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Page 2 	 Flooding FogotteJ1 

INTRODUCTION 

With annual flood losses in the United States averaging $4 billion and climbing, effective floodplain 
management is necessary now more than ever. Much of this damage is preventable. State floodplain 
management laws, implemented and properly enforced, can slow and eventually reverse this costly trend. 

Floodplain management programs vary widely among Midwestern states. States such as Missouri and 
Arkansas do not have floodplain management laws, relying on federal guidelines and local ordinances 
Other states, such as Minnesota and Wisconsin, have laws requiring permits for floodplain development 
and restricting the types of development in floodplains. This report describes seven Midwestern states' 
approaches to floodplain management and provides recommendations for the creation of a comprehensive 
floodplain management program in Missouri. The seven states surveyed are Arkansas, Illinois, Iowa, 
Missouri, Minnesota, Ohio and Wisconsin. Background is also provided on the many effects of flooding, 
annual flood damages in the United States and federal floodplain management programs. 

TYPES OF FLOODS 

Flood events are generally classified in three categories: flash floods, river floods and coastal floods. In 
flash floods, the water rises extremely rapidly and flows through an area destroying or damaging most 
objects in its path. River floods are generally longer-term events caused by one or more weather-related 
factors, including snowmelt, extensive rainfall, frozen soil or other factors. Coastal flooding, often 
referred to as "storm surge", occurs when a storm or strong, persistent wind pushes water up onto the 
shores of oceans and large lakes. 

This report focuses on various floodplain management strategies employed by different states to reduce 
river and flash flood damage to human lives and property. The unqualified term "flood" refers to both 
river flood and flash flood events unless a particular type of flood is specified. 

Flash Floods 

Flash floods can be caused by a number of factors: intense rain from slow-moving or repeated 
thunderstorms, dam failures, failure of other stream obstructions and heavy rains from tropical storms or 
hurricanes. Most commonly they occur as a result of excessive rainfall in an area where the topography is 
conducive to rapid water flow. Flash floods usually occur quickly, within a few hours after an intense 
rainfall event. The wall of water caused by an intense storm can be more than 30 feet high and have 
enough energy to uproot large trees, destroy buildings and wash away bridges. 

This photograph shows the extensive damage that can be caused by flash floods. 
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in which a significant portion of the damage is usually due to flooding. The Midwest flood of 1993 is 
listed as the fourth most costly disaster. Two drought/heat wave events (summers of 1980 and 1988) and 
Hurricane Andrew in 1992 are the only disasters in the last 22 years that caused more damage in constant 
dollars. 

Annual flood damages continue to rise across the country. Figure 1 shows a plot of the 30-year running 
average flood damages from 1909 to 1999 in constant 1997 dollars (each point on the graph shows the 
average damages over the prior 30 years). As of 1999, the 30-year average annual flood damage 
exceeded $4 billion. The total of U.S. adjusted flood damages from 1903 to 1999 is $299 billion in 
constant 1997 dollars. The line illustrates the continuing increase in flood damages. Flood damages will 
exceed $5 billion annually by 2040 if they continue to rise at the same rate. 
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Fig. 1 - Average Annual Flood Damages in the U.S. from 1903 to 1999 

There is a lack of reliable flood damage data at the state level. The National Weather Service has 
compiled rough estimates of each state's flood damages over the past fifty years. Although approximate, 
this information gives some indication of the flood risks in each state. Of the seven states surveyed in this 
report, Wisconsin and Minnesota had the lowest annual damage estimates, while Ohio and Missouri had 
the highest estimates. 

The October 1998 Kansas City area flood illustrates the costs associated with an isolated flood event. On 
October 4, 1998, Kansas City and surrounding areas received between 4 and 11 inches of rain in a matter 
of hours. Eleven deaths were attributed to the resulting flash floods. Major interstates were closed in the 
Kansas City area due to standing water. One train derailment and several rail closures were caused by the 
resulting floods. Missouri and Kansas both declared states of emergency in the Kansas City area. 
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society of closing major interstates, even for a short period of time, can be extensive. Commodities 
carried by the trucking industry could be delayed, possibly disrupting factory workers and resulting in 
loss of perishable items like fresh produce. Business travelers could be stranded, resulting in extended 
stays at hotels and cancelled or delayed meetings. Further costs that should be considered include 
extensive debris removal, use of Highway Patrol officers for security and to search for missing people, 
sandbagging and other flood fighting efforts, and impacts to water treatment plants, sewage treatment 
plants and parks along the Missouri River. 

Human Life and Health Effects 

Flooding is historically the most deadly type of natural disaster. According to the National 
Oceanographic and Atmospheric Administration (NOAA), the average yearly death toll from flooding is 
nearly 140 lives in the U.S. In addition, a wide range of health hazards are associated with flood waters 
and flood damaged homes and property. 

The mechanical energy of swiftly flowing water is extremely dangerous to humans, both on foot and in 
vehicles. People drown or are injured after attempting to cross flooded areas on foot. Even more 
dangerous is attempting to ford a flooded stream in an automobile. The majority of flood-related deaths 
occur in automobiles. Less than two feet of water is required to float most vehicles and carry them down 
river. Once taken by the rushing water, the vehicle's occupants are often unable to escape. 

Flood waters are often contaminated with chemical and biological hazards. Household chemicals, 
pesticides and persistent toxins like PCB's can be found in flood waters, especially in urban areas. 
Human and animal waste - including all of the resulting pathogenic bacteria, viruses and other parasitic 
organisms - are also common in flood waters. Human waste can be washed out of septic tanks and 
sewage treatment plants in larger floods. Animal waste comes from the yards of pet owners, traditional 
farms and the waste collection lagoons of industrial factory farms. Any property that is in contact with 
flood waters must be cleaned and sanitized to prevent human exposure to pathogens. 

Further biological hazards come from a variety of other sources. Toxic mold can grow in flooded 
buildings that are not properly dried before reoccupation. Certain species of mold, most notably 
Stachybotrys chartarum or similar fungi, can cause bleeding in the lungs because of various toxins. 
Young children less than six months old are particularly susceptible and the bleeding can be fatal. In 
addition, common mold spores can cause acute allergic reactions which can be. disabling, if not life 
threatening, in some individuals. 

