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Application of HAZUS Earthquake Loss Estimation and Methodology

Economic Impact Assessment of Hurricane Floyd for North Carolina

If sufficient data on economic impacts to businesses cannot be
obtained, the following general strategy for loss estimation using
Federal Emergency Management Agency�s (FEMA�s) Earthquake Loss
Estimation Methodology may be considered.

Pre-Disaster Economy
To have a basis for comparison, the pre-disaster economy of the
affected communities may be characterized. Data can be collected from
local and State agencies, regional economic development agencies, the
U.S. Census, and State Universities. Information should include
primary industries, tax base, other revenues, and employment.

Post-Disaster Economy
Estimates of damage to the built environment are typically reported as
dollar losses. A methodology was developed to generate an estimate of
the consequences to the state, city or region of a disaster. The resulting
impact assessment or �loss estimate� generally will describe the scale
and extent of damage (intensity) and disruption to the business
community and to government revenues as a result of the disaster. The
following information is provided by the methodology:

� Quantitative estimates of losses in terms of direct costs for
repair and replacement of damaged buildings and, where
applicable, lifeline system components; indirect costs associated
with loss of function (e.g., loss of business revenue); and regional
economic impacts.

� Functionality losses in terms of loss-of-function and restoration
times for buildings, critical facilities such as hospitals, and
relevant components of transportation and utility lifeline systems.

Direct Impacts
Direct economic impacts begin with the cost of repair and replacement
of damaged or destroyed buildings. However, building damage results
in several consequential losses which, in this study are defined as
direct. Thus, building-related direct economic losses (which are
expressed in dollars) comprise two groups. The first group consists of
losses that are directly derived from building damage:
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� Cost of repair and replacement of damaged and destroyed
buildings

� Costs of damage to building contents

� Losses of building inventory

The second group consists of losses that are related to the length of
time the facility is non-operational (or the immediate economic
consequences of damage):

� Relocation expense (for businesses and institutions)

� Capital-related income loss (loss of productivity, services or sales)

� Wage loss (consistent with income loss)

� Rental income loss (to building owners)

Damage to utilities and transportation systems can cause direct
economic losses analogous to those caused by building damage. In this
methodology, direct economic loss for utilities (lifelines) and
transportation systems are limited to the cost of repairing damage to
the systems and estimates of elapsed time for their restoration.

Repair or Replacement Costs
Structural repair or replacement costs are defined as the cost per
square foot to repair the structure to pre-disaster condition. The
regional cost per square foot for construction may be collected from the
architectural community and applied to each of the damaged
businesses. Consideration should be given for building type and extent
of damage (see Table 1).

Non-structural costs such as lighting, ceilings, mechanical and electrical
equipment, and other fixtures should be assessed as a percent of
replacement cost. Non-structural costs average 10 to 2 percent of the
replacement cost.

Building Contents
Building contents are defined as furniture, equipment that is not
integral with the structure, computers, and supplies. Contents do not
include inventory or non-structural components. Generally, the value of
a building�s content is expressed as a percentage of the replacement
cost of the facility (Table 2). The contents damage percentages are
based upon the assumption that for a completely damaged building,
some percent of the contents can be retrieved (Table 3).
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Table 1 Regional Cost Per Square Foot For Construction

ycnapuccO epyTgnidliuB ottooFerauqSrePtsoC
tcurtsnoC

laicremmoC tliuBkcitScisaB 06-05$
liateR tliuBkcitSelacspU 08-57$
eciffO tliuBkcitSdradnatS 07-06$

lairtsudnI lateMdnaleetS 52$
lairtsudnI llawtliT 53-03$

Table 2 Contents Value as Percentage of Building Replacement Value
lebaL ssalCycnapuccO )tnecrep(eulaVstnetnoC

laicremmoC
1MOC edarTliateR 001
2MOC edarTelaselohW 001
3MOC secivreSriapeRdnalanosreP 001
4MOC secivreSssenisuB/lacinhceT/lanoisseforP 001
5MOC sknaB 001
6MOC latipsoH 051
7MOC cinilC/eciffOlacideM 051
8MOC noitaerceR&tnemniatretnE 001
9MOC sretaehT 001
01MOC gnikraP 05

lairtsudnI
1DNI yvaeH 051
2DNI thgiL 051
3DNI slacimehC/sgurD/dooF 051
4DNI gnissecorPslareniM/slateM 051
5DNI ygolonhceThgiH 051
6DNI noitcurtsnoC 001

erutlucirgA
1RGA erutlucirgA 001

tiforP/noN/noigileR
1LER noitazinagrOpihsrebmeM/hcruhC 001

tnemnrevoG
1VOG secivreSlareneG 001
2VOG esnopseRycnegremE 051
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Business Inventory
Business inventories vary considerably with occupancy. For example,
the value of inventory for a high-tech manufacturing facility would be
very different from that of a retail store. Data can be collected from
business owners. The estimation of loss can be based on the value of
the inventory at the time of the disaster minus the value of the inventory
that was retrievable. When data on retrievable inventory is not available,
the percent estimates shown in Table 3 for contents may be used for
inventory.

