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Abstract

This study aimed to analyze the association between health outcomes among children
under five (mortality, fever, anemia, diarrhea, cough) and settlement environment and
investigate spatial patterns of health outcomes and settlement environment For settlement
environment variables, the multi-dimensional urbanicity scale was developed at community
level and all community were classified to one of six settlement types: major urban,
urban, urban slum, town, rural, remote rural. As settlement environment at household
level, three residential characteristics (housing, sanitation facilities, and drinking water)
were examined.

The results of analysis show that there is an association between an increase in
urbanicity and declining mortality, fever and anemia risk. However, the probability of
diarrhea and respiratory disease symptoms has increased in some settlements types with
high urbanicity. The probability of children in urban slums experiencing health problems
was significantly higher than that of other settlements. Adequate housing, improved
sanitation facility, and safe drinking water access showed significant association with low
risk of child health problems. Also the spatial patterns of child health problems were
different depending on the specific pathological condition, and the spatial patterns of
residential characteristics were microscopically different depending on the three residential
characteristics components.

The policy implications of this study are as follows. First, it is necessary to prioritize child
health programs for communities with low urbanicity. Second, it is important to identify
regional demands for health programs, considering the type of disease. Third, health
programs related to settlement environment improvement should be prepared in
consideration of the associations between specific disease and residential characteristics.
Fourth, it is necessary to identify communities with a high burden of health problems and

poor residential environments for health programs.
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A BAGHY, 29, N, A4 557 AW AFBAY BAS 7L BA BAL 4
s7e] 37k Wee EAsG B3, ARUE $xAL gFadel 3 549 B4
ol FEstel, ARUEER i EAHS 2T F AFA F9L G £4, 9w

AL EA €, B, AR 5E, 94 52E FESIAT. 7 sEdME FE, ABAE,
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1. 93 914 9 234

200099 o] UNI =AARl= Astet ofd ofe|7tol] AFshe ofsd Ed &
AE shasty] Hsf et SHolA st (UN, 2016, 2019: WHO-AFRO, 2020).
du 3] Abstet ol ofmE7ke] o Vb HE &2 I7HEY obE AFYEC]
I IFHe 2 5 @2 oFsol A AT AE ¢ AoRIHH(WHO-AFRO,
2018). 53], < ofm7t m7HE2 HA% ZAStet A5 Wdke oks 2 &4
o g2 99 e, F5Y M2 =A% & e FFA 739 ©E o8 24

BEA9] F7+48 AAFoltHCorker, 2017; Doumbe-Belisse et al., 2021; Henderson et al.,

2019; Jones et al., 2016). B HoloA FF847 HA FAQ TA/ | #st A= A
LEo] oy RAAYY g4 SR FFA §99 dFdS LBEHA] okt g

A7t k. obE A, WA AE 5 ol A BAS wa BASAY Astet o of
nasle] o B4 QAR Sie AFE REw Aot

olEj3t WA B AT AStet ot olmeste ofF A BAS 3FAFY B
AZ FEsE B4 BA 4FeA] 37 Hatel, A ok AU ko] A
Ade AgHe d BAol k. WA, ofF BA EAL 54 nut of5o] Aggd 47
A WA AEeEd, NE, 44 587 A% 5 M 34 BAS daoz vt 4w
50| /bsdt 267 Alstet ol obxmelst ke EFSHEA, HA BAk FXVA 0
BAS WU FHA A,

FPHORE ARUY 529 4T 717 52 FASHA Fu5

T R BA AFOIA g B koHl 3FHY and] Stk 94, 37
2
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BFAET ZAISkE O30 AFste AFEEY AT ARYEY Bd e g
kS w| X th(Betsinger & DeWitte, 2021; Birn et al., 2017). & 20W7+ A
Sheh old otz ko] FASH ARt AT ¥t B wAl0) %2 d%e FUH
(Boadi et al., 2005). 53], A= It AFES] & B A &4 ¥s= HIV, 4
EHenteric disease), TEtelot, 2&7] A% 5 ot AFol IFE Ech(Alirol et al.,

2011; Boyce et al., 2019). =AI3H= 3 AE® A8 5 o7 T7FY B E T
< THAllender et al., 2008). o9t A4 Hol= B4 ZAE sidst= 713 84
E 7k AL AEL B #AE ¥AY A3 F33E fdsts 99 848 € ok
Aotal &#HA QthEckert & Kohler, 2014; Giinther & Harttgen, 2012). °o|* ¥ t}Fst
HA A47F =Sk Aot S EAGReH, AFeES 249 57 @9l wet A
FTUE #59 =AY 7 29 FAEH 5 F 7HIE UE 5 AUth

ot
o,
fu
fu
of

i

s

1) X3t} ZAA

TAS7E BA wA40l mlAlE D TSl A% e Al=rh sl B

BF AFUE oA A A oF Ee EASE £ES Tofshs Aot E3] A
TEE o2 St A7t BOom(Beatriz et al, 2018; Corker, 2017; Giinther &
Harttgen, 2012; Yaya et al., 2019), 9% A= (Jones et al., 2016), Zet2]oKKabaria et
al., 2017; Qi et al., 2012), AAKDunn & Johnson, 2018) 5 tdst A EAE dAro
= ARt B EAo] et A7t olofFH

TAEel B A9 #AE B4R V& die FFHeE AHH ZA-sE &
He O A s FEHAY AFGEE 2 959t F2 ARrE &85t
TS =59 tHBeatriz et al., 2018; Corker, 2017; Jones et al., 2016). €&
78 ol Ao 7IEket A ®9] D QI AmT7E FUFSHHA] ol &8st B EAE
EA ¥ tH(Henderson et al., 2019; Kabaria et al., 2017; Qi et al., 2012; Tatem et al.,
2008). 18y P ZA-wE FRY A4 AmRe AFA £39S dedetAY 5

019‘(_5
o



Al(continuum)®] HHANA EAES Fefjtth= AHE AYaL

HA, AL 7ie(scale development) W E(DeVellis & Thorpe, 2017; Netemeyer
etal, 2003)2& TAAQ W4E AU qrdd AF+ER} 1 HE2 o33t 2t} Dahly
and Adair (2007)= HEZ AlFE(Metro Cebu)? A7FHYYFZFAHCebu longitudinal health
and nutrition survey, CLHNS) A5 & &-&s5}o] A+ X, Qi HUE, 54, & 75
A, B AH A, A H(markets) 5 77HA SHLE ZAIHS ST o] AF
= AFE9 24 S99 FgZ A 108er Rotomy, Be SHS G BAA 4
2 Hg 7080] U 4 A== AUt Jones-Smith and Popkin (2010)= =A%

.

}2AHChina Health and Nutrition Survey, CHNS) A&& &8st 1+ Ui, HA|

A& JAAA(traditional markets), @ 4JAd(modern markets), 1F, 94,

CTE, IS, A, B lEE A AE[A 5 127HA] SHo R EAES ALt

sttt Novak et al. (2012)2 o]l Qujo}, =, HFO 577 AFUE 9 7+ A A
X

25 &8t AT R, A g, A 84, 4, 1S, °F, EAMYE 5 77

it
of

of
R

‘1

A Hae 1080 U4 rs Higstat

7140 & Rihaetal (2014)= 209 I AmE &&oto] QI 2, AL
BA ARA, WS A, B AHA, Ok 5 77HA] SHAA EALES
mpotsteiet. Frank et al. (2016)= 749l B A ARE &85t QI 2, FAE
T, WS, B AuA, 1E, AHA, 9, FE F 87HA] FHOER ZAYE A5
b 592 Y 108S Folsto] Hd =AY HS4E 08 80" Atel® HAsHATh
Kigozi et al. (2015)= AFYE W 7H 9=, EX HE, A4, oHgk 5 47H] &9
oA EAGE mofotal A Aol B4 wet EAEE 270 IS YR

oo, A& EA(Principal component analysis, PCA)S &85} ZA|AQ thHA

o)
o]

I AKAHE WrYgste] W4E AA5H]E Sttt Larson et al. (2021)+ Q14 ¥HE, EA

AAISHAL,

ftjo

A, Ak, 5Hd R4, 25 AHA, B T 07HA SHeR F4E 24

A WA 9 5 Hy FHE FES oot ZAGS 59T Deutsch-Feldman et al.



