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Introduction

Followingthe magnitude7.0 earthquakein Haiti on 12 January2010,the Governmentof Haitiis leading
the PostDisasterNeedsAssessmenfPDNAprocesswith technicalsupportand facilitation provided by
the United Nations(UN), the Inter-AmericanDevelgpment Bank(IADB, the World Bank(WB)and the
EuropeanCommission(EC).

A central point in the PDNAprocessis the estimation of damagesto the building stock. Thisreport
describeghe findingsof the buildingdamageassessmentor the affectedareacaried out jointly by the
United Nations Institute for Training and Research(UNITAR)Operational Satellite Applications
Programme(UNOSAThe European CommissionJoint ResearchCentre (JRG)the World BankGlobal
Facility for DisasterReductionand Recovey (GFDRRand Centre NationalR QL y T 2 S&6Bpathal2 y
(CNIGS)epresentinghe Governmentf Haiti.

Throughthe use of aerial photos provided by the World Bank (World BanklmageCaRIT Remote
SensingMission),Googleand NOAA aswell assatelliteimagey from GeoEyeand Digitalglobe detailed
damageassessmentsf individualbuildingshavebeenconductedby comparingpre-earthquakesatellite
imageryto post-earthquakeaerialphotos. Thespatialresolution(levelof detail) for the satelliteimagery
usedis approximately50 cm while for the aerial photosit is approximatelyl5 to 23 cm. UNOSA®Nd
JRCcoordinatedtheir assessmentn an early phase,usinga point-baseddamageclassificatiorwhich
includeddelineation of undamagedbuildings.The Image@t-GEDCANeffort, sponsoredby the World
Bank, started off with a different approach outlining buildingfootprints for damagedclasse®nly. These
assessmentwere validatedby different field teamsduringthe PDNAThecombinedeffort hasledto a
completeassessmenbf the areacovered by the imagenandincludescomplimentarysetsfor regions
analysedyy different teamsaswell asareaswhere analysef different teamsoverlap.

Methodology

Visual Interpretation

Imageanalystsat UNITAR/UNOSAand ECIRChave through manualphoto-interpretation categorized
buildingsinto different damageclasses Building damagehas been classifiedaccordingto European
MacroseismicScale(EMS)1998 which includesa substantialto heavy damagestate (Level3), very
heavy damage state (Level4), and destruction damage state (Level5). Identification of individual
buildingsin Port-au-Princeand Delmasprior to the earthquakehas benefited from the assistanceof
Swisstopandthe RemoteSensind aboratorie{RSLYf the University of Zurich.

The World Bank has worked with a network of volunteer collaborators, GEOCAN (Global Earth
Observationg CatastropheAssessmeniNetwork), and with ImageCat,Inc. to produce its damage
assessmentThis assessmentalso took place through manual photo-interpretation delineating the
footprints (polygons)of destroyed(Level5) and very heavydamagedbuildings(Level4). Figurel and
Figure2 giveexamplesdamagepattern accordingo the EMS98 damagedevels



Level5 - Destruction All or mostof buildingstructurecollapsed. Leveld - Veryheavydamage Partof buildingstructure
Here:Collapsed/brokemoof, wallsdestroyed(debris calapsed,suchaspart of roof or one or more fallenwalls.Here:
surroundingbuilding) Wallfalleninto street (brightdebris)

Level3 - Substantiato heavydamage Limiteddamage Novisibledamage Assesed buildingdoesnot appearto be
observedto building,or no damageobservedbut immediately ~ damagedHere:Centrebuildingwith brown roof seemsintact.
adjacentto destroyedor veryheavily damagedbuilding.Here: No debrisor collapsedstructureis observed Neighboring

Centrebuildingassessethaslimited damage(somedebristo buildings do not show damage either, providing contextual
the left of building),but bright buildingadjacent(above) AYTF2NNIGAZ2Y (2 KStLIsR®BOARS
severelydamagedasseenin collapsedwalls(debristo the left

of building)

Figurel. Exampleof damagelevelsasseenin aerial ortho-photos



Classification of damage to masonry buildings

Grade 1: Negligible to slicht damage
(no structural damage,
slight non-structural damage)
Hair-line cracks in very few walls.
Fall of small pieces of plaster only.
Fall of loose stones from upper parts of
buildings in very few cases.

