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< $ EMAMDRAGIobal risk assessments of economic losses by natural disasters while considering various land uses is essential.
yx However, sector-specific, high-resolution pixel-level economic data are not yet available globally to assess exposure to local
yy disasters such as floods. In this study, we employed new land-use data to construct global, spatially distributed map of
yz sector-specific gross domestic product (GDP). We developed three global GDP maps 6HW' 3 in 2010, 2015, and 2020

y{ for service, industry, and agriculture sector with 30 arcsec resolution. Firsthy=we-found-that-the-spatial-retationship-between-

7y varied-signifieantly—dependi l e dintribrtioreiefhomd=imrrrde : totmitose l l
_— mrrhremrrher - - ratiosofd b . ot ]

z{ ratios—suggesting—the—need—for—further—improving—the—procedures—of-ltoss=estimation—models.- 7KH P[5 6HW" 3

Z| ~ GP RQADM/MVWIRQY FRQUIMMEA 5A ! Z \K CPXDOXE (DARBOIBNANDODD H KIHWY XSHIRUDDI (P HQNRP SDHG
Z} R FRQMHMRO* ' 3 PBV 3% PHKRG WHIDQMWRBD RQJUGEHS SREXOWNRQ LG RP DARYQ 7KHP HKRERBI\ WHICGHE* ' 3
Z~~ QWBANRY | RUNSHALLE VFRRLY QMY * ' 3 ZDv P RIH OFPADMD P D5SHG XMQ) QRQ UMGHRINO@IG DDV D/D SR\

ze ~ HIHALHD FDBUCQ) IWERDT) HS FRFHRDARY $ JURXAMH* ' 3 VOFPAUIR [P SRYHGE LGARBRIDIY RIRSOIG @M DYGD
z€ QWMFHEDHS AWHBEAMRQ DAXP SIRY 1R SRXOWRQ DJJGP HDIRQ $SSTFDARQ R WY ADRHNLQ HXNP DY
Ze T |GRGLGHEG BEAMCHY IQMUIXSIWRY % GWHY FRQ WP HG \WWH P D5V FoDAW R UHSUHVHMOQMMNARRIDO AL HHEA 1Q
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x™ BP DMG WA/ UH GRIY) YDUHG KD DG \VSDINIOEMMEXWNRYY 7 KLV XQGHIARA\KHLP SRMUFHR FRUGHIQ) VHRRUNGHALLE
Ty~ \EDMDOSDIMLQY | RUCARXAUDM QMDA @P DIH DAVAAP HQN7 KRH P C5V VHYH DV D | RXQEDNRBOWRO RUBWIP DY) GARKGBHG
{z7 VWRRUFDWILHG HRRP IF GWHY HIEIY SUHAVH FDBXONRQ R VFRRUVGHALLF [P STRW TURP GYHIH (DXUDDAADAMY/
{7 ZR@ LH These global sectoral GDP maps (SectGDP30) are available at
| "https://doi.org/ JHRR FHRR (Shoji et al., 202 4).

17 QMRGARRIRQ

{~In recent years, as natural disasters have become more frequent and found throughout the world (IPCC, 2012), global spatial
{+ data including land use and socioeconomic information have become essential for estimating the extent of disaster damage
{€ and losses. With the increasing frequency and impact of localized natural disasters such as floods, high-resolution data
{+ capturing the spatial distribution of socioeconomic factors are essential. However, socioeconomic data published by
['x international organizations such as the World Bank are often available only at the national or large municipal level. At the
[y research level, economic data at the municipal level have been studied (Wenz et al., 2023); however, obtaining grid-level
[’z data at a resolution of several kilometers has been still challenging.

K

['| For example, as for the impact-assessment of flood disasters, researchers have undertaken a series of studies by spatially
['} calculating the amount of asset quantity and production activity overlapped with inundated areas, leveraging global maps.
[~ Achieving this necessitates the downscaling of national-level data of economic activity, mainly gross domestic product
[+ (GDP), to finer subnational or grid-based levels. This type of product by downscaling GDP is called a “spatially distributed
€ GDP map”. This downscaling practice typically relies on gridded population data (Tanoue et al., 2021; Willner et al., 2018).
[+ “Alternatively, it has involved the assembly and interpolation of available subnational statistics (Duan et al., 2022; Kummu et
Tx al., 2018) or the assumption that average building heights correlate with economic activity intensity (Taguchi et al., 2022).
Ty * " 3 PBVGEIYHBSHE XMQ \WHH P HKRGV DHIHHDD RHDMS | RUVGHALLE SXERHY \XFK DY QADXMUEP DJH BANP DIRQ
Yz~ DG OH WHHRH QRMWSIFDD UHBDHS DV MBEERH ABHNV RUSIRGRV $P RY WRH \WDAOH SXECF® DYDAOFM
T ' RZQABG JUGEHS JGEDO@MBWAN RUJWRW GP HIF SURGAW* ' 3 SHUHEEWW 333 RYHJ * B . XPPXHADD
T LV QREE®! 7KLY @BHNHHDM JUGHS* ' 3 P D5 SIRGEW Z W URROWMRQY WIDQJILQ) [URP DFPIQWR  DIAVH-
T TRUHDK\ HOUMHH EDHGRQWXE (DIRBOXBRANF UHBDHGE  YOURXY FRXQUHY DG XM LQJ SRSXONRQFRXQNP LBV
yo

T+ While these studies estimated the total amount of economic losses without considering the difference between sectors, the
T€ sector-classified economic losses also need to be estimated because indirect economic losses, such as global supply chain
T+ impact caused by the stoppage of production activity (Willner et al., 2018), can vary significantly depending upon the sector
~x_directly affected by the flood (Sieg et al., 2019). However, spatial data of sectors by downscaling national-level data have

2



~y been lacking. Consequently, in the context of global studies, the estimation of sector-specific losses was achieved by
~z extrapolating the values of sectoral occupation fractions within urban area grids, as reported in the European Union, to other
~{ regions (Alfieri et al., 2016; Dottori et al., 2018). Alternatively, it is assumed that specific groups of sectors experience
~| "uniform damage ratios (Willner et al., 2018; Tanoue et al., 2020). These methods did not consider the different spatial
~} "accumulation between each sector and each region, which could lead to the misestimation of sector-classified losses

~~ (Jongman et al., 2012; Willner et al., 2018).

