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Dynamics of a mosquito—borne model with distinct dispersal rates

YA Bao, HE lie
(School of Mathematics and Statistics, Xidian University, Xi’an 710126, Shaanxi, China)

Abstract: In order to study the impact of host dispersal and spatial heterogeneity on the spread of mosquito—borne diseases, a
reactive-diffusion mosquito—borne disease model with different diffusion rates is established. Firstly, the next-generation operator
theory is applied to define the basic reproduction number R, of the model, and the asymptotic behavior of R, as the diffusion
coefficient tending to zero and infinity is analyzed respectively. Secondly, according to the persistence theory of dynamical systems,
it is proved that the sign of R,—1 determines the global threshold dynamics of the model. Finally, numerical simulations validate the
theoretical results and show that spatial heterogeneity may increase the risk of disease transmission.

Key words: mosquito—borne diseases; spatial heterogeneity ; basic reproduction number; threshold dynamics

0 3=

Pt BT LR 2040 (WHO ) 45GH |, ICiitges ih 25248 B 20 s 55 i, O30 5o e 1 T e R AT 164 | 41
SFET70 ZTTAFET L ORI S — o BT 1 28 SRS SR AR IR B RS AL A A
S AR 7 =YY eI e B B AR REAL YL A T, B BRI SC T YR ) i S T SO0
SR ISR AT X AR TR AE 120 NSRS 4 39 AC Y A= fir fe B M B T U ) | TR ) P ey v o
Gt ORI I ALAR S 45 ) B B

25 ) 5 0P S A A a R AR 28 8] 43 A AR 35 5 M e LA 2P | A% e g A AR 1) 6 AR A 0L
AEERFM . Wang Fl Zhao * B FT T — 2B B AR b A & BUE 13 23 (7] S 440 45 2 1 o
T 2 40 0] RE S IR AG BN & 38 B XU . Zha il Jiang ™' 96 T — 2830 4318 10 0 5 A58 80 51y g 2 1) F 55 3%
HF 5 9 1 485 110 25 ) 5 5 P T R 2 B0 g JE e 1) XU o At 56 1 55 J5 2 05 s B A A AF 5T T4, T
Z W 3CHk[6-7]

s A HA:2023-10-14; W48 H ARET 18] :2024-11-08 15:01:37
EETB V5% FRHE R 2024 4F2R 38 R R R I3 H ( TZIH2024001)
F—1EH 15 (2000— ), B WAFGT A 5T 07 W A Y%, E-mail ; baoya_qw@ 163.com



B2 WE 55— KA AFY R R A SRR R 3 )2 39

FED Bl RS R AR 1 — NN R, O TR O O (4% 1 % 0 , Zhao 55 #5717
— R B 3 ) S M R — PR RO R A SORE BB R, WF ST 4 SRS B R WO/ N 2 kA A AR 2 R,
RN, IF HAE—E 26T R 1 DS 2 R T2 42 . Shi Al Zhao!* W5 17— 2523 ) 53 U A KE
HA ST I B A i P 14 S R T B R, I 2 7 B2 e e A A o 3 7 M X ) 9 22 B A /N X
TREHRRR 15 E s ) DR B2 AR XURS: (B AT R 2 e 1 B L 206 Ty
M TAE, Al 225 SCRR[ T1-12 J R AT 5130, ZR100, U8 H iSOG T S BR3P OB B T 05 % R 3 (HAR
AR RREENE R Z ENE SR 72 3 AR R BN S AR W S MR B T B S 2 AR AR — 2 B Y
2SI

X ERUL, RZBWCF SIS EAR/N D BT i, AR SCa sy — IR ar B Ak (RIS iE s £
B 1 IO IR A AR AT Y | 7 ST R ) BEAS A 50 R, I WIS B ) B 20 ) 2 . B b, R, <1
I B LA R T2 R, > 1 I B — A2 JRy e AR B IEAR A % O — AR EE . AD 3R T R, K
TYHCRE D, BB LB, 38 BE AL A 25 ) S BV X L Rl 2w, BIFFE 07 vk EE AT 8 )
R GERAFLL G | SR TR T A R B = K IR AR R Bl )~ B Bl R T —E BB AN R G
FREE A . T e GX e R e, A SCH 1A Kuratowski JE S0 B2 | HLF5E 7 vk il k1 31 A 4y
IBAEIY SR Y B R T 2

1 BEMELE Y
B OCR" W EADGHR 0 1254 R, 4 S, A1 1, 53 0IRFE 5 BRI S O 107 2, H =S, 41,

R LA, AR LA P a e —E 22 5 DB S rh F AR PE TR0 25 [H]
ARhE x, HCHIELUT VY BT

JoH
E=DhAH+B(x,H)H—dh(x)H, x€8, >0,
(1)
ﬁzo x €942, >0,
v
> 9 N . N - " . "
Horh A= R T w002 1 RN B TE TR D, A E RS HOR AL,
xl x2 )Cn

