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ABSTRACT

Since climate change has become a serious problem due to continuous industrialization, abnormal phenomena
(such as global warming) are being intensified. The Intergovernmental Panel on Climate Change (IPCC) highlights
the serious problems of climate impacts that include natural disaster, water scarcity, loss of fauna and flora, and
more. Vector-borne diseases, such as malaria, are also being intensified since the change in temperature influences
the possible habitat of the disease-provoking vectors. Malaria is a serious health problem globally and the
prediction of its changed distribution is necessary for its prevention. Malaria in South America had been eradicated
years ago, but nowadays outbreaks have been increasing again, especially in Venezuela, perhaps associated with
its economic crisis. We arranged climate data and geological data for the past, present, and future of Venezuela
to compare and predict future malaria distribution due to climate change using Maxent software, a widely used
Species Distribution Model. According to the prediction for potential future malaria distribution, if climate change
increases continuously, malaria risk will also increase and expand into the highly populated region in northern
Venezuela where more than 60% of Venezuela’s population lives. The Falcon and Zulia districts are especially
exposed to the highest malaria risk, with an increase of approximately 12% and 23% respectively. Thus
strengthening of health policies and decisions, especially concentrated in the Zulia and Falcon districts, is urgently
needed.
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A A Et} (Patz et al., 2005).

efe|ok= Plasmodium 3-0] A8} 7M1 Yol 7]
Ao s 54 AEsoR, d5o=iE 4gd
PAEL7]Q1 Anopheles %.7] E2] el ol detefor 9%

QI7ke] FAE Bl 1o 2 Soj7tal JHEE vkl &,
Y YshHA Argo] WHsHA Hrt (Caminade et al,
2014). Lef]olE wjrlel= sH W)= Anopheles <5 7|
Z 600 Fofl o vl 2|} Aol wet virfsh=
delg]ole] £H7F tf2tt (World Health Organization
Geneva, 2018). ‘Hetz]o} wi7RAQl H7]= Zd=psFo] 24ls)
of dophda 4= qlon YAFE 2rrt Agsfor ®7] LoflA
Tefejols WA 4 7] "ol 715 A= weke
o} Hje] Fa3t 9gkS 3t} (CDC, 2018). o|F%, et
o} 4=l Plasmodiumi} w7l 27121 Anopheles= 713 %
7o) ke ) wron] ofd 542 olgs) wejzloje] ur
W R WS o2 9 selat = ok welelole] ol
¢l Anopheles X.7] &2 53] iAol Wol Fazsh
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marajoara, A. aquasalis, A. albimanus, A. trinkae, A.
oswaldoi 5 °F 8%0]t} (Lounibos and Conn, 2000).

