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RIRFEE LR 2000 4F 2 2013 A A TTlk A Z5CHE FEFn A sk (R KT AR | i a8 ak i A 7 %
A 35 ) 7 B AR TR Bk [ 2005 4F 2 2018 AR EIR T AR L) P E AR LY . M
ANTHHRERERY A [ 95 25 AR SCHIBR T REAS BRI FIAETE S (8 A 3T [ X 4 285 IX R 0] R 1 3 i 3
PR  REATE 35 264 2% K L) 3T

(=) SEiES#

1. FLHERNIE

F 5 R eI VR R EE AR R Zh AR RAE R T AR R A B A R X S AS
(R AR S X285 5 = A s ), FRATT RIS SR T T8 25 AR AR B OLS ik, B 4, H SR Rm Ik
a3 R AR SGVE Y A {8t 350 1F , s 78 0T 8] A7 76 1E ) i 25 [R] DGRk . TRl 76 Sk 1 R
OLS 7 5523 (] - AR A0 114 ] U 285 SRAFAE — 58 19 25 57, 106 I 222 W 3k T T 1) 2 T s ) A8 0 2 S B
RZs . BARINE 78 = Fhas AR FEE T, 22 oo 30T 4 28 25 R0 3 T A 7= 23R 119 5% T 9
AN SR, AE AL 77l s A48 R4 50 28 B0 )5 W 42 3 Sk IE , 2R A 77l sh 2 PR 48 S5 3k
TR R EEF AR L RIVE TR W3 T A 7= S5 4 4 5% i 8 35 A IE R [ DS A A i sz mke o ) 8 35
MG AT LURRE Ry, 2o vt 223 (8] 45 RA) AR B B8 728 X6 30 T A 77 S A A1 000 I AN I8 38 I T 7 B 7 25 (1]
it ASONE A I 38 A 3k ] 7 Ml 4 2R 1) sl A IR SR B ik 2 O IR T AR R ES RS R, T HL X
JozS MACE I AR, In agg,,_y) X Inpoly ) 3CH. I AL XHE W] AR/ | i — 20 R ek T
23 ()3 SO FAVE T, 2 0850 5 77 Mk sl A8 4R SR AR 7 SR s e 45 21 1 sk i HL R B AR AR

DA AT BB 69 T M3k 2 - hitps : //ngde. noaa. gov/eog/ dmsp/downloadV4composites. html
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FpAEN
xS EEEA
Tor AR 1) W IR IE B R BB R E
fALE OLS B I A 4 ) 1 45 B
- 0.003 " ~ 0. 004 - 0.004 - 0. 001
Inpoly, .-y (-5.50) (- 1.47) (- 1.45) (-0.46)
In age -0.0001° 0. 003 *** 0. 003 *** 0. 003 ***
(1-4) (- 1.69) (14.96) (11.87) (16.08)
0. 000 1 0. 001" 0. 001" 0. 001 ™
In agg.i—s * In poly, ) (5.67) (3.35) (3.20) (2.65)
A 0. 345" 0. 487" 0.263"
(14.24) (18. 88) (7.37)
YRS ¥ ) ¥ ¥ ¥
B ) A 3 K ) 2 RS ¥ ) ¥ ) ¥ ) ¥ H)
HRE 3 696 3 696 3 696 3 696
R 0.612 0.316 0. 428 0.384

