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Abstract

Accurate predictions of flood damage and economic losses are increasingly
Important as historically low-probability floods have become more common

Digital elevation models (DEMs)are essentialto flood modeling as they define

stream channel and floodplain morphology, the accuracyof which influence
estimatesof flood damage The city of Westbrook, Maine experiencesepisodic
flooding of the PresumpscotRiver therefore, flooding in Westbrook was
simulatedwith HAZUSa model created by the FederalEmergencyManagement
Agency The model is designedto assessthe costs associatedwith hazard
scenariogncludingriverine flooding HAZUSvasrun for a 100-yearreturn period

flood with both +arcsecond(10 m) and 1 arcsecond(30 m) DEMs The +arc

secondDEMr representsthe highestresolution currently availablefor the study
area Preliminary results, based on a censusblocklevel structure inventory
providedwith the model, suggesthat DEMresolutionhasa significantimpacton

damageand economicloss estimatesthat vary by censusblock and structure

type. Furthermodelingusingparcetlevelinventory data for Westbrookwill refine

theseresults

Digital Elevation Models (DEMSs) R —— 100-year Flood

Depths (meters)
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Most river-flow models use a DEM to generate the channel and floodplain
morphology(Zhangand Montgomery,1994). Floodingof the PresumpscoRiverin
Westbrookwasmodeledto evaluatethe effect of DEMresolutionon flood damage
estimates Two DEMSfor Westbrook were obtained from the USG¥ 1/3 arc
secondand 1 arc-second(alsoreferredto as10 m and 30 m, respectively) The10-
m DEMis the highestresolutioncurrently availablefor Westbrook Locationof the
stream channelis significantlymore accuratewith the 10-m DEM,and there are
alsodifferencesin the shapeandextent of the 100-yearfloodplains(Figured).
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Figure4: River channel and 10@ear floodplain for a 1.5 km section of theresumpscoRiver

Westbrook and thePresumpscoRiver

Theeconomyof Westbrook,Maine has
centered historically on the mill
iIndustry and transportation corridor
associatedvith the PresumpscoRiver
From its foundingin the 19" century
wood and other products have been
produced and transported through
Westbrook

Theriver drops15 m (from 23 mto 8
m) alongits 10 km coursethrough the
city. Saccarappdallsand ConginFalls
provided water power for early mills
and dams were constructed later as
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the mill industryin the city flourished  Figure 1: Westbrook, Maine.

PresumpscoRiver Floodingn Westbrook

The PresumpscotRiver occasionallyfloods the city of Westbrook,
but in recent decadesthe frequency of flooding has increased
(Figure 2), including the 1996 500-year flood with a volume 68

percent greater than any other recorded event in the 20" century
for Westbrook (Hodgkinsand Stewart, 1997). Therefore,accurate
modelingof the extent, depth, and geographyof the floodplain, as
well asan accurateinventory of the property, peopleand activity in

the flood zone are increasingly important for emergency
preparednessand response Fastmoving water, inundated homes,
and impassableroads (illustrated in Figure 3 for the flood of

February2010 representthree flood-related hazards

Figure 5: HAZUS 18@ar flood buildingrelated damage losses Figure 6: HAZUS 18@ar flood buildingrelated damage losses Figure 7: Difference in HAZUS 19@ar floodplain extents based

Figure 2:0ccurrences and relative peak flows of tgmearor greater floods of
the PresumpscoRiver at Westbrook

Figure 3: Flooding in Westbrook February 2010 (credit WCSH 6 News).

based on the 16n DEM. based on the 3ém DEM. on 10m and 30m DEMSs.

Figure 8: Difference in HAZUS 19@ar flood affected census Figure 9: Difference in HAZUS 19@ar flood affected parcels Table 1: HAZUS 16ar flood damage losses and pardehses

blocks based on 1:ton and 3Gm DEMSs. based on 1ém and 30m DEMSs. loss estimates.

