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Gy LR R EEIERE - i 7 oY =7 b (HER SRS RR R [ R 52
Fetfit% 71 : SATREPS)
FTHEGR S © [ BR 38 30 W J)4%A 2 {5,000 5 M
REEE — 7 —7
REEES —F— 4
(R/D) : e 7 BATRIERS - Bl (DST) . EZEMAMEYE (NDOH) .,
W | 2014425 A 12 H~ | KfEEks 25 2B 25+ v % — (ACCESS)., M7 7 VU
201945 H 11 H W EFA RS (SAMRC), 7 7 U B R - TR
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nNTWal, 7 7Y pEmE (LR, 7700 Liid) &0/ 7 U ik cid o
DX D RBYMREOBRIZEICS D INTWD, BRMIZIZ, 7ry=7 FEHERY RO R
DT — & TIX FHRER ORRIZFE T 7 U BT 5 5 AR T O AL 2 K (ZhEih,
21.4%. 16.2% : 2007 %) Th 2% v 7V TIZHOWTILOFHT 7 U AFEE L 25 & K<
FIHSHTWEDR, TP =0V AT xR b0~ T ) TRERICESEZZE L TWAHET
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ICSHEINTVDY, FERIC, Yrv=2 MRS 2014 FITITM 7T 7V ke L
T 1 HBILL EDOREGEDBFHAEL TS, L LR b, KURESR) & R B O A & o Btk
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A.J. McMichael, et al. Climate change and human health - risks and responses (2003)
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Burden of Disease Research Unit, the South African Medical Research Council

3 World Malaria Report 2015, WHO
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JAMSTEC (% CSIR & 177 L7223 B F O RA-HERE AT V&2 Ve m KL 8 1
Mo AT 2 (SINTEX-F2) OBFEICHII L, BT 7 U I O %5 T 008 BE A3 RIE L2 1)k
L7z, F7z. SINTEX-F2 |Z L 2 #iER I ZET 7RG R o /[ @i el (¥ 27—
V7 K 10km?RREE) IR L TWd, £72, UP BMBEO Y U 7 A PRI K DK
BEEB TR AT L2M/E L, Z0%, THMOX Y Ar— U ZIZHlkE Lz, b
DAL, FIORTIRIYEFRAT FRIET L DOT R T LEHMAEEDETEH STV,
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PEETWS, £7/2, UP b+ EALALOTHRIBEZ L OMAOT P v 7 VA5
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AT SRS DFHB 23 Z2h R, 2D RAICEM T & HA[REMED & 5,

ZOEHE, T U TIZHOWTIHRE TR E DW= WAT FRE T vk, EHL~NLO
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BRO T CHEEICHESND Z LIZRhsTWAI D, Yuvxs METH 2~3 £
ECHBIEENTE T CEDLRIALTH D, MRIZHOWTUIET VB NEINAICNETH
HTEDBHENERSTEN, ABOMFIEINICEELRREEMALEZEX WD, 2,
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5o LTaNo T, R VI EH OB SN S IZBRREOENEZER LTZEBZ LN
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O TIER <, FAIBNIXES A 21T TG M A 3R L, EHBEHE I > T2t 21T 9
TEEBBERTAEELTWS, Yu vy MIFERIBHGET VRO TS 1235 <
~Z VT AT PR T VAR Lo, 22O FRIMERRIZ 2301 D FREA Ik L 7= %
A MOMEER R SN TV D,

F72, 2017 4 1 HIZFE R L7z iDEWS H AL B S 3M7EHEEI 72100 T < EGYIE IR
TPREROEEDO 2 —F —ThH D LDOH RfFROHIEEL2D ST H X THEHER
NDOH *° SAWS, NICD 72 EDE L~V OMEARZML Tnd, ZOEHEESD FT,
2017/2018 A= — X fif (2017 5 4 W2 A) (ICEBRICY UARBMNT~Z U 7T T
BIMEREORGESC, PR RICE SN AR EEH ORI NIz, ZO/RE, 7XTo
A U AN—EBITRE TN E S WA AT FRIE T L0 TRIMEREZ ZH L ~L &Rl L,
iDEWS 555 Jm O AT 72 BRI O & BICHE Oz, R o BRE A K - T
AE#HOREIITE IR MO L EER R I N, 7y 7 MIRINICIESER
TERWA, MEEEZEIT IDEWS FH RO FTEHERICEMIND RIALTH D,

UEDZ E2e ., 40728 L AR LS\ 7= IDEWS RSN 7 v ¥ = 7 R HIf#K
THBFELUNICIEERICERT A I ERRAEND 2D, R 2 2O BB Sz
ERpFTZENTED,

(3) kiR 3 BRTetaEk

PR, ey MNI20ES5DORE2~T U THATHE Z o272 2016/2017 4
WATY =R O~ 7 VT BERERATTHET AREVHEECTHITEL Z L 4R L,
B — NI TFINER A EBEDO Y VRRMNTO~ TV 7 PRIRE~TEH Uiz, ZOH5%E,
MANCED =T U TICEDEERMET Lzl fetE 2 R RN E S, BEES TlE
L0 HETHD LTV, LALARRL, FPRIERICES S M ADRZIEHT 27201
X, BEEN OO~ Z U7X U T OMARESEIERERZEE LTIV BRI
ITORERD D,

THRIEIZ DWW T ST & KRB M OVKBEELG: & ORI BEMED MR S hu, & T IR aE
R CULXE 7 RIS T 72 BRI e st 3 BR A S T2 BT D, LTcd o T, FHISEIS
OWTIETFHRIPERE E B ORMEZ 7 n ¥ =7 MIBINICERT 5 2 LIX TR0, =
HHHETIVNEMRKE, iDEWS FHERO T TEEIND LIALTH D,

bz s, =7 07 KON TFRIEICHOWTIX, 7 /L0 TRIMERE, #EH M2 iDEWS
FHHERO T CHEES L, ey MK THREFELINICIEFEFEIZ iDEWS & LT
THZENRAENST=D, KR 3 LZOHMIIBBLRMI- SN ERRT LN TE
Ay
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ZHVETO RIS, T 7 U I O e R OITBUERI OS5 i L b . MY
7V I HUIE OB KEEE) TR AT MIERER SR, S5 T AT —T T bk
DL, ZORRKEEIC, ey MIFHL VO TPRIERERE AT H3 2D~ F VT
WATFHIET VAR L, 2D O PRIEMIZEES W7o EERO T8 R A SBR I F 0 S
. ZOHMESHE (TRIERICE S W~ T U 7 AT PRARR O EMIZ 0o DM T
ARTAOEREFIATED AN - MBI Y Y — 22 B8 Lok, RERIZm T 723
v =L OB L) bR I TWD,

F7 7 U ISR RS ATEREBI I v E CoR R A & < B L. iDEWS R & 5%
L, [MEZE T2 LI Lo, FI~ T U 7 OREGYE TR — B 2 2 fFRIICEEREDOITE
Y= 2AD—HETLH7ODEMAENRIOMEAZREL TWD, 612, & TREHn R A
T m Y/ FOWREHBEITRETFIE, BYERE s v —T7 b e —7 L odifHE
W AZBE L TR, 5%, 7T AOTHMREETZ B ETob0EBZ2 615,

IHic, vZ U T LTI Y 7 U B B ILHAE (Southern African Development
Community : SADC) O F T~ 7 U 7HERIZIT TrREE T 7 U A 8 HEIZ L 5T 2007 £
XN S A7z “Southern Africa Malaria Elimination 8 Initiative” (LA T, “Elimination 87 & 329°)
EOWNLEMILLS>oHY, FEET 7 U A A~DREEH KW TE 5,

B, TRIEIZOWTIHATFOEHOENL S H > TET ML E TIFREZETE TR
73, iDEWS FHHE GO F CHRBEIEEZITMGEIND Z L Lo TWD, MRIZHOWTIIREE
PN ESEATPHET VOB LM T2 2 & NEINICINECH 5 2 L 23R
ST, ZOHBICELETORBI T rtE 213, 2N OMOEB~DOGEM KT 5
BROBEE R EEEFRE G EEZ 6N,

ZOXINT, MET 7Y I ~0u AT 72 BT & U CRGE xR 0 72 80 o S fE Tl
(AW RIER S AT LT NVOMN. (Fry =2 b EER) (TBEDNITITEFICE
TEDHIAALTH D, £z, EFLO L D ITFHMAIBLA, ODA £ /1 OBLAR Ol 7 TK
SRR PHER I TEY, B A TOREHEUNIIEHINTND Z b, K TR
iR TR B Y 27 MIFOBWNEBBUOREMR TEILObDOLRRTIENTES,

3—2 FHEHKEDOEN
(1) 244%

Tuvzl hOZLEIIINE TEHEREESN TV D,

7 7V B EE0EET 7Y BEEE T, EYEIIEKRE LTERTHD, |77 H
TIRE I IC KA BRI S 2 S OO, THE L O IIEKR L LT 5%
KO CHEK O Bz D25 (2, 8.7%. 16.9% : 2015 4),

~ZVTIZOWTIEIMMOFEEET 7 U D#EEO RN TR L SHE S D28, £
P =RV NT 2O~ T ) TIEEICEEAHE L CWDLIM T 7 U B ILEE, FF
AT 27 FOMEHIBETHD ) URRMIERE LT~ TV TG A 7185
ENTWD, FEERT, 2016 FITHAELAN 4,323 ., FLEEED 34 1 & PEBRIZIT WV L~UL
EEBZDIVTWIZA, 2017 FORELILFIHED 5 580 B> 22,517 fF, SETEHS 274 {4+
ERISE Loz, 2018 FBAEREORESRWATNEZ > TEY ., 7 7 U DITKAR




ELTwTUTDOIARAZIZELEINTWVDENZD, ZOLX 9 RMICEWT, NDOH 1%
[HERS 30 2015-2020) DR CTREYIER K OMILZEFR 70 77 L [—REHREF—E X |
WAL E ST, Eﬁg%f"fﬁ’*‘/l’ Z7 AV AT LD EHBE R LA (International Health
Regulation : IHR) (2 - 72 ARM AL EOBEFEEBA~OH 2 &xtiore )b, B4 5 8%
&m%%%ﬁL¢5&LTW6 E BT, FFROICHEET 7 U 2RI EET 5 2 L 24
E L. ;ﬂif%@T%TW%%%L@f%ﬁﬁ EEOHLMET 7V hE— b F—k&
OXREE T2 TRYELHEIR TS

finJs. DAED ODA HEHIBW T HEYYER R 2 EHEMH L T, 2013 4F 6 HOKE S
[\ 7 U A BREE (TICADV) THRE SN THIRES 2013) O BRMNkER E 725 THE
EATENGEE 2013-2017) CTHIEGYERI R OBEEMEN KD TRIND & L HIZ, [BEEEIC
T HMY A EME S ¥ —TITH ZEOEEME LRI TN D, 2016 4 8 HIZHEM S
72 TICAD VI CEHRENT A n B ES) T THRE S ) RO TRAESTE)FHE | 1% 2019
FEOWE TICAD £ THNTH D Z BRI NT VWD, &5, WHO IZHIBKIRR L2 &
DR P EGIE 72 & N DRI R 5 B OV TRIR O MLEMEZ PR LT
%, FFIZ “WHO Global Programme on Climate Change & Health” (2016) @ 727> TR A HE)
EREFICBET AR ERIE S Z L OEEREZRL TS, LER-T, AV =
F%@DT%&%@&v?UT\%%\?ﬁﬁk@ﬁ%%ﬁ%ﬁﬁm@’ﬁdwkﬁ%f
FAT FRIE T AV ORFE, TRIERICHEDS ATB 72 kb7 123 2 BHE0 oA i

O REBRMERICLN I bDLEEZLND,

bz e, M7 70 H « BARERIG OHFFEEE O HAMT 710 EoR AL (72 5k 3
RFHA R &) ITHEADWTBYIE R EZIT ORI 0 =7 NOBHBEMET 7 U 7 OfRfE
B, BEEIRER Y N = — R 0 —EMIEFEICE E -T2 VR D,

(2) AxhtE

Tuayxl NOFAYMEIXE W,

TuYel MIZRE CEPSKELS TS AT LAORE - KB TR =) T
EHLE LIEREFRRICET 2 P e M < B - HROEFRO H 2 [EEFEICRER
LTW5D, KUET A RIS U7 YR RAT FHIE 7 VI3 2 A28 R 2 v E TITH
WEETHIN, KR THIHMER S CRESESEARAFMEAET L3 oD~ T U 7 OWHIT T
ETANRABEIN, WTNLEHL LV THD Z ERERINLTWS, SRITINLET
M XD FPRMEROFEBE D~ Z U 7 TRt R~ H BB F IR E 2 b o TEM, R M
FAEDRTOND TETHDLZ LD, S%BAETIEMREN T m Y =7 MR THZ B
ZL EBFESICRTIND ZENAIAEND,

)y, K7ue =7 MIMmoBRE EEE OEBERFEE TR Y, 4 2—/L%— |
=& L CIHEFITEO LA TN 7). B TR A ke S 4L, B, KUEZEENCH-S<
JEYYEFAT THIE T VOB, EEO PRI R~OM# M 2 ERMOERICH A, T ey
=7 FRBARNEE o o< RICHEBB RN E 2 A D | & T REFEAM RE R TR Ot
RFEEP RN CE DA EZHE WD, ZOZ LiFmM7T 7 U0 - BAREMBT OWF5E
FERE. 1TBOEEE, PRIEFEEE 70 CRIMRIEBAN KR E KB Z M LS tE 2 b, AT v Y
=2 MIODA DKM THRERKREL LITFEBEZX D ENTED,

vi




W

FHEI L 72 3 DO XG5 BTk L TIDEWS A8 2E T X TIXW W d O D FIEIIZ ) ODA
B ZEoB S THO AT oY 27 POEREIIFEFICEVWEEZON, A7y =7 bD
AttEirBBbhmn R bz,

(3) #h=RME

UTIWRTHBIZEY, a7 NORREIIHREETH D,

RV =7 NI 201485 HIATONTET 7 ) VREEOREICIY  ET 7 U h
& JICA L OFEMHMEAEXEDELICHELY bRMAEL, M7 7V WIEHET D 2
L OREMEMZOFMLNEE 10 A ERoTo7o, R OEANSGEIZE T ORIENA T
oo ETo. W7 7V AR B O L[R2 LM O 72D O E (Memorandum of
Understanding : MOU) #f& (CARE LA E O] A2 2 L, /G EBLHIT — % O AF72 EIZiE
SENAEUTz, EHIZ, 7 7 U AMOIEBEAET — % DT — 2 X— 2D 72D D TR 3 F|
MTEDEIITRDDN 2016 FITA-THD ERo7l2d, THIEEDWRTT FHIE T /LB
BB EE~ FREOEENAE U, RN 7RI R TRl 2 2 &3 T
ERrol,

L Lens, Yuy=r MEEE LTI TR E ClIcE I -aRAEEES
(Joint Coordinating Committee : JCC) (2%, M7 7 U A « HAREM DX TEME S iz
VURT T LOKE K ONE FEHIR email REFES S TR OB AI R I 0 5 B
FERBUREUICEMSNTEILEEZALND, 2O LIE, ThE TOAEDEHTHR
L7cbBy, 7= MEEIE LTTREND 1 FFREOCEIENBO ONARB LS, &
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Evaluation Summary

1. Outline of the Project

Country: the Republic of South Project Title: the Project for Establishment of an Early-Warning

Africa System for Infectious Diseases in Southern Africa incorporating
Climate Predictions

Issue/Sector: Healthcare and Cooperation Scheme: Technical Cooperation Project (Science

medical treatment and Technology Research Partnership for Sustainable

Development: SATREPS)

Division in charge: Health Team Total Cost: Approx. 250 million JPY
2, Health Group 1, Human
Development Department

Period of (R/D): Partner Country’s Implementing Organization: the Department
Cooperation | 12/May/2014 — of Science and Technology (DST); the National Department of
11/May/2019 Health (NDOH); the Applied Centre for Climate and Earth

Systems Science (ACCESS); the South African Medical
Research Council (SAMRC); the Council for Scientific and
Industrial Research (CSIR); the National Institute for
Communicable Diseases (NICD); the South African Weather
Service (SAWS); the Department of Health-Limpopo (DOHL);
the Department of Health-Limpopo, Malaria Control
(DOHL-Malaria); the University of Cape Town (UCT); the
University of Limpopo (UL); the University of Pretoria (UP);
the University of Venda (UV); and the University of the
Western Cape (UWC)

Supporting Organization in Japan: the Nagasaki University

Institute of Tropical Medicine; and the Japan Agency for
Marine-Earth Science and Technology (JAMSTEC)
Other Related Projects: None in particular

1-1 Background of the Project

It is suggested that the epidemic of certain infectious diseases such as malaria, diarrhea and
pneumonia can be affected by climate variability, in particular, air-sea interactions such as La Nifia
effect, seasonal variability of ambient temperature and precipitation. Southern African countries
including the Republic of South Africa (hereinafter referred to as “South Africa’) are being subject to
danger of the said infectious diseases. In particular, diarrhoea and pneumonia were the top two
causes of deaths of children younger than 5 years of age (21.4% and 16.2% respectively in 2007)! in
South Africa at the time of project designing (in 2013). Malaria is well controlled in comparison to
other Southern African countries. However, the Northeast regions of South Africa sharing the borders
with malaria endemic countries such as Mozambique and Zimbabwe including the Limpopo
province, which is the target region of the Project, are especially exposed to malaria infection risks?.

Actually, more than 10,000 malaria incidences were reported in South Africa in 2014 when the Project

was commenced. As was just described, the relationship between climate variability and the incidence

! UNDER-5 MORTALITY STATISTICS IN SOUTH AFRICA: Shedding some light on the trend and causes 1997-2007; April 2012, the
Burden of Disease Research Unit, the South African Medical Research Council
2 World Malaria Report 2015, WHO
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of infectious diseases is strongly suggested; nevertheless, its concrete correlative relationship has not
been scientifically proven. For this reason, climate-based infectious disease epidemic prediction has
not been used for practical measures for infectious diseases control to this date.

On the other hand, a climate variability prediction system with high prediction accuracy (SINTEX-F)
was developed through the collaborative research of the South African and Japanese research
institutes with the support of a former JICA’s technical cooperation entitled “the Project for
Prediction of Climate Variations and its Application in the Southern African Region” (2010-2013),
which was implemented under the scheme of the Science and Technology Research Partnership for
Sustainable Development (hereinafter referred to as “SATREPS”). On the basis of the said project,
“the Project for Establishment of an Early-Warning System for Infectious Diseases in Southern
Africa incorporating Climate Predictions” (hereinafter referred to as “the Project”) is launched in
May 2014 under the scheme of SATREPS, aiming to further improve the prediction skill of the
existing seasonal climate forecasting system, followed by the establishment and subsequent
operability verification of climate forecast-based infectious disease early-warning systems
(hereinafter referred to as “iDEWS”), especially for malaria, diarrheal diseases and pneumonia.

1-2 Project Overview
(1) Project Purpose
A climate-based early-warning system model for infectious diseases control is established

as a precursor for further application across southern Africa.

(2) Outputs
1) Climate-based infectious disease epidemic prediction models are developed especially for
malaria, pneumonia and diarrhoea.
2) Operational guidelines of iDEWS are developed in the Limpopo Province.
3) Prediction performance and operability of the iDEWS are verified.

(3) Inputs
The Japanese side:

— Dispatch of JICA experts: a total of 3 Long-term Experts (1 for Epidemiology/medical
entomology research and a total of 2 Project Coordinators), a total of 101 M/M (Man/Month) /
Short-term Experts: a total of 16 Experts, 71.7 M/M

—  Counterpart Researchers’ visit to Japan: A total of 35 counterpart personnel for sharing the
research progress and outcomes, discussing on the research plan of operation, participating in
symposia and so on. (a total of 347 days);

—  Training in Japan: A total of 7 counterpart personnel for the training of statistical analyses,
data management, etc. in the research of climatology and/or infectious disease control;

—  Provision of Equipment: Automatic Weather Observation System, research / laboratory
instrument and related equipment such as microscopies, artificial environment test system,
personal computers for data processing and analyses, software for data analyses, etc.; and

—  Overseas Activities Costs: Travel cost, Consumables for research activities, Communication

cost, etc.

The South Africa side:
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—  Allocation of Counterpart Personnel: A total of 57 counterparts such as Project Director,
Project Manager, researchers, administrative and technical officers;

—  Facilities, Equipment and Materials: Facilities, Equipment and Materials: Project office
spaces in CSIR and DOHL-Malaria; Laboratory space un DOHL-Malaria; Existing research
instruments, equipment and/or devices in the South African counterpart organizations;
Available data, information and/or specimens related to the Project; and Availability of
teleconference system in CSIR;

— Local Costs: A total of ZAR 5,700,000 (approx. 419,000 USD) for field survey in the
Limpopo province, the development of database for hospital inpatients information, domestic
transportation of the South African counterpart personnel, utilities for the project office,
consumables used for the project activities, custom clearance of the materials procured in
Japan such as research instruments and reagents, etc.

2. Final Evaluation Team

Members Dr. Kaname Leader Executive Technical Advisor to the Director General,
KANAI Human Development Department, JICA
Ms. Cooperatio | Assistant Director, Health Team 2, Health Group 1,
KAWAGUCHI n Planning | Human Development Department, JICA
Misaki
Dr. Yoichi Evaluation | Senior Consultant, Consulting Division, Japan
INOUE Analysis Development Service Co., Ltd.
Prof. Dr. Infectious Program Supervisor, International Collaborative
WATANABE Diseases Research Program, Department of International Affairs,
Haruo (Observing | Control AMED
member) Research Professor, the Graduate School of the International
University of Health and Welfare
Mr. Katsumi Planning Deputy Manager, Division of International
ISHII (Observing | and Collaboration, Department of International Affairs,
member) Evaluation | AMED (Observing member)
Period of | 7/Jan/2019 —23/Jan/2019 Study Type: Final Evaluation’
Evaluation

3. Summary of Evaluation Results

3-1 Achievements

(1) Output 1: Achieved in general.

JAMSTEC, with the support of the CSIR, had succeeded in developing a novel seasonal prediction
system based on an ocean-atmosphere coupled general circulation model called SINTEX-F2 with
higher resolution. The SINTEX-F2 improved its prediction accuracy in southern Africa significantly.
Moreover, The JAMSTEC had succeeded in downscaling of global seasonal forecasting into
local-scale prediction covering as narrow as approx. 10km2. Meanwhile, the UP had succeeded in
developing an individualistic ensemble climate forecast model and subsequent downscaling. These

climate forecasting and downscaling technologies are combined with infectious disease epidemic

prediction models as described below.

3 The expression of the “Terminal Evaluation” is used in the “JICA Guidelines for Project Evaluation” (2nd edition) officially; however,
an expression of “Final Evaluation” is used in this evaluation report in accordance of a recommendation from the JICA South Africa
Office in consideration of local protocol.
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Concerning malaria, the Project has developed two epidemic prediction models on the basis of the
non-linear statistical model and the machine-learning-based model, and both of which have
demonstrated sufficient prediction performance enough to apply the prediction results to practical
malaria prevention and control measures. Those models have succeeded in predicting relatively large
malaria epidemic for the first time in 20 years in the 2016/2017 season retrospectively; subsequently,
have also succeeded in predicting the magnitude of malaria epidemic in the 2017/2018 season, same
as that in the previous season, prospectively. The UP also has developed a statistical malaria
epidemic prediction model, based on an ensemble climate forecast, with sufficient prediction
performance for practical use, i.e., the correlation coefficient between the predicted value and the
practically-observed values are 0.7 or higher. Each model has each characteristics of prediction
performances such as prediction lead-time and prediction duration; thus, it is anticipated that the planning
of countermeasures for the prevention and control of malaria epidemic can be done in an effective and
efficient manner by providing prediction information by combining these different models in
consideration of its characteristics.

Thus, as for malaria, two epidemic prediction models based on climate forecasting demonstrated
sufficient epidemic prediction performance enough to apply them to practical prevention and control
measures. The prospect of developing models for diarrhoea is also obtained; to be more specific, the
development work can be completed within 2 to 3 years’ time since the development work will be
surely continued under the iDEWS Bureau. Though it became clear that the model development was
technically difficult on pneumonia, it can be said that important experience and knowledge were
given for the future research activity. Further, the Project had published as much as 44 research
articles in peer-reviewed international journals as of the time of the Terminal Evaluation. For these
reasons, the Output 1 seemed to have generally achieved its objective from the viewpoint of the
collaborative research cooperation.

(2) Output 2: Achieved in general.

Concerning the standards for disseminating forecast information, it was initially assumed to
implement outbreak prevention through the issuance of alert information based on the early detection
of a malaria outbreak and early containment response measures. However, when considering the
characteristics of the malaria epidemic prediction models and its operation in the Limpopo province,
where the number of malaria cases is rather small, compared with malaria high invasive countries
such as Mozambique, the parties concerned agree not to issue individual outbreak alert information
but to regularly announce epidemic prediction information and to take actions in accordance with
operational guidelines, etc. The Project has succeeded in developing two malaria epidemic prediction
models based on the non-linear statistical model and the machine-learning-based model, and is being
examining the method for constructing malaria epidemic forecast information in consideration of its
characteristics of prediction performance.

In addition, the preparatory committee for IDEWS operation, which was launched in January 2017, is
not limited to research institutions, but involves national-level organisations such as NDOH, the
SAWS and the NICD, which are key for future institutionalization, as well as the LDOH which are
regarded as an actual user of prediction information on infectious disease epidemics. Under this
preparatory committee, operational investigations were made, including validation of the predictive
performance of malaria epidemics in the Limpopo province and the response (intervention) based on

prediction results in advance of the 2017/2018 malaria epidemic season (during the 4" quarter in
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2017). As a result, all member organisations evaluated the predictive performance of climate
forecast-based epidemic prediction models as practical levels, leading to consensus among the
relevant organisations towards the establishment of the iDEWS Bureau. Since the abovementioned
pilot study confirmed the need for further experience in order to develop operational guidelines, its
developing work cannot be completed within the project period; nevertheless, the verification of
ideal operation is likely to be carried out steadily under the iDEWS Bureau.

In conclusion, the objectives of the Output 2 are considered to have been met, as well as
well-experienced and evidence-based iDEWS operation guidelines are expected to be completed

steadily within the first few years after the completion of the project period.

(3) Output 3: Achieved in general.

As mentioned above, the Project confirmed that the epidemic prediction models could predict the
number of malaria cases in the 2016/2017 epidemic season when a large epidemic occurred for the
first time in 20 years with high accuracy; based on this result, the prediction information from the
models was practically applied to malaria prevention and control measures in the Limpopo province
in the following season of 2017/2018. The results showed that the intervention may have affected the
reduction of malaria mortality as well as slight decrease in the number of reported cases. However, it
is considered that further detailed analyses should be needed for verifying the effect of prediction
information based preventive measures (interventions) by taking various alternative factors such as
the migration of malaria carriers from neighbouring countries and so on into consideration.

The correlation between the epidemic and climatic variables and climatic events was also confirmed
for diarrhoea, and at the time of the Final Evaluation, the Project has just commenced the
examination and discussions for the development of prediction models practically. Therefore, it is not
possible to assess the predictive performance and operability in diarrhoea control within the project
period, but it is likely that the developing work will be continued under the iDEWS Bureau once the
model is developed.

In conclusion, the model's predictive performance and operability are expected to be verified under
the iDEWS Bureau and the development work of iDEWS is steadily completed within a few years
after the end of the project period; thus, it is deemed that the objectives of the Output 3 are generally
considered to have been met.

(4) Project Purpose: Achieved in general.

