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Cholera prediction models using satellite remote sensing
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This study aimed to develop a diarrhoea prediction model using environmental
information extracted from satellite remote sensing. We developed a time-series regression model by
applying a distributed lag non-linear model to concurrently describe the non-linear relationship

between environmental factors and the number of diarrhoea cases over multiple weeks of lag. The
number of weekly diarrhoea cases visiting hospitals around the Lake Victoria in Nyanza province,
Kenya was revealed to be predictable using environmental data including land surface temperature,
water surface temperature, normalized difference vegetation index (NDVI) around the hospital, area
of high NDVI on the lake surface (as an index of floating water hyacinth) and rainfall that were
extracted from the MODIS satellite images and the GSMap.



¢ X C—19, F—-19—1, Z—19, CK—19 (dtm)

1. WHZERAR Y M DT &

1990 4EM B 2015 AED M 5 kAT 2 D 4E
CHREZ3IHOVICHIE TV I L=
LBFE B 4 OFERFIAAIX, 77V IIZE
WCHRIZE LWVRILTH D, BT LD
T 7 UMD 5RO FERFER X
RN 21%., ~F U 75 18%, FHIMELRE BN
17% &, 2D = KEGUE CHEU L2 5D
TWHZ END, ZNLOEYER 2> b r
— T BHIENE#EI L=T ABBEE4

DERICHT L TCEDLOTEHETHD, L,

BURTIX 2 B ORRYYEIZ X3 5 2 172
BRENE KL LTS LIIE 2T, —H TR
AR BT K 2 1R Hid~ oD BVHS FR YL IE D Yk
KPR SN TWDH BRYETRIT T8 - %t
KOO DF T2 AT AMEV R RO BN
TW5b,

2. WHEOER

=T MERETOE 7 N T T —F
LY (K 1) TIHEET A2t R TATAA
DFENEE Z . KEBREOE(L & Rz
D a LIt EOBENREDNL TV (X 2),
AWML T, (1) B2 MY THOT7T A4 =,
BT AT A A A, R AKIRCRE N &% DB
BRIRT7 — % & 28BS @ DR L,
(2) =L BEH L O L FRIIRITIC
L VEET 5, SOICHERBNT —& L b
BHNRRT — 2 2B ECa L Tl
FHETVEREET D,

(1) r=7#fE=x ¥R FEXR
MK -68%) L7 MY THIY o —F A8 GR
)

(K 2) FRALARBDOY 4 —F LEITHA,
BETAEFRTAT A HEEBE)

3. WHEDTTik

(1) #R7T =200 OREF M FED
WL 7 — 4% v MEK

FIR K57 = TS LE 3 2 7 =7 40
Eovy P REAHMXEZETEY U T
U4 —F LIBORET — 2 b RE KRR
TAa, RTATAA DG, BEREET —
AL LTz, BIMICER I A T 2% ET D L [H
FRICKEREZITV., TAaBERREZE=
ZV T ULTT—2&ER L, JAXA OREiiE]
MR 172061 (ALOS) # 2 H 5
TAa, R"TATAA A ERET B0
WHET—X L LT — 2 DoXHibE - KiGE
#iTo 7,

(2) FHMERAT THIE 7L OB%E

U —F LBEN O TR (K3) ik
WCZ2 LI THERE T — 2 2 IUE L, B
BORERINT — & ZAERL LTz, AFZEHIN O
a LT BEREEN DI E D AR
IR L LCFREZ & e Lz, (1) T
ERLE-EEBIIC L5 2 Y Tl 7
Fa, RTATHAA A, FRAKIESCEETE
T =X EOBREE R & THRIERE L E O
HARERYIMEATIC LV RREE L, TFUE T3
TIVEAERR LT,

Maseno d_i\ssinnuo';pw
s o
Hospi District Hospital " i f
= yanza Provincial Hospital

1 — *tm-unsnm
)

2

. District Hospital
" O 5 | 4 3 icho District Hospi e o
Advntist hopital | Z

= it B
13 | 12 |y11 g 9 S

-

Tl ;
it e N

I_V_.)‘Kisiim.ssm..-t hospital

o R

Sources: Est car
7~ 'GEBCO, USGS, FAD, NP3, NRCAN, GeoBase, IGN, Kaoaster NL. Ofmance
¢ T e L e e

glitein Mission Hospital

ser

0 20 )
Kilometers.



(K3) V4 —F LBRIOFHEXNRFER,
XN D MFA X GSMap DBERET — FHiH 7Y
> K

4. WFFERE

(1) #ET —Z 16 OBREFHRIEFED
WL 7 — 4% v MEK

HfED T ¢ —F AW #H (MODIS) (K 4) X
D, RTATHADORELHESNDBRND
NDVI 23— EMELL LD o A2 L., &
TATAAZHAOFEL L=, #EFEI<TT
FagAEREAAT D Z EIXRETH -
7=,

(®4) v —F LEHELER MODIS), F
BOMABBRARICEATERTA TAA

AR, WAL, PR &, Wbia &
T2 8km OHIFIRE, NDVI ZEDT — &
EBBED THRIEBFE R T — 2 e L, 7
—H_X—2{p L7z (¥5),

n“ll“”l‘\.‘”l.“”‘ =

‘ |H\.|\I|||\||\.|H\‘\m.u.lhlm\ln\|i\|u‘|.u|\|l\\‘I‘h\“l.\||“m|\|‘
AL L

T

(K5) WwhzHheT23%E8 kmlH
DAFEINDVI (BB, #RIBE (FB) ., B
RE (TE)

