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Abstract 

Examining the effects of precipitation on diarrheal mortality in The City of Tshwane, South 
Africa 

By: Asmita Talukdar 

Background: South Africa is anticipated to experience higher levels of climate change compared to many other 

parts of the world. This includes changes to rainfall, which has been associated with diarrheal disease in other parts 

of the world. Here we explore the relationship between rainfall and diarrheal mortality in the City of Tshwane, South 

Africa. 

Objectives: In a time-series study consisting of the whole of the population of the City of Tshwane from the years 

1997-2013, I examined whether heavy rainfall, and other key factors like temperature, time, and age, was associated 

with increased diarrheal mortality. 

Methods: Binary exposure variables along with the rainfall count variables were compared against overall diarrheal 

mortality and that of children <5. Seven day and fourteen day lagged rain variables were also calculated and factored 

into the continuous and binary models. With these, I estimated associations between both rainfall exposure variables, 

temperature, and time using poisson regression models, then subsequently, confidence interval plots.

Results: There was no risk of mortality from neither heavy rainfall events, nor continuous rainfall in the final 

interval plots with 95% CI. In subsequent sensitivity analyses, neither heavy rainfall exposure nor continuous 

rainfall was associated with changes to several spline functions nor when the thresholds for heavy rainfall were 

changed. 

Conclusions: The results suggest that, in the City of Tshwane, over the past 17 years, neither continuous rainfall nor 

heavy rainfall, coupled with temperature, resulted in significant risk of mortality for the population. General rainfall 

trends over 17-years indicated that temperature and time are major factors in diarrheal mortality overall, especially 

among children; this was not the case for the overall population though. The findings of this study warrant future 

studies focusing specifically on the seasonality of rainfall trends relating to diarrheal mortality to establish the 

environmental pathway of diarrheal disease in this part of South Africa. 
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1. IQWURGXFWLRQ:
DiaUUheaO diVeaVe adYeUVeO\ affecWV chiOdhRRd PRUWaOiW\, aV ZeOO aV adXOW heaOWh RXWcRPeV

iQ UegiRQV aURXQd Whe ZRUOd [2]. DUiQNiQg ZaWeU iV a PajRU VRXUce Rf PicURbiaO SaWhRgeQV iQ

deYeORSiQg UegiRQV, WhRXgh iQadeTXaWe VaQiWaWiRQ aQd fRRd VXSSO\ aUe aQ iQWegUaO SaUW Rf eQWeUic

SaWhRgeQ e[SRVXUe WR SRSXOaWiRQV [2]. OfWeQ aV a UeVXOW Rf cRPPRQ eQWeUic SaWhRgeQV OiNe

URWaYiUXV, CaPS\ORbacWeU, RU giaUdia, WhiV diVeaVe iV eQdePic iQ QeaUO\ aOO UegiRQV Rf Whe ZRUOd,

ZiWh Whe PRVW YXOQeUabOe cRPPXQiWieV beiQg WhRVe OiYiQg iQ SRYeUW\ aQd haYiQg Whe ORZeVW

caSaciW\ WR adaSW [6:10].  EYeQ ZiWh gORbaO YacciQaWiRQ caPSaigQV, diaUUhea UePaiQV Whe SUiPaU\

caXVe Rf eaUO\ chiOdhRRd PRUWaOiW\ aQd caVeV, ZiWh aQ eVWiPaWed 2.5 biOOiRQ caVeV RccXUUiQg SeU

\eaU aPRQg chiOdUeQ XQdeU 5, PRUe WhaQ haOf Rf Zhich RccXU iQ AfUica aQd SRXWh AVia [25]. WiWh

cOiPaWe chaQge SRiVed WR aOWeU iQfecWiRXV diVeaVe WUaQVPiVViRQ, iW iV cUiWicaO WR XQdeUVWaQd Whe

SRWeQWiaO iPSacWV iW Pa\ haYe RQ diaUUheaO diVeaVe.

