or compatible results in different clinical
experiments or statistical trials”). Dr. Moore’s description of the sensitivity tests he
performed appears to indicate that the sensitivity testsavameor part of his analysis,
seePX 149 (Moore Report) passifnot mentioning sensitivity tests), and that he was
testing the reliability of his estimates by changing the parameters underlying his model,
such as “varying the event window,” Tr. 205:12-13 (Moore), which did not resut in “
gualitative change in the results,” Tr. 205:14-15 (Moore). Although both accuracy and
reliability are important, Dr. Moore does not claim, and plaintiffs have not demonstrated,
that Dr. Moore’s sensitivity tests would also reflect the accuracy of his estimate.

Dr. Moore’s discussion of confidence intervalsand statistical significance
concerns the accuracy of his estimat&sDr. Moore described his use of confidence

themselves in the mind of a potential purchaser,” Tr. 2479:3-5 (Burgoyne), and’shaiLith

more of an art than a science,” Tr. 2482:18-19 (Burgoyne). It is therefore conee¢hatithe
amount of data that would be sufficient for an appraiser such as Mr. Burgoyne togeif hin

the mind of a potential purchaser,” Tr. 2479:4-5 (Burgoyne), would be insufficient to support a
statistical analysis of the type undertaken by Dr. Moore.

120Dr. Moore did not define the term “confidence interval” at toiain his expert report,
seePX 149 (Moore Reporpassim Tr. 117:1-251:19 (testimony of Dr. Moore). A confidence
intervalcan be desdred as:

A range of values, calculated from the sample observations, that are believed,
with a particular probability, to contain the true parameter value. A 95%
confidence interval, for example, implies that were the estimation process
repeated again and againeh 95% of the calculated intervals would be expected
to contain the true parameter value.

B.S. Everitt,The Cambridge Dictionary of Statistic6 (2d ed. 2002).

12n testimony, Dr. Moore referred both to confidence intervals and to what the court
understands to be the functionally analogous concept of confidence I8eelse.q.Tr. 229:17-
230:20 (colloquy between Dr. Moore and defendant’s counsel) (using the terms
interchangeably); Tr. 242:14-243:17 (Moore) (same). A confidence intervalie pgfcentage
of samples in which we want our confidence interval to contain the population value€y Jeffr
M. Wooldridge,_Introductory Econometrics: A Modern Appro&8&3 (2d ed. 2003). Dr. Moore
also used the term “palue” when discussing confidencedrvals and confidence levels. See,
e.q, Tr. 242:14-243:17 (Moore). A p-value is “[tlhe probability of the observed data (or data
showing a more extreme departure from the null hypothesis) when the null hypathase.”
The Cambridge Dictionary @&tatistics304. For purposes of clarity, the court refers only to
confidence intervals.
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intervals as follows: “once you establish a confidence interval, and you look at your data,
and you see if your test statistic lies outside your confidence interval, then you can reject
your [null] hypothesis . . . %2 Tr. 237:18-21 (Moore). Notwithstanding ttt Moore
calculated the difference-in-differences in four different ways, revealing a range of
results, sesupraPart 111.D.2.a, Dr. Moore writes in his report that, using a 95%
confidence interval, none of the results was significantly differentzben SeePX 149
(Moore Report) 16E8. At trial, Dr. Moore indicated thatyith more data, henight have

been better able to determine whether the effect of the publication of the 1999 Report on
housing prices in the affected area was statistically significant: “[T]here are a number of
.. . interpretations you could put on this. One would be that you just don’t have enough
observations testimatat precisely.” Tr. 231:23-232:1 (Moore); see alx¢ 149

(Moore Report) 18 (“Neither the 13% nor the 27% estimates are significantly different
from zero. Given the small numbers of observations in the relevant cells, this is not
surprising.”).

Dr. Moore used a 95% confidence interval in his reportTse230:17-19
(colloquy between Dr. Moore and defendant’s counadhjteshold that, he states, is
“standard in academic research,” Tr. 244:2 (Moore); seelalszB80:19 (Moore) (stating
that he used a 95% confidence interval “as a matter of course”). Plaintiffs cite two cases
in which, plaintiffs argue in explanatory parentheticals, courts found that the use of
confidence intervals lower than 95% satisfied a party’s “burden of proof of the
preponderance of the evidence.” Pls.’ Br. &7;Tr. 238:16-17 (Moore) (stating that the
confidence intervah researcher migleimpby “depends on the application”); Tr. 232:12-
14 (Moore) (“I can't tell you what the burden of proof is that we have here.”).

Regarding the statistical significance of his 42% difference-in-differences
estimate, Dr. Moore remarked for the first time at trial that if the court adopted a “one-
tailed” test (or a “directional hypothesis” test), that estimate would be statistically
significant. Tr. 242:11-243:19 (Moore). Dr. Moore performed a series of calculations at
trial, concluding that, using a 90% confidence interval and a one-sided hypothesis test, a
finding of a 42% difference-in-differences estimate between the affected area and the
control group would be significantly less than zero. Tr. 242:11-243:19 (colloquy
between Dr. Moore and defendant’s counsel). Plaintiffs contend that the court should
adopt the lower threshold of a 90% confidence interval and find that their properties
diminished in value by 42%SeePIs.’ Br. 37. However, this is not the analysis
recommended by Dr. Moore in his reporee®X 149 (Moore Report)7-18.

It is unnecessary to determine whether use of a confidence interval lower than
95% would be sufficient to satisfy plaintiffs’ burden. As explained belowindeeParts

122 A “null hypothesis” is the “no difference’ or ‘no association’ hypothesis to sede
(usually by means of a significance test) against an alternative hygadttagostulates nonzero
difference or association.ld. at 269.
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persuaded by defendant’s argument that other flaws in Dr. Moore’s analysis make it less
reliable than the appraisals conducted by Mr. BurgoBezDef.’s Br. 31. Whether, in

Dr. Moore’s model, his difference-in-differences estimate of the effect of the publication
of the 1999 Report on sale prices in the affected area is statistically significand using
confidence interval lower than 95% does not change the court’s analysis.

il Increase in Values

Defendant contends that, “rather than show a loss in value, Dr. Moore
acknowledges that property values within the erosion zone increaserhtly after
January 2000.”_IdDefendant is correct that, according to Dr. Moore’s analysis, in the
three years after January 2000, prices iraffected areaose significantly from their
levels during the three years before January 2@@@PX 149 (Moore Report) Ex. 3
(table of mean prices per lakefront foot of property); Tr. 149:2 (Moore) (“So prices are
rising in both areas.”). Dr. Moowrgreedhat, using the mean prices calculated in his
Exhibit 3, pricesn the affected aremore than doubled, rising 142% per lakefront foot.
SeeTr. 221:19-223:24 (colloquy between Dr. Moore and defendant’s counsel).

Accordingly, plaintiffs’ assertion that “there was a 42% diminution in value to the
[p]laintiff[s’] properties as a result of the [aJnnouncement,” PIs.” Br. 37, is misleading.
Dr. Moore’s analysis, to the extent it shows anything of statistical significancgugee
Part 111.D.2.b.i, does not show that plaintiffs’ properties lost value because of the
publication of the 1999 Report, but rather that they may have failed to appreciate in value
as rapidly as certain other properties between 1997 and 2003 when controlling for
lakefront footage and for the square footage of the homes built on the projférges
PX 149 (Moore Report) 16-18; Tr. 221:19-223:24 (colloquy between Dr. Moore and
defendant’s counsel) (agreeing that, when the square footage of the stroctires

123n their response brief, plaintiffs go beyond the analysis and conclusions contained i
Dr. Moore’s report and trial testimony, arguing that “[tjhe United Stat@ply ignores that Dr.
Moore opined to a 90% degree of certainty that there was a 42% diminution in the value of
[p]laintiff[s’] properties resulting from the [United] States’ taking.” PResp. 8 (emphasis
omitted) (citing Tr. 242:14244:20 (colloquy between Dr. Moore and defendant’s counsel)); PX
149 (Moore Report) Ex. 4B.3). However, in the trial testimony cited by plaintiffdyilDore
testified that, using a 90% confidence interval and a directional hypoth&sis 42%
differencein-differences between the affected aaed the control group would be significantly
less than zero. Tr. 242:11-243:19 (colloquy between Dr. Moore and defendant’s counsel). Dr.
Moore’s testimony related to the significance of observing a variatidrabéize, not to his
certainty that plairnffs’ properties have, in fact, failed to appreciateich less diminished in
value-by 42%. Seeid.; cf. infra Part 111.D.2.iii (discussing Dr. Moore’s failure to control for
preexisting trends in price increas® to determine whether doing so was segy-that might
be responsible for the possible difference in appreciation).
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properties is not controlled fameanprices increased more in thffected areaéhan in
the control group.

Plaintiffs have failed to demonstrate that their properties diminished in value as a
result of erosion caused by the jetties. Plaintiffs cite no authority for the proposition that
damages in a partial takings claim are better measured by unrealized appreciation rather
than lost value SeePIs.’ Br. passimPIs.” Resp. passimNeither do plaintiffs offer a
methodology to translate the claimed unrealized appreciatioraloss of value
compensable as a takin§eePIs.’ Br. passimPIs.’ Resp. passiminstead, plaintiffs
simply treat the claimed amount of unrealized appreciation as lostValSeePls.’ Br.

37 (stating that “there was a 42% diminution in value of the [p]laintiff[s’] properties as a
result of the [aJnnouncement”).

The court does not consider whether, in the absence of the appraisals presented by
defendant, or with the assistance of a more robust economic analysis, it would be possible
to discern a loss of value from the unrealized appreciation of plaintiffs’ properties.

Plaintiffs bear the burden of establishing the just compensation to which they are entitled
for severance damages by a preponderance of the evideze®lill&r, 223 Ct. Cl. at

12%plaintiffs’ argument that defendant’s appraiser, Mr. Burgoynanfethat it is
possible that [p]laintiffs| ] suffered a diminution in value to their properéesn if th&
property values were similar to overall market trends,” Pls.’ Br. 40 (Clting539:18-2541:24
(colloquy between Mr. Burgoyne and plaintiffs’ counsel), is misleading. Ireteeant portion
of the testimony cited by plaintiffs, plaintiffs’ couns@stribed a hypothetical situation in which
the value of plaintiffs’ properties grew at a faster rate than the overalétritore publication
of the 1999 Report and at the same pace as the market after publication of the 19993Report.
Tr. 2539:18-2540:24 (colloquy between Mr. Burgoyne and plaintiffs’ counsel). Pldintiffs
counsel then asked Mr. Burgoyne whether “simply because . . . the [p]laintiffstiyrapght
even be in line with overall market trends doesn’t mean that theyp'hauéfered any
diminution of value to their property[,] correct?” Tr. 2541:14-18 (plaintiffs’ coungelhis
answer, Mr. Burgoyne did not state that it “is possible that [p]laintiftdfesed a diminution in
value to their properties, even if thpioperty values were similar to overall market trends.”
Pls.’ Br. 40 (citation omitted). Rather, Mr. Burgoyne agreed with the narrawefusion that,
“[i]f one could demonstrate that it would [be] reasonable to expect the property tdagtew
than the overall market trends and the property was not growing faster than thienceedet
trends, it would be possible to make the observation that something has affected thg.proper
Tr. 2541:19-24 (Burgoyne).

