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il PRI Sy 5 2 A T SR 1) 1% G 4 R B L T S 8 22 % T AN ) B ) s D 4 A R DG, I
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) s A5 4 B BE ML K B R (TERGM) , ¥ 22 W1 I 28 A Sl — AN AR SEAT I 5T, O 25 52 AN [R) A [i) |- D)
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NGy E X K AR pR B AT A o B HTA PR 5 3% T L AR KA SK R B A7 30 DA s DA iR
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s, FH 45 5 W28 L4238 43 10 1A 06 22 1 25 (R SR 19 e R ERGM T A 11 1 W R RIS pR 4,
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T BT FLBAL, B s T s S, FLAE AR SR I R UE B — 30, (R LB 7 TR g
0 7 SR I R A B 2 75 A2 DA A AT 1 2 — B0t . MCMC MLE 7735 W38 32 A= i 0 34 181 19 77 v
XF ST AL T, FIR AR U B — AW I S 8UE 6, R F MCMC B3k A SR A, SR 5 1T
SRR B R 0 A 1 45 S G0 I R (R A S B UL SR B ) I 4% G T A (R ), 0 SR A A D
22, AT O AT IE IE B W, MCMC MLE W9 £ 502 TEIORS i, 76 Az s 12 1) 85 H A R s B8 Ay
2%, PRI 2 3 SR ) MCMC MLE %} ERGM (& 8017t

()t — I WY 2k 1 ZR 02 0 52 5 I 4% 8h 285 43 B 7 1 Ay it i

ERGM BEMS AT 550 %of Jt— If s L3000 380 £ ) 2% J2 S AL o) 26 AT A e, L e B G0 14 1) BT 22
Pl — e SRS, ¢ — B TR E R SR W AR SR A T BRI AR A L) B
AL N TEALT o 1 ERGM HF 55— I [R] 5 1) #2548 1 850l A 700 M, AS 38 FH X6 52 5 I 46 45
P S A AR HEAT 0T o 76501 57 50 O R I AR AT, 20200 2% 16 38 7 s 103 1) 52 5 D0 2454 Jmy Xof 214 1
52 5 W 284 5y 77 AR B SE A . 5 ERGM R[], TERGM 5 STERGM ¥4 22 ¥ 572 5 W 48 AE Sy — A e fA o
GYHT, Fo 075 SR T D7 s A5 A R (R 2 . TERGM I BEAR JR B 4N -

1), ¢ I 2B — 5 (Y W 2 A% SR Byt AR S RIS [ B R AT S A JRUE, S SC— A k By By /R AT
RAK TERGM FERY, HIVER ¢ 303 00 24 A% Jmy HU55 28 ¢ SUTRT & 83000 I 2849 Jm A7 5K

PY' =yY™*,....Y".0)= eXp(ZHHHg(v‘,y“,--- V) /e(@.y ",y (7)
O H, 1B R A RAH G TERGM BT
P =y ¥ =y.0)=exp() 0,2(y',y")) /(8,5 (8)

1 By B 7K AT FAH & 1 Z2 A4 P 48 3K Ak 3 A ol jl an e X
Pr(Y,- Y|V, 0) = HP(Y’IYT",G) (9)

Xf TERGM 75 B Y BE 85 ERGM 20N, A0 55 W 45 PN AE S5 R R AT R 25 -5 28 585 00 AN 4038 0
25N AR T A5, AH T TERGM 5 27 18 7y s 101 I 45 () 5 i), A1 ok 35 43 A8 St A7 A i s 40

TERGM e M\ VR 4 £ B XoF (99 £ (4 28 A BEA T 43 B, AELAE 23 0 208 K080 i, 9 2 gk — 20 bt
) £ 5 ZR 15 A2 RN DA G R 1 4 47 3 ok 13517 7% 18 (Krivitsky F1 Handcock, 2014) . H T M 4%
AR AT BEAAAE ARG B0, B OCER 9 “TE 1" (Formation) 5 “ fi# bR " (Dissolution) , IR I 9 4%
F 728 A 43 S PR ARG B0, BIVRT O R 1 N7 5 TR O R I G, X R A A2 gl 1 1L AR S AH TR Y
TERGM &7 13X Wi A% L 70 FF 2R 047 2% 1, IRl L Krivitsky Fil Handcock(2014)# HH T STERGM #5
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BBt TERGM BRI R Formation #5815 Dissolution BRI ER AT, % R 245 56 R B9 4R % 5 45 45
T 3. STERGM HYFEA JFU 3N T

%€ X Formation Network NY*=Y*=' U Y', W3R ¢t WIAFHE B A M L R, Ay F A0 & X B R,
7€ X Dissolution Network SR Y-=Y"' N\ Y', U5 ¢ WA C R MR, IBA « 3 DA &R T R, Bk
X e W g ye, AT

Y = Y\(Y\Y) = Y‘U(Y*\Y"l) (10)

E X0 =(6,0)HN Formation #5815 Dissolution ¥ 8 BG4 m &, T LIS 3| STERGM,

— Wi By IR AT KAHICH) STERGM 411
PY' =y Y =y, 0) =P =y'|lY"' =y ", 0)XP(Y =y Y =y".0) (11)