Grade 2: Moderate damage
(slight structural damage, moderate
non-structural damage)
Cracks in many walls.
Fall of fairly large pieces of plaster.
Partial collapse of chimneys.

Grade 3: Substanrtial to heavy damage
(moderate structural damage,
heavy non-structural damage)
Large and extensive cracks in most walls.
Roof tiles detach. Chimneys fracture at the
roof line; failure of individual non-struc-
tural elements (partitions, gable walls).

Grade 4: Very heavy damage
(heavy structural damage,
very heavy non-structural damage)
Serious failure of walls; partial structural
failure of roofs and floors.

Grade 5: Destruction
(very heavy structural damage)
Total or near total collapse.

Figure2. Damageclassificationfor a residentialbuilding from EMS98

The damageto buildings and structures concernsdamagethat is visible from satellite and aerial
imagery. Since satellite imagery generally provides an overhead viewpoint, lateral damage, and
especiallydamageto the internal structuresof buildings,is not detectablefrom the analysisof satellite
imagery. Therefore, the damagescurrently identified in the assessmentunderestimate the actual
building and infrastructure damagespresenton the ground. For this reason,a dedicatedfield mission



took placein the contextof the PDNAto estimatethe level of accuracyof the visualinterpretation and
to provideinformation for the estimationof lower gradedamageclasseglevel1 to 3.

Dueto the different samplingapproachesof UNOSAT/JR&hd World Bank/GEGCAN.,it washecessary
to harmonisethe data sets.Sincethere wasatendencyto underestimatethe numberof buildingsin the
World Bank/GEGCAN data set, for overlappingareasthe UNOSAT/JR@ssessmentwas used and
complementedby the World Bank/ GEGCANdata. SeeFigure3 for the areas analysed.
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Validation

Forthe validationof the interpretation results,a number of independ
comparison.Theseconsistof the following:

entdata setswere generatedfor

e Groundobservatiors in the affected areas,in particular greater Portau-Prince(i.e. including

adjacentcommuneslike Delmas,Petionville, Carrefouj and

Gressierand Leogane.Most of

these ground observationsare derived from GPSphotography,from which EMS98 damage
clas is estimated, and for which positions are centred on the building of interest No GPS

photography is available for Jacmel and the Goaves

'Ly GKA& NBLRNI:=E GKS RIFIYIF3IS GSNya

Y[ SPSt QX WDNI RSQ

Iy R



¢ Interpretation results generatedwith the use of Pictometryimagery.Pictometryhas provided
the PDNAteam exclusiveaccesso the full setof multi-anglevery highresolution(<0.15m pixel
spacing)aerial ortho-imagery. This allows inspection of individual buildings from 5 viewing
directions (4 oblique, 1 vertical), and therefore, a more detailed damageassessmenthrough
interpretation;

o Damageassessmentesultsderivedfrom high resolution (0.50 m) satellite imagery(GeoEyel,
Worldview2). Theseresultswere generatedin the first week after the earthquake.However,
after higherresolution aerial photographywas made available(from January21 onwards),the
satellite basedassessmentvere found to underestimatedamageby, at least, a factor 5. They
were rejected, therefore, as a sourcefor the PDNADaLA For validation, they are still useful.
Satellitebasedassessmets are availablefrom UNOSATJRCITHACANd the ChineseAcademy
of Science;

Comparison of UNOSAT/JRC, Worldbank/GEGCAN, Pictometry andfield
data

The comparison of results obtained by the different teams is based on those areas that were assessed
by both groups. In addition, there is reference information from the field assessnfentsome areas
and the analysis based on oblique aerial photography.