(2020)= DHS 3% BEE &8st Ax 84, ozt Bk, Q4 &, A+ 4%, 7t

< TARAY AY 5 57HA] = s I s b s B e R
25%5 EA], U4HA AFYEE 5& A Aot Htt. Antai and Moradi (2010)+ Yo]#]
go} DHS A=E &8st & 5+, A o4, A7), 89 =, B4 18§ 24 o

F_E
HU
“” "
ox,
s
)i
>
ftfo

8 5F 7T 0 UE, A4 5 87 ZHOR FAE BAL 3§ RANS mofsa

S5EQE TAAHES EE5I9Y. Siri et al. (2008)= AY 7I5F(Kisumuw) RAF ARE
g4 T LA RARNE A0, ATUE, A4, B8, W], B, 39 494
Soz EANS 3T A AT 99S £A, TE BEOR LRI

2) FASA

Be A7 WAH AN IFBAY FY A4E AT 529 FASH

FEIART 7| A= FY JH DEtEol, dAL 257 A% RIE, ot A% §
tioFst oty A BEA 9 #AE FHotAHFlorey & Taylor, 2016; Gao et al., 2021;
Tusting et al., 2017; Tusting et al., 2020).! E3F, SPFAS H]E35E JA L ST A]AH 9
84S Adste 54T 7MY HHuang et al., 2021; Null et al., 2018; Park et
al., 2016; Zhou et al., 2018). A4 = A&, Ay APAIHol B ZAeF d2
BAZE A7 w2oll, FEg YA AT P AleE FHS= Zo] F85tt= Ao
THAzage et al., 2020; Cronk et al., 2021; Deshpande et al., 2020; Munamati et al.,
2019; Yang et al., 2020).
T, A, Alg T 3 FAEAS A" 8% VE 2A%E Zot ¥ &
AoM= F8 A#xE &&Ht. UN-habitat:s 58 A, AFAE Fd, 44 35, F
Add 5 F54e FHeR &d Ve WESIYTH(UN-Habitat, 2018). E3JF
OPHI(Oxford Poverty and Human Development Initiative)®] tTHZ ®HIZX|$
(multidimensional poverty index, MPD)2] Al 7}A] W &F A&SLE SHA 371K F
A5/l o9 ArE 2t o] QUtH(Alkire et al., 2021). 895, AH3 8 A=A

Ao A d ehaTh Alpl ud BAl9l gHE Fa A S4ojgn B % ot

P AR AxE HAA, Aub, Jo] Eo] 5 FH EAES B dFx Joy fRE9 HS A&, vid,
Ho] A& Ao 2FL T JOoH(Tusting et al., 2015). FHZol&= AlSler ol ofZE|71E dAt
o=z & Ao ¥FE Ardst= P02 L ool A H(Tusting et al., 2019).



ofxLelzte] FAT LAgtet FFe WIS vEste] ARUE TA4g E 7ho]
FAEH0] o5 ARl vAE JFS FPste AL Fasih 1Y VE dTE &
A9 A A&A4de N 41 FFEA §3L dRdsAY, 54 A7t 4 A

A2 AR 430 He AV o S9], AF84 S48 ARUE 5 =AA
H

4 32 Al £, ofzErt EA] 299 e wAE ALY, BA S"HA

SHE des Ba BA% FARA B0 AEL A2

o}
=
HASIAY. ol A A FHE AT 24 ARZ EE&E & v AFA
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B Ade vFFANLA(USAID)Y] AFEAZAHDemographic and Health Survey,
DHS) AA=E &&3to] ARt} o otZe7} otz B A 2454t DHSS #
22 294 A= - (two-stage cluster samplings)oll 98 AF==d, F29=E AFE
v A% 2AHcluster) oA 15-494]1 o2 didoz 7H dEol APdn. 2
F= o] RAFLE ARYE $£F(community leve)2 2 A5 Ao tjAte Ast
2} ol ofme7te] 5A| mintk ofEol7] wiwol, 54¢ ol &A%t A7t fle THeE &
A digol A A LJsttt.?

ey ¥9 3P EE 2248 A ZF Folol(Global Human Settlement Layer,
GHSL)Z Ttetslct. GHSL2 FHAT JF YU 3](European Commission)e] &5 AT
ME (Joint Research Centre, JRC)7} Tttt Y4 Am L QL RAME F ot Al&dte=
SHE dolH MEot. £ 4= o8 GHS A& FoA GHS-SMOD(Settlement
Model grid), GHS-BUILT(built-up area grid), GHS-UCDB(Urban Centre Database),
GHS-FUA(Functional Urban Areas)& &85ttt

Aol 37t H9l= DHS A=t AFed #d 3= Ha o+ A
Afste} old otzErt =7 ZRRITHE®E 1). 7MY 229 GHS A&7t 58 A=~
2015¢0]gke A 1dstod, 201597 7ME 77k A& DHS AREL FsAh
20109 ofd A= AFEH= =7F FFA I SATS FHI] ofHE A==
&= A7 AL =7 525 AYstal 26755 24 diidol Zdsiith. 2HF 4%
¥ DHS A&S59 A7t 9= 2011958 201997HA] 0t

A9 S AT 7, ARYE, =7h AAAY oI, AAAHL Alst
gt ol ofmEFtE YAHCR st HZ AFoAN F2 L&EE= FEMurray et al.,
2012)°] wh W3l

e
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[(E 1] 24 g8 =71 # 22

Sample
Macro region Country ISO Year
Cluster Household Children

Central Angola AGO 2015-16 625 8,848 17,722
West Burkina Faso BFA 2010 573 9,456 22,338
East Burundi BDI 2016-17 554 9,292 16,937
Central Congo DR COD 2013-14 536 11,219 24,439
West Cote d'Ivoire CIv 2011-12 351 4,962 10,672
West Cameroon CMR 2018 429 5,884 12,269
East Ethiopia ETH 2016 643 7,969 14,370
Central Gabon GAB 2012 335 3,786 7,296
West Ghana GHA 2014 427 4,581 7,607
West Guinea GIN 2018 401 4,971 10,456
East Kenya KEN 2014 1,593 15,796 25,490
West Liberia LBR 2019-20 325 4,547 8,568
East Malawi MWI 2015-16 850 14,492 22,881
East Mozambique MOZ 2011 610 7,828 15,045
West Nigeria NGA 2018 1,389 20,987 46,748
South Namibia NAM 2013 541 3,676 5,816
East Rwanda RWA 2014-15 492 6,683 10,723
West Sierra Leone SLE 2019 576 7,449 14,473
West Senegal SEN 2015-16 428 6,239 17,140
West Chad TCD 2014-15 624 11,062 26,122
West Togo TGO 2013-14 330 4,834 9,319
East Tanzania TZA 2015-16 608 7,003 13,091
East Uganda UGA 2016 696 10,748 20,417
South South Africa ZAF 2016 673 3,025 4,168
East Zambia 7ZMB 2018 545 7,365 12,599
South Zimbabwe 7ZWE 2015 400 4,844 7,264
Total 15,554 207,546 403,970

ZF: AFo] A" DHSE Standard DHS &A=Zelw, Az 4<% continuous DHS A& E &
S,
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A, 5417 7] Aol RS obEL 1, 547 HA QAT AEF obES 00
st wd, A4, 5371 FR(CIA) WEE HI 2570 AF FAo] dEd

1, 194 g2 A& 022 AAsgnt. W82 AAF Z3E 10.9 g/dl oI5kl

=71

4 Al 5A H|Tk obE9] AP H[E2 29.6%°ATHAE 2). ¢y, o] HE2 IS
Eo] 7|gteto] AAtE= AREAQl 54 uwlgk obF APgE(under-five mortality rate,
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[# 2] ots 2 &4 7Is&A

Mortality Fever Anemia Diarrhea Cough

Country

N P.©®% N P.©® N P.®% N P.% N P.®%
Angola 17,140 26.1 12,536  14.8 5221 653 12,535 15.7 12,540 125
Burkina Faso 22,646 38.2 13,898 20.8 6,043 879 13,800 14.9 13,900 10.3
Burundi 17,758  27.8 12,775 39.6 5,588 60.9 12,774 22,5 12,774 383
Congo DR 23,853  28.7 16,794 29.8 7,164  60.1 16,767 17.0 16,785 314
Cote d'Ivoire 10,032 31.6 6,660 24.2 2,693 75.7 6,652 185 6,654 22.1
Cameroon 12,736 25.9 9,364 155 4191 583 9,339 121 9,357 183
Ethiopia 15,003 30.6 10,340 14.5 8,482 57.6 10,337 119 10,353  20.1
Gabon 6,029 19.6 4605 249 2,513 613 4571 168 4,608 41.0
Ghana 7,215 247 5388 13.9 2,312 66.8 5366 11.9 5379 14.0
Guinea 10,286  30.0 7,154 173 2973 753 7,147 14.6 7,152 114
Kenya 23,806 21.4 18,550 24.6 - - 18,517 154 18,550 36.7
Liberia 7,568  35.7 4,724 258 1,901 711 4,695 16.3 4721 246
Malawi 23,283 289 16,361  29.2 4677 63.0 16,336 21.9 16372 248
Mozambique 16,155 329 10,730 13.6 4,640 69.2 10,722 11.2 10,734 9.6
Nigeria 47,245 34.6 30,773 243 10,222 68.1 30,773 12.8 30,781 14.8
Namibia 5553 17.4 4240 261 1,412 496 4,199 191 4,244 325
Rwanda 11,016 30.2 7,612 189 3283  36.6 7,616 12.2 7.603  26.6
Sierra Leone 14,401 382 8,721 168 3,459 68.9 8,712 7.2 8,727 13.9
Senegal 15,158 21.6 11,439 144 9,825 67.0 11,454 173 11,482 10.0
Chad 26,905 375 16,607 24.0 - - 16,601 22.3 16,582  20.1
Togo 8,733 280 6,224 21.8 2,771 709 6,214 15.2 6,211 279
Tanzania 12,956 265 9314 183 7.828 58.7 9,268 12.1 9,320 16.2
Uganda 20,001 275 14,204  34.0 3,893 538 14,153 20.0 14,183 414
South Africa 4138 168 3,260 20.8 816 62.0 3,236 11.0 3,271 259
Zambia 12,383 244 9,186 16.1 7,626 59.0 9,183 155 9,187 21.6
Zimbabwe 7,675 21.1 5955 14.0 4354 381 5944  17.1 5963 392
Total 399,673 29.6 277414 225 113,887 63.0 277,003 158 277,433 22.7
T HE VlEsAe 7Y 7AE Folsto] A4tsti. Au, A= DHSOlE W8 A=7E glo]