715 sk Qs eElelol »HES A&iM F7skaL
QAL 2018 AjA| eEfEjo} Harxo] wh=rd 201535
2017491 #2267k Wekelote] Azbael uls) by 7has
Slgh 2x]9F Fof alALE Folmiz ZAo]ch (World Health
Organization Geneva, 2018). =] Zaljo} w2 1984
ol ghuis] Ejx|Elo] WLElx] okl 19938 Al
oz R "o FAA G A, A7), A AHelA
ehbe 2 el wo) gelellA Wasisit (eEd
http://www.cdc.go.kr/npt/biz/npp/portal/nppSumryMain.do?icd
Cd=C0001&icdgrpCd=03&icdSubgrpCd=). e}]o} A} =
90% o14e] DMZ 10 ki o|ujell A g o o= 23te]
delo] 13k} gpot HAAR dolots sretelol ujf =
712 QIgt Zlo= B Qltt (F7]%= AarEu]9s] 99
https://www.yna.co kr/view/AKR20170901155900061). &=
o], old AHHES 71Tl Aol o 53 Ut
elobz WE Z1Aha <17t §oI5 AR Btk (Kim et al.
2010). wiZell, Mak= vl 715et HooARE FE=
5712 <19 Aol Shte] s uje) B A 2
A e e Al et ok Bete] nEet W %
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7 B ) A2do] SIS ot AR O R FEe Tyt
2 wetejo} waEo] 225 Z7H5k Stk (World Health
Organization Geneva, 2018). W|y|<s=<dgle] Walgjo} WAIE
L2 2007 dEE 2017E7FA] 108 E<9F F 893% =713l
201739t 171%9] #7182 2t} (Pan American Heath
Organization, 2017). o3 ¥WHE2 Jol|g)7}o] walgjo}t
SPBEe] 50% o) AA|5tu, Hluldelel Bt ofje} 3
b} 3} 22 ol UetE el geiiAl Zefske] dolle)
7} AH9] wetelol WPHES ol 9t (Pan American
Heath Organization, 2017). ‘de}e]o} Woll= ALEAA 4,
PR, A4 5 of7] aart profsiR|uk, AR ARl &
25 1 FEke] Hlsf et St oje e nlE o
Sotet| HAZE AR webs & dte, St vlssgt
AR AA oS Kol Hidladete] e e akof
sto] 7]5raste] wE welelol EAF ARkE TR os 4
H, ¥ FUE 749 5 Qe Defelol Wy weje v
H = AR o] ol8E Ae=m Helrk o]y 7hdZel
ASS ol 2=y At 22 4 a4 9 nwet 7
< ARA 8a5S ARGl widledete] vl Defeol
Aol FjoFet FA A XS welsial 2|94 54, EA|o]
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2.1.1 97 tHaX|

Hd|5=lebs Holu|]7ke] B2 (24] 10° 307 00" A7
66° 55 007)°f YA|gt Yet2, HA-2 916,455 1qn20]1 o]
JH= 201539 7|2 30,620,404 02 ol W= oF 3021
/km’o|t} (Fig. 1). Wul$dels Ao 7]50] st &
257) el @ X7k o7t Ak BE Holde)rte]
©7)% 7 u)7E o] Wl 6hollA 109 Ato]A|gt Y]
Solet 74 Agel] 2w wulgadets E3) 9o
oFo] wluldralete} 42jo] BHA] 71 2E7} =1 431 7]
7to] e},

2.1.2 zfz(or 2 X[ ooy

Malaria Atlas Project (MAP)= Hefg|ole} BHE HE )
o[BS g1tehE HloE R AlEdh= Ate]ER 2006 | 7|
o]z HXo o3 wHEo]H ) (https:/map.ox.ac.uk/explorer/



JiSHslol T2 YalRioh TR WA TSN BA: HUAURIS Sho= 13

Fig. 1. Geographical location of Venezuela.

#). MAP= Plasmodium falciparum, Plasmodium vivax 2]]|
L deefol IS ke 52 &3 dlolH, dnopheles
S =8 dlold, Zetejol A dolH, Heleo} BA|
A S o] detejotel WA FRE AAA HeE A
ot A7|AHem BAEE dolEolth & dAtoli=
MAPo|A A|lgdk= vzt &3 AnophelesE?l 4.
nuneztovari 1847\, A. darlingi 357V, A. aquasalis 787},
A.albitarsis 1367} 5-2] &3 d|o]g] & 4337)& wo} ZoE
tloje = 283k

2.1.3 7|= dlolH

detejol mi7l) B7l= 53 55 Folshal Bl 4 9
onf 1o £ ) welzlo} 2Fe] 4go] 7] ulEl
Peapolit £et 2 /1% Holels wetalo} W]
Q3 98kS St} (Gunda et al., 2017). @AY A9 A6k AF
H-= 23 A4 (Swiss Federal Institute for Forest, Snow
and Landscape Research; WSL)oJ|4] F35l= CHELSA
(Climatologies at high resolution for the earth’s land surface
areas)i= N|AIZ 0= H= X990 L9} Zhpnf A5 ufof
3L o) Fhsfslo] ATTT. CHELSAL The 715712
Alg 71 et A 71$AtmE Algsial A=A =
2 o= A= Al5sh7] uliol] (Bobrowski and Schickhoff,
2017) & AtolAl= 1km AA} 3l =9] CHELSA 1}A 7]

