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A1 A2

1. 97 7 2 23

Atstet ol ofmzE|Fto|A et ol= ofs AFGY F2 dllo|Ar A&7}
S8 HHE 7t=29= dA ot (Mbacham et al., 2019; WHO, 2021a). 20004
78§ (United Nations, UN)Z A4S 7F Dekejol ZA1E sidsior &

f 2 ORI olF 9 % A AF TS AJPstHA DA
A FAA = AAFATOUN, 2016), Astet ol ofxE|7toA e ods] &
& oFsol kool AAF L ArH(Weiss et al., 2019; WHO, 2021b). 2020
AlA Zekelor e 95%, EeEtE]ot2 AT AFYe] 96%7t otLE|FollA
Aglom ofxE 7t W AFGALY] 80%7F 5A| mIRE oF&o] ATHWHO, 2021b).!

otz 7to] TetElor EANA FET H2 HFeE Y ZA/(urbanicity)
I BHE FE ARoltH(Doumbe-Belisse et al., 2021; Kabaria et al., 2017;
Pond, 2013; Weiss et al., 2019). &&te]o} gl FF= HA= a2l o
2 ARSIFAl 9 AE E40] =Tl ol EAL AFRAFY Al wEt
2 ZolE& HAY(Bannister-Tyrrell et al., 2017; Carrasco-Escobar et al., 2021;
Kienberger & Hagenlocher, 2014). ot 2|7} =Z7}&50| A& 20¥7F S43H
TAsket FEed WIS AYstHA, B2 A =AY deE EEE

of st wstel HFA §¥o] W2 FWEC A%E BAYTHDoumbe-

12020¢ 71& Zeheglol 7go] wHASE 857 =(malaria endemic countries)® hglol Z+
GAF= 24190k g, drakEjot2 QIsh AFERlE 6359 oY THWHO, 2021b). ‘olZ 7t &=
MNARAZ]FH(WHO)7F A olgt of= a7k A (WHO African region) 477 =7+& 99| gtt.



Belisse et al., 2021; Kabaria et al., 2017; Qi et al., 2012; Tatem et al., 2008).
o|X ¥ wEtz|ote} LAY TA Ol HRt =97t &ESHA XgE o] e
U oo A7t TA-E olBHoR HEA §9E dessiAY ©d A

£ &8oto] TAY H4E 5o tH(Kabaria et al., 2017; Qi et al., 2012;

Tatem etal, 2008). A9 A7 EA-5& %A BHNH A4S 7
A JFBAY old B4 Fuetel TAY WeE SRR,
4 27k 9 AGe Aoz sto] vt gk vl BAo] otk WA X
Th(Frank et al., 2016; Kigozi et al., 2015; Larson et al., 2021). &, EAAS
dedoz 2gstel 43A 9¥L AL, o e oz th
T AN EAAY) B WIL BAT A7 REsih
olefst HjolA B ATE Akt ol okmes} 204FE HhAoR
U EAH 84S AUstn, EA4e] Detelol 749 W 8 )
L oane 4%se AS Bho it pAMoR, o AW E4S
FPstel EA4S dHgor 24ty A%A §3S HIGL B4,
B, B4 2Y, B, 9 & 94 v)E PG EW 03
AL(Multiple-scale) BHCE ATE At EAgo] ekejoro] mXE
avhe ol g1b WSllA FEstuA stk
FAH AT BAL thet Lok WA, §F, ANA, T 24
A ok Terelol A(infection)] ML A4S ENE FHU B4,
ARUE ] o} Wakzlor §8 S (prevalence)ol TAE EAHS] B F3}
£ FUdT 2 dvi Delelolel £A49 BAZ ot A SFol
2 Gefelol 9B AolB Mo ¥ £8E £ AR YL &
3, welelol mzade] Ao ARE & YT iy A
24§92 Aol AbEE AgsHe B A7 oot Yt
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e
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2 A= uIF2ANLAS AFREAZANDemographic and Health
Survey, DHS), @&lzjo} ofEetA T A E(Malaria Atlas Project, MAP) A&,
=229 97t AF Fo]o|(Global Human Settlement Layer, GHSL)S &-&5I%
on FAHQ AT WS Ho= v Ak

AAl, A9 g Alstet o ofzE]7te] ofbzoltt. Zijle] HeEtz|of

Aol #t E42 5A4 viRt obsE WAd2® stv, DHSOIA EH=THAL

(Microscopy) ¥ Al&ZAAANRapid Diagnostic Tests, RDT)S 53 @&telot
A ARt ERlEE otsloE ST AwrYE HEEol fHE
U 242 2-104] ots= tidCe® 3tH, MAPY 2-10A4] o592 ddiddF
749 ¥]&(Plasmodium falciparum Parasite Rate, PfPR)°] A| &%+ DHS FAF
FAFUEDE A5

=4, A9 37 Hel= Aster ol ofxLE]7ke] 207h=5 ot 3). Al

o
ol

stet old ofZL2|7h HloflA R A= (DHS, MAP), HF87 e A= (GHSL),

thFet 2 g]57t A& (geospatial data)E &8 4+ Y& BE I7ME EFSH

¢

AR, ALY AZF ®Mel= 20129FH 2019¥7HAoltt. GHSLO| ++5
T =Sl 20159F 7IELR 4ob =7HER 201593 7MY Tt A=
o] DHS A=E 1& AI7I&, o|%9 DHS A=E 22 A7|& F&Est] FHE
stttk 13+ Al719 AmE 105 A9ty BE 20179 oA ztgoln, 2
ZF AI719 AgE BF 201795H 201997149 Zp=oltt.



T =AM HEE AT AY dE dER H, EetEorer =AY

Al B3 EA5H HA, diE AADOA EAE BIaE oetd o=
gl Gazor THHT F4 Havt olRY (@Y wEolt |
£ 1gste] tgaE 2R AE S AR Y (Multilevel logistic regression model)&
gt

ANAY B =27MEE EEAle RAEe |
& 9 OgHeS 83 o7 24 Ay Fdste] 59 avs S5k, NE
BAGE7H 2 B IFCAAAY) F 29 oldAgS Eche HEREA
(Meta-analysis)< &-&5HAt

=4, AwHE S TRl FHEC vAe =AY 33 adE o

S8 (spillover effect)2t A4 AT (local effec)® U0 FHoFF Tt A,

AH AFYEHY ZAGol B ARUEY fHEC Al 24E A
fe 59U =899 3HE sganE 245 S AES
(Spatial regression model)& &-&3}%t}.

Zetelor FREC vAe =AY a3t Aw
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3] HEA (Geographically weighted regression)



2 d7es oAl 1Y Aem FA4EY. 1ZoAe A9 wWid 2 23S
Aot WS AART. 2oA = Eeheore] EuA et 9F

29e dESL T oret kAol Bt A AE LERdT 3FoIA =
AT AAE AL =AM ®ee 44 3 7le sAE FE
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ot 4o ARl EEkE|or gl vAE =AY adE diSsd AA
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e
ol
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Uiro] 243 AWE A& Gl AE AT ANE acksty A A4
2 ANG § AT e AS ot

ariy

22t2(oret HAX|2| HFege EAY # EFX /Y

Afot2t Ol OFZ2|7te| Eat2|otet FHFX| =AY

SR CHE A7 S 24 FA =AY He 28

HI

Ots Z2te|oF 24 R REE0 O1Xl= =AIES 24t

JH1e| FHat2|of 24| 0|X|= 7ARLIE|Q 22t2|of REE0| O|X|:=
Ao gt TAge 378 gt
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s A e =2l D
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A2 olE & £d 1E

1. Zehejore] AR

TEte]otet AFe 9] #AE EActe & A4t EAT A9 #AE
S ote BAR 28K Health geography)& ETE 3ttt HAA S B4 &
Aol Alszt o, 2 A 33t R A4 BA, B ZA0 ¢’ A
A R S3F WeEke APjAog BAsty BHA ZHS AR (Dummer,
2008; Valorie et al., 2018). oJo] &atzjolr Ar gt #H F2 2 =27
H2 AESHL TEtEor I 89S AHA TRoA Akt

1) wetejor Asw mz 1Y

A7HNA ZH=E Zetgolhuman malaria)= Y¥FEOoZ ASG7iR7]

Z(Anopheles genus)®| %71+ BYZ(Plasmodium, ©lst POl 2old] =rAygtct

(Mbacham et al., 2019; Sorvillo et al., 2015).? =7} ¥ X9z &= 4 <=
FO FTH= OFotAT Lt otg ARAI= EUF T ATES =o0l=
AL ANELI (P falciparum)T A LBLEF(P. vivax)oltH(Guerra et al.,

2010; Loy et al., 2017; Zilversmit et al., 2016). AFJAE FHILZo] of
zZej7toflA getelol FahS FESF=H|(Snow, 2015), 2018| ofZej7tof A

2 Zrgkglof w7l B7)E 9F 70%0] A=Y|(Service & Townson, 2002; Sinka et al., 2012), ©}
WA (Anopheles, An) 49 An. gambiae, An. arabiensis, An. funestus 5°] otZ&|7} &
g2jo} &AM o] EtH(Sorvillo et al., 2015; Tonnang et al., 2010).



A debejol e 99.7%7F AHHE POl gt Aol AHWHO, 2019).
UNo] 2000¥ AMAEZ/NEEHE(Millennium development goals, MDGs)2+
20159 A&7k 5 3 (Sustainable development goals, SDGs)ollA] H2ka]of

A sidsior & 2 AR oREA et ZEkEor A H SA ==
T(elsk TEEof =)ol FAFATHUN, 2016, 2019).° 2| F

Folle ASA Ag ZE7F(insecticide-treated net, ITN), AY JF EF
(indoor residual spraying, IRS), Zzte]ob 2@} 2= 5o] AH(Sorvillo et al.
2015; WHO, 2021a).* o]2|3 22 vHEAQl a7 45 B A4
o= MAFEJoH Al A Fof = th(Bhatt et al., 2015; Hopkins et al.,
2007; Kesteman et al., 2017; Sadoine et al., 2018).

gy ZEbEor EY AlSt g2 gsaAdelA F7HE ARt
ojojz]1 QLS HoEth fEEE HW 19804 o|& <l dfju] wetElof

FAFATE, QA G F ofZ7t AR HS2 § #®OorA

N

AAR=
tH(Murray, Rosenfeld, et al., 2012; WHO, 2021b).> ot=g|7} Z7IHE HW,
A+ 14 B Zetgjor AR o] & Zol7t Qo™ 20009 o]F A=

7V faote £ 9A] I7PEE oZ2A YeRdti(Murray, Rosenfeld, et al.,

3 E =RoA ‘walglol it @ =X T2 73 (Malaria prevention and control program)’
webejol RO 2 wakejol A4 2 o) SAF, BE, HAFRITE, 7Y
5 o9 FA7F AYsts 2y, TRAE AY, FH 5L T3

g
-
Fu.

H

4 ol2duAd 7|8t B3 X8 (artemisinin-based combination therapy, ACT), A&AA &
g}2jo} g}t ofHf(seasonal malaria chemoprevention, SMC), ZF83 94} ] & (intermittent
preventive treatment, [PT)E F8 ZZJolth hE, thEAQl oY & skl ITN 9

Az A7) A& AEA A 27]%(long-lasting insecticide-treated nets, LLIN)o] @o] &
|59 ITN 7|5 HAd 9 BF e ££5] ool FHHWHO, 2020).

> £3], 20209 ZZuulolHAZEE(COVID-19)2] Pz HA Au|io o] A7
A} ofmelzt W Wetelop AAR £ 20199 R 1,500% ¥ S7FFATHWHO, 2021b).

’



2012; WHO, 2021b). E3t, 3t =71 & A9 YoMz Teteor FHES] &
7H4 AX7F YebdthBhatt et al., 2015; Gething et al., 2011; Weiss et al., 2019).

ZetEol FRES 34 A 54 3t 3= obsol A SRl
g ZA =559 AZFS utt. E3E wEkE ol §d FEol A gtha
HEC] =2 o] AUth= oA (Keiser et al.,

o ¢d Ad4x A

\)
o
)
=
wn
=)
@
=
&
(@]
o
et
(i)
i)
M Ho
[e)
)
1o
S
w2
ot
18
K
ot
f
do
o

g £ 9tk olEet ol fE AMARA7]FHWorld Health Organization, WHO)=
‘detglol 2249 7]& A 2016-2030(Global technical strategy for malaria
2016-2030, GTS) oA Aol Wil Hoket AS st B Ajujao
S A BEAT @R HoAdt T2 FXE FRSHATHWHO, 2015).

Tete]otgto] ofye} o7 KA FAA A7 5 @ B AHAY A
A7b A&EEEA A73FEge] B/ =97t FUter ¢ A guEA
(UHC) A& 9] F840o] =oAL UtH(Coovadia & Friedman, 2015; Satcher &
Rachel, 2010; WHO-AFRO, 2020).” °]&{et 552 13T 1 ofxe|7} of&29] 2

=

984S EAAs] S8 EkEor A9 S3H4

¢ A7 A2 health disparity)= A 279 A2 o2 22 A%t A% w9 AAH
Ztololth(Lee et al., 2020). 17&% S (health inequality)> AFARFL}E FARE oJuj2 ARG
H7|E ShARE 2 BETA AJolR QI I Fok 7F B AH9 Aol Kih(Lee et
al., 2020). A7 d B (health equity)> X9 9 A4 7+ BA L] Evjrt FHsta
ARAA7E g AL 9u|sttHCoovadia & Friedman, 2015). olg] £3lo] ogx2d #H
Qe NEH O wA] A (urban bias)S A& =4 (Dreher et al., 2019; Majumdar et
al., 2004; Marty et al., 2017; Ohler et al., 2019), °ol= AZXFHA EA|} BEo] Yt

720129 WHO:= R HZ 95 XA (Universal Health Coverage, UHC) A2JtS ETA|A L
], 20219 “WHO Guidelines for malaria’ o4 UHCE X3S tHWHO, 2015, 20214a).



2) TetElol 4F 23 A&

1

2l b

by

mlo

o]

%
ol

At olg ofmelstold st Wekelol £Ao
g &£3o] ZEtol Y % AwYEY EEElor fRE HA= &
AAET. 1 8152 95 R WA B4, A ds R 7 EA4,
49 A, J2EAAA L} AAA 5 ZeTH(Bannister-Tyrrell et al.,
2017 Kar et al., 2014; Protopopoff et al., 2009; Robert et al., 2003; Sorvillo
et al., 2015).° 8 FTF A3} I A= o2 2k ARl FEolA of
59 AP o] TEhEor Ay wo] slow, HY A FS(EIF

ro,
fijo

ol
oX
N

O

ALE) So] ZeEkelol Y FES YUEtH(Bannister-Tyrrell et al., 2017;
Griffin et al., 2014; Sadoine et al., 2018). ¥X9] W& &, 7Fto] AA| <
& 4 FH9 Ho] ¥S4F detgor A 7Hs/dol EorXlth(Degarege et
al.,, 2019; Tusting et al., 2017). AFUE L g FFo|A @ Fesf, W
< A%, 22 A4 9%, 27 MAATE He $Al(water body)2te] 14
S WA ®E719] gAbel fERE AARE 542 gEbEor a¥ES =
(Baidjoe et al., 2016; Dabaro et al., 2021; Mfueni Bikundi & Coppieters,
2017; Siraj et al., 2014). T3 Fe A &5, U2 HATE HIA, A
o B4 F7F & AeAY " ABA 542 EEEor R¥ES =9l

(Kabaria et al., 2017; Mosha et al., 2014; Sedda et al., 2015).

8 X E92 TA|(Robert et al., 2003), AFH(Kar et al., 2014), LA t(Protopopoff et
al., 2009), FAA(Yaro et al., 2021) 5 5% &3S oz Fhejor 2902 A
AT WA =7 2 AY, AT 9 RAF A7), AT F g SOl mer gEkEor 9%
299 F7F Ex 1 81l°] vAs a¥e FIFo] vE A7t A 2 dFHA &
< F8 8= TEeote] A= [R5 ® 1]°] A5kt



QtH, ofZE7} m7FE0] #WE EAISHE FHttthe HoA E4 A5
29 EEtEor 4 89& A4S A7 STk ol Aol WEH,
Wi 2719 AAlE ofgA ste AR &3, TA9 B AHlA JIAH T
2 Y FES FFA T (Boyce et al., 2019; De Silva & Marshall, 2012). =

A, A AP, & Uw dE, Ao A AE RS2 Fd
F5E EAt(Baragatti et al., 2009; Boyce et al., 2019; Kasili et al., 2009;
Matthys et al., 2006; Njuguna et al., 2016).1° 5& A& Latgjof T2 TH
I B HEA, AF BEA g 5ol W2 FHEY #Ho] At (Amoah et

Al

o

al., 2018; Malede et al., 2018; Mfueni Bikundi & Coppieters, 2017).
VAY T G LASS 7 WR(YRHA B4, BF - ASEA

=4, AdA Y - A 54, A=A - AREA 54, BF - Z2ad)E A

o Fustel e Aol BY P& 2% o A%g wEL £
2 e BFe B4l ARUY W Adguit A2, e, A21HA
E4o] e} welelol BAO] Azt WS AAE, ol WHOZ 2t

10 8| ZA] AFA Y} Fuo] FoRtt AFEA I TA] RNl W ARRAA 52 TEkEof
BhS =9dth(Deutsch-Feldman et al., 2020; Kasili et al., 2009; Njuguna et al., 2016).