W owwer | wk ok SRR TREFE 1%,5% 10%69 KT Tilit 25 MA@ RAMET AA 210,

2. BET A AR R AR AL

hytE— 25 WITBA SR T R R 5 A8 Xt IX A= 7= SR R S M AL 328 40 X6 2 7 SR 43 AR bR A TR 5
SR 6 Frn, WU, 20 gty 5l A B B AR TE T T A MR T HL M Y 58
HAEFA A T RS R , AE R R BIT AY l SR AA A T R ACR A GE | T HL 2 b S5
o AT DATR] IO AR DX R AR AL 3 SR, o AR 20 3R AR B3T3, R B s 22 S AR i 45 2R
BRI, 77 SR A B IR W et R R 20 T HLH S 2 O 5 A0 Y A8 T I 0 3y B, S i
TEZ LS PR BRIEAR THORIEA [, X THORYCER & |, H AR S HoR IR
AR, AL S et 22 vl (1 28 [R]85 5 7 P B SRR B 3 $ T HOR BRSOy R B — & By 4 il 4
FH o HIIH T LAAEEWT , 22 rhoCo S R 110 < A5 HTRASE ™ P R X IX A MRASERIC3 B I 28, 1B 3R 1 43 B A T
B MASR T HAR B FIH AR GRS

®6 ETEFRSBIERNKE

WAEE AL R HARBY 5 HAHE
0.025" - 0. 006 0. 008 ™
Inpoly, s (1.67) (-0.24) (2.76)
0.013™ -0.026™ - 0.000 3
In agg, 4 (8.26) (- 4.90) (-0.49)
017 0017 0,002
In agg.4 X In poly, 0(2. 59) ( (—) g. 29) ( (—) ?.088)
A 0. 405 0.970 0. 963"
(14. 40) (195.95) (157. 63)
BT =45 =4 =45
B 18] e b, R ) E AN =4 =4 =41
HAF 3 696 3 696 3 696
R’ 0.222 0.410 0.911

VEL wwr s x SRR TEZE 1%,5%F 10% 09 K-F Tl B H5EEIE2 R RKIETAA 214,
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3. IR g
AT BIFEAETIE B RO R 22 FR S5 A 19 25 (R R I I OR A5 B — B8, FUBOR AR BE R T =5 1]
A5 BERAE . FAT, T E R R RTESE A =M Bk = VT AP I MR S5 T N B R SR
JEAR TR IR R P RE i EL b T A SR BRI s s SCAC AN TR], SO R T 48 BURR G B ST R 3R 25
14 MRAEIRT AR R G R BRI, TR B SO Y Poly,, (IR T 1, BIRI N Z .0 iy =S
[IZERG (R T) o SR, 7 248 H A RSO R AY 22 D R IR IR A IR
&7 EBTAREHEHNEERRERRE

B ki K=7 ) Kb i AT
WA AR WA WA WA
In ol -0.032™ - 0.006 -0.038" 0. 001 - 0.028
POYuci-4) (-2.32) (- 1.09) (- 1.76) (0.93) (- 1.56)
In a - 0.004 0. 002" 0. 008 - 0.000 1 -0.002"
880(1-4) (- 1.34) (1.70) (1.33) (-0.76) (-1.77)
In agg, .4 X -0.002" 0.001 ™" 0.003" -0.0002° 0. 009 **
In poly, s, (-2.05) (2.76) (1.73) (-1.72) (2.34)
A 0.372" 0. 530 0.440" 0. 665 0.374™
(6.98) (8.03) (1. 69) (7.99) (4.41)
b Iz 4 Iz 4 =4 =4 ¥z
Bt 18] e e X B S22 Iz Iz =4 =45 =4
HARE 196 378 210 420 224
R? 0. 486 0.297 0. 398 0.336 0. 590

