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Supplementary Material

S1 Construction typology

In general, for the mapping of construction types, the materials used for the structural frame and the bearing walls are a main
factor in order to differentiate between individual types. Furthermore, the characteristics of each type are for example also
influenced by local building practices, building codes and other materials used. Therefore there are often similarities between
construction types and depending on the available information further subtypes can be differentiated. For example
unreinforced masonry (URM) is a general description of buildings with bearing walls made from individual units of some
masonry material typically bound together by some form of mortar. With more available information on attributes such as
the size of brick, the used material (e.g. clay, stone, concrete), or the type of mortar (mud or cement based), subtypes can be
separated (for example the ImageCat data differentiates BRK (URM brick building), CB (URM concrete block building),
UFB (unreinforced fired brick masonry building) and UCB (unreinforced concrete block building)). Similarly the very
traditional buildings such as ERTH (earthen building), M (mud walls building), RE (rammed earth building), and ADB
(URM adobe building) are made from soil materials mixed for example with straw and cement. The material can then be
formed into bricks and sun-dried, whereas for RE buildings the soil is rammed using wooden molds. The ImageCat structure
DS (stone masonry) is similar to buildings made from rubble stones. More information can be found in supplementary table

1 containing the PAGER typology or further in the descriptions of the World Housing Encyclopedia®.

S2 Comparison of risk and flood protection influence

Risk is defined as the product of hazard, exposure and vulnerability and expressed as the expected annual damage (EAD) in
this paper. The hazard component is comprised of layers of inundation extent and depth for nine return periods (50% to 0.1%
annual exceedance probability). The inundation associated with each return period is assumed to occur everywhere
simultaneously and we calculate the expected annual damage as the integral of the exceedance probability-impact curve.
With this probabilistic analysis the total EAD for Ethiopia in our model is $213.2min/yr ($46.7min/yr for rural and
$166.6mlIn/yr for urban areas).

The validation of risk values is difficult as publicly available losses for flood events especially in developing countries, are,
if observed at all, rough estimates and often limited to low-frequency, high-impact events. Therefore, modelled and observed
metrics are different, since the reported losses do not include information on all flood probabilities. Generating the flood
events and their damage stochastically would be a different approach to calculate the risk or might be used to support a

dataset of reported losses as the synthetic realizations could extend missing parts of the exceedance probability-impact curve.

! http://www.db.world-housing.net/



However, this also would raise the question of the validation of those risk results and validation of the stochastic generated
hazard layer of the events.

In our flood risk assessment we assume that Ethiopia is only protected against floods with a return period of 2 years, whilst
in reality there may be higher flood protection in place for the most flood-prone areas, especially in the main urban areas.
Estimates of EAD are very sensitive to the assumed protection standard (Ward et al., 2017). For example, if we assumed that
Ethiopia was protected against floods with a return period of 5 years, the EAD would fall to $124.5min/yr ($96.3mlin/yr
urban, $28.2mln/yr rural) which is similar to the country’s flood risk ($135.5mln) in the 2015 Global Assessment Report
(UNISDR, 2015) .



Table S1. Pager construction types with assigned flood vulnerability classes.