~€ The dearth of global spatial data of the economic sector arises from the absence of worldwide maps with comprehensive land
~«use categorizations (Wenz and Willner, 2022). While regional maps provide sectoral land use classifications, including
*x commercial and industrial areas within urban regions (e.g., European Environmental Agency, 2017; Theobald, 2014; De
<y Moel H et al., 2014; MLIT 2021), these classifications are conspicuously absent from global maps (e.g., Bontemps et al.,
«z 2011; Esch et al., 2017). Here we focused on the recent emergence of a global land use map featuring detailed urban area
«{ classifications (Pesaresi and Politis, 2022). This development is made possible by the application of machine learning
«| “techniques that extrapolate relationships between satellite observations and actual land uses, a methodology initially
«} established by the data in the European Union and the United States (European Environmental Agency, 2017; Theobald,
«~2014) and subsequently extended to a global scale. Although this dataset facilitates a comprehensive consideration of
=« detailed land-use patterns within urban areas worldwide, no study has yet integrated this dataset with socioeconomic data.
<€ Such integration holds the potential to pioneer a novel approach to estimating natural disaster damage accurately with
«« sectoral classifications.
€x
€y The objective of this study is to leverage a recently available global detailed land use map dataset to construct a spatially
€z distributed sectoral GDP map 6HAW' 3 . The accuracy of the * ' 3 P 58S QJdistribution-of 6HAV' 3 eeonomie-seetors-
€{ within=this-newly-develtoped=spatiaty=distributed=eDP-map=is [Vevaluated using JEEDOKE QJARJI)\HIIBI\XNMAFVIUP
£ 26( @DHN: HY HADD data from Thailand. Validation is : ¢
€} statistres=within—Fhattand=Furthermore, to discuss the applicability of 6HAW' 3 the-new=-eBP-map-for practical economic

€~ loss estimation, this study examines the estimation of business interruption losses incurred due to a flood event in Thailand

€+ and compares these estimations with reported values.




<+~ 7KH\SDMD QUMEXAG \FRRDD* ' 3 P 05 Z DV FUHDMG IQWRKEY ) LIXH ) LLIXAZ HRDWI LHGFRXQY GYHD: ' 3 GO
v€ LOR \KUH VFRRLY \WH DI UEX@MUH \HYLIFH DQG LGN \VHARU DQGWH  DUH GRZ QADBG \R D\GDIMOHRRWWRQR DR
<+~ EDHG RQ SROX@IRQ A UH HIHG DV SROXDIRQ EDHG P LB 3% PHKRG 6HARQG GRZ QUFDBG HXP DMV DUH U-DIRFDMG \R
yxx~ \WH FRUAERIEQ) @G XVH | IRNRQ P DSV GHIYHG | URP \DMIMM SURGFN UH HIHGR DV @G XVHEDHGP 05 / 8 % P HKRG

yxy ™) RUERI \KHDI UFXOXUHDQGVHYLFHVHRRY Z HIHHIDMG 3% P HXRG DQG\MEVHNXHQ® UHDIRDME\M-P XMQ) @QG XVHADD
yxz~ 7KV IR W DERFDARQ LV GHFHADY BHFDAH* ' 3 IV IHHDD FRUHDMG Z 1\ SRSXDIRQ GMUEXRY &KHD HATD

yx{~. XPPX HNDO DG VWYIFHVHRRU * ' 3 1Q SOMPX@U LV VRRQIO IQOHFAHG B XUEDQ DJJGP HDARQ HIHAW
yx|~ 0 RINYD + RZ HyHJ SUHYIRXV WYAHY KDYH \KRZ Q \WDADAKLIK VSDADOUAROMRYY SRSXOWRQ DU DRHP D (RW
yx}~ DGDOMY SURHYH WHH FRUIHDNRYY 0 XUINCP L DG <[P DIDW SX HABD TKHHRH LQMWDNY G X\H

yx~" LG RUP DNRQ LY HAVHDOWR HUKUH\EDMOFRQAMMEP 8 QENHWH DI UFX@MUH DG HYLFHVHRRLY LOGAMY VHRARU: ' 3 GRHAQW
yxo~ GHRADUOD |RTZ SROXOIRY GVMEXIRY , VR WRH SDQG/IQR \XEXUDQRUXUIDCDHD/Z W BZ SREXDNRQGHMW =KXOQ

yx€~ DG <H $FFREQO ZHEB SDWWH3% P HKRG WS DG QUHA® DIRDMFRXQN GYHIQBMUDD: ' 3 R @G XH
yxe~ DB 7KH/ MR \WHEBHVXHGELQWYP HKRGIV\KRZ QLQ7E®

yyx—
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Data Format Datatype Values range Spatial resolution Temporal resolution Data source, Reference

Built up surface arca
five years interval Global Human Settlement Layer

T -
Raster Ulntl6 0-10000 100m (1975-2020) (Pesaresi and Politis, 2022)

Non-residential surface
area

0.1 - .
’ five years interval
. N R 9 are:
Crop land area Raster Boolean (0 - no croplands, 0.9 arcsec (2003-2019) Potapov et al., 2022

1 - croplands)

abion ¢ ot ; - A five years interval Global Human Settlement Layer
Population count Raster Float64 0-Inf 30arcsec (1975-2020) (Pesaresi and Politis, 2022)

GADM 4.1 (2023)