A dAEEe R Hd, THdHola vHEH Hd 59 4
skt (Sorvillo et al., 2015; WHO-UNICEF, 2003), %
4 otz HE YL FAo FEAY Ao R olojz= A7t Wri(Kateera et al.,
2015; McCord et al., 2017; Papaioannou et al., 2019; Paton et al., 2021).

12 Mosley and Chen (1984), Labonte and Torgerson (2005), Hiatt et al. (2017), Birn et al.
(2017b), Birn et al. (2017a), Galea et al. (2005), David Vlahov and Galea (2002)5 #i15}%it}.
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= S FEe, Fetelor BAS Ash] 9okl 400l 54 Wy
s BA4jel Fetelolo] vAE JFE olsfels Aol FRal
[ 1] Zehgor ¥F 89
Biology Human behavior Policy

& Socio-economy & Programs
Individual Individual Individual
age, sex, birth order, indoor & outdoor activities, protective - Household

disease (medical history)

behaviors

Parents

education level, occupation, protective
behaviors

Household

household income, wealth, household size

(density indoor), housing material (roof, wall),

sanitation facility, water source, livestock

vector control
(ITN, IRS, ACT),
diagnosis and
treatment,
education,
financial support,
WASH,! housing

improvement

Physical geography
& Ecology

Human geography
& Socio-economy

Community & Region
precipitation (humidity),
temperature,
topography (altitude),
hydrology (water body),
vegetation (forest
density), soil

Country

physical geographical
characteristics
Continent & Global

climate change at macro

Community & Region

demography (population), urbanization,
land use, built environment, infrastructure,
accessibility (road), mobility, migration,
network, health access (medical facility),
economy, industry, administrative status,
politics, conflict, local government policy
Country

domestic economy, institution, health and
welfare policy, health care system
Continent & Global

macroeconomy, international relations, ODA,

Community

- Region
vector control
(larvicides),
health facility,
health

expenditures

scale international organization policy

F wetelol 9% 298 67 SET 57H ¥R st SEEADL 7 9
& aqlo] B3 Wl 54E wEoR Nz Aestdr. Wae Awe AAAChe,
i, 7 S8 AALEAFYE, 57H AARAG) 9] 890 BE - A - BH FE

3 BF - QR APA FEOE Wi, 1 2 Z2I9e s SR PAs

! water, sanitation and hygiene.
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2. A58 =AY B

1) AF8H A FFA 79
53 (settlement environment)2 AFAE S/ THOZA HFA]
o A7l B 9 AFH ASHA EAHE BF oFf-EH(Bowen & Gleeson,
2019; UN-Habitat, 1976)® 1 EA2 AFlel A7 2 A A JFS
ZTHBetsinger & DeWitte, 2021; Birn et al., 2017a). 14| o}z g|7}o] AHF

AL Ad 2093 AT ZASIRE Qe & HIE AL ol B &

.

Ao 9GS F9UtHBoadi et al., 2005; D. Vlahov et al., 2007).°

B 1976d Q7 AHFo| It A1x UN AdAAOA wamE w4 Ad(Vancouver
(o]

Declaration on Human Settlements)oll @2®, Q17F A2 (human settlements)+= EA](city),

El2(town), "h&(village)E ¥ ZE3ots A AFYEY FA(totality of the human
community)°]TH(UN-Habitat, 1976).

4204171 FHE o]F AHAE IVFEQ ZAISL #HiEZA AYPET v|FA] FAX, A e
< 5 99 8989 HAFA7t A= RS H(Kasarda & Crenshaw, 1991) ofZ&]7}e] o] =gt
TZAIS AL A& YTHUN-DESA, 2019; UN-Habitat, 2020)

B Ee A7t A0l FUkstH AerEQl BEE EAVE Aty grEoy, Ay 9 &
A BA EA wat 1 FAFL thoFsith(Corker, 2017; Helbich et al., 2017; Henderson et

12 :



et al., 2019; Eckert & Kohler, 2014). E3t, ZA|SE I oA TA] X9 W A
A} BT 22 Al EAE ¥71= AkBisung et al, 2018;
Giinther & Harttgen, 2012).'°

TAStel AFeg ol Hahrh dig A9 EA A 7197 2 Sk,
Adol 2 Sk ve HollA BFAY =AES Teofstal 1 avE 45t
= AL 3938 #A7E =HAHMcMichael, 2000; Pumain, 2017; Tatem &
Hay, 2004). ol&i3t olf&2 B ZAo vAe =449 ast 9 AFA &

A 9w B4 HIHo| zto]7b AtH(Tonne et al., 2021).
‘TA|(urban) & QAF7F Wil 1A} AbQdo] dWrdeliom FQ HA 9 3
A 715S 5= AFAE, B&(ura)’ 2 AF7F Fa 12} A (EY) H]

3ol & AFAE 9ulstci(Dahly & Adair, 2007; Ofori-Amoah, 2019;

al., 2019; Jones et al., 2016; Sampson et al., 2020).

16 T A5t A oA Al AFHO ASAA £2 H BA FZAo] FAEHA HukzEd
BA £ MAEYA T Fotso, 2007; Van de Poel et al., 2007; Yaya et al., 2019), H|Z
A FAZ P B A YA Ql=met BREL2 TA] Y AZEAE HIRES oy B E
AE EhtHCorburn & Sverdlik, 2019; Kasili et al., 2009; Reyes et al., 2013).
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7168 EA4LE Y= (Tonne et al., 2021)7 5& B2 IH ZHA &

Terashima et al., 2014).

‘T Al8Hurbanization) = A+ FE7F Z7}sk1 1AF AHQjo] Wdsls &
TAl EAol FReA= LR, B oAM= EARE AFAY E,
i, ojd/go] Wot= AP o = JNFSIeeH(Cyril et al., 2013; David Vlahov
& Galea, 2002). 53], B HopolA A5 ®Wslo] o3t A% WIS H7]
sl A} BAFR, EA0&Y AXSH T 7IElE TASE it
HTonne et al., 2021; David Vlahov & Galea, 2002).

‘=Ad(urbanicity) o AZMAl dFE FE A EAHS Ko A
g 4o A= ZA 39 FFol F=5h= 7Hdolth(David Vlahov &
Galea, 2002)."® B AFoM= ZAS FBE ZA-52 A9, A+ 2
SOl wet FESIE StH, o FFA §A4L ot SHsHE St
(Cyril et al., 2013; Jiamjarasrangsi et al., 2016; David Vlahov & Galea, 2002).

T2 (rurality) 2 & 549 £E& uisto 7|E EdAEe TA
it s&/do] ARtEra BEANE FHTos v &Y tFde 1E5Ho
= BAFAY §3& AlEske d77F F7ekal tk(Hart et al., 2005:

Lourenco, 2012; Pumain, 2017).

1
O

rpy

VB4R 24 BHEN, EA o8, 24 AA Fol Agel Fr 3P BM%: B
AL 1 EA B4l FFL AL WAS Teiste] fotael B4 9L M

3tcH(Tonne et al., 2021).
B ZAIS ARHOR LA EAo] FHIA =
2 A-oA =ANY 43t AR dFS F= FUE

9} =AA MEL ZpolE HAtH(David Vlahov & Galea, 2002).



oHY EAY FE(PFA £F), TA% AR 24
ARSI 2 ojulg Adtk webd] A8 A7eld 2z Adel o
BHOR solbA st FEA §F TE L AN TAH 23 P4
2 Ao
2) EA4 24 9 AFA 44 78
ARUE Y EAS 8 EA4S 25T PFA 4P FEIE PEL
o, QutHom WA 93 TE, 94 7]
A B4 AR/t BeUh”
L RS ByHoR NF8 FFA
A wete sy, 94
shthe olxo]

AT FAIL didol whet thefshA
Wb =ASE Ag, ARYES FFS
WA, AFA /Y 2ol gol &8
7 Faolth.® o] FEE =7PE AT E AT
T B BAZ 44 g8E & da, AR F50] HE
th(Beatriz et al.,, 2018; UN, 2017; Wineman et al., 2020).%! 184 Q14+

.
H =

A
Gt 9 do)tte 7oz FFAE FESHU AFA 795 9t

A
A o

=
st o] Qlom, ZrpEe Holvh get vl E40] o] @rh(Champion &
Pl

%
Hugo, 2017; David Vlahov & Galea, 2002).

2 7HHEE, 948 3)EE AY9EH
B dFox= 2 ARFYE s Z5d
IEA % (central statistics offices, CSO) A 9], =7}154|% (national statistical
W Z(official administrative categorization) 5& Z$stc}.
=

ofe] MEARAN 2AFE /1R HuE mFHo] k. EA
St B QA ZATL F2 AR

P AT AT AAY
Ado] SH=EAT
Dol RS F
office, NSO) 5%, T4 A=
PP A -E RS
AE2ARANA 7P A2 AEE deol7| e
2 Zd(neighborhood) &9 T+ @92 AREH}
15 Ly
A -

+=
Y E]l(community)



Aro g

o —

ol

=

o] I+ e d7te fARE 71Het =Al ¥ 9l(urban
extents) 2 9151 A= (GHSL, GRUMP, GPW, MODIS, MAP, WorldPop &)%*%&
&3t o2 w2 SIAEY HEE AFsH] "wol mAAR] AmTE A
< ofzE|71e] EAISE B4 87t T (Stevens et al., 2019). TRt EA]

& X+ A, Zi(peri-urban), & SO2 AFA FF& ©Esiole
27t gon, ArEE HAFA KIS FE5HE FAA 7Ie4 AV A
(EU et al., 2021; A. J. Florczyk et al., 2019; Linard & Tatem, 2012).%

FZol= ARFYE FEolA ZALE oHAoR S45t A&5F Wy
2 AAste B A3t SUISHTh #oolEel WAL ZA-sE ASA
(continuum) THCE TEAGE A&KAQ gog ZFHstaL o7 AFeF &
AL st g4 ZAA(multi-dimensional urbanicity)& T}Felsith= o]
o] JtH(Dahly & Adair, 2007; Dear et al., 2018; Lourenco, 2012; Novak et
al., 2012; Wilson et al., 2015). 218y F+AHQ0 &4 Wy A4 58 T
#£9] 7|0l AR wet 2w 54 Ao gHg
27} ZH(Cyril et al., 2013; Jones-Smith & Popkin, 2010).%

i,
B
HU
i
o

o
_O‘L
fr
o,

22 GHSL(Global Human Settlement Layer), GRUMP(Global Rural-Urban Mapping Project),
GPW(Gridded Population of the World), MODIS(Moderate Resolution Imaging
Spectrometer), MAP(Malaria Atlas Project).

B o] HoA oy AF7|TI A7 oFe A4 VIR ARE Hw 9 3ot HFA
FFE NESHE Aol &5 AP JUTHEU et al., 20215 A. J. Florezyk et al., 2019).
% 71E oA ARYEY bt EHLS st & ZAGE O3 Hx(multi-
dimensional scale), THdE 2 = (multi-component scale) 2 xAHY. E3F gurzlo
2 ARUE F2o4 Gy ZAEE gofstAer, gi oqu F} 2220l A "helslr| e
St} (Larson et al., 2021; McDade & Adair, 2001)

r°1‘

Do EE A4y DAY HEE NS A5 X ¥ (scale development) BH
EZ(DeVellis, 2003; Netemeyer et al., 2003) = FAE E X (Principal component analysis,



Habitat®] €9¥ A2t 7]E 95 BTt (unsatisfied basic needs, UBN)" 7§
< &8sto] =A A9 UolA &¥ ARUEE FESHAH(Assaf & Juan,
2020a, 2020b; Fink et al., 2014; Rutstein et al., 2016).

Sdold, B2 A7 2AISE 2 2 3FA For AFA 732
TR, FHIole oAy ZAES SHIAY AFA 132 AlE
k= AF7F S7hstal ok E35], EAISE /g2 AAEd AAIAOA <
7o AxAAHS HBoR AY R W uefst= o AREHAAL
=AY NES AFHEY AFEF0] Aoty A S 7 st
oSt o BEHAS £ £A4 AYS TEIE ATOIA 4 oy
of Az Weke neielo] wAH 40| BeW FERY 4L ATA
o s Ak Fuel Gtk =, BFA §S TR W A7 9
S8 E4o] F8 7]Eo] HARE, AR FEHES AEHHoR AH
11 JH(Dijkstra et al., 2021; Fish et al., 2020). w&tA &4

9
ME Dol 32K FYe TR 7122 ASE Aol Fasith

ggott. HEAQ o] = AL ofYANE 5 U2 TAH |
$ AAES Y3 =97t A& Qoh(iamjarasrangsi et al., 2016; Novak et al., 2012).

!
@)
&
ol
2
i)
of
i
filo
[

=, A4S EAS Bgoz wEoXE ARAE W ASAA EHEQT, AATE,
A2, EXolg, Axe 5)E o2t AYoR dobsis 497} wokth
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3. A A& 9 A3 JEA
1) ZetEjoket TA Ao B AT

ol Y F2 292 AFUEY A=, =, AFZA E4ol7]
&S Tt o AF7F 2A] EEtEor

YeEl 7t o]dA4E& A A5t (Hay et al., 2005; Keiser et
., 2004) Z=AIStE ISt 2 9 ARSI A Helrt EEkEote] vjA= theFdt
FFol FEtAH(Hay et al., 2005; Robert et al., 2003; Tatem et al., 2013).
53], ghgoret mAAo IRt W 30| kAol STkt wEk

eelol fgo] gad: AL WAt 1Y BA-5E olBY Eb F
b8 G3H HS BEste] EANS TEAL BAT Ak A2

o] =AES AEsHA S5t AFA K= AEshe A7t S7H6HAH.
AAA Te Ui &AL EEhefor A= A4 omA] 2w % IF=E
A} 719 A= (GRUMP UE, GPW3, MODIS §)& &83sto] ZA|SE 50 uzt
BAFA 8= 2-37HA(ZA], 21, & 5E FESIItHKabaria et al.,
2017; Qi et al., 2012; Tatem et al., 2008).
54 =7 €AY fAdeR 3 AFE2 AFYE TN gt 4

F2874 E4S ot EAES Ao r Skl A&y HeE iEst

2720079 DRFI(Messina et al., 2011), 2010¥ Ho]x]goHAdigun et al., 2015), 20124
M| Z(Giardina et al., 2012), 20068 ZH]ok(Riedel et al., 2010), 2006-2012d ZHH]o}
(Bennett et al., 2016), 2007-2008¥ ©XYoHGosoniu et al., 2012), 2011-2012¢ ZE

Hf-ot=(Houngbedji et al., 2015) SollA #etelol FHEQ] =A-5& ARV LA AH.
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ATt 53], Frank et al.(2016)= A& 'Y WHES 2E3to] 87H4] 4

=
T
J 54 WOT EAY MEE AYFORA ZA4 WhY AHY 2 g

RN

M AR EALE FAHAE BAS o H ANA AR &Y A9 25%
of £ AFYEE A= AL UHAE &2 FE5HAH

S, Kigozi et al.(2015)= 4714 AF3E EACE T AN HLE L5}
ZEA9 BEE FESIAIL, Dear et al.(2018)& T4 FIAH4o=2 ARFYE
TAGE AlESIELH, Omumbo et al.(2005)= F4E E43 &4 £4
Esto] ZAYS Ao R A5

o
=
Tetelol Bl AT EAS 23 % EAHES SHSHL AFA 99

o 8

o

2 FEsHe wEe] 1Es wAST AAT, R AK A4 o7} gt
ANAH 2ALNA 914 A2E BB A9 XA FYL B4, Tw
& 5o wasehs AYel gow, B3 ¥& A o AFA §
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(3 2] EE|ott ZA] et APA+

Authors Study area  Var. name Category or Scale Data

(year) (locality) (type) (measurement) (components)

Multi-country studies: degree of urbanization

Kabaria 14 African  Urbanization Urban, Rural CSO*-defined,

et al. countries (categorical)  Urban, Peri-Urban, GRUMP UE*, MODIS’,

(2017) Rural Modified GRUMP UE

Tatem Pf' Malaria ~ Urbanization Urban, Rural Author-defined,

et al. endemic or urban Urban, Peri-Urban, GRUMP-UE,

(2008) countries settlement Rural GRUMP-UE/GPW3°
(categorical) MODIS, etc.