(1) ] Atk — 2B 4y
exp(Xy0u8 0.y _ exp(Xn 6,8 ", ¥"™) exp(X, 0,8 6. y™)

c(0,y") c(0,y) c(@,y)

Formation £ i 220 (12) Fi 21584345 1, Dissolution £ il 550 (12) J5 2348045 o

STERGM 7E & (£ #% 5 ERGM F1 TERGM &AW, At T STERGM ™ iy~ 5y 43 5l 72 -1 1 M
25 N4 04 S A, DRCHAS Y AR S A2 A 1 0 5 (S B sl AR 4t

Xt TERGM 5 STERGM By 4k i1, R A R B MPLE Pl MCMC MLE 75 i, {H Desmarais #ll
Cranmer(2012) I\, MPLE J5 A7 AR REAR BEALYEAS I S 08 A5 DX A0S T AS 08 1 10 ) L, [A] ik
PE T I A B0 MPLE J7%, X TERGM W ZECGHATAG T 107 AN & DABR R4 6 R 5 N
2 A A A MPLE fh T sR B 25 44, T2 LAad i 1 Bh kA AR AR A 0 45, 3 ad [ Bk
3T T Z REHLRE AR BN, I 2 85 DX TR A T S IR . AR SO O RE AR R BE A A
KEEA (A 56 A~ FEZK), 1l MCMC MLE J7 3558 2800946 T A0 F MPLE 56 ik o, PRI AR SR B
MCMC MLE J5 %% TERGM Fl STERGM ) ZBGHATAG T, RHIEE T A Bk i MPLE J7 1 Fl—
) MPLE 77353 5% TERGM 1 STERGM 1) Z B b 47 Ra ftE kG 56

(=) =l — B8 W E T B ) N 4 25 4 ) 28 A8 A s ma AL i i) i

WFFE  —a7 — B B2 4 52 5 W 45 235 4 sh 25 28 AR (R AL, & A17] 7 2 ) Ay A6 4 P 36 52 i g e 17
C A I R )RR T N S S AR I sh A AR Ak, DA R X S PR 3R SR G AR] X ) 4% 55 ) AR Bl 7 A S )
). TERGM 5 STERGM J7 75 BB R AR S Z N 1 iR . 75 B RS2, TERGM B4 3 24 30
A GRBC G AV A% 3 P A5 P L TR L L % 326 38 000 AN AR X 48 5500 ), SO 35 3 I 101 A8
(HE 3R BB RAS E 1 ) 5 T STERGM b T #4387 56 F I A8 15 T AT 06 28 1 T8 2R 43 S 2R 45 40 b, O
AN BT > 00 AR i S S AR RO A BT AR s sS 4R, S T TR B A AR B DA A
g KA R OR R S S 78k . "TERGM 75 %1k K5 STERGM 7F i Rk X/ A W F 2 1
HIERE 4 5IFNEE 5 81, @

1. PR A G AR 3500 A o D45 1) PR A6 65 R R0 K TR T I 2 1 B L 2Lt AR . 5R B I 4% AT L it
F IR ZUE BURR e A, — 2852 5 56 R 0 AR 1E T LA 3R 5 O R R A, G 3 D 5 k< e
— %7 E R A AN R O, X B [ R ARAR T AR RS, B i R SR AW ] 3 46 [ 56t 3R = R AT Ak

P(Yr :yt|Yr—l :yt—l,a) — ( 12 )

® £ Krivitsky P N, Handcock M S: A Separable model for dynamic networks, Journal of the Royal Statistical Society Series B( Statistical
Methodology), 2014
@ STERGM ™15 R AR (Formation) R & y' A4S, 5 R AR (Dissolution) K& y MBI AL &, L0 LA Formation i
9, Dissolution Fi% [ FE
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B E X SR AT AR N AR ZE RSO0, BT ¥ R RS BOE A 8F SR B A A AR R AR
ORI T R 28 R G0 N AR e o A 28 Zh B A R s R vhy, N AR G50 28 B R T I 28 25 0 1Y) 72
Bl B, R B0 IE U AR A SR AR A I B, % 25 R A I 4 v H IR M R A TR
HLI o A SCEFR 1 B (Edges)  (FE3R ) H. B % ((Delayed) Reciprocity) ME¥ P&V (Cyclicity) A%
i PG VE (Transitivity) #1248 5208 VE (Stabilioy) 1F 9 N AE S5 A2 &, Horp, s BT 2 [l 15 o
B 10T 5 23R B BV (Delayed Reciprocity) fiid T 2% [ [0 1l 6. 2 57 5 5 22 it a], BP 24 309 2A. )
R 5 K Z B ST R TR A AR T — X O [R5 DA B O &R, HE 0N A ) 4% ) TR R £ AiE
IREEL G5 AL R T A [ SR R BB ) 06 R A Ty BT s Ak s DR IR A A PR S AR A S AR T
2 i & I DAREAAOE 2R T 52 55 10 6 1, JHG v 08 28 A 65 1 198 00 28807 £ 45 I 45 v (%) 406 A 285 4 A 328 o
VB T R B T A8 ) 4 v A P 285 0 AN T T 1 A0 82 A A, T A 368 A 5 ) 280 A A ) 4% v
) T L B 2 A% 3 DA 5 R, TS D) 2 v A% 36 5 4 45 ) T LB Ak S 2 R 5 AR PR R T M
25 Sy R AR JBE, HL TE A8 ol I 8 B AR Sy i T AR, HE TS & e e R I el s