E L s ww ok SR ERTEEE 1%,5%H 10%69K-F FiBE R FMAER 2. WEABIETAA 2L,

X T RTINS , 2 PO S 5 L B SR 0 28 U 2 A B, R A S ST R
A SRy Bt R O U T AR R A IR A R THE P2, P AR R B S5 AT BETE T, B s
WCTTRE NP E B S ) S R AR A A T DA B K Sy v B s [R) 2548 EJE] LTS Rk
A b T RS A RSCR I EANERAR . AR LU 5, = A 3T I 2 00 O 35 1) 2 PO R AE B
J8CT LA A s R s BN SR P A T R A A R GO R R A a4
SR AR SR T, K S AT R 2 TR0 85 5 7 AR IR Z AP BT R A A R R AR
BRI LA 25 R S K S A WO, (H R =M N SR S B R R, 5 K = Mol
AR R 225, X R B, BR = M T i A 22 55 B0 88 R A0 A TE BRVL RIS IX [R) At i A 77 30
KPR v 1 DI AL L DX ) A 7 38 K P AR AT ] s 3 = 7 38 T R e A ) 2 [ S BB
FEXS 5 o (AR A, H T = BT AR B = A 3 T R 34 A 7 b i A s 1 L DX, 22 v
OAEFRCR I REIBCE AR T R 7 ML 5 3R 1 sh A At 7

AL Pl T M 3, A THRUL A B0 v R B 15, J& T B3 w5 3ol 7 50 A s [B) 9 el O ) |
RBVRTTRE . SR, S5 R 3RHT, 2 rhl 540 5 7 4R 5 n B R R0 825 20 7, SR B Y b i S i
W A B A RO TR R A5 LS AT RETE T, R VL v i i R PA 78 2R 0 B SR AR A i
Kb BB SE S0 Rk S IR Z B T RR A 22 52, [FIR, BT
ST R 22 DU 4, JHC i DA ) 25 R 5 R R B VE AL %) A JC S 2 184 Tl i 10 1 PR  ME 3E lat dn

Q@AM AL A ) ARYE 2019 £ A8 Gt 38 EH A 12 AR TP, KT GDP L G e b &k 35%, mA T b bk #) 24% ,
IR T FAAm bAgstsqk, @ a5 T4 0.58( T 1), AL EHBRT AR AH L b oM,
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T AE S LR 1 L BT A R DGRy U 3T R 2R 54, [mT U 5 SR 6 B | 2 v W 7 4 SR A B -
AFTFA = R T B AEPE W DR RIVE R T B s T X A 7

4. WA PEAL R

JRAE A (AT AR AT LA 2 5 | AN (] F) 25 TR)AS R I She 0/ s P9 A P D i, (R A 0 R R AR i 5
M XAz 7 2R 2 [T R T RBAEAE R SR IR R, itk — 2D A WE PR A P TR, 30 43 R T L2 1] i B
BN TR TR, ST T HAR R, EEAFE P 55—, S HRXUEE 0 BB KR
i b FERIRE BEAE R P A2 B A T B8 & . Ramcharan 1018 53 BIF9T 26 W, 390 T M B S 30 DU 4
I3 T8 65 1) AR B 7, 7612 X SO R AR RS AR ity % 36 = 2 P I [ AR L A 28 ) 2
e | A B A S I SRR W DX SR e 2 B AN 2 PO S5 R T LA B Bosker
1 Buringh # WM TT A0 57 St 2% B, Je 75 S A /K U8 -5 30T WURR 2 (B 77 AE N FE I 2 O BRI
W BRI A O A S TR Y R EIBR A Y, SRR B 5 e 2 B O OR R R [ & A
Ak, PR RE 8 43 R gl B AR S M B A RRE . DT SR UE R, X AN — B R E A R KR R
RAEDINTE ) A7, FLIC 3R I R [a] 3 8 ) mT LA i ot A0 R 14 2 2, PR sk K Y 4 Sk 728 o [
FRT bl R R AT 5 B HEA T INAN D [T ZE BNk 8 o AR AL — IS AL 43 il ki 22 A5 4
F= b A R AR T N AE PEAL B AR = X P AN S LA T X AL P, 45 R 3R W BT — R 7 —
JEXoF L P4 22 B I 45 SR 55 B AR R I F R — 35, BVR A= 77 B s o B R 67, SR (B A5 B 2 E
B = [ DU AL FRAS SR | SRR ERE A DR e — B, A SR AT RETE T, (O e — & B A2 s R AT
A VRN ERRT RS T A, T ELE 0 T X 2 B B 0 i B B G [R] SR AR SRR AR AR AT AR
Jei 7 TV R B e AP 1 B 78 T e el PR BRI R 7 7 A 1 P A O 5%, 53— T T AAOM 1 4K b
PRRFOE O A BEXTEE AT RS . BRI FRATTI R BB R = X iy () [l S 25 2R o B S 5 v fl

