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0. HE

We incorporate forward-looking capital accumulation into a dynamic discrete choice model of
migration. We characterize the steady-state equilibrium; generalize existing dynamic exact-hat
algebra techniques to incorporate investment; and linearize the model to provide an analytical
characterization of the economy’s transition path using spectral analysis. We show that capital and
labor dynamics interact to shape the economy’s speed of adjustment toward steady state. We
implement our quantitative analysis using data on capital stocks, populations, and bilateral trade and
migration flows for U.S. states from 1965-2015. We show that this interaction between capital and
labor dynamics plays a central role in explaining the observed decline in the rate of income

convergence across U.S. states and the persistent and heterogeneous impact of local shocks.
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L5355
1.1 BF5EEIHL

LTE A — MZ DI I ) U BEAR 22 5E IS S B o AR A T by (AR 7 223840 /Y
KB, —fRIME, XM N AT REZSIAT), BFONRENER (353077) WL EE, LKA
WMENER (ALK WIZHRR . R, — SRRk AR BA N DR ah T 2 5
PSR v of i B A TR A R B AT IR o R A ) 4R TR R S R SRAT AR EL ARG
P, IF BB AR A I ) BOM T A 1 s, 25 R8 3 2 00 2 o B R AR R, X3
B NEMEE IR PPIRAS S 6 o Xl A FEREM R R EGHA: 5, It
R—/NAT LS AR 4R A 2 R BR R 0 5 T AR BRI — R i i R ME A s 28—, el g XA
— IR B A A A A U
L2 FFRAE

AR EBM TR TAE: 55—, BRWE. RACEGEMU 7TEERKEARRE, 8
F& 5 #5737 #2 (Constant Elasticity Gravity Equation) . {8 # A % %2 (Workers and
Landlords) 4%, ¥R UtH1 1 I AE A ORI ¥ 58 T AT BLIE 5 5] AR AR ZS 7% ] (State
Space) XA HAGT R, HAN, ASCEUEN] 7RG &R E R Gr E R, AR
Fa& 15 (Steady-state Equilibrium) A5 5RFF7E HME—, I H AT DA H 3 2545 e 1102
(Dynamic Exact-hat Algebra) 17772 3K fif 25 [A| 2 B i i3 B 4

B, BIMAMEA. HETOR, ASCREIR Tanfriid s AR (Impact Matrix) 552
HiFfF (Transition Matrix) ¥ 854k (Linearize) MM fif H 205 4848 (b 6 4% (1 11 =X A
(Closed-form Solution), 13X &5 [ 35 A K 1 22 S0 H 4 3R 15

=, BRI . ASCERRALR T 04T 1965 - 2015 42 [E MU IS, (Income
Convergence) HIWRERIZ, LI M b B4R 7 TR o o 23 BT A3 36 [ 2% PN N
e SH e M R 3R B 2 M BRI T & B BT 4R A, T AN & R A T P i (Shocks to
Fundamentals), & /M BI85 2% 11 22 5 iR 1 AN OSSO B2 1) T 1 o A S8 5K 4% 23 A
(Spectral Analysis) #f— PR [ RaSWSIUR T RAM R 55780 i B 2 W EHE TR,
TV AT T B BRI AE AT HBIX (Rust Belt) AHXTAE™ )R, A S RKBHAT X (Sun
Belt) AHXf&Fd B IR THRFIEXS 55 8 /33 3h 5 5 A AR RS AL

H0, BASHRE . ASCREHAT T — BRI, DR WA ST iy @AY ) A 1
Mo Bilan, ASCHE— PRSI NI EA R E, UEIAE R A S, e
R B e g, AR N ERESSIRKIR AL AMUntk, ASGEGINEEREAR.
VFHEE (Landlord) T HARMX . SIAZETIRANHKR, HHE T AR,
1.3 B L DTk

S SCEAEL, A SCEZEME T TR (D B, ASOFR T A EAE
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MBS RIAEZE, K AT VE BB IS I B BOE PT A, M0 s e 1 v R 2 1) e Bk
i, W T - AR LTSS T RS TAEER (Workhorse ModeDl); (2) H
Ry ASCRHBRBEAT RN, 2T — RIIBORIRAT B A 23 18] — e K s A (1 0 B i gk e 42
HIP AR, IS UK B 25 22 IR 457 R R AT 70

2. AT HEE

R BERZFARREW R : (1) @RGP AFEZ A BHU X (Locations);
(2) WA MBS HUR R (3) WIMEIRMIAAF AR (Agents) FRAAFMHEAML: ©
JiEh#E (Workers), Joiifhftas 1 47575077, JF Bl IAe IR A BEAT X ki sh, Atk
NI FEMINBAT R FE, RABIRME (Hand-to-Mouth); @»k¥: (Landlords), 7
J7BEA (Local Capital) H.DXIRANRIRS],  AATTHE J T 2 A 2%FH 5 KA 0 V1 98 A 7 % 5%
(Local Investment) #ATRTBEYEILSE (Forward-looking Decision).

2.1 &EFEER ]
A, MUK P E S (0, SHOTEAR (k), HIXACRAT 80 55 5k

BEATAE, PR Cy ) IRANBATR 584 38 4 S5 AU I AN 38 A 7 B 2
vy =z, Gty o< pa, (1
U l-p
Horr, 2 ARF ¢ #BIX L ¢ I EIRRRDN AR AR ABGE ML X 2 1) 5 5 5 SR L s i A
(Iceberg Trade Cost), 2 z,, >1, n=i A i MIXIELE n XIS 5 SCAMAE I LG, A<t
i B B A A, Wz, =1, W™ SEN .

1_
T wr

Puic = T Py =, 2)
Z
Hok, p, MBI (Free on Board), R4 & X M350 AR A 1, HE]
A D wl, =1
2.2 FEEE R

¢ BPH, X n @55 30 S RO B T U AR VS AT I B (Amenities, b, ) S57H 2R
BEL (¢! )o EERFINHEAMATHRTE, FHHILHE Armington JE (Armington (1969)) X} %
FeUPE S Gy e s A TIE B, DA LS O, A sR 2N T
0+1

N 0 e
uy=b,cl, =Y ()|, 0=0-10>], (3
i=l1

nt

Hr, FbrwfEFh#E, o>1R CES EUE B, 0=0-1>0NA S,
W 55 Bl A B30 BB S X HE AN A% F85L (Dual Price Index, p,, ) AT RN A:


https://www.jstor.org/stable/3866403
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bw

-1/6
ar <t [zp} , @

D

Hrb, p NRE WX RFER SN
23 B/AMER

(IR, MUK G B AR TR LA RN, B o SR R L B AR -

=g yp ) T )
gy 1-1/y "’

Hor, Bbx kAR, WS MBS AR ) —, gABMNIET, »
D T B B A E . T RSO L AN XIERS DR B AN R8Il xS
PEBRIRI RN, RUONIZFEAS 2 5 1 4

B b T 25 3t DX B AR IR R SO S S 1 S A 2, BB 5 3 S AR SO AT
11, R RINE I B I P T 2R

plt(c +k

it+1

T :t (1—5)](”), (6)
b, n N i WX ¢ BHRBE AR Z, L, -(1-0)k, N ¢ BHEHRTE, AUis
R, =1-8+r, / p, NEAMBIEF. E, HESLITII3E 1 LS B.D.

w1

51# 1: é%mEQ_HﬁMEmeJY MR ZAET i X ¢ B3N £ F)TE
BYPSRRA C, =, Rk, » BEREREL,, =(1-c,)Rk, .

FIE 1 R RMAKG T RMENEER (1-¢,), HEZNEMN. FIIEME
[, R T ARRM B AR R (R, ) .
2.4 FFENE TR

TERBEIT B SIFHATIH R LLG, FFEIETE ¢ WS TG — MR LR i (e, ), IF
RE LA BRI (B AT ). WIZTShFAE i X ¢ I B eR B V) R s Ak

IR AT R R

\A zlnui?’+ma3<{ﬂE [ gM:' Ky +peg,} D)
(2]

Hp, pREMMIE T, B [1METHE g XA ER R, A SCRE ST 3% 80
B BOE R (Log Utility), 3ERS IRl e, R AR F(e) =, 7 AKX
- E Y JE %2 (Buler-Mascheroni Constant), R p NiEFeb i -8 R %50, B Xk

TR A e, >1, BHNHn=il, Hx,=1.
2.5 T HEFR S

7 T S R AR X 4, 57803 5 3 B S SN HIORE A T X i 2 Y
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RN, R AR A
Wi zl +]/;lkll) Z nit Wntgnt +rntkm) (8)
Horp, AIBOE X PR S 2T, R A THERRE IS 4 SRR R AT
Wik B AT 7 I WA AR R 85T R AR B A b i, fE5E
I SRR T R ATTI i 2%

B e (9

it"it it it

AL A 7 ) — R B AR B AR VE AR 1 P

%1 AR R AR R
. AP
P P B ( r<‘Y”
IX B 5 5 7,21
= FE RSB
N E Y B V) =Inuy +max, BBV 1=K, + pe, |
S50 ST w =3 @)
X BRI A 21
S5 1) T DI
= LEREER AR
b R 5 %=MZ;ﬁMf@ﬂ;
b =E 24 3 cﬁﬁZwa%ﬁ;
AR R by = (1= 0)k, + 3
P, 7=t
7 T L 2 D IR RS S

Ve, Tl R T o MUK BT £ HBIK ¢ IR T 2

2.6 —
A IRAL R (State Variables) {£,,k,}, &R —RIVATRIA THIRIC E 5 A% 11
BENLERE, 7EX—idAEdr, Fra X p ol e F R NSRBI R, 57 33 e T
o5 X PR i KA RN, M M 3EE 3 S B s KB, e i tisg. A
T ETEMW O] RIS A R, AR EkiE 5 SR N AEAR R {0,k W, R, v, s A
PP A AR B 3 e R X A e ) R
2.6.1 T A= R 5K
HTAX (9) BRI HIE R, AF— i’@l:lﬁﬁﬁljg%q&ﬁnzﬁ%ﬂﬂl]?m#
1-pwt,

t it

/’l p it ktt

R, =1-0+
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MAE—HBIX i AR SR EON T LLR 2R
ﬁ(w,., (1_—“] Ny /zl} } , (10
- H

WAIZEN TR :

kim:(1_giz)[l_5+l__#Wit_€anm (11>
I
b, (=g ) NGIHE L o SOERIEE 2, B

w—1 1

g, =1+ p" (B[R} ¢,0]".
2.6.2 & & A
fiF CES W #tma, A () iligmtk, A (9 BEARMNGHERME 2
X Q) FER AT HIE AR, WS XN 5 72 i A = BN S 1 2644 7T PSS A E T
FEN, HED:

N
1/viz‘fit =2Snitwnt£m’ (12)
n=1
1-u -0
Sm-t _ (Wit (éit / kit) Tni / Z[) T;-m = Snitwntgm , ( 13 )

=— ’
Z(sz (fm, /km, )l_ﬂ Tm /Zm )_'9 Witgn
m=1

Horr, (12> A3 DM R SR AE T B AN ) AR R s A 7 s N I s, S,
Nt MIXEECTE (WIS AL, T, O ¢ ) s XU B e s IXRAS H U
B, ERZHE IR S iEARAR, 7 AR R R, 55— T AR A E
FREALE BN TAARERMREAT, T8 A FARARERIERES]D .