Administrative units Vector (Polygon
Yy} i (Polygon) Level 1 Layer
Data Format Datatype Values range Spatial resolution Temporal resolution Data source, Reference
Built up surface area
five years interval Global Human Settlement Layer
Raster Ulnt16 0-10000 100m oo ' e e
Non-residential surface (1975-2020) (Pesaresi and Politis, 2022)
arca
0. five years interval
e C ycars CIva
Crop land area Raster Boolean (0 - no cropland: 0.9 arcsec q",]w 2019) Potapov et al., 2022
2 3=-2Z! E -
1 - croplands) {
Population o Rast Float6d five years interval Global Human Settlement Layer
opulatic cow ke or yath .
P o e o (1975-2020) (Pesaresi and Politis, 2022)
City area polyaon Vector (Polyaon) Global Rural-Urban Mapping Project v1
L d a pe gons €C C £C - - - -
s ’ (CIESIN, 2011)
GADM 4.1 (2023
Administrative units Vector (Polygon) - - - - . (2023)
Yy~7 o Level 1 Layer

yye 7TDEOWHLVW RI WKH GDWDVHWY XVHG LQ WKLV VWXG\
yy€ 3RSXODWLRQ EDVHG VHFWRUDO *'3

vy ", QW K HUWAWRAB X QW UA' D BV B DU W LMQLW R MBI VD R\BK ¥ §D WE DDV ULLE X W/ Sl B/R. R)XQ0 6 VIV Q
Yzx VSDWHDROXWDREBVHRVHGE GDBOEO IBMMWHER UBBQN ZKLERFORKRWRQXBODOBEWKHLU
Y2y~ VH F WIRDMI RRVKVH U YIL@ 8 X VIVQIEDUCL F X\DHAEXADRQUBVK D R EHX® DEH W W O B PHHUDAE / S R S X O DWLIAR Q
yzz~ 5 3HVDDEIROLWLD W KR X BRI R EDIOGCHRISK OPMSZR B H L QR WD R FMWRLR £ @D E O H

¥z2{ 7KLG/RZQV FDHOL RBEH QG H®'SOR\BIGH YU RXGXRP KO O0XUDND®®PDJDWDD QLG8

¥z XWLOL]HG LQ D ODWHU VHFWLRQ IRU FRPSDULVRQ ZLWK WKH QHZ PHWKRG SURSRV

yz} 6HFWRUDO ODQG=XVH IUDFWLRQ PDS

=, Q\WH\HREG WS Z H WHDTBFDMG 3% P HKRG \R JGEDORRDOMQG XVH | UIRNRQ P CE= @M= ANE—Z-HHE-BEE
HJIHHDAG DVFRRUDODIG
yz€~ XVH I UIRMRQ P DS FOWL LHG LQR \WUH VFRRY VHYLFH LOBMY DG DIUFXOXUH  DOGWUHH@IGXVHWSHP DSVZ LW QLI HBHW
yz+ ~ \GDIDOHROMRY/ UMG-QIMD5(6 QROUMGRNMD 15(6 DIGRRSDEG &523 7RAMMIXMK 5( 6 DUG15( 6 DDV
Y{x~ ZHXHG* GEDO+ XP DQ6HMBP HQV D HJ * +6/  3HOUAL DQG3RDY EXOWS \KULFH 5 @ 7KVO HKD/
vy~ T P UMWROMRQ HFK S| HKDVDYDOHR P DOGUMGHNCRUGR UAMGHQNICDWDY/P D EHSUAHAZ WO
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¥{z~ RHS HD) RUWH&52 3 DD Z HXVHG \WHJGEDOP 05 R FURSDIQG H \WQW3REERY HADD SIRMIGGE * GE0 DG
V{"S@OWY ' IRYHY ZKIFK KD/DJGEDOSDIIOMROMROR  DUAHF 0 DBV Z LW \KH WUHH FIWHY/Z HIHUALP SBGDQG
(]~ FRP EQHG LOR D MQIG! JGEDDVHRRIDOYG XVH WMGHID QRQ UMGHIIO DG FRSDIQG [WIAMRQ PLS DV DURF
v{}~ BAROMRY

y{~

y{« First, we upscaled the land use maps and simultaneously converted the value of each pixel in both maps into the sectoral
y{ € fraction within one pixel. In each pixel, RES and NRES had values of 0-10000 m2 and CROP had a value of 0 or 1 (not
y{* cropland or cropland). We upscaled the land use maps to 30 arcsec resolution from RES and NRES at a resolution of 100 x
y| x"100 m and CROP at a resolution of 0.9 arcsec using the GDAL averaging method (GDAL/OGR contributors. 2024). Using
y| y the 30 arcsec maps, we calculated the area attributed to each land use type in one pixel with a size of 1 x 1 arcsec and
y| z obtained land use fractions for each pixel. Because RES/NRES and CROP had different data sources, the total of the three
y| { land use type fractions was greater than one in some pixels. Therefore, we assumed that the CROP fraction could fill only
y| | "areas that were not designated as RES or NRES. Under this assumption, we modified the CROP fraction in each pixel as
y| } follows:

vy~ 1@:>Qf Uy l@:>Q\ X @pr <@AQ X

y| « where ; 1@> Qis the modified CROP fraction in pixel i, 1@ > Qis the original CROP fraction, @Bﬁbis the RES fraction,
y| €and < @%S the NRES fraction.

y| « “After this modification, RES, NRES, and MCROP were considered to represent the service, industrial, and agricultural land

y} x use sectors, respectively.

Viv~ | DQGXVHEDWHE DIUFXOXUHVFRRU* * 3

y}z~ 7R EHWU UHGRMKH \SDIDO WKPMH R SURGAIRY CRMWMY ZH LQARGFH WH \KSSTHJ HIHAW Z KK DWKP B/ D
v} {~ EHHIADY \XSSTHU BHDNRQKLS 6SHAILFDD  DIUFXAXUDO SRGANRY RAFXULQY 1Q SHL XUEDQ RUKUDODDY \KURXQAQ
¥}~ P DNMUSRSXDNRQ FHOMY LV U DBHG DV \VKSSOLQ) 1 RRG DG URRXUAHAR WRHXUEDQEHH LADUHY 7 KHH DI UFX®@AD] R
1}~ Z KB \KHP VHYHY \GDWHD SRSXDAMG DU I XQAMRDD LQMUDAG Z LW \WHXEDQ HRIRP\  7KHH R WH DHH SHAMG W
¥}~ H KEMKLIKH* ' 3 YDOHY\WDQ VP LOW® \SOWH UHILRQY \WDADH GRAVGDADEDD RUHFRGRP LFDED FRQQHAMS \R XUEDQGHP DG
¥} +~ 7R FCOMUH ML \SDMOLQM B-BHIGHIH WH \KSSTHUH | HAADSSTHY D GMWEFH GHD. UHDERDINRQ IURP EHCHLADY S HYLQ
¥} € 3% P HARG \R GDB. \KXSSO MCH S| HY @PHY WRH LGHQNHG DV0 &523 7HKQFDI \KV/LV [P SBP HMS D/ D QGHU
1+~ GFD IXQRAIRY LQZ KIFK IX@Z HIKWY JLYHDZ MMODOIQHMMKRER NP DQGZ HIKWGHFUDHOGH® \R] HIRDADQ
~x~ RAMMUAKRGR NP

