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Research on System Evolution Equation and Equilibrium Point of

Maritime Transportation Economic Belt

WANG Wen, ZHOU Ni, PEI Caiyue, XING Meng
( Navigation College, Jimei University, Xiamen 361021, China)

Abstract: To study the development interaction and evolutionary trend of shipping passage and its coastal e-
conomic area, the part of maritime transportation is expanded in the theory of transportation economic belt. Tak-
ing the shipping volume of the shipping passage and the landward depth of the economic belt as the symbiotic
scale variables, a unilateral non independent symbiosis evolution Logistic equation of maritime transport economic
belt is estabished. This article proposes a quantitative approach and forms of the interaction coefficients of the
variables with theories of transportation economy, plume model, and calculus ete. , solving the unknown coeffi-
cients, and realizing the quantitative connection between different categories of transportation and geographical
space that cannot be directly related, then obtaining the increasing and decreasing factors of the interaction coef-
ficients. Results show that the interaction coefficients of both scale variables decrease with the increase of their
values. By the approximate linear method, the non-zero equilibrium point of system evolution is proved to exist,
and the factors that have a pure negative effect on the stability of the evolution equilibrium point are oblained.
The economic belt system is more prone to phase transition in the equilibrium state when those factors are large.
A proper length of shipping passage is conducive to the stable development of its economic belt.

Keywords: maritime transportation economic belt; Logistic evolution equation; plume model; stability of e-

[k EHA] 2020 - 04 -20

[E£WHE] WmaE AAR#EETH (2019]01687) ; WA AFT/TRHEIE (JT180258) ; WEA AT TR
WH (JT180257); EKHKRFHELTH (51879119)

[EZ/AN] T X (1978—), Zr, mlEdR, Wt, 5y mhscsEiii 588,

http : /xuebaobangong. jmu. edu. cn/zkb



- 188 - R (ARBIERD) 5526 %

quilibrium point

0 5l&

“21 il 2292 07 BB, 1SS 58 28 By S L A AR A SR AR s o TR 4 5
R, AN, rEb R RN R S AR 2 A B PGS . BTSSR IR A T RN R G B
WHERL, FEMASH KIS ARS8 - ShSEEEEe, R “sSEasd” BlESm
FafEigtt

I B B AH JCT 5% 45 B AR T A3 B B A PE A . BOR 5 VR A DL O U RS2 I AE T T, A0 Wieg-
mans 250K Y bR i 5 B8 FNIRE I 2128 5 RN 5 (O PEREDEAT T 20 . EEASEAIPEAL ; Dong %513l
oA, PPAL T 2 AN AR 28 KRN B2 5 A JER—— i v i R e AR SRR K Bl A7 1) 14 B R85 Brooks
S TR AT A 1, B T AR B AN AL A W I T DAL WA IE A TR SR Maria
0T o BB A A TR A S UM A B X 4% B ST R EAT TIFSY; Zeng 251 TN T & P 4z A 3 1
X AR 2L 5 [B) i 3 T A R A 5 i 5

B N B AT ST X G2 R B AR rp ARV B S N TR B A N 22 90 2 B 2 e, WnSCik [7 -9 ]
TR IE 22 98 22 f 28 i 3¢ 30 B A 1At 11 25 [l ik R 80y 5 248 & 22 260 I I 5 26 I 3Gl a8 i BB R T
e T AR R A GH IR UEAE F 2 s W RIS ST T U I R X R SRR R R TS
FRAEBIFGE TR YT 2 ol B 303 P IRk S A R & PR B 25 (a0 A% S #3800 e T s
2 RIS AE R Y B, Kb | RS B 2 m A AR ;. B/ T 4N K VT2 B4 223 N 4%
B EEERRE AT TS e EEARR AT,

i LRk, CA MBS 25 B 5T FE A X il b acim 7 i AT, B sz T =X AH ST
5o ARWIFERIFIBASTB AT, S e — B XN, DAV I T3 O S 0 308 713 40 i 1) 7 s 3
S, UG S R 5 | el S X e A E R ) PR AL | SRARECRE AT DR g T ERAT, A A R X R
BV RGE, FARARHEEACHLR], RO ZEE SR AU A R S @ MR AR B Y
Logistic £, IR IR S B 2 18 2 [B/E FH R e IE 3, DA R R Ge i Ab PR S fe e
AT