SA= (198041-20004), A7) 715242 (2015¢) 9 o)) 7]
527 (HadGEM-AO RCP 6.0 2040-2060)5 &-8-3ict
(http://chelsa-climate.org/downloads/). Hadley Centreof|A] H
A 22 A F5k= HadGEM2 2 E-2 [PCC AR5 Zojrdo|m
71 % HadGEM-AOw= 259} 70w W3} of&of| Fojuhar
o] 713} o] F AREHER 2 dAglAs
HadGEM-AO 2318 -89t} (Baek et al., 2013; Kim et al.,
2013). TR, 9bA A3t Hiel o], Hivldeks SolsHA
9dofl 7P =7t il F3 7Ibo] H7] wiiwol o]d 7%
£ whgsto] & dAtolAs 999 7% HiolEE S35t
ARG

2.1.4 DEM (Digital Elevation Model; =X|ET1 =)

) FsE Q3] B X eolAe] L w3t uahy
A 2719} e AEE0] AE 7hs = Al =oAL ol
o 9F 2,000 m oFe] AkeoA= FANETE Wt Het
2o} v} w719] E7 W WOl RA oF 3,000 m ol
o] oA elejol syt AR AlE7F EAfRt
(Bishop and Litch, 2000; World Health Organization, 2012).
SHAIRE 3,000 m oo JrteofjA] o) wefE]ol WS S| o
2 Aploln] o & MEeAE FA5| Lol 7leow
s w7l w77k AESE] of k.t ARl HdldEtel]
L Qle|2s Al Eio] oF 5,000 m t0]9] AbE (w3 &
2= 5)o] EAsL] wlze] o] A HEolA= Tetkelof
o] whgo] ol F0E BHste] £ AT AL NS T
ehelol WA 7Hs olZo] ek mAE shto] Mg =
&k AJZh E T Lof| A= National Centers for Environmental
Information: National Oceanic and Atmospheric Admini-
stration (NOAA)oA Alg8k= Tkm 24} si4f=2] DEM =
228 2tz ol i A9l Hdlede} A oe =5t
ARgacE.

R, B ol ek Tt A AUg 15
T2 Aalst Blgro] Ui st 24 ¢he 3te Alest
o} (Brown, 2013). w2t 99} 7-& DEM do]el2 &85}
o] Aspect®} HillshadeE F=Z3}o] Wald]ol ]9 34 &
2 d&shet] ARSRch
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Wl fdo] R ot et 2 39l HollA Ue
3 WAl §% 3e A2 Heh el ajhA
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= o =2 25 Helo 314 Hok (Asare et al., 2016).
w2 2 Ao A= World Wild Life (WWF), Center of
Environmental Systems Research @ =% 9] University of
Kasseloll Al BE02 A|2tsto] Algske %22 glolelolA) o]
Yinale} Ajeke 2ast0] ALEIIO] ABEE dolel 7}
3} A8k offet elzte] J3) 9l9jEl o R mHEeixl 1)
2 Eal w19 44 5] 2 A mEbol
ule) arefelof A B Aog slelels] gla) 7 B

A ERE| AeE Zste] Mg,

22 A7 U

Maxent (Maximum Entropy) H&-2 7|k }7} A5 WHas
O At AE o|§ste] FEREE IS5k VARG E
o7 Zo) 29 doleihe Ryst] wae] A8, ulmsy
¢l PASS & Uehlig== ®3olt} (Phillips, 2017). =
Maxent 59 ZHAaThe 483 of o2 wauct v
A £ A& =E Uehfe] 3 doly 8ol Agtst
11 (Seo et al., 2008; Song et al., 2012) x}R 2] ¢J&To] go|
3t duko] djAo] 4tk ZEo] It (Song et al., 2012).
stefejote] 28 gAY Bekelol ui Rl m71e] A4
2gE 2|9 7ho] S AR ofg] AdidolAe F |
o7} Fe] ATHS Holn] MaxentZ Fof v/l m719] &
A A e djghozn wetelole] M) MG of=at
= PHEY AeMdS AST vE It} (Gwitira et al., 2015;
Fuller et al., 2016; Gwitira et al., 2018). wahx] & Lo A]
= Hdledete] 1] &4 HlolEE Saf 9] 2 9
orsto] wetelote] Al WAl 154 S HAS wick