Qietal Pv? Malaria  Urbanization Urban, Rural GRUMP-UE

(2012) endemic (categorical)

countries

Country or region case studies: Multidimensional urbanicity

Frank Ghana Urbanicity Multicomponent interview & National Census

et al. (1 region) (continuous)  scale using 8 comp. (population size, economic

(2016) (Scale development)  activity, education, health,

sanitation, housing, services,
transportation)

Kigozi Uganda Urbanicity Dichotomous scale Cohort survey (household

et al. (3 sub- score (high or low) density), Landsat imagery

(2015) counties) (continuous,  using 4 comp. (land cover), SPOT 6 (NDVD),
categorical)  (Cumulative score) VIIRY satellite sensor (night-

Country or region case studies: PCA-based urbanicity

Larson Malawi Urbanicity PCA-based scale
et al. (8 districts)  (continuous)  using 6 comp.
(2021) (PCA)
Deutsch- DR Congo  Urbanicity Urban, Rural
Feldman (categorical)  (PCA (urban))
etal
(2020)
Siri et al. Kenya Urbanization Urban, Peri-urban,
(2008) (1 urban (categorical)  Semi-rural

area) (Cluster analysis,

PCA)

time lights)

WorldPop data (population
density), JICA® survey data
(health facility), DIVA-GIS
(elevation, rivers, lakes, road)
DHS Spatial Data Repository
(built environment, night-
time lights, population,
population density, travel
time to the nearest city)

KAP® (education, electricity,
water, household ownership),
Quickbird (NDVI), National
census (population density)

VP, falciparum. * P, vivax. 3 Central Statistics Offices. 4 Global Rural-Urban Mapping Project

Urban extents. > Moderate Resolution Imaging Spectrometer. °® Gridded Population of the

World, version 3. 7 Visible Infrared Imaging Radiometer Suite. ® Japan International

Cooperation Agency. *knowledge, attitudes and practices.
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B LA I 9 FARIT 1Y S, A U WS QA A A, HlT4 A
FA9 I 5) 2 27 d TAEE Xo]7} At (Forget et al., 2021).
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o oAl FHA HEE B4R A4S EHsle RS, ol
o AZA AN B2 Westel =4 f ALEF ARY

¥ 835S FEAGH: d Qorh Ak
57, 0F2AY WY wekolo] vlAL EA4Y ARE o F
79 2 aslold s 7 9 ARUEE wetelol 438
g Tejstel EAY ERE T IR Yol 4%

ox
N
@
o
o
I
i
)
rir
i)

gol R0 mAL A4S B2 ang LA
A ARUEY =A40] 54 AR wekelol |
(spillover effects)? AR U et wetelor f480] wX: EA4e

2EHoz 2 A7E ke oY ofxelrle Xelq weiw weielo}
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1 24 A2 2 89

re
e,

T= AFEARAL EEHElor FHE AR, 4 VIV AR F
8okt A wFFANLA(USAID)Y JAFEAZXAHDH)RE 541
obz9] TEtElor A ofF % ARFA EA4S FHetstlon, E4 diA
Y =T HA Microscopy)t A& A AANRapid Diagnostic Tests, RDT)S
53 4d oRE FAT £ QdE obFo R S DHSE 294

-

filo
nick

ol
o

rlj

fijo

HFH(two-stage cluster samplings)2 WE2=4|, 34 A4 L Ao uat A
dF FESte] ZAFHCluster)E FAHIE TE3 F 15~49A4] o8 A&
AR AARITHDHS, 2012). °o] RARE 13 & 99(PSU: primary
sampling unit)Zil sh=d, & FHJME= g 2AHE AFYE 2= 4
A

AARUES ZEtEol #¥ES Hefste dle DHS &3 JE7F Alsshe
datg|ol otEetA T ZAE (Malaria Atlas Project, MAP)9] A2E &-&51Y
¥ g AR Oge ARE TRt mAFERl 3 GG xSmE F
AE FHECl7] Wi A=} A=t E2 AFolth DHS A=t 2
= 79 RHE S48 AI7IE 2015922 AAFY & = AHE At

—

# dete]ol ofEgtA ZEAE(MAP)= Dehjoret #HAHE ot AxE A 9 Aot
L= d3 2 A Eo|th(Bhatt et al., 2015; Smith et al., 2007; Weiss et al., 2019). & H9j
Ae MAAEESE % ALY FH# ol 12sto] A4tE DHS ZRAME MAPS
et ol FHES &85 tH(Mayala et al., 2018).
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AFd JEEE= FE9YE PN YLE(European Commission) &% &

g A oluAg JAF2RA AR 52 FTYSt] =& T SUHHEE
sttt B BEXojE= GHS-SMOD(Settlement Model grid), GHS-BUILT(built-
up area grid), GHS-UCDB(Urban Centre Database), GHS-FUA(Functional
Urban Areas) & Yl 7HA #t=2& &8st

GHSL A&7} #5549 7P F29 A&7t 201540]7] w&of, o] d=et
7 77k =718 DHS A=E Fste] 12 Al7|2 A5k ol Y
9] DHS A=7}F Q= 759 4%, ArE 715t 23 A7z A5k
o 12 Al7] A== 170(20189 7HE DHS)E Al9fskil 20179 ol A&
olw, 22+ Al7] A&+ 20179 ~ 20199 Amo|th,

HE 24 W2 2070 =71 10,02970 AFUE, 92,03970 7H-S] 54
ujgk obE 141,97190lth. #49 37 &9z 79l 7H, ARYHE, I7
AANAY 52 &5ttt o714 AFYE @fl= DHS RAREA] gttt

o
AMNAGerzE7E T, AR, F5 )2 s ALK ol oz

o] HA AFA AF FLEE A9 LR 7EE ALt Murray, Ezzati,

et al., 2012). thgt, watgol SHak L o] Xpolet A ATE Esle] B
ofm]rlo] EFE|L ultirtATIEE 7|8 AXA Do R Halstgir).

30 GHS-SMOD% GHS-BUILT(built-up area grid)®?} GHS-POP(population grid)E& Z3}5}9]
=5 AFA /8 A=EO|H(EU-JRC, 2020), GHS-UCDB(Urban Centre Database)?} GHS-
FUA(Functional Urban Areas). GHS HIo|H NE7} H{3 AXAS, QI ZFA 3
g7 5 7|Hto 2 =ZFAHA. Florezyk et al., 2019; Schiavina et al., 2019).
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[® 3] 24 g4} =7} 9 DHS A7 E4

Macro Country 0 Year R Type? Sample Malaria
Region Cluster Household Children test3
Central Angola AGO 2015-16 1 DHS 625 4,487 6,744 RDT
West  Burkina Faso BFA 2014 1 MIS 252 3,926 6,074 micro.
2017-18 2 MIS 245 3,817 5,482 micro.
East Burundi BDI 2012 1 MIS 200 2,458 3,465 micro.
Central Congo DR COD 2013-14 1 DHS 532 5,239 8,146 micro.
West  Cote d'Ivoire  CIV  2011-12 1 DHS 349 2,162 3,229 micro.
West  Cameroon ~ CMR 2018 1 DHS 428 2,878 4,716 RDT
West  Ghana GHA 2016 1 MIS 200 2,144 2,948 micro.
2019 2 MIS 200 2,030 2,757 micro.
West Guinea GIN 2012 1 DHS 300 2,091 3,180 micro.
East Kenya KEN 2015 1 MIS 245 2,460 3,270 micro.
West Liberia LBR 2016 1 MIS 150 1,918 2,713 RDT
Other Madagascar MDG 2016 1 MIS 358 5,214 6,741 micro.
West  Mali MLI 2015 1 MIS 177 3,338 7,128 micro.
East Malawi MWI 2014 1 MIS 140 1,533 1,895 micro.
2017 2 MIS 150 1,869 2,303 micro.
East Mozambique MOZ 2015 1 S. AIS 304 3,229 4,418 RDT
West  Nigeria NGA 2015 1 MIS 326 3,669 5,685 micro.
2018 2 DHS 1,355 5,314 7,778 micro.
East Rwanda RWA 2014-15 1 DHS 490 2,838 3,529 micro.
West  Senegal SEN 2015-16 1 C. DHS 428 5,949 12,129 micro.
West Togo TGO 2013-14 1 DHS 329 2,223 3,207 micro.
2017 2 MIS 171 2,224 6,414 micro.
East Tanzania TZA 2015-16 1 DHS 603 6,018 8,594 micro.
2017 2 MIS 442 4,786 7,164 RDT
East Uganda UGA 2016 1 DHS 690 3,274 4,637 RDT
2018-19 2 MIS 340 4,951 7,625 RDT
Total 10,029 92,039 141,971

! ZAF A17](Round)i= 1249} 232 &SI

2 3o AFg¥l DHSE Standard DHS, MIS(malaria indicator survey), C. DHS(continuous
DHS), S. AIS(Standard AIDS indicator survey) 5<& X3St}

3odrEtEol e fF& ASAGHAKRDDL FH =T AHmicroscopy)E B9 Tt
A A2 RIS
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2 d7e HSaALY B0l EetEotet A EAIGY #AE

g F b 97 BAL AKE 4). R 94 2L o5 Zeh

B29739 EAHERA §3)°) wet etelol 7E Ths Aol ZeHLAR

1-1. ZAECGESFA 99)3 Detejor 4E 2k |98 A A&7
1-2. O A= AXNAGE(t =7} 5, AR, T5) = S7PEE o
2A Y=

A WA SRS SFet] skl B&uATE 0By MAEEL vl

Aol o8 20, 7, ARUEDY ddert 2o solitte

AL 185t geE ZAAEH A EF(Multilevel logistic regression model)

x
2 AANAG 7 =AY Z3F ofgA e AE qPEet F WA she AR

[o
ol
i)
ol,
S|
)
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972 EAo] ARUE] Latalol 380 A FUH B} Y=
2-1. 9 AFYEHY Aol B4 ARYEY dEtgol FEE IF
= F=71

2-2. TEfEor REC vAe BAEY a3t ARUEEER EEtAert

A WA SHEES HEsH] HsiA =AE9 F3H4 oa A (spillover
effect) & ®4sh= 3HAZRACl Basith. webd A AFUEY A4
o] £4 ARUEHY fHEC "A= 2HE EAT & U T AEA
(Spatial regression model)& &85,

olo], AFUEIERE THZol FHES "X e ZAAY a7t ojgA &
A=A Fefstr] fsf, SHHs9 IA4% a8 ocal effect)E F43t= Al
2] 7153 HE A (Geographically weighted regression)S &35ttt

AXNAGER 8 A9 EA4L 1LYty 7, AR, S5, urtAvtE
2 ol EASHAT. SHEAY uAE DA 207w SRR A7t

z3PRHAoE LA A ZAH FIE EFFHM o= HASIATH

lﬂol'

S ARkdor ‘A F3E F JMARE UF o] =9dt. sttt AdFS A 7 fAKSE
EXNS TG 2t 9)EAX(spatial dependence), TFE sl Yo wel EAJo] &
A= F7HA o] @Al (spatial heterogeneity)©]|tHAnselin, 1988). ¥ A= TA|A9 A
7t 30w oJEFHo|AY ojdHY & glotal HSkTh webA FXHA QJEA 9] A olA
TAAYY RS, 33 oldAdY BHAA ZAAEY FAH BIE BT
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% 4 AT BHE
Outcome Predictor Methods Spatial
(variable type, level) (variable type)  (effects estimated) scopes (level
of units)
1. the effects of urbanicity
malaria infection under 5 years ~ Urbanicity! 1.1.
(categorical (2), individual level)  (categorical) Multilevel logistic reg.? Continent

(general effects)?
1.2.

(3-Multileve])*

Meta-analysis (subgroup)® Macro region
(effects by macro-region) (2-Multileve])®
Meta-analysis Country
(effects by country) (2-Multileve])®
2. the spatial effects of urbanicity
Malaria prevalence (PfPR,,/  Urbanicity! 2.1.

(continuous, community level)  (continuous) Spatial reg.%: SAR®, SDM’ Macro

(spillover effects) region
(Community)

2.2.

Geographically weighted reg.? Macro

(local effects) region
(Community)

Geographically weighted reg.”> Continent

(local effects) (Community)

5240l ot 282

2 HA

-

249] &

& wat A9

= Sl |
o] wetejop 4 ofFolH, A £49 F& v ARYUEHY deteor ¥ Eolt
DAY 33 &l ﬂvuﬂ Folth 1‘:}74] A= MFY HE(EFA §9). 2
4A BEHoAE A48 HE(TAY)R By Zotd.

2 Q—T’%—E—ﬁ(regressmn)

S RE A7IeF HES ZUT diF AAGNA Y IRHARl BAY AE Qu|gitt

4 7Rl 7hE, ﬂvqﬂ T 3 #ELE FARY 0] FAH

> HlEHEA Al St IE B4 BAlo At AAAGE TAY AIE FHoHt

¢ 7AQl, ARYE T 270 £FO2 FFRFo] F4Ht.

72-10A4] ot&9 LS Tteof
8 FZFA AR (spatial autoregressive model =
9 F7+H ¥l X2 g (Spatial Durbin Model).

SBE(P. falciparum parasite rate).
spatial lagged model, SLM).
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3. 2EkEor 44 ¥ ¥ E

B4 WSl BAo we A £7 EE ARUY $Eow udth B
N 1949 F4 Wht 54 ulgk ob5o] Zetelob P (infection) of¥olet.
£ FEANE $oI% BAROIA oFF 137,968 F 20.1%7t Tehelolo]
FgEon, 287 A4 A0E A AT oFF A9 &S 1874

26.3%°14 233 A 17%= Ha3HFH.

24 28A9 F&5HMe= ARUE @904 2-104] o5 kot &
HE (Prevalence) MAP(Malaria Atlas Pr oject)® PfPR,. (P, falciparum
parasite rate in 2-10 years)& 7|22 st¥tt. 20159 AHAFYE(DHS ZAML)
o] Bt FHES 18.7%°1H %4 0.8%, G 81.2%°]H.

obs HEor A H FHE 7l&6A
Survey? Category %
Outcomes! Country (Yead (Uni) N (Mean, SD?
malaria infection ~ All All Negative 110,190.5 79.9
Positive 27,777.6 20.1
7 Countries Round1 Negative 23,839.9 73.7
that have Positive 8,489.4 26.3
round 2survey*  Round 2 Negative 31,741.9 83.0
Positive 6,507.7 17.0
malaria prevalence Al 2015 PfPR,.1o (%) 6,757.0 (18.7, 15.8)

F

o) weteloh e o2

ud AT

Y HEAE ¥

so] AXsHsct.

U getejol R E(PIPR, 2 ARFUES Tetefor A 9] 7 =(transmission intensity) 2t =

2
=

]

w

IS

HE
F3t
23}

F A% =7 VesAe %
detEfor Y o Fof 3t DHS X}i A7

= X 4]0 A5

FZF W2 (standard deviation, SD)S 7 2|5ttt

A7
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Malaria prevalence
(PfPR2-10, %)

Endemicity class

® >75 Holo

e 50-75 Hyper

e 10-50 Meso
<10 Hypo

Border

Macro Region
—— Country (analyzed)

Country (not analyzed)

(29 2] ARYEE ot FHE A=

99 Axe 24 94 10,0297 AFYUE(DHS AR SollA PPR,,, BE7F Ue
9,827/ ARFUEE ZAstch Tetelor RHYE AFEE MAPY 20159 PPR, ;& A&}
Aot GA FEo| AHSE Yetelor FEA S (endemicity class)> Eetelol FHE AR
BAoA AF A2EHE SF(Bhatt et al., 2015)2 8313 th Holool £3t= ARUEE
7 @A got 7159 371E A st¥eH, ol ARYEE TE FEF A9 7Y
WE AFoA 2 4= ot TEteol ¥ EC] w2 I7HE(EE, 7Y, EX, Yol|x]g
o, &7t BEY 5)2 AFUEHE weol FHEE w2 HoH(ESF X 4). 18y
A AZE B & =7t HolAZ Letelof FHEY Aol7t Ave A& & 4+ AUt

- A= =2
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4. BFAY EA4

[ 6] %A 99 8ol @ A4z

#H El(DHS

, GRF EA] A 29, B2,

2 &
LB AT s 454 §9 780 9

N
19
lo
fu
=y
M
l
4n,
S
N

1
10
X,
N

Folck. ofe] 914 7Iu A2l 3
ENECIERE:

Terms Descriptions Data Common data!
Urban region
Major urban  Large city with more than 1 million =~ GHS-UCDB (Urban GHS-SMOD

population in FUA? or capital city

Urban Medium city with less than 1 million
population in FUA?