Much of the danger to human health comes from attempting to clean up and rebuild after floods. As 
mentioned above, mold can be a serious issue. Contact with contaminated water, mud and debris 
increases the likelihood of exposure to any pathogens or toxic chemicals in the water. Additional hazards 
include electric shock from flooded wiring, encountering wild animals (such as poisonous snakes) during 
clean-up efforts, unstable or unsafe structures, airborne asbestos and lead dust, and the fatigue and stress 
on those participating in a clean-up effort. 

Community Effects 

The most dramatic effect a flood can have on a community is to cause so much damage that the residents 
decide the town location is no longer viable. Pattonsburg, in the northwest corner of Missouri, chose a 
strategy that preserved their community in spite of repeated floods. After flooding twice in July of 1993, 
residents of Pattonsburg met with local and state officials to determine their options. By 1998, most of 
the residents of Pattonsburg and 24 of the houses had moved to a new location for the town - 
approximately 2 miles away on higher ground. In this way the community was preserved, but the town's 
original location in the floodplain was abandoned. 



utEIdpooIJ oqj ui suwipos U' ptsodp q uoql uo uotnjjod oql it poojj aqj qmn swnjiod 
AnEO IlyA spuw snop113zq lqlyA purnIuoo sloam,  juLqsnpu! laudmi 	spooj 'uo1ipp u 

sino'j g jq sqto ipjo in uounuoo si.s uuos pug (rnpuEs poiuqluoo0qj qtt s1E Ui U1JO 

iow UAO uddEq aeo siqj sjEomIqo DIX01 pug suujnu Jo sptj qiq 'uoioq oiuoqd qit 
oq sntjod  pu 1AU QtP oui sinod uq 	ts MEH suMol puli 9014!O JO swsAs lUOU14904 ist 

°T P°I"° SJUA  POOLJ IS1jJ 'IOjJEUIS atuoS SAOj AI4oO1d .iiq1 qoaiq Jo do.IAo suiiuos 
spoojj J1Ej 'suijdpooH UI p000j uojjo am,  suijd uoup 	itst jtldIoIunw oouig u11?jdpoojj Qqj 
UI spiuiwiuoo jo ousid 	woij SloRiul llnsai spoojj jo soounbsuoo 	Ai2U aiU 

iqoar puv olunsqns oqj oui coos ol jairm aqj MOflu pue poojj 	i;):gu jolvA urniai 1AU jiiini.tu 
,a ol pouuoo Qm imp sui1jdpooj uijdpoojj qjo Apupnpoid A.imnud 2tp souqu 	!m1ow qou 
oiu2io pue juau4nu 'wj si unjdpoojj oql uo JAU jmu E icq pisothp luouqpos aql iSiAp sods 
puB iot qi& mss oqBnbB ;Dql siqoai &upoojj Jo oloAo .ijn2i r uoqtA pomequa an SUEj 

i.iqrn uijdpoojj si 
Ui suid 2ugadujoo ouiai ol &upooJJ oipoud saimbat imp uBjd pOuOBaIq4 cjjipj B - J4SB sjBJ 

uaunop Qqj si IduIBx ipouy -SmoA oc rn otuil jsig zip .zoj unossqj ito'j otp in XIlumnsu. &uu1tids 
q ol puuLjuoo wom uoJns piipd  'spoojj  '1I  pue E661  oql Jo sloago ol itd in nu uinuo.uiu 

otEnbB SJAIp atoui uuosat Agmiodiuol Aq .IAojd &udtd pug uoins pijiEd aip SB qons soiods 
paIo&IBpuo pUB aIBl ioj BiqEq oSBaioui spoojj 'unossiy I o'j oq ojij JOAU paioouiuo UB uo podBpB 

icijnj am swosics joi2oj000 usauo pu oinbE oABU qoiqAt o iCoioo IOAU Jo 300dsB JBJ4BU B 
Si uipoojj oiq UB rnBldpooH  'suBq 'puuqo si qi i.unuqqrnbo ounEuIp UI Si IOAU pojpowun u 

sqd 11044 Ui S4UBULWE3UOO P0Wi0U0 

uurnq JO asnLo;Dq soouonbosuoo linuauraomuo 0AI4B3U Xurui OAB4 spoojj tcBp uiopow 'pUB4 10430 
043 UO iBA.Ins ioj sosind  pooj uo puodop summ pun suiid AuBul put,  spooj &iu.moai Jo oouosaid 
043 Ut POAJOAQ SU103s1Zs000  0UU0ArJ 1UOUIU0MAUO j.mu 044 ioj soouonbosuoo poxiut ;)AB SpOOld 

pjja liquouluoluua 

uodsoid 
pue uoipunoj sp 01 ponquuoo icpjij 	oainosaz ILjmuu;Dql uo snooj S31 sosoj U044 A3IUflWWO3 

OUJ •1OAU 043 UIO.1JJJO &3IUflUIUIOO B mO 04 pual SIIBMPOOIJ pUB SOOAO'J sainpiujs UL UI2UO.02114 

0B1UBp poojj oonpai 03 spojjo 03 Inq 'o2BuIEp P0011 03 polulai 1C13ooip 30U am 2mpoojj JO SIOOJJO OUIO 

SJ04BAt pooj 

041 Aq poloOJJE icjlOOJlp lOU 0SO43 UOAO 'S1UOpISOJ JJE JO SOAII t'P 043 ldtUsp UBO S14J S11M O3BUIUIB4UOO 
.10 OJfl4Ofl4SBJJUI 3UOLU4BOI2 puL,  Siddns JO4EAt aftwvp SJO4BM poojj ualqAA 5111000 aftimep,  SnOIpISU! 
oioy •spoJ poBT.uEp UE sopuq 3S0J /q U0LJ3 puv sj;)IL,,,A pooU 0141 Aq pO3B30SI oq UBO S3UOpISOJ 'SOSBO 

oiuos iq S4TUOUI Jo sjoa 103 0311  c4rnnwuloo Idiusip UBO 'SOU4 .I0AOd pi.m sOIIIILOEJ pod 'SpEOI 'so2puq 

SE 4OflS 'OJfllOrulSBJJUi 02 0BWBU SXEM 1UOIOJJIp UI POIOOJJB WE poojj B OA!AInS  1B41 S0IPUflWWO 

