|. Natural Hazards
B. Hydrological Hazards

The following outline summarizes the significandhylogical hazards covered in this section:

1. Flooding
a. Riverine flooding
b. Great Lakes Shoreline Hazards
c. Dam failures

2. Drought

Most of the apparent impacts upon Michigan resgl@ame from flooding. The section entitled Riveriifooding

focuses upon inland areas and mapped floodplaumscinsideration also needs to be given (whererrimdition

allows) to_urban flood hazards. Not all floodingcars within recognized floodplain areas, or adpade rivers and
lakes. In some cases, melting snow or other runatérs pool in low-lying areas, damaging structwaed inhibiting
the function of roads and infrastructure. In othases, some type of breakdown in an area’s pungirdyainage
infrastructure may result in a damaging flood. sThipe of flooding typically occurs in well-devekxgb urban or
suburban areas, and therefore is often called ufloading. It tends to occur due to either (1) r@dixdown in

infrastructure or (2) inadequate planning and destgndards on the part of builders, developegineers, architects,
and planners.

One of Michigan’s most heavily damaging federalbcldred disasters (#1346) was the result of urtmodihg, in
September of 2000. A tremendous amount of damagebeen caused by the entrance of water into bageme
throughout the densely developed central areah@fMetropolitan Detroit area. A historical problesith the
development of many urban areas has involved thelimfrastructure whose original design was appate for the
expected functions of the central city, but thag bacome overburdened with the effects of condidiersuburban”
developments upstream, which send extra runoff th# system. In other cases, inadequate or detgrig
components exist at the connections between thimadf@/sewage system and the structures they seleaks,
inadequate backflow preventers, drain openingsgeldgwith leaves or other debris, the inadequadiesombined
storm/sanitary sewer systems, and other problemslit@ause water and sewer systems to experigobéems under
certain circumstances.

Fortunately, many important flood mitigation acties have taken place in recent decades, incluti@geparation of
combined sewer systems, the installation of baekfloeventers in houses, and the dredging, expanaiwhre-design
of drainage systems. Numerous activities have detrated that municipalities and their utility piders have been
able to learn from the hard lessons of the pastvelheless, a consideration of the types of fleeents that have
occurred in the past will help to keep such evdram recurring in the future. Whether the urbaoofling of

September 2000, the basement flooding near Lakel&t.in the early 1970s, or the channel changekiee jams that
caused flood problems to emerge in various otheasafsuch as Robinson Township, Ottawa County) ihepast
few decades, Michigan and its communities havenezhtessons and taken many steps to mitigate ftopécts in the
future. More importance is now placed on the pnéive role of planners in coordinating their larelvdlopment plans
with the existing knowledge of local floodplainsetlands, sewer capacity, and upstream developmeniydrology.

There has been an increased use of stormwatertideteand retention areas, and a great deal of pssgn the
separation of combined sewer systems. Howeveinatya systems will always need to be maintaineddrédge out
the sediment that would otherwise reduce streamcitigs, to upgrade components of the infrastrgcthat have
become worn or had their capacity exceeded, totifgleand upgrade bridges that act as barriers teemflows, to

remove dams that no longer provide a net benefitei@arby lands, to clear away clogging debris sucleaves and
branches and logs, and to efficiently clear awayj@ns that would similarly block and divert draigiwaters away
from their intended, safe course.

Progress has also been made in collecting infoomahat will help to identify and prioritize aretsat are in need of
flood mitigation activities. A system of streamugas exists across Michigan and is linked witha-tiene remote
monitoring system through the internetw.waterwatch.usgs.gdvallowing the assessment of risks and respomses t
both local flooding and regional drought conditiors program of updated floodplain maps has alsnl@oceeding
(http://www.fema.gov/plan/prevent/fhm/mm_main.shtto not only update the boundaries of these mayisalso to
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enable these maps to be readily used in digitatimétion processing. A developing database ofrabhazard events
has been online for several years ndwtp://www4.ncdc.noaa.gov/cgi-win/wwcgi.dlI?wwEvestorms. Detailed

aerial photos are now available at various sitegheninternet, theoretically allowing a comparidogtween the
identified at-risk areas and the actual structamed infrastructure that exist there. However, ilt take years, plus
adequate funding and staffing, for all of this nefermation to start to be adequately processedircatporated into
state and local plans.

Overlap Between Hydrological Hazards and Other Sections of the Hazard Analysis

Hydrological hazards stem from precipitation patserwhich are affected by the types of events destrin the
Weather Hazards sections on thunderstorms, severe winter weatat, extreme temperatures. Thunderstorms,
snowstorms, and ice/sleet storms produce precmitéhat can cause or exacerbate flooding—eithenediately or
when the frozen precipitation melts. In additiamg can build up and block critical parts of drgeavays and thus
cause flooding. In the case of extreme temperatiireeze events have caused flooding when pipgsvater mains
have broken, while heat waves may worsen the imspafca drought. Severe winds and tornadoes tenutaguce
woody debris from the damage they do to treesifyufioles, etc., and this debris can, like ice,ldwip and jam
streams or drains and thus cause flooding to ocdire same sort of debris might also arise fromEbelogical
Hazards of wildfires and invasive species (which can wea#tad kill trees and thus cause them to fall).

Technological Hazardsthat inhibit the smooth functioning of drainageveater supply infrastructure may cause or
exacerbate either the flooding or drought hazaré®r example, sewer pumping and lift stations canogt of
operation during a power failure (unless supplietth wower by a back-up system or generators), ause flooding

to occur, or a reduction in water supply—especialyreavily developed urban areas. Transportaimidents also
have the potential to cause power failures or evater main breaks, and thus produce flooding ocestmate drought
impacts.

Human-Related Hazardssuch as terrorism, sabotage, or civil disturbanees/ cause water-related infrastructure to
be disabled and thus cause or worsen flood or titoegents. Public health emergencies may invohe t
contamination of already-limited water suppliesidgra drought and thus compound the human impacthad
hazard.

Examining the issue from a different direction,térms of the effects that can be produced by flooalrought
hazards, it can be seen that both flood and droenglyt in their own different ways, reduce the gyadif an area’s
water supply—possibly to the point of creating tisi of a public health emergency. Civil disturbas might result
from a drought that involves a very limited supmy water for human consumption, or from some forin o
mismanagement, negligence, or culpability (reainoagined) on the part of some specific agency dorac An
example might be a damaging flood caused by ascfiyblic works department, which might result irstile protests
and the destruction or sabotage of property.

It is also known that floods can cause hazardousnmés incidents and transportation accidents,nuviaeilities and
transportation infrastructure is in the floodedaard=lood waters in urban or polluted areas tenbet@ontaminated
with chemicals, debris from roadways and cars, iaddstrial residues. Flood waters can also cdreyldodies of
animals and humans, and exacerbate insect, sradantr mold, and mildew problems that affect thblipthealth of

the area. Floods may hinder the response to em®rgevents (such as fires, accidents, or utilityufas).

Floodwaters may cause infrastructure failures eeittue to physical impacts and erosion of roadsfacitities, or by
interfering with the functioning of equipment, dlécal supply, etc. in the flooded area. Drougimsrease the
likelihood of wildfire events, and may also caused subsidence.
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Flood Hazards

Flood hazards in Michigan include dam failureserine flooding, and Great Lakes shoreline floodamgl erosion.
Flooding in Michigan can cause extensive propeamalge, reduced quality of life, and even injuried deaths. The
National Flood Insurance Program offers one formseturity to communities that have flood-prone swredés of
December 2010, Michigan had 25,555 flood insurgradeeies in place. More information about thisitogs provided
in the Riverine Flooding section. Every year, flow causes more than $2 billion of property danmiadghe U.S. Ina
high risk area, a home has at least a 26% changeing damaged by a flood during the course of-g€20 mortgage,
compared to a 9% chance of being damaged by fitee map below shows the major rivers in Michigad #meir
watersheds (the area in which water runs off ineortver and is then carried to one of the Gre&eka
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Riverine Flooding
The overflowing of rivers, streams, drains and lakes due to excessive rainfall, rapid snowmelt or ice.

Hazard Description

Flooding of land adjoining the normal course otraam or river has been a natural occurrence sirebeginning of
recorded history. If these floodplain areas wefeih their natural state, floods would not casgmificant damage.
Development has increased the potential for seffloosling because rainfall that used to soak ineadground or take
several days to reach a river or stream via a ahtlnrainage basin now quickly runs off streets ke lots, and
rooftops, and through man-made channels and pieme developments have also encroached into fitzoa areas
and thus impeded the carrying capacity of the digerarea.

Hazard Analysis

Floods can damage or destroy public and privat@egty, disable utilities, make roads and bridgepassable,
destroy crops and agricultural lands, cause digmigb emergency services, and result in fataliti®eople may be
stranded in their homes for several days withowtgyoor heat, or they may be unable to reach thainds at all.
Long-term collateral dangers include the outbretilisease, widespread animal death, broken sewes lcausing
water supply pollution, downed power lines, brokes lines, fires, and the release of hazardousriaiate

Floodprone areas are found throughout the statevexy lake, river, stream and open drain hasafiain. The type
of development that exists within the floodplainllvdetermine whether or not flooding will cause dayja. The
Michigan Department of Environmental Quality (MDEE8timates that about 6% of Michigan’s land — rdyighe
size of the southeast Michigan counties of Wayrekl&hd, Macomb, Washtenaw, and Monroe combinedfleasl-
prone, including about 200,000 buildings. The Beut half of the Lower Peninsula contains the ava#sthe most
flood damage potential.

The primary flooding sources include the Great Isalted connecting waters (Detroit River, St. CldireR and St.
Marys River), thousands of miles of rivers andatne, and hundreds of inland lakes. Michigan isddi into 63
major watersheds, as shown in the map at the enti®fsection. All of these watersheds experieimeding,

although the following watersheds have experiertbednost extensive flooding problems or have sigmitt damage
potential: 1) Clinton River; 2) Ecorse River; 3yaBd River; 4) Huron River; 5) Kalamazoo River; Nduskegon
River; 7) Saginaw River; 8) Rifle River; 9) RiveaRin; 10) Rouge River; 11) St. Joseph River; aRdWhitefish

River. The flooding is not restricted to the mhmnanches of these rivers, but at the end of thiBme a collection of
maps displays all of the official floodplains whibhve been identified and digitized through Natiddaod Insurance
Program-related studies. (More floodplains eXisnthave been shown on those maps, but many ofltheennot yet
been digitized for processing in Geographic Infaiora Systems. The counties that have no floodrmédion

displayed in those maps are ones that have ndiagetigital flood boundaries made available in @i®nat.)

Most riverine flooding occurs in early spring asdthe result of excessive rainfall and/or the cavation of rainfall
and snowmelt. Ice jams are also a cause of flgpidirwinter and early spring. Log jams can alsoseastreams and
rivers to be clogged up, and the backed-up watesérflow the stream’s banks. Either ice jamdogr jams can
cause dangerous flash flooding to occur if the rehitedam-effect caused by the ice or logs suddgnhgs way.
Severe thunderstorms may cause flooding duringstinemer or fall, although these are normally loemliand have
more impact on watercourses with smaller drainagasa

A map at the end of this section illustrates thgomaivers and watersheds in the state. All of éhewers are
susceptible to flooding. Although the flood hazardas are spread throughout the state, the highkstones are in
the populated areas of the southern two-thirdé@fLiower Peninsula, including the glacial lake begas along Lake
Erie, Lake St. Clair, and Saginaw Bay. As indidagarlier, the Michigan Department of Environmer@alality
estimates that 6% of Michigan's land area, encosapgsnore than 200,000 buildings, is considereda@to flooding.
Nationwide, annual flood losses amount to sevaeiliabiip dollars per year, along with over 140 fatiglé on average.
The monetary losses continue to rise. Michigaheces this upward trend, with annual flood-relat@images
estimated to be between $60 and $100 million. NG®C tallies shown in the table at the end of #@stion shows
an average of $24 million per year from eventsifiant enough to report on a community level. ¢(andividual
households receive damage in addition to theset®vamd report only to their insurance companies.)

168
Natural Hazards — Hydrological (Riverine Flooding)



It is widely known that controlling floodplain ddepment is the key to reducing flood-related dansagélthough
there are state and local programs to regulate dexelopment or substantial improvements in flooahpr areas,
floodplain development in many communities contBte increase, resulting in corresponding increaseotential
future flood-related damages. The opportunity tiogaie flood hazards rests primarily with locaigonment, since it
controls the regulation or direction of land deyeh®nt. Proper land use management and strict aamf@mt of
building codes can make communities safer fromdlbazards and help reduce the high costs of flosskls.

Urban and Other Flooding

Flooding may not always be directly attributableataiver, stream or lake overflowing its banks. tHea, it may
simply be the combination of excessive rainfall/angnowmelt, saturated ground, and inadequateaiyai With no
place to go, the water will find the lowest elevas — areas that are often not in a floodplainatType of flooding is
becoming increasingly common in Michigan, as dewedent outstrips the ability of the drainage infrasture to
properly carry and disperse the water flow. Flagdalso occurs due to combined storm and sani@mers that
cannot handle the tremendous flow of water thag¢roficcompanies storm events. Typically, the rdsulvater
backing into basements, which damages mechanistdrag and can create serious public health antysafecerns.
Other cases involve the ponding of waters acraadsror in other low-lying areas. These additidypés of flooding
have not been given a separate chapter in this blarinstead have been included in the descriptadrthe Riverine
flood hazards within this section.

"Urban flooding" may involve low-lying areas thatllect runoff waters even though they are not asljto drains or
bodies of water. This risk varies with the topgimg soil types, runoff rates, drainage basin sizeinage channel
sizes, and impervious ground surfaces in each a@#aer kinds of urban flooding stem from flawssbiortcomings in

existing sewer infrastructure. Some flood evenéy mome from undersized or poorly designed sewstesys that
cannot always process the amounts of precipitatiwmhrunoff that affects an area. Other events naag less to do
with system design than with the collective effemtdand use and development trends, illegal dieersf water, or

actions that plug storm drains or otherwise interf@ith system function. In some cases, floodiray mesult from

power failures that temporarily shut down needechpaiand other facilities. (Backup power systems i a vital

flood mitigation strategy in such cases.) Many pamities have been upgrading their drainage systsepsarating
combined sewer systems (in which storm and sangawyer systems share many of the same componants),
enforcing local codes, but they vary in the amafrong-term benefits so far realized from thestioas.

Some forms of flood damage even come from the wesf individual homeowners and must be addressetthat
level. Proper landscaping and downspout placeroantprevent rainwaters from pooling around a stmectind
seeping into a basement. The use of sump pumpsewmdr backflow preventers can prevent a great aletie
damages that are reported each year. Propertyopeve and purchasers should be aware of the plagsitf
flooding in many areas, and should either locagé tomes outside of risk areas, or engineer tleebe tunaffected by
such events. This is an especially important conae areas that are scenic and desirable becdubeio riparian
locations. Some of these individual-level decisiand risks can be difficult to assess, but shbaldiscussed in the
flood analysis section of a plan, to increase pulalwareness and encourage individuals to be pveaetnd
responsible.

Both urban and riverine flooding tend to be a birenof a problem in the southern part of the LoReninsula, due to
the much larger amount of development that existset Most parts of the state do have flood ribksyever. The
upper peninsula often sees an elevated risk ofi flm®ding from dam failures, while the sprawlingveélopments
around the major cities in the southern part ofdtate have often caused water runoff patternssenadrely strain or
overwhelm aging drainage infrastructure downstredhe areas that appear to be significantly lessshtare those
on high ground and in headwater locations—alsorataively high elevation—where waters tend toyrdrain to
lower-lying areas outside of the community, rattien building up into a local flood problem.

In Michigan, there tends to be a major flood eardut every year or two. (A long list of flood et that resulted in
disaster declarations follows in this section.) eBvyear, there are various local flood events twahot rise to the
level of a state or federally declared disasterccaSional deaths and injuries are reported in adimmewith these

events—about one death every two years (not caurdiroreline and Great Lakes deaths, which are edvir a

separate section that follows) and a slightly largenber of injuries. Property damage is extensaveraging at least
60 to 100 million dollars per year from major exgent
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Climate Change Considerations

One of the Michigan trends connected with climat@nge is to experience increasing amounts of ptatgn.
Moreover, this precipitation is considered moreeljkto take the form of acute (and severe) weadvents. As
mentioned in the winter weather sections, a lapgeportion of snow precipitation occurring in sndgvsn events can
cause more extensive snow accumulation which, umadeicky temperature patterns, may add to the dg&rburdens
of the normal melting and rainfall patterns of Hming season. In short, spring flood risks delyi to worsen, as are
ice jam related winter flood risks.

Impact on the Public

Riverine flooding has caused displacement, propdstyage, and impacts on the health of residemsorne cases,
utility providers have had facilities located imddplain areas, and these facilities have beentimetaimpacted by
flooding. Floodwaters can also prevent normal sgte structures and facilities. Flooding is adndzavhose risks are
routinely underestimated by the public, who mayrmdined to attempt to walk or drive through shallwaters, or to
allow their children and pets to play in the wadsrif it were part of a beach or swimming pool.blRueducation is
vital so that there is widespread knowledge of ¢betaminants and germs that floodwaters contaid, aagreater
awareness of the risks that floodwaters pose tedriand pedestrians. Drivers need to know theds@nd bridges
are often weakened and degraded by flood impactktlaat the road they assume is still there unballesv waters
may no longer be intact. Less than a foot of flaywvater can cause travelers to end up in a ditainghole, where
persons may find that it is impossible to escapenfa submerged vehicle under the pressures exeytddwing
water. Those who are tempted to walk through flemiérs should be informed that the waters tendotweal the
presence of open manholes and dangerous debrisasutisty nails and metal, or live electrical witkeat can cause
harmful shocks.

Impact on Public Confidence in State Governance

In cases where any type of flood impact causestivegaffects on structures, utilities, or the dpilio access them,
doubts can arise about the appropriateness ofldimaipg and development mechanisms that may héwee these
flood impacts to occur. Doubts may also arise abfmeiadequacy of the area’s drainage infrastractuhether in the
form of channels/drains at the surface or stormesesystems underneath the ground. Especially costsial are
cases in which sewer systems are perceived todased basement flooding, and when the originagds®f some
sewer systems have had their capacities exceedadd®eof subsequent urban development trends,er aditmoded
designs have caused waters to be contaminatedsestage. Public health issues in these cases garcdmpound
the problems caused by flooding itself, in ways tfaa seem to be attributable to government.

Impact on Responders

“Ordinary” flood waters in known floodplain areasdariparian lands often contain “hidden” hazards thhay not be
evident at first. Roads and bridges are often wwe#f and degraded by flood impacts, and a preyidoshct
roadway area may have been eroded away under angeshallow water surface. Floodwaters tenddoogal the
presence of open manholes, dangerous debris (sualsiy nails and metal), and live electrical witleat can cause
harmful shocks. Responders in a large flood etrerefore deal with numerous hidden hazards asasdlbodwaters
that are often unclean (containing carcasses, garkand filth) and contaminated with chemicalsr(frarea roads,
cars, industrial sites, storage facilities, etc.).

Impact on the Environment

Flooding is generally part of a natural cycle thas many important and beneficial functions for éim@ironment.
Flooding raises the water table in wetlands, maistdiodiversity, and replenishes nutrients badb ithe soil.
Additionally, higher water tables allow fish andtesmplants to recolonize and may also help to cbstome invasive
species. Flooding, however, becomes a problenmanbuilt environment. Drainage systems and cityess can
become overwhelmed, causing raw sewage to back bpsements and onto roadways. Flooding in urbsasacan
also cause increased runoff, which may carry paritgt through storm sewers into rivers and lakebakl runoff can
be toxic, as it may contain garbage, fertilizersand other residues from city streets.

Significant Riverine Floods
Michigan has experienced 12 flood disasters singeé5lwhich resulted in both a Presidential Major d3ter
Declaration and a Governor’s Disaster Declaratagefiing up the full range of federal and state kupental disaster
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assistance). A slightly lower number of additioeaknts have resulted only in a Governor's DisaBieelaration
(activating state supplemental and limited fedeliahster assistance)Combined, these flood disasters have
caused hundreds of millions of dollars in damagddames, businesses, personal property, and agmieult The
following are brief synopses of these and otherhigian flood events in the past few decades, ang dbeinclude
some “urban flood” events in addition to the tramfil riverine floods. Many other damaging floogeets have
occurred at the local level, without qualifying f@rgovernor’s disaster declaration, and some detlaee included in
the following descriptions.

Partial Listing of Significant Flood Eventsin Michigan
March 24-27, 1904 - Central and Southern Lower ldjgh

One of the most disastrous and extensive floods ®veccur in Michigan struck the central and seuthLower Peninsula during March 24-27, 1904. The
flooding was caused by runoff resulting from intemainfall, compounded by heavy snowpack and frez@is. The flooding was most prevalent in ther@ra
Kalamazoo, Saginaw and River Raisin basins, amdiégser extent in the Huron and St. Joseph Ragnb. (The flood peaks from this flood are #ti# highest
associated with spring flooding in the southern EoReninsula since recordkeeping began.) Damagewdespread and severe. In Grand Rapids, thdifigo
caused 14,000 persons to be homeless and damd&@Hmes and 30 businesses. Damage was estiata#@dmillion. In Lansing, the flood was the most
extensive in 135 years of local history. One fatalas reported, and damage was $200,000. In@gy numerous dams were undermined or washed zavaly,
highway and railroad bridges were damaged — foraimglt to railroad traffic. In Kalamazoo, a twequare mile area was inundated, with damages estitrait
$50,000.

April 4-11, 1947 - Central and Eastern Lower Micmg

The flood of April 4-11, 1947 was caused by a caration of snow and rainfall that began in late Nhao€ that year. In early April, two frontal systerdumped
several inches of rain in many localities acrossred and eastern Lower Michigan. The areas pilynaffected by the April, 1947 flood included ti®inton,
Detroit, Grand, Kalamazoo, Saginaw and St. Claire®s, and the River Rouge. The city of Flint wastipularly hard hit, with damage totaling $4 nali.
Damage was also significant in Northville, whemflwaters filled basements and inundated firsré@d numerous residences.

April 24-26 and May 7-12, 1960 - Upper Peninsula

Record floods were widespread in the Upper PerensaolApril 24-26 and May 7-12, 1960. The Aprildtbaffected primarily the Montreal, Black and Presq
Isle River basins in the western Upper Peninsiilae May flood affected the Manistique River basirthie central and eastern Upper Peninsula. Intexistll
contributed to both flood events. Rainfall was 86hes during April 24-26 and 4-6 inches duringyM&12. The size of the area covered by floodireg w
significant, but the damage was not. Because b \&was neither densely populated nor developedd flosses to residences, businesses, and pubtievays
and bridges were limited to $575,000.

December 1972 — Lower Peninsula (Federal Disa8@8 # 9 counties)

A series of severe storms produced a great dgalecfpitation during the Spring thaw season. Tésiiting floods resulted in a federal disasteratation for a
set of counties in the southeastern two-thirdshefltower Peninsula, stretching from losco Countytha northeastern extreme, down to Berrien Coabtthe
southwestern state boundary, with Arenac and Bayn@es in between. Another affected area was thenib” and metropolitan area of Wayne, Monroe, and
Macomb Counties, on the south, and Tuscola an@I8it. Counties, farther north. Every one of thes® counties would soon face another flood disast@ely
four months later, as the Spring season arriveld igtsnow thaws (see below).

April 1973 — Lower Peninsula (Federal Disaster #3714 counties)

A series of severe storms produced a great dgaleafpitation during the Spring thaw season. ®seilting floods resulted in a major disaster detian for 14
counties across much of the Lower Peninsula—froatdoto Berrien, and from Huron County down to Wa@wmunty. Most of the “thumb” and Detroit
Metropolitan regions were heavily affected, as #eesUpper Peninsula county of Menominee. Manyhebé same southeastern and Saginaw Bay area sountie
had been affected by the December 1972 event fest enonths before.

April 1975 — Southern Lower Michigan (Federal Disagt465 — 21 counties)

A series of intense thunderstorms struck southenwelk Michigan in the last two weeks of April 197pawning several tornadoes and causing widespread
flooding over a 21 county area. Total public anglgie damage was nearly $58 million. A PresidgrNajor Disaster Declaration was granted for theaffected
counties.

September 1975 — West Central / Central Lower M@hi(Federal Disaster #486 — 16 counties)

During the last week of August and first week op@enber 1975, intense thunderstorms and severeswgiodnded a 16 county area in west-central andatent
Lower Michigan. Intense rainfall accompanying thestorms caused widespread flooding, resultingdarlg $3 million in public and private damage. A
Presidential Major Disaster Declaration was grafbedhe 16 affected counties.

March 1982 — Berrien and Monroe Counties (Federsh&er #654)

In March 1982 a combination of heavy rainfall andlting snow resulted in a flood disaster in Berr@ard Monroe counties. Damage from that event was
estimated at $12 million. One death was directfitauted to the flood conditions. A Presidenfigdjor Disaster Declaration was granted for the affected
counties.

September 1985 — East Central Michigan (Federaldbes #744 — 6 counties)

A year earlier, on September 5, 1985 severe thetatens struck east central Michigan, resultingaoding in a six county area. As much as 7.45aésobf rain
fell in Genesee County, which was hardest hit. fiéavy rainfall caused flash flooding in many areBamage occurred primarily from overbank floodomg
major rivers and streams. In addition, widespriaolding occurred in residential areas due to ovetbned stormwater drainage systems. Over 2,56@$8€0
were damaged, many roads were washed out and britdgeaged, and extensive agricultural damage @ztuifotal public and private damage was estimated
$63 million. A Presidential Major Disaster Decléma was granted for the six counties.