®8 MaMAE
2 22 e 2 BEA — BEA = BEA =
LRES (TR E) (b F IR ) (R F AT
0.002* 0.028"" - 0.009 "
In poly,—s (1.77) (5. 47) (-3.56)
- 0.002 0. 001 0.010"
In agg (-4 (-1.35) (1.09) (1.77)
-0.001" - 0.001 "™ 0.003™"
In age,_q X In pOIY,,([d;) (-2.09) (-3.86) (3.42)
A 0.997 ™ 0.893 " 0. 996 “*
(10.57) (9.47) (10.98)
ERTE a4 Fa Fa
A 1] A e X ] RN 32 ) 2 ) F2 )
HARE 3 696 3 696 3 696
R’ 0. 475 0.332 0.280

@XEHIL R ZIMART LR E T ILE,

VE L www | wx ok DR R TFTEELE 1%,5%F 10%09K-F Tl B EFMAR;2. W AHIETAA 2 {4,
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5. R R 45

DRUE T SERA R A, A SO AR AT AR T R A TR g . Herh B — AR ) 5
AEAL AN bR T PR RS A A T, ELAE A A (A 5 TR AR AR RO AR e i i BE AR R v,
25 I8 R AR B A 2 B Al-Marhubi > 9 5735, BAAZIR N .

He=( S Gy - s [ (=i (6)

i=1

1E(6)  H | RORE P2 ISR RAEEL, 1, T ¢ ZERHY ¢ I R1KT 658 B L, R
B p 15 L RIS R 0 Fon A i m i, H, WOES T°(0,1) Z 18], HBi#
AT 1 SR WTHOR 0] T D a5 R O PR SRR RS R A R] UM, AR SOR T 1/7H,, /RS poly
FRB AL B [RIIE, T 1980 25 8 (23 i MUASE LU AR A poly 5880, Hem i (2 3 i o 4 & k1Ot
SeRE IR AR, MRIEER O ISR, 2 rp0 450 5 7ML 58 B P [ i 0 A 7= SRR TH A 4518 2 A f
(¥, T, 25 BT 3t DX AR 7 R SR AR ZRE Y AR SCHE— 2P % Fallah 550 (177 16 B 55 4 52
PR GDP {E A7 SR8 b, o 97 ¥ 52 PR GDP LAAS % X SEBR GDP B AAR AR ol A 575 3],
PRI = Xof IO AR A5 R — A0 SCA5 T SRR Y [ 2%

R REMWLR

BETE ) BEA — R BEA =
TE (AR RIEH) (&3 H A5 EA5H) (A3 GDP)
-0.014™ - 0.032™ -0.011™
In poly,—s (-3.95) (-5.23) (-3.21)
0. 005 ™ 0. 006 ™ 0.026"
In agg,._4 (8.90) (-9.50) (1.71)
R %) o
A 0.915™ 0.915 ™ 0.581
(135.03) (135.04) (10.32)
b =4 F= 4 =41
A 9] e db X ) ST A8 ¥z 4 =4 =4
HAE 3 696 3 696 3 696
R? 0.933 0.932 0. 541

E L s wx ok SR ERTEEE 1%,5%F 10%09K-F FiBd R EMAER 2. WREABIETAA 24,
T e
(—) 3 R IE A 7= Z B 1 0 22 i
Glaeser 55 8 4 11 22 .00 23 [ S5 A4 TR U 30T P09 2854 Bl AR BEEE R i sl %k 43 1 R 4,
H1 22 LS R I R 3R 70 BT T B R A AR i DI AR 7 SR ey Ry i — 2D AR IXCIUAE 72 3R Y
PRI AR A TR (5) HE— RN .
In(1 + ATFP,) —1In(1 + ATFP,_,) =@In(1 + ATFP,_,) + vy,InPoly,, , +v,InAgg, ., +