PURgUeVViYeO\ UiViQg gORbaO WePSeUaWXUeV dXe OaUgeO\ iQ SaUW WR aQWhURSRgeQic ePiVViRQV,

haYe caXVed QRWiceabOe chaQgeV iQ gORbaO cOiPaWic SaWWeUQV, Vea OeYeO UiVe aQd diVeaVe

WUaQVPiVViRQ URXWeV, aPRQg RWheU deWUiPeQWaO effecWV. FXWXUe cOiPaWe chaQge effecWV RQ hXPaQ

heaOWh aUe SURjecWed WR be dUaPaWic, eVSeciaOO\ if VRPe WURSicaO diVeaVeV e[SaQd iQWR fRUPeUO\

WePSeUaWe aUeaV [11]. COiPaWe chaQge diUecWO\ affecWV Whe ZaWeU c\cOe iQ iWV eYaSRUaWiRQ ShaVe;

iQcUeaViQg UaWeV Rf eYaSRUaWiRQ, aQd cRQVeTXeQWO\ SUeciSiWaWiRQ, haYe Oed WR, aQd ZiOO OiNeO\

cRQWiQXe WR UeVXOW iQ Whe iQWeQVificaWiRQ Rf h\dURORgicaO e[WUePeV [20] gORbaOO\. SXb-SahaUaQ

AfUica iV a SaUWicXOaUO\ YXOQeUabOe UegiRQ aV iW haV Whe higheVW bXUdeQ Rf iQfecWiRXV diVeaVe aQd iV

SURjecWed WR be aPRQg Whe PRVW affecWed b\ cOiPaWe chaQge [1,10]. TZR decadeV agR, cOiPaWe

chaQge accRXQWed fRU abRXW 2.4% Rf diaUUheaO caVeV ZRUOdZide [7], bXW QRZ, WhaW VWaWiVWic iV OiNeO\
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WR be higheU giYeQ WhaW Whe SaVW 18 \eaUV haYe beeQ Whe ZaUPeVW WePSeUaWXUe-ZiVe, RQ UecRUd.

LiPiWed acceVV WR cOeaQ ZaWeU, VaQiWaWiRQ/h\gieQe faciOiWieV, cRXSOed ZiWh a heaY\ deSeQdeQce RQ

agUicXOWXUe aQd a OiPiWed caSaciW\ WR adaSW, PaNe QXPeURXV AfUicaQ cRXQWUieV YXOQeUabOe WR Whe

effecWV Rf cOiPaWe chaQge [7].

RaiQfaOO SaWWeUQV haYe beeQ OiQNed WR diaUUheaO diVeaVe iQ SUeYiRXV VWXdieV [25], bXW dXe WR

OiPiWed ORQg-WeUP WiPe-VeUieV VWXdieV iQ Whe UegiRQ fRcXViQg RQ UaiQfaOO aQd diaUUhea [17], iW iV

difficXOW WR gaXge Whe deSWh Rf Whe aVVRciaWiRQ. AV aOOXded WR eaUOieU, SRRU ZaWeU aQd VaQiWaWiRQ

iQfUaVWUXcWXUe aUe WhUiYiQg eQYiURQPeQWV fRU eQWeUic SaWhRgeQV, aQd a VeWWiQg iQcOXViYe Rf aOO WheVe

eOePeQWV iQcUeaVeV Whe OiNeOihRRd Rf cRPPXQiW\ e[SRVXUe [7,24]. The iPSacW Rf SUeciSiWaWiRQ

SaWWeUQV iV ZRUVeQed b\ VXch cRQdiWiRQV, aV UaiQfaOO SXOVeV caQ fOXVh fecaO PaWWeU iQWR ZaWeUZa\V,

aQd dURXghW cRQdiWiRQV cRQceQWUaWe PicURRUgaQiVPV iQWR ZaWeU VRXUceV [7].

IQfecWiRXV diVeaVe bXUdeQ iQ Whe AfUicaQ cRQWiQeQW, SaUWicXOaUO\ iQ Whe SXb-SahaUaQ

cRXQWUieV, iV high. PRRU ZaWeU, VaQiWaWiRQ, aQd h\gieQe aQd heaOWhcaUe iQfUaVWUXcWXUe aQd iWV

cOiPaWic cRQdiWiRQV aUe SUiPaUiO\ WR bOaPe fRU Whe high SUeYaOeQce Rf iQfecWiRXV diVeaVe iQ AfUica.

