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R4 R FREFZEC BT EDERMAR I N TS, LA LAY 6MHEDE T IVITIRZEHIC
A E L BIERENET L ER—-Z2 L LTW5 5T, BigT — 212304 % M ﬁ
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2. 7O0-BEOZEENEEEERLAENET IV
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N— 2, BEHWR—2OZEMEEEEZRIL-EFAREFTLERMLICEWTIFE LW %
T HRE 2 O TIHS 2 LT 5.

3. MEEMREHETNICE T DHEFHMES

LeSage and Pace (2008) 238 &K L 72 E 7L, WEBOEMRENE T NMICZEM 7 7 & fllAA AT Z
TR EZR L7228 DTh 5. ZOMNBIEMESIE T IVIIFHEOE ST T & WK
B K> TRIBETLIZL, ZOFEEMEE0, 5H o OEMSMIZHED LIET 5.
Zhd 7 g —EEE A EOE A AT S CEARET 2 2 & &F LWL, LALERSZDKS &
IREIZHED WO E N T T A ORIEISIEONL D2 OMEHEN A FEN N GEHET S Z e h
Flowerdew and Aitkin (1982) IZ& > TUA T ORI Eh T 5.
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5.3 MHEER

Z1ICNBEFNLE, NB-SAR EFNLD/37 * — AR A7, 22 E CHBEOM
AN TREM ST A — 23RN — 2 L F MR- 2 TENEFN p, = 0.627, pg= 0.633 & [AIFE
EOMIZE>TH D, WMNEOHBEEZRL TS, 72 p, =—0.593 XA DOZEMECAHR %

# 1. NB EF)0L & NB-SAR EFLD/ST 4 — & HEERER.

NB-SARE 7 /L NBE 75 /L

BTN R z i X z &
EXH —9.741  —8.148 —25.391 —33.046
I EHOH 4.067 1.335 —8.001  —2.555
o_An 0.337 7.748 0.905 37.28
O T 0.072 2.965 0.204 8.362
O_15mAimm A H 1.254 0.913 6.839 4.884
O_K¥HE 12.181 4.284 34.202 12.477
O_HE3RPEXkMESE 6.971 5.774 19.231 18.422
oO_®B AN —15245 —3.427 —33.631 —7.447
D_AO 0.388 8.09 1.021 42.063
D_ 0.037 1.573 0.116 4.761
D_15akARNA A 3.665 2.538 12.750 9.101
D_R¥#H 8.377 3.049 26.252 9.576
D_E3RPEEMEE 6.525 5.416 18.52 17.742
D_#%&BAD —12.300 —2.805 —25.159 —5.572
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165l EA R 0.926 0.204 —1.275  —0.265
I_KEE 18.935 1.394 20.450 1.421
BB —0.393 —7.534 —1.224 —69.788
Po 0.627 14.983

Pu 0.633 15.322

Py —0.593 —14.443

v 3.583  33.802 3.181 34.236

S E —14650.560 —14790.678
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MLTWD, ZLTpo, pa, pw INTTI%KETHER THSH I 5, FthR—2 FHih
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PEEEIZ$R /85 A — 4 IE NBEF N & NB-SAR ETFLELELTE 1% KMETHREEE-TH
D, PEBEREE/ ST A — 2 L L THREL TV A Z Ml 2 3. U STI A —Z v IZINBEFLT
13 3.181, NB-SAR E7 L TIX 3583 &, EREENAEZET LI L THETO LABAL N
N, EB0DFEFLTY 2 flixls EIRENS v=0 P 1% EEKETENENE I LERL
Tk, KFETHON-AOBE T — 2120 [(BARHE) = (080 | THBET7 Y v iodi %
RELZET ) VIRIELL &L, ADOHAMPMRHAENIRETH 5T &G0 5.