Table 3 Percent Contents Damage

lebaL

thgilS etaredoM evisnetxE *etelpmoC
laicremmoC

1MOC edarTliateR 1 5 52 05
2MOC edarTelaselohW 1 5 52 05
3MOC secivreSriapeRdnalanosreP 1 5 52 05
4MOC secivreSssenisuB/lacinhceT/lanoisseforP 1 5 52 05
5MOC snoitutitsnIlaicnaniF/sknaB 1 5 52 05
6MOC latipsoH 1 5 52 05
7MOC cinilC/eciffOlacideM 1 5 52 05
8MOC noitaerceR&tnemniatretnE 1 5 52 05
9MOC sretaehT 1 5 52 05

01MOC gnikraP 1 5 52 05
lairtsudnI

1DNI yvaeH 1 5 52 05
2DNI thgiL 1 5 52 05
3DNI slacimehC/sgurD/dooF 1 5 52 05
4DNI gnissecorPslareniM/slateM 1 5 52 05
5DNI ygolonhceThgiH 1 5 52 05
6DNI noitcurtsnoC 1 5 52 05

erutlucirgA
1RGA erutlucirgA 1 5 52 05

tiforP-noN/noigileR
1LER snoitazinagrOpihsrebmeM/hcruhC 1 5 52 05

tnemnrevoG
1VOG secivreSlareneG 1 5 52 05
2VOG esnopseRycnegremE 1 5 52 05

Non-structural Damage StateOccupancy Class
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Building Cleanup and Repair Time
The time to repair a damaged building can be divided into two parts:
construction and clean-up time, and time to obtain financing, permits,
and complete a design. Construction time is assumed to be the time
needed to do the actual construction or repair. This factor addresses
the issue of duration, which is used to determine the short- and long-
term effects.

Repair times differ depending on building occupancy. Simpler and
smaller buildings will take less time to repair than more complex,
heavily serviced, or larger buildings. Establishment of realistic repair
times does not translate directly into business or service interruption.
For some businesses, building repair time is largely irrelevant because
these businesses can rent alternative space or use spare industrial/
commercial capacity elsewhere. Thus, building and service interruption
time multipliers that were developed for FEMA�s Earthquake Loss
Estimation Methodology (Table 4) can be used to arrive at estimates of
business interruption for economic purposes. These values are
multiplied by the combined building cleanup and repair times (Tables 5
and 6).

Relocation Expenses
Relocation costs may be incurred when the level of building damage is
such that the building or portions of the building are unusable while
repairs are being made. While relocation costs may include a number of
expenses, the components typically considered are disruption costs
that include the cost of shifting and transferring, and the rental of
temporary space. Both of these are measured in dollars per square foot
per day (see Table 7). It should be noted that relocation expenses are
assumed to be incurred only by building owners. A renter who has
been displaced from a property due to disaster damage will cease to
pay rent to the owner of the damaged property and only pay rent to the
new landlord. Therefore, the renter has no new rental expenses. It is
assumed that the owner of the damaged property will pay the
disruption costs for his renter. If the damaged property is owner-
occupied, then the owner will have to pay for his own disruption costs
(Table 7) in addition to the cost of rent while he is repairing his
building. Relocation expenses are then a function of the floor area, the
rental costs per day per square foot, a disruption cost, and the
expected days of loss of function.
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Table 4 Building and Service Interruption Time Multipliers

lebaL ssalCycnapuccO

enoN thgilS etaredoM evisnetxE etelpmoC
laicremmoC

1MOC edarTliateR 5.0 1.0 1.0 3.0 4.0
2MOC edarTelaselohW 5.0 1.0 2.0 3.0 4.0
3MOC secivreSriapeRdnalanosreP 5.0 1.0 2.0 3.0 4.0
4MOC .scvSssenisuB/.hceT/lanoisseforP 5.0 1.0 1.0 2.0 30
5MOC snoitutitsnIlaicnaniF/sknaB 5.0 1.0 50.0 30.0 30.0
6MOC latipsoH 5.0 1.0 5.0 5.0 5.0
7MOC cinilC/eciffOlacideM 5.0 1.0 5.0 5.0 5.0
8MOC noitaerceR&tnemniatretnE 5.0 1.0 1 1 1
9MOC sretaehT 5.0 1.0 1 1 1