September 1986 — Central Lower Michigan (FederabBter #774 — 30 counties)

Beginning on September 10, 1986 a slow moving loesgure system moved across the middle of the LBemrinsula. In a 24-hour period, the intense tains
produced rainfall ranging from 8 to 17 inches oamrarea 60 miles wide and 180 miles long. In Bagpis, 19” of rain fell from September 9 to 12.eTtorm
resulted in thousands of people being evacuatedalfieoding. Five people were killed and 89 igdr (Up to ten were Killed, if indirect effecteancluded.)
About 30,000 homes suffered basement and strualarabge and 3,600 miles of roadways were impasaabderesult of the failure of four primary bridgesl
hundreds of secondary road bridges and culverte Heavy rainfall resulted in 11 dam failures aBdthers that threatened with failure. Over $30llian in
damage resulted from the flood. This was the wlcgtd in Michigan in 50 years. Thirty (30) courgtievere included in the Presidential Major Disaster
Declaration granted for this flood.
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June 1989 — Branch, St. Joseph, and Kalamazoo iésunt

Heavy rainfall from May 31 to June 4, 1989 causédiapread flooding in Branch, St. Joseph and Katama&ounties. Over 400 homes incurred flood damage
and many local roads washed out. (The storms @dssed significant wind damage in some areas,cplatly in the village of Manchester in Washtenaw
County.) A Governor's Disaster Declaration wasged to provide assistance to the counties. IlitiaddSBA low-interest disaster loans were madailable to
home and business owners in the affected coumtieslp repair flood and wind-related damages.

July 1992 — Gogebic County

On July 2 and 3, 1992 severe storms struck Godebimty, dumping over six inches of rain in a 24+hperiod. The stormwater runoff caused creeksraveds

to overflow, causing severe damage to the roaesyshroughout the county. Culverts were washedroatls washed away, bridges were clogged withislebr
and numerous residents were stranded becausedhkelyrmot use the road systems. Several road weshare particularly severe — as much as 16-20deep.
The conditions were determined to be a seriousitheelife safety and essential services. A GowesrDisaster Declaration was granted to providassance to
the county in repairing the road washouts and icigatebris.

April 1993 — Shiawassee County

Flash flooding caused by heavy rains occurred ishRand Hazelton Townships in Shiawassee Countymii 21, 1993. The flooding caused widespread and
severe washouts and structural damage to roadbradgks, greatly hampering the ability of emergeneficles to provide timely emergency response aoyn
parts of the county. As a result, the Governonggd a Disaster Declaration to the county to presdpplemental state assistance in repairing theaga and
opening up the roads.

July 1994 — Lapeer, Sanilac, and Tuscola Counties

Heavy rains caused flash flooding in the countiekapeer, Sanilac and Tuscola on July 7-8, 1994e flooding was widespread and caused severe daimage
roads, drainage systems, and several homes. 8a@ioanty also suffered some storm-related damagetoba lesser extent than the other three counfiesal
public damage in Lapeer, Sanilac and Tuscola cesiréxceeded $1 million. Ninety-three homes incliseme level of damage. A Governor’s Disaster
Declaration was granted on July 8, 1994 to prosgigeplemental state assistance in the recovery.

April 1996 — Western/Southern Upper Peninsula

The melting of a heavy snow pack combined with diining the second half of April and caused mamngashs and rivers to flood—especially in Menominee,
Iron, and Delta Counties. The flooding inundatad washed out several roads and bridges, floodet iyerds and basements, and caused nearly $2 miflio
public damages. Up to 24 roads were closed dffeaheight of the flood event.

May 1996 — Berrien County

On May 10, 1996 heavy rain in southern Berrien @puaused widespread flash flooding that damageaiyn@00 miles of roadway (20 miles incurred severe
damage) and numerous culverts, caused bridge wishollapsed basements, and undermined a raifraekl In addition, a dam in danger of overflowimad to

be systematically drained by the Michigan DepartmenEnvironmental Quality and the U.S. Army CompsEngineers. Public damage was estimated at
$250,000. A Governor’s Disaster Declaration wasggd on May 22, 1996 to provide supplemental stedestance with the road, bridge, culvert and dgpairs.

In addition, SBA low-interest disaster loans wergde available to home and business owners tharsdffininsured damage from the flooding.

June 1996 — Thumb Area (Federal Disaster #1128culiiities)

From June 21-23, 1996, intense thunderstorms pioglineavy rainfall caused widespread and seveogliihg in east central Michigan (the Thumb areadm&
areas received over five inches of rain in a faufite hour period, which quickly outstripped thailsy of the public drainage and sewer systembdadle the
massive amounts of water runoff. The result wadespread flash flooding that caused numerous mddadge washouts, culvert failures, damage tindge
channels, and damage to over 2,700 homes and 4@ebsiss. These storms also spawned a tornadstthek the city of Frankenmuth in Saginaw County,
destroying six homes and one business, and damagother 108 homes and nine businesses. Theptdiit and private damage exceeded $25 million,trabs
which was flood-related. A Presidential Major Bita Declaration was granted for the seven coumist heavily impacted by the storms and flooding.

June 1997 — West Michigan

On June 20-21, 1997 a series of intense thunderstpassed through West Michigan, spawning heanfatathat flooded many areas in Allegan, Ottawarr,

and Van Buren counties. Flood and wind damagepasascularly severe in Allegan County, which redrfour injuries, five homes destroyed and 234 dpda
and 37 businesses damaged. Damage to publictiegilfoads and bridges, and culverts and draichgenels totaled nearly $1.5 million. Ottawa Cgunt
officials reported damage to 111 homes and fivenesses, in addition to nearly $700,000 in pubkenedges. On June 27, 1997, a Governor's Disaster
Declaration was granted to Allegan and Ottawa deartb provide supplemental state assistance éoptiblic damage. The SBA provided low-interesastier
loans to those home and business owners that adfgrinsured damage from the flooding or wind.

July 1997 — Southeastern Michigan (Federal Disasit@B1 — 6 counties)

On July 2, 1997 a series of intense thunderstortmgks central and southeast Michigan, causing extenwind damage. A Presidential Major Disaster
Declaration was granted for five counties, prinyafdr the wind-related damage. However, the heauyfall produced by these storms caused flooding/ayne
and Macomb counties. Flood-related damage to tidiqpwater and sewer systems in those two coumdided nearly $300,000. It should be noted these
flooding problems occurred at the same time thedmumties were also faced with flooding problensoamted with high water levels on the Great Lakes.

February 1998 — Southeast Michigan

Heavy rain, averaging almost 3 inches across macgtibns, caused flooding to occur in Wayne and fderCounties. (Three inches of rain is more than
Detroit’s average for the entire month of Februar§he hardest-hit locations were in eastern Mor@oenty, where lakeshore flooding exacerbated tha's
water runoff problems. East winds gusted to ah laig 45mph, causing the Lake Erie water levelde 8.5 feet above normal at Luna Pier and floodiagy
roads along the lakeshore. This event was topgesixefoot waves during the night of February"17The high water and pounding surf destroyed tvivage
docks and prevented effective runoff further inlarideports of basement and road flooding cameam fall over Monroe County. Urban flooding was also
significant in parts of Wayne County—hundreds o$draents and many streets were flooded in citiesndr®etroit (especially Taylor, Dearborn Heights,
Westland, and Grosse lle), and a state of emergeasydeclared for much of the county. High watéfly closed the Southfield Freeway just northrdgrstate

94 (in Dearborn). In Macomb County, the commugitié Warren, St. Clair Shores, and Clinton Townsdigp experienced urban and lowland flooding. [Tota
damage exceeded $1 million.

April 1998 — Alpena County

Rapid snowmelt, combined with intense rainfall thagan on March 30, 1998 and continued throughl priesulted in severe flooding in the northeastipn of
Alpena County. The flooding forced residents off@&@nes in one subdivision in the city of Alpensb®evacuated. A total of 221 homes and five bsse®
were damaged by the floodwaters. Public damaggetbtover $700,000. A Governor's Emergency Detilamawas granted to provide supplemental state
assistance to the county. In addition, a SmalliBass Administration (SBA) Declaration was alsongea that provided low-interest disaster loanshtiome
and business owners impacted by the flooding.

September 2000 — Wayne and Oakland Counties (Hedisester #1346)

A Presidential Major Disaster Declaration was gednto Wayne and Oakland Counties for urban floodind sewer backups caused by intense rainfall on
September 10 and 11, 2000. Although much damagettee form of basement flooding, which is not tiipe of flooding that is normally easy to see and
broadcast through the mass media, this was orfeedatgest Michigan disasters ever to occur, im$eof the sheer amounts of documented damagesrteshin
Detroit and its surrounding cities. More detaés de found in the report included as a part oMighigan Hazard Mitigation Plan, in Attachment Fhe event
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was denoted as federal disaster number 1346, aradchanitigation funds made available to Michiganaasult of this disaster were instrumental iowihg
local hazard mitigation plans to be developed istaoeas of the state.

February 2001 — Genesee County

Heavy rainfall and melting snow in parts of Southeower Michigan on February 9-10, 2001 causeddiog in many areas, but particularly in GeneseenBou

The worst flooding occurred in the southern halGehesee County, where damage to roads, drainsthedpublic facilities was extensive. Two majomping
stations were damaged by the flooding, resultingstimated repair costs in excess of $7 millioep&r and floodfighting costs for the County Dr&@ammission
totaled nearly $600,000, and the County Road Cosiamisincurred an additional $1.8 million in flooelated damages and costs. The flooding also caused
damage to dozens of homes and forced the evacuati@n 200-resident mobile home park. A Governddisaster Declaration was granted to provide
supplemental state assistance to the county fdicpfialgility damages and costs. In addition, a $iBasiness Administration (SBA) Declaration wasapranted

that provided low-interest disaster loans to thed@wners impacted by the flooding. (In additiorite damage in Genesee County, this flood eventadused
damage to several hundred homes in Lansing andtémed to overtop the Shiawassee town Dam in Sk&eaCounty and the Peninsular Paper Dam in
Ypsilanti. Fortunately, local and state officialsre able to take steps to stabilize both damsnatigate the threat of collapse.)

February 10-13, 2001 — Monroe County

Although Monroe County flood damage estimates Vi@rey low (mostly from flooded basements) durimistevent involving the cresting of the River Rajghe
incident is noteworthy because it was fatal toghyeung persons who drowned when their pickupktattempted to cross a flooded road (near the &&liver)
and ended up in a ditch filled with 10 feet of waté fourth person in the truck was the only obéedo escape, by squeezing out of a rear passemygow and
swimming to safety.

April 2002 — Western Upper Peninsula (Federal Desatl413 — 6 counties)

In 2002, record-setting snowfall in February anddfiaset the stage for flooding in April. Duringlffeary and March of 2002, the north-central andt@rasparts

of Upper Michigan received over 100 inches of sradwfThe snow pack held over 11 inches of wafBne snow quickly melted during a six day period fiAp
11-17), releasing all that water into creeks, stgarivers and lakes. To heighten the situatimer &wo inches of rainfall occurred between Api@-12 over
much of Upper Michigan, and record high temperatunethe 70s and 80s were recorded on the 15thlétid During those two days, a dramatic snow melt
occurred with nearly two feet of snow melting awalo complicate matters further, moderate rainrduthe morning of the 18th and severe thunderstanrtise
afternoon and evening dumped up to an additionaliricites of water over an already saturated andléddUpper Peninsula. Following the rain and warm
temperatures, streams and rivers began to ris@eerflow. Many local and county roads were clogeé to high water and several dams were in jeopaidy
failing. Localized flooding of low-lying areas w@ommon across the western and central Upper f#dainMajor flooding on rivers and lakes occurireeight
Upper Michigan counties. Approximately 160 homed husinesses were affected by the rising watélajor highways US-2, M-28, and M-64 were closed and
25 local and county roads were also closed duégto Wwater. The Black, Montreal and Ontonagon Rival went above flood stage. A partial failafethe
Presque Isle Wildlife Dam occurred on the PresgleeRiver. Heavy rains and rapid melting of theveipack contributed to the collapse of a 10 feetevgiection

of the earthen portion of the dam. The total afshe flooding was estimated at $18.5 million. PAesidential Major Disaster Declaration was grarttedix
counties in the Upper Peninsula.

May 2003 — Marquette County

When the Mother's Day storm runoff from the Huroouvitains overwhelmed a dike holding back Silverd.ék northwest Marquette County, a wave of water
inundated the Dead River basin all the way to Lakperior in Marquette. A number of roads and ketdgere washed out by the flood waters. An evamuat
order was issued for about 1,800 people. The Beetsle Power Plant at the Upper Harbor in Margueias flooded and shut down for a number of days,
resulting in shortages of electricity across westard central Upper Michigan. A Governor's EmemyeDeclaration was issued for Marquette County.

May-June 2004 — Southern Lower Michigan (FederabBlier #1527 — 23 counties)

In May 2004, a stationary front over lowa, Wisconsind Michigan brought severe thunderstorms ardyheains, which caused widespread flooding over
Southern Lower Michigan. Much of the rainfall ocmd in saturated areas that had experienced Wwelleaaverage precipitation for the month of Mawea 36
hour period (12 am May 22nd to 8 am May 23rd), B taches of rain fell across Southeast Michig&ackyards were submerged under several feet ofrwate
About 100 homes in Macomb County had damage ofte®ifi0,000 each. Road and bridge damage was exbiectost $10 million to repair. Total rainfalley

the Grand River basin from May 20th through Jurte\@rried from four to as much as seven inchesvadt the biggest and longest duration flooding ewrettie
past ten to twenty years across southwestern arttl sentral Lower Michigan. It was the wettest Mayrecord in Lansing and Muskegon and the thirttese
May on record in Grand Rapids. A Presidentiald&@isaster Declaration was granted to 23 couimi¢ise southern Lower Peninsula.

June 2008 — Lower Peninsula (Federal Disaster #1717 counties)

Beginning on June 6, severe weather impacted twabuaties and two major population centers in thathavest and central Lower Peninsula. The National
Weather Service reported two flash floods that eded the “100-year” threshold, confirmed three Effftadoes, and also noted severe thunderstormsnivitts
exceeding 100 mph. Rainfall totals were estimdtetdveen 7 and 12 inches, exceeding the “100-yeanfall values of 3.5 inches in less than 6 houftash
flooding washed out roads, flooded crops, and @husederate flooding of rivers and streams. A lasgeere thunderstorm squall line affected Southwest
Michigan on June 8, with four counties experiencimigds of 75 to 100 mph. Disaster declarationsewequested and received in July, for 11 full crasnt
Some of the worst damages were noted in Mason @d@8tmillion in property damage and $% milliondrop damage), Lake County ($2 million in property
damage and $% million in crop damage), Osceola §q$i million in property damage and $% milliondrop damage), Manistee County (nearly $1 million i
property damage), and Wexford County (about $¥ianilin property damage).

September 2008 — Southern Lower Peninsula

Excessive rainfall which started on Septembdt re3ulted in extensive flooding over many daysofeihg. Many roads in the city of Kalamazoo wereseld for
several days, and damage to public infrastructomastly roads and bridges) was estimated at $1Jiomill At Augusta, the total rainfall was reportesi 0.5
inches. A state of emergency was declared in Katamm County—466 homes in the City of Kalamazoo Wieraded, along with ten businesses. Surrounding
counties were less extensively damaged, with Be@ieunty suffering about $750,000 in damage, anadrfilion estimated for each of the counties of Btseph,
Cass, and Oakland, and lesser amounts for theieswitSt. Clair, Lapeer, Saginaw, Washtenaw, Waliwngston, and Macomb.

June 2009 — Southwest Michigan (Ottawa and Alle€gannties)

After thunderstorms with heavy rainfall moved iorfr Lake Michigan, already saturated ground restfieitboding that damaged numerous homes and sfreet
estimated at more than 2,000 homes damaged in s@ayeand 57 damaged or washed-out roads. A Itatd sf emergency was declared in Ottawa County,
where total damages were estimated at $34 milllomeighboring Allegan County, about $4 milliondamage was estimated.

May 2012 — Heavy Rains and Flash Flood (Genese&hiavassee Counties)

Half a foot of rain fell on the Flint area duringay14, causing cars to be stranded on roadwaysuatian of some residents by boat, numerous roaatsdgiwn
(including sections of Interstates 75 and 69), somie bridges to be washed out. In Genesee Cquujyerty damage totaled $7.1 million and the Cftpwartz
Creek and Township of Flint were particularly haid- An apartment building, near Hill Road in GdaBlanc Township, saw $1.7 million in damage and tea

be evacuated as electric power was taken out archi20were nearly submerged. In neighboring Shisaea County, about $1.1 million in property damage
occurred.

April-May 2013 — Western Lower and Upper Peninsfederal Disaster #4121 — 16 counties)
Record flooding occurred during the month of Apmilpst directly caused by an accumulation of heavysrand resulting in disaster declarations for enaus
counties across the western portions of the sfates the cities of Grand Rapids and lonia, whictreMeoth specifically named in the Governor’s disast
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declaration). Hundreds of homes were flooded, ntioae@ 300 roads were closed, and the preliminamyagge assessments totaled more than 32 millionrdolla
The flooding was exacerbated by the melting ofifitant snowpack—especially in the Western and @dpper Peninsula. According to the NCDC webisite
2014, the following damage amounts were sustainedaeh of the following counties: $5 million in Alan, $5 million in Barry, $5 million in Calhoun3 $
million in Clare, $5 million in Clinton, $3 milliorin Eaton, $1 million in Gogebic, $3 million in Giwat, $2.9 million in Houghton, $5 million in Ingha $7
million in lonia, $3 million in Isabella, $3 millimin Jackson, $5 million in Kalamazoo, $3 millienliake, $625,000 in Marquette, $3 million in Mas$8&,million

in Mecosta, $1.4 million in Midland, $3 million iMontcalm, $5 million in Muskegon, $5 million in Newygo, $3 million in Oceana, $550,000 in Ontonag,
million in Osceola, $5 million in Ottawa, $1.3 nwlh in Saginaw, and $3 million in Van Buren.

It is important to remember that the majority oferine floods in Michigan do not result in a Gowara or
Presidential Disaster Declaration. An example thiasflooding that occurred due to an ice jam onGinend River in
Robinson Township, Ottawa County, beginning on Baty 24, 1994 and continuing until the ice jam lerdiee on
March 5. During that 10-day period, floodwatersndged 45 homes and three businesses and causexhthmtion
of 125 people from their homes until the waterseded. Sections of three county roads and a cqoanty also
sustained damage. The County formally request&ibwernor’s Disaster Declaration, but unfortunatiigre was
little that could be done in the way of state dasise to help in the response and recovery toghdicular event.
However, the Governor did request, and receiveSBA Disaster Declaration which made available |loteiest
disaster loans to those home and business owradrsutiered uninsured losses in the flood.

This same area was affected by another ice jararinaly 2005, causing the evacuation of about 50ekofihe area
remained flooded for several days, as a prolongéd spell slowed the flood water's retreat. Thmoding, which
occurred about 20 miles west of Grand Rapids, t#tebomes in two Robinson Township neighborhoo#isleast
one road was covered by three feet of water. T usually runs about 10 feet in the area dutivad time of the
year, but during the morning of the flood the wdésel had risen to 17.6 feet, which is 4.3 feaivabflood stage. A
state of emergency was declared in the townshipndovernor’s or Presidential declaration waseasls However,
the county did qualify again for the Small Businégiministration’s low interest disaster loans. Dioerepeated
flooding, the township is using Pre-Disaster Mitiga Program (PDMP) money to purchase up to 4@&&iras and 20
vacant parcels along the floodplain of the Gran¢eRi

A similar example occurred on September 22-23, 20@Benesee County, when heavy rainfall causeddbding of
Thread Creek and inundated the city of Grand BRstdrm and sanitary sewer systems as well as €em@sunty’s
secondary sewer system. The flooding damagedyn&@rlhomes and businesses. The Governor requestdd,
received, an SBA Disaster Declaration for this évaraking low-interest disaster loans availablaffected residents
in Genesee County and the contiguous counties éddra Livingston, Oakland, Saginaw, ShiawasseeTasdola.

More recently, $11 million in flood damages werdiraated from a September 2008 event around Comgsiack
Kalamazoo County. An additional $5.25 million iodd damages were estimated in various statewidgidms from
the same September 2008 weather event. Part ofighey rain was due to the remnants of Hurricane lke
December of 2008, about $3.6 million in flood daesmgccurred in Ottawa County. These events rekiriteounty
emergency declarations. In March 2009, about $8omiin flood damages occurred along the RiverdRgiin
Monroe County. In June 2009, about $34 milliofildod damages occurred to some 2,000 homes in @tGounty,
and $4 million in flood damages occurred in neigiMmp Allegan County. Both counties declared lostdtes of
emergency. August 2009, flooding took place ingbetheastern part of Lapeer County, resultingowmua $3 million
in damage and the closure of M-53 for about 10 ddye to the highway being washed out. In Aug@st02 Mt.
Pleasant experienced significant flooding and at#utmillion in damages, including the partial flaogl of the
Central Michigan Community Hospital.

It is estimated that flood damages in Michigan agerat least $60 million to $100 million per ye@mly a fraction of
those costs are covered under the flood insuraalieigs of the National Flood Insurance Programe¢a$l million
per year), and most of the rest seems to be alboriteof-pocket by individuals and communities. efidare still no
known sources of comprehensive flood information Nichigan. The NCDC database lists about $330ianilin
Michigan flood damages between 1993 and 2010 (arage of nearly $19 million per year), but it isokm (from
local planning efforts, project applications, anccMgan disaster declarations) that there are atgnany local events
that are not reported in that database. This ptntherefore focused upon disaster-level floodchtsveMuch more
study is needed to build a comprehensive undersigrad all vulnerable areas within Michigan. Ewvie extensive
flood mapping efforts do not cover all the posilei that could arise from blocked drains, ice gafow-lying areas,
and infrastructure failures.
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Programs and I nitiatives

USGS Water Watch
This web-based service provides real-time monitgpghstream gauge stations across the state. $atbn can also
be clicked on to obtain historical and statistigslords. The web addresitp://waterwatch.usgs.gov/new/

The USGS "Water Alert” program

This service started in August of 2010 and is mlpli available, with a website located at
http://water.usgs.gov/wateralertThe program enables users to elect to recekteniessages and/or e-mails for any
USGS stream gauge stations, when certain flow aatérvquality conditions are observed. This progggras a bit
beyond the services provided by the National Wesasegvice by allowing the user to set his or henaniteria for
notification. This is useful for alerting usersoab the onset of a flood, or about a pre-flood sttat can allow
advance actions to be taken to prepare and respibradiso offers some users the capacity to mafereénces about
stream locations beyond those in the existinglitfficial NWS flood forecast locations.

National Weather Service Doppler Radar

The National Weather Service has completed a nmajmternization program designed to improve the gualnd

reliability of weather forecasting. The keystorfethos improvement is Doppler Weather Surveillaftadar, which
can more easily detect severe weather eventshitegttén life and property — including weather es¢hat can lead to
riverine flooding. Most important, the lead-timadaspecificity of warnings for severe weather hawproved

significantly.

National Weather Service Watches/Warnings

The National Weather Service issues flood watcmesfibood warnings when conditions are right forofiing. A
flood watch indicates meteorological conditions emeducive to flooding. People in the watch aneni@astructed to
stay tuned to local radio or television stations fipdates on flooding and weather conditions. Wheoding is
imminent, a flood warning is issued. The warninigj identify the anticipated time, level and dumatiof flooding.
Persons in areas that will be flooded are instdudte take appropriate protective actions, up to arafuding
evacuation of family members and removal or elevatif valuable personal property.

The State and local government agencies are waradtle Law Enforcement Information Network (LEINNational

Oceanic and Atmospheric Administration (NOAA) weathadio, and the Emergency Managers Weather Irthom

Network (EMWIN). Public warning is provided thrdughe Emergency Alert System (EAS). The Nationalaitder
Service stations in Michigan transmit informatiomedtly to radio and television stations, whichturn pass the
warning on to the public. The National Weathervider also provides detailed warning informationtbe Internet,
through the Interactive Weather Information Netw@IN).

Severe Weather Awareness Week

Each spring, the Emergency Management and Hom&aundrity Division, Michigan Department of StateiPe| in
conjunction with the Michigan Committee for Seviéveather Awareness, sponsors Severe Weather Awarévhssk.
This annual public information campaign focuses severe weather hazards such as tornadoes, thwordesst
lightning, hail, high winds, and flooding. Inforti@nal materials on flooding and the other seveeatwer hazards are
disseminated to schools, hospitals, nursing howtb®gr interested community groups and facilitias] ¢he general
public.

Map Modernization Program

The Federal Emergency Management Agency (FEMA)oigtisuing its program to update the nation's fldaip
maps. This program is commonly referred to as Mimg. The MDEQ is collaborating with FEMA in thigfert
through the Cooperating Technical Partners (CTByfam. The MDEQ is playing an integral role in thapping
program by performing studies, reviewing studiesppred by others, and overseeing the mapping éffdtichigan.
More information about the Map Modernization effisraat http://www.fema.gov/plan/prevent/fhm/mm_maimm.

Once FEMA has completed its production of new digftood insurance rate maps for a county, the canities
within the county will need to consider formal atdop of the new maps to either become eligibleoia jhe NFIP or
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to maintain participation. The MDEQ has developeddel documents for communities to use for the &adopt
process. Those documents and further discussioleaewed and accessed on the NFIP Map Moderaizdfiap

Adoption page. Digital maps can be acquired ougedt at FEMA's online Map Service Center.
http://www.msc.fema.gov/webapp/wcs/stores/servéatid®WelcomeView?storeld=10001&catalogld=10001&larglduserType=G

Michigan Flood Hazard Requlatory Authorities:

Land Division Act, 1996 PA 591, as amended by 1997 PA 87 — The Land Division Act governs the subdivisionaid
in Michigan. The Act requires review at local, obuand state levels to ensure that the land beifglivided is
suitable for development. From a flood-hazard yieint, a proposed subdivision is reviewed for pragrainage by
the County Drain Commissioner, and for floodplanpacts by the MDEQ, Water Resources Division.