Analyzing this sampl@igure4, Figure5) shows thatthe major problem i®mission(false negatives, i.e.
damaged buildings that were not recognized). The omission errors are distributed across the scene.
There is however a tendency of higher omission in areas with smalieattached buildings (residential

and slum areas). Some of the omission can only be identified by field assessments. For example, a
O2YY2y FIrtasS yS3aAIFGABS arilddz (A 2toreyd SFHKISSO (i6adZA { ARG S/ &
upper stories ofa building collapsed on to the lowest floor. This type of failure was common in the
commercial and industrial areas and is difficult to see from overhead aerial photogtaptsal areas

(e.g. around Leogane), overhanging vegetation may impede detecdfiodamage, leading also to
omission.In other cases, albeit a few, false positive assignments (i.e., incorrectly assigning damage to
undamaged buildings) were made. These incorrect assignments were due in large part to extensive
debris that may have regel from adjacent buildings which had collapsédsome areas (e.g. Delmas,
Leogane) many buildings are in an unfinished construction state. This is sometimes interpreted as
damaged, especially if the pevent state in the imagery is different



Figure4. Examples of omission by comparing assessments of different teams (red circles vs. white stars). A team
made an omission error, when it is not marked by the other team.

Figureb. Examples of omission edirmed by field assessments. The buildings marked could not be identified
from the aerial image, bcause the roof is still intact.
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Estimation of damage classes1-3

Thevisualinterpretation of aerialortho-photosallowedonly the identificationof damageclassegt (very
heavydamagg and5 (destruction).However,for the PDNAdamageand loss assessmentlso lower
damagegradesare important. Therefore a set of models was developddat can extrapolate the
numberof buildingsthat fallinto 9 a { ™BdilgingDamageGradesl through 3 basedon accuratecounts
of Grade4 and5 buildings.

Tablel. Haiti Building Damag®istributions for Significant Ground Shaking (no ground failure)

Damage Grade | Count | Percentage| Comments

Commercial/Downown/Industrial

D1 Negligibleto slight 6 6 a. Decidedto use the field study results directly for these
landuse categories.

D2 Moderate 21 22 b. Reason:expect more damageat D3 which is difficult to
identify in aerial photos

D3 Substantiato heavy 20 21 c. Applicationto industrial facilities may result in higher levels of
damagethan observed.

D4 Veryheavy 14 15 d. Probablyhighestlevel of confidencein this landuse category.

D5 Destruction 35 36

96 100

Residential high density
D1 Negligibleto slight 148 62 a. Might have missed some lower levels of damagebut should
not greatly influence final loss number.

D2 Moderate 17 7
D3 Substantiato heavy 27 11
D4 Veryheavy 19 8
D5 Destruction 27 11
100
Residentiallow density |
D1 Negligibleto slight 64 69 a. Might have missed some lower levels of damagebut should
not greatly influence final loss number.
D2 Moderate 6 6 b. Might expect slightly lower rates of destruction becauseof

lower likelihood of adjacentbuildings causingdamage.

D3 Substantiato heavy 10 11
D4 Veryheavy 4 4
D5 Destruction 9 10
93 100
Slums
D1 Negligibleto slight 33 63 a. Doesnot apply to damagethat might result from ground

failure, e.g., landslide.

D2 Moderate 1 2 b. Damagerates from landslide and liquefaction would be
significantly higher.

D3 Substantiato heavy 5 10

D4 Veryheavy 5 10

D5 Destration 8 15

52 100

Total 479
¢tKS RS@St2LIYSyd Aa o0FaSR 2y | RS{OIAft SR NBOASS

area using both field survey results and Pictometry imagé® data were kindly provided by the
Stanford Universif?EER Team, Cambridge Architectural Rebe&td. (CAR) and Eduardo Fierro (See
acknowledgements for details). In addition, CAR helped in developing the damage mabk.1
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3, 2 and 1. Because of limited data for industrial buildings, one model is presented for a combined
/| 2YYSNOALIt n52¢y G266y nLYRdZAGNALIE OF 6§S3I2NE O

Usingthe combinedUNOSAT/JREdD 9 h 1t Hdtabetsfor afinal countof Grade4 and5 buildings, we
multiplied those numbersby the percentageqin terms of ratios) in Tablel for Gradesl through 3 to
estimatethe numberof buildingsin eachof theselatter categories Forexample the numberof Grade3
commerciabuildingsis calculatedusingthe followingequation,

No. of Grade3 buildings=p3 (p4+p5)" (n4+n5)

where p3 is the percentage(in terms of a ratio) of Grade 3 buildingsin Table 1 for commercial,
downtown, andindustrialbuildings,p4 is the percentagefor Grade4, p5 is the percentagefor Grade5,

n4 is the number of counted Grade4 buildingsfrom the UNOSAT/JRC/Worldl y 1 1t L YebnibiSed I
databaseandn5 is the numberof counted Grade5 buildingsfrom the joint database . Theprocedureis
repeated for all damage and land use clas3é&e final damage figures are showrTiable4.