•SIBOX OMI  

JO IOJ4BW  B UI polEoddEsip IcIIEoIloEld pu4 uA&ol 043 - SIOJJO TnoAnq po3d000B puq ojdood xis Inq lIE '9661 
JO POOJJ 041 1O1J BOIE OWES 0141 XIIBOU  013AOO poojj 0142 4flO43 UOAO 'E661 U0J 4UOOJOd 06 Aq pOOflpOl 

SEM O3UE3SLSSB JOISESIp pooj IEflP!MPU1 IOJ SUOI3BOIjddB JO JOqUXnU 041 'g661 ui (dDv1H) IUB101d 
IUBJD UOi3B141p4 PIBZBH JBIOpOJ 0141 puie unosst}44 Jo olujS 044 uioij spunj 2uisn soipodoid IBI3UOpISO1 
p0BUJEp-p0OJ JO S3flOJ'flq pOlBUipJ000 1c413 UOS.IOJJOf 'POOH £661 0142 104Jy 10A1)J UflOSSIJAJ 04130  SPOOU 

661 PUL' £661 043 Jo UOI2BUIqUIOO 041 IOIJB 03BOOj0J SlUopiSal 1c413 JEO3 IlL,AIIBON UOI1BOOI MOU B UI 

UMO4 043 03E01001 01 UOITBOOIOI 11041 O1BUIp1000 30U pip SIUOp1S3J 041 'UflOSSiy 'A413 1B03 JO OSBO 041 UJ 

L 0Bd 	UOi1VpUflO.J JUdWUO.Ilttlçq Zj1 iof uoz:qvo UflOSSlJAJ 21Z/j 



Page 8 	 Flooding Forgotten 

hundreds of miles downstream. Pesticides can impact beneficial insects and disrupt the food web for 
other animals as they are carried off by flood waters. 

Floods in agricultural areas cause similar environmental problems. Concentrated animal feeding 
operations have large waste treatment facilities that are susceptible to disruption similar to that of 
municipal wastewater treatment plants. Flood waters covering agricultural fields can pick up fertilizers 
and pesticides, contributing to toxic pollution and hypoxia in the lake or estuary receiving the river water. 
Where levees are breached by flooding, huge quantities of sand can be deposited on previously productive 
land making it useless for agriculture. Other areas might experience extreme erosion and scour holes 
from the high energy water. 

Some of the environmental damage caused by flooding is indirect, in that it is the result of human 
attempts to control rivers and flood waters. Wing dams and channelization reduce habitat for indigenous 
species by filling in side channels and backwater areas. Levees cut the river off from its floodplain, 
destroying wetlands and increasing the height and velocity of flood waters. New evidence suggests that 
these effects are even more important than previously suspected, making river engineering a no-win 
feedback cycle. 

CHANGING RIVER DYNAMICS 

Human impacts on the major rivers of central North America have radically changed the characteristics of 
the rivers and their relationships to their floodplains. For much of the lower Missouri River, navigation 
structures have narrowed the channel to a small fraction of its former width. In addition, agricultural and 
industrial levees constructed by private interests and government agencies have cut the rivers off from 
their floodplains. The complex, dynamic, large-river systems of central North America no longer exist. 

While human modifications to rivers have allowed for commercial navigation and development of the 
floodplains, these modifications are not without a price. Scientists have been suggesting at least since the 
early 1970's that structural modifications to rivers (levees, wing dikes, dams, etc.) are negatively 
impacting flood frequency and severity. 

More recently, Dr. Nicholas Pinter, an environmental geologist at Southern Illinois University-
Carbondale, has used the "specific-gage technique" to perform an analysis of flood stage trends on the 
Mississippi and Missouri Rivers. Pinter concluded that flood stages on these two rivers have increased 
over time due to the construction of dikes and levees that constrict the river channel and reduce its 
capacity to convey water. 

Other studies have also shown that river stages have increased between 6 and 13 feet for similar 
discharges at several stations on the Mississippi and lower Missouri Rivers. Recent studies indicate that 
the stages recorded during the 1993 flood on the Missouri River at Boonville, Missouri, could recur every 
15-20 years, instead of the 100- to 500-year interval predicted by older models. No such increase was 
observed on the far upper Missouri or the Meramec River (in Missouri), neither of which have been 
subjected to extensive engineering projects. 

The changes in river dynamics will continue to have profound impacts on those who live near rivers. For 
example, the large levees currently under construction in the St. Louis region and those planned in the 
Kansas City and Jefferson City areas may not give the protection they are purported to provide. In fact, 
they will likely increase the flood damage potential for surrounding areas and facilitate at-risk 
development behind the levees. 
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Page 10 	 Flooding Forgotten 

Development is precluded inside the floodway if it would cause any increase in flood heights. 
Developments outside the floodway, but inside the flood hazard areas, must obtain' a permit from the local 
authority and be protected from the base flood. 

Basic Rules for Participation in the National Flood Insurance Program 

NFIP - State Role 

Each state. designates an agency to act as liaison between FEMA and local governments and to coordinate 
the NFIP within the state. The state coordinating agency assists communities in developing and adopting 
the specific floodplain management measures required for NFIP participation. In most states, the 
department of natural resources (DNR) is responsible for floodplain management and coordination of 
NFIP activities. In 1995, the Missouri legislature assigned floodplain management duties, including 
NFIP administration, to the Missouri State Emergency Management Agency (MoSEMA). 

The state coordinating agency is responsible for monitoring the compliance of local communities with 
NFIP regulations and monitoring the enforcement of local ordinances. The state must help communities 
maintain compliance and assist them in becoming reinstated if the community is placed on probation or is 
suspended from the program. Additional responsibilities assigned to the state coordinating agencies 
include mapping assistance, providing workshops and education to local floodplain administrators, and 
technical assistance to communities that wish to participate in the NFIP Community Rating System. 

The state coordinating agency must also ensure that all state agencies comply with national, state and 
local floodplain regulations and ordinances in all of their activities. Coordination of national, state and 
local flood protection programs is the responsibility of the state coordinating agency. This includes 
structural and non-structural flood damage reduction projects undertaken by the Corps of Engineers, the 
state, municipalities and local levee or drainage districts. 

NFIP - Local Role 

Cities and counties have primary responsibility for implementing the NFIP. Participating communities 
must adopt and enforce floodplain management ordinances that regulate new construction and substantial 
improvement of existing structures in flood hazard areas. Under the NFJP, the regulatory floodway is 
defined as the area required to convey floodwaters with no more than a one-foot rise in the base flood. 
The flood fringe is the area outside the floodway that is inundated during the 100-year flood (also called 
the "base flood"). 
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subgrantee interacts with the individual property owners and negotiates the terms of transfer of title or 
conservation easement. 