Provisions of the Act and its Administrative Rutegjuire that the floodplain limits be defined amdgeribe minimum
standards for new residential developments in anetén or affected by a floodplain. Restrictiveatl covenants,
filed with the final plat, stipulate that any buid used or capable of being used for residenti@p@ses in areas
within or affected by a floodplain shall meet tlldwing conditions:

* Be located on a lot having a buildable site of 8,8Quare feet of area with its natural elevationvabthe
floodplain limit. (Lots with less than 3,000 sqedeet of buildable area above the floodplain meyfiled to
achieve that area.)

» Be served by streets within the proposed subdivitiat have surfaces no lower than one foot betmietevation
defining the floodplain limits.

» Have lower floors, excluding engineered basemehtd, are not lower than the elevation defining ftbedplain
limits. (The Michigan Building Code requires tlmvest floor to be at least one foot above the 1#wahchance
flood elevation level, and this requirement inclsidegular basements.)

» Have openings into the basement that are not Itveer the elevation defining the floodplain limits.

» Have basement walls and floors that are below kxeason defining the floodplain limits made watght and
designed to withstand hydrostatic pressures.

* Be equipped with a positive means of preventingkbpdrom sewer lines and drains serving the bugdin

» Be properly anchored to prevent flotation.

Floodplain Regulatory Authority, found in Water Resources, Part 31 of the Natural Resources and Environmental Act,
1994 PA 451, as amended — The floodplain regulatory portion of Act 451 wgfes residential occupation of high-risk
flood hazard areas and ensures that other usestdibstruct flood flows. A permit is required fraime MDEQ for
any occupation or alteration of the 100-year fldatlp In general, construction and fill may be rpgéted in the
portions of the floodplain that are not floodwayioyided local ordinances and building standards rawed.
(Floodways are the channel of a river or stream thnde portions of the floodplain adjoining the el that are
reasonably required to carry and discharge a 1@0fyeod. These are areas of moving water duriogds.) New
residential construction is specifically prohibitedthe floodway. Non-residential construction niay permitted in
the floodway, although a hydraulic analysis mayréguired to demonstrate that the proposed coniiruetill not
harmfully affect the stage-discharge charactedsticthe watercourse.

The Act does not apply to watersheds that havaiaatye area of less than two square miles. (Teiosd watersheds
are considered to be local drainage systems, amdtdfall under the Floodplain Regulatory Authorjty

Soil Erosion and Sedimentation Control, Part 91 of the Natural Resources and Environmental Protection Act, 1994 PA
451, as amended — This portion of the Act seeks to control soibsgon and protect the waters of the state from
sedimentation. A permit is required for all easttanges that disturb one or more acres of landielisas those earth
changes that are within 500 feet of a lake or stredhe Act itself does not address flood hazgrdsse. However, if
sedimentation is not controlled, it can clog streamlock culverts, and result in continual floodiagd drain
maintenance problems.

Inland Lakes and Streams, Part 301 of the Natural Resources and Environmental Protection Act, 1994 PA 451, as
amended — This portion of the Act regulates all constranti excavation, and commercial marina operationshen
State’s inland waters. It ensures that propostdrecdo not adversely affect inland lakes, streaoenecting waters
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and the uses of all such waters. Structures aailpted that interfere with the navigation anddatural flow of an
inland lake or stream. Though reduction of flogdia not a specific goal of this Act, minimizingstgctions on a
stream can help to reduce flooding conditions.

Wetlands Protection, Part 303 of the Natural Resources and Environmental Protection Act, 1994 PA 451, as amended
— This portion of the Act requires a permit frone tBepartment of Environmental Quality for any diedg filling,
draining or alteration of a wetland. This permigtiprocess helps preserve, manage, and protecndgstiand the
public functions they provide — including flood asirm water runoff control. The hydrologic abgamp and storage
capacity of wetlands allows them to serve as nbfloadwater and sedimentation storage areas. Adteecognizes
that the elimination of wetland areas can resulinoreased downstream flood discharges and anasera flood
damage. Permits for wetland alterations are g#penat issued unless there is no feasible altéreatnd the
applicant can demonstrate that the proposal wootithave a detrimental impact upon the wetland’sfions.

Natural Rivers Program, Part 305 of the Natural Resources and Environmental Protection Act, 1994 PA 451, as
amended — The Natural Rivers Act was originally passed @70, and has been incorporated as Part 305 dfaheal
Resources and Environmental Protection Act. Thpgse of this program is to establish and maingasystem of
outstanding rivers in Michigan, and to preservetqnt, and enhance their multi-faceted values.oddin the natural
rivers designation process, a Natural River Distd@stablished (typically 400 feet either siddtaf riverbank) and a
zoning ordinance is adopted. Within the NaturaleRiDistrict, permits are required for building stmuction, land
alteration, platting of lots, cutting of vegetaticand bridge construction. Not all of the zoninglioances on the
natural rivers have the same requirements, but #ikeyhave building setback and vegetative stripumegnents.
Although the purpose is not specifically to reddtmod losses, by requiring building setbacks (innpnacases
prohibiting construction in the 100-year floodphaifiood hazard mitigation benefits can be realized

Dam Safety, Part 315 of the Natural Resources and Environmental Protection Act, 1994 PA 451, as amended — The

Dam Safety Unit within the Land and Water Manageni@mision of MDEQ has the primary responsibility €énsure
dam safety within the state. Following the Septemi986 flood in central Lower Michigan (see thesdription in

the Significant Riverine Floods section), the cotrBam Safety Act was passed to ensure that daebult and

maintained with necessary engineering and inspefior safety of the public and the environmenhe Department
of Environmental Quality is required to review apgtions involving construction, reconstruction,laegement,
alteration, abandonment and removal for dams thpbund more than five acres of water and haveghhef six feet
or more.

Refer to the Dam Failures section for more infoforabn this regulatory authority and hazard.

Manufactured Housing Commission Act, 1987 PA 96, as amended — The Michigan Manufactured Housing
Commission Act and its implementing AdministratiRelles provide regulation on the placement of mastufad
homes, and establish construction criteria. Mastufed homes are prohibited from being placed withfloodway,
as determined by the Department of Environmentali@u In addition, manufactured homes sited withifloodplain
must install an approved anchoring system to pitetren home from being moved from the site by floathvs (or
high winds), and be elevated above the 100 yeadfidevation.

Local River Management Act, 1964 PA 253 — Enacted in 1964, the Local River Management gxolides for the
coordination of planning between local units of gamment in order to carry out a coordinated watanagement
program. Implementation of the water managemewognam occurs through the establishment of watersbadcils.
These councils conduct studies on watershed prahlemiter quality, and the types of land uses ooaymvithin the
watershed. Watershed councils have the authooitgldvelop River Management Districts for the puepad
acquisition, construction, operation, and financiw@ter storage and other river control facilitiec@ssary for river
management. The provision to allow the acquisigbland adjacent to the river, for the purposenaihagement, aids
in regulating the development of land prone todiog.

State Flood Hazard Mitigation Plan

Michigan’s governors have long recognized the reedlood mitigation activities. Executive ordeasd directives
have been issued to create a State Flood Hazaighhitih Plan. This responsibility has been shémethe Michigan
Department of Environmental Quality, the Michigaat8 Police, and other governmental departmentsyondination
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with the MHMCC (now the MCCERCC). Thus, those pait the Michigan Hazard Mitigation Plan that desdth
flooding have also served the function of providilg most recently updated detail for the Stateodrlblazard
Mitigation Plan, which (starting in 1977) mandatégl the consideration of flood risks in the constian of buildings
and roads, (2) the identification and mitigatiorflobding at such facilities, where practical amtomically feasible,
(3) the attachment of appropriate restrictions ujmod prone lands that may be sold or given to-siate entities, and
(4) the inclusion of flood hazard considerationsaliystate agencies involved in land use plannictgrigies. Details
regarding flood regulations, land use developméotts, coordination, and educational activitiepegr in this plan,
including its list of hazard mitigation strategies.

Floodplain Service Program

The need to identify a flood hazard area beforestrontion is essential to the goal of flood mitigat The MDEQ
regularly provides floodplain information to publéad private interests as part of its Floodplainvi8e Program
under the Water Resources Division. The goal ef phogram is to provide 100-year floodplain infotima to
interested parties so that informed purchase celdpment decisions can be made. In addition teigirng floodplain
information, the MDEQ will provide information omard and water “interface” permit requirements anduilding
requirements relating to construction in flood hdzareas.

National Flood Insurance Program

For many years, the strategy for reducing flood a@ges followed a structural approach of building sland levees
and making channel modifications. However, thisrapch did not slow the rising cost of flood damaay®d did not
provide an affordable opportunity for individuats purchase insurance to protect themselves froodfitamage. It
became apparent that a different approach was deede

The National Flood Insurance Program (NFIP) waditined in 1968 to make flood insurance availakhe i
communities that have agreed to regulate futuredfitain development. As a participant in the NFIR;ommunity
must adopt regulations that: 1) require any newdessial construction within the 100-year floodplab have the
lowest floor, including the basement, elevated abitne 100-year flood elevation; 2) require noneestial structures
to be elevated or dry floodproofed (the floodprogfimust be certified by a registered professiomajireeer or
architect); and 3) require anchoring of manufactdremes in floodprone areas. The community msst @aintain a
record of all lowest floor elevations or the elémas to which buildings in flood hazard areas hiaeen floodproofed.
In return for adopting floodplain management retjoies, the federal government makes flood insuraveglable to
the citizens of the community. In 1973, the NFIBswamended to mandate the purchase of flood insyras a
condition of any loan that is federally regulatsdpervised or insured, for construction activitigghin the 100-year
floodplain.

As of December 2010, there were 25,555 active fiosdrance policies in Michigan. Officials from K& and the
MDEQ estimate that only 15% of all flood-prone stures in Michigan eligible to purchase flood iresure actually
have flood insurance. Furthermore, since only ad@% of the communities in Michigan participatetie NFIP,
there are thousands of structures that are floodpdout are not eligible to purchase flood insuean@here were 867
participating communities as of December 22, 2040 another 108 communities that were mapped but no
participating—probably since the mapping was rdgar@mpleted under FEMA’s Map Modernization program

The following table provides listings of the 10 atigs in Michigan which have the highest numbeiiadd insurance
policies in effect. The list is one indicator betareas in Michigan that have the greatest paldnti flood damage:
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Top 10 Michigan Counties — Number of Flood Insurane Policies

County Number of Policies |
Wayne 3,975
Macomb 3,404
Monroe 2,452
St. Clair 2,085
Saginaw 1,828
Bay 1,368
Oakland 1,318
Ingham 957
Kent 721
Washtenaw 689

As of 12/31/2010; Source: Michigan Department ofiEonmental Quality

The top counties include the most urbanized arédkeostate. The top counties are also locatedgatbe eastern
shoreline of Michigan, along Lake Huron, Lake Etiake St. Clair, and/or a connecting waterway saglthe Detroit
River or the St. Clair River.

The following table presents a slightly differeanking, in terms of the total amount of coverage,qounty:

Top 10 Michigan Counties — Flood Insurance Coverage

County Coverage
(Thousand of Dollars)
Macomb 618,133
Wayne 586,507
Monroe 375,047
St. Clair 354,144
Oakland 286,764
Saginaw 201,381
Bay 189,667
Ingham 165,476
Kent 141,864
Washtenaw 129,390

As of 12/17/2010; Source: Michigan Department ofiEanmental Quality

Since 1978, about $45.1 million in claims have beaid due to flooding in Michigan. It should benembered that
officially claimed flood losses are only a smallgentage of the total losses that are occurringifilood events. The
flood insurance losses provide a good indicatiowloére flooding problems currently exist, but tlteynot provide a
good estimate of the total losses that are actoaltyrring. The following table lists the top telichigan counties in
terms of highest amounts of flood insurance clgaisl.

Top 10 Michigan Counties — Flood Insurance Claims &d

County Claims Paid
(thousands of dollars
Monroe 5,699
Wayne 4,094
Macomb 3,678
Kent 3,372
Bay 3,122
St. Clair 2,959
Berrien 2,654
Oakland 2,645
Saginaw 2,272
Ottawa 2,146

As of 12/31/2010; Source: Michigan Department ofiEanmental Quality
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Since the Great Lakes experienced record high llakeds in 1985-86, and again in 1997-98, it is swtprising that
seven of the ten communities showing the highestamof flood insurance payouts occurred on theaGlrakes and
connecting waterways. It should also be notedtti@inajor riverine flood events that have occusiede 1978 have
largely occurred in the inland and more rural aafabe state, which typically have lower flood dage potential.

The following tables present ranked lists of NFERtzipating communities, according to flood inswra coverage
amounts, number of policies, and total claim amsunt

Top 10 Michigan Communities — Flood Insurance Coverge
Community Coverage

(Thousand of Dollars)
Harrison Township 243,621
Clay Township 190,730
St. Clair Shores, City of 177,661
Dearborn Heights, City of 154,184
Ann Arbor, City of 89,199
Gibraltar, City of 77,473
Lansing, City of 65,997
Chesterfield Township 64,277
Hamburg Township 50,400
Monroe Charter Township 49,957

As of 1/2011; Source: Michigan Department of Eonmental Quality

Top 10 Michigan Communities — Number of Flood Insuance Policies

Community Active Policies

Dearborn Heights, City of 1,343
Harrison Township 1,264
Clay Township 1,108
St. Clair Shores, City of 1,009
Frenchtown Charter Township 625
Gibraltar, City of 465
Lansing, City of 457
Bangor Township 438
Luna Pier, City of 352
Monroe Charter Township 315

As of 1/2011; Source: Michigan Department of Eonmental Quality

Top 10 Michigan Communities — Flood Insurance Claira Paid

Community Claims Paid
(thousands of dollars
Grand Rapids, City of 1,866
Midland, City of 1,823
Gibraltar, City of 1,807
Farmington Hills, City of 1,688
Luna Pier, City of 1,117
La Salle Township 1,109
Frenchtown Charter Township 1,097
Clay Township 1,08(
Kalamazoo, City of 87(
Castleton Township 863

As of 1/2011; Source: Michigan Department of Ennireental Quality
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The “Community Rating System” allows participatimgmmunities to earn discounts for their residerfizsod
insurance premiums. The following communities ¢a<October, 2010) are all CRS participants thatehaarned
discounts of between 5% and 25% on the policy pramsifor their NFIP-insured properties:

CRS Class 9 (5% discounts earned on NFIP policphpnms): Fraser Township, Park Township, Plainfietdvnship

CRS Class 8 (10% discounts earned): Bedford TowndBiooks Township, Commerce Township, Gibraltaty CHamburg
Township, Luna Pier City, Portage City, Richfieldwnship, Saginaw Township, Saugatuck City, Shelbwiship, Taylor City,
Taymouth Township, Zilwaukee City

CRS Class 7 (15% discounts earned): Dearborn He(@ity, Novi City, Sterling Heights City

CRS Class 6 (20% discounts earned): Vassar City

CRS Class 5 (25% discounts earned): Midland City

Flood Management and Mitigation Education

The Water Resources Division of MDEQ has develoggmakbral guidance documents aimed at local offidialelved
in floodplain management and flood mitigation. 3&@uidebooks are used as textbooks in trainingskops and as
a reference for day-to-day activities.

The Emergency Management and Homeland Securitysidivi Department of State Police, has developeacal |
hazard mitigation planning handbook for local affis. This guidance document provides an ovenaéa planning
process that communities can follow to help redinegr vulnerability to a wide array of natural, heological and
human-made hazards — including riverine flooding.

The Water Resources Division and the Emergency §remant and Homeland Security Division periodicatipduct

floodplain management and flood hazard mitigati@ining courses and workshops for state and loif@ials. The

Water Resources Division also conducts regular conityr assistance contacts and visits as part afdtainistrative
duties under the National Flood Insurance Progr&uch contacts/visits are a form of training aimédnproving a
community’s implementation of floodplain managemgmactices. In addition, the Water Resources Miwis
continuously conducts flood hazard workshops foidégs, realtors, building officials, engineersjzeihs and any
other interested parties.

Road Infrastructure Flood Mitigation Committee

Following the September, 1986 floods, the Michigapartment of Transportation (MDOT) formed a flondigation

committee to determine ways to lessen damage w irdeastructure caused by riverine flooding. Tdwnmittee
consisted of representatives from the County Rosgbgéiation of Michigan, the Federal Highway Admirdasion, the
MDEQ, and MDOT. One of the primary purposes of¢hemittee was to identify reasons for failed stmemossings
and damaged roads during a flood event, and mat@mmendations for achieving more flood-resistan¢ash

crossings. The committee published its findingd commendations in a report that is used today mference
guide for officials involved in road infrastructudesign and maintenance.

As a result of one of the committee’s recommendaticghe MDEQ regularly sponsors workshops and sasion
stream crossing design and erosion control practiddese workshops are geared toward design eargiaethe state,
county and local levels, in addition to private saltants and county drain commissioners.

1980s Voluntary Community-Initiated Acquisition aRelocation Projects

With the understanding that acquisition and relocats one of the best ways to guarantee that h@ndsusinesses
will not continue to be repeatedly damaged by cgtliflooding, in the 1980s the cities of Owosso &tidland
initiated voluntary acquisition and relocation praxgs using various community and privately-generéeds.

Thecity of Owosso, Shiawassee Countysed Small Cities Block Grants and private investne relocate 40 homes
out of the floodplain, revitalize downtown developmy, and develop a park along the Shiawassee River.

The city of Midland, Midland County, rejected U.S. Army Corps of Engineer’s proposalsdikes and channel
improvements as too expensive and visually unfaleralnstead, the City used Dow Foundation Grantsmatching
general revenue funds to purchase floodprone stegtand return the property back to its natueakst The ongoing
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purchase of properties has been entirely volunta@ver 120 structures were purchased and remowwd fhe
floodplain.

Flood Mitigation Assistance Program (see also therostate-administered federal grants listed next)

With the passage of the National Flood InsuranciiReAct of 1994, Congress authorized the estatviesht of a
federal grant program to provide financial assistaio states and local communities for flood mttwaplanning and
activities. The Federal Emergency Management AgéREMA) has designated this the Flood Mitigatiogsfstance
Program (FMAP). The FMAP funds can be used talfactivities that reduce the risk of flood damagetructures
insurable under the National Flood Insurance Pragrahe FMAP is state-administered (Emergency Mamamt
and Homeland Security Division) and cost-shared @6% federal, 25% local basis.

Three types of FMAP grants are available:planning grants to assist local communities in developing flood
mitigation plans; 2)project grants to fund eligible flood mitigation projects, withmphasis on repetitively or
substantially-damaged structures insured undemMth¥; and 3)technical assistance grantdo assist the State in
providing technical assistance to applicants inyapg for the program or implementing approved pob$.

Repetitive Flood Claims Program

The Repetitive Flood Claims Program (RFCP) wasterkpursuant to Section 1323 of the National Flimsdirance
Act of 1968, as amended by the Bunning-Bereuterluauer Flood Insurance Reform Act of 2004, withdbal of
reducing flood damages to individual propertiesvidrich one or more claim payments for losses haenbmade
under flood insurance coverage and that will reisuthe greatest savings to the National Floodriawsce Fund in the
shortest period of time. RFCP funds may only mtggstructures that are located within a commuihigit tannot meet
the cost share or management capacity requireroéttie FMAP. Grants under the RFCP are funded@¥dfederal
share. The RFCP is an annually appropriated, matiocompetitive grant program. Eligible RFCP jpd activities
include: 1) voluntary acquisition or elevation ofiadjfying structures, 2) dry floodproofing of guglhg non-
residential structures, and 3) minor localized dloisk reduction projects that protect qualifyingustures.

Severe Repetitive Loss Program
Similar to RFCP (listed above) but eligible propstare selected only from a special list notedthaasng suffered
severe repetitive losses, and at up to a 90%/10&d&local match share.

State and Federally-Assisted Relocation of Flooder®roperties

The State of Michigan has been very pro-activadnnitiation and participation in the acquisitiand relocation of
floodprone properties, in both pre and post-digastiations, using federal Hazard Mitigation Grdogram

(HMGP) and Flood Mitigation Assistance Program feind For extensive lists of these projects, andtadla
information, please refer to Attachment C (Hazaitigdtion Funding Sources and Projects) in the Ngjah Hazard

Mitigation Plan.

Other State and Federally-Assisted Flood Hazarijstibn Projects

The State of Michigan has used a variety of federrading sources to assist in the implementatioficafd mitigation
projects. Those funding sources have includedti{@)Hazard Mitigation Grant Program (HMGP), (2) tRleod
Mitigation Assistance Program (FMAP), (3) the Prisd3ter Mitigation Program (PDMP), (4) the Publissistance
Grant Program (PAGP), (5) the Presidentially Dexdabisaster Assistance to Individuals and Househptdgram,
(6) Section 1362 of the National Flood InsurancegfPam (no longer in existence), (7) Community Depetent
Block Grants (CDBG), and (8) Farmers Home Admimistn (FmHA) loans. State and local funds havenhesed to
match the federal sources of funding. Please tefé&ttachment C in the Michigan Hazard MitigatiBran (Hazard
Mitigation Funding Sources and Projects) for maferimation.

Flood Guidance for Local Hazard Mitigation Planning

Riverine flooding is a hazard that has been modtedhany decades now, and has some of the cleaesiods of
detailed analysis. Many guidance documents antigations are available to use in local assessnwfrttsis hazard,
and local assessments are very important becaube ofiuch more detailed knowledge and more releaattitorities
possessed at the local level. Much flooding a$fentividual locations that do not show up wellanstatewide
analysis.
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Communities that are members of the NFIP probablyehfloodplain maps (called Flood Insurance Ratgsviar
FIRMs) that show where the floodplain areas areh@ community and provide Base Flood Elevation (BFE
measurements. These calculations are based ceysg\he topographical, hydrological, pedologieaid land cover
characteristics of the area's watershed. Thetrissalstatistical model—a “100-year” floodplairearhas a 1% chance
of flooding in a given year, and the BFE is the evatepth associated with an event of that proligbilSome areas
may flood less frequently, such as a 500-year fdeid which has a 1-in-500 chance of flooding igiven year. The
names "100-year" and "500-year" can be very mighgad A "100-year" level flood may occur severahdis in a
century, just as it is possible to flip a coin ayet tails many times in a row. For detailed arialgé flooding, the
basic principle of risk is that there is a 1% cleper year of flooding that is at the BFE levebr Example, if BFE is
365' and the elevation of a structure's first flmoB63' above sea level, then the result woulfldmelwaters that are
two feet over the ground floor of that structuteesser flooding is likely to occur with even gredrequency—if two
feet of floodwaters hit that structure with 1% pabbity, the likelihood of getting just a few inchef floodwaters is
even greater in a given year. Conversely, thditiged of flooding that has three or four foot depts far less than a
1% annual chance. FEMA models for flooding divitlese events into different degrees of severitgethaon their
likelihood of annual occurrence. A few inches cftar may be a "10-year" event in one area, buD8-ykar" event
somewhere else. Within the same floodplain arestfuecture's elevation (and whether it has a valoler basement)
may make all the difference between suffering sedamages, and experiencing no damages. Idelalbd fisk
information can be combined with structural infotioa (such as might be available through a buildiegartment or
assessor's office) and a Geographic Informatione8y$GIS) could make the analysis of such infororagasier.

It must also be noted that for some communitiessehflood studies have become rather old and hetvgeth been
verified or updated under the current Map Modettivraprogram. Therefore, those who refer to thesgs for

hazard mitigation planning purposes are advisedetgew the original study’'s data, model assumptioasd

conclusions, to make sure that they are still regmmative of current conditions. Official floodjplanaps that have
been digitized are included in general form (smaltale / less detail) at the end of this section.

Once risk categories have been established foevaifhe structures, the amount of damage from flagghts can be
estimated using FEMA techniques. The basic teclig to find the replacement value of the strigtand to
estimate damages by equating different flood deptitis appropriate percentages of that replacemahiev The
following table estimates damages to structuredeims of the percentage of a building's replacematue, for
different flood depths and structure types. (Tthisle was adapted from Flood Insurance Administraguidance,
based on historical averages from observed floocedes.)

FLOOD DAMAGE ESTIMATION TABLE
(Numbers given are damages as a percentage of theusture's replacement value)

Type of structure

Flood depths 1 story, no| 2 story, no| Split-level, 1 or 2 story | Split level with | Mobile

(depth of flooding in feet) basement| basement| no basement with basement| basement home
Under ¥ foot, in basement only 0 0 0 4 3 0
About 1 foot, in basement only 0 0 0 8 5 0
2+ feet in basement, <%’ surface 9 5 3 11 6 8
About 1 foot flooding at surface 14 9 9 15 16 44
About 2' flooding on ground floor 22 13 13 20 19 63
About 3' flooding 27 18 25 23 22 73
About 4' flooding 29 20 27 28 27 78
About 5' flooding 30 22 28 33 32 80
About 6' flooding 40 24 33 38 35 81
About 7' flooding 43 26 34 44 36 82

NOTE: Since replacement value may exceed the curremarket value of a structure, damages greater than
50% of replacement value can be considered a totldss of the structure, unless special historic oresvice
functions require that additional expenses be undéaken to repair and preserve it.

In addition, damages to the contents of structu@es be estimated, by assuming that their valueO% 3f the
replacement value of the home, and then assumatgddimages to those contents will be 1.5 timeg#reentages
listed in the table above. This simple formulawdtide adequate for residential losses. (The tstraicand contents
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formulas combine as follows: T = pR+.3R(1.5p) = pFSpR = 1.45pR.) Loss of contents in commercieilifees can
be assessed more accurately by business ownengamizations participating in the development dbeal plan.
Other damages and costs could be those involvibgjoptacilities and infrastructure, road closurdsjerted traffic,
loss of rental income, and so on.