Estimation of floor areas per land use type

The floor area is important informationomplementing knowledge afhe damage class, because it
provides additional information necessary to more accurately estimate the reconstruction/repair co
Table3 presents average total floor area values for each land use type. These values were derived from
a combination of databases including the World Bank/@E®I Grade 4 and 5 building footprint data

and a satistical summary of field data collected tanford UniversifsEER Team, Cambridge
Architectural Research, Ltd. (CAR) and Eduardo Fierro

In a first stepthe World Bank/GEQ@AN building footprints were grouped per commune and lasd
type. Statisticavere derived for groups with at least 10 separate building footprints. The median value,
instead of the average, was used, as there was a considerable spread in footprint size -plrssub
Results are shown ifiable2.

The mean floor size per land use type has a relatively large standard deviation, which illustrates that
there is considerable variation per urban area. This is due to significant differences in urban layout in the
greater Portau-Prince area and me rural communities like Leogane, Jacmel and the Goaves. Of
interest is the relatively large size of buildings in what is considered shanty area.

The mean footprint size is used to calculate the average floor area per building by taking the distribution
of number of floors per building type per land use into account. Very few buildings in the impact area
have more than 3 floors (some are described separately in Annex 1). Typical distributions per land use
class have been derived from ground surveys antbiRietry analysis. Relevant figures are reported in
Table3. Floor area figures can be used in combination with the damage counts to estimate a total cost
based on affected area and with knowledge of recovery cestupit floor space, possibly diversified by
commune and land use type.

12



We have used the average floor areasTable3 (final column) with the damage counts per commune

and land use category ifiable4 to product total floor area per damage class and commune and land
use category iTable5. At the end of this table, we have included a tentative cost calculation, assuming

a unit replacement cost per nestimated from an economiassessment (Annex 3). The total figure of

6.4 BUS$ is only an illustration of how our figures may be used. The final aggregration of DalLA figures
are the responsibility of the PDNA experts in the infrastructure sector, to whom we have provided our
report.

Table2 Median floor size(in mz) derived from World Bank/GEEGCAN building footprints digitised in aerial
photography and grouped by commune and land use.

Residential Residential
Agricultural Commercial Downtown Industrial high low Shanty
density density
CARREFOUR 42.8 84.9 96.4 102.8 61.3
CITE SOLEIL 79.6 53.4 43.4
CROIDES
BOUQUES 46.4 73.2
DELMAS 107.7 69.8 78.9 113.6 84.0
GRANBGOAVE 105.5 47.1 52.0 66.1
GRESSIER 122.0 87.8 103.1
JACMEL 105.5 100.9
LEOGANE 78.2 97.6 111.8
PETIONILLE 78.6 69.6
PETIHGOAVE 82.1 66.6 64.8
PORJAUPRINCE 111.4 96.9 84.2 84.3 114.3 55.1
TABARRE 111.0 106.8
Mean 82.2 90.7 96.9 89.2 74.7 89.6 63.2
Standard 38.0 23.6 15.8 18.8 23,7 13.7
deviation

13



Table3. Averagefloor area(in m2) per land use type

Number of Number of Buildings Total Footprint Avg Floor Area
stories” Footprint
1 2 3| TotaP| 1 Story 2 Story 3 Story Totall Ared (m?) | Ared® (m?) | per Bldg
storieg (m?)
Agricultural 1.00 0.000.00 1,244 1,244.0C 0.00 0.00 1,244.0( 131,557% 82.2 82.2
Commercial 0.38 0.490.12 2,347 891.8¢€ 1,150.0: 281.64 4,036.84 363,829 90.7 156.0
Downtown 0.38 0.450.17 907 344.66 408.15 154.19 1,623.53 123,847 96.9 1735
Industrial 0.50 0.500.00 581 290.5C 290.5C 0.00 871.5( 134,885 89.2 133.8
Residential high 0.36 0.510.13 4,315 1,553.4C 2,200.65 560.9§ 7,637.5% 473,826 74.7 132.2
density
Residential low 0.27 0630.10 12,607 3,403.8¢ 7,942.41 1,260.7¢ 23,070.81 1,584,00¢ 89.6 164.0
density
Shanty 1.00 0.000.00 6,013 6,011.0C 0.00 0.00 6,011.0( 469,154 63.2 63.2
28,025 44,495 .2] 3,281,801