Urbanslum  Low income community, inner-city,
peri-urban, slum-like and informal
settlement in city

Rural region

Town Small city with top 20% urbanicity
in rural region

Rural Rural center and suburban with top

20%-40% urbanicity in rural region

Remote rural Village, small village, and hamlet

Centre Database) (Settlement
GHS-UCDB (Urban

Centre Database)

model)

& GHS-FUA
DHS (sanitation, living (Functional
area, housing durability, urban areas)

water, living standards)

DHS Spatial Data
Repository (Population
density, Night-time
lights, Administrative
urban area, Accessibility,
Built-up)

P2 93t 2 29 LR &85 7. ? 7|53 LA H(Functional urban area).
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[1] Classification of
urban-rural region

Classification of settlement types in
[2] urban region & [3] rural region

27 =1 Polygon 2nd -2 Point

1st=1 Point 1st-2 Polygon
Settlement Functional
Typology urban area
GHS-SMOD GHS-FUA
(Settlement Model) (Functional urban area)

Urban center in
Metropolitan area
GHS-UCDB & FUA

(Urban Centre & FUA
with 1 million or Capital)

Urban center
(City)
High Density Custer

Urban cluster

—7 >0 :FUA
(town and suburb) L

Low Density Custer

X non-FUA —

» O : Major Urban
LX : Urban

3th Point

X
[:O
ﬁ[:X : M Urban
O : B Urban slum

Slum community
in urban region

DHS (household data)
(UN-Habitat slum def
& MPI indicators)

-l Major Urban
. B Urban slum

Multi-dimensional Urbanicity

in rural region

Rural area
(base)

Rural grid cell

Geospatial data (DHS Spatial Data Repository)
(Human geographical, Socio—economic characteristics)

Top 20% : l Town

Top 20-40% : © Rural

Rural (no population)

» Bottom 60% : © Remote rural

-+
Mo

AA, GHS AFA]

29 AAt %54

T Al (Functional urban area,

FUA) HAEE &85l AFYEE A A9} 5& XJgog FLEIFL
1-1. GHS-SMOD(Settlement Model) A&2 HRUEQ AH=2 &3S 4
=
[e)

ZHA (Al AlE, Al YA, &, A7 e

S)E T2 7,2 &4

32 GHS-SMOD+= ‘GHS BUILT-UP' (1& A|%) #lo]o]?t ‘GHS POP'(Ql) #lojol& &% st

AR fFZ VA= FES ARt 7§30 Hitt 7|&d &g, EA AE=
High density cluster(HDC), Al &3 2H(urban cluster):= Low density cluster(LDC), &&
(rural)2 Rural Area(RUR1), 9177} Q1= &£ Rural area with no population(RURO)°]tF
(Pesaresi & Freire, 2016).
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AlE (urban center)oll &3t= AFUE = A AFoz AH5AH.

1-2. TA] S9AEQl ARYEE= GHS-FUA(Functional urban area)?] 71
524 ZAIA(FUAN &5t ®A] Aoz wiAsioh ® 7524 TAlEold
MG XY Q79 15%7F EAIEA A (urban centre)® E43t= A 9S ou|gh
TH(Schiavina et al., 2019). °o] #F2 APYEESTE s AFYE(DHS £
A9 ##7F olsErHs HAE Eete] APset &, ARUEY A
(point)o] T SMOD A&ERtez 35 ZAAs7|Ed W(Polygon) FEAYU

£ Agelstdet.”

A, ZA AY oA QT fFReE AR &S AFst F2 EAI¢
it ZAIE R H, ALES FAAE =A £HoE AYSH.

FUA A2 54| Ao &34

AF7F 1009 B o]l 715 Z=AH(FUA)C &5FHA 3 GHS-
UCDB(Urban Centre Database) At=.2] TA] F4X|(urban centre)oll U= AF
YEE $8 ZA|(major urban)Z, 1 Qo] A A9 AFYUEHE Ayt ZA]
(urban)® FE5FAH.Y 1005 B ol 7|52 ZAHo] Qe F7HFEEH)

3 o] dA= TAl AlHos AEotA] P EA| FHAH T HEFh IFE A AlEE=
7154 ZAAFUAR] Sl B97F AARE ZA] AlE7F SMOD AtmolA 7MY &2 ZAIS)
FEE BT fFFolge HolA HIE A A9 AFUE=R 8 stith

# ZAE 0-2km, &2 0-5km(1%9] &2 0-10km)] Ag7tA] DHS RAME9] F&
¥ #FHE o]5(displacement = geo-masked)?] Z-8&HtHBurgert et al., 2013).

3 DHS ZAMEY] #E o]s(displacement)¥t GHS-FUA &7} ZAx FH 9 Z ARE
AFett= JE& 1Este], FUA Z82olA 5kme T (BuffeE& AATo=H EL
I71E sty AAE JFAHCZ WE FH, DHS ZAME #FHeF SH}AHIH 5).

36 Q1 7]Fo] 100%F o]ARl olfE EAQ FRE FET o AF AMEEE 7|E0|7] 4
Foltt, QF 1009t oJAe] ZA]E UN-DESA (2019)= 72 ZAl(Medium-sized cities)
2, UN-Habitat (2020)= tlZAl(large cities)® 23 v Q).

37 UCBDY Z=A] £4A|(Urban centre)”} otd FUAS 7|53 Z=A|H(FUA)Y QAT w2
A9 JIFE THT o]fE ZEAVL 7edoR JTFE A= W9 JAFE V|EoR
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T FE(REERGY 75H EAEE 8 TAE AASI®

2-2. UN-Habitat®] &% A9} OPHI(oxford poverty and human
development initiative)2] T A HIZ X4 (multidimensional poverty index,
MPD) &4 AXEE HEoE A A9 Y £ ARFUEHE @ES3IH. ofx
g7t o =719 EA] ®IFlo]l off EA FAIE 41 Aoke HollA 159
AFUEE HE9 AFA F3o=
AaE 1#ste] €9 7HE AAcke 71 wHESItH®E 7). & ATt
PASE A, A" A A, SR AF WF, FE%% 9 U4, A4
T Yo E ARE HAGSHH. o] 5
#7F BEEIoH &9 7R AFSHL, €9 7 HISo] 75% ol A

FUEE B4 280 AYotActy

54 TA9 FEE F4ct= Zo] Adsitty HlY] wiZo|th. §HH, o] FHoA & DHS
A FE ol5Z Este] Al AlE EZ2oA 2km HEE HASt I7E G
3lal AAZS QustA SFAtHIH 4). 2kmE DHS TA] RAMEY ZHE olF WY 3T
S (Burgert et al., 2013).

3% GHS-FUA #AE0A el BEHal(Bujumbura)?] 7154 TA|HEY A3ts 937,3719
oF wigk go| 77| W&o, Wt o]l o 7|53 TAEI FARIIL EQkth

¥ B A70] £7 7]%#L UN-habitat®] & °J(UN-Habitat, 2018)} 2Fo]7} Qltt. 5714 A
X F 177 drE2EY &9 7R AAertE UN-Habitat®] 7188 H&5tH, A4S
=0 €9 779 HFol A5 Axch wEpA A @99 ®E £EE st tha
FAT 7S HEot= Zo] A HINIY By 2A £40 Fdsiotal B rh(Fink et al.,
2014). g4, UN-Habitat 23 3 €37t HlZE°] 50% oldold €9 AFUEHR g5
= T30] 3oy, &9 7H+ HFo] AASFY ALSES HEA

A5tal JTHUN-Habitat, 2008). E3F, o2 &£3o] ARYUE EAE
Ao J&3t ATHUN-Habitat, 2006, 2018). & AFo)A #HL3t AFYE W &3 7
T HFol HEt 712 EA W &Y ARYUEE gE o 75% 712 H8% EA(Fink
et al., 2014)& Farsto] Aot

A 0]O o
EE]TAlEE
2
=

o

]

2L gL

0ok
rr o
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(& 7] €9 7 A#

Indicator Weight Deprivation Sub-indicator Weight

Water 1/5 Non-safe drinking water or more - Safe drinking water! 1/10
than 30-minute walk to water source - Accessibility to water source  1/10

Sanitation 1/5 Unimproved or no sanitation facility - Improved sanitation facility’ 1/10

or shared with others - Ownership of toilet 1/10
Livingarea 1/5 More than three people share the - Sufficient living area 1/5
same room
Housing 1/5 Inadequate housing material in any - Adequate floor’ 1/15
of the three components - Adequate roof* 1/15
- Adequate wall® 1/15
Living 1/5 Not own more than one of eight - Adequate cooking fuel® 1/15
standards components and not own a car - Ownership of electricity 1/15
- Adequate assets’ 1/15
F: o9 AR 7]$&2 UN-habitat®] €9 % 2J(UN-Habitat, 2018), OPHIS] thH A
A|~(MPD) A E(Alkire et al., 2021), DHS AEZES st 2ot E5], UN-

Habitat®] €% 7Ht AR F§ AF tdAo] AR, & AF7F AHEshe AFEAZRAL]
A g WeE AT 4 Qith. wEkA OPHIS ohdZ RIZAR(MPDY BE +&
(Living Standards)’ ZHgol &3t= 67H4] 824 5 37HA(89 A&, A7), ZAMhHE g
T ARE UEAT. o WZR0 PEpE Y] &5t 67 84 F 37HA
(&, 94, $¥)= UN-habitat®] €9 7} A7 37FA 848 dAetch. mebA &3
7 AR ZFEA b= UHA 37HA] Q45 Hol ‘B & AEE A5k o
H, /HAEA 2 FEE REE A ArE ARG FolH@ A vie, 27 A5 ), /HAE
A &2 97 Aduke R Ad Qg W A 5E 85k d9olth

! piped water, piped into dwelling, public tap, tube well or borehole, borehole with pump,

=

protected well, protected spring, bottled water (if secondary source is also improved) or
rainwater.

2 flush toilet or latrine, ventilated improved pit, pit latrine with a slab, composting toilet.

3 parquet or polished wood, vinyl or asphalt strips, ceramic tiles, cement, linoleum or rubber
carpet.

4 cement, stone with lime or cement, (burnt or unburnt) bricks with cement, cement blocks,
wood planks or shingles, sheet metal.

> zinc or aluminum, calamine or cement fiber, ceramic or brick tiles, cement, roofing shingles,
asbestos or slate roofing sheets, concrete slab.

¢ electricity, LPG, natural gas, biogas, petroleum or kerosene.

7 radio, TV, telephone, computer, animal cart, bicycle, motorbike, or refrigerator
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2 QIFUL(CIESIN, 2016), X A|$(Pesaresi et al., 2015), ot F=(NCEI,
2015), LA (Weiss et al., 2018) 5 4717 A|g]dHE Sgsllct 0 Jque
9} AZ A(built-up index)= AFYEQ ZAJA Toto] 85 7]EZF Q]
Q4 o]tK(Dijkstra et al., 2021; Fish et al., 2020). o7t F=+= YH oz}t 4
£ E= AAFZRE YEFYI(Noor et al., 2008), A4S ARFYEZF 7t
A== 1E A=t &S UrhdthWeiss et al., 2018). BEo], =7pE
2 PPHor AHH TA-5E FE2 FUI6HY] ARUES FEEH =7t
L

4 DHS Spatial Data Repository= DHS A9 FE o] E(displacement) S 1 3}o] 47}

1 AAYAEY AR ZEE DHS RAFEE AYAE S A4t Mayala et al., 2018).

A7 DHSF 9ARolA 228 23 A2E olgslqlh.

4 Zo-Ha HEE 2E dolse] ¢e 03 142 24 Jzyoes thewt Pol
At

Xnormalization = X — Xmin)/ Xmax — Xmin)

ZA7HA 9] 428 AlZHtravel time to the nearest city)2 Z-Z4 18} o]&, 194 wf &
O=H 094 12 d5E 2 ZALE YEHWES Skl
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(£ 8] 5& A9 ARUHY by ZAG 54 84

Settlement environment Data year, Mean!
Component Description (unit) Source (Std. d)
Population density Number of people per square 2015, 0.05
kilometer GWP v4? 0.07)
Degree of built environment Built-up index (0.00 (extremely 2014, 0.03
rural)-1.00 (extremely urban)) GHSL? 0.07)
Night-time lights The average nighttime luminosity 2015, 0.01
(Composite cloud-free radiance) VIIRS(DNS)* 0.05)
Travel time to the nearest city =~ The average time (minutes) to 2015, 0.93
reach a high-density urban center MAP? 0.09)
Administrative categorization Official administrative urban-rural Survey year, 0.17
classification USAID DHS 0.37)
Multi-dimensional urbanicity Sum of normalized values of 5 1.19
components 0.48)
F: 474 §9 PR B4 04 DHS ZAT Bol4 HE Aash 5717 3587 =4
RS ST 4 A& 751170 AT o AW,

P AY-H 4 FstE A9 3o 71ESA(EH T 2EEAPo|
2 Gridded Population of the World, Version 4. > Global Human Settlement Layer. ¢ Visible
Infrared Imaging Radiometer Suite (day/night band). > Malaria Atlas Project

i

Multi-dimensional urbanicity
2
Multi-dimensional urbanicity
2

0 20 40 60 80 100 0 20 40 60 80 100
A. Percentile of urbanicity B. Percentile by DHS survey (country and year)

(19 4] 5& A% AU ey £A4 W8y £9)

F29m AdHE 52 A ARUEDHS 2APO td £ALT HRY &9
nEsEon, T BlAE thid EAME DHS AREE © AW Uirol o
WA A4 MRS 73 FH £A4T Ry 948 nsAT

57 : ,ﬂ _1|| ﬂr T



5& A9 ARUGES gud EA4 e WEY 292 JI 2,
319 80%= EAI4o] 10] AT, S0RAE AHA mAHo] 45519
(19 49 TAZ ). olest FAT W U olEgor ZYHE
944 £A-5E PO 9% Folth. WYHoR EAR AHH TS AR
#749 ofe ZWA $EoE AFH Ry FFHol Yov AW AP A
e Wol Wwe bsAol Atk ER, S1RY olF mAHo] w2 Fasts

Ao 2 Ueigth whebA A9 20%E ZAAGO] 2 AFA fPoR Hlh

F7hdR Q13 % W4 Fo|7} 31 DHS Aw Amo| weh EE AHol
gabd 4= Q17| wio], DHS ZAFE(Z7F 2 dxdE)E thdz mAAo wa
9] 2912 BISIATHIY 49 I B). I AF}, fRE 27} 9@ dro4
491 20%7 £ EAHS BET I 9% 27 9 Aol c0ReE
AUHA FHH wAlo &sl ARUET 24

mebd DHS Aadz et wMEoE sjzom A9 0% EFS

(town), 2 A 21-40%S vt ==(rural), 3tY 60%S Y2 >==(remote

rra) 02 ARG oS EAL BHH EA-5E TR G W

=

ok e WA FEol 2 Arjel ety EHQT 7R W Um)

ook
o

A A WEHFHER)S vhgsitts AAS 718519 (Beatriz et al., 2018; UN,

2017; Wineman et al., 2020) o|&3t 7|&4S AAsIY}.4

2 ehe 9L WhEz AL AT Tol WY WEO(IY 4), vE Ado] &34
o mA ZRAST B 4 vk webd Alshel ol okmelte] Aeld wete westo]

B8 AL A|(small city)@tz EJTHIE 6).

© 97 B&e] 60%E AN Hol Al AFA §Y 7 ¥l Aol7t AXT, EAMo] 2
A e g JFAE LY neste] THSHE AR A4 Foud Ko}
Holt AW 7|EoR FE}E o] Adsirky Bt
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TAA He9 WA A3 (internal consistency)S ERISHIAF, 439
TAY ¥t AR B4 1 ASEAE skt 1 4y QIFEE
(0.56), A= Z4(0.79), °FF Fx(0.60), 77HE ZAIZ9] o]&AIZH-0.43
PFJA TA-5E FE0.81) BF 0.1% FosFoA SAHCRE o5 #

AE HoAFAH.

N—’

il

(& 9] AFA #3 7IeSA

Urbanicity Settlement type Community Individual
(continuous) (categorical) N % N %

Urban region

6 Major urban 1278.8 13.0 12431.8 9.2

5 Urban 641.5 6.5 6603.6 4.9

4 Urban slum 905.4 9.2 10502.2 7.8
Rural region

3 Town 1284.4 13.1 16352.4 12.2

2 Rural 1464.8 14.9 21804.0 16.2
Remote rural 42357  43.2 66881.3  49.7
Total 9810.6 134575.3

F BAFSE 1y 7HBAE Fost ALstAnt. ZAA4(urbanicity) 82 9438 ¥49
#ol, 2 53 (settlement type) E2 ZAAZ] &t HMFF W9 olFo|th =
Al A9 & A9 FFA 5899 A WF2 ZFA FE &514 geth
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E4o]

way ANOVA)C.2 gRIstct. &4 ZAF, 0.1% FolFsolA 5714

B#e| Zol7t UAek. EAA

AFRUEY 8 ASAA E4

_c:)__‘l:

A—]’

o
T

’

l:r]

QA #=220.73)F & =

(0.47) 25 0.1% FoolA ZAAET g9 &

Ssly

oA 78 $£3F& DHS AEREEH AA

ahgict.

g4 Z=A

3

gke] 0.952 HiFio]
A9l 374A] HFA §FF2 GHS-SMOD #(ZAl AlE 3, TA] S8A

= D9 ¥

0, A

= O
T— -

==
o =

N

)

opAEte 2 AFUE S 94 olmA|et FFA] FF= HALSAT. HIEA]

317

ol AHE

=
h

EAL A AFYES EAA

. metd w4 A9 ARYEe

> GHS-SMOD 54 3 AAe &

Fee

=
.