B(x,H) 1 d,(x) 50 5&AE 0 AR R [ ARIET 38, AR 2E 2 AN S i AR SR R Ch
B(x,u)=b,(x)e™* ™,
bh(x) |:1_

u
K(x)

}, 0<u<K(x), xe,
B(x,u)=

0, u>K(x), xe,
Fer by, (x) A IR T A 3 IE PR K (o) EFRBEA AN B b, (x) B d, (%) S22 1 IEH) Holder 4%
pRI%R, HLi 2
J b, (x)dx > f d, (x)dx,
0 0

HISCHR[ 15 ] a2 BE 3.1.5 W], 7 R4l (1) AP e ME— B 2 R 32 W IERR S H (x) o B0, 4 S,
1, 50 R 5y IR BT MG A 550 T, BEBC T B N=S,, +1,, , i 2 75

%[=A(x)—dm(x)N, xe, (2)
Horr A (x) BT AR, d,(x) R A SRIET R A (x) Al d, (x) #BSEQ L IEY Holder SEZ2REL, %
EEHJﬁMﬂDﬁE%#%é%ﬁﬁﬁﬁwmﬁﬁﬁN%m=2£go$i%&%%%ﬁ%ﬁ%ﬁ%ﬂ
Jo2 IR R S AT B AP BB (o) RN o) TRk 2 B
M X 2 Y B3 MK T A e 2 52 M BB T HT e B ) , BV x A 2




40 R R % M (B % R 55 60 &

N — R PN e q ERRE, B4, i EAEBCT RYSER N

H™ (x) -, N™(x)-I,

CB(X) H*( ) Im9 bB(X)H*i()Ih’

o TEH B ¢ FOR BRI S 55 B0 i 3205 Yo A G MR | TE B 21 b Ros R RN 5 5 Sk i) 0
%ﬁ%&fﬁﬂ’]?ﬁif’% DATER] R
WAL, BT 36 S5 AR 18 320006 shii Bl /N, Filin, 3% A 24 R P 8- 243 sl
AT 28~199 m 8] T h AR ICZE AT BT Y (40 3 d PN B3 Bh Rl R R AIZE 100 m UYL B, R T
AR A3 — A RRAE RO Y B R B 0, A, B0 T AR, 2 SRR BT R IR AR 2 ST
DX YL 1) i = AR AN b DX g 1) i 35 BE 45 5 ARAH IR YT, R AR i s 1 2 K A2 40O T 25 [l x, BRI
pu(x) o FETLLEVHE, 5 8N ) S N4 B TR

byt ‘ﬁ“%<H’<> 1) Iy~ (dy(x) tpn(¥) )y xE 02, 150,

oL,  bB(x) c

o o )(N (x)-I)I,-d (x)I, x€0, >0, (3)
‘Llhz x €942, >0,

w

Hodr g(x) Ml p, (x) 202 FIEK) Holder i 4E A%,
% X:=C(0, R*) BHARKBEE | - [|,19 Banach %5 [0] IEHEX := [ e X:¢p=0] , E X
F={(g, ) €X: 0<y,(x)<H (x), 0<i,(x) <N*(x), Yxe0},
SMEER e C(Q,R)M =0, T,(t):C(N,R)—>C(N,R)ZEHFA Neumann 1 i K1 HE T
D A=(d,(+)+p, () )RR C, FHF, B
(T(0$) ()= | G0y,
H G(-L,y,0) HTF D, A-(d, () +p,(+) ) #E Neumann i FE40F T AUAKARE R, MR SCER [ 19] R3S
7.2.3 FUER 7.3.1 W[50, T, (1) /& SHFRIER, 4
(Ty()p) (+)=e ™ (),

W T(1)=diag(T,(1) ,T,(1) ) : X—X E—PIRELEIE,

EXF=(F, ,F,):I'>X N

Fi(y) (=B

i&H()¢<»%(>
W(-)

Fy() ()= ()(N*(')—l!fz('))dfl('),
Hr = (¢, ,¢,) € I', RS (3) BA WIS u, € X0 LIS LT MER .
u(t):T(z)uo+j T(t-s)F(u(s))ds,
By = (1,(+,0), 1,(+,0)), u(1)= (1,(+,0),1,(+,0).
SR 20 ] g | 38 2.1 A |3 2.2 AR T LAASF] 5 3 1,
I 1 XMEE Yl , 2G5 (3)LL o NUIMEMGE u( -, t, ) 1E[0, 0 ) ERJIFLE, HXEERN e
[0,00) , Hu(-,t,p) el
EMRG(3) NS, . T R
V(p)=u(-,t,), Vi=0,¢el,
5|32 2 W J& k-contraction K, EIFF7E#ELEPREL k(t) € C(R*,[0,1)) , XL R >0 FIFH H4E