%1 TERGM 5 STERGMTETERHENX

STERGM F i Fik K
A5 4 PR ik R IR R
AR AR ETpu (LS TERGM 2z i35 (L) Formation ¥3 Jy15])
8 Edges) 2 s Bt O—0 L/ bl
(HEIR) I ) 2 r 3% A5 B Y t 1=l Ayt
O—0O 2ij'yji 2Yijtyji
((Delayed)Reciprocity) K HE R T T
W2 = AN SRR R,
VGG (Cyclicity) [Heh s i 423 j, o5 5] i) %:kyijfyj'k’yk,-’ i%(Yij*maX()’k,'*’yjk*)
k. A kSR -
W28 = AN SR IR R,
o A
f@]ﬁti&) e ), 0 bR i> i%}{yij’yjktyikt i;](yij* max(y*, i)
ranst. lVlty k,}ﬁlﬁé‘%ﬁuk
R P 265 v g M AR R Y T K N§E_ g CHST S,
[A]Eit 4 (Homophily) iﬁ;cr?ﬂﬁfﬁﬂﬁlidzi’i%éé% ®o—0 %y'jtlfslr_éjrl %y11+|61+ 5"
T o PO 2% r HAT B 1 S yi6it s
2l Yij'0i 2.Yij 6
3L RN (Sender) L5 A A S 1 R @ o & aii
oI e F A R 2 AR G 2R (ot .
BAYOR 2 ij Xij 2ij" Xij
HMEZE N (Edgecov) A A S5 R O—0 £V Y15 Xij
o ot - i mskR RS | 9 1 (L)L =y
FasE M (Stability) S ¢ 91 é ’é %yz/ yij 1 =yi ) =yif )

24T R RN AR A, P R A AR I — S T B MR T 2% O R TR R
TE 52 by W 2% v, ) R A 8 38 B L 28 0% K R 7K1 B LA AR A1 % 57 ) O 3R T Bl 4 5t B A 5
W), 33 SRR A 2ok A7 A R R ok TN, T AR ER B AL IR R rh i AR Ry AT R SR R RN, 4
R [ KB PR B 5 06 R A 52 o A SO AT SR 3 - 6 2R R AL 4 [m] T R K R AR o
Horr, [6] BC ¥ (Homophily) F T4 i B A A [F] J& P 19 [ 2008 15 &) ¢ 22 1 W] B E, K 3% 5 &4
(Sender) FHAH 38 H A F A g 1 9 B 5 5 ) B 7 0 18R ) OQ R B R Re Mk o T A ) 4 2500 S
Wy B AR [ P 4 [ 5 22 B) 25 2 T8 B AR 45 572 O 2R, 0 198 ) T P 280z 0 sz e 5 2 A 1) g
PR R Z [0 AN 25 5 T8 U4k 4 57 5 & 5 1E 1Y K36 5 800 S e 1 B B i v 1) 1 5 45 oy o
SRR R 5 R FR o ARG 5 51 A 3, P ] A 28 T R KT 2 5 e 5 ] 5 B )
R, FIA SO 28 55 Kk R ACHAE N E Kk -

3. MR ZE RN A B o BR TN AR A KON FIAT D 0GR RN A, HoA Y A A B R R X T
D 28 () T2 Ji s B AT — 78 I SE o 57 g I 2% v 1 [ 5 22 ) ] R A7 A HC A IS 0 g I 2 OC R i Ak
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BB, XA “— I8 LM R B M S ST R E R

R 28 B R R E TS 5 2% O AR A M 4 0GR Z I i LA R . AR GE R B1 BEIA h,
P e X 1T ) ) 5 o 7 A TR 2 D, DR G A SR 5% [ ] £ el BB 0 A 82 940 D AS 8 268 1 Ay Ak
Az P 28 ARG, LA 560 HC 2 e T B o e S 194 70 A0 5 e VP P e, A S A B
KR BIBER U

S B RAEREY RS ME SRS T TS

FHETF 2015 AF IR A A T (HEsh IL et 22 99 2 P 2 5t 0 21 Hh20ifg - 298 2 Bk IR St 517
Bl ) SCHE, R, A SCLL 2015 4 Sk BB B RE AR DL = AR S — 19 R0 43 g WA I ] X T
2012—2015 4 Jg “ —7F — & 7 2 35 S T ; 2015—2018 4F g« — A — & 7 @ R S0 5 . A SO T
2012 4F 2015 4 2018 4F“ —ay — %" 56 A~ T ZL [ 10 58 ) 57 5 B Hie , N (A o i 5 45—y —
%7 W 2 R AR W R T W 45 B R AE AR AR A e, FRATH R BCpF i T 2012 4F 2015 4 A
2018 4F“ —ty — [ Wy 4k 15 R AT B2 5 I 445 G IR (UL AL 1)