The UeaVRQ fRU WhiV iV becaXVe aSSUR[iPaWeO\ haOf Rf Whe AfUicaQ SRSXOaWiRQ haYe OiWWOe WR QR

acceVV WR Vafe ZaWeU, aQd URXghO\ WZR-WhiUdV Rf Whe SRSXOaWiRQ haV OiWWOe WR QR acceVV WR h\gieQic

VaQiWaWiRQ [6]. CRQWaPiQaWiRQ Rf ZaWeU VXSSOieV eQVXeV, OeadiQg WR gURZWh Rf eQWeUic SaWhRgeQV

OiNe E. cROL, giaUdia, VhigeOOa aQd cU\SWRVSRUidiXP [24]. FRU WhiV UeaVRQ aQd Whe adeTXaWe cOiPaWic

cRQdiWiRQV, VXch diVeaVeV OiNe diaUUhea, PaOaUia, aQd a VOeZ Rf RWheU ZaWeUbRUQe, YecWRU-bRUQe,

aQd diVeaVe-caUU\iQg SaWhRgeQV WhUiYe iQ Whe cRQWiQeQW, eVSeciaOO\ iQ Whe SXb-SahaUaQ UegiRQ [10,

24].
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ThiV VWXd\ fRcXVeV RQ The CiW\ Rf TVhZaQe, SRXWh AfUica, a OaUge XUbaQ ceQWeU ORcaWed iQ

Whe SXb-SahaUaQ QaWiRQ ORcaWed aW Whe YeU\ WiS Rf Whe AfUicaQ cRQWiQeQW, ZiWh a P\Uiad Rf cOiPaWic

cRQdiWiRQV VSaQQiQg acURVV iWV bRUdeUV. DiaUUhea accRXQWV fRU QeaUO\ 20% Rf deaWhV iQ aOO Rf

SRXWh AfUica, aQd 46% WhURXghRXW Whe cRQWiQeQW [3] .The PRVW cRPPRQ cXOSUiWV Rf diaUUhea iQ

SRXWh AfUica iQcOXde: bacWeUiaO RU YiUaO SaWhRgeQV; ViQce SRXWh AfUica aOVR haV a high SUeYaOeQce

Rf HIV/AIDS, WhRVe iQfecWed ZiOO OiNeO\ e[SeUieQce diaUUhea caXVed b\ SURWR]RaQ SaWhRgeQV [3].

WiWh cOiPaWe chaQge, Whe VRXWheUQ UegiRQ Rf AfUica iV SURjecWed WR becRPe hRWWeU aQd dUieU [10],

Zhich ZiOO Oead WR OiPiWed ZaWeU aYaiOabiOiW\ iQ WhaW aUea.

TheUefRUe, iW iV cUiWicaO WR cOaUif\ Whe UeOaWiRQVhiS beWZeeQ heaY\ UaiQfaOO eYeQWV aQd

ZaWeUbRUQe diaUUheaO PRUWaOiW\ WR QRW RQO\ iQfRUP cRPPXQiWieV hRZ WR beWWeU SUeSaUe, bXW aOVR WR

fXUWheU eOabRUaWe XSRQ Whe eQYiURQPeQWaO SaWhZa\ Rf diaUUheaO diVeaVe aV iW UeOaWeV bacN WR

UaiQfaOO e[SRVXUe. IQ aQ eUa ZheUe cOiPaWe chaQge WhUeaWeQV WR XSeQd OiYeOihRRdV aQd heaOWh

RXWcRPeV, WhiV NQRZOedge iV YiWaO. UViQg a VeYeQWeeQ-\eaU SUeciSiWaWiRQ aQd diaUUheaO diVeaVe

daWaVeW (1997-2013), I hRSe WR SURYide a SUeOiPiQaU\ WiPe-VeUieV aQaO\ViV Rf diaUUheaO diVeaVe

PRUWaOiW\ aQd iWV UeOaWiRQVhiS ZiWh heaY\ SUeciSiWaWiRQ.

2. MHWKRGV:

IQ WhiV VWXd\ I cRQdXcWed aQ aQaO\ViV RQ Whe CiW\ Rf TVhZaQe RQ Whe aVVRciaWiRQ beWZeeQ UaiQfaOO

aQd PRUWaOiW\ XViQg a WiPe-VeUieV UegUeVViRQ. I h\SRWheVi]ed WhaW higheU UaiQfaOO ZRXOd be

aVVRciaWed ZiWh iQcUeaVed PRUWaOiW\.