ALfstAet. P. ()= g A H A&
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FFBAL TAATR FASH 5 F MR dd 2 A7 ARYY £29 A
2 3

ZP4L Aot E40E =AY L HFA 9Y WSS AYRL T 239 3F
B4 Werk FASHOR 4Rk TAHA WS Y JleEAE et 2

1) =X

EA4e ARYEY olg 4587 542 FWs] 24T 7 M 3FA 99

2 4l dobh, A A9 542 Tejstel 24 &9 932 Sk,

[1] Urbanicity measure  [2] Urban-rural region classification [3] Settlement type classification
Multidimensional ~—~—~ T T 1 EEEESEES » Urbanicity percentile rank
ici i Urban-rural classificatior
Urbanicity
Geographical | Urban point I Urban polygon
Dimension :
! ¥ Urban region
Population density Settlement 1. Functional \ ! !
GWP v4 Typology urban area 500
_ _ GHS-SMOD GHS-FUA -+ 1 > M Major urban
Built environment (Settlement Model) (Functional urban area) ' i i Large city
GHSL : ; :
2. Urban centre area i ! .
. . . - ! ‘ 1<
Night-time lights ﬁﬁf LJF{DB I 1 ! LT—J—O—+ M Urban
VIIRS(DNS) rban centre database) ; | \
| ! Medium city
o Urban center ;
ACCGSSIbIhty High Density Custer ! | S tof
A1AP 1 ! um ae
MAF ; R +» [ Urban slum
. Low income
i community
+ In urban polygon : in city
(FUA or UCDB) !
Socio—economic Urban cluster 0 1
. . Low Density Custer .
Dimension :
X ¥+ Rural region
Economic level |
DHS !
60, o
Education level i u Jown
OHS Rural area ! Small city
- Rural grid cell !
Living standards 140-60
OHS o r----» O Rural
- house quality ! Rural center
water so : | or suburban
- sanitation facility i
cooking fuel o
. 1 <40
/ Rural with —~ — e > O Remote rural
no population Village
or hamlet
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Component Short description (unit) Pata Weight
source, year
Geographical dimension
Population density Number of people per square kilometer GWP v4 1/8
2015
Built environment Built-up index between 0.00 (extremely rural) and GHSL 1/8
1.00 (extremely urban) 2014
Night-time lights The average nighttime luminosity (Composite VIIRS(DNS) 1/8
cloud-free radiance values) 2015
Travel time to the nearest city The average time (minutes) required to reach a MAP 1/8
high-density urban center 2015
Socio-economic dimension
Economic level Mean of household wealth quintile (1=poorest, DHS 1/6
2=poor, 3=middle, 4=rich, 5=richest) survey year
Education level Mean of mother education level (1=no education, DHS 1/6
2=primary, 3=secondary, 4=higher education) survey year
Living standards Living standards index between 0 and 1 DHS 1/6
(housing quality, water source, sanitation facility, survey year

cooking fuel,! electricity, assets?)

F: A2 B4 471X+ DHS A& 2@H FNHHEE o FRlstdtH(Mayala et al., 2018).
!electricity, LPG, natural gas, biogas, petroleum or kerosene.

2 radio, TV, telephone, computer, animal cart, bicycle, motorbike, or refrigerator

(1) #H= 24

A

AR, ARUE FEolA o8 A3 542 vT vHE AL S
ofmj 4 % JAFZAF 7Nk AF EAT ARUE AYFZA B 5 F MR SHS
ZSHATHE 3).° AP EA2 AFUE(CIESIN, 2016), XA 4 (Pesaresi et al.,
2015), OFFF=(NCEI, 2015), AZA(Weiss et al., 2018) & 47HA 845 F&tAct.
A BA B AFUEA &3 7Y gt BA o Hd B4 1S F, Hd A

g $F T 3 845 FHESAY. Bdt Al &2 DHS ARAA A&t 5EF

= o

S BRI 8T A9 AAPREEE 93 DHS 2ATe HE oo A ARUE 3
B geho] Wold 4 itk EF, ARUHY ARHA AU BEIH Aol Hio] He
ARUEe] BRA B4 Aot olgt,
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(DHS ZAT7 “EA'ol &oheAgE el BFA %9 72 ARE Aot

GHS-SMOD(Settlement Model), A9 15%7} =AEAA](urban centre)® E15l= 7

_

54 TAE ZREE AT GHS-FUA(Functional urban area), =A| 449 HYE
A &38H= GHS-UCDB(Urban Centre Database) 5 374 GHS A&& ZA| A9} 5&

S FEIAT. FAFHCE SMOD A=A Al AlE(urban center)ol| &ot= AR
YE], SMOD #At#ofA ZA] & 2AE(urban cluster)ol &3tHA 7152 ZAIA(FUAY
A FAA(UCDB) &3t ARYEE ZAIAF(urban region)o.2 ERF319At. 1
I UHA AFYEE 52X A(rural region) 2.2 EF5F3ATH

AR, =AAY 9 sEAGY] 2AGS HFeR AEE AFA 19 &

A]

i)

7]

N

g whstE, 7] B4 AFA G334 34 52 374 §30= TEHAL. 94 =
4ol MBS 2918 Asle] 71EEAS BASGT. 1 An B4 A9 ARUE
N4 HEE 854, FAWE 8801900 B A ARUES] EAY BRL 0.1,
VL 39ATHE 4). ol Fastel, BA A9 ARUEE F ARG EAY A
AR Rt 71EE 0BAR ST ¥E A9 ARYHE T QL B2
U7 522 FRIE 712S 0892 ook T, (19 4 panel A 0.29} 0.3
Aolol Thelx =A4E AW ARUET 1 gt A ¢ 5 Atk FPER =AY
SEE Wiro] AT (17 4 panel BIIAE, GORSIE AUEA A4l w2 &
st F7bE mAge) Batel AT A% ¥ 4 Uk webd $& A9 2449 3
29] 2H(59)¢ sl 402NT 7FOR 5E A AFULE ARsA

QopstEl, A A ARYE FAA Gud mA4] 49 10%E BelFs ARY
08 F2 =4, 19 ARUEE 9 2AE AP & A9 ARE FA4
39 40%e) T EAGE HolF: ARUEHE He. o9 40%9 ARUEHE 97
B2, 1 A0lY BA4E HolFE ARYHE Ui BEOR FRAAL.

3
oo H X

¢

et
=)
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[E 4] A9 ® FFA 72 =AY WEH Ve

Region Stat. Urbanicity  Settlement Stat.
classification =~ Mean FirstQ. Median Third Q. rank cutoff type Mean Std.D
Urban region 85.4 79 88 95
>90 Major urban 95.6 2.9
<90 Urban 78.1 11.3
Rural region 40.1 20 39 59
>60 Town 72.6 8.4
40-60 Rural 50.4 5.8

<40 Remote rural  20.5 11.5

Urban region

- Urban slum 68.8 18.3

2 Eo] 74E BE EARE thid mA49) MEgs 283
AAE TEd 440 7&EA ol s, mA40) MRy & B4 g4 ARYEE
o Egste] A4Sty WEel, AXA £3 FEO| BEHL EA4 WEe) JEYE BE
ARUEE oz AN EA4 MEgdoln, AGE(EA L v&)2 PR ALE HEe}
ohyrt.