o>

Table 1. Material and Methods

Maxent 2% -5 ©f AMESh= SHRTEC] A= 7
3t AAIS Ho|H tEgAIA] (multicollinearity) 417}
dold 4= Q7] whZell o]FA| =2 AT Hole Wgs
& AlAsH] BES FEsliof gtk sHANE ofn] A3PA-=
o4 PCA (Principal component analysis)L.} VIF (Variance
Inflation Factor) 5418 53 ol2] w4 7he] 4THYS Bkl
sk e, e 1 9 SelomuEel Az o g
e ASHeER, 2 dAgoAs gt =3 Hapsol o
st Al B4 oS AJEFRAICt (Gwitira et al, 2015,
Hasyim et al., 2018).

Maxent & 9] ASt== Receiver Operating Characteristic
(ROC)%] AUC HZA (Area Under Cover) 712 S8l =45}
BYE B BRI YRR AUC ZE2 1o 79T
Faghel 710 0.55 Aste] E44351H, AUC Flo] 0.7 o]
A - ou)7l Qlrtal HEsi} (Seo et al., 2008; Lee
et al, 2010). & AtoflA= Hetejol WAR, & 2719
SAAE7E EAEP] whigel ol& Z-88 4 = Maxent =
e olgslol By HES |33k AUC e T3] 9)
3l o2tk AARES slmste o) TgolA AMg @ 4
d dolese Az =g,

N

2 dlojge] d¥ BEHS wE ZgPSk= Random test
percentageS 25%= A3l A A 913l Maxent
A4S 2 R Q3R] AA5h= Replicatess 100 0= A
Aslo] 53k Run typeS  Subsample®, Maximum
iteration> 100022 %131 Output format-> Logistic .=

TS| Ane FEA

Data Type

Source

Description

Species Data | Malaria presence data | Point data (shp) | Malaria Atlas Project (MAP)

- Data between years 1980 and 2003.
- Total of 433 points obtained.

Temperature Raster Chelsa - Data used from past, present and future.
Climate Data - Future prediction using HadGEM-AO (RCP

Precipitation Raster Chelsa 6.0)
Geographic DEM Raster NOAA Aspect and Hillshade derived from DEM.

Data Water Distance Raster WWF Containing ponds, wetlands, reservoirs, etc.
- Random test percentage of 25%
. - 100 Replicat:
Method Maxent jar (SDM) MIT eplcates

- ‘Subsample’ Run type
- ‘Logistic’ output format

Journal of Climate Change Research 2020, Vol. 11, No. 1
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Maxent 72 75 Az}, 34719} 97 glo]e] 5] AUC
ke 07642 Lhgkn wxlst uld) dlole] F5e] AUCEES
0.7482 Ugkom, & o} AT 0.7 oJAke] Zro|E& 29

o ESApr) 53] AEsIctal B 4= ST} (Seo et al., 2008;
Lee et al., 2010). 25 Maxent Z3}= threshold 32 743}
of i T 24 Y HEHORE W HA4S YsANL
Maxento]| 4] A4 == threshold ZFE 72+ tjA} Zorgl=
2 &5h= dlolHet Aol wet EAdurE Db 9ol
ULk EZE 2 Aol A== threshold glofl whe &3
= U sk T 49 fifle] Jlens A1A
¢l RS A7) RAPshar wasich weba
threshold 7] ofd FEFHAR} o] 574]*401 A &

S WG Aegolel A SR e 71
2|7} X123t 2| Z=ZFrt (Choi et al 1998).