YSIHAggc(t—4) X lnP01yp(t—4) + 741ant +lu'c + vl + §m
E.=AWL, +u, (7)
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10 R —Z AR PU S 5 BT Z O SRRl S AR AR R AR R K P 52 L0
A mIEZE R Wi 10 TRUEH ZEARREIE T ,In (1+ATFP, ) B R 83k 1, 32 B 1 X )
AP AR AR NS H o o I A A ] 2 B i A9 45 SRS M e B, B — ARG I A b S5
FRBUG  In (1+ATFP,, ) (49 F B0 XHEAT T80 , 2] 22 o O S5 AR 1 3 XA 7 R A Bb AL, )
b B = AE S| A PR S AL RIERUS , In (1+ ATFP, ) B R 4 HE RIRER N, 0Pl 4 R 5
SRR R WAL IE T R R, R LA Z RO B P R R IE RS In (14
ATEP, ) B RHEIE— 480, R ATE P& I SERIVE TR, ol DUGE b 22 7= R i o ), 0B FL DA
AIRELE T, 22 Lo AR T A R 250 SR T B R A0 20 BT P 7 ol £ 2R 8 2 ) ) o o f B A )
BB E

R 10 XX &= R R MR

R A — B = B = B v
- 0.009" -0.012" - 0.061" -0.073™
In (1 + ATFP,.,) (- 2.43) (-2.56) (- 2.94) (- 3.48)
0. 005 *** - 0.003
e polyyi-y (3.30) (- 1.30)
0. 002" 0. 003"
In age.-s) (10.75) (11. 68)
In agg, _y X In polyl,(,,4) 0(' :?.0918)
N 0.392"" 0. 402" 0.285" 0.283""
(15.71) (16.19) (10.50) (10.46)
Ei T =4 =4 =45
A 18] Ao e R B 52 5 32 ) 3z %) 32 )
HAE 3 696 3 696 3 696 3 696
R 0. 189 0. 191 0. 264 0.276

E L ower  wr o DR RTEZE 1%,5%H 10% 69 KF Tiid 25 M2 B2 RHFET A H 2 ME,

(=) XA ) A IR T A 7= 2R B9 &2 M

HT T OB 22 OBl T (A R 45 4 2 H AN TR] RS I T g 8, 8 T 1) 2 1) Vi b 28007 1 S %
P ] B B AR ] (1025 [RREZE T XA [R) BRIk 17 7 A 22 S A s il - PRI Ik, A 0 S5 1 A ) B A B
TTHEAT I REAKG I, LA SR ANEE 11 s . BT BB — AR — S 0 R MRS I T 1 5200, 73
SILAAE 23l T S NI = ORI R & AT LUE Y, 22 b G5 A A B o) AR 7= 85w oy £ B AP
b S R8BS 1938 B 2 R AE, FEBH AL AR SR OB T AR T BRI i L, R4 2
S H AT BRI I I ER A TC s 18] T T RS T 1 A1) £, (B 7l s A AR SR i A rh AR AR
AR TR R e, FHILZ T, 2O as R R b AR SR /N RIS T A 52wl 1 4 AH s, BDRS
B 2O BERREINIT Az AP AT R G WR  (EL 2 Tl 4R B S A VAR Y R e IS A T H X
A BT HF R AT RRTE T, 22 b S5 A R DASE o A FH RS Bl /NS T 4 J , 1EL R AR
TR A PR A 5 | g n] R TR X6 /N T Y 3R AR BRI I — 7 B AR A B0, DT S B
M ShAS AR At B o A R T ROBIR T o eAh, 388 XF LAY — R — | DL R AR = RS A Y
FT LA 6 T RSB A 3T, P % A 7= AR B i AR TR I, A B, R T RSB/ N 4 T,
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XA P AR AR P B R