2.6.3 77 F A ME L 5

HHAR (D FHahH . AR 3) F7ahH MR, L& Gumbel H2{E 5

AR, FI1357 803 ¢ WA o Mo X R E R 2

N
V' =Inb, + h{w'" J +pln Y (exp(BEV) /K, ) (14)

nt g=l1

Hrr, vy =B [V, WEIXERE i {e, ) BOHENE; B,[v,, 1=EE[V,, ] WHHk
TARREARMARR (z,,b,}7,., -
2.6.4 AT AL

ST ARAEL PR B PR, N 3 A B N RIS AN AL Bh 261 9 -

N
fgl+1 :ZDigtgw (15)
i=1
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1/p

exp(BEV).)/x,, (.D,
D = ( p(ﬁ 8! 1) g) E = it lgt’ (16)

igt N ’ git f

> (exp(BEN) / K,)

m=1

Hrf, D, ut~r+ 1. i3X [ g X HAE 2 (Outmigration Probability); E,,
Nt ~t+ 1AL g #iX ) i B X AR R A2 (Inmigration Probability ).

2.6.5 — ¥y eyt

GRS R{,, k, ) A SIS X HE AR {z,,b,} » AE—BF AR — BRI W
HIUEFP S R BRI R — 8. i, BALEE (k) MBI R R RE: SIS AD5
A {0, WX BRIERE 51 Sy FE g« FIA SO IERE SOXAS— 81 .

X N—B . VIR =0, AR X i RETE (/L) , —BRER
fRAE—HIX T, BEARKR. FfkR. FEHE. BEAFEREIERE (Stochastic
Process) {w,,R,,v,,0, ...k, }vo» FIEET (R ARERE S (2,0, ) #ITEE, FRHM
RS (AR Q). AOFEshi%E (AR a5, PRTHHEERE (AR (12). &
AMipHERE (AR D), HPEERNH5E 1RE.

AT R GE U EMEASES, FERSS AT {2,b)y SRR {0,k w) R v} ¥4
BERS RIARAY, ASCAE A S BRI AR B RS A

X 2—RE: ZFRERE—FHERS, NEHMXHXEATENERR
(L&, Tk, FhBEHRUSMMXEAFR) AN AR, TTUAFSERA
{z/,b' 0k, w R, v/} o

Bk, ASCK IR AR AR ME— ARSI 7T 40 6 (Sufficient Condition)

R 1— RSN SN AKX EART (2,07, ) » FEME—
MBRELFENZE A (BRTAMEEE) (0.k W RV} FIRS &R, EESH
v,0,B,p,u,0, MRBHERE (1) KE¥4E (Spectral Radius) PMTEHFT 1.

UEBH WFH 3% B2
2.6.6 1 5 5 i A U 4E 1%

AR A T P N Zh AR AT, RSO 5N 5 51T R B R -

(1D BEHBHERE. &S NN KHEE, A pi Ao Iyt DX p 78 H DX
ERCH: AT NN BFERE, HAE in M Ioaoh DX R DX o ERON: 3R
I, A0 HERE S NS A AERE (Expenditure Share Matrix), 4EFE T J9 AR 4R 5
(Income Share Matrix) o

(2) EBHBUERE. KUK, 2 DANXN R, HFEE ni NICFENHX p kX
i AT (Outmigrants, 3EH); 4 E A Nx N WEEFE, HAEH in ANng A i
WX 7 B PIERS 4 (Inmigrants, IEA); #RIG, ASCE U FE D JviE H o 200
(Outmigration Matrix), #ifE E NiE N EAERE (Inmigration Matrix) .

gt+l

8
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AL, N THEIRRITEA M, ASCRE T SuE SR MR — e B, RS S
FilE D NATT 295 (Trreducible Matrix), RIS T B #b X #R A7 AE B BUAHE R 2 51T
B, RN TR Ln, MA[S], >0, [D], >0 B, FrAMXHALERY
g m S IEREHARR, BENTERE A S, >0 D, >0.

2.6.7 #) &A% HME T KA

WAL, ASCRRE— B HE A ShA RS HME 7482 (Dynamic Exact-hat Algebra) J77%,
FETHE M R SR NN R S AT b o Ao m UL PR 48 553 1) 25 8] 43 A3 TE WG AN A N ()
TSI, IS5 EWIaE TN BB P AR AR &, ] DU T AR 2R Sk JE AN THI A2 4K PR TR i 8
FPAfg s A 5 shas ik A N A 2 0 B (x, =x,, /x, ), TEIL AR 2.

W 2—IERHETRE: S -HOCERNBNEFREVHERFERLREEN.
({g,’o}i]\il9{kio},‘]\ip{kn},'Aip{Sm-o},[X,':]a{D,,i,_l},]X[:l )r #Eﬁﬁéﬁﬁﬁ% (Perfect Foresight) —F

TEE— AR REAT RS 51:
EEM BRI A A

M RBIXAMERITE WAEZBIZRFS], HARETELRE MG R
{ERAN AN WL i

UEBH MB35 B3

WKL, AR SIS AT AE LI 3 ) P A A B R DA B AR (1 35 4 % ke A U 1 )
KRIEWILEACF AT 7], FET a2, 7 LR Zha R HiME AR 7 i B AR [ A2
B — A DL N SRR SR B WA A TR, 38 v DU IX P 7 VoK fil AR SR B A
A b N 2 UEE ) ) sha 2 AR AL BR A2 Y ) 255K (Counterfactuals) o

ANk, R S (Invert the Model) 38 RJ LLTE I 2] py A= A &k 4= 04k H e 4
PAPETUR B REOL T, AR B ) A 7228 BFERE . B 5 As DA X BRod # A 1E 4T SR i
CRARRANEREL S2.1). HHEEMZ, AILIRERERIE (Transition Path) HEATIX R
S AN T SN AR B AT (RS B PP B AR B8 2 ABias, TR D B DLW 31 AT A% 3 5 B¢
AR T ARER NS AR EE A TH e 41 (0 BRI T80

3. T

Nit— B W B A 57 3 ) B A ARACHIFEE, A SRR BEAT A (Linearize),
XA TR AR BT . X TAERAETE, A SCR B2 G A% R A2 10 P U 38 Bk
THAERE: phdfERE (Impact Matrix) F#EF2HF (Transition Matrix), i3 P AN XL
FAKIG T VYN MIFERE (S T D E) WSS KRR 5 FE3ET R R 53
(Eigendecomposition), 8 ] 73 175 1245 /s WO SHOH 2 1) St Jo M DA S B2 AR R 5 595 30 0l #
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XX phf; (Local Shocks) I3 AN 5 o 5200
3.1 HBBRE

By (t=0) WIMEPREARE €,k } LAH 5 5ERAREMERE {S,T,D,E} , %]
SRR T RS, BEraSEuk s DERERREAEN (2,b,6,7) » BXHRZHA “H)
ffa4 (Initial Steady State)”. ASCTEAR R FINHIRS RARLE SRR M Hmz (F
W, f,=Inl,, —Int;), FERIE, XHFo7ahE M EARE, A0 R SRR R AT R
#Z WA, =v, -V .

Fe Nk, AR SO SR AR o RO B R R AR A 1) — MBS S5 A EAT 4215 (Totally
Differentiating), FFORFFILE ST ) /1B R 5 R R A, SRJ5 HHIGHE S LA
TRIMETTRRA, ZHRRAR IR T AV RN — I &4 (F.O.CO:

B=S(% % - (- w(k -1)), (17

k. =k +(1-p1-8)0b ~p,—k ~2,)

+(1—ﬂ(1—5))%(w—1) (18)

x Et Zﬂs (ﬁ)us - I~71+s - I’EH—S - 2t+s )a
s=1

[1-T+0(I-TS)]%, :[—(I—T)Z, +9(I—TS)(Z, +(1—p)(k, —Z,))], (19
2, =E? + g(l ~ED)E,,,, (20)
5 =W, —p,+b +pDEF D
HARHES DL 5% B.4.4,

i AR E RS RN TR T, SR 5 MRS Oy BUE R 5 S ARIE BY
YHEEEFERGEIEE R — I AR, X8 TR AR T MR R R . FE 2 K
UEZM AT, RSO 2 I UL 81 e 5 R 2 R R P 3 0 A 6 R — B0
3.2 — RIS IS

N T IR SCAE I 5%, B e SR A BT R s Ae 0 T — b e w2 fie AR
NFEt =00 TR N Ce=1) FRAEFERT CEPR5FERE B—RIMERFFAE
PRT, AT DR AR ORBEA T M TR GEKT RSSO (5,,6,) = (3,b) » Fibe>1, MM
Af DL — B R A (18-21) FHIHE A T (Expectation Operator) .

321 =M 257 AE

TEMfls% B.4.4-B.45H, ARCKRPBEMFFEENZS (Transition Dynamics) R] LAAK{E N

W AR AR B A B 220 TT AR

v%,, =T%, +0O% +IIf, (22)

10
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S, & =8 NN LIRS RIIE: F =[]0 2N L AT W

. ©. II¥HN2Nx2N R, DURRT MM SH {y,0, 8, p, 1,8} VLI L)
5 ST AERE (S, T,D,E} -

AR Uhlig (1999) f#5€ 2% (Undetermined Coefficients) 15 ERMEAR (22)
M2tk B 20y R4, TR B A BF A B R 0 P o, R AERE R Il 724
HRRIEG ) SHEBHRE P (] RS SR [ 5. Feali), — 4N x4N 1

%Wﬂfﬂwfﬂ%ﬁmT%ﬁ%%ﬁﬁ%:M%ﬂg,ﬁ¢wu%ﬁ&%%ﬁﬁ,wu
NN 1R . R AR SE 1, BRI |4, | <1, WA Wkt I R4 HLAA —
MaeEBEE (AT ILT Dejong and Dave (2011)).

R 3—HRER: BESHE =0 B R AT MERTIIARE (.b.x.7) KK
B, FIRHRIEBALE = 0 RERTRT DU T ARBIHAE ¢ = | BRI — KB AT O R A bt

7 =[] migete 2N <N BUBASIERE P RI2N <N HIMEERE R, RAR (22) i
B3 5 AR AL T LA PRI AR
%, =P% +Rf, fort>0. (23)
SRR P R
P=UAU",

R, A ARRERMEE (4,0 B 2N x 2N XHAFERE, U ARHMERE (1, )" BI2N x2N
B, HHER R THTRE H:

R=(YP+¥-T)"'II,

H, (p,r,0.0)ERESREAR (22) KZHEIHE.

UEBH IR 5% B.4.6.
BT REHERE (P, R) PR, WA TR 258 40 UL KR 5 S5 12 R A A0 kG [
(S.T,D,E) .

322 08k & B A AR &

T 3 AR, QTP R IR AT DLE— 0 0 il v 4 7€ HIMI 06 H A T
FI 8% (Convergence Given Initial Fundamentals) A A & A ] 2l 45 ¢h i (Dynamic from
Fundamental Shocks). KA (23) K5 A

t t—1 ~
Inx, —Inx, =>P(Inx,—Inx_ )+ Y PRf , foralt>1. 24
s=0 5=0

v d M
PR EXE R

(D MBEARTRA Z BT (F=0), 2R (24) LAUN 0, HE, REBER

11
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A 28 AR 26 A B & g, IF ELREI [A] e S 2

Inx; ... = }1_{{01 Inx,=lnx , +(I-P)'(Inx,—Inx ), (25)

b, 3R P RIIEEARANT IR, (1-P) =007 PRI E L.

(2) H[AFFAENI (r=0) RIETRE, MAKX (24) EXALLH T8 0, B,
WA R M AR DU T 58 AT by, JFH.:

t—1

% =Inx,—Inx,=>P'Rf =(I-P)YI-P)'Rf, forallt>1. (26)
s=0

TRt =1 KL, IRSBENMSNNZ = Rf , ZIEAR (26) T o0 HIfHN, I
i EL i fa A5 B, (Comparative Steady-state Response) 1] #7R A

lim% =Inx’, —Inx.. =(-P) " Rf. Q7N

initial
t—o

XAK 24) WEE— B MREXAET, BT, TUNEFFRSEIA LTS
R PE 77 (A B S AR T s A DF B A R, Ik, EAR — BRI, AU
IR P SRR A PHE AT AL T RS BB Y .