oo'........ ;0
.. .. ]
4“;:,\;11 5 ..
» -
» Bl 116 45 96 K | i A<
. -
L3 L
.ﬂi‘?‘/“!vﬂﬂx’ k :
. s
& EXIES
.‘l;‘”“(\\%:{g‘lyw L “ '
I."'o..:.-(.‘*'.. Fugev® L
(@) 20124F 5 5 N\ FETA RIS (b) 2015638 5 \BERIAN Wi 2% () 20184E B S N FEMALFI 4%
N “%M‘WH{M:M_L’; . “,%ﬁ.v}m\‘.m.m wf'm.'i".‘. i, .&
3 .«,:A:
5 S ] P e ®
FUga bk L
(d) 20124 3 53 tH BE SR % (e) 2015425 5 4 BENIAL M 4% (f) 2018457 55 i/ IMAL I 4

B1 “—H—BIAKEREYES WM& XEKE

ML AT DU Y —af— " I A E K 52 W 51 5 R B B 2%, 19 i R/ A 22 57
TSI 28 P S 7, 4 s B R Y [ 58 2 AT o AR 0 L BT A B 5 P I L B R E O
S5, X L8 [E 5012 M R H A 2% [ S 1 T B B SR AR B/ [ R A R T JE IR R
AR B SOk B rOnH AR, XS R AU S A BRI E K TR 5 KRR BN
L 265 P 78, 3 a5 B R Y [ 5 AT T [ R M7 G VB RE | e 2 A K S [ T
[ FCAt 2% [ E 57 1 B 5 S AR 1 B/ Y R R R A SRR ORI B e A UR I
PR S I AR SR [ GOR SR E R ST O RS R R BRI, R RS T B
b H A [ R 1155 K, R B 5 K, G [ G A ) 4% PP I A B Ol A TR R 4

O ARSI REAT ™ = He B G TR S (7 S R, (8L ah MBI, R A R b, 500 O TR, 2445
FUPRHER Y15, LB 5%, BRI AR, ISR — 5 — B = A B F IO
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M PZRE 2000 FE 7B

A FEE A, 2012 42015 4R 2018 4F o [ (19 A BE B4 518 29,30 A1 31, 7 56 A~ —ifF —
B U2 S S HETE SR A4 L B, 1 BRSO Dy 52,52 R0 52, BHEFESE — A AL, X R W
FEFE i — " W E O 52 5 W 2 v b 1 e B AL, S6F At [ S D2 3 5 R R
AT E RS, T2 B S R A, R 5 5 IS Tl 8 T AR 5 AR VR AL

WL AT AT = AN S R AL AT R B R A A 2% (R 1 () — - 1(D) )
T K/INZE I 4 B, Y SR 25 AR, X R A — BRI R E K ST R ) M 4% T g
FEFE B NERFR” B4 (R 6, 2010), BIAR A B0 15 s A R 2, & NMEIRER 4
JETCAR BE R 2% 1 T BLERE . Albert A1 Bambasi( 1999 )5 JChR EE N 2% (1 A i T B A e R IF &,
Rps KM B s 4 . A6 —7F — I IR R B R 0 52 5 W 4% v, 4 1 R ) B e 1, 27
BT 45 v T 0 R R L AR, BTz S ) S R o R AR X B T
FE YR H O3 5 30 B IS5 R 9 52 25 AR, IR o0 B RS T BORBZ 1 5 5 &R,
MBI RGP R KR LI R A S G,

HE—2 i, AR SCHR G 2012 45,2015 4EF1 2018 4F “— 47 — % 7 W 28 [ R A0 58 40 57 5 45 45 o5
JEE 53 A5 43 0 28 T RE A AN BE 43 AR 1 B B (UL IR 2) o BT 2 AT LA H, 2012 4F 2015 4
MY BE 3 A W B AE 10-15 Z [8], 2018 4 B9 A BE 73 A1 W {H7E 5-10 Z [H]5 2012 4, 2015 4EF1 2018 4
) A3 A DA (LS Y BRAE 0—10 22 Ao 33 16 A P 2 vl il 4328 40 A 44 22 BRLAS D 4 i, 2 B KGR 4 [
F A Gy KRR B, DR 5 0 R G KRR B e 22, X i — 2D MR 52 T B 5 I 4% h AR AE
O NARIRER” BLGE o AH A BE S A, R AT O R, S M R, 2 R AR AR
PRI K ZHE K B AR R, (B DR,

2 s 2 15 g 15
% 10 % % 0
5 5 5
0 , , — 0 n n —— 0 ; : L !
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
2012E NEESL 20154E NS 20185E NEH
H 25 B 25 E 25
K 20 x 20 x5 20
H 15 5 15 % 15
10 10 10
5 5 5
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
20124E S 20154E S 20184 HiBE ¥

