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)LJXUH �� &\EHU DQG SK\VLFDO FRPSRQHQWV RI WKH SURSRVHG UHVHDUFK IUDPHZRUN� :KHQ D VKRFN KLWV D FRPPXQLW\ ���� FHOO SKRQH
PHWDGDWD LV FROOHFWHG ��� DQG GDWD PLQLQJ DQG PDFKLQH OHDUQLQJ WHFKQLTXHV DUH DSSOLHG WR PRGHO WKH FRPPXQLW\¶V UHVSRQVH WR WKH
VKRFN ���� 7KH PRGHOV DUH VKDUHG ZLWK GHFLVLRQ PDNHUV ��� WR GHYHORS HIIHFWLYH� RQ�WKH�JURXQG SROLF\ PHDVXUHV�

UHVHDUFK FRQWULEXWLRQV WKDW DWWHPSW WR SUHGLFW EHKDYLRUV GXULQJ VKRFNV� PRVWO\ GXH WR WKH ODFN RI ORQJLWXGLQDO
GDWD� DQG WKH IHZ H[LVWLQJ PRGHOV� SURYLGH YHU\ LQDFFXUDWH SUHGLFWLRQV ZLWK OLPLWHG YDOLGDWLRQ DQG FRQWH[WXDO
LQIRUPDWLRQ� PDNLQJ LW YHU\ GLIILFXOW IRU GHFLVLRQ PDNHUV WR XVH WKHP >��� ��@� ,Q WKLV SURSRVDO� WKH 3, ZLOO� ���
GHYHORS PHWKRGV WR SUHGLFW WKH PRELOLW\ DQG UHVLOLHQFH SDWWHUQV RI D FRPPXQLW\ KLW E\ D JLYHQ W\SH RI VKRFN�
XVLQJ FHOO SKRQH PHWDGDWD DFURVV PXOWLSOH RFFXUUHQFHV RI WKH VDPH HYHQW VR DV WR JXDUDQWHH DFFXUDF\
DQG UHSUHVHQWDWLYLW\� DQG ��� SURYLGH SUHGLFWLRQV WKDW DUH LQIRUPDWLYH DQG WKDW FRQWDLQ FRQWH[WXDO LQIRUPDWLRQ
DERXW WKH SK\VLFDO� VRFLDO DQG VKRFN HQYLURQPHQW�

.QRZOHGJH 7UDQVIHUDELOLW\� 7KH PHWKRGV GHVFULEHG LQ WKH WZR SUHYLRXV UHVHDUFK REMHFWLYHV UHTXLUH
DFFHVV WR H[WHQVLYH FROOHFWLRQV RI FHOO SKRQH PHWDGDWD EHIRUH DQG GXULQJ VKRFNV� +RZHYHU� GHFLVLRQ PDNHUV
PLJKW QRW DOZD\V JHW DFFHVV WR DOO WKH UHTXLUHG PHWDGDWD� )RU H[DPSOH� LW FRXOG EH WKH FDVH WKDW DQ GURXJKW
KDSSHQV LQ D UHJLRQ� DQG GHFLVLRQ PDNHUV DUH DEOH WR DFFHVV GDWD RQO\ ULJKW DIWHU WKH VKRFN WDNHV SODFH� RU
RQO\ PDQDJH WR JDLQ DFFHVV WR JHRUHIHUHQFHG VRFLDO PHGLD H�J�� 7ZLWWHU LQVWHDG RI FHOO SKRQH PHWDGDWD� ,Q
WKLV SURSRVDO� WKH 3, ZLOO H[SORUH KRZ WUDQVIHUDEOH WKH W\SHV RI EHKDYLRUV LGHQWLILHG RU WKH SUHGLFWLYH PRGHOV
DUH� DFURVV W\SHV RI VKRFNV� VSDFH� WLPH DQG GDWD VRXUFHV� 6SHFLILFDOO\� WKH 3, LV LQWHUHVWHG LQ XQGHUVWDQGLQJ
ZKHWKHU WKH W\SHV RI UHDFWLRQV RU WKH SUHGLFWLYH PRGHOV FRPSXWHG IRU RQH VKRFN LQ RQH UHJLRQ FRXOG EH XVHG
IRU WKH GHYHORSPHQW RI SUHSDUHGQHVV DQG UHVSRQVH SROLFLHV LQ RWKHU VKRFNV RU DW RWKHU UHJLRQV� DQG LQ
TXDQWLI\LQJ WKH LQIRUPDWLRQ ORVV WKDW ZRXOG WDNH SODFH ZKHQ NQRZOHGJH LV WUDQVIHUUHG� 7KH ZRUN LQ WKLV DUHD
LV YHU\ OLPLWHG ZLWK RQO\ D IHZ SDSHUV IRFXVHG RQ VLPXODWLRQ RI PRELOLW\ SDWWHUQV� QRW UHVLOLHQFH >��� ��� ��@�

� 5HVHDUFK 3ODQ
��� &KDUDFWHUL]DWLRQ RI KXPDQ UHVSRQVH WR VKRFNV
7KH PDLQ REMHFWLYH RI WKLV UHVHDUFK WKUXVW LV WR H[WUDFW EHKDYLRUDO SDWWHUQV WKDW ZLOO DVVLVW GHFLVLRQ PDNHUV LQ
XQGHUVWDQGLQJ KRZ SHRSOH UHVSRQG WR VKRFNV DQG KRZ UHVLOLHQW DIIHFWHG FRPPXQLWLHV DUH� )RU WKDW SXUSRVH�
WKH 3, ZLOO GHYHORS QRYHO GDWD PLQLQJ DQG PDFKLQH OHDUQLQJ PHWKRGV WR FKDUDFWHUL]H KXPDQ PRELOLW\ DQG
FRPPXQLW\ UHVLOLHQFH GXULQJ VKRFNV XVLQJ FHOO SKRQH PHWDGDWD IURP WKH DIIHFWHG SRSXODWLRQ DQG FRQWH[WXDO
LQIRUPDWLRQ FKDUDFWHUL]LQJ WKH SK\VLFDO DQG VRFLDO HQYLURQPHQW� 7KHVH PHWKRGV ZLOO DOORZ GHFLVLRQ PDNHUV
WR DQVZHU TXHVWLRQV VXFK DV� GXULQJ D VKRFN� GR SHRSOH JR WR ZKHUH RIILFLDO UHVRXUFHV DUH SODFHG" GR
SHRSOH JR WR ZKHUH WKHLU IDPLOLHV DUH" RU� KRZ ORQJ GRHV LW WDNH IRU H�J�� ORZ�LQFRPH FRPPXQLWLHV� WR UHFRYHU
QRUPDOLW\ DIWHU D VKRFN" 5HWULHYLQJ VXFK LQIRUPDWLRQ LV FULWLFDO IRU GHFLVLRQ PDNHUV VR DV WR XQGHUVWDQG KRZ
WR GHYHORS HIIHFWLYH SUHSDUHGQHVV SROLFLHV WR UHVSRQG WR IXWXUH RFFXUUHQFHV RI D JLYHQ VKRFN� )LQDOO\� WKH
3, ZLOO GHVLJQ LQWHUDFWLYH GDWD�EDVHG PDSV IRU GHFLVLRQ PDNHUV WR EH DEOH WR YLVXDOO\ H[SORUH EHKDYLRUV DQG
FRQWH[WV GXULQJ VKRFNV� 7KH PDSV ZLOO EH GHVLJQHG DQG HYDOXDWHG LQ FROODERUDWLRQ ZLWK WKH 8QLWHG 1DWLRQV
�81�� 7KH 3, KDV H[WHQVLYH H[SHULHQFH ZRUNLQJ ZLWK GHFLVLRQ PDNHUV DW ERWK WKH 81 DQG WKH :RUOG %DQN�

�
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3. DATA 

3.1. Location-Based Services Data 

TKH SULPDU\ GDWDVHW XVHG LQ WKLV VWXG\ LV D ORFDWLRQ-EDVHG VHUYLFHV GDWDVHW RI DQRQ\PL]HG 
VPDUWSKRQH GHYLFHV IRU WKH HQWLUH UQLWHG SWDWHV JDWKHUHG E\ D ORFDWLRQ LQWHOOLJHQFH DQG 
PHDVXUHPHQW FRPSDQ\ CXHELT. IQIRUPDWLRQ LQ WKLV GDWDVHW ZDV UHFRUGHG SDVVLYHO\ WKURXJK PRELOH 
SKRQH DSSV. EDFK REVHUYDWLRQ LQFOXGHV WLPHVWDPS RI WKH REVHUYDWLRQ LQ UQL[ HSRFK WLPH IRUPDW, 
DQ DQRQ\PL]HG KDVKHG LGHQWLILFDWLRQ QXPEHU (ID), ID W\SH WKDW UHSUHVHQWV WKH GHYLFH RSHUDWLQJ 
V\VWHP (OS), ODWLWXGH DQG ORQJLWXGH FRRUGLQDWHV LQ GHFLPDO YHUVLRQ, ORFDWLRQ DFFXUDF\ DVVRFLDWHG 
ZLWK HDFK GDWD SRLQW LQ PHWHUV, DQG WLPH ]RQH RIIVHW RI WKH SRVLWLRQ RI WKH GHYLFH. A V\QWKHWLF 
VDPSOH RI GDWD LV JLYHQ LQ Table 1 WR GHPRQVWUDWH WKH UDZ GDWD. DDWD SUHVHQWHG LQ Table 1 LV 
PRGLILHG LQ RUGHUHG WR SUHVHUYH SULYDF\. 
  