BCTI A | W, (B), 0ss<t|efAHE, Hili g
k(V(B))<k(t)k(B),



12 4] WE 55— KA AFY R R A SRR R 3 )2 41

Hor ke (+) J& Kuratowski JEZE MM
SERDAKIF SRR 21 )P B 2.4 BORER LB A 10,5 SRR T IT( ) RERPERE T Y () 493

0
H<z>w=[e_dm(.),¢ j

Ih(.st"!,)
Y = t . o) — .
(8= [ g BN <Hz( )1m< S, sl

;H;EP¢:(¢15¢2>EFO %_\:%%IEH

V() =L(t)P+Y (1), VeI, 1=0,
HA «(Y()g)=0, BT

(Y| _ e [y || i

S

I(t) | = su S su
I (1) | o AP AT O |l

Hrd =mind, (x) A% T Pt EH54%E B, H
xe)
k(VY(B))<x(II(t)B)+xk(Y(t)B) < | (1) || x(B) <e'k(B), VY0,
Ht, ¥ 78 I' )& k-contraction ), JE5E,

2 FRARH A R

b

6 RGE(3) FETCH T A E, = (0,0) b tEAk BN F &M R 5

al

o =DALABC) L= (dy () 4py (1)) ]y, xE 02, 150,

i, _bB(x)N”

e AET xe4, 10, (4)
at H" (x)

al,

—=0, x€ a2, >0,

4

DL, (x,0) 1, (x,0))=e"($,(x) ,d,(x)) FFARARGE(4) 153 FUAH LA HFAIE AR ) 221

Ad, =D, Ad,+cB(x) b,—(d,(x)+p,(x))d,, x€EL,
BN (0,
/\qbz_ H*(x) ¢1 dm(x)¢29 xE‘Q, (5)
aibl=O, x €002,
v

B10,] nREIERG(4) T X LRI, SR X LIER C, 8, HAERIT
D, A=(d,(x) +p,(x))  B(x)
P=l BN (x)
o
BEAh  FIFSCHR[ 22] i E B8 3. 12 a1 PR — NI BRI 7. 4 s(P) 2 P IS, r(Q,) h 0, il
e MR SR 23] TS 3.1 LI FIS 18 3,
B3 3 IMEEM =0, r(Q,)=e""",
B D(1) | oy BT RGEHIRLI

—d(x) |

av
T;:DhAvl_(dh(‘x)_l—ph(x))vl’ x€0, >0,
av,
;z_dm(x)VZ’ .XEQ, >0,
v,
. x€d0, >0,
o




42 R R % M (B % R 55 60 &

BHEW, ()2 X LIER C, B, HHIEHOE KT 0 (D) <0, %

o [P () . 0 )
B 0 d () FOZBON D
H™ (x)

SO B (1) AT, BRI M () 3= (0, () () I B (1) () RAIEA NG
e 2 0 I (0B B FE T B S ) IR 7E ¢ 2000 4 A, TR, ¢ R0 e O 9 5 A
F(x) ®(0)i(x) . FATBTSH A A5

L) (0= [ Fod(ngnd, x<.
FUFSCHRL 22 it 2 B 3.12 FIGEBE 3.14 W1, B 2 — D HURIESE T, s(B)=w(®)<0, HA

A-B)'9(0)= [ e @(ng(ndr, A>s(B).
2 A=0, AT LT3 5] O

B(0= [ egnd.,
T4,
L) (0 =F(x) [ ®(0#(x)dr=-F(0)B$(x), xe.

Ml SRR 24 U0 (3) BOBEAEIA R, 5 SN L IR, B

Ry:=r(L)=r(-FB™"),
=2 SR (3) By i S A PR BN

Ro<x>:=J BN g,
4 () (dy(x) tpy () ) H ()

FHSCHR[ 22 ] FR A 3 3.5 BTk 24 e B 3.1 ATAS 5 B 4,
5134 R,-1 M s(P)HMREINTE,
TFHECERTT R, SV AL D, ZRIMKER, 1% BT RRAFE ) 35
beB(x)N™ (x)