NOTE: The replacement value of a residential stmectan be estimated, where information is notileadailable.
For example, construction costs for residentialcitires have been estimated to range from $10116 $er square
foot (as found in the 2010 Residential Building Repment Values of the International Code Councif).such a
case, the typical price of $101 per square footimige used unless you know that your area's costsudostantially
higher or lower than average. This price can themultiplied by the approximate square footageesidential use.
For example, a 1000 s.f. house would have an estthraplacement cost of $101,000.

Hazard Mitigation Strategies for Riverine, Shoreline, and Urban Flooding

* Flood plain (and coastal zone) management — plgnaoteptable uses for areas prone to flooding ytiro
comprehensive planning, code enforcement, zonipgn space requirements, subdivision regulatioms] lesse
and capital improvements planning) and involvinginlicommissioners, hydrologic studies, etc. in¢hasalyses
and decisions.

* Acceptable land use densities, coverage and plgriomparticular soil types and topography (dedreaamount
of impermeable ground coverage in upland and dgairaeas, zoning and open space requirements soited
capacity of soils and drainage systems to absankvader runoff, appropriate land use and capitgriomements
planning) and involving drain commissioners, hydgit studies, etc. in these analyses and decisions.

» Dry floodproofing of structures within known floodreas (strengthening walls, sealing openings, use o
waterproof compounds or plastic sheeting on walls).

* Wet floodproofing of structures (controlled floodiof structures to balance water forces and disgmustructural
collapse during floods).

» Elevation of flood-prone structures above the 168ryflood level.

» “Floating” architectural designs for structuredlood-prone areas

» Construction of elevated or alternative roads #natunaffected by flooding, or making roads mooedtresistant
through better drainage and/or stabilization/arngaf vulnerable shoulders and embankments.

+ Government acquisition, relocation, or condemnatibstructures within floodplain or floodway areas.

» Employing techniques of erosion control within thatershed area (proper bank stabilization, teclescquch as
planting of vegetation on slopes, creation of #gaon hillsides, use of riprap boulders and geiteehabric, etc.).

* Protection (or restoration) of wetlands and natwater retention areas.

* Obtaining insurance. (Requires community partidgrein the NFIP.)

» Joining the National Flood Insurance Program (NFNARY IMPORTANT!

» Participation in the Community Rating System (CRS).

» Structural projects to channel water away from pe@md property (dikes, levees, floodwalls) or norease
drainage or absorption capacities (spillways, watietention and retention basins, relief drains,indra
widening/dredging or rerouting, debris detentiorsibs, logjam and debris removal, extra culvertsddar
modification, dike setbacks, flood gates and pumgtlands protection and restoration).

» Higher engineering standards for drain and sewgaaty, or the expansion of infrastructure to higtegpacity.

» Drainage easements (allowing the planned and reglfaublic use of privately owned land for tempygrasater
retention and drainage).

» Installing (or re-routing or increasing the capaaf) storm drainage systems, including the sepmaraif storm
and sanitary sewage systems.

» Farmland and open space preservation.

» Elevating mechanical and utility devices above etgx:flood levels.

* Flood warning systems and the monitoring of waggels with stream gauges and trained monitors.

* Increased coverage and use of NOAA Weather Radio.

» Anchoring of manufactured homes to a permanentdatiion in flood areas, but preferably these stmestuwvould
be readily movable if necessary or else permaneelibgcated outside of flood-prone areas and ercasieas.

» Control and securing of debris, yard items, oredasbjects (including oil, gasoline, and propamks¢aand paint
and chemical barrels) in floodplains that may bemvaway, damaged, or pose a hazard when floodicigy .
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» Back-up generators for pumping and lift stationsamitary sewer systems, and other measures (alareters,
remote controls, switchgear upgrades) to ensutadthmage infrastructure is not impeded.

» Detection and prevention/discouragement of illelistharges into storm-water sewer systems, fromehimoting
drains, downspouts and sump pumps.

» Employing techniques of erosion control in the gitenk stabilization, planting of vegetation onp&s, creation
of terraces on hillsides).

* Increasing the function and capacity of sewageslifitions and treatment plants (installation, egfmam and
maintenance), including possible separation of dnethstorm/sanitary sewer systems, if appropriate.

» Purchase or transfer of development rights — toodisage development in floodplain areas.

» Stormwater management ordinances or amendments.

» Wetlands protection regulations and policies.

» Use of check valves, sump pumps and backflow ptevem homes and buildings.

Tie-in with Local Hazard Mitigation Planning

Because many means of implementing mitigation astioccur through local activities, this updated MPilaces
additional emphasis on the coordination of Statelllanning and initiatives with those taking paat the local
level. This takes two forms:

1. The provision of guidance, encouragement,iacehtives to local governments by the State, to
promote local plan development (including a cdesition of riverine and urban flooding), and
2. The consideration of information containedbical hazard mitigation plans when developing&tat

plans and mitigation priorities.

Regarding the first type of State-local planningorciination, MSP guidance has included the “Localzadte
Mitigation Planning Workbook” (EMD-PUB 207), whicis currently being updated for release by 2015r the
second type of State-local planning coordinatioseetion later in this plan summarizes hazard pyiamformation as
it has been reported in local hazard mitigatiomplaHere, it will merely be noted that flood hatzawere identified as
some of the most significant hazards in local hdraitigation plans for the following counties: Adlan, Baraga, Bay,
Benzie, Berrien, Calhoun, Charlevoix, Clinton, EgtBmmet, Gogebic, Grand Traverse, Gratiot, Houghitagham,
lonia, Kent, Leelanau, Macomb, Manistee, Marquéditecosta, Menominee, Midland, Montcalm, Oakland¢eada,
Ottawa, Saginaw, St. Clair, Shiawassee, St. JoJetola, Van Buren, Wayne, and Wexford.
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Flooding History for Michigan Counties — arranged ky region — Jan. 1996 to Oct. 2013
(The Lower Peninsula regions are ordered by “tinah south to north, west to east)

Please refer to the Michigan Profile Map sectianafio explanation of regional divisions

COUNTY or | Riverine Days with Tot. property | Tot. crop damage| Injuries | Deaths
area Flooding Riverine damage
Events Flooding
Washtenaw 30 28 $13,050,000
Wayne 59 48 $22,460,000
.Livingston 17 17 $1,304,000
Oakland 22 22 $2,706,000 1
Macomb 34 29 $101,680,000
5 Co Metro 32.4 avg. 28.8 avg. $141,200,000 1
region
Berrien 20 17 $6,810,000 $100,000
Cass 21 14 $6,560,000 $100,000
St. Joseph 18 14 $6,560,000 $100,000
Branch 14 11 $6,060,000 $100,000
Hillsdale 20 14 $6,210,000 $100,000
Lenawee 36 36 $6,710,000 $100,000
Monroe 29 26 $9,790,000 $100,000 3
.Van Buren 24 19 $10,553,000 $350,000
Kalamazoo 27 23 $23,920,000 $360,000
Calhoun 27 23 $12,695,000 $435,000
Jackson 25 22 $11,020,000 $405,000
Allegan 34 29 $21,050,000 $7,425,000 4 2
Barry 29 23 $13,170,000 $800,000
Eaton 25 21 $11,945,000 $825,000
Ingham 26 21 $17,420,000 $475,000
.Ottawa 34 28 $54,225,000 $2,005,000 3 2
Kent 38 32 $10,530,000 $610,000
lonia 21 17 $14,220,000 $350,000
Clinton 26 21 $12,395,000 $475,000
Shiawassee 27 24 $7,231,000 $100,000
Genesee 38 31 $13,810,000 $100,000
Lapeer 28 25 $15,680,000 $1,100,000
St. Clair 24 24 $9,480,000 $100,000
.Muskegon 28 22 $12,855,000 $635,000
Montcalm 24 19 $10,345,000 $475,000
Gratiot 26 21 $10,345,000 $475,000
Saginaw 48 42 $8,737,000 $1,100,000
Tuscola 32 26 $14,030,000 $100,000
Sanilac 21 17 $8,145,000 $100,000
.Mecosta 27 22 $16,115,000 $445,000
Isabella 27 22 $14,350,000 $475,000
Midland 25 21 $8,730,000 $100,000
Bay 24 20 $8,920,000 $125,000 1
Huron 23 19 $6,219,000 $100,000
34 Co S Lower 26.9 avg. 22.5 avg. $426,835,000 $20,745,000Q 7 8
Pen

Continued on next page...
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Part 2 of Michigan County Flood History Table

.Oceana 9 8 $4,660,000 $450,000
Newaygo 10 8 $6,360,000 $350,000
.Mason 13 11 $7,355,000 $850,000
Lake 8 8 $6,190,000 $700,000
Osceola 11 10 $5,250,000 $575,000
Clare 8 8 $4,175,000 $275,000
Gladwin 7 6 $103,000

Arenac 13 13 $98,000

.Manistee 8 7 $1,520,000

Wexford 10 10 $872,000

Missaukee 3 3 $160,000

Roscommon 1 1 $4,000

Ogemaw 3 3 $150,000

losco 3 3 $3,00(

.Benzie 1 1

Grand Traverse 6 6 $1,814,000

Kalkaska 2 2 $20,000

Crawford 1 1 $6,00(

Oscoda 3 3 $3,000

Alcona 4 4 $110,000

.Leelanau 2 2 $50,000

Antrim 1 1

Otsego 1 1 $3,000

Montmorency 1 1

Alpena 1 1

.Charlevoix 1 1 $2,000

Emmet 1 1 $18,000

Cheboygan 3 3 $28,000

Presque Isle

29 CoN 4.7 avg. 4.4 avg. $38,954,000 $3,200,000
Lower Pn

Gogebic 13 13 $19,011,000

Iron 10 10 $645,000

Ontonagon 12 12 $817,000

Houghton 17 16 $2,900,0Q0

Keweenaw 7 7 $132,000

Baraga 14 13 $2,044,000

.Marquette 27 17 $14,725,000

Dickinson 11 8 $31,000

Menominee 5 5 $850,000

Delta 22 16 $805,000

Schoolcraft 3 3

Alger 6 5

.Luce 3 3

Mackinac 5 4 $58,000

Chippewa 6 6 $125,000

15 Co Upp.Pen 10.7 avg. 9.2 avg. $42,143,000

MICHIGAN 925 338 $437,407,000 $20,645,00Q 7 9
TOTAL

NOTE: Due to the double counting of multi-countyests, state totals are less than the sum of thetiesu
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Michigan Digital Flood Insurance Rate Map (DFIRM) Availibility
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tal Flood Insurance Rate Map (DFIRM) - Area 1
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Michigan Digital Flood Insurance Rate Map (DFIRM) - Area 2
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Michigan Digital Flood Insurance Rate Map (DFIRM) - Area 3
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tal Flood Insurance Rate Map (DFIRM) - Area 4
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USGS Stream Gauge Locations in Michigan
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Great Lakes Shoreline Hazards

High or low water levels that cause flooding or erosion, and other wave and current action that threatens life, health,
and property in shoreline areas, including storm surges, rip currents, and the recession of shoreline areas.

Hazard Description

Michigan has over 3,200 miles of coastline (thegkst freshwater coastline in the world), and albit million
persons live in the state’s 41 shoreline countl&8nd, waves, water levels, and human activitiasstantly affect the
communities along the shores of the Great Lakdsoredine flooding and erosion are natural processesurring at
high, average, and even low Great Lakes waterdevelowever, during periods of high water, floodemyd erosion
are more obvious, causing serious damage to hontebusinesses, roads, water and wastewater treiafadities,
and other structures in coastal communities. Ldke lavels can also pose a hazard, as cargo sk@psae prone to
running aground and the shorelines may also beenare polluted from lake bottom debris. Long-tenmd &easonal
variations in precipitation and evaporation ratesarily control the Great Lakes water levels alneirt fluctuations.

The Great Lakes occupy an area of 95,000 squass mild drain an amount of land twice that sizeeyTiold nearly

one-fifth of the world’s fresh surface water. Besa the land draining into the Great Lakes is s, \wlanges in the
amount of water running into the lakes from prdeigon within the basin has an enormous effect atewlevels.

Following long periods of above-average yearly jmitation, there is an accompanying rise in wageels. This rise
is not immediately evident because of the delayben the time precipitation falls within the drageabasin and the
time that runoff waters enter the lakes. (The shaotds true for below-average yearly precipitatidine reduced flow
of runoff water eventually results in lower Greatkles water levels.)

Hazard Analysis

Over one hundred years of record keeping havenditated a simple, easily-predictable cycle of wadeels on the
Great Lakes. (However, geologic research hasateticquasi-periodic cycles of 33 years and 160syfearake level
fluctuations; e.g. Baedke and Thompson’s articldh@Journal of Great Lakes Research, v.26 p. £66-2000.) The
time between periods of high and low water levels gary widely. Records indicate the maximum défees in
levels have varied from nearly four feet on Lak@@&ior to over six and one-half feet on Lakes Mieim and Huron.
Seasonal fluctuations caused by more water ruroffoause lake level fluctuations averaging aboatfoat on Lakes
Superior, Michigan and Huron, and one and onefbalfon Lake Erie. The graphs at the end of #dsien show the
average historical water levels of the Great Lakethrough 2009.

In addition to natural causes of water level flation, there are four man-made factors that camaffect water levels
to some degree: (1) diversion of water for powaregation, municipal water supply, and navigati@),régulation of
water levels via dams and other control structu@sdredging of connecting waterways for navigaturposes, and
(4) covering land surfaces with impervious materiddat cause storm runoff to be delivered to whteties more
quickly than the pre-development runoff rates. héiigh these man-made factors do impact water lewelsiral
factors such as precipitation, evaporation and svimave a far greater overall impact. The vast ritgjof shoreline
flooding and erosion that occurs along the Gredtekais caused by natural factors. However, it Ehde
remembered that it is humans who place themselviearm’s way by building structures in dynamic ¢abareas. If
that did not occur, the natural processes of flogdind erosion would not be viewed as problems.

Generally, low-lying lands along the coastline prene to shoreline flooding during both high ana lleake water
periods. The Michigan Department of EnvironmeQaklity estimates that approximately 10% of MicimgaGreat
Lakes shoreline (30 counties encompassing gre@ar45,000 acres) is floodprone.

The map at the end of this section indicates thoseships that contain high-risk erosion areasedsrchined by the
MDEQ under Part 323, Shorelands Protection and btemant. A high-risk erosion area is definedi®yMDEQ as
an area where erosion studies have indicatedhbagrosion hazard line is receding at an averagaefoot or more
per year over a minimum 15-year period. The MDE® tentified 121 township areas along the Grekesa&oast
as containing one or more sections of high-rislsierareas. Within those areas, any new permastierdture must
comply with building setback regulations that regud minimum distance between the existing erolsamard line and
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the structure. (The MDEQ also designated 41 conitiegron Michigan's shoreline as flood risk argasaning that
they have floodplain-like areas with at least ad¥ual chance of a designated flood level beingeded.)

The intent of these and other applicable buildiegtrictions is to minimize the extent and magnitofleshoreline
flooding and serious erosion problems along theaGl@ekes shoreline. Although shoreline floodingl @nosion is
inevitable, severe damage can be avoided if prudbateland management practices are followed aeduade
emergency procedures are implemented. Coordinatiofiederal, state and local shoreland managemadt a
emergency preparedness efforts is vital to keepliatpigan’s shoreline areas as safe and undamageasale. The
recession of the Great Lakes water levels is aleaitable, but there is not much, other than dmegigihat can be done
to combat the negative effects. That is why itviportant for all those involved in water transptidn to be prepared
for all types of water fluctuations.

Much of Michigan’'s character is defined by the Gréakes. The beaches provide numerous recreational
opportunities and are considered prime real estdtgortunately, the inherent hazards of coastehsmare not always
apparent. Development activities along the shoeetignificantly alter the natural ebb and flowcofstal dynamics.
Continuing and increasing development of coastaasuthreatens to exacerbate the shoreline flocaagerosion
problem. As more people and structures are ptanm’s way, the problem of shoreline flooding amdsen will
continue to grow in frequency and significance.

The MDEQ administers programs aimed at balancing ithpact of shoreline flooding and erosion with the
development pressures facing the Great Lakes $herdly implementing non-structural approaches, sash
construction setbacks and lowest floor elevatiaqurements. These types of approaches do nofengewith the
natural processes of erosion and flooding, buteatsttake what is known about the coastal hazarddandlop
construction standards to prevent the prematutisiool between homes and nature.

The MDEQ has the responsibility of administering thermitting programs that implement the coastaktaction
standards. However, under Part 323, local goventsnieave the authority to take over the permitpnggrams for
high-risk erosion and flood risk areas. In theaané floodplain management, permitting respongipi handled at
the local level due to the overlap of regulatioasrfd in Part 323, the NFIP, and the building codiswyever, few
communities have shown an interest in adding tigelagory responsibility of the erosion program heit already
busy building and zoning departments. As with mesgulatory programs that address private propetyelopment
rights, the potential for conflict in these areasigh. This is especially true in the realm opexsive shoreline real
estate where a view of the water can outweighhheat of future flood or erosion damage. Politimassure can also
come into play in some situations. Compliance wiitbse regulations has best been achieved througeration
between the State and local governments. Pubtierstanding and support of these programs candreased by
improved communication with property owners regagdihe natural hazards associated with the Gre&eda
shoreline. About 10 major periods of flooding/éooshave occurred on the Great Lakes since 1918-utahery 8.3
years.

Shoreline erosion hazards typically involve theslo§ property as sand or soil is removed by watéoa and carried
away over time. Erosion effects that are expegdradong rivers may be included in this categorpadard. Worst
case scenarios typically involve occupied strustuhat, over the years, have had adjacent landeeravay and now
stand perilously close to waters or cliffs. Therfdation of a structure, or underground utilitygspn the area, may
become fully exposed and vulnerable to weatheremd temperatures, water damage, or other soufcisk.o

Another frequent situation in Michigan involves slime roadways whose banks erode and cause thestwéace to
crack, become unstable, or more prone to depds#tarl, snow, water and ice from nearby beachesvatel bodies.
The costs of delayed traffic and detours can batealas harmful shoreline effects.

Storm Surges (Seiches)

Weather-related events can also cause lake fluohsathat can last from several hours to severgs.d&or example,
windstorms combined with differences in baromegriessure can temporarily tilt the surface of a lageat one end
by as much as eight feet. This phenomenon is cal&drm surge or seiche(typically pronounced as saysh) and can
drive lake waters inland over large areas, causekeveng and erosion of shoreline areas, make wsdeel
hazardous, and cause flood damages, deaths, amgksnfo occur. The following list presents sonfigh® most
significant seiche events to have affected Michigan
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Rip Currents
A rip current is a strong flow of water returningasvard from the shore. When wind and waves puserwawards

the shore, the previous backwash is often puslisdvalys. This water streams along the shorelinkitufibhds an exit

back to the sea. The resulting rip current is suarrow and located between sandbars, undes piealong jetties.
The current is strongest at the surface, and carpea incoming waves, leading to the illusion ofaatipularly calm

area. Rip current speeds are typically 1-2 feetspeond. However, speeds as high as 8 feet pendédiave been
measured. Rip currents cause approximately 10thsl@mnually in the United States, more than dkeonatural

hazards except excessive heat. In the Great Lalkes, the average over the last six years is @@mings per year
caused by rip currents. About 80% of rescues biylmach lifeguards are due to rip currents. Auysie showing how
rip currents are formed can be found below.

In recent years, rip current advisories have besoanced by the National Weather Service, as agbdneir weather

warning information system. These warnings adeiseut dangerous swimming conditions, and that uipents are

more likely to exist near break walls, sandbaitsigie and piers. Persons who are caught in euigent should wade
or swim sideways (parallel to the beach) so aedwd the rip current area before it pulls themfam@way from shore.
The most important action is to conserve one’sigtteso as to stay afloat (rather than expendimgsostrength in an
over-desperate struggle to “fight the current”)nc® out of the rip current’s pull, head back torshat a pace that is
appropriate to one’s strength. In some circum&ana swimmer may have been observed by beachdifdg while

being pulled by the current, and in such a cassaifes and weather are not too severe to allove@es a swimmer
may simply need to stay afloat until the lifeguacds bring aid.

Rip Current Formation

oGt BN e
Maotion of Water 3 ﬁ'

According to the National Climatic Data Center, Migan has experienced at least 29 deaths and rfeemjcaused by
rip currents or other shoreline hazards since 1996t of 36 events, 17 took place in the Lake Mjelni waters off of
Berrien County (a total of 15 dead and 8 injureByoblem locations included the waters south ofl@rian down to
Harbart, and a couple of incidents off of SilveraBle (in the City of St. Joseph). A two-page tdblt summarizes all
shoreline hazard events and casualties appearis With section.

Another Great Lakes hazard is the potential effdésevere winds upon boating activities. Althowgime description
of marine accidents can be found in the Transportaiccidents section, it must be noted here thaée winds tend
to be felt more strongly on open waters (winds framapproaching storm front often strike in advaoicthe storm
itself, by 5 minutes or even more). Waterspoutki¢tv are like a tornado, but involve contact withter instead of
land) are a common occurrence posing a great thoemiarine traffic. Seventeen Michigan waterspdwse been
noted by NCDC between 1993 and 2001, including tbae caused $200,000 in damage to a boat housstaratje
building at Drummond Island on July 3, 1999. Maaditional events have occurred since, which NCS h
classified according to the corresponding lake tiooarather than as part of Michigan itself. Wapauts are less
frequent on Lake Superior (8 events since 200%) @dmlLakes Huron (23 events) or Michigan (51 events

Shoreline flooding can sometimes be treated in anmasimilar to riverine flooding, when there apedfically
identified shoreline areas with significant floadks that have been calculated and mapped (e.theoNFIP). In
some cases, these areas may suffer unusually lisawgges due to the added effects of wave actionsertie
activities on the Great Lakes.
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Shoreline erosion hazards typically involve theslo§ property as sand or soil is removed by watéoa and carried
away over time. Erosion effects that are expegsdnalong rivers may seem similar, but the poterialsudden
damaging impacts tends to be greater on the shereeas. Worst case scenarios typically involeeupied
structures or important streets and infrastructbeg, over the years, have had adjacent lands @éraday and now
stand perilously close to waters or cliffs. Tharfdation of a structure, or underground utilitygspn the area, may
become fully exposed and vulnerable to weathereméd temperatures, water damage, or other sourcs&.o

Another frequent situation in Michigan involves slme roadways whose banks erode and cause tbesutace to
crack, become unstable, or more prone to depds#taral, snow, water and ice from nearby beachesvatel bodies.
The costs of delayed traffic and detours can bateabin the analysis. Travel on shoreline highwegss also be made
treacherous by sand, mists, and snow blown in Igl\gusts.

Impact on the Public

Great Lakes shoreline flooding is similar to inlgnigterine) flooding in some ways (such as havimgraebabilistically
definable flood risk area), but the shoreline tetodisave a much greater risk of allowing strong evagtion as part of
a flood’s impacts. Storm seiches can make the matmof shoreline flooding much greater than whkatossible in
most inland areas. In addition, patterns of Gteddtes shoreline erosion tend to be a larger iskae the erosion
associated with Michigan’s rivers, since the watéiects are greater, and the topographic relieMichigan’s
shoreline areas is sometimes considerable. Fongeathe erosion effects from a single severedbtsiorm have
caused large sections of shoreline roadway to deiabd disappear into the crashing waters, invghdandrop of
dozens of feet on the southern coasts of Lake Méhiand have encroached upon structures locaéetyne

Impact on Public Confidence in State Governance

Great Lakes shoreline flooding and erosion impaces probably similar to those of riverine floodirexcept that
shoreline impacts may seem to be less controlldiale riparian impacts. Erosion severity is liketybe far greater
along the shoreline, especially when involving saisal elevations in which the roads and homedarated along
bluffs or cliffs and are thus clearly imperiled agy degradation in the solidity of the supportiagd structure that is
subjected to erosion and weakening. Thus, péttepublic may be prone to question why structwese allowed to
be built in an area at-risk from erosion effects,whether some government-funded mitigation actioay be

undertaken to preserve the condition and valueich groperty, once it is recognized as being &t-ris

Impact on Responders

Compared to riverine flood events, the main addéiaisks posed by shoreline flooding and erosiapainds involve
the generally greater topographic relief alongaiarshoreline areas, and the greater potentialétripaly to be seen
from a single event such as a storm or seicheinkatves substantial wave action. The event mayseaoadways
and property to crumble and tumble dozens of fetd the waters of one of the Great Lakes. Thuskeeed
shoreline roads may cause personnel, vehiclesguipment to plummet down a steep incline, if erndims been
severe enough to cause such a collapse. Shoeelergs may also require more extensive use of lavatsmarine
equipment during response activities, with an aased increase in the variety of risks to resposider

Impact on the Environment

Great Lakes shoreline flooding and erosion doegjteatest amount of harm to the built environmegntéstroying
structures that are built too close to the shoeelitiowever, shoreline erosion can also affect ttaral environment
by altering the landscape, with the potential to@nently destroy wildlife habitat.

Significant Periods of Shoreline Flooding and Erosion
In most decades, high water levels on the Greagd hlave caused significant damage and impactsdbidain coastal
communities.

During 1972-73, high water levels caused floodingver 30 counties, resulting in more than $50iamilin public
and private damage. Thousands of people wereda@evacuate their homes. Similar high water{iéda®ding
occurred in the early 1950s and late 1960s, alsaltreg in millions of dollars worth of damage tboseline
communities.
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Record-high lake levels in 1985-86 culminated ib@vernor's disaster declaration for 17 shorelingnties. The
USACE implemented its Advance Measures Program tiamdtate of Michigan implemented three uniqueaine
flooding and erosion mitigation programs aimed educing future flood impacts on shoreline commesitand
homeowners. (See Programs and Initiatives segtion.

The most recent high water period, in 1997-98 @ith it should be noted that Lake St. Clair andeL&kie have
recently gone back up to above-average levels)jtegsin the Great Lakes being at or near the tetmrels set in the
mid-1980s. In response to the threat of severeethe flooding and erosion, the U.S. Army Corpskofgineers
(USACE), at the request of the Governor, implemerte Advance Measures Program to assist Michidemedine

communities in their flood and erosion mitigatioifiods. (See Programs and Initiatives sectionrfmre details.)
More than 20 Michigan jurisdictions have since takevantage of this program.