Table 1. A s\nthetic sample of LBS data 
Timestamp Device ID Device 

Type Latitude Longitude Location 
Accuracy (m) 

Time Zone 
Offset 

1504068337 e07941996a2ffd303021914e0c12gcf 1 28.43023 -81.60654 5 -14400 
1504068342 e07941996a2ffd303021914e0c12gcf 1 28.43038 -81.60531 25 -14400 
1504068351 e07941996a2ffd303021914e0c12gcf 1 28.43029 -81.60427 5 -14400 
1504068360 e07941996a2ffd303021914e0c12gcf 1 28.43058 -81.60463 100 -14400 
1504068369 e07941996a2ffd303021914e0c12gcf 1 28.43139 -81.60374 5 -14400 

    
BDVHG RQ WKH PHWHRURORJLFDO KLVWRU\, IUPD GHYHORSHG IURP D WURSLFDO ZDYH QHDU CDSH 9HUGH 

RQ AXJXVW 30 DQG TXLFNO\ LQWHQVLILHG LQWR D CDWHJRU\ 3 KXUULFDQH E\ AXJXVW 31 GXH WR WKH FOLPDWH 
FRQGLWLRQ. OQ SHSWHPEHU 4, WKH VWRUP NHSW LQWHQVLI\LQJ, PDNLQJ LW D CDWHJRU\ 5 KXUULFDQH. 
TKHUHIRUH, EDVHG RQ WKH WLPHOLQH RI HXUULFDQH IUPD¶V HYROXWLRQ, ZH FKRVH WKH PRQWK RI AXJXVW WR 
LGHQWLI\ WKH KRPH ORFDWLRQ RI WKH XVHUV ZLWKLQ WKH VWDWH RI FORULGD, DV ZH DVVXPH WKDW XVHUV¶ EHKDYLRU 
KDG QRW EHHQ LPSDFWHG E\ WKH QHZV RI HXUULFDQH IUPD \HW. FXUWKHUPRUH, WR XQGHUVWDQG WKH 
HYDFXDWLRQ SDWWHUQ RI WKH UHVLGHQWV LQ FORULGD, WKH GDWD IURP WKH HQWLUH PRQWK RI SHSWHPEHU ZHUH 
HPSOR\HG. 

3.2. Evacuation Zone Data 

IQ DGGLWLRQ WR WKH ORFDWLRQ GDWD, JDWKHULQJ LQIRUPDWLRQ UHJDUGLQJ HYDFXDWLRQ RUGHU HYROXWLRQ ZDV 
QHFHVVDU\ WR XQGHUVWDQG WKH HYDFXHHV¶ EHKDYLRU. TKH FORULGD DLYLVLRQ RI EPHUJHQF\ MDQDJHPHQW 
SURYLGHG WKH VSDWLDO SRO\JRQ RI HYDFXDWLRQ ]RQHV IRU WKH FRXQWLHV ZLWK GHILQHG HYDFXDWLRQ ]RQHV 
32. HRZHYHU, IRU WKH LQIRUPDWLRQ UHJDUGLQJ HYDFXDWLRQ RUGHUV E\ FRXQW\ DQG ]RQHV, QR VLQJOH VRXUFH 
SURYLGHG FRPSUHKHQVLYH GHWDLOV. TKH ZHESDJH RI WKH IRUPHU FORULGD JRYHUQRU, RLFN SFRWW, KDG RQH 
RI WKH PRVW FRPSOHWH LQIRUPDWLRQ UHJDUGLQJ WKH LVVXDQFH RI HYDFXDWLRQ RUGHUV DV RI 9/9/2017 33. 
HRZHYHU, VHYHUDO FRXQWLHV, SDUWLFXODUO\ LQ WKH QRUWK RI FORULGD, LVVXHG HYDFXDWLRQ RUGHUV RQ 
9/10/2017. AOVR, PDQ\ FRXQWLHV XSJUDGHG IURP YROXQWDU\ WR PDQGDWRU\ HYDFXDWLRQ RUGHUV RQ RU 
DIWHU 9/9/2017. TKHUHIRUH, ZH ORRNHG DW VHYHUDO YDULRXV VRXUFHV DQG FRPSLOHG WKH GDWD IRU HDFK 
HYDFXDWLRQ ]RQH. TKH ILQDO FORULGD PDS E\ HYDFXDWLRQ RUGHU DQG GDWH GXULQJ HXUULFDQH IUPD LV 
VKRZQ LQ Figure 1. BHVLGHV WKH HYDFXDWLRQ PDS, RSHQ-VRXUFH SDUFHO-OHYHO LQIRUPDWLRQ IRU WKH 
HQWLUH VWDWH RI FORULGD ZDV REWDLQHG. TKH GDWD ZHUH JDWKHUHG E\ WKH FORULGD DHSDUWPHQW RI RHYHQXH, 
CRXQW\ PURSHUW\ ASSUDLVHUV, DQG WKH UQLYHUVLW\ RI FORULGD GHRPODQ CHQWHU. TKLV OD\HU FRQWDLQV 