3.2.3 A5 SR IS HY AT

PN RASOR B X RS HE A A, BE— SRR AT R B R R A S 5
WAERSE BT RMEM . WATRY, RSREOEE 5IRE A EHTE % B4 M AR A R
Ao T4 T B PR P B B R S A AR AT .

(1) ¥R HEMERRFE B . A SO BeREFERE P AT AR AE 08, MBI P=UAV , Hrp
A NRHEE RN AR (R4 T HPD, Vv =U". X TAESREE 4, , FFEU R
h B\ w, FIFEREV (A5 h AT v, 5 R AERE P AR RLI A RHE 1) & 5 20 RRAE ) &, R0

A, = Pu,, Ay, =vP.

BEZL, w, (Hy) REHE—AAE: Hkf AT FRE PR, KENE S
AN REE, BRSO 4, o $EL, ASOK R, 5y, RVRERE, —HE
Pk E] (Span) 2N 4 )& 2 [A] ) k.

(2) $HAEphidi (Bigenshock). ASC5E SURFAEM e AR A P2 R SEHERE (£, ) AEE
phile, SV TTRESEE (Rf,)) FRAEFEOEIAHERE Cu,) SE RS
o AU, RHET (f, 20 TR T IR E] 2N GEphidi S A . HERAERE P AT —F
TERFIEI R (|2,|>0) BWAELEX RIRHE s, Ho R, =, .« ASCKIXH AT R4
TEERFAE R EFCN “dEF LA R (Nontrivial)”,  [RIHK MRS R & Zh& L. 1
TR PAFEEREE (4, =0) FRHERE o =([1,---,1,0,---,0] , FHREEA CHRHINTE
A1, D 2N ERPIRA S R AEE — AN TUR{E (Redundant). H B HFEATE it £, A
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T X R R et ), R AR S TS BB BT (EER S
BN T EM O SRR, B — A B R 2 BRRE L RSk, 2
S CTriviaD. ASCR NG 11RZIE BEAT JURHE MR

F b, BLYohit (Empirical Shock) 38— SRHE M A%, A3d A AT bLAE
BC MR iy 224 AT TBLSe ity RIRET DL R FAKE R : 55—, UL ity 477 LA
ME LR 7R, BRIt e R R RS AEE P ¥ (R T DS UL 52 53 AT
U (5.7, D, E) DR BUR S M 1y, 0, 8. p. .8} s 45—, ATITBLSAE 5 5 438 i
& F AT UL AR F, MR A, I H AR A RE (Weights) SUEkR
(Loadings) LS ELULMM i F XH4SGERbE: 7, MATHY (R KA. HTE—1
B IRAS AT B2 7 5 5 05 R IV 40 5 B 4 T LS P P B R O 18 5
FEERRIET R, bl F i

S 4—EHT: ERSHEN (1=0) EAFRE, I EREAEWHT @K
Koo =1 B RRE—UHAMBEAT RS (F=|1D. LI, REXBNHBHETUE
RS PRFEE (1) SHERE (u,) H— I REAS

¢ = SPRF =S A,y RF =S LA (28)
xt—z f_zl 1 uv, f—z 1 u,a,,
=117

s=0

Hop, RARIEAAHIE o, 7T LUES X BIMBIGEAT s £ SRRHERS 7, 3
TRIERE (REE REHA.

A R E B AR T X B RO REAE A P=UAV , TEILHER B4,

Begb, —/RFE 5 26 1 R A SR P —— LU RS 1 30 (Hlalf-life)

iR, AUPUR TR AEFE AR SRR AR, W BL T ar s -
Rl S—IREUEE . RELSFEM (1=0) &TRE, HFAREAENHRT BRIR

k=1 ERE-KERENS (F= 1D, BRXLLRMHHIEFL (Nontrivial) 4
PR 7, HXPREZBRIOVIBIETE = | I SHBIERE P IR SAHEE v, —3,
WEIFETE R, =u,, WPARAZR x M URHE P MBI BB RN

u, = Inx

l_ﬂ JJ - l—ﬂ, t+1 _lnxt =ﬂ]:uh’
= j h

Wt F A REEREh=2,--,2N , HEHBIRaEHIEZHN:

~ In2
é“%f)=—Lnlw,
h

He, 5, =x . X || SEBEERE (Ceiling Function). REHIH, W -FHIRK
FEEAFRF URHER &, HEZAFE

13
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WEB] WFH 5% B.4.9.

ST GRS, ARV USRI £, 7 AN IRPAR A5 1 A 47T DA A AR
it w, BOGH 6 ELARIR AR SCASAE (8 4, o E OB BT R CIET VR
NS ROV I P o IS {8 B B AT T 2 U R ot OSSO P, Bt A SO
OE T HARETEN FHNETHOEIE (RS SITBMA) UREHENERNI.

RAORIE, G MEE F, EAE AR FIGIGEIE SRS 2, A0, &%
T AN SIS R A A SRR T S8y, 0,8, p, 10,8} » EIRT 4%
MBI RS (IR S bt RS (1w, = R, BAH30, AT
FEHLIL e T 4%/ X 20 i
3.3 P X 54

R IVE GG TR AT 7, A SOHE M — RIS BV o A AE AN T
FAASHURFRIIC (Symmetric Locations), FFHATEMY. 567 SVERLE], Ho DX XA th B3
SCHHABUERE S SR AR D W% XK, BGFET=S HE=D.

RN (0=0) RIDAZE| - JHAMIATI M, BT ie AT F = 3| i
SR FTUE . BTk, ARSI SR A FRBTHLX 7 1 507

u>%—5,%%@%%ﬁ?%ﬁﬁ%mﬁﬁmigzﬁmﬂ,%mﬁﬁsm%mg

Ink, ~Ink*

e RS AL & 1 B A5 B
%, =P% +Rf, fort>0, with %, =0. (29)
BRI, FEATH PR T f PIRIAE RN b A R R R -
% =Rf.
RESAR &5 SR R H R Py
X, —-X=PXx, foralt>0.

ZIE RN X IIAELE 2 MRS E (NORESEARGFE) Ml 2 MEAmE (4
FEREEERD, FUILEBHRE P AT R 3278 4 x 4 FiFE.

(2) BB, ETHl 4 M4t FHERERE P PR R RS AL & )
ML, B, PLFHJE A (Sequence From) H H A (29) g3 19 A 5.

%= (Z:OP‘)R]” s IR, RPHRE P OEATRIE A, R HEACRER R AT A (Summation over

Iterative Powers) ™5 A%FEFIE /& (Components of the Eigenbasis) RKF1A:

1-4 ~
“u,v,Rf, (30
h

4
%=;L¢

14
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Horb, w2, 0 ONERESERE P I RHE R R O RHE R AR AR . DA B
I B 1 2 DR 228 B Al A i B2 7T DA RE A T Rl (% = RF D LA SRS AR B RS (i
SEFTERR.

(3) =, ETarll 5, FHREM T LA S RORE R B WY E 5 b
Rf - B%5, ASCE IV FURR R £, Xt BEACT (s, 3% hoR A28 S i 97w s
RS, b BT S R 0 e (AT AT [0 B e, o o T IR AR FURHIE whil, IR B () B A 2R AT
CLRFFCES h MBS SRR RAE (A v, =1 Hviu, =0 for all g#h):

. 1- 2!
xt+1 _xt |

j=}-'ih)_1_ﬂh "y (3D

_ gt -
]:j(h)_ﬂ‘huh’ X, |

S SRR s R (U TSR 4, 4, AV, TUeats FE 8 i ok
SR AR RS . FOR, BT AR5 h RE HIAE 25 A ph ot O M2 2,
BI: RF =", RF, TR LUK T2 5t o o ) S35 £ 4L 45 O R T
a0 STUAL, AR DI A R A A AT TR A A R 250 ph

MTTEZ, WRIENE P RIS HEE PR R DU R T B S5 y,0, 4, p, 0,5} » 1
W TR 5 ST R AR (S, T, D,E) o FEBAKRRIT IR ZE IR, FERSHERE P fIDIANE
i 8T DA B et T

—_— = O O

1 |
, _1, 4, (32)
g £

< 4

Hordr, WH e EWKBTHRUSH LA RA G 5ERNHMERE (S=T,D=E ), #L
M=% B.4.10. SFsL b, X PUAS AR HEAT LY 5k AN DU 4 7] & =5[] .

WAE, AR EFEHERE P RFIE ) E3b 4T — AN BEDW A i RE

(1) 5 —NHFAL A & w, =[1,1,0,07 A7 4E 08 F B0 AR S RF AL R, HL 6 L AR R A o oy

O O =

[2,2,,5,b,1=[0,0,1, 17, JXFE— AP FLEAE b o 476 472 212 15 1 401X 366 (1) 6 58 B o, (A

WA S A EIFA SR, X, HREIHESET 0, MRS SHRSRES
f, ALK SZ B

(2) 3 AR u, =[0,0,1,17  FEXE BRI AESr i N (£, 2,,5,,5,]1=[1,1,0,0] o XA

FRIEr B TN BB X B s A pe by, PR MR, X — IR A S A
B, WEPSERRE BRI N ERN 0. AT TEEERLE, XA =R i 535
P HL X N TE 2R A48 20 (Consumer Price Index) XTHFR B, M 51 2 8 A F R AS F 5
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PR B, BRI Rt e g A X B2 AR sh s, BN = BB SR M ER . 1E
RASKIRRGEGI T, O A R ey (R B AR Sl A L B — b X P2 R R — B
FEIXAMRFIR G, e BT I AHE (EXTEBINIEAS ), H B AR
[(I=(1-pA-5)u].

(3) BB = DYAHFAE [A) B 4 1 9 A s DI R A0 b il RO o BB = AN HRAE R

w, =[1,-1,&,—CT W R E P N [2,,2,,b,,b,1 = [1,—-Lc,—c] » HH ¢ B—EHG HIUA

R T e, =[1,—1,—&, E7 W SRR E PR T M (2,2, b, b, 1 = [1,-1,~d,d] » Hfr d hi—A

o AEXPMIELT, HX 1 50X 2 REREARES TR ZEMA MR ZEE, HHl
BT IR o
(4 REARAEHR EXHEH S & ov d MIERUSEATHIA, HETREHE, K

SORBUIZESHAR L. Bk, XA S IR, Hh ML E Cuy) 3R T
SEATH PP EAN X R IR [ S, 05— MR R Cu, ) AR T AR, R

AR R w 3R TP ESL: DM HIX A RS2 B IE R (1A e,
BRI Z B AR AT (1M =)o ERXMERT, BALE TSRS E R
RSHEEAR S THYIAE (RBVEF SR, ZEARMK T HYRE (2 5m et
D), tHRIERFAL A&y T, G50 T e T a2 S IR SR R R A . 5 22 A

B A VUANRAL A o, WAATER 1 SEAS T b o A2 A [FIHB XA SR SO0t RT3 [X R 36 A

T PR o RO S I SRS AR S o BRI, R ARAS MR AR MBI N O #iE R . AR
B, 0NN DR ARG EAF RIS

(5) FEARSCHIFTA BUERA g, RIS =ARHE ) &, BRFIEE Y & T 58 DUANRAAE )

o, RFE(E, BRI, S SRANR M DR A i oh A R S P G R i R IEAR SR, M2 BF A

WS AR G . HLIRRE T AR th A S 57 S L B A 7 SO A LR,
WAL e ER Y E SRS, SEAERRIR T SIRLER H, Wil 75730711
TR AR, RSl e bR e AR BR T Y, AT T B AR R . T BE