Mr. Burgoyne’s statement that one mighiserve “that something affected the property,”
Tr. 2541:23-24 (Burgoyne) does not equate diminution in value with unrealized appreciation.
Mr. Burgoyne, in fact, indicated that loss of value and unrealized growth aretdistincepts.
When asked, “[N]evertheless, they've suffered a loss of value of two percentf2Zorfec
2540:25-2541:1 (plaintiffs’ counsel), Mr. Burgoyne attempted to clarify: “Thesuféered a
loss of value of two percent or you're implying that they are not grovihmey’ve sidfered a loss
of growth of two percent, . . . that's what you're saying, right?” Tr. 254 Rudrgoyne).
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383-84, 620 F.2d at 828. In light of the appraisals presented by defendant, which
persuasively and directly establish the extent of the erosion damage to plaintiffs’
properties between 1950 and 2000, isé® Part 111.D.3 plaintiffs have not met their
burden.

iii.  Failure to Control for Differences in Preexisting Ratesnafease in
Market Values

As Dr. Moore emphasized, “[I]n the differences-in-differences test, average
differences between the affected and unaffected properties at baseline must remain
constant over time, so that change in the relative values of the two groups of properties
can be attributed to the erosion.” PX 149 (Moore Report) 8.

Defendant contends that “Dr. Moore did not control for any preexisting
differences in the rates of increases in the prices before January 2000.” Def.’s Br. 31.
Plaintiffs respond that “the United States omits critical testimony on this issue; namely,
that Dr. Moore also testified that the differences in the rates of increase before the
[a]nnouncement would be reflected in the higher mean [price per lakefront foot] and
would therefore be properly controlled for.” Pls.” Resp. 8. As his trial testimony and
expert report indicate, however, Dr. Moore did not explore whether it was necessary to
control for differences in preexisting price trends and--if necessanyrol for them*

Asked at trial if he had controlled “for any preexisting differences in the rates of
increases in the prices in your regression,” Tr. 2184 Zefendant’s counsgIDr.
Moore responded, “I did notTr. 216:15 (Moore).Asked whether, in light of his
decision not to control for different preexisting trends, he “really can’t be sure” that the
observed dference inprices is a result of the 1999 Report rather than preexisting
differences in the rate of price increases between the properties, Tr. 216:18-25
(defendant’s counsel), Dr. Moore responded, “I didn’t do that, so | don’t know what . . .

125Dr. Moore drew his sales data from a number of localities, which he described only by
whether they are inside or outside of the area affecteldebjetties: “Communities in the
affected area [(treatment group)] include portions of St. Joseph and SteverGuithenunities
in the unaffected area [(control group)] include portions of St. Joseph and Steverswid, as
Benton Harbor, Coloma, Bridgman, Chikaming, Lakeside, New Buffalo, Sawyer, aod Uni
Pier.” PX 149 (Moore Report) 15 n.24. Dr. Moore’s report did not indicate that he considered
any attributes of the communities other than whether they were in the @ffeetewhen
constructing his treatment and control groufgeid. passim In contrast, Mr. Burgoyne
identified an array of local characteristics that would affect the valuenitifis’ properties and
the market in which they were being soBeeinfra Part Ill.D.3.a. Dr. Moore failed to consider
how characteristics such as those identified by Mr. Burgoyne influenceaitmgemin which
property values change over time. $8€149 (Moore Reporpassim
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the implications would be.” Tr. 217:1-3 (Moore). Dr. Moore and defendant’s counsel
then engaged in the following colloquy:

Q ... So at bottom, though, that leaves open, does it not, the possibility
that the changes in prices that you see post-2000 may be, to some extent,
influenced or caused by the rates of increases, preexisting differences in the
rate increases, before January 2000?

A T'll grant you that. | think [that] if there are differences in the rates of
increase before . . . the announcement, those would be reflected in the
higher mean in one group more than the other. To a certain extent[,] they
will be controlled for in the differences.

Tr. 217:14-25 (colloquy between Dr. Moore and defendant’s courBel)ond his

general statement that “[p]rice changes will reflect market participants’ views of . . . all
known factors that affect price,” PX 149 (Moore Report) 4, Dr. Moore did not
guantify--and the court declines to guess--the extent to which differences in mean prices
could control for variation in preexisting trends, gkgassim Tr. 117:1-251:19

(testimony of Dr. Moore).

Because Dr. Moore failed to control for differences in preexisting rates of price
increase for properties in the affected area and in the control group, or to explain why it is
unnecessary to do so, the court finds his conclusions unpersuasive.

\Y2 Plaintiffs’ Application of Dr. Moore’s Conclusions to Each Property
Regardless of Actual Erosion

A final drawback to Dr. Moore’s model is that--because he focuses on the
publication of the 1999 Report as the event of interest, rather than the amount of actual
erosion--it is difficult for the court, in a takings case, where the amount of actual erosion
caused by the government is the issue, to apply Dr. Moore’s results in a reasoned manner.
Plaintiffs suggest that the court award the same proportion of damages to all plaintiffs.
SeePIs.” Br.36-39.

Plaintiffs’ approach to calculating damages is inappropriate because the extent of
the erosion damage has been greater for some properties than for others. The property of
one plaintiff “went from being a buildable lot to being an unbuildable remnant because
[a] substantial portion is down in the lake.” Tr. 79:11-13 (Burgoyne). The properties of
other plaintiffs eroded, but are deep enough that most of the property remains and is
buildable. _See, e.gDX 297 (Bodnar Appraisal) 11, Fig. A-6 (photograph of property
showing variation of ordinary high water mark over fimdearly half of the properties
owned by plaintiffs grew in size between 1950 and 2000, owing to the deposition of sand
or the placement of shore protection lakeward of the ordinary high water negkusa
Part 111.D.1; see, e.gDX 295 (Anderson Appraisal) 11, Fig. A-6 (photograph of property
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showing variation of ordinary high water mark over timéd treat plaintiffs’ damages
as though each plaintiff were similarly situated wouldatmuratelyreflect the erosion
damage that each has suffeféd.

3. Defendant’s Evidence of Damages Between 1950 and 2000: Appraisals
Performed by Mr. Burgoyne

a. Mr. Burgoyne’s Analysis and Conclusions

To quantify the extent to which the jetties have harmed plaintiffs’ property values,
defendant presented property appraisals proposed by Mr. Burg8ge®ef.’s Br. 2630
(discussing Mr. Burgoyne’s appraisals). For each property, Mr. Burgoyne created three
appraisals, two of which are relevant under the law of this'¢Ageeid. at 27-28. Both
appraisals were prepared with a valuation date of January 200@, refleting the
conditions of the land that existed in 2000 [(2000 appraisal)], [and] one reflecting the

129 a footnote, plaintiffs argue in the alternative that they are entitled to just
compensation of $18,700,000 for the erosion their properties suffered between 1950 and 2000, a
sum equal to the cost, plaintiffs argue, of replacing the material eroded bitidsewih sand.

Pls.” Br. 39 n.27. Plaintiffs argue in their response brief that, absent shoreipmiact

additional volume of material equal to the volume that eroded between 1950 and 2000 will erode
between 2000 and 2050. PIs.” Resp. 6-7. In support of these arguments, plaintiffs presented at
trial the experppinions of Dr. Meadows, who attempted to quantify the volume of sediment
eroded from plaintiffs’ propertiesSee generall?X 143 (Meadows Volume Report); PX 144
(Meadows Revised Volume Report).

It is the law of the case, however, that “[ijn a permanent taking scenario s case,
plaintiffs are entitled to the value of the property permanently lost, rdiaeréstoration of
property lost.” Law of Damages Op88 Fed. Cl. at 684ee alsad. at 686 (“Contrary to
plaintiffs’ argument, plaintis are not entitled to recover for the cost of replacing or restoring the
land lost to erosion.” (citation omitted)). Defendant is correct that “[p]lashtrifflumetric
approach fails because it cannot be reconciled with the [c]ourt’s instruatidris inconsistent
with controlling caselaw.” Def.’s Br. 24ee generallizaw of Damages Op88 Fed. Cl. 665.

127A third appraisal of each property “reflected the conditions of the land thetedxi. .
on the date that the [p]laintiff acquired the property.” Def.’s Br. 27 (quoting Tr. 98520
(Burgoyne) (ellipsis in original). Before trial, defendant argued“fiaintiffs, who have
established that they were the property owners as of January 2000, are enlytk® damages
that occurred during their ‘periods of actual ownershifpdw of Damages Op88 Fed. Cl. at
674-75. After considering the relevant caselaw, the court rejected thisargwencluding that
“[e]ach plaintiff is therefore entitled to compensation for any damage a#thleutothe jetties
from the time the jetty improvements began in 1950, notwithstanding the fact that 195@ may
prior to the date on which that plaintiff acquired its respective property intetdstat 680.
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conditions of the land that existed in 1950 [(1950 appraisdf}].1d. at 27 (quoting Tr.
98:20-25 (Burgoyne))Both appraisals included the improvements that were present on
the parcel in January 200¢. Id. at 28 (citing Tr. 99:5-7 (Burgoyne)). Using a before-
and-after analysis, defendant subtracts the second appraised value from the first to
determine the amount of plaintiffs’ damagé&zeid. at31-33.

Mr. Burgoyne used a “direct sales comparison appfoachis appraisals,
researching arm’s length sales of like properties and adjusting for any differences. Tr.
2473:11-16 (Burgoyne). After examining a large number of sales, Mr. Burgoyne
identified a set of comparable vacant and improved properties. Tr. 2476:8-20
(Burgoyne);see als®X 295 (Anderson Appraisal) 39 (list of comparable vacant
properties). Mr. Burgoyne explained that “one attempts to choose comparables which are
as similar as possible, which can mean they’re physically similar in terms of size, zoning,
highest and best use in terms of land.” Tr. 103:16-19 (Burgoyne). For improved
properties, the characteristics of the improvements should also be similar: “[W]hen
selecting improved comparables, you would select homes of a similar size, of similar
style, like ranch versus two-story. Similar vintage. One wouldn’t want to appraise a
brand new house with homes built in 1930, perhaps.” Tr. 103:19-24 (Burgoyne). “[O]ne
tries to limit the need to adjust for those [characteristics] by selecting properties that are
as similar as possible.” Tr. 104:2-4 (Burgoyne).

128The appraisal reflecting 1950 land condition85@ appraisal) considered a
hypothetical property that contained its January 2000 improvements and its 1950 property
dimensions. Tr. 2467:3-9 (Burgoyne). Mr. Burgoyne testified that it is “very comron” f
appraisers to perform such hypothetical appraisals. Tr. 2467:13 (Burgoyne). Aseppight
determine, for example, the value of a property subject to a zoning restrictigpotbdtical
property that is identical but not encumbered by the zoning restriGiealr. 2467:19-21
(Burgoyne). It isalso “very common” to perform an appraisal that determines the value of a
property as of an earlier date. Tr. 2469:1-2 (Burgoyne).