The subgrantee takes ownership of any properties or conservation easements acquired with HMGP grant 
funds, and ensures that all structures are removed from acquired properties within 90 days of closing. 
Maintenance of the properties as open space is the continuing responsibility of the subgrantee. 

BUILDING ON FEDERAL PROGRAMS - STATE LAWS 

The federal programs described above provide a base level of floodplain management policy for all states. 
However, federal programs fall short of providing the comprehensive legal structure necessary to reduce 
flood damages. It has been widely recognized that the NFIP alone is not sufficient to eliminate unwise 
development in floodplains. Many communities do not participate in the NFIP and, even though the 
NFIP regulatory requirements reduce unwise floodplain development, they are not comprehensive enough 
to prevent flood damages. Many states have therefore passed laws to address floodplain management that 
both plug the holes in federal law and provide tighter regulation of development in floodplains. 

The floodplain management statutes and regulations of seven states - Arkansas, Illinois, Iowa, Minnesota, 
Missouri, Ohio and Wisconsin - were analyzed for this report. These states were chosen because they are 
all Midwestern, all have exposure to large rivers, and all include metropolitan areas with flood hazards. 
In addition, the chosen states exhibit a variety of approaches to floodplain management. 

The state programs summarized here include a broad spectrum of strategies. Missouri and Arkansas 
assert little or no jurisdiction over their floodplains, leaving floodplain management decisions to local 
governments. In contrast, other upper Midwestern states have comprehensive floodplain management 
laws. For example, Iowa and Illinois require a permit for floodplain development from the state or a 
state-approved local program. Minnesota and Wisconsin set forth standards for floodplain development 
in state law and require that local governments implement these standards through floodplain ordinances. 

The following information was obtained from state statutes, regulations and other legal and technical 
materials. In addition, interviews or written questionnaires were completed by floodplain managers in 
each state surveyed. Several terms used throughout the following discussion require explanation. Each 
state defines these terms in its statutes (if applicable) and the definitions vary slightly from state to state. 
However, for discussion purposes the following definitions are appropriate. 

Base Flood Elevation (BFE) - The base flood elevation is defined as the water level during the 
one-percent chance exceedance event, meaning that there is a one-percent chance this level will 
be exceeded in any given year. It is also known as the "100-year flood." 

Floodway - The floodway is defined as the part of the floodplain, including the river channel, that 
is required to carry the base flood discharge with a defined maximum rise in base flood elevation. 
The NFIP regulations allow a one-foot rise in the base flood elevation when delineating the 
floodway. Some states have specified a smaller rise allowance. 

Flood Fringe - The flood fringe is defined as the area of the floodplain that is covered by 
standing water during the base flood, but that is landward of the floodway boundary. The flood 
fringe can also be described as the area that can be completely filled (i.e., raised out of the 
floodplain) without causing the base flood elevation to rise more than the allowed amount. 

Regulatory Flood Protection Elevation (RFPE) - the regulatory flood protection elevation is the 
level of flood protection required for new construction. New structures can be placed on fill, on 
stilts or behind levees. Most regulations use the base flood elevation, but some add an extra 



ssEo jo iqwnu rnj g  alnoosaid ol soinosi juaiogjnsui sq 'jiç 
UjUOtOE 82 O ut.iosai flOiltA UOUOU flOIL{ AjOS1 1t SUOiOic juxuawojua jsoW oluis 

oqj jnoqBnoiqj sdEm piziq poojj jo UE soo1oid nonq 'UOiEi4UU pool 'uo!jla3npz 'uuIO10jU 

oj jqisuodsi Si iuiui uiiidpoojj 	'uornppE tq oLd U! SI OUUipiO 	ji pUiE1qO oq ol oAtq 
suud 1go1 pim olins qoq 'A&poojj 	U' s1uuidopAp 10d sournpio undpoojj jooi jo uordopE 

iioj ol soumpio ppow put,  sjnutiu 2mmdaid qi& p2.n3qo si jj zqj, siunwwo 
1-cool puE rjj  uwpq ojim oql s sus pu djjN aqjsuip1000 11?uiui uu3dpoojj 'aNu oqjL 

ituud u utqo oliopio UI juvoilddu 
;aql Xq pos8qomd aq Cu suius 	tojj 'spipucs 	uq aiow Xq psiorn q pnot sqiq 
poojj oiq 'IA1tuw j jij si iuu ip 'sLQxo uqin 'q iuud t,  uiqo jiis  pui qiq poojj UI 

saioui j çij ol dn osnn Atu sJu3wdopAp 'i,s oqjjo sgQm Imm tq 4iooIA  UE lqgl2q poojj uo 
soJJo olqvida3mun osnuo jou pjno '3uuIdopAp podiotju 1tJ3O q3IA pUi4woo UqAt 'iCA&poojj qI 
U' ja4faidaip ji .jj oql Aq pnssi quo an stuud UOi3IU1SUOD cuoqnI3 umud alins ol joo1qns 

1E aqj ifuisluaioui icqioq 'Ais.pooU  oig upii& S1OOBJ osoql •tuo:iS 1poo1j  jo uorwpiSuo 
i,nbj osIL,  puu uoiitp poojj siq in osu looj j i &iisn Ai&poojj aig ouljop suorjnai 

SUUIU1AO 10 O IJOJ 
Si afuLU pooj oql U' juaLudoloAop jo uoqn2>j 2uuj pooj ol puop ou sop Pue Xtmpoou QRJ o 
pimij si 14uoxpnt,  joj s1.j oqj sarn jvmu in (slum bs 01) saive ootg put,  sm uqin m (ojim bs 

saio 0179 2UIUIRlP suias Jo ApooU  otpin uotorusuoo 1AO 1CuOqfl uiuud NQ aqj UisSE 
olins 3qj Jo IU1BWI otp ol 31quoilddL,suo,jn>j 	s aqj Jo isoi oql ioj SO43 uip suuiaanbai 

atow qiioj  ijos i,ip suoijn1 oiods ol joa1qns am,  ram ooiqj oql in suno xis 'jnoipid 