SRR TRER, SRS ZE MR 2 7 — MRS R A iR
REo ffi, P DX A T e ol FA) A A 8% B 38 T T DY b A 7R PR A v o 2 28 2 5 SR Al
AR OB TR & & B b iy, @t X ) 2 7 A b il ;. @M (8] 58 42 IR A AR R SE AR
T s @3 X 8] S AR AR RS A T i dy . ASCAEJR 22 h R B BIEE R VF
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LA B K E BB M, X EEAR IR R T
3.4 PR B EIE

N T T, ESCE AR T ke R A, Fsk EASCRY T AT DR
W EHUHE) B A (Sequences of Shocks) 1 H1 .

fEfmE S.1 GRS S.2.3) o, ASCIRME 1o TR S AR FAE T R AR A 1H 7 1
M AR EAN ARG Eail S.2 GEWME S.2.4) 1, ASCFRME T XFFACH
NS BN GaFEA T vy, JF 2T BATR AN BENLI AR T B AR b i B 000 >, 22
G e . F b, TN IR%E (Expectational Errors) 1%L T 3K il
NSNS B B PR, I )27 (AR A (R 75 0K 22 A JR) RT3 AR 1) 78 4 B
Tl (Perfect Foresight). #RTM, ASCHTR M BIZMEAL TT VAT LG RIS IR 1R 72, AT
LT AR — P U

TR AR MG, I ES TR (22) MR T BRI P 5
MR RE R, ISR BRI ] NI 51 5 51T RS (S, T, D, E} SR G 24
.0, 8, p,u, 6} PHEAT R

4. 1R R
ST R AN A2 ARG AR 2 TR, AT AN KB ACRHE :
(1) FEMER% S4.1 i, ASCHE— PR XL R 5 HiE AN I T ARG,

WEIAR (1721,
(2) et S.42 7, AN —PHERT) (Agglomeration Forces) 5| ABA, iR

VAR GEFIEEAEAE NSy, Bz, =207 . b, =b (" . AFEERL, KA LREER
JIXECR T HIX N, 0k 3t — D R4 2 Z 1) (Fil4n, Ahlfeldt et al. (2015); Allen,
Arkolakis, and Li (2020)), MEEI (n° >0 and n°>0) [[5#L7}] (Dispersion Forces,
n°<0 and n"<0) WIS WA FFE, ETEBESH v, 0,8 00,6077 ,0"} B FE
AMEIVE, A SCHER L T AR ME—FR A MT ¥ 7859 2 AF:

MR 6: 4HEABER MBI R BEART (Z,6", 7.} » FEEME—ETF B RSMARS
(kW R (R TFABER) WRSEEN, HRSB .08 p.0.0.7 1"} B
RYPGERE 4™ FiE R D TERET 1.

UER DB 5% S.4.2.3.

HERE, MERRREZREARY, Rt o EN (70" >0), DLERS%
PRGN 1, RIUIABEIDAZ 5IE 1.

(3) AXHBZABEAIE ] LRI N Z 1] (Multiple Sectors) 5 -7 H % &
(Input-output Linkages). TEFff3% S.4.3 o1, ASCHINZEITAEM, MBS A BT B 22 5 1E
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FEARERX, HAT AEZ AN TEHATIRS) . fEMR S44th, AHIE T BREREH
X S5ERIIH 3. fEMS S4.5h, At —H58 7 ZHITRE SR TR,

(4) BRI, ASCRGE XBRE 5 57 98 Armington T2, MLEIVY 9™ i 4%
JRP AT X 7. fERSR 8.3 1, ASCHESL T — R AU (Isomorphisms), 73 Hr B4 IC
MIEEIRAE R S 2 B T I — RIS S BoE R I ARG fEM S S4.6 1, ASCRHE
W BRER 2 Sk b ) H 77, S i 2 IAMETE G fESR S4.7 1, A3CA
WRAWUHTEAEL () sl G247 . Elx S4.8 , Axravrl
Fouf HAh b X AT $508, HZ IR T XA A (Bilateral Investment Costs) 55 X 5 4E
7 Bk 5 B PE (Idiosyncratic Heterogeneity) , XK 51 N — AN 4 fb i ) (Financial
Flows) W51 0772, fEMSK S.4.9 1, A TIAT B IS5 Y0E .

FELL EprA R, B SCHTE I B Sh A RS BE TAREBO TR S 1 o i 5 ik B

5. BT

FRA T 32 T A HE 28 Ay 3 AL\ e [ ANt [X b o 0 7 A8k 5 S5 o A 2 i A3 3 FOAIE
Pa—— R XA R O KRBT R SR, — 71, SO R 56 R B SCRkE H B
B X R AS 5 51 S IBLSE, RUE X 56 B A BF 5 A O AR AE s B — 5T, Sy ol
FELR PR AN T 0T P S A AH DG 1) SCHR BRI RO VFIE RS IR B, (E AR b 8 b X ) S 00 e e
S0 X S5 I RTIE MERE Y, R A IX SRR HE S B S R AOA% ORI o AR SCHSHER AL g T — A
SRR, AR X BRI, DA SCAE B2 R0 A pots 3 B e
R —— W RME e ™ S A7 1E T 5 5381 T 5 AT B2 5 T T X1 o

REENFLZHW R : 25 5.1 /T, ASCEHE T IR SIS HE: 55 5.2 /b
W, ARSCERAE T 1960 FARMI LIRS H M AU R R RERGIESE : 7E 5.3 /N, A
SCERUE AT T IX RS BN R ™ B AE 2 KA FE b BRI 4 2 AR 55 B AT o il SR A R
(1, HFE—LEN T EAEFTHNEMN S B TR 7E5.4/Nrh, AT ET A
T AT A SO FE DL B R 5 57 B BN A 7E BRI X s IR e 4 1k 45 R R PRSI s 7E
5.5 /N, ARSCEEE T 1999-2015 EBIM L TSR R SUESE IR, BE— B iR R VR4S iR
JLBf3% S.6.8.
51 8EESH

ST FEAE AL T 0 EEUESRIE T 1965-2015 EEZFHTR (BEA) [HH L5
WP, R T EE SN GDP R AGE R, A SRR RIEEE 48 P A+
A1 AREDX, ASELHER R 700 P R 5 NS, 32 B R B AN A N TE
1959 A FF RN E I —ANM, I H i T HOER > B, AT BE A7 76 TR U0 (0 45 ik IR 2% 5
Wi o ASCIEAG IXLEREAR M RIS N 4 MY X (Rust Belt). KFH# X (Sun
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Belt). HAhdt77 4 (Other Northern) FIIABFEG /7 # (Other Southern). FRILZ 4b, AL
¥ GDP 5 %A A7 &4 2012 FEIARAE M 34T T8

AL E B A) 5 4F AR BIXGLIERS i e ok B 56 N % 7 (1960-2000 FF445) Al
EEAX A (ACS, 2000-2015 FHHE), NULHEL 5 F/AR IS EE, ARSCRERL—A
JARA (Period) 5& SN 54, 1At 10 AEARMN DG E s, ASO TR AR 5
FEARIERS R 8BS M EBR A [R5 AR BE T R E T, ARSIl I 8 A At )
(Origin State) 5 H#rM (Destination State) FIFrfE (Scalar) XX TR 4T %, fif
P AR A M N DR LUT R RS T 55 ¢+ 4RI B ARMIN T, AT AL P9 30— S50k

AR 3% [E &M 2 8] R X2 38 B 4 SRR T 36 [ v R B R A (CFS, 1993-2017 44
W), KA HEEPEREHmIAE (CTS, 1977-1993 k), Xt 1977 4 LLHTHEE,
ARSCHGF) F AN 5 H AR SO AR B AT SRR GRS S D). X TR
SUAH AR R 5y SANE 5 G i T B A 0 A, i TEREA NI T 46 35 [ 52 5 JF
Ji# (Trade Openness) F2PEAHXTEAG, BRI H 1 E ) B4 R B P 3R UG . T E 238
I g, ARSI T AN G, I HR A s ok I ) 43 1 H O B A g s
H It X 43 (0 338 35040

N T ST TR TR G N TR T B R e SR IR M, AR SN IAG S SR S g T R A
WSE bR HEE: (D AXBRAGHENO=5, % Costinot and Rodriguez-Clare

(2014); (2) ARICBEE SEMILRA = (0.95) WIHBUE; (3) ARCEBE BN

w =1, SXEEESAMNRG (4) AR N p=3p , £ Caliendo, Dvorkin,
and Parro (2019); (5) AR 3N H BAREUN 1 =0.65 , X7 WA T kA H
WIBUE; (6) ABRESIHERN 5%, A5 FEHFIHFENS =1-(0.95)°, XBEEME
R 2 SCHR R I R

RS T LES M, RAZUFEBBREN MM, 57 7 X ESBR 240
A SHCR NG WA FE0A 2857 ) RS (RIS SO
5.2 IR\ Wesk

ARSCE SRR, 256 [ % M R AN IO [ 2% TE It 25 ) 8 17 K e
EE 1, ARSI T S E SN [F 7 I B AN SR K % 5 AU xHEOK T
MR R, EELUHK SR SIS E — 5. B B B RN RAE T 26 [H &1 4]
G N RS RN, 0 sE2 N AR 26

ETE 1 ONEBADLTE (1963-1980 4£) 1, AHERIUN & R E k), &5
NUE (-0.0257) HEAGAE L, Xt 2 EtB 5 Barro and Sala-i-Martin (1992)
7E 1880-1988 4FEEACHT I fti 1H47-0.02 BN —8: @F| 7 71 (1980-2000 ), A
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MR BUX ARSI R A R KIS, RIERRBTF 7L —F (-0.0148); O 1 if
AHFE (20002017 52, WRANRIIRSER RELHB N RECRR, RECNIE (0.0076) H
NEBEG R R

2000-2017 Annual growth rate (inc. per capita)

1963-1980 Annual growth rate (inc. per capita)

5 55 6 65 55 6 6.5 7 55 6 65 7 75
1963 Log. income per capita 1980 Log. income per capita 2000 Log. income per capita
Slope coefficient; -0.0267 standard error: 0.0046; R-squared: 0.3674, Note: Siope coefficient: 0.0148; standard error: 0.0056; R-squared: 0.1529. 3 ;

FIGURE 1.—Growth and Initial Level of Income Per Capita. Note: Vertical axis shows the annualized rate of
growth of income per capita for the relevant subperiod; horizontal axis displays the initial level of log income
per capita at the beginning of the relevant subperiod; circles correspond to U.S. states; the size of each circle is
proportional to state employment; the solid red line shows the linear regression relationship between the two
variables.