Significant Periods of Great Lakes Recession
Just as damaging high water levels frequently ottthie Great Lakes, low water levels are alsoicgthnd can have
severe economic impacts.

The low water levels in Lakes Michigan, Huron amteBbetween 1998-2004 (Lake Erie has since recdyaverethe
fastest decline in water levels in the Great Lakasearly a century and a half. Between the sunohé&©97 and the
spring of 2003, the middle Great Lakes (Michiganrah, and Erie) each dropped by almost five feet.

One contributing factor to low lake levels is akad snow pack runoff from moisture that had oragad outside of
the Great Lakes basin, such as the Gulf of Mexito.some years with low lake levels, there maybed snow pack
runoff, but it had all originated from lake-effesmow and thus didn’t cause a net increase in lakemevels.) The
Lake Superior basin, which is the headwaters ferGheat Lakes, is an important factor in lake Igveh the past, low
snow pack in the Lake Superior basin has disrughteather lakes’ seasonal replenishment cyclejrdyiwater levels
down.

Among those most affected by the low water levedsthe shipping companies that operate massiveQfdbt-long
iron ore and coal carriers on the Great Lakes. hater levels can force these cargo ships to ligttieir loads by as
much as 6,000 tons to reduce their drafts and awpiding aground in channels and ports. Alsoegent years, ferry
services that transport people to and from islamalge been forced to shut down because of low wddgths.
Significant drops in water levels can also reswmln increase in demand for dredging projects, lwkan be very
expensive. In addition to the high cost of theddreg itself, homeowners and marina operatorsased with the cost
of safely disposing of sediments that have beetaoginated with heavy metals, pesticides, diesdldnd other toxic
substances. Under strict environmental laws, slnetiged material has to be deposited in confingplodial facilities.

Significant Shoreline Hazard Eventsin Michigan
November 11, 1940 — Lake Michigan Seiche

Enormous waves were generated by a huge storrmsystieh winds blowing in from the southwest andat@ag speeds of up to 75 mph. The northern shiore o
Lake Michigan was reported to have sustained cersidle damage from the push of water during theltieg seiche. Five vessels and 66 lives were lost
(including 57 deaths from the sinking of two fretigis that are also listed in the Transportationdertts section of this document). A car ferry wWashaged and
driven ashore at Ludington.

May 31, 1998 — Lake Michigan Seiche

A derecho produced widespread wind gusts of 6tmBes per hour and moved across Lake Michigansiog the sinking of a tugboat north of Muskegan (i
White Lake Channel north of Wabaningo). Repairstii@ boat were estimated at $20,000. ConsumeesgEmeported more than 600,000 customers without
power, marking the most destructive weather evertlté company’s history. It took up to 10 daysestore power to all areas. Although most of tamages,
deaths, and injuries in this storm system wereerhby other storm effects, one component was tive wation that took its toll just north of Muskegon

July 4, 2006 — Berrien County Rip Current
Wave on Lake Michigan ranged from 2 to 6 feet afwived for several rip current occurrences neariBerCounty shores. County officials conductetbast 6
rescues, despite numerous warnings and advisaigsdbeen announced. 4 persons were treatecheliéss but 1 rescued woman died several days later.

October 28-29, 2006 — Lake Erie Seiche

After two days of wind blowing at speeds of 30 mph, the difference in water levels between ortea Lake Erie and the other reached 8 feet. uRately,
the seiche caused a drop rather than a rise ofsvaleng Michigan’s coastline, but this can stillse a weakening and erosion of shoreline arehs.waters at
Monroe were 4 feet below the level they had beaneatly two days before, on October 27.

August to September 2007 — Muskegon County WateelLlRecession

Local reports described drought-related effectsnuparine traffic in the Muskegon area. A supeigfieer became stuck in the mouth of Muskegon Hasmor
was reported as the second large ship to run adraithin the space of a month, in the same locati@hmipping officials stated that additional dretgiwas
needed in Great Lakes ports because of low watelsle

199
Natural Hazards — Hydrological (Great Lakes Shoeelazards)



August 15, 2009 — Mackinac County Rip Current

Onshore winds and significant wave action resuiltedp currents on the far northern beaches of Lsliehigan. Two persons died near the Pointe Aurr@és
sand dunes (about 10 miles northwest of St. Ignade@n a 16-year-old teen was carried into deepgemby currents, and his 66-year-old grandfatttengpted
to rescue him. Both were overcome by waves aneiets, and revival attempts were unsuccessful inetwo were finally retrieved.

August 5, 2010 — Rip Currents (Marquette and Algeunties)

Two teenaged swimmers drowned in high waves anduipents near Presque Isle (Marquette County)reviaénds gusted to over 30mph at times. In Grand
Marais Harbor (Alger County), a father and son lbthwned in similar high waves, winds, and rip euts.

September 3, 2010 — Berrien County Rip Current

Strong winds created dangerous conditions on fatheastern Lake Michigan, where waves as high deet6caused extremely strong rip currents. A finaim
Chicago drowned after he became separated fronblzeruaft (which saved his two companions), and svaspt out into deeper waters. Numerous agencies
attempted to find and rescue the man, but lakeitiond caused a rescue craft to capsize, injuriug fescue workers and causing the search missiba talled

off.
October 15, 2011 — Berrien County High Surf

One person died when a kayak capsized inside aBidfalo break-wall, amidst waves of 8 to 10 featefting to 14 feet at the shoreline). Strong wihdd
caused these rough waters to arise. Two teenayedkérs were rescued, but the third was lost uraterw

Programs and I nitiatives

Michigan Shoreline Flood and Erosion Hazard Regue@uthority

Shorelands Protection and Management, Part 323 of the Natural Resources and Environmental Protection Act, 1994
PA 451, as amended — Part 323 is designed to provide protection tehifjan’s Great Lakes shoreline. While these
fragile and dynamic shorelines are desirable vacatind recreational areas, they also present inhégzards to
development and are vulnerable to the effectsdbaelopment often brings. Part 323 gives the MDESponsibility
to identify hazardous and fragile coastal areas.establish regulations designed to minimize the aichpof
development on these areas, and to minimize ritisdg new developments. Part 323 identifies tloasestal areas:
1) high-risk erosion areas — those shorelines ifiiethtas receding at an average long-term rate teaest one foot per
year; 2) flood risk areas — those coastal aredsatka/ulnerable to Great Lakes flooding; and 3jremnmental areas —
those coastal areas necessary for the preservatidnmaintenance of fish and wildlife. Regulatidresre been
developed for the unique management issues faeiciy @&ea.

Mechanisms provided in the law to accomplish thtgrtion are state-developed zoning ordinancesialpstudies,
plans, and remedies for violation of rules. The gives the MDEQ the authority to identify and risge high-risk

erosion, flood, and environmental areas using skhaoning, and building code standards. Perangsequired for
construction in high-risk erosion or flood areasfar alterations in an environmental area. Ibeal ordinance has
been approved by the MDEQ, the regulation will lomel at the local level. In the absence of a lacdinance,

permits must be obtained from the MDEQ.

In high-risk erosion areas, the Administrative Rufer the Act require: 1) a 30-year setback for Isnraadily
moveable permanent structures having a foundatzencd 3,500 square feet or less; 2) a 60-yearasktbor all other
permanent structures; and 3) all proposed struetafe3,500 square feet or less located within Bedar setback
must be readily moveable. The readily moveabl&ipian expands the options a property owner mayecucally
consider if the home is ever threatened with erodeamage. High-risk erosion areas can be idedtifisough the lists
and maps available http://michigan.gov/deq/0,1607,7-135-3307_3331-007400.html

In flood risk areas, the Administrative Rules reguhat (1) residential structures must have tinegb portion of all
floor joists located at or above the 100 year fl@devation and (2) any additions to existing sties must be
elevated above the 100 year flood elevation.

Environmental areas are portions of the Great Lakeselands that have been determined to be negdssahe
preservation and maintenance of fish and wildINgithin environmental areas, permits are requitgdahy dredging,
filling, grading, other alteration of soil, vegetat, construction of permanent structures, andrahtirainage.

National Flood Insurance Program

For many years, the strategy for reducing flood a@ges followed a structural approach of building sland levees
and making channel modifications. However, thigprapch did not slow the rising cost of flood damaaed did not
allow individuals to purchase insurance to prothemselves from flood damage. It became appahentt different
approach was needed.
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The National Flood Insurance Program (NFIP) waditined in 1968 to make flood insurance availakhe i
communities that have agreed to regulate futuredfitain development. As a participant in the NFAR;ommunity
must adopt regulations that: 1) require any newdessial construction within the 100-year floodplab have the
lowest floor, including the basement, elevated abitve 100-year flood elevation; 2) allow non-reside structures
to be elevated or dry floodproofed (the floodprogfimust be certified by a registered professiomajireer or
architect); and 3) require anchoring of manufactdremes in floodprone areas. The community msst @aintain a
record of all lowest floor elevations or the elésas to which buildings in flood hazard areas hlagen floodproofed.
In return for adopting floodplain management retjoies, the federal government makes flood insuraveglable to
the citizens of the community. In 1973, the NFIBswamended to mandate the purchase of flood insyras a
condition of any loan that is federally regulatedpervised or insured, for construction activitigghin the 100-year
floodplain.

As of December, 2010, there were 25,555 flood msce policies in force in Michigan, which amourdsatmost $3
billion worth of coverage. Officials from FEMA aride MDEQ estimate that only 15% of all floodpratauctures in
Michigan eligible to purchase flood insurance altyuaave flood insurance. Furthermore, since cdbput 49% of
the communities in Michigan participate in the NHiliRere are thousands of structures that are floodyp but are not
eligible to purchase flood insurance. (There w@8& participating communities as of December 22,02Gand

another 108 communities that were mapped but ntitjpating—probably since the mapping was receotisnpleted

under FEMA’s Map Modernization program.)

For more information about the participation of Ngan communities in the NFIP and CRS, please refeihe
preceding chapter about Riverine Flooding.

Community Education

The MDEQ periodically holds workshops for lendeesaltors, insurance agencies, citizens and any atherested
parties. The workshops provide a wide variety rdbiimation tailored to the specific group(s). Taspitypically
include building code requirements, other state faadral regulations, floodplain management prograamd the
responsibilities of involved parties such as lg@lernments, lending institutions, citizens, eitaff from the MDEQ
will also meet with property owners onsite to dseshoreline flooding and erosion problems andiplessolutions
based on the specifics of the property.

National Weather Service Watches/Warnings

In 2005, The National Weather Service announcetlitivaould start issuing Coastal Flood Warnings ttoe Lower

Peninsula shorelines of Lake Michigan and Lake Hwsing a model that calculates such factors ad speed, wave
height, and time between waves. Advisories thahwdien conditions present an increased risk ofuipents will be

posted on the agency’s web site and shared wittheebroadcasters.

State-Administered Shoreline Hazard Mitigation Paogs

In 1986, in response to the Great Lakes shorelowdiing and erosion problems, the State of Michigatablished
three unique shoreline hazard mitigation prograesighed to prevent or minimize damage and impagsezh by
shoreline flooding and erosion. (Note: These t@magy programs were established only for the 198%8h water
period. They have since been closed out and alenger available.)

The Shoreline Community Protection Programprovided grants for community shoreline damage gméon efforts.
From 1986 through 1988, the program provided supporflood and erosion mitigation projects undkea by local
governments in the form of grants which would co88% of the cost of projects. Four hundred seventy (471)
grants were awarded, totaling approximately $4 |#ani

Two interest-rate buy-down programs, tBmergency Home Moving Programand Emergency Flood Protection
Program, were established on a temporary basis to encewawn-structural approach to erosion and floathtuks
during the 1985-86 high water levels on the Greadds. The programs provided a lump sum paymeraliegu3% of
the interest rate of the secured loan amount fojepts to move houses away from the eroding blo# br elevate
homes in floodprone areas. From 1986 through 1@88&ptal of $2 million was made available to intteel
homeowners. A total of 72 structures were relatateder the program, and 43 were elevated.
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USACE Advance Measures Program

The USACE Advance Measures Program can be implerddntassist a state or local government in mitigathe
potential damage and impact caused by flooding.dedrthe Advance Measures Program, the Army Corps of
Engineers may provide “self-help” materials (i.sandbags, sand, and plastic sheeting), at 100%afedest, to
participating units of government for use in direcé-flood mitigation activities. An example ofsalf-help project
would be the construction of temporary sandbagsdikdhe Advance Measures Program also has a cotistru
component under which the Corps can provide assistavith permanent construction projects desigoechitigate
potential flood damages. Such projects are furate@ 75% federal and 25% local cost-share basmnst@iction
projects require a written cooperation agreemetvdsen the Corps and the participating jurisdictidine jurisdiction
must agree to furnish all land, easements andsrightvay, agree to operate and maintain the prépe@5 years, pay
the 25% project cost-share, and provide interiamdige. Examples of construction projects thatcdcpatentially be
funded under this component of the program incleai¢hen levees, rock and/or sand-filled cribs, @ntrete and/or
steel sheetpile seawalls.

The Advance Measures Program and its predecesperatibn Foresight, has been implemented durindgtstethree
high water periods on the Great Lakes. Over 168dfimitigation projects have been funded underetipesgrams in
Michigan and other Great Lakes states over thetthase decades. In response to the high lakedénel972-73, the
Corp’s Operation Foresight program provided oveB.$1million in funds for self-help and flood mitigan
construction projects. During the 1985-86 highewxagteriod, total project costs for self-help andstauction projects
under the Advance Measures Program exceeded $iltidnm In the most recent high water period (1988), in
response to request by the Governor, the USACEgedvapproximately one million self-help sandbags] worked
with seven communities to complete eight Advanceddiees construction projects. Those projectscmaed on or
adjacent to Lake Erie, Lake St. Clair, and SagiBay.

Great Lakes Shoreline and Wetlands Task Force Repor

A special task force was assembled to study statdemleral regulations on wetlands and to devetqespmmendations
for the regulatory agencies to allow shoreline prop owners access to their waterfront while mang the
ecological value of the areas. The report idesdifareas of inconsistency in existing Army Corp¥ngineers and
Michigan Department of Environmental Quality (MDE@grmitting processes and recommended that thecigen
work together to alleviate the inconsistencies.e Téport identified and listed the activities tishbreline property
owners can undertake without requiring a permitmfreither the state or federal regulatory agencye fleport is
available at www.Ire.usace.army.mil.

The Great Lakes Beach and Pier Safety Campaign

The Great Lakes Beach and Pier Safety Campaign wllaborative effort between multiple agencies and
organizations from Michigan, lllinois, Pennsylvangamd Ohio. It is a comprehensive approach toessing the lack
of education and understanding of rip currents thieddangers they present during storms on the Guadads. The
campaign was developed by The Great Lakes Beaclir@ndSafety Task Force, which has produced anatidumal
video on rip currents entitled “Respect the PowéFHe task force, along with assistance from Staten Insurance,
has mailed out 3,000 copies to all of the middosts, high schools, and public libraries in Micig

Other State and Federally-Assisted Flood Mitigathoojects

The State of Michigan has used a variety of federrading sources to assist in the implementatioficafd mitigation
projects. Those funding sources have includedth&)Hazard Mitigation Grant Program (HMGP); 2) thieod

Mitigation Assistance Program (FMAP); 3) the Pres&iter Mitigation Program (PDMP); 4) the Public i8&sce
Grant Program (PAGP); 5) the Individual and Fan@kant Program (IFGP) — no longer in existencehé)National
Flood Insurance Program, Section 1362 (no longeiistence); 7) Community Development Block Grd@BBG);

and 8) Farmers Home Administration (FmHA) loanstat& and local funds have been used to match therde
sources of funding.

Coastal Management Program
The Coastal Zone Management Act (CZMA), origingdssed in 1972, enables coastal states, includiegt Gakes
states, to develop a coastal management programpi@ve protection of sensitive shoreline resourtcesdentify
coastal areas appropriate for development, to datdgareas hazardous to development, and to imymawé access
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to the coastline. Michigan was among the firstestdo have its coastal program approved in 19%8. grogram is
administered by the Administration Section of theviEonmental Science and Services Division (ESSD}he
MDEQ. The program includes local pass-through gramid administration of coastal related sectionth®fNatural
Resource and Environmental Protection Act, 19944BA. Review of federal agency activities (for ceteicy with
Michigan's approved program) is performed by theedBrLakes Shorelands Section in the Land and Water
Management Division (LWMD) of the MDEQ.

Hazard Mitigation Alternatives for Shoreline Flooding and Erosion
* Floodplain/coastal zone management — planning &alkepuses for areas prone to flooding (comprekensi
planning, zoning, open space requirements, sulidivisegulations, land use and capital improvements
planning).
= Dry floodproofing of structures within known floodreas (strengthening walls, sealing openings, @ise o
waterproof compounds or plastic sheeting on walls).
=  Wet floodproofing of structures (controlled floodirof structures to balance water forces and disgmur
structural collapse during floods).
= Elevation of flood-prone structures above the 188rflood level.
= Construction of elevated or alternative roads trat unaffected by flooding, or making roads moomdt
resistant through better drainage and/or stabitiz&armoring of vulnerable shoulders and embankment
= Government acquisition, relocation, or condemnatibstructures within floodplain or floodway areas.
= Employing techniques of erosion control in the afleank stabilization, planting of vegetation onpss,
creation of terraces on hillsides).
= Enforcement of basic building code requirementateel to flood mitigation.
= Joining the National Flood Insurance Program, olirigi insurance, and participating in the Community
Rating System (CRS).
= Structural projects to channel water away from pee@nd property (dikes, levees, floodwalls) orriorease
drainage or absorption capacities (spillways, watetention and retention basins, relief drains,indra
widening/dredging or rerouting, debris detentiorsibg, logjam and debris removal, extra culvertsidaer
modification, dike setbacks, flood gates and pumgtlands protection and restoration).
Elevating mechanical and utility devices above eigeflood levels.
Flood warning systems.
Monitoring of water levels with stream gauges aaghed monitors.
Anchoring of manufactured homes to a permanentdation in flood areas, but preferably these stmestu
would be permanently relocated outside of floodagrareas and erosion areas.
= Control and securing of debris, yard items, oreslavbjects in floodplains that may be swept awayabed,
or pose a hazard when flooding occurs.
= Increased coverage and use of NOAA Weather Radio.

Tie-in with Local Hazard Mitigation Planning

Because many means of implementing mitigation astioccur through local activities, this updated MPilaces
additional emphasis on the coordination of Statell@lanning and initiatives with those taking maat the local
level. This takes two forms:

1. The provision of guidance, encouragement,iacehtives to local governments by the State, to
promote local plan development (including a cdesition of shoreline flooding and erosion
conditions), and

2. The consideration of information containedbical hazard mitigation plans when developing &tat
plans and mitigation priorities.

Regarding the first type of State-local planningorciination, MSP guidance has included the “Localzatd
Mitigation Planning Workbook” (EMD-PUB 207), whicis currently being updated for release by 2015.r the
second type of State-local planning coordinatioseetion later in this plan summarizes hazard pyiarformation as

it has been reported in local hazard mitigatiomgla Here, it will merely be noted that shorelirezdrds were
identified as some of the most significant hazandscal hazard mitigation plans for the followiegunties: Antrim,
Baraga, Bay, Benzie, Emmet, Grand Traverse, Hought@weenaw, Leelanau, Luce, Macomb, Manistee, and
Menominee.
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Great Lakes Water Levels Since 1860
(Plus Lake St. Clair Since 1900)
Measurements are in meters
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Shoreline Hazard History for Michigan Counties — aranged by region— Jan. 1996 to Oct. 2013
(The Lower Peninsula regions are ordered by “titnah south to north, west to east)
Please refer to the Michigan Profile Map sectianafio explanation of regional divisions

COUNTY or area

Shoreline
Events

Days with
Shoreline
Hazards

Tot. property
damage

Injuries

Deaths

Washtenaw

Wayne

.Livingston

Oakland

Macomb

5 Co Metro region

Berrien

17

17

15

Cass

St. Joseph

Branch

Hillsdale

Lenawee

Monroe

.Van Buren

Kalamazoo

Calhoun

Jackson

Allegan

Barry

Eaton

Ingham

.Ottawa

Kent

lonia

Clinton

Shiawassee

Genesee

Lapeer

St. Clair

.Muskegon

$20,000

Montcalm

Gratiot

Saginaw

Tuscola

Sanilac

.Mecosta

Isabella

Midland

Bay

Huron

34 Co S Lower Pen

0.56 avg.

0.56 avg.

$20,000
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Part 2 of Michigan County Shoreline Hazards HistoryTable

.Oceana
Newaygo
.Mason
Lake
Osceola
Clare
Gladwin
Arenac
.Manistee 1 1 1
Wexford
Missaukee
Roscommon
Ogemaw
losco
.Benzie 2 2 1 1
Grand Traverse
Kalkaska
Crawford
Oscoda

Alcona
.Leelanau 1 1 1
Antrim
Otsego
Montmorency
Alpena
.Charlevoix
Emmet 1 1 1
Cheboygan
Presque Isle
29 Co N Lower Pn 0.17 avg. 0.17 avg. 1 4
Gogebic
Iron
Ontonagon
Houghton
Keweenaw
Baraga
.Marquette
Dickinson
Menominee
Delta
Schoolcraft
Alger 3 3
.Luce 1 1
Mackinac 1 1 2
Chippewa
15 Co Upp.Pen 0.39 avg. 0.39 avg. 7
MICHIGAN TOTAL 36 34 $20,000 9 29

ok |F
o Rk

NOTE: Some qualifying shoreline events have beenadsified by NCDC under other hazards, such as floaa.
This table is not considered to be fully representave of the impacts of the shoreline erosion hazardut more
representative of the impact of rip currents and hgh tide hazards.
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Michigan Great Lakes Shoreline Erosion Hazard Areas
Source: Michigan Department of Environmental Qyalieb site ahttp://michigan.gov/deqg/0,1607,7-135-3307_3331-007400.html

Michigan Townships with High-Risk Shoreline Erosion Areas

Gogebic

Dickinson

Cheboygan -
—
Presque Isle
Charlevoix ;
‘ - Montmoren: R .
I3 Otsego Alpeng &,
[Feelanay .

3 N Grand Kalkaska | Crawford Oscoda
when7e | raverse

Manistee | Wexford Mswul@BT“S“’"‘m“'

V' 0gemaw

Gladwin W
W¥ceana

Mecosta Isabella Midland o
Hewaygo
Tuscola
Montcalm Gratiot N
. 3 3 (VKIS kegon
Actual at-risk areas may only involve small &

fa

{Mason Lake 0sceola Clare

oy . Lapeer
segments of each community's entire coastal 3 rremt ] ) Genesee
area, and more detailed local maps are Ottawa lonia | chngon TIAwRoseq
available on the Michigan Department of
Natural Resources and Environment website. e P
Allegan Barry Eaton Ingham | Livingsten s
1]
VanBuren |yaiamazeol  Calhoun \ Jackson Washtenaw
ful
Herrien Cass St. Joseph Branch Hillsdale Lenawee

Produced by
Michigan State Police
Emergency Management and Homeland Security Division
January 2011
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Dam Failures

The collapse or failure of an impoundment that resultsin downstream flooding.

Hazard Description

A dam failure can result in loss of life, and intensive property or natural resource damage foesmilownstream
from the dam. Dam failures occur not only durifap@l events, which may cause overtopping of a darhalso as a
result of poor operation, lack of maintenance agphir, and vandalism. Such failures can be cafasit because
they occur unexpectedly, with no time for evacuati@he Michigan Department of Environmental QyalMDEQ)
has documented approximately 287 dam failures hidan since 1888.

The federal levee database for the State of Michiggrovided on the map below. In addition, thkofving is a list

of some areas known to the Water Resources Divisidhe MDEQ. This listing is for informational gaoses only,
to comply with federal recommendations for hazardlgsis, and the listing of an area is not intengeduggest any
specific risk or vulnerability in the vicinity ahis time.

Information on dams with low hazard potential mayavailable from the National Inventory of Damss @éf 2012,
136 of the dams in Michigan were classified as Khitazard” (meaning there was at least some developm
downstream, in the dam’s “hydraulic shadow”), dofwom the count of 161 from just a few years before.
Development should be discouraged in areas thatdwnarease the risks from potential dam failur&ffects from
dam failures can be more severe than those froemime flooding, due to the possibility of the exéffects of flash
flooding and wave action from a catastrophic dairfa.

Hazard Analysis

The worst recorded dam failure in U.S. history eoed in Johnstown, Pennsylvania on the afternooMay 31,
1889. More than 2,200 persons were killed whenSbath Fork Dam on the Conemaugh River upstream fro
Johnstown failed, sending 20 million tons of wademwnstream in a huge wall of water (at times 60ié€l high)
moving at 40 miles per hour. The wall of waterdda with debris, hit Johnstown within an hour, ctetgly
inundating the town and crushing everything irpiish. The flood was over in 10 minutes, but tHeat$ were felt for
years to come. The cause of this catastrophioréaivas later determined to be inadequate maintenainthe South
Form Dam by the South Fork Fishing and Hunting Gl private lake association who counted amongésibers
wealthy Pittsburgh steel and coal industrialistshsais Andrew Carnegie and Andrew Mellon. The Canggh Valley
was again the site of dam failures in May of 19w nearly 12 inches of rain fell in a 10-hour pédricausing six
dams surrounding Johnstown to fail. These siufag poured more than 128 million gallons of wat¢o the
Conemaugh Valley, resulting in the deaths of 45q@es and heavy property losses. The storm evaht#used the
dam failures was said to be a once in a 5,000 @000year occurrence.