“ gy w5

o

o-
o
ol

0

a4 e

A9 ARUEY EAY 2H A4S

i

-

1o ARUE e

=
= A

Zoltt. %
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Central
AGO

Settlement type
(Urbanicity)

B Major urban
B Urban

B Urban slum Border
|

Town Macro Region

Rural —— Country (analyzed)
Remote rural  ——— Country (not analyzed) FUA~5J‘*.‘!". Unguja Is.
UCDB +2km —»; ‘&
" L
. K | Zanzibar city
. . o B ;
S ™.
[T ) 5 FUA +5km —pp S
P ST UCDB +2km —p=-#% 5

\+ Dar es Salaam

A

E'::q' 1% ".';-;-

GHA T60

(25 5] Atstet ofd otze|7he] A4 79 Ak

F 99 Azes &4 o4 10,0297 AFYE(DHS 2AME) FolA s 9 J384 &
4 JE7F grE 9,827/ ARYEE EEett QEF of#f9 Ak GHS-UCDBY =
AAE = 2km, GHS-FUAS 7163 ZAEL S5km 839 wHE A A9 A ZS
HolEoh gRpYote] gEoAdghe QI S¥igh o) ZAjoly FAT AR dy
kS FAYT XOoZ F8 ZAQ TA| &9o] Bzt wiH, A9de ok F4IA
]l ZAHIZ AJElE QI Wigh o]ste] Uyt Z=AZL diREoln TA] £¥H2 WA gt
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(# 10] =4 92 45784 54

O = O
Population Builtup Night time Travel Admin. Wealth  Education
density index lights time division

Urban region
Major urban 8128.5 0.72 12.79 0.4 0.95 2.44 4.61
(7582.5) (0.26)  (11.08) (1.5) 0.22) (0.67) (0.44)
Urban 1222.7 0.41 5.45 3.2 0.95 2.33 4.33
(2012.0) (0.26) (6.82) (10.5) 0.22) 0.67) 0.53)
Urban slum 3958.7 0.48 5.87 3.9 0.95 2.00 4.04
(5845.3) 0.31) (6.83) (17.5) 0.23) 0.56) (0.84)

Rural region

Town 478.9 0.06 0.85 52.7 0.78 1.92 3.43
(590) (0.08) (2.13) (96.8) (0.41) (0.61) 0.97)
Rural 318.4 0.02 0.19 47.1 0.09 1.72 2.69
(264.7) (0.04) (0.63) (43.8) (0.29) 0.57) (0.88)
Remote rural 132.2 0.00 0.02 131.6 0.00 1.55 2.20
(138.3) (0.01) (0.08)  (136.8) (0.00) 0.5) (0.82)
Total 1317.2 0.15 2.17 75.6 0.36 1.80 2.97

(3725.3) (0.28) (6.79  (114.8) (0.48) (0.64) (1.20)

F 7led A BH@EEEA) FHZ 5. ARYE
A SERISH 2 1s 5 &
Ho 2 AT ol

AEA] Y EAL 027 2t £2 ZAl(major urban)E ZE AHF
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EAT 2 XolE HQIth Er2(town)S AFUE, of7btE, FFH TA-=
& FEAN 2 TAAS HoFE o], dTAE Ao R ETGE &
& A Yo AAot= AXA(small city)oll 7HEth 48t 5&(rura)¥ ¥4 =

Z(remote rural) AFHEL}L FZAOA & Afol& HOlth [IY 5]9A4 &

T AR dit HEZ VI5A A AdZ(@Y % 29)) A gon, ¥
7 &2 A0 B2 o] Exd= AL & & A

2 A= 223 ARE g8t EAst9 o™, USAIDS DHS A&+
dE2AL FojRbol| digt AEATE A|A o] ot DHS AZFA= ICF 7|+
A& A 3] (Institutional Review Board, IRB)2] 591 FE35H & APE QY
o 3l B d4E ASdstn Y Y3(RB; Institutional Review

Board)9] FF Ao|HA 5<91S WITHIRB No. E2104/002-007).

© FARE Aol TP W FFA /3
£ AFA HIAolA 2 =

worth A% £9 # =

= &°l2 AF ARHZE . o, & =woA 94 5&2 £4 94 DHS AR}
otF HE T 40% ol/dE A= AFA FFolv(® 9) 373 HMAE HHH 5).
=, & =ollA ¥4 s 2 BT 2

SHH(E 6) Y& (isolated) TS EE HA(LADTES u|ot= A ofytt
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A4 weelol grgel WAL =449 w3

1. 4 23
A WA A7 BAL ofF Ajoe] Werelop gl AL w44 &
£ 08, It L ANAYG 2AYR o] BYFE Aoz FAHY AT

Hae eyt gt

AT 7 1

HFA §39 EAH0] Wess Betelor 4d 7bsAol Eobd ol

1-1. Afsle} ol ofmeltol Al 434 f3el EAH0] Wi wetelop
79 7H5Hol &2 Aolt,

1-2. %A K9] BAT welelol 24 54l WAL ANAY
F/bEE g Aol

ANHOF =AHo] e FEACNA Wetelote] FPF sHsAo] wop

4 Zoz diEtt v ANNY B FPER EAG $F D EARS
7} a0] webEol §9ES AAE 2] wRe] EA4w waheo}

7 AL ofg B2 Hel] W gebd 4 gtk wetd SHHOE gaZ

EXAY PARACR HRA AP0 Gekeol 7+ BAS BAste] A7y
1-12 AEsHee. olol, HARATY WerRAe Agstel DHS A=Y =7t

g dxEE AFA F93 gEEor 1 BAE v 24S FeEHA ATt
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1) BeE 228 HARA

28 ARG S ARESHRT. S5Hes DEtEor AT HHHoE Y=
ojlfy Woln, dYRls: 37 U, 7HE, AFUE)SE FAHH
Lt AFYE Ee 7ol £ ol FARE &4 At de
aste] 378 29 AdEHEFP(Random intercept model)S AT
o] HPo g 2% 7 % 34E AFYHEHS dHo] gt dolay(random
effec)@} A0 17 G3Hfixed effect)S E45MAT
Logit{Pr(yiji = 1)} = Bo + Bixiji + Baxjic + Bixi + 3]((2;2) +&
Where s}(z,z)~N(0, 72) and s,(€3)~N(0, %)
yijp= kKRR AFUE, jHA 7 1A obso] Y AFREIHAIS 0,
A2 DE Yetlie o|FREE w2t Logit{Pr(y;, = 1)} Tekeor 7

Ao A4S 23 P2 Yehl Aol xy ks A 42 WSS W,

ety e NOT2) B WEE & ARYEL j 7bre) Qo) dHolw ) 2
NO,y»)E TEE k ARUEY 49 dHoly, o] & 2 EgHo|zti 7}
Asttt, Ag¥HSES 1A p= BA Q2 ZH|(adjusted odds ratio, aOR)2}F

95% AlZ]3L7H confidence interval, C) 2.2 # 2|5} it} 48

7 E& WEE nPryge = 1)/(1 - Pr(yge = D) FLsHH

B2 ATl B4 AT AAE BE Q=¥ BY 2=H|(aOR)OIt}.
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Zt o] fist dHol A9 By FHAdTEAS(intraclass correlation

TL 3570 o) A¥Ei B4 FAY 5 9 2ol

P(Household) = Y2/ (y* + % + n?/3)

P(community, Household) = (yz + Tz)/(yz +7% 4 7T2/3)

p(Household)}\_:‘ 7]"?' ’/'IY\‘%O]’ p(Community, Household)}i‘ 7]"?'21' 7{%’—14‘5]
Z9] Balo] AX BAFS Fupt H9sh=AE HolEth n2/3 (2 329)%

e Hu A

A A2ALAA 14200) x}7Fe] EAlo|th(Agresti, 2013; Delprato
Sabates, 2014; Hox et al., 2017).

2) vErEA
werao] g3 &3 7% DHS ARWE € dARY) 2AAY
AR oE 24T FFA 939 BY 2=uORelt. ol 7 1 of

5 47t AL 2715 nYstel 252019, ARYE) Rgow 7RI £
%

HOR ME e ERH AROIH FAWSY Eirt SUA Fe

Ao 58772 ¥ (Random effects model)S &85t (Higgins et al., 2019).
2 A4 737 € A-HDHS Asd) E4oA 42 ZFA /K39 axrt
T ogaos |4 &892 g (Random effects model)2 #8353 th 4

9 olg] DHSE &8%t vets AFEL HEO ool &= HojlA FEaHNLFES
F2 ARS8 tH(Assaf & Juan, 2020a; Florey & Taylor, 2016; Tusting et al., 2020).
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i](ém)i Addn. o] FHAE 44 24 2l 7HEAE FiL o

9 _ Ziv—l Wllgl
o pa
1 o 1
where Wl’ == and SE{G i}Z = T~y
SE{8}" + 12 =1 Wi

gEaRndel HEA(w)e 2 BAAT EXts WEA(SED)H T
Az g BEAZ43 Abol9 WEA(1%)E Lefetth(Borenstein et al., 2021).

AXNASY @ 7P vjw BEAofE= Cochrane’s Q SAFH Higgins 2
EAFS L3519t Cochrane's Q EAFLS x? AAL Ed Hd £447

o

2 98 au} seRao) B3 avel Auht e A Holzth ¥

Q statistics = Zﬁvzlwi (ﬁl - ﬁpooled)2 ~ X2 (k - 1)

Q statistics — degress of freedom
— * 100%
Q statistics

Higgins’ 12 =

1

A

Q BA Aol wi A EAATY AEH, p iAA BHEH

L F742)oltt. Higgins' = ©|FA +

&
o
%
g

2yt 37](9-OR), ﬂpooled{:" 5
AFstole BAZCITE ol HEQAV}F ofd o]dAgo o5 WAYs=
(FHA W) ¥5A(variability)?] 8|82 Ho]Fch(Higgins et al., 2019).°!

FPH, §o5tA] ¥ A7 HFEA|
2 ARg3tch(Higgins et al., 2019).

r°1‘

0 o] @Hel AR mIst FAHoleh Folch,
7] EH'E‘Oﬂ 1E ‘IT T"“

lo

Y
3o £ 9od, 30%~60%+= 7+ F=9 o]&A(moderate
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B4 Wak 54 0u o5 Letelol g ojiolw], By WAL X
A fgolth AFA £%2 olEMoR Urde wet wmshy] e A
gu) WA A9 D 5 AES w5 Wro mYo] ZRRAT. T4

Wt =9 M9 Ve A [E 519 [E 9ol AEsAH.
i

o] dgdse] W A Ve (B 1119 24 7 aEe
]

T8 94 48 WHe4= AAsE92™, DHS Spatial Data Repository2] A 251t
S HZF (Geospatial covariates) AArS &8st >

7 BAjo] AgE Y WAL ten 2ok gF AAY BI(RE It
2 EPe )AL BE PSS EFSYT. of 7} @ DHS 24
A7\(round)® Ev] WAE Z7Hoch ek BAS 9% DHS A=H(E7H
2 dz¥) 34 47 WhY B 2L SSA 4%, 2P AE o,
W52 A8 A DHS ARA 5

A9l vet BAA A s>

o
ox
i
N,
o
ofl
=2
o
e
o
==
e
)
g0,
ir

heterogeneity), 50%~90%= 23t =52 o]&/J(substantial heterogeneity), 75%~100%
= AGst o] @A (considerable heterogeneity)2 2]1|$ttH(Higgins et al., 2019).

2 ggh, B2y7|unt4o] 27 DHS &AM A2 DHSE ARYERE 1= HJE7F ¢l7] o
Eol SRTM A=E E-&3 90m AA @99 1= A=E &8st AF Aot ol
DHS9 A 2]37t ZH e (Geospatial covariate) A4 WH4S A& FtH(Mayala et al., 2018).
%, DHS &AM #3 ols(displacement)s 118|5to], LA RALO= 2km, && XA
TFol= 10kme] ¥4 & F, SHEt] S0l BE FSE RAY 1= E F3513

» uhthhAzbE DHSE of 3% 99014 $83 Heo| IuEH oot A9lstsich
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(E 11] 24 184 299 71&8A
Individual and Household level Cluster level
Variable N % Variable N %
Individual level Cluster level
age Temperature (C) (2015)
0 15,783.1 11.4 (24 37,059.7 27.8
1 30,043.3 21.8 24 - 26 35,229.8 26.4
2 30,202.7 21.9 26 - 28.5 45,352.9 34.0
3 31,585.0 22.9 > 28.5 15,684.4 11.8
4 30,353.9 22.0 Precipitation (m) (Annual, 2015)
Mosquito bed net {800 31,785.5 23.8
No 28,505.1 20.7 800 - 1,000 27,027.3 20.3
Yes 109,458.9 79.3 1,000 - 1,400 42,196.3 31.6
Household level > 1,400 32,432.1 24.3
Household size Altitude (m) (Survey year)
<5 31,781.4 23.0 (250 44,736.5 32.6
5-6 39,516.3 28.6 250 - 500 35,574.5 25.9
7-9 36,222.4 26.3 500 - 1000 17,264.9 12.6
> 10 30,448.2 22.1 1000 - 1500 27,856.8 20.3
Maternal education > 1,500 11,704.9 8.5
No education 48,922.5 39.8 EVI (0-10,000) (2015)!
Primary 45,854.3 37.3 {2,500 42,196.3 31.7
Secondary 24,558.4 20.0 2,500 - 3,000 23,550.2 17.7
Higher 3,709.0 3.0 3,000 - 3,500 23,216.7 17.4
Wealth index = 3,500 44,363.7 33.3
Poorest 31,927.4 23.1 Time
Poor 30,405.8 22.0 Time round
Middle 27,714.2 20.1 1st 99,718.5 72.3
Rich 25,694.4 18.6 2nd 38,249.6 27.7
Richest 22,226.4 16.1
Improved house (Wall, floor, roof)
No 63,480.5 46.0
Yes 74,473.2 54.0
Improved sanitation (Toilet)
No 98,667.0 71.5
Yes 39,258.2 28.5
F WE BABE B BAE Rolslo] ANSYT NARY A, 2 weda A W
A Yol Q= HF7F FR HFEZ FAW)o|t}h. EVIE Enhanced Vegetation Index©]th.
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Model 1 Model 2
OR 95% CI OR 95% CI
Fixed effect
Community leyel
Urbanicity Remote rural 1 (ref)
(6 Settlement type) Rural 0.83* 0.72-0.96
Town 0.48™* 0.41 - 0.56
Urban slum 0.41** 0.33 -0.51
Urban 0.20** 0.15-0.26
Major urban 0.13** 0.10-0.18
Region (2 types) Rural region 1 (ref)
Urban region 0.32** 0.27 - 0.37
Individual level
Age 0 1 (ref) 1 (ref)
1 1.79*** 1.60 - 2.02 1.79%* 1.60 - 2.02
2 2.93** 2.60 - 3.29 2.92%* 2.60 - 3.29
3 3.78%%* 3.36 - 4.25 3.79%* 3.36 - 4.26
4 4.36™* 3.87 - 4.92 4.36™* 3.87 -4.92
Mosquito bed net No 1 (ref) 1 (ref)
Yes 0.88™* 0.81 -0.95 0.87** 0.8-0.94
Household level
Household size (5 1 (ref) 1 (ref)
5-6 1.04 0.95-1.13 1.04 0.95-1.13
7-9 1.10*  1.01 -1.20 1.10* 1.00 - 1.20
= 10 1.32%* 1.19 - 1.46 1.3%* 1,18 - 1.44
Maternal education No education 1 (ref) 1 (ref)
Primary 0.82*"* 0.75 - 0.89 0.83*** 0.77 - 0.9
Secondary 0.54** 0.48 - 0.60 0.55™* 0.50 - 0.62
Higher 0.33** (.25 - 0.43 0.35** (.27 - 0.46
Wealth index Poorest 1 (ref) 1 (ref)
Poor 0.82*** 0.75-0.9 0.83** 0.76 - 0.91
Middle 0.53™* 0.48 - 0.59 0.55"* 0.50 - 0.61
Rich 0.39™* 0.34 - 0.44 0.42™* 0.37 - 0.48
Richest 0.16** 0.13-0.19 0.18** 0.15-0.23
Improved house No 1 (ref) 1 (ref)
(Wall, floor, roof) Yes 0.90* 0.82-0.98 0.90* 0.83-0.99
Improved Sanitation No 1 (ref) 1 (ref)
Yes 0.86™* 0.79 - 0.94 0.87** 0.80-0.95
52
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(Continued)

Community level

Temperature (C) (24 1 (ref) 1 (ref)

(2015) 24 - 26 1.02 0.87 - 1.20 1.04 0.88 - 1.22
26 - 28.5 0.94 0.76 - 1.17 0.93 0.75-1.16
= 28.5 0.57** 0.43 - 0.76 0.54** 0.41 -0.72

Precipitation (mm) {800 1 (ref) 1 (ref)

(Annual, 2015) 800 - 1,000 1.43** 1,19 - 1.72 1.44** 1.20-1.72
1,000 - 1,400 1.72** 1.42 - 2.08 1.75%% 1.44-2.12
> 1,400 1.24%" 098 -1.57 1.31* 1.04 - 1.66

Altitude (m) (250 1 (ref) 1 (ref)

(Survey year) 250 - 500 1.22*  1.05-1.42 1.12 0.96 - 1.30
500 - 1000 1.11 0.91-1.35 1.03 0.85-1.26
1000 - 1500 0.90 0.70 - 1.15 0.817 0.63-1.03
> 1,500 0.06™* 0.04 - 0.09 0.06™* 0.04 - 0.09

EVI (Enhanced {2,500 1 (ref) 1 (ref)

