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Tab. 1 Actual and simulated trip distribution on airlines between seven cities in China in 2003

FRE S = i T ik = R B WHE v- uCEITEN vi- L (BT
JhE KATHE 0 110 (108 16501750 100(114Y 12001440 150(156)  220(159) 3408340 798 109.2
Fang 0 12819375 7117975 3268335 213057 5045165 370198
EHIE (D 0.0 12576694 7634224 3622243 2533845 5245032 2334705
EHIE () 0.0 12613197 7190879 3226873 2190555 5100062 3760954
FENHRE M 0.00 0.02 0.07 011 0.19 0.04 037
FANHRE () 0.00 0.02 0.01 0.01 0.03 0.01 0.02
Fig RATIE 110 (108 0 15(100% 1101201 70 (33) 135(136)  160(267V 27052555 1299 166.1
Fang 12819375 0 606196.5 161811 253322 3027815 99207
BHIE (D 1264246 8 0.0 5819209 176053 3 1931431 307499 8 191824 1
AR () 12613643 0.0 605715.8 1702233 2472135 3185725 102234 6
FENHRE M 001 0.00 0.04 0.09 0.24 0.02 093
FANHRE () 002 0.00 0.00 0.05 0.02 0.05 0.03
rR AT 165 (175 15(109) 0 1350102 100 (73) nsmmn 135(172) 2158724 134 1508
Fang 7117975 606196.5 0 1702775 172659 337256 160537.5
BHIE (M 7658977 580770.4 0.0 133567.1 141139.4 369448 2117477
BHIE 719100.6 605705.1 0.0 168622.6 1679732 3302673 167054 9
FANHRE (1 008 0.04 0.00 022 0.18 0.03 032
FARHRE () 001 0.00 0.00 0.01 0.03 0.02 0.04
WL WATIE 100 (1143 110 (1200 135(102) 0 700101 80 (70) 105 (82) 924455.5 1639 204 6
Rang 326833.5 161811 1702775 0 407535 1334125 91367.5
BHIE (D 363655.8 175829 5 1336615 0.0 515425 123959.0 77327.9
AR () 3226945 1702211 168623 4 0.0 422671 130139.5 90516.0
FEARHRE (1 011 0.09 022 0.00 0.26 0.07 015
FANHRE () 001 0.05 0.01 0.00 0.04 0.02 0.01
WY WATEE 120 (144 70 (33) 100 (73) 700101 0 10001240 1200223) 781958 1703 2085
Fang 213057 253322 172659 40753.5 0 72158 300085
IR (D 254155.7 1927230 1411114 514959 00 86633.8 561089
IR (D 219058 8 247208 5 1679728 42266.8 00 75583.7 29864.2
FARHREE (1 019 024 0.18 0.26 0.00 0.20 087
FARHRE () 003 0.02 0.03 0.04 0.00 0.05 0.00
B AT 150 (1561 135 (136) [ARTAAIN 80 (70) 100(124) 0 60 (49) 1597507 1382 176 3
PR 504516.5 3027815 337256 1334125 72158 0 2473825
IR (D 5263525 306978.6 327037.2 1239064 866754 00 2282218
AR () 5100159 3185674 330267.8 130139.1 75584.1 00 232935 8
FEARHRE (1 004 0.01 0.03 0.07 0.20 0.00 0.08
FARHRE (D) 001 0.05 0.02 0.02 0.05 0.00 0.06
B WATHE 220 (159) 160 (267) 135(172) 105 (82) 120(223) 60 (49) 0 998701 147 147.9
Fang 370198 99207 1605375 913675 30008.5 2473825 0
IR (D 2340315 191284 6 2115705 77208.6 56073.0 227966 4 0.0
AR (D 376105.8 1022338 1670565 90516.5 29864 6 2329378 0.0
HRHREE (1 037 093 032 015 087 0.08 0.00
FARHRE (D) 002 0.03 0.04 0.01 0.00 0.06 0.00
HNE 3408340 27052555 2158724 9244555 781958 1597507 998701
P (SR F5 LT HIN -139.6 -55.0 426 121.5 1496 224 60.8

AT ANECERAN <Ay RATREE G <, S Py R PR R TRAT I )



!