2 —HE-BALERENESINEANESHES HE

B JE, AR SO T 2012 47,2015 4F 1 2018 4F “ —af5 — B " W 2R [ R 029 52 &) N 25 1) 5% %
B SRR AR I 78 45 % B 5 10, 572 5 ) 4% 10 4% B A% DR A AIG, = 4F A 00 45 2% 1 43 0l LA
0.252.0.253 1 0.266, ix F W] “ —ifF — %" & F 7 5y C R ML R i A B % . (HIE, 2015—2018 4E 1Y
5 Ty W 4% B R 0 i 4R T, N 0.253 $2 I 1 0.266, T 20122015 41 52 &) M 28 %5 B2 AU
0.252 $2 7+ %1 0.253, X R WA Y — i — B FEBAT  —afF — B 7 Wy 4o &5 [ 8] 19 B2 20 ik R R R
R T RMAEH . 7EH By, C—— B IR E R YR S W G — EEA R
Pk, =40 5 B AEAE 43504 0.643.0.673 F1 0.652, F B« —ar — 7 W 2k R R A9 02 9 52 5 I 4% vh 1

B 5 5 Q& et ol o (BT B AU, 2015 4F 1 2018 4F B BPE(E 4 1L 2012 44 W] W34, (H
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2018 4F 1) B B AR LL 2015 4R 2045 BT T B, 1X 0T RE 5 52 5 0 46 Hh A7 78 10 S BUN 26 o LAk,
CE IR AR E RN T T N 45 HLAT BRI R AR, AR R R AR REUE AR, 4 5 0.567.
0.576 F11 0.574, IX R “ —iff — B " IR E K RIS W AAE 2N A G G1ERR, KA M LR —H
A R e R

M, “—w—" A& EREW RS MNE LT mALE S

(—) B A U Je Ak 7

FBEGE A — B U K 5T R ) W 45 s A AR A 0SS i LR, AR SCRE T 2012 4
2015 4F 1 2018 4F 1) 52 5 Bl 47 50 o 2015 4 [ & R el 8 2% AP ACHB L1 55 TP A kA T ¢
e Bl e g 22 90 2 BR TR R 21 200 B 2 P 2 BE R IR S 51T 8 ), bRk 2 TR EE UOF R AT
S R, PRI, AR SCHE MR 2015 AR Rt — 7 R B0 S BRI ] Y R, B EARAE S —
191, £ 1 8] Y 57 2 B0a >k U5 T 8K & 1 B2 5 £ 2 (https://comtrade.un.org/data/), GDP (41 K I T
B4R 17 (https:/data.worldbank.org.cn/),, Hiu 3 B 25 %5 48 K U5 F CEPIL $#s & (http://www.cepii.fr/
CEPIl/en/bdd_modele/bdd.asp) .

AKX GDP Bl A B 22 1 i 5 (2015) 19 7 %, 5 GDP 78— — I " E R HE4
T 50%, WAL A 5 GDP 7K 585 75 0, # A GDP /K- 5. St T 52 5 K08 B A9 3 8, AR 3C
S 2R (2017) WA, SE R 1 235 TCHE R I 2% A, K 1 A& TThRUE SR &) M 4%, 1 103200 )
DL E 1R 52 5 o ZRRAE R 15 B A 0o S b B 5 I 45, Ry 1 a4 X 465 i 9 I AT I 00, AR S
FEAS A [ A b 3R B 14 O 0, FRALETT ToK

() SRS SR

NBIE TERGM WA RO, FATTRIH ERGM 5 TERGM WiFh J7 75X 2012—2018 4F 14 [ £5 %%
WA AT TS (WE2), "INl E 2 WAL R LLE W, W — @A R fE ERGM
TERGM J5 i H Al TH R B AE b 35 22 501, A% 3B PG M R B0HR 2,736 SRR 1.997, i1 2200 iR
—3.996 I T+ A —2.709, JE R A4 1 (1 R ECHT—1.089 L TF—0.463, 22 W 25 78 2 (14 52 ) A M Uk /)5
1M TERGM J5 ¥ " 438 5 B FIAS G 1k 0 2R 800351 O 1.414 01 2.218, HIITE 1% 09 .5 1K F 1
3, RIS 4% G R IR LA B3R

£ 2 2012—2018 &£ ERGM 5 TERGM 7 G &R

G ERGM TERGM
Edges -3.9667(0.362) —2.709"7(0.525)
(Delayed)Reciprocity 2.6897(0.104) 1.4147(0.132)
Cyclicity -1.0897(0.053) -0.4637(0.060)
Transitivity 2.73677(0.343) 1.9977(0.515)
Homophily(High GDP) 0.800"(0.070) 0.434(0.147)
Homophily(Low GDP) -0.91177(0.115) -0.72377(0.219)
Sender(High GDP) 0.4017(0.082) 0.3677(0.153)
Stability 2.218"(0.058)

TE: FES UONARIERS; ™ TR BIFORTE 1%.5% FI 10% KF E B3, TR,

TEAS: 36 I 28 2500 B9 10045 ORI, T 2 S R P BEAUL R 07 12, R A B A T 9 2 850 A

© ERGM i 2 JVEUHE (140 & S Br LR AE 2 AN BRTHT b X 50008 20 ) EAT P45 SR ISP 35 2808, T STERGM th T4 b &K TERGM Hv o0 hy
Wy, NG5t Lh g B, KAt LU B I STERGM 532
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M PZRE 2000 FE 7B