& Ao A ARERE Anopheles 7] F2] FAAETE EA
Sh= IA (19809-20039)E FHo2 Aot vie] A
AARE B4 8] ArcGIS  Standard Deviation
Classification 2 £l ¥FHA} (Standard Deviation)E -
3 Al FETR 022 71202 004 1 Atole] kgt
= 22 A9 seue R W Aldet s SRRt (F1g
2). v —Fv': oEo] 7P W A9 o, FHol oE
T AAY S5E HekEor Ay x;xﬂajo]
FD] w2 A9 A er FEE & AoA= 7t
& A SEo HePh Al Aer Hols Seae
SHoR Uefelol] Fak WshE SRk

% i‘rf& Aol A, AA,

Aolo] -efn|gk

J

nlefo] b 91t Aol
wisht 2k Selst] §

Ul
_IZi

Anopheles prediction - Past (1980-2003)

Anopheles prediction - Present (2015)

off 2571 ZF A A7 Sou WA EAF A X9
FAE}. EAE 24 23} (Table 2 (a), P-gL (0.0025)0] ol
(. 05)EE} 7] Wj2o]| (Hennemuth et al., 2013) 257} 3§A
S5 B WA Ajolo] fojuld Kol7t &
" slom, oY Felofe Aol ol
8l A2 (Least Significant
leference LSD) Z:,* 2 33t LSD AA Ax}, LSDEFE
o} & Yo 2ol Bl PAFLEL Falcon-9} Zuliatt
(Fig. 3)=2 et} (Fig. 4).

AP T FAE FRIRE At (Fig. 5), w2t
ofi= dotEl7t Ao Al HRlE 231 Fa3t FA7F 9
on) 71 sl ¢lek X|ofat ARSI oF 55749] £417} 9)
t} (Marrero C. et al., 2017). &3] Hju|dale] X ]HkS

SRt Wk 2 e Ao, 4] £40) 2t

Skl ofg] 2719 35t EARITE Eeteof mi7iA|
o] 37]‘— ;Qxhs]— QEQ]- J_EHHU} o]—l,]a} o 1%1--7 Hvo]
7] 93t A7t Qs 22 SEvF 2o 319 B2

ool EA 4 o] of& AAX) TS Tk, Zulia
7ol B, Hvledet W A4E nieplo|Ro s ekt
£ 59 B2 FeS Holu] ulelrlo|nERiE ofd Al
2 AH|2~E Rl QU (Fig. 5 (a). 7F oh 2t Embalse de
Tule, Embalse Machango, Embalse de Pueblo Viejo, Represa
Burro Negro G} -2 A|4=2] 9 W= Exfsto] w7] A4
A= Afake Sxof0] Ajeld] B ISl OR T BAEo] 9l
o}, £3] Zulia 2AAT, vlelrlolns 2 Ao QI
7 aggslol glo] B3] Hekstol Welelol 1) A14] 7Hs
| 2 Zlo2 YRttt (Fig. 5 (b)). Falcon- E3F oF 177]¢]
SA W o8 549} t{E0] Represa Maticora, Embalse El
Isiro 5 77 A4Jo] gt 427} ZAfalo] watzlo} 2

—L
o Hd
2~
_'_

mlo o N

O

Anopheles prediction - Future (2040-2060)
- [ ] :

a) Malaria prediction (past)

Fig. 2. Results of Maxent Modeling.

b) Malaria prediction (present)

¢) Malaria prediction (future)

Prediction of a) Past, b) Present and c¢) Future Malaria potential distribution divided into 5 risk levels
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Table 2. a) ANOVA test and b) LSD test of Venezuela

(a) ANOVA test

Y=g - Hefel

. o
Ty

administrative districts

Source of Variation df F P-value F crit Alpha
Between Groups 24 2.55 0.0025 1.74 0.05
Within Groups 50 - - - -

