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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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defejol= Plasmodium ¥50] A+t 7IA12E ol 7]
Fomu waEe 34 deEew, 9Fonny Faw
FAE7]9] Anopheles 7] ) WA} Sl Wekelol €%
| Qzte] Hole Eo 7kom Solrla A=/ il ¥,
A AelehuA o] Wets) Hlek (Caminade et al,
2014). Wele]ols mj7fske S W)= Anopheles 45 R7)
5 600 Fof ofsf miZE x|y} 5ol whet wi7lshe
datg]ole] =71 th=Zct (World Health Organization
Geneva, 2018). &efg]o} wi7iAQ1 H7]= Zdpafo] 28|
oF AopE 4= 9lom AFS 2w7t Agsfof W] LofA
dete]ols WA = 7] dleoll 715 IR Heky
of Ao T2t gk gt} (CDC, 2018). o5, Hete
o} ¥=2l Plasmodium} w7l 27121 Anopheles= 713 %
79 FeFs 2 o o] EA4E o8l Uekelore]
1 X WIS oS d woldd 4= Qlrk. welejote] w4
%l Anopheles 57| &2 53] iAol Wol st
of|g|7te] A, oF 1759 &7 Fo| 7IEH=tl 1% 7}
% wol 7155 A Do} 7ol S agt miziA|l Ags st

= W) F£& A darlingi, A. nuneztovari, A. aquasalis, A.

o o

o

marajoara, A. aquasalis, A. albimanus, A. trinkae, A.
oswaldoi 5 °F 80|t} (Lounibos and Conn, 2000).
715tz lsl wete]ol WHES A& STkl
UAEE, 2018 AJA] efe]ob HalAjof w2 2015H-FE
201791 2L 2t wee]ote] Aol wisl i Aas
3 229} Fo ik FojEi= FA|o|th (World Health
Organization Geneva, 2018). =] Zatajo} W2 19849
olF-= ¢hHs] Ejx|Eo] HilER] oiITi) 199398 A%
o7 giFEt 53 JAA G QIA, A7), e AHelA
Bt F= Q1 B wlofAIA st (e EE
http://www.cdc.go.kr/npt/biz/npp/portal/nppSumryMain.do?icd
Cd=C0001&icdgrpCd=03&icdSubgrpCd=). Hetzjo} A} =
90% ©]’do] DMZ 10 km oJtfjofl ] 2Agg o o]= &3ke]
wejo] UHSH ghot HAAR Holet wepelo} v =
71&2 QI o= B qlt} (A7]= AaEuE]9es] 9]¢
https://www.yna.co.kr/view/AKR20170901155900061). Tt}
o], o]l A S 7|THstel we/do] won 53] Wt
gJokes B 71dadlat fofet AedS Btk (Kim et al,
2010). wizoll, Mah= vl 7159t HdoMTE s
H7]|% QI Aol SR e vef ke A 2

=2 2
A e i3e Al 287 Qlrk 51te] nlEset e A%t
I iRt AR, wdledehs 2T SR BA 719k &

Al B2 B AlLgo] 917)E ol AAlA o Fae
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= Tefelol WEEo] 43| S7FkaL itk (World Health
Organization Geneva, 2018). Hu|s=dlg}e] dafao} HIE
2 20079RE 201797H4] 104 E9F & 893% =7}l
201749 171%9] 57182 Rt} (Pan American Heath
Organization, 2017). o]# ¥HHEL dolHg|7}e] waleo}
MR 50% oS i, | Slet wak o} 7
HE 53 22 o] UehaR2 9] A7 st o2
7F FAA|e] Tefejol HES $=o]al lth (Pan American
Heath Organization, 2017). Wafe]o} Qo= ALS| A4,
B2, A 5 ol a4t welshAu, AAEe 8
252 11 FFel vl HER kst ofef e njEE o
Soh=tl HAZE SARI b & At 53 Hlsgt
ARRAAA] e Hole Hdledete] e e wef
sto] 7| e mste] whE wetelol gkt AR 1t

o, % FUE §UE o e Dkl Wy Hejet
H A FA o] o]8E Zlew HQlth o]
|52 ol 2=u g 22 oA aa 9l
< APA f4a5S AR widldete] nief Teke]of
Aol Fokeh FA WA A 9S afefstal A|9H 4, BA
|4 54 3 AR EAS &4 gtk
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2.1.1 A7 K|

Hul=dak= gope]7ke] £ (5] 10° 30 007 417
66° 55" 00")° |3t Uztz, WAL 916,455 km’o]iL QI
T 201549 72 30,620,404 0 2 0] Wl oF 30.21
/km’o|t} (Fig. 1). wul5dels I 7150 &80t &
257 @A 9 293 Zpol7t Ak HF dolw|E]rte]
71 7 v7E wol Ygls 69ofA] 109 Afol AR wd]
gt 7|4 A& g2y wdldeks £35] 99 )
o] Hul=detel 422lo] ElHA 7P =7 i1 53 7]
Zro] Hrt.