(2) FRUENAT TIEF 1L OBIR

TIRE B S L JE DRI (LST) . NDVI,
BEiNEE D7 7258 L 7= A HH BB K
(cross—correlation) IEX 6 ([Z/;-4 WY
—EOEEZR O, I BT, — LB
JHET NV E W TREECKM ML Fa
B LITRERIGHIT 2T, FRER T & T
FHERBE & OBRE A FBRER 72OV T
BEOTZ IV TCHEERDEZ, £
Distributed lag non-linear model % FH\ T
FEMIE ORBRISEBRB LT 7 & o
AT L T A BEREER T ISR 72 B

TR,

raintall

=t
=] . . .
[ -—-—1——-'—-'—'—1'";——"—""'—;'—'.""'
- .
C'. T T T T T T
0 2 10
?ﬂg(munth?
Land NDVI
b
o
L] -
I
- L]
=+
L T T .
0 8 10
?ﬂg(munth?
LST
b
o
O o _ll__.
=+
& .
0 4 1 2 10
lag({month}

(X 6) THIERERLEHEE (L) . NDVI
(FRER) . FEHRIBE (LST) (TE) &7
J & EZ E L - HEMEEBE X

(cross—correlation)

5. AR LE
(BFFEfRFA | BITEoHE R O e84 12
TR

UdesEams) R4 1)
1. FNESL, HERIERE(L & RYWE, (RO
Bleg, #Fe/e L, 2018, 56 60 4 3 & 170-175

2. )15, Swadhin Behera, /NEIL, X
BEEE~Z V7 FTTFHEDI LT, &
FOHdAH, HEi/a L. 2017, 2603 10 5,
917-922

3. BINEL, 77V hoEi~7 U 7L
A v RPEX A B—T— RBIS . L3R ED
fEIR. AEFE/e L. 2014, 30 3% 3 8. 113-120

4. HINESL, HERIERE(L & BVTRGYE, /N
VR Gebo ) At/ L, 2014, 26 % 1 75, 54-58

(Fy&R] GHoth)

1. Hashizume M. (Workshop on “Application
of Ocean and Climate Predictions”, 25
January 2017, Yokohama, Japan) Indian
Ocean Dipole and human health.

2. Matsushita N, Kim Y, Moriyama M,

Yamamoto K, Igarashi T, Yamamoto A, Otieno
W, Minakawa N, Hashizume M. (International
Society of Environmental Epidemiology —
Asia Chapter Conference, 26—29 June 2016,
Sapporo, Japan) The association between



environmental factors and malaria,
diarrhea around the Lake Victoria in
Kenya.

3. BIEJL (HKVE—hRUy U 7Es
%59 [B] (CFRK 27 FERKE) FilGhES  Fr
By vay AREECBTDYE— MR
VU OIERI201648 11 A 26 B RIFT)

4. FBJNELSL (55 30 [0] 0 A [E B AR 2
S HMES 547 B EER LR ST

2015 4F 11 A 22 B &R SELH) &
E—AALHRICE 2 R L R —

5. BNESL (5 74 [B] B RARMB AR
&AL RO T N3 MIERIRRERES -
FREFREE & H AR D HUs PR « A RA A2 ) 2015 4
11 A6H EIGH HMERIRELOMEERE
THH & A

6. Hashizume M. (Impact of Environmental
Changes on Infectious Diseases 2015, 23-25
March 2015, Sitges, Spain) Climate
climate change and water—borne diseases

7 . Hashizume M. (2014 Conference of
International Society for Environmental
Epidemiology Asia Chapter. 29 November—2
December 2014, Shanghai, China) Climate
climate change and diarrhea in low—income
settings —time—series regression analysis

8. Hashizume M. (2014 Water & Health
Conference. A side event on Climate Change
& Diarrheal Disease, 13 October 2014,
Chapel Hill, NC, USA) Epidemiological
Studies on the Association between Weather,
Flooding and Diarrhea in Low—income
Settings.

9. Hashizume M. (5th Asia-Pacific
Conference on Public Health, 10-11 April
2014, Seoul, South Korea) Indian Ocean
Dipole and Infectious Disease Dynamics in
Tropical Asia and Africa

(£ Dfth)

R brl— s
http://www. tm. nagasaki—u. ac. jp/pediatri
c/

6. AFFERERR

(D) WFgefs

&N E#5L (HASHIZUME, Masahiro)
Rl R - BV = PF 9T - 2%
WFgeE 5« 30448500

(2) W zesy R
PRl HEME (MORIYAMA, Masao)
R R« TEFERF - HERER

WF7e& %5 - 00240911

—E {AKZ= (ICHINOSE, Yasuo)
FIG R - BT EE2FS0HT - 8%
WFgeE 25 1 70176296

) WrgEt 113
(WA Fng (YAMAMOTO, Kazuhide)
SFHT ML ZE W T B A

Otieno Wellington
r=THME - vt KF