Panel A. Panel B.
®
g B
=N o
e 2
©
£«
= o
- =
2
g3 < |
g 9] 5 o
o £
©
NI
£ o
=]
= m All cluster
o Clusters by country
o
0 0.1 02 03 04 05 06 07 08 09 1 0 20 40 60 80 100
Multi-dimensional urbanicity Urbanicity percentile rank

(2" 4] od =AG9 S|2ETT HEY <=9

i

% Panel AL 03} 1 Afo]o] @& 7L thed EA49) slAEIolY tREe] ARt
0.29F 0.3 Abo]o] EAHE AUE AOE Uehdth Panel BE AR ARUHE oz 7 &
AAe WE(ALSt FhER ANE AR WEJEME WA BolEth b w4
MBI £ AL ThE Fhel Hls] EAS SFo] AMHoR we Afetn B 4 otk W,

gl SN A4 WES RolA4E EA4o] B2A F7sHe Ao® et
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Indicator Deprivation Weight
Water source Non-safe drinking water or more than 30-minute walk to water source 1/4
Sanitation facility Unimproved or no sanitation facility or shared with others 1/4
Living area More than three people share the same room 1/4
Housing quality Unimproved housing material in any of the three components 1/4

F &9 7178 Wdole ) AR ABAE BE SYsi AF A (living area)E A9 3
et (E 100 gAsATt. 5 &Y AP @

A AEY] FAHR NEe FASH WSS A
Hol 288 34 ABE FASHY 37 anet FUsit

npReo R ¥rol FFz fPor XA £HE st AslEl o ofxe|yt
o FA% EAIske A b W vl ARA o 502 AT &Y A9 obF
B EAZL oA R Qe AHde mste] dY WS A8SAT &9 e W
W5le 2 EE UN-habitat®] &3 3 2(UN-Habitat, 2018)5 7|&C0&

HAWZA(MPI) A #(Alkire et al., 2021)9 &% WA& F71& §rgsto] LAkt
(% 5). UN-Habitat®] 23 7} A% 2 A% orxAL DHS tEofA] olst 2= glo]
AQdstAch. FAA &F 7t wE AEE AL FF, 9 A4, AF 9r, FE 4
B 5 47FAoltt. o] FoA 271A] ool FXHA RKoke e <H

on}, &9 77 75% o4 WAL ARUES 24 £YOR TEIAAS. @

Al €8 BAFA 32 HEA AFATS YusteE Aol otyzl, Fuet =4 5ol AHA
St TA] A9 H42E5F ARFUYE(ow-income community)S EZZot= FFOF Hof
Stk
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(2) M 244 2y

EAY W A 2T ARUE V€22 F8 EA= 14.8%, ERE BAE 14.9%,
B 14.9%, ARb &L 18.4%, ¥4 &2 37.1%F AASIAUHE 6). =A A
AFUEE 30%, & AY AFUEE 70%A. 2 AFA 3 54 HTt obsol o
g 7% A= (& 6] Attt

Aokt 1 23} 0.72(p-value <0.00D)E £ oTA7L A= OH, ol =A4
of 7IRket FFA fg2 =2 710l BrgAdel At

rlr
>
flo
19
=y
ot
O

(£ 0] =4 " AFA +F 718

Urbanicity Settlement type Community Indiyidual
N % N %

Urban region
5 Major urban 2,260.0 14.8 34,600.5 8.8
4 Urban 2,267.9 14.9 48,378.1 12.3
Rural region
3 Town 2,268.7 14.9 40,414.9 10.3
2 Rural 2,802.8 18.4 71,636.0 18.2
1 Remote rural 5,651.1 37.1 197,984.0 50.4
Total 15,2504 393,013.4
Urban region
- Urban slum 381.9 2.5 10,381.0 2.6

F RE JlEEAL BY 1EAE Roldlo] AUSAG. BA UL 4439 EA4 Hso
FIEA] EAT, HEO] AR KPP0 FRF Hpoltt. FH, TA AY(urban)? FF A
(rural region)2 39 AFA] §3o| ofd RS sl 2o oFo| ot
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Settlement type

(Urbanicity)

B Major urban

B Urban Border

B Town Macro Region
Rural —— Country (analyzed)
Remote rural ——— Country (not analyzed)

[T 5] ARstet ol ofzej7hel A B HAFA 79 Ak

=

F
[e)
o™

D99 AEL B4 04 15,5540 ARUE FoI4 A4 W% 73] Bad ARE BE %
s 1531770 AFUHS Zasic

17



(& 7] A 92 45727 7IesA

Geographical dimension Socio-economic dimension
Population Builtup  Night time Travel Economic  Education Living

density index lights time level level standards
Major urban 7683.4 0.74 15.95 0.4 4.63 2.83 0.78
(7491) 0.22) (11.81) 1.5 0.46) 0.46) 0.19
Urban 2121.6 0.36 4.96 3.2 4.05 2.32 0.56
(2997.4) 0.25) (6.03) (10.5) ©.78) 0.52) 0.18)
Town 481.5 0.06 1.32 52.7 3.78 2.56 0.58
(583.5) (0.09) 2.71) (96.8) ©0.77) 0.45) 0.18)
Rural 275.5 0.02 0.16 47.1 2.83 2.08 0.29
(315.1) (0.04) 0.69) 43.8) 0.54) 0.41) 0.11)
Remote rural 138.3 0.01 0.03 131.6 1.91 1.55 0.14
(191.3) (0.02) 0.17) (136.8) 0.6) 0.43) 0.09)
Total 1212.6 0.14 247 75.6 2.97 2.06 0.36
(3388.5) 0.26) 6.44) (114.8) (1.18) 0.64) 0.26)

F 7leAe B BEUAE AEseled, AFgd 24 o9 [® 39 " A
Z

o988 IR SEW} AT SES ol BT & A9 IxA 47 FIAL

2ol T2 § YNt BE FUA QiolH BS EAMES HolFdth Uu &
o A% A4S AY BE FFIA 2404 97 523} 2 Aol MolFT

[ oA MEe] 3FA fYoR FEI w4 £YY HFUY 54 okt

[ 719 B2 3FA SBESY vTshd =4 £ QuEYl 4G T & Ao

EA £ ATUE, ARAF, ORIFEONH Uit EAHG RS EAHS HolFAW
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Population Builtup Nighttime  Travel Economic Education  Living

density index lights time level level standards

Urban slum 3754.4 0.38 5.33 93 3.73 2.13 0.34
6269.5)  (0.29) ©.77) (36.8) (1.05) (0.48) 0.17)

Non-urban slum 1150.2 0.13 2.4 84.8 2.95 2.06 0.37
(3261.7)  (0.20) 6.41) (126.3) (1.18) 0.69) 0.26)

Total 1212.6 0.14 2.47 83 297 2.06 0.36
(3388.5)  (0.20) 6.44) (125.4) (1.18) 0.64) (0.26)

Z ‘Non-urban slum’'< E/\] £do| old RE AHFYEE Yu|sitt. 7|&
A= Hujsigon A=t

Settlement type
(Urbanicity)

Bl Major urban

B Urban

B Town

Rural

Remote rural

Additional type

(Slum def.)
I Urban slum

Represented

& Urban slum, Major urban

a4 99t [E 319 A9 A% 2o

SAe Bd% 229

Kigali, Rwanda Nairobi, Kenya
’ oo - y -
- e
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Windhoek, Namibia

® Urban slum, Urban A
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[E 9] =718 AFA +3 7IesA

Cluster units (%)

Children individual units %)

Country f\ﬁijz; Urban Town Rural Rfj;gice Iiﬁ;n thrf;rrl Urban Town Rural Rf:rlzlte US.II.E;H
5 4 3 2 1 - 5 4 3 2 1 -

Angola 252 206 6.1 86 39.5 59 317 191 65 73 35.4 53
Burkina Faso 2.8 89 23 129 73.1 1.2 59 141 40 138 62.2 1.4
Burundi 1.7 49 55 250 62.9 1.0 3.1 6.1 58 255 59.5 1.0
Congo DR 112 133 63 127 56.5 12.3 13.7 133 65 129 53.6 11.8
Cote d'Ivoire 101 146 114 13.0 50.8 0.6 179 194 143 132 35.1 0.8
Cameroon 13.7 144 140 166 413 0.6 235 192 157 13.0 28.5 0.5
Ethiopia 14 30 58 85 81.3 1.8 44 66 107 88 69.6 4.6
Gabon 314 326 135 103 12.2 38 355 320 126 79 121 4.0
Ghana 23.2 89 257 151 27.1 0.1 320 11.0 283 127 16.0 0.2
Guinea 48 166 62 66 65.8 1.0 84 213 65 068 57.1 1.5
Kenya 9.0 123 158 313 31.6 1.9 13.0 163 214 28.0 21.3 2.3
Liberia 72 226 84 107 51.2 1.0 105 277 88 9.1 44.0 1.8
Malawi 3.2 86 86 419 37.7 1.7 45 103 105 412 33.4 1.8
Mozambique 6.3 88 69 149 63.1 41 109 109 85 148 54.9 4.5
Nigeria 11.0 156 146 154 43.4 2.5 20.7 17.1 219 135 26.8 2.5
Namibia 105 103 304 21.1 27.6 2.1 13.6 116 344 211 193 1.7
Rwanda 29 81 68 368 45.3 14 45 87 78 373 41.6 13
Sierra Leone 43 182 64 113 59.8 3.9 83 221 77 107 512 4.9
Senegal 1.7 163 131 123 46.5 06 243 212 118 115 313 0.7
Chad 1.7 97 34 63 78.9 4.8 29 137 40 61 73.3 6.5
Togo 104 174 79 115 52.8 2.2 163 231 11.0 132 36.4 2.3
Tanzania 47 108 125 185 53.6 0.2 79 145 166 203 40.6 0.1
Uganda 63 47 136 334 42.1 0.3 96 70 165 328 34.1 0.4
South Africa 313 149 390 108 4.0 13 402 142 354 81 2.1 1.0
Zambia 134 135 101 183 447 1.8 170 145 126 187 37.2 1.7
Zimbabwe 134 109 174 357 22.7 0.1 168 11.1 188 349 183 0.1
Total 88 123 103 182 50.4 2.6 148 149 149 184 37.1 2.5
T RE 7S A B 7AE Foiste ALtk
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Component & Deprivation Sub-indicator Details of measurement

Housing quality

Unimproved housing material - Improved floor parquet or polished wood, vinyl or asphalt strips,
in any of the three components ceramic tiles, cement, linoleum or rubber carpet
- Improved roof cement, stone with lime or cement, (burnt or

unburnt) bricks with cement, cement blocks,
wood planks or shingles, sheet metal.