Efforts made by both Japanese and South African research institutes and administrative bodies have
improved the accuracy of the seasonal climate prediction systems in the southern African region and
led to successful downscaling. Based on this result, the Project has developed three malaria epidemic
prediction models with practical-level prediction performance, and actual preventive measures based
on prediction information are piloted, and the effects and problems (e.g., the necessity of developing
the operational guidelines for the implementation of prevention and control measures against malaria
epidemics and subsequent its optimization in consideration of available human and financial resources,
packaging those elements of iDEWS practical operation in light of dissemination to neighbouring
countries in future, etc.) are confirmed. South African research institutes and administrative agencies
highly appreciated project’s achievements and have agreed the intention to establish the iDEWS
Bureau to make a climate-forecast-based infectious disease epidemic prediction service, especially

for malaria, as a part of administrative services in future. In addition, the climatological and
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infectious disease research groups of the project’s research institutes have started the joint research
with the Mozambican authorities concerned as of the time of the Final Evaluation, and the prediction
performance of the models will further be improved hereafter. In addition, the cooperation with the
“Southern African Elimination 8 Initiative”, which was established under the Southern African
Development Community for the elimination of malaria with a consorted effort by eight southern
African counties, is becoming concrete on the malaria, and the expansion to the southern African
region is also greatly expected. Although the modelling of diarrhoea has not been achieved due to the
delay in the first half of the project period, the development work is supposed to continue under the
iDEWS Bureau. Although it has been confirmed that it is technically difficult to develop epidemic
prediction models based on climate variation prediction for pneumonia, the process to judge it may
have provided an important basis for consideration of its application to other diseases.

Thus, the establishment of an early warning system model based on climate forecasting for
controlling infectious diseases as the first step towards its application to southern Africa countries
(the Project Purpose) is likely to be steadily achievable within a few years. As mentioned above,
significant achievements were confirmed both from the academic perspective and from the
perspective of ODA technical cooperation. Besides, the current-observable issues have been
appropriately organized. For these reasons, it is deemed that the Project can be regarded as largely

achieving its objectives as of the time of the Final Evaluation.

3-2 Summary of Evaluation Results

(1) Relevance

The relevance of the Project has been highly maintained hitherto.

In Southern African countries including South Africa, infectious diseases are major threats. Though
under-5 mortality of diarrhoea and pneumonia are being reduced in recent years, those two diseases
are still being regarded as major under-5 causes of death in South Africa (8.7% and 16.9%,
respectively in 2015) in South Africa.

Malaria is well controlled in comparison to other Southern African countries. However, the Northeast
regions of South Africa sharing the borders with malaria endemic countries such as Mozambique and
Zimbabwe including the Limpopo province, which is the target region of the Project, are especially
exposed to malaria infection risks. Actually, the number of reported malaria cases was thought to be
at a level close to elimination with 4,323 cases and 34 deaths in 2016, while in 2017, a large malaria
epidemic had occurred; in particular, the number of reported cases and deaths were 22,517 (more
than 5 times higher than that in the previous year) and 264 (approximately 5 times higher),
respectively. The following year of 2018 saw a similar magnitude of the epidemic; therefore, it is
obvious that South Africa is still at risk for malaria. Under such conditions, the national DOH of
South Africa positioned the reinforcement of infectious disease countermeasures as the “Primary
Medical Service” of the national program in the “Strategic Plan 2015-2020”. It promotes the
strengthening of the infectious disease surveillance system, strengthening preparedness and core
response capacities for public health emergencies in line with the International Health Regulations
and promoting the development of science and technology.

Meanwhile, in the ODA policy in Japan also, infectious disease countermeasures are stressed and the
“Yokohama Action Plan 2013-2017” that is the basis of the specific policy of the “Yokohama
Declaration 2013” that was agreed in the 5th Tokyo International Conference on African

Development (TICAD V) in June 2013 reviewed the importance of infectious diseases
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countermeasures and also indicates the importance of the approach towards climate change issues by
many sectors. The “Nairobi Declaration” that was adopted in TICAD VI that was implemented in
August 2016 confirmed that the “Yokohama Declaration” and “Yokohama Action Plan™ are effective
until the next TICAD in 2019.Further, WHO clarifies the necessity for the countermeasures for the
impact of climate change such as global warming on the health of people. In particular, “WHO
Global Programme on Climate Change & Health” (2016) indicates the importance of obtaining the
scientific basis relating to climate change and health. Therefore, the development of infectious
disease epidemic prediction models based on the correlation between climate change and malaria,
pneumonia, and diarrhoea and scientific analysis relating to the administrative handling based on the
prediction information are also considered to meet such international demands.

Furthermore, the Project’ achievements is supposed to disseminate the technologies or infectious
disease control measures to neighbouring countries as a concept of the Project from the beginning,
and it was obvious that only South Africa is capable of doing highly-advanced research with
Japanese research institutes. Therefore, the rationale for selecting South Africa as a partner and the
target site is considered to be secured.

Based on the above, the consistency of the purpose of the Project that implements infectious disease
countermeasures based on the technical enhancement of South African — Japan research institutes
with the South African health policies, science and technology policies, and the needs from
community residents in South Africa are enhanced further.

(2) Effectiveness

The effectiveness of the Project is considered to be high.

During the project period, a number of scientific papers on climatological research (mainly, that
related to the development or improvement of the seasonal climate prediction system and subsequent
downscaling) have been published in frontline peer-reviewed international journals as of the time of
the Final Evaluation. Although only a few studies have been conducted on models for predicting
epidemics of infectious diseases based on climate forecasts in other research groups, three models for
predicting epidemics of malaria with different characteristics have been developed and confirmed to
be at the practical level. Since the application of prediction information by these models to actual
malaria prevention measures will be carried out followed by the verification of intervention effects
from the scientific viewpoint, it is anticipated that many related research findings and outcomes are
anticipated to be published in international journals even following the completion of the project
period. On the other hand, unlike international joint research with other developing countries, the
Project has been continuing technological cooperation and exchanges at a very high level as equal
partners, challenging frontier sciences such as development of a model for predicting epidemics of
infectious diseases based on climate forecasting, and practical application to the prevention and
control of malaria epidemics. The Project commenced such a cross-cutting research with no
experience and even record; however, gained many research findings and outcomes with high
possibility to apply them to the society as of the time of the Final Evaluation. This is thought to have
greatly improved the capabilities of relevant organisations such as research institutes in both South
Africa and Japan, central and local administrative agencies and even health facilities in South Africa;
thus, the Project could have produced significant achievements from the perspective of ODA
assistance.

Though the Project could not complete to establish iDEWS for each of three target diseases, the
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achievement level of the Project from both academic and ODA points of view is significantly high;

thus, it is deemed that the “Effectiveness” of the Project is high in general.

(3) Efficiency

The efficiency of the Project is moderate for following reasons.

Two (2) long-term JICA experts arrived at their positions in South Africa in October 2014, five (5)
months after the commencement of the Project, which resulted in delays in the installation of
research instruments as well as the commencement of data collection activities. Aside from this, it
took longer-than-expected time for the South African project member organisations to enter into the
Memorandum of Understanding (MOU) among them, which resulted in some delay in the acquisition
of the terrestrial climate data. Furthermore, the budget allocated by the South African side for the
construction of the database of hospital inpatient information became available eventually in 2016,
resulted that the modelling work has lagged behind the schedule by 6-12 months; for this reason, the
Project could not complete the epidemic prediction modelling for diarrhoea as of the time of the
Final Evaluation.

Having said that, the South African and Japanese research institutes have continuously and
frequently been communication each other through various channels such as JCC meetings, symposia
held both in South Africa and Japan, day-to-day emailing and teleconferences as of the time of the
Final Evaluation; for these reason, it is deemed that the management of the progress as well as the
generation of research outcomes has generally been appropriate. This can be explained by the
significant achievement of research outcomes of the Project as of the time of the Final Evaluation.
Further, the causes of the delays are seemed to be external factors, and the South African side had
been putting best effort to the Project by allocating their own budget for the project activities as well
as working on the orchestrating the iDEWS preparatory committee. Other inputs of the Project such
as the Provision of Equipment as well as the Training in Japan were seemed to be done effectively.
Therefore, it is considered that the project management itself has been appropriate in general
throughout the project period.

(4) Impact

The following positive impacts are confirmed and/or expected by the implementation of the Project.
The climate forecasting models improved by the Project are already capable of forecasting climate in
Mozambique, consequently, it is technically possible to perform malaria epidemic prediction using
current climate forecast-based epidemic prediction models even now. Moreover, the Project, both the
climatology and infectious disease control groups, had already commenced operational and research
collaboration with the Mozambican authorities concerned; thus, the benefits derived from the
achievements of the Project can be anticipated in Mozambique in future. On the other hand, the
Elimination 8 has shown great interest in the application of climate-based malaria epidemic
prediction to its member countries, and consultations on specific ways of collaboration have been
initiated as of the time of the Final Evaluation. If cooperation with other Southern African countries
can be initiated through Elimination 8, it is likely that the said models can be disseminated to those
countries by fine-tuning them using malaria epidemic data in each country.

However, in order to realize the application of the iDEWS for malaria to other provinces in South
Africa and even other countries, the Project should create individual evidence of the effect of each

possible intervention based on the epidemic prediction for the prevention and control of malaria;
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subsequently, on the basis of those evidences, the Project is required to realize an optimization of
operational guidelines in consideration of available resources such as human resources and budget.
Furthermore, the Project should perform a scientific verification on the effect of interventions for the
prevention and control of malaria taken in accordance with the optimised operational guidelines on
the number of malaria cases and related casualties, and consequently, demonstrate a comprehensive
evidence of the effectiveness of the malaria iDEWS. If these are all realized, the dissemination of the
malaria iDEWS can be disseminated to other regions in South Africa and even neighbouring
countries eventually.

On top of that, several positive impacts of the Project have been observed or expected as follows: 1)
Discovery of the relationship between the decadal change in the precipitation in southern Africa and
the malaria incidence*; 2) Functional enhancement of the Tzaneen Malaria Institute; and 3)

Collaboration amongst crosscutting stakeholders on the development of iDEWS as a platform.

(5) Sustainability
A self-sustainability as well as a self-deployment of the benefits provided by the Project can be
expected to some extent.

Political and Institutional Aspects: the political importance of the implementation of the infectious

disease countermeasures based on the results of the relevant research (based on the reason) while
enhancing the technological capability of the development of climate change prediction models and
infectious disease prediction models in South Africa is expected to be strongly maintained up to and
also beyond the end of the Project. Meanwhile, the relevant organisations of the South African side
highly evaluated the climate forecasting-based malaria epidemic prediction models as achieving the
sufficient level for the practical application of the forecast information to the prevention and control
of malaria, and took practical actions to establish the iDEWS Bureau as of the time of the Final
Evaluation. For the meantime, it is anticipated that the iDEWS bureau will work on the optimisation
of the operational guidelines within two years following the completion of the Project, and evidence
on the effects of IDEWS on malaria prevention measures will be created. By presenting the evidences
that has been developed to the relevant authorities concerned, the member organisations is aiming to
position the iDEWS Bureau as part of the national administrative body. The political sustainability of
the Project is expected to some extent at the time of the Final Evaluation.

Financial Aspect: the research institutes in both South Africa and Japan have a high research
capacity, and it is considered that the Project is leading the world with regard to the research on the
development of climate forecast-based infectious disease epidemic prediction model with sufficient
prediction performance for practical application to epidemic control measures and subsequent
interventions based on prediction information. For these reasons, each research institute is considered
to have a high capability of research enough to acquire external competitive research funds toward
this research topic. On the other hand, as mentioned above, given that the iDEWS is included as a
part of the infectious disease control system in South Africa, the budget for the continuous operation
is expected to be secured as an Administrative system. Since future adaptation of the iDEWS in other
provinces and neighbouring countries of South Africa is considered, it is desired that a consorted

effort by the member organisation of the iDEWS Bureau should continuously be done for packaging

the epidemic prediction models, operational guideline, cost analyses for introducing and running the

4 As a consequence of the development of the SINTEX-F2, the Project found the decadal change in precipitation in the South African
region and that decadal change also correlated with the number of malaria incidences in that area.
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iDEWS.

Technical Aspect: the research capacity of both South African and Japanese research institutes is

high, and it is strongly expected that novel research capabilities acquired through the Project will be
improved even after the end of the project period. Besides, both NEKKEN and JAMSTED have
demonstrated a willingness to continue joint research and related technical cooperation with the South
African project member organisations following the termination of the Project, and also are supposed to
participate or technically-support the operation of the iDEWS Bureau by any means. Meanwhile, the
Project has succeeded in developing three (3) climate forecast-based malaria epidemic prediction
models with sufficient prediction performance for practical wuse; in particular, the
machine-learning-bases model by JAMSTEC, the non-linear statistical model by NEKKEN and the
linear statistical model by the UP). In parallel, JAMSTEC and the UWC have been working on the
development of mathematical model-based malaria epidemic prediction models individually on the
basis of the VECTRI model and the compartmental model, respectively. Though those two
mathematical models have not reached a sufficient level for practical application to countermeasures
at this point, both JAMSTEC and the UWC are anticipated to continue the development work even
following the completion of the Project, since mathematical model-based infectious disease epidemic
prediction models have a potential to demonstrate high applicability to other regions. Having said
that, though the verification of intervention effects of prediction information-based malaria epidemic
prevention and control measures as well as the optimisation of its operational guidelines based on the
verification results are supposed to be continued at the initiative of the iDEWS Bureau, it is suggested that
the Project should seek a technical support from some persons with public health research and/or

professional practice to do such activities.

3-3 Factors that promoted the attainment of the Project
(1) Concerning the project design
None in particular.

(2) Concerning the implementation process of the Project

Many institutes including the implementation institutes participated in the Project. Frequent
communications and discussions were held via e-mail and telephone within both the research groups
that are engaged in the development of climate change prediction models and the groups that are
engaged in the development of infectious disease epidemic prediction models. These are the factors
for achieving smooth implementation of joint research in remote mode between South Africa and
Japan and for acquiring the research results as described above. In addition, the Project strategically
included two national organisations, which leads to the reinforcement of the project implementation
system for the practical application of project’s achievements. It is considered that these enhanced

the effectiveness of the Project.

3-4 Factors that impeded the attainment of the Project

(1) Concerning the project design

At the time of the Mid-term Review, the Joint Review Team provided a recommendation to allocate a
JICA expert with related expertise in order to conduct the prevention and control of malaria
epidemics on the basis of the evidences in an effective and efficient manner; however, it was not

realized. As a result, this might cause that ad hoc countermeasures with less evidences or discussions
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were taken for preventing epidemic of malaria in 2017/2018 season when a large-scale outbreak of
malaria is predicted.

Though many factors might affect the unsuccess of effective allocation of a JICA expert based on the
recommendation, it can be considered that this unsuccess hindered from maximizing activity results
by effective allocation of necessary human resources. Therefore, this can be regarded as a hindering
factor against the “Efficiency” of the Project.

(2) Concerning the implementation process of the Project

It was agreed that the computerization of paper-based inpatient hospital information followed by the
construction of database would be done by the input from the South African side. The said works
require a lot of labour force; thus, it was required for the South African side to allocate some budget
to outsource. Unfortunately, the budget took longer-than-expected time to become available of the
budget on the South African side. This caused a certain delay in the project activities especially for
the development of infectious disease epidemic prediction modelling for pneumonia and diarrhoea.
The Project found, eventually, that pneumonia is technically inapplicable for the development of a
climate forecast-based epidemic prediction model; however, the said delay has affected for the
Project to develop a model for diarrhoea; consequently, the Project had just commenced the
development work for it at the time of the Final Evaluation. For this reason, this can be recognized as
a hindering factor to the effectiveness of the Project.

3-5 Conclusions

The Project has achieved the improvement of the climate prediction skill on the JAMSTEC
SINTEX-F2 and the CSIR Variable Resolution Earth Systems Model (VrESM) and the development
of downscaling techniques, especially in the Southern African Region. By utilising the improved
climate prediction products, the Project also successfully developed three (3) climate-based epidemic
prediction models for malaria. These three (3) models, which have different characteristics, can
predict the likelihood of epidemic per season, at different, interoperable, time scales, within target
range of accuracy, and the potential extent of said epidemic in once instance. The Project provided a
prediction of malaria outbreak in the 2017/2018 season, which led to timeous intervention for
malaria control. However, it is necessary to make further scientific evidence to clarify the
effectiveness of the intervention. On the initiative of South Africa, the iDEWS Bureau is expected to
produce evidence for the optimization of operational guidelines (including countermeasures required
based on predictions of outbreaks) after the Project’s completion. The iDEWS Bureau is expected to
disseminate the prediction results, affected areas in South Africa and even in neighbouring countries.
In addition, the iDEWS Bureau is expected to further develop the prediction models, and to explore
expanding the application to other regions and other fields such as agriculture, disaster preparedness,
etc. in future. The Project’s outcome has the potential to make a significant impact if climate
forecasting information can be applied to other sectors.

Many academic papers have been published in international journals through collaborative research
work under the auspices of the Project with mutual capacity development. Even after the Project’s
completion, it is expected that research outcomes will continue to be created as a result of the update
of the malaria epidemic prediction model based on the climate forecast and the effect of measures
based on the forecast information, with a number of research papers expected to be published.

In terms of the evaluation results of the Project, the “Relevance”, the “Effectiveness”, and the
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“Sustainability” of the Project are all high, although “Efficiency” is moderate due to the delay of the
data collection activity and the dispatch of an expert. On the other hand, there are positive “Impacts”
which will be expected in future practical application of the research findings and outcomes to
society, at the time of the Final Evaluation. Therefore, it is considered that the Project’s achievement

is very high, both academically and as technical cooperation.

3-6 Recommendations
(1) Establishment and Development of iDEWS Bureau
The proposed iDEWS Bureau should clarify its roles and functions and commence the actual
operations by May 2019 when the Project officially ends.

(2) Verification of the effectiveness of the predication information-based interventions for the
prevention and control of malaria epidemics
The iDEWS Bureau is required to verify the effectiveness of the intervention from the aspects of
prevention, diagnosis and treatment of malaria, which had been taken based on the malaria
epidemic prediction information, even after the end of the project period. The iDEWS Bureau is
also expected to optimize the operational guidelines for measures against malaria epidemics
based on the evidences and to provide information to WHO etc. to sublimate the evidences and
experiences to global activities.

(3) Dissemination of the experience to the neighbouring countries
The iDEWS Bureau should take initiative for the dissemination of the Project’s experience and
outcomes not only to Mozambique, which shares the border with the Limpopo province, but also
the member countries of the Elimination 8. The iDEWS Bureau and Japanese research institutes

are expected to maintain their continuous cooperation and joint research on a long-term basis.

(4) Operationalisation of diarrhoeal disease research
The project partners, in collaboration with the iDEWS Bureau, should pursue research on the
diarrhoea disease toward further development of climate-based models for the prediction of
diarrhoea disease prevalence and incidence variability. The work should consider the utilisation
of pathogen data from the laboratory-based surveillance system when available in future.

3-7 Lessons Learnt

Strategic involvement of envisaged user organisations of research findings and outcomes at both
local and national levels

The Project is an international collaborative research implemented in a framework of JICA’s
technical cooperation under the scheme of SATREPS; consequently, developed climate
forecast-based infectious disease epidemic prediction models through the international and
crosscutting collaborative research between South Africa and Japan. The Project is aiming to
create evidences of the effectiveness of climate forecast-based countermeasures for the
prevention and control of infectious disease epidemics and subsequent development of optimal
and feasible operational guidelines, followed by its application to both domestic and
international affected areas as one of public services under the iDEWS Bureau. In order to

realize that, it was necessary for the Project to gain supports not only from the provincial

XX1V




administration body as a direct user organisation of the epidemic prediction information (i.e.,
LDOH) but also from the NICD of the national policy and strategy-making bodies for infectious
disease control as well as the SAWS of the national agency bearing weather and climate-related
services, research and development. For this reason, the Project had incorporated them into the
member organizations in the initial phase of the project period, and advanced the project
activities with the support of both local users and national policy-makers in consideration of the
practical application of research findings and outcomes to the society, which is an objective of
SATREPS. Consequently, the establishment of the iDEWS Bureau is planned at the initiative of
the South African side at the time of the Final Evaluation; therefore, it is anticipated that the said
multidisciplinary approach for realising the epidemic prediction-based countermeasures for the
prevention and control of infectious disease sustains hereafter. This is deemed to enhance the
“Sustainability” and the “Impact” of the Project significantly.

As was described above, the Project has commenced efforts for the establishment of an
implementation system for “the practical application of the research findings and outcomes” in
the early stage of the project period, and enhanced the “Sustainability” and the “Impact” by
taking the crosscutting collaboration amongst research institutes and by incorporating local and
national, practical users and policy/strategy-making bodies into the project implementing
system. Thus, in other JICA’s technical cooperation implemented under the scheme of
SATREPS, it can be effective to construct a project implementation system not just by
counterpart research institutes and its supervisory agencies but also envisaged user organisations
as well as related policy/strategy-making bodies at national level. In this regard, however, such
multidisciplinary approach can cause am extra efforts for liaison and coordination both
domestically and internationally. Therefore, the preparation and operational management should
carefully be done, especially for domestic and international liaison and coordination amongst the

multidisciplinary project implementing agencies.

3-8 State of the follow-up

None in particular.
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1. BEEEE (MM) RO THRTHBREE

MINUTES OF MEETING
BETWEEN
THE JAPANESE FINAL EVALUATION MISSION
AND
AUTHORITIES CONCERNED OF
THE GOVERNMENT OF THE REPUBLIC OF SOUTH AFRICA
ON
THE JAPANESE TECHNICAL COOPERATION PROJECT FOR
“ESTABLISHMENT OF AN EARLY-WARNING SYSTEM FOR INFECTIOUS
DISEASES IN SOUTHERN AFRICA INCORPORATING CLIMATE
PREDICTIONS”

The Final Evaluation Mission (hereinafter referred to as “the Mission™),
organised by the Japan International Cooperation Agency (hereinafter referred to as
“JICA™), headed by Dr. Kaname KANAI, visited the Republic of South Africa
(hereinafter referred to as “South Africa™) from 8 to 21 January 2019 for the purpose of
the Final Evaluation of JICA’s Technical Cooperation Project titled “The Project for
Establishment of an Early-Warning System for Infectious Diseases in Southern Africa
incorporating Climate Predictions” in the Republic of South Africa (hereinafter referred
to as “the Project”).

During their stay in South Africa, the Mission had a series of discussions with
South African authorities, and both sides agreed on the matters referred to in the Attached
Document of this Minutes of Meeting, which summarizes the results of the Final
Evaluation Report attached hereto.

Pretoria, 21 January 2019

Mr. Ben DURHARM—

Dr. Kaname KANAI

Leader Chief Director

Final Evaluation Mission Bio-Innovation, Department of
Japan International Cooperation Agency Science and Technology

Japan Republic of South Africa



Witnessed by:

& A

Prof. Noboru MINAKAWA
Professor

Nagasaki University
Japan

Dr. Nayille SWELID
Director
Alliance for Collaboration on Climate

and Earth Systems Science
Republic of South Africa



ATTACHMENT TO THE MINUTES

The Joint Coordinating Committee (JCC) of the Project reviewed the Final Evaluation
Report compiled by the Mission and agreed to its contents. The Report’s conclusions and

recommendations are as follows.

1. Conclusions

The Project has achieved the improvement of the climate prediction skill on the JAMSTEC
SINTEX-F2 and the CSIR Variable Resolution Earth Systems Model (VIESM) and the development
of downscaling techniques, especially in the Southern African Region. By utilising the improved
climate prediction products, the Project also successfully developed three (3) climate-based epidemic
prediction models for malaria. These three (3) models, which have different characteristics, can predict
the likelihood of epidemic per season, at different, interoperable, time scales, within target range of

accuracy, and the potential extent of said epidemic in once instance.

The Project provided a prediction of malaria outbreak in the 2017/2018 season, which led
to timeous intervention for malaria control. However, it is necessary to make further scientific
evidence to clarify the effectiveness of the intervention. On the initiative of South Africa, the iDEWS
Bureau is expected to produce evidence for the optimization of operational guidelines (including
countermeasures required based on predictions of outbreaks) after the Project’s completion, The
iDEWS Bureau is expected to disseminate the prediction results, affected areas in South Africa and
even in neighbouring countries. In addition, the iDEWS Bureau is expected to further develop the
prediction models, and to explore expanding the application to other regions and other fields such as
agriculture, disaster preparedness, etc. in future. The Project’s outcome has the potential to make a

significant impact if climate forecasting information can be applied to other sectors.

Many academic papers have been published in intemnational journals through collaborative
research work under the auspices of the Project with mutual capacity development. Even after the
Project’s completion, it is expected that research outcomes will continue to be created as a result of
the update of the malaria epidemic prediction model based on the climate forecast and the effect of

measures based on the forecast information, with a number of research papers expected to be published.

In terms of the evaluation results of the Project, the “Relevance”, the “Effectiveness”, and
the “Sustainability” of the Project are all high, although “Efficiency” is moderate due to the delay of
the data collection activity and the dispatch of an expert. On the other hand, there are positive “Impacts”
which will be expected in future practical application of the research findings and outcomes to society,

at the time of the Final Evaluation. Therefore, it is considered that the Project’s achievement is very

high, both academically and as technical cooperation.



2.

Recommendations

The Final Evaluation Team make the following recommendations in order for the Project to

attain more positive impacts as well as to consolidate the sustainability.

(M

Establishment and Development of the iDEWS Bureau

The proposed iDEWS Bureau should clarify its roles and functions and commence the actual

operations by May 2019 when the Project officially ends.

(2) Verification of the effectiveness of the prediction information-based interventions for the

&)

)

prevention and control of malaria epidemics .

The iDEWS Bureau is required to verify the effectiveness of the intervention from the aspects of
prevention, diagnosis and treatment of malaria, which had been taken based on the malaria
outbreak prediction information, beyond the Project’s completion. The iDEWS Bureau is also
expected to optimize the operational guidelines for measures against malaria epidemics based on
evidence and to provide information to WHO etc. to demonstrate the evidence and experiences to

global activities.

Dissemination of the experience to neighbouring countries

The iIDEWS Bureau should take initiative for the dissemination of the Project’s experience and
outcomes not only to Mozambique, which shares the border with the Limpopo province, but also
the member couniries of the Elimination 8. The iDEWS Bureau and Japanese research institutes

are expected to maintain their continuous cooperation and joint research on a long-term basis.

Operationalisation of diarrhoeal disease research

The project partners, in collaboration with the iDEWS Bureau, should pursue research on the
diarthoea disease toward further development of climate-based models for the prediction of
diarrhoea disease prevalence and incidence variability. The work should consider the utilisation

of pathogen data from the laboratory-based surveillance system when available in future.

Attachment: Final Evaluation Report
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CHAPTER 1 SCOPE OF FINAL EVALUATION

1.1 Background of the Final Evaluation

It is suggested that the epidemic! of certain infectious diseases such as malaria, diarrhoea and
pneumonia can be affected by climate variability, in particular, air-sea interactions such as La Nifia
effect, seasonal variability of ambient temperature and precipitation. Southern African countries
including the Republic of South Africa (hereinafter referred to as “South Africa™) are being subject to
danger of the said infectious diseases. As was just described, the relationship between climate
variability and the incidence of infectious diseases is strongly suggested; nevertheless, its concrete
correlative relationship has not been scientifically proven. For this reason, climate-based infectious
disease epidemic prediction has not been used for practical measures for infectious diseases control to
this date.