B ABBAEKSIEAE

5.3 AW S EAR ML

FEAR P EIRHESE g, W NIV FE LA N &k B —, WIS ME, RLIR
DA RSREZRMYIMGmE: £, EARmmd, AR FEE. "5 ALl E
FoPERR . Sk b, IX P ZH ) B SN IS SS0H B2 1) S e S 52 B B AR R 5T I . 1A
b, AR SORERE T BB AE B USSR T B S e v e R 3R SR 3
5.3.1 w46 & 5 A K@t &

BTl 2 ShAKEHE T REIIE, AR SO I S A S B AR T b AR ST
T F AR B PR EAT OB . AREAR TR LS B0 T 0, AT Je ki 7RI A %
AARATHE— DAL N 20 ARSI AT, A4S DA T4 46 2% 418 2 LLER
THEFAE NSO I S SRR o

X NN SR 5 RS, A SO R KR 10 A2 U o B0 K 0t
1970-2010 IR LEIRAACE TN . 7EEI2 (a) HF, ARSCREZR T 3 Sl i 1) A48 4k (1 4 ¢
REL, FERIT LA (BEEL) SERHEATME— DA S T ABRA
(S B SRR (AL S ER) I IXIUS SIOd . AR SOR I, e 3 SERADL S S e AR X
SRS SIH B 1 T BRI P RSO ], X R B IS oM 82 B RN WSSO B AR R Al T
FERTFAGI IIWIUE 56T, A SRATATBE J5 (1 Ze A i

it — B UE IR S A AE MR IO 52 BN WS ST B T3 TR A ST S Beon
N T 384 K S PR o JH R A A S AR T el S0 1) e S S AT RS, B 2 PR 4T T LB %
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S.6.5¢ UM (17 N 11 8 B2 A ASU AR 6 T 55 A 15 57 SR AS 8 & AT U B DA S W46 57 5 AL 7%
AR, BAE TGS N DS KAE 2. R, X EJRIEE—FhIE [ HH
BE R MR R, TR 3B TT DURRE BTN 8K I G 1 . JCH R TE
1975 4E LK, IXFPoe RARIG I N E——1975-2015 SEHIIAI I — & IR R BN 0.99, REA
0.82, AT, TN FIIGK 13X Fh GRS J) 3 A2 B R B gk sh i), BRI 46
SHEN T WIS AR = IR N D, X — R R AR T

BT 2, IR e gk SR B TR 2SR N ISR BE T BRI IR, R EE T REAR )
WA, MIAREEART S JAk, SERRIONS I3 SERLALON WS SI0E FE T B35 46 2 1
HAFRRTE, XA SIS BT TR T — PSS (First Evidence).

(a) Actual and Counterfactual Convergence (b) Counterfactual Convergence (With and
Without Investment and Migration)

orr. of 10-year growth and
orr. of 10-year growth and e

C
C
o

a

ce corr. in the model: baseline, 1960s dynamics

rgence corr. for income in the data lo capital
jence corr. in the model under 1960s dynamics —-—-- No migration

-0.8

~
o
oo

ad

-0.

8 Lt L L L L L L L s L
1970 1980 1990 2000 2010 1970 1980 1990 2000 2010

FIGURE 2.—Initial Conditions and Income Convergence. Note: Correlation coefficients between the 10-year
ahead log growth in income per capita and its initial log level in each year from 1970-2010; in the left panel, the
dashed black line show these correlations in the data; in both panels, the red solid line shows the correlation
coefficients for counterfactual income per capita, based on starting at the observed equilibrium in the data at
the beginning of our sample period, and solving for the economy’s transition path to steady state in the absence
of any further shocks to fundamentals; in the right panel, the black dashed line shows results for the special
case with no capital accumulation, and the black dashed-dotted line shows results for the special case with no
migration.

2 WRFHSBEAE

532 WAREHEHFHE

FRR, ARSOH AR B 5TV FAFm b e . Bk, BT
2 BhAREHIE FARE A SO LR 1 W FPRE BRI DL EAT 20 T — PR AR R (U
i, ASCBEALKE 4L N Caliendo, Dvorkin, and Parro (2019) [ZhZ B HUEBGTEAD; 5
—MRANERILE (RIS NN DR B RIETE 1965 KD . )5, SHCE—
B, ARSOREFEA BT B (AR S T H A, TRV AT AT B AR T AR A0 IR 5 0 SRR 2235
RS MBS, X, ASORBEIE1E B — 4 SO IR S SER, LRI )
BRAAFE ) A B R EERAT NI R R S SR AR

Rl FH I 2 S S ST, ASSCHR— VAR 10 4 AU 308 KR % 1970-2010 4F
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PRI K REAT EH, FEE] 2 (b) WSO R |8 B8 (— i 2 (a) SR, 4
SRR ORI CREEL) DLIATOTHEA CREREED B E A2 R AH K
FH HETE 2 (b), AR FEER EPHER, HEEFTH BN A
AR, K, BARRMEHZERT IS, ZIRH TRHHREREHAES 0
B EEE, A, EMEEAEETEAR R TSR T, SR
RUWESMEL R TR T4 20%. A6 YL, FSOVFRARL LT R 2 X T VT EC M fd R 55
I B0, S B0 0 I [ (A A 2 EE )
5.4 TSR

FT RIS IA B AN 51 3 M T 1%, AR ORI B AR 5iTBEhS
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FIGURE 3.—Spectrum of Eigencomponents for 1975. Note: Spectrum of eigencomponents for the steady-s-
tate transition (P) matrix for 1975 recovered using our dynamic exact-hat algebra results from Proposition 2;
eigencomponents are sorted in increasing order of half-life of convergence to steady state; black solid line with
circle markers shows half-life of convergence to steady state; red dotted vertical line shows the eigenvector
[1,...,1,0,...,0] with eigenvalue 0; blue solid vertical line shows the eigenvector [0, ...,0,1, ..., 1], which
with log preferences (¢ = 1) has eigenvalue [1 — u(1 — B(1 — &))], as shown by the blue dashed horizontal line;
purple solid line with square markers shows the loadings of the 1975 gaps of the state variables from steady
state on the eigencomponents; green solid line with diamond markers shows the loadings of the 1975-2015
productivity and amenity shocks on the eigencomponents.
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FIGURE 4.—Decomposition of Gaps of State Variables from Steady State in 1975. Note: Left panel shows
the 1975 log deviations of capital and labor from steady state for each U.S. state; middle and right panels
decompose these 1975 steady-state gaps into the contributions of the top 10 eigencomponents with the slowest
convergence to steady state (middle panel) and the remaining 88 eigencomponents (right panel).
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FIGURE 5.—Decomposition of Productivity and Amenity Shocks from 1975-2015. Note: Left panel shows
log productivity and amenity shocks from 1975-2015 for each U.S. state; middle and right panels decompose
these productivity and amenity shocks into the contributions of the top 10 eigencomponents with the slowest
convergence to steady state (middle panel) and the remaining 88 eigencomponents (right panel).
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(a) Impulse Response of Overall Population Shares
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FIGURE 6.—Impulse Response of Population Shares for a 15% Decline in Productivity in Michigan. Note:
Top-left panel shows overall log deviation of Michigan’s population share from steady state (vertical axis)
against time in years (horizontal axis) for a 15% decline in Michigan’s productivity (its empirical relative de-
cline in productivity from 1975-2015); Top-right panel shows overall log deviation of other states’ population
shares from steady state (vertical axis) against time in years (horizontal axis) for this shock to Michigan’s
productivity; blue lines show Michigan’s neighbors; gray lines show other states; Middle and bottom panels
decompose this overall impulse response into the contribution of eigencomponents 1-88 (fast convergence)
and 88-98 (slow convergence), respectively.
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FIGURE 7.—Half-lives of Convergence to Steady State for Alternative Parameter Values. Note: Half-lives of
convergence to steady state for each eigenshock for alternative parameter values in the 1975 steady state; ver-
tical axis shows half-life in years; horizontal axis shows the rank of the eigenshocks in terms of their half-lives
for our baseline parameter values (with one the lowest half-life); each panel varies the noted parameter, hold-
ing constant the other parameters at their baseline values; the blue and red solid lines denote the lower and
upper range of the parameter values considered, respectively; each of the other eight lines in between varies
the parameters uniformly within the stated range; the thick black dotted line in the bottom-left panel displays

half-lives for the special case of our model without capital, which corresponds to the limiting case in which the
labor share (u) converges to one.
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BARAE — D OCEERRAR, B ARFE N B RTHE MR 05 5 1T 8 e £ 38 B T8 2 117 T 3
X 5 A AR A A B, X2 BN T BEAAAE 0 B T B S X = 1) e B e
KPR 75 1A] o

AR EBMH T AT TTER: B, PR T Ao TR S HELL, K aTHEtE
TAM BRGNS RIEREA . I H ek T S4eiRE PPk, 3 TRES5H1MH
XTI shas R e - AEE R B, BRI, 5, EEALAT T4tk
T AT LUK B S BeRF IR 2 BF R ik 42 . IF HOWRE AR 1Rt 1 i U, Bl 42
AT e A e R O AR R A R B R R

ARSI TR, IR AL 5 A AR 5 AR THI v ek 1) 2 285 i 7 #5 RT AR 12 20 0 R R PR AR AR 1)
EARHEAE BT RAE . W 5] NFFE RS GRS B WI46 b 52 &5 T 50
BEERRFAE AN &), AT R AR [ B 25 (VST S0 B AN IR T 8 S R R A SRR A . 33—
(), ASCUEH] AR50 vh i 48 v] AR OR N IR SR AE ph i 2P &, HAUE AT UNE 5
I R RFAE I B [0 SRR SR AT

ARSCIETAE S ITE T T RAR B ST ARG BN S8E8H: 4
AR 957 B AR A IR B I AE - IX [R] 9 IEAR DG OC RN, 25 M AR A WS SO BE s i1, i)
WA LGN ELFN & TR, BARMETREKT. HERETEP SRR A
555 2 Brre A A TR, A S TRAKTVE, 553 bRk = A X 12 &,
M T 55800 Nl RZIRR

KT T BEARR R 5T R8 225 (8] 58 B AT FHAE SR BT 000 280 1) 38 ] & P SN W S50 B2
FE, LSBT bt B RR R B S PR R 7 T ) . ARG R X i 2
IS NSO B B, AR ORRR S B2 ISR S5 s, T JFHE H B AC T b e A X A2 1
FriksE . SRS 553 J1sh A EA T e S EUR N SCEEE 1) R B, T AT R BRSNS
B HICR RGP TR Mok 52 B

ASTAR R 18 53 M J7 1504 B2 A 5 55 BIPIRAS AR BN RS AS BT AR R R B A T 22 96 b i 1 AT
Iy, S RFW: VIIERRASHEWS S RHIE > B ERAARKREG, B EAE573)
XPARAS B D AEHBIX (A2 IEAH OGN B2 AR, A7 3R 5 8718 B2 4 50 vy W AE WL SICRL )
FROEsr 8 B BRI, KON )5 &7 b AR M DX TA] 2 SO SC I, I3 T 5
AGHFHRIGEGR AR KR TN RILFERY], WIIGFIAERKIEE BT
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PRI 28] FA SO N MAC I e T RS 1 T e T A

AIHE TSR, HTAEL TR AT B S22 (Y 55 bRd X ARFALE 70 B2 [ A Xk 2 4
A, K FERFEAMR DRGSR B AR EEh S . B, X B R AR X
PEERTRE 15%MaRh . ASCKBUE IR BIMN E e i 7N REh, RIEXa TN
FANAL, ERTAES PR AR AN DR A E 2T Y6 .

i bpTiR, A A RR N T HAMR GiERSSZ A FEE WAL R, If
ST IR H P Eh SR RGBSR g T 2 TR W

7. % B: FEEESIE TR

TEXANME e, ARSI 7 BRI AT A2 S SRR Y (R R A S AR o R B AR B
WK 1, BUTEFFUR R B B o RS B ) PR A0 HE S 72
B.1 BARBEGTE

BTN E AR R (5) DLKRTEZAH (60, MDY AR AL o] B R oA

(C )1 1y
max E Z,B” Sis s
~ 1-1/y (B.1D

s.t. pitcit + Dy (kit+l - (l - §)klt) - ’;’tkit'

BRAEUE R 51 1:
NT RS ER, BB R i BRI EETE ¢ NG E £,
ANRIEFEIH R, 2 v(k,;0) ARFE ¢ AR T AR, DU = 3 2 - &5 1) R nT 3 )3 o4 5 A

! +PEV(k, st +]), st oc +k,,
1/y

=Rk

1t

\(kﬁt)=(§5n;1
JRLTES

Horp, BT RETARUGEY, ACHFRRTS ¢ B E, ML ERERRE. &
SR FFIER] (Guess-and-verify) fFfEa, « ¢ 113 v(k;t)—M I B A S A A7

1-1/y

e =¢RE . (AT, v (k=" """ fok ) H 8T8 A

1-1/y

Cl 1y
L = + pE,v
1 1_1/l// ﬂ (t+1

t+1)+¢&[Rk —c —k,, ]
EF—%&tE (FO.CO A5
e} ¢"=¢,

kb & =BkE,[a " RE"Y .