- Improved wall zinc or aluminum, calamine or cement fiber,
ceramic or brick tiles, cement, roofing shingles,
asbestos or slate roofing sheets, concrete slab

Sanitation facility
Unimproved or no sanitation - Improved sanitation facility flush toilet or latrine, ventilated improved pit, pit
facility or shared with others latrine with a slab, composting toilet

Water source

Non-safe drinking water or - Safe drinking water piped water, piped into dwelling, public tap,
more than 30-minute walk to tube well or borehole, borehole with pump,
water source protected well, protected spring, bottled water (if

secondary source is also improved) or rainwater

- Accessibility to water source less than 30-minute walk to water source

FAAEA 2 FES OREE AA Ars AT AfoHEY v, 271 A8 5), A
A ¥ g8 ARE gRE A9 AR(E, U, d 5HE F8st= B0l
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House quality Sanitation facility Water source

Country (Wall, floor, roof material) (toilet quality) (quality & accessibility)

N Improved % N Improved % N Improved %
Angola 16,981.1 38.5 16,981.1 39.7 16,981.1 41.1
Burkina Faso 22,475.6 19.1 22,478.3 113 22,465.0 52.2
Burundi 17,684.3 12.6 17,684.3 39.7 17,684.3 47.8
Congo DR 23,522.4 13.4 23,522.4 16.8 23,516.8 26.3
Cote d'Ivoire 9,832.1 57.1 9,819.7 15.9 9,830.1 63.2
Cameroon 12,222.3 41.6 12,222.3 36.7 12,222.3 53.3
Ethiopia 14,781.0 2.5 14,781.0 5.3 14,781.0 31.6
Gabon 5,870.8 44.6 5,870.8 31.6 5,854.5 75.7
Ghana 7,060.0 67.7 7,060.0 4.3 7,060.0 70.7
Guinea 10,159.9 47.8 10,159.9 21.4 10,159.9 50.0
Kenya 23,287.5 36.3 23,283.6 20.5 23,286.3 49.1
Liberia 7,413.0 43.1 7,413.0 18.6 7,413.0 65.4
Malawi 23,129.0 19.4 23,129.0 51.2 23,129.0 48.5
Mozambique 15,987.9 12.7 15,987.9 18.0 15,987.9 32.3
Nigeria 46,798.6 471 46,798.6 30.6 46,798.6 58.1
Namibia 5,412.2 47.2 5,410.0 26.4 5,408.3 70.5
Rwanda 10,877.5 16.1 10,863.9 54.7 10,876.8 37.6
Sierra Leone 14,281.1 423 14,281.1 13.8 14,281.1 483
Senegal 14,731.3 57.7 14,7313 43.3 14,7313 68.5
Chad 26,641.7 5.7 20,548.5 6.5 26,610.0 34.7
Togo 8,563.2 47.9 8,503.2 9.6 8,556.5 46.9
Tanzania 12,396.1 326 12,396.1 46.4 12,396.1 35.8
Uganda 19,411.1 27.1 19,411.1 169 19,411.1 38.6
South Africa 3,999.8 84.8 3,999.8 55.6 3,999.8 85.1
Zambia 12,059.4 35.1 12,059.4 28.0 12,059.4 56.3
Zimbabwe 7,374.3 58.1 7,374.3 311 7,374.3 54.2
Total 392,953.2 31.9 392,830.6 26.6 392,874.6 48.2

% HE J$5AE Y HEAE Helste] Ausiair.
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Level Variable Category N %
Individual level Child age 0 133,422 33.4
1 74,424 18.6
2 68,618 17.2
3 64,328 16.1
4 58,880 14.7
399,673
Child sex male 205,960 51.5
Female 193,713 48.5
399,673
Birth order 1 94,394 23.6
2 78,465 19.6
3 63,221 15.8
4 49,476 124
=5 114,117 28.6
399,673
Household level Wealth index Poorest 95,835 24.0
Poor 90,077 22.5
Middle 80,874 20.2
Rich 73,505 18.4
Richest 59,382 14.9
399,673
Household size <5 104,381 26.1
5-6 119,838 30.0
7-10 107,142 26.8
> 10 68,312 17.1
399,673

F BE 7esAe B VAE Folsto AAsAd.
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[# 13] ot A 219l

B4 A

Model 1 Model 2 Model 3 Model 4
OR 95%CI OR 95%CI OR 95%CI OR 95%CI
Fixed effect
Community level
Settlement type Remote rural 1(ref) 1(ref) 1(ref)
Rural 0.94* 0.91-0.98 0.94** 0.91-0.98 0.95* 0.91-0.99
Town 0.76*0.72-0.80  0.75* 0.71-0.79 0.77* 0.73-0.82
Urban 0.82** 0.77-0.86  0.78"** 0.74-0.83 0.81*** 0.76-0.86
Major urban  0.69** 0.64-0.74  0.68** 0.63-0.73 0.70** 0.65-0.76
Urban slum No 1(ref) 1(ref)
Yes 1.18** 1.08-1.29 1.13* 1.03-1.23
Household level
Improved house No 1(ref) 1(ref)
(Wall, floor, roof) Yes 0.87*** 0.84-0.91  0.90** 0.86-0.94
Improved No 1(ref) 1(ref)
sanitation Yes 1.04* 1.01-1.08 1.04* 1.01-1.08
Improved No 1(ref) 1(ref)
water source Yes 0.96* 0.93-0.98 098 0.95-1.01
Wealth index  Poorest 1(ref) 1(ref)
Poor 0.93** (0.90-0.96  0.93** 0.90-0.96 0.93** 0.89-0.96  0.94™* 0.90-0.97
Middle 0.89"* 0.86-0.93 0.90™* 0.86-0.94 0.89** 0.85-0.92  0.91** 0.87-0.95
Rich 0.82** 0.78-0.86  0.82™** 0.78-0.86  0.79** 0.76-0.83  0.84*** 0.80-0.89
Richest 0.58** 0.55-0.62  0.58*** 0.55-0.62  0.54*** 0.51-0.57 0.61*** 0.57-0.66
Household size (5 1(ref) 1(ref) 1(ref) 1(ref)
5-6 1.12* 1.08-1.16 1.12** 1.08-1.16 1.14** 1.1-1.18 1.14** 1.10-1.18
7-10 1.22*** 1.18-1.27 1.22** 1.18-1.27 1.26™* 1.22-1.31 1.25* 1.21-1.30
> 10 1.16"*1.11-1.21 1.16™* 1.11-1.21 1.21™*1.15-1.27 1.19* 1.13-1.24
Individual level
Child age 0 1(ref) 1(ref) 1(ref) 1(ref)
1 0.24™* 0.23-0.24 0.24** 0.23-0.24 0.24™* 0.23-0.24  0.23™* 0.23-0.24
2 0.19"*0.18-0.19 0.19** 0.18-0.19 0.18** 0.18-0.19 0.19™* 0.18-0.19
3 0.11+0.11-0.11  0.11**0.11-0.11 0.11™*0.11-0.11 0.11™*0.11-0.11
4 0.06™* 0.05-0.06  0.06** 0.05-0.06  0.06** 0.05-0.06  0.06™* 0.05-0.06
Child sex male 1(ref) 1(ref) 1(ref) 1(ref)
Female 0.87*** 0.85-0.88  0.87*** 0.85-0.88 0.86™* 0.85-0.88  0.86™** 0.85-0.88
Birth order 1 1(ref) 1(ref) 1(ref) 1(ref)
2 0.85"* 0.83-0.87 0.85™* 0.83-0.87 0.84™* 0.82-0.87  0.85™* 0.82-0.87
3 0.75"* 0.72-0.77  0.75* 0.72-0.77  0.74** 0.71-0.76  0.74** 0.72-0.76
4 0.66** 0.64-0.68 0.66™* 0.64-0.68 0.64** 0.62-0.67  0.64** 0.62-0.67
>5 0.53*0.51-0.55 0.53***0.51-0.55 0.51™* 0.5-0.53 0.51™* 0.50-0.53

Random effect

Community level

T2 variance (SE) 0.32(0.01) 0.32(0.01) 0.33(0.01) 0.33(0.01)
p:ICC (Community) 0.09 0.09 0.09 0.09
Model fitness