Some Michigan areas with levees, or similar structures:
Village of Clinton Along the River Raisin in Lewae County

City of Detroit

East China Township (St. Clair Co.)
City of Frankenmuth

Cities of Grand Rapids and Walker
City of Grosse Pointe Park
Hampton Township (Bay Co.)
Kalamazoo City and Township

City of Manistique

Saginaw County

Saginaw County
Sebewaing (Huron Co.)

Village of St. Charles (Saginaw Co.)
Wisner Township (Tuscola Co.)

A series of “seawalls” may beopiding some protection
Several rirkpdiare shown on the community’s map
USACE flood-control project the Cass River
Floodwalls altheyGrand River
Sea wall along thed@eRiver and Lake St. Clair
Coastal levee
Levees surroundingevdisposal ponds
One dam includes a flume timaty have levee-like functions
Low-level dikes along the FlimidR in Albee, Spaulding, and
Taymouth Townships
Low-level dikes along the Cas&Rin Bridgeport and
Spaulding Townships
USACE flood-control project
Levee
Dikes
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Known Levies in Michigan
(as listed in USACE national database)

Eakn

#® Levees

Courties v Bz f.e,mm -, \ mobson "‘”"(-

I
e | s
1 4

e

Eren | URE [Sldoseph [ B L,"m,,

Prod vee dby:
Mich Ban Siate Polic:
Emenge oy Mavagemertand Home B d Seca rhy Dkl
Febryany 2012

Dams are important components of the state's infictsire and provide benefits to all citizens. Heer, as history
has demonstrated, dams can fail with disastrousezprences, causing unfortunate loss of life angdgetp and natural
resources. Many existing dams are getting olded,reew dams are sometimes built in developed arAashe same
time, development continues in potential inundadones downstream from dams. More people arslkatrom dam
failure than ever before, despite better engingeaimd construction methods. As a result, contirassl of property
can be expected to occur. The challenges facice) Emergency management officials are: 1) mirgnhiiss of life
and property by working closely with dam ownersthe development of the EAPs to ensure consistentty tive
Emergency Operations Plan (EOP) for the jurisdict®) developing procedures in the EOP for respunth a dam
failure (including a site-specific standard opergtprocedure for each dam site); 3) participatimgam site exercises;
and 4) increasing public awareness of dam safetyepiures.
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The risk of dam failures should be calculated, whgossible, from past occurrences. If a commuinéty had no
history of dam failures, the community may wishetcamine the histories of similar types of dams €dasn size,
construction, ownership, maintenance schedulesjuaedhat information to estimate the annual charfice failure.
Remember that not all failures result in damagingds—many failures are caught in time to prevéodd damages,
but still have costs associated with emergencyoresp and repairs. It makes sense to calculate frosh different
types of events. In most years, there will be modent. If there is an incident, it may be relaly minor in its
impact. The worst case scenario would involvestedghic dam failure.

Federal and State laws require the owners of highsignificant hazard potential dams to preparelkaggp current an
Emergency Action Plan for their dams. They are alsquired to submit such plans to their local emecy
management officials and/or Dam Safety Officer fieview and coordination. The EAP includes mapmng/or
listing of buildings that would be inundated in #nent of dam failure.

Information on dams with low hazard potential may found in the National Inventory of Dams. Mosidain
Michigan, have not been classified as having “Higlaard” potential, although that designation tecdlhy refers to
the fact that at least some development exists gweam, in the dam’s “hydraulic shadow”). Devel@mtishould be
discouraged in areas that would increase the fisks potential dam failures. Effects from dam diagls can be more
severe than those from riverine flooding, due ® plossibility of the extra effects of flash floodiand wave action
from a catastrophic dam failure.

The actual risk of dam failures in general needset@alculated from fairly rare past occurrenddst all dam failures
result in damaging floods—many failures are cadgtiime to prevent flood damages, but still havets@associated
with emergency response and repairs. In most ydaee will be no incident. If there is an inanleit tends to be
relatively minor in its impact. Although none diet 287 recorded dam failures in Michigan were tadtastrophic in
terms of massive loss of life, property damage frogjor events has sometimes been very signifigamticularly in
terms of the related flooding that tends to follawlam failure. Millions of dollars of damage reedlfrom the 2002
to 2004 events in the Upper Peninsula, which wieeddrgest recent events of this type. Althougmglaary widely
in their significance and environmental contexbtighout Michigan, the historical record shows autiency of about
2.3 failures per year, on average, with most invgsmall impacts and rural locations.

Impact on the Public

No catastrophic dam failures have been reportédichigan, of a type that actually had unanticipafiaedh-flood style

impacts on anyone who might have been affectethdaiynt However, significant dam failure events haseurred and
caused displacement, infrastructure failure, raadigle closures, and property damage. The impacte ganerally

been similar to those of riverine flooding (please that chapter in this analysis), except that fddlores present the
possibility for a faster release and inundationtld affected areas, and that failed dams may affextarea’s

hydrology and infrastructure. (For example, hydeotic dams may need to be shut down in the evieatlmeach,

causing impacts on the power supply of an arelmcat economic effects.)

Impact on Public Confidence in State Governance

Recorded dam failures in Michigan have not beeastaiphic, but still may cause problems in resiglguegrceptions
of the reliability of government standards and @pliegarding the engineering, inspection, and reaemce of such
structures. The failure of levies in the New Omnledurricane event may carry over into more geramaterns about
the adequacy of structural water containment itfuature nationwide.

Impact on Responders

Some dam failures can cause catastrophic flasllifigato take place, which is especially dangerauarty who are
near the floodway area, as responders often mustrbaddition, access to dam areas is often métieutt by their
remoteness, the presence of barbed wire, hunteagarugged terrain, etc.

Impact on the Environment

Dam failure has the potential to cause great harthé natural ecosystem by pushing sedimentatimugfnout the
floodplain. Dam failure can also push water ontdcadfural land, which can then carry fertilizensdapesticides into
other areas.
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Significant Dam Failuresin Michigan

1939 - Lenawee County
A dam failure occurred in Lenawee County when tlodiiRMill Dam was struck by a tornado in 1939. TRellin Mill Dam was not rebuilt after being destsal
in the incident.

September 1986 — Central Lower Peninsula

On September 10 - 11, 1986 an intense rainstotimeientral portion of the Lower Peninsula produeedfall amounts ranging from 8 to 17 inches caerarea
60 miles wide and 180 miles long. As a direct ltesiuthat storm, 11 dams failed and 19 others wereatened with failure, resulting in about 1,5@0@ple being
evacuated downstream of the dams. The failuretlaredtened failure of these dams was primarilyréselt of inadequate spillway capacity. Most &f thams
were constructed without an emergency spillway, didd't have an adequate inspection and maintenamoggam. The excessive rainfall resulted in thsigh
capacity of the dam being exceeded, causing fadfithe dam or intentional breaching of the embagikinto save certain portions of the structure.tUrately,
no deaths or injuries were attributable to thiseseof dam failures.

2002 to 2004 — Upper Peninsula Flooding and Danuffes

A pattern of flooding and dam failures occurredhia Western and Central Upper Peninsula for seyesas in a row. In April of 2002, several damssiogebic
County were breached by floodwaters, with the GftyVakefield being especially affected. The citwater treatment, wastewater treatment, and eteglaint
were all in danger of inundation and shutdown, #nredState Police Post there was evacuated dueddiffig. The Wood Dam (Presque Isle Wildlife Dangsw
breached and an embankment to its north partiatigesl, allowing waters to flow through. In Gogekiounty, 48 homes were destroyed, 91 suffered major
damage, and 27 endured minor damage; 7 businesseglastroyed, and 11 were damaged. A federasfRisReclaration was issued by the president.

In Marquette County, two dams were at maximum Evielt held during that 2002 event. In May of tiet year, however, Marquette County was the one to
suffer from flooding, as a series of dikes and déaied, starting with the Silver Lake dike, andusad excessive water to flood low-lying areas i @ity of
Marquette. Marquette County declared a local sthemergency, and damages were estimated at $8dumillion, of which $1,000,000 was caused tofthiled

dike and downstream dams themselves. The Goverdered the evacuation of persons living along matgs in the Dead River Basin area and its tribegar
downstream of Silver Lake. Although the U.S. Snialsiness Administration issued a “Declaration obomic Injury,” no federal Disaster Declarationswa
approved for this event.

In 2004, similar flooding threatened to occur, digt not have quite the same level of impact astzabened in the previous two years.

October 6, 2012 — Dam Failure and Flash Flood (Giielaverse County)

East of the town of Grawn, a temporary dam and dtefing structure had been in place alongside tioeviB Bridge Dam on the Boardman River, to assist in
drawing down the small lake behind the dam (Browidd®e Pond) before the dam’s permanent removals fBmporary dam failed and caused the releas# of a
remaining water, causing road closures and hom&aians within the hour. A total of 53 homes sirs¢d varying degrees of damage. Docks, small
footbridges, and some small outbuildings were dgstt. Total damages were estimated at $1.8 million

Historically Significant Dam Failures across th&l)selected events before 1990)

Year Dam Name / Location Deaths
1874  Mill River, Massachusetts 143
1890  Walnut Grove, Arizona 150
1899  Johnstown, Pennsylvania 2,209
1911 Bayless, Pennsylvania 80
1928  St. Francis, California 450
1972  Black Hills / Canyon Lakes, South Dakota 278
1972  Buffalo Creek, West Virginia 125
1976  Teton, Idaho 11
1976  Big Thompson River, Colorado 144
1977 Tocca Falls, Georgia 39
1977  Laurel Run/ Shady Run, Pennsylvania 45
1978 Texas Hill Country, Texas 25
1990 Shadyside, Ohio 24

Sources: National Performance on Dams Progrante€en Performance of Dams, Stanford University,
(M. McCall), 1995;Multi-Hazard I dentification and Risk Assessment, 1997, FEMA.

Programs and I nitiatives

The series of tragic dam failures that occurre@sxithe United States in the 1970s prompted gowarhaction to
more stringently regulate dams and heightened @ubincern about hazards created by unsafe dant. tiBoMDEQ
and the Federal Energy Regulatory Commission (FE&&3sify and regulate dams in Michigan. Undetestand
federal legislation, certain dam owners are reguicedevelop a survey of the downriver area, devdlwod-prone
area maps and develop emergency action plans (EARs}hermore, the FERC requires the owners df slans to
exercise these plans; the MDEQ has initiated aortetd6 encourage owners of state-regulated damalumtarily
perform exercises of their EAPs. In Michigan, waler 100 dams are covered by Emergency ActionsPlan

Dams in Michigan are regulated by Part 315 of Tlukal Resources and Environmental Protection 2@94 PA
451, as amended. Part 315, Dam Safety providethéoinspection of dams. This statute requiresMBE=Q to rate
each dam as either "high," "significant,” or "loh&zard potential, according to the potential doveash impact if the
dam were to fail (not according to the physicaldiban of the dam). The MDEQ has identified antedaover 2,400
dams. Dams over 6 feet in height that create groumdment with a surface area of 5 acres or mareegulated by
this statute. Dam owners are required to mairaaiEAP for "high" and "significant" hazard potehtiams. Owners
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are also required to coordinate with local emergenanagement officials to assure consistency withllemergency
operations plans. Dams regulated by FERC, sublydg®electric power dams, are generally exempt filosistatute.

The FERC licenses water power projects (includiagnsl) that are developed by non-federal entitiesludting
individuals, private firms, states and municipabti Under provisions of the Federal Power Act &ederal
regulations, the licensee of the project must peepa EAP. This plan must include a descriptioracfons to be
taken by the licensee in case of an emergencyndhition maps showing approximate expected inundatieas must
also be prepared. Licensees must conduct a funattiexercise at certain projects, in cooperatioth wocal
emergency management officials.

Recognizing the importance of mitigating dam faglrthe State of Michigan in recent years has tesderal grant
funds for several projects designed to reduce loodlerability to dam failures by upgrading damsremoving
persons from harm’s way.

The federal Dam Safety and Security Act of 2002reskks safety and security of dams through thediwdion by
the Federal Emergency Management Agency (FEMAgdéfal programs and initiatives for dams and thesfier of
federal best practices in dam security to the stdtke Act includes resources for the developmedtraaintenance of
a national dam safety information network and teeetbpment by the National Dam Safety Review Boafréh
strategic plan that establishes goals, prioribesl target dates to improve the safety and seavfriiams in the United
States.

The Act continues all of the programs establishgthle 1996 Act that have been serving to increlasesafety of the
nation’s dams, including: 1) increased fundinghauty to support improvement of the state damtggieograms that
regulate over 77,000 dams in the United Statethejvork of the Interagency Committee on Dam Safi&@pDS); 3)

the development of the strategic plan and the eéneport on the National Dam Safety Program;rdining for state
dam safety staff and inspectors; 5) a continuednara of technical and archival research, includmgdevelopment
of devices for the continued monitoring of the safef dams; and 6) increased reliance on the Natiam Safety
Review Board, which provides the Director of FEMAttwadvice on national policy issues affecting dsafety and
helps oversee the operation of state dam safeyrgms.

Hazard Mitigation Alternatives for Dam Failures
» Regular inspection and maintenance of dams.
= Garnering community support for a funding mechanigrassist dam owners in the removal or repairaohsl
in disrepair.
= Regulate development in the dam's hydraulic sha@were flooding would occur if a severe dam failure
occurred).
Ensuring that dams meet or exceed the designiarreguired by law.
Public warning systems.
Obtaining insurance.
Increased coverage and use of NOAA Weather Radio
Increased funding for dam inspections and enforo¢roethe Dam Safety Program (Part 315 of the Ntur
Resources and Environmental Protection Act) requéirgs and goals.
= Constructing emergency access roads to dams, wheded.
= Pump and flood gate installation/automation.

Tie-in with Local Hazard Mitigation Planning

Because many means of implementing mitigation astieccur through local activities, this updated MPiMlaces
additional emphasis on the coordination of Statellelanning and initiatives with those taking pdaat the local
level. This takes two forms:

1. The provision of guidance, encouragement,iacehtives to local governments by the State, to
promote local plan development (including a cdesition of dam failures), and
2. The consideration of information containedbical hazard mitigation plans when developing &tat

plans and mitigation priorities.
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Regarding the first type of State-local planningorciination, MSP guidance has included the “Localzadte

Mitigation Planning Workbook” (EMD-PUB 207), whicis currently being updated for release by 2015r the

second type of State-local planning coordinatioseetion later in this plan summarizes hazard pyiarformation as
it has been reported in local hazard mitigatiomglaHere, it will merely be noted that dam faikireere identified as
one of the most significant hazards in local hazaitigation plans for the following counties: Alleg, Alpena,

Calhoun, Eaton, Gladwin, Houghton, Iron, Kalkadkeelanau, Manistee, Marquette, Midland, and Roscomm

Potential Dam Hazards in Michigan
(as of December 2010)
High Significant  Total County High

Significant = Total
Hazard Hazard Hazard Hazard

Alcona 1 1 Lake 2 2
Alger 1 1 Lapeer 1 6 7
Allegan 7 2 9 Leelanau 2 1 3
Alpena 2 1 3 Lenawee 3 5 8
Antrim 2 2 Livingston 3 7 10
Arenac 1 1 Luce 0
Baraga 2 2 Mackinac 1 1
Barry 3 3 Macomb 2 1 3
Bay 0 Manistee 2 2
Benzie 1 1 Marquette 9 7 16
Berrien 2 2 4 Mason 2 2
Branch 1 1 Mecosta 4 4
Calhoun 3 3 Menominee 4 2 6
Cass 2 1 3 Midland 4 4
Charlevoix 3 3 Missaukee 1 1
Cheboygan 6 3 9 Monroe 2 2
Chippewa 1 1 Montcalm 2 2
Clare 3 3 Montmorency 2 2
Clinton 2 2 Muskegon 1 2 3
Crawford 0 Newaygo 3 1 4
Delta 1 1 2 Oakland 8 15 23
Dickinson 2 3 5 Oceana 2 2 4
Eaton 3 3 Ogemaw 3 3
Emmet 1 1 Ontonagon 2 2 4
Genesee 3 7 10 Osceola 1 1
Gladwin 5 1 6 Oscoda 1 1
Gogebic 0 Otsego 0
Grand 4 4 8 Ottawa 1 1 2
Traverse
Gratiot 2 2 Presque Isle 0
Hillsdale 5 5 Roscommon 1 3 4
Houghton 2 2 Saginaw 1 1
Huron 0 St. Clair 0
Ingham 1 1 2 St. Joseph 5 3 8
lonia 1 1 2 Sanilac 0
losco 4 1 5 Schoolcraft 1 1 2
Iron 3 2 5 Shiawassee 2 2
Isabella 1 3 4 Tuscola 0
Jackson 1 4 5 Van Buren 1 1 2
Kalamazoo 5 5 10 Washtenaw 8 6 14
Kalkaska 1 1 Wayne 8 1 9
Kent 2 5 7 Wexford 2 2
Keweenaw 0 TOTAL 141 160 301
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Dams in Michigan

Michigan Department of Natural Resources
institute for Fisheries Research, 10-27-2003

% 0 25 &0 100 150

Froduced by
Michigan State Palice
Ermergency i ahagement and Homeland Security Division
December 2010
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Drought

A water shortage caused by a deficiency of rainfall, generally lasting for an extended period of time.

Hazard Description

Drought is the consequence of a natural reductiathe amount of precipitation received over an recéel period of
time, usually a season or more in length. Droightnormal part of the climate of Michigan andsifually all other
climates around the world — including areas withhhand low average rainfall. In low rainfall aredsought differs
from normal arid conditions in that the extent otlay exceeds even that which is usual for thenalie. The severity
of a drought depends not only on its location, tlona and geographical extent, but also on the’swater supply
needs for human activities and vegetation. Thiallpariation of drought standards makes the hadiffidult to refer
to and makes it difficult to assess when and wbaeeis likely to occur.

Drought differs from other natural hazards in salerays. First, in the lack of an exact beginramgl endpoint for a
drought, whose effects may accumulate slowly angeli even after the event is generally thoughtsobeing over.

Second, the lack of a clear-cut definition of drolugan make it difficult to confirm whether one ity exists, and if

it does, its degree of severity. Third, droughpatis are often less obvious than other naturarbdaz and they are
typically spread over a much larger geographic .aréaurth, due primarily to the aforementioned oggs most

communities do not have in place any contingenapgfor addressing drought. This lack of pre-plagican hinder

support for drought mitigation capabilities thatuhb otherwise effectively increase awareness addo® drought

impacts.

Hazard Analysis

Droughts can cause many severe impacts on commesiratid regions, including: 1) water shortageshfonan
consumption, industrial, business and agricultusgs, power generation, recreation and naviga#ipa; drop in the
quantity and quality of agricultural crops; 3) deel of water quality in lakes, streams and otheuna bodies of
water; 4) malnourishment of wildlife and livestock) increase in wildfires and wildfire-related lessto timber,
homes and other property; 6) declines in tourisrargas with water-related attractions and amenifigsleclines in
land values due to physical damage from the droaghtitions and/or decreased economic or functiasal of the
property; 8) reduced tax revenue due to incomeebods agriculture, retail, tourism and other ecoiwosectors; 9)
increases in insect infestations, plant diseasd,veind erosion; and 10) possible loss of human dife to food
shortages, extreme heat, fire, and other healttte@| problems such as diminished sewage flows aackdased
pollutant concentrations in surface water.

Although it is difficult to determine when a drougk actually occurring, once a drought is recogdiit can be
classified within four different categories - mata@ogical, hydrologic, agricultural, and socioecono. A
meteorological drought is based on the degree of dryness, oddparture of actual precipitation from an expected
average or normal amount based on monthly, segsonahnnual time scales. Wydrologic drought involves the
effects of precipitation shortfalls on stream floasd reservoir, lake, and groundwater levels. a§gnicultural
drought concerns soil moisture deficiencies retatto the water demands of plant life, usually crop#
socioeconomicdrought is when the effective demand for water ersethe supply, as a result of weather-related
shortfalls.

The U.S. Drought Monitorhttp://www.drought.unl.edu/dm/monitor.htmlises four classifications of severity, from
the least intense category (D1) to the most int¢éD4¢, with an additional (DO) category used toigeate a “drought
watch” area in which long-term impacts such as teservoir levels are probably present. The Droudbhitor
summary map is available online, identifying gehéraught areas and labeling their intensity. Whibt the only
way to characterize droughts, the U.S. Drought Mworig convenient and their classification levedsd recently been
used in various reports and assessments of draoeghkiitions. Short-term indicators are on the lefel-3 months,
while long-term indicators focus on durations ab@0 months.
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Palmer Drought Classification Categories

Category Description Possible Impacts Palmer | CPC Soil Moisture Model, USGS Weekly | Standardized
Drought | Streamflow, Objective Short & Long- Precipitation

Index term Drought Indicator Blends Index (SPI)
(Percentiles)

Abnormally | Going into drought: short-term dryness that slows
Dry planting, growth of crops or pastures. to to
Coming out of drought: -1.9 -0.7
some lingering water deficits; pastures or cropsfuity
recovered.
D1 Moderate Some damage to crops, pastures, streams, resensirs -2.0 11-20 -0.8
Drought wells low; some water shortages developing or to to
imminent; voluntary water-use restrictions requeste | -2.9 -1.2
D2 Severe Crop or pasture losses likely; water shortages comm| -3.0 6-10 -1.3
Drought water restrictions imposed. to to
3.9 -1.5
D3 Extreme Major crop/pasture losses; widespread water shestag -4.0 3-5 -1.6
Drought or restrictions. to to
4.9 -1.9
D4 Exceptional | Exceptional and widespread crop/pasture losses; -5.0 0-2 -2.0
Drought shortages of water in reservoirs, streams, andgwell | or or
creating water emergencies. less less

Source: U.S. Drought Monitor web shttip://drought.unl.edu/dm/classify.htm

In addition, the U.S. Drought Monitor uses two gahelrought categories in assessing an event—aa dehote
agricultural effects on crops, pastures, and gaassl, and an H to denote hydrologic effects on m&atpplies such as
rivers, groundwater, and reservoirs.

Despite the thousands of miles of rivers and stseamthe state, Michigan has experienced occasidraight
conditions. Most common are agricultural droughtith severe soil-moisture deficits, which have hsatious
consequences for crop production, particularly wbampled with extreme summer temperatures. Alatpus water
bodies, both inland lakes and the Great Lakes tekwes, cyclically go through periods of low-watevéls. Michigan
has been in such a period for a number of years n@ee the section on Flooding Hazards: Great 4 &twreline
Flooding and Erosion for more information aboutsthé&rends in water levels.)

Recent trends suggest that the pattern in Michigéincontinue to be one of low water and lake leyednd even
declared declarations of drought. The only exoeptippears to be the water levels in Lake Erielad St. Clair,
which are currently at or above their historicallyrmal levels. (Updated graphs of Great Lakes miateels can be
found in the Great Lakes Shoreline Hazards se¢tidm.2007, all 83 counties received drought desageclarations
from the U.S. Department of Agriculture due to cfopses from drought. In the Muskegon harbor, tkeghters

became stuck, with low water levels increasingrtbed for dredging activities and causing shipsiiatentionally run
aground on the sandy harbor bottom. These eveotsred in August and September of 2007, at theedame that
drought conditions were present in Michigan. A¢ tieginning of August, three counties (Allegan,af@hzoo, and
Van Buren) were judged to be at D2 (severe drougfiafus. Twelve other counties in Southwest Mighigvere
evaluated as having D1 (moderate drought) conditidBeveral others were considered to have abnigrovg (DO)

status. Wildfire dangers were similarly escalatdwuke to these dry conditions, with fire danger Ieva Southern
Michigan ranging from “high” to “extreme.” (Usuglfire dangers become less significant after angpfgreen up,”
but this year was an exception due to the drouffjatts.) Water flows in various rivers and creekere far below
normal—in many cases only about 60% of their usatals. In addition to various Red Flag Warningsirid-August

the Michigan Department of Natural Resources reléas proclamation prohibiting the use of fire onadjacent to
forest lands for 75 counties in Michigan. In l&tegust, drought conditions worsened, with 23 Nanthklichigan

counties at moderate (D1) drought status and tvipfi@wa and Mackinac) at severe (D2) drought staAlthough

some rainfall in early September allowed the festriction proclamation to be rescinded in 23 seuthMichigan

counties, it remained in effect for 52 of the mamethern counties. By late September, drought itiond had been
alleviated somewhat by additional rainfall, excEptthe Upper Peninsula, which still had severeudht (D2) status
in seven of its western counties, and moderate @a&ught status for 5 of its eastern counties. u(Ga Law
Enforcement Information Network messages)
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In the United States, drought conditions often tekissome region of the country, with some arealjikto be
experiencing drought conditions at a particulaetinThis does not mean that Michigan is also egpemg a dry spell
at the same time.

Drought can be a “low-profile” hazard that does gett a lot of public attention in Michigan, compéreith the Rocky
Mountain or Great Plains states. Neverthelesds pafr Michigan have tended to experience signiticdrought
conditions an average of about 20% of the time €ddmg upon how this is measured). Even if theuoenice of
drought appears at first to be of lesser concerrafcommunity, it is important to include a consat®mn of the
drought hazard in local hazard mitigation plannisigce plans are an excellent way to deal with gmhdr longer-
term hazards such as drought.

When a drought takes place, there are many impaatan result from the extended dry period. &hegpacts can
be classified as economic, social, and/or envirariaile Of great significance is the economic lossrop production
through lower yields, poorer crop quality, and restll productivity of the land. (Michigan’'s fruit qauction is
especially vulnerable to lesser yields, as was se@n2001 drought event that caused the destrudtfiamne-third of
the state’s fruit and vegetable crop.) Timber pitithn is also reduced through possible foressfiree diseases, and
fisheries also have lesser amounts of fish. Lexbg@moduction in the agricultural sector leadsntmoime losses for
farmers and industries dependent on agriculturatiycts. Lower hydrologic levels lead to water shges for
municipalities and possible shutdowns of industaied businesses that depend on large volumes ef wahe quality
of water tends to diminish with lower water leveds, well. Tourism becomes hampered by lower lala raver
depths, due to the recreational difficulties antbitveniences that are caused. Severe and prolangaghts could
have catastrophic effects on the economy, in caden adverse conditions lead to disruptions inrdggonal and
national economy and when widespread economicdaa$ect the supply and distribution of goods agwises.