1 BEEESHEZFTHHEXR

AR A F B, FEARA B I I IR R AR R, R R SR AL A BT o i
5 EXTIRBEE N, FEIIRE D AR, TBE MRAE . R EAN, BERED, ERERACRT, B
e 5 AT AR R A RMIMNSCHR , ST & S8 L M A A FUR Je ol 21 a1 S i & e is
MRS, i A AU R 5 ARG M B B T S 4%, I ENTRA BARSE | F R B AN,
PO IR, Wi R E, NTIT A BE Zam T oK , d i Y 2 5 R A o 1Y
o, RRCE SRR, XSG B S p s, NI Kz il 1 Y RE ) AR IR R
AN, TRERALSHINA, XFER Pt SRR, ™ s i 8 2 5 i
YL, R ENZ RS RYEEER, MBS,

ARSI i 1 T s i 2GR R I NGO AR R S T IS T S A5 A AR
MR ERER , BB R AT INE 1 Fis, Hobh. Hy 5 S, 8 H, 5 S, Z 1A AR ES HI g bl a) A,
SR A N BGRB8 B s H AR HS, WIS @B TSR b DR,

HENT IS S TR Y Logistic M4 7 .

{dLe/dl =al,[-1-(L/K,) +0,(0,/K)) ], ()
dQ/dt = a,Q,[1 - (Q/K,) +0o,(L,/K,)],
Hrbr, L, Wiga 8@ A5 WG mNE ; Q, Wiz BB B ; a, | a, 5700 L, F1 Q1Y H ARG R,

http : /xuebaobangong. jmu. edu. cn/zkb



552 34 EIC, A RS ZET R GEAL ST ST - 189 -

K, . K, 535 P R T R AR SZ A L, 0 Q, WERCKRAE s o, L o, 43500 QX L, AL, XF Q, 150
R MR RE X, o, FoR G Q, AT LIS L, B8R, o, IR AR L, w] RIS Q,
ORCRE s ¢ FRIA], MRAESCE T E X, WA sl , el el WA REfE e, NI L, 1Y
WKL o L, BREUE -1, o, Ml o, FRIXTE AR T ZEAR A )8

______ e KB

Rough boundary of economicbelt
—— IHEA R

Boundary of shipping passage
----------------- }‘giﬂi Sea area

2L Qoastline

B1 BEXEEFToHHSE
Fig.1 Conceptual map of maritime transport economic belt

2 BEEESHA&FTANRTEHEIEEARYE
— R UL, SIS LA IE O R RO S AR B flias A, i LT R s s ) R, A
fE UGz A E, WEER Fs iz S50 OB s, itk iz ae ik AE LA K, s 8
B SARE B HTIRAR, ELERNFA TG, X2 28 4 T 1 SR BB i ) AR SR e, Y 7, 3%
i, GBI AN K, SF B 2R M R A E B IE L THE R, o, S, BT —
E I T8 8 730 FE P s 1 RIATIE 28 ] B4 158 AR el v, Wiz s BB BF , B 32 i A 25
i, Bz A — Mo ORIk, R AL, EMHE M S RAA FRE2s], L, SEaiiim,
2.1 BEEEREENZFHEEENEHIERRE
WA H, . Hy, P,. P, AATHENERA LS, P& P, sk lAasmeX (2), H
) R AL RO, A SRR IE , PR E SR AR I ORI, X BT R R ]
Lo, +Le+ L' e, < Lyeyo (2)
Hv, oL, 535k Pr 2 H,  H, &P, WIS, LA HH, BIFEE; L, A PP, BIFFEEE; .
ey ¢ Me, 390 P, 2 H, iiis . H, £ P, fliiz . H, £ H, ifjiz | P, & P, iz fnski s, &
BEHA
VRS AR 2 AR + A E M, 35 €, NI E MO, r AL AN, W e =
C/Q, +r, LA (2), IR (2) W&, WA
L = {Lycy —L,c, —L[(C/Q.) +1)]}/¢c,0 (3)
FIE L, XF Q, AL E o, K
dL./dQ, = LC./c, 07, (4)
X (3). X (4) AIAL L5 Q, mIAESh, Bz i T8 (1432 i 36 0 2 (5 28 55 77 B 1) PR 38
o, AR L, BN RS Q, WM E N, WU, Vs T IS R PR PR A R s R
1y, HAPFmmB g KA RE, ARy K, #7 LEK, L MRKEEB K, ¢, | ¢, X L, A 1
YERE, URBHEE @ s 1 AL 52 R MBS A B T8 K&V, L, 5 L', Z [0 R /E i 2
e AR X A Bl i AR A T KR R L 8 r BT, L, 280N, BRI 28 5% R 2K P 1 245 5
SHY MMV G, MRREMAT A G, LUl AE%, SRS A1 0 L R4 20 D,
T2 I S A 2T B HAR e, (R RERI S as Sy U 1O A v A s S 2 U
2.2 ZFEHEARNBEEEREZENERARY
LR i 1) PR A 4 o el 75167 3 3 3 1132 0 SR WA B B i b B2 o, Q BR sk, (Rl 43
AT 1 578 2% o U3 B 0 R 14 A — s (RS2 34 50 0, AR SCLA RN FH 36 11 JE A 5 b %) 400 )