Vegetation Index) 2,500 - 3,000 1.12 0.93 - 1.35 1.04 0.86 -1.26

(2015) 3,000 - 3,500 1.80™* 1.47-2.2 1.65%* 1.34 - 2.02
= 3,500 1.92** 1,54 -2.4 1.75%* 1.40 - 2.19

Time

Time round 1% round 1 (ref) 1 (ref)
2™ round 0.37** 0.32 - 0.42 0.37** 0.32 - 0.42

Random effect

Household level

v2: variance (SE) 2.82(0.15) 2.82(0.15)

p: ICC (household) 0.63 0.63

Community level

: variance (SE) 2.74(0.11) 2.70(0.11)

p: ICC (Community & household) 0.31 0.31

Model fitness

Log (pseudo) likelihood -40,245 -40,190

Wald x2 3,466*** 3,502

Sample

Number of individuals (Obs.) 122,282 122,282

Number of households 80,846 80,846

Number of clusters 9,666 9,666

Number of total surveys 27 27

2 BE RS 2 EAT AvdlA B4t

T pd1, * p<.05, ** pd.01, *** p{.001
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2) %7t 9 AN Wetelot gzt AFA 79 WA

H7F Sopxl= qh, AR FFA fRolM =7HE ' AAA]
Ao UeYt B2S AY 2e HAFA 730

A g ZEtEor 49 =4[ DHS A& ojdAgo] st ol
=

Aol BE 50% ol4olleh. Ea, HE HAo

Z ) F8 A9 FF A= 0.16(95% CL 0.11-0.23)2 SAZoE &
oJ5lAt. AARAGE oL BA R Fo5IA] FPAN, FopmeFt =
7Feol 7 Q=H9 AlgHzto] ©E AXAY H7FE9 AlEztE Ao
£ o7l AtHaY 7). E, &2 $F9 DHS A=E o]dAo] FAE =
dl, Higgins' * BA%F] 68.8%%ct. 41, 45t ZA9 94 & tiH] 53¢
A= 0.24(95% CL: 0.18-0.33)0190th. AXAGE oA {ostle=T]
Aotmej7te]l Q=H|7} JAH o =Pl 8). DHS A=HE oldA4LE &
9J5HA| &% ow Higgins I? Aol 57.4%Act MAl, TA &£H9 94 &
2 o8] 3 a3= 0.33(95% CI: 0.24-0.44)°]1%0tt. AAAGE o] dAL

l51A] LA, &L 520] DHS A2 o440l BHIE L), Higgins

I A%l 67.2%%ATH

& A99 de 24 dae oen 2o A4, B9 943 52 o
H] 23 A7 0.57(95% CL: 0.50-0.65)0] At AAA Y o]dAHe §oFH=
ol AlofmejztEct Folxe|rlox ¥4 & v B9 #d X7t ¥



rtHIY 10). B2 DHS A2 o]d4o] EAZOE §ot4 %L 4L
3 374 GFoIgle. ol 2 AAAY QAL RARE HBE HIFA,
ANAGERE G2 anhe BelEts 2 Juldth B4, 90 529 9
4 52 o £ B 0.82(95% CI 0.71-0.99) %tk Lt F2L AR
o o] d o] R84 PLon] DHS ZAPE o] AL 9olstelrt

Macro region & Country Year Round OR (95% CI) % weight
East
Mozambique 2015 1 > 0.02 (0.01,0.09) 3.53
Uganda 2016 1 1—0—:— 0.04 (0.01,0.20) 2.98
Malawi 2014 1 L g 0.07 (0.01,0.73) 1.85
Uganda 2018-19 2 >~ 0.10 (0.01,1.49) 1.46
Tanzania 2015-16 1 4 0.17 (0.02, 1.52) 2.06
Malawi 2017 2 : — 0.83 (0.41,1.67) 5.92
Tanzania 2017 2 ' * 1.73 (0.30, 10.10) 2.73
Subgroup, DL (I° = 81.8%, p = 0.000) _ 0.16 (0.04, 0.65) 20.53
.
West :
Burkina Faso 2014 1 —_— 0.06 (0.03,0.13) 5.65
Guinea 2012 1 —0—: 0.07 (0.02,0.19) 4.65
Mali 2015 1 —0:— 0.09 (0.03,0.29) 4.26
Liberia 2016 1 —0—:— 0.11 (0.06, 0.21) 6.08
Nigeria 2015 1 — 0.11(0.05,0.23) 5.71
Togo 2013-14 1 e 0.13 (0.07,0.24) 6.1
Ghana 2016 1 —0:— 0.15(0.07,0.33) 5.57
Ghana 2019 2 — 0.17 (0.06, 0.47) 4.87
Burkina Faso 2017-18 2 —_— 0.18 (0.05,0.59) 4.16
Togo 2017 2 —_—— 0.21(0.09,0.52) 5.17
Cameroon 2018 1 ':—0— 0.27 (0.15,0.47) 6.43
Nigeria 2018 2 :—0— 0.28 (0.17,0.46) 6.63
Cote d'lvoire 2011-12 1 | 0.51(0.22,1.17) 5.40
Subgroup, DL (I’ = 56.9%, p = 0.006) <> 0.16 (0.1, 0.22) 70.68
i
Central '
Angola 2015-16 1 —0—|—' 0.11 (0.04,0.32) 4.52
Congo DR 2013-14 1 —0—: 0.33 (0.10, 1.07) 4.27
Subgroup, DL (I° = 48.8%, p = 0.162) _ —— 0.18 (0.06, 0.56) 8.79
'
Heterogeneity between groups: p = 0.960 :
Overall, DL (I = 68.8%, p = 0.000) < 0.16 (0.11, 0.23) 100.00
I I I I
5 1 2 10
(1" 7] 8 ZA] HErEY F3t

=
g

t

FRE HEEAY 2 8% 94 BEolth WEEAL AAAGY a9 1§ 24
(subgroup analysis}@ WA AWSIGOH, SIARE 8, A%, F¥ 242 dstact
72 ANAY Wel A BY 0=H(OR7 e #ATE F7h 8 AES Utk 7
DHS 248 @xu] £3x9] 75X 314 wael 272 BAH 9269 95% A

TR 712 et shEmel JhR gololm, 12 EYSHA oW BAHOE SOl
B} Q= Aow meke
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Macro region & Country

Year  Round

OR (95% CI) % weight

East
Tanzania 2017 2 4—*—‘* 0.04 (0.01, 0.28) 2.01
Mozambique 2015 1 — 0.11 (0.04, 0.28) 5.00
Malawi 2017 2 —_— 0.12(0.03, 0.50) 3.21
Burundi 2012 1 _————— 0.14 (0.03, 0.82) 2.38
Uganda 2016 1 —_——— 0.25 (0.04, 1.40) 2.40
Tanzania 2015-16 1 ————| 0.29 (0.07, 1.15) 3.31
Subgroup, DL (I° = 0.0%, p = 0.630) e 0.14 (0.08, 0.24)18.31
'
'
West .
Togo 2013-14 1 —_—— 0.13(0.04, 0.41) 4.26
Mali 2015 1 —_—— 0.18 (0.06, 0.60) 3.93
Burkina Faso 2017-18 2 —— 0.21(0.09, 0.48) 5.56
Liberia 2016 1 R 0.21(0.12, 0.39) 6.79
Togo 2017 2 — 0.22 (0.08, 0.57) 4.89
Cameroon 2018 1 — 0.24 (0.13,0.43) 6.83
Cote d'lvoire 2011-12 1 B - m— 0.24 (0.08, 0.72) 4.29
Ghana 2019 2 —_—————— 0.24 (0.06, 0.93) 3.36
Burkina Faso 2014 1 R 0.28 (0.13, 0.62) 5.75
Guinea 2012 1 ——— 0.28 (0.13, 0.61) 5.93
Nigeria 2015 1 —— 0.41(0.23, 0.74) 6.90
Ghana 2016 1 e 0.63(0.31, 1.28) 6.23
Nigeria 2018 2 . 0.64 (0.42, 0.98) 7.83
Senegal 2015-16 1  ————— 1.30 (0.32, 5.25) 3.24
Subgroup, DL (I = 49.8%, p = 0.018) > 0.31(0.23, 0.42)75.79
'
Central '
Angola 2015-16 1 _— 0.06 (0.02, 0.15) 4.74
Congo DR 2013-14 1 - 0.21(0.01, 3.08) 1.16
Subgroup, DL (I = 0.0%, p = 0.376) _ — ' 0.07 (0.03, 0.17) 5.90
'
Heterogeneity between groups: p = 0.001 1
Overall, DL (I° = 57.4%, p = 0.000) < 0.24 (0.18, 0.33)00.00
T T T T T T
1 5 1 2 10
=]
(19 8] dut ZA weHEA Ay}
Macro region & Country Year  Round OR (95% CI) % weight
East
Burundi 2012 1 . 0.06 (0.02, 0.25) 2.72
Uganda 2016 1 e 0.1 (0.04, 0.32) 3.64
Malawi 2017 2 — 0.15(0.07, 0.36) 4.36
Uganda 2018-19 2 —_— 0.26 (0.07, 0.90) 3.07
Tanzania 2015-16 1 —— 0.26 (0.09, 0.79) 3.48
Malawi 2014 1 —_—— 0.34 (0.10, 1.23) 2.98
Tanzania 2017 2 —_—— 0.34(0.08, 1.51) 2.50
Mozambique 2015 1 et 0.45(0.20, 1.05) 4.42
Kenya 2015 1 e L omm 1.15 (0.42, 3.13) 3.82
Subgroup, DL (I = 56.7%, p = 0.018) g 0.26 (0.15, 0.46)30.98
j
West '
Burkina Faso 2014 1 —_—— 0.18(0.07, 0.47) 3.97
Mali 2015 1 —— 0.19 (0.09, 0.39) 4.78
Guinea 2012 1 ——— 0.23 (0.12, 0.44) 5.08
Togo 2013-14 1 R 0.23(0.13, 0.41) 5.37
Burkina Faso 2017-18 2 —— 0.25 (0.12, 0.50) 4.97
Nigeria 2015 1 —_—— 0.29 (0.12, 0.74) 4.07
Ghana 2016 1 — 0.32(0.18, 0.58) 5.43
Cameroon 2018 1 — 0.34 (0.18, 0.65) 5.20
Ghana 2019 2 ——| 0.35(0.12, 1.03) 3.60
Togo 2017 2 — 0.38(0.16, 0.89) 4.35
Senegal 2015-16 1 — 0.43 (0.05, 3.91) 1.42
Nigeria 2018 2 —— 0.49 (0.33, 0.73) 6.10
Cote d'lvoire 2011-12 1 — 0.63 (0.25, 1.60) 4.04
Subgroup, DL (I* = 7.2%, p = 0.374) <> 0.32 (0.26, 0.39)58.37
j
Central .
Angola 2015-16 1 —— 0.41(0.20, 0.83) 4.87
Congo DR 2013-14 1 ! - 1.57 (0.96, 2.55) 5.78
Subgroup, DL (I = 89.2%, p = 0.002) —_ 0.82 (0.2, 3.08)10.65
'
Heterogeneity between groups: p = 0.299 :
Overall, DL (I° = 67.2%, p = 0.000) <> 0.33 (0.24, 0.44)00.00
T T T T T T
1 5 1 2 10
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Macro region & Country Year  Round OR (95% CI) % weight
East
Mozambique 2015 1 —— 0.24 (0.12, 0.49) 2.88
Rwanda 2014-15 1 —_————— 0.26 (0.08, 0.86) 1.13
Tanzania 2017 2 —— 0.35(0.15, 0.82) 2.10
Malawi 2017 2 — 0.37(0.19,0.71) 3.15
Malawi 2014 1 ——— 0.39 (0.15, 1.02) 1.70
Burundi 2012 1 ——— 0.39 (0.16, 0.95) 1.96
Uganda 2016 1 — 0.40 (0.25, 0.65) 5.19
Uganda 2018-19 2 —— 0.53 (0.27, 1.06) 2.99
Kenya 2015 1 —_—— 0.57 (0.15,2.16) 0.93
Tanzania 2015-16 1 — 0.73(0.37, 1.43) 3.05
Subgroup, DL (I = 0.0%, p = 0.700) <. 0.41(0.32, 0.52)25.07
'
West 1
Senegal 2015-16 1 ——— 0.42(0.10, 1.67) 0.86
Burkina Faso 2014 1 —0+ 0.46 (0.33, 0.63) 8.14
Togo 2013-14 1 —— 0.49 (0.31,0.79) 5.33
Nigeria 2015 1 —— 0.50 (0.32, 0.78) 5.61
Cameroon 2018 1 — 0.55(0.32, 0.97) 4.17
Burkina Faso 2017-18 2 — 0.58 (0.38, 0.89) 5.98
Togo 2017 2 —— 0.60 (0.34, 1.09) 3.85
Guinea 2012 1 ——r 0.62 (0.35, 1.11) 3.96
Ghana 2016 1 — 0.65 (0.37, 1.15) 4.03
Ghana 2019 2 e 0.66 (0.32, 1.36) 2.77
Liberia 2016 1 ——1 0.74 (0.47,1.16) 5.64
Nigeria 2018 2 e 0.80 (0.61, 1.05) 9.57
Cote d'lvoire 2011-12 1 —— 0.81(0.38, 1.74) 2.52
Mali 2015 1 —— 0.89 (0.53, 1.49) 4.57
Subgroup, DL (I = 0.0%, p = 0.515) [ 0.62 (0.55, 0.71)67.00
'
Central .
Angola 2015-16 1 —— 0.43 (0.21,0.88) 2.72
Congo DR 2013-14 1 ——— 0.99 (0.62, 1.60) 5.20
Subgroup, DL (I = 72.2%, p = 0.058) <:> 0.68 (0.30, 1.55) 7.92
'
Heterogeneity between groups: p = 0.007 1
Overall, DL (I = 26.2%, p = 0.111) O 0.57 (0.50, 0.65700.00
T T T T T T
A 51 2 10
o 1=]
Macro region & Country Year  Round OR (95% CI) % weight
East
Tanzania 2015-16 1 —— 0.55 (0.31,0.99) 3.55
Rwanda 2014-15 1 — 0.61 (0.26, 1.40) 2.20
Malawi 2014 1 — 1 0.69 (0.33, 1.44) 2.61
Uganda 2016 1 —- 0.75(0.48, 1.17) 4.69
Mozambique 2015 1 — 0.76 (0.40, 1.44) 3.15
Kenya 2015 1 — 0.92 (0.26, 3.26) 1.11
Malawi 2017 2 —— 0.97 (0.55, 1.70) 3.72
Uganda 2018-19 2 —i— 1.01(0.53, 1.94) 3.1
Tanzania 2017 2 —— 1.03 (0.53, 2.01) 3.03
Burundi 2012 1 —— 1.10 (0.49, 2.49) 2.27
Subgroup, DL (I = 0.0%, p = 0.883) < 0.80 (0.65, 0.99)29.43
'
'
West .
Cameroon 2018 1 — . 0.31(0.18, 0.54) 3.77
Nigeria 2015 1 — 0.57 (0.37, 0.89) 4.70
Burkina Faso 2014 1 - 0.59 (0.43, 0.82) 5.96
Ghana 2019 2 — 0.65 (0.32, 1.32) 2.7
Burkina Faso 2017-18 2 —o| 0.70 (0.51,0.97) 6.04
Senegal 2015-16 1 —_— 0.71(0.25,2.01) 1.55
Ghana 2016 1 —— 0.83 (0.49, 1.40) 4.04
Guinea 2012 1 —— 0.86 (0.51, 1.47) 3.97
Togo 2013-14 1 —— 0.87 (0.59, 1.27) 5.35
Liberia 2016 1 —— 0.92 (0.68, 1.24) 6.26
Mali 2015 1 —ir— 0.94 (0.55, 1.62) 3.84
Nigeria 2018 2 e 1.21(0.92, 1.58) 6.61
Togo 2017 2 —— 1.27 (0.76, 2.13) 4.06
Cote d'lvoire 2011-12 1 e 1.35(0.87, 2.11) 4.73
Subgroup, DL (I° = 64.1%, p = 0.001) <> 0.81(0.67, 0.99)63.65
Central .
Angola 2015-16 1 —— 0.41(0.20, 0.83) 2.78
Congo DR 2013-14 1 L 1.52 (0.91, 2.52) 4.14
Subgroup, DL (I = 88.5%, p = 0.003) _ T 0.81(0.22, 2.92) 6.92
'
Heterogeneity between groups: p = 0.998 .
Overall, DL (I = 50.0%, p = 0.002) <> 0.82 (0.71, 0.94)00.00
T T T T T T
1 5 1 2 10
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dzojct. Z+ AXNAGY AFA FPE 2=2H9 Fx HFEs 94 FEot A=
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A5 Wetelol S MAE EAHY THE fh

T o AT BHL ARUEY Teteor §HEA AL A4Y T

A afE ASste A2z FAER] A THE2 U= 2o

A+ 7HA 2.

ARUE Q] Z=A/go] Tete]or fEEC] WA= IHE &

2-1. 9 ARYUEHY A0l #2545 EF AFUEHY Zeteor §4
£0] Wobd Holtt.