2.1   SWXd\ SLWH: The CiW\ Rf TVhZaQe diVWUicW PXQiciSaOiW\, fRUPeUO\ NQRZQ aV PUeWRUia, iV Whe

adPiQiVWUaWiYe caSiWaO Rf SRXWh AfUica ORcaWed iQ Whe QRUWheaVWeUQ SaUW Rf Whe cRXQWU\. The CiW\ Rf
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TVhZaQe iV a OaUge XUbaQ ceQWeU iQ SRXWh AfUica, ZiWh QeaUO\ 1,200 SeRSOe SeU VTXaUe PiOe [8]

(FigXUe 1).

2.2   DLaUUKHaO MRUWaOLW\ DaWaVHW

The PRUWaOiW\ daWa iQ WhiV daWaVeW cRPeV fURP Whe cRXQWU\¶V ciYiO UegiVWUaWiRQ V\VWeP aQd ZaV

SURYided b\ SWaWiVWicV SRXWh AfUica, ZhR had QR UROe iQ Whe deVigQ RU aQaO\ViV iQ WhiV VWXd\. ThiV

daWa iQcOXdeV iQfRUPaWiRQ fURP 1997-2013 RQ daiO\ cRXQWV Rf diaUUheaO deaWhV iQ Whe CiW\ Rf

TVhZaQe, iQcOXViYe Rf aOO ageV aQd chiOdUeQ <5.  BecaXVe iQfecWiRXV diaUUhea-caXViQg SaWhRgeQV
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fROORZiQg UaiQfaOO eYeQWV haYe a 1-ZeeN iQcXbaWiRQ SeUiRd, aQd a 2-ZeeN WUaQVPiVViRQ SeUiRd [7],

I aggUegaWed Whe daiO\ cRXQWV iQWR ZeeNO\ cRXQWV.

2.3   E[SRVXUH DaWaVHW

The SUeciSiWaWiRQ daWa caPe fURP UecRUdV Rf daiO\ PeaVXUePeQWV (iQ PiOOiPeWeUV) fURP a ViQgOe

PRQiWRUiQg VWaWiRQ iQ Whe CiW\ Rf TVhZaQe. The daWa ZaV SURYided b\ Whe AgUicXOWXUaO ReVeaUch

CRXQciO Rf SRXWh AfUica. TR aOigQ ZiWh Whe diaUUheaO PRUWaOiW\ daWa, I aggUegaWed Whe daiO\

SUeciSiWaWiRQ PeaVXUePeQWV iQWR ZeeNO\ cRXQWV. TR cRQWURO fRU Whe SRWeQWiaO aVVRciaWiRQ beWZeeQ

WePSeUaWXUe aQd PRUWaOiW\, I aOVR iQcOXded WePSeUaWXUe daWa fURP Whe VaPe PRQiWRUiQg VWaWiRQ.

PUe-aggUegaWiRQ, WheUe ZeUe a WRWaO Rf 252 PiVViQg UaiQfaOO daWa SRiQWV, bXW SRVW-aggUegaWiRQ, WheUe

ZeUe RQO\ a WRWaO Rf 56 PiVViQg UaiQfaOO daWa SRiQWV iQ Whe daWaVeW.

2.4   SWaWLVWLcaO AQaO\VLV

I cRQdXcWed Whe aQaO\VeV XViQg SRiVVRQ UegUeVViRQ RQ Whe aVVRciaWiRQ beWZeeQ ZeeNO\

UaiQfaOO aQd ZeeNO\ diaUUheaO PRUWaOiW\. TR cRQWURO fRU WiPe YaU\iQg WUeQdV, I XVed a cXbic VSOiQe

ZiWh 6 degUeeV Rf fUeedRP SeU \eaU. I aOVR cRQWUROOed fRU WePSeUaWXUe XViQg a WePSeUaWXUe deciOe

YaUiabOe. We ORRNed aW Whe OiQeaU aVVRciaWiRQ beWZeeQ PRUWaOiW\ aQd UaiQfaOO iQ Whe ZeeN SUiRU aQd

WZR ZeeNV SUiRU. AddiWiRQaOO\, I cUeaWed a biQaU\ e[SRVXUe fRU heaY\ UaiQfaOO, fRU Zhich Whe

WhUeVhROd ZaV eVWiPaWed aW Whe 90Wh SeUceQWiOe YaOXe Rf Whe ZeeNO\ UaiQfaOO YaUiabOe; WhiV YaOXe

ZaV caOcXOaWed baVed RQ SUeYiRXV OiWeUaWXUe [12]. IQ VeQViWiYiW\ aQaO\VeV, I aOWeUed Whe heaY\

UaiQfaOO WhUeVhROd aQd decUeaVed Whe degUeeV Rf fUeedRP iQ Whe cXbic VSOiQe b\ 1 SeU \eaU.