Log (pseudo) likelihood -193,091 -193,084 -193,123 -189,698
Waldy2 32,498 32,552 32,621 32,352
Sample

Num. of individuals 396,229 396,229 396,748 389,096
Num. of clusters 15,317 15,317 15,550 15,313

T p<.1, * p.05, ** p<.01, *** p<.001
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[ 14] ot B A9 AF4e &4 &4 41
Mortality Fever Anemia Diarrhea Cough

OR 95%CI OR 95%CI OR 95%CI OR  95%CI OR 95%CI
Fixed effect
Community level
Settlement type
Remote rural 1(ref) 1(ref) 1(ref) 1(ref) 1(ref)
Rural 0.95* 0.91-0.99 0.90**(0.85-0.94 0.83**0.78-0.88 0.99 0.94-1.04 1.13**1.08-1.19
Town 0.77%*0.73-0.82 0.81™*0.76-0.87 0.83** 0.77-0.90 0.91™* 0.85-0.98 1.18** 1.10-1.26
Urban 0.81** 0.76-0.86 0.90™ 0.83-0.96 0.83**(0.76-0.90 1.12* 1.04-1.21 1.25™*1.16-1.35
Major urban 0.70** 0.65-0.76 0.71™* 0.65-0.77 0.81**0.73-0.89 0.99 0.90-1.09 1.29***1.18-1.41
Urban slum
No 1(ref) 1(ref)
Yes 1.13* 1.03-1.23 1.14* 1.02-1.27 1.18* 1.02-1.37 1.07 0.95-1.20 096 0.85-1.07
Household level
Improved house
No 1(ref) 1(ref) 1(ref) 1(ref) 1(ref)
Yes 0.90* 0.86-0.94 0.94* 0.89-0.98 0.99 0.93-1.04 0.96 0.92-1.01 0.98 0.93-1.02
Improved sanitation
No 1(ref) 1(ref) 1(ref) 1(ref) 1(ref)
Yes 1.04* 1.01-1.08 0.93**0.90-0.96 0.89™* 0.85-0.93 0.87**(0.84-0.90 0.94** 0.91-0.98
Safe water source
No 1(ref) 1(ref) 1(ref) 1(ref) 1(ref)
Yes 098 095-1.01 1.01 097-1.04 1.03 0.98-1.07 0.96* 0.93-1.00 1.01 0.97-1.04
Random effect
Community level
2 variance (SE) 0.33(0.01) 0.58(0.01) 0.48(0.02) 0.44(0.01) 0.44(0.01)
p:1ICC (Community) 0.09 0.15 0.13 0.12 0.12
Sample
Num. of individuals 389,096 270,750 111,149 270,435 270,752
Num. of clusters 15,313 15,298 12,671 15,298 15,298

wAE B4 AHE=

EE x%ﬂ

** p<.01, *** p<.

E 1-H°1A HF E‘&‘(Model 49 x84 59(=AE &

stoiet

001
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Panel A. Fever

Fever (%)
0-5
5-10
10-15
15-20
20-25
25-30
30-35
35-40
40-45  Border

45-50 Macro Region
>50 Country

EEEEEEEEOO0

Panel B. Anemia

Central
Anemia (%)
0-5
5-10
10-15
15-20
20-25
25-30
30-35
35-40 South
40-45  Border
45-50
>50

AGO

Macro Region
Country

EEEEEREEEOCOO

(29 7] obs 2EH W9 33 we

30



[

Diarrhea (%)

EEEEEEEEOO0

Co

EEEEEREEEOCOO

u

Panel A. Diarrhea

Central

0-5

5-10

10-15
15-20
20-25
25-30
30-35
35-40
40-45  Border
45-50
>50

Macro Region
Country

Panel B. Cough

ugh (%)
0-5
5-10
10-15
15-20
20-25
25-30
30-35
35-40
40-45  Border
45-50 Macro Region
>50 Country

% 8] ot 4Alet 537] Ao T7 Hd

31



A EA49 B HE(I 99] Panel AV B3 2] SE I R Aol
¥o EAMS T Atk AL AT S Yk =4 A9 A AW Axmets

JEHAZE AR, SHA SARHANNE AHE}R

k1
)
_°r|‘,
rH
H
>
ox

~{
N
XN
A|m
oX
Mo
Hir
rlo
>,

<{

.1

N
Y
|
o,
o
)
Ho

)
>,
e
1>
3
of4
ul
©
gl
o i
LU
-,
_r;
[l
L&
H
_a
)
>
i)
offl
rﬁ
ol
=

=
IFe T Ao FAW 3 FASHY T2 WAL Fetste o] BA A %

ot

< "tdske o 8% AddojEta & & H. ok HA A%k s4% URleE &

o

AR, 27Pd FE AH= ogenol, (=, REY, BYH|A, DR T SolA 4
ASIE=H(E 11), WAFLE HY og ool BAR, (e R FEEY R E3ua
Fo|A FAGHC] £4 &2 ALo=E UEHTHIE 99 Panel B). DR F18} RE7]
4 of 2 oy 2o AAfsta ot Avkel St R, ]
ofel FZEh AR, ek IR AdE FH 7 £4 g2 ZAoE SRl

A, AE, EX, REZ|UmA, AgEE 5 Aotngrt w7HE9 5 A oA
QA o] AutAoz okt Aoz YehthIE 11, 18 109 Panel A). E3H ofg
Qujo} BE  Aukel 91ttt S5 IH|o AR, FZEtet yujulol HA A, ZHlof A

)
o

|o

5 5o] Aol A gIgAIAe] 4] kel
AA, A% 39 A DR 3L, oHlec %%, mgud 25, = gR,
SAtUol gRet A%, tolAelol BY FojA doet Zo® uehdthE 11, 1¥ 10

'o’] Panel B) /\]Oﬂa}ﬂ%, E]—O]Hﬂ?l]o]‘ 7]1/]‘.\_4'_/]\‘01] 11— /\]/\ _'J_'_.éLo] ogc_);l-—cj)-_ _:,—y/(_
Aol AbABtE], FFet AR, 9T BAR, Fulol B obdd A4t 4B 3

FuA g o= Hewg.

32



Panel A. Urbanicity

Central

AGO

Multi-dimensional
urbanicity (0-1)

0

Border

Macro Region
1 —— Country

| 5 Panel B. House quality
\,‘ L -
{

Unimproved
house quality (%)
0-10

10-20

20-30

30-40

40-50

50-60

60-70 South
70-80 Border

80-90 Macro Region
90-100 —— Country

OO

EEREEEOOO

33



Panel A. Sanitation facility
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sanitation facility (%) AGO
0-10

10-20

20-30

30-40

40-50

50-60

60-70 South

70-80 Border
80-90 Macro Region

90-100 —— Country

EREEEREOCOOO0O0

Panel B. Water source

Non-safe Water source
or low access to source (%)
0-10

10-20

20-30

30-40

40-50

50-60

60-70 South
70-80 Border

80-90 Macro Region
90-100 —— Country

EEEEREOOOO0

(29 10] 948 A2 € 4]

i
o
1l
1o
of
o
£
i}

34



Al (A,

=
L

o BA

=

ez 5A] mut o5

[e)

=

g7k 2670=

R

stet ol of

A7 8ok @ NAA
AE AL

£

1.

of
T
o
N

J_.NO

—IA
e

|

ﬁ
)

T
o
N

o=

3

ARUEY £29 BA4 A7 229 FAS

Ho

A pE

boiet.

X

3L AR PR

ok

AFUEER oz ZAX

7A

Nlo
il
=

=13
=

49 ol At

s

=2

H. EA]

o
a

SHA gk, HApst

FollA
09’]6

bl &

°

EA40] B AR AR

o]

T

=
=

g o

L]
o
U

;o_a

=

At

S|
=

ke
- =y

4714 A BH(EE,

o
-

4y AEEA)

o

o

oV

ot

oF LA

FEE GEA e
HE 3712 Q471 BF T2

=

o

ol
=

AN FAZA] doF

2 A

1}
=~

]

Uhebte

o

ol

9 oz

a0

obs B 3

5t

o7 EAo]l W2 FAFYE o

=
S

A

o

35



M
iN—:
19
A
ol
9,
[
O
rir
A
>
i)
i
rir
H
>,
N,
19,
=
)
P~
A
ol
Y
4
v
ful
)
)
<
A|m
e
o
i
o>,

2 ARYUEE 25 Toshs Aol F8siH. & A7 &4 AdolA FEAHURl,
% =

A 537 A% 24 Y BBS FEET 440 £ ARANA o %

At A sk w7 BAo] we nz
9A, wAHY AALNA BA BAQ] Hio] A3 FAA0] dotd ARYHE

wolslolop stk mA EAE L FASE 27 fEe wx el 27 w94 2

gatx7] fed], R B4 £Re AdGuR s FADA

2
WS stobste] §3 9 xeagel gy 4G Ak ol Fast

[
uich
1o
=
oo
o,
4
i)
)