On the other hand, a climate variability prediction system with high prediction accuracy (SINTEX-F)
was developed through the collaborative research of the South African and Japanese research institutes
with the support of a former JICA’s technical cooperation entitled “the Project for Prediction of
Climate Variations and its Application in the Southern African Region™ (2010 — 2013), which was
implemented under the scheme of the Science and Technology Research Partnership for Sustainable
Development (hereinafter referred to as “S4TREPS™). On the basis of the said project, “the Project for
Establishment of an Early-Warning System for Infectious Diseases in Southern Affica incorporating
Climate Predictions” (hereinafter referred to as “the Projecr”) is launched in May 2014 under the
scheme of SATREPS, aiming to further improve the prediction skill of the SINTEX-F, followed by
the establishment and subsequent operability verification of climate prediction-based infectious
disease early-warning systems (hereinafter referred to as “iDEWS™), especially for malaria, diarrhoeal
diseases and pneumonia.

The Final Evaluation was carried out with the objectives for grasping the whole progress of the
international collaborative research as well as the generation of research findings and outcomes and
for evaluating the performance of the Project, as an Official Development Assistance (ODA}, from
the viewpoint of human resource development, institutional functional enhancement and contribution
to development subjects; further, on the basis of the evaluation results, recommendations were
provided to ensure the achievement of the Project Purpose by the end of the project period as well as
to consolidate the sustainability of Project’s achievements.

1.2 Objectives of the Final Evaluation

The objectives of the Final Evaluation are as follows:

1)  To review the overall progress of the Project and evaluate its achievements as of the time of
the Final Evaluation in accordance with the five evaluation criteria (‘Relevance’,
‘Effectiveness’, ‘Efficiency’, ‘Impact’ and ‘Sustainability’) on the basis of latest version of
Project Design Matrix (PDM) version 2 (Annex 1);

2}  To discuss the contributing and hindering factors for the achievements of the Outputs and the
Project Purpose;

3) To discuss the plan for the Project for the rest of the project period together with the South
African side based on reviews and analysis of the project performances;

4)  To make recommendations in order to achieve the Praject Purpose as well as future practical

L An “epidemic” is defined as the rapid spread of infectious disease to a large number of people in a given population,
whereas an “outbreak” is defined as a sudden increase in occurrences of a disease in a particular time and place and it
may affect a small and localized group or impact upon thousands of people across an entire continent.

4



application of research findings and outcomes to the society, and to revise the PDM as
necessary basis; and

5)  To summarize the results of the study in a Final Evaluation Report.

1.3 Final Evaluation Team

The evaluation work of the Project was performed by three (3) JICA members in consultation with
authorities concerned in South Africa. The members of the Terminal Evaluation Team (hereinafter
referred to as “the Team™) were indicated below.

Simultaneously with the JICA’s review work, the Japan Agency for Medical Research and
Development (hereinafter referred to as “4MED”)?, supporting research activities conducted in Japan
under the framework of SATREPS, dispatched two (2) members and participated in the field survey
in South Africa to conduct their final evaluation and to offer technical advices on the research activities
from technical standpoint.

< JICA Final Evaluation Mission >

Name Designation Title and Affiliation Duration of
Survey
Dr. KANAI Leader Executive Technical Advisor to the Director 12/Jan/2019 —
Kaname General, Human Development Department, JICA | 23/Jan/2019
Ms. Cooperation | Assistant Director, Health Team 2, Health Group 12/Jan/2019 —
KAWAGUCHI | Planning 1, Human Development Department, JICA 23/Jan/2019
Misaki
Dr, INOUE Evaluation Senior Consultant, Consulting Division, Japan 7/Jan/2019 ~
Yoichi Analysis Development Service Co., Ltd. 23/Jan/2019
< AMED Mission Members >
Name Designation Title and Affiliation Duration of
Survey
Prof. Dr. Infectious Program Supervisor, International Coliaborative 12/Jan/2019 —
WATANABE Diseases Research Program, Department of International 21/Jan/2019
Haruo Conirol Affairs, AMED
Research Professor, the Graduate School of

the International University of Health and

Welfare
Mr. ISHII Planning and | Deputy Manager, Division of International 12/Jan/2019 -
Katsumi Evaluation Collaboration, Department of International 21/Jan/2¢19

Affairs, AMED

The on-site evaluation work was conducted from the 8" of January to the 22" of January 2019. This
evaluation included site visits, interviews and scrutinizing various documents and data related to
planning, implementation and monitoring processes of the Project (Annex 2).

1.4 Framework of the Project

The framework of the Project is described below,
1)  Project Period: Five (5) years from the 12 of May 2014 to the 11% of May 2019.
2) Project Management: The administration system of the Project is as follows:

- The Chief Director of the Biotechnology, the Department of Science and Technology

2 Affairs under the jurisdiction and authorities of the projects in the field of infectious disease control was transferred
to AMED. The transfer took place on the 1% of April 2015.



(hereinafter referred to as “DST™) is assigned as the Project Director;

- The Chief Director of the Communicable Diseases, the Department of Health (hereinafter
referred to as “DOH™) is assigned as the Project Co-Director’;

—  The Director of the Alliance for Collaboration cn Climate and Earth Systems Science
(hereinafter referred to as “ACCESS”) is assigned as the Project Manager; and

~  The Professor of the Department of Vector Ecology and Environment of the Nagasaki
University Institute of Tropical Medicine (hereinafter referred to as “NEKKEN") is
assigned as the Chief Advisor.

3) Implementing Agency: Project Implementers (research institutes) of the Project are indicated
as follows:

The South African Side: ACCESS; the South African Medical Research Council (SAMRC);
the Council for Scientific and Industrial Research (CSIR); the National Institute for
Communicable Diseases (NICD)*; the South African Weather Service (SAWS)®; the Limpopo
Department of Health (LDOH); the Department of Health-Limpopo, Malaria Control (LDOH-
Malaria); the University of Cape Town (UCT); the University of Limpopo (UL); the University
of Pretoria (UP)%, the University of Venda (UV)’; and the University of the Western Cape
(UWC)

The Japanese Side: NEKKEN and the Japan Agency for Marine-Earth Science and Technology
(hereinafter referred to as “JAMSTEC™)

4)  Beneficiaries: The direct and indirect beneficiaries of the Project are 46 researchers of the South
African project implementers and approximately 5.4 million peoples living in the Limpopo
province, respectively.

5)  The Narrative Summary of the Project:

The Narrative Summary of the Project (Project Purpose, Qutputs and Activities) set in the latest
PDM (version 2), authorized for revision from version 1 at the 3" Joint Coordinating
Committee (hereinafter referred to as “JCC”) held on the 4™ of October 2016, is described

below.

Please refer to the Annex 1 (PDM version 1) for other elements of PDM such as the Objectively
Verifiable Indicators (OVIs), means of verification, the Inputs from both sides to the Project,
the Preconditions and the Important Assumptions.

Narrative Summary of PDM version 2

| . o " : A climate-based early-warning system model for infectious diseases control is
[ErojeciRutnosy Bl established as a precursor for further application across southern Africa.

Output 1
Climate-based infectious disease epidemic prediction models are developed especially for
malarta, pneumonia and diarrhoea.

3 Replaced from the Chief Director of the District Healih Services, the NDOH. Accordingly, the Memorandum of
Understanding (hereinafier referred to as “MQOLU™) dated on the 12 of May 2014 was amended by exchanging the
Minutes of Meetings (hereinafter referred to as “M/A#*) between the DST and JICA on the 10% of November 2015.

4 The NICD was authorized as a South African member of the Project at the time of the 2nd JCC held in October
2015. :

5 The SAWS was autherized as a South African member of the Project from an external supporting organization at
the time of the 2n JCC held in October 2015.

6 The UP was authorized as a South African member of the Project at the time of the 1% JCC held in August 2014,
The UV was authorized as a South African member of the Project at the time of the 15t JCC held in August 2014,
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Output 2
Operational guidelines of iDEWS are developed in the Limpopo Province.

Output 3
Prediction performance and operability of the iDEWS are verified.

Activities

Activities under Qutput 1
1-1. Prospective and retrospective data/information acquisition systems are developed in the

areas of infectious diseases and climate variability

1-1-1. To develop databases of data/information of malaria, pneumoniz and diarrhoea
respectively from local health information system, archival records of health
facilities and so on.

1-1-2. To determine investigation target sites on the basis of a risk map for respective
diseases, which is developed using retrospective data from the database.

1-1-3. To conduct fact-finding surveys at communities in the targeted sites with regard
to incidence and prevalence of respective diseases (including undiagnosed
diseases}, residents' behaviour that impacts on the prevalence (health seeking
behaviour, etc.) and hygienic environment (water quality, air pollution, malaria
mosquito insecticide resistance ete.), followed by populating the data into the
database.

1-1-4. To source climatic and non-climatic ancillary environmental data (geographic
data, ete.) from ACCESS partner organizations such as SAWS and ARC.

1-1-5. To observe local-scale meteorological data in the target sites by placing basic
observation stations at public buildings.

1-2. Elucidation of relationships among incidence/prevalence of the target diseases and

climate variability (ambient temperature, humidity, precipitation, etc.).

1-2-1. To investigate the relationship between incidence/prevalence of the target
discases and climate variability using time-series analysis.

1-2-2. To investigate the relationships of proliferation of malaria vectors with climate
variability and malaria incidence/prevalence.

1-2-3. To investigate the relationship between regional-scale climate variations in the
Limpopo Province and their links with the global climate phenomena such as the
El Ninc Southern Oscillation (ENSO}, the Indian Ocean Dipole Mode (IODM)
and the Sub-tropical Dipole Mode (SDM).

1-3. Development of infectious disease mathematical and/or statistical models for malaria,
and statistical models for pneumonia and diarrhoea of which local epidemic situation is
reflected

1-3-1. To review existing infectious disease models (related to climate in particular) for
malaria, cholera, and prieumonia.

1-3-2. To develop basic mathematical and/or statistical models for malaria, and
statistical models for pneumonia and diarrhoea by modifying existing model(s)
or newly developing.

1-3-3. To calibrate the models by verifying their prediction performance using
retrospective and prospective data/information of infectious diseases obtained
from the database.

1-4, Improvement of a seasonal prediction system based on an ocean-atmosphere coupled
general circulation model (CGCM) called SINTEX-F; improving its skill, downscaling,
extending its lead-time
1-4-1. To improve the prediction aceuracy of SINTEX-F for the short-term seasonal

climate variability by enhancing model resolution, implementing better physics
and data assimilation in next versions of SINTEX-F on the Earth Simulator.

1-4-2. To reduce model biases by model validations and intercomparisons among
SINTEX-F1, new SINTEX-F2 and other climate models developed in South
Africa.

1-4-3. To improve resolution and [ead time for climate prediction of the SINTEX-F for
better local-scale prediction performance by using a dynamical downscaling
model such as Weather Research and Forecasting model (WRF) and statistical
downscaling techniques.

1-4-4. Interactively with the Activity 1-4-3, to fine-tune WRF downscaling model using
local data available from the weather and climate observations at the target areas
(Activity 1-1).

1-5, Development of the climate-based infectious disease prediction models for malaria,

pneumonia and diarrhoea
i Yy



1-5-1. To develop a climate-based infectious disease epidemic prediction models for
malaria, pneumonia and diarrhoea by coupling the infectious disease
mathematical and statistical models and the adopted climate prediction model, in
light of the relationships among incidence/prevalence of the target diseases,
climate variability and proliferation of vectors (Activity 1-2).

1-5-2, To calibrate the models by verifying their prediction performance using existing
data/information of infectious diseases epidemics and outbreaks obtained from
the database.

Activities under Qutput 2
2-1. To launch a preparatory committee for introducing the iDEWS at the Limpopo Province
consisting of organizations responsible for epidemic prediction, issuing
epidemic/alerting information and implementing countermeasures based on such
information.

2-2. To set criteria for outbreak alerting,

2-3. To set communication flow of infectious diseases epidemic/outbreak information in the
Limpopo Province.

2-4, To develop an IDEWS operational Guidelines comprising regular reporting of
epidemics, issuing outbreak alerting and consequent countermeasures, organogram of
iDEWS operation, formats of regular reporting and alerting, etc.

Activities under Output 3

3-1. To evaluate the prediction performance and operability of the iDEWS through a pilot
application at the Limpopo Province.

3-2. To conduct table-top exercises regarding issuing outbreak alerting and consequent
countermeasures at the Limpopo Province.

3-3. To develop a sustainable monitering and evaluation system for assessing impacts of the
iDEWS on infection control at the Limpopo Province.

3-4. To verify the applicability of other areas using available data of epidemics, climate and
non-climate enviromment at other provinces of the South Africa and neighbouring
countries.

3-5. To hold workshop(s) geared to administrative officers, researchers, etc. in the areas of
climate variability and infection control from the government of the South Africa and
neighbouring countries for the deployment of iDEWS.

3-6. To start discussions with administrative officers, researchers, etc. in the areas of climate

variability and infection control of the government of the South Africa for the
dissemination of iDEWS.




CHAFPTER 2 METHOD OF THE FINAL EVALUATION

2.1 Framework of Project Evaluation under the Scheme of SATREPS

Since SATREPS provides assistances to the counterpart countries through the implementation of
technical cooperation project on site by JICA and the technical and financial support for research
works in Japan by AMED in a collaborative manner, it is natural that review and evaluation works on
site are conducted in tandem in consideration of its efficiency.

JICA, in consultation with governmental organizations and/or research institutes including researchers,
will review and evaluate the performance and achievement of the technical cooperation project
implemented under the framework of the Japan’s ODA from the viewpoint of human resource
development, capacity development, and contribution to development agenda at partner countries.
AMED will evaluate the whole of international joint research works from the viewpoint of research
outcomes that contribute to resolve the global issues.

2.2 Methodology of Evaluation

The Final Evaluation was performed in accordance with the latest “JICA Guidelines for Project
Evaluation Second Edition” and “JICA Handbook for Project Evaluation (Ver. 1)” issued in May 2014
and August 2015, respectively. Achievements and implementation process were assessed based on
the investigation results, which are consolidated in the evaluation grid {(Annex 3), from the aspects of
the five evaluation criteria of relevance, effectiveness, efficiency, impact, and sustainability, as well as
the verification of implementation process.

The Team conducted evaluation surveys at the project sites through questionnaires and interviews to
counterpart researchers, other related organizations, and the JICA experts involved in the Project to
review the Project on the basis of the evaluation grid. See Annex 4 “List of Interviewees™ for more
information.

Project performances including achievement of the Objectively Verifiable Indicators (OVIs) were
reviewed and analysed in accordance with the Project Cycle Management (PCM) concept. The review
work was performed by the Japanese members in consultation with the authorities concerned in the
South African side on the basis of PDM version 2 (See Annex 1 for more information). Finally, the
Team compiled this Final Evaluation Report.

-

2.3 Five Evaluation Criteria

Description of the five evaluation criteria that were applied in the analysis for the Final Evaluation is
given below.

Five Criteria Description
Relevance of the Project is reviewed by the validity of the Project Purpose and Overall Goal in
Relevance connection with the government development policy and the needs in the South Africa. Relevance

of the Praject is verified on the basis of facts and achievements at the time of the Final Evaluation.
Effectiveness is assessed to what extent the Project has achieved its Project Purpose, clarifying
Effectiveness the relationship between the Project Purpose and Qutputs. Effectiveness of the Project is verified
on the basis of facts and achievements at the time of the Final Evaluation.

Efiiciency of the project implementation is analysed with emphasis on the relationship between
Efficiency Outputs and Inputs in terms of timing, quality and quantity. Efficiency of the Project is verified
on the basis of facts and achievements at the time of the Final Evaluation.

Impact of the Project is assessed in terms of positive/negative, and intended/unintended influence
Impact caused by the Project. Impact of the Project is verified on the basis of extrapolation and
expectation at the time of the Final Evaluation.

Sustainability of the Project is assessed in terms of political, financial and technical aspects by
examining the extent to which the achievements of the Project will be sustained after the Project
is completed. Sustainability of the Project is verified on the basis of extrapolation and expectation
at the time of the Final Evaluation.

Sustainability
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CHAPTER3 PROJECT PERFORMANCE AND ACHIEVEMENTS

3.1 Inputs

1) Input from the Japanese Side

The following are inputs from the Japanese side to the Project as of January 2019. See Annex 5 for
more information.

Components Inputs
Dispatch of Japanese Long-term Experts: a total of 3 Experts (Epidemiology/medical entomology research
Experts and Project Coordinator), 101 M/M (Man/Month)

Short-term Experts: a total of 16 Experts, 71.7 M/M (1148 days in total)

Provision of Equipment  Major {tems: Automatic Weather Observation System, research / laboratory instrument
and related equipment such as microscopies, artificial environment test system, personal
computers for data processing and analyses, sofiware for data analyses, etc. (JPY

33,825,724 (= approx. ZAR 4,084,245 = USD 298,359) 8

Invitation of Total number: 23 persons
Researchers from Content: Discussion of the research direction and methods regarding the prediction of
Abroad climate variability in Southern Africa and the participation and presentation at
the project open symposium (35 persons, a total of 347 days)
Training in Japan Total number: 7 persons
Content:

—Theory and practice of statistical methods for the development of the
Geographical Information System (GIS)-based infectious diseases risk mapping
(2 persons at NEKKEN for 22 days)

— Theory and practice of statistical methods for correlation analyses between the
incidence of infectious diseases and meteorological data (1 person at JAMSTEC
for 21 days)

—Theory and application of local climatology information and physical
mechanisms of climate variability (3 persons at JAMSTEC for 30 days)

—Data quality control & cleaning and descriptive sample analysis (1 person at
JAMSTEC for 14 days)
Overseas Activities Total Costs: ZAR 3,160,529 (= USD 230,880) #
Costs —JFY2014: ZAR 488,990
—JFY2015: ZAR 676,288
~JFY2016: ZAR 673,410
~JFY2017: ZAR 715,270
- JFY2018: ZAR 606,571

Expenditure: Travel cost, Consumables for research activities, Communication cost.

2) Input from the South African Side
The followings are inputs from the South African side to the Project as of January 2019. See details
on the Annex 5.

Components Inputs
Allocation of A total of 57 researchers as well as administrative and technical officers
Counterpart 1. one(1) from ACCESS;
Researchers 2. Fourteen (14) from SAMRC;
3. Eight(8)"? from CSIR;
4, Omne (1) from NICD;
5.  Six (6) from SAWS
6. Two (2) from LDOH
7. Four (4) from LDOH-Malaria;

8 JICA Conversion rates at each fiscal year’s last month was used for currency conversion.
9 JICA Conversion rates at each year was used for currency conversion.

0 Qne out of 8 researchers was transferred to the University of the Witwatersrand, Johannesburg in January 2019,
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8. Three (3) from UCT;
9. Eight (8) from UL;
10. Four (4) from UP;
11. Four (4) from UV; and
12, Two (2) from UWC
Facilities, Equipment 1. Project office spaces in CSIR and LDOH-Malaria;
and Materials 2. Laboratory and office space un LDOH-Malaria;
3. Existing research instruments, equipment and/or devices in the South African
counterpart organizations;
4. Available data, information and/or specimens related to the Project; and
5. Availability of teleconference system in CSIR
Local costs & South African DST has allocated a total of ZAR 5,700,000 in cash to the Project

for local travel costs, field work and equipment purchases, as well as to be used
to initiate the iDEWS Bureau.

® ACCESS provided bursaries to one Ph.D. and two M.Sc. students (local) for
work on the Project.

® Costs for field survey in the Limpopo province, the development of database for
hospital inpatients information, domestic transportation of the South African
counterpart personnel, utilities for the project office, consumables used for the
project activities, custom clearance of the materials procured in Japan such as
research instruments and reagents, etc.

3.2 Achievements of the Project

1) Achievements of the Project Activities

Achievements of the Project Activities under Qutputs are as indicated below.

Output 1
Climate-based infectious discase epidemic prediction models are developed especially for malaria, pneumonia and
diarrhoea.

Activities Performances

diseases and climate variability

1-1. Prospective and retrospective data/information acquisition systems are developed in the areas of infectious

1-1-1. To develop databases of
data/information of malaria,
pneumonia and  diarrhoea
respectively from local health
information system, archival
records of health facilities and
S0 om.

The Project, at the initiative of the LDOH-Malaria and NEKKEN, has been
gathering malaria incidence data in the Limpopo province from the year of
1998 when rapid diagnosis test kits were introduced for the diagnosis of
Malaria into a database. Following the Midterm Review, the Project has
developed a system of automatic data forwarding to the database daily, of
which variables are used by the climate-based malaria prediction model.
In addition, the Project has also developed a system of data transferring of
the data from a malaria reporting system using cell phone on a quasi-real-
time basis. By constructing such an automatic data transfer system, labour
saving of data input and prevention of input error are improved. In
addition, since the data used in the prediction model is always the latest, it
is considered that the construction of the automatic data transfer system
greatly contributes to the maintenance and improvement of the prediction
accuracy and the quality assurance of the model.

Data of new malaria cases are being added and the number of registrations
in the database was approx. 120 thousand as of December 2018.

The Project, at the initiative of the SAMRC and the ACCESS, had been
working on the registration of all inpatients’ information of the Nkfensani
Hospital in the Greater Giyani and the Maphutha L. Malatji Hospital in the
Phalaborwa District Municipality (a total of 44,159 registrations, from
2002 to 2016). The collected data was subjected to data cleaning for secure
its quality.

The ACCESS obtained information of insurance claims with the diagnosis
of pneumonia as well as diarrhoea from the insurance company by their
own efforts (approx. 60,000 — 80,000 cases). The ACCESS also gained the
sales amount data of non-prescription anti-diarthoeal drug (Loperamide),
which can reflect the incidence of mild diarrhoeal cases that are not
required to see a doctor.

Construction work for the database of malaria incidence had been
progressing smoothly; whereas that of pneumonia and diarrhoea were 6 —

11




12 months behind the schedule as of the time of the Mid-term Review since
it took longer-than-expected time for the South Afirican side to allocate
budget for the construction of the database, and to computerize a huge
amount of paper-based information. Having said that, the construction
work of database of diarrhoea as well as pneumonia for analyses was
completed by April 2017,

1-1-2. To determine
investigation target sites on the
basis of a risk map for
respective diseases, which is
developed using retrospective
data from the database.

The LDOH-Malaria, jointly with NEKKEN, develop a malaria risk map
using extracted data from the database. The Project chose the Greater
Giyani Municipality and the Vhembe District Municipality as the target
area for investigation on the basis of the risk map.

The Project, as a result of the discussions amongst member organizations,
chose the Greater Giyani as the target area for pneumonia and diarrhoea
research, the same area with that for malaria, in consideration of the
efficient implementation of field activities when needed, since the
distribution of the incidences of pneumonia and diarthoea were equable in
the whole area of the Limpopo province, whereas several hot spots are
observed in malaria incidences.

1-1-3. To conduct fact-finding
surveys at communities in the
targeted sites with regard to
incidence and prevalence of
respective diseases (including
undiagnosed diseases),
residents’  behaviour  that
impacts on the prevalence
(health seeking behaviour, etc.)
and hygienic  environment
(water quality, air pollution,
malaria mosquito insecticide
resistance ete.), followed by
populating the data into the
database.

The Project, at the initiative of the LDOH-Malaria, the SAMRC and
NEKKEN, conducted investigation of the prevalence of asymptomatic
malaria infection by testing community residents {approx. 500 households
in the Greater Giyani) with a LAMP-based diagnostic test from the
epidemic season of 2015/2016.

The prevalence information of asymptomatic malaria carriers is necessary
to assess whether the risk of outbreaks has truly been eliminated even if
the reporting of infected persons has decreased significantly, particularly
when the number of patients reporting malaria has decreased at a level
close to exclusion, such as South Africa. Besides, the prevalence of
asymptomatic malaria carriers is necessary information t¢ maintain the
predictive accuracy of its prediction model when the number of reported
cases decreases, because the predictive accuracy of the model decreases
when the number of reported patients decreases.

The Project investigated the implementation record of the Indoor Residual
Spraying (IRS) in the same area and added those data into the database.

The Project placed light trap for malaria vector mosquito of anopheles in
the 2015/2016 epidemic season; however, enough amount of imaginal
anopheles could not be captured to implement the experiments (e.g.
insecticide resistance) due to the low mosquito density. For this reason,
the Project used existing data of imaginal anopheles in the LDOH-Malaria
as well as reports of other research groups for the development of the
prediction models as references. Information on the insecticide resistance
is not expected to be used to develop predictive models for malaria
epidemics, but rather is expected to be used as information for preventive
measures under iDEWS,

The Project, at the initiative of the SAMRC, also conducted investigation
for three times from 2015/2016 season with regard to residents’ health
seeking behaviour that Impacts on the epidemic of communicable diseases
as well as hygienic environment and air pollution in the communities that
can influence the incidences of diarrhoea and pneumonia. The results of
these analyses are not considered as variables for the development of
predictive models, but are supposed to be used as a basis for interpreting
or explaining the causal relationship between climatic variables and
infectious disease epidemics and for taking measures in case that an
increase in the numtber of patients is predicted.

1-1-4, To source climatic and
non-climatic ancillary
environmental data (geographic
data, etc) from ACCESS
partner organizations such as the
South African Weather Service
(SAWS) and the Agricultural
Research Council (ARC).

JAMSTEC, with the support of NEKKEN and the UL, gained satellite
observation-based climatic data as well as non-climatic ancillary
environmental data (e.g. geographic data) from the ACCESS partner
organnizations, and used them for improving the existing seasonal
prediction system based on an ocean-atmosphere coupled general
circulation model (SINTEX-F) (for the development of SINTEX-F2) and
for the development of communicable diseases risk maps.

Meanwhile, it was supposed that the terrestrial climate data will be
provided by the ARC and the SAWS to the Project; nevertheless, the said
data was not provided by the ARC. However, though it took longer-than-
expected time, a contract for the provision of the terrestrial data from the
SAWS was eventually concluded in August 2016; the said data has just
become available for the Project. However, the terrestrial climate data were
supposed to be used for the verification of the skill of the downscaled
climate prediction; thus, this delay in the sipning of the contract has less
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influence on the development of SINTEX-F2.

®  The SAWS was regarded as an external supporting agency at the beginning
cf the Project, but was authorized as an official member of the Project at
the time of the 2™ JCC held in October 2015.
1-1-5. To observe local-scale | ®  The Project, at the initiative of the ACCESS the LDOH-Malaria and the
meteorological data in the target NEEKEN, installed a total of 7 Automatic Weather Observation Systems
sites by placing basic at the cooperative health facilities in the Greater Givani by the year of
observation stations at public 2015, and the collection of terrestrial climate data is being done.
buildings. ® The SAWS is covering whole land of the South Africa for the collection of
terrestrial climate data, whereas the Project can obtain the said data in
detail and immediately in the target areas.
®  Following the cooperation period of the Project, it is anticipated that those

data collection as well as the maintenance of the said System are continued
by the South African side under the iDEWS Bureau (the details of the
Bureau will be described later).

1-2, Elucidation of relattonships among incidence/prevalence of the target diseases and climate variability (ambient
temperature, humidity, precipitation, etc.).

1-2-1. To investigate the
relationship between
incidence/prevalence of the

target diseases and climate

The Project, at the initiative of NEKKEN and JAMSTEC, revealed the
significant correlation between the number of malaria patients and climate
variation (temperature and precipitation amount) using several types of
time-series as well as spatial statistical analyses on the data available since
1998. To be more precise, the analyses demonstrated the positive
correlation of the number of the malaria patients with the precipitation
amount in the southern part of Mozambique and Zimbabwe as well as the
easterly wind, and the negative corrclation with the sea surface
temperature; in particular, the positive correlation with La Nifia. The
Project also performed the analyses on the seasonal variation in the said
correlation.