2-2. TAAY EEElor RE IF A ARYUEEE tE Aot

AwUE s 24 AT Mula HIAol wal 2] A4
of £t &A= o] "t ot FHEC] ¥E & Uk Wz, Q1F9]
EE & Ee £H9 &% ARUE e J2A40] R B7|7t Eol EEE| ot

& ok WA =AA9 sbFaik(spillover effect)7t A& A

olgts AF7H 2-1& AASH FIARA LR o5 HSSHAUT
A9 @ ARYEEE Dol FHER TAIG9 o]d o] AA EAIA
I FHEE Y AT vAFHCeRE gEbd 4= Gty 194 B4 AioANk

etlor Ay =AM BAVE I7PEE 9E2A YErdTh ol ARV
sARAez Tor FHEC WAE =AY A4 &¥(ocal effect),
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1) S73AEA

Yol
)
!
oflt

AFUE ] HEelol FEC vAlE =AY daade 33t
< E&oto] BAsIRT. TEtEol FEY =AES IdH A9 T+ #ol &
ARSE B7HA A7) (spatial autocorrelation)E A9 4 k= Hoj A >

SUAFER LR Hetgoto] mAle EAGS adE EAsAY. 339

Y=pWY + aly + X +WX0 +u

u=yWu+e

o] 22 GNS 2¥(General nesting spatial model)o|tt. WY} WX+
27t QY ARUES B4uso Seuse] B0l wuk U ARY
g0 exjaoltt. p, 6, y& 7+ ] F2H4 molch GNS BRCIA 343

ofF & I ARE SolHUA olF BFPS wE 4 Utk HFE A5k

odtgtEol $HEY TAAY FHA AVABRAL Global Moran' [(AY4 2 X2
ASSHAT. o] AT #ol F4F I ARl wrhe A, FARE fol &
A= Avt= A)Z ouigtt. BAZFY 42 offet 2t

N B B wy (Y = V) (% - ¥)

Global Moran'l = —
(024 Z}l=1 wij) Z?:l(yi - y)

i %)k ARUEE Juisie], ne F ARUEY Folth wyk ARUE i 9 j 3o
A B2 A0S, FWNEREY AFAL ARYE T AL AR G5E 15
shgom, ol ARG A3 AN Pk v Betelop KYET SAHo|T

% GNS 204 g=00]H SAC(spatial autoregressive combined model) =&, =0 ©o]™
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=49 B2 dtgote] AEAAS AT dHolA EAAG9 otFadE Tt
ofst= Aot wets F&Hee SYPHS0 IHY 5ItE FYotes 33t
Bl 2§ (spatial durbin model, SDM)& -A1% o0& FA519tt.

Y =pWY + aly + X +WX0 + ¢

P AEHPY SRSy & SAIske 33 (spatial error
model}Z &8sttt olF, 7t B9 LE(Clsk)ol FTt ZolE A=

254 HAA(Likelihood Ratio test, LR test) 2.2 7} Z3st S mhoto}

o)

o} 7 E3 Z7rA anE 1EsHA] @ JA%S 3 ARF(Ordinary Least

Squares, OLS}& F7ioto] ©& REPI BHlwstitt. 2eoFstd 4714 29

SDM(spatial durbin model), p=0 °©]®, SDEM(spatial durbin error model), y=0, =0 ©]H,
SAR(spatial autoregressive model) T+ SLM(spatial lag model), p=0, y=0 ©]%H, SLX(spatial
lag of X model), p=0, §=0 ©|H, SEM(spatial error model)°] ®Ht}. TeF F7+8 E37F L
5 091 A&, 0=0, 6=0, y=0)= OLS 23} At}
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7 1R #AAY AF/MET A oS3 Zth SDMO SARE M= 4%, AFE/MEE
Hy 0=08 AAsta o] 7}do] 7|ztE]W SDMO® ARttt SDMH SEME H|wd s
AFEIHEE Hy 0=- Bp (0+ Bp =0)Z2 AHAsta o] 7Hd 7|24 =W SDMe=Z ZA3tct. Hirf

2, IR 49 AF7HEde 71454 X5t o @t Bger F4sH do
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(SDM, SAR, SEM, OLS)Z 245t 7MY Amg & d9ste Zg<S 21 F

8 W59 I7HA ay(EEtEory] A9, TAIE9 FaIhE siAsk

0,
ofx
fo
ot
o
X
=
5
0

2

[\9)
o
—
&
N
fo
ot
N
ol
oM,
Y
i
2l
ok
i

(Blhorst, 2014; LeSage
& Pace, 2009} o] B35S molet 4= = WS AAISHT. 4, A A4

3 SDM 412 ket ol A 4 9t

Y=U—-pW) X(XB+WX0)+R

9ol A% 7IHigkS Fstal A ARiso] tisto] HujRS ALt
H (= pW)T (B + WO )OITE o] P4 thzt dart A- ey, Btz o
a7h ZHadEgaheld & a3 A%t 2] Fado|th(Elhorst, 2014).

S5y D (spatial weight matrix, W) ARFYEY H# 7+ AZE &
&oh= AZAER 55, ol A wet AwUE T AoAEY T
T(F7HE MR @Rt @42 REEE Aol A zEgt(distance-
decay function)= 72 A& J(wy; = 1/(dipH)= A 4, &
ZHARA Al HaASH(OL) 2 F45HE HO(bias)7t TAHD 4 Q7] o

Fof H*xF=AH(Maximum likelihood estimation)S &85}t

% SDM 2lolA pWYE HF2oz &7 F A% Zoltt. RS 28 A4FS ZRIH.

w

o durr oz FE 77 Y= A A A Z(contiguity measure) 2th= AT A =S

2-83tH(Anselin, 1988). Agx=Heo FF7E thgotATE Halks(power function) ¥ El

deE FESHUT A T2 oA &2 "Eg ¥ A9 HHY7t
|

[

AotA AgtEct. ¥, I EE 5T W PJEESHrow-standardization)Z <]
HEE gozn g 7H ¥|ne} 4ol fo|steE st

oo o 1o

o] 10
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ARUE S Tetejol #EEC vAe ZAAES ARUE

p
Y = Bo(u;,vy) + Z Br(uy, vi) Xy + €
=1

B(us,vi) = (XTW(u;, v)X) X7 (ug, v))Y

A9 AT AANA i= AFUE, wot vi= ARYUEY FHio|H
W4 ko] IAAGR Br(u,v)E 73 AR 4 AF(weighted least square)©]l
s AFUEERZ FH=7] i S IEW (u,v))S 755t A0l
395t} (Brunsdon et al., 2002; Fotheringham et al., 2003). 37753 E2

7F9-AIQF ¥4(Gaussian function)e -850 445G oM 42 offjel At
W;; = exp[—(d;;/b)*/2]

dij= AFUE ot jAele] FEHE AgolH, b= tYE(bandwidth)ol
o o7lA "i9E2 #EE gy 4" @e Jadste wAHS(cross
validation, CV) 402 &% f9ZS HAsAt.
THAZFE GO st AIC(Akaike information criterion)?} ZHAFA|
H3H(residual sum of squares, RSS)& Tolo] g9 L& H| oIt

L

i

© FRAARYL FFUSY A7t shel AHE BF(Global ModeDel e, #2175
Aol uek #4sHe A% deAlt 344 29 (Local ModeDoltt.
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29A BHY F4 WSE 20159 ARUE 2-104 ob5Y wetelob
FHECPDR, oItk SPASE A4For AT BAHOR, (WY 52)
3} 6L EA) Al e Rtk 1 9 APEst 4%, 1E, A4
5 37M AdAE E4olth 194 w40 ZPHUY 71ee 1 B
HPBAZ Hol APAsold Agstdet. o 284 BHe ARUE Szo
weEg AR gEd, A7 £59 F2 299 B4 TS $EF AP
A B2E BA] A ARUEE B e Agsior ek Tt
T OHSE EA4T R 4UBAZL 7] R 2FolH A

N

(# 13] 24 284 299 71&8A
N

Variable Mean Std. D Min Max
Malaria prevalence (%) 6,757 18.66 15.74 0.78 81.32
Urbanicity 6,757 2.35 1.63 1.00 6.00
Precipitation (100mm) 6,757 12.21 5.19 1.11 43.16
Altitude (100m) 6,757 6.89 5.95 0.00 29.94
EVI (index) * 100 6,757 32.13 9.61 0.00 57.09

HGSA sk & U 37) AAxE Whe] BE 1008

@ ol mAol ¥S4E AAA S0 ¥ AFA RYE B4 B Fue 9
FCHE 10). EF ARUE SHOR WF % ASHE A9, 1 ¥FE & ARYE Y
A8 AR SEY Aolg WYt 2o Hek.
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Malaria prevalence Settlement type Statistics
(Pf Parasite rate 2-10) 1 Remote rural
° 100 2 Rural o Mean
s 75 3 Town 30
50 4 Urban slum _
25 5 Urban Median
0 6 Major urban 10

(29 13] 454 +3E ZEelor f¥E

Foshdel e shel AFYE(DHS 2AMDE UEHdY. ARYES TEkEor ¥ E
(H&2%)2 MAPO] AlEshz PIPR, ool BFA FR(IEH)2 dXFAMTH 94 &
it &, B, =A €", i B4, F8 EA &0 Udsiid. VledAe B
9 &, 18919 3E9E ndsoith. 9, (19 ol 29 AFA fFEE ARYUET
AZZE A4 etk MAPS] PIPR, 4, At o] AFEZAANRS; A A Ef| 7Ikste] wA]
Aol 37 &= 44 Zolv, DHS A&e ARYUEERE 71l &89 #Eo] FESHA
&7] WZeoltt. &, A EAEA oF) 4014 DHS A=E, ARYEH FAHEE)
B0 M= MAPS] PIPR,., A2E Z&5t= Z°o] Adsittal Hen.
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3. ¥4 2%

1) =A49 sdad

It et ol Ad ARUEY EA4o] 848 54 ARUEC

Fejejol gyE0] Wobdrh: AL olujdt FEY wE gL 4

o sgaml Ak A, ol @ ARUEH] f9Ee A4l EA4R

% d ARUHESY EA40] § GYe Wk AL oujatc FR ofme

oA AQam, niephavtEol A el Fant Solst
BE ANA A AF ARUES Wekeor f4E0] £248 54 A

EAH

HYE9 $HER HoiX 2 gyt o2 E3 mAAT wabeo}
oyEgol Z7lAd gI/F BE Z2Q5tE AL & £ 9

6 47 AXNAGolA Detejor FEEY AFH Moran's = 0.7 o101, =AY A
2] Moran's i= 0.6 ol&°elgith. E3 RE SAFE 0.1% FoeEolA Fostant.

o AIC, JAAFRSS), 21 9%=(Log likelihood)E &3} SDMeo] Foid AgE 7P &
Aiote Z0& FRIEATHIE 14). EF, SDMF} SARS| =] A3 SDMI} SEMO] %
TH] AA A3, Z8 otmgrle A Qs 37 AAAY E—,— SDM©] 0.1% fr2lsEolA
EAZFo7 903t Aoz eyt =X ofmarlo] AL SDMI}F SARS 9xH] AA A
HZ 0.1% fFolEolA SDMo] gt Aol UrEP*X]ﬂP SDMJJr SEM k=¥ #4 ddz
10% fFols=EolA SDMeol § A Aoz veyth wabs 4 2aizs 718 23
OLS® W=0] 74 qa5 EA5H= SARY SDMY| FHAE AA|otGct
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[ 14] AANAGE 37324 A
OLS SAR SDM
Coef. Coef. Direct Indirect Total
(SB) (SB) (SB) (SB) (SB)
East Africa
Urbanicity -0.929%** -0.258*** -0.502%** -3.830*"* -4.33%*
(0.114) (0.038) (0.064) 0.739) (0.78)
Precipitation (100mm) 0.460*** 0.021 0.393%* -0.236 0.157
(0.046) (0.015) (0.048) (0.262) (0.267)
Altitude (100m) -0.721%** -0.138%** -0.3717%"* -1.086%*** -1.458**
(0.028) (0.011) (0.029) (0.159) (0.163)
EVI (index) 0.333%"* 0.062%** 0.150%** -0.302" -0.152
(0.026) (0.009) (0.015) (0.16) (0.168)
Spatial Effects
p (Spatial lag) 0.916™** 0.943%*
Model fitness
AIC 17,414 12,555 12,254
RSS 152,170 16,420 13,957
Log likelihood -6,270 -6,116
Num. of Sample
clusters (countries) 2,506(7) 2,506(7) 2,506(7)
West Africa
Urbanicity -3.068™** -0.998*** -1.743%*  -3.684™*  -5.426%**
0.171) (0.064) (0.095) (0.626) (0.69)
Precipitation (100mm) -0.097°7 -0.001 1.209** -1.247%* -0.038
(0.052) (0.018) (0.077) (0.175) (0.178)
Altitude (100m) 0.550™** 0.021 -0.098 0.716* 0.6197
(0.103) (0.037) (0.109) (0.343) (0.366)
EVI (index) 0.3971%** 0.108%*** 0.456*** -0.102 0.353**
(0.032) (0.012) (0.023) (0.107) (0.117)
Spatial Effects
p (Spatial lag) 0.860™** 0.916***
Model fitness
AIC 23,557 18,595 17,573
RSS 674,930 85,466 53,496
Log likelihood -9,290 -8,776
Num. of Sample
clusters (countries) 2,833(10) 2,833(10) 2,833(10)
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(Continued)

Central Africa

Urbanicity -0.754** -0.554*** -0.799%** -0.679 -1.478
(0.253) (0.139) (0.193) (0.857) (0.98)

Precipitation (100mm) 0.495%** 0.071 1.675%* -1.190™* 0.485
(0.113) (0.062) 0.174) (0.391) (0.385)

Altitude (100m) -0.435% -0.172% -0.550"*  -0.179 -0.729%**
(0.065) (0.036) (0.109) (0.204) (0.202)

EVI (index) 0.379* 0.113%*** 0.332%** 0.076 0.408*
(0.048) (0.027) (0.043) (0.157) (0.175)

Spatial Effects

p (Spatial lag) 0.786™** 0.843™**

Model fitness

AIC 8,090 7,065 6,857

RSS 113,374 33,858 25,955

Log likelihood -3,526 -3,417

Num. of Sample

clusters (countries) 1,078(2) 1,078(2) 1,078(2)

Madagascar

Urbanicity -0.423* -0.507*** -0.144 -0.628" -0.7717
(0.188) (0.132) (0.137) (0.359) (0.451)

Precipitation (100mm) 0.120™* 0.048" 0.184%* -0.065 0.119
(0.039) (0.027) (0.034) (0.073) (0.085)

Altitude (100m) -0.355%** -0.1917*** -0.212%** -0.1597 -0.371%*
(0.037) (0.028) (0.049) (0.082) (0.08)

EVI (index) -0.0421 -0.0331 0.064** -0.151%** -0.087
(0.026) (0.018) (0.02) (0.044) (0.057)

Spatial Effects

p (Spatial lag) 0.550%*** 0.782%+*

Model fitness

AIC 1,727 1,540 1,303

RSS 3,086 1,540 604

Log likelihood =763 -640

Num. of Sample

clusters (countries) 340(1) 340(1) 340(1)

T A A(EVI index) 1002 FotEs. S ¥R 9 #E 2 A (standard error, SE)

+ 10,0008] AlEdoldo® FA45HAH.