AOO VWaWiVWicaO aQaO\VeV ZeUe cRQdXcWed XViQg RSWXdiR.
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3. RHVXOWV

DHVFULSWLYH AQDO\VLV

OYeU Whe 17-\eaU VWXd\ SeUiRd, WheUe ZeUe a WRWaO Rf 13,066  deaWhV fURP diaUUhea, iQcOXdiQg

4,277 deaWhV iQ chiOdUeQ; WhiV eTXaWeV WR aSSUR[iPaWeO\ 15 aQd 5 deaWhV SeU ZeeN UeVSecWiYeO\

(TabOe 1). TabOe 1 aOVR VhRZV WhaW Whe aYeUage ZeeNO\ UaiQfaOO RYeU 17-\eaUV ZaV 1.33 cP, Whe

PajRUiW\ Rf Zhich RccXUUed iQ Whe VXPPeU PRQWhV. FLJXUH 2 VhRZV ZeeNO\ UaiQfaOO RYeU WiPe,

bXW iW faiOV WR VhRZ VeaVRQaO SaWWeUQV, eYeQ WhRXgh WRWaO VXPPeU UaiQfaOO, aV iQdicaWed iQ TDEOH 1,

accRXQWed fRU QeaUO\ 45% Rf aOO Whe UaiQfaOO WhaW RccXUUed RYeU Whe dXUaWiRQ Rf Whe VWXd\. FLJXUH 3

VhRZV Whe diaUUheaO PRUWaOiW\ WUeQd RYeU WiPe, ZiWh QRWiceabOe SeaNV beWZeeQ Whe \eaUV

2005-2010 eYideQW iQ bRWh PORW A aQd PORW B. TheVe SeaNV caQ be aWWUibXWed WR Whe HIV/AIDS

eSidePic, aQd ViQce affOicWed SRSXOaWiRQV aUe iPPXQRcRPSURPiVed, Whe\ aUe highO\ VXVceSWibOe

WR diaUUheaO PRUbidiW\ aQd PRUWaOiW\ caXVed b\ SURWR]RaQ SaWhRgeQV.

TDEOH 1: MHDQ & SWDQGDUG DHYLDWLRQV RI :HHNO\ RDLQIDOO, SHDVRQDO RDLQIDOO,  AOO AJH

DLDUUKHDO MRUWDOLW\, DQG DLDUUKHDO MRUWDOLW\ LQ CKLOGUHQ <5

TRWDO MHDQ SWDQGDUG DHYLDWLRQ

:HHNO\ RDLQIDOO
(FP)

1105.80 1.33 2.33

SXPPHU :HHNO\
RDLQIDOO (FP)

492.80 2.48 2.72

:LQWHU :HHNO\ 20.8 0.10 0.40
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RDLQIDOO (FP)

:HHNO\ AOO DJH
PRUWDOLW\

13,066 14.73 9.36

:HHNO\ PRUWDOLW\ LQ
FKLOGUHQ <5 \UV

4,227 4.82 5.26



�



�
OXWFRPH & E[SRVXUH MHDVXUHPHQWV

FigXUe 4 VhRZV VigQificaQW RYeUOaS iQ aOO Whe SORWV, Zhich iQdicaWeV WhaW cRQWiQXRXV

UaiQfaOO dReV QRW haYe a VigQificaQW aVVRciaWiRQ ZiWh QeiWheU diaUUheaO PRUWaOiW\ iQ chiOdUeQ <5, QRU

aPRQg aOO ageV iQ Whe CiW\ Rf TVhZaQe. The ceQWUaO eVWiPaWeV iQ Whe SORWV aUe higheU aPRQg aOO

ageV WhaQ iQ chiOdUeQ, aObeiW ZiWh highO\ RYeUOaSSiQg cRQfideQce iQWeUYaOV.