1. Data

Research FrameworkModeling evacuation patterns and decisions using mobile device location data: 
A case study of hurricane Irma

A. Location-based services data C. Evacuation zone data
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UeVLdeQWLaO KRPe W\Se LQIRUPaWLRQ WKaW KaV beeQ XVed LQ WKe SaUaPeWeU VeOecWLRQ SURceVV IRU WKe 
KRPe ORcaWLRQ LdeQWLILcaWLRQ aOJRULWKP. 

AOVR, WR PeaVXUe WKe LPSacW RI OLYLQJ LQ ORZ-O\LQJ UeVLdeQceV RQ WKe eYacXaWLRQ decLVLRQ, 
WKe eOeYaWLRQ LQIRUPaWLRQ ZaV RbWaLQed IURP WKe dLJLWaO eOeYaWLRQ PRdeO (DEM) SURYLded b\ WKe 
UQLYeUVLW\ RI FORULda GeRPOaQ CeQWeU IRU WKe eQWLUe VWaWe RI FORULda. 
 

 
Figure 1. Florida map b\ eYacuation order and date during Hurricane Irma 

3.3. Socio-Demographic Data 

IQ addLWLRQ WR WKe SaVVLYeO\ cROOecWed ORcaWLRQ daWa aQd eYacXaWLRQ ]RQe LQIRUPaWLRQ, VRcLR-
dePRJUaSKLc LQIRUPaWLRQ VXcK aV LQcRPe, aJe, aQd Uace LQIRUPaWLRQ ZaV JaWKeUed IRU VWaWLVWLcaO 
PRdeOLQJ SXUSRVeV. We KaYe XVed WKe 2017 APeULcaQ CRPPXQLW\ SXUYe\ (ACS) 5-\eaU eVWLPaWeV 
cRQdXcWed b\ WKe UQLWed SWaWeV CeQVXV BXUeaX WR cROOecW VRcLR-dePRJUaSKLc LQIRUPaWLRQ aW WKe 
ceQVXV WUacW OeYeO. TKe ceQVXV-WUacW OeYeO VRcLR-dePRJUaSKLc LQIRUPaWLRQ ZaV added WR deYLceV 
baVed RQ WKeLU UeVLdeQWLaO ORcaWLRQ. 

4. METHODOLOGY 

We deVcULbe WKe WKUee VWeSV RI RXU aQaO\VLV WR caSWXUe WKe eYacXaWLRQ SaWWeUQ IURP WKe LBS daWa: 
(1) IdeQWLI\LQJ WKe KRPe ORcaWLRQ RI eacK aQRQ\PL]ed XVeUV WR ILOWeU RXW WKe deYLceV WKaW aUe QRW 

B. ACS 5-year estimates per census tract in Florida

2. Methodology

a. Identify home location with LBS in Aug DBSCAN 7pm-7am data; select centroid with highest frequency
b. Identify  evacuees as those with distance from their home locations > 1mi
c. Aggregate analysis of evacuation behaviors
d. Statistical analysis of individual mobility behaviors and evacuation decisions via logistic regressions