F 11 WNAFEMER T A= EZH N
s A — mEs Bz )
T (HEWmT) (MEAERWT) | (S5 A ImT) (F )
- 0.709™ - 0.403™ 0. 896 ™ 1.757"
In poly, - (-2.48) (-2.03) (2.08) (4.85)
0.123"" 0. 103 - 0.530™" ~ 0,634
In agg, 4 (2.69) (1.23) (-3.21) (- 10.55)
‘ 0. 096 ™ 0.019" - 0.109" - 0.358""
In agg,y) x In poly, -y (2.82) (1.89) (- 1.94) (-17.62)
= =4 Iz =4 =45
E R P e A =4 F= 4 =4 =4
HAF 364 1092 1092 364
R 0.207 0. 509 0. 660 0.611

VE L ek ,

(=) RS 2L

kDR ARE L 1%, 5%F 10060 KF FTidid BERKE;2. 9220365 R 2 {4,

ARG P HL B 70 o, ST (A 3R 235 0 )0 g 7 L A SR e R A ] 2, i ELAS TR Sk i f
FR GRS s DX A= 7 R B R M - R SR A BTSRRI SR AR G o R T R R R M AL o A

TIREBEEA

InPoly,, = C + n,Inagg, + n,distance, + n;lnagg, X distance, +n,InX, +u, +v, +¢,

(8)

In(1 + ATFP,) = C +v,InPoly,, ,, +v,lnmarket, , +wv;lnPoly, , X Inmarket, , +n,InX, +
M, tv +E,

Horp 7R (8) R B AL i oy 2 vh
OIRTTR R M85, s SR Ny
BB R M RE (9) th 2 bl
TR R S5 36 O B0 i B2 1 L IXAE
7 AR Ry A R A ] T 2 2R AR
12 s, TR R A5 I 5 0
R Es (] oA A e, I, 7E 75 12 (8)
FIAMFEEE 2 distance, IR FBRESE N
PRI ) Y7 S FRES , T5 AR (8) X A
B — R L 2528w LA H 80T (6]~ 32
FHEG BT, W 5 AT A 22 rpun 250 1 E
o PR TR SR A ) A — s (W)Y
FIEEH MR Inagg,, R B7U(E AT DL AE T 7=
WAERIFAR T Z L a5, A
17, 72l 45 3R 55 b B R 25 9 28 BN OE
UH R T 30 T A2 B0 A RH R o WA A
iy, AR R B B T 2 b A5 R

(9)

F 12 IYLERRIE
mBELE AR — BEA
. -0.009"
In agg,, (- 1.77)
In distance 0. 096
(1.60)
: 0.011"
In agg, X In distance (1.92)
1.572°
In polyl,(‘_“ (1. 69)
. - 0.109
In market,,_,, (-0.56)
3.051™
In poly,_4) X In market,_, (3.88)
AL F =4 =4
HAE 3 696 3696
R 0.328 0. 405

VE L kx| kok

kN ETEEL 1%,5%A 10% 89 7K

FFBERFEAAL 2 HEABIET AL A,
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MRAGBLIE ST, 22 Lo 2 Hay T UE 3o £ IR 2 b A 7= AR P T, LT B ST AE R FE A 3
o> TOMEREERL o P, 72758 (9) FPEIA T i — A8 B, FHOR BB R R AR 223 Y
ARSI, B XN AR (9) BRI EE R R B S AE T 57— A At _E 1) 2 o 25k By
RIS R . ZRE LA B AR IR 5 SR a] DI Y 3 Sl s i 7 L 4 SR e ik 1 22w o 4 3R
BERRIE R, 100 117 3 — PR AL BE AR SCTE 00 B T 20 PP 5 0 25 ) 80, 1k TRTAIN R 1 s DX A 7 3 Y
27t