1IJ 2ES 1p JO S1E U1jjip &IUAO3 sUotsIAOld snouuAu!Ljuoo sj TUiEUin uijdpoojj ss 

LLJ S oiql JO S1M Qig punoi7a pue Ut StIAIO IOAO uoioipsun1 )JNJ  SIOUIjjJ Qtu SAL AVj SIOUILLJ 

siouffi' 

1s oqjo uztto 	io 	gip 'Aunoo JO 'uMO 'io Aujo linsio uoqoRKq poq 
oq cui pue soouEsinu otjqnd paipisuoo am souutpio UidpoojJ luool jo uo!luloiA Ui jjjnq SUT3LL1S 

SOUU1P1O uujdpoojj jo UiUOOJOJU opAud pU otjqnd qoq ioj spiAoJd ns iis 	'Uowpp trj 

SpJpIW1S jIpJ UE43 QAIJOL4SQJ 
iow souuipio ldopE uo Aaql ptm 51UBS dl J ol wie SRII UI iLIOT.j1flB SIUQUUMA02 11 1P'1 

lOU SOOP  MEj olis 'ioAoH souutp.io uujdpoojj nip gug!jm in suoijnai 	ojjoj Ajquinsaid 

soin pui mul olins Xq ;)ouvp!n2 puoiipp 	paijjo jou air SlUU1UJA0  oo'j ;si uoid-poojj 'J 
Sfl put,  'ut 1UU1U1iU putq Uu-2U0j QAoidtut muUNA, put,  &iipoojj ol Quold si Imp 1uuidopAp 

E1fl0SLp pinoqs souutp10 qons E4 sopiAold SOOUI3UIpJO uiijdpoojj jEOOj uLzuoqln oms os oqj 

uowouIiu uidpoojj inoqu  
oijqnd 041 oT uotpiuuojut uipIAoJd pur dlUq Qqj,3uqvuipJ000 4M pos si uotsstwwo) U014VAIDSUOD 

101M pui  iog sisuiiy o4j, sUJEJ2oId OOUInSUI puia ooumsissu poojj 1°P°J UI OlEdIOLIJEd 

01 A.IESS000U saInsEoI.0 OSfl puLl Xu7c 1OEUO 01 0E1S 0141 puu SOtflItlOO 'SUMO1 'Soilto OZUO41flE '13AOMOq 'SOOj) 

mial SESUE)1V iuowdoloAop uiEjdpooJ Jo suiEjdpoojj IOAO uOqoipSUnI i(I0lEIfl01 pOSSE c1jE1OUO  lOU 
soop OES 041 Ieql ouiuuaw 'AtEI 1UOWOEUEW U!ELdpOOIj POIIEIOP E POIOEUO IOU SE4 SESUE)IJV JO O1ETS 041 

SESUE)1 

iuowdojoAop utEjdpooU  10410 oi onp 
UOt1EAOIO pooJ ut sosEoloul .io UOI1OE OAEM JOJ 1unoo31 o (11pioqooij11 POIJEO uoijo) ui.IEiu AIOJEs 

£ I 0Ed 	UO;1VpUflO1UU1UO4(tUf dif  1 iOJuOzJiVO3 / O.SSlJ4/ dZ/J 



Page 14 	 Flooding F'pgotten 

Iowa 

The Iowa DNR regulates floodplain development through two methods: state-issued floodplain permits 
and approval of local floodplain ordinances. Local governments with approved floodplain ordinances are 
delegated permitting responsibility for most floodplain construction, but the DNR maintains oversight 
authority and must approve any variances to the local ordinance. Certain types of projects, such as levees 
and channel modifications, may require state approval even if a local ordinance is in place. The criteria 
used to determine which projects require a permit are largely based on the size of the watershed. In rural 
areas, projects in drainages of 10 square miles or more usually require a permit. In urban areas, the 
drainage threshold is usually 2 square miles. Most development projects impacting floodplains in Iowa 
require a permit from either the state or a local government. 

Local floodplain management ordinances, and development in areas without an ordinance, must comply 
with the criteria outlined in Iowa law. These criteria include establishment of a floodway, minimum 
standards for floodplain and floodway uses, and guidelines for handling preexisting nonconforming 
development. Iowa law prohibits many uses in the floodway and requires the elevation of structures in 
the flood fringe to the 100-year flood level plus one foot. The DNR floodplain management regulations 
also provide specific standards for particular types of development, including bridges, dams, levees, 
buildings and wastewater treatment facilities. The state's definition of the floodway and flood fringe 
largely track that used in the NFIP. Criteria for variances and approval of modifications to local 
ordinances are outlined in state law. Approximately 15% of local governments have a state-approved 
permitting program. 

Iowa assigns the responsibilities of floodplain manager to the Iowa DNR's Water Quality Bureau Chief. 
The floodplain manager oversees the state's floodplain development permitting program, the delegation of 
authority to local governments, and the NFIP. The state's floodplain management program is under-
funded and does not have adequate resources to properly monitor and ensure compliance throughout the 
state. Enforcement of the state permitting program depends largely on citizen complaints, although Iowa 
DNR field offices do some independent investigations. Most enforcement actions are administrative 
orders and post-construction applications for permits. 

Minnesota 

Minnesota has a state floodplain management law designed to discourage development in floodplains and 
to promote non-structural methods of flood damage reduction. The law requires that all Minnesota 
communities that contain land subject to flooding adopt a floodplain management ordinance and maintain 
eligibility in the NFIP. All local floodplain ordinances must comply with standards set at the state level. 
The Minnesota DNR has the responsibility of administering the state's floodplain management program, 
managing the NFIP and coordinating with local governments. 

Minnesota's floodplain management laws are stricter than the NFJP requirements. State regulations allow 
only a 0.5-feet incremental increase in surface water elevation when defining the regulatory floodway and 
a lower threshold may be used if the 0.5-feet rise would result in additional flood damages. Minnesota 
prohibits most new structures in the floodway, only allowing structures accessory to open space uses that 
do not cause an increase in base flood elevation. Any structure in the floodway that suffers damage 
totaling 50% or more of the property's value cannot be rebuilt. New structures in the flood fringe must be 
elevated to the regulatory flood protection elevation, which state regulations set at the base flood 
elevation plus the allowable base flood increase of 0.5 feet and one foot of freeboard. Moreover, all 
additions to structures must be protected to the elevation of the base flood. 