FigXUe 5 aOVR VhRZV WhaW I RbVeUYed QR aVVRciaWiRQ beWZeeQ diaUUheaO PRUWaOiW\ aQd heaY\ UaiQfaOO

eYeQWV



1
0

SHQVLWLYLW\ AQDO\VHV:
IQ VeQViWiYiW\ aQaO\VeV, I UaQ addiWiRQaO PRdeOV WhaW decUeaVed degUeeV Rf fUeedRP iQ Whe cXbic

VSOiQeV SeU \eaU aQd YaUied Whe heaY\ UaiQfaOO WhUeVhROd (TabOe 3), QRQe Rf Zhich \ieOded aQ\

VigQificaQW aVVRciaWiRQV. RPiVViRQ Rf Whe WePSeUaWXUe YaUiabOe \ieOded QR aVVRciaWiRQ.
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TDEOH 2: SHQVLWLYLW\ AQDO\VLV IRU CRQWLQXRXV RDLQIDOO

LDJ 0 LDJ 1 LDJ 2

MaiQ MRdeO (dF =
6/\eaU, cRQWUROOed fRU
WePSeUaWXUe)

RR = 1.007
LRZeU CI: 0.998
USSeU CI: 1.017

RR = 1.001
LRZeU CI: 0.992
HigheU CI: 1.011

RR = 1.005
LRZeU CI: 0.997
HigheU CI: 1.012

dF = 5/\eaU RR = 1.009
LRZeU CI = 0.999
USSeU CI = 1.018

RR = 1.001
LRZeU CI = 0.991
USSeU CI = 1.011

RR = 1.004
LRZeU CI = 0.997
USSeU CI = 1.012

dF = 7/\eaU RR = 1.007
LRZeU CI = 0.997
USSeU CI = 1.017

RR = RR = 1.001
LRZeU CI = 0.991
USSeU CI = 1.011

RR = 1.004
LRZeU CI = 0.997
USSeU CI = 1.011

NR cRQWURO fRU
WePSeUaWXUe

RR = 1.003
LRZeU CI = 0.994
USSeU CI = 1.013

RR = 0.999
LRZeU CI = 0.990
USSeU CI = 1.009

RR = 1.003
LRZeU CI = 0.996
USSeU CI = 1.011

TDEOH 3: SHQVLWLYLW\ AQDO\VLV IRU BLQDU\ RDLQIDOO

LDJ 0 LDJ 1 LDJ 2

MaiQ MRdeO (dF =
6/\eaU, cRQWUROOed fRU
WePSeUaWXUe, WhUeVhROd
= 4.25 cP)

RR = 1.066
LRZeU CI = 0.983
USSeU CI = 1.156

RR = 0.966
LRZeU CI = 0.900
USSeU CI = 1.037

RR = 1.053
LRZeU CI = 0.991
USSeU CI = 1.118

dF = 5/\eaU RR = 1.061
LRZeU CI = 0.977
USSeU CI = 1.152

RR = 0.960
LRZeU CI = 0.893
USSeU CI = 1.031

RR = 1.040
LRZeU CI = 0.980
USSeU CI = 1.104

dF = 7/\eaU RR = 1.062
LRZeU CI = 0.977
USSeU CI = 1.154

RR = 0.963
LRZeU CI = 0.896
USSeU CI = 1.035

RR = 1.057
LRZeU CI = 0.992
USSeU CI = 1.125

NR cRQWURO fRU
WePSeUaWXUe

RR = 1.041
LRZeU CI = 0.962
USSeU CI = 1.127

RR = 0.970
LRZeU CI = 0.906
USSeU CI = 1.040

RR = 1.054
LRZeU CI = 0.994
USSeU CI = 1.118

ThUeVhROd = 3.65 cP RR = 0.998
LRZeU CI = 0.933
USSeU CI = 1.068

RR = 0.982
LRZeU CI = 0.919
USSeU CI = 1.048

RR = 1.047
LRZeU CI = 0.985
USSeU CI = 1.112
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ThUeVhROd = 4.05 cP RR = 1.014
LRZeU CI = 0.945
USSeU CI = 1.087