2.1.2 Z2f2|of 4 X HlolE

Malaria Atlas Project (MAP)+= Zete]ole} s e o
olHE s71etE HolE & Algsh= Al|ER 2006 I A
o|= HEo ol Tt=o]& ) (https://map.ox.ac.uk/explorer/
#/). MAP+= Plasmodium falciparum, Plasmodium vivax 2]°|

= delEjo S frdshe 152 &3 HIolH, Anopheles
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Fig. 1. Geographical location of Venezuela.

o

=9 dlold, Tefe]ol WEA dlofE, wetelol EXA
A} S o] Tefe]oret WA FEE AAA Hel= A

sh F7|Aor JalEl= dolEoloh & AtolA=
MAPOJA Algsk= Huledel &3 Anopheles$Ql 4.
nuneztovari 1847Y, A. darlingi 357, A. aquasalis 787},
A.albitarsis 1367]] 5-2] =& d|o|g & 4337]|& o} ZQIE

glolg= -8k

ofl et

2.1.3 7|= dlolH

Dol 7l B7l= SRt 25 Folshal BVl g
om & 2= o Helgol 4F9] el w71 el
Aol 2ok 2L 7% dolehe welzlo} Wl %
Q3 A5kS St (Gunda et al., 2017). SR 22 oAdF AF
Y- =2 L4 (Swiss Federal Institute for Forest, Snow
and Landscape Research; WSL)oJ|A] F=345H= CHELSA
(Climatologies at high resolution for the earth’s land surface
arcasy= AAH O RE Aofo] o} 74k A E o
al7 ol F7HElelo] AR CHELSAL: The 7542
Alg 7R et A 7S AmE Alsstal AR
L2 & A= A)|F317] WEef (Bobrowski and Schickhoff,
2017) & AtollA= 1km AR} 8=2] CHELSA 7 7]
SARR (1980-20009), AA 71$-Ak= (2015) % wl=j 7]
S 217 (HadGEM-AO RCP 6.0 2040\d-20604)E 2-2-30ct

(http://chelsa-climate.org/downloads/). Hadley Centreoflx] H
A 28 Algsk= HadGEM2 H 92 IPCC AR5 Zrojmgo]n]
71 ¥ HadGEM-AO&= 28} 7 13} of&of FHofuar
njg 7193}t oS F2 ARREHER 2 dAtss
HadGEM-AO =218 €-8-30t} (Baek et al., 2013; Kim et al.,
2013). E3E, 9hA] At vie} o], widldel= SolstA
9ol 7P 2%=7F il 53 7IXto] H7] wiizol] o™ 7%
£ HHgsto] & dAtollM= 999 715 HlolElE S35t
AR

2.1.4 DEM (Digital Elevation Model; =X|ZE11HE)

2| 7|5Hstz Qe w2 A YolA o] &= EIF HshH
A B71ef 22 BEE0] AL 7hs HRE A woRIaL )l
o}, oF 2,000 m oliFe] TG ZHKIES] Yok Wt
elo} o7l 7)) Z@ W9I7E WolXwA oF 3,000 m o)A
o] MEOIHE Watzlol BAL WAE A7l EAjgct
(Bishop and Litch, 2000; World Health Organization, 2012).
SHAIRE 3,000 m o}Fe] artofjAo] Hejejol WS 52 oF
= ARglolH B 2 dofliE HA5] WolAls Vee®
aff wi7f w2717k AESE] ok i dFIQl Hidl et
= el AP BlEo] ©fF 5,000 m 0] A (FE =
2ule o] 2Afal] o] od AejSelAL welalo}
of Hho] ojelg Aow BHste] B AL ES B
ehelol wh s A oSl S vA shto) W X
&+ AT B Aol A= National Centers for Environmental
Information: National Oceanic and Atmospheric Admini-
stration (NOAA)OA] A Z51= 1km 2=} jA=2] DEM
2] Az wol ok xjelel wujsele xjeke REsto]
gt

E, e do] 4%k Tk AESIAL AgE 150
dhss ALt vhgte] YR s B4 ke 38 As
t} (Brown, 2013). mWepA] 12} 22 DEM d|o[elS 2§}
o] Aspect?} HillshadeE E=E3fo] Wefelof m7]9] A &
IS ASsh=t] AR

o or
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2.1.5 Yo ZEE9| Az

ZFolut Zapeh 22 319l Folld &=
_]
(o]

fr

Bl o) v
WA 95 714 7k eby wetalo} o)
7} 23go] E7IAe) BgolH ele Eaat A4lA] ofat
S 5] 2 B ¥elo] 4ol Hr} (Asare et al., 2016).
w2hA] B Aol A= World Wild Life (WWF), Center of
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Environmental Systems Research 2! =U9] University of
Kasselof| 4] 5502 A|Ztsto] Al gslk= =9 tofEoflA] H|
dele} e}g SEslo] ALgHOD AFRE Hole 7
3} S8k opje} ol7le] ofs) QI9jH o WSold wel
Bz 1719) 44 TR Aol B8 oS Zeeld
ujel welelol WA BE AL solals] i) 4, st