As for diarrhoea, contour analysis of data on the number of diarrhoeal
patients and climatic variables from the target hospitals showed that there
is a tendency for an Increase in the number of children under five years of
age with continuous rainfall in case of no continuous rainfall (drought) or,
contrary, continuous rainfall in winter season, and those correlation
increased with the inclusion of a lag of eight weeks. The Project also
observed an increasing trend in the number of patients with diarrhoea in
2010-2011 and 2015, where El Nifio events were occurring. In general,
Southern Africa is prone to droughts when El Nino events occur.

In addition, there was a similar trend in the number of insurance claims for
company diarrhoea ireatment to the health insurance company, and a
statistically significant negative correlation was observed in sales of an
anti-diarrhoeic drug (loperamide)} over the past decade with El Nifio events
as well as SST in the Mozambique Strait. This can be explained by the
tendency of decrease in southern African precipitation as SST of the
Mozambique Strait decreases. Further, it was clarified that the number of
insurance claims for the treatment of diarrhoea was linked with the Indian
Ocean subtropical dipole mode phenomenon; particularly, the number of
insurance claims for diarrhoea treatment tended to increase when the
negative mode occurs (SST of the southern Africa vicinity comparatively
lowers), even if the El Nifio was not generated.

Concerning pneumonia, preliminary analysis showed no significant
correlation between pneumonia case anomalies and sea-surface
temperature {SST) anomalies. Thereafier, the Project performed composite
analyses, which showed a strong association between higher-than-normal
pneumonia annual incidence and higher-than-normal diurnal temperature
range, indicating that the difference between the highest temperature of the
day and the lowest temperature of the night become wider, the number of
pneumonia patients become greater. Having said that temperature was the
only climate variable that demonstrated a correlation with the incidence of
preumonia.

varigbility using time-series
analysis.
1-2-2. To investigate the

relationships of proliferation of
malaria vectors with climate
variability and malaria
incidence/prevalence.

As was shown in the Activity 1-1-3, the Project unfortunately could not
obtain enough amount of wild anopheles to analyse such as the relationship
between vector mosquito and climate variability or malaria prevalence.
Given that the Project can capture enough anopheles in the coming
epidemic season of 2016/2017, correlation analyses are supposed to be
performed immediately.

The Project was unable to ¢stablish an observation system for imaginal
mosquitoes that directly affect malaria infection. However, since a total of
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29 larval sources were identified, the Project could establish an observation
system for larvae. Analyses of the Project suggest that transitions in the
sources of vector mosquito may correlate with climatic variables; thus, the
Project is continuing activities for accumulating relevant data, Given that
this correlation is proved, the prediction accuracy is expected to be further
improved by utilizing the related data as the varfables of the prediction
model.

The Project also confirmed that body length (length of feathers) of vector
mosquitoes and number of eggs laid were strongly correlated with
temperature by indoor experiments using the artificial environment test
system at the Tzaneen Malaria Institute (TMI). These findings had been
used to develop a mathematical model-based malaria epidemic prediction
model that South Africa is leading.

1-2-3. To investigate the
relationship between regional-
scale climate variations in the
Limpopo Province and their
links with the global climate
phenomena such as the El Nino
Southern OQscillation (ENSQ),
the Indian Qcean Dipole Mode
(IODM) and the Sub-tropical
Dipole Mode (SDM).

JAMSTEC, using SINTEX-F2, revealed that the climate in southern
Africa including the Limpopo provinee is prone to be affected by ENSO
as well as JOD and SDM, of which mechanisms would further be clarified.
In addition, a further study suggested that the sea-ice variability in the
Weddell Sea also affects subtropical high variations that generate the
SDM.

JAMSTEC also discovered the decadal change in the precipitation in
southern Africa on top of inter-annual or seasonal variatton from the
analyses of meteorological observation data. Further, the analyses results
using SINTEX-F2 demonstrated a strong correlative relationship between
the said decadal change and other decadal change in sea surface
temperature as well as pressure that moves eastward from southern
Atlantic to southern Indian Ocean,

In this regard, the Project points out that the possibility of positive
correlation between the decadal climate change in southern Africa and the
malaria incidence in the Limpopo province. A new climate mode in the
southwestern Indian Ocean was discovered. This mode represented as a
dipole in the SST anomalies (east and south of Madagascar), influences
the rainfall and malaria incidences in Vhembe not only on interannual but
also on decadal time scales.

1-3. Development of infectious d

iscase mathematical and/or statistical models for malaria, and statistical models

for pneumonia and diarrhoea of which local epidemic situation is reflected

1-3-1. To review existing
infectious  disease  models
(related to climate in particular)

There are several prediction models for the incidence of communicable
diseases; to be more specific, statistical models that causally infer the
relationship between past malaria incidence data and meteorological data,
as well as mathematical model that infer the characteristics of various
phenomena (malaria incidence in this case) by expressing it with
mathematical formula. The Project, at the Initiative of NEKKEN and
JAMSTEC, reviewed existing infectious disease models for the prediction
of the incidence of malaria, pneumonia and diarrhoea during the 1% half of
the project period,

The review results showed that statistical models are mainly used for the
prediction of the incidence of pneumonia and diarrhoea. On the other hand,
there are several mathematical models derived from the Ross—Macdonald
Model for the prediction of malaria transmission. The VECTRI model is a
brand-new model of the said mathematical model, which takes the ecology
of vector mosquito into consideration. The Project made a contact with the
developer of the VECTRI model and obtained the source code information
from him.

for malaria, cholera, and
pneumonia,
1-3-2. To develop basic

mathematical and/or statistical
models for malaria, and
statistical models for preumonia
and diarrhoca by modifying
existing model(s) or newly
developing.

()

NEKKEN and JAMSTEC developed several statistical models that take
the climate (precipitation and ambient temperature) into consideration on
the basis of time-series and spatial analysis of malaria incidence in the
Limpopo province. Additionally, JAMSTEC developed a mathematical
model for malaria transmission by adding meteorological factors to the
said VECTRI model, The VECTRI model was tested for the hindcast
period of 1998 to 2015 and has shown ability in forecasting the number of
malaria cases over the Vhembe District Municipality in February, Though
this model has a possibility to provide significantly high prediction
performance given that the developing work were completed, JAMSTEC
understand that there is a room for further improvement as of the time of
the Final Evaluation, and presented an intention to continue the developing
work even following the end of the

In parallel with the above-mentioned research activities in Japan, the UWC

is working on the development of mathematical models for malaria
ingidence prediction independently and published two research article in
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international journals.

The UP has developed an individualistic ensemble climate forecast-based
linear statistic model for the prediction of malaria epidemic with sufficient
prediction performance for practical use (correlation coefficient between
predicted and actual values demonstrates around 0.8). The UP has
presented an intention to commence a model development work for
diarrhoea given that necessary data were provided.

Meanwhile, as described in the Activity 1-2-1, the Project performed
correlation analyses of climatic variables with the increase of patients of
each disease, i.e., diarrhoea and pneumonia. As for diarrhoea, since the
correlation of the number of diarrhoea cases with multiple climatic
variables as well as climatic phenomena was confirmed, it became clear
that the epidemic prediction model could be developed. Currenily, the
Project has begun a preliminary examination of the development of
predictive models for diarrhoea. However, the weather variables correlated
with the number of patients for pneumonia are only temperature, and it is
technically difficult to predict the diurnal temperature range; therefore, it
has become clear that the development of climate-based epidemic
prediction models for pneumonia is difficult at present.

1-3-3. To calibrate the models
by wverifying their prediction
performance using retrospective
and prospective
data/information of infectious
diseases obtained from the
database.

NEKKEN, JAMSTEC and the UWC, in charge of the development of
prediction models for malaria incidence, have conducted a verification and
subsequent fine tuning of their own models using retrospective and
prospective data and/or information at the time of the Final Evaluation.

Prediction models for diarrhoea incidences are also supposed to be verified
and fine-tuned using retrospective data once trial models are developed.
The Project, nevertheless, has just commenced a preliminary examination
for the development of endemic prediction models at present; thus, it is
anticipated that those development works will not have completed within
the project period {the 11" of March 2019 is the due date). Having said that
both the South African and the Japanese member organizations have
presented clear intention for the continuation of joint work under the
iDEWS Bureau (the details will be described later) even following the
termination of the Project.

1-4. Improvement of a seasonal prediction system based on an ocean-atmosphere coupled general circulation model
(CGCM) called SINTEX-F; improving its skill, downscaling, extending its lead-time

1-4-1. To improve the prediction
accuracy of SINTEX-F for the
short-term  seasonal climate
variability by enhancing model
resolution, implementing better
physics and data assimilation in
next versions of SINTEX-F on
the Earth Simulator.

1-4-2. To reduce model biases
by model validations and
intercomparisons among
SINTEX-F1, new SINTEX-F2
and other climate models
developed in South Aftica.

In 2015, JAMSTEC had succeeded in developing a novel CGCM-based
seasonal prediction system on the basis of the SINTEX-F (i.e. SINTEX-
F2) with further enhanced resolution and by taking the influence of
Antarctic sea ice. Also, we have introduced a new ocean data assimilation
method that takes three-dimensional observed ocean temperature and
salinity into account. The new systems successfully improved its
prediction accuracy on SDM in southern Indian Ocean, IODM as well as
precipitation in southern Africa in the austral summer season. In addition,
by extending the prediction lead time to one decade, we have identified
that the SINTEX-F2 model has ability in predicting the observed decadal
sea-surface temperature {(SST) variability in the southern Indian Ocean and
the South Atlantic, which greatly affects long-term variability in the
southern African rainfall.

The SINTEX-F2 was developed on the basis of a 108-member ensemble
prediction system for the first time in the world. The large number of
ensemble members help in capturing more signals and improve the
probability density function of the predictions (such as extreme ENSO,
IOD and other climate events). It also helps in developing better
probabilistic forecasts.

JAMSTEC completed the development of the SINTEX-F2; nevertheless,
is supposed to continue fine tuning of it by intercomparing with other
climate models for further improvement of prediction skill.

The CSIR and the UP, in parallel with JAMSTEC, are working on the
development and fine tuning of their own seasonal climate prediction
models as well as continuing information and technology exchanges with
JAMSTEC.

The South Africa and Japanese sides have reached an agreement for the
development of a multi-model ensemble prediction system by averaging
out the models developed by both South Africa and Japanese research
institutes.
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1-4-3. To improve resolution
and lead time for climate
prediction of the SINTEX-F for
better local-scale prediction
performance by using a
dynamical downscaling model
such as Weather Research and
Forecasting model (WRF) and
statistical downscaling
techniques.

1-4-4, Interactively with the
Activity 1-4-3, to fine-tune
WRF downscaling model using
local data available from the
weather and climate
observations at the target arcas
(Activity 1-1).

JAMSTEC has succeeded in downsealing of global seasonal forecasting
provided from SINTEX-F2 into local-scale prediction covering as narrow
as approx. 10km2 JAMSTEC and the CSIR jointly investigated the
performance of the dynamical downscaling model, and confirmed the
significant improvement of prediction accuracy in ambient temperature
and precipitation, which are susceptive of the complex topography in
South Africa.

Further, the terrestrial climate data of the SAWS become available by the
time of the Mid-term Review, the Project is continuing research activities
for further improvement of prediction skill and lead time using the
terrestrial data In addition to the satellite observation-based climate data
thereafter,

Meanwhile, the UP had succeeded in developing an individualistic
ensemble climate forecast model and subsequent downscaling. Each
research outcome is published in international Jounals as of the time of
the Final Evaluation.

The SINTEX-F2 data was downscaled over the southern Africa region
using the WRF model and the biases in the WRF models were corrected
using statistical techniques. The downscaled data was used to drive the
VECTRI malaria model and also the statistical model at NEKKEN. The
downscaled data was also used to study the onset of summer rains over
South Africa which can influence the onset of malaria season over Seuth
Africa to a certain extent.

i-5. Development of the climate-based infectious disease prediction models for malaria, pneurnonia and diarrhoea

1-5-1. To develop a climate-
based  infectious disease
epidemic prediction models for
malaria,  pneumonia  and
diarthoea by coupling the
infectious disease mathematical
and statistical models and the

adopted  climate prediction
model, in light of the
relationships among
incidence/prevalence of the
target diseases, climate

variability and proliferation of
vectors (Activity 1-2).

NEKKEN and JAMSTEC has just commenced developing a “climate-
based malaria epidemic prediction model” by coupling dynamically-
downscaled climate prediction data with malaria epidemic prediction
model(s) from the year of 2016.

NEKKEN and JAMSTEC developed two basic models with high
practicality to predict malaria epidemics: the non-linear statistical model
by NEKKEN and the machine-learning-based model by JAMSTEC.
Although the accuracy and characteristics of each prediction model are
explained later, both models have demonstrated sufficient predictive
accuracy to be used for malaria epidemic control measures; therefore, it
can be said that the development of malaria epidemic prediction models
could be completed in the Project.

The UP had developed an individualistic ensemble climate forecast-based
malaria epidemic prediction statistical model as of the time of the Final
Evaluation. This model provides a prediction of entire 3-month malaria
epidemic season from January to March in November (1-month lead-time)
with high accuracy, demonstrating that the correlation coefficient between
the predicted and actual number of malaria cases was as high as 0.8. The
UP is working on drafling an research paper concerning this research
outcome in an international journal as of the time of the Final Evaluation.

At the moment, JAMSTEC is still working on the development of
VECTRI model-based malaria epidemic prediction models, and also, the
UWC is developing mathematical models for that purpose, but they have
not been reaching certain levels enough to apply for practical malaria
control measures. Research for improvement is expected to continue
hereafter.

On the other hand, as mentioned above, the number of patients with
diarrhoea was confirmed to be correlated with climatic variables as well as
climatic events; subsequently, preliminary development work of a model
for predicting epidemics based on climate predictions has just been
launched, and is expected to continue by the iDEWS Bureau even
following the completion of the project period.

Meanwhile, it became clear that the development of pneumeonia epidemic
prediction model based on the climate prediction was difficult from a
technical point of view at present.

1-5-2, To calibrate the models
by verifying their prediction
performance using existing
data/information of infections
diseases epidemics and
outbreaks obtained from the
database.

NEKKEN and JAMSTEC had completed the developing work of the
climate-based malaria epidemic prediction models as described above by
verifying and fine tuning them on the basis of previous data.

As was described in the Activity 1-3-3, prediction models for preumonia
incidences are also supposed to be verified and fine-tuned using
retrospective data once trial models are developed.
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Output 2

Operational guidelines of the climate prediction-based infectious discases early warning system (iDEWS) are

developed in the Limpopo Province.

Activities

Performances

2-1. To launch a preparatory
committee for introducing the
iDEWS at the Limpopo
Province consisting of
organizations responsible for
epidemic prediction, issuing
epidemic/alerting  information
and implementing
countermeasures based on such
information.

The Project has commenced discussions among Japanese and South
African research institutes in Qctober 2015 for the establishment of a
preparatory committee for introducing the climate prediction-based
iDEWS. The Project held 2nd meeting in April 2016 to discuss the details
of the committee and determined the Terms of References (TOR) of the
Committee and nominated core members and external supporters.

A preparatory committee for IDEWS introduction was formally
established in January 2017. Participating organizations of the committee
in the South Africa side include the LDOH, the National Department of
Health (NDOH), the SAMRC, the CSIR, the SAWS and the NICD.
Japanese researchers also participated the committee as advisory members.
Atotal of four preparatory committees for IDEWS introduction have been
held by the time of the Final Evaluation. The Second Preparatory
Committee in July 2017 discussed the roles of each member agency and
future plans, and the Third Preparatory Committee in September 2017
discussed a plan of pilot application of the climate-based malaria epidemic
prediction model for malaria control in the Limpopo Prevince. The fourth
preparatory committee in March 2018 discussed the reporting of forecast
results in the 2018/2019 season as well as the response, countermeasures,
etc. based on the forecast results, etc.

2-2. To set criteria for outbreak
alerting,

The preparatory committee for iDEWS introduction was held in the
Limpopo Province to develop operational guidelines, including methods
of transmitting information on malaria epidemic prediction (including
outbreak warnings) and setting standards for disseminating forecast
information. Initially, it was assumed to implement outbreak prevention
through the issuance of alert information based on the early detection of a
malaria outbreak and early containment response measures. However,
when considering the characteristics of the malaria epidemic prediction
models and its operation in the Limpopo province, where the number of
malaria cases is rather small, compared with malaria high invasive
countries such as Mozambique, the parties concerned agree not to issue
individual outbreak alert information but to regularly announce epidemic
prediction information and to talke actions in accordance with operational
guidelines, etc.

Although it is technically possible to provide estimates of the malaria
epidemic as a number of cases, the IDEWS preparatory committee decided
to announce alerting by grading the risk level based on the number of
patients in a certain time period in the past, since recipients’ risk
judgement can be subjective given that there is no comparator even if the
actual number of patients is announced,

Specifically, the forecast information based on a nonlinear statistical
model, of which alert levels are ‘low’, ‘medium’, ‘moderately high’ and
‘high’ on the basis of the average number of patients in the past malaria
epidemic season from September to May, is announced on a weekly basis
for the following 16 weeks.

On the other hand, the forecast information based on machine learning are
supposed to be announced on a monthly basis throughout the year for the
following three months on a quarterly basis. The alert levels are
determined by grading the risk by six levels (levels 1-6) on the basis of
the average number of patients in each month in the past.

As the characteristics of these two malaria prediction models, the
nonlinear statistical model has high prediction accuracy in the near term,
because the prediction calculation is carried out in weekly unit. Especially,
the accuracy of the epidemic prediction in the malaria epidemic season is
high. On the other hand, a prediction model based on machine learning
has characteristic features as follows: it is possible to predict monthly over
one year; and the accuracy of long-term forecasting is higher than that
based on the statistical model. Therefore, it is considered that more
appropriate prediction judgment is possible by examining the forecast
results in consideration of the said characteristics of the two models.
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2-3. To set communication flow
of infectious diseases
epidemic/outbreak information
in the Limpopo Province.

Legal considerations revealed that the Project was obligated to use existing
and official systems of issuing warnings and dissemination of predictions.
Hence the NICD and the SAWS were recruited into the Project in the initial
phase of the cooperation period since this is their legal and mandated
function. The iDEWS Bureau will conduct their work under the auspices
of the NICD and the SAWS, which will forthwith have the responsibility
of conducting this funetion via their official channel.

The preparatory committee meetings for introducing the iDEWS have
been held in the Limpopo Province 4 times in total as of the time of the
Final Evaluation, and procedures for a pilot implementation of the
countermeasure against malaria epidemic based on the forecast result as
well as the setting of necessary forms and norms such as the standard and
method of announcing (including the outbreak warning) were discussed.

Forecast information is sent by e-mail to relevant organizations as informal
and testing phase, on a monthly basis in general. In January 2018, the
Project held a workshop for a total of 30 staff engaged in malaria control
in the Limpopo Province for sharing of forecast and discussed the practical
use of forecast information on upcoming malaria seasonal epidemics in
2018.

NEKKEN developed an application in which the prediction data can be
visually referenced on the web as a prototype. The development work is
largely completed from a technical point of view, and forecast information
is designed to be automatically updated to the app. The scope of
publication will continue to be discussed amongst the member
organization hereafter.

2.4, To develop an iDEWS
operational Guidelines
comprising regular reporting of
epidemics, issuing outbreak
alerting  and consequent
countermeasures, Organogram
of iDEWS operation, formats of
regular reporting and alerting,
ete.

See the Activity 3-3 for the information of the development of iDEWS
operational guidelines.

Output 3

Prediction performance and operability of the iDEWS are verified.

Activities

Performances

3-1. To evaluate the prediction
performance and operability of
the iDEWS through a pilot
application at the Limpopo
Province.

3-2. To conduct table-top
exercises regarding  issuing
outbreak alerting and
consequent countermeasures at
the Limpopo Province.

Retrospective predictions of the 2016/2017 epidemic season, which
became the first relatively large epidemic in about 20 years, were
performed by the non-linear statistical model of NEKKEN as well as the
machine-learning-based model of JAMSTEC, resulting that the values
predicted by both models and that actually-observed were highly
correlated; consequently, the member organizations of the Project deemed
that both models were likely to have reached sufficient levels for practical
application to the services.

With this result, the Limpopo Provincial Government requested the Project
to provide epidemic forecast information during the 2017/2018 malaria
epidemic season, Therefore, the Project decided not to conduct desk-top
training but to perform pilot application of forecast information from the
climate-based malaria epidemic prediction models to measures for malaria
prevention and control. Then, the Project examined and discussed methods
of implementing measures, methods of communicating information, extent
of information sharing, etc., and implemented interventton activities such
as implementing a second IRS for hotspots predicted and raising awareness
of residents at the initiative of the LDOH. Preliminary analyses on the said
intervention based on the forecast information showed that a possibility
that the infervention might have reduced the mortality of malaria infection;
moreover, the actual number of malaria cases was slightly smaller than that
predicted. The reduction of the reported cases and its related mortality
might be attributed to the improvement of residents’ awareness to malaria
prevention as well as the environment of malaria diagnosis and treatment
at health facilities. However, it is difficult for the Project to verify the effect
of prediction information-based interventions such as additional IRS at hot
spots as well as the information sharing with environmental health
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practitioners (EHPs) at this point; further, the migration of persons with
malaria infection from neighbouring countries, the acquisition of
resistance against the drug used for IRS by vector mosquito, and many
alternative factors should be taken into consideration for analysing the
intervention effects hereafter.

3-3. To develop a sustainable
monitoring and  evaluation
system for assessing impacts of
the iDEWS on infection control
at the Limpopo Province.

As just described above, it was confirmed that there is a need to continue
discussions with more scientific perspectives on what and how
interventions are implemented based on prediction results. South Africa
had declared an intention for the establishment the "iDEWS Bureay" with
technical assistance from Japanese research institutes (NEKKEN and
JAMSTEC). The Bureau is expected to build evidences on the
effectiveness of malaria control measures based on climate-based malaria
epidemic prediction, and to continue to develop forms and norms such as
practical operational guidelines, formats, etc. even following the project
period ends.

3-4, To verify the applicability
of other areas using available
data of epidemics, climate and
non-climate environment at
other provinces of the South
Africa and  neighbouring
countries.

The SINTEX-F2 developed by JAMSTEC is capable of climatically
predicting not only the Limpopo province but also more wider areas of
southern African regions including Mozambique and Zimbabwe
accurately, The Project was already received malaria epidemic data from
the authority concerned of Mozambique, and verified the performance of
two completed models for the prediction in the southern part of
Mozambique. As a result, it is confirmed that both models can predict
malaria epidemics in southern Mozambique with sufficient accuracy. The
Japanese research institutes plan to maintain and further develop
cooperation and joint research with related organizations in Mozambique
even afler the completion of the project period.

On the other hand, the "Southern Africa Malaria Elimination 8 Initiative"
(hereinafter referred to as “Elimination 8”) lestablished in 2007 by eight
Southern African countries for malaria elimination under the Southern
African Development Community (SADC) has shown great interest in the
application of climate-based malaria epidemic prediction to its member
countries, and consultations on specific ways of collaboration have been
initiated as of the time of the Final Evaluation. If cooperation with other
Southern African countries ¢an be initiated through Elimination 8, it is
likely that the said models can be disseminated to those countries by fine-
tuning them using malaria epidemic data in each country.

Meanwhile, though non-climatic environmental data has not been used for

verifying the applicability of the iDEWS, it can be used when considering
measures based on forecast information.

3-5. To hold workshop(s) geared
to  administrative  officers,
researchers, etc. in the areas of
climate variability and infection
control from the government of
the  South  Africa and
neighbouring countries for the
deployment of iDEWS.

The Project held following symposia and workshops in South Africa or
Japan as of the time of the Mid-term Review:

Symposium and workshops hosted by the project including kick-off
symposium, rescarch symposium and research workshops: August 2014 in
Pretoria with 42 participants, January 2015 in Nagasaki with 50
participants, Qctober 2015 in Pretoria with 32 participants and November
2018 in Tokyo and Yokohama with 75 participants.

Workshops at Tzaneen Malaria Institute for officers of the institute,
Environmental Health Practitioner (EHP), medical facility employees in
Limpopo to report the seasonal outlook of malaria: October 2014 with 32
participants, January 2018 with 26 participants, June 2018 with 30
participants and January 2019 with 15 participants.

The iDEWS Lecture Series for master’s students in South Africa :
October 2015 (3days) with 66 participants and March 2018 (2days) with
50 participants.

Meetings and workshops for the future collaboration with neighboring
countries: January 2015 (SADC), September 2016 (officers with
Mozambique embassy), Aprit 2017 (SADC)

3-6. To start discussicns with
administrative officers,
researchers, etc. in the areas of
climate variability and infection
controf ofthe government of the

The malaria epidemic prediction models based on climate forecasting
developed in the Project showed high predictive performance, and pilot
implementation of predictive information-based countermeasure activities
conducted during the 2017/2018 epidemic season indicated that these
models may have reached sufficient level for practical use. Based on these

11 The “Elimination 8” is a coordinated and eight-country etfort to achieve the historic goal of eliminating malaria in
four southern African countries by 2020 (Botswana, Namibia, South Africa and Swaziland), and to subsequently pave
the way for elimination in four more by 2030 (Angola, Mozambique, Zambia And Zimbabwe).

19




South  Africa for  the
dissemination of iDEWS,

successful results, a declaration was agreed to the establishment of a
"IDEWS Bureau" by relevant organizations including the IDEWS
preparatory committee (the implementation organizations: NICD; SAWS;
CSIR; SAMRC; UP; and LDOH, as well as the cooperative organizations:
DST; ACCESS; and NDOH), of which major purpose will be to produce
and disseminate periodic infectious disease outlook bulletins emanating
from the information on the prediction of the epidemic of infectious
diseases including malaria (signed ceremony was implemented in Tokyo
on 15 November 2018) (Annex 6).

The Japanese implementing organizations of the Project, NEKKEN and
JAMSTEC, showed a willingness to continue technical assistance to the
iDEWS Bureau even following the Project has ended. The declaration has

been witness-signed with the said two Japanese research institutes and also
JICA.

2} Achievements of the Qutputs

a) Output 1

Achievements of the Qutput 1 are as indicated below.

[Output 1]

diarrhoea.

Climate-based infectious disease epidemic prediction models are developed especially for malaria, pneumonia and

OVIs

Achievements

1-1.  The iDEWS is developed
with the prediction performance
of a likelihood of malaria
outbreaks with 3-month lead-
time. The likelihood will be
based on a verification of at least
60% agreement  between
retrospective prediction and past
observations of defined
outbreaks by the time of the
Final Evaluation.

The Project has succeeded in developing the climate forecasting-based
malaria epidemic prediction models with sufficient prediction accuracy
and certain length of lead-times for practical application for malaria
prevention and control measures.

The non-linear statistical model-based malaria epidemic prediction model,
developed by NEKKEN, demonstrated over 0.7 of correlation coefficient
between the predicted and actual number of malaria incidence; further, that
in near-term of 4 weeks demonstrated 0.8 or more notably.

The machine-learning-based medel for predicting malaria epidemic,
developed by JAMSTEC, has achieved high performance skill for all
districts during the malaria epidemic season (September - May) with an
average ROCAUC score of 0,712,

The UP had developed the linear statistical model-based malaria epidemic
prediction medel, providing a prediction of entire 3-month malaria
epidemic season from January 1o March in November (1-month lead-time)
with high accuracy, demonstrated that the correlation coefficient between
the predicted and actual number of malaria cases was as high as 0.8.

The best performing models are combined to produce an ensemble model
to predict monthly malaria outbreak probability with up to 3 months lead-
time for each district of the Limpopo Province.