Droughts can come to threaten to public healthsafiety, as water shortages and decreased watélyqaae threats
of illness, land subsidence, and wildfires. Catdlibetween water users can arise, especially whemr or lake has
competing uses among municipal, agricultural, itdlals and recreational users. Water restrictiand limitations
among residents can also change daily lifestyleepat and create social unrest in severe caseser \lgdrequently
needed for emergency responses to fires, eithsetimostructures or wildfires in natural areas.

Environmentally, a drought brings the aforementibloevering of water levels and water quality forfage lakes and
rivers, and strains the subterranean aquifers enstate. Various animal and plant populationsidechnd are at
heightened risk of disease. Air quality is redubgdan increase of dust and pollutants in the &ail quality and
guantity is also diminished due to enhanced erosspecially around freshly exposed areas nearrémvakes and
streams.

The process of drought monitoring involves haviegdy access to an ongoing supply of informatiorandigg
precipitation, stream flows, lake levels, etc. &yamining one or more drought indices, encroachingxistent
drought conditions can be monitored and adaptedtought-related scales include river and strelamd (expressed
either as a percentage of normal or as a percgnhike Standardized Precipitation Index, Crop Moistindex, Surface
Water Supply Index, and the Drought Monitor. Ttyige of information may be found through the USGI®uUght
Watch web page dtttp://waterwatch.usgs.gov/?m=dryw&r=miThrough these, an assessment of present camglitio
and forecasts are at your fingertips. Using thikcators given by these agencies, you can deternaneclose or how
severe drought conditions may be for your areapedding on the readings and predictions from tdecés, you can
determine how much risk and what kind of potertiakes may arise from year to year. Heading iptimgtime in a
given year with above average precipitation lesskaghreat of impending drought (and its consegegnwhile dry
fall and winter conditions lead to a heightenedramess of potential summer drought conditions.

Urbanized Areas

The entire state is subject to the impacts of dnougiowever, some areas are more vulnerable tainedrought-
related impacts than others. Large urbanized ar@asve more vulnerable to water shortages anaidssidisruptions
due to the sheer number of water users that ar@etimy for the limited water resources. In thoseas, water
management strategies typically have to be implésdeto deal with the water shortage problems. iPuigalth and
safety concerns are also numerous - everything fraimtaining adequate water supply for firefightiegaddressing
the needs of the elderly, children, ill or impogled individuals suffering from heat-related strasd illness. The
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latter is particularly problematic for densely unized, inner-city areas, because heat-related sl@attur much more
frequently in those areas than in suburban and aneas. (See the Extreme Temperatures sectiomdoe detailed
information.)

Rural Areas

In rural agricultural areas and the heavily fordséeeas of Northern Michigan, drought brings onoattof other

problems to address. The agricultural areas afhson Lower Michigan are highly vulnerable to drbtigonditions

that impact the quantity or quality of crops, liteek, and other agricultural activities. Theseaareften depend
heavily on agricultural production for their ecoriormeeds. A prolonged drought can seriously impacal and

regional income, which in turn has a rippling effen the other components of the economy. Drouaghtalso cause
long-term problems that can negatively affect taeywiability of some agricultural operations.

In Northern Michigan’s forested regions, drought adversely impact timber production and some soourand
recreational enterprises. This can also causep idrincome, which impacts other economic sectdrbe biggest
problem drought presents, however, is the incretweat of wildfire. Many Northern Michigan couesi are heavily
forested and are therefore highly vulnerable taudght-related wildfire threats. As the 1976 Senieg proved, a
drought-impacted landscape could quickly turn alkfina into a raging, out of control conflagration

Statewide

Tourism is an important source of revenue for Miyeim. The Great Lakes attract numerous boatervacationers
each year. Many of the “nice weather” activitiesl attractions involve water-related swimming, bugtfishing, and
resort activities, and these forms of recreati@mal tourist attractions can all be negatively inipddy the effects of
drought conditions. Resort areas and boat docks playsical designs that tend to be based on platiwater levels.
In recent cases of moderate and severe drougdeszsibed above, stream flows can fall below 50%heir normal
levels, in many cases reducing the navigability vediterways and altering the relationship betweenemwat
levels/locations and built facilities for recreat#d access to that water (boardwalks, docks, fighites, et cetera).

Drought Contingency Planning

Because of variations in the drought threat throughhe state, local communities should develop rmaihtain
drought contingency plans (as part of their ovexalergency preparedness effort) that address timanyrthreats that
drought presents in their area. For urban jurigmis, that threat is primarily related to watepgly and use
management, heat-related illnesses, and contimuationdustrial and business operations. For nuradictions, that
threat is primarily agricultural and wildfire-reéat. Such preparedness efforts will not eliminh&ertegative effects of
drought, but they can at least help minimize andaga the consequences of those effects on theatimpul

Because drought is a low-profile hazard, it does megeive as much attention as it probably shoudsnfthe
emergency management community, governmental aggrani the public in general. As a result, drowggimtingency
planning is typically a lower priority activity thas planning for other types of natural hazariecause of the lack of
pre-planning, historic responses to drought haes lael hoc and typically involve the creation ofcspletask forces or
interagency groups to address drought-related $sasghey arise. Once the crisis is over, ligléypically done in
terms of time or resource commitment in order wedhe impacts of the next drought. Part of tleblem stems from
the fact that drought contingency planning facesymnabstacles, including: 1) lack of a single defom of drought
that works in all regions of the country; 2) lack unified, consistent policies on natural resounsenagement
(including water) among states and regions in th#.;\B) lack of a lead, coordinating agency forudyptat mitigation
and planning; 4) lack of “dramatic,” high-profilenpacts (i.e., property damage, casualties, debtts) — which
lessens the severity of drought in the minds of oimity decision-makers and the public; 5) the igfrent nature of
drought makes it difficult to garner support foaphing and mitigation actions; and 6) the widelfdheerception that,
because the problem is so enormous in scope anditudg, there is little that can be done to prewdnought or
lessen its impacts.

Having a Drought Contingency Plan for a commungtyquite important in the event that a severe drbugpacts
your area. Such a plan should be a separate dotul®iling what steps need to be taken in thateslea drought.
The plan should cover the following questions:

1) Where are primary water sources for the generallptipn?
2) Where are alternative sources for water if the grinsources are inadequate for the community’ssieed
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3) At what point of lessening water resources do legkr restrictions go into place?

4) Are there incrementally strict water regulationisied to drought severity?

5) At what point do water restrictions cease?

6) What are the costs of bringing outside water iheodcommunity?

7) What is the hierarchy of water distribution to desitial, commercial, agricultural and industrisdas?
8) How will children, the elderly, the ill, and otheulnerable citizens be accounted for?

One thing is certain when it comes to drought. tifes population increases (both in the U.S. and dwide), so too
does the need for water for drinking, growing foadd running businesses and homes. That increasid) greatly
heightens vulnerability to future droughts.

Climate Change Considerations

Although the effect of climate change on Michigaas lbeen an overall increase in precipitation, &edseverity of
droughts has generally been decreasing over thehplscentury, nevertheless there will still bedght events and
dryer seasonal phases, especially in areas thaloealy more susceptible. With sufficient plangiand water
infrastructure, the climate change effects upos ltlaizard may actually be beneficial on the whdtepagh the hazard
will not disappear anytime soon.

Impact on the Public

Drought impacts may include limited or restrictedtess to water, and higher prices for water anat@grral goods.
There is a threat to public health and safety, @aemshortages and decreased water quality raisatshof iliness, land
subsidence, and wildfires. Conflicts between wasars can arise, especially when a river or lalgedompeting uses
among municipal, agricultural, industrial, and estronal users. Water restrictions and limitatiansong residents
can also change daily lifestyle patterns and creatgal unrest in severe cases. There is als@aBsibility of a
substantial economic impact on an area’s agricillisgctor, and that sector is very important fonynaf Michigan’s
rural areas, both in terms of the local area’s eowoos (export value) as well as its employment gproon of the
labor force). Drought may also cause erosion psad (with an associated loss of productivity dawd value) and
exacerbate other types of erosion, involving asdedicosts for property owners.

Impact on Public Confidence in State Governance

In some areas, the government is responsible foasimucture maintenance and water supply planaimg) storage,
and could be perceived as having failed during mnd@rought event. Actual responsibility for thassues varies
with the specific jurisdiction(s) and agencies ilved. Public expectations of government respolitsibhay be lower
in areas with many natural water sources, and ahedianake heavy use of individual rather than mipal supply
sources. Some interesting cases emerge, howavereas that have industries that commerciallyldoatea
groundwater for profit. In cases of drought, otesfsened quantity or quality of local groundwatteere is likely to be
popular discontent among segments of the public iadid local or state government responsible foloVaing” (or
even “favoring”) for-profit water bottling business to compete with the claimed interests of tha'areesidential
water-users.

Impact on Responders

Droughts may be expected to affect a communityfmchy to fight wildfires, and perhaps even majouctural fires
as well. There may be access issues involvingsegnto private property. For example, a watertsige may require
access to a water pond on private property, taasdih efforts to fight a wildfire in the area.thi@rwise, no particular
responder issues should arise from a drought event.

Impact on the Environment

A drought can have serious consequences for theoanvent if the length and severity of the evengrieat enough.
The hydrological effects of drought can includeossl of wetlands, and lower water levels in lakesids and rivers
that are used for irrigating agricultural cropsdditionally, a deficit in rain for an extended pmatiof time may cause
ground water depletion and a reduction in the wateality. Drought may also impact plant and aniiifal by a
reduction in drinking water and loss of biodiveysitDrought is also the cause of many wildfires,ichhdestroy
wildlife habitats and alter an area's ecosystem.géality is reduced by an increase of dust antufaoits in the air.
Soil quality and quantity is also diminished dueetthanced erosion, especially around freshly expaseas near
lowered lakes and streams.

219
Natural Hazards — Hydrological (Drought)



Drought Related Monitoring and Measurement

The process of drought monitoring involves haviegdy access to an ongoing supply of informatiorandigg
precipitation, stream flows, lake levels, etc. &yamining one or more drought indices, encroaclingxistent
drought conditions can be monitored and adaptedtought-related scales include river and strelamd (expressed
either as a percentage of normal or as a percgritike Standardized Precipitation Index, Crop Moistindex, Surface
Water Supply Index, and the Drought Monitor. Ttyige of information may be found through the Nasibbrought
Mitigation Center website http://www.drought.unl.edu/index.htnor the USGS Drought Watch web page at
http://waterwatch.usgs.gov/?m=dryw&r=mirhrough these, an assessment of present condédrmmhs$orecasts are at
your fingertips. Using the indicators given by sheagencies, you can determine how close or hoeresalrought
conditions may be for your area. Depending orrélaelings and predictions from the indices, youdstermine how
much risk and what kind of potential losses mageaffom year to year. Heading into springtime given year with
above average precipitation lessens the threanpémding drought (and its consequences) while atyahd winter
conditions lead to a heightened awareness of pateatmmer drought conditions.

Significant U.S. Droughts: 1900-present

Drought U.S. Location(s)
Years Primarily Affected
1924-1934 California
1930-1940 Midwest (“Dust Bowl” drought)
1942-1956 Southwest
1952-1956 Mid-continent and Southeast
1961-1967 Northeast
1976-1977 Great Plains, Upper Midwest, West
1980-1981 Central, Eastern
1987-1989 Central, Eastern
1987-1992 California, Upper Great Plains
1998-1999 Northeast, Mid-Atlantic
2000-2001 South-Central, Southeast, Michigan / Ohio
2002-2003 Western, Central Midwest, Eastern

Source: _Multi-Hazard Identification and Risk Asseent, FEMA, 1997; National Drought Mitigation
Center; National Oceanic and Atmospheric Admintgira MSNBC; USA Today

Of these historic national event periods, severevof particular significance to Michigan. Afssme explanation
of Michigan’s 10 climate divisions, which have beagsed for drought monitoring by the National ClimaData

Center, more extensive detail will be provided dliba most notable historic drought events, in teantheir effects
on Michigan.

Michigan’s 10 climate divisions (for drought monitaing and analysis)

Information from the National Climatic Data Cenigivailable for
the current tracking and historical research ofudht events in
Michigan, but since dry conditions in one regionyntee balanced
(in a statewide average) by wet conditions in agotiegion, it is
necessary to look at specific regions rather tharstate as a whole,
to assess the presence and severity of droughitiomsdfrom the
historical data. For this plan, 126 years of deas analyzed (since
1895) for each of the 10 climate divisions illugdgin the map at
left.

To assist with local planning efforts, the countiemtained within
these 10 climate divisions are hereby listed, dttwbagh historical
data can at this time only be provided for thegiarns as a whole, a
summary of the most severe events from NCDC redoags been
included for each of the ten Climate Divisions.ll&wing this is an
overarching description of incidents and trendsash@ historical
drought records for Michigan.
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Significant Droughts affecting Michigan

Division 1: Baraga, Dickinson, Gogebic, Houghtaon| Keweenaw, Marquette, Menominee, and Onton&yamties. The most extreme drought was in January
1977, when the Palmer index hit a record low 0676. Lengthy drought incidents took place in 18894 (9 months), 1898-1899 (8 months), 1910-1911 (19
months), 1930-1931 (16 months), 1933-1934 (9 mJnfexn3-1944 (8 months), 1947-1949 (23 months)71B868 (16 months), 1963-1964 (14 months), 1976-
1977 (14 months), 1986-1987 (12 months), 1989-1290nonths), and 2006-2007 (16 months).

Division 2: Alger, Chippewa, Delta, Luce, Mackinamd Schoolcraft Counties. The most extreme drougls in January 1931, when the Palmer index hit a
record low of -7.18. Lengthy drought incidentskqaace in 1895-1896 (15 months), 1898-1899 (8 ment1909-1911 (26 months), 1919-1920 (8 months),
1920-1922 (17 months), 1925-1926 (14 months), 18928k (26 months), 1947-1949 (20 months), 1955-1%86months), 1962-1964 (21 months), 1976-1977 (8
months), 1987 (8 months), 1989-1990 (9 months)71E#99 (21 months), 2000-2001 (14 months), and 20T (22 months).

Division 3: Antrim, Benzie, Charlevoix, Emmet, Gdhiiraverse, Kalkaska, Leelanau, Manistee, Missauiee Wexford Counties. The most extreme drought
was in January 1931, when the Palmer index hitardelow of -8.07. Lengthy drought incidents tqukce in 1895-1896 (17 months), 1898-1899 (8 mgnths

1899-1901 (21 months), 1901-1902 (15 months), 1888 (37 months), 1913-1914 (11 months), 1914-1205months), 1919-1920 (8 months), 1920-1922 (17
months), 1925-1926 (17 months), 1929-1931 (28 n®)nftH35-1936 (20 months), 1955-1956 (13 monthme),1®76-1977 (13 months).

Division 4: Alcona, Alpena, Cheboygan, Crawfordsdo, Montmorency, Ogemaw, Oscoda, Otsego, Presipieahd Roscommon Counties. The most extreme
drought was in February 1931, when the Palmer irdteat record low of -8.51 (the all-time record fdichigan). Lengthy drought incidents took planelB95-
1896 (17 months), 1898-1899 (8 months), 1899-1FF2 rfionths), 1909-1911 (28 months), 1913-1915 (2éthw), 1919-1922 (33 months), 1924-1926 (19
months), 1929-1931 (28 months), 1948-1949 (9 monte55-1956 (12 months), 1963-1964 (11 monthsj6iB077 (13 months), 1981-1982 (12 months), 1989-
1990 (8 months), and 1999-2000 (9 months).

Division 5: Lake, Mason, Muskegon, Newaygo, anddeeCounties. The most extreme drought was inadgri®31, when the Palmer drought severity indéx hi
a record low of -7.20. Lengthy drought incidertsk place in 1895-1896 (15 months), 1899-1900 (bhths), 1901-1902 (10 months), 1909-1911 (24 mgnths
1925-1926 (11 months), 1930-1931 (18 months), 198# (8 months), 1962-1963 (9 months), 1964-196&¢aths), 1971-1972 (12 months), 1976-1977 (13
months), and 2002-2003 (12 months).

Division 6: Clare, Gladwin, Gratiot, Isabella, Msta, Midland, Montcalm, and Osceola Counties. st extreme drought was in February 1931, when the
Palmer index hit a record low of -7.56. Lengthpulyht incidents took place in 1895-1896 (15 month899-1900 (13 months), 1900-1902 (20 months)P191
1911 (19 months), 1913-1915 (23 months), 1919-1@P2months), 1924-1926 (16 months), 1930-1932 (@Hths), 1934-1935 (10 months), 1936-1937 (13
months), 1944-1945 (8 months), 1963-1964 (10 mynies1-1972 (12 months), and 1976-1977 (14 months)

Division 7: Arenac, Bay, Huron, Saginaw, Saniland &uscola Counties. The most extreme droughtiw&ebruary 1931, when the Palmer index hit a ikcor

low of -7.57. Lengthy drought incidents took planel895-1896 (15 months), 1899-1900 (13 monthdp011902 (20 months), 1909-1912 (33 months), 1913-
1915 (24 months), 1919-1922 (32 months), 1924-1@Z6months), 1930-1932 (28 months), 1934-1935 (béithrs), 1936-1937 (14 months), 1938-1939 (8
months), 1939-1940 (13 months), 1946-1947 (8 mynite63-1965 (18 months), 1971-1972 (9 months)p61BF77 (8 months), and 1998-1999 (12 months).

Division 8: Allegan, Berrien, Cass, Kalamazoo, Kédttawa, and Van Buren Counties. The most extrdroeght was in February 1931, when the Palmernxinde
hit a record low of -6.57. Lengthy drought incitketook place in 1895-1896 (8 months), 1901-19@nibnths), 1914-1915 (8 months), 1925-1926 (11 hs)nt
1930-1932 (29 months), 1934-1935 (9 months), 196719 months), 1953-1954 (8 months), 1956-195m¢@ths), 1962-1964 (31 months), 1999-2000 (10
months), and 2005-2006 (10 months).

Division 9: Barry, Branch, Calhoun, Clinton, Eatdtillsdale, Ingham, lonia, Jackson, Shiawassee,$tndoseph Counties. The most extreme droughtiwas
April 1931, when the Palmer index hit a record lofw6.82. Lengthy drought incidents took placd895-1896 (13 months), 1899-1900 (11 months), 158112
(14 months), 1913-1914 (9 months), 1914-1915 (1@thw), 1924-1926 (15 months), 1930-1932 (22 montt834-1935 (12 months), 1946-1947 (8 months),
1953-1954 (11 months), 1962-1965 (30 months), &@22003 (8 months).

Division 10: Genesee, Lapeer, Lenawee, Livingsddacomb, Monroe, Oakland, St. Clair, Washtenaw, Wayne Counties. The most extreme drought was in
March 1931, when the Palmer index hit a recordddw6.82. Lengthy drought incidents took placd 895-1896 (8 months), 1900-1902 (24 months), 191%#1
(12 months), 1914-1915 (12 months), 1925-1926 (d8ths), 1930-1932 (24 months), 1933-1937 (42 myntte39-1940 (12 months), 1952-1953 (8 months),
1953-1954 (17 months), 1963-1965 (35 months), 1972 (15 months), and 1998-1999 (9 months).

The following two tables summarize 116 years ofudtd records in all 10 of Michigan’s specified dita divisions.
There are many possible ways of expressing thes @lad comparing Michigan’s geographic areas. Aiciemation of
the most severe Palmer drought index values haadjirbeen provided (which found that division numbéad the
most severe drought in Michigan, with a Palmer indé -8.51 for February of 1931), along with ligif lengthy

drought periods (which numbered from 12 to 17 peiswn, during the period from 1895 to 2010). Tist table

below expresses the percentage of years that églteno drought months at all (with the Palmer xndlevays above
a value of -2.0), or had drought months beyondrtaitelevel of severity. Since a Palmer Index2D-is considered
to be a moderate drought (U.S. Drought Monitor gaitg D1), this was the base criterion used to distalthe

presence of drought in the area during a given morfthe percentage of years in which Palmer Indexes fell

below various cutpoints for drought severity arevimted in the table. The annual figures suggestdlimate division
4 is the most drought-prone within Michigan.
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Drought Years in Michigan, by Climate Division
(covering the 116 years from 1895 to 2010)

Climate | Years without any | With drought | With drought | With drought | With drought | With drought | With drought
Division | drought months <-2.0 Palmer | <-3.0 Palmer | <-4.0 Palmer | <-5.0 Palmer | <- 6.0 Palmer | <-7.0 Palmer
1 50% 50% 28% 13% 9% 2% 0

2 41% 59% 39% 21% 10% 2% 1%

3 40% 60% 35% 20% 9% 2% 2%

4 37% 63% 39% 23% 10% 3% 2%

5 43% 57% 29% 12% 2% 2% 1%
6 39% 61% 31% 18% 3% 2% 2%

7 38% 62% 40% 20% 4% 2% 1%

8 44% 56% 30% 9% 2% 1% 0

9 43% 57% 29% 16% 4% 1% 0
10 46% 54% 34% 20% 6% 3% 0

An analysis by year tends to overstate Michigamsught-susceptibility, because the presence ohglesidrought
month may be counted the same as an entire yesurstdined drought (although longer drought peraften will be

distinguished by having more severe Palmer Indéxeg. A single month’s drought will not neceslyatause severe
agricultural impacts, because the timing of theudhd with regard to the crop cycle is also imparfan the extent of

drought impact.

Therefore, an analysis of the gqaiage of drought months is also provided herea d#ferent

indicator of drought frequency. This table alsggmsts that Climate Division 4 is the most droygioire area in
Michigan. The listing (on the previous page) afdthy drought incidents (lasting 8 months or lopgan also give a
kind of indicator regarding the frequency of drotsgthat likely had a significant agricultural impaalthough these
are all summary indicators by climate division andy vary considerably from the actual performanicamdividual

farms within a particular area. The differencesMeen Michigan’s climate divisions may be significabut are not
enormous. One reason for this is that droughtefendd with respect to an area’s precipitation rernit may be
noteworthy that Climate Division 4 was also thealiten of Michigan’'s highest and lowest recorded gerature

extremes.
Drought Months in Michigan, by Climate Division

(covering the 1,392 months from January 1895 to Dember 2010)
Climate | Months without any | With drought | With drought | With drought | With drought | With drought | With drought
Division | drought (Palmer >-2) | <- 2.0 Palmer | <- 3.0 Palmer | <-4.0 Palmer | <-5.0 Palmer | <-6.0 Palmer | <- 7.0 Palmer
1 79.1% 20.8% 9.4% 3.8% 1.3% 0.2% 0
2 73.3% 26.7% 13.7% 4.7% 1.5% 0.3% 0.1%
3 71.9% 28.1% 12.1% 5.2% 1.7% 0.7% 0.4%
4 69.8% 30.2% 15.7% 6.8% 1.9% 0.8% 0.4%
5 77.9% 22.1% 8.2% 2.5% 0.7% 0.4% 0.1%
6 73.7% 26.3% 10.8% 4.4% 1.1% 0.6% 0.4%
7 70.9% 29.1% 14.5% 5.6% 1.7% 0.6% 0.3%
8 79.7% 20.3% 8.0% 2.0% 0.8% 0.3% 0
9 79.2% 20.8% 8.6% 4.1% 1.3% 0.4% 0
10 75.6% 24.4% 12.1% 5.5% 2.4% 0.8% 0
1895-1896 Statewide

The available NCDC drought records (those thattheePalmer drought index) began with a period dfegwe drought throughout Michigan.

Every one of

Michigan’s climate divisions registered drought ditions for at least 8 months—some as long as litimse—during this period. The drought was excepatiign
severe in the Eastern Upper Peninsula and the lB@aBay area. The Eastern U.P. had Palmer indees/delow -5 for four months in a row, betweendbet
and January. Recovery was spotty and temporanytbeefollowing few years, and it is probable thamerous areas felt little distinction between thisught
event and the one that followed closely afterward.

1898-1902 Statewide

Some areas may not have even felt much of a regdr@m the preceding drought event when thingsrag@ok a turn for the worse as the new centuryeaii
Every one of Michigan’s climate divisions felt lehg droughts, and they tended to last even lonigen the previous event had. The Upper Peninsitla fe
relatively short impacts, with no more than 8 disugionths in a row, but the Lower Peninsula haéxremely rough time. Drought severity was exaepl in

the Northern Lower Peninsula, reaching Palmer Ingixes of -5 and even less.

In the four yearsidset July of 1898 and June of 1902, the Northwester

Lower Peninsula only experienced three months e just barely above a Palmer value of -2, tise oéthe time being officially in an extended pekiof
drought. The Northeastern Lower Peninsula faresh evorse, with only 2 months registering a tinydgeion above the official drought level (-1.98 oa Bralmer
Index) while the rest of the time was disastrously. To the south, things were not quite as disast although extreme drought levels were sticheed during
that period of time. Only the far southwesternefizaped with “merely” a severe drought classificefbottoming out twice at -3.66 on the Palmereéh 1899

and also in 1902).
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1908-1912 Northern Michigan

The area north of where State Highway 57 now lias @il struck by an exceptional drought event, iantthe northernmost areas of the state, conditeere
exceptionally severe, with the Palmer Index reagiévels almost as low as -6 during multiple morithslimate areas 1, 2, 3, and 4. The Northwestemer
Peninsula had a particularly rough time, in thar¢hwasn’'t much break for that region betweendhisight event and the following one, which reachedven
greater level of severity. The Northeastern LoReninsula, after first experiencing a fairly moder& months of initial drought, then sank into 8aight months
of drought conditions. In the Northwestern Lowenmsula, the drought took the form of three pesie@ight months, then 21 months, and finally 15 et
an official state of drought. Just to the souttl east (the central and thumb areas of the sfiejjtial months of drought were, after an intddufollowed by 20
additional months of drought in a row.