8 1 g

(453 1 B 3Bl T ) B 3K 8 AH R KA AT I RIS A T A T R, R SR R AT N BUR:
2004 4 (P E S GETHAESEY b R AT R 2S 23S E AN B 8 (B0 28, BLL, X
P L5010 23 A LA KRR L 2R 1 4 R L T A B B S T A T A A il R AT
Al B IR G LL AT IR ] SR 7R 00 T TR) f) S8 A R A2 TR g AR T S
TG, Ho— a2 45 0 F A F R RS RLIX L A 3al i 1 A A 2 AR 7 AN B0 A

HEREERFN T, B2, A @) R ek BB EEA, XA 8
SCH AL Bt GEAE €)X (4) R ¢ (G, 7 = 1,2,--,7) P IRTT [A) 9 R AT
WAL, 7, M HIWRE G E R, B8, 48 — DRI, B3 27) X, ATy KN
1.6, XM THiE T IES AT 22 o, 3B =0 ., RIE (28) U (29) =, MIfL4Em
ERE R o M b, 7 =1,2, -, 7) BWEP, BRAEES o —HE, KEHRE 29) At
Bob, L, REHE B, WK (28) XitH o, XHEAWMES, H¥ o, b, MHE
FAXTARE R b, S0 T (24) TR WO T ] A s A, AR, T
(24) X Z SRR REAC B E . 56 TP IR LI 00 P 3k T 1 £ A 2 52 i i
WedE (4) AT REAR S8 DA GEfE C), HCBBEDLAY S0 S AR FTEL 28 % 2R 1Y A8 3l
BUAS ) GARETE KK, B Co> G, WIHEIAY g A, A0, Bk B ME, SAJF IR M E 5 =
pos

B GE MR IR SR 2, YR 5S8R 5 B 48 Rk A 1 5838 S RAR Z 27—
FIEZ IR AR SCREE R 1%, BEAh, W P& A & Z m A2 2E o %, R
B, 25 3L RATI I — AN BRI %, AR SCHCH 100 000 4344,

i ST 1 AR 0 B 3T AR A X L A R AT A A AT R 1 CBLLE (1)
CHXFIRZE (1) SRR, BREMEM LT AR MAES M2, BT
R0 e R EL R AR BT AR 21 AR R 22 S SR 21 AR 22, A
9 NTE 0-0.1 Z 0], 2915 42.8%, iR 02 IR 134, 2451 60%, A M MRK, 1%
2206 0.8-1 Z0A], Besh, Biflh ) B =0.0075, o = 21.33, LI 2% & M dm i A8 fL kG, A%
TS A AR LR R T

AR SCHS A A3 ST R SR R LR R 2 R R SRR, AR RF R 1Y,
HLA M) e ff, EL A 4 28 AR TR TE S 0 A, B R R — 1, X TR — ik & W
WEl M BT MR % R S — 2l M4 s A7, S0 b, XS AR AR sy T
Pt AR Rl R 2 4R At AR SRR R AT 1 25 S LR B M 22 R Y 2%
Py BB R Al THMBUE, aTRIRAE, A K MR AR % 7620 B | BRI R 25 A2 3l
=iz by, BOEIT R IR E 2 R A B ACH , B0 B AR AL K IR AT
[Fi) i R PR 4 i 2 D R A T s BEAIL, MR XTI AT RE Ty, R, BAETR
T FRAT A 2 83X A FR G0 N e A ) — 25 AN 3 BT A 2 58 308 J7 T 0 e A7 43 A A4, ok g
Bsis 5 & A m2cE T H B, 7EARSCE 80 A b 3R A M 38 e, 534,
LS TRAT A3 AR 32 T 55 . AT AR I T s PR 0 BEAE A3 B A AR 3 B3R LA i
MV TEAE T . AT LA, 257 b ) 9 AR AT A7 72 R IR Y A B 2R, [A) I X RO R 3L T
AL RS 1 B I T DA X4 9 R AT R TRD (RRAR ) R S B AR A X B B A Y A
S PN i 1 TR 1Y O w2 =3 2 e O = N el [ RS VR P S NG R K VS S N
TR, HOAT LK X W AT B RAT AR IR A K — e 2R SO R A — S T £k 1 )
PO VEAT T — Lo | FESR 1 RS R, SRR S 19 AT i ) 353 (0 A 4L 6 A
“EIfLE (2)7 BTGl FIEAH BT EIR 2 CMXFIR2E (2)7 P, NE T ATLUE
e, SRR T [R] AT S I 5 AR LR