=k, B [a VRV (B.2)

t+1 t+1

32



WAy BFHE  S232501392

M 4% 5% (Envelope Condition) v, (k,;t) =& R, 115+
atl—l/n//Rtlfl/t//ktfl/l// — C;I/VRt- (B.3)

AR SOITRING ¢, = ¢ Rk, RS B3 B, T4

-y _

t _gt'

ML RE ARk, =(1-¢)RkE, » HIHACNAAR B2 715

& =BVB e "R T (-¢)
y-1

Sg =1+ EIRY VY.
FERT BRI BB FR TS LT Cywr =1), ML BRI R % 56858 R 5 KK % A [\
RIGK, HHXFER 5, =(1- ), 5 Moll (2014) HRFFR—L.
B.2 Fa A FAAE HME—
BUE, ETAX—BETREAANR (10-16) RERMRE (BRI AR FEA M 4 1
{z,,b,7,, K, } LA RasE WAEZR AL (v, wi, RO, 0L kT D IIME—FELE E . 45 58 ANl 1] 202 f)

SEREALE, IO AR B BRI, B By, =v)

gt+1 °

(B.4)

B.2.1 3t A% 3tk
ERAT, FEUNKRME: k, =k =k, c:n ZCiI; :Cik* » Bk, =¢,=¢» NIIH
1-¢/ = o BREFMRABRARRAKX (1), ARERETHEA-FLL:

K__ B l-uw (B.5)
0, 1-p(1-0) u p;
B.2.2 #4354
ETRETEERTH, A A0 FHNBEHETSE N T
0 a ) 0
()" =D W, (W) " (p)) "™,
i=1
(B.6)
—-0(1-p)
1- (- 5)) i Y
!// =l > z'ni = (Tni /Zi) °
S
B.23 =W dFH A4
FTFRETER-FE, AR A2 FHESTLEE R NS
GO (p)) =D wE, (P Wi, (B.7)

n=1

B.2.4 {877 42
w14 FPHET RS T LAE N
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exp [ﬁ v j = (ﬁjﬁ/p @’ ZK exp( J (B.8)
p n p; n gn
ST BT g, B, WARE:
8= SR (P () 4. (B9)
g=1

B.2.5 73 /1 iR Eh 4
w15 RIS TR & T S N

Iy —Z exp(—v j@lf’;, ¢ = Zlfmlexp( J

MAERNMETTFEAX (B.8), A1
(PP W) g =ZKg,f,¢,’ (B.10)

B.2.6 7 A2
F4 L LRI, TR (p)ow!, 0,4 7T LU R 7 FR2AL A A

(p)) ZMQWHWMW)” (B.11)
pe=
(P (W) = il//f,,[ ) Wil (B.12)
P
T AT SRSy N AT E (B.13)
=
¢ =ﬁ:f?m(p,?)‘ﬁ/”(w;“)ﬂ"’((zf,f)”, (B.14)
e
Hrr, FFomE L re:

E(#j‘e(“”), =(r,/z)", ZK exp{ j, K, =(x, /b’)"".

PRAEFFUGIE B a8 1: {8 Allen, Arkolakis, and Li (2020) BIJ5iE, FETHIAIZEKI S5

W.0.5.P 110} Zgismie 4 foVERR, JRAASHIME 17 LEPEAR ML TR R 1 o
FRRIAR (B.11-14) FoAs Bt 0T LU 9 b T 4

-0 0 0 0
|ed-p) (1+6u) 1 0
Blp -Blp 1 -pB
0 0 0 1

A1, HAT AR B4R Hon] IR RN
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-0(-x) -6u 0 O

o 1 1 0
I'= .
0 0 1 -1

-Blp Blp 0 pB

/\AE|1"A |, HiE 12 (4B S RIRHMEE) N p(A), 3T Allen, Arkolakis, and Li
(2020) HJEEE 1 (Theorem 1), fFEME—FRZASIIEIZZAER p(A) <1 -
PR R, ARSCEEFTHEXNFR (Quasi-symmetric) 7 5 S5iEBRAKER, #HSH—

W ITE A, W 7, =7, 7 K, =R AR, HoPE =7 HE =&, (FEALK

mn 1 1

UER B4y TS . FEIXAMEE T, WL RRA AR (B.11-14) K5 A:

MG mef,,pn q, (B.15)
n=1
g (E ) Zm;‘ gL, (B.16)
q;"" 0 (&) Z WKl 8, (B.17)
= Z'i,,f?,fqﬂ g (B.18)
HF AR (B.18) \J 410
i,} & //J¢/J’
= g&)!
s
£ﬁ<3n>zm%uzﬂfﬁﬁgl,ﬁﬂh()¢ g7 BRI
N 2 K.cqﬂ/p¢ﬂ N ,;. ¢ﬂ ﬂ/p
n=1 )7 ; n ~j)7 "’
od B ﬂ/ﬂ
- L' ¢ 3 K¢lq |
Z ]K’”E”K” /¢ Z,, 1 in nqﬂ p¢ﬁ
~d/
&y, = ¢ il

Z P
=1 mn-n n
N
f[lz[d /¢z = Zytkmfn’(j /¢ s
q"" = 27 7" 4’
T Perron-Frobenius EH, fAEREANEE x #1F (& /¢ =x& ¢l gl ST FHER| Y,

TR e e MR () RTRRARIE, WA 20 BB, ST, EAK K
PERELL T, A x=1. HHE]:

0=kl (B.19)

35


https://www.nber.org/papers/w27837
https://www.nber.org/papers/w27837

WAy BFHE  S232501392

KA ERE SRS, B (B.15) Ak 1, thEp.
57 ~}’p q
1= mn n n

KBAR (B.15) ALK (B.16), ﬁﬁimﬁuzi Tnls Po Gn_ L0 4" 4

_g ~a\—
G
N o~
T, za ~c -
in ,gp'iaqf qll+9,u+ﬂ/p¢l+ﬂ( K (K sz “ b 6-1 1+ﬂ 1+ﬂ/p < (A )1’
n=1 p ( )
~a / -
Ti pl quﬂ ﬂ¢1+ﬂ ( ) _ T pz ql

N~ 0-1 4145 _1+f/p ~ - N
anlrinz-:pn ¢+ﬂ *ﬂﬂ C(K-) an anpn qn

1+ﬁ/p 1+ﬁ -1

F Fa 07l l+ﬂ I+ﬁ/ ~c - ALK
an m npn ¢ P (K )

~a 60-1 _1+pB/p 11+ ~c  ~d\-1 6-1 41 1+8/
Tiapi qi+ﬂ p¢i+ﬂKiL(Ki) Zw;z-mrnapn ¢+ﬂ v pK (K )

n=1

Z- pl ql ‘9” _Z¢lz-ln npn q"

n=1

FiH Perron-Frobenius ¥, FELEILAHEL y (445 7 p g PP PR (R = yil p o
WO, HEEF p N4 AR, (EARR— IR R 4 y =1, WA,

P, l+ﬂ/p¢l+,5 ~a ~C( )—l(z':b) — pl Oql—oy’
GBIt 14 (B.20)

-0 _ 1-26 129
<:>pi _qi ¢ e

-0
Hr, e E(fl_",;-lf’ (dh"_d)*l(fib)fl )m .
A (B.19-20) RAFIAX (B.15) M1 (B.18) 1, A:

1+ p+6u 91+/} 91+/}/p+t9/1 ou l+ﬂ

q, 1-20 ¢ 1296(2‘ Zz.m ’q, 1-20 ¢ 12‘96

(&)= meﬁ gl
n=1
2, ALCREGWHATEUL NN EERE g« ¢ . B, A Allen, Arkolakis,
and Li (2020) (¥ 1 (Theorem 1), AXEFSE]:

_91+¢9,u+ﬂ/p _01+,B

0 1
_91+Hy+ﬂ/p_6 _61+ﬂ
I'= 1-26 1-26 |,
Blp B
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B+p+up—upb upB(B +1)

AZFKW: B+p+upb B+p+upt
- BR6-1) B BB +1)
(B + p+ upb) B+ p+upb

LUAAEME TSR N REOERE A IELR/ANTEET 1 (p(4)<1), AICEEME
AR S HUE 5 5 5 5 IR R I 4 3055008 25 T L 3 A 4
B.3 ARG # IR T AR5

NTHE A 2, B AR EE RO

YELTIHIRBLE KA ({0 kot e 3 A oY o AD, Y L)y HLTSUASE AT 1
*%ﬂ%%%“@ﬁ&}m@ﬂﬂxth;,M%%ﬁ%ﬁﬁ*?%ﬁ@%ﬁ?ﬂﬂﬁ
PAN JEZ 7 PR 2 A5 -

1/
gt+2 /(K xt+l) r

]
1/p
Z m=1 tmt mt+2 /(KmttH)

l ﬂ
: _ t+] . P
Ui _[ i+l . ] z igt gt+2 /(KgitH) >
p1t+1

-1/0
. . . : R T
pit+1 = ZS[mz z-[mz+lmlmz+1 <£m1+l /kmz+1) /th+1 s

m=1

tgt+1

. No§
Mjit+1£it+1 = Z

N
n=l szl Sy Wi lie

w f

nit+1 " "nt " nt
nt+1" nt+12

-6
. . l-p
(TmHleHl (fitﬂ /kit+1) /Zit+l)

-0 b
. .
Zk - nkt( nkt+1wkt+1( fa+1 /kk1+l) /ka)

y/ w-1 g;t
git+l ﬁ it+1 1— ’

it

m’t+1

kit+1 )th it?

(R, ~(-op=Leberz _a_g),

it+17 it +1

H, EXE?@%E@ﬁBﬂ%xﬁﬂﬂﬁ/ﬁﬁun_exp(ﬁ v | (5 Caliendo et al. (2018) 2
o
L), A L bR R I ) 22 7y AR e &

=X, x, o FEE, RIXATTRRAIA TR

=X
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ZIKE’E% {{Zit }z}\il > {bit }ll H {Tijt }Q/jzl H {Kg'/'t }[]?Ijrl }:O:O E@{E{E,M%‘ ‘%‘ °
B.4 BRI AL

B4.1 lLE# A

(1) SCH . XS ARET s, AT 2RI, "1

N
dIns,, = Q[ZS,,mdln po—dinp,, j (B2D)
h=1

(2 Mitgo XFax 2 REMAT &M, FERETAL (9 F (2), 7.
dlnp, =dInz,, +dlnw, —(1-x)dIny, —dInz,. (B.22)
(3) Mg 4a%. MR REOEAT &5 TS

N
dinp,=>S, dinp,,. (B.23)

m=1

(4) BRI, BRI AT 4 s T 4

Wlt

N
dln(—) =dlnw, ->'S,,[dIn7,,, +dlnw, —(1-udlny, —dinz, ],  (B24)
Py

m=l1

(5) IERAA. XFa (16) L AUET 250, w13

igt

N
dInD, :i{(ﬁEldvgm ~dlnx,) =YD, (BE,dv,, —dn zc,,,.,)}. (B.25)
P h=1
(6) =i HiE. Mt (2) F=RHnHEEAEIT 2, FFRAA (B.21-
22), H[15:

SV T.(dInw, +dIn?,)

n=1"int

dinw,
{ drllwlj }: +03 " 3" 1.5, (dInz,, +dlnw, ~(1-wdlng, —dlnz, )|  (B.26)
+dIn?, n=l b=
-03"" 1, (dlnz,, +dInw, -(1- w)dln 7, —~dInz,)
=Snitwn/€n1
" Witgit

(1 NEsh. A (15 NEFsh& AT 2y, w15:

mt+1 mit

N N
dint, =>E, [dlnfit +%(,BE,dVg,+1 —dinx, - ) D, (BEdv,, , —dlnk ﬂ (B.27)
i=1

(8) YMETTRE. XHOME T FEREAT 203 rI 15

dv, = —édlnSm +dlnw, ~dIn p,, +dInb, + BE,dv,

it+1

-pdlnD,,.