Primary enforcement responsibility rests with the local governments. However, local floodplain 
ordinances must be approved by the DNR before they can be adopted, thereby ensuring consistency with 
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Page 16 	 Flooding Forgotten 

order specifying the floodplain management standards for the community. Local governments are 
allowed to set more restrictive standards than the state if they so choose. The Wisconsin floodplain law 
initially set up a financial assistance program designed to ensure that all communities had the resources to 
adequately map their flood hazard areas. 

Perhaps the most significant aspect of Wisconsin's state floodplain law is its definition of the floodway. 
In Wisconsin, the floodway boundary is set using a 0.01 feet rise standard, meaning that a large part of the 
floodplain is considered to be floodway. This greatly restricts the amount of development that can occur 
in the state's floodplains. 

Wisconsin's comprehensive floodplain management laws contain a number of other important provisions. 
For example, DNR approval is required for any hydrologic studies used by a local government in 
administering its floodplain ordinance, and for any change in the floodway delineation that would cause 
an increase in flood heights. There is also an absolute prohibition on the placement of any structures in 
the floodway that are not associated with open space uses, or that involve the storage of hazardous 
materials .or the treatment of sewage. Development in the flood fringe must have its lowest floor two feet 
above the base flood elevation. Finally, DNR has the legal authority to take enforcement action against 
violators of local floodplain ordinances. 

COMPARISON OF STATE APPROACHES ON SPECIFIC FLOODPLAIN MANAGEMENT 
ISSUES 

A comparison of the different state legislative and administrative strategies for dealing with floodplain 
management is provided below. This report attempts to categorize the various states' approaches for ease 
of comparison. However, nuances to each state's program require some generalization, and the applicable 
statutes and regulations should be consulted for definitive guidance. 

State Authority 

The extent to which states assert jurisdiction over floodplains is a threshold issue when comparing state 
floodplain management ptograms. All of the states surveyed have passed the minimum legislation 
required for local governments to participate in the NFIP. Local governments - cities and counties - that 
choose to participate in the NFIP must enact floodplain management ordinances. The state role in the 
NFIP is mostly administrative and advisory. 

State programs are partially defined by the role of state agencies in floodplain management. Some states 
set standards and require local governments to implement the standards through local floodplain 
ordinances. In other states, floodplain laws retain permitting authority within state agencies ;  but may 
allow delegation of this authority to local governments. A few states have no floodplain management 
program at all. 

Missouri and Arkansas assert little or no regulatory authority over development in floodplains. in these 
states, cities and counties may implement the NFIP program with some assistance and guidance from 
state agencies. Areas that do not participate in the NFIP have no floodplain management. Ohio also 
asserts little direct authority over its floodplains, but state agencies are required to follow floodplain 
management standards when carrying out their own functions. 

Illinois law gives the state's DNR jurisdiction over public waters, but restricts the DNR's permitting 
authority to designated floodway areas. Iowa law gives the state jurisdiction over floodplain development 
and the ability to delegate that jurisdiction to local governments that adopt compliant ordinances. 
Minnesota and Wisconsin laws provide those states' DNRs with the authority necessary to carry out a 
floodplain management program, but implementation of the law is primarily through local governments. 
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Local Governments' Role 

Communities that want to participate in the NFIP must pass a floodplain management ordinance that 
meets minimum requirements. All of the states surveyed authorize local governments to enact ordinances 
that are stricter than the NFIP standards. Arkansas, Illinois, Missouri and Ohio require nothing more 
from local governments. 

The State of Iowa gives communities the option of being delegated authority over floodplain management 
if a community adopts an ordinance that is at least as strong as the standards set forth in state law. 
Minnesota and Wisconsin require local floodplain management ordinances in any county or municipality 
that has a flood hazard area. The two states also will impose a compliant local ordinance on 
municipalities that do not follow state requirements. 

Table 3 gives a summary of the state requirements for local floodplain management ordinances. 

Table 3 State Requirements for Local Floodplain Management Programs 

REGULATORY 	 AR IL IA MN MO 011 WI 
ISSUE 

Local ordinances may be stricter than 	YES YES YES YES YES YES YE 
state or NFIP standards 

State requires local floodplain 
management ordinances in flood hazard NO 	NO 	NO YES NO NO YES 
areas 

State will impose local ordinance if 
municipality does not adopt or properly 	N/A 	NO 	NO YES N/A N/A YES 
enforce compliant ordinance 

Local building codes and subdivision 
regulations must be included in 	NO 	NO 	NO YES NO NO NO 
floodplain management program 

Missouri does not require that local governments adopt floodplain management ordinances. This allows 
completely unfettered development in the floodplains of many Missouri communities, much of which is 
detrimental to the community and its neighbors. The widespread lack of local floodplain management 
and the absence of state oversight often lead to "levee wars" along rivers, especially the Missouri and 
Mississippi. Each community attempts to build a higher levee than its neighbors in an effort to make sure 
investments in the floodplain do not flood even if it will increase the risk of flooding in other areas. This 
creates a dangerous situation facilitating heavy investment of capital in risky development behind levees. 
Evidence of this trend is especially prevalent along the Missouri and Mississippi Rivers in the St. Louis 
area. 

Defining the Floodway 

The definition of the regulatory floodway is a key component of floodplain management regulations. 
FEMA defines the regulatory floodway using a one foot elevation increase, which means that the 
floodway is mapped to allow a one foot rise in the water level if the discharge associated with the 100-
year flood is completely confined to the floodway by levees, floodwalls or fill. Thus, the cumulative 
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uses that may be allowed in the floodway. This can help industries that require a riverside location as 
well as regulators who have clear criteria for floodway development permits. 

How the impact of development on flood heights is measured is another important factor when 
considering the effectiveness of floodplain management programs. Site-specific hydrologic and hydraulic 
analyses are required whenever there is a proposal to build in a mapped or unmapped floodway. Three of 
the states surveyed require site-specific analyses to account for future development on neighboring lands. 
Taking into consideration future land use conditions is a forward-looking method of accounting for 
changes in hydrology that occur when open land is developed. 

Table 5 summarizes the floodway development restrictions for the seven states. 