PAGER Description Vuln | pacen Description Vuln lpanen Description Vuln.
Class Class Class
Wathe and Daub (Wals with bamboodight fimber Unreinibroed fired brick masonny, cement mortar, Monductile reinbroed concete fame without
W5 |logireed mesh and post). | UFBS |butwit reinforoed concete foor and roof slshs m Cc4 |masonryinillwalls I
Mud walls [Conorete Hockunreinforsed mascnnywith lime or Monductile reinbroed concete fame without
M l uce cement mortsr I Cal masonry inill walls kowise v
M1 Mud walls without horizontal wood elements. | Ms Massive stone masonry in lime or cement maortar m Cam Monducfile reinbroed concete fame without v
. . " |masonnyindll walls mid-rise
Mud walls with horizontsl wood slements Mot spedified {unknownideBulty Monductle reinoroed concete Fame without
Mz | UNK i C4H masanryinfll walls high-riss I\
A (Adobe blocks (unbaked sundrisd mud block) | 5 Sl v cs el reinforoed concete (Stesl members v
walls. =ncased in reinforosd concEte)
Al (Adaobe blodk, mud mortar, wood roof and fioors | 51 Sl moment frame v CsL el reinforoed concete (Stesl members v
encased in reinforoed concets) lowise
A2 |Adobe Hodk, mud mortar, bamboo, straw, and | 2L Sl moment frame low-res v C5M Seel reinoroed concete (St members v
thatch roof " |encased in reinforoed concets) mid-Es
Adobe bock, stew, and fath roofoementssnd SEsl moment frame mid-rise Sesl reinroed concete (Stesl members
A3 martar | S1M I CSH  |encazed in reinforced concEte) high-riss v
Ad Adobe block, mud mortar, reinforced concrete I S1H SEsl moment frame high-rise v ce Conoret moment Esisting frame with shear wall v
bond besm, cane and mud roof dud sysEm
Adobe blodk, mud mortar, with bamboo or ope Sesl braced frame ‘Conorete moment esisfing frame with shear wall
AS reinforoement | sz i CEL dud sy=em low-fizs v
Rammed Earth/Pneumaticallyimpacied stbilz ed Sieel braced frame low-fise Conorele moment resisiing frame with shear wall
RE  |zam " | S2L v CEM |44 Sysem mid-rise ? I
INF Infiormal constructons. I 521 Sies] braced frame mid-rise v CEH guo;{ree r;]n;;n_t[gisﬁng frame with shear wall v
W VWiood I S2H  |S=elbraced frame high-rise n C7 |Fatsisbstuctus "
Wiood stud-wall Fame with vood m Sl light Fame Precsst conoree flitup walls
W1 |boar sheathing Phmecdges. | os3 4 | pe ? \
w2 :?-;d}iame. heawy members (with area = 5000 Il S4 E:elsl frame with cast-in-place concrete shear v PC2 .Eareuc:stmnaeﬁ fames with concrete shear v
Wiood ight unbraced d besm Fame. 5=l frame with cast-in-plas refe sh Precast conorei with refe shea
w3 ight unbraced pest an m fame I sq. == kx‘:-r:'eé in-place conc 237 v PeaL [T h‘a:nse ames with concrate shear v
Wiood paned or leg construction. Sel frame with cast-in-place concrats shear Precast conores Fames with concrates shear
W panelorleg | S4M |oae midrse i WV | PC2M |ysls miriss v
Wiood unbraced heswy post and besm Fame with Sl frame with cast-in-place concrets shesr Precast conoree Fames with concrate shear
W8 | mug or other infill matesal, I S4H  |als nighsiss R PEH | sis nighnise v
W7 Wiood braced frame with losd-besring indll wall I o5 Sieel frame with wnrein broed masonny indill walls v pea Precast reinforced conoree momentresefing v
[System. fame with masonny infll walls
Mobile homes | Sieel frame with wnrein broed masonny infill walls Precast reinforced conoree momentressing
MH I 5L |ow-niss s PC3L  |fmmewith masonny infll walls kow-rise "
Rubble stone {fikd stone) masonny Sieel frame with unrsinbroed masonny indill walls Precast reinforced conoree momentressing
RS m SEN  midrize s PC3M |fmmewith masonnyindll walls mid-rise 7
Local fied stones dry stacked (no martan with Steel frame with unreinbroed masonny infill walls Precast reinforced conorete momentresefing
RS1  [|timber foors, earth, or metsl roof m SEH  |higherize n PC3H |fmmewith masonnyindll walls high-rise I
Local fied stones with mud mortsr. Reinforoed concrate Precast panels (wall made of numbser of
RS2 1 C I PC4 |horzonts| precast pansls, constructon from v
fiormer Sowviet Union counfries)
RS3 Locs! fisd stonss with lime mortsr, m c1 .?thcl':ﬁﬁlil}lrmﬁd oconoreE moment Fame with or v M Reinforoed masonny v
no4 Local fiel stones with cement mortar, vautted m c1L Ducile reinforced concrete moment fame with or IV am1 Reinforoed masonny bearing walls with wood or v
birick reof and floors wirthourt inill kow-rise: . metal deck daphragms
Local fisd stones with cement mortar and Ductile reinforced conoree moment Fame with or Reinfbroed masonny bearing walls with wood or
R55  [raintroed concret bond beam. n CIM  ithout infll migrize I RMAIL metal deck daphragms kow-riss v
Rectngulsr cut-sone masonny block Ductile reinforced conoree moment Fame with or Reinfbroed masonny bearing walls with wood or
oS m C1H |without infll high-ise s BRM 1M [mets] deck daphragms midrise (4 stones) "
Rectngulsr cut stone masonny bodk with mud Reinforoed concrete shear walls Reinforoed masonny beaning walls with concrete
i martar, timber roof and floors I £z v RM2 disphragms v
Ds2 I;Iﬁiir"l:u;plar{:u‘t sone masonry bodk with ime m coL Reinforoed concrete shear walls low-rise W RMZL ?Ei;f:ar;a:smﬁ:ghaaing wallz with concrate v
Rectangular cut sione masonry blodk with cement Reinforoed concrete shear walls mid-ise Reinioroed masenry beaning walls with concrate
053 | v m | cam V| RM2M |G hregre mtrie Y
Rectngular cut stone masonny bodk with Reinforoed concrate shear walls high-rise Reinforoed masonny bearing walls with concrete
D54 reinfbroed conorete foors and roof I C2H W RM2H disphragms high-rise v
Unreiniroed fired brick masonny MNonductle reinoroed concete fame with ‘Confined masonny
UFB mn C3 masonry infll walls I CH I
Unreinibroed brick masonnyin mud mortar wihout Monductle reinbroed concete Fame with ‘Confined masonny bow-rise
UFB1 |timberpee I C3L  [mazonryinfllwalk low-sz= v ] CML v
Unreinibroed brick masonnyin mud mortar with Monductle reinbroed concete Fame with ‘Confined masonny mid-ree
UFB2 |imper pesk mn C3mM masonny infll walls mid-rise v CMM v
Unreinfzroed brick masonnyin lime mortar Menductle reinbroed concrte fame with Confined masonry high-riss
UFB3 ¥ 1| C3H | mamormy il walls nighries | cum v 0
Unreinforoed fired brick masonry, cement martar,
UFB4 & i