Although it is difficuit to express prediction performance in agreement
between predicted and observed values as set in the OVI, both nonlinear
statistical model and the machine-learning-based malaria epidemic
prediction models developed in the Project can be evaluated as having
sufficient level of performance for practical application, since correlation
coefficients and ROCAUC scores as described above can generally be
understood to be high performance if they are above 0.7.

1-2. The pneumonia prediction
is prepared for potential use in
early warning with 3-month
lead-time. The prediction of
seasonal variation will be based
on a verification of at least 60%
agreement between
retrospective prediction and past
observations by the time of the
Final Evaluation.

As was described in the Activity 1-3-2, the weather variables correlated
with the number of patients for pneumonia are only temperature, and it is
technically difficult to predict the diurnal temperature range; therefore, it
has become clear that the development of climate-based epidemic
prediction models for pneumonia is difficult at present,

1-3. The diarrhoea prediction is
prepared for potential use in

The Project identified the significant correlation of the number of
diarrhoea cases with climatic variables as well as climate phenomena.
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early warning with 3-month
lead-time. The prediction of
seasonal varfation will be based
on a verification of at least 60%
agreement between
retrospective prediction and past
observations by the time of the
Final Evaluation.

Prediction models for diarrhoea incidences are supposed to be verified and
fine-tuned using retrospective data once trial models are developed.

Project, nevertheless, has just commenced a preliminary examination for
the development of endemic prediction models at present; thus, it is
anticipated that those development works will not have completed within
the project period (the 11 of March 2019 is the due date).

The Having said that both the South Aftican and the Japanese member
organizations have presented clear intention for the continuation of joint
work under the iDEWS Bureau (the details will be described later) even
following the termination of the Project.

1-4.  More than 4 research
papers first andfor co-authored
by both Japan and South Africa
collaborators related to iDEWS,
infectious disease mathematical

As of the time of the final evaluation, the Project has published as many as
30 articles for climatology research, 10 articles for infectious disease
outbreak research and 4 articles for health-related research in total in peer-
reviewed international journals.

As of the time of the Terminal Evaluation, several research articles

angd statistical models, short-
term climate variability
prediction system, relationship
between climate variability and
infectious diseases are published
in peer-reviewed internationally
recognized journals.

concerning the infectious disease epidemic prediction are being drafted.

During the 1% half of the project period, JAMSTEC, with the support of the CSIR, had succeeded in
developing a novel seasonal prediction system based on an ocean-atmosphere coupled general
circulation model called SINTEX-F2 with higher resolution, which was developed on the basis of
SINTEX-F by taking Antarctic sea ice into consideration. Owing to this improvement, the climate in
neighbouring high malaria endemic countries such as Mozambique and Zimbabwe can be forecasted
accurately. The SINTEX-F2 improved its prediction accuracy in southern Africa significantly.
Moreover, JAMSTEC had succeeded in downscaling of global seasonal forecasting into local-scale
prediction covering as narrow as approx. 10km?. Meanwhile, the UP had succeeded in developing an
individualistic ensemble climate forecast model and subsequent downsealing. Each research outcome
is published in international Journals as of the time of the Final Evaluation.

Concerning malaria, the Project has developed two epidemic prediction models on the basis of the
non-linear statistical model and the machine-learning-based model, and both of which have
demonstrated sufficient prediction performance enough to apply the prediction results to practical
malaria prevention and control measures as shown in the Activity 1-1. Those models have succeeded
in predicting relatively large malaria epidemic for the first time in 20 years in the 2016/2017 season
retrospectively; subsequently, have also succeeded in predicting the magnitude of malaria epidemic in
the 2017/2018 season, same as that in the previous season, prospectively. Further, the Project made
prediction of the magnitude of malaria epidemic in this season (2018/2019), and found that the number
of malaria reported cases as of January 2019 when the Final Evaluation is being performed is close to

Table 1 Characteristics of the Project's climate forecast-based infectious disease epidemie prediction medels as of January 2019

Infectious Disease Epidemic

Climate Forecasting Prediction Performance

- Prediction
Dev
Glabal Climate . . Prediction Practical
Prediction Model Mecthod Downscaling Theory Mecthod Lead-time Duration Application
108-member- Machine-learning-
JAMSTEC  SINTEX-F2 ensamble OK achine-leaming 16weeks 4 weeks OK
. based model
prediction
108-member- .
Japan  JAMSTEC — SINTEX-F2 . ensamble OK LT EECTRI Under examinaticn Not yet
L model model
prediction
NEKKEN  SINTEX.F2 ~ Dowensamble OK Statistical modgl 1 onlinear 12weeks 1 week OK
prediction model
North American Ensambl
up Multi-Model samble OK Statistical model ~ Linear model 4weeks 12 weeks OK
South Ensamble prediction
Aftica SAWS Und Mathematical  Compartmental
nder athematic Omp: el . .
uwe observational data  examination Ll model model Ltdexcxamination Bobyet
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that of predicted. The UP also has developed a statistical malaria epidemic prediction model, based on
an ensemble climate forecast, with sufficient prediction performance for practical use. In parallel,
JAMSTEC and the UWC have been working on the development of a mathematical model-based
malaria epidemic prediction model individually, Though those two mathematical models have not
reached a sufficient level for practical application to countermeasures at this point, both JAMSTEC
and the UWC are anticipated to continue the development work even following the completion of the
Project. The Table 1 shows the characteristics of the climate forecast-based malaria epidemic
prediction models.

As for the development of diarrhoea epidemic prediction model on the basis of climate forecasting, it
took longer-than-expected time and efforts to construct a database in the initial phase of the project
period, and the Project has just commenced examination and discussions for developing models as of
the time of the Final Evaluation. Having said that, the Project has already found links among number
of diarrhoea cases and several climatic variables, as well as climate phenomena, impiying that the
climate forecast-based epidemic prediction modelling can be applicable to diarrhoea. Though it can
be impossible for the Project to complete the developing work for diarrhoea epidemic prediction
models with sufficient prediction performance for practical use by the end of the project period (May
2019), both South African and Japanese research institutes expressed the intention to continue the
developing work even after the end of project period. Meanwhile, the Project found that the number
of patients with pneumonia correlated with only one climatic variable of temperature though a
seasonality in the number of pneumonia patients was found; consequently, the Project has judged that
it is difficult to advance the research activities for the development of the models for pneumonia at
this point. In other words, however, ii can be said that the Project has elicited a sort of evidence that
pneumonia is not applicable to the development of an epidemic prediction model based on the climate
forecasting from a scientific point of view, and this experience of frial and error can be beneficially
utilized as a basic tip for considering the application of the climate forecast-based epidemic prediction
models to other infectious diseases. Thus, the Project could not develop a model for pneumonia at this
time but gained important findings and experiences for developing a climate forecast-based epidemic
prediction models for infectious diseases.

As of the time of the Final Evaluation, the Project has published a total of 44 academic papers. Thirty
(30) of them are related to climatological research and in addition to those directly related to the Project,
such as enhancing the precision of the seasonal climate forecasting systems and subsequent
downscaling, the Project has also academically gained with interesting findings, such as demonstrating
skills not only the seasonal and inter-annual variations in precipitation of the southern African region
but also the slow fluctuation in the climate on a decadal scale. Following the Mid-term Review when
the climate prediction technology had been established, full-scale research activities had been
commenced for the development of models for predicting epidemics of infectious diseases based on
climate forccasting. As mentioned above, the Project has completed the development work for 3
climate forecast-based malaria epidemic prediction models with sufficient prediction performance to
apply them in practical prevention and control measures as of the time of the Final Evaluation. Though
14 scientific papers related to health sciences including the infecticus diseases have been published, a
number of relevant research results are anticipated to be gained and expected to be published in
international journals hereafter.

Thus, as for malaria, two epidemic prediction models based on climate forecasting demonstrated
sufficient epidemic prediction performance enough to apply them to practical prevention and control
measures, The prospect of developing models for diarrhoea is also obtained, and the development
work will be surely continued under the iDEWS Bureau. Though it became clear that the model
development was technically difficult on pneumonia, it can be said that important experience and
knowledge were given for the future research activity. For these reasons, the Output 1 seemed to have



generally achieved its objective from the viewpoint of the technical cooperation.

b) Output 2

Achievements of the Output 2 are as indicated below.

[Output 2]

Operational guidelines of the climate prediction-based infectious diseases early warning system (IDEWS) are
developed in the Limpopo Province.

OVIs Achievements
2-1. The preparatory commitiee | ® A preparatory committee for iDEWS introduction was formaily
for iDEWS operation is established in January 2017. Participating organizations of the committee
launched at the Limpopo in the South Africa side include the LDOH, the NDOH, the SAMRC, the
Province by the time of the Mid- CSIR, the SAWS and the NICD. Japanese researchers also participated the
term Review, committee as advisory members.

®  The preparatory committee meetings for introducing the iDEWS have
been held in the Limpopo Province 4 times in total as of the time of the
Final Evaluation, and procedures for a pilot implementation of the
countermeasure against malaria epidemic based on the forecast result as
well as the setting of necessary forms and norms such as the standard and
method of announcing (including the outbreak warning) were discussed.

2-2. The iDEWS operational | ®  From these results, it is judged that the member organizations of the

guidelines is considered by iDEWS Bureau should earn experiences for at least a couple of years in

authority/-ies concerned by order to determine effective operational guidelines for applying the

Cctober 2017. forecast information to practical measures for the prevention and control
of malaria.

®  Having said that, the relevant organisations including the members of the
iDEWS preparatory committee highly evaluated the climate forecasting-
based malaria epidemic prediction models for achieving the sufficient
level of skills in the practical application of the forecast information to the
prevention and control of malaria, and took practical actions to establish
the iDEWS Bureau as of the time of the Final Evaluation.

®  Therefore, it is anticipated that the operational guidelines are anticipated
to be carefully developed on the basis of sufficient discussions.

Concerning the standards for disseminating forecast information, it was initially assumed to implement
outbreak prevention through the issnance of alert information based on the early detection of a malaria
outbreak and early containment response measures. However, when considering the characteristics of
the malaria epidemic prediction models and its operation in the Limpoepo province, where the number
of malaria cases is rather small, compared with malaria high invasive countries such as Mozambique,
the parties concerned agree not to issue individual outbreak alert information but to regularly announce
epidemic prediction information and to take actions in accordance with operational guidelines, etc.
The Project has succeeded in developing two malaria epidemic prediction models based on the non-
linear statistical model and the machine-learning-based model, and is being examining the method for
constructing malaria epidemic forecast information in consideration of its characteristics of prediction
performance.

In addition, the preparatory committee for IDEWS operation, which was launched in January 2017, is
not limited to research institutions, but involves national-level organizations such as NDOH, the
SAWS and the NICD, which are key for future institutionalization, as well as the LDOH which are
regarded as an actual user of prediction information on infectious disease epidemics. Under this
preparatory committes, operational investigations were made, including validation of the predictive
performance of malaria epidemics in the Limpopo province and the response (intervention) based on
prediction results. As a result, all member organizations evaluated the predictive performance of
climate forecast-based epidemic prediction models as practical levels, leading to consensus among the
relevant organizations towards the establishment of the iDEWS Bureau. Since the abovementioned

ilet study confirmed the need for further experience in order to develop operational guidelines, its
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developing work cannot be completed within the project period; nevertheless, the verification of ideal
operation is likely to be carried out steadily under the iDEWS Bureau.

In conclusion, the objectives of the Qutput 2 are considered to have been met, as well as well-
experienced and evidence-based iDEWS operation guidelines are expected to be completed steadily
within the first few years after the completion of the project period.

¢) Output 3

Achievements of the Output 3 are as indicated below.
[Output 3]
Prediction performance and operability of the IDEWS are verified.

OVIs Achievements

3-1. Prediction performance and | ®  On the basis of the success of retrospective prediction of the number of
operability of the IDEWS are malaria cases in previous epidemic season of 2016/2017, the Project,
evaluated by a pilot application according to the request from the local government of the Limpopo
at the Limpopo Province by May province, provided forecast information of malaria epidemic in the
2018. upcoming 2017/2018 season. The Project discussed and examined the

methods for announcing the forecast information as well as the scope of
information sharing in applying the information to practical measures for
the prevention and conirol of malaria.

® The LDOH, based on the forecast information, conducted interventions
such as the additional IRS to the hotspot of malaria infection where
predicted as well as the awareness-raising activities geared to community
residents. As the results, the possibility that the interventions might have
reduced the number of reported malaria cases and its mortality. However,
it is required for the Project to verify the intervention effect from a
scientific point of view.

3-2, Adaptability of the iIDEWS | ®  During the 2016/2017 and the 2017/2018 epidemic seasons, epidemics

to other areas including other also occurred in neighbouring countries adjacent to South Africa. The
provinces and neighbouring Project applied the climate forecast-based malariza epidemic prediction
countries is presented to models developed in South Africa to Mozambique, of which malaria
appropriate  authorities by incidence data was provided to the Project; as a result, those models
February 2019, demonstrated sufficient prediction performance even in Mozambique.

These results are shared with national organizations such as the NDOH
and the NICD, members of the iDEWS preparatory Committee, and are
also shared with Mozambique agencies concerned through individual
contacts, workshops, and conference opportunities,

® Malaria patient information across South Afiica has also been
accumulated in iDEWS-dedicated databases, providing a basis for
assessing adaptability to other regions in South Afiica as well,
Furthermore, given that the cooperation with Southern African countries
can be initiated through Elimination 8, it is likely that climate forecast-
based epidemic prediction models can greatly be expanded to the member
countries of the Elimination 8 by collecting and applying the national
malaria epidemic data at each country.

As mentioned above, the Project confirmed that the epidemic prediction models could predict the
number of malaria cases in the 2016/2017 epidemic season when a large epidemic occurred for the
first time in 20 years with high accuracy; based on this result, the prediction information from the
models was practically applied to malaria prevention and control measures in the Limpopo province
in the following season of 2017/2018. The results showed that the intervention may have affected the
reduction of malaria mortality as well as slight decrease in the number of reported cases. However, it
is considered that further detailed analyses should be needed for verifying the effect of prediction
information-based preventive measures (interventions) by taking various alternative factors such as
the migration of malaria carriers from neighbouring countries and so on into consideration.

From these results, it is judged that the member organizations of the iDEWS Bureau should earn
experiences for at Jeast a couple of years in order to determine effective operational guidelines for
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applying the forecast information to practical measures for the prevention and control of malaria.
Having said that, the relevant organizations including the member of the iDEWS preparatory
cotnmittee highly evaluated the climate forecasting-based malaria epidemic prediction models as
achieving the suflicient level for the practical application of the forecast information to the prevention
and control of malaria, and took practical actions to establish the iDEWS Bureau as of the time of the
Final Evaluation. Therefore, it is anticipated that the operational guidelines are anticipated to be
carefuily developed on the basis of sufficient discussions.

The correlation between the epidemic and climatic variables and climatic events was also confirmed
for pneumonia, and at the time of the Final Evaluation, the Project has just commenced the
examination and discussions for the development of prediction models practically. Therefore, it is not
possible to assess the predictive performance and operability in pneumonia control within the project
period, but it is likely that the developing work will be continued under the iDEWS Bureau once the
model is developed.

In conclusion, the model's predictive performance and operability are expected to be verified under
the iDEWS Bureau and the development work is steadily completed within a few years after the end
of the project period; thus, it is deemed that the objectives of the Output 3 are generaily considered to
have been met.

3) Achievements of the Project Purpose

[Project Purpose]

A climate-based early-warning system model for infectious diseases control is established as a precursor
for further application across southern Africa.

OVIs Achievements
1. The iDEWS, the installation guide, | ®  For two years following the completion of the Project, the iDEWS
the operational guidelines, operational Bureau is supposed to be operated as a joint venture by the
costs, etc. are packaged as a precursor implementing organizations of the South Aftrican side, and the
model for disseminating to other areas construction of evidences for the effectiveness of the application of
by the end of the project period. the climate-based epidemic prediction models to practical malaria

prevention and control as well as the development of operational
guidelines will be conducted under the iDEWS Bureau. Thereafter,
the member organizations are aiming that the iDEWS Bureau is
incorporated info a public system in South Africa through
consultation with relevant governmental organization.

®  For malaria, preventive measures based on prediction information
were piloted during the 2017/2018 epidemic season, suggesting the
need to continuously implement operational improvements for better
utilization of prediction information. Therefore, the optimization of
operational guidelines is expected to continue under the iDEWS
Bureau afler the completion of the project period. At the final stage
of the optimization work, cost analyses for new introduction and
normal operation as well as packaging of necessary elements for
deployment to other regions will be carried out.

®  As soon as the verification of the epidemic prediction models are
completed for diarrhoea operational, cost-analysis, and packaging
are expected to be implemented under the iDEWS Bureau in a
manner similar to that for malaria.

2. The iDEWS is presented to relevant | ®  The said committee includes South African authorities in charge of
South African authorities as a tool by weather/climate research and services such as the SAWS, CSIR and
the end of the project period. ACCESS, and they are considering the application of climate
forecasting information to other sectors (e.g., agriculture and disaster
preparedness) where high precision and downscaling have been
achieved, and the iIDEWS Bureau is expected to be used as a
foundation for its implementation.

Efforts made by both Japanese and South African research institutes and administrative bodies have
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improved the accuracy of the seasonal climate prediction systems in the southern African region and
led to successful downscaling. Based on this result, the Project has developed three malaria epidemic
prediction models with practical-level prediction performance, and actual preventive measures based
on prediction information are piloted, and the effects and problems are confirmed. South African
research institutes and administrative agencies highly appreciated project’s achievements and have
agreed the intention to establish the iDEWS Bureau to make a climate-forecast-based infectious
disease epidemic prediction service, especially for malaria, as a part of administrative services in
future. In addition, the climatological and infectious disease research groups of the project’s research
institutes have started the joint research with the Mozambican authorities concerned as of the time of
the Final Evaluation, and the prediction performance of the models will further be improved hereafter.
In addition, the cooperation with the Elimination 8 is becoming concrete on the malaria, and the
expansion to the southern African region is also greatly expected. Although the modeling of diarrhoea
has not been achieved due to the delay in the first half of the project period, the development work is
supposed to continue under the iDEWS Bureau. Although it has been confirmed that it is technically
difficult to develop epidemic prediction models based on climate variation prediction for pneumonia,
the process to judge it may have provided an important basis for consideration of its application to
other diseases.

Through these activities, a number of scientific findings and research results were obtained on climate
prediction and infectious disease epidemic prediction. Many academic papers have been published in
international journals, especially from research on climate prediction, which was main research
activities in the 1* haif of the project period. Findings and research results on the development of a
model for predicting epidemics of infectious diseases and its application to actual preventive measures
have also been created in the latter half of the project period, and are expected to be published as many
academic papers even following the end of the project period.

On the other hand, the South African research institutes have already had certain research capabilities
by the time of commencing the Project. Therefore, rather than providing "techrical transfer” from the
Japanese side conducted with that in developing countries, the South African research institutes are
expected to improve their research capabilities by carrying out technology exchange with Japanese
research institute at a high level as equal partners, and the formation of a platform where members
with various research fields and organizational functions (e.g., research, administration, services)
cooperate each other is expected to have a synergistic effect at a high level in future.

Thus, the establishment of an early warning system model based on climate forecasting for controlling
infectious diseases as the first step towards its application to Southern Africa countries (the Project
Purpose) is likely to be steadily achievable within a few years. As mentioned above, significant
achievements were confirmed both from the academic perspective and from the perspective of ODA
technical cocperation. Besides, the current-observable issues have been appropriately organized. For
these reasons, it is deemed that the Project can be regarded as largely achieving its objectives as of the
time of the Final Evaluation.

3.3 Implementation Process

1) Project Management and communication among parties concerned

As a result of re-examination of the research institutes of the South African side that are required for
actual joint research, the NICD, the SAWS, the UP, and the UV were added to the list of institutes for
implementation of the Project and the National Institute of Disaster Management Centre of South
Africa and the Kyushu University participated as external cooperative institutes by the time of the
Mid-term Review. As the result, a total of 17 institutes participated for the implementation of the
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Project including the external cooperative institutes, comprising 14 institutes from South Africa and 3
institutes from Japan.

The Project has an impressively high number of participating institutes among the SATREPS projects
in infectious disease fields, making communication adjustments difficult. However, cooperation
relationship is maintained within the climate research groups in patticular as a result of the previous
SATREPS projects and smooth communication is maintained throughout the project period within the
infection disease research groups thorough communication adjustment management of project
coordinators (JICA experts) who is stationed in Pretoria and a Japanese researcher (JICA expert)
stationed in the Limpopo province. The South African project member organizations vary greatly such
as research / government agencies, climate / infectious disease research, and national / field levels;
nevertheless, a project manager of ACCESS/CSIR has been organizing very well the agencies
involved, and communication and coordination with the Japanese parties were smoothly carried out.
The JICA South Africa Office also actively supported project management. Therefore, it is
considered that proper project management has been implemented throughout the project period.

2) Ownership and autonomy

As has been described, the project member organization of the South African side highly evaluated
the achievements of the Project; consequently, declared an intention of the establishment of the
iDEWS Burean. The Bureau is expected to play an important role not only to apply the project’s
achievements to the prevention and control of infectious diseases practically, but also to promote the
dissemination it to other provinces and even southern African countries as well as to apply it to another
field independently. The South African side has already commenced practical activities for the
establishment of the iDEWS Bureau and the dissemination of the project’s achievements. For these
reasons, it is deemed that both ownership and autonomy of the South African member organization to
the Project is significantly high.
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CHAPTER 4 EVALUATION RESULTS

4.1 Relevance

The relevance of the Project has been highly maintained hitherto.

1) Consistency of the Project Purpose with the South African Health Policies and the needs of target
groups

In Southern African countries including South Africa, infectious diseases are major threats. Though

under-5 mortality of diarrhoea and pneumonia are being reduced in recent years, those two diseases

are still being regarded as major under-5 causes of death in South Africa (8.7% and 16.9%, respectively

in 2015) in South Africal?.

Malaria is well controlled in
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as shown in the Figure 1, in 2016,
when the Mid-term review was
conducted, the number of reported
malaria cases was thought to be at a level close to elimination, with 4,323 cases and 34 deaths, while
in 2017, a large malaria epidemic had occurred; in particular, the number of reported cases and deaths
were 22,517 (more than 5 times higher than that in the previous year) and 264 (approximately 5 times
higher), respectively. The following year of 2018 saw a similar magnitude of the epidemic; therefore,
it is obvious that South Africa is still at risk for malaria. Under such conditions, the national DOH of
South Africa positioned the reinforcement of infectious disease countermeasures as the “Primary
Medical Service” of the national program in the “Strategic Plan 2015-2020”. Tt promotes the
strengthening of the infectious disease surveillance system and strengthening preparedness and core
response capacities for public health emergencies in line with the International Health Regulations
(IHR). The Government of South Africa stresses the implementation of the science and technology
cooperation with Japan. The “South Africa-Japan Cooperation in Science and Technology” that was
jointly announced by the DST of South Africa and the Japanese Embassy in South Africa stipulates
the importance of JICA in the science and technology cooperation in South Afiica and the role of
SATREPS and also provides the introduction of the Project.

Figure 1: Reported Malaria Cases and Deaths in South Africa

Based on the above, the consistency of the purpose of the Project that implements infectious disease
countermeasures based on the technical enhancement of South African — Japan research institutes with
the South African health policies, science and technology policies, and the needs from community
residents in South Africa are enhanced further.

12 Quoted from 2015 United Nations estimations (UNICEF. Under 5 mortality: Current Status and Progress, New
York: UNICEF, 2017, ktips:/'data. unicef orgltopic/child-survival/under-five-mortality’)



2) Consistency of the Project Purpose with Japan’s Aid Policy

In the ODA policy in Japan also, infectious disease countermeasures are stressed and the “Yokohama
Action Plan 2013-2017” that is the basis of the specific policy of the “Yokohama Declaration 20137
that was agreed in the 5% Tokyo International Conference on African Development (TICAD V) in June
2013 reviewed the importance of infectious diseases countermeasures and also indicates the
importance of the approach towards climate change issues by many sectors. The “Nairobi
Declaration” that was adopted in TICAD VI that was implemented in August 2016 confirmed that the
“Yokohama Declaration” and “Yokohama Action Plan” are effective until the next TICAD in 2019.

In “improvement of the standard of science and technology of Africa through human resource
development” and “refurn of the resulls of vesearch and development to the society” in the proposal
“Rich Africa with the power of science and technology and innovation” that was created by the science
and technology adviser of the Minister for Foreign Affairs towards TICAD VI exactly match the idea
of SATREPS. In this way, the Project matches the science and technology diplomatic strategy.

Therefore, there are high consistencies between the Project that aims at the establishment of the
infectious disease early warning system based on the climate change prediction, the international
health policies and the science and technology diplomatic strategy of Japan.

3) International requirements relating to the infectious disease countermeasures based on the climate

change prediction ]
WHO clarifies the necessity for the countermeasures for the impact of climate change such as global
warming on the health of people. In particular, “WHOQ Global Programme on Climate Change &
Health” (2016) indicates the importance of obtaining the scientific basis relating to climate change
and health. Therefore, the development of infectious disease epidemic prediction models based on the
correlation between climate change and malaria, pneumonia, and diarrhoea and scientific analysis
relating to the administrative handling based on the prediction information are also considered to meet
such international demands.

Infectious disease epidemic prediction models based on climate and weather variables have been
developed by many experts academically. However, there are hardly any research groups that are
practically developing the models based on the “forecast” of climate other than the research groups of
the Project. These research outcomes of the Project were presented in December 2018 at the Fall
Meeting of the American Geophysical Union, a world-class authority, and are highly appreciated.
Furthermore, indeed, examples of using the prediction information in the actval administrative systems.
Establishment of infectious disease countermeasures and disaster countermeasures based on the highly
accurate localized infectious disease epidemic prediction model within a period of several months
would be the first example globally.

4)  Appropriateness of implementation method

(D Rational for implementing research on the development of iDEWS targeting “Preumonia” and
“Diarrhoea”, both of which are not definitive diagnoses

»Pneumonia” is a disease presentation of inflammatory diseases in lung, of which cause can be an

infection of pathogenic agents or be non-pathogenic reasons such as drug-induced pneumonia.

Likewise, “diarrhoea” can be infectious or non-infectious. Pathogens include viruses, bacteria, fungi,

etc. and each of which has various species, and naturally, preventive measures and treatment varies

in accordance with causative agents. In other words, the cause of pneumonia as well as diarrhoea can
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be of great variety, and various factors can affect its onset. Besides, it is unlikely for diarrhoeal
diseases except for cholera to cause outbreak at disaster level, and incidence of pneumonia or

diarrhoea can be managed within the range of seasonal change usually. Under such conditions, the -

Japanese relevant persons concerned pointed out several questions as follows: whether how much a
limited factor of the climate prediction information affect the incidence of pneumonia as well as
diarrhoea; and whether it is necessary for the development of a system to determine administrative
countermeasures based on the climate-based infectious diseases epidemic prediction results for
pneumonia and diarrhoea which can be managed within the normal range of seasonal change.

Especially in the rural part of South Africa, it is usually difficult to obtain the information of
definitive diagnoses, i.e., causative pathogens, but the name of disease group of “pneumonia” and
“diarrhoeq”. The Project, nonetheless, observed certain correlations of the climatic variables and
phenomena with the number of cases of the said disease groups of pneumonia and diarrhoea. Since
the number of cases and even casualties of pneumonia and diarrhoea are significantly greater than
that of malaria, it is of great needs for the LDOH, other administrative bodies and health facilities in
the Limpopo province to receive prediction information of the incidence of pneumonia and diarrhoea
in advance of occurrence, especially in remote and/or rural areas where the clinical care setting is
much weaker than that in urban areas. Therefore, it is confirmed the rationale for the development
of iDEWS for pneumonia as well as diarrhoea within the framework of the Project.