R E 1 I 45 &1, SR i K A5 400 00 2% P51 1) R A 48 B 1B 5 52 B U %€ 3] 1) I 28 A5 1 48 B (L R AT 0T Fl o AR
i ABE A0 DO £ R A (22 1 ) A =X BT, o B2 S S R O 2 380 4 R AR 8 A (AL, R I RTINS
R AT (Leifeld 55, 2018), &1 3 F1IE 4 435 45t T 38 2 mH 45 R AR ¥ ERGM il TERGM P>
BARL ) A T S EUEAEL 100 S MIZ5 B GE it 2 R, Hor, B/ 5 A B W48 1Y — SE R AR 38 bRA 40
55 PRE A X e, 7T LLE B TERGM WA BE B AL T ERGM; fieJei — 4~ F Bl H B £1. 46 )& ROC il
2, ROC MBI /C b A, WA i 38R . S8R, TERGM IIRCR BT 4T

o1z m i
12 b x 012 |
® ® 02
0.08 | 0.08
M N - /’MWW\_M
\—’
o byl L e 0 b . T o kol
0369 131721252933 0369 1317 21 252933 04 8 131925 31 3743 49
FEEKFEER > 2 Y/ TS B
il 0.6 F Hooa | TPR/ 1.0 F
& 05 * PPV 08 I
04 | 03 r
0.6
03 r 02 t
02 04
0.1 L 0.1 02 +
0k, . . 0 . . . 0 . . . . .
1 23456 7 8Inf 0 1 2 3 0 02 04 06 08 10
BEARRES AR FPR/TPR
B3 ERGMHIMAEHR
b/l /o2t
# 0.08 02} *
0.08 |
N A - FNWW\W
oed o . . [0 ) (o)) = SLCISFIRISAIRIRI SRS AR
0369 1317212529 33 0369 131721252933 0481319253137 4349
ik S IR AR B
5 0.6 W 04 F 7PR/1.0 [
% 057 ¥ 5| PPV 0.8 |
04 06 |
03 r 02 +
oa | 0.4
01} 0Ly 0.2
0 b . 0 . . . 0L . . . . .
1 2 3 45 6 7 Inf 0 1 2 3 0 02 04 06 08 1.0
BB RIER =eAfE FPR/TPR

B 4 TERGMHI#IAZRE

FE L3R A A R hdi 1, FeAi143 3R TERGM I STERGM Xt 2012—2018 4F “ — i — Ht " VT £k [
R ETW) 5 Ty W 2% Bl 2578 AL 52 W BIL ) AT 20 A, A5 B0 A0 il T8 2R UL T3 30 DA 2% PN A= 4 A 72
TN ) R B TS5 KR, TERGM iR B VELE 1% /KPR 0 IE, H R A 1.414,
X R W] — X 5 — [ S B L L] B 5 06 R A TR — IRy S DA B B S G R
1E STERGM V) Formation F Dissolution 15 vh | BB (1) R BRI B 35 b IE, R B R 5 ¢
R EE KAV FYE+y . TERGM HE 3R GV REEE 1% W7KF B 3ok 1, 1504 P G v
FEWENIE, HRBUERK, R — 17 T4 E 529 5 5 N 4% v AT BE A7 78 5 1Y 45 AL
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IO, 4 2% v A A IS 18 S5 R A5 R, B 5 SR AR ) T 1) 2 A [ 4 7 1) A o g n, 2R ) 2%
CAFTE A4 [H —B [H - C [H 195 5 5 2, IR A MR AL 128 P 1) TE 2508 A 3R A9 52800, 4 16 —C [
A RAZR MR =T C -4 [H5 5 R RZIMIM R . STERGM P T  45 1 o,
T30 AT 1k 2R BT 1% K P 38 O 97, A% 3 P 5 PR AR BOE 1% kP B2 08 1E, [RIRE R U] H Al
R TE G B B ) W 4 v L R A T IR B4 A RO, TS RS T e
Bl 52 1 H B 5 O AR 0 A ST, 2 T AT RE A A AN (W) 1 R ) gk i 11 B 5 25 BE R AN BT TR . f
TERGM WS EME REAE 1% KF B RZFONIE, HARBR, £W A 2012 4F LISk, 515 M 4% B AR
AW, HEA b Ab TR E RS

£ 3 2012—2018 &£ TERGM 5 STERGM % R Xt tk

STERGM
[EIEs WA TERGM
Formation Dissolution
Ed -2.709™" —4.275™ 0.573
ges (0.525) (0.462) (0.638)
o 1.414™ 1.649™ 1.476™
(Delayed)Reciprocity (0.132) (0.183) (0.214)
e -0.463"" —0.346™ -1.020""
Cyclicity (0.060) (0.056) (0.113)
o 1.997™ 1.129" 1.445"
Transitivity (0.515) (0.440) (0.639)
o 0.434™ 0.603™ 0.184
Homophily(High GDP) (0.147) (0.203) (0.225)
. -0.723"" ~1.587" —0.034
Homophily(Low GDP) (0219) (0.369) (0352)
) 0.367" 0.224 0.510
Sender(High GDP) (0.153) (0.201) (0.262)
- 2218
Stability (0.058)