RR = 0.971
LRZeU CI = 0.907
USSeU CI = 1.039

RR = 1.058
LRZeU CI = 0.998
USSeU CI =  1.123

ThUeVhROd = 4.55 cP RR = 1.057
LRZeU CI = 0.980
USSeU CI = 1.141

RR = 0.946
LRZeU CI = 0.878
USSeU CI = 1.020

RR = 1.039
LRZeU CI = 0.976
USSeU CI = 1.106

ThUeVhROd = 5.05 cP RR = 1.067
LRZeU CI = 0.983
USSeU CI = 1.156

RR = 0.970
LRZeU CI = 0.895
USSeU CI = 1.052

RR = 1.038
LRZeU CI = 0.974
USSeU CI = 1.105

ThUeVhROd = 5.15* RR = 1.083
LRZeU CI = 0.998
USSeU CI = 1.176

RR = 0.985
LRZeU CI = 0.907
USSeU CI = 1.068

RR = 1.037
LRZeU CI = 0.974
USSeU CI = 1.105

*= 99Wh SeUceQWiOe fRU heaY\ UaiQfaOO iV 11.35 cP, higheVW decided WhUeVhROd + 1

4. DLVcXVVLRQ

ThiV iV Whe fiUVW ORQg-WeUP ciW\-Zide VWXd\ Rf SUeciSiWaWiRQ-diaUUheaO PRUWaOiW\ aVVRciaWiRQV

iQ Whe GaXWeQg PURYiQce iQ SRXWh AfUica. FiQdiQgV fURP WhiV SUeOiPiQaU\ VWXd\ iQdicaWed WhaW

WheUe ZeUe QR aVVRciaWiRQV fRXQd iQ cRQWiQXRXV UaiQfaOO QRU biQaU\ UaiQfaOO ZiWh QeiWheU diaUUheaO

PRUWaOiW\ RU diaUUheaO PRUWaOiW\ iQ chiOdUeQ <5 acURVV Whe ZhROe SRSXOaWiRQ fRU Whe dXUaWiRQ Rf Whe

VWXd\. SXbVeTXeQW VeQViWiYiW\ aQaO\VeV did QRW \ieOd aQ\ VigQificaQW aVVRciaWiRQV ZiWh diaUUheaO

PRUWaOiW\.

Lagged UaiQfaOO WUeQdV caQ haYe a QRWiceabOe iPSacW RQ diaUUheaO RXWcRPeV aPRQg

affOicWed SRSXOaWiRQV. 1 & 2-ZeeN Oagged cRQWiQXRXV aQd heaY\ UaiQfaOO WUeQdV cRPSaUed WR

diaUUheaO PRUWaOiW\ aPRQg aOO ageV aQd iQ chiOdUeQ XQdeU 5 \ieOded QR VigQificaQW aVVRciaWiRQ iQ

WhiV VWXd\. CRQYeUVeO\, INeda, eW.aO [17] aQd HRUQ, eW. aO [16], Whe fRUPeU haYiQg cRQdXcWed a

VWXd\ iQ Whe LiPSRSR PURYiQce Rf SRXWh AfUica, aQd Whe OaWWeU iQ MR]aPbiTXe, XVed a UaQge Rf

Oagged UaiQfaOO fURP 0-8 ZeeNV aQd fRXU ZeeNV UeVSecWiYeO\, befRUe a diaUUheaO eSiVRde, aQd
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diVcRYeUed VigQificaQW aVVRciaWiRQV ZiWh diaUUheaO PRUbidiW\ RXWcRPeV iQ chiOdUeQ XQdeU 5 aQd iQ

\RXQg adXOWV. ThRXgh QR aVVRciaWiRQ ZaV fRXQd iQ P\ VWXd\, heaY\ UaiQfaOO eYeQWV, aV QRWed iQ

SUeYiRXV VWXdieV [12,23], caQ Oead WR aQ iQcUeaVe iQ diaUUheaO SUeYaOeQce aQd PRUbidiW\, eVSeciaOO\

aPRQg chiOdUeQ XQdeU 5.

IQYeVWigaWiQg Whe effecWV Rf SUeciSiWaWiRQ RQ diaUUheaO PRUWaOiW\ RXWcRPeV RYeU a ORQg

SeUiRd Rf WiPe ZaV a QRWabOe VWUeQgWh Rf WhiV VWXd\, bXW WheUe ZeUe aOVR VRPe OiPiWaWiRQV.