3. Results

4. Broader Impacts
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TabOe 3. DaWa deVcUiSWiYe fRU eYacXaWiRQ deciViRQ chRice PRdeO 
MHWULF DHILQLWLRQ DHVFULSWLYH 6WDWLVWLFV 

CDWHJRULFDO 9DULDEOH CRXQW PHUFHQWDJH 

EYDFXDWLRQ DHFLVLRQ EYDFXDWLRQ GHFLVLRQ 0 = GLG QRW HYDFXDWH, 507605 63.16 
1 = HYDFXDWH 296081 36.84 

EYDFXDWLRQ RUGHU EYDFXDWLRQ RUGHU 
UHFHLYHG 

0 = QRQH 565178 70.32 
1 = YROXQWDU\, 114038 14.19 
2 = PDQGDWRU\ 124470 15.49 

CRQWLQXRXV 9DULDEOH  MLQ MHGLDQ MD[ 6D 
EOHYDWLRQ 5HVLGHQWLDO ORFDWLRQ HOHYDWLRQ -1 6 102 13.86 

MHGLDQ DJH MHGLDQ DJH RI WKH UHVLGHQWLDO FHQVXV WUDFW 11.9 41.4 83.3 9.71 
MHGLDQ LQFRPH MHGLDQ LQFRPH RI WKH UHVLGHQWLDO FHQVXV WUDFW 8804 54279 2500001 22951 

9HKLFOH DYDLODELOLW\ PHUFHQWDJH RI KRXVHKROGV ZLWK DW OHDVW RQH 
YHKLFOH LQ WKH FHQVXV WUDFW 28.4 96.1 100 5.82 

5DFH - ZKLWH PHUFHQWDJH RI ZKLWH SRSXODWLRQ LQ WKH FHQVXV WUDFW 0 0.83 1 0.17 
AYHUDJH QXPEHU RI 

WULS 
AYHUDJH QXPEHU RI WULSV WDNHQ E\ WKH LQGLYLGXDO 

SHU GD\ GXULQJ AXJXVW 1 5.5 51.4 3.82 

AYHUDJH RI FRQYH[ 
KXOO DUHD 

AYHUDJH GDLO\ FRQYH[ KXOO DUHD RI LQGLYLGXDOV 
GXULQJ AXJXVW 0 48.57 57274.8 510.31 

 
AV QR HYDFXDWLRQ ZDV WKH EDVH FKRLFH LQ RXU GHFLVLRQ YDULDEOH, SRVLWLYH FRHIILFLHQWV LQGLFDWH WKDW 
LQFUHDVH LQ YDULDEOHV¶ YDOXH LQFUHDVHV WKH OLNHOLKRRG RI HYDFXDWLRQ, ZKLOH D QHJDWLYH VLJQ GHQRWHV D 
GHFUHDVH LQ WKH OLNHOLKRRG RI HYDFXDWLRQ. 7KH VXPPDU\ RI UHVXOWV LV SUHVHQWHG LQ TabOe 4. 
 