BT dinS, MdinD,, AR, W15:

it it
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dln Wi _Z _1 zmtdln Pime
dv, = >
+dInb +Z D, (B v, —dInk,,)

Hrp, 1T dinkg, =0, T2 (B.22) TN 2Ry, "RIHME T FER4 3
o B HEN:

; {dlnw -3 S, (dIn,, +dinw, —(1-udln gz, —dinz,,)
vit

. (B28)
+d In b[t z =1 " imt (ﬂE dvmt+l d In Kmtt)

B42 S AN %t =
B 2 5 TR Fa 5 RO, WA BB E ko =k, =k o =0, =0

i

Wy =w, =w Ly, =v, =v], HARARSCH AR R RIARSME, IPRRE TR ¢ %

1

. BREREMXAEME (dinz) 5EE (dnb) KRS, 3 HBELFFMEK
FEHIER (dinl=0). HHMA (dinr=0) USITEEA (dink=0) ~HEH.

(D BARR. WNBEARETRARX (1D WEEREEARFEN:

) K l—uw
(- pU-6)7 =<1—/3<1—6>>£—;=ﬁ17“ﬁ;-

i

X HHHAT 2R, A

din ' =d1n[ﬁ;].
D;
ETAX (B24) BESRWRARKIEM, EXBMER:
N
dInz; =dlnw; = Y8 [dinw, - (1- g)dIn z;, —dlnz, |,
m=1

Hrp, 1T dng, =0, EX—RAEMHMEEAATERRN:

(I-(1-w)8)dIny" =(I-S)dlnw +Sdinz. (B.29)

(2) i thig. A3 (B.26) 77 iniiia Hid Ao 2644 v A FER RN

dinw, +dIng, =T(dInw, +dIng,)+ O(TS — I)(dInw, — (1- x)dIn z, —dInz),
Hr, HT dine=0, KRR RE—DEHEN:

[I-T+060(I-TS)dInw, =—(I-T)dIn¢, + 01 - TS)(dInz +(1— p)dIn z,).
HRREA:
[I-T+0I-TS)|dInw" =[-(I-T)dIn£" + 0(I -TS)(dInz+(1-mdlng")].  (B.30)
(3 NAsh. a3 (B.27) NHRsh &AM v] AR IR -

dine, , = Edine, + 2. (1 - ED)dv,_,
P

39



WAy BFHE  S232501392

ding’ = EdIng’ +§(1—ED)dv*. (B31)
(4 HrEifE. A3 (B.28) HME T FERI A7 T AR 9
dv, =(I - S)dlnw, + S(dInz+(1-x)dIng,)+dInb+ SDdy, ,,
H, HT dlnr=dlnx=0, F2REHAH:
dv'=(I-8)dlnw" +S(dInz+(-x)dIny")+dInb+ SDdv". (B.32)
(5) RS HIEH. L By B AR AR -
diny =(I-(1- )8) " (I-S)dlnw" + SdInz). (B.33)
dinw' =(I =T +0(I -T8)) (= =T)dIn £’ + (I -T$)0(dInz + (- w)dIn g°)).  (B.34)

dln¢ :ﬁ(I—E)’l(I—ED)dv*. (B.35)
yoj

dv' =(I- D) {dlnw’ —S(dInw" —dInz—(1- w)dIn " +dInb)}. (B.36)
B.4.3 A2 A HRbE
AE, HARX (B33) tdhnyg FIREAXMRALAX (B36) MMETTFEY, A15:
dv'=(I- D) {dlnw’ - S(dInw" —dlnz—(1- p)dIn z") +dInb},
=(I-AD)" {(I-S8)dInw" +Sdinz+S(1- p)dln g +dInb|,

=(I-BD) (I+80- (I -(1- S )[(I-S)dlnw +Sdnz+dInb],
=(I-BD) "' [dinb+(I - (1-w)S) " (I-S)dlnw’ +SdInz) .

(B.37)

BEHHAAR (B33) #dhny MFEEXRAARKX (B34 THETEF, 1.

(I-T+6I-TS)dInw' =—(I -T)dIn¢ + (I -TS)O(dInz+(1- g)dIn z"),

(I—T +0(I -TS)dInw' = ~(I-T)dIn£ +(I-TS)0dInz
+(I = T8)0(1 - )T - (1- )8) ™ (I - §)dInw" + SdInz) |

U—T + 6 ~TS)dlnw' :|:—(I—T)dln[’ +I-TSHO(I+UT ~(1-w)S) (1_ﬂ)s)d1nz}

+(I -TS)0(1 - )T —(1- )S) " (I - S)dInw*
(I-T+60-TS)dlnw" =—(I-T)dIng + (I -TS)O(dInz + (1— p)dy"),
=—(I-T)dIn& +(I-TS)0dInz
+(I-TS$)0(1 - w)(I —(1— 2)8S)" (I - S)dInw’ + SdInz),
=—(I-T)dn¢" +(I -T8)0(1 + (I -(1- )8) "' (1- ©)S)dInz
+(I-T8)0(1— p)I —(1— p)S) ' (I - S)dInw".
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(1— T+0(I-T8)(I - (1— )T —(1- )S) (I - S)))dln w
=—I-T)dInf + 0 -TS)I - (1—- )S) 'dInz,

(1 —T+0-T8)((I - (1- w)S) " = (- 1) - (1- w)S)" ))dln w'
=—I-T)dInf + 0 -TS)I - (1—- )S) 'dInz,
(1-T+0( -TS)u(I - (1- w)S)™ )dInw’
=—(I-T)dIn¢" +60I -TS)I - (1- 1)S) 'dInz.
(B.38)
ETHEAMBTEARX (B33, AAHshmEAR (B35, METEARX (B3D
UK THEITHEANX (B.38), W1
dv’ = (I - D) [dinb+(I—(1-)8)" (I - §)dInw" +SdInz)], (B.39)

y —~(I-T)dIn¢

dlnw*:[I—T+9(I—TS);1(I—(1— ,u)S)’lJ TSI (- S) dInz |

(B.40)
ding" =T -(1-w)8)"' [(I - §)dInw’ +SdInz ], (B.41)
dln¢" = g(l —E)'(I-ED)dv'. (B.42)
TR, ACKHE— BRI TR, B T B AR
G=(I-E)'(I-ED)I-pD)",
o=(I-(1-ws)", (B.43)

M=(TS -1).

I HX B PRI 2 AT DL PR
I+(1- SO =0,
I-(1- )OI -S8)=1+(1- )OS —(1- 1)0 = u0.

FTPLEE SR, wHA (B40) M5 N:

(I-T-0M)dlnw" =—(I-T)dIn¢" —9M[dlnz+(l—y)O(I—S)dlnw* +(1—/1)0Sdlnz]
[I-T-0MI-(01-p)0 -S8))|dlnw" =—(I-T)dIn£" -9MOdInz,

—~(I-T)dIn¢'

dlnw’ =[I—T+6’(I—TS)/J(I—(1—/1)5)71:'71 {_Fg(I_Ts)(]_(l—,u)S)ldlnz ,

dlnw’ =[I-T -uMO]"'[-(I -T)dIn¢ - OMOdInz]. (B.44)

BT EAX (B39, TRHAN (B4A2) 5781 /1 7RSS -
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din¢" = ﬁ(l —E)'(I-ED)YI-pD)"' [dlnb +(I-1-w)8)'[(I-S)dInw" + SdIn z]].
P

RFHERARRANX (B4 PLE XA (B.43), miE—2¥ EAAME N:

dln¢* :EG[dln;{*+dlnb]. (B.45)
P

T E A (B43), MEEARRATEARX (B4 HEN:
dlny’ :0{(1—5)(1—T—QM,uO)‘l(—(I—T)EG[dln;(* +d1nb]—«9M0dlan+Sdlnz},
P

{1 +OI - S)YI -T-OMu0) (I - T)EG}dln;(*
P

[0S -00(I - $)(I-T -0M 0" MO ]dInz |  (B.46)

- —O(I—S)(I—T—HM,uO)‘l(I—T)nglnb '
Pk, ARICGRMG TR HX N AR S TR HL X T AR RS s i 2Rk K
A AL BURESIRA A b 0L Ok AR (ding) S4PEE (dind) B4
P — SRR, N HERE (L KT W VT L KT WV RE . TSR RE N 58
ABRTLEHWSE0, 8, p, 1,5} AEFTRI B BBEERE S - WAGEERET - TH
B BHERE D A EENBBUSERE E -

din¢” r ) 5
dink® K* K>
=D ding+] T |dins, (BAT)
dlnw w* W
dInv’ y= | 268

MBI

T, HETUEBHEKANL: METE (B39, THIE (B4, AOTTHE
(B.45). BEAR-FFFITE (B46), LHZEWE, Lavis:

= EG{I +0(I -8S)I-T-0Muo)'I - T)EG}
2, P

x(0S - 00(I - $)(I -T - OM 1:0Y " MO),

= EG —EG{I +0(I-8S)I-T-0Mpuo) ' - T)EG}
p P p

xO(I —S)YI-T-6Mu0) "' (I - T)EG.
Yo

BT HA-S7 2 (B46) 5 AN (B45) Af5:
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K™ = {I+£G}[I+ O(I—S)(I—T—HM,uO)‘l(I—T)EG]
p P

x(0S - 00(I - SY(I-T - OM 110)" MO),

K"=1"- {1 +O(I-8)YI-T-0Mu0) ' - T)EG]
Y2
xO(I-8S)I~T—-60Mpu0)" (I - T)EG.
Y2,

BT THITRE (B44) 5AHTHE (BA45) F15:

W =[I-T-0Muo0]'[(I-T)L" -0MO],

W =[I-T-0Muo] ' [-(I-T)L"|.
HEFMEHTE (B39 5THFIE (B44) 115

V7 =(I-BD) (I-(1-wS)' [(I-SW” +5],
V" =(I-BD)" +(I- D) (I ~(1-p)S)" (I - SW".

WEEAT KN, FaSofbEaa e (L K= W= V=, [ K" W V") R SH40, 8, p, 1,5}
E5RT I ) S A AR R S . WA AR RE T« 3E AR R RE D UL GE NS FIAERE E 14k
PG . R, PAEARE (W) v, 00 kL AR P2 2R T I8 B pp s IR RS S AR A 2 P — 11

x5 I8 2SN B RE S SURNR B RE T £ E R E R EFE ) (Homogeneous
of degree zero), A TR THHZN, FELEHEEE (numeraire). KL, ARIEGE

%ﬁmzma%ﬁWAﬁl,mw=zm@ﬁ222¢=¢ﬂoﬁﬁ%¢ﬁﬁ§T§4m
X 25 BN AT R, WA : g'dng =) gidlng =Y q'—-=>" dg’ =0 . [FF
1, BITE G HUERE D | Aw@ﬁ@Ermﬁmzm¢AmLm% CRERIIG, Rtk
AR, B Y =T =1, FEE £ RS T MK A DT R R,
WFPEFLAFRR: > fidInd; =0 HiL.