-D,A¢d dm(x)H*(x) o+(d,(x)+p,(x))Pp=Ad, x€, ©
@zo’ x €902,
ow

HR 4 Krein—Rutman & B ( WICHR[25]) , FRAE(ER] & (6 ) A ME— 1 ERFAEIE A, IRFHIE(E R S0 8, HX R —
M IEMFFERE " I AH

-D,Ad" +J(x)d" =Xy, xE€L2,

%=0, x €042, D
beB*(x)N™ (x)

Hrp J(x)=(d,(x)+p,(x))- d (x)H (x)

LAy AR LA A A R R

A =inf{ J(D Ve l? +J(x)@*)dx: ¢ € Wl’z(!)),f gpzdx=l}O
0 0 h 0

FR 4 SCHR [ 26 ] AT LAERH A, F11 " #B2 D, PRI ieREL, Tt A, FAHCLE R,
5135 DITE5emar.
(1) A, J& D, >0 [ A% B34 R KR,
(ii) % D,—0Hf, A\, —min{J(x):xe N},
S 1
(iil) 4 Dy—eo i, A0 fﬂJ(x)dxo
beB*(x)N™ (x)

(i) # | (d(op () des [ 2558

dx, WIXHEER D,>0,#4 A,<0,



12 4] WE 55— KA AFY R R A SRR R 3 )2 43

(V) %%J;<ca<x>+ph<x>>dx>_£2f33(i§1?i<i§>

W D ;2% D,<D, I},1,<0,24 D,>D; i}, A,>0,
IEBA 258 (1) —(v) BIEBAZEMIT SCHk[ 27 151 BE 2.2 AR IE, Homk 25 HAIER . JIEsE
RETU e, T4 R, 5 D, ZRIFKR,
T 1 DITFEeR0r .
(1) R, J& D, >0 F Ay pR%L;

(ii) hmR max{J beB*(x)N™ (x)
ren W d,,(x) (d,(x) +py(x) ) H (x)

j bcB*(x)N” (x)dx

dx, H min{J(x):x€0}<0, M A,(D,)=0AM—AIE

(i) fimp,= |
m e v ) ax
jﬁﬁug%mm o
(iv) # | ) <1am4J beB(H)N” (x) L e D >0,
[ (dy(x) +p,(x))dx d,(x) (dy(x) +py () H' (x)

154D, <D i ,R,>1,4D, >D, i}, R <1;

[ BECON ),
o d,(x)H" (x)

(V) & >1,000% D, >0 i, R>1,
L(dh(x) +p,(x))dx

ER (1) BB TR AR R R

D, Ap +(d,(x)+p,(x) ), =AcB(x)p,, x€L,
dm<x)¢2_A Hx(x) (28 XE.Q, (8)
%: X €042,
v
WTLAAETE
- _ 2 b (N (x)
DhA§01+<dh(x)+ph<x))¢’1—/\ dm(x)H*(x) x €L,
E) (9)
ﬂ:()’ xEBQO
I/ %

P SCHR[ 25 ] AT 1.6 AT, FRRAE(ELIA) (9 ) 7 Pl — X I IERSAE pR AL ) AU IEARAE(E A &5 B4R AEE )

(8) FHEE A F2, 7T A5 B RR AR R) 80 (8) A7 ME — A IE R AEAEL A ™ Al — D IERFIE R B (@) , 0, ) =
. DATB(x)N™ (x) e,

@1 d(X)H (x)

jo HH SCHk [ 24 ] A0 R0=r(—FB")=/\—*,H‘7ﬁE7:ﬁ:

1B (ON (2)

-DhA¢1*+(dh(x>+ph(X>>¢1*=R2 (O H ()

x€L, (10)

Hih A 4% o —0 x €90, FICHR[ 2712600, R, AT LA LL R A8 AR FER
f beB*(x)N" (x)
0 d (H (0 ¢
R,= sup = s (11)

¢eHI(Q), 970 fﬂ(Dh |V I? + (dy(x) +p,(x))e*)dx



44 R R % M (B % R 55 60 &

I, R, T D, .
(i) R C10) , A SCHR[ 28 1 H Y51 B 3.1 ATIE( il ) o7,
(i) RE—HE BN @ | e+ | @5 | o= 1, XFTFEC10) I PSRIFERLL D, , T4
—Aso;‘+Dlh[<dh<x>+ph<x>>¢.*—I%’m¢r}=o, .y
HAEHATE NI, 3 D, —oo N 1E C(2) PAT @) —o, Jithe, ZIERHEL KX (10) 7 2 LBU nIfd
L[ BN x) .

jﬂ<dh<x>+ph<x>><o;‘dx=Ré TR

f bCBZ(X)N*(X)dx
o d,(x)H" (x)