TabOe 4. LRgiVWic UegUeVViRQ PRdeOV¶ VXPPaU\ 

9DULDEOH 
MRGHO#1 ± ORJLVWLF PRGHO ZLWKRXW 

PRELOLW\ EHKDYLRU PHWULFV 
MRGHO#2 ± ORJLVWLF PRGHO ZLWK PRELOLW\ 

EHKDYLRU PHWULFV 
EVWLPDWHG FRHIILFLHQW S-YDOXH EVWLPDWHG FRHIILFLHQW S-YDOXH 

IQWHUFHSW 3.61E-01 <0.001 *** 4.45 E-01 <0.001 *** 
EYDFXDWLRQ RUGHU 4.06 E-01 <0.001 *** 4.08 E-01 <0.001 *** 

EOHYDWLRQ -8.60 E-05 <0.001 *** -8.55 E-05 <0.001 *** 
MHGLDQ DJH 8.48 E-03 <0.001 *** 8.65 E-03 <0.001 *** 

MHGLDQ LQFRPH 3.62 E-08 0.766 2.68 E-07 0.028 * 
9HKLFOH DYDLODELOLW\ -1.57 E-02 <0.001 *** -1.88 E-02 <0.001 *** 

5DFH - ZKLWH 2.59 E-01 <0.001 *** 2.44 E-01 <0.001 *** 
AYHUDJH QXPEHU RI 

WULS - - 1.03E-02 <0.001 *** 

AYHUDJH RI FRQYH[ 
KXOO DUHD - - 4.28E-04 <0.001 *** 

NXPEHU RI 
REVHUYDWLRQ 803686 803686 

LRJ LLNHOLKRRG -516912.5 (GI=7) -513806.2 (GI=9) 
AIC 1033839 1027630 

MFFDGGHQ 52 0.025 0.031 
MRGHOV 

CRPSDULVRQ P-YDOXH (CKL) = <0.001 *** 

 
:H GHYHORSHG WZR ORJLVWLF UHJUHVVLRQ PRGHOV. MRGHO#1 RQO\ LQFOXGHV VRFLR-GHPRJUDSKLF 
LQIRUPDWLRQ, HOHYDWLRQ RI UHVLGHQWLDO ORFDWLRQ, DQG HYDFXDWLRQ RUGHU DWWULEXWHV ZKLOH PRGHO#2 
XWLOL]HG PRELOLW\ EHKDYLRU PHWULFV LQ DGGLWLRQ WR DOO YDULDEOHV LQ PRGHO#1. IQ ERWK PRGHOV, WKH VLJQ 
RI FRHIILFLHQWV IRU FRPPRQ YDULDEOHV ZDV LQ OLQH DQG FRQVLVWHQW ZLWK SUHYLRXV VWXGLHV H[FHSW IRU 
WKH YHKLFOH DYDLODELOLW\ PHWULF. HLJKHU YHKLFOH DYDLODELOLW\ ZDV H[SHFWHG WR LQFUHDVH WKH WHQGHQF\ 
WR HYDFXDWH EXW LQ RXU PRGHO, WKH FRHIILFLHQW ZDV HVWLPDWHG QHJDWLYH. OQH SRVVLEOH UHDVRQ IRU WKLV 
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aQd WKH daWH WKaW WKH cRUUHVSRQdLQJ HYacXaWLRQ RUdHU ZaV LVVXHd. ObVHUYLQJ KRZ LQdLYLdXaOV UHacW 
WR WKH HYacXaWLRQ RUdHU KHOSV XV bHWWHU XQdHUVWaQd WKH LQdLYLdXaOV¶ UHVSRQVH WR WKH HYacXaWLRQ RUdHUV 
aQd SOaQV. 

DHVWLQaWLRQ cKRLcH LV aQRWKHU LPSRUWaQW dHcLVLRQ cRPSRQHQW. WKLOH aQ LQcUHaVH LQ VKRUW-
dLVWaQcH HYacXaWLRQV LQcUHaVHV WKH dHPaQd IRU VKHOWHULQJ UHVRXUcHV, LW UHdXcHV WKH VWUHVV RQ WKH 
WUaQVSRUWaWLRQ QHWZRUN aV ZHOO aV WKH cRVW RI HYacXaWLRQ. AV a UHVXOW, aJHQcLHV aUH bHcRPLQJ 
LQcUHaVLQJO\ LQWHUHVWHd LQ VKRUW-dLVWaQcH HYacXaWLRQV. IQ WKLV SaSHU, ZH XVHd WKH Pa[LPXP YaOXH RI 
LQdLYLdXaOV¶ PLQLPXP dLVWaQcHV IURP WKHLU LQIHUUHd KRPH ORcaWLRQV dXULQJ WKH HYacXaWLRQ SHULRd 
aV WKH SUR[\ IRU WKH dLVWaQcH bHWZHHQ WKHLU KRPH aQd WKH HYacXaWLRQ dHVWLQaWLRQ. AOVR, ZH 
HPSLULcaOO\ H[aPLQHd WKH LPSacW RI OLYLQJ LQ a ORZ-O\LQJ UHVLdHQWLaO aUHa RQ LQdLYLdXaOV¶ 
HYacXaWLRQ dHcLVLRQV. TR KaYH a bHWWHU XQdHUVWaQdLQJ RI WKH HIIHcWV RI WKH ORZ-O\LQJ aUHa RQ WKH 
HYacXaWLRQ UaWH, ZH cRQWUROOHd IRU WKH W\SH RI HYacXaWLRQ RUdHU LQ RXU aQaO\VLV.  