Notes:

a. Number of stories: derived from a sample of field survEierio; StanfordPEERand Cambridge Pictometry analysis
b. Total No. of Buildings: GEIAN damage assessment survey of AaPrince, Carrefour and Leogane areas
c. Building totals calculated from percentage breakdown (item 1) and total building ctamt2)
d. From GE@AN survey for Podu-Prince, Carrefour and Leogane areas
e. Taken from averaged floor size per commune and land use (second last Tablef)

f. Calculated from estimated number of buildings in each stad/aerage footprint area

14



Estimation of the number and approximate floor area of schools

The informatiorrelatedto the schools in the affected area is based on the followsimgyces

e Total number of affected/damaged and non damaged schools by distristided by thePDNA
education sector (se€ablel2in Annex2).

e Location of major schools, provided by the World Bank (total of 12 schools)
e Location of major schools, provided by UNICEF (total of 51 schools)

The calculation of theaverage surface of schodls based on the lagtvo sourcesand includes those
schools that could be clearigentified in the aerial imagesMany schools ardocated in between
different buildings and it was difficult to assign a single building to @adft representing a school. A
total of 37 schoolsvere selected accordinglyusing the damage assessmeatdscribed aboveand a
distance criterion(less than 5 metejs the level of damagevas assigned to eacbf the 37 schools.
Subsequently, theerimeterof each school was digitized and the area was calculated.

From Pictometry datathe average number of stories for the school buildingsPortau-Prince was
derived Most of the non affected schools consisted of 2 sydpuilding. This information was uskfor

the calculation of the average surface for schools. The obtained average surface for two story buildings
is equal to 841.41 fmDue to the high value for the standard deviation (78%),nwe decided to consider
separately small schools (with a surfacd100 n) and large schools (with a surface > 1109). lBased

on this classification, 30 schools were classified as small schools and 7 as large schools. We then
recalculated the average surfaces for small and large schools, which were equal to 5230&nuif 2
respectively. This allowed deriving the surface areas, considering in one case only smadl ssuih@ol

the other case, only large schoolheresultssplit by commune are presented Trable6 to Table8.

Estimation of the number and approximate floor area of hospitals

The database provided by the World Bank on the locations of hospitals was used for selecting the
sample. It consistof 112 point locationsOut ofthese 33 points were clearly identifiable on the aerial
images and coincided with the damage assessment descabedeusinga buffer distance of 5 meters.

For the 33 retained hospitalhe level of damageavas assignedand the perimeter of each of the 33
hospitals was digitized allowing deriving the ar8absequently theaverage surface area of the total
number of hospital®y communewas calculated.

15



Estimation of the floor area of public/government buildings and selected
multi -storey buildings

The floorarea for thepublic buildings and selected mustiorey buildingss done on building by building
basis.Each building is inspected in Pictometry to count the number of floors and to assign the damage
class. The footprint of the building is derived frone taerial orthephotos. Examples of this analysie a
shown in Annexl. For the public/government building open source information was combined from
Wikipidia, PictometryGoogle Earth. The location of foreign financial institutions and government was
provided by the World Bank.

Thirty-two public/government buildings, including embassies, consulates, the national bank, the
national palace and other buildings were identified on the aerial photos. Their perimeters were digitized
and their approximate surfacarea was then calculated.

Results

The following tables summarize the results of the above described methods. When interpreting the
figures it is important to take the following points into account:

e Omision errors. Damage class assignment for classes % & based on visual interpretation of
high quality 0.15).23 m aerial photography of the pesarthquake situation compared to
satellite imagery (of 0.5 0.8 m pixel spacing) of the pmyvent situation. A number of factors
can contribute to errors ivisual interpretation that lead to omission ofhage cases from the
final set.During quality control and validation against reference datane of these errors have
been highlighted. However, no definite omission error could be quantified thapiesntative
for the entire analysis area. It could be established, though, that omission is more serious than
commission in class 4 and 5. Therefore, the figures for class 4 and 5 should be treated as a lower
bound estimate of the real occurrence of classesd 5.

e The damage classes 1 to 3 are modeled based on the methodology described above. The model
was built ont LILINR EA Y| St & pnn 0dzh £ RAASDEch ifrgflecis khE  t 2 NJi
situation in an urban context, which not necessarily reflects situation in rural areas such as
Leogne, Jacmel, Petit/Grand Goave.