FloodModeling With HAZUS Flood ModelResults
The FederalEmergencyManagementAgency(FEMAModel HAZUSMH 2.1 was Visualinspection of the rivechannelin Figure4 suggests that thelAZUS
used to simulate 100year flood damagefor the PresumpscotRiver through 100-yearflood results based on th&0-m DEMwere more accurate than the
Westbrook using both 100om and 30-m DEMs Using built-in watershed 30-m DEMresults, where the floodplain area waser-estimated by 5.3
iInformation and the DEMSs the river flood morphologyand flow were modeled percent (Table 1). Using the default 2000 census data provided with HAZU
andthe resultingdamageestimatesfor buildingsandvehicleswere evaluated buildingrelatedlosses were 17.3 percent ($9,590,000) greater than the 10

TheHAZUSIiverineflood modelprovidesbroadfunctionality (USFEMA2009):

f2000 Censusderiveddemographicsand inventoriesof buildingby occupancy
andconstructiontype, vital facilities,and infrastructureare embedded

m DEM results, whileehiclelosses were 13.5 percent ($784,262) greater.

Parcel data were overlaid with the modeled floodplains using the&dMs.
Again, the 3ém DEM results oveestimated the total building value of the
affected parcels by 13.7 percent (12,412,000). Building value adjusted for {

fDamagefor eachaggregatiorunit (censudblock)is a function of its structure area of parcels flooded was 9.8 percent ($4,159,152) greater

types,depths,andvelocitydistributions,andits fractionalinundatedarea

Only 15.6% of the 3th DEM flooehaffected census block area is within the

fDamagéunctionsand censusblockinventoriescanbe adjustedby the user floodplain which is 45.5 percefgssthan the 10m DEM result. The parcel
fLocallydevelopedparceldatacanbe substitutedfor improvedestimates level percentages are significandyeater, which suggests that HAZUS

modeling on parcelevel data would be more accurate.

Discussion

Buildingrelateddamagelossedor a 100-yearflood basedon the 10-

m and 30-m DEMsare shownin Figuresb and 6, respectivelyLosses
were areaweightedto accountfor the variationof the censusblock
areasaffected Spatialdistribution of losswas similar betweenthe

modelswith the greatestdamageclusteredin the downtown area

Differencesin loss estimatesresulted, in part, from differencesin

the extent of the floodplains of the two DEMSs (Figure 7). The
occurrence of one floodplain exceedingthe other was highly
variable however, the 30-m DEM over-estimated the overall

floodplain area by 5.3 percent Figure 8 illustrates which blocks
affected by flooding were commonto both resultsand which were

uniqueto eachof the DEMs In the sameway, Figure9 showswhich

parcelswere common or unique to the two floodplains Table 1

summarizegshis information as well as the percentageof affected

census blocks and parcels that fell within the 10-m and 30-m

floodplains

The consistent difference between HAZUSresults was an over-

estimation of damagewith the 30-m DEM Thereare two potential

causef thesedifferences First,the 30-m DEMincludedmore large
censusdlockswith alow percentageof floodedarea Intheseblocks,
the aggregatedata for the largely unaffected portion of the block,
while area weighted, were factored into the damage estimate

Second,the 30-m DEM mislocated the river channel (Figure 4)

resultingin greaterdepthsand velocitiescausingincreaseddamage
over censusblocksalongthe & | Aedgd Kenwardet al. (2000 and
Montgomery and Foufoular' } E P [3903 found similar results
with a 30--m DEM for small watersheds The smaller percent
difference betweenthe two DEMsIn parcellevel building exposure
as comparedto the blocklevel building losses(as well as visual
Inspectionof Figures8 and 9) suggestghat a parcellevel analysis
would producemore accuratedamageestimates

Conclusions

DEM resolution has a significant effect on damage estimates
produced by the flood model HAZUS IncreasingDEM resolution
from 30 m to 10 m createda more realisticfloodplainand reduced
buildingrelated lossesby 17.3 percentor $9,590,000. A 3-m DEM,
would likely improve the HAZUSmodel results and benefit the
preparednesstesponseandrecoveryplanningefforts in the city.

A preliminary analysisof parcel data suggeststhat future flood
modeling for the PresumpscotRiverin Westbrook would benefit
from a parcellevel inventory Much of the required parcel
Information for Westbrook is readily availableand the additional
Informationrequiredcanbe obtained

he
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