Though the Project found that it is inapplicable for pneumonia to develop a climate forecast-based
epidemic prediction mode! from a technical viewpoint as of the time of the Final Evaluation, the
Project has just commenced research activities for developing a model for diarrhoea. Having said
that, it is still true that the prevention measures and treatment should be determined in accordance
with the causative pathogens; therefore, the Project, at the initiative of the iDEWS Bureau, should
carefully determine the definition of the name of disease group of “prewmonia” and “diarrhoea” and
how the countermeasures should be taken on the basis of the infectious disease prediction
information on the basis of the available evidences even following the end of the project period.

®  Special consideration for gender issues, social grades, environment, ethnic groups, etc.

Since the Project does not involve direct handling of infectious substances as a part of the
development of the warning system based on the epidemic prediction of malaria, diarrhoea, and
prneumonia, no special consideration is required for the environment and health threats to the experts
(researchers).

The technical capability of the research institutes of South Afiica is comparatively high, however,
the opportunities for the students of regional universities to experience cutting-edge research are
restricted. In the Project, a lecture series targeting the students of the master’s degree course was held
and Limpopo was determined as the venue to enable the students of the UL and the UV, which is
located near the border with Zimbabwe to participate in the lectures.

4.2 Effectiveness

The effectiveness of the Project is considered to be high.

1) Probability of Achievement of Project Purpose

As was described in the “Achievement of the Project Purpose”™ section, during the 1% half of the project
period, JAMSTEC has succeeded in improving the forecasting skill of the seasonal climate prediction
system and subsequent downscaling, and it can be said that the said system provides the climate
forecast in the Southern African region with the highest accuracy in the world. As the effect of
Antarctic sea ice on climate decreases with distance from South Africa to the north-eastern direction,
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it is technically feasible to provide climate forecast with high accuracy and a certain lead-time using
current systems from South Africa until up to the area around the Republic of Kenya. On the South
African side, the University of Pretoria has also developed its own ensemble climate prediction model,
which is regarded to reach a sufficient level for practical use.

Following the time of the Mid-term Review, both South African and Japanese research group, in
parallel, have been working on the development of climate forecast-based infectious disease epidemic
prediction models by coupling the climate models with the infectious disease epidemic prediction
models geared to malaria, diarrhoea and pneumonia.

As for malaria, JAMSTEC has completed the development of an epidemic prediction model based on
machine learning technique and NEKKEN has also completed the development of a non-linear
statistical model, both of which are coupled with climate projections provided by SINTEX-F2 in Japan.
The University of Pretoria has also completed a linear statistical model to predict malaria epidemics
based on its own ensemble climate projections as of the time of the Final Evaluation. Both models
have been confirmed to possess sufficiently-high predictive performance for practical use. Both the
non-linear statistical model based (NEKKEN) and the on the machine learning-based model
(JAMSTEC), of which development works had been largely completed in 2017, had provided
prediction information for the 2017/2018 malaria epidemic season based on the request from the
Limpopo provincial government, and prediction information-based measures were taken for the
prevention and control of malaria epidemics on a trial basis. The results suggested that the intervention
for the prevention and control of malaria epidemics may have contributed to slight reduction in the
number of malaria reported cases and its related deaths to a certain degree. However, the accurate
understanding of these results requires scientific verification, and it is difficult to optimise preventive
intervention methods for maximizing the use of prediction information in one trial in one epidemic
season. It is believed that operational guidelines can be finalized by repeating the intervention studies
based on the verification results for several years even after the completion of the project period. In
order to optimise the operational guidelines, it is not only possible fo consider the effects of
interventions based on prediction information, but also taking into account available resources (human
resources, budget, etc.) and local regulations concerning infection control in target areas such as the
Limpopo province. Therefore, if needed, it is recommended for the iDEWS Bureau members to
consider the possibility of collaborative research and/or operational partnership with and research
groups or individual researchers with knowledge and experience of public health research,

On the other hand, for diarrhoea and pneumonia, more time and labour than was expected for database
construction from paper-based hospital data, and the progress of related research activities afterwards
were also affected. For diarrheal diseases, the Project found strong evidence for the role of temperature
and precipitation in the analysis of the data available. This implies that the diarrhocal discase is
particularly sensitive to variation in precipitation (as temperature is more consistent) and so therefore,
to drought conditions. Strong correlation with typical El Nino conditions (drier and warmer than
average) were found and on this basis, the rationale for the development of climate forecast-based
diarrhoeal disease epidemic prediction model is deemed to exist. Furthermore, the model developed
by the Project has applicability for entire South Africa, i.e., the region where diarrhoeal disease is
prevalent, The approach of using proxy data (drug sales and insurance claims) is relatively novel and
a useful way of supplementing direct measures of incidence especially where data availability is
constrained. This is regarded as one of significant findings and research results of the Project; however,
the operationalisation of these results is still required to be examined and it is the stated intention of
the project partners to pursue this aspect through the operations of the iDEWS Bureau.

The Project found that the number of patients with pneumonia correlated with only one climatic
variable of temperature though a seasonality in the number of pneumonia patients was found;
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conscquently, the Project has judged that it is difficult to advance the research activities for the
development of the models for pneumonia at this point. In another words, however, it can be said that
the Project has elicited a sort of evidence that pneumonia is not applicable to the development of an
epidemic prediction model based on the climate forecasting from a scientific point of view, and this
experience of trial and error can be beneficially utilized as a basic tip for considering the application
of the climate forecast-based epidemic prediction models to other infectious diseases. Thus, the Project
could not develop a model for pneumonia at this time but gained important findings and experiences
for developing a climate forecast-based epidemic prediction models for infectious diseases.

Meanwhile, as was described in the “Achievement of the Outpur I” section, during the project period,
a number of scientific papers on climatological research have been published in frontline international
journals (a total of 44 papers as of the time of the Final Evaluation). Although only a few studies have
been conducted on models for predicting epidemics of infectious diseases based on climate forecasts
in other research groups, three models for predicting epidemics of malaria with different
characteristics have been developed and confirmed to be at the practical level. Since the application
of prediction information by these models to actual malaria prevention measures will be carried out
followed by the verification of intervention effects from the scientific viewpoint, it is anticipated that
many related research findings and outcomes are anticipated to be published in international journals
even following the completion of the project period. On the other hand, unlike international joint
research with other developing countries, the Project has been continuing technological cooperation
and exchanges at a very high level as equal partners, challenging frontier sciences such as development
of a model for predicting epidemics of infectious diseases based on climate forecasting, and practical
application to the prevention and control of malaria epidemics. The Project commenced such a cross-
cutting research with no experience and even record; however, gained many research findings and
outcomes with high possibility to apply them to the society as of the time of the Final Evaluation. This
is thought to have greatly improved the capabilities of relevant organisations such as research institutes
in both South Africa and Japan, central and local administrative agencies and even health facilities in
South Aftica; thus, the Project could have produced significant achievements from the perspective of
ODA assistance.

For these reasons, since the Project achieved a lot of scientific research outcomes as well as the
enhancement of the capacity of research institutes and researchers, the effectiveness of the Project as
of the time of the Final Evaluation is deemed to be significantly high from the academic point of view.

Though the Project could not complete to establish iDEWS for each of three target diseases, the
achievement level of the Project from both academic and ODA points of view is significantly high;
thus, it is deemed that the “Effectiveness” of the Project is high in general.

2) Important assumptions for the achievement of Qutputs and Project Purpose

Current status of the important assumption of “Necessary cooperation is gained by external project
supporters (e.g. ARC and superintendents of public buildings, etc.) for the project activities” for the
achievement of Outputs

It was supposed that the terrestrial climate data will be provided by the ARC and the SAWS to the
Project; nevertheless, the said data was not provided by the ARC. However, though it took longer-
than-expected time, a coniract for the provision of the terrestrial data from the SAWS was eventually
concluded in August 2016; the said data has just become available for the Project. However, the
terrestrial climate data were supposed to be used for the verification of the skill of the downscaied
climate prediction; thus, this delay of the signing of the contract has less influence on the development

of SINTEX-F2.
e /7@



The SAWS and the NICD were placed as an external supporter at the initial phase of the Project, both
of which become the project members at the time of the 224 JCC held in October 2015 in consideration
of the strengthening of the implementation system for the practical application of research findings
and outcomes to the society as well as of enhancing the sustainability of the benefits of the Project.

3) Contributing Factors for Effectiveness

Many institutes including the implementation institutes participated in the Project. Frequent
communications and discussions were held via e-mail and telephone within both the research groups
that are engaged in the development of climate change prediction models and the groups that are
engaged in the development of infectious disease epidemic prediction models. These are the factors
for achieving smooth implementation of joint research in remote mode between South Africa and
Japan and for acquiring the research results as described above. In addition, the Project strategically
included two national organisations of the SAWS and the NICD, which leads to the reinforcement of
the project implementation system for the practical application of project’s achievements. It is
considered that these enhanced the effectiveness of the Project.

4) Inhibitory Factors against Effectiveness

It was agreed that the computerization of paper-based inpatient hospital information followed by the
construction of database would be done by the input from the South African side. The said works
require a lot of labour force; thus, it was required for the South African side to aliocate some budget
to outsource. Unfortunately, the budget took longer-than-expected time to become available of the
budget on the South African side.

This caused a certain delay in the project activities especially for the development of infectious disease
epidemic prediction modelling for pneumonia and diarrhoea. The Project found, eventually, that
pneumonia is technically inapplicable for the development of a climate forecast-based epidemic
prediction model; however, the said delay has affected for the Project to develop a model for diarrhoes;
consequently, the Project had just commenced the development work for it at the time of the Final
Evaluation. For this reason, this can be recognized as a hindering factor to the effectiveness of the
Project.

5) Others

After the commencement of the Project, the project members of the national DOH, the LDOH, and
the CSIR left the project due to the job transfers. To maintain the collaborative relationship with the
new members, some efforts and time were required from the Japanese project members. Although
there were some replacements of the junior researchers of South Africa who have participated in the
research activities of the project, the negative impact on the project activities was avoided by the effort
of the project members.

4.3 Efficiency

The efficiency of the Project is moderate for following reasons,

1} Progress Management of the Project Activities

The MOU was exchanged between the South African side and the Japanese side in May 2014;
nevertheless, two (2) long-term JICA experts (a researcher and a project coordinator) arrived at their
positions in South Africa in October 2014, five (5) months after the commencement of the Project,
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which resulted in delays in the installation of research instruments as well as the commencement of
data collection activities. Aside from this, it took longer-than-expected time for the South African
project member organisations to enter into the MOU among them, which resulted in some delay in the
acquisition of the terrestrial climate data,

As was described in the “Effectiveness™ section, the budget allocated by the South African side for the
construction of the database of hospital inpatient information became available eventually in 2016,
resulted that the modelling work has lagged behind the schedule by 6-12 months; for this reason, the
Project could not complete the epidemic prediction modelling for diarrhoea as of the time of the Final
Ewvaluation.

Having said that, the South African and Japanese research institutes have continuously and frequently
been communication each other through various channels such as JCC meetings, symposia held both
in South Africa and Japan, day-to-day emailing and teleconferences as of the time of the Final
Evaluation; for these reason, it is deemed that the management of the progress as well as the generation
of research outcomes has generally been appropriate. This can be explained by the significant
achievement of research outcomes of the Project as of the time of the Final Evaluation. Further, the
causes of the delays are seemed to be external factors, and the South African side had been putting
best effort to the Project by allocating their own budget for the project activities as well as working on
the orchestrating the iDEWS preparatory committee. Therefore, it is considered that the project
management itself has been appropriate in general throughout the project period.

2) Beneficial utilization of provided equipment and materials

The Project has been conducting research activities by utilizing existing research instruments in South
Africa, but provided a minimum of instrument, equipment and devices to the South African member
organisations. The installation of research instruments was almost completed as scheduled as of the
time of the Mid-term Review,

Though the frequency of use varies in accordance with the related purpose and environment, all the
instruments, equipment and devices are properly used to the research activities and maintained by the
South African side.

3) Beneficial utilization of knowledge and skills acquired at the training in Japan

A total of seven (7) South African young researchers were dispatched to Japan for short-term training,
The knowledge and skills gained through the trainings were utilized to the research activities including
data collection and analyses directly or indirectly.

It is worth noting that a young researcher (meteorologist) was sent to JAMSTEC to acquire
technologies regarding the application of climate forecast information from the SINTEX-F2 to the
prediction of infectious diseases epidemics and the downscaling of predictions.

4) Collaboration with External Resources
@  Collaborative development of latest malaria epidemic prediction model (VECTRI model)
The developer of the VECTRI model (an Italian researcher) provided its source code to the
Japanese research institute, and they are collaboratively working on the improvement of the
said model. The model is taking the ecology of malaria vector mosquito into consideration;
thus, it was regarded as one of the most potential models of the project for malaria epidemic
prediction as of the time of the Final Evaluation. The VECTRI model-based malaria epidemic
prediction model, nevertheless, could not demonstrate sufficient prediction performance at this
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time. The Project, at the initiative of JAMSTEC, is supposed to continue o improve the model
even following the end of the project period.

@  Collaboration with the local NGO for the improvement of malaria surveillance system in the
Limpopo province
For the effective operation of iDEWS as well as the performance verification of malaria
epidemic prediction models, it is critical that malaria surveillance system is properly functioned,
which provides original data and information to the prediction model. The Project was
considering introducing an infectious disease reporting system using cell phone, which was
well established by other SATREPS project in Kenya (NEKKEN is an implementer of the
project), and invited a researcher from the Kenya SATREPS project to the symposium heid in
the Limpopo province to give some lecture regarding the reporting system.

However, the Project abandoned their attempt to introduce the said system in the Limpopo
province to avoid duplication since a local NGO supported by the Clinton Foundation
HIV/AIDS Initiative after the symposium. The Project and the NGO agreed to support each
other for the improvement of malaria reporting system in the Limpopo province. In particular,
after the operation the reporting system which was supported by the NGO, the malaria
incidence information was shared with the TMI within 24 hours after diagnosis; owing to this,
the TMI can start the active surveillance for asymptomatic malaria infection promptly by the
time of the Mid-term Review.

5) Contributing Factors for Efficiency

As aforementioned, 12 South African research institutes are participating in the Project and are widely
scattered in whole of South Africa such as Pretoria, Limpopo, Durban and Cape Town.

Under such situation, the JICA experts (both 1% and succeeding project Coordinator) stationed in South
Africa and the Project Manager of the South African side helped each other to carry out liaison and
coordination not only between South African and Japanese research institutes but also even among
South African member organisations, and enjoyed the confidence of both South African and Japanese
researchers. This is regarded as a contributing factor for the effectiveness of the Project from the aspect
of the smooth implementation of the project activities.

6) Hindering Factors against Efficiency

At the time of the Mid-term Review, the Joint Review Team provided a recommendation to allocate a
JICA expert with related expertise in order to conduct the prevention and control of malaria epidemics
on the basis of the evidences in an effective and efficient manner; however, it was not realized. As a
result, this might cause that ad hoc countermeasures with less evidences or discussions were taken for
preventing epidemic of malaria in 2017/2018 season when a large-scale outbreak of malaria is
predicted.

Though many factors might affect the unsuccess of effective allocation of a JICA expert based on the
recommendation, it can be considered that this unsuccess hindered from maximizing activity results
by effective allocation of necessary human resources. Therefore, this can be regarded as a hindering
facior against the “Efficiency” of the Project.



4.4 Impact

The following positive impacts are confirmed and/or expected by the implementation of the
Project,

1) Probability of achievement of envisaged Overall Goal(s)

The technical cooperation projects, implemented under the scheme of SATREPS, are not always
required to set Overall Goal(s) due to its characteristic feature of “joint research project”. Having said
that, SATREPS Project puts greater emphasis on the practical utilization of research outcome of
projects to society; therefore, the Project clearly describes the expression of “as a precursor for further
application across southern Africa”, and the climate-based IDEWS model(s) for better control of
infectious diseases in southern Africa are expected to be applied by their self-help endeavour after the
end of the project period.

Since many malaria cases are reported in bordering areas with Mozambique and Zimbabwe, the
Project selected the Limpopo province as the project site. The Project found that the incidence of
malaria in the Limpopo province has a positive correlation with the precipitation in the southern part
of Mozambique and Zimbabwe with 3-month time lag. Further, it is suggested that a definite
proportion of malaria cases reported in the Limpopo province is imported cases from neighbouring
countries; therefore, it is desirable that the information of malaria incidence in those countries are
provided to further improve the prediction skill of malaria epidemic prediction models. For these
points of view, The Project has already started collaboration with the Ministry of Health and the
Malaria Control Programme in Mozambique, and received data concerning malaria epidemic in
Mozambique for previous 20 years. The climate forecasting models improved by the Project are
already capable of forecasting climate in Mozambique, consequently, it is technically possible to
perform malaria epidemic prediction using current climate forecast-based epidemic prediction models
even now. Moreover, given that further support from the Mozambique were gained for the project
research activities, the correlation between the ecological factors of the vector mosquito and malaria
epidemics can be investigated, of which related findings can be used for fine-tuning the models.

On the other hand, the Elimination 8, established in 2007 by eight Southern African countries for
malaria elimination under the SADC, has shown great interest in the application of climate-based
malaria epidemic prediction to its member countries, and consultations on specific ways of
collaboration have been initiated as of the time of the Final Evaluation. If cooperation with other
Southern African countries can be initiated through Elimination 8, it is likely that the said models can
be disseminated to those countries by fine-tuning them using malaria epidemic data in each country.

However, in order to realize the application of the iDEWS for malaria to othet provinces in South
Africa and even other countries, the Project should create individual evidence of the effect of each
possible intervention based on the epidemic prediction for the prevention and control of malaria;
subsequently, on the basis of those evidences, the Project is required to realize an optimization of
operational guidelines in consideration of available resources such as human resources and budget.
Furthermore, the Project should perform a scientific verification on the effect of interventions for the
prevention and control of malaria taken in accordance with the optimised operational guidelines on
the number of malaria cases and related casualties, and consequently, demonstrate a comprehensive
evidence of the effectiveness of the malaria iDEWS. If these are all realized, the dissemination of the
malaria iDEWS can be disseminated to other regions in South Africa and even neighbouring countries
eventually.
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2) Other Positive Impacts

@

Relationship between the decadal change in the precipitation in southern Africa and the malaria
incidence

As was shown in the Activity 1-2-3, the JAMTEC discovered the decadal change in the
precipitation in southern Africa on top of annual or seasonal change from the analyses of
meteorological observation data. Further, the analyses results using SINTEX-F2 demonstrated
a strong correlative relationship between the said decadal change and other decadal change in
sea surface temperature as well as pressure that moves eastward from the South Pacific Ocean
to the South Indian Ocean,

Based on the said findings, the Project is working on the analyses using detailed retrospective
data to investigate correlative relationship of the decadal climate change in southern Africa
with the malaria incidence in South Africa as of the time of the Final Evaluation. If the Project
succeeds in the relationship, the climate-based infectious disease epidemic prediction
modelling as well as the practidal administrative countermeasures are positively impacted by
the evidence.

Functional enhancement of the Tzaneen Malaria Institute

A JICA long-term expert (epidemiologist / medical entomologist), stationed in the Tzaneen
Malaria Institute, has been working together with the staff member of the TMI on their daily
duties as well as project research activities, resulting in the capacity enhancement of the
institute as well as staff members through the installation of research instruments and related
equipment with necessary research techniques.

In particular, the TMI, with the support of the Project, established a surveillance system of
imaginal malaria vector mosquito in the Greater Giyani as a sentinel site. Though the capturing
of mosquite and the maintenance of light traps are conducted by temporally-hired community
residents, it is anticipated that the system is maintained by the TMI even after the end of the
project period, Meanwhile, the surveillance of larval mosquito has been done by the TMI as its
duty. The TMI staff members, with the support of the JICA expert (researcher), improved the
implementation methods and developed or revised forms and norms such as an implementation
manual, record forms and the Standard Operating Procedure(s) (SOPs). Furthermore, the JICA
experts also assisted the TMI staff members to develop or revise the SOP and forms for the
malaria active surveillance on human asymptomatic infection through the investigation on the
residents encompassing the index cases.

Collaboration amongst crosscutting stakeholders on the development of iDEWS as a platform

In the development of iDEWS, an international collaborative study of research institutes in
South Aftica and Japan aims to academically develop models to predict epidemics of infectious
diseases based on climate forecast, apply them to infection prevention and control measures on
the ground, and ultimately establish them as an implementation system. In other words, various
players, including South Africa and Japan, climatological and infectious disease research,
research and administrative organisations, and national and local levels, have organically
collaborated to conduct project (research) activities on the development of iDEWS as a
platform. Each member organisation was adequately aware of their respective roles and a
multidisciplinary approach was realized under effective liaison coordination.

In recent ycars, cross-sectional research collaboration has been recommended for solving
health-related issues; though multidisciplinary collaboration within medical sciences Is
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sometimes conducted, there are not always many cases in which quite different academic fields
are effectively connected. Furthermore, the effective collaboration of various organisations,
including research institutes, administrative agencies, national and local levels, is very effective
in achieving practical application of research results to the society; therefore, this can be
recognized as an epoch-making example.

The South African implementation organisations declared an intention to set up the iDEWS
Bureau after the completion of the project period in order to continue and further enhance the
achievements of the Project. In the future, they aim to position the iDEWS Bureau as part of
the national administrative agency, and to further develop the iDEWS Bureau as a platform for
collaboration with multiple sectors such as agriculture and disaster prevention. If this can be
achieved, it is expected that more positive impacts will be created.

3) Negative Impact

No negative impact attributed to the implementation of the Project was observed as of the time
of the Final Evaluation.

4.5 Sustainability

A self-sustainability as well as a self-deployment of the benefits provided by the Project can be
expected to some extent at the time of the Final Evaluation.

1) Political and Institutional Aspects

As mentioned in the Section of “Relevance”, the political importance of the implementation of the
infectious disease countermeasures based on the results of the relevant research (based on the reason)
while enhancing the technological capability of the development of climate change prediction models
and infectious disease prediction models in South Africa is expected to be strongly maintained up to
and also beyond the end of the project. The political sustainability of the Project is expected to some
extent at the time of the Final Evaluation.

Having said that, the relevant organisations including the member of the iDEWS preparatory
committee highly evaluated the climate forecasting-based malaria epidemic prediction models as
achieving the sufficient Ievel for the practical application of the forecast information to the prevention
and control of malaria, and took practical actions to establish the IDEWS Bureau as of the time of the
Final Evaluation. For the meantime, it is anticipated that the iDEWS Bureau will work on the
optimisation of the operational guidelines within two years following the completion of the Project,
and evidence on the effects of iDEWS on malaria prevention measures will be created. By presenting
the evidences that has been developed to the relevant authorities concerned, the member organisations
is aiming to position the iDEWS Bureau as part of the national administrative body. Since SAWS and
NICD, national authorities for climate projections and infectious disease control, respectively, are
members of the iDEWS Bureau, it is desirable that the Bureau steadily strengthen its efforts in terms
of policy and institutional arrangements for administrative organisation and public use of iDEWS,
while receiving consultations from relevant national authorities and legal advisors, including the said
two national authorities.

2) Financial Aspects -
Including the cases in Japan, in general, project search activities cannot be financed by the specific
research budget of the organisation only and continuous efforts are necessary to obtain support from
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external organisations such as competitive research funds. Therefore, it is difficult to evaluate the
financial sustainability for the continuation of research at the time of the Final Evaluation. However,
the research institutes in both South Africa and Japan have a high research capacity, and it is considered
that the Project is leading the world with regard to the research on the development of climate forecast-
based infectious disease epidemic prediction model with sufficient prediction performance for
practical application to epidemic control measures and subsequent interventions based on prediction
information. For these reasons, each research institute is considered to have a high capability of
rescarch enough to acquire external competitive research funds.

On the other hand, as mentioned above, given that the iDEWS is included as a part of the infectious
disease control system in South Africa, the budget for the continuous operation is expected to be
secured as an Administrative system. Since future adaptation of the iDEWS in other provinces and
neighbouring countries of South Africa is considered, it is desired that a consorted effort by the
member organisation of the IDEWS Bureau should continuously be done for packaging the epidemic
prediction models, operational guideline, cost analyses for introducing and running the iDEWS.

3) Technical Aspects

As mentioned above, the research capacity of both South African and Japanese research institutes is
high, and it is strongly expected that novel research capabilities acquired through the Project will be
improved even after the end of the project period. Meanwhile, the Project has succeeded in developing
three (3) climate forecast-based malaria epidemic prediction models with sufficient prediction
performance for practical use; in particular, the machine-learning-bases model by JAMSTEC, the non-
linear statistical model by NEKKEN and the linear statistical moedel by the UP). In parallel, FAMSTEC
and the UWC have been working on the development of mathetmatical model-based malaria epidemic
prediction models individually on the basis of the VECTRI model and the compartmental model,
respectively. Though those two mathematical models have not reached a sufficient level for practical
application to countermeasures at this point, both JAMSTEC and the UWC are anticipated to continue
the development work even following the completion of the Project, since mathematical model-based
infectious disease epidemic prediction models have a potential to demonstrate high applicability to
other regions.

As described above, the Project aims at the establishment of iDEWS towards malaria and diarrhoea
as the infectious disease countermeasures based on the evidences. In addition, since the Project
includes the future deployment of the iDEWS in other provinces and neighbouring countries in its
activity viewpoints, it is necessary to for the Project prove that the iDEWS functions as a part of the
infectious disease countermeasure mechanism in the Limpopo province eventually, on the basis of the
accumulation of various individual evidence concerning the effects of epidemic prediction-based
interventions and subsequent optimisation of operational guidelines of the iDEWS in consideration of
available human and financial resources on the ground. However, the implementation of infectious
disease prevention measures based on infectious disease epidemic prediction information is the first
attempt in the world; that is, no specialist has such experience. Since the iDEWS Bureau is supposed
to continue to work on the creation of evidences regarding the intervention effect on the epidemics
and the optimization of operational guidelines, the iDEWS Bureau may be required to obtain the
cooperation of external researchers or practitioners with expertise in infectious disease surveillance
and/or public health research-as needed basis.
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4.6 Conclusion

The Project has achieved the improvement of the climate prediction skill on the JAMSTEC SINTEX-
F2 and the CSIR Variable Resolution Earth Systems Model (ViESM) and the development of
downscaling techniques, especially in the Southern African Region. By utilising the improved climate
prediction products, the Project also successfully developed three (3) climate-based epidemic
prediction models for malaria. These three (3) models, which have different characteristics, can predict
the likelihood of epidemics per season, at different, interoperable, time scales, within target range of
accuracy, and the potential extent of said epidemics in once instance, The Project provided a prediction
of malaria outbreak in the 2017/2018 season, which led to timeous intervention for malaria control.
However, it is necessary to make further scientific evidence to clarify the effectiveness of the
intervention. On the initiative of South Africa, the iIDEWS Bureau is expected to produce evidence for
the optimization of operational guidelines (including countermeasures required based on predictions
of outbreaks) after the Project’s completion. The iDEWS Bureau is expected to disseminate the
prediction results, affected areas in South Africa and even in neighbouring countries. In addition, the
iDEWS Bureau is expected to further develop the prediction models, and to explore expanding the
application to other regions and other fields such as agriculture, disaster preparedness, etc. in fisture.
The Project’s outcome has the potential to make a significant impact if climate forecasting information
can be applied to other sectors.