UL, % D, e 4, 45 R, = .
L(dh(x) +p,(x))dx

(1v) X0(7)  (10) #AT a7 B A4, Al 15

BN (x) . o
D,Ad 'dm(x)H*(x)d) (dy(x)+p,(x)) b +A,0" =0, x€(2, (12)
. LN (x) .
DhA901 (dh(x>+ph(x))§01 +R(2) dm(x)H*(x) ¢, =0, x€{), (13)
a¢*_3¢’1*

H ¢ Mo 78 0 FHJEIER R, HAER R 00 i 2 —

w  w
o IRIEEIX AT RETE Q F AT R AR, il A5

1Y [ bB(ONT () L o
[1 Ré] 0 d 0l (1) ¢ ® dx”‘“Jnd’ #1dx=0

=0, K (12) FI(13) 551 @ A

7 [ PECOND oo i [ 6 gy dv BB IE R, TT8 Ri-1 55 A, B9FE AT, BFELS 4,50 B
od (x)H (x) 0

Ry<1,24 X, =00}, R,=1,2% A <0 B, R,>1, fe)a , &5E 513 5 v LISRILEIE(iv) 5458 (v) . IEEE,
3 2ABAME N F

AT A RS EFSIE ALY (3) MR B3I 127, B LI & XL,

EX 1T A M B AERERANE, fr MM E—DESM . R T e f(B) CB, BCM )
EEAR S A R4E B IF1E— B8 JCB #i5 J W5 B, ABARK f Rl e n .

B3 6 XMEEM >0, ¥ 1E T FR™HIKFFIER

B SMEBESER eI, >0 H A€ (0,1), %2 ul(x,t,¢) Flu(x,1,Ad) 53 0E RS (3) TEVIUG 54T
u(x,0,0)=¢d(x), x€ QM u(x,0,Ap)=Ad(x), x€Q FHIE. HHEAE du(x,t,¢) ERG(3) T EWTIH %
Fu(x,0,Adp)=Adp(x) — T, M Au(x,t,¢) <u(x,t,Ad), VxeQ, =0, Hit, ¥ ZKFFEMN,

THEH y(x,1) :=u(x,t,Ad) -Au(x,t,6)>0, YxeQ, >0 {7, &

i) =B (g, (0= (6 1,A8) Ay (x,1,$)
H™ (x)
h(x,t)=f(x,Au,(x,t,¢) ,Auy(x,t,0) ) =Af(x,u,(x,t,¢) ,u,(x,t,$))
e
fCx,u (x,t,Ad) ,uy(x,t,Ad) ) —Af(x,u,(x,t,0) ,u,(x,t,¢))
=f(x,u,(x,t,Ad) ,u,(x,6,Ad) ) —f(x,Au,(x,t,$) ,Au,(x,t,$d))+h(x,t)

- ;’fixi CCH" () =y (x, 1,06 ) ia(,1,0) ~A(H () =At, (x,1,8) ) is(x,1,0) T +h(x,1)
X




12 4] WE 55— KA AFY R R A SRR R 3 )2 45

_—cB(x)
H™ (x)
Iy, (x,0) 2
ay,(x,t) du,(x,t,Ad)  du,(x,t,d)
Jt - Jt A Jat
=D, Ay, (x,1) =(dy(x) +py(x) )y, (x,0) +f(x,u,(x,8,Ad) ,u,(x,1,A) )
A Cx,u (x,t,d) ,uy(x,t,¢))

BDhAyl(xat>_<dh(x)+ph(x) )yl(x’t)+h<X,t>_

yi(x,)uy(x,t,Ad) +h(x,t),

B(x)
H*(x>y1<x9t>u2(-x’ta/\d))
B(x)N" (x)

BDhAy1<x’t>_|:dh(x)+ph(x>+ H' (x)

}yl(x,t) +h(x,t)

BDhA.YI(x’t>_1‘4yl('x’l‘)-"-h(x’t> ’

N ‘
Equm{auwmuw$zQ”“qoﬁﬁyxmﬁ%m?%%miﬁ:
xe
aw(a);’t)=DhAw(x,t)—Mw(x,t)+h(x,t), xe0, 150,
L’(x’t):o, x€40, 150, (14)
w
w(x,0)=¢p=, #0, x€0,
W V() JEHPIT RGEA AT RE
av((g%t)=DhAv(x,t)—Mv(x,t), xeQ, 150,
av(x,t) _

0, x €902, >0,
o

WIZRSE(14) BIfFE w(x,t,0) FBMEA T RIR R
w(x,1,0)= (V(D¢) (1) + [ V(=s)h(+,5) (x)ds, Yxefd, 120,
BT fC,uy uy) KT (uy uy) SR UGTHERY I AT IS 2 h(x, 1) >0, I V(r) BURREMERT R, &