12%\r. Burgoyne did not examine how the market value of plaintiffs’ properties edang
over time, Tr. 2471:6 (Burgoyne), but rather appraised each property with its higadth@50
condition and its January 2000 condition as if he were considering two separategeopert
2470:24-2471:6 (colloquy between Mr. Burgoyne and defendant’s counsel). Mr. Burgoyne
agreed that hkad not been asked to calculate damages over time. Tr. 2471:7-10 (colloquy
between Mr. Burgoyne and defendant’s counsel).

Mr. Burgoyne testified that the term “before and after appraisal”’ is conymiged by
appraisers, but “maybe isn’'t the best tefor’the work he performedSeeTr. 2470:16-17
(Burgoyne). There was no temporal separation between the appraisals cohgudted
Burgoyne. SeeTr. 2470:17-19 (Burgoyne). Both appraisals considered the value of the property
given a set of conditions, one of which was hypothetical, in January 2000. Tr. 2470:16-23
(Burgoyne). At times, apparently for ease of discussion, Mr. Burgojeee# to changes in
property conditions and a resulting “diminution” in value of the property from its hypodheti
1950 condition to its January 2000 conditi@ee, e.g.DX 302 (Chapman Appraisal) 138-139.
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Mr. Burgoyne considered both the attributes of the local market generally and of
each property specifically. Tr. 2474:9-14 (colloquy between Mr. Burgoyne and
defendant’s counsel). As to the market generally, Mr. Burgoyne considered multiple
factors. He studied historical population changes, noting that “Berrien County
experienced a boom then bust in population between 1970 and 1990 and has since had a
relatively stable population since 1996% DX 295 (Anderson Appraisal) 29. He
considered the balance of seasonal residents to full-time residents and noted that the
balance is shifting toward full-time residents over time. H& considered the volatility
of the local real estate market, concluding that “the subject market, being properties
located on Lake Michigan in the northern part of the [c]ounty, is somewhat isolated from
the general fluctuations in the local market.” d27. He considered access 4o
highway and rail service, as well as the location of hospitals, the Whirlpool corporate
headquarters and other employers. e studied the local amenities available to
property owners, noting that “St. Joseph, just north of the subject area, contains numerous
activities to pursue, services, restaurants, and cultural amenitiesHeldoted that
“[c]ertain areas north of the jetties enjoy amenities such as golf course frontage or
proximity to the Yacht Club that impact their sales prices.”at@1. Mr. Burgoyne
concluded that plaintiffs’ properties are “well located in a highly desirable areaat Id.

29.

To determine the physical characteristics of plaintiffs’ properties, Mr. Burgoyne
relied upon personal observations and discussions with the property owners,
supplementedly aerial photos and public records, including assessment records
containing old property descriptions. Tr. 2487:11-2488:6 (Burgoyne). Mr. Burgoyne
relied upon Dr. Nairn’s delineation of the “physical dimensions and geographic
characteristics for each scenario.” Tr. 99i14(colloquy between Mr. Burgoyne and
defendant’s counsel Where Dr. Nairn’s measurements conflicted with information
listed on plaintiffs’ deeds, Mr. Burgoyne resolved the conflict in favor of plaintiffs, using
the higher of the numbers contained in plaintiffs’ deeds and Dr. Nairn’s measuréthents.
Tr. 2489:10-16 (Burgoyne).

130The court cites to Mr. Burgoyne’s appraisal of the Anderson property wheribileg
the general characteristics of his appraisals because each of Mr. Burgoymaisade appears to
share a common structure and set of background informafiompare, &., DX 295 (Anderson
Appraisal) 28-29 (discussing area, city and neighborhood a@éth)DX 296 (Banks Appraisal)
28-29 (discussing same).

13Mr. Burgoyne stated that when he examined the comparables, in the case ofrognflict
measurements between Dr. Meaand the deeds, he used the lower number. Tr. 2489:19-2490:2
(Burgoyne). Mr. Burgoyne explained in testimony that these choices diffexittae final
analysis between plaintiffs’ properties and the comparables. Tr. 2590:3-19 (gdileteneen
Mr. Burgoyne and defendant’s counsel).
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Mr. Burgoyne’s appraisals addressed any anticipated erosion damage and the cost,
where necessary, to install or repair shore protection to prevent the anticipated erosion.
Mr. Burgoyne incorporated Dr. Nairn’s analysis of the shore protection present on the
properties. Tr. 83:18-20 (Burgoyne). Dr. Nairn determined what shore protection was
present on the properties and how long it would last before new shore protection would
be required.SeeTr. 2511:213 (Burgoyne); DX 205 (Nairn Shore Protection Report) 75-
111 (analyzing existing shore protection, its remaining lifespan, and the cost of upgrades
and maintenance where necessary). Mr. Burgoyne described shore protection as
“relatively ubiquitous” in the area around plaintiffs’ properties. Tr. 2516:12 (Burgoyne).
Analogizing his examination of shore protection to how he would appraise a house with a
leaking roof, Mr. Burgoyne stated that if “the roof was actually leaking, one would
subtract the cost to put a new roof on the house rightwhen you did your
appraisal . . .. Conversely, if . . . it had 30 years left on the roof, they wouldn’t put a cost
in there for putting the roof on it.” Tr. 2511:23-2512:8 (Burgoyne).

For vacant lots, Mr. Burgoyne calculated the price of each property based on a
price per lakefront foot of property. Tr. 64:15-16 (Burgoyne). For improved properties,
Mr. Burgoyne calculated the price of each property based on a price per square foot of
the residence. Tr. 64:17-19 (Burgoyne). Mr. Burgoyne “appraised all the properties both
as improved and vacant,” because properties with modest residencbs marth more
as vacant lots. Tr. 2485:19-23 (Burgoyne); butle@486:19-25 (Burgoyne) (stating
that Mr. Burgoyne appraised the Lahr property only as vacant, despite the presence of a
residence, “because we knew the highest and best use was to tear the house down”). The
market value thatir. Burgoynelisted for each property treats the property as vacant if
the “highest and best use was to knock down the older improvements.” Tr. 2477:4-6
(Burgoyne);see alsdr. 2486:6-7 (Burgoyne) (stating that the property owned by the
Smith plaintiffs had a higher market value when appraised as vacant).

In contrast to plaintiffs’ interpretation of Dr. Moore’s estimates, Mr. Burgoyne,
when describing the impact of the 1999 Report on the market as a whole, stated that
“there didn’t appear to be any adverse reaction in the marketplace.” Tr. 2494:17-19
(Burgoyne). Mr. Burgoyne stated that “lakefront property continued to increase [in
value], peaking in late 2007, which is similar [when] compared to the overall nationwide
market” Tr. 2494:20-23 (Burgoyneyee alsdr. 2535:4-5 (Burgoyne) (stating that Mr.
Burgoyne also considered statewide real estate trends); DX 295 (Anderson Appraisal)
116 (stating that “[r]eview of the actual sales comparables gives no indication that an
adjustment is warranted because a purchase was made before or after the date of taking as
aresult of the taking”); DX 295 (Anderson Appraisal ) 116 (noting the ongoing
construction of new and expensive lakefront properties in the area and concluding that
“[i]f there was any significant market impact from erosion . . . , one would also expect a
market reluctance to make significant investments in new construction along the lake”).
Mr. Burgoyne did not speculate as to why publication of the 1999 Report did not have an
adverse effect on real estate prices, but did testify that “it's a lake that’s subject to erosion
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and people know that.” Tr. 2516:14-15 (Burgoyne). Mr. Burgoyne further testified that
“shore protection is relatively ubiquitous.” Tr. 2516:11-12 (Burgoyne).

Mr. Burgoyne concluded that 36 of the 41 parcels he appraised had the same
market value with their 2000 characteristics as with their hypothetical 1950
characteristics SeeDX 336 (Summary of Appraisals) 13% The five properties that
Mr. Burgoyne determined had a lower market value in their 2000 condition belong to
plaintiffs Jackson, Neuser, Chapman, Notre Dame Path Association and Reeeiel.
According to Mr. Burgoyne, the total loss of market value of these five properties is
$465,000.Seeid. at 2.

Mr. Burgoyne determined that the value of the property owned by the Notre Dame
Path Association diminished by $65,000 333 (Notre Dame Path Assiation
Appraisal) 9 the sum that a potential buyer would be compelled to spend immediately to
replace a crumbling revetment protecting homes located on the edge of a bluff, Tr.
2512:21-2513:20 (Burgoyne). Mr. Burgoyne stated that, although other properties lack
shore protection or have shore protection that will fail in the near future, none of the other
properties have structures that will be imminently threatened by erosion. Tr. 2513:21-
2514:4 (Burgoyne). As an example, Mr. Burgoyne described portions of the property
owned by plaintiff Greenbriar Develommntthat lack shore protection but are located

132There are several ways to count the properties owned by plaintiffs becaaseafert
the properties have multiple tax identification numbgegDX 172 (Nairn OHWM Report) 19,
Table 3.3 (table of plaintiffs’ properties), and may have been formed fronptawarcels.
Defendant and Dr. Nairn treat the Del Mariani property as a single propdrtgean plaintiffs as
owners of 40 propertiesSee, e.9g.DX 172 (Nairn OHWM Report) 19, Table 3.3 (table of
plaintiffs’ properties); Def.’s Br. 32 n.9 (stating that there are 40 parcels).

Mr. Burgoyne treats the property owned by the Del Mariani plaintiffs aséparate
properties and performed separate appraisals for eaclDXS@@6 (Del Mariani Appraisal,
Improved Parcel) 10; DX 328 (Del Mariani Appraisal, Unimproved Parcel) 10. The two
properties have different tax identification numbeeePX 248 (first stipulation regarding
ownership), Ex. A at 2, and addressasnpareDX 306 (Del Mariani Appraisal, Improved
Parel) 2,with DX 328 (Del Mariani Appraisal, Unimproved Parcel) 2, but appear to be adjacent
to one another and undivideshmpareDX 306 (Del Mariani Appraisal, Improved Parcel) 12
(aerial photographwith DX 328 (Del Mariani Appraisal, Unimproved Parcgl) (aerial
photograph) (both showing what appears to be a single, undivided property). Mr. Burgoyne
identifies 41 propertiesSeeTr. 74:20-23 (colloquy between Mr. Burgoyne and plaintiffs’
counsel) (agreeing that there are 41 properties).

Dr. Mickelson treats the property owned by the Del Mariani plaintiffs as two properties,
but treats the two properties owned by the Wineberg plaintiffs as a singletprepeDX 293
(Mickelson Report) 5, Table 1 (list of plaintiffs’ properties), with the resutt@naMickelson
identifies 40 propertieseeid. The precise number of properties owned by plaintiffs does not
affect the court’s determination of the just compensation owed to plaintiffs.
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“hundreds of feet from any improvements, so that the erosion wouldn’t impact anything
for many, many years.” Tr. 2513:25-2514:4 (Burgoyne).

According to Mr. Burgoyne, the value of the Neuser property diminished by
$305,000. DX 315 (Neuser Appraisal) 10. In 1950, the area of the Neuser property was
1.25 acres._ldIn 2000, the area of the Neuser property was .69 acreBelteen
1950 and 2000, the property lost a significant portion of its deptlat 1@ (map of
ordinary high water marks). Mr. Burgoyne stated that, because of zoning regulations and
the setback required for high risk erosion areas, the parcel was no longer deep enough to
support new construction. ldt100. The property, which was vacant in January 2000,

id., “went from being a buildable lot to being an unbuildable remnant.” Tr. 79:11-12
(Burgoyne).