16



Table4. Number of damagéd houses grouped in EM88 Damage classes per Commune and dominant land use
class. Note that classes 4 and 5 were classified afteraligospection, while classes-3 were calculated using the
model described above.

EMS98 Damage Classes

Commune 5 4 3 2 1
CARREFOUR 2763 5905 5920 3220 35219
Commercial 250 355 249 261 71
Industrial 47 45 38 40 11
Residential high density 194 378 331 211 1867
Residential low density| 1921 4151 4771 2602 29926
Shanty 351 976 531 106 3344
CITE SOLEIL 1012 549 1073 576 6403
Agricultural 3

Industrial 89 44 55 57 16
Residential low density| 745 416 912 498 5722
Shanty 175 89 106 21 665
DELMAS 5012 2814 5064 2881 29478
Commercial 82 54 56 59 16
Industrial 291 130 173 182 50

Residential high density 1662 848 1453 925 8191
Residential low density| 2251 1581 3011 1642 18886

Shanty 726 201 371 74 2336
GRANBGOAVE 148 541 421 276 2175
Commercia 8 33 17 18 5
Industrial 19 82 42 44 12
Residential high density 60 263 187 119 1054
Residential low density 61 163 176 96 1104
GRESSIER 565 289 567 319 3436
Agricultural 79 31

Commercial 26 22 20 21 6
Residential low density| 460 236 547 298 3430
JACMEL 214 1785 1489 857 8799
Commercial 22 153 72 75 21
Industrial 4 40 18 19 5
Residential low density| 188 1592 1399 763 8773
LEOGANE 2220 5985 4139 2360 24736
Agricultural 726 1975

Commercial 132 348 198 207 56
Industrial 4 13 7 7 2

Residatial low density | 1358 3649 3934 2146 24677

17



EMS98 Damage Classes

Commune 5 4 3 2 1
PETION/ILLE 2027 906 1693 708 10614
Commercial 10 4 4 1
Residential low density| 938 410 1059 578 6644
Shanty 1079 496 630 126 3969
PETITGOAVE 173 104 167 116 770
Commercial 78 24 42 44 12
Industrial 1 1 1 1
Residential high density 32 25 33 21 186
Residential low density 62 54 91 50 572
PORTAU-PRINCE 9902 15257 12351 6699 62693
Commercial 1548 2269 1572 1647 449
Downtown 451 487 386 405 110
Industrial 53 127 74 78 21
Residential high density 3031 4370 4285 2727 24151
Residential low density| 960 1385 1843 1005 11558
Shanty 3859 6619 4191 838 26405
TABARRE 532 365 663 383 3914
Agricultural 3 2

Industrial 47 53 41 43 12
Residential high density 1 1 3
Residential low density| 481 310 622 339 3899
Total 24062 34500 33546 18395 188236

18



Table5. Total floor spacdin m?) grouped in EM®8 Damage classes per Commune and dominant land use class.
Damage counts ifTable4 are multiplied by averae floor space calculated ifiable3 (last column).