A% SCHR T T A AR Lt BRI A SR AF IR AR ¢

noa o
Min 2, 2 (1, - b0 |T;] 31)

¢ oi=1j=1

BEAE AF RAT 20 AR Y A AT R Y O R 845




846 B 4R 62 %
RS (28) 2L, (29) =LA (32) .
¢ =2 e aboe” (32)

i=1j=1

HEREHR, ¢;2 0, Hobt, T, WO, B BT o WAEBIE , o BHRE,
FCA AT 5 1 5 AT

AR T AT ISR o, WOAT LR, 56— . $2 A TG (OB i8 (R | BRI
BIRRATIR I (RAS) ¢ HRE I a, b, A1 B, 45 25, SKAE (31) 20, 20t PFOUR AR & 1F
0k, ORI IRAT T (RA) o, 45BN SO RO MR BT, B o, b, A
B. S, FIREIRATIN (RA) o) 00 a. b, M B, $IE (24) 20 HF 5B A P %
7 I B2 A B, R R BAR 2 . — SR B0 T, B i R HBI45% 2% S A R B 7E 10%
DAY ISR AR R BRS HE  R 55 ok BRI BRIk

B P (A By TR E 1990 4F 1 75k M2 R BFT 20 14 1 1 80 80 0 i 1 43 46
DU B0 3o AT AR A0 A (HR VL, 75 T R G BB B B S R | 1990 4R
W M2 R 2536 30) , AR S0 T e A I i 48 52 30 T RIS SO %

5 A4 A ST IR 10 ) — A B T A R TR A IS5 A () R A 2
FIA (o) WX, BE, BTSRRI | 75 HE TR AT R A TR A
S 0 24 2 55 T O R K L AR SC RO RE AT RE S BB IR Y p, (R (26) i
p), AGEFRHE] o, (HAEPEIE] (v, — u) (BAE (25) RIFEE (o, — ), B %EFI &5
B2 MR T AENS S B— IR — T B IS P N (24)~(26) RATIF 4
(0: = W) DB D — AR, RIS p, Wb s I 3 8, TR AT RS AR
YR, A SO S5 kR RO SN B R A — L, BRI R
GORREE, P18 TS, EWES BN 2003 4R MALES A A B, AL
FRARIA MG, N 1, T RG5O SRS a ek, I £
(0 — u) QR , B2 R L TE P26 b B DR 5 1 1 R I — B0, L | W RE RS
BT B DUANP 22 5 — AR R 4B B A2 0 4 o b B A IR S 1 4
B T TG 22 (924 15 T 95 0 A 081 392 K TF O Al 0 T/ F RO, T (o — w0
WH RS EA 15 1 BRI —8, ML th B2 1 R B LA e
W H, 0 TR B AR (% R T M4 4 R
S L, % T AT 26 42 ‘\;ﬁ/gjww@erg//
PR MR, M | E RS H H, ESEA | @ ARG 5
ST, B ILA KR LA, BB R ey ] § e
A It 5E A —

A AT T, RS AR e v
G0 SRR PR T R L R B I B He . b i@L\'
PO RIS AT, XL S T I )

UMK F RN, BRI R SE e
B F 85 2 | — A7 T T A 2 S A S T L g 2
ﬁﬁﬁﬁ,:%ﬁzAmm%ﬁﬁﬁﬁﬁﬂ%ﬂz\J
S, AN, BERS . ki, T
ST, WEFREERAERN, B

FEE PR PR RATA S, TR SR ZE

AT B PR, A T LB AU P T AR T

Mie, GEREKETEAE, RIUG EEZEE e i China in 2003




8 341 BRREAE AF . RAT AR Y A BT I R Y O AR 847

QAT IR ] R N R TR G 2 A SRR T, Rk A 3 T 1A A iR
15 R R AUET S, Bl —ROCZ W AT kAT R A e, fsi b, B
g 5 RDUZ MR | A BRI B2, NS iRATA ok T EZ il WAk, 7
fitzs M gs b, SRR R SN R GRS T RE A 220, He A R AR O £ i e
G 1 (py) HEAEEE =0, MRS BT T) (v, — w) HEAEE SR, AR SCHY 23 B BE 6 2
fige 2R R A Sk T G B A S A MR B G AR, TR O R TG A kB A e
O