Many academic papers have been published in international journals through collaborative research
work under the auspices of the Project with mutual capacity development. Even after the Project’s
completion, it is expected that research outcomes will continue to be created as a result of the update
of the malaria epidemic prediction model based on the climate forecast and the effect of measures
based on the forecast information, with a number of research papers expected to be published.

In terms of the evaluation results of the Project, the “Relevance”, the “Effectiveness”, and the
“Sustainability” of the Project are all high, although “Efficiency” is moderate due to the delay of the
data collection activity and the dispatch of an expert. On the other hand, there are positive “Impacts”
which will be expected in future practical application of the research findings and ouicomes to society,
at the time of the Final Evaluation. Therefore, it is considered that the Project’s achievement is very
high, both academically and as technical cooperation.

The Final Evaluation team makes the following recommendations in order for the Project to attain
more positive impacts as well as to consolidate the sustainability further.
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CHAPTER S RECOMMENDATIONS

The Team made the following recommendations based on the result of Final Evaluation.

(1) Establishment and development of iDEWS Bureau
The proposed iDEWS Bureau should clarify its roles and functions and commence the actual
operations by May 2019 when the Project officially ends.

(2) Verification of the effectiveness of the predication information-based interventions for the

prevention and control of malaria epidemics

The iDEWS Bureau is required to verify the effectiveness of the intervention from the aspects of
prevention, diagnosis and treatment of malaria, which had been taken based on the malaria
outbreak prediction information, beyond the Project’s completion, The iDEWS Bureau is also
cxpected to optimize the operational guidelines for measures against malaria epidemics based on
evidence and to provide information to WHO etc. to demonstrate the evidence and experiences
to global activities.

(3) Dissemination of the experience to the neighbouring countries

The iDEWS Bureau should take initiative for the dissemination of the Project’s experience and
outcomes not only to Mozambique, which shares the border with the Limpopo province, but also
the member countries of the Elimination 8. The iDEWS Bureau and Japanese research institutes
are expected to maintain their continuous cooperation and joint research on a long-term basis.

(4) Operationalisation of diarrhoeal disease regearch
The project partners, in collaboration with the iDEWS Bureau, should pursue research on the
diarrhoea disease toward further development of climate-based models for the prediction of
diarrhoea disease prevalence and incidence variability. The work should consider the utilisation
of pathogen data from the laboratory-based surveillance system when available in future,

END
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Projeed Co-Dirvster: Chicl Directar, Communicable Discascs, National Depariment of Health (NDOH)
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Date: Qetober 4, 2016

Project Duzation: 5 years from May
12, 2014 to May 11, 2019

{1 from the Applied Certre for Climate and Eaclb Systems Science (ACCESS); 12 from the Sonth African Medical Rescarch Council (MRC), 6 from the Council for Scicntific and

Industrial Rescarch (CSIR); 2 from the National [nstitute for Communicable Discases (NICD); 6 from the South African Weather Service (SAWS); 1 from the Limpepo Department of Health (LDOH); 2 from the Limpopo
Department of Fealth-Mataria Control (LDOH-Malaria); 3 from the University of Cape Town (UCT); 4 from the University of Venda (UV); 4 from (he University of Limpopo (UL); 2 from the University of Pretoria; and 2 from the

University of the Western Cape (UWC))

Indirect Benelicinries: Residents jo the Limpope Province: 5.4 million

Narrative Summary

Objectively Verifiable Indicators

Means of Verification

Impartant Assurnptions |

Project Purpose

A climate-bascd  early-werning  system  model for
infcctious  dliscases control is  establisbed as a precursor for
further application across southern Africa,

( I) Thc iDEWS, lhe installation guide, the operalional
costs, ¢tc. are packaged as a prosursor

maodel for disseminating to other areas by the end ¢f the project
period.

(2) The iDEWS is presented to relevant Seulh African anthoritics|
s 2 too] by the end of the praject peried.

(1) Official report that represent the presentation of
iDEWS to the relevant autharitics
(2) Project reponds)

Outpuis

based i discase cpid models are d

espeeially for malaria, pneumonia and diarchoen.

1

(1} The iDEWS is d d with the 3

n likelihoed of malaria outbreaks with 3-month leadlime. The
likelihood will bo based on a verificalion of at lenst 60%
behween iction and past observalions

laf defined outbreaks by tha timo of the Terminal Evaluation.
(2} The pneumonia prediction is preparcd far potential usc in
learly warning with 3-month leadlime. The prediction of seasonal
variation will bo based on & \'cnﬁcnilon Df ot least 60%

betweon and past observations

by the time of the Terminal Evn.lunlmn

(3) The diarthoca prediclion is prepared for potential usa in carly
warning with J=month leadtime. The prediction of seasonal
varialion will be basod on o mrll’ ication of at least 60%

between diction and past observations
by the timg of the Terminal Evalualion,
{4) Morc than 4 rescarch papers first andfor co-authored by both
Japan and South Africa collaborators related to iDEWS,
infoclious dnscase mnllmmnlmnl and statistical models, short-term
climale vari ion system, relationship botwoen.
climate variability and infcctious discascs arc published in peer-
zevicwed internationnlly recognized journals,

(1) Scientific research asticles in reputed international

|journals

(2) Project Tepori(s)
frem

(3) Letier of

2 Qperational guidelines of the dimate prediclio-based mfectious diseases
carly werning system (IDEWS) are developed in the Limpopo Proviace.

Gy The ¥ For iDEWS op T immened
at the Limpopo Provineo by the time of tho Mid-term Review.
(2) Thc |DEW’S operational guidelines is considered by

by October 2017,

{15 Broject caport
(2) iDEWS operational guidelines

3 Prediction performance and apmbllny of the iDEWS are verificd.

(1} Prediction perfermance and operability of the iDEWS arc
cvalusted by a pilot application at the Limpopo Province by May
2018.

(2) Adaptability of the iDEWS 1o other arcas ineluding olher
provinces and neighbouring countries is presented to appropriate
authoritics by February 2019,

(1) Project reports
(2) Meeting minutes with approproate authorities

dimrhoea respectively fram local health information system, archival
records of health facilities and so on.

activities; and
(6} Running expenses necessary for implemeniation of the
project activities other than that borpe by the South Africnn

1-1-2. To determine investigalion target sites on the basis of a risk map for
respoctive diseases, which is developed using refrospective dala from the

duatabase.

side,

To canduel Tact-finding surveys st communitics in the targeled siles
wwith cegard to incideneo and prevalence of respociive discases
{including undiagnosed discases), residents' behaviour that impacts en
the prevalence (healih seeking behaviour, ele.) and hygienic
environment {waler quality, air pallution, malaria masquito inscelicide
resistance cte.), followed by populaling the dats into the database,

1-1-4. To source climatic and non-climatic ancillary cavironmental data
{geographic dala, ctc.) frem ACCESS purtner organizalions such os the
South Afrigan Weather Service {(SAWS) and the Agricultural Rescarch

Council (ARC).

1-1-5. To observe [ocal-seale meteorclogical data in the target sites by placing

basic observation stalions a1 public buildings.

Elucidntion of ameng of the 1arge1 discasss
1-2. and climale variabilily (umblml temperature, humidity,
precipitation, ete.).

12-L. Teil the ip belween 3 of the
target dls:uscs und <limale wnablhly using time-serics analysis.

1-2-2. Toinvestigalo the relationships of pmlffwulinn of mataria verlors with
climate varinbility and malaria incidence/prevalence.
1-2:3. Tei igato tho ip betwecl l-scalc climate:

in the Limpopo Provinee and their Iml.s Qm the global climate
phetiomena sueh as the El Nina Southern Oscillaion {ENSO), the
Indian Ocean Dipole Mods ([ODM) and the Subtropical Dipols Mode
{SDM).

Ix ofi discasc andfor statistical models for
1-3, mn]nrm, and stalisticnl medels for pneumenia and diarrhioca of which local
epidemic situation is reflocied

1-3-1. To review cxisling infeclious discase models (related Lo climate in

particular) for malaria, cholera, and prcumonia.

Acliviiics Topals
Climate-based i disease epid models are It A
especially for malaria, pucomonia and diarrhoea. Japan Senate ‘
(1} Chicf Advisor; (L} Research Sclentists in Epldemiology, Medical L
(2} Projeel Conrdinntnr, Entomology, Climatc Dynamics and other related Nocossary cooporntion is gained by
1 and systems are (3} Other Experts in Epidemiology, Medical Entoml areas; exiernal project supparters (¢.g. ARC and
in the arcas of infectious discases and climate variability Climate Dyoamics, Public Health and other necesarry arens; |(2) Research Staff and L v Technici of public buildings, cte.}
- .- : (4) Training in Japan for Climate Discase Modcling: (3) Officc space at ACCESS, UL ami DOHL-Matariz; [for the project activitizs,
1-1-1. Te develop dutabascs of of malaria, and (5) Necessary equipment for research and development (4) Laboratory space at DOHL-Malarin;

(5} Existing Equipment at MRC, CSIR, UL and
DOHL-Malarin;

(6) Available data, i
to the project; and
(7} Support to the project activitics witl be made
available in accondance with the laws and regulations
in force in South Aflvicn, and subject to the availability
of resources.

and related
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1-3:2. To develop basic mathematical and/or stolistical models for malario, and
statistical models for pncumenia and disrrhoren by modifying cxisting
model{s) or newly developing.

1-3-3. -ﬁ)"c;ﬁbmc the medels I:_v verifying their pmdlciwn performnnee using

and ious discases

obtained from the database.

[mprovement of 2 seasonak prediction system based on an accan-atmosphere
1-4, coupled general circulation model (CGCM) called SINTEX-F; improving ils
skill, dawnseating, extending its Jend-time:

1-4-1. Ta imprave Lhe prediction accuracy of SINTEX-F for the shert-term:
scasoral climale variability by enhancing model resolution,
implementing better physics and data assimilation in next versions of
SINTEX-F on the Earth Simulator,

1-4-2, To reduce model biases by model validalions and inlgrcomparisons
amang SINTEX-FI, ncw SINTEX-F2 and ofher climate medels
developed in Sowth Africa,

1-43. To imprave Tesalution and [ead time for climate prediction of the
SINTEX-F for belter local-scals prediction performanso by using a
dynamical downscaling model sucl as Weather Research and
Forccasting model (WRF) and stalistical downscaling techniques,

1-4-4. TInteractively wilh the Aclivity 1-4-3, 1o fine-une WRF downscaling
model using tecal datn available from the weather 20d climato
observations ot the target areas (Activily 1-1).

T‘ 1 of the climale-based infectious discasc prodiction madels for
ma!nrln.. pacumaonia and diarchorea

(+5+1, Todevelop a climote-based i ious discasa cpidemic
models for malaria, preumonin and diarchoga by coupling the infectious
disease malhematical and siatistizal models and the adopted climato
prediction model, in light of the celationships among
incidence/prevalencn of tho target discascs, ¢lintate variability and
proliferation of vectors (Activity 1-2).

exisling diseases cpil and
obtained from the duuhasc.

Opecational guidelines of the climate prediction-based infections discases

o carly warning system (iDEWS) are developed in the Limpopoe Province.
2-1. Tolauacha ittee for ing the iDEWS ot tho
lepupo Provi sl 01’ Ezations 1 ibla for cpidemic
issuing cpidemi ing inx ian and impl i

counicrmeasurcs based on such saformation,

2-2. Toset eriteria for oulbreak alerting.

23, Tosel ication flow of infectious discnses
information in the Limpope Province,

2.4, Todevelop an iDEWS opermiona) Guidclines comprising regular
repotting of cpidemics, issuing outbreak alerting and consequent
of IDEWS tion, formals of regular

reporfing and alerfing, el

3 Prediclion performance and operability of (he iDEWS arc verificd,

3-1.  Toevalusle the predicti and bility of the iDEWS

through a pilot nppllullun at the Limpopo Provinee.

3-2. Tocenduct iable-top excevises regarding issuing outbreak wlerting and
conscquent counteemensores at the Limpopo Provines,

3-3. Todevclopo i ing and ion sysicm for
impacis of the iDEWS on infoction control at the lepopo Province. Pre-conditions
34, Tn \mfg the applicability nfoﬂlu arcas using ovailable data of L. Research permissions anc oblained by
ics, elimale and Li at othes provinees of the relevant suthority/-ies of South Africal
the South Africa and nmghbun:mg cauntries. where necessary.
3-5.  To hold workshop(s) geared 10 adminisirative officers, cte. 2. Approvals are obtained for medical
in the areas of climato varinbilily and infeclion conirol from the sesearches and related
govemnment af the Soulh Africa and ncighbouring countrics for the inlerventionsfinvestigations by the ethical
deployment of iDEWS, committees of the Inslituie of Tropical
Medicine, the Nagasaki Universily, MRC
3-6. To staridi jons with mistrative officers, cle. in lhe and other related organizalion to the

arcas of climate variability and infection control of 1lic government af’ project selivities,
the South Africa for the dissemination of iIDEWS,
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Annex 2. Schedule of Final Evaluation

Ms. Misaki Dr. Hario q R
e | e |G | warwss [t [ o
(Cooperation Planning) {Observing Member)
Date JICA AMED JDS - Consultant
1/7 | Mon 18:00 NRT- 22:25 HKG
00:30 HKG- 7:30 JNB
18 | Tue O.R.Tambo - Pretoria
11:00 Meewing w/ JICA SA Office and a Project
Coordinator
16:00 - 17:00 9:00 - 10:00 Meeting for the Terminal Evaluation
179 | Wed e B 5 @ JICA SA Office
' Mezting for the Terminal Evaluation@lICA HQ 10:30 Interview 1: Dr. Sweijd @JICA SA Office
1/10| Thu 10:00 Interview 2: Dr. Wright @IICA SA Office
1/11] Fri 11:00 Interview 3: Prof, Maharaj on Skype
2! sat 16:10 HND- 20:20 HKG  |18:00 NRT- 22:25 HKG  |18:25 NRT- 22:40 HKG Documentation Work
00:30 HEG- 7:30 JNB 00:30 HKG- 7:30 JNB 23:50 HKG- 7:05 INB
7:30 Amive in INB 7:05 Arrive in INB .
AM|10.45-11:35 INB- PTG 10:45-11:35 JNB- PTG 10:45-11:35 JNB- PTG
113 | Sun 10:30 Internal Meeting@O.R. Tambo Airport
PM |11:35 Polokwane - Tzaneen
13:00 Arrive in Tzaneen
AM 8:00 Mr. Kruger @TMI
2:00 Workshop @TMI
Interview 4&5:
Vi | Mon| f e rview 4&5: 13:20 Mr. Mabunda @TMI
PM |13:20 Mr, Mabunda @TMI 15:30 Tzaneen - Polokwane
18:00-19:05 PTG-JNB
O.R. Tambo - Pretoria
e Ao . e . 10:00 Interview 6:
AM/8:00 Field Visit - Mamitwa (Clinic & Spraying team) Prof, Landinan @JICA SA Office
VI3 Toet 60 Amve in T
f ve in Tzaneen
: 14:00 Interview 7:
PM | 15:30 Tzancen - Polokwane it .
1800 PTG -19:05 INB Prof. Engelbrecht @City Lodge Hotel
AM 8:00 O.R.Tambo - Pretoria
1716 | Wed 9:30 Caurtesy Caoco for JICA SA Office
PM [16:30 Write up the Ist draft and share info between AMED and JICA
1/17| Thu 8:50 Scientific meeting
1/18| Fri 14:00 Discussion Meeting with the Project Director (Dr. Sweijd} @DST
1/19] Sat Documentation work Documentation work Documentation work
{Finalization of MM and Final Evaluation Report Finalization of MM and Final Evaluation Report
12201 Sun {Preparation for the presentation at the JCC 14:45 Hotel - O.R Tambo Prep for the pr at the JCC
17:55 JNB- 12:45 HKG
1721 | Mon | AM |£:00-13:60 JCC & Signing 1425 HKG 19:15 NHD 9001500 C & Sgning
PM |Wrap-up g Wrap-up meeting
22| Tue|  [P45 Hotel - OR Tambo ?;‘20“,‘:,3 3‘.';‘:,‘;’,’;2’ 9:45 Hotel - O.R. Tambo
12:30 INB- 07:05 HKG . . 12:30 INB- 07:05 HKG
(CXT4R)
1723 | Wed 08:55 HKG- 13:45 HND  |09:05 HKG- 14:05 NRT 09:05 HKG- 14:05 NRT
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Annex 4: List of Interviewees

Alliance for Collaboration on Climate and Earth Systems Science (ACCESS)

Dr. Neville Sweijd Director (Project Manager)
Ms. Tomoka Tawara Project Coordinator (JICA Expert)

University of the Witwatersrand, Johannesburg
Prof. Francois Engelbrecht Professor

Sounth African Medical Research Council (MRC)

Prof. Rajendra Maharaj Director-Durban
Dr. Caradee Wright Specialist Scientist

Limpopo Department of Health-Limpopo (LDOH)
Mr., Philip Kruger Chief Director

Limpopo Department of Health-Limpopo, Malaria Control (LDOH-Malaria)
Mr. Erik Mabunda Director

University of Pretoria(UP)
Prof. Willem Landman Professor

University of the Western Cape (UWC)

Prof. Peter Witbooi Professor
University of Venda (UV)

Mr. Hector Chikoore Lecturer

Nagasaki University Institute of Tropical Medicine (NEKKEN)

Prof. Noboru Minakawa Professor (Chief Advisor)
Prof. Masahiro Hashizume Professor

Japan Agency for Marine-Earth Science and Technology (JAMSTEC), Application
Laboratory

Dr. Swadhin Behera Director / Principal Scientist
Dr. Venkata Ratnam Jayanthi Senior Scientist

Dr. Masami Nonaka Senior Scientist

Dr. Takeshi Doi Researcher

Dr. Yushi Morioka Researcher

Dr. Takayoshi Ikeda Project Scientist
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Annex 5-1: List of Project Members
The Jap Side
Grou Duration
Lead g_ Name Organisation Position (Title) Start End Note
Year Month Year Month
[e] (Nobon: Minakawa Nagasaki University Professor 2013 5 2019 5
Ataru Tsuzuki Napasaki University Assisiant Professor 2014 8 2019 5
. . Mational Institute of . . Affiliation Changed
Yukiko Higa Infoctions Diseases Senior Scientist 2013 5 2019] Sli_" 2018
Kyoko Futami Napasaki University Assistant Professor 2013 5 2019 5
Peter Sean Larson Nagasaki University Assistant Professor 2015 5 2017 9
o Masahiro Hashizume Nagasaki University Professor 2013 5 2019 5
Yoonhee Kim Tokyo University Associate Professar 2013 5 2019 5 ﬁg‘l‘:"“ Changed
Chisato Imai Napasaki University Guest Researcher 2015 5 2019 slgfg'f“‘;"u’;s‘:h““m
[] Swadhin K. Behera JAMSTEC Principal R } 2013 5 2019 5
Shinga [wami Kyusha University Associate Professor 2013 5 2019 5
Ratnam V., Jayanthi JAMSTEC Senior R | 2013 5 2019 5
Takeshi Doi JAMSTEC Researcher 2013 3 2019 5
Yushi Morioka JAMSTEC Researcher 2013 5 2019 5
Takayoshi lkeda JAMSTEC Researcher 2014 11 2009 5
'Tomoki Tozuka JAMSTEC Senior Resercher 2013 5 2019 5
Neoke Miyamoto JAMSTEC ek 2013 5 2015 3
ministrator
Marko Jusup Hokkaido University Assistant Professor 2016 10 2019 5
Motoyoshi Tkeda JAMSTEC Advisor 2014 9 2019 5
M i Nonaka JAMSTEC Senior R } 2017 4 2019 5
Noriko Tamari JAMSTEC o Besosh 2013 s| 2o 3
Admiristrator
The South African Side
Grou Duration
Le:d:- Name Organisation Position (Title) Start End Note
Year Month Year Month
. . South African Medical Director, MRC Office for
e Rajendra Maharaj Research Council Malaria Research JE g 2019 3
Philip Kruger Limpapo Departmentof | et Director 2013 5 2019 5
PP Department of Health .
Qavanisi Eric Mabunda L “Malaria Deputy Director 2016 10 2019 5
Facoh Thabiso Ledwaba [ -Pament ofeath Entomologist 2017 of 2019 5
impopo -Malaria
Nyakallo Kgalane Mased{)-Pimend o Heath LS i 2017 9 201 5
impopo -Malaria Practitioner
. . South Africen Medical
Natashia Morris Research Council (Durbn) Research Support Manager| 2013 3 2019 5
Maesier Conrse Suudent (Also s
Tsundzukani Masesi  |University of Limpapo el 2015 8 2019 5
Institute)
9 South African Medical 5
Ngoza Thadi E. Kapwata Rescarch Council GIS Research Technologist 2015 8 2019 5
Taishree Raman e ol Medieal Scientist 2015 8| 2009 5
Communicable Diseases
p— University of Pretaria,
Lyn-Marie Birkholtz Depariment of Biochemistry Professor. 2015 8 2016 3
University of Pretoria,
Shefu Awandu Depariment of Riechemistry Ph.D. student 2015 3 2019 5
South African Medical Directer, Environment &
©  |Angela Mathee Research Council Health Research Unit o E . .
: South African Medical P Affiliztion Changed
Caradee Wright Rescarch Council Specialist Scientist 2015 4 2019 5 i 2015
Eric Maimela Himpopo Departaentof | ppiderniologis 2013 s| 2019 5
. . South African Medical (e e
Nisha Naicker Ressasch Council Speciatist Scientist 2013 5 2017 9
Tahira Kaotbodien S M.edmal Senior Scientist 2013 5 2015 3
Research Council
June Teare South Afticen Medieal —\g.ior scientis 2013 T 5
Research Council
Patricia Albers South African Medical —\pooorcher 2013 5| 206 3
Research Council
. South Africen Medical Chief Research
LR Research Council Technalepist gy S gL .
. South African Medical Senior Research
R AT Research Council Technalogist — . Ut g
.- A South African Medical .
Mirriam Maogotsi Research Coungil Research Technologist 2013 5 2019 5
Ishen Seocharan Sourh Aftican Medieal |, e sconiis 2013 5| 2019 5
Research Council
Wellington Siziba S T ) Reserch Trainee 2013 5| a0l9 5
Research Council
] Kingsley Ayisi University of Limpopo Associate Professor 2013 5 201 9] 5]
Yehenew G, Kifle University of Limpopo Associnte Professor 2016 7 2019 5
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Annex 5-2: Dispatch of JICA Experts

Long-term Experts

as of Jan 2019
No Name Job Title Period
1 |Ataru Tsuzuki (Mr.) Expert (Infectious Diseases) 17 Oct 2014 - 16 Oct 2018
Jiro Hirau (Mr.) Project Coordinator 01 Oct 2014 - 21 Oct 2017
Tomoka Tawara (Ms.) Project Coordinator 05 Nov 2017 - 11 May 2019
Short-term Experts
No Name Job Title Period
1 {Prof. Noboru Minakawa (Mr.) " | Chief Advisor 31 July - 16 Aug 2014
2 |Prof. Masahiro Hashizume (Mr.) Short-term Expert 01 Aug - 10 Aug 2014
3 |Dr. Ataru Tsuzuki (Mr.) Short-term Expert 01 Aug - 19 Aug 2014
4 |Dr. Swadhin Behera (Mr.) Short-term Expert 03 Aug - 10 Aug 2014
5 |Dr. Takeshi Doi (Mr.) Short«term Expert 03 Aug - 10 Aug 2014
6 |Ms, Naoko Miyamoto (Ms.) Short-term Expert 30 July - 10 Aug 2014
7 |Dr. Yushi Morioka (Mr.) Short-term Expert 03 Aug - 10 Aug 2014
8 |Dr, Venkata Ramam Jayanthi (Mr.) Short-term Expert 03 Aug - 10 Aug 2014
9 |Prof. Noboru Minakawa (Mr.) Chief Advisor 31 Aug - 12 Sep 2014
10 |Prof. Noboru Minakawa (Mr.) Chief Advisor 24 Nov - 06 Dec2014
11 |Prof. Noboru Minakawa (Mr.) Chief Advisor 03 May - 11 May 2013
12 |Dr. Swadhin Behera (Mr.) Short-term Expert 27 May - 06 Jun 2015
13 |Dr. Yushi Morioka (Mr.) Short-term Expert 27 May - 06 Jun 2015
14 |Dr, Takayoshi Ikeda (Mr.) Short-term Expert 27 May - 06 Jun 2015
15 |Ms. Chisato Imai (Ms.) Short-term Expert 27 May - 07 Jun 2015
16 |Prof. Noboru Minakawa (Mr.} Chief Advisor 28 May - 07 Jun 2015
17 |Dr. Peter Larson (Mr.) Short-term Expert 28 May - 07 Jun 2015
18 |Prof. Masahiro Hashizume (Mr,) Short-term Expert 31 May - 07 Jun 2015
19 |Dr. Kyoko Futami (Ms.) Short-term Expert 19 Jun - 30 Jun 2015
20 |Prof. Noboru Minakawa (Mr.) Chief Adviser 22 Juni - 30 Jun 2015
21 |Prof. Noboru Minakawa (Mr.) Chief Advisor 10 Oct - 17 Oct 2015
22 |Dr. Peter Larson (Mr.) Short-term Expert 10 Oct - 18 Oct 2015
23 |Prof, Masahiro Hashizume (Mr.) Short-term Expert 11 Oct - 18 Oct 2015
24 |Dr. Yoonhee Kim (Ms.) Short-term Expert 11 Oct - 18 Oct 2015
25 {Dr, Chisato Imai (Ms.) Short-term Expert 11 Oct - 18 Oct 2015
26 |Dr. Swadhin Behera (Mr.) Short-term Expert 10 Oct - 15 Oct 2015
27 |Dr. Venkata Ratnam Jayanthi (Mr.) Short-term Expert 10 Oct - 18 Oct 2015
28 |Dr. Yushi Morioka (Mr.) Short-term Expert 10 Oct ~ 18 Oct 2015
29 1Prof. Dr. Motoyoshi Ikeda (Mr.) Short-term Expert 10 Oct - 18 Oct 2015
30 |Dr. Takayoshi Ikeda (Mr.) Short-term Expert 10 Oct - 18 Oct 2015
31 |Prof. Masahiro Hashizume {(Mr.) Short-term Expert 20 Apr - 25 Apr 2016
32 |Dr. Swadhin Behera (Mr.) Short-term Expert 20 Apr - 30 Apr 2016
33 |Dr. Takayoshi Ikeda (Mr.) Short-term Expert 20 Apr - 30 Apr 2016
34 |Dr. Yushi Morioka (Mr.) Short-term Expert 20 Apr - 30 Apr 2016
35 |Prof. Noboru Minakawa (Mr.) Chief Advisor 19 Apr - 29 Apr 2016
36 |Dr. Peter Larson (Mr.) Short-term Expert 21 Apr - 29 Apr 2016
37 |Dr. Kyoko Futami (Ms.) Short-term Expert 07 May - 20 May 2016
38 |Prof. Noboru Minakawa (Mr.) Chief Advisor 10 Jun - 14 Jun 2016
39 |Dr. Takeshi Doi (Mr.) Short-term Expert 06 Jun - 12 Jun 2016
40 |Dr. Venkata Ratnam Jayanthi (Mr.} Short-term Expert 06 Jun - 12 Jun 2016
41 |Dr. Swadhin Behera (Mr.) Short-term Expert 20 Aug - 29 Aug 2016
42 |Prof. Masahiro Hashizume (Mr,) Short-term Expert 21 Aug - 26 Aug 2016
43 |Prof. Noboru Minakawa (Mr.) Chief Advisor 21 Aug - 25 Aug 2016
44 |Dr, Swadhin Behera (Mr.) Short-term Expert 27 Sep - 06 Oct 2016
43 |Dr. Takeshi Doi (Mr.) Short-term Expert 27 Sep - 06 Oct 2016

o
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Annex 5-2: Dispatch of JICA Experts