Table S2. Confusion matrix of urban settlement map of the ImageCat data as reference with different classification maps.

ImageCat
Settlement
Other land use

(urban)
% Other land use 9,967 7,363
D
?D: Settlement 33 2,637
§ Other land use 9,995 9,403
a
(23 Settlement 5 597
0 Other land use 9,997 8,792
o)
o Settlement 3 1,208
(L}J) Other land use 9,999 8,618
<
% Settlement 1 1,382
8 Other land use 9,855 5,150
=
K@ Settlement
@ 145 4,850
5] (urban centre/cluster)
8 Other land use 9,855 5,150
=
@ Settlement
c£ 145 4,850
5] (urban centre)

5 Table S3. Confusion matrix of urban-rural map of the ImageCat data as reference with GHS-SMOD as classification

maps.
ImageCat
Other
Rural Urban
land use
Other land use 9,484 8,231 3,123
)
o
2 Rural 411 1,101 2,004
)
5 Urban
105 668 4,873
(centre/cluster)



Table S4. Results of agreement for Ethiopia using the ImageCat data classified to urban settlement and other land use as the
reference map.

Settlement
(urban) Other land use overall
Producer's User's Producer's User's Accuracy Kappa
Settlement Map Accuracy  Accuracy | Accuracy  Accuracy (%)
(%) (%) (%) (%)
GRUMP 26.4 98.8 99.7 57.5 63.0 0.26
MOD500 6.0 99.2 100.0 51.5 53.0 0.06
GUE 12.1 99.8 100.0 53.2 56.0 0.12
HBASE 13.8 99.9 100.0 53.7 56.9 0.14
GHS-SMOD 485 97.1 98.6 65.7 735 0.47
(urban centre/cluster)
GHS-SMOD 25.0 99.2 99.8 57.1 62.4 0.25
(urban centre)

5 Table S5. Building footprints for sensitivity analysis derived from the ImageCat data of flood risk assessment for
Ethiopia.

Building footprint

Vuln. class

[m’]
| 35
I 35
111 1 floor 35
111 2 floors 251
v 467




Reference

Reference
Sum

s pi1 pi2 p13 pi_
Comparison g P p2 3 P

=]

© P31 p32 P33 p3_

Sum Pt p2 p3 1
Metric Equation Short Explanation
proportion of samples classified correctly; refers to

Overall accuracy OA = E‘Jq:lpj] the probability that a randomly selected location

on the comparison map is classified correctly

agreement between the maps, corrected for the
Kappa see Congalton (1991) agreement as can be expected from random
allocation of classes

proportion of the samples of reference class j that
Producer's accuracy Pi=pj /pj is mapped as class j; probability that class j in the
reference is mapped as the same class

proportion of the samples mapped as class i that
has reference class i; probability that an area of
class i on the comparison map is also that class in
the reference

User's accuracy Ui=pi /pi

Figure S1. Example accuracy assessment using a confusion matrix of g classes and pj; representing the proportion of samples that
has classification class i and reference class j.

Huizinga et al. (2017) ImageCat data

GDP per capita Huyck and Eguchi (2017), ImageCatetal. (2017)

derive country average
=
<58
g£|E
S Avg. costs for different Avg. sizes for different
s g E structure types structure types
cl2
B L ':__E,
country specific Avg. cost of structures Avg. object size of structures
construction cost belonging to class || belonging to class|
: : i $95/sqm

adjustment factor
class|

to depreciated value (0.6)

max. damage value of
class | building

structural max.
damage value class|

{os2134

$57/sgqm

5 Figure S2. Process of calculating the maximum damage value for the example of a class | building.
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