4 ZHRATHE

(1) FEMBCE R AT BA R — 0 BEE A RSO AT S T, AR IR AT X — R 1
Y=Y . — Ry BLA R Sl X — IR, — W A A I IRAT A, — R
TRAT 5 1 RT) (B 2 FRIAY), IR 50 AT LAAS 38— X 4 1 Al AL R A Y — R AE
AU AR B A AF T BEAT S AR, BT A R AT 2 A A 2 T AR IO RO ek %5
A2 B G B EHEE B R Ry 95— SR AT B0 2 TR A A IR 55 M 2 FAS /)
THRAT AL A 28 R AR WU 5 R 980 25 52 B i B (EL I, 0 i 9 2% B R A S A
Pl &G B Z AR B R 25 HACH AR AT 70 A (A5 R AT A (B4R 1 55 1 4% S AZ R
(9 2 R Ay . RIS A% S BT 2 1) B0 52 AR Z A BT A R AT A R
YR S 28T i 25 53 % i B8 e (B B e R, 9 98 R A 0 i AT 2 SR SR AT MO K B

e/, R AT, — o8 & BT S BE NS G B I B 4% 2% 5 IR 55 A% AT it b i B
LRI IRAT 73 A

(2) TEMBBE N T AL JE AU B BE LSO 2606 R, T S AL 473 TH 98 48 4% 2 KR 55t
A%, TR T R RS AR T B R A AT E R AT A, S R BDIR AT 09 O B IE A 4y
fii, FH Logistic PRECGIT X AN IEZS S0 A I |l af RAFRAT U AR O E 8, iR
rEROVBTHIE , BRUH A0 AR E 228 T I, iy D2 SR ) B 7 (9 ik A7 0 A
T R S A B R AT 0 AR WU RCE R R A DR B P AR R T S R R
A 5 A AR FIRRAT 5 BT 2% 8 TR A R A R o AR T 9 R A N T g A A X DA 1
R HYEIZ A, FEX A I8 T2 AT RIS 1K e A S8 ) 2 28 4 v A LBk oK

(3) FBUIBTTL R W, AR 520 X 2% 073 A oA 2207 T 7 A T RE . 45 4 R 22 5
P B A O RSSO AR AU RIR AT R Y 28 S R S AT LS B — SR AR Y
BEALL IR 28 | GK 86 22 S PR AT USRI | 2 0 B 507 58 3 2 A ) BEOR PR B, DA T 3% 2]
B AU AN 0 BT R

ARSCHI o B 07 vk AR AT AN B B RE i dr A 22 5 . H sz WA 22 5% . 208 TR A
B ACHE X IR AT 20 A W2 e, (ELAA A ASE 2 3 A B BT ) 5 3 2 X = AR MR — A, LA
Lo A B WAR BOE 22 /0 L e ] R 1R 2+ B, A fF TSR IRANE,

S EZ X H# (References)

[1] Hitchcock F L. The distribution of a product from several source to numerous localities. Journal of Mathematics and
Physics, 1941, 20: 224-230.

[2] Dorfman R, Samuelson P A, Solow R M. Linear Programming and Economic Analysis. New York: McGraw-Hill, 1958.

[3] Sen A, Smith T. Gravity Models of Spatial Interaction Behavior. Heidelberg: Springer, 1995.

[4] Batten F, Boyce E. Spatial interaction, transportation, and interregional commodity flow models. In: Nijkamp P.
Handbook of Regional and Urban Economics, Volume 1, Regional Economics. North-Holland: Amsterdam, 1986.
357-406.

[5] Wilson G. A statistical theory of spatial distribution model. Transportation Research, 1967, 1: 253-269.

[6] Wilson G. Entropy in Urban and Regional Modeling. London: Pion, 1970.

[7] Wilson G, Bennett R J. Mathematical Models in Human Geography and Planning. John Wiley & Sons, 1985.

[8] Evans P. A relationship between the gravity model for trip distribution and the transportation problem in linear
programming. Transportation Research, 1973, 7: 39-61.



848 Ho B 2 62 %

[9] Golob T F, Beckmannn M J. A utility model for travel forecasting. Transportation Science, 1971, 5: 79-90.