5.1. SWa\ RU EYacXaWe 

IPSOHPHQWLQJ WKH KRPH ORcaWLRQ LdHQWLILcaWLRQ aOJRULWKP dLVcXVVHd abRYH RQ WKH 6 bLOOLRQ 
RbVHUYaWLRQV IRU WKH dHYLcHV WKaW ZHUH RbVHUYHd LQ FORULda dXULQJ AXJXVW, ZH ZHUH abOH WR LQIHU 
WKH KRPH ORcaWLRQ RI 1,050,472 dHYLcHV. APRQJ WKHVH dHYLcHV, 1,002,858 RI WKHP UHVLdHd ZLWKLQ 
WKH VWaWH RI FORULda. E[WUacWLQJ WKH LQIRUPaWLRQ RI WKHVH dHYLcHV IRU SHSWHPbHU, 5,677,549,347 
VLJKWLQJV ZHUH ILOWHUHd IURP RXU LBS daWa aQd aQaO\]Hd. TKH addLWLRQaO cKHcNV ZHUH cRQdXcWHd WR 
UHPRYH LQacWLYH dHYLcHV dXULQJ SHSWHPbHU aV ZHOO aV HOLPLQaWLQJ dHYLcHV WKaW dLd QRW KaYH HQRXJK 
VLJKWLQJV QHaU WKHLU KRPH ORcaWLRQV. TKH ILQaO OLVW RI dHYLcHV LQcOXdHV 807,623 acWLYH dHYLcHV. TKH 
PLQLPXP dLVWaQcH IURP WKH LdHQWLILHd KRPH ORcaWLRQ ZaV caOcXOaWHd daLO\ IRU aOO XVHUV. TKHQ WKH 
SURSRVHd IUaPHZRUN IRU HYacXaWLRQ LdHQWLILcaWLRQ ZaV HPSOR\Hd WR ILQd RXW WKH HYacXaWLRQ 
dHcLVLRQ, dHSaUWXUH daWH, aQd UHHQWU\ daWH RI WKH HYacXHHV. A VXPPaU\ RI WKH UaWH RI HYacXaWLRQ b\ 
HacK HYacXaWLRQ RUdHU W\SH LV VKRZQ LQ Table 2. BaVHd RQ RXU UHVXOWV, 57.92% RI WKH SHRSOH ZKR 
UHcHLYHd PaQdaWRU\ HYacXaWLRQ RUdHUV HYacXaWHd WKHLU KRPHV ZKLOH WKLV UaWLR ZaV cRQVLdHUabO\ 
ORZHU IRU SHRSOH ZKR UHcHLYHd YROXQWaU\ HYacXaWLRQ RU QR HYacXaWLRQ RUdHU (33.68% aQd 32.98%, 
UHVSHcWLYHO\). TKHVH UHVXOWV aUH LQ accRUdaQcH ZLWK WKH UHVXOWV RI a WHOHSKRQH SROO cRQdXcWHd RQ 
OcWRbHU 17, 2017, WKaW VKRZHd 57% RI SHRSOH IROORZHd WKH PaQdaWRU\ HYacXaWLRQ RUdHU aQd LQ 
JHQHUaO, 33% RI WKH FORULdLaQV ZHUH HYacXaWHd WKHLU KRPH 41. 
 

Table 2. EYacXaWiRQ deciViRQ baVed RQ Whe eYacXaWiRQ RUdeU UeceiYed 
 No Evacuation 

Order 
Voluntary 

Evacuation Order 
Mandatory Evacuation 

Order Entire State 
 Number Ratio Number Ratio Number Ratio Number Ratio 

Evacuated 187285 32.98 38524 33.68 72628 57.92 298437 36.95 
Not Evacuated 380547 67.02 75868 66.32 52771 42.08 509186 63.05 

Total 567832 100 114392 100 125399 100 807623 100 

5.2. DeSaUWXUe aQd ReeQWU\ DaWe DiVWUibXWiRQ 

DHSaUWXUH aQd UHHQWU\ daWH cKRLcHV aUH bHcRPLQJ LQcUHaVLQJO\ LPSRUWaQW IRU WKH HPHUJHQc\ aQd 
WUaQVSRUWaWLRQ SUacWLWLRQHUV aV ZHOO aV VWaWH aQd JRYHUQPHQW aJHQcLHV. WH WULHd WR HVWLPaWH WKH 
dHSaUWXUH aQd UHHQWU\ daWH dLVWULbXWLRQ b\ HPSOR\LQJ WKH PHWKRd dLVcXVVHd SUHYLRXVO\ RQ RXU LBS 
daWaVHW. WH acNQRZOHdJH WKaW WKLV aSSURacK PLJKW KaYH VRPH dHILcLHQcLHV LQ caSWXULQJ WKH acWXaO 
dHSaUWXUH aQd UHHQWU\ daWH accXUaWHO\ IRU WKH dHYLcHV WKaW ORVW WKHLU cRQQHcWLRQV WR WKH QHWZRUN 
HLWKHU dXH WR SRZHU RXWaJH RU ORVLQJ cHOO QHWZRUN VHUYLcHV dXULQJ aQd aIWHU KXUULcaQH OaQdIaOO. 
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LVVXed 
5.3. DeVWLQaWLRQ CKRLce: DLVWaQce WR SKeOWeU 