Table 5— State Laws Concerning Development within the Regulatory Floodway 

REGULATORY AR IL IA MN MO OH WI 
ISSUE 

Drainage area for stream affects 	N/A 	YES YES YES N/A N/A NO 
floodway development restrictions 

Activities in the floodway that reduce its 
capacity to discharge floodwaters are 	N/A 
prohibited by state law 

Structures permitted in floodway must 	N/A 
have low flood damage potential 

Struótures not associated with open space 

YES YES YES N/A*  N/A YES 

NOT YES YES N/A N/A YES 

uses or dependent on waterfront location N/A NOT NO YES N/A N/A YES 
prohibited in floodway 

Calculation of a development's impact on 
flood levels must consider future 	N/A 	YES YES NO N/A N/A YES 
development on nearby lands 

Different base flood elevation increase 
requirements apply depending on 	N/A YES YES YES N/A N/A NO 
location or damage potential 

N/A: State law does not require delineation of the floodway. 
* Missouri law prohibits denial of county floodplain development permits issued under the NFIP if the 
development does not raise the base flood elevation more than one foot. 

Tighter restrictions on floodway uses apply in the six-county Chicago area. 

Arkansas, Missouri and Ohio are the only states that do not limit activities in the floodway. Without a 
regulatory definition of the floodway and basic protections for its discharge capacity, it will be difficult 
for these states to reduce flood losses on a statewide basis. Communities that do not participate in the 
NFIP in these states are not required to regulate development in the floodway. Missouri law even 
prevents counties from adopting a floodplain ordinance that utilizes a more expansive definition of the 
floodway that the NFIP. Under this law, Missouri counties may not deny a floodplain permit application 
if the proposed development will not raise the base flood elevation more than one foot. This provision 
appears designed to actually facilitate floodplain development. 
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Flowage easements are a legal mechanism that can be used to mitigate for a loss of conveyance capacity 
due to a floodway obstruction. The party responsible for the obstruction can be required to acquire 
flowage easements upstream or across from the obstruction to maintain the floodway or eliminate the 
possibility of future flood damage. 

Table 7 summarizes the flood or flowage easement acquisition programs for each state. 

Table 7— State Law Concerning Flood Easement Acquisition 

REGULATORY 	AR IL IA MN MO OH WI 
ISSUE 

Parties benefited by the protection 
of existing uses are required to 	NO 	NO 	YES YES* 	NO 	NO 	NO 
purchase flowage easements 

Compensating measures, including 
purchase of flowage easements, are NO 	YES YES 	YES 	NO YESt YES 
authorized by state law 

* Minnesota DNR can require easement purchase on a case-by case basis. 
Wisconsin regulations require that the consent of affected property owners be obtained for agricultural 

levees if flood heights would be increased. This presumably could lead to flowage easements acquisition. 
t Mitigation measures such as flowage easements must be specifically approved by Ohio DNR when a 
planned dike or levee encroaches on a regulatory floodway. 

Iowa and Minnesota may require parties that benefit from flood protection measures for existing uses to 
purchase flowage easements or implement other mitigation measures in order to maintain an adequate 
floodway. Illinois, Iowa, Minnesota, Ohio and Wisconsin authorize the purchase of flowage easements 
and other mitigation measures only for public benefit structures such as bridges. States with no provision 
for flowage easements may not be able to mitigate for unavoidable encroachments in the floodway. 

Floodplain managers interviewed in several states expressed reservations about flowage easement 
programs. Their reservations focused on the difference between avoidance and mitigation, and a concern 
that the allowance of easements may encourage flood-prone development. Redirecting flow around an 
artificial obstruction can still slow discharge of flood waters when compared to the natural channel. 
Despite these reservations, most floodplain managers agreed that a system that requires flowage 
easements for unavoidable floodway encroachments might be helpful in reducing the impact on flood 
heights. 

Floodplain Land Acquisition Programs 

Public acquisition of land in the floodplain may be the most permanent and effective way to prevent flood 
damage. All of the surveyed states have laws that support state or local acquisition of floodplain property 
for hazard mitigation purposes. Often the acquired land is converted to public use in the form of a park 
designed for active use (such as ball fields and picnic pavilions) or passive use (such as nature reserves). 
Four of the states surveyed also had an explicit mechanism for providing state funds for flood hazard 
mitigation. However, these programs are only as valuable as the appropriations they receive from state 
legislatures. 

Table 8 shows a summary of the state land acquisition programs. 
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Table 9— State Laws Concerning Pre-existing Uses of Floodplain Land 

REGULATORY AR IL 	IA MN MO 011 WI 
ISSUE 

Pre-existing uses and structures allowed N/A 
to remain even if non-conforming 

Additions or modifications to pre- 
existing structures must comply with 	N/A 
floodplain management regulations 

YES YES* YES* N/A 

YES YES YES N/A 

N/A YES 

N/A YES 

N/A: State does not have a floodplain management program applicable to private development. 
* Iowa and Minnesota do not allow continued use of non-conforming uses that contribute to significant 
increase of flood damage potential. 

Four of the states surveyed have provisions in their floodplain management programs dealing with non-
conforming structures. These provisions in state law fill the gaps left by the incomplete coverage and 
minimal requirements of the NFIP. Bringing non-conforming structures into compliance with. floodplain 
management regulations is an important hazard reduction strategy. An active program to bring structures 
into compliance will reduce repetitive disaster and insurance payouts. 

Flood Damage Reduction Structures 

Flood damage reduction structures (i.e. levees, floodwalls, dams, etc.) are a necessary component of any 
comprehensive floodplain management strategy. There is little alternative to protecting historic districts 
and older urban centers with levees and floodwalls. However, it is impossible to prepare for 
extraordinary events and all areas protected by structural systems retain some flood risk. The inherent 
danger of structural flood damage reduction strategies must be considered in a state's floodplain 
management program. 

Moreover, there is evidence that flood damage reduction structures are actually exacerbating flood 
heights. The recent work of several academics implicates levees and navigation structures as the cause of 
increased flood heights observed over the past century. The effects of flood damage reduction structures 
reach far beyond their immediate surroundings, and the cumulative effects of such projects are not well 
understood. State oversight of structural flood control projects may serve to alleviate the cumulative 
impact of such projects. In contrast, local jurisdictions rarely have an incentive to consider impacts on 
other communities, and are more prone to permit flood control structures that contribute to increased 
flood heights. 