N EERHBOR B

Wt T AP 3 T RIS T SR AR A A R, IR SR 3l T A 28 2 TS R I W TS AN BT S B, AR, FE 38
BRI R 22 D EE R A SR A S [RICR A SCSCRRIF R AR 3] — 2218, 75 248 R I
A R 2R PR T PR DX A 7 3R F 48 -5 7 M 8 3R 11 e o e AN ], 2% 7 ol B 2R e R i R 3T i
A Z AR AR R T . ASSCAIRTT A R A543 AL 7 s A8 48 3R 5 3 IX A 7 R B2 TG 22 4
KE M I W =3 Z (6] A VR AL 24T B R , O e 5l 9 2 ) T MR A TR B

R, 2 h O a5 R 5 7 AR SR AL I Sl 1 4 DX AR 7 SR A S T 17 L R A3 1) 3k i RSS2
REYPE (B T BORGED FMEARAR @i % 3 AN 5] XA 3 e AT X L e A I
KB, A TR ARG T R B A s ) 2 () AR L S AR r O 3k R R D S A
I WAEARRASE Y PAY A P iR, 2 531028 P T 300 4 58 R M 2 MRS 52 1 0 22 v R ORI B SRR R T R
AREE IR JH VR AR A 5 8 2R e BOR S S ) B 7 B 18 BOHEAT AR A PR G 06, LA RO R S B 22
5o W HE— LT KB, 2 0 A (R A5 A 5 7l s A AR R B AR BE T ISR R IR, [
i, 22 O S5 AA AT LR HE/ NS B 26 72 R 3 T (H h TFAE 7ML SR R A i R v Ak 25 S iz
BEAE P B EAR T ARG T /Nl T ) 23 TR R . A i B 033l 17 R BB Sk vl A 7™
REPETE kM LH] BRI ] U L AR RN T 2 s [ Z5 A AR R, T 22 L A5
TETT S — PR RO S T St 1 XA 7 58

BT FERBIFELIE A SCRA SR ECR 11, EEARBAELNT =451

S — AT A R AR 5 7 Sh SR ARG G R I — PR T R K e, R
STUREHRR Y, 2 LA 5k 58 R B S EATE IS 1 AR PR Y SE T, AR T, MR BRI Y
FRE W XA D R CR N B B R DRI, 3 17 25 7R ROk iy A28 45 1) [R] I
TP AL B R AT AR N ARAAE S F L R AR T %0 Jr i[RI, s a
)AL S VR FIROR S 52 PR SIS IX I — A & R RO ALAR A DL — ML 4 S8 4 &5 e
DA P R AR T

B DI AR A A T i USR5 0 RO 28 5 1A, R e B, 3] A el R 3 i e
BT A BRI R R AR A (AR, (EARE BRI, FE 58 M i (R R 254 A H0%R R
HESE 1 X HEAS RIS AR B UI A 58 SR, P T SRS R VT A i 3ol i 1 P 7 A X P 114
RO —AMNE RFAE T T O R BEIR A O I B R AR RTS8 A
AT HAFNT DI R A JE o DRI, IO 25 57 A2 T AR A IR T 9 2 (8] 23 A e ik, 35 33T 38 K
/NS RN B b i SRR ) 25 1A% SRy o LA B0, X T 2 3R B PR v O o) — A B A b0 i
(38110 IV P G 0 N P/ 8 R i AN % i W B 0 N5 0 S SRS A s 0 1 DS A Il
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BRI DX RS R R FE M G gk S A PR o8 2 K A R4 1 A 114 TR A