S(14) g w(x,t,9)>0, Yxe 2, =0, #F— FHHEFEITE y (x,1)>0, Yxe 2, =0, XFEKH,
YHERER >0, W, 76 I' T2/ MRS HER, k5,

TS AL (3) e R BIE B ) 2R A R

EE2 (1) WRR <1,BARL3) NIV E, 16 ' h4 R tase

(i) R R>1, ARG () AME—MIERSHE ()= (1, (), 1, (), BHEET\{(0,0) | hE4s
JR AR E 1Y

IEBR BB 1) Ry<l FMEIE (11 ) BYIEIISERUSCHR 23 ] A 29 ] e s F X AN 45 Ry =1 (1)
HERH

WRYETI 1, v, 6 T A IEmSURA R, RG22 M, v, Rt ny, 45138 6 F1CHk
[30]H 538 4 AL, W, 78 T B2 M G PR BRE Y, A% k3, ¥,(0)=0,H D¥,(0)=0Q,,H ' D
oA Fréchet T4, 518 2 BYTERT AT 1, 0F X R AL A A4 2, A

k(QZ)<e™k(Z), VY0,
Ll Q, 7€ X ' J& k-contraction A, N1 B & iE Y6 Ay, i R,=1 A5 B 4 [l s(P)=0, 45& 51 H 3
AliE
r(0)<e®<l=e¢""=r(Q,), V0,

Hrfr,(0,) FRET 0, WATE /R, B4, FIHSCHR31 ] H #) X Krein-Rutman E# AT, s(P) & &R



46 R R % M (B % R % 60 45

Ge(5) W ERFAEL, HENT, r(DW,(0) )2 DW,(0) B— A IERAFAEM, H r(Q,)=e""= 1, M4E3CHR[15]
MIERE2.3.4(a) FITE 2.1.4 AR, W, 76 T PR ERPUHERIEEI E, , #E—28  FIRISCER] 15 ] h g5 3 2.1
CIP S O € B R o 5 BT SV i T

E 1 ORTARSCREBIAY 2 B AR AR ek R, E B 2 AR AALAY

4 BAEY

MRAESCHR[ 32 ] Ay 5138 2.5 FIE 3.2, il BB T B9 R, = 0.637 7, ik =5 A& —4E Y, I B 2=
(0,m) (B km) o DAK R[] 57 ARAE SCHR[ 5-6 ] RS S H0h
H*(x)=100(1.1-0.5cos(2x)), N"(x)=200(1.1+0.5cos(2x)),
p(x)=0.1, d(x)=1/(365x70), d (x)=0.1, b=0.7, ¢=0.5,
9,2 B(x)=0.05(1.1+0.5cos(2x)), D, =0.1, FEXFE LTG0 5, E 1 FiR, ,\{k %
B(x)=0.1(1.1+0.5cos(2x) ), D, =0.1,ItHf R,=1.275 5 FEX TG B B 2454 s 2 iR, X 55
2 RS RIS .

200

00 N

F1 R <1 BF, B8 (3) figf 3 L

Fig.1 Evolution of solutions of model (3), when R <1

100
80
60
T 40
20

300

00 v

B2 Ry>1 B, BRL(3) iRk

Fig.2 Evolution of solutions of model (3), when R,> 1
WG DT a8 8 X R, B, 4 D, =0.1, H* (x)= 110, N* (x) =220, B(x)=0.1(1.1+
5cos<2x)>,EEPae[o V] FoRzZ RSt R BEXER TR A 6 1, RECS AR R B R, T 7%,
BE R, 56 MXFRIMML, K 3, HRYEE 3 AIHL, R, J2 & 1Y FA A3 1 R, 33K 156 I T e 48 1) 223 ] S Jo P 7 fig
SRR AL R IR . A, 24 6=0.2 I, Ry<1;54 8=0.8 I}, Ry>1, 3 U8 I T Mg 4 1) 25 [7) S B M 7T R 23175
KM T



12 4] WE 55— KA AFY R R A SRR R 3 )2 47

1.10
1.08
1.06
1.04 +
1.02 +
= 1.00
098+
0.96 -
0.94 L
0.92

0 01 0203 04 05060708 09 1.0
5
B3 §XF R, MM
Fig.3 Effect of 6 on R,

5 REMmEZ

AR H 8 A3 1) 5 S A R IO SO A4 AR M, I35 T 0507306 Sh i BB A PR — 5, ey — 4>
FLA R R I 6 1 BN 4™ BB e i A5 78 A S AR (3) I AR A R, 5 R B AR A 4L
Ro(x) , AHISCHER[ 15 ] rpiy e B 2.3.4 UEBAACAL (3) I BIME 2h 12 . BT 3 2.3.4 i S S OUH T
az%maém? EVE, BRI, SR nT DA A 7 ek B SR R AR W AEAEYE IR 2B AT B B 2.3.4 WP