Mr. Burgoyne concluded that the properties owned by the Chapman, Jackson and
Renner plaintiffs diminished in value by $35,000, $30,000 and $30,000, respectively.
DX 336 (Summary of Appraisals) 1. Mr. Burgoyne testified that these three properties
declined in value because “[t]he indication was they had a beach in 1950; and that
because of the acts of erosion, they did not have a beach in 2000.” Tr. 79:24-80:1
(Burgoyne).

Mr. Burgoyne found that, with regard to the rest of plaintiffs’ properties, the value
of the property in his 1950 appraisal was the same as in his 2000 apBa=s2X 336
(Summary of Appraisals) 1-2.

b. Plaintiffs’ Criticisms of Mr. Burgoyne’s Analysis

Plaintiffs argue that, for a number of reasons, “Mr. Burgoyne’s opinions regarding
the diminution in the value of [p]laintiff[s’] properties caused by erosion lack any
recognize[d,] reasonable methodology and are entitled to no weight.” Pls.’ Br. 41.

However, plaintiffs’ criticisms of Mr. Burgoyne’s methods are undermined by
plaintiffs’ reliance on Mr. Burgoyne’s valuation of their properties in their own damage
calculations. Plaintiffs determine the amount of their damages in part by multiplying the
hypothetical value of their properties in Mr. Burgoyne’s 1950 appraisals by the largest
additional percentage of their value by which their propeniaghave appreciated,
accading to Dr. Moore, in the absence of the publication of the 1999 RepeeP|s.’

Br. 37-38; PX 275 (table showing plaintiffs’ estimates of the erosion damage to each
property). Mr. Burgoyne explained that he applied the same techniques to both his pre-
taking and post-taking appraisals: “The methodology doesn’t differ; only the relevant
characteristics of the properties differ.” Tr. 104:15-16 (Burgoyne).

Plaintiffs do not explain why Mr. Burgoyne’s hypothetical 1950 appraisals are
sufficiently reliablefor plaintiffs to incorporate them into plaintiffs’ damage calculations,
but Mr. Burgoyne’s January 2000 appraisals, which apply the same techfiliacieany
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recognize[d,] reasonable methodology and are entitled to no weight.” PlIs.’ Br. 4d.; see
passim Pls.” Resp. passimif, as plaintiffs’ critiques of both sets of Mr. Burgoyne’s
appraisals claim, both sets of appraisals “lack any recognize[d,] reasonable methodology
and are entitled to no weight,” PIs.’ Br. 41, plaintiffs do not explain why plaintiffs’
damages calculations, which are based on Mr. Burgoyne’s hypothetical 1950 appraisals,
seeid. at 38, are not similarly unreliableeesid. passim Pls.” Resppassim

I Loss of Value Absent Complete Lossadfeature

Plaintiffs first argue that “Mr. Burgoyne’s analysis is fundamentally flawed
because the physical units that he uses to measure value, either price per front foot or
price per square foot, does not vary with erosion.” Pls.” Br. 39. Plaintiffs contend that
“Mr. Burgoyne’s methodology does not account for a loss of value absent a complete
failure of certain characteristics of the property, such as a complete loss of beach or the
loss of so much lot depth that the property is no longer buildable"* Id.

Plaintiffs are incorrect that Mr. Burgoyne failed to account for the potential loss of
value due to changes in the property features he identified as significant determinants of
value. Rather, Mr. Burgoyne determined that changes in those features were often
insufficient to change the market value of plaintiffs’ properties. Regarding changes in
property depth that were insufficient to change the value per lakefront foot of the
property, Mr. Burgoyne testified, “My investigation revealed that depth was not an issue.
Unless the depth was such that the property was rendered unbuildable . . ..” Tr. 75:13-15
(Burgoyne). Mr. Burgoyne further testified, “I did not ignore [lot] depth. | carefully
considered and came to the conclusion that [lot] depth was not relevant, not significant.”
Tr. 107:22-24 (Burgoyne).

Mr. Burgoyne stated that, in reaching this conclusion, he relied upon his 26 years
of experience appraising property in Michigan, as well as upon market research and
interviews with brokers and others in the area. Tr. 2480:7-22 (Burgoyne). Mr. Burgoyne
testified that “lakefront property is special; it's different” than property located inland.

Tr. 2478:3-12 (Burgoyne). The valuation of vacant lakefront property is “special”
because “[t sells on the basis of width or lake frontage, not on the basis of land area.”
Tr. 2479:14-19 (Burgoyne). “[T]he amount of land area, as long as there’s enough area
to build, is almost irrelevant.” Tr. 2480:20-22 (Burgoyne). Mr. Burgoyne testified that
the valuation of lakefront property based on its lake frontage rather than the depth of the
lot is “definitely borne out by the market data.” Tr. 2556:2 (Burgoyne).

133plaintiffs argue that “Dr. Moore, by contrast, analyzes priier than the underlying
physical characteristics| ] of the property. As Dr. Moore explainéce$gact as a summary
statistic for the interplay of all things that affect value.” Pls.” Br. 39. Plarftiffther argue that
“[i]f one looks at pricedboth before and after an event, the price changes will indicate the effect
of the event as it relates to all characteristidd.” However, the court discussed Dr. Moore’s
analysis above, finding it unpersuasiv&eesupraPart I11.D.2.b.
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To illustrate that the value of vacant lakefront property is determined largely by
the amount of lake frontage it has, Mr. Burgoyne described a sixteen-acre property that
sold for approximately the same amount as the adjacent four-acre properties with similar
amounts of lake frontage. Tr. 2482:8-23 (Burgoyne); DX 295 (Anderson Appraisal) 41-
42. Mr. Burgoyne also described three parcels that were ninety, ninety-five and eighty-
nine feet wide and less than an acre in size, all of which sold for “considerably more”
than a sixteen-acre parcel and a four-acre parcel, both of which had less lake ffintage.
Tr. 2482:23-2483:5 (Burgoyne). Above approximately 100 or 120 feet, additional lake
frontage providea diminishing marginal return unless the property becomes wide
enough that it could be divided. Tr. 2483:9-15 (Burgoyne). Plaintiffs presented no
evidence to contradict Mr. Burgoyne’s testimony that the value of vacant lakefront
property is determined largely by the amount of lake frontage, or to quantify the effect
that changes in property depth that do not affect the buildability of a parcel have on its
market value?®> SeePls.’ Br. passimPls.’ Resp. passim

Regarding the narrowing or loss of thiegachegsplaintiffs are similarly incorrect
that “Mr. Burgoyne’s methodology does not account for a loss of value absent . . .
complete loss of beach.” Pls.” Br. 39. Plaintiffs argue that “Mr. Burgoyne testified that
any reduction in the depth of a beach, no matter how great, had no effect on the property
values of [the] Banks Plaintiffs’ properties, as if a 60[-]foot beach and a 4[-]foot beach
were identical.” _Idat 41, see alsdls.” Resp. 6 (stating that Mr. Burgoyne equated “an
expansive 100[-]foot beach with a mere 4[-]foot beach.”). Plaintiffs misunderstand Mr.
Burgoyne’s testimony regarding the narrowing and loss of beaches. Mr. Burgoyne
testified that he considered the “beach conditions” and the depth of thebieaichnt
of plaintiffs’ properties, Tr. 2500:19-21 (colloquy between Burgoyneand
defendant’s counsel), and the comparable properties, Tr. 2501:4-7 (colldgegbévir.
Burgoyne and defendant’s counsel); see alsg, X295 (Anderson Appraisal) 45
(stating the depth of the beach in front of a comparable property). Mr. Burgoyne testified
that the presence of a beach is “a positive feature,” Tr. 107:14 (Burgoyne), but concluded
that the partial loss of beach does not cause damage, but full loss does, Tr. 81:22-82:10
(colloquy between Mr. Burgoyne and plaintiffs’ counsel).

134although Mr. Burgoyne testified that, in addition to the amount of lake frontage, the
better location of the smaller properties also played a role in their highergads, Tr. 2483:3
(Burgoyne), he determined that “the controlling factor” was the wofithe parcel, Tr. 2483:5
(Burgoyne).

13Dr. Moore testified that “it's an algebraic fact that if you have these twertiions,
lakefront footage and square footage of gross living area, that aren’t affgasusion, you're
not going to find a direct effect of erosion.” Tr. 192:15-19 (Mo®eg alsd®X 149 (Moore
Report) 1213 (stating same). However, Dr. Moore’s analysis addressed the impahethat
government’s publication of the 1999 Report had on plaintiffs’ property valeeB)s.’ Br. 37,
and did not present a method of property valuation that incorporates the effect of erdsion tha
does not render a property unbuildalleePX 149 (Moore Reporpassim
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Plaintiffs misconstrue Mr. Burgoyne’s statements regarding the effect of beach
size on property values. In a colloquy between Mr. Burgoyne and plaintiffs’ counsel at
trial, Mr. Burgoyne stated that reductions in the size of the beach in front of a property
have no effect on the value of theperty sdong as the remaining amount of beach can
properly be called a beach:

Q: So, as long as the property had just one foot of beach, in your opinion,
there is absolutely no diminution of value to that property?

A: Well, | don’t know if you would call one foot a beach. Nineteen feet
certainly [is] a beach; maybe one foot, you wouldn’t call it a beach.

Tr. 2554:22-2555:2 (colloquy between Mr. Burgoyne and plaintiffs’ counsel). Mr.
Burgoyne further stated that “[t]here’s a couple that are 19 and 14 and 13[,] and those are
beaches.” Tr. 2555:7-9 (Burgoyne). Mr. Burgoyne did not state or imply that a beach
that is four feet wide can properly be called a beach; in fact, Mr. Burgoyne noted that the
Lahr property, which currently has a beach that is seven feet wide, “potentially could be
perceived as not having a beach.” Tr. 2555:6-7 (Burgoyne).

Mr. Burgoynepointed outhat beach width plays less of a role in the valuation of
plaintiffs’ property becausedachesn the area are “very dynamic. They come and go,
widen [and] narrow . . ..” Tr. 2501:22¢ (Burgoyne). A number of plaintiffs testified
that their beaches come and go over tif8ee, e.q.Tr. 1272:25 (Concklin) (stating that
the presence of the beach “ebbs[s] and flows”); Tr. 1303:10-14 (Kane) (“We never knew
what it was going to look like when we came up . . .. [O]ne year there wostzhize
beach, the next year there would be absolutely nothirge® alsdef.’s Br. 29 n.7
(summarizing the testimony of ten plaintiffs that the beaches adjacent to their properties
come and go over time).