http : /xuebaobangong. jmu. edu. cn/zkb



- 190 - R (ARBIERD) 5526 %

BASTRIERE | RS o, BTEES, MHPIBEAY JER T BU AN i TS e JR R KA A ()T Y vk
AR E AR LU IZ 38 38 M W OO Pub s iR < WREE” ByZsmloarAn, LAGSE Q, B L, B ni)
i

W B, A H, BT R R, R PEAY . B, = 00, R,/ (4mL2) , Ho . o, H, 195
PEREL, — W5 H R SRR SRR S A A G, BUEIXE R (0.15,1.00) 5 6, A H, 5REE, X H
DLHS Dzt 3Rom s w, 0 H, SNBSS AR5, BUEXTN (1,2) 5 R, = J/nomnw, /LR
H, 5FR 5 P WREKEE, Hbn o 43510 H P BT # A DB Tl =",

Ry 3 25 ) JE— ek DA IS, X LR 2 A4S 174 B AI—4S B A BRI 1B B A [X 38k 6 /R T 328 5838
LT RBGER, WE 2 B,

------------------ Uity 25 A2 48 B A1 A4 S 1) 243 Radius from the end port to the border of the economic;

—————— 2R Y ik G (1)1 5t Boundary of economic belt after expansion;
LT IR T 93 - Boundary of economic belt before expansion; = =+ =« /4% Coastline

B2 BEXBEFTEAERKEHELATEE
Fig.2 Geometric diagram for calculating transport demand in maritime transportation economic belt
24> 1/4 (5 Ay d i it >R A 20 0l R A s R D H R SRIR BE APPSR, 6T DX S iz
R R L 7L R BEARPISOR A . B, B L, BT ZEf, BRI H, Jo PRl X AR
s Q AR S, b, By, AR EREACHENE L, BB, H S 1/4 B A IS
W (5) o H, dmlE B

0= [ (b)) as,, = [T C@opR) /@R ) < Lm0 120, (5)

FARE] QX L, AR ER, TR L L R, WRHRIRS LY = AL | Ul m O in
ABWE LY ML &R mA, WL /L AR (ALY +A) /(LY +A) , A5 LY MRS/, Hit,

TR R L, SR AL, o W H, 36 Q, . Q, = fhp[(azonsz)/(4ﬂLf)] - (m/2)L' dL, =

[ L) /(4m(AL)®) ] + (w/2)ALAAL .

L ETTREAMTA 2 T 1, O ARG, 1L L b4 S A PR A ey R v
PRABTE X B O E AR A, O P2 D P RE O 3 A5 e DB, S8 Q, o X BT AR
S, 1B, 9By, RERTHALN L, 1 M0RUY, B

m m m

(L4l ) L2 (A+1)LL2 - m " » o R
Qr = f BrdS; = fo (Z'yia 09-2% 0,’275“ /J'L'Z'yi R;)/(477Le)dsr =
i=1 i=1 i=1 i=1

0
L(. n n n n

[ 70 3 70,3 v, X v R )/ (4m2) ] - (A + D L/2L.
0 i=1 i=1 i=1 i=1

Horem N L ERHEDRCR; () oy oy oy BIRSHEE « L0 R BRI,
A auR, =f , L WEBSEIMECEERAEN F, Wo H
o, =d(Q, +0, +Q,)/dL, = (f, +£,)/(8L,) + F(A + 1)L/ (8wL?) (6)

http : /xuebaobangong. jmu. edu. cn/zkb



552 34 EIC, A RS ZET R GEAL ST ST - 191 -

ATLAE Y, Q, RS INIRBERERE L, WOBSITIIR/]N 2o i B 5hous i iz i 1 12 i i ) B A T [R]
BRI . HE T IZRGRETT | MRsliE K E AT IR ZE 7N o A IERAEA,