PEAE, ASSCRIFT XA Krein-Rutman 52 BEUERH £ RRAE (A AOFF A6 P, DR 45 T AR (3) 42 JR 8l 12445
% WFIE KB, 28 Ry <1 B, JOR -7 o5 2 42 JRy i 3 AR 19, i e T 2K 5 24 Ry > 1 IF, A5 A I — 4 Jry i

ULFRE M IERR S BB RS2 7 AE . LA, AR SCAFE R, 576 EMY BLR KL D, Z I 5 IFFe 4 R %
W1, W45 D, 2K, R, W2 AZ/N, HYY D, #aT 0 B R, B4 T R, (x) Wi RMH, o, BUE AL UE S 45
S IFFEMANT W R 1 2 ] S5 P AT B 2 M g A 37 1 IXUIG:

B T2 ) S M S R R, R (K RS P S5 Ko T RIIE A [e) EARp  T 1) BS Bl ) R
ISR A — N TR R Y DR, 7 S B2 RIS P T L% R DR 28 P 1 47 5 i)

S 3k

[ 1] PATES H, CURTIS C. Mosquito behavior and vector control[ J]. Annual Review of Entomology, 2005, 50(1) ;:53-70.

[2] SHRAGAI T, TESLA B, MURDOCK C, et al. Zika and chikungunya: mosquito—borne viruses in a changing world[J].
Annals of the New York Academy of Sciences, 2017, 1399(1) .61-77.

(3] Ex], k. EYECEBRIBER ) 4 [ M. dbat BR2A R, 2020:193-194,
WANG Weiming, CAI Yongli. Pattern dynamics in biological mathematical models[ M ]. Beijing: Science Press, 2020;193-194.

[4] WANG W D, ZHAO X Q. A nonlocal and time-delayed reaction—diffusion model of dengue transmission[ J]. SIAM Journal
on Applied Mathematics, 2011, 71(1) .147-168.

[5] ZHA Y J, JIANG W H. Global dynamics and asymptotic profiles for a degenerate Dengue fever model in heterogeneous
environment[ J]. Journal of Differential Equations, 2023, 348( 1) :278-319.

[6] LOU Y J, ZHAO X Q. A reaction—diffusion malaria model with incubation period in the vector population[J]. Journal of
Mathematical Biology, 2011, 62(4) :543-568.

[7] WANG JL, WU W J, LI C Y. Dynamical analysis of a reaction—diffusion mosquito—borne model in a spatially heterogeneous
environment[ J]. Advances in Nonlinear Analysis, 2023, 12( 1) :20220295.

[8] ZHAO H Y, WANG K, WANG H. Basic reproduction ratio of a mosquito—borne disease in heterogeneous environment[ J].
Journal of Mathematical Biology, 2023, 86(3) :32.

[9] SHI Y Y, ZHAO H Y. Analysis of a two-strain malaria transmission model with spatial heterogeneity and vector-bias[J].
Journal of Mathematical Biology, 2021, 82(4) :1-44.

[10] GAO D Z, VAN DEN DRIESSCHE P, COSNER C. Habitat fragmentation promotes malaria persistence [ J ]. Journal of

Mathematical Biology, 2019, 79(6) :2255-2280.
[11] BAI Z G, PENG R, ZHAO X Q. A reaction—diffusion malaria model with seasonality and incubation period[ J]. Journal of
Mathematical Biology, 2018, 77(1) :201-228.
[12] SHAO M N, ZHAO H Y. Dynamics and optimal control of a stochastic Zika virus model with spatial diffusion[ J].



48 R R % M (B % R 55 60 &

Mathematical Biosciences and Engineering, 2023, 20(9) :17520-17553.
[13] MIDEGA J T, MBOGO C M, MWAMBI H, et al. Estimating dispersal and survival of Anopheles gambiae and Anopheles

funestus along the Kenyan coast by using mark-release-recapture methods[ J ]. Journal of Medical Entomology, 2007, 44(6) :

923-929.
(14] SF5E 2Rk, v [ T 7 fi 20 ol 10 X 2 5 B HLAE S 28 U AL 3R 2 1981—20100 T .+ [ AR B9, 2018, 11(8)
29-35.

QI Yagiang, LI Lin. Regional differences in changes in life expectancy in China and its socioeconomic influencing factors:
1981—2010[ J]. Chinese Journal of Health Policy, 2018, 11(8) :29-35.