Y N i NNY N i N
Vgt Qg k LM @L, i Ly k Ly "X L™ Ly pLI@IL, Ly "W Y

< <]
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6HARU " HIQWRQR ,6,&
$ JUFXQMUH ,6,& $
6HVEH ,6,&

, WY ,6,& %)

Y~ 1 RAMGWDARID \KHEHYIFHVHRRULYEDFHGRQ, 6,& 5 HY
Jox 7TOE® ' HIQWRQR HIFK VHRRU EDHGRQWH, QMIDIRIO6\IELS, QGAMMDOE MILFDARY ,6,& SHY  LQWH* ' 3 O
yoy B\ \WH: REGYON

yc Z_£

ye{~ [ BQG XVH EDHG VHIYIFHVHRARU* * 3

y+] “6IPLO® 3%PHAKRGR \WH \HYLIFH VFRRULY WDERDAG \R BMG-QIWODBDY 5(6 B D5SOLQ) \WH \KSSTHUHIHAW7 KH
y+}~ UDMRDB! KHH GLIHY \@IKW® 1URP DM RU DIUFXGMMH * UG \FOBI SRXOMRQ AU HJ DV DA UAROMRY RU
yo~ OSSR IPDMD % x AP SHUSI HD DUH \RR | LGH VR UHSURHAL-DDWF \HYLFH XVDIH MQPH SHRSBIFRP P RQD WDYHIP RIHKDQ
oo~ AP B\ FOURUSXEQF WDQSRYBIRQ\R CFFHW \HYLIFHY &IFFRHDQG + D 7 KHHRH MY BDERDARQLY GHLIGHE\R
v+ € UBUIAHAARP P X\ SDIWAQY/ Z KHUH VHYLFH CRRYNAY LQ SHILXUEDQ ] RHV \KSSRWGHIE  XUEDQ GHP DG FHQMY |, Q\KLY
¥+ + ~ FROM WZ H X\VH D \KSSTHUH I HAAZ LW DQ IQHUWURKRG R AP UHBUAHQIY KLIK LOMMW [QMEIPMRY DQG DQ RAMJ
yex WHKRBR AP BN RIGZ KIFK VHYLFHFRQMEXRQY DUH DAXP H3 QHI QI LEG]

vey~ | DQGXVHEDHGLQGAM VHRRU* ' 3

yez: HAWUEXMG \WHIQGMY VHRRU* ' 3 LQHIFK FRXQU B\ P XUIBOLQ) \WHAMWEXMG* ' 3 SHUSI] HOB WH1 5( 6 LQHIK
ve{ Sl HD7 KXV WHAMMBXWROZ D/ SHIRWP H I RUHTFK FRXQN  DVIRTRZ V

\%
yel~ N B[\Za52> XMEXQM, T BWITAVB[\Za52>,, . p < @A,
@ X
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z{x~ &RPSODUIVRQR * ' 3 AMMBEXWRQP HMRGV

Z{y~: H FUDMG\ERWSH/R \SDIDOGMMEMWG* 3 P05 SRXOIRQ EDHS 3% PHKRG / DG XVHEDHS / 8 % PHARG 7KH
7{z~3%P D5 ZDVJHHDAMG B GRZ QFDIQ) \WHARXQU * ' 3 RO LOSIRSRMROWR \WHIUGEHG SROXMIRQFRXQAQRD DR
Z{{"PD5 7KH/ 8% P HKRG Z DvJHHIDMS | RUHIFK \HARUDODWD DQG VHARDD ' 3 SHUDWD 7R DARW \WH HIHRAYHHNVR \WH
7{| ~ SURSRHG/ 8 % P D5SLQY DBSURTK Z HFRP STUHG IMDIDIQMBY% P HKRG XMQ) \WH' 2 6( GOBAHN: HI HADD ZKIFK
7{} ™ SURIG \HRRIID* ' 3 HAIP DMV DAMKH \XE (DIRDODE LQUADAYH XQWBYHD * $' 0 GVHD  Y%RK *' 3 PDSV LH
7{~"3%P HNRG DQG/ 8 % P HARG ZHH\SDID® DIJWIDAG IRP  DURHF UAROMRQ \R WH FRIMGRAQ) * $' 0 / HHD
7{»~ DEP LQ\DIYH ERXQEDUH/\R HIEGI QURWRP SDIMRQZ MK 2 6( DI &RP SDMRQLQRYHG\WUHMMSY  6FDMUSERW
7{ €~ Z HH JHHIDMS \R HYDOOM \WH DI UHHP HQABRE HHD \WH DI W DMG YDOHY 1 URP HIFK * ' 3 P DS DG FRUMGRIAQ) \FARDD
Z(+~*' 3 YOOH/IURP \WKH' 26( CDEVHNDIUFXGMMH \HYIFH DG LMY XVHG DV HHHIFH @B ) RUHIK P HARG DG
7] x~ VHRARU Z H FRP SXWG \WH CEVROMWM YDOH R \KH UHIDMAYH HURUEHE HHD AP DMG DQG UH HHFH* ' 3 YDOHY DQG GHUYHG WH
7|y~ PXP XOAYH GMUEXIRQ | XQRNRQY R LAMADM WH GWIEXNRQ R HURY DRURW DIDDGP LOWDRYHXQW . HARP SXAGWH
7| 2z~ QI HHFHLQ CEVROW UHIMYH HURY EHE HHD WH/ 8 % P HKRG DG 3% P HKRG\R HYDODMWKHLP SURYHP HOARUGHAMIR DIRQ
7] { " IQIFFXUR ) RUHIFK OGP LMADAYHXQUWAKLY P HMF Z DV FOBXOMG DY
1



qs2>M\QJI\M 52>2:A°>q
52>2:A3

Z1"™8 f 3 3 \_PMMB f

7]}~$ QGUDIYHYDOHR ™3 LQAFDMAKDY 8 % P HKRGLY FRHMR\KHUH HHIPH\WWDQ3% P HKRG LH DRLP SRYHP HV Z KB
7| ~~ D SRIMYH YDOH LQAFDAY D GAMIRIDNRQ LQ DFFXUIR  FRP STUHG \R 3% P HKRG 7 KH FRP SDUMRQ Z Dv FRQGKAMS XMQ) RID
7|+~ DEP LQWADIYH XQW |RJZ KIFK DDWUH VHRRIDD* ' 3 YDOHY Z HIH DYDMDE®! | RUWH\ HU ,Q VRID \KH FRP SDUMRQ
7] € IGFOGG DP IQUDYHXQWORRY — FRXQUH/