The fact that beaches are--and are well known to be--dynamic moderatéec¢he
of beachesnd beach width on the value of lakefront propertseTr. 2502:18-20
(Burgoyne). When beaches are not present, many of the features that make lakefront
property desirable to buyers continue to exist, including “access to the waleeezes;
views; sunsets or sunrises . . .; [and] the moderating [e]ffect of the lake on temperature.”
Tr. 2503:16-2504:4 (Burgoyne). Plaintiffs presented no evidence that contradicts Mr.
Burgoyne’s conclusion that variations in beach width do not affect property values as
long as the beach remains wide enough properly to be called a [S=efPis.’ Br.
passim Pls.” Resp. passimNor have plaintiffs presented evidence that indicates the
amount by which Mr. Burgoyne’s appraisals should be adjusted to account for the loss of
beach width.SeePIs.’ Br.passim PIs.” Resp. passim

il. Loss of Beaches
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Mr. Burgoyne testified that the presence of a beach is “a positive feature.” Tr.
107:14 (Burgoyne). Mr. Burgoyne further testified that, although a partial loss of beach
does not damage the market value of a propadgmplete loss of a beach does. Tr.
81:22-82:10 (colloquy between Mr. Burgoyne and plaintiffs’ counsel). Mr. Burgoyne
concluded that the Chapman, Jackson and Renner properties diminished in value by
$35,000, $30,000 and $30,000, respectively, DX 336 (Summary of Appraisals) 1-2,
because “[fhe indication was they had a beach in 1980and that because of the acts of
erosion, they did not have a beach in 20860, Tr. 79:24-80:1 (Burgoyne).

13Because no photographs were available for 1950, Dr. Nairn examined photographs
from 1938 and 1960. Tr. 2340:12-14 (Nairn). Every property listed as having a beach in 1938 is
also listed as having a beach in 19&&eDX 188 (Nairn Beach Width and Comparables
Report) 26, Table 4.1 (table of beach widths for plaintiffs’ properties).sifwlicity, the court
refers to properties that had beaches in both 1938 and 1960 as having had beaches in 1950.

137According to the list prepared by Dr. Nairn, thirteen of the properties owned by
plaintiffs that had beaches in 1950 did not have beaches in 3@@id. Mr. Burgoyne
determined that ten of these thirteen properties Werger, Okonski, Bodnar, Milléthe
southerly property of the Miller plaintiffs’ two contiguous properties), Ragviorvis, Errant
(Saphir), Notre Dame Path Association, Country LLC and Pancoast propsrées;-suffered
no diminution in value as a result of the complete lossef HeacheseeTr. 2552:15-23
(colloquy between Mr. Burgoyne and plaintiffs’ counsel). Mr. Burgoyne waaskad why
these ten properties did not have lower market values without beaches than they had wit
beaches. SeBr. 56:10-116:23, 2465:7-2558:19 (testimony of Mr. Burgoyne).

At trial, Mr. Burgoyne appeared to include the Neuser property in the lisbpérires
that had a beach in 1950 but not in 2000, testifying that the Neuser property did not decline in
value as a result of the loss of beach because it “was damaged about 90 percerg for bein
unbuildable. So[,] damaging it further for not having access to a beach . . . wouldn’t be
appropriate . . ..” Tr. 2553:9-11 (Burgoyne). While the Neuser property had no beach in 2009,
it had a beach00 feet wide in 2000, DX 188 (Nairn Beach Width and Comparables Report) 26,
Table 4.1 (table of beach widths for plaintiffs’ properties), and therefore wowédhzal a beach
in Mr. Burgoyne's appraisal of the property given its condition in 2000.

Mr. Burgoyne began to make a statement about the property owned by the Notre Dame
Path Association, but was interrupted before he finished his statement or ekplajnthe
Notre Dame Path Association’s property did not diminish in value as a resultasfsits beach:

A --yeah, and the Notre Dame Path Property is on there teo, so

Q So then by my bad good math, there are eight properties listed here that have
no beach . ..

Tr. 2553:14-17 (colloquy between Mr. Burgoyne and plaintiffs’ counsel).
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While Mr. Burgoyne determined that lodstloe beaches decreaste@ market
value of certain of plaintiffs’ propertiesesDX 336 (Summary of Appraisals) 1, he did
not determine, which, if any, of the beaches that were lost to erosion extended above the
ordinary high water mark and therefore beyond the reach é¢édleeal navigational
servitude, see, e,dX 302 (Chapman Appraisal) passiNeither does the table of
beach widths assembled by Dr. Nairn indicate whether any portion of any beach listed in
the table is located above the ordinary high water m&deDX 188 (Nairn Beach
Width and Comparables Report) 26, Table 4.1 (table of beach widths for plaintiffs’
properties).

Rather, Dr. Nairn stated that he measured beach width “from the approximate
water’s edge to the delineated OHWM or landward extent of séekid. at 13.
Although Dr. Nairn used the word “0nd., the court infers, in light of the techniques Dr.
Nairn used to delineate the ordinary high water mark, that Dr. Nairn measured beaches
from the water’s edge to the ordinary high water mark in every case. Dr. Nairn
delineated the ordinary high water mark differently depending on the characteristics of
plaintiffs’ properties. For properties with vertical shore protectiocharacterized by
bluffs, he delineated the ordinary high water mark at the toe of the bluff or shore
protection. SeesupraPart I1l.D.1. For properties with sloping shore protection, Dr.
Nairn delineated the ordinary high water mark at the still water line along the shore
protection. Seeid. For properties characterized by sand dunes, he delineated the
ordinary high water mark at the edgettoé moregpermanent vegetatiorSeeid.

Accordingly, on properties with verticahore protectioand on properties
characterized by bluffs, any beach would lie between the water’s edge and the landward
extent of sand,ee DX 188 (Nairn Beach Width and Comparables Report) 13, which lies
at the toe of the shore protection or bluff, a point that is also the ordinary high water mark
for such propertiesOn properties with sloping shore protection, on whighordinary
high water mark is the still water line along the shore protection, no beach would be
present between the water’s edge and the shore protection. On properties characterized
by sand dunes, any beach would lie between the water’s edge and the edge of the
permanent vegetationeesid., a point that is also the ordinary high water mark.

Plaintiffs do not acknowledge the possibility that their beaches may be located
entirely below and within the ordinary high water ma8eePIs.’ Br. passimPIs.’ Resp.
passim This oversight by plaintiffs is significabecause ot every government action
that causes plaintiffs’ properties to diminish in value is a taking for which just
compensation must be paideesgeneralyOHWM Op, 71 Fed. Cl. 501 (discussing the
role of the federal navigational servitude in this cag#intiffs’ properties, being
adjacent to the navigable waters of Lake Michigan, are subject to the navigational
servitude held by the federal government, which servitude extends to the ordinary high
water mark.SeeCherokee480 U.Sat 704;see generallPHWM Op., 71 Fed. CI. 501.
When the government exercises its right to improve navigation in a manner that affects
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property within the boundaries of this servitude, “the damage sustained does not result
from taking property from riparian owners within the meaning of the Fifth Amendment
but from the lawful exercise of a power to which the interests of riparian owners have
always been subject.” Cheroket80 U.S. at 704 (quoting Ran@89 U.Sat123).

Plaintiffs cite no evidence, specifically pointed out at trial, that would allow the
court to determine whether the beaches that were lost ended at the ordinary high water
mark, or whether, on any property, the “landward extent of ‘s&@X,155 (Nairn Beach
Width and Comparables Report) 13, extended inland beyond the ordinary high water
markas it stood in 1950e&PIs.’ Br. passimPIs.” Resp. passinsee alsMar. 2, 2011
Order, Dkt. No. 439, at 2, (stating that the court may disregard any exhibit or portion of
an exhibit not “[s]pecifically pointed out” at trial “with an indication of how the evidence
supports or disproves a fact in issue”). Plaintiffs have not carried their burden to prove
that they are owed just compensation for the loss of beaches in front of their prdperties.

iii. Selection and Treatment of Comparable Properties

Plaintiffs contend that there are several flaws in Mr. Burgoyne’s selection and
treatment of comparable properti€deePls.’ Br. 40. Plaintiffs argue that Mr. Burgoyne,
“in attempting to determine the ‘before taking’ value of [p]laintiffs’ properties, used
market data fromafterthe[a]Jnnouncement, despite his admission that post-
announcement data wouldeddy reflect the impact of the fajouncement.”_Id.
Plaintiffs also argue that “even though Mr. Burgoyne used comparable sales that spanned

138p|aintiffs also argue that “Mr. Burgoyne also fails to understand that loss of sand,
which results in loss of lateral support, is fundamental to property value and noh‘just a
amenity.” PIs.’ Br. 41. The court has stated on several occasions that “[ti&efe
navigational servitude defines the boundaries within which the government may daperse
private ownership interests to improve navigatiorOHWM Op. 71 Fed. Cl. at 504, (alteration
in original) (quoting Jan. 9, 2006 Op., Banks v. United Sté&ks No. 114, 69 Fed. Cl. 206, 209
(2006) (quotingStabilization Op.68 Fed. Cl. at 531)). Analogizing to takings of land adjacent
to navigable rivers, the court explained:

In general, destruction by the United States of lands located within a strdam be
does not constitute a taking for which compensation is due; however, when land
below the high water mark supports fast land located beyond the high water mark,
any fast land that is destroyed as a consequence of government action may be
compensable.

Id. at 507 (citing, inter alidQwen 851 F.2d at 1409-1410). Therefore, only to the extent that the
erosion of beach sand below the ordinary high water mark results in erosion of land above the
ordinary high water mark may plaintiffs be entitled to just pensation. To the extent that any
loss of lateral support may have harmed land located above or outside the ordinargtigh w
mark, plaintiffs cite no evidence that would quantify, in monetary terms, the amount lostha
SeePIs.’ Br.passim Pls.” Resp passim
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a period of fourteen years, he failed to control for the effects of time on sale prices,
including the effects of falling interest rates or increased demandrindlly, plaintiffs
contend that “although he had comparable sales from properties north of the St. Joseph
jetties, Mr. Burgoyne elected not to use those comparables.Pl&intiffs argue that Mr.
Burgoyne’s selection and treatment of comparable properties “demonstrat[e] his flawed
methodology.” _Id.

Plaintiffs are incorrect. Mr. Burgoyne’s selection and treatmiechmparable
properties reflect a series of reasoned and well-documented decisivas appropriate
for Mr. Burgoyne to use comparable sales data from dates after publication of the 1999
Report because Mr. Burgoyne had first determined that upon publication of the 1999
Report, “there didn’'t appear to be any adverse reaction in the marketplace.” Tr. 2494:17-
19 (Burgoyne)seealsosupraPartlll.D.3.a (discussing the bases of Mr. Burgoyne’s
conclusion thathe publication of the 1999 Report had no adverse reaction in the
marketplace).

Contrary to plaintiffs’ assertions, Mr. Burgoyne testified that he “definitely
adjusted for and considered the fact that market conditions change,” Tr. 2531:15-16
(Burgoyne). Mr. Burgoyne testified that “market conditions were generally increasing,
so that older sales were adjusted upwards and later sales adjusted downward.” Tr.
2531:16-19 (Burgoyne); see alBX 295 (Anderson Appraisal) 40 (describing the
adjustments made to certain sale prices based on when the sales were made). Mr.
Burgoyne’s decision not to use comparable sales from north of the jetties similarly
reflects Mr. Burgoyne’s observations about the local real estate market. Mr. Burgoyne
concluded that:

[w]hile sales that are more distant geographically to the north and south of
the subject, including those north of the jetties in St. Joseph and Benton
Township, were considered and researched, the sales in the immediate
vicinity of the subject (occurring both before and after the January 2000
date of taking) are considered the best and aqmsicable comparal]le
sales for appraising the subject property.