54 MHEBEICEHTIER

X 2 (3BHIE I e E oy L2 DE L BIT45 ERAESIWTED, At 7o —
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NB EFLDOK%E R 5 L&, W7 a—0—E25 74k 0 BTG & 2T Eh 72812k > T
5. ZhooFedis, Wat - I, #0 - FR, B0 - TEM, & TN THEBOERR
BICkIT 570 —1C8WTRENS &) BIKFEOERSE SN ZoBAHEEDRKE L
T, EHETIEZ OO IZ IR TENSEEL Tl ) RMEEES NS WD THHEELD
N3, ZHITILNTNB-SAR ETFMIC K BHEE T, EONHNT u—DHEEME & 45 SRR
IZR->THD, BHENO 7 —BHHEISEOHEEN L R TW5., ZhlE, NBEFALT
VR - HOE R O BHE RO AT T O — & HHT 2015 LT, ZReEN 4 ZE L 7~
NB-SAR EF LTI ZNHIZMA CTREBA 70 —DERA 52 6N 3 Z & ¢, HEEERA LEL
reEI6N5.

NB-SAR ET ML > TN 7 u —DHEERIE IR EL 728 DD, N4 7 a—OHEEfE T
NBEFLDED LD 45 EHL» SEHAUTS DXL TS, BICHEHR TIERND 70—
I NB EFIICHNRTHA LD Y TIF D BB BRHEE L 5> T 5.

NB E 7L KU NB-SAR E 7L OHEEIEE %P3 3P RS (RMSE) Tl 5 72 3 028
F2lzkEh T3, RN T o — O3 R2MeEN: 2 B L ALK - T
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# 2. NB ®5F)L & NB-SAR 7L ®D RMSE.

NBE7 /L NB-SARET /L

XN 16242.51 11292.11
P4 16142.33 5980.77
N % 20324.12 65936.74

# 3. WEOEMAHAIE L 2ET I DINT X — A HEERER.

AL 3% z &
EHOH —12.777 —10.602
I EHH 3.466 1.122
O_AH 0.403 9.178
O_tfH 0.089 3.641
O_15mARimA R 3.997 2.904
O_R¥#&E 11.543 4,047
O_HHIREEMES 7.351 6.056
o_%B AR —14.279 —3.203
D_AH 0.461 9.546
D_ifg 0.055 2.337
D_158ERiHmA D 6.214 4292
D_R¥H 9.065 3.292
D_HE3REXEREE 7.148 5.901
D_#&B AR —11.519 —2.621
AR 0.140 0.885
165l EAR —0.042 —0.009
I_R¥EE 19.224 1.396
FEE —0.420 —7.983
Po 0.559  14.983
Pa 0.573 15322
P —0.522 —14.443

123 BD S TEKROHEEREE AW LT 5013, FBENRFEMAOBREHF — 2 TidN4s 7a—
MNAT THHDICR LN 7 a —1d 2,162 &, HEINICHNN 7 2 —DER L0720, T OHEER
Bom EiZ25 N TEIRD RMSE S T2 572720 Th 5.

5.5 MNHERPHERELAZETI T EDHE

7 3 13 LeSage and Pace (2008) DX EUEM 7340 & IRE L 72 € 7L (LL-SAR ET L) D35
A — AR AR L TS, 2285 A — 21 p, = 0.559, pg= 0.573, Z L T p,=—0.522
& NB-SAR EFLDZER ST X — & L[EEkOER 2 B8 T\ 5725, NB-SAR EF LD NED
p IZEVWTEHOHMEN K E < 2 O ACHBEDE S OBV L 2/RIEL TN,
-2 OMOFIALED /ST 4 — 2 fEEMIE, HREA L DIZBIL TIZ NB-SAR EF LD H M
INENE NS HERE KR 5TV S, LL-SAR EF )L L NB-SAR EFILDHEERBROK X 558 &
LCid, o [15 SARmAr] g [t OFHERAS NB-SAR ET L TIIHERET
B2 o572 b6, ABUERASMAEIRETSZ L TENRZTN1% KO 5% KUETHE L
WHRERIZ B 5722 & THAD.