Z| .

z}x~ S5 HXAV

z}y We developed three GDP maps for service, industry, and agriculture sectors in 2010, 2015, and 2020. We excluded other
z} z years because of the low coverage of national GDP statistics in the World Bank data. + HHI\MJ\WHP 05 JHHDMSXMQJ \WH
z}{ 1 8% PHKRGZ MIQWHO HKRG/Z LOEH HHWHGW DV36HW' 3~ DQGWH P D5 JHHDMS XMQ) WH 3% P HKRGZ L(OEH
z}| T HHIHGW DV33% PHKRG = The POSVR 6HAW' 3 developed=seetoral=-GBDP-maps-arc shown in Fig. 2 (a), (b), and (c).
7}} “Additionally, to clarify the difference of spatial distribution among sectors, we showed (d) the map of the largest GDP sector
Z}~"in each grid in the world=and=te)-around=Fhattand=-as-an-exampte. * GO \WHAWBEWRQR HRERP IF VHRRY JHH DD
z} o~ FRUHDMY Z W SROXODNRQ GWHEANRY Z W FRAHQADNRYY REVHYHG LOQ XUEDQ AHOMY + RZ HYHU YDUDINRQY H IMALQ \KH
7} € GHAMGG AWNEXNRYY 7 KHVHYFHVHRRUY GMUEXWRQ SUHERP LCB® FRFHRDMY LQXUEDQ DUHDY CRIRW FRXQEHY FRQUMMN
Z} +~ Z WK SRSXONRQ GMIEXWNRQ SDRM.QY DG WHXVHR  UMG-RQIDO@W |, Q FROMIMOQGMMDD ' 3 SR IHGE QRQ UMGHRND
z~x" DUV WKRZV DWEEHR  WZ DG JUHDMJ FRAHRDNRQ LQ FRDAMMDUHILRYY &RQYHIHD DIURXAMUIDO* ' 3 Z KB H KIHWY
Z~y~ VRP H FRUHDMRQ Z LW SRSXOWRQ AWIEXWRY LV RKOIRMUY H B DP RHH SDVYHAWHEXNRQLOLQDIE DHVFRP SOHG\R
z~z~ \WHVHYEHVHRARU

z~{
Z~| 7 ([ CP1QQ) LQAVNGBOFRXQAMHY DBZ V | RUWH L.G-QIIFDNRQ R P RIH\SHALLF Gl THIHAHV IQWHAWEEXNRQR - HORK VHRRUDWY
z-} D IKHJ VB WKRZQ Q) LI ,QWH ILUXWH R -D80Q -8RV WUH P INGU P HURSRDAD DWD? 7RNR 2\VOND DG
z~~" $ K2 \KRZ V YDUDARY LQVHRRIDOG MMEXNRQ GASWWWWHURRP P RQFKDUIIAMIMIF R KLIK SRSXOWRQFRAHDARY , Q\WH
z~"*"' 3 P55 WHVWHXYFH VHRARUSUHERP LDV LOQ WH FRDUBODUHDV R 7RN RDG 2 VOND ZKIFK DUHP DINHG B\ KLIK SRSXDINRQ
z~€ OQG VHYIFH LMY SURHEFH |, Q FRQADIVS LEKLY FRDWBDUWHILRQY H KIBWD Z LlGASUUHIG SIHRP LQDOAH R LQGAMNIDD: * 3
Z~" ,QMUDD* " 3 LVARAKQIRP O GMWIEXWMG CRRW \WH HQWHS IRKLDSD @ MIOQ$ LFKL \WHP RUHLQDQGXUEDQRHQMJ WK D/
Zex” WH1 DR DOWD \KRZ VD SUHYDB{FHR WHVHYIFHVHRRU Z W LQGAMNIDDF * 3 FRGAHADIMG LOQFRDINCDUHDY 7 KRWHI LQAQIV
Zey~ DDIQZ W $ IFKLVKLIKHJSURSRMROR LQGAMMDDF ' 3 ARP SDHGWR7RN RBG2 VOND ' 2 6( DIGWHIRP DNRQR DR
z+z~ H \MMYH LOGMUBOEHWIRY LW FRDXWBDUHILRYY 7 KLY ORVAN CHOMM/ \WH G-EIRNRQ R GHELGG GWIEXWNRBOA! T HHFAHY
Z+ {7 Z DKIQWHHDUWHY
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Ze|

70} KHOFRP SDUQ) FHORBO/DQINRN Z W IWARXAKHDKM.Q UHILRQ DMP LOUSDAMOHP HIH/DYDFDHLQ- DEDQ 7 KHVRXKHDIMD
7o~ DD \GHAILFD®D \WH ( DAMD 6HEROG DQG ( DIWMD ( FRQRP LIF &RUGRU ( (& FHIMIG DIRXQG / DHP &KDEDQ) 3RWKDY
7o+~ GYHBSHS DV DQ LQGAIDDKXE ,Q MY BIIRY LQGAWDD* ' 3 SUHERP LQDMY RYHU\HYIFH VFRRU* ' 3 5HIDGQ) \KH
7+ € QUMBX\IRQR DJUFX@AD0* ' 3 -DB0Q\KRZ VI HZ HJS HY Z KHHDJUEX@ADO: * 3 [VGRP LQDQAMDUHD EHFDXHP XFKR W
7+~ DIUFX@UDODIZE LY GFDME UHIMYHD FEVH\R XUEDQ DDV + RZ HYHU 1Q 7 KMQGOQG) WGRH H WRMYHDUDVZ WK GRP LDV
zex~ DIURX@MUDD* ' 3 DUH REVHLYHS DURXQG P HARSRIMIQ FHQMY ONH /DQINRN DQG30UY ) RUQUEFH ) LIXH D ZKIFEK\KRZV
7€y~ RQD DIURX@MDO* ' 3 |RU) UDGFH LAOXWADMY \KDADIUEXGMIDD: * 3 1P IQP DD GHYHERSHS DURXQG GHHD SROXDAME3DUY
7€z~ &RYHIHD IWAHBIAWZ |GHSUHIG DI URXUMUDCTRYWY LOWHGW SRIXOME\KURXQEQ) WHILRYY