DX 295 (Anderson Appraisal) 37. Mr. Burgoyne also stated, based on his market
research, that “market comparables from north of the jetties are entirely consistent with
the market data from the subject area.” Kpart from the econometric analysis created
by Dr. Moore, which did not control for different preexisting trends in the affected area
and the control group, seepraPart 111.D.2.b.iii, plaintiffs did not present evidence that
contradicts Mr. Burgoyne’s testimony and have failed to persuade the court that Mr.
Burgoyne’s selection and treatment of comparable sales were improper.

V. Loss of Improvements
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Plaintiffs argue that “Mr. Burgoyne testified that his appraisals do not account for
damages from the loss of improvements [p]laintiffs[] suffered as a result of erosion
between 1950 and 2000, despite the fact that many of these improvements would increase
the [p]laintiffs’ property values.” Pls.’ Br. 41. Plaintiffs contend that “Mr. Burgoyne
testified that ‘he was told’ that damages for past improvements would be dealt with
separately. In other words, he wanted to conduct a better study but was told not to.” Id.
(citation omitted).

The reason that Mr. Burgoyne’s appraisals did not account for damage to
improvements, Tr. 2520:15-21 (colloquy between Mr. Burgoyne and plaintiffs’ counsel),
is that he was told that “those claims would be separate and independent” of his analysis,
Tr. 2525:3-4 (Burgoyne).

Plaintiffs’ criticism is unconvincing given the fact that plaintiffs take the same
approach to proving their damages. Plaintiffs presented the expert testimony of Dr.
Moore, who attempted to determine, as a general matter, the damage done to plaintiffs’
property values without considering any improvements that had been lost to e®esgon.
Tr. 117:1-251:19 (testimony of Dr. Moore). Plaintiffs presented separately evidence of
the improvements lost by individual plaintiffSeePls.” Br. 31-33 (summarizing, inter
alia, the improvements lost by each plaintiff).

V. MarketStudy

To study the effect of the increased risk of coastal erosion on property values, Mr.
Burgoyne included in his appraisals a market study he conducted in Mason County,
Michigan, which, like plaintiffs’ zone, is located on the eastern shore of Lake Michigan.
SeeDX 295 (Anderson Appraisal) 106-14he market study compared a group of
properties sold subject to an erosion easement absolving the adjacent power plant from
any liability for erosion caused by the plant’s operations to the sale of other properties not
encumbered bgn erosioreasemei Seeid. at 106-07. Mr. Burgoyne concluded that
the market study he conducted “clearly indicates the lack of impact from the announced
risk of erosion and the erosion easement . .. atld14. Plaintiffs argue that Mr.
Burgoyne’s market study ftawed. PIs.’ Br. 40.

Plaintiffs contend that “Mr. Burgoyne admits that he never analyzed the properties
in his ‘[test] group’ without an erosion easemeht.”ld. (citing Tr. 2544:3-12).
Plaintiffs also argue that “Mr. Burgoyne failed to control for time[,] as the ‘auction
group’ properties were all sold in a single day while the ‘control group’ properties were

139 Jaintiffs use the term “control group” rather than “test group” in plaintBf&f. See
Pls.” Br. 40. The court understands plaintiffs to be referring to the “test groocaligethe
properties in the test group had erosion easements and because, in the portion ottipe trans
cited by plaintiffs, Mr. Burgoyne was discussing the test gr@geTr. 2544:3-12 (colloquy
between Mr. Burgoyne and defendant’s counsel).
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sold over a period of six yedrsd. at40-41 (citing Tr. 173:10-174:25), and that Mr.
Burgoyne “did not conduct an impact study with properties north of the St. Joseph jetties
and properties south of the St. Joseph jettidsat 41.

The court finds it unnecessary to evaluate the validity of Mr. Burgoyne’s market
studybecausehte court finds Mr. Burgoyne’s appraisals persuasive witAoytsupport
the market study might add. Mr. Burgoyne used a variety of methods in addition to the
market study to determine whether publication of the 1999 Report impacted the local real
estate market south of the jetti€SeesupraPart I11.D.3.a (discussing the bases of Mr.
Burgoyne’s conclusion that the publication of the 1999 Report resulted in no adverse
reaction in the marketplace). The court finds Mr. Burgoyne’s conclusion that “there
didn't appear to be any adverse reaction in the marketplace,” Tr. 2494:17-19 (Burgoyne),
well-supportedand reasonable.

4. Shore Protection Expenses Incurred by Plaintiffs and Improvements Lost
by Plaintiffs
a. Improvements Lost to Erosion

Several plaintiffs testified at trial that they lost improvements on their properties to
erosion._See, e.gr. 1305:1-3 (Kane) (stating that a set of stairs and a patio located on
her property eroded into the lake). Plaintiffs include in their briefing a list of property
lost to erosion that includes, among other things, improvements lost to erSsiels.’

Br. 31-33. Plaintiffs criticize Mr. Burgoyne for not considering the loss of improvements
in his appraisals. éesupraPart I11.D.3.b.iv. However, the measure of just compensation
to which plaintiffs claim they are entitled does not include the value of any
improvements.

Plaintiffs calculate the amount of just compensation to which they claim
entitlement by adding three figures: (1) the amount that plaintiffs claim, based on the
analysis of Dr. Moore, that each property failed to appreciate in value as a result of the
publication of the 1999 Report; (2) the cost of any shore protection already installed by
each plaintiff; and (3) the cost to construct headland beaches, plaintiffs’ preferred form of
shore protectiomat each propertySeePIs.’ Br. 35-51. For instance, plaintiffs calculate
that the Bovee plaintiffs are entitled to just compensation of $1,261,0@®,56, a sum
equal to the amount by which, according to plaintiffs, the value of the Bovee property
failed to appreciate ($311,379), at. 38, plus the cost of constructingeadland beach
($937,8?Z0),j|at 48, plus the costs already incurred to install shore protection ($11,763),
id. at 50.

1% Jaintiffs also claim attorney’s fees, costs and interest. Pls.’ Br. 51. Fafaiifto
discountseePls.’ Br. 35-51, the amount of just compensation they claim as requitee by
court’s ruling that plaintiffs are entitled, if proven, to just compensation equal t@mB0%é
harm done by erosion to their properties between 1950 and 1970 and the portion of 30% of the
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None of the three bases of the amount of plaintiffs’ claims for just compensation
includes loss of improvements. Even though plaintiffs suggest that Dr. Moore’s analysis
includes a loss of the value of improvemen¢g Rls.’ Br. 39 (“[P]ricesact as a summary
statistic for the interplay of all things that affect value.”), Dr. Moore did not consider the
value of any lost improvements in his analysis of the harm done to the property values of
plaintiffs’ properties, sePX 149 (Moore Reporpassim

The trial transcript contains references to the sums of money that plaintiffs
expended to replace improvements lost to erosgee, e.q.Tr. 1308:3-12 (colloquy
between plaintiff Patricia Kane and plaintiffs’ counsel) (stating that Ms. Kane spent
$20,000 to replace a patio that eroded into the lake with a larger and more secure deck).
However, plaintiffs do not cite, and the court has not found in the record, evidence that
would allow the court to determine the value of any structures lost to eessfthe
date that they were losEeeTr. passimPIs.’ Br.passim PIs.” Resp. passimPlaintiffs
do not cite, nor does the record contain, evidence that would allow the court to determine
which structures were lost before 1970, the date that the court has fousdpsétart
[11.C, that the government began to mitigate all of the erosion caused by the jetties to
every property but orté' owned by plaintiffs, se Tr. passimPls.’ Br. passimPIs.’

Resp. passim

Because plaintiffs do not claim that they are entitled to separate compensation for
improvements lost to erosion and because the evidence in the trial record does not allow
the court to determine the value of the improvements lost, if any, by plaintiffs and their
predecessors in interest before 1970, the court finds that plaintiffs are not entitled to
compensation for any improvements lost to erosion.

b. Shore Protection Expenses

At the trial of damages$wenty-sevenplaintiffs testified that they had installed
shore protection to slow the erosion of their propert&sePIs.’ Br. 50 (compilingfrom
the trial testimony of twenty-seven plaintiffs and the stipulations filed by the parties, the
costs incurred by plaintiffs to install shore protection). When a taking results from
erosion that is “in fact preventable by prudent measures, the cost of that prevention is a
proper basis for determining the damage.” Dicking31 U.Sat751; see alsbaw of
Damages Op88 Fed. Cl. at 683 (quoting samégubstantial encroachment of the

erosion damage done to their properties not mitigated by the government éngseeffiability
Op,, 78 Fed. Cl. at 654-57.

14'The Wergeproperty is located on a section of shoreline that does not benefit from the
mitigation efforts begun by the government in 1970 because it is coh&aesupraPart I11.B.
However, the Werger plaintiffs did not testify at trisgeTr. passim and paintiffs fail to cite
evidence proving that any improvements on the Werger property were lostitm e®sePIs.’
Br. passim Pls.” Resppassim
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parcel also puts a duty on the landowner to take reasonable steps to protect the property
from further erosion damage, such as by the construction of revetments.” Bo#&g I

F.3d at 1373 n.5. Reasonable expenditures to prevent erosion are those as to which “it
‘would have been sound economy, in view of the character and nature of the property, to
have nade the expenditure[s].’Vaizburd v. United State884 F.3d 1278, 1286 (Fed.

Cir. 2004) (alterations in original) (quoting United States v. Dickingé@ F.2d 865, 870

(4th Cir. 1946)aff'd, Dickinson 331 U.S. 745).

The court must therefore determine whether it was “sound economy” for plaintiffs
to construct the shore protection they install8éeid. If installing shore protection was
sound economy, plaintiffs who have installed shore protection may recover the
government’s share of the cost to install and maintain shore protection, Law of Damages
Op., 88 Fed. CI. at 685 n.16, that is, 30% of any costs incurred from 1950 to 1970, and a
portion of the costs incurred from 1970 to the present equal to the portion of the erosion
caused by the jetties and not mitigated by defendant during that time périgdbility
Op., 78 Fed. Cl. at 656-57.

Defendant argues that “it is not enough that Plaintiffs have incurred expenses to
construct or maintain shore protection on their properties.” Def.’'s Br. 36. Because the
government is responsible for only a portion of the erosion to plaintiffs’ properties,
defendant argues that the plaintiffs’ expenses for the construction of shore protection are
only recoverable if plaintiffs establish a causal link between the Corps’ activities and the
construction of shore protection by plaintiffs. IDefendant is correct that “causation is
an independent element of a takings claim.” (¢tting Cary v. United State$52 F.3d
1373, 1379-80 (Fed. Cir. 2009)). In order to recover in an inverse condemnation action, a
plaintiff must satisfy a two-part test “that can be characterized as causation and
appropriation.”_Cary552 F.3d at 1376-77 (citing Ridge Line, Inc. v. United S;346
F.3d 1346 (Fed. Cir. 2003)). “In the causation prong, it must be shown that ‘the
government intend[ed] to invade a protected property interest or [that] the asserted
invasion [was] the direct, natural, or probable result of an authorized activity and not the
incidental or consequential injury inflicted by the action.” dd1377(alterations in
original) (quoting Ridge Line346 F.3d at 1355).