7KH RYHUDOO GLVWULEXWLRQ RI GLVWDQFH WR VKHOWHU IROORZHG D VLPLODU WUHQG DPRQJ HYDFXHHV ZKR 
UHFHLYHG YDULRXV HYDFXDWLRQ RUGHUV. HRZHYHU, RQ DYHUDJH, HYDFXHHV ZKR UHFHLYHG PDQGDWRU\ 
HYDFXDWLRQ RUGHU WUDYHOHG WR IDUWKHU ORFDWLRQV. 7KH WUHQG LV VKRZQ LQ FLJXUe 6.  :KLOH DERXW 43% 
RI WKH HYDFXHHV ZKR UHFHLYHG YROXQWDU\ HYDFXDWLRQ RUGHU RU QR RUGHU DW DOO GHFLGHG WR FKRRVH 
VKHOWHUV ZLWKLQ 20 PLOHV UDGLXV RI WKHLU UHVLGHQWLDO ORFDWLRQV, 35.47% RI HYDFXHHV ZKR UHFHLYHG 
PDQGDWRU\ HYDFXDWLRQ RUGHU VWD\HG ZLWKLQ 20 PLOHV UDGLXV RI WKHLU KRPH. A SRVVLEOH UHDVRQ IRU WKLV 
REVHUYDWLRQ PLJKW EH WKDW SHRSOH ZKR UHFHLYHG PDQGDWRU\ HYDFXDWLRQ RUGHUV PD\ KDYH QRW IHOW 
VDIH UHPDLQLQJ LQ WKHLU QHLJKERUKRRG UHJLRQV. 7KH GLVWDQFH GLVWULEXWLRQ DOVR VKRZHG WKDW WKH 
JUHDWHU QXPEHU RI HYDFXHHV GHFLGHG HLWKHU WR VHOHFW VKHOWHUV ZLWKLQ D 20-PLOH UDGLXV RI WKHLU 
UHVLGHQWLDO DUHD RU WR WUDYHO WR IXUWKHU ORFDWLRQV ZLWK GLVWDQFHV PRUH WKDQ 100 PLOHV. IW LPSOLHV WKDW 
HYDFXHHV WHQG WR HLWKHU FKRRVH D FORVH VKHOWHU ZLWKLQ WKHLU QHLJKERUKRRG RU WUDYHO IDUWKHU DZD\ WR 
JHW WR WKHLU SHUFHLYHG VDIH SODFHV. 
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0
5

10
15
20
25
30
35
40

9/4/17 and
earlier

9/5/2017 9/6/2017 9/7/2017 9/8/2017 9/9/2017 9/10/2017 9/11/2017

Pe
rc

en
t

Departure Date

Departure Date Based on the Date of Evacuation Order

9/6/2017 9/7/2017 9/8/2017 9/9/2017 9/10/2017

0
10
20
30
40
50

Less than 20 miles Between 20 to 50
miles

Between 50 to 100
miles

Between 100 to 500
miles

Farther than 500
miles

Pe
rc

en
t

Distance

Distance Distribution to Destination

No Evacuation Order Voluntary Evacuation Order Mandatory Evacuation Order

DaU]L eW aO.  16 

 
Figure 8. Evacuation duration distribution among different order groups 

 

 
Figure 9. Average of evacuation duration at the county level 

5.5. Impact of Low-Lying Residential Area 

We LQYeVWLJaWed WKe LPSacW RI ORZ-O\LQJ UeVLdeQWLaO aUeaV RQ LQdLYLdXaOV¶ eYacXaWLRQ decLVLRQV. AV 
WKeUe LV QR VROLd deILQLWLRQ IRU ORZ-O\LQJ aUeaV, Ze caWeJRUL]ed LQdLYLdXaOV LQWR WKUee cOaVVeV baVed 
RQ WKe eOeYaWLRQ RI WKeLU UeVLdeQWLaO aUea; eOeYaWLRQ OeVV WKaQ 10 PeWeUV, eOeYaWLRQ beWZeeQ 10 PeWeUV 
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a. Knowledge sharing with disaster preparedness and 
response partners
b. Online course for mobility data analysis


