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Predicting the potential distribution of Aedes albopictus in
Guangdong Province based on the combined models and GIS

CHEN Cihao, WEI Bo "~
College of Geomatics and Geoinformation, Guilin University of Technology, Guilin, Guangxi 541004, China

Abstract: [ Aim] Aedes albopictus is a highly invasive mosquito and the main medium of dengue contagion in Guangdong Province ,
South Chinaj; its potential distribution in this region can provide scientific evidence for the establishment of epidemic prevention
strategies. [ Method] Traditional methods do not take into account the relative importance of environmental factors. To address this
problem, four combined models for predicting potential distribution were constructed: combinations of the four factor-weighting mod-
els (geographic detector, multivariable linear regression, principal component analysis, and factor analysis) and the analogy devia-
tion model. The weights of environmental factors screened by correlation analysis were first divided by the four factor-weighting mod-
els and then combined with the analogy deviation value formula. Finally, the potential distribution areas of A. albopictus in Guang-
dong Province in southern China were predicted using GIS technology. [ Result] The accuracy verification and prediction of the four
combined models showed that the accuracy of the combination of the geographic detector model and the analogy deviation model
(GDM-ADM) was the highest, with a mean AUC of 0.944 and a standard deviation of 0.008. Meanwhile, the GDM-ADM model
prediction showed that the areas with a lower risk of invasion of A. albopictus were in the northern part of Guangdong Province, ac-
counting for 4.05% of the total area, and most areas were under medium or medium-high risk, accounting for more than 85% of the
total area, while Guangzhou, Foshan, and Dongguan in central Guangdong Province were at high risk, accounting for 8.77% of the
total area. [ Conclusion] Compared with the analogy deviation model, which does not consider the weights of the factors, the com-
bined models that consider factor weights can effectively improve the accuracy of the prediction of potentially suitable areas for mos-

quitoes. The geographic detector model divides the weights of the factors by exploring spatial heterogeneity, which is more effective
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than traditional statistical models, and its combined model has the highest accuracy for the prediction of the potential distribution ar-

eas of A. albopictus. .

Key words: Aedes albopictus; factor-weighting model ; analogy deviation model; geographic information system; potential distribu-

tion area
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Table 2 Factor weights divided by different models A7 Unit: %
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Model Name Temperature Rainfall Elevation Slope Aspect Vegetation Population Park
GDM 17.04 12.29 11.93 7.36 0 18.10 15.75 17.53
MLRM 6.36 25.87 9.09 2.31 0 33.39 3.39 19.59
PCAM 19.96 5.00 20.24 20.80 9.45 15.80 3.81 4.94
FAM 16.58 5.73 13.94 15.33 4.96 19.52 12.24 11.70




- 164 - YRR Journal of Biosafety

$32%

1.23 #EARXFAMAAHEA K GDM,MLRM,
PCAM Fl1 FAM %] 5319 [ AL 43 M A ADM, #4
## GDM-ADM, MLRM-ADM., PCAM-ADM, FAM-
ADM 4 Fofridi A X P 20 G450 | BAAR R J A AE A
BEEAN Y, 5HFRELS A, ErFEARE
JEEI 05075 BB A T AL (g, ) , 76 GDM 5
MLRM (A E R 5325 5 v, 3 1 R B4 2 1) ) AL
H9 0% AR AR GDM-ADM 5 MLRM-ADM H?
P ILHERR , Fak i

Cij:ZZ;lquCijk (3)

Cijk=0.5(DL.jk+S%) (4)
1 , ,

Dijkzgzzléllxikl_xikll (5)
| B , ,

Sijlszizhl |xikl_xi/f[_Eijk| (6)
n
| B , ,

Eijkzizlﬂ(xzkl_xikl) (7)
n

KAk R kDA k=12, m L HFEAR
B, 1=1,2,3, - n;x0, NS BRUGHRBRA o, T
SAEPRMEL; C, o B0 A3 5 2 BOSR AR DL B A8
I S S SR kA IREE R A AT L B
q, %t R R BE I F (AL, 43 5 B GDM |, MLRM
PCAM FI FAM 4 FEEIR 73 AP FALE (£ 2) S,
WIEFH, Fon N A 5 2 IS B ARS8 AR
XfE, W22 D, N E R Rom Bl i 52

2R A kA EERARE Y22

1.2.4 & ARFM@EHRELITHE R ArcGIS
Engine F1 SQL Server £{4f % T & i Az DX TN R 458
RGRNEHE R TR T, Wi A AL A
e A 8 RSO J2E T SR A A A 5 PR e A
AR, AT HR 2% i B8 AR DL B B AR, 2R T o
YN 2

HE i ~C i 390 00 BT AT R AL 85 5 (L 4 i A
/M, C R SMSE R AR LR

B AAERAE A AR, F ] R G800 25 [ 4
B BRI ARG, SR J5 MR XT38 AR AR 9 AT
T, KI5 4 DTG, B2 G AR BER
CH p, B XU HB X (75% <p <100%) s KL
Wb X (60% < p<75%) 1 AU 1L X (40% < p<
60% ) FIMEJAE HLIX (0<p<40%) , fifi FH & 5c & EK
Tirtie Az B AR DT A & AL S5 AR 25 KU
DXAG AR /I H XU X TR R 5 L