01MOC gnikraP 1.0 1.0 1 1 1
lairtsudnI

1DNI yvaeH 5.0 5.0 1 1 1
2DNI thgiL 5.0 1.0 2.0 3.0 4.0
3DNI slacimehC/sgurD/dooF 5.0 2.0 2.0 3.0 4.0
4DNI gnissecorPslareniM/slateM 5.0 2.0 2.0 3.0 4.0
5DNI ygolonhceThgiH 5.0 2.0 2.0 3.0 4.0
6DNI noitcurtsnoC 5.0 1.0 2.0 3.0 4.0

erutlucirgA
1RGA erutlucirgA 0 0 50.0 1.0 2.0

tiforP-noN/noigileR
1LER snoitazinagrOpihsrebmeM/hcruhC 1 2.0 50.0 30.0 30.0

tnemnrevoG
1VOG secivreSlareneG 5.0 1.0 20.0 30.0 30.0
2VOG esnopseRycnegremE 5.0 1.0 20.0 30.0 30.0

Construction Time

Structural Damage State
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Table 5 Building Cleanup And Repair Time (Construction) (Time In Days)

lebaL ssalCycnapuccO

enoN thgilS etaredoM evisnetxE etelpmoC

laicremmoC
1MOC edarTliateR 0 5 03 09 081
2MOC edarTelaselohW 0 5 03 09 081
3MOC secivreSriapeRdnalanosreP 0 5 03 09 081
4MOC secivreSssenisuB/lacinhceT/.forP 0 5 03 021 042
5MOC snoitutitsnIlaicnaniF/sknaB 0 5 03 09 081
6MOC latipsoH 0 01 54 081 063
7MOC cinilC/eciffOlacideM 0 01 54 081 042
8MOC noitaerceR&tnemniatretnE 0 5 03 09 081
9MOC sretaehT 0 5 03 021 042

01MOC gnikraP 0 2 02 08 061
lairtsudnI

1DNI yvaeH 0 01 03 021 042
2DNI thgiL 0 01 03 021 042
3DNI slacimehC/sgurD/dooF 0 01 03 021 042
4DNI gnissecorPslareniM/slateM 0 01 03 021 042
5DNI ygolonhceThgiH 0 02 54 081 063
6DNI noitcurtsnoC 0 5 02 08 061

erutlucirgA
1RGA erutlucirgA 0 2 01 03 06

tiforP-noN/noigileR
1LER snoitazinagrOpihsrebmeM/hcruhC 0 01 03 021 042

tnemnrevoG
1VOG secivreSlareneG 0 01 03 021 042
2VOG esnopseRycnegremE 0 5 02 09 081

Construction Time

Structural Damage State
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Table 6 Building Recovery Time (time in days)

lebaL ssalCynapuccO

enoN thgilS etaredoM evisnetxE etelpmoC

laicremmoC
1MOC edarTliateR 0 01 09 072 063
2MOC edarTelaselohW 0 01 09 072 063
3MOC secivreSriapeRdnalanosreP 0 01 09 072 063
4MOC secivreSssenisuB/.hceT/l.forP 0 02 09 063 084
5MOC snoitutitsnIlaicnaniF/sknaB 0 02 09 081 063
6MOC latipsoH 0 02 531 045 027
7MOC cinilC/eciffOlacideM 0 02 531 072 045
8MOC noitaerceR&tnemniatretnE 0 02 09 081 063
9MOC sretaehT 0 02 09 081 063

01MOC gnikraP 0 5 06 081 063
lairtsudnI

1DNI yvaeH 0 01 09 042 063
2DNI thgiL 0 01 09 042 063
3DNI slacimehC/sgurD/dooF 0 01 09 042 063
4DNI gnissecorPslareniM/slateM 0 01 09 042 063
5DNI ygolonhceThgiH 0 02 531 063 045
6DNI noitcurtsnoC 0 01 06 061 023

erutlucirgA
1RGA erutlucirgA 0 2 02 06 021

tiforP-noN/noigileR

1LER pihsrebmeM/hcruhC
snoitazinagrO

0 5 021 084 069

tnemnrevoG
1VOG secivreSlareneG 0 01 09 063 084
2VOG esnopseRycnegremE 0 01 06 072 063

Construction Time

Structural Damage State
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Rental Cost

Table 7 Rental Costs and Disruption Costs
noitpursiD

stsoC

lebaL ssalCycnapuccO )htnom/2tf/$( )yad/2tf/$( )2tf/$(

laicremmoC
1MOC edarTliateR 58.0 30.0 08.0
2MOC edarTelaselohW 53.0 10.0 07.0
3MOC secivreSriapeRdnalanosreP 00.1 30.0 07.0
4MOC secivreSssenisuB/lacinhceT/lanoisseforP 00.1 30.0 07.0
5MOC sknaB 52.1 40.0 07.0
6MOC latipsoH 00.1 30.0 00.1
7MOC cinilC/eciffOlacideM 00.1 30.0 00.1
8MOC noitaerceR&tnemniatretnE 52.1 40.0 A/N
9MOC sretaehT 52.1 40.0 A/N