46 |Dr. Yushi Morioka (Mr.) Short-term Expert 01 Oct- 03 Nov 2016
47 |Dr. Venkata Ratnam Jayanthi (Mr.) Short-term Expert 27 Sep - 06 Oct 2016
48 |Dr. Takayoshi ikeda (Mr.) Short-term Expert 27 Sep - 03 Nov 2016
49 |Prof. Noboru Minakawa (Mr.) Chief Advisor 27 Sep - 09 Oct 2016
50 |Prof. Masahiro Hashizume (Mr.) Short-term Expert 27 Sep - 06 Oct 2016
51 |Dr. Yoonhee Kim (Ms.) Short-term Expert 27 Sep - 06 Qct 2016
52 |Dr. Chisato Imai (Ms.) Short-term Expert 27 Sep - 05 0ct 2016
53 |Prof. Noboru Minakawa (Mr.) Chief Advisor 04 Feb - 13 Feb 2017
54 |Prof. Noboru Minakawa {Mr.) Chief Advisor 21 May - 24 May 2017
55 |Prof. Noboru Minakawa (Mr.) Chief Advisor 01 Jun - 06 June 2017
56 |Prof. Masahiro Hashizume {Mr,) Short-term Expert 03 Jun - 08 Jun 2017
57 |Dr, Swadhin Behera (Mr.) Short-term Expert 03 Jun - 09 Jun 2017
58 |Dr. Takayoshi Ikeda (Mr.) Short-term Expert 03 Jun - 09 Jun 2017
59 |Dr. Yoonhee Kim (Ms.) Short-term Expert 03 Jun - 09 Jun 2017
60 |Prof. Noboru Minakawa (Mr.) Chief Advisor 13 Aug - 19 Aug 2017
61 Dr. Swadhin Behera (Mr.) Short-term Expert 06 Sep - 15 Sep 2017
62 |Prof. Masahiro Hashizume (Mr.) Short-term Expert 10 Sep - 15 Sep 2017
63 |Dr. Yoonhee Kim (Ms.) Short-term Expert 10 Sep - 15 Sep 2017
64 |Prof. Noboru Minakawa (Mr.) Chief Advisor 10 Sep - 16 Sep 2017
65 |Dr. Venkata Ratnam Jayanthi (Mr.) Short-term Expert 09 Sep ~ 17 Sep 2017
66 |Dr. Takayoshi Ikeda (Mr.) Short-term Expert 02 Sep - 17 Sep 2017
67 |Dr. Yushi Moricka (Mr.) Short-term Expert 26 Ang - 17 Sep 2017
68 |Dr. Masami Nonaka (Mr.) Short-term Expert 06 Sep - 15 Sep 2017
69 |Prof. Noboru Minakawa {Mr.) Chief Advisor 25 Jan - 31 Jan 2018
70 |Dr. Swadhin Behera (Mr,) Short-term Expert 25 Jan - 01 Feb 2018
71 |Dr. Takayoshi Ikeda (Mr.) Short-term Expert 25 Jan - 01 Feb 2018
72 |Prof. Noboru Minakawa (Mr.) Chief Advisor 28 Feb - 06 Mar 2018
73 |Dr. Swadhin Behera (Mr.) Short-term Expert 16 Jun - 24 Jun 2018
74 |Dr. Masami Nonaka (Mr.) Short-term Expert 16 Jun - 24 Jun 2018
75 |Dr. Yushi Moricka (Mr.) Short-term Expert 16 Jun - 24 Jun 2018
76 |Prof. Noboru Minakawa (Mr.) Chief Advisor 16 Jun - 25 Jun 2018
77 |Dr. Takayoshi Ikeda (Mr.) Short-term Expert 16 Jun - 29 Jun 2018
78 |Dr. Takayoshi keda (Mr.) Short-term Expert 09 Jan - 20 Jan 2019
79 |Prof. Noboru Minakawa (Mr.) Chief Advisor 13 Jan - 23 Jan 2019
80 |Dr. Swadhin Behera {Mr.) Short-term Expert 14 Jan - 23 Jan 2019
81 |Prof. Masahiro Hashizume (Mr.) Short-term Expert 15 Jan - 20 Jan 2019
82 |Dr. Venkata Ratnam Jayanthi (Mr.) Short-term Expert 15 Jan - 23 Jan 2019
83 |Dr. Masami Nonaka (Mr.) Short-term Expert 15 Jan - 23 Jan 2019
84 |Dr. Takeshi Doi (Mr.) Short-term Expert 15 Jan - 23 Jan 2019
85 |Dr. Yushi Moricka (Mr.) Short-term Expert 15 Jan - 23 Jan 2019
86 |Dr. Yoonhee Kim (Ms.) Short-term Expert 15 Jan - 23 Jan 2019
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Annex 5-3: South African Researchers’ visit to Japan

. o . . Date of Date of - .
Name Sex Affiliation Position Institutes Visited Dispatch Return Purpose of Visit Duration
Discussion on the research direction and
Willem Landman Male CSIR Chief Researcher JAMSTEC 20141018 20141026 |methods regarding the prediction of climate 9days
variability in Southern Africa
Discussion on the research direction and
Asmerom F.Beraki Male SAWS Researcher JAMSTEC 20141018 20141026 {methods regarding the prediction of climate 9days
varigbility in Southern Africa
. m 5 o NEKKEN, Participation and presentation at the project
Neville Sweijd Male ACCESS Acting Director JAMSTEC 20150124 20150131 open symposiam and Research mecting 8days
. . Director MRC Office for NEKKEN, Participation and pi at the project
Rajendra Maharaj REE Gty Malaria Research JAMSTEC AL L ZOLS0IS open symposium and Research meeting 8days
Director, Environment & NEKKEN, Particiy and p at the project
Angela Mathee Eemale gae Health Research Unit JAMSTEC Qe e 20150131 open symposium and Research meeting Bdays
. . NEKKEN, Participation and presentation at the project
Philippus Kruger Male TMI Senior Manager JAMSTEC 20150124 20150131 open symposium and Ressarch mueeting Sdays
. Professor, Department of Math [NEKKEN, Particip and pr at the project
Peter Weotbooi Male uwC and Applied Math JAMSTEC 20150124 20150131 opén symposium end Research meeting 8days.
. Reszarcher, Natural Resources | NEKKEN, Participation and presentation at the project
Francois Engelbrecht L 21 and the Environment JAMSTEC (] AT open symposium and Research meeting, Bdays
; . NEKKEN, Participation and presentation at lhe project
Morwamphage Nkadimeng  |Male DOH Senior General Manager JAMSTEC 20150124 20150131 apen sympasium and Research meeting 8days
e . i NEKKEN, Participation and presentation at the project
Brilliant Petja Male uL Scientific Manager JAMSTEC 20150124 20150131 open symposium and Rescarch meeting 8days
Modiegi Pertunia Deputy Director: Health NEKKEN, Participation and pr ion af the project
Selematsela Eemale Lug Innovation JAMSTEC gelSpled R open symposium and R h ing Sdays
. Assistant Director, NEKKEN, Partici and pr at the project
Geino Mlaba Female DST Development partnership JAMSTEC 20150124 20150131 e leyr and R o : 8days
Attend research meetings for development
Ngoza T.E. Kapwata Female SAMRC GIS Research Technologist NEKKEN 20170423 20170429} of malaria prediction modeis using climate 7days
data
Attend research meetings for development
Natashia Morris Female SAMRC Research Support Manager NEKKEN 20170423 20170429 |of malaria prediction medels using climate Tdays
data
Attend research meetings for development
Rajendra Maharaj Male SAMRC Director {Malaria Research) NEKKEN 20170423 20170429 |of malaria prediction models using climate Tdays
data
Attend research meetings for climate data
Fissehatsion A. Beraki Male CSIR Senior Resercher JAMSTEC 20171111 20171119 |analysis o develop climate prediction Sdays
models
Attend research meetings for climate data
Francois Engelbrecht Male CSIR Principal Researcher JAMSTEC 20171111 20171119|analysis to develop climate prediction Sdays
models
Attend research meetings for climate data
Johan Malherbe Mals CSIR Senior Resercher JAMSTEC 20171111 20171119 |analysis to develop climate prediction Sdays
models
Caradee Wright Female | SAMRC  [Specialist Scientist NEKKEN 20171125| 20171207 Ationd rescarch meclings for stastical 78days
analysis of infectious diseases
. 0 NEKKEN, Attend the workshop and research meetings
Eric Mabunda Male LDOH TMI Deputy Director JAMSTEC 20180409 20180415 of seasonal outlook of malaria 7days
. Environmental Health NEKKEN, Attend the workshop and research meetings
Nyakallo Kgalane Masedi |Female |LDOHTML | oiinon Surveillance | JAMSTEC 20180409| 20180415} o vonal cutlock of maleria 7days
n . NEKKEN, Attend the iDEWS symposium and
Jacob Thabiso Ledwaba Male LDOH TMI Entomotlogist JAMSTEC 20180409 20180415 workshop Fdays
Neville Sweijd Male  |ACCESS Director JAMSTEC 20180408 20130415 Xuend the workshop and rescarch mectings | - g, o
of seasonal outlook of melaria
. Attend the workshop and research mectings
Willem Landman Male up Professor JAMSTEC 20180409 20180415 of seasonal outlook of malaria 7days
Fisschatsion A. Beraki Male  |CSIR Chief Researcher JAMSTEC 20180406 2018041 5|Attend the workshop and research meetings | - 5,
of seasonal cutlock of malaria
4 F AR SN
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Annex 5-3: South African Researchers’ visit to Japan

Name Sex Affiliation Position Insfitutes Visited gi:;::’c';l Il’:e‘:“‘r’: Purpose of Visit Duration
Neville Sweijd Male  |ACCESS Director f‘fﬁgﬁg 2018ti10] 20181121 Q::E;::: iDEWS symposium and 12days
Francois Engelbrecht Male  |csIR Chief Rescarcher JAMSTEC 20181110 20181118 :g;"‘:h::‘; IDEWS symposium and days
Neville Sweijd Male  |ACCESS Director JAMSTEC 20181110] 2018112t ::fl'::hg‘: iDEWS symposium and 12days
Eric Mabunda Male  |LDOHTMI |Deputy Dircctor JAMSTEC 20181112 20181118 ::f;:hlh; IDEWS symposium and 7Tdays
Joel Botai Male  [SAWS Senior Rescarcher JAMSTEC 20181112 20181118 ngﬁ:h:‘: IDEWS symposium and 7days
Caradee Wright Female |SAMRC Specialist Scientist JAMSTEC 20181112| 20181118 2:;‘::1:‘: iDERE SVmposumiand 7days
Willem Landman Male  |UP Professor JAMSTEC 20181112 20181118 Qg::;]g‘: IDEWS symposium and Tdays
Lucky Nisangwane Male  [SAWS Senior Manager JAMSTEC 20181112 20181118 :2:;313‘: LIRS LR T days
Rajendra Maharaj Male  [SAMRC Director (Malaria Research) | JAMSTEC 20181112 20181118 :::::'h‘o": iDEWS symposium and 7days
Lugille Rlemberg Female [NICD Deputy Director JAMSTEC 20181114] 20181115 Aend the IDEWS symposiura and Sdays

workshop
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Annex 5-4 : Training in Japan

Departure

Name Sex Organlsation | Pasltion Trainig Slte Trainig Area Date

Arraival Date Tralning Conients Duration

Junior 0
L I (Nagasakd University, e
E‘mwmw of M NZ Institutz of Tropical ﬁ:,sui §Eausuwl 2015/11722| 20151213 This training i designed for the GIS experts 1o refinc their 22 days

IPOpo S‘ﬁt::l OUMSE |y 1 dicire vsis T T % o Meiont nalyde

—

Aluwpni Romalatr Female

techniques for the swifl anai).us and visualivation with newly
izing dotn among mal climatg and
i ¢ clemenis, In addition to the analytic and

visunlization exercise, the traince is ﬂ(puclcd 10 lean necessary
ication skills for the research with

forcign institutes, such as cificient technique for discussion,

2015/11722  2015/1213 |teporting, presentation, and thesis dralting. 22days

Medica!
Ngoza Thandi Ethel Female Rescarch GIS

Kapata [Coungil Iechnologist
(Durban)

Nagasaki University, e
Instilute of Tropical SIS Sutea

Analysis

N

The principal responsible wsks for the University of Veada in
the iDEWS Project are (1) mainienance and management of
climatic and infectious discases daia from difTerent sourscs,
and (2) Data Analysis ol the comrclation among the climatic
nnd infectious discascs, especially analysis for malusia
outhreaks,

 The training was particularly designed l'or ayoung mcm:hct
who needs 1o Jearn ¢ssential standards for the i

IAMSTEC, Dat Analysis for collsborative research with forcign msumlu.

Sandile Blessin University of  [Master Course N corrclation among

Ngwenya ¢ b Venda Student ﬁ;}lﬂ::::;_“ climaic and etk lea) | BRI As the fondamental aspect as the rescarcher for the IDEWS 2 days
' infestious discnscs project, the trainee was expeeted 1o ncquire the basic
knotvledge sech ns rcscarch elhl:s. relevant common
regulations based on i a5 well as
ncoessary skills like cffisient and cffective presentation and
dradling of papers in limited time,

In the technical trafning, the trainee was expeeled to broadly
undersiand basic and applied wehniques in swtistic analysis
fTor the utility of the collecled data.

w

I This wraining was desinged to leam (1) 10 model the
loccurrence of Tropical-Temperale-Troughs (TTTs} and cloud
bands over southern Africaand how they may cvolve ina

Future glimnte, TTTs are ar i source af minfall for the
summr roinfal] region of South Afriea,

(2) to model (hg ion of the sublrepical M. High
nnd hew it may nfleed the north-South pressure gradicnt and
Data Analysis for moisture fux onte the subcontinent. 2 key question is will the

climate mu’dcls el (e I tracks of Tropical revolving systoms (2.g. Tropical cyclones) 19dsys
be displaced equatorward reducing the chances of flooding in
the Limpopo?

(3) ta underizke downscaling of GCM output for input inl
regionn] elimale models. Downscaling techniques allow
scicnuists to usc glabal climate medel autputs as inputs inlo
regionn! climale and weather modcls, Statistical and dynamical
npproaches may be used,

JAMSTEC,
Lecturer Application
Laboratory

University of’
Venda

s

Hector Chikoorz Male

I This 1raining was desinged to (1} Undersiand, and explain
meaning of local climalology statistics, and interpret any local
Theory and olimatology infarmation.
JAMSTEC, applicaticn swdy (2) Und, d principles of statistical techni used in
PhD Smudent | Application for climale 2016/11712]  2006/1120Fclimate studies and outlooaks, 19 days
Lat y i on and (3) Understand and L-xplmn pnmnzy physical mechanisms of
variability the foltowing climate vari oscillations
(including El Nino /La Nira, MJO, Nonth Attantic
Osciliation) and Indian Ocean Dipole JOD).

Western Cape
University

@

Ghenga Abiodun Male

[ This wraining was desinged for (1) improving technical and
scientific skills in modeling by leaming ncw computer
programs for analysis of ocean and climaie datn

(2) Discussion new trends in large occan and climats daia
scls.

(3) Widening fitwre research prospective by discussions with
2016/114/12}  2016/11/0]n varicty of professionals in the ficld. This nctivity includes 19 days
lexchanges of opinions in prolocals and culiurat values like
reszarch ethics which are necessary for international
collsboration efferts,

(4) Considering the intakes or uislization of new
tnchnology (e.; Supercomputing in Sooth Africa) by

ion on the function and capacity.

g".““g[“" . IAMSTEC,
S Studentship | Application

Industrial
Rescareh Labormery

(CEmale Daln

Mthetho Sovam Male Analysis

]

[ This trmining ingludes (1) data quality control & cleaning
(overview & theery), (2) descriptive sample analysis 1
(theory &mnhndolozy). @ D:s:npuu: Snmplc Amﬂysu 1
South Africa 5 (Operation and appli in
5 JAMSTEC, Data Anndysis for
Carndes Wright Female R”;‘l';c"'h [Specialist Scicr| Applicats Infocti wimsnz| 201764 s“‘“"“ Asalysis It (“1"?"“!“"! G I““T;;""""‘"" ‘5’. 14 days
y 1 L
[Council Leboralory =D tochmques 1{Qpeation and application in modeling), (7)
Biostatical techniques 1E (Methadelogy), (8) Biostatical
techniques 11 (Vetification Skills), (%) Biostatical techniques [T
(Verification Skillsy

~
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Annex 5-5 : Training in the Republic of South Africa

Date

Training Name

Venue

Course Summary

Participants

10-11 Sep, 2015

Mapping GIS Training

Tzaneen Malaria
Institute

for GIS h

dheld

1. Operation Guid
2, Software exercise

5 Staff from Tzaneen Malaria Institute
1 Japanese expert

14-16 Sep, 2015

iDEWS Lecture Series

University of
Limpopo, Boardroom
in main Library

Lectures by Japanese & S.A. experts on

1. Malaria Control in 5.A.
2. Climate Predicition
3, Statistic Analysis

40 master/ honor students from universities of
Limpepo and Venda

Statistics & GIS

24-27 Apr, 2016

Training

Tzaneen Malaria
Institute

Intensive Statistics exercise training by Dr. Takayoshi
Ikeda and GIS exercise by Dr. Peter Larson

Ms, Tsundzukani Masesi
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Annex 5-6: Provision of Equipment

Y i’{&:rfigét!.'ﬁﬁ(e; i Usage Stawsyio ity ‘oté_",: = L
, . , . Tzaneen Malaria Olympus SZ51 Microscope, WHSZ10X-H
A, . 01503 T
1 [Purchased in §.A, |Dissecting Microscope 4 Institote 20150311 InUse Eyepices, SZ2-ILST-5 illuminator stand
2 (Purchased in S.A. |Digital Microscope 2 ;]:::]::: Melaria 20150311 In Use Dino-Lite Premier Digital Microscope
3 (Purchased in S.A. |Compound Microscope i E::::l?:: LELSD 20150311 In Use Olympus CX22 LED Microscope
4 |Purchased in 8.A. |Agarose gel electrephoresis chambers 2 ;::::E?: Ll 20150225 In Use Endura 20.20 Horizontal Gel Box E1020-20
5 [Purchased in S.A. |Power supplies For electrophoresis 3 ;3:;:: e 20150225 In Use Euduro 250 volt power supply E0203-230V
Consart, C5010 p/ECAnV/Temp/DO meter
{1 set), General purpose glass bodied
& Purchasedin S.A. |pH meter 1 Tza1.men Malaria 20150216 In Use electrodc- P, Temperamr'e e]ectrfade for
Institute Auvtomatic temp cotnensation, Swing-ann
electrode stand, Buffer 4, Tm 10 solutions
500m! (1 set, respectively)
Tzancen Malaria Nichirye Co., Ltd, EXM micropipette (0.1-
7 |Purchased in § A. |Pipette Sets 10 Institote 20150316 W Use  |2ul, 2-20ul, 10-100yl, 20-200u], 100-000ul,
5 pieces respectively)
Tzaneen Malaria . Heal Force Bio-Meditech Holdings Limited,
& |Purchased in $.A. | Water purifier | Institute 20150305 In Use Smart-N Water Ultra purification VF type (1
set)
o |Porchased in S.A. 1Vortex shaker | Tzapecn Malaria 20150305 In Use Inter Bio-Lab, Inc.Vortex Mixer VM 300 (1
institute set)
10 |Purchased in §.A. {Weighing balance i If::"i?: it 201503050  tnUse |Adem Equipment, PGW753i (1 set)
. A Tzaneen Malaria Pol-Eko Measurement Laboratory, K 350
. R 015030, I :
t1 {Parchased in S.A. {Enviroumental test chamber [ Institute 20150305 n Use ToptINOX (1 sef)
T2ancen Malaria Esri South Africa, Ar¢GIS for Desktop
12 |Purchased in $.A. |ArcGIS Sofiware ] Institute 20150305!  ln Use Basic Single Use (1 license), ArcGIS for
Daesktop Spatial Anglyst (1 license}
University of Mathworks Pty. Ltd, MATLAB (Individual)
13 |Purchased in S.A. [MATLAB Sofiware t Pretoria Y 20150320 In Use (1 license), Statistics Toolbox {Individual)
{1 license)
14 |Purchased in S.A. |Portable Turbidity meter 2 Medlczjd e 20150331 In Use eI I e
Council (JHB) sels)
HACH, HQ40d Portable pH, Conductivity,
. . Onptical Dissolved Qxgen (DO), ORP, and
15 |Purchased in S.A. Zor!;bliiw!:!lts'?‘li:n::rr(e[;H, 2 ?::;z:] (l}!?;mh 20150311 InUse  {ISE Multi-Parameter Meter (2 sets), Probe
onductivity, 2emperiw {1 m IntCal pH, Conductivity, Dissolved
COxygen, 2 sets)
) Colorimeter (Chlorine. Free and Total, Medical Research Hach Pocket Colorimeter Il Chlorine (Free
i ) 3 |Councl HB) 013031 dnUse r s Total) plus pH (3 sels)
. Medical Research ANDalyze, AND!100 Handheaid
i 0150
17 |Purchased in 8.A. |Portable Flourimeter 2 Council (JHB) 20150311 In Use Flourimeter (2 sets)
. ) , Medical Research HACH, DPD Free Chlorine Reagent
5 03 '
12 |Purchased in S.A. |DPD Free Chlorine Reagent Dispenser 2 Conncil (J11B) 20150311 In Use SwiltTest Dispenser (3 sels)
: ror Fri
19 |Purchased in S.A. |Mobile fridge 4 Medlc:.al Research 20150313 In Use Campmaster Fridge Freezer 40L Thermo (4
Councit {JHB) sets)
Medical Resarch LogTag Recorders Ltd, HAX08
20 {Purchased in S.A. |Temperature data loggers 400 . 20150341 In Use LogTagTemperature / RH Recorder (400
Council {JHB)
sets), LogTap Interface Cradle (1 set)
Medical Research
i 0150
21 (Purchased in $.A. {Dust Track I Desktop model 2 Council {/HB) 20150311 InUse  |Dust Track 1} Desktop Model 8530 {3 sets)
, Indoor Alr Quality Meters Medicat Research TS! Incorporated, 1AQ-CALC tndoor Air
2015031t .
22 Purchased in §.A. (CO2, CQ, Temperature, Humidity) E Couneil (JHB} LR LIS Quality Meters Model 7545
Medical Research Mortphix Technologies, Chrom Air Passive
23 |Purchased in S.A, JCO Passive badpe 200 . 2015031 In Use Badge-Carbon Monoxide 380008-10 {10
Council (JHB)
sheets / pack, 200 packs)
. Micro + smokerlyzer (CO Breath Medical Research Bedfont Scientific. Ltd, Migro +
0150311
IR Testing Machine} 6 Counvil {(JHB) GREE In Use smokerlyzer Unit Complete (6 sets)
Medicat Research
i + 0150312 t
25 |Purchased in S.A. jHemoacue Hb 201+ Analyser 3 Ceuncil (JHE) 201503} In Use HemoCue, Hb 201 DM System {3 sets)
Medical Research
, : 0
26 |Parchased in S.A. {Infrared tympanic themometer 8 Coucil (JUB) 20150311 In Use Braun TenmoScan Model 4020 (8 sets)
i -Check Acti itor (8
27 |Purchased in 8. A, |Lancing device with Glucese Monitor 8 MEdlc?I Research 20150128] InlUse & S B2 N LA
Council (JHB) sets)
28 (Purchased i S.A. |Electric Weighi Scales ¢  (Medical Rescarch 20150313]  InUse |SECA 813 Dipital Flas Scale (6 sets)
Council (JHB)
. . Medicat Research SECA 213 Portable Height Measurement {6
i 0150,
29 |Purchased in 5.A. |Height measuremeni device 6 Council (JHE) 20150313 In Use sets)
Medical Research
i i 0150302 j 1
30 YPurchased in S.A. |Data entry/eollection tablet 8 Couil (JHB) 2015 In Use Samsung Galaxy MNote 3 (8 sets)
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. Annex 6 Declaration of Intent to Establish an
Infectious Diseases Early Warning System Bureau

@ a)] ‘.’ NATIONAL INSTITUTE FOR

South African COMMUNICABLE DISEASES

Weather Service Division of the National Health Laboratory Service

= Haehoe
Stechnology Naticral
o e

FCARUC o8 DU 1A Fomdstion

. (J/
6 i, LIMPOPO -
l Els‘ mﬂ F.ETU!iA GR m@:"%ﬂ Mch

1€
11Y OF PRETORIA
ITH1 YA PRETGRIA

DECLARATION OF INTENT TO ESTABLISH AN
INFECTIOUS DISEASES EARLY WARNING SYSTEM BUREAU

The South African partners of the Infectious Diseases Early Warning System (iDEWS) project,
noted below, with the support of their Japanese partners, have agreed to work toward the
establishment of the iDEWS Bureau whose purpose will be to produce and disseminate
periodic infectious disease outlook bulletins emanating from the systems developed in the
iDEWS-project, targeting the Limpopo region, for an initial period of two years, subject to
the satisfactory completion of due process and assignment of required funding prior to the
implementation.

The authorised representatives of the South African Weather Service (SAWS) & the National
Institute of Communicable Diseases (NICD), with the assistance of authorised
representatives of University of Pretoria {UP), the Council for Scientific and Industrial
Research (CSIR), the South African Medical Research Council (SAMRC) and the Limpopo
Provincial Government Department of Heaith {Limpopo DOH), in collaboration with the
Alliance for Collaboration in Climate and Earth Systems Science (ACCESS}, supported by the
authorised representatives of South African Department of Science and Technology (DST)
and witnessed by representatives of the University of Nagasaki (U Nagasaki), the Japan
Agency for Marine-Earth Science and Technology (JAMSTEC) and Japan International
Cooperation Agency (3ICA) subject to stipulated conditions herein, hereby declare their
intention to:

1. Conclude negotiations toward a formal agreement for the establishment of the
Infectious Diseases Early Warning System Bureau {iDEWS Bureau) by the 15" of
January 2019, subject to the successful acquisition of sufficient funding for at least
the first two years of operation, and within that period, assess the viability and
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means of integration into standard operational application systems at the host
institution(s).

2. Co-operate and work toward the establishment of the Infectious Diseases Early
Warning System Bureau (iDEWS Bureau) which will entail, inter alia:

a} Endorsing funding proposals to fund 'the iDEWS Bureau’s establishment and
operation;

b) Utilising the respective institutional administrative apparatus to fulfil any under-
taking agreed to in the formal documentation associated with the iDEWS Bureau
establishment and operation;

¢) Assist with the recruitment of staff and acquisition of necessary equipment and
services for the operation of the iDEWS Bureau; and

d) Support and/or play a role in the governance, operation, research activities and
other tasks as given in the Discussion Document for the Establishment of the
iDEWS Bureau (Appendix 1).

Location: Tokyo, Japan Date: 15™ November 2018

g
Ked

Repregnting SAWS Representin Represgntihg ACCESS/CSIR
Ll r ¢

AL = @/ —

Representing UP Representing SAMRC Representing Limpopo DOH

Supported by:

= Ty

o IR
South African Departmen ience and Technology

Witness by:

- -] -
TR Suedlon Rohora %Mwwészﬂ
Representing U Nagasaki Representing JAMSTEC Representing JICA
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