AT hg - B0 75 1 BB Sk R, TERGM v GDP /K- e 14 [ 5% 1) ELAG A i 1y 2 <7
57 5y & ZR A In] , [ M R ALE 1% 7K1 B 2350 185 T GDP /KA Y [ 52 18] WA 55 157 57
K&, REAE 1% KF LB E N, STERGM AR REE TERGM AH— 3L, i#F — 5 Wik
ST RIRSEIS . TE R IEHE BN T T, GDP /K- iR B R AR SN TE 1% KF BN IE, &
— BB R, FLH F B 5 e R, X 5 FRATT R O O — 0 .

16 B3R A BT B Al b, A8 SCHE— 2504 2012—2018 4F 3% — I 3] BE 4324 2012—2015 4EF1 2015—
2018 4 PR A B[] D TRL AR AT 20 AT, K A1 A D0 288 358 1y A o5 b, FHL B 5 D09 246 5 X, A LAY 3 45 SR 43 i)
LT3 4 fng s,

P4 5% 5 AT R R, TERGM J75 5 STERGM J5 A 145 5 v i B 15 25 o 11
FBU A T, 3 0 M P B X 5ROk AR G S RN R A AE — 5 B B SR, X S AR S|
TR 45U M — 2, 7 — 2, FRATT & BUAH HE 2012—2015 4, 2015—2018 4E TERGM it 35 FF 55 11
RAEH-1.653 LF%-0.626, HTE 1% WK LB 2E, RELXEA B N % £ STERGM 1Y
Formation F Dissolution £ 5 1, 2 %5 266 %) (A 24 52 SO AH [R] A8 AL 28 34 X RUIFE“ —aff — I dt i
A7 )5, 3 B0t [ 5 ) & i B2 5 G 3 (R BELAR AT BT AR, — i — B AR DU S AT R Pl ™ T
A5 EH A G BE R, R T — B IR E R Z R R Sk

T 45 P A 58 R 00 AR i 1) R K4 SRR R, TERGM J5 vk v EaR BB 2250 1.427 FEE A
1.334, H @3, £ W] 2015—2018 4EHH L 2012—2015 45 B 2% rfr B B 14 1F 248 A Fr s s o iF— 25
M, 72 STERGM T W) Formation Fl Dissolution £ 5, B B R A4 5 R 1,757 FFEZE 1.475 Fl
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M PZRE 2000 FE 7B

1 1.050 $2 T+ % 1.547, H b 2, W B BUPE X B2 5 0C 22 B2 [T 1) 1E 2800 76 35 5, (R 52 5 56 3R a7
1) TE AN TR 55 o A% 356 A0 1 R A0 1.829 $2 7+ & 1.978, H W3, R WAL 4 P 45 04 1) TE R0 A7 e
H458 . 7 STERGM T ) Formation 1 Dissolution B, ££33 14 ) R 04531 B 0.825 F1 0.458 K i
PETEE 1475 F1 1547, HI 13, SRWIEGIE PESS RN 57 5 G Z2 T FNAEFRF 1 IE RN 3 B 1G58 . TERGM
RGN A PR R R B —0.424 &2 -0.548, H 53, 3 W05 R Pk 5 #0067 5500 A T 1G5
STERGM T Formation ¥ 51t fAE A 1] & PE R BB ARG — 34, {5 Dissolution #2#Y Hh 1) R 50 H)
H1—0.266 K 5 22 —1.495, 3R WA BRI 25 K 6T 572 ) 56 22 A4 ) 070800 KR 3G i o 1% 3 Mk 45 4 F
96 P 45 ) 1 2R 5020 Ak 2 W B2 55 I 2% v 1) S5 RO AR 1 — 2D 3 T, X B 5 G R AR s i B
Ko B, TERGM 45 R R v R B0H 2.429 TREZE 2.029, HY 3%, £ 55 M4 i fa e A
JIT T B, 52 2 6% JRy e S B T A S AL AR AE

*& 4 2012—2015 &£ TERGM 5 STERGM %5 R XF Lk

STERGM
S-S ham TERGM
Formation Dissolution
” -2.310™" —3.856"™ 1.498™
Edges (0.069) (0.061) (0.064)
o 1.427™ 1.757™ 1.050"
(Delayed)Reciprocity (0.024) (0.044) (0.036)
e —-0.424"™ —-0.424™" -0.266""
Cyclicity (0.074) (0.077) (0.067)
o 1.829™ 0.825™ 0.458™"
Transitivity (0.070) (0.068) (0.067)
o 1.234™ 1.407™ 1.335™
Homophily(High GDP) (0.028) (0.065) (0.007)
) -0.959"" —-1.740™" -0.599™"
Homophily(Low GDP) 0.016) (0.010) (0.019)
) 0.380"" -0.132 0.748™
Sender(High GDP) (0.069) (0.080) (0.025)
Edgecov(Distance net) 7(%)3%35) 7((())%?9) 7(%)3575(;)
- 2429
Stability (0.087)