Defendant argues that “[a]s a matter of law, the evidence [p]laintiffs have
proffered is insufficient to establish that the United States’ activities are the proximate
cause of the shore protection expenses various [p]laintiffs incurred.” Def.’s Br. 37.
Defendant notes that “it is undisputed that [p]laintiffs’ shoreline is a naturally eroding
shore.” _Id. Citing the trial testimony of a number of plaintiffs, defendant contends that
“the overwhelming evidence in the record establishes that [p]laintiffs’ shore protection
efforts were taken in response to natural conditions” such as rising lake levels and storm
events. Ildat 37-39.

However, the fact that erosion is associated with particular events does not mean
that the jetties had no impacthd evidenceresented at trial indicated that erosion is
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often discontinuous, with portions of plaintiffs’ propertiparticularly the edges of

bluffs, where present--falling into the lake during storms or at times of high lake levels.
See, e.g9.Tr. 957:22-959:2 (colloquy between plaintiff Marcia Wineberg and plaintiffs’
counsel). AdditionallyDr. Nairn testified that, especially on the southernmost

properties, which are characterized by sand dunes rather than bluffs, the long-term retreat
rate of a sandy shoreline can be overshadowed by the dramatic swings in beach width
caused by cross-shore sand transport during storms and periods of high lakeSegels.

Tr. 2591:15-2595:2 (Nairn) (discussing the slow, but irreversible, erosion caused by
longshore sand transport and the rapid, but reversitdsion caused by creskore sand
transport). Although the loss of beaches below and within the ordinary high water mark

IS not compensable as a taking, sepraPart [11.D.3.b.ii, a landowner could be expected

to install shore protection in response to the narrowing or disappearance of a beach.
Plaintiffs’ testimony that they installed shore protection in reaction to storms and high

lake levels reflects the fact that the long-term process of erosion is often most apparent to
the lay observer under such conditions. Accordingly, the “direct, natural, or probable
result,” Cary, 552 F.3d at 1377 (quoting Ridge Ljrg216 F.3d at 1355), of the erosion

caused by the government would be periods of more pronounced erosion and attempts by
property owners to prevent erosion following storms and during periods of high lake
levels.

Defendant argues that, owing to natural erosion, plaintiffs “would have had to
install shore protection, irrespective of the presence of the harbor.” Def.’s Br. 37
(citation omitted). Plaintiffs respond that “[ijn essence[,] the United States is arguing that
it is allowed, through accelerated erosion, to take property from private property owners
without just compensation so long as there is another concurrent cause of the erosion.”
Pls.” Resp. 9. The Federal Circuit addressed a similar isfidge Line. The plaintiff
in Ridge Lineclaimed “that it was forced to construct . . . water detention facilities much
earlier and on a larger scale than would have been required without the increased runoff
caused by [a] government developmeriRidge Line 346 F.3d at 1351. The Ridge Line
plaintiff’s claim, analogous to plaintiffs’ claim in this case, was that the government
exacerbatedn existing storm water runoff problem on the plaintiff's property which
required remediation notwithstanding the government’s actiSesid. at 1350-51.
Remanding th&idge Linecasefor additional proceedings, the Federal Circuit opined
that “[a] share of the costs of building and maintaining storm water control facilities,
proportionate to the government’s quantitative contributions of storm water volumes,
erosion, and sedimentation, is an entirely acceptable method of calculating damages.” Id.
at 1359. The court therefore finds that the government is liable for a share of plaintiffs’
shore protection expenses equal to the portion of the erosion caused by the government at
the time the expenses were incurred.

Defendant does not argue that the shore protection measures heretofore undertaken
by plaintiffs were unduly expensive or wasteful in relation to the amount of erosion or to
the harm to the market value of plaintiffs’ properties that they preveeeDef.’s Br.
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passim Def.’s Resp. passinef. Tr. 1684:20-21 (Shabica) (describing the structures built

by all but two of the plaintiffs with shore protection as “amateur shore protection”).
Plaintiffs claim that their full st of installing and maintaining shore protection was
approximately $2.2 millionSeePIs.’ Br. 50. Defendant’s expert witheb, Burgoyne
calculated the market value of plaintiffs’ properties in January 2000 to be approximately
$25 million. SeeDX 336 (Summary of Appraisals) 2. The cost of building and

maintaining shore protection since 1950, as calculated by plaintiffs, although not adjusted
for inflation, is approximately 10% of the value of plaintiffs’ properties in 2000.

Because the shore protection efforts undertaken by plaintiffs are relatively
inexpensive compared to the value of plaintiffs’ properties, and because defendant’s
expert witness, Mr. Burgoyne, testified that shore protection similar to the shore
protection installed by plaintiffs is “relatively ubiquitous,” Tr. 251515 (Burgoyne),
reflecting a judgment by the adjacent property owners that shore protection is sound
economy, plaintiffs have met their burden of demonstrating that the shore protection
efforts that they have undertaken in the past are “sound economy,” Vai3Bdr&.3d at
1286. This is so notwithstanding that plaintiffs have not presented evidencestittiie
that erosion would have had on the market value of their properties in the absence of
shore protectionSeeRidge Line 346 F.3d at 1354-55 (finding that, where the plaintiff
prevented storm water runoff from the government’s property from causing further
erosion damagky taking measures that constituted sound economy, the trial court erred
in holding that plaintiff had not demonstrated damages sitmgdpusedt had not
produced appraisals of its property showing a loss in value).

Plaintiffs do not state in their briefinggesPIs.’ Br. passimPIs.” Resp. passinor
in the stipulatiorfiled by the partiesegarding shore protection costs, Sel
Stipulations of Fact, Dkt. No. 456, passwvhen plaintiffs incurred their shore protection
expenses. There are references in plaintiffs’ trial testimony, seele.§217:15-23
(colloguy between plaintiff Kay Varga-Smith and plaintiffs’ counsel), and in the
documentation of shore protection expenses presented by plaintiffs, sd&X&§1
(receipts for shore protection expenses), to when certain shore protection measures were
undertaken Because these references are scattam@ss several thousand pages of trial
testimony and documentary evidence, the court will not, in the absence of briefing or a
stipulation by the parties, undertake to determine which of plaintiffs’ shore protection
expenses were incurred between 1950 and 1970, the period of time during which the
government was responsible for 30% of the erosion taking place in plaintiffs’ zone, see
Liability Op., 78 Fed. Cl. at 656, and with respect to which, plaintiffs are entitled to 30%
of their shore protection expenses incurred ssggaPart I. Neither will the court
undertake to determine which of plaintiffs’ expenses were incurred after 1970, the period
of time during which the government has completely mitigated the erosion caused by the
jetties. _®esupraPart 111.C.2. If the reviewing court does not agree with the court’s
determination that it lacks jurisdiction to address plaintiffs’ claims, the court will direct
the parties to file a stipulation--or briefing, if the parties do not agceenable the court
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to determine which of plaintiffs’ shore protection expenses were incurred prior to 1970
and which were incurred subsequent to 1970. Because plaintiffs had sufficient
opportunity to prove the amount of their damages at trial, the court will not accept
additional evidence regarding the amount of their expenses.

5. Reasonably Foreseeable Future Damages

The court previously determined that defendant is liable for damages for any
portion of 30% “of all reasonably foreseeable future loss” not mitigated by defendant.
Liability Op., 78 Fed. Cl. at 656

If further erosion of plaintiffs’ properties is “in fact preventable by prudent
measures, the cost of that prevention is a proper basis for determining the damage.” Law
of Damages Op88 Fed. Cl. at 683 (quoting Dickingd@B81 U.S. at 751kee also
Vaizburd 384 F.3dat 1286 (stating that expenditures to cure the effects of a taking were
recoverable if thewerereasonable, meaning that “it would have been sound economy,
in view of the character and nature of the property, to have made the expenditure[s]”

(alteration in original) (quoting Dickinsoi52 F.2dat 870)).

If the installation of shore protection would be sound economy, it is not necessary
for plaintiffs to provide appraisals to prove the exact amount of the damage their
properties will suffer in the future without shore protecti@eeRidge Line 346 F.3d at
1354-55. However, to determine whether the installation of shore protecfimvent
future erosion would be sound economy, the court must consider whether the
government’s share of the cost of shore protection would be greater than the
government’s share of the amount by which plaintiffs’ property values would decline in
the reasonably foreseeable future abshnte protection** SeeLaw of Damages Op.

14%Plaintiffs argue that “[w]hen determining the character and nature of the tyraper
issue, courts look to both the private interests of the owner and whether the rigktpulblic
will be affected by the taking.” PlIs.’ Br. 43. The cases plaintiffs cite, tieryelo not support
this proposition. Plaintiffs first citenited States v. Chicago, B. & Q.R. GGhicago ), 82
F.2d 131, 140 (8th Cir. 1936), a case that plaintiffs state is “cited with apprdyaited States
v. Dickinson 152 F.2d 865, 870-71 (4th Cir. 1946).” PIs.’ Br. 43 (emphasis omitted). Plaintiffs
describeChicago Iwith a parenthetical that reads as follows: “upholding verdict of $240,000 for
cost to cure when land had ‘little, if any, market value’ because the rights of the \pai#i
affected by the taking.” PIs.” Br. 43 (quoti@dnicago ) 82 F.2d at 140).

Plaintiffs are orrect that, inChicago | “the actual land involved had little, if any, market
value.” Chicago J 82 F.2d at 140. However, tlhicago Icourt affirmed the trial court’s
verdict, not because of “the rights of the public,” Pls.’ Br. 43, but because of the harno done t
the remaining portion of the propertghicago ) 82 F.2d at 134. The government planned to
build a dam that would flood a portion of the plaintiff's right of way adjacent to thetiffigi
railroad embankmentld. at 132. The government sought to condemn a floodway easement over
the flooded portion of the plaintiff's landd. When the water reached its planned depth, the
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88 Fed. Cl. at 683 (“If revetments are less expensive than the value of the land forecast
to be lost, then the [gloverment may discharge its liability by bearing the cost of bank
protection.”” (alteration in original) (quoting Boling41 Fed. Cl. at 694)). If the
government’s share of the cost of shore protection is greater than the government’s share
of the amount by which plaintiffs’ property values would decline in the reasonably
foreseeable future absent shore protectionstructing shore protection would not be

sound economySeeBoling |, 41 Fed. Cl. at 694 (stating that “if the value of land to be

lost is less than the cost of revetments, however, plaintiffs cannot force the Government
to pay the higher amount”).

“Although the general rule in takings cases is to award plaintiff the form of just
compensation that will be least expensive for the government,” the court, in its Law of
Damages Opinigrfound this general rule “inapplicable in the particular circumstances of
the present case,” in which the government is not the only source of erosion to plaintiffs

surface of the water was to be 3.45 feet from the top of the railroaddieBespite the limited
value of the land taken, the court noted that, “absent expensive measures of protectimod the f
waters would effectively destroy four miles of track on the remaining lahdt 137. While
litigation was underway, the railroad raised the track bed and added riprap along the
embankment.|d. at 132. The trial court awarded the railroad $240,000 in damages and an
additional sum in interestd. at 132-33. Observing that the “modern trend” was to award just
compensation for both the land taken and the damage to the remaining propatty3i.139,

the court affirmed the award of damagédsat 141.