01MOC gnikraP 52.0 10.0 A/N
lairtsudnI

1DNI yvaeH 51.0 10.0 A/N
2DNI thgiL 02.0 10.0 07.0
3DNI slacimehC/sgurD/dooF 02.0 10.0 07.0
4DNI gnissecorPslareniM/slateM 51.0 10.0 07.0
5DNI ygolonhceThgiH 52.0 10.0 07.0
6DNI noitcurtsnoC 01.0 00.0 07.0

erutlucirgA
1RGA erutlucirgA 05.0 20.0 05.0

tiforP/noN/noigileR
1LER noitazinagrOpihsrebmeM/hcruhC 57.0 30.0 07.0

tnemnrevoG
1VOG secivreSlareneG 00.1 30.0 07.0
2VOG esnopseRycnegremE 00.1 30.0 07.0
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Capital-Related Income
Capital-related income is a measure of the profitability of a commercial
enterprise. Income losses occur when building damage disrupts
commercial activity. Income losses are the product of floor area,
income realized per square foot, and the expected days of loss of
function. The U.S. Department of Commerce�s Bureau of Economic
Analysis Regional reports estimates of capital-related income by
economic sector. Capital-related income per square foot of floor space
can then be derived by dividing income by the floor space occupied by a
specific sector. When owner supplied data is unavailable, the factors in
Table 8 can be used.

Indirect Impacts
Indirect economic impacts are defined as the long-term economic
impacts on the region that occur as a result of direct economic losses.
Examples might be a change in unemployment or sales tax revenues.
Disasters may produce impacts on economic sectors not sustaining
direct damage. Activities that rely on regional markets for their output
or that rely on a regional source of supply could experience
interruptions in their operations. Such interruptions are called indirect
economic losses. The extent of these losses depends upon such factors
as the availability of alternative sources of supply and markets for
products, the length of the production disturbance, and deferability of
production.

Quantifying a regional economy is very complex, especially if it includes
such factors as the ability to replace lost inventory or lost production
by products from other regions. Therefore, indirect impacts may be
evaluated using such factors as changes in employment, sales tax loss,
and multiplier effect.
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Table 8 Proprietor�s Income

segaW seeyolpmE tuptuO

lebaL ssalCycnapuccO

rep
erauqS
reptooF

raeY

rep
erauqS
reptooF

yaD

rep
erauqS
reptooF

yaD

rep
erauqS

tooF

rep
erauqS

tooF
yaDrep

laicremmoC
1MOC edarTliateR 992.61 540.0 651.0 400.0 033.0
2MOC edarTelaselohW 137.62 370.0 291.0 200.0 924.0
3MOC secivreSriapeRdnalanosreP 022.53 690.0 722.0 400.0 605.0
4MOC secivreSssenisuB/.hceT/lanoisseforP 025.772 067.0 072.0 400.0 937.0
5MOC sknaB 386.613 868.0 044.0 600.0 993.2
6MOC latipsoH 520.44 121.0 482.0 500.0 236.0
7MOC cinilC/eciffOlacideM 050.88 142.0 865.0 010.0 462.1
8MOC noitaerceR&tnemniatretnE 474.161 244.0 253.0 700.0 797.0
9MOC sretaehT 038.25 541.0 143.0 600.0 957.0
01MOC gnikraP 000.0 000.0 000.0 000.0 000.0

lairtsudnI
1DNI yvaeH 808.66 381.0 303.0 300.0 182.1
2DNI thgiL 808.66 381.0 303.0 300.0 182.1
3DNI slacimehC/sgurD/dooF 770.98 442.0 504.0 400.0 807.1
4DNI gnissecorPslareniM/slateM 593.202 555.0 313.0 300.0 553.1
5DNI ygolonhceThgiH 616.331 663.0 706.0 600.0 165.2
6DNI noitcurtsnoC 331.56 871.0 823.0 500.0 962.1

erutlucirgA
1RGA erutlucirgA 018.16 961.0 760.0 400.0 236.0

tiforP-noN/noigileR
1LER noitazinagrOpihsrebmeM/hcruhC 022.53 690.0 722.0 400.0 462.1

tnemnrevoG
1VOG secivreSlareneG 529.82 970.0 081.2 520.0 605.0
2VOG esnopseRycnegremE 000.0 000.0 413.3 830.0 185.0

Income