SWaWiVWicV SRXWh AfUica eVWiPaWeV WhaW XS WR 11% Rf deaWhV Pa\ QRW haYe beeQ UecRUded b\ Whe

QaWiRQaO UegiVWU\ eaUO\ iQ Whe VWXd\ SeUiRd, decOiQiQg WR abRXW 6% iQ Whe eQd [26, 27, 28]. The\ dR

QRW UeSRUW Whe cRPSOeWeQeVV Rf chiOd PRUWaOiW\ UecRUdV. If WheVe PiVViQg PRUWaOiW\ UecRUdV aUe

UaQdRP, iW ZiOO haYe OiWWOe iPSacW RQ Whe caOcXOaWed UeOaWiYe UiVN eVWiPaWeV, bXW if WheVe RPiVViRQV

ZeUe UeOaWed WR SUeciSiWaWiRQ, Whe\ cRXOd be PeaQiQgfXO [26].

The SUeciSiWaWiRQ daWa iQ aQd Rf iWVeOf iV a OiPiWaWiRQ Rf WhiV VWXd\ becaXVe iQ a OaUge XUbaQ

VeWWiQg VXch aV Whe CiW\ Rf TVhZaQe, UaiQfaOO PeaVXUePeQWV ZeUe WaNeQ fURP a ViQgOe PRQiWRUiQg

VWaWiRQ aQd geQeUaOi]ed WR Whe eQWiUe ciW\¶V SRSXOaWiRQ, Zhich dReV QRW QeceVVaUiO\ accRXQW fRU Whe

ORcaO ZeaWheU cRQdiWiRQV; WhiV caQ Oead WR e[SRVXUe PiVcOaVVificaWiRQ.

FXWXUe UeVeaUch VhRXOd fRcXV RQ diaUUheaO diVeaVe WUeQdV WhaW RccXU fROORZiQg heaY\

UaiQfaOO eYeQWV ZiWh dU\ aQWecedeQW cRQdiWiRQV, aNiQ WR DeVhSaQde eW.aO [12], iQ SRXWh AfUica aQd

RWheU SXb-SahaUaQ AfUicaQ cRXQWUieV. ThiV ZRXOd be eVSeciaOO\ cUiWicaO fRU SRXWh AfUica aQd iWV

QeighbRUiQg cRXQWUieV OiNe BRWVZaQa aQd LeVRWhR becaXVe WheiU UeOaWiYeO\ ORZ UaiQfaOO iQde[ [13]

caQ iQcUeaVe dU\ VeaVRQ diaUUheaO diVeaVe iQcideQce ZiWh hRW, dU\ cRQdiWiRQV VWaUWiQg eaUOieU aQd

OaVWiQg ORQgeU [1]. NRW RQO\ ZRXOd WheVe fiQdiQgV heOS eVWabOiVh Whe XUbaQ-UXUaO diffeUeQWiaO iQ

WeUPV Rf diaUUheaO VXVceSWibiOiW\ fROORZiQg heaY\ UaiQfaOO eYeQWV iQ Whe UegiRQ, iW ZRXOd aOVR heOS

bXiOd XSRQ a fUaPeZRUN Rf e[iVWiQg iQWeUYeQWiRQV.
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IQ BaQd\RSadha\ eW.aO [5], Whe UeVeaUcheUV ZeUe abOe WR gaWheU DHS daWa fURP 14

SXb-SahaUaQ AfUicaQ QaWiRQV, aQd iQ cRQcXUUeQce ZiWh SUeYiRXV VWXdieV [1,12,4] VXUPiVe WhaW a

VhRUWage Rf UaiQfaOO iQ Whe dU\ VeaVRQ iQcUeaVeV Whe SUeYaOeQce Rf diaUUhea acURVV Whe UegiRQ. AV

90% Rf gORbaO diaUUheaO deaWhV RccXU iQ AfUica, Whe EaVWeUQ MediWeUUaQeaQ RegiRQ aQd SRXWheaVW

AVia [29], cRQdXcWiQg a ViPiOaU VWXd\ RQ a OaUgeU VcaOe, ZRXOd cRQcOXViYeO\ deWeUPiQe if SUiRU

dURXghW cRQdiWiRQV iQcUeaVe Whe UiVN Rf RYeUaOO diaUUheaO diVeaVe, aQd caQ iQfRUP cUXciaO SROic\

deciViRQV aQd SXbOic heaOWh PeaVXUeV gRiQg fRUZaUd.
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