3 BEEESHAFTRESARLTEEAREEERZES
B (4) . X (6) RASL (1), 15BIDLVEZ 38 18 1 H i A2 50T Bl 1) PN R RS AR S 1) e A= i
I AN .
{ch/dt =al[-1-(L/K) + (LC/(c,0?)) - (Q/K)]T, 7
dQ/dt = a,Q {1 = Q/K, + [ (f, +£,]/(8L,) + F(A + 1)L/ (8wL}) ] (L/K,) |,
AU, s S AT EAE R o, | o, B RSN, MR Logistic J#H{k
Dy AR R A, VLA A AR T BRI S B R R/NVE DG, TR IS AS B 4 T ) R e A 2
HORTERE, HARBEMUA S i [ BHE RSN, RN ARG , 1is 38l 4 5 R
WIS T RGBSR K, KR, BABKAE)S, WAFRGAHEHEER AT
T, SRR AR RO A IR
o, .o, BAEEFRE, B (7) BREEARE EHE AR L AR Logistic 538U -7 x5 A 2 e 1 Y
2510, X BRI B AR R o Oy B SRR PRI I (W EEEE) b, X (7) v
A&, EABIRE, KHHBH Matlab 9.4 3K AYIEZ P s A 0d K, 2005 18 17 60 2410,
XELL (L ,00) Fom, & (7)) MWDK TF0N uw o, BN BB S 5787 s A 1 5
HOMHN w, (L, 0) L (L7 ,07) Lo, (L ,Q7) Lwg (L,01) , WAL ML)y 0
{dL/dt = u, (L, Q00 ) (L, = L") +uy (L ,07) (0, - Q)

dQ./de = v, (L ,0") (L, = L") + v, (L,”,0,”) (Q, = Q")

w N Al Up
ﬁ%ﬁﬁ%ﬁAzg‘ | .
v, U
e s (cho)yo‘(m)
FRIETTRE R B x Ly AN 2 = — (uy, +0) |0 g0y = @ = a, +2a,L" /K, + 24,0 /K, -

a,lC/(c¢,KQ") —a (A + )FL/(8wK.L") —a (f, +£,)/(8K)) ;v = detA = -1 +20" /K - FL(A +
1) /(8nK,L") - (f, + f,)/(8K) - 2L"/K, + 4L/”Q"/(KK) - FL(A + 1)/(4mwK>) - (f, +
FOLO/(AKD) + LC/(e,K Q") =2LC/(e,KD) + LC(f; +£,)/ (8K .Ke, Q) .

W TP R E R Ly IIETIRGE, # x,y > 0, WP feE . B« oy s34y, Porbk
HIRIER, RWHESTox cy @0 T p, .p, 530K

p, = 8ma,c,KKLQ, +16wa,c,KL>Q + 16ma,c KL Q> —8ma,c,KKL,Q, -
8ma,LC KL, —a (A +1)FLe,K.Q, — a,(f, +f,)me,K.L,Q,
p, = 32mwe,K KL Q? +167c, KK L,Q> + 8wC LKK L, + wC L(f, +f,)K.K.L, -
16me, KK L2Q, —16mLC K'L,Q, - 87e, KK L,Q, - 2me, K> (f, +£,)L2Q, -
we, KK (fy + ) L,Q, = 2¢,KIFL(A + 1)L,Q, - ¢, KK FL(A +1)L,Q,,

S, cp, WIESRI, L C (A [ F | fRXIVHERBAFET p, I A A F XA RER JAF
1ET p, BT SEBT BT F AR et R A s /e, BIE RS AR LIRS T, iz
B Wis B | SUHRE m AR 2E S | s S A g s R 25 G R ) X LA R RO
RGOV AT AT REPERK , A RO T K AEAAR , WA AP, s iiiE 5H
ST AR AR AT G R BOREIOC R T AL, RIS AR S i AR R R A AR fk, HOAR 5 ol
FIPA SR RS, BRI E S Se R BB AR X BRI, iz 12 5 2 5% Tl 1) PR 1) 5 28 71 £ o5 o
I SEBLRAT & e () A REPE TR