[15] ZHAO X Q. Dynamical systems in population biology[ M ]. 2nd ed. Cham: Springer, 2017.1-87.

[16] ROBERT V, MACINTYRE K, KEATING J, et al. Malaria transmission in urban sub-Saharan Africa|J]. The American
Journal of Tropical Medicine and Hygiene, 2003, 68(2) :169-176.

[17] HARRINGTON L C, SCOTT T W, LERDTHUSNEE K, et al. Dispersal of the dengue vector Aedes aegypti within and
between rural communities| J]. The American Journal of Tropical Medicine and Hygiene, 2005, 72(2) :209-220.

(18] XU 53, X /INge, i), 5. i TARIC ~ Rl — S A AR i AR O RATRE RS W1 AB B SE [ 0] RIS A 2 el A
2011, 22(3):201-204.

LIU Qiyong, LIU Xiaobo, ZHOU Guangchao, et al. Primary study on the flight range of Anopheles sinensis based on the
mark-release-recapture method in Yongcheng city, Henan province[ J]. Chinese Journal of Vector Biology and Control, 2011,
22(3) :201-204.

[19] SMITH, H L. Monotone dynamical systems: an introduction to the theory of competitive and cooperative systems[ M ].
Providence: American Mathematical Society, 1995.120-134.

[20] WANG J L, WU W J, KUNIYAB T. Analysis of a degenerated reaction-diffusion cholera model with spatial heterogeneity
and stabilized total humans[ J]. Mathematics and Computers in Simulation, 2022, 198(4) ;151-171.

[21] WANG J L, WU X Q. Dynamics and profiles of a diffusive cholera model with bacterial hyperinfectivity and distinct dispersal
rates[ J]. Journal of Dynamics and Differential Equations, 2023, 35(2) :1205-1241.

[22] THIEME H R. Spectral bound and reproduction number for infinite-dimensional population structure and time heterogeneity
[J]. SIAM Journal on Applied Mathematics, 2009, 70( 1) :188-211.

[23] PANG D F, XIAO Y N, ZHAO X Q. A cross-infection model with diffusive environmental bacteria [ J]. Journal of
Mathematical Analysis and Application, 2022, 505(2) ;125637.

[24] WANG W D, ZHAO X Q. Basic reproduction numbers for reaction—diffusion epidemic models[ J]. STAM Journal on Applied
Dynamical Systems, 2012, 11(4) :1652-1673.

[25] DU Y H. Order structure and topological methods in nonlinear partial differential equations[ M ] // Maximum principles and
applications, Singapore: World Scientific, 2006:1-8.

[26] CANTRELL R S, COSNER C. Spatial ecology via reaction—diffusion equations| M ]. Chichester; John Wiley & Sons, 2004.

[27] ALLEN L J S, BOLKER B M, LOU Y, et al. Asymptotic profiles of the steady states for an SIS epidemic reaction—diffusion
model[ J]. Discrete and Continuous Dynamical Systems, 2008, 21(1) :1-20.

[28] LOU Y, NAGYLAKI T. Evolution of a semilinear parabolic system for migration and selection without dominance [ J].
Journal of Differential Equations, 2006, 225(2) :624-665.

[29] fafzAs 4820, — AR BRSNS AL R B Bl 2 [ 7] S MOR 2724 (B2 1) ,2023,61(4) :831-839.

HE Jie, CHU Huijie. Threshold dynamics of a partially degenerate reaction-diffusion cholera model [ J]. Journal of Jilin
University ( Science Edition) , 2023, 61(4) :831-839.

[30] LI F X, ZHAO X Q. Global dynamics of a reaction-diffusion model of Zika virus transmission with seasonality[ J|. Bulletin
of Mathematical Biology, 2021, 83(5) :43.

[31] NUSSBAUM R D. Eigenvectors of nonlinear positive operators and the linear KreinRutman theorem [ M ] // Fixed Point
Theory. Berlin: Springer, 1981 :309-330.

[32] LIANG X, ZHANG L, ZHAO X Q. Basic reproduction ratios for periodic abstract functional differential equations ( with
application to a spatial model for Lyme disease) [ J]. Journal of Dynamics and Differential Equations, 2019, 31(3) :1247-
1278.

[33] WANG W D, ZHAO X Q. Spatial invasion threshold of Lyme disease[ J]. SIAM Journal on Applied Mathematics, 2015, 75
(3).1142-1170.

[34] WANG K, WANG H, ZHAO H Y. Aggregation and classification of spatial dynamics of vector-borne disease in advective
heterogeneous environment[ J |. Journal of Differential Equations, 2023, 343(6) ;:285-331.

(% AR