SARREY AL ZHslol gt

22 A7 UE

Maxent (Maximum Entropy) 222 7{@Fz[7} A3 ¥
o AltaaE o|§ste] FEREES ASdhe VAR
o8 Fo =9 HlolHuks a7kt Wo] Ay, v
¢l PSS & el 23olt} (Phillips, 2017). &
Maxent 3> SRR 28 of ofE 2y HT} H|w
A w2 AS5HEY=E Yol =3 dloly &gl Agst
11 (Seo et al., 2008; Song et al., 2012) A[=2] Q]&E o] go]
s Ae] sjAo] gfrh= AHzdo] Qlrt (Song et al., 2012).
detejore] o WA weke]of wiziA|¢l 2719 A4
A A 7ho] e AR ofg] A dTolA= = b
oJE|7} oFe] S Kol Maxents F3f il ®719] &
A Ao dEghe ) Heejote] A WA L oS5t
= P20 deMde A5E v Sl (Gwitira et al., 2015;
Fuller et al., 2016; Gwitira et al., 2018). wa}A] & A Lof| 4]
+ Hdldete] ®7] S8 HolEE F8l 2719 #EE 9
ofsto] ete]ole] A WA Thelds A8k gtk

Maxent B3-S -5 ] ARESh= S50l A= 2
o AHBAE HolH te34l4 (multicollinearity) A7+

i

O ofth

Table 1. Material and Methods

dojg = Q7] wiizol| o]FA| & S Kol Mas
2 AA5te] wae EsoF aleh. ahAl ofu] Al

o] PCA (Principal component analysis)L.} VIF (Variance
Inflation Factor) #4553l of2] W= 7ho] A 2el
Fal &%, e, 1 9 oo e A 5o =Y
= AFAens, & AolAe Audt =9 Hesol o

AA BA 3PS AJERIc) (Gwitira et al, 2015;
Hasyim et al., 2018).

Maxent %8 9] A& = Receiver Operating Characteristic
(ROC)%] AUC A (Area Under Cover) 71 =3l =45t
Hs e S5 AgdaE AUC g2 1ol 7P7hA]aL
2|agke] 7o' 0.55 Asto] A5k, AUC 4ol 0.7 ©]
&L 7ol &fmlzt Qlekal AekRict (Seo et al., 2008; Lee
et al, 2010). & Atollxf= akejol XA, & 2719
2RI} ZA5P] G2 o2 g3 4 Y Maxent B
#e olgsio] A HES oS3k AUC 3 To7] 9

&3k AARES Hlmaks 5o TN AL U 1

> of

ok

N

r
6
-
2
>
rlr
H
i)
m%
3
X,
_I {
n:
o
ot

QIsi7] Sia) 72
=2 dlojge] dF EAE m=E XIgst= Random test
percentageS 25%% Aol A AR 93] Maxent
BEAS 9 W AR A= Replicates2 1008102 A
Aste] L5k Run type2 Subsample®, Maximum
iteration> 100022 A3 Output format-2> Logistic O =2
il Auke FEc

or

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 2019, Vol. 10, No. 4



7|=Hstol T2 HEf2(or B 2 Jisd 24 HUREE SHe= 15

3. Zm ¥ m

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

o
I

eyl -

o
arsC

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

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

A AAA FHeFK o el FalconT-s 54]9] W3

] 1,078.40 km’, wuS=allztoll 4] 714 52] WA

-

4

2 Pt Aolrt (Marrero C. et al., 2017). TS 59 QL
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AR Welelol Bmef ok
shshs 17]9] HAAE E5

vl A, AR Qe 4t
2717k Q1 Wr} 32

Fl

2

FrAA GO R Shlste] welelol W ES Y 7= v
Al 4= Qit} (Park S. et al., 2012).
EXo]-§4 SHol|A Hdlrdel BEXO] of /42 U=

SIgk ol 8 SAE 5 Skl 4} 2E 22 A
e =& 1)} Walsl] b Ak 2ol dh <)
W} e B8 Aol S1XTh (Fig 5 (@). £
UL 9 QAT ol5o] o] FolR|BA 3t 2 17| A
A o] ojy HAlo] A4 2™ (Arevalo-Herrera M.
et al., 2012) 2rete|ob ZHA A4] FHeFA P o2 Lk Falcon
T} Zuliatt= ofof] st 54 Ll e} H5

>l 44 Lo

Aol ojglo] F AATE F ShR olAy) B4
Faleon ol 910k Xt wio] opagol ki ZAfaich

(Fig. 5 (c)). o8] A7ZAT}o|| =, AL 2 5=od
Ot 4ul] o}fe] B7] WS Holu B7|7} A45}r]of vlal

2 o] Agst x]go|t} (dos Reis IC. et al., 2015). F-A4A 7},
E3] Falconto] 555 FoA Yo R &5 XHol= {e

opapgo] EAfshER Wekelo} R4 WY MAIXI 2] 7K
| o9 & Ao melk

O

A AT 9, AV 5, P 5L T Qo)

2 JAIRsS ARt oln] mbA s A9 Q-

AL 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.

http://www.ekscc.re.kr



18 AU - Hafel - NP

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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