EMS98 Damage class
Commune 5 4 3 2 1
CARREFOUR 408163 853820 903329 506967 5378304
Commercial 39000 55380 38844 40560 11076
Industrial 6289 6021 4951 5218 1338
Residentl high density 25647 49972 43758 27762 246685
Residential low density 315044 680764 782280 426728 4907864
Shanty 22183 61683 33496 6699 211341
CITE SOLEIL 145148 79736 163429 90462 982443
Agricultural 247
Industrial 11908 5887 7225 7627 2007
Resdential low density 122180 68224 149568 81508 938408
Shanty 11060 5625 6636 1327 42028
DELMAS 686491 409911 740994 429383 4336709
Commercial 12792 8424 8736 9048 2496
Industrial 38936 17394 23147 24218 6556
Residential high density 219716 112106 192087 122153 1082718
Residential low density 369164 259284 493640 269288 3097304
Shanty 45883 12703 23384 4677 147635
GRANBGOAVE 21726 77620 61567 39881 322491
Commercial 1248 5148 2496 2652 624
Industrial 2542 10972 5486 5753 1472
Residential high desity 7932 34769 24721 15732 139339
Residential low density 10004 26732 28864 15744 181056
GRESSIER 79496 42136 92508 51992 563300
Agricultural 6494 2548
Commercial 4056 3432 2964 3120 780
Residential low density 75440 38704 89544 48872 562520
JACMEL 34799 290308 242912 139076 1442397
Commercial 3432 23868 11232 11700 3120
Industrial 535 5352 2408 2408 669
Residential low density 30832 261088 229272 124968 1438608
LEOGANE 243839 654463 676845 385009 4056032
Agricultural 59677 162345
Commeral 20592 54288 30732 32292 8736
Industrial 535 1739 937 937 268
Residential low density 222712 598436 645176 351780 4047028
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PETION/ILLE 223585 98587 214116 103215 1340449
Commercial 1560 0 624 624 156
Residential low density 153832 67240 173676 94628 1089452
Shanty 68193 31347 39816 7963 250841
PETITGOAVE 26700 16039 25839 17676 120105
Commercial 12168 3744 6552 6864 1872
Industrial 134 134

Residential high density 4230 3305 4363 2776 24589
Residential low density 10168 8856 14924 8036 9364
PORTAU-PRINCE 1128855 1678626 1455252 915331 6848650
Commercial 241488 353964 245076 256776 70044
Downtown 78249 84495 66971 70094 19085
Industrial 7091 16993 9901 10303 2810
Residential high densit 400698 577714 566345 360377 3192630
Residentialow density 157440 227140 302088 164820 1895348
Shanty 243889 418321 264871 52962 1668733
TABARRE 85305 57931 107330 61349 641140
Agricultural 247 164

Industrial 6289 7091 5486 5753 1472
Residential high density 132 397
Residential low density 78884 50840 101844 55596 639272
Grand Total 3084108 4259178 4684121 2740343 26032020
Cost in US$ perm 500 500 300 100 40
Total cost (MUSS$) 15420 21296 14052 274.0 1041.3
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Table6. Floor area forall schools based 37 schools with an average floor area 8#1m?

Building Surfacém?)

Commune Destroyed Damaged Intact Total
Carrefour Est 53850.24 157343.67 47960.37 | 259154.3
Carrefour Ouest 143039.7 255788.64 63105.75 | 461934.1
Cite Soleil 42070.5 130418.55 1598679 | 188475.8
Delmas 1 115273.17 201096.99 82458.18 | 398828.3
Delmas 2 43753.32 127894.32 18511.02 | 190158.7
Ganthier 11779.74 30290.76 30290.76 | 72361.26
Leogane 176696.1 77409.72 11779.74 | 265885.6
Petion Ville 1 65629.98 201096.99 118638.8 | 385365.8
Petion Ville 2 6731.28 47118.96 34497.81 | 88348.05
Petit Goave 68995.62 96762.15 39546.27 | 205304
Portau-Prince
Nord 100969.2 164916.36 27766.53 | 293652.1
Portau-Prince
Sud 100127.79 124528.68 58057.29 | 282713.8
Tabarre 78251.13 221290.83 49643.19 | 349185.2
TOTAL 1007167.77 1835956.62 598242.5 3441367

Table7. Floor area for small sized schools based on 30 schools with an average floor area of’523 m

BuildingSurface ()

Total
Commune Destroyed Damaged Intact
Carrefour Est 33472 97801 29811 161084
Carrefour Ouest 88910 158992 39225 287127
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Table8.