1913-1915 Lower Peninsula

Although the Upper Peninsula had mostly recoverechfthe previous period of extreme drought, the éoweninsula had much more suffering to endure,
following only a brief interlude of sporadic recoyén 1912 and 1913. Conditions were particulatyreme on the eastern side of the state, whoseeP#hdex
values all fell as low as -5 at certain pointsjawer. The Northeastern Lower Peninsula sufferestréight months of such extreme drought leveleluiling
Palmer Index values of -6.76, -6.56, -6.37, an826rom December of 1913 to March of 1914.

1919-1922 Northeastern Michigan

Just after the end of World War |, as the influepaademic was calming, parts of Michigan still lyadrs of gloomy drought conditions to endure. @ltph not
reaching the exceptional severity of the previousidght event, this new period of drought was gpéesistent. Climate divisions 4, 6, and 7 all eigreed 30 or
more continuous months of drought. Climate divisi@ and 3 had a slightly less deleterious patteith, 8 continuous drought months early on, followey a
lengthier period of 17 straight months of drouglntall these areas, the drought reached the egttenel (D3).

1924-1926 Statewide

All parts of Michigan were again struck with mongdiological problems in the mid-1920s, except fa@ Western Upper Peninsula, where hydrologic cdit
were mostly reasonable. Most conditions were ge(2R), although the northern, central, and eadtewer Peninsula (climate divisions 3, 4, 6, 7a8d 10) did
reach extreme (D3) drought levels at certain times.

1930s Midwest / Statewide

Without a doubt, the “Dust Bowl” drought of the T83was the most famous drought ever to occur inJi& That drought, which was the subject of John
Steinbeck’s 1939 Pulitzer Prize winning book Theyt&rs of Wrath, was an ecological and human disa$tenge proportions. It was caused by misusénef t
land combined with years with lack of rainfall. #se land dried up, great clouds of dust and seadied by the wind, covered everything and thentédbust
Bowl” was coined. As a result of this drought, lioils of acres of farmland became useless, foreingireds of thousands of people to leave theirdamu seek
an existence elsewhere. (Many migrated to Cal@rhich was featured prominently in Steinbeck&ok) Although exact figures were not kept, some
researchers estimate that nearly $1 billion (in0E93ollars) was provided in assistance to victifthe Dust Bowl drought. That event also ushered hew era
or farming and conservation programs and practgesd at preventing a recurrence of a droughtehthgnitude and impact of the Dust Bowl drought.

In Michigan, this “dust bowl” period took the foraf a most severe statewide drought condition fr@291to 1932, followed by a less severe period fi®83 to
1937 in which the general pattern involved the Is@uid western areas seeing the hardest conditindginally a period of limited spotty problems\weéen 1938
and 1940.

The most extreme conditions ever seen in Michigaouoed in the period from 1929 to 1932. Nine ouMichigan’s ten climatic divisions (the WesternFU
being the only exception) set their all-time drougdtords during the beginning of 1931, with Palfdesught Index values varying from -6.57 (the seovehtern
tip of the Lower Peninsula) to the all-time Michigeecord of -8.51 (in the Northeastern Lower Pania)s Even if only the most exceptional droughvels (D4)
are considered, these conditions were unusually-lasting. Between 1930 and 1931, all nine of Mjeh’s most heavily affected climate divisions exgeced
this most unusual level of drought for at leastr@ight months (in climate division 2) to as masyl® continuous months (in climate division 7). fd&ftunately,
those areas that experienced the more prolongeditis of extreme drought were also the most Heagricultural areas of the state, in the soutHeswer
Peninsula. Nevertheless, the entire state waskstrery hard—the Western Upper Peninsula had Eagstr months of drought, and most other areas Wwad t
straight years or longer in drought conditionsn(elie area 8 had 29 consecutive months of drougivela July 1930 and November of 1932).

The mid-1930s saw the drought conditions markeetiijuced in climate divisions 2, 4, and 5, althoughdther areas of the state were still plagued avitvel of
problems that still compare with practically anyet drought period in Michigan. Although not exteein the northern areas of the state, the drowghtstill
severe during a significant portion of this timarfre. Parts of the southern Lower Peninsula, hawele experience conditions that were extreme eweh
exceptional. Climate division 7 saw five straighbnths in the most extreme D4 level of droughtwieen November 1936 and March 1937. Climate dini4io
exceeded this, with ten straight months of D4 dnbuigicluding Palmer Drought Index values of -6a0fl -6.03 in December and January of 1934-1935infu
this period, the southeastern Michigan region ittime set an all-time state record for the lonhgesnber of consecutive months under drought cmdit—the
42 months between August 1933 and January 1937.19, the Thumb area was the only part of Michigtl experiencing serious long-term drought
problems. Although the area had some months ieff iel early 1938, drought conditions resumed keyehd of the year for a period of 8 consecutivethmrand
then between 1939 and 1940, another 13 month pefidtbught followed. During that latter periodusheastern Michigan shared in the drought comtior a
full year, and these two regions did reach theeexé&r D3 level of severity.

1946-1947 Part of the Lower Peninsula

Climate divisions 7, 8, and 9 all experienced al@abntinuous months of drought, peaking at thered?2 level of intensity.

1947-1949 Far Northern Michigan

Climate divisions 1, 2, and 4 experienced lengtlgudht conditions during these years. The mildest this time was the Northeastern Lower Penin&ula
months of drought, peaking at the extreme D3 lewelfjle the Upper Peninsula was very heavily str(rokre than 20 consecutive months of drought, mepht
the exceptional D4 level for two to three of thasenths).

1953-1954 Far Southern Michigan

Climate divisions 8, 9, and 10 were the focus odiht this time, with the effects worsening as praceeded farther east. In the southwest, 8 catiseanonths

of drought were felt, peaking at the extreme DZldar two months. In the southeast, this waseimdtfelt as 17 consecutive drought months, witlBg&ak for
three straight months in the middle.

1955-1956 Northeastern Michigan

Climate divisions 2, 3, and 4 all felt at leastchsecutive drought months. Although the Easteypdd Peninsula peaked at the extreme D3 levelvergg, the
Northern Lower Peninsula hit the exceptional D4udiftt level—the western region staying there forrfoansecutive months, and the eastern region only
experiencing one such month.

1956-1958 Western Michigan

By the late 1950s, the drought problem had shiftebe felt the hardest in the western Michigan atiendivisions of 1, 5, and 8. The Western Uppernirizala
experienced 16 consecutive months of drought, pgalti couple of times at the severe D2 level. Thestdfn Lower Peninsula was only struck for 8 to 9
consecutive months, but at a more intense levé, elimate division 8 plunging into the extreme [B8el of drought.
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1962-1965 Statewide

This was the only clear and serious statewide drbegent to take place since the 1930s, which glrtdemonstrates a general trend of lesseninggtitou
problems in Michigan during the second half of 2 Century when compared with the first half. Neketess, this was definitely the worst drought event
strike Michigan since the 1930s. In this eventlydhe Northwestern Lower Peninsula was signifibaspared the extended and severe effects expedenc
throughout the rest of the state—that area’s woogtt was a two month spell at the severe D2 le\By. contrast, the entire Southern Lower Peninbald to
endure at least 30 consecutive drought months, rmamhich were at the D2 level, or worse. Agaimere was a pattern in which the drought was feltemo
intensely the farther to the east one was locatolutheastern Michigan experienced 9 consecutivehsat the exceptional D4 level of drought. la thpper
Peninsula, things were also very bad—between 1£2andonths of drought, which also peaked at thegtkanal D4 level, but for a period of 4 to 5 manttrhe
middle years of 1963-1964 were the worst phashisfavent, for most parts of the state. It wastipas the very south that 1962 was a bad yearels w

1971-1972 Part of the Lower Peninsula

Climate divisions 5, 6, 7, and 10 had to endure 92 consecutive months of drought conditions.héligh division 7 (the Thumb) peaked briefly at wese D2
drought level, the other three areas peaked fongelr period of time at the extreme D3 droughtlleve

1976-1977 National (including Northern Michigan)

The 1976-77 drought in the Great Plains, Upper Mislwand West also severely impacted Northern Marhi Climate divisions 1 through 7 all experienced
drought conditions for a stretch of between 8 afidtdnsecutive months. Extreme drought conditiarthé Upper Peninsula also contributed heavih&large
wildfire that struck the Seney area in July of 198@n though this was not the most severely ingoaatea of the state. The fire was started bgtariing strike
that ignited dry grasslands and eventually burnest @4,000 acres over a 1¥2 month period, costingiii®on to contain. (The chapter on Wildfires ¢aims
more detailed information about this fire.) Drotigad involved a significant reduction in rainfg@t8 inches below normal) in the area, and the mtatge in the
95,455 acre Seney National Wildlife Refuge had gegpone foot, exposing old vegetation, peat anckrtmithe drying forces of the intense sunlight.e&wally,
that material became a tinderbox that helped fueldestructive fire. Fortunately, injuries and dgmto improved property were minimal, althoughltss of
forest resources was staggering.

The drought itself reached exceptional D4 levelslimate divisions 1, 2, 3, 4, and 6—sometimes ntiba@ once or enduring for multiple months. Foaraple,
the Western Upper Peninsula saw Palmer DroughiImdkies of -5.92, -6.45, -6.67, and -6.11 for fingr consecutive months between November of 1976 an
February of 1977. In these terms of measurentengs the hardest-hit region of the state.

Late 1980s Central U.S. (including Michigan); Easte.S.

First, Michigan’s Upper Peninsula experienced fi®io 12 consecutive months of drought during 198871 peaking at the extreme D3 level for one mamth
the Western U.P, while the Eastern U.P. reachedeliere D2 level. Next, a 1988 heat wave and dhtomgpacted the Central and Eastern U.S. and caarsed
estimated $40 billion in damages from agricultdoakes, disruption of river transportation, watgppy shortages, wildfires, and related economipdats. In
response, Michigan took several steps to combatirtipact of the drought on businesses, natural ressy and individual citizens. Numerous Michigan
communities instituted temporary water use restrist to ensure an adequate water supply for huraasuenption and other essential uses such as fitefig

To stem the potential for wildfire in Michigan, ti@overnor issued (in June, 1988) a statewide outdioming ban, which remained in effect until tielef July,
1988 (and longer in some Upper Peninsula counti€bg State also formed a task force to study sseiated to the drought and formulate appropsasgegies
for dealing with those drought-related concernertuhately, Michigan’s drought conditions were nohsistently severe during that summer, although tould

be seen to worsen in some of the state’s northreasaver the next couple of years. The final eventhe chain of drought conditions took placeewlhe Upper
Peninsula again suffered a lengthy period (betv@amd 13 consecutive months) of drought betweer® B9®l 1990, peaking at the severe D2 level, and the
Northeastern Lower Peninsula joined them in suffeB months in a row of drought conditions, alsakieg at D2.

1998-2003 Northeast; Mid-Atlantic; South-Centradugeast; Michigan

Droughts / heat waves in recent years have causesiderable damage to agriculture and related tridasn several areas of the U.S. The summer9é81
drought / heat wave from Texas to the Carolinasedwan estimated $6-9 billion in damage. The sunoh&999 drought / heat wave caused over $1 hiliio
damage — mainly to agricultural crops in the East&S. The summer of 2000 drought / heat wavéénSouth-Central and Southeastern U.S. resulteden$4
billion in damages and costs. The drought / hemtenthat struck Michigan during the summer of 2@8@inaged or destroyed approximately one-third of the
state’s fruit, vegetable and field crops, resultim@ U.S. Department of Agriculture Disaster Deafin for 82 of the state’s counties. In addifidre drought /
heat wave caused water shortages in many areasuthest Michigan, forcing local officials to issperiodic water usage restrictions. In 2002, mateto
extreme drought affected more than 45 percenteo€tiuntry during the months of June, July and Auglistionwide, the summer was the third hottestemord,
following only 1936 and 1934. The summer of 20G&wlso very hot and dry in Michigan. Several rédoghs were set throughout eastern Michigan dyitfie
month of September. During the first half of thenth, hundreds of communities across the area wagter water restrictions. Hardest hit from theudgt was
the agricultural industry. September yields acrosst of the area were estimated at under 50 pearehmany counties across eastern Michigan weriardel
agricultural disaster areas. The severely dry hezavas classified as a drought until mid 2003.

In terms of the Palmer Drought Index, the most sepeoblems in Michigan jumped around from yeayear. The start was actually in the Eastern Uufind
1997, with 21 drought months then following in arontil mid-1999, but resuming the next year footuer 14 consecutive drought months until more thelh
of 2001 had passed. The extreme D3 level was eedittere more than once. Meanwhile, the southeaatel thumb areas saw drought conditions sustdared
9 to 12 months between 1998 and 1999, peakingeaseliere D2 level. In 1999, the areas of highestrity had shifted to the northeastern and sowteme
areas of the Lower Peninsula, where 9 to 10 manttiisought were sustained until 2000, and peakddPain the northeast and D3 in the southwest. IFinde
adjacent western and south-central areas (climatgahs 5 and 9) became the hardest hit by thal fiears from 2002 to 2003, with 8 to 12 monthsl@iught
months in a row, and with peaks at D3 drought sgvier the west and D2 drought severity in the cainsouth.

2005-2007 — Northern Michigan (also Muskegon Colnty

The Upper Peninsula suffered from drought conditifor between 16 and 22 months starting in 2008kipg at the exceptional D4 level in the West, wuith
severe D3 levels across the East. By 2007, seietght conditions (rated D2) were noted for thetBian Upper Peninsula and also the tip of the Nonthower
Peninsula. Specific counties named in 2007 far léhrel of drought included Chippewa, Mackinac, Gheix, and Emmet. The hay crop in the Eastefd. Was
only 50 to 70 percent of normal, and the resultaak of feed led some farmers to downsize theitledierds. In the northern tip of the Lower Peunlasvery
high utility bills were suffered by the proprietoo$ farms and golf courses, due to the need for-oceastant irrigation. Corn and bean crops wereisdy
impacted. A burning ban was also issued for méshe state (the first such ban since 1998) to cedhe risk of wildfires. Significant rains in Sember
eventually alleviated the drought.

Local reports described some effects of lower lekels upon marine traffic in the Muskegon areasuper-freighter became stuck in the mouth of Mgeke
Harbor and was reported as the second large shipnt@aground within the space of a month, in thmesdocation. Shipping officials stated that aduditl
dredging was needed in Great Lakes ports becausevafater levels. (NOTE: Although occurring aeteame time as a designated drought event, tHisraist
not certain whether this event had drought asefstive proximate cause. Please refer to the Grakes Shoreline Hazards chapter for more infoionabout
varying water levels in the Great Lakes.)

May to June, 2010 — Eastern Upper Peninsula

The first five months of 2010 were quite dry, amdujht conditions developed as the year progressaahinating in a severe (D2) drought by mid-Majt first,
this was considered to apply to Western MackinaanBg but the categorization would then expandiitofahe Eastern Upper Peninsula until rainier ditions
eased the drought. June turned out to be a wethmf@ntunately causing the end of the severe drbirgthe area.
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Drought History for Michigan Counties — arranged byregion — Jan. 1996 to Oct. 2013
(The Lower Peninsula regions are ordered by “titnah south to north, west to east)
Please refer to the Michigan Profile Map sectianafio explanation of regional divisions

COUNTY or area

Drought Events Days with

Event

Tot. crop damage

Washtenaw

Wayne

$150,000,000

.Livingston

Oakland

Macomb

5 Co Metro region

2
2
2
2
2
av

Q
<NI\)N|\)N

g. 2 avg.

$150,000,000

Berrien

Cass

St. Joseph

Branch

Hillsdale

Lenawee

N
N

Monroe

.Van Buren

Kalamazoo

Calhoun

Jackson

Allegan

Barry

Eaton

Ingham

.Ottawa

Kent

lonia

Clinton

Shiawassee

N
N

Genesee

Lapeer

N
N

St. Clair

N
N

.Muskegon

Montcalm

Gratiot

Saginaw

Tuscola

N
N

Sanilac

.Mecosta

Isabella

Midland

2 2

Bay

2 2

Huron

2 2

34 Co S Lower Pen

0.6 avg. 0.6 avg.

Continued on next page...
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Part 2 of Michigan County Drou

ht Hazard History Table

.Oceana

Newaygo

.Mason

Lake

Osceola

Clare

Gladwin

Arenac

.Manistee

Wexford

Missaukee

Roscommon

Ogemaw

losco

.Benzie

Grand Traverse

Kalkaska

Crawford

Oscoda

Alcona

.Leelanau

Antrim

Otsego

Montmorency

Alpena

.Charlevoix

Emmet

Cheboygan

Presque Isle

29 Co Nrthrn Lower Pen

0.4 avg.

0.4 avg.

Gogebic

Iron

Ontonagon

Houghton

Keweenaw

Baraga

.Marquette

Dickinson

Menominee

Delta

Schoolcraft

Alger

.Luce

Mackinac

Chippewa

15 Co Upp.Pen

0.5 avg.

0.5 avg.

MICHIGAN TOTAL

54

$150,000,00
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Programs and I nitiatives

National Drought Policy Act and Commission

Currently, no single federal or state agency mesidrought. Rather, a number of agencies haveramtgy and
initiatives in place designed to identify, monit@nalyze, and respond to drought. Recognizingried for a
nationwide, coordinated drought policy designegdrpare for and respond to drought emergenciegyrées enacted
in 1998 the National Drought Policy Act (P. L. 1089), which established the National Drought Polimmmission.

The Commission is composed of fifteen members +esgmtative of all levels of government and otherught

impacted groups — and is charged by Congress teideroadvice and recommendations on the creatiomnof
integrated, coordinated Federal policy for drougittergencies. On May 17, 2000, the Commission geaViits

findings and recommendations to Congress and éalihe report “Preparing for Drought in thé'Zlentury.” The

Report outlines a national drought policy statenuavieloped by the Commission with preparednests &undation.

The Report establishes five broad goals and a numbepecific recommendations under each. The Cigsion

intends to achieve the goals in the coming yearsutih a combination of legislation, planning, cooadion of

programs, public / private collaborative partngoshiand public education.

Interim National Drought Council

The creation of the Interim National Drought ColiiiédDC) was one of the recommendations in the Mag@o0 report

of the National Drought Policy Commission. The tddi States Department of Agriculture (USDA) imméela
moved forward and implemented the council withoahgressional action. The Interim Council was @eéato
coordinate drought services between the variowsdenf government until Congress authorizes andgunpermanent
council. It was created through a Memorandum ofésatanding (MOU) signed by the U.S. Department of
Agriculture, U.S. Department of the Interior, Sm&lusiness Administration, Federal Emergency Managgm
Agency, U.S. Department of The Army, U.S. DepartmeihCommerce, U.S. Environmental Protection Agency
National Governors’ Association, Southern Goverhdkssociation, Western Governors’ Association, Naél
Association of Counties, U.S. Conference of Maydis National Emergency Management Association and
representatives of urban water interests, rurabmiaterests, the credit community, and tribes.e Tonsortium of
Regional Climate Services, the National AssociatbrConservation Districts, and the National Droulfhtigation
Center were added by an addendum to the MOU.

U.S. Army Corps of Engineers

The U.S. Army Corps of Engineers (USACE) Institine Water Resources developed and maintains_theiat

Drought Atlas, which provides information on thegndude and frequency of minimum precipitation atr@am flow

in the United States (two important indices of djiot). NOTE: Caution should be used when compastrepmflow

statistics from the USACE spreadsheet with currelbserved conditions at a particular location. sTikibecause the
statistics reflect the period of record of the dagéng analyzed—a longer period makes it hardeafoextreme flow
condition to be reflected in the value of the stiti In some cases, it may be tricky to deterntireperiod of time

covered by the statistic, since some stations rasg been inactive during certain time periods.

U.S. Geological Survey

The U.S. Geological Survey (USGS) is the primadefal agency that collects and analyzes streandkta, another
good index of the relative severity of drought. eThgency provides a handy “Drought Watch” web site
http://waterwatch.usgs.gov/The site presents a map that is continually tgeiéhrough an automated analysis of
USGS streamgaging stations. Additional droughdtesl links can be accessed from the Michigan-spesidb page
(http://waterwatch.usgs.gov/new/index.php?m=dryw&iktoy clicking on the map (or proceeding directly ttee
specific web page dittp://mi.water.usgs.gov/midroughtwatch.php

Another available resource for historical data @lisuthe period from 1933 to 1988) is the USGS Hy@iimatic
Data Network, which is composed of 1,659 streamf&iations that have 20 years or more of streamfievords.
These stations are present in all 50 states and tgitories. The USGS, in cooperation with 080 other
government agencies, operates some 7,300 streagegydor data collection. In addition to streamfldata, the
USGS collects data on water quality, reservoir I[evand contents, and groundwater levels for eaate.st For
Michigan up to the 2005 water year, this data weiad published annually in a Water Resources Datéiichigan
document. Since the annual report ceased puldicatfficial annual summaries can be obtained oe;lon a site-by-
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site basis. These data can be accessed by vidigngnnual Water Data Reports sitehttp://wdr.water.usgs.gowr
by visiting the web page for a specific stream gatiyyoughhttp://waterdata.usgs.gov/mi/nwis/rtThe .pdf files
present at these sites contain annual informatiautathat stream location, including average dihily rates that can
be used to identify low and high water flow periods

National Weather Service

The National Weather Service (NWS) is the primaggéral agency that collects and publishes pretipitalata. The
NWS publishes precipitation data from approxima&00 non-recording and 2,100 recording statiarthé United
States. This data is published monthly in repfmtseach state, titled Climatological Data and Hpurecipitation
Data. Departure from normal precipitation is a ownly used index to determine drought severity.

U.S. Department of Agriculture

The U.S. Department of Agriculture (USDA) has aietyrof programs designed to provide assistandartoers and
other agricultural enterprises adversely impactgdditural disasters — including drought. The USBEsm Service
Agency (FSA) can provide emergency loans to farmemechers, and agriculture operators who haveesadf
property loss or economic injury. Emergency loares made to qualified applicants in those courdessignated by
FEMA as eligible for Federal disaster assistancgeura Presidential disaster declaration, or thbae have been
specifically designated in a Secretary of Agricrdtdisaster declaration. Eligible applicants inrdies contiguous to
declared or designated counties may also quallige USDA Natural Resources Conservation ServiceG8)Rcan
provide technical and financial assistance to fasnaed agriculture operators for land and watesepration-related
efforts aimed at recovering from the adverse ingpattrought and other natural disasters.

National Drought Mitigation Center

The National Drought Mitigation Center (NDMC), Ided at the University of Nebraska-Lincoln, is a onagsearch
and information center whose mission is to helppfeand institutions in the United States develog Bnplement
measures to reduce societal vulnerability to droudine NDMC, through its various programs andaties, stresses
prevention and risk management rather than crisisagement. The NDMC builds on the work of theriméonal
Drought Information Center (IDIC), also at the Usisity of Nebraska-Lincoln, which takes a worldwiskrspective
in its research and mitigation work related to ttezard of drought. The NDMC and IDIC are both p8aly
clearinghouses for drought-related research studagy and planning assistance, training and atioical initiatives,
and information sharing. They are the central dimating points, worldwide, for drought-related grams and
initiatives.
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State of Michigan

In Michigan, drought identification and monitoriig a multi-agency, collaborative effort that maywadtve the

Departments of Agriculture and Rural DevelopmemtyiEbnmental Quality, Natural Resources, Commuhigalth,

and the State Police Emergency Management and laoh&ecurity Division. When a drought occurs ircihlgan,

other agencies, such as the Office of ServicebddAping and the Department of Human Services, atsy become
involved to monitor the impact of the drought cdimis on individuals and families. Depending oa tfature and
extent of the situation, a state-level task forcayne set up to promote cooperation, coordinatarg good
information flow among participating agencies. exireme cases, the State Emergency Operations rGeate be
activated and staffed for the duration of the event

New laws came into effect on February 28, 2006 étp Michigan better manage water withdrawals touess
adequate supplies for aquatic life and other us@tese laws amended Parts 327 and 328 of the &lld&Resources
and Environmental Protection Act and the Safe DmigkWwater Act. NOTE: This is primarily directedward
ecosystem integrity, and the low-flow conditionssidered in these laws are merely representativeoweiflow
summer months, rather than actual drought condition
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Mitigation Alternativesfor the Drought Hazard

= Storage of water for use in drought events (esfdgcfar human needs during periods of extreme
temperatures, and for responding to structuraldiveé wildfire events).

= Legislative acts, local ordinances, and other nteasio prioritize or control water use.

* Encouragement of water-saving measures by consuinehsding landscaping, irrigation, farming, aramv
priority lawn maintenance and non-essential autshive).

» Anticipation of potential drought conditions, am tpreparation of drought contingency plans.

= Designs, for recreational and other water-relateatgires and land uses, that take into accounfulheange
of water levels (of lakes, streams, and groundwyater

= Designs and plans for water delivery systems ti@dtide a consideration of drought events.

» Obtaining agricultural insurance.

Tie-in with Local Hazard Mitigation Planning

Because many means of implementing mitigation astioccur through local activities, this updated MPilaces
additional emphasis on the coordination of Statellelanning and initiatives with those taking pdaat the local
level. This takes two forms:

1. The provision of guidance, encouragement,iacehtives to local governments by the State, to
promote local plan development (including a cdesition of drought conditions), and
2. The consideration of information containedbical hazard mitigation plans when developing &tat

plans and mitigation priorities.

Regarding the first type of State-local planningorciination, MSP guidance has included the “Localzadte

Mitigation Planning Workbook” (EMD-PUB 207), whicis currently being updated for release by 2015r the

second type of State-local planning coordinatioseetion later in this plan summarizes hazard pyigmformation as
it has been reported in local hazard mitigatiomglaHere, it will merely be noted that drought wadentified as one
of the most significant hazards in local hazardgatton plans for the counties of Antrim and Monroe
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