http : /xuebaobangong. jmu. edu. cn/zkb



- 192 - R (ARBIERD) 5526 %

4 it

WEZIEIE S HANG AT HA IV R, L RIEIE B2 5, T Logistic SERURFSE H i
Tt R, Herh 2B il (R ZROR 11, 2 MRS By V8 500 3 38 o e 5 R W i 1) A R
i, TR T AR P 22 50T ph B T 3 ARV B, AR FLAR A9 8, BFSR R B0, A~
PSSR0 L R BB, (LA T A PRI B G MR I TR MO 28, 452725 0 11 AR B3 1 R 3 R i
AT R, S 2 7 R KT DR IN 2 (2005 ROV, B izl e |
VS S A A B B 32 WA 2 (A T B R R Bk, BRI T 45 e ) . e itz
ST DA KK 9 2 R 2 S 2 2 B VR I B R R B, T AN M v A W a8 1 5 12
VOB T R, AR TSR, o R M BT Sl TR FE 00 P 22 R i |
RS | GRS | EEEE AR, I, T e SR,
AR M T IX B, AR 28 5 (I 4 4 R e 0RO SE R ) | TR S 1 e 2 i s Pl 2
BRI STBH , FT X B A I S AR I SRR AR ATIZ A v A TS 1254 B 0 10 W 4 T
R T2 38 2B AL O BRAT

[ &% X #f ]

(1] sk3css, SRR, SR, somze iy [M]. bt Bt 2002. 5-28.
[2] WIEGMANS B, JANIC M. Analysis, modeling and assessing performances of supply chains served by long-distance
freight transport corridors [J]. Journal of Sustainable Transportation, 2019, 13(4) ; 278-293.
[3] DONGY, LIPJ, ADOLF K Y N. One belt one road, but several routes; A case study of new emerging trade corridors
connecting the far east to europe [J]. Transportation Research Part A: Policy and Practice, 2018, 117: 190-204.
[4] BROOKS M R, WILMSMEIER G. A chilean maritime highway: Is it a possible domestic transport option? [J]. Trans-
portation Research Record Journal of the Transportation Research Board, 2017, 2611(1) ; 32-40.
[5] MARIA O, CHARLOTTA J. Governance of major transport corridors involving stakeholders [ J]. Transportation Research
Procedia, 2016, 14. 860-868.
[6] ZENG Q C, WANG WY, QUCR, etal. Impact of the Carat Canal on the evolution of hub ports under China’ s Belt and
Road initiative [J]. Transportation Research Part E; Logistics and Transportation Review, 2018, 117(SEP. ) ; 96-107.
(7] XUHwhs, EEAR, BOPRE. SRR . 25 A SO 5 WD R T g Z BR v ved s
BRI [J]. T ARZT, 2017(6) : 21-27.
(8] BRICHT, WF, B, ZCEIERNRE, 20 LSS R AT R—IE T 2290 2 B2 5 I AR 10 25 Rl = 43
Br (1], TolkFoRZEE, 2017(10) ; 22-30.
(9] iKifF. 22902 AT SR BB A B 2 RO MFTE [ D], KA. HHMORY:, 2017 91-100.
[10] ZE&%, KM RILATO lEHx £ R AT MINTHES G [J]. MW & KFE24M, 2019, 35(3) .
26-34.
[11] WRPAE, Figd:. B2 i BRI e Sl TR a5 IX WU i A =5 () A Jey S e A0 i [J].
S AR, 2016, 14(5) : 24-31.
[12] TERERE, IR IRVTZR5% A bl s 5l nl 3k v 5 Sl Ar A s RS S Dl B (0], b BRES%, 2018, 38(7) : 1089-
1097.
(13] B8, BN B 23 S50 | 23 () 0k K A |0t (], PRz A4l (T rt B aE i) | 2015(2) -
132-139.
[14] B/NY, ZH, O, F RILATOTZOSE M4 23 Mg R [1]. PR RIERZ24M (B4R
RR), 2019, 45(2): 192-199.
[15] =il SRt Eme SMm iR EeE [M]. dbat: RSEIME, 2002 3540.
[16] t¥f. EPriz2sty (M), dbat. ARZCHRRAL, 2014; 109-112.
[17] Z=RtE, Hvese. W OE M) o3 (0 I MO PR 5 (1], HER=, 2014, 34(10) : 1169-1175.
(RERE B & RXER BAzZk)

http : /xuebaobangong. jmu. edu. cn/zkb




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     范围:所有页面
     裁切:固定大小8.268 x 11.693 inches / 210.0 x 297.0 mm
     位移:无
     裁切与位移 (高级选项):「旧版」
      

        
     30
            
       D:20210423152537
       841.8898
       Blank
       595.2756
          

     Tall
     1
     0
     No
     1324
     283
    
     None
     Down
     8.5039
     28.3465
            
                
         Both
         5
         AllDoc
         201
              

       CurrentAVDoc
          

     Uniform
     8.5039
     Bottom
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0c
     Quite Imposing Plus 3
     1
      

        
     82
     100
     99
     100
      

   1
  

 HistoryList_V1
 qi2base