ZE€{ =A oug e-GDP aps were produced a spatial resolution of 30 arcsec, these maps

13
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Tz~—5+H-H-Q-F'HKH PDS RI WKH ODUJHVW *'3 VHFWI-RFUL BDFLKD\QJH_I-G RE[ 7IDIDJLODQG DQG F

{ze”
Tz€ 7RY D O L\B FoW¥ AX RDWK*' ¥ P D & HF R Q G XORVRIP S D UDQ\LLAPWWAE ( DG D W DY R YWAGHLFQW RBUID DX D WV
[z "WKHE QD WG R QO IOQUIMW)ERGM KYLIVO L G\ WHDRUF ¥ H ¥ R O X3WALIRED V S D WL IQGI\DIFW R O/GR R H
T[{x*$'0 GDWDWMWDGPLQL\GAY DVLR@KXY EEG26( 7KBJJUH JDBWHG MHA BIG P L Q L \XVQE AWK Y H
T{y WKHQ FDOFXODWHG DQG FRPSDUHG ZLWK '26( V ILIXUHV

Hz
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H{ 7TKHHVBPOWM VHQWHG D E DQG 7KHWH VIFB\S W/RIW & LW B W *' 8 [ K L BV WR/LGLD/AW UWERX W L R
{{| DFWXEB QD W E R\QHFON*R3J DEA ! L @ OMKWH FW RAUHH[DPLEMGHFWR QD G P L Q L VX\QURWWY K H
{{} GLVFUHS$ VGIFRBLEAGD G X V8 WLKORIZQX Q G H U H V AR P © DMIBREW G D \GLDY HADKVD MR WD © HWUH F DWR KIH

{~~ QD W LORHQIDHOD. 2 QWK G D IMIY K\LW XVE K@ IV F U HBLONBHY XWDRRY HELL VW UL BXMPUB D GP L Q L \VQUW /W L Y
[+ ZLWKHQ WRBKQ WHMHM BX QG H U H V WE PR\ RGP COOCHU. Q L VAU BMWIOWH U YOLGIBR G X VVBU L D O
{{€ L QKH UHRQNGI\Q & 8 B POHRIBIGIDWE K3 P D & H S MFRADRFAR X Q W K RERV[ F H VR @ A H Q W® MWW RFX O D |
{7 UHJLRIQYAWHG LV GW C5SOHNQ DNURXAMIDO* ' 3 ZKIFK H KIBEW GW GO0 H5 GMMEXANRY DG (R VIR SDWO R

{1 x~ RYHIRXNP DNRQ RUXQGHHXP DINRQZ D/ REVHYHS

{ly”

{1z 1H[WHFRP S DW KM V KWDRFPM FW *' Z LVBB6 P H WAKKRAR P S D IPLHWWRIQR G R & V ENGH F W R3UIR X URHWD F K

71{ DGPLQLVAVQUINNH I REVBFED O F X @/ BERKIPQXD KB\WV W K R BAXKBHLHRUQH QUFRIR/6 ( WYL J X T K WWWH VDBUM VHQW H G
711 "LQLIXU K 6 HF WRQDQ) M IY WVCKIMWMED G X W\ B WERRIVRHR WW J Q L ILFFDUDRAY A R HRR/P S DVRYG PHW KR G
71} $VSUHYLRKQOAL RQE B VWU GD QW U IRE W [BRELRAD G RIGIFEH Q VALY BM@L KRMWYS R ©X ODUWNHADBL V

{1~V XJJ AWK W KRGRQ QR Q UHVOGRGMQIRO PD@RERRYF H Q & U\DWUL R XM LORDQW 2. BIELCH. P\R U H

{1+ " DSSURSULDWH WKDQ 3% PHWKRG ZKLFK UHOLHV RQ SRSXODWLRQ GLVWULEXWLRQ
{1€ 7KNHUWMHHAWRRIDV O LG KWQ DA X FRP\S DUREG P H W KQRVGVHH U WIHFHR RH WHO DR @ U ¥ & WD G

{1+ VOLGKWUHQIAFXUBBHFW*' FRPSDWR@® PHWKRLHYWRPUHJLR X E LWSIGRLY FHFEX WZD R K

X 6HFW*'3)XQGDPHQWHEGEA\QLBRBUHBRFW ZHHQN *' D Q&% PHWKWRIEHS DWW LD® U LI MALIRGH/Q W L L
{})y DUHDV XSRQ ZKLFK 6HFW*'3 UHOLHV DQG SRSXBOWERQQMSRD ZKLFK 3% PHWKRG
{127 & RQYHBWIH®/\V '8 QF R U SRXSSWIHWUH D O O R BB WILRIVWRH V L GHQHD WL RPUD GZXMWHVXKQ W V
{}{ DVPRRWR A Q HRF WU BERQGX DL/& DV W U GEXWHRRR 8 DURYEG P H W/KKRHSIH EW Y L GHIQKD S UK LR Q V
0} "RIBZLW]HWRGDYSHFLILOEEQQ L VOMYEHY MWUKMAKBAWWL DO OUBXEX QGHP® UKV OWMK IBYHEV SLQH

{}} DUHDWN LIQL ISR S RQOD WV R QB QNCUBIOP L VG- WAKWD D W\ N WY IBEES) RV JKK HU HLBZHW]HUODQG
[}~ VHUYLF MK R EGEL VW UQ EBDWRI@ L P SARHS X O G MWM\R Q E RO RIAISHD DQ R WRWKISID SAKHQKRP HUR XV
{}+ "UHVLGBQMIWDDWLFVD \GHH PR Q VIVQUDIVHREY HBHEW * D FF X WD B\ FX 0% DOVRRDPRQPSURYHPHQW
{}¢€ FRPSDUHG WR 3% PHWKRG ZLWK DQ LQFUHDVH LQ WKH QXPEHU RI DGPLQLVWUDWL
e

[
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[re ' DAOWRY  9MQHN LOMIKSWRY W HIP DARQ 1RU WH 7 KODOG | GRE——6MEHN-LOMINHSMNRD-GY

{ex To assess how the improvement of the GDP map affects the result of flood loss estimation, an additional analysis of
{€y estimating business interruption losses resulting from the actual flood event in Thailand in 2011 by the new sectoral GDP
{€z map was conducted. Following established definitions of economic losses from prior studies (Tanoue et al., 2020; Rose,
{€{72004), economic impacts can be categorized into three main types: damage, direct economic loss, and indirect economic
{€| Tloss. This additional analysis focused exclusively on estimating Business Interruption loss (BI loss) among these three
{€} "economic impacts due to the lack of information necessary for the estimation of the other components.