LL-SAR E 7L & RIREE TG, HiGehE=R 0 & BERUEER 540 DO 2 & /BOUE OFH R
WA 5728, ETNLAOR S &5 BOUEMIZ & 2 EBRN LK EITS ZEBTE RN,
Z D7z ORI T D D IZ RMSE i T LeSage and Pace (2008) DE FIL & ABEEF I
X B A4TS5. LL-SAR EFNIZH1F % RMSE 1812 2& T 8086.69 £, NB-SAR EF L
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F OGS HEEREENE N EWAA D, W7 u—KRUORN4 70 —-DORMSEEE ZhEh
4,391.33, 46,759.95 &, 13D NB-SAR EF I & HARTHEAE. LA L AR SISl
BRIZ, RMSEREFLOR I TR AL Y TRHEIDDORIDIEETH 5728, Zhid NB-SAR
EFILM LL-SAR EF L LD EFNLELTES EVWIFRTIE AL, KR THWZ ADRE)
F = ZIZB U TUEHBUER A 2 GE L 22 S TR E DIRRL AR L WIHRERTH 5. F77,
LL-SAR ET L TE N4 D RMSE A ZERCENEAZR L TORWNB EFT L EARTEWE
ENG, SAMOBEICED 6 $TRBEEME A B ES 5 Z & THL OHEERE N BT 5 &0
I FERMIE S Nz,

6. faam e SHRORE

AWF4EiE LeSage and Pace (2008) 12 & % 7 1 —[BOZEMHB % H & L 72 EH 1€ 7L OHET
EHRER A WIRT 2 ETLE LT, BO _HEHAMERE L ZMET L EREL 2. K%K
TFILAAGERFIRFEALRBE) 7 — 2 128 U 72858, LeSage and Pace (2008) [Flkk, SHEOCHE
B ASE N, FLRHEEBEORM LRSI N TE %,

L, WA Z7Uu—DARIZHEHLZZEEA, HEEREZARREET T VICK > TEILT 28180
Rohrz., KWEOBEME, ZRIMBCHBICKL 257 X — 2O EAZKRET LI LT
HD, EFLOMTREDICEAL TR ERPOFERNDBEE L DD, SHBNL T2 —04TiE
FD AR T2 HEEmREMET L T &2z,

AIRE T FILIZ LeSage and Pace (2008) DEFILOHGHN L RIETH 5 721, 22MH MY
MAEZBRELIZOAEE > TED, KRN AMHAEEREZZEL v, Fl2 I ADBERRIE,
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Modeling Spatial Dependence in Origin-destination Flows
Based on a Negative Binomial Gravity Model

Kazuki Tamesue and Morito Tsutsumi

Graduate School of Systems and Information Engineering, University of Tsukuba

Spatial econometric modeling for origin-destination flows proposed by LeSage and
Pace (2008) has succeeded in overcoming the problem of the classical gravity model:
non consideration of spatial dependence. The model is based on the log-normal gravity
model, which assumes log-normal distribution of observed flow data; however, assuming
contiguous distribution over discrete data leads to statistical problems, which results
in biased and inefficient estimates, as Flowerdew and Aitkin (1982) pointed out, and
modeling that assumes discrete distribution is preferable. This study proposes spatial
econometric modeling for origin-destination flows based on a negative binomial gravity
model: the spatial autoregressive negative binomial model. The estimation result using the
2006 interregional migration flow data of Japan shows that, compared to the nonspatial
negative binomial gravity model, the proposed model improves the log likelihood and root
mean squared error. An increase in the log-likelihood value of the model was also seen in
LeSage and Pace (2008), indicating that their model is better than the commonly used
log-normal gravity model. This similar result suggests that the proposed spatial negative
binomial gravity model is credible.

Key words: Flow data, negative binomial distribution, gravity model, spatial econometrics, spatial
interaction.
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