Table 10 gives a summary of state statutes and regulations addressing flood damage reduction structures. 
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Table 11 - State Laws Concerning Permits, Variances and Enforcement 

REGULATORY 	AR IL IA MN MO OH WI 
ISSUE 

State agency has permitting authority for NO 	YES YES 	NO 	NO 	NO 	NO floodplain development 

State authorized to delegate permitting 
authority to local governments 

Variances to local ordinance must be 
approved by state agency 

State has explicit authority to enforce 
local floodplain ordinances 

N/A YES* YES N/A N/A N/A N/A 

NO NO YES NOt NO NO NOt 

YES YES YES YES NO NO§ YES 

Structures in violation of floodplain 
regulations or ordinances are considered 
public nuisances and subject to 	YES YES YES YES 	NO 	NO YES 
abatement of construction, maintenance 
or removal 

State law authorizes fines against 
persons violating floodplain 	 YES YES YES YES 	N/A NO YES management regulations, with each day 
constituting separate offense 

*Floodway  permitting program for Chicago area may be delegated to local governments. 
Minnesota requires local governments to provide Minnesota DNR 10-day advance notice of the public 

hearing for variances to allow state input and oversight. 
t Minnesota DNR and Wisconsin DNR reserve the right to appeal variances that do not meet state 
criteria. 
§ The Ohio DNR only has enforcement authority over other state agencies that violate floodplain 
ordinances. 

It is important for the state to be involved in floodplain management for several reasons. The state can 
ensure that policies designed to reduce the risk of flood damage are consistent across local jurisdictions. 
In addition, state oversight removes the ability of local governments to compete for development by 
instituting lax floodplain management regulations or even providing tax incentives to develop in the 
floodplain. Finally, state laws can require floodplain permits in areas not participating in the NFIP. 

DISCUSSION AND RECOMMENDATIONS 

Flood damages continue to rise in every state, despite the variety of floodplain management programs. 
Some possible causes of this trend are common to all of the states studied. These problems involve both 
state and federal programs. A number of conclusions and recommendations can be drawn from this study 
of floodplain management programs. Missouri and other states that have no state floodplain management 
regulations can use these recommendations as a basis for legislation and policy change. Other states can 
revise or enhance their floodplain management programs using some of the recommendations below. 
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Recommendations 

Flood damages continue to rise despite the best efforts of floodplain managers. This is true in all of the 
surveyed states regardless of the structure of the state floodplain management program. However, there is 
anecdotal evidence and a strong belief by the floodplain managers that state programs are having an effect 
on flood damages. There is also abundant evidence that Missouri is experiencing more risky development 
in its floodplains than other Midwestern states due to the near complete lack of floodplain management 
laws. 

Strong state floodplain management laws, such as those found in upper Midwestern states, clearly have an 
impact on where development occurs. Unwise investment in flood hazard areas is being prevented by 
permit requirements and floodway development restrictions. Moreover, mitigation programs are 
removing at-risk buildings from the floodplains. 

Any effective floodplain management program requires adequate funding for implementation and 
administration. Strong partnerships between federal, state and local governments are essential. Laws and 
regulations must be clear and understandable with strong incentives for compliance. Enforcement 
programs should be adequately funded and regulations must be enforced consistently. 

The bottom line requirement for an effective state floodplain management program is the ability to 
influence development and land use decisions. The following sections describe the main aspects of an 
effective state floodplain management program. 

Assert Jurisdiction Over Floodplain Development 

State jurisdiction over floodplain development is a basic requirement to ensure adequate floodplain 
management. A state permit program reaches areas that are not participating in the NFIP and eliminates 
the ability of localities to make land use decisions that adversely impact neighboring communities. 
Delegation of state permit authority to local governments can be a viable component of a state permit 
program. However, the state should set minimum requirements for local ordinances, require state 
approval of the ordinance and variances, and retain the ability to take enforcement action. 

Redefine the Floodway 

The NFIP sets the boundaries of the floodway using a one-foot rise standard. Generally speaking, this 
means that development can be permitted so long as it does not result in more than a one-foot increase in 
flood heights. In communities that do not participate in the NFIP, there is no limit to the impact a 
development can cause to neighboring properties unless standards are set forth in state law. The 
floodplains in the Midwest are relatively flat and even a one-foot increase in the base flood elevation can 
inundate large areas. A smaller rise allowance standard reduces the risk that existing development will be 
endangered by future land use decisions. The smaller the rise allowed, the more area covered by 
floodway development restrictions. A 0.1-feet rise limit for floodway determination, as used in Illinois, is 
recommended. 

Enact Floodway Development Restrictions 

Restrictions on development in floodways are of great importance to wise floodplain management. States 
should prohibit any activities in floodways that reduce the conveyance capacity of the stream, or that 
would suffer significant damage if flooded. Non-obstructive development, such as parks and trails, can 
be permitted as long as floodplain functions are protected. A carefully monitored flowage easement 
program could be implemented to mitigate for unavoidable intrusions into the floodway. 
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resources from the whole country. Effective floodplain management can minimize these damages. Our 
society could use four billion dollars each year in a more constructive way than repairing flood damages. 

Since flood effects often cross local government boundaries and can cause conflict between states, it is 
important for state governments to be fully involved in floodplain management. At a minimum, a 
comprehensive floodplain management program must include: 

• Assertion of state jurisdiction over floodplain development, including a permit program with 
standards for enforcement and issuance of variances; 

. A low flood elevation rise standard for floodway delineation and floodplain development permits 
- 0.1 feet rise or less - to preserve the stream's storage and conveyance capacity; 

• Floodway development restrictions, including requirements for purchase of flowage easements if 
flow would be restricted by a proposed development; 

• Strong technical oversight and assistance programs to help local governments and the public 
understand the dangers of floodplain development and what is required by the permit program; 
and 

• A state funded grant or loan program to facilitate pre-disaster, non-structural mitigation projects 
by county and municipal governments. 

Several recent scientific studies have shown that structural flood control projects are actually exacerbating 
flood stages. This suggests that the regulation of such projects should be included in a state floodplain 
management program. In addition, an incentive program that encourages communities to participate in 
the National Flood Insurance Program can  help divert the cost of flood recovery from tax dollars to 
insurance claims. 

Missouri currently lacks the legal and administrative infrastructure for an effective floodplain 
management program. Action by the Missouri General Assembly to enact appropriate legislation is 
imperative for the reduction of future flood losses. Floodplain development in urban areas is accelerating 
as local communities compete for commercial and industrial development. Without rapid action by the 
state to prevent additional at-risk development, these communities will suffer disastrous flood losses in 
the future. 
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