{e~

{€- To calculate BI loss, we prepared hazard, exposure, and vulnerability data. As the hazard, we used two inundation period
{€€ maps of the target event in Thailand, based on simulation and satellite observations. The simulation-based inundation period
{€- map was generated using the Catchment-based Macro-scale Floodplain (CaMa-Flood) global riverine inundation model
{+x (Yamazaki et al., 2011). To obtain an inundation map based on the simulation by CaMa-Flood, CaMa-Flood used daily
{+ y Tunoff data generated by a reduced-bias meteorological forcing dataset at 15-arcmin resolution, and S14FD-Reanalysis data
{+z (lizumi et al., 2017) to simulate the daily inundation depth at 15-min resolution. Because S14FD is a bias-corrected dataset,
{+{ we used daily inundation depth values without bias correction, such that the inundation period may be calculated directly
{+| from the daily inundation depth (Taguchi et al., 2022). Then, we downscaled the 15-arcmin daily inundation depth to 30
{+} arcsec resolution and calculated the inundation period as the number of days in which the inundation depth exceeded 0.5 m
{+~"in each pixel. We also used an inundation period map based on Terra/Moderate Resolution Imaging Spectroradiometer

{++(MODIS) images, which is publicly available on the Global Flood Database (Tellman et al., 2021). We referred to the former
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{+ € hazard map as “CaMa-Flood” and the latter map as “MODIS” in this study. The days between August and December in 2011

{++ “were only counted as inundation days for matching the inundation period by CaMa-Flood simulation and that by MODIS

['xx observation, which started from August and ended around the end of December.~Fhe-inundation-period-maps-ef-CaMva-Flood-
| xy and MODIS are shown in Fig. 4.

Ixz™
1140
120
1007
2
3
(" =
x|

Tx} ™ PDMQAR

Ix~"
[xe"As exposure, we used two spatial distributed GDP maps at 30 arcsec resolution for comparison, 6HW' 3 DG

Tx€ 3%P . As a vulnerability, we considered a

['xe recovery coefficient, which decided the ratio of the length of recovery period which is required until business restart to the
['yx inundation period. This value reflects the system vulnerability of the city. We used 2 as a recovery coefficient, which was
Tyy used in previous study on a global scale (Taguchi et al., 2022). As for the recovery period as vulnerability, we used the

T'yz method of Tanoue et al. (2020). The recovery period @>Q when the production in a pixel is assumed to have recovered

Ty{ linearly from zero at the end of the flood period to the same level of production before the flood, was obtained by
['y| multiplying the inundation period by a coefficient (= 2 in this study). Thus, the recovery period was assumed to take twice as

Ty} long as the inundation period. Finally, BI loss was estimated by the method described by Tanoue et al. (2020), as follows:

B <z @, /52>
Ty-"07W[ f cece 7>Q_ —° bA—<L (6)
@X][

20



Tye where L 1 and Vare the pixel number, total number of pixels in the inundated area, and sector number (1 = service, 2 =

T'v€ industry, and 3 = agriculture), respectively; 7>Q @Q /52>

or and < Lare the inundation period, recovery period at pixel L

['ye annual GDP of pixel land sector Yand the number of days in a year.
['zx"And we obtained the total BI losses by summing BI losses of all the grids in the target area.

Tzy™

['zz The results of the BI loss estimation were shown in Fig. 5. We compared the calculated BI losses with the actual economic

['z{ loss reported in the PDNA (The World Bank, 2011). In this report, both damage and loss were estimated. Damage is due to

['z| "the destruction of physical assets and loss is caused by foregone production and income and higher expenditures in the

[z} “definition in the report. This means that the loss in the report included both business interruption loss and other additional

['z~"expenditures and costs. Because there was not any other reported loss which only focused on BI loss, we compared with the

['z+ "loss, including other components, in this report.

Tz€

Tze~
(2)
47.92%
©
47.92%

H{x

(b)
11.46% 4.73%
15.76 25 78 34.48% (€)
40.62%
(d 25.96
11.46% \.
40.11%
2.30 2.30

40.62%

37.31%

BI loss [billion USD, current value in 2011]
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7KOMQG IGRG REIQHS ILRP D
T{{~ &DWKP HQAEDWHG 0 DARWD®! ) BRESMIQ &D0 D) BRG VP XDMRQ DG E 0 RGHDM 5HROMRY |, P DILQ
T{] ~6SHAARIDARP HMJ 0 2' ,6 REVHUYDARQ GDW DQG WHMP XOWRQ Y0MOHN LOMIKXSWRQ RWHY 8 6'  ELARQ FXUHQV
()~ YDOHLQ GHRWH  7KDDQGIGRG HAMP DMGE FRP ELQQJ KO DUGVDQGH SRXUHY WHVREORWLYZ UMWY

H~"IQWHROMR HOK ALF® F &D0 D) ®BRG DQG 3% PHMRG G &D0 D) GBRG DQG 6HW ' 3 HO02',6 DQG



[{ Firstly, comparing the losses by the different hazard data with the same exposure, 6HW' 3 =the-SBE&E-map, the service
'l x“sector loss according to CaMa-Flood (USD +5=6% billion) was over 1 $-fold larger than that according to MODIS
I'ly (USD 692 billion). This large difference was caused by the shorter average inundation period and smaller flood area in

Tl zMODIS than in CaMa-Flood. MODIS is known to tend to fail to capture the flood extent in urban areas with high densities