Similarly, inUnited States v. Chicago, B. & Q.R. GGhicago 1), 90 F.2d 161, 163 (7th
Cir. 1937), the government sought to condemn a different portior skitime railroad’s land that
was to be flooded by the same project. The government again argued that it watsentrli
the damagéhatflooding would cause to the remaining propery. at 167. TheéChicago Il
court disagreed, stating that “[i]t isfficient to say, without further discussion, that we concur in
the conclusions of the [Chicago | cdurt ..” Id. at 168.

TheDickinsoncourt citedChicago Ifor the principle that just compensation includes the
harm done to the remaining proper§eeDickinson 152 F.2d at 870. The Dickinsaourt
summarizedChicago las follows: “[I]t was held that the railroad was entitled to recover not
only the value of the twenty-four acres permanently submerged, which was congbasatiall,
but also the cost for the changes in the embankment and the railroad line which welddmeede
protect the railroad and enable it to continue in operatitth."The Dickinsoncourt then
stated,“We think that this rule is applicable here and that in each case therandbould be
compensated for the loss to the residue of his property occasioned by the buildindamh the
Id.

Plaintiffs have misunderstood the reasoning and the holdir@sicdgo ) Chicago Il
and_Dickinsonnone of which supports the propasit that “[w]hen determining the character
and nature of the property at issue, courts look to both the private interests of thamavner
whether the rights of the public will be affected by the taking.” Pls.” Br. 43.
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properties._Law of Damages QB8 Fed. Cl. at 683. The court stated that “[p]laintiffs

may not be financially able to pay 70% of the cost to construct shore protection measures
out of their own pockets, resulting in continued erosion of their property.The. court

held that “as an alternative to seeking 30% of the cost of shore protestasures,

plaintiffs may instead seek 30% of the cost of ‘reasonably foreseeable future loss’ to their
property, although this amount may result in greater cost to the governmerst”684..
Plaintiffs have elected to pursue just compensation equal to the government’s share of
shore protection rather than the government’s share of future erosion deBeafds.’

Br. 42-50 (discussing the cost of shore protection but not the dollar amount of reasonably
foreseeable loss to plaintiffs’ properties).

The court has determined that defendant is completely mitigating the erosion
caused by the jetties to every properyned by plaintiffdout one, and has done so since
1970. SeesupraPart IIl.C.2. Therefore, for every property but one, no “reasonably
foreseeable future losd.iability Op., 78 Fed. Cl. at 656, will result from the
government’s actions. Plaintiffs argue that “what little dredging nourishment there is is
in serious jeopardy of being cut off completely.” Pls.’ Br. 29. Plaintiffs further argue
that “the unrebutted testimony at trial was that there is no funding available in 2012 for
dredging of the St. Joseph Harbor.” &129-30. Plaintiffs’ argument that funding for
the mitigation program “is in serious jeopardy” of lapsing in the future is speculative and
dependentipon future actions by the government. At present, the mitigation program
continues to provide nourishment material to plaintiffs’ shoreline, as it has for more than
forty years. Liability Op., 78 Fed. Cl. at 655 (finding that mitigation began in 1970).

The court therefore concludes that, with the exception of one property, plaintiffs have not
proven that they will suffer any reasonably foreseeable future loss as a result of the
government’s actions.

Furthermore, to determine whether it would be sound economy to install shore
protection to prevent any reasonably foreseeable future loss, the court must compare the
cost of shore protection to the damage to plaintiffs’ properties expected to occur in the
absence of shore protectioBeeLaw of Damages Op88 Fed. Cl. at 683. For almost
every plaintiff, it would not be possible for the future loss in market value to be greater
than the cost of installing shore protection because the cost of the form of shore
protection that plaintiffs argue is most appropriate,Aee Br. 48, as estimated by
plaintiffs, is greater than the full value of almost every plaintiff's property, comparge, e.g.
id. 48 (stating that the cost to install a headland b&aahthe Bovee property in 2010

14*Headland beaches consist of agsn[promontory] or paired engineered
promontory[ies] protruding from the shore and a sand beach between the paired promontories or
on the updrift side of a single promontory.” PX 145 (Chrzastowski Report) 4. Plaingiis a
that headland beaches both prevent future erosion of the shoreline and preserve alsagekbeac
Pls.” Br. 44, and that headland beaches “create a quiet zone along the shoreline thatedn be
for swimming or boating,id. at 45. Plaintiffs contend that “[a] headland beach also provides
critical environmental benefits,” by supporting vegetation, including sespegiies of
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dollars is $937,867), witld. at 36 (stating that the value of the Bovee property after
publication of the 1999 Report in January 2000 was $430,000). Even if the appropriate
form of shore protection is quarrystone revetments, which plaintiffs argue is not the case,
seeid. at 48, the cost of shore protection is nearly as much, or greater, than the full value
of most of plaintiffs’ properties, compare, eid. at 49 (stating that the cost to install a
guarrystone revetment at the Bovee property would be $429,438)dwath36 (stating

that the value of the Bovee property after publication of the 1999 Report in January 2000
was $430,000).

The installation of shore protection measures costing more than the value of the
properties they are installed to protect is not sound economy. Determining whether it is
sound economy to construct shore protection measures that cost nearly as much as the
properties that they are installed to protect would require persuasive evidence of when
and to what extent the market value of the properties will diminish in the absence of the
shore protection. Such evidence was not provided by plain8#geTr. passim

The court has reviewed the trial record for evidence of the loss in market value
that plaintiffs’ properties will suffer as a result of erosion caused by the jetties in the
absence of shore protection, but has found fi6helaintiffs’ expert witness on the topic

endangered plants, and providing a “habitat for fish and shore birdghdalthat headland
beaches have aesthetic benefits, “are safer for swimmers and boaters, espé¢oatpse of an
emergency,” and support tourism, id.

Defendant responds that “headland beaches are a Meif8edewversion of shore
protection.” Tr. 45:15-16 (defendant’s counsel). Defendant argues that, to theleattent
plaintiffs may be entitled toecovery for shore protection, “[gjntiffs are not entitled to any
particular category of shore protection, but only to reasonable stateeon that will
compensate [fintiffs for their property loss.” Def.’s Br. 39 (citingnited States v. Miller317
U.S. 369, 375 (1943)). Defendant contends that installing armorstone revetments and
maintaining the revetments until 2050 would cost $6,900,@a@Def.’s Br. 46;cf. DX 205
(Nairn Shore Protection Report) 106, Fig. 6.1 (cotwapllustration of armor stone revetment).

The parties presented sophisticated and thorough analyses of the types ofosctiernpr
that could be installed and the benefits of ed®be generallpX 205 (Nairn Shore Protection
Report); PX 145 (Shabica Shore Protection Report). Because thelemunhineshat plaintiffs
have failed to demonstrate that they are entitled to the cost of installing shiectipn, the
court does not address the form of shore protection that would be most approppéafiffs’
properties.

149plaintiffs cite two pieces of evidence regarding the future erosion of tlogienies,
neither of which addresses the future diminution of plaintiffs’ property valuestiffirst
cite a February 9, 2007 letter addresteplaintiff Marcia Wineberg by the State of Michigan
Department of Environmental Quality (MDEQ), discussing an increased kétiaad/IDEQ was
proposing for buildings and septic systems on her property in light of shorelinaorcess
projected to occur in the futur&eePls.” Br. 42 (citing PX 135 (MDEQ letter to Ms.
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of damages, Dr. Moore, considered the effect of the government’s publication of the 1999
Report,_seéls.’ Br. 35-37, but did not examine the effect that ongoing erosion would
have on the market value of plaintiffs’ properties in the futleePX 149 (Moore

Report) passim Defendant’s expert witness on the topic of damages, Mr. Burgoyne,
appraised plaintiffs’ properties with their dimensions in 1950 and 2000, but did not
appraise them with dimensions that they will have in the futBee, e.q.DX 295

(Anderson Appraisalpasim. Accordingly, even if the court had determined that the
government’s mitigabn program hadbeen ineffectivaas to all of plaintiffs’ properties,

the court would be unable to award plaintiffs the amount of just compensation to which
plaintiffs claim they are entitled for the prevention of reasonably foreseeable erosion
damage.

Plaintiffs have not carried their burden of pragf,Miller, 223 Ct. CI. at 383-84
620 F.2d at 828 (stating that plaintiffs bear the burden of proving the amount of just
compensation to which they are entitled for severance damage), to establish that they are
entitled to additional just compensation for the reasonably foreseeable erosion of their
properties. Since 1970, the Corps’ mitigation efforts have prevented the jetties from
causing erosion to plaintiffs’ properties, with one exception. Further, plaintiffs have
failed to prove, with regard to any of plaintiffs’ properii@gether by comparing the
cost of shore protection to the dollar amount of their reasonably foreseeable damages or
by some other means--that the installation of shore protection would be sound economy.

V. Conclusion

Wineberg)). Testimony at trial indicated that similar letters were sent to otlemifis@Berrien
County property owners.” Tr. 1539:12-17 (Jannereth). However, plaintiffs do not state which
plaintiffs other than the Wineberg plaintiffs received such lett®eePIs.’ Br. 42. Neither do
plaintiffs attempt to quantify the effect that the increased setbacks wouldhake market

value of the properties owned by the Wineberg plaintiffs or any other plaintitigeceived

similar letters.Seeid. passim

Plaintiffs cite the testimony of Dr. Meadows, who, plaintiffs argue, “apthat, without
effective shore protection, [p]laintifisill lose another 1,870,000 cubic yards of property
between 2000 and 2050.” iak 42 (citations omitted). Although plaintiffs do not calculate a
monetary value for the volume of property they will lose in the fuseeid. passim PIs.” Resp.
passim plaintiffs argue in a different portion of their brief that the cost to replecé,870,000
cubic yards of property that plaintiffs claim to have lost between 1950 and 2000 with sand would
be $18,700,000SeePIs.’ Br. 39 n.27. It is the law of the case, however, that the measure of just
compensation due to plaintiffs, if any, is not, as plaintiffs continue to argue, based ostttwe c
replace with sand the volume of property claimed to have been lost to erSsiesupranote
126. The volume of material that plaintiffs will lose to erosion in the future is trerebt, in
this case, evidence of the measure of “reasgrfabkseeable future loss” that plaintiffs will
suffer as a result of the government’s actions.
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For the reasons stated above, sgaraPart I1l.A, the court finds that it lacks
jurisdiction tohearplaintiffs’ claims. The findings of fact and conclusions of law
presented in Parts 111.B-D of this Opinion are presented for purposes of judicial efficiency
if the reviewing court in any appeal should disagree with the court’s view of its
jurisdiction, and to avoid the possibility of a trial opinion being drafted months or years
after the trial, and the possibility of a repetitive trial. These findings are presented in the
alternative and, in the absence of jurisdiction, do not entitle plaintiffs to just
compensation in the amounts determined by the court.

The Clerk of Court shaENTER JUDGMENTfor defendant in each of the above-
captioned cases DISMISSING each of plaintiffs’ complaints.

IT 1S SO ORDERED.

s/ Emily C. Hewitt
EMILY C. HEWITT
Chief Judge
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