(b) Least Significant Difference, LSD
Administrative Districts | LSD/Difference | Administrative Districts | LSD/Difference | Administrative Districts | LSD/Difference
Amazonas 0.85 Lara 0.35 Portuguesa 0.04
Anzoategui 0.03 Merida 0.12 Sucre 0.27
Apure 0.06 Miranda 0.35 Tachira 0.09
Aragua 0.36 Monagas 0.36 Trujillo 0.33
Barinas 0.09 Nueva Esparta 0.36 Vargas 0.36
Bolivar 0.57 Guarico 0.01 Yaracuy 0.35
Carabobo 0.36 Falcon 1.04 Zulia 1.93
Cojedes 0.36 Distrito Capital 0.36
Delta Amacuro 0.36 Dependencias Federales 0.36
A weEfEfol 3o JaE viAl=dl, BAISRE Q1% 4
Y ssh mrle] A4S F )7L QT AT} R
ZAR 02 SISl Wetzlol MRS %Y TR o)

Fig. 3. Geographical location of Falcon and Zulia
districts in Venezuela

A M7 Fek o2 et Falcon 5419 W
o] & 1,078.40 km’, Wul5=Aetol A 7 5] WA o]
2 Pt dolrt (Marrero C. et al., 2017). TS 49

"

el

rd
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A3t 2= glct (Park S. et al, 2012).

EAo]§2 SHoA Hvledet BEX|9 oF 142 5=
I3t =tolr 8 FAE 5 shel A 22 A= AukE
3t =2 7|7} HAsl7] ule- Akt 2ioln iR <l
Ye7) =2 557 2ol Ix|gict (Fig. 5 (d). E£3h 2
FUS 9zt QI o 50| o FoAHA =3} S K] A
A o] ojy HAlo] A4 2™ (Arevalo-Herrera M.
et al., 2012) TElg]o} ZA| AA] FHeFAHo & -2 Falcon
T} Zulia7t= o]of] SiFETh T Lol Hvledat 557
Aol ojglo] F AAWE F shIR olYx|=d] Eal
FalconTolli= 1ok #|oja} tjo] opago] the: ZAfgit
(Fig. 5 (). ole] A7l T, Fapge Aol ol
of 4u] ol4fe] wr) WS wols) W)k AJAJs}le] HlaL
Z o Zgst x|goltt (dos Reis IC. et al., 2015). £42A1},
£3] Falcon o] 554 FHYAPo R 24 R 9o= Y2
Qpagol RS wetelol 24| WA AAXIZS) THs A
| v 2 Ae= Helrkh

oA Qe 59, AT ol P 5

LI RS T Hole] Hebs

40 4o

>l

O
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‘ Zulia_past P2 d Zulia_present Zulia_future
| |=E . ¥ e | =
’ ez [ eve 2 ez
5 [ wvars [eveis [ ez
& I eve [ [
oo o e | B B s

b) Zulia (present)

d) Falcon (past) e) Falcon (present) f) Falcon (future)

Fig. 4. Administrative districts exposed to high malaria risk extracted through Statistical Analysis.
a) Past, b) Present, c) Future distribution of Zulia district and d) Past, e€) Present, f) Future of Falcon district

a) Entrance of Maracaibo bay at Zulia b) High population density near Maracaibo bay at Zulia

4

d) High population density at the northern of Falcon

Fig. 5. Satellite images of Falcon and Zulia districts.
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5 5 S g W Q1) v ofido] ) of
10%7Fd2 AHA|ehe B4 2ol AFst ol= mi¢- w2
QT RS Rl 5] AR ohe Haret Ay W
Q1912 A7} i EAfete] Q1 W Eok 8 B4
Falcon-9} Zulia7-5 X33t H|u|pde} S74 9] el
o why 7152 vl$ ol Foxelom e
B, SlaA 0] Aok 453} S5E0] T Zulia o}
Faleon- HAR Aol 4 AR WA 1] &2 2k2t 449%S}
6.27%Rom FAx o] WA vl&L Z17F 9.35%2}F 10.75%=
A o] wls] HAo] Z7Feict E5F nl] Q] Zulia-2} Falcon
T AA WA thE] 455 55ae WA HleS 32.12%%
22.90%=, SA v]-&o] B3} Zuliat-= 2F 23%2} Falcon7-=
oF 12% Z7¥e A0 Helch, Wk ofuje} A Kol Sl
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