+

p(.1, * p<.05, ™ p{.01, *** p<.001
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[ 15] AAAGE A 27t53AE4 2
GWR OLS
Estimate Statistics Estimate
1st Qu. Median 3rd Qu. Mean (Std. D) Coef. (Std. E)

East
Urbanicity -0.924 -0.440 -0.034 -0.54(1.08) -0.93(0.11)
Precipitation (mm) -0.250 0.167 0.739 0.30(1.43) 0.46(0.05)
Altitude (m) -0.805 -0.424 -0.110 -0.31(1.33) -0.72(0.03)
EVI 0.014 0.103 0.270 0.14(0.40) 0.33(0.04)
Model fitness

AIC 11,315 17,414
RSS 11,060 152,170
West

Urbanicity -2.988 -1.667 -0.620 -1.99(1.94) -3.07(0.17)
Precipitation (im) -1.184 0.012 1.217 -0.05(3.03) -0.10(0.05)
Altitude (m) -1.657 -0.026 2.327 0.78(5.93) 0.55(0.10)
EVI -0.007 0.204 0.668 0.36(0.85) 0.39(0.03)
Model fitness

AIC 15,177 23,557
RSS 26,598 674,930
Central

Urbanicity -1.727 -0.630 -0.191 -0.82(2.29) -0.75(0.25)
Precipitation (mn) -1.045 0.161 1.631 0.00(3.14) 0.50(0.11)
Altitude (m) -1.154 -0.247 0.597 0.03(4.76) -0.43(0.07)
EVI 0.054 0.242 0.502 0.39(0.95) 0.38(0.05)
Model fitness

AIC 5,874 8,090
RSS 11,193 113,374
Madagascar

Urbanicity -0.510 -0.244 -0.060 -0.24(0.85) -0.42(0.19)
Precipitation (mm) -0.085 0.108 0.410 0.20(0.69) 0.12(0.04)
Altitude (m) -0.337 -0.144 0.107 -0.07(0.77) -0.36(0.04)
EVI -0.045 0.022 0.098 0.03(0.19) -0.04(0.03)
Model fitness

AIC 748 1,727
RSS 119 3,086

T GWR #4222 dgues Al 5 39, 129, 32E dsta, A< 7

E
=A% BH EEHAHS. deviation)E A5t
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Effects of Urbanicity
on Malaria prevalence
by macro-region
Central

(P-value < 0.1)
¢=<-3 AGO
® -3~-2
® -2~-1
® -1~ 0
® 0~ 1

1~ 2

2~ 3 Border

>3 Macro Region

(P-value > 0.1) —— Country (analyzed)

Country (not analyzed)

(28 14] AXNASE =A4G9 =412 a3

| ANANYR 24U EAY 2R o A5 TAAAL 67570 AT 10
RopEAA RAT EAY RS AU 37434 ARUHE 84 SFOE ol

SSic BA40E RN g #787‘4—‘2— HolE ARYEHL sjuon mastqt
% Mo] AY4E Lelelol FBS UEE EAHY Tt Acke AL Juidie

| o-{N

4>

[Z2% 1410014 AMotze7t w7159 ARFUE M =AY 7ol ohe &
gtglo} o¥E Zavl gL =t Ed SolmEyl £ ofmlyl gisds
(African Great Lakes) | ¥%0of| &sh= ARUEA ZAHo] pA& ()9
FFol HEbET. I AHoll= HEZol T JAZY A AR, 4, =&
o, FEY, gAYor AR, @Ehe], mgE|a BR 2 9o] zotH

@ ofmelst fas AGL Fotmalst Ave 28 F4SEW AW A Julgit.
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A2 7H5 s AEAS A3H(Atster ol otz Els})

GWR OLS
Estimate! Stat. of Coef. Estimate
1st Q. Median 3rd Q. Mean (Std. D) Coef. (Std. E)

sub-Sharan Africa

Urbanicity -2.070 -0.793 -0.144 -1.21(2.05) -1.65(0.11)
Precipitation (mm) -0.560 0.095 0.917 0.07(2.61) -0.01(0.04)
Altitude (m) -1.056 -0.362 0.643 0.1(4.31) -1.09(0.03)
EVI -0.002 0.147 0.448 0.29(0.76) 0.42(0.02)
Model fitness

AIC 35,250 54,762
RSS 57,834 1,307,020
F GWR FHAE AQGRSEY A 5 5%, 1295, 325 x%ao]-_]_ A< 7]

A2 YT EEHA(Std. deviation)E Aot ch vl =Pl OLS F 47‘]E— A
2 EEQH(Std. erron)E AASHTE

22 oimelzle welelol $¥Ed] uAL EA4e] T} o]FHolA]

g DRET US Aelo] EA49 e mHE AUs ARUET Axs

o, el BARO ARUHEL A4 &(-)9] ETE BT

7t ERE Aol %84S Wol $YBE RoHAE F(+)
7L ARUE} YU Ao FlE gt

dAuo g 20MES A0S SH= GWR B4 AT, WS ARUEA
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Central ‘

Effects of Urbanicity
on Malaria prevalence
(20km*20km) AGO

-3

-2

-1 Border

Macro Region

0 White: Country (analyzed)

Country (not analyzed)
(219 15] Abstet ol ofmeEj7te] A9 =A% &3t

F HE 27949 GWR 2422 49 ARUEHE EAY 53 FHAE AHEste] B
ZHinterpolation)st ek, HZte] F3F 9= oF 20kn*20kn AAE AHSIATE o] &
5 TEtEol #¥ES ¥Fe 2AAY FAH A3 ave AS vl

(19 15]1= gAY 71 EZFH(Inverse distance weighted method, IDW)
< ©]&3t] DHS £A7E Q= 33 M99 =AY BadE HAeE A kot
TAY 2o F7F 'S AAAGE GWR FHX9] Hedz} [Afstot. Aot
2|7h, otz 7] HEof ot wEke] 24 Ql, FF ofnE7t =&
2to] 54 DR 319 Y7 A QoA =AY o FEE ()9
FFe F= Aox yetgd. ¥, it 5%, DR 31 s, 4= 5§
M= ZAGC] FHEC )Y TS A= ALeE YErHH
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Reference literatures

(Bennett et al., 2016; Houngbedii et al., 2015; Mfueni

Bikundi & Coppieters, 2017, Mosha et al,,

Pullan et al., 2011)
(Bannister-Tyrrell et
Coppieters, 2017)

al.,

2014;

2017; Mfueni Bikundi &

(7= % 1] 7i%1, 7=, 7+
Category Factor (Association)
Biology Individual

age (+),
female sex
recent morbidity
or history of disease
()
Human Parents
behavior education level (-)
& Socio- Household
economy household income

or wealth (-)
household size
(density indoors) (+)

housing (material)
quality ()

Sanitation facilities
(toilet) & water

source quality (-)

(Kabaria et al., 2017; Mosha et al., 2014; Ricci, 2012)

(Degarege et al.,

2019; Houngbedji et al.,

Mfueni Bikundi & Coppieters, 2017; Ricci, 2012)

(Bannister-Tyrrell et

al.,

2017; Ernst et al.,

Rosas-Aguirre et al., 2015)

2015;

2006;

(Degarege et al., 2019; Florey & Taylor, 2016; Lindsay
et al., 2003; Mosha et al., 2014; Tusting et al., 2017;

Tusting et al., 2015)

(Semakula et al., 2016; Yang et al., 2020)
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(F2 % 2] ARYE, A SFe] erelop 4 a9

Category Factor Reference literatures
Physical precipitation (+), (Adigun et al., 2015; Asante et al., 2013: Bennett et al.,
geography temperature (+), 2016; Cairns et al., 2015; Devi & Jauhari, 2006; Endo
& Ecology seasonality, & Eltahir, 2016; Kipruto et al., 2017)
climate
altitude (-) (Badker et al., 2003; Kipruto et al., 2017; Lindsay &
Martens, 1998; Maxwell et al., 2003)
vegetation density (+)  (Adigun et al., 2015; Bennett et al., 2016; Kabaria et
al., 2016)
proximity to water (Kabaria et al., 2016; Mfueni Bikundi & Coppieters,
body (+) 2017)
vector breeding site (Bannister-Tyrrell et al., 2017; Protopopoff et al.,
access (+) 2009)
Human population (Bennett et al., 2016; Mfueni Bikundi & Coppieters,
geography 2017)
& Socio- urbanization (-) (Kabaria et al., 2017; Kigozi et al., 2015; Omumbo et
economy al., 2005; Tatem et al., 2008)
land use (Hoffman-Hall et al., 2020: Paul et al., 2018)
accessibility (-) (Amratia et al., 2019)
health access (Bannister-Tyrrell et al., 2017; Mosha et al., 2014;
Pullan et al., 2011)
human mobility (Baragatti et al., 2009; Carrel et al., 2015; Gomes et
or migration al., 2020; Lynch & Roper, 2011; Malede et al., 2018;
Martens & Hall, 2000; Wesolowski et al., 2012)
conflicts (+) (Sedda et al., 2015)
F o8 gRQle] £l A%, g Y B2 I 8%AE F 14 oS Hdugitt g
H 23 Qo] o wetdol A E ARYEHY FHERY LRHHQ #AE 9u|eit
27t gle 291 1 BAZE Aol mhet gt AY B9t Feof sigett
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(22 % 3] 24 @ 24 9% A% wekeol 49 a9l

Level Factor (Association) Reference literatures
Individual, household income (Baragatti et al., 2009; De Silva & Marshall, 2012;
Household or wealth (-) Kazembe & Mathanga, 2016; Mathanga et al., 2016:
Siri et al., 2010)
education level (-) (Adedotun et al., 2010; Baragatti et al., 2009; Ferrari
et al., 2016; Mathanga et al., 2016)
housing (material) (Adedotun et al., 2010; Fobil et al., 2012; Killeen et
quality (<) al., 2019; Liu et al., 2014; Peterson et al., 2009; S. J.
Wang et al., 2006)
sanitation or water (Adedotun et al., 2010; Fobil et al., 2012; Wang et
source quality (-) al., 2005)

protective behaviors or  (Baragatti et al., 2009; Clark et al., 2008; Ferrari et
malaria program (-) al., 2016; Killeen et al.,, 2019; Reyes et al., 2013;
Ssempiira et al., 2017; S. J. Wang et al., 2006; Wang

et al., 2005)
travel (to malaria (Domarle et al., 2006; Kazembe & Mathanga, 2016;
endemic areas or rural  Killeen et al., 2019; Mathanga et al., 2016; Siri et al.,
areas) (+) 2010; Tejedor-Garavito et al., 2017; S.-]. Wang et
al., 2006; Wesolowski et al., 2012: Zhou et al., 2016)
Community  built-up density (-) (Baragatti et al., 2009; Kabaria et al., 2016)
accessibility to urban (Dear et al., 2018)
centre (-)
proximity to water (Baragatti et al., 2009; Clark et al., 2008; Dos Santos
body or wetness (+) et al., 2014; Kabaria et al., 2016; Matthys et al.,

2006; Peterson et al., 2009)
urban agriculture or (De Silva & Marshall, 2012; Klinkenberg et al., 2008;
garden (+) Matthys et al., 2006; Wang et al., 2005)
vegetation density (+) (Kabaria et al., 2016)

Fo7 allo]l /A A%, T AL 22 I 29ds F VN o= AWttt 8
H 23 9 #oe gEEor 49 H ARUE FEETS] dudd #AE vt
27F e 8]l I #AE Aol weEh e ALY Bt ol sgett.

79



[$8 B 4] F71E of Tekelol 49 L AW 71654

Macro Malaria infection Malaria prevalence
] Country Round (malaria test result) (PfPR,, in 2015)
Region
N Positive (%) Mean Sd
Central Angola 1 6,628.3 13.4 10.8 6.4
West Burkina Faso 1 5,926.6 46.0 37.5 10.4
West Burkina Faso 2 5,475.0 16.8 - -
East Burundi 1 3,549.1 16.8 8.6 5.1
Central Congo DR 1 8,174.8 22.6 22.2 14.6
West Cote d'Ivoire 1 3,117.8 17.9 35.1 9.7
West Cameroon 1 4,849.1 23.8 20.2 10.4
West Ghana 1 2,746.9 21.6 27.3 11.3
West Ghana 2 2,515.1 14.8 - -
West Guinea 1 3,228.4 43.9 37.9 19.5
East Kenya 1 2,920.0 4.6 12.5 8.6
West Liberia 1 2,756.3 46.0 234 9.3
Other Madagascar 1 6,457.5 7.0 4.8 3.6
West Mali 1 6,938.9 35.5 44.3 21.1
East Malawi 1 1,992.6 32.8 12.4 6.4
East Malawi 2 2,499.4 24.4 - -
East Mozambique 1 4,608.7 40.4 23.2 11.2
West Nigeria 1 5,721.2 27.4 31.5 11.0
West Nigeria 2 7,963.0 22.3 - -
East Rwanda 1 3,557.1 2.2 3.1 1.6
West Senegal 1 10,603.1 0.6 3.9 3.9
West Togo 1 2,990.2 36.4 33.1 17.4
West Togo 2 5,948.1 28.2 - -
East Tanzania 1 8,343.3 5.5 6.1 3.4
East Tanzania 2 6,693.8 7.2 - -
East Uganda 1 4,608.5 30.3 17.0 7.2
East Uganda 2 7,155.3 9.4 - -
Total 137,968.1 13.4 18.7 15.7
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Macro Major Urban Urban Town  Rural Remote
Country Year urban slum rural
Region
6 5 4 3 2 1

central Angola 2015-16 23.4 10.2 11.6 6.9 12.6 35.3
west Burkina Faso 2014 6.7 4.7 7.1 13.8 16.4 51.3
west Burkina Faso  2017-18 3.6 7.7 2.1 12.4 14.4 59.9
east Burundi 2012 2.7 1.6 3.6 20.7 16.0 55.6
central Congo DR 2013-14 2.1 1.1 21.6 13.3 15.2 46.7
west Cote d'Ivoire  2011-12 14.4 5.6 5.9 10.3 21.4 42.5
central Cameroon 2018 16.7 10.4 2.6 11.6 12.6 46.1
west Ghana 2016 15.6 5.1 10.1 9.9 15.2 44.0
west Ghana 2019 13.2 5.4 10.6 10.4 14.6 45.8
west Guinea 2012 8.1 1.9 11.2 12.8 15.8 50.1
east Kenya 2015 5.1 2.3 9.5 10.2 7.1 65.8
west Liberia 2016 12.4 0.0 17.3 114 16.0 42.9
east Madagascar 2016 0.8 0.0 4.0 10.7 17.9 66.5
west Mali 2015 9.2 1.9 10.1 15.3 14.8 48.7
east Malawi 2014 2.6 1.2 10.9 2.2 24.3 58.7
east Malawi 2017 0.8 1.5 8.5 9.4 235 56.3
east Mozambique 2015 4.1 3.5 7.7 8.5 16.5 59.7
west Nigeria 2015 13.7 12.3 1.6 10.7 13.2 48.5
west Nigeria 2018 16.6 11.5 8.2 14.4 11.2 38.1
east Rwanda 2014-15 3.5 1.1 7.3 14.2 18.7 55.3
west Senegal 2015-16 17.6 9.5 2.3 9.1 21.7 39.8
west Togo 2013-14 12.7 0.5 15.4 14.2 12.1 45.2
west Togo 2017 18.3 33 7.6 11.3 13.8 45.7
east Tanzania 2015-16 3.9 53 6.3 12.5 15.9 56.1
east Tanzania 2017 3.2 5.9 7.2 12.4 17.0 54.2
east Uganda 2016 3.9 0.6 5.7 17.8 18.6 53.3
east Uganda 2018-19 2.9 0.4 6.9 16.2 22.5 51.1
Total 9.2 4.9 7.8 12.2 16.2 49.7
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Abstract

Malaria Infection Among Children
and Settlement Environments
in sub—Saharan Africa

- Focusing on a scale measure of urbanicity

for human settlement —

Huijoo Shon

Urban and Social Innovation
Department of Environmental Planning
The Graduate School

Seoul National University

This study aimed to assess the effects of urbanicity on malaria
infection among children and malaria prevalence at community level
in Africa, using a multi-dimensional measure of urbanicity. We used
data from 2012 to 2019 Demographic and Health Survey (DHS), Malaria
Atlas Map (MAP), and Global Human Settlement Layers (GHSL) from 20
sub-Saharan African countries.

The multi-dimensional urbanicity measure was developed

including characteristics of the settlement environment and capturing
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a continuum of urbanicity and rurality. Based on the urbanicity
calculated at community level (DHS cluster), all communities were
designated to one of the six settlement types: major urban, urban,
urban slum, town, rural, or remote rural.

Statistical relationships between urbanicity and malaria risk have
been explored through a two-stage analysis. First, multi-level logistic
regression and meta-analysis were used to examine the associations
between urbanicity and malaria infection at individual level. Second,
spatial regression model and geographically weighted regression were
used to determine the spatial effects of urbanicity on malaria
prevalence at community level.

The findings show that there is an association between an increase
in urbanicity and declining malaria infection risk. Especially, among
the six settlement types, the malaria risk was high in urban slum and
remote rural areas. However, the effect size of urbanicity lowering the
probability of malaria infection was heterogeneous by macro-region
and country.

Also, spatial regression model shows that the spillover effects of an
increase in urbanicity is negative and statistically significant for the
malaria prevalence. According to the analysis results, an increase in
malaria prevalence in a community is significantly positive for an
increase in malaria risks in neighboring communities.

The results of geographically weighted regression model show that

the local effects of urbanicity on malaria prevalence are different by
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regions. The effects of urbanicity are generally shown negative for
malaria prevalence in most communities, but there are some
communities that show non-significant effect or positive effect on
malaria.

These results suggest the following implications for malaria
programs. First, it is necessary to prioritize communities with low
urbanicity when implementing malaria programs in Africa. In
particular, policy makers should pay attention to urban slum and
remote rural areas that show high risks of individual malaria infection.
However, given that the effect size of urbanicity varies by macro-
regions and countries, the wider geographical context of the
communities should be considered before selecting the target.

Second, given that one community's urbanicity and malaria
prevalence have spillover effects on neighboring communities’ malaria
prevalence, it is necessary to consider the neighboring areas. Moreover,
since there are some urban regions that have no urbanicity effect or
even opposite effect on malaria prevalence, it is still important to
continue malaria programs for communities with high prevalence in
urban areas.

An academic strength of this study is that it developed a multi-
dimensional urbanicity measure and designated all communities in SSA
to one of the six settlement types, rather than using urban-rural
classification. Also, it examined the effects of urbanicity on malaria

infection and prevalence, as well as the spatial gap in malaria problems
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among different settlement types. In addition, this study has practical
implications in that it suggests the necessity for malaria programs of

deep consideration on the settlement environments.

Keywords: sub-Saharan Africa, malaria, settlement environment, urbanicity,
health geography
Student Number: 2019-24292
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