Cite Soleil 26150 81065 9937 117152
Delmas 1 71651 124997 51254 247902
Delmas 2 27196 79496 11506 118198
Leogane 109830 48116 7322 165268
Petion Ville 1 40794 124997 73743 239534
PetionVille 2 4184 29288 21443 54915

Petit Goave 42886 60145 24581 127612
Portau-Prince Nor 62760 102508 17259 182527
Port-au-Prince Sud 62237 77404 36087 175728
Tabarre 48639 137549 30857 217045
TOTAL 626031 1141186 371853 2139070

Floor area folLARGEized schools based ohschools with an average floor area apo6m?’
Building Suface (nf) Total
Commune Destroyed Damaged Intact

Carrefour Est 141184 412522 125742 679448
Carrefour Ouest 375020 670624 165450 121109
Cite Soleil 110300 341930 41914 494144
Delmas 1 302222 527234 216188 1045644
Delmas 2 114712 335312 48532 498556
Leogane 463260 202952 30884 697096
Petion Ville 1 172068 527234 311046 1010348
Petion Ville 2 17648 123536 90446 231630
Petit Goave 180892 253690 103682 538264
Portau-Prince

Nord 264720 432376 72798 769894
Portau-Prince

Sud 262514 326488 152214 741216
Tabarre 205158 580178 130154 915490
TOTAL 2640582 4813492 1568466 9022540
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Table9.Floor area forhospitals per Communedased on 3 samples

Average Floor

Commune Affected Not Affected Total Area nf
CARREFOUR 1 5 6 141
DELMAS 1 5 6 581
JACMEL 3 3 135
LEOGANE 2 2 345
PORFAU-PRINCH 4 12 16 333

Total 6 27 33
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Table10. Damageclass and floor area of damaged public/government buildings

Name EMS98 Floor Area
DamageGrade (m?)
Presidential Palace 5 3146.75
Embassy of France 1 174.68
Embassy of Canada 1 2537.70
Embassy of Chile 1 203.01
Embassy of Mexico 1 705.74
UNESCO Pwau Prince 1 380.20
Embassy of the Dominican Republic 1 823.60
Prime Minister's Residence and Office 1 1011.04
MINUSTAH HQ (Hotel Christopher) 5 1403.62
US Embassy 1 10805.75
Swedish Consulate 1 468.07
Belgium Consulate 1 446.23
Brazilian Embass§xagone) 1 648.92
Bahamian Embassy 1 326.03
CITIBANK HAITI DELMAS BRANCH MAIN OF 5 635.81
BANQUE DE L UNION HAITIENNE BUH (Soge 1 402.43
Chambre de Commerce et d'Industrie 1 570.50
Former U.S. Embassy 1 1464.56
Embassy of Venezuela 1 802.33
Haitian Foreign Ministry Building 1 1602.93
A.G.P. Postal Service building 5 936.91
Haiti Red Cross 1 866.87
Parliament building 5 941.82
Banque Nationale de Credit 1 1659.05
Central Bank of Haiti 1 2078.06
National Archives 2 1124.94
Palais des Misteres 3 2888.50
Palais de Justice 5 1428.67
Rex Theatre 3 1118.33
Ambassade de France 1 1851.37
Israeli building 2 971.57
Sogebank 1 612.26
Tele Haiti 1 1831.05
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Tablell. Damage class and floor area of selected mstibrey buildings. Note that the ID corresponds to the
numbering of examples in Annex 1.

EMS98 Number of FloorArea
ID DamageGrade Hoors (m2)
1 5 6 1116
2 3 7 4144
3 3 7 2016
4 2 5 900
5 4 6 4050
6 1 12 12900
7 5 5 2460
8 5 5 6525
9 1 5 2000
10 1 6 3600
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Annex 1. Floor area estimation for multi -stor ey buildings in
Port-au-Prince
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Substantially damaged Hexagone buildimgwved with pictometry dat{Grade 3 EMS8) @
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Qubstantially damaged hotel in Patewed with pictometry datdGrade 3 EMS8)
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Moderately damaged building in Pafewed with pictometry dat{Grade 2 EMS8)
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Digicel buildingn PaPRwith no visible damageiewed with pictometry datdGrade 1 EMS8)
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Buildingin PaPwith very heavy structural damagéewedwith pictometry (Grade 5 EMS8)
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Destroyed Hotel Montangiewedwith pictometry (Grade 5 EM$8)
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Bank building with no visible damagiewed with pictometry datdGrade 1IEMS98)
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Bank building with no visible damage viewed with pictometry data (Grade 19BMS

Bank building viewed on aerial photo

Surfae@ area for6 floor Bank Buildingn PaP 3600m?
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