2 ZERERW

2.1 EBIFNEE S I IE

2,11 NEBEE S 4R L e B T Ay
JRBGS: DX 3 AR 2 [ e (L 1T 75, e 22 % HOAS 82
PEATHGUE , 7E AR T BT R 2 A R
o RUGE 4 o P 2 XU DX A DR DX B AL A
200 MEEAR AT, HE AR AR | JIKTRE AR A5
NBRHERIE BT A 12 AR X BT R 43 B9 AR R X
), A5 204 KBS XS BE (32 3) . B3R 3 s, B
R RS FE 24135 91.009% A b, HLA% KUK [XOR 8 1)
E 90.00% LA b, 15 B AARARE 38 25 ) 4 (B0 AT 4 | BDH
SXof JO7 75 1) PR ) XU DX K] e A

2.1.2 ROC #h & 363F  THNAR IR %) o A B A ] 5
PR FH 6 AIE 5 808 10« 32380 TAERRIE” ( receiver
operating characteristic, ROC) M & T K: 50, 5 Ff
TN ASE TR 43 550 AT 22 UORS BE 6 E S 58, A [R] A 7Y
ROC AR ILE 1, ME 1 o], 5wt
AU ROC 2R 1 BUAR AL T 1, AR I8 UEAEAS 1543
AT ; GDM-ADM B[ ROC Hh £k BA A4k F oAl
& ADM AL 105, B GDM-ADM 45 R () #E A%
A3 A5 VRS BE 241 F A ADM B ; MLRM-ADM |
PCAM-ADM Fil FAM-ADM #&#1{) ROC fh£& 15 JoAL
T ADM 557 () 0175 B B A v, 1 B A 4 ol 7 0 A

o GGy
G o (&) RIS RTINS I .
x3 THEHEBELERE
Table 3 Spatial interpolation accuracy result table AL Unit: %

T A RIS X rhRURE X o U X o XU X A
Predictive model Low risk area Medium risk area Medium and high risk area High risk area Total accuracy
GDM-ADM 92.00 91.00 93.00 92.00 92.000
MLRM-ADM 93.00 90.00 91.00 91.50 91.375
PCAM-ADM 92.00 90.50 90.50 92.00 91.250
FAM-ADM 90.00 91.50 92.50 91.00 91.250
ADM 91.50 91.00 93.00 90.00 91.375




- 165 -

A B
1 —
£ 09 S
£ 08 g
£ 07 2
2 06 Z
g 05 &
.[_E' 0.4 ﬁ
M M
£ 03 )
= =
= ) =
0.1
0.102030405060708091 0.102030405060.708091
fEBH %% False positive rate/% {EBH % False positive rate/%
—— MBI ARAR L BT A AIROC I 22 —— Z T IERIARE L B RIROCH 2k
GDM-ADM ROC curve MLRM-ADM ROC curve
— FAEARLES ERAIROCH 2 — FTACEAES FERAIROCH 2k
No weight ADM ROC curve No weight ADM ROC curve
C D
1 e
= s 09
|3 jo)
= g 08
2 2 07
g Z 06
) 2 05
= B 04
# # 03
= =
= =3 0.2
0.1
0.10203040.5060.70.8091 0.10203040.5060.70.8091
BB 2 False positive rate/% BT False positive rate/%
— ERS TR EEERIROC Hh 2k — BT AR B RIROCH 22
PCAM-ADM ROC curve FAM-ADM ROC curve
— TAEAUE FEEAIROC H £ — TAEARLE FERAIROCHE £k
No weight ADM ROC curve No weight ADM ROC curve

1 5 #HUEE ROC HE&E
Fig.1 ROC curve of five prediction models

2.1.3 AUC EiHH 1 ROC #h&Zk Joi i b 35 51 1
R[] ) ORG BE 22001, 5 2215 AUC f, AUC N
ROC HHZEF By, B8 ROC Hh £k 19 22 1 b 45
Fr, AUC BUETE R 0 ~ 1, 558 BUAE B R AE L,
AUC HIEMFEARRI 7 M (0.9<AUCS 1) J54f
(0.8<AUC<0.9) .— % (0.7<AUC<0.8) .#2%(0.6
<AUC<0.7) M2 (AUC<0.6) . 5 FELBLEY AUC
THEZER IR 4,

Z: I AUC PEMT #E AR, A PCAM-ADM FITCAY
#ADM FEI ) SF- 34 AUC {H/N T 0.91, XA,
H 5 Fh U AR A A2 AUC {E IR B o0, 356
BH S o 930 3000 A 764 ) 0000 A 285X T AR 4 3 LA P
PRI A DX PR B A R, AR ST 4 Fh AL A R
WA 3 )38 A X FNRG B X 5 T JCA R ADM A5
YU B 25 L PN A A B T o TR A AR ) 3 A
DX T A B2

T4 5THER AUC EITELER

Table 4 Calculation results of AUC values of five models

TR A S — S S = LY ST FHE PrifiEZ2
Predictive model ~ Experiment 1 Experiment 2 Experiment 3 Experiment 4 Experiment 5 Average value  Standard deviation
GDM-ADM 0.93 0.95 0.94 0.95 0.95 0.944 0.008
MLRM-ADM 0.90 0.92 0.91 0.92 0.91 0.912 0.007
PCAM-ADM 0.90 0.90 0.90 0.90 0.91 0.902 0.004
FAM-ADM 0.92 0.93 0.93 0.91 0.92 0.922 0.007
ADM 0.90 0.91 0.91 0.90 0.91 0.906 0.005
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Predictive model Low risk area Medium risk area Medium and high risk area High risk area
GDM-ADM 4.05 36.79 50.39 8.77
MLRM- ADM 20.43 59.90 18.67 1.00
PCAM-ADM 1.24 13.95 49.58 35.23
FAM-ADM 1.85 17.34 50.70 30.11
ADM 4.29 51.24 43.45 1.02
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