(o]
fu
4
o,
i,
9
)
ok
O

2. 479 99| U A

36



Yottt dols sed ot ik &, B4 BAC] et 244 L FASHY an
b et g FEeRs wdl FFeg wols A,
2 AFE ARste} ol ohxelsle] off Bl BAE A U3t B L2 Yo

22 WA Folg B AESe B A o AdL APsT FFAY A4
2R ntists o AnA A=t @ 4 U
£ 7o WAL thewt 2tk DHSY AE 24 Aol wbER gt 3t 7t B
4 A%g wus] oyt BRHoE sHo| 3 ¥ AW/ G w2A stk
o] DHS Ame] WA ohe FE Utk 3 B ATE A7RA it Yol
AeRE AR ABEA e B BA tAlA Aste] wEe] B oA 2
7 AgAolgleh. @, HAHREES 98] DHS 2ATY HES A2 o]5A3
L oA BAREES AHdRet 2Yse B4 AL} Wby & k. FF
FolAE ANE PHor BhEz o A7E TS o B2 4RE 9 A4Y

e,

37



=)
T

Border

Macro Region
—— Country (analyzed)
——— Country (not analyzed)

(5 I 1] 4 g4 37 € AFYE(DHS A Ax

38



B2 % 1) ofF 9Y 29 24 24
Model 1 Model 2 Model 3 Model 4
OR 95%CI OR 95%CI OR 95%CI OR 95%CI
Fixed effect
Community level
Settlement type Remote rural 1(ref) 1(ref) 1(ref)
Rural 0.89"* 0.84-0.93 0.89"* 0.84-0.93 0.90™* 0.85-0.94
Town 0.80™ 0.75-0.85 0.80™* 0.75-0.85 0.81* 0.76-0.87
Urban 0.92** 0.86-0.98 0.88™* 0.82-0.94 0.90** 0.83-0.96
Major urban  0.71** 0.65-0.77 0.70** 0.64-0.76 0.71** 0.65-0.77
Urban slum No 1(ref) 1(ref)
Yes 1.17** 1.06-1.31 1.14* 1.02-1.27
Household level
Improved house ~ No 1(ref) 1(ref)
(Wall, floor, roof)  Yes 0.92** 0.88-0.96 0.94* 0.89-0.98
Improved No 1(ref) 1(ref)
sanitation Yes 0.93** 0.89-0.96 0.93*** 0.90-0.96
Improved No 1(ref) 1(ref)
water source Yes 098 0.95-1.01 1.01 0.97-1.04
Wealth index Poorest 1(ref) 1(ref) 1(ref) 1(ref)
Poor 098 0.94-1.02 098 0.94-1.02 098 0.94-1.02 0.99 0.95-1.03
Middle 0.95* 0.91-0.99 0.95* 0.91-0.99 0.95* 0.91-0.99 098 0.93-1.02
Rich 0.95* 0.90-1.00 0.95* 0.90-1.00 0.94* 0.89-0.99 0.99 0.93-1.04
Richest 0.87** 0.81-0.93 0.87***0.82-0.93 0.85** 0.8-0.91 0.93* 0.86-1.00
Household size <5 1(ref) 1(ref) 1(ref) 1(ref)
5-6 0.94* 0.91-0.98 0.94** 0.91-0.98 0.95* 0.92-0.99 0.95** 0.92-0.99
7-10 0.92** 0.88-0.96 0.92*** 0.88-0.96 0.93** 0.89-0.97 0.93*** 0.89-0.97
> 10 0.91** 0.87-0.96 0.91** 0.87-0.96 0.94* 0.9-0.99 0.92** 0.88-0.97
Individual level
Child age 0 1(ref) 1(ref) 1(ref) 1(ref)
1 1.43** 1.38-1.49 1.43*** 1.38-1.49 1.43*** 1.37-1.48 1.43*™* 1.38-1.49
2 1.16** 1.12-1.20 1.16®*1.12-1.20 1.16™*1.12-1.2 1.16™*1.12-1.21
3 0.88™* 0.85-0.92 0.88™* 0.85-0.92 0.88"* 0.84-0.91 0.88"* 0.85-0.92
4 0.74** 0.71-0.78 0.74** 0.71-0.78 0.74** 0.71-0.77 0.74** 0.71-0.77
Child sex male 1(ref) 1(ref) 1(ref) 1(ref)
Female 0.97* 0.95-0.99 0.97* 0.95-0.99 0.97* 0.95-1 0.97* 0.95-1.00
Birth order 1 1(ref) 1(ref) 1(ref) 1(ref)
2 096t 0.93-1.00 096t 0.93-1.00 0.96* 0.93-1 0.96* 0.93-1.00
3 096t 0.92-1.01 096t 0.92-1.01 096t 0.92-1 0.96* 0.92-1.00
4 1.05* 1.00-1.09 1.05* 1.00-1.09 1.04 0.99-1.08 1.04 0.99-1.08
>5 1.06™ 1.02-1.10 1.06** 1.02-1.10 1.05* 1.01-1.1 1.05* 1.01-1.10
Random effect
Community level
2 variance (SE) 0.57(0.01) 0.57(0.01) 0.58(0.01) 0.58(0.01)
p:ICC (Community) 0.15 0.15 0.15 0.15
Model fitness
Log (pseudo) likelihood -134,536 -134,531 -134,418 -132,081
Waldy2 3,939 3,948 3,828 3,918
Sample
Num. of individuals 276,158 276,158 275,903 270,750
Num. of clusters 15,304 15,304 15,534 15,298

T p<.1, * p.05, ** p<.01, *** p<.001
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Model 1 Model 2 Model 3 Model 4
OR  95%CI OR  95%CI OR 95%CI OR 95%CI
Fixed effect
Community level
Settlement type Remote rural 1(ref) 1(ref) 1(ref)
Rural 0.83 0.79-0.88 0.83™* 0.78-0.88 0.83** (0.78-0.88
Town 0.84** 0.78-0.90 0.84™* 0.78-0.90 0.83* 0.77-0.90
Urban 0.86** 0.80-0.94 0.84** 0.77-0.91 0.83™* 0.76-0.90
Major urban  0.83** 0.75-0.92 0.82** 0.74-0.91 0.81* 0.73-0.89
Urban slum No
Yes 1.19* 1.03-1.38 1.18* 1.02-1.37
Household level
Improved house ~ No 1(ref) 1(ref)
(Wall, floor, roof) ~ Yes 096 0.91-1.02 0.99 0.93-1.04
Improved No 1(ref) 1(ref)
sanitation Yes 0.89* 0.85-0.93 0.89™* 0.85-0.93
Improved No 1(ref) 1(ref)
water source Yes 1 0.96-1.05 1.03 0.98-1.07
Wealth index Poorest 1(ref) 1(ref) 1(ref) 1(ref)
Poor 0.88** 0.83-0.93 0.88** 0.83-0.93 0.87** 0.82-0.92 0.89*** 0.84-0.94
Middle 0.79** 0.74-0.84 0.79** 0.74-0.84 0.77*** 0.73-0.82 0.81** 0.76-0.86
Rich 0.70%* 0.65-0.75 0.70™%* 0.65-0.75 0.67** 0.63-0.72 0.73** 0.67-0.78
Richest 0.50"* 0.45-0.54 0.50™* 0.46-0.55 0.48"™* 0.44-0.52 0.53™* 0.48-0.58
Household size <5 1(ref) 1(ref) 1(ref) 1(ref)
5-6 1.02 0.97-1.08 1.02 0.97-1.08 1.03 0.98-1.08 1.03 0.97-1.08
7-10 1.09* 1.03-1.15 1.09** 1.03-1.15 1.12**1.05-1.18 1.10** 1.04-1.17
> 10 1.15* 1.08-1.23 1.15** 1.08-1.23 1.17*** 1.09-1.25 1.16** 1.09-1.25
Individual level
Child age 0 1(ref) 1(ref) 1(ref) 1(ref)
1 0.79%* 0.73-0.84 0.79** 0.73-0.84 0.78** 0.73-0.84 0.78** 0.73-0.84
2 0.43* 0.40-0.46 0.43™* 0.40-0.46 0.43™* 0.4-0.46  0.43™* 0.40-0.46
3 0.30"* 0.28-0.32 0.30*** 0.28-0.32 0.3™* 0.28-0.32 0.30*** 0.28-0.32
4 0.22** 0.20-0.24 0.22™* 0.20-0.24 0.22™* 0.21-0.24 0.22** 0.20-0.24
Child sex male 1(ref) 1(ref) 1(ref) 1(ref)
Female 0.87** 0.84-0.90 0.87** 0.84-0.90 0.86™* 0.83-0.9 0.87*** 0.84-0.90
Birth order 1 1(ref) 1(ref) 1(ref) 1(ref)
2 1.03 097-1.08 1.03 0.97-1.08 1.02 0.96-1.07 1.02 0.97-1.08
3 1.04 0.98-1.10 1.04 0.98-1.10 1.04 0.98-1.11 1.05 0.99-1.11
4 1.08* 1.02-1.15 1.08* 1.02-1.15 1.08* 1.01-1.15 1.09* 1.02-1.16
>5 1.01 096-1.07 1.01 0.96-1.07 1.01 0.95-1.06 1.01 0.96-1.07
Random effect
Community level
2 variance (SE) 0.48(0.02) 0.48(0.02) 0.48(0.02) 0.48(0.02)
p:ICC (Community) 0.13 0.13 0.13 0.13
Model fitness
Log (pseudo) likelihood -65,625 -65,622 -65,683 -64,534
Waldy2 6,226 6,241 6,200 6,246
Sample
Num. of individuals 113,121 113,121 113,378 111,149
Num. of clusters 12,684 12,684 12,895 12,671