R 5 2015—2018 &£ TERGM 5 STERGM % R %F Lt

STERGM
B2 hans TERGM
¢ Formation Dissolution
Y -2.131"" —4.097™ 0.167"
8es (0.047) (0.051) (0.071)
o 1.334™ 1.475™ 1.547"
(Delayed)Reciprocity (0.020) (0.026) (0.026)
Crclici —0.548™ -0.301™ ~1.495™
yelicity (0.076) (0.075) (0.085)
Transitivi 1.978" 1.443™ 2,610
ransitivity (0.047) (0.054) (0.069)
R 0.087" 0.225™ -0.161"
Homophily(High GDP) (0.032) (0.043) (0.083)
. -0.853"" -1.575™" 0.755™
Homophily(Low GDP) (0.010) (0.008) (0.043)
. 0.316™ 0.434™ 0.576™
Sender(High GDP) (0.074) (0.081) (0.110)
Edgecov(Distance net) Egg%g) 7(%25;%) (_00465516)
2.029™
Stability (0.074)
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AT 5 -0 BRI 75 0 RS Ok B, TERGM 45 b GDP 7K - & 114 [ 5% 1) 1 [i) Tt 2R
Ko 1.234 KIE R R 2 0.087; 76 STERGM T 1) Formation F Dissolution ¥, GDP 7K -5 4 [
R IR [ BC 1 2R 8500 il B 1.407 AT 1.335 KR T R 2 0.225 Fil-0.161, H 3%, R —i — %7
AT G, GDP /K- 5 18 B SR R B sl 4 7 52 5 O 8 M40 1) A7 BT s 55 . 5 ILAE X, TERGM Al
STERGM %5 J: v, GDP 7K S5-I ) [ 5 1) 4[] B P 22 K004 Br L7, W GDP /K AR 4 B R ) &

B 5 K R ILEAT e Tt

DL A B, At — [ S S AT R A i T A — B TR E K Z R R Y R
Ak, o 91 Bk s 22 B R R KT [ R RIMIR 4 55 & S K - AR I) G 52 5 e 2l 1) T — 58 B4R 0 A
FH, LR TARE B & JR /K- [ G011 B2 5 W6 2/, R[] g A ] 55 ] 174 45 2 8 o 5 fom B S, s o ]
Rl 2 A5 [ R B E  5R 5 22 R — 20 K. B, X R o [ SRR i, 3 2 AL A S
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Research on the Dynamic Change of Goods Trade Network
Structure and Its Impact Mechanism of Countries along
the Belt and Road

Tang Xiaobin, Cui Maosheng

(School of Statistics, University of International Business and Economics, Beijing 100029, China)

Summary: With the continuous progress of regional economic integration, the trade network of coun-
tries along the Belt and Road is changing constantly. The trade relationships between countries are becoming
more and more complicated, intertwined and interdependent. However, most previous literature on the trade
network of countries along the Belt and Road tends to focus on the static descriptions of network topology fea-
tures, and there is a lack of explanation on the dynamic change and its mechanism.

This paper tries to explain the dynamic change of goods trade network structure and its impact mechan-
ism of countries along the Belt and Road. We build Temporal Exponential Random Graph Model (TERGM)
and Separable Temporal Exponential Random Graph Model (STERGM) , using Dynamic Network Analysis to
study the change of goods trade network structure and its impact mechanism of countries along the Belt and
Road. We find out that the dynamic network models TERGM and STERGM overcome the shortcomings of tra-
ditional ERGM method, which is limited to static analysis, and can well capture the impact mechanism of the
change of goods trade network structure; the structure of network has a certain heterogeneity, and there is a
“rich club” phenomenon in the network. This phenomenon is related to the increasing hierarchical effect in the
network; the forming and maintaining of the trade relationships are significantly affected by the countries’ eco-
nomy. Countries with high economic development have stronger tendency to trade, but after the implementa-
tion of the Belt and Road strategy, this tendency has weakened, and the probability for countries with low eco-
nomic development to expand trade relations has increased. The conclusion of this paper indicates that China
should complement the industries with countries along the Belt and Road to make them develop comparative
advantages, coordinate trade competition among countries, and establish and maintain multilateral and multi-
level regional partnerships.

The academic value of this paper could be concluded in two aspects: In research content, this paper ana-
lyzes the dynamic change of goods trade network structure and its impact mechanism of countries along the
Belt and Road, and discusses the positive role of the Belt and Road strategy on promoting trade relations
between countries, combined with challenges. It is of great realistic significance for continuing to promote the
Belt and Road strategy, balancing the interests of trade among countries and eliminating the possible trade fric-
tions between China and other countries in the future. In research methods, this paper builds TERGM and
STERGM including endogenous and exogenous factors to study the change of goods trade network structure of
countries along the Belt and Road and discuss its impact mechanism. The Dynamic Network Analysis method
in this paper provides a new research idea for analyzing the change of goods trade network structure of coun-
tries along the Belt and Road.

Key words: countries along the Belt and Road; the structure of goods trade network; dynamic change

and its impact mechanism; TERGM and STERGM
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