Il { of tall buildings and that leads to the underestimation in inundation. In addition to different total losses, ratios of
T~ LQ5MNserviee= sector loss to the total loss differed between two results : 60-79% according to CaMa-Flood and
T 40=++% according to MODIS. This result showed the sectoral ratio of the loss can be changed depending on spatially
I'| ~different hazards. ,\WVFDXM-GEB WHIDPWKDAGH ' 3 FDQWKRZ WH QLT HHQASDIOGWEEAMRQ R HIFK VHRRUDD: ' 3

T+~ Z KPP XQHASDDA GYHORNANAY FOQIRNKRZ \WH\SDADOAWMEXWNRQLO DI LAHUAROWRQ This sectoral difference was newly
'| € found by this study since the traditional population-based GDP map D®Rcould not show this difference BHXHOVHRRY

1~ teeated= &RP SDUQJ \WH URXAOV XMQJ &DD D) BRGDG6HAW' 3 ZIWWH: RIGYDNS FHBRWLIXH ) LUXH G DG
M+ J 6HW' 3 PRHIFADM WSHHNKHW DBUSIRSRIRYVR DJURXGUDOTP DIHARP SDHGWR Z KHR3% P HKRGLY
e XMG)UXH F  7KVIQARMMWWOMHW' 3 FOQHITHRRYHD FROMDQWHDIRDNRQR DIURX@MIDD * 3 LQDWHDVZ W
e~ KUK SRSXOIRQ EXWIP WS DURXAMBOOMG &RYHIHD  Z KIB \WH 5 HBRW LIXUH WKRZ. D MJI QU LFDQASURSRINRY | RUKH
~x" LMY VFRRU 6HAW' 3 UAXAV HANP DM WH LQGMY  VHRRU VR BH DB RWRQ SDUZ W \KH VHYLFH VHRRU |, VWKRZ HG \WH
T~y LMY QW Z DV XQEHHIP DM n=the=industrial=seeter=although the hazard in the numerical simulation B &0 D) GRG
[~z captured the flood extent over the industrial sector area and the long-lasting inundation periods-the-tess-was-underestimated.
[ ~{ The reported value excludes assets damage but includes economic losses other than production reduction by direct contact
I~| “with the flood, such as production stoppage due to shortages of raw materials induced by blocked roads. Therefore, if we
[~} "assume that the new sectoral GDP map captured the industrial locations and they were successfully considered to be flooded,
[~~"this underestimation is presumed to be caused by a lack of data reflecting the indirect production stoppage.
="
~€" 5 HDWGWR\WWLY QP MANRQR WHLQAUHRNEIRGARNRQWRSSDIH IWYLP SRR BRI Q] HWWD/AWWHP HERGRBI\  L(FOQEQ) WDV
-~ R WY SC5HJDQG SRV WHGAHY Z KIFK GAMP LGH/WH* ' 3 SIRGAHGLQHIK S HOMQ) LQAFDRY\XRK DY ' 3 SHUXQW
I x~ DUD RYHGBRNV WH | CRAKDADERINXSSTHG I URP UHP RMGFDIRQY/ LV GHHADY 1RU* " 3 SURGARWNRY 7R UWHSKUDHWKLY Z LW \KH
Ty HOPS®IR DIDARY DIHAMG B D GMDAMJ ZKIBIWH* ' 3 RASXIAHD RAEXAY DAKH | CRRY V GADARQ \WHZ RINHY/ Z KR
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Tez7 A RMIKH SIRGRNRYQ WMGH LQ \XURXQAQ) RUUWHP RM DDV 7KHHRH U D GMDIMIRARAY/ LQ \WWHH UHP RM URIGHWO
Te{ DHDV WH* ' 3 RASXWKRXGHDH + RZ HYHJ S| HOEDVHS FDBX@IRQP HKRGY/Z RX@ | DOR UHSUIRHMLY FRRWDIROR * ' 3
I+~ RASMDY &Y D/ WH I DRRY V S HOLV XQ@HTHAMS 7 KLY LV FRQUGHIHG D QRQ QHIQILE®H P STPNIQ WHILRQY Z KHIH HARORP LF
T}~ DRRNW DG UWMGRMODWHDY OH FEOW WEDDMS EXWIXCRQN 1QJ KLY LP STRARQ D J GEDOVAIBI LY PAUUH® KDL
e~ $ RQAMGH I XWUH ULAWHIK RQ WILIRCQBOGLTHHAHY 1Q* ' 3 SHUXQWOWD WL UHP DLQY D @P LMBANRQ \KDAZ H P XWAFRQUGH)
[+ PRVQ IRZ DG

]'.g—_‘




Tzx~ ' DR DYDDELDN

Tzy The global sectoral GDP maps are publicly available via Zenodo at https://doi.org/10.5281/zenodo.13991673 (Shoji et al.,
Yzz72024). The maps on Zenodo correspond to the SBCE maps in this paper and are stored as geotiff files. In total, there are nine

Tz{ maps in the dataset, for each sector (service, industry, and agriculture) and year (2010, 2015, and 2020).

Tz|~ 6XPPDU

Tz} 7KV WG GYHBSHS D \SDIDD GMMEXMG VWARIDD* ' 3 POS 6HAW' 3 B\ GYHIIIQ) WAHO® DYDOE® JEED
Tz~ KUK BAROMRQ @QG XVH GBIV 7KLY P DS G-P ROMDM/WRY FROIMMEP  5A ! Z \K CRXDOXE QDMRDOWBANXFDO
Tz+~ DB DXGH KEWJUDMIDDIQP HAZ LW \KE DIRIDO ' 3 WINIFYFRP SDUHG\R FRMMQIRDD ' 3 P LBV 3% P HARG \KDWV
Tze~ UHD \ROBD RQJUGEHS SRSXDWRQP D8V

Yzoo

T{x™) RUWH L[O3R VHRRU WH P HKRGRBI\  \KFFHAMX@D GMUEXMG [QBAMMDD* * 3 Z W EHWU DFRXUIR. \KDQ SRSXDIRY
Ty~ GMUBX\NRQDIRH 7KWVZ DVEFKIYHGE DERSIY 1 RQ UAMGHRNICDUWDY D/DSUR\ Z KIFK HIHRARYHD FOSMMUAARHEDD HG
T{z” (DMHR [QGAMMDD: ' 3 GWIBMRQLO\SHALLF WHILRQ/Z MMQ HIFK FRXQU ) RUDJUFXGMMH CFRXUIR  Z DVLP SURYHS RYHU
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