T p<.1, * p.05, ** p<.01, *** p<.001
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Model 1 Model 2 Model 3 Model 4
OR 95%CI OR 95%CI OR 95%CI OR 95%CI
Fixed effect
Community level
Settlement type Remote rural 1(ref) 1(ref) 1(ref)
Rural 098 0.93-1.03 098 0.93-1.03 0.99 0.94-1.04
Town 0.89™ (0.84-0.95 0.89™* 0.84-0.95 0.91™ 0.85-0.98
Urban 1.12* 1.04-1.19 1.08* 1.01-1.16 1.12* 1.04-1.21
Major urban 0.97 0.89-1.07 0.97 0.88-1.06 0.99 0.90-1.09
Urban slum No
Yes 1.12* 1.00-1.26 1.07  0.95-1.20
Household level
Improved house ~ No 1(ref) 1(ref)
(Wall, floor, roof)  Yes 096t 0.92-1 096 0.92-1.01
Improved No 1(ref) 1(ref)
sanitation Yes 0.87** 0.83-0.9  0.87™* 0.84-0.90
Improved No 1(ref) 1(ref)
water source Yes 0.96* 0.93-0.99 0.96* 0.93-1.00
Wealth index Poorest 1(ref) 1(ref) 1(ref) 1(ref)
Poor 0.98 0.93-1.02 0.98 0.93-1.02 0.99 0.95-1.03 0.99 0.95-1.03
Middle 0.89** 0.85-0.94 0.89** 0.85-0.94 0.92** 0.88-0.97 0.92** 0.88-0.97
Rich 0.87** 0.82-0.91 0.87** 0.82-0.92 0.93** 0.88-0.98 0.91** 0.86-0.97
Richest 0.70%* 0.65-0.75 0.70%* 0.65-0.75 0.78** 0.73-0.83 0.76*** 0.70-0.82
Household size <5 1(ref) 1(ref) 1(ref) 1(ref)
5-6 0.94** 0.90-0.98 0.94™ 0.90-0.98 0.94** 0.9-0.98 0.94* 0.90-0.98
7-10 0.95* 0.91-1.00 0.95* 0.91-1.00 0.95* 0.91-1 0.96t 0.91-1.00
> 10 097 0.92-1.02 097 0.92-1.02 098 0.93-1.04 098 0.93-1.03
Individual level
Child age 0 1(ref) 1(ref) 1(ref) 1(ref)
1 1.56** 1.50-1.62 1.56*** 1.50-1.62 1.55*** 1.49-1.61 1.55** 1.50-1.62
2 0.86** 0.83-0.90 0.86™* 0.83-0.90 0.86™* 0.82-0.9  0.86™* 0.83-0.90
3 0.49* 0.46-0.51 0.49™* 0.46-0.51 0.48™* 0.46-0.51 0.48™* 0.46-0.51
4 0.32** 0.30-0.34 0.32** 0.30-0.34 0.32** 0.3-0.34 0.32** 0.30-0.34
Child sex male 1(ref) 1(ref) 1(ref) 1(ref)
Female 0.90** 0.88-0.93 0.90* 0.88-0.93 0.9"* 0.88-0.93 0.90*** 0.88-0.93
Birth order 1 1(ref) 1(ref) 1(ref) 1(ref)
2 0.94* 0.91-0.98 0.94* 0.91-0.98 0.94* 0.9-0.98 0.94** 0.90-0.98
3 0.94* 0.90-0.98 0.94 0.90-0.98 0.94* 0.9-0.99 0.94** 0.89-0.98
4 0.93* 0.88-0.98 0.93™ 0.88-0.98 0.93™ 0.88-0.98 0.93* 0.88-0.97
>5 0.91**0.87-0.95 0.91*** 0.87-0.95 0.91™* 0.87-0.95 0.90™* 0.86-0.94

Random effect
Community level

T2 variance (SE) 0.44(0.01) 0.44(0.01) 0.45(0.01) 0.44(0.01)
p:ICC (Community) 0.12 0.12 0.12 0.12
Model fitness

Log (pseudo) likelihood -109,889 -109,887 -109,427 -107,659
Waldy2 6,273 6,287 6,209 6,206
Sample

Num. of individuals 275,834 275,834 275,586 270,435
Num. of clusters 15,304 15,304 15,534 15,298

T p<.1, * p.05, ** p<.01, *** p<.001
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Model 1 Model 2 Model 3 Model 4
OR 95%CI OR 95%CI OR 95%CI OR 95%CI
Fixed effect
Community level
Settlement type Remote rural 1(ref) 1(ref) 1(ref)
Rural 1.13* 1.08-1.19 1.13™* 1.08-1.19 1.13** 1.08-1.19
Town 1.17%* 1.10-1.25 1.17** 1.10-1.25 1.18%* 1.10-1.26
Urban 1.24** 1.16-1.32 1.25™* 1.16-1.34 1.25** 1.16-1.35
Major urban  1.28"* 1.17-1.40 1.29** 1.18-1.40 1.29"* 1.18-1.41
Urban slum No
Yes 0.97 0.87-1.08 0.96 0.85-1.07
Household level
Improved house ~ No 1(ref) 1(ref)
(Wall, floor, roof)  Yes 099 095-1.04 098 0.93-1.02
Improved No 1(ref) 1(ref)
sanitation Yes 0.94™ 0.91-0.98 0.94™ 0.91-0.98
Improved No 1(ref) 1(ref)
water source Yes 1.03 0.99-1.06 1.01 0.97-1.04
Wealth index Poorest 1(ref) 1(ref) 1(ref) 1(ref)
Poor 1.04 099-1.08 1.04 0.99-1.08 1.06* 1.01-1.1 1.04t 1.00-1.09
Middle 1.05* 1.00-1.10 1.05* 1.00-1.10 1.1*** 1.05-1.15 1.07** 1.02-1.12
Rich 1.01 096-1.06 1.01 0.95-1.06 1.1 1.04-1.16 1.03 0.98-1.09
Richest 1.02 096-1.10 1.02 0.96-1.09 1.17***1.09-1.25 1.07 0.99-1.15
Household size <5 1(ref) 1(ref) 1(ref) 1(ref)
5-6 0.98 0.95-1.02 0.98 0.95-1.02 0.99 0.95-1.03 0.99 0.95-1.03
7-10 0.92** 0.88-0.96 0.92* 0.88-0.96 0.92** 0.88-0.95 0.92™* 0.88-0.96
> 10 0.92** 0.87-0.96 0.92** 0.87-0.96 0.91*** 0.87-0.96 0.92** 0.88-0.97
Individual level
Child age 0 1(ref) 1(ref) 1(ref) 1(ref)
1 1.21%* 1.16-1.26  1.21™* 1.16-1.26 1.2** 1.16-1.25 1.21™* 1.16-1.26
2 1.00 097-1.04 1.00 0.97-1.04 1 0.96-1.04 1.01 0.97-1.05
3 0.82* 0.79-0.85 0.82** 0.79-0.85 0.82** 0.78-0.85 0.82*** 0.79-0.86
4 0.68** 0.65-0.70 0.68** 0.65-0.70 0.67** 0.64-0.7 0.68** 0.65-0.70
Child sex male 1(ref) 1(ref) 1(ref) 1(ref)
Female 0.99 0.97-1.02 099 0.97-1.02 099 0.97-1.01 0.99 0.97-1.02
Birth order 1 1(ref) 1(ref) 1(ref) 1(ref)
2 0.95* 0.91-0.98 0.95 0.91-0.98 0.94* 0.91-0.98 0.94** 0.91-0.98
3 097 0.93-1.01 097 0.93-1.01 0961 0.92-1 0.96t 0.92-1.00
4 0.97 0.93-1.02 097 0.93-1.02 097 0.93-1.02 0.98 0.93-1.02
>5 0.94* 0.90-0.98 0.94* 0.90-0.98 0.94* 0.9-0.98 0.94** 0.90-0.98

Random effect
Community level

T2 variance (SE) 0.62(0.01) 0.62(0.01) 0.63(0.01) 0.44(0.01)
p:ICC (Community) 0.16 0.16 0.16 0.12
Model fitness

Log (pseudo) likelihood -130,978 -130,978 -130,605 -128,431
Waldy2 6,452 6,461 6,416 6,420
Sample

Num. of individuals 276,161 276,161 275,904 270,752
Num. of clusters 15,304 15,304 15,534 15,298

T p<.1, * p.05, ** p<.01, *** p<.001
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