[10] Beckmannn M J. The economic activity equilibrium approach. In: Bertuglia C S, Leonardi G, Occelli S. Urban System:
Contemporary Approaches. Croom Helm, 1987. 79-135.

[11] Beckmannn M J, Wallance J P. Evaluation of user benefits arising from changes in transportation systems.
Transportation Science, 1969, 3: 344-351.

[12] Zhu Dewei, Liang Jinshe. Quantitative analysis of mass goods and material's supply-sale location and its extension.
Acta Geographica Sinica, 1986, 41(4): 350-359. [ &g, Fe bkt Ko Wy e I 4% DX AL 9 72 A5t o3 A S FL 5| oL b B2
i, 1986, 41(4): 350-359.]

[13] Ford Jr. L R, Fulkerson D R. A simple algorithm for finding maximal network flow and an application to the hitchcock
problem. Canad. J. Math., 1957, 9: 210-218.

[14] Guan Meigu, Zheng Handing. Linear Programming. Jinan: Shandong Science and Technology Press, 1983. [ #ff %, B
DU, PR, Bemd: I ARF 2= HOR Hh A, 1983.]

[15] Dantzig D B, Ford Jr L R, Fulkerson D R. A primal-dual algorithm for linear programs, linear inequalities and related
systems. In: Annals of Mathematics Study 38. Princeton University Press, 1956.

[16] Domencich T, McFadden D. Urban Travel Demand: A Behavioral Analysis. North-Holland: Amsterdam, 1975.

[17] McFadden D. The mathematical theory of demand models. In: Stopher P R, Meyburg A. Behavioral Travel Demand
Models. Lexington Books, Lexington Mass, 1976, 305-314.

[18] McFadden, D. The measurement of urban travel demand. Journal of Public Economics, 1974, 3: 303-328.

[19] Jin Fengjun. A study on network of domestic air passenger flow in China. Geographical Research, 2001, 20(1): 31-39.
[ K. 30 B 2 % T ) 46 R R B L b R G i 5. BRI 5, 2001, 20(1): 31-39.]

[20] Zhou Yixing, Hu Zhiyong. Looking into the network structure of Chinese urban system from the perspective of air
transportation. Geographical Research, 2002, 21(3): 276-286. [Jil— &, A% 5. WAL %S 2 i A B TR 5 ) 25 7] )
8451, RIS, 2002, 21(3): 276-286.]

[21] Yang Qi. A model for interregional trip distribution in China. Acta Geographica Sinica, 1990, 45(3): 264-274. [ 5% .
DX 3 2 U o3 A BE AL B R R . b3, 1990, 45(3): 264-274.]

Linking the Doubly Constrained Gravity Model and the
Transportation Model for Trip Distributions: A New Approach

LIANG lJinshe!, HE Canfei?, ZHANG Hua!

(1. School of Geography, Beijing Normal University, Beijing 100875, China;
2. Department of Urban and Regional Planning, Peking University, Beijing 100871, China)

Abstract: The premise condition of doubly constrained gravity model is the same as that of
transportation model in linear programming, but the results derived from the models are
diverse because of the different behavior assumptions of travelers. It has been proved by
Evans that the parameter B in doubly constrained gravity model represents the relative
importance of total transportation costs and the possibility of the trip distribution. Based on
dual programming of transportation problem and uncertain utility method put forward by
Beckmannn & Wallance and Golob & Beckmannn, this study establishes the relationship
between doubly constrained gravity model and transportation model. This paper discovers that
the parameter B in doubly constrained gravity model goes to positive-infinity and the total
transportation costs of trip distribution derived from doubly constrained gravity model meet
minimum level as the standard deviation of probability density distribution function for
traveler's utility goes to zero. This paper points further out that the balance factors in doubly
constrained gravity model reflect market adjustment of the price for travel ends services and
the consumer surplus of travelers. Using this method, trip distribution on airlines between
seven cities in China in 2003 is simulated. The result also indicates that the difference of
travel ends and consumer preferences, substitution of transportation tools, and variety of travel
purposes may lead to simulation error and the error can be reduced by transportation cost
parameter adjustment.

Key words: transportation model; doubly constrained gravity model; dual programming;
balance factor; transportation cost adjustment