= NSRS O S M B R SR RN R A R (R AR N RIE A [
FOBE A 22 R 2R A+ DA TAF RLIITRT 2035 AR 57 F AR EE) WA I, © 2504 R IR i 1 AR
TR, 3251 R /I 42 Ji D5 1) R SE T A, I AL 2 A 20 23 M DI RE S8 35 A AL 25 1]
e o SR WFTE R AR 2 Ff 25 5 7l A R R VR T S HEA M T rf Dol s e /NI
[R5 A Sy 1 8 S QA S N A VA B ¥ & e R WS AR B i e (A N DI T = [ s
B QR A AL 26 s RS S i it e 1185y <10 o S 7T 1 D S Y 4
i) T ) IR T SRR T L ol A 14 A A ol DU 1] T i) /N Snl T 6 3R ey A [ LS vl 22 [ 12
BRAEH SRR JE T — RS AR A H T, b, X 82 M AL 5 70 B 4 Rt R B 75 243
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Urban system structure evolution, dynamic industrial agglomeration

and synergistic spatial efficiency improvement
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University of Finance and Economics, Nanjing 210023 ,P. R. China)

Abstract: With the improvement of urbanization and the development of urban clusters, optimizing the
spatial structure of urban system has become important power in releasing the potential regional efficiency in
China. After combing through academic history, it could be found that there are obvious differences in the
spatial structure efficiency among urban systems in different countries or locations. Therefore, it is not clear
whether single-center or multi-center structure is more conducive to efficiency improvement. However, with
continuous spatial structure evolution, it is inaccurate to statically evaluate the efficiency of the urban system
structure without the process of dynamic adjustment of industrial firms. The reason lies in that for the area

where the industry is net outflow, no matter what the spatial structure, the probability of efficiency loss is
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higher. This paper innovatively integrates the process of firms’ entry and exit into the construction of urban
agglomeration indicator, and measures the urban productivity on the basis of recalculating the depreciation rate
and capital stock, so as to use the spatial econometric model to test the theoretical mechanism that affects the
spatial efficiency of the urban system. It is found that the multi-center urban system structure is more conducive
to the improvement of regional productivity, which needs to be integrated into the process of dynamic industrial
agglomeration. This result further shows that ignoring the process of firms’ entry and exit may lead to biased
results and lack of explanatory power. Meanwhile, the urban scale efficiency has been significantly improved,
while it is not conducive to the improvement of technological progress and technological efficiency. It is also
found that the polycentric features of the Beijing—Tianjin—Hebei and the urban agglomeration in the middle
reaches of the Yangtze River are weak, which needs spatial efficiency improvement. In contrast, the multi-
center structure and industrial agglomeration of the Yangize River Delta and Pearl River Delta urban
agglomerations have performed better synergy effect. In addition, industries may be dynamically adjusted within
the urban system, resulting in an uneven distribution of productivity among cities. Further research shows that
the polycentric structure and industrial dynamic agglomeration are conducive to the coordination of urban
productivity. However, it is also found that it is more conducive to the efficiency improvement of large-scale
cities, but restricts the development of small cities, which alludes to the fact that in the process of multi-center
structure forming, large-scale cities are still the biggest takers of benefits. Although the spatial measurement
model could weaken the endogenous effect, this paper uses urban surface roughness and regional river density
as the instrumental variables of industrial agglomeration and urban system structure referring to the existing
research, so as to reduce the empirical bias. The result shows no fundamental change. This paper also uses the
adjusted Herfindahl —Hirschman Index, the transforming primacy index and the per capita GDP to conduct
robustness tests to enhance the credibility of the conclusions. The results of the influence mechanism test show
that the process of dynamic industrial agglomeration among cities has accelerated the polycentric urban system,
and the process of market integration has effectively released the spatial efficiency of the multi-center city
system. Therefore, it is necessary to deepen the coupling and synergy relation between the urban system and
the dynamic agglomeration of industries, meanwhile to promote market integration to further release the
potential efficiency. At the same time, while highlighting the dominant position of central cities, it also needs
to pay more attention to coordinated development of small and medium-sized cities, and to build a virtuous
circle system within the urban agglomerations under the framework of dual-circulation development in China.
Key words: urban system; industrial agglomeration; dynamic adjustment; total factor productivity; multi-

center
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