B.4.4 &M B &R

AL =01, I BPRESZE S VIR (L, k,) LA 5 5B/ (S,T,D,E)
I JFANTR B SRR £ R0, ASCREHBOR BRI & 56T A 1H X
w2, Bl g, =ny,, —Iny , XTERITENETIEy, SR ELEM . M T
FANEMEITRE, AT, =v, —v , A SRS R A LR BRSO
HRSERKPRZE. ACERTHAMX AR (ding,) 5EEE (dinb, ) FIFENL
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i (Stochastic Shocks), F HARKEAHF A9 S IR INE (dinl=0). XFr5 5 A
(dlnz, =0) 5TZBEMA (dink, =0) 4,

(D NHRE) (A3 (2000 NHRSIFEME (B27) MY THIAAFA A H 4 ir w] I LA
TR

2. =El + ﬁ(l —ED)E .. (B.48)

(2) EAMEAE (A (8. Er‘%ﬁiugﬁﬁﬁ'rﬂ%%& (Deterministic Steady-state) ¥,
f: BR =1, He ' =1+p" R, NI ¢ =1-p o BAEMN THiE s AR
(B.4) #HATZMEA, 4% =lnx, —~Inx", WA

1+ 8" (R)"(R

t+1

/RG]

b

ét Z—Etl
1+ﬂgt+l

L PRy IR Ny 167
' 1+p4/(1-p)
~=B,In(1+ B((R, /R =1)+B((5. /)" -1)),
=PES, —(w-DBER,,.

¢ =k + +§,:§,+§,—(W—I)Ez2ﬂ31§,+s
s=1

>

=

ky,=k+R+1-¢)=k~+R-"/¢,

=k +R+"2(w-DEY" BR,,.

TS R, MFER. B, HEEHR =1-6+r,/p,, I LRGN 171 & T
LA-5+r/pH=1, KA

R, =tn| 1Z0F0 P )
' 1-6+r"/p
=In(BA-8+7(r, 1 r =1+ 1)(p"(p" / p, —1+ 1)), (B.50)

~In(L+ pr'/ p ((r, /7" =D+ (p" (p" / p, =D = Br" | p" (7, = B,
=(1=pA=)G, = p,) == A=V, = Py = Z)-

(B.49)

Hoebt, 1T g, =k, /0, B =" 0, 1k, TIAR (B49-50) A4kt

k~t+l = I;r +(1_ﬂ(1_§))|:(ﬁ)1 _i’t _/%z)-"%(l// _I)Etiﬂs(ﬁ)f+x _ﬁtﬂ _Z~t+x):|' (B.5D)

(3) HERE (AR QD). MM F RS IME T R A TR R A
5, =W, —p +b +pDEV . (B.52)

4 FERTZEE (AR (19). TSR MHEESRMSE (B.26) B4l H
DL H R :
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W, +L, =T(W, +£,)+0(TS - (W, —(1- )7, - %),
BT dinz=0, KRR EEE—2 5.
[1-T+0~T8)]i, = ~(I ~T)Z, + 0L ~TS)(Z, + (1 1)) |. (B.53)
(5) Mgt (A 7). HBARX (B22) ALK (B23) o, JEKHMES KM
M, MR AR (7).

B.=S(%, % - (- w(k ~1)). (B.54)

(6) X THIRFEE SR TR, SGERADNSHE (BSD. Pl HiEs
f+ (B.53). NIOsh&E (B.48). ME e (B.52) PLAMEIEETTE (B.54), TJ{154H
S F VGRS RIS HE T FEN:

ki, =k +(1-pa-0)(%, - p, -k +1,)

1-p 0 (B.55)
+(-p-0)—= ~DE 2 (Wroy = Py~ +2,.,)-
W, =[I-T+6(I-TS)]" [—(I—T)Z, + 0 —TS)(Z, +(1— 1) ;z[)]. (B.56)
2, =Et, +E(I—ED)E,17H1. (B.57)
Yol
5 =(I-8)W, +8% +(1-u)SF +b +BDE,,,. (B.58)
7, :s(wt -5 -(-p(k,-2,)). (B.59)

B.4.5 fa 5 ¥kt
BTk, ASCKEHE A& (B.55-59), HFRMBALRESEE (£, 5k) s
M. AT RRIITE, A KRS EEECN T E S RAR-TE (0,5 g, ), (HIERE
BRI METUEKE Nk, =0y, o B LEEHE (B56) I dinw, XN W E 7 72
(B.58) 1, W[13:
(I—S)[I—T+9(I—TS)][ _(IjT)zf : }
+0(I =TSz, +(1—-w})
+8% +(1-u)S7, +b, + BDE

t+1

(B.60)

Vt:

~(I-S)[I-T+6(I-TS)] (I-T)?,
(- u)[s +0I-S)[I-T+6(I-T8)]" (I—TS)J 7,

t
Il

+[s +OI-S)[I-T+0(I-TS)]" (I - TS)]%.,

+I;t +BDEy,

AT AR R 2 S
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5,=AL +Bj +C% +b +pDE7,,, (B.61)

He, A, B, Co5lECh:

=—(I-$)[I-T+0(I-TS)] ' (I1-T),
B E(1—y){SJra(I—S)[I—T+9(1—TS)]’1 (I—TS)},

C=S+0I-8)[I-T+0(I-TS)| (I-TS).

FEARTFE (B.61) WM FT (Forward in Time) #E'S, w[15:

o tb). (B.62)

BAX B.62) Hiyv,, (HE—H) ARAARX (BSD 1, AIELU T AN S5RESE
() WPEmZE K E B 2R0R

5, =B, (BDY (AL, + B, + C
5=0

zHl - Ezt = |:ﬂ (I - ED)Et Z(ﬂD)\ (AzHHI + Bit+s+l + Cz + 5
5=0

; t+s+1 t+s+1

)} (B.63)

KU, EASNETFE (B.SS) A[ME N GEREIW, - p, = AL, + By, +C3, ):

Z+2,+(-Ba-8)(AL, +(B-DF, +C7)

ZH +zz+ = — ® - (B64)
T - pa- 5»%@/ DB, Y (4L, +(B-DF,. +CE..).

B.4.6 %A1 3 e 3 i A2

RBARIENAE ¢ =0 WP TR ¢ =1 FFIR A = R S EFE I — IR IE . ROREZAM
FEAMEM . BRI, ATLCKHEAT R 5 RPIERD AR T AR AT AR K7
SIS (7.8, ) = (2.6) for t=1.

B BATRR 3: FEFE2N x 2N HISERBHERE P H12N < 2N HimddERE R, A AR (22)
W) B 224y 5 R AT DA H A0 RIS A P AR

%, =P +Rf, fort>0. (B.65)

Heh, & :m HIN<2N BREZRI— AR T :mmmw e TN
HH—ANAIE; TP, R 2 2N x2N KR, HERMURBTEHMSE v.0,5,0, 1,6}
Sargim i 51 5 5B 5ERE (S, T, D, E}

BT

WNGTL, 4 7 =k —2,, Hb 7 AEANHIXEEAR-S SR, TR KK
(21 I SREEA T B N 2, BRI DU A0 (B.63-64) WIS s, JF HoG AR
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AHAKFIIGH (7,5, ) = (2.):
(I-ED)"(2,, - EZ,)= ﬁZ(,BD)( AL, +Bj,  +Ci+b). (B.66)

Fon+ =7, +0,+(1-pU-5)(4L +(B-D, + )

- N ) (B.67)
- pU-o)—= ~)Y B (AL, +(B-DZ,, +C).

ESPYOESE
(I - ED)! (Lz - E?,, ) = Ei(ﬂb)" (AEHM +B7,. ., +Ci+ 13). (B.68)
p s=0

/%Hz + 2t+2 = /;EHI + zml + (1 - ﬂ(l - 5))(Azr+l + (B - I)/;EHI + CZ)

-y - ; ) (B.69)
+(=pU=0)—=W -DYF' (42,.,.,+(B-DZ,,.,+C).

HARK (B.68) WiliFFRLL gD, HIHEARK (B.66), HFHHIW15:

[ BD(I - ED)'E + (I - ED)”' —gA]ZM
BDU -EDY'?, , = —(I - ED)'EY,
B pz Bers B
_;Blﬁl _ECZ _;b

IR, #A (B.69) WILFRLL g, FHmMEAX (B.67) Al15:

B(Fr + s )= (-1 = (1= BU=EN AL, + (-1 ~(1- f(1- 5B~ D),
+ (A4 BT~ (- fA- SNy ~1- ) B~ D).,
F(+ HI -1~ BU- Ny ~1-py) AL,
~(1- -8 (1~ B)CE.

FHIXAS I 2= T RE AT HES (Stacking), A5
|:ﬂD(I—ED)I 0 :||:21+2:|:|:Y11 Y12i||:zr+li|+|:®ll 0 i||:zl:|+ _gc _gl |:
pI Bl ., Y, T, X 0, 0, X, -H 0

Yll —ﬁD(I ED)” E+(I ED)7 £ 4 le E—éB,

Z

Y, = [(1 + B+ (1= -8y ~1- )T ~S)[I-T+6(I-TS)| (I - T)},

Y22

I+ /I (1= A=)y ~ 1= By)x
[(1-){S+O0UT - I-T+0(I-TS)|'(I-TS)} 11} |

®,=—(I-ED)'E, O, =-I+(1-p1-86)I-8)I-T+6-TS))"'(I-T).
0, =-I1-(1-401 —5))((1 —w){S+0(I-S)I-T+06(I-TS))" (I-TS)} - 1).
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11Ewa—ﬂm—ﬂa—aw?a>sﬂl—T+ml—mmrkl—mﬂ+s}

BRK, AICE A DL A (B.65), JRK AN 22 724l
(B.70) ", M8 —A AR FE4L (Matrix System of Quadratic Equations). 2R )5,
SR A U T FRAIEAT SRR, RIS T A R (B.65) ML,

B AX (B.65) RAZFr 2574 (B.70) 1, A[1g:

(?TZ—FP—@%%}+KTP+qh{UR—Hﬂ;}:Q (B.71)
Z
TEPﬂDXl—EDW 0} ri{nl nﬂ’
pI Bl Y, T,
[@H 0} {—ﬁc —ﬂl}
0= , II=| 7 2o
®21 ®22 -H 0

%Ttﬁﬁﬁ(aﬂ)ﬁ%,ﬂﬁﬂ¢m’;FO,M%EUT%#=

Z
¥YP'-TP-0=0, (B.72)
R=(¥YP+¥-T)'IL (B.73)

T Uhlig (1999) MM, PILKESE —Do&AT (B.72) BB SURHIE A &R AR

A A /@ (Generalized Eigenvector-eigenvalue Problem), 1 e /R SURFHIE =, ¢ KRB

AR T A BT SURMEME, HRD:

[x]

EAe =

EF ﬂ’ AEP’ﬂ'
I 0 0 1
e, JI T SURHIERIR, & N B HIAET A Jr SURHIERE, W Ty (heRY),

[@Q}
e, =| _"|
¢,

B HERE HA AR R E GET2BHERRIE, WAFE 2N DEYEISL R X
FHIETT R (e, e,y ) EARAARIIIAR ERFAEAE (&, -, &,y) » JFHIFRHERE P AT

e’

Hrp:

[1]

P=QAQ",
Hrfr, AN 2N MRFEERS RS, QO3 2N ML E (e} MEBME. #—P
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K, APEEE —ANAME (B73) wdidERE R K E RN A
R=(YP+¥-T)"'IL

IR AR A (B.65) s (22) s FRA M U, Moa @ 3 13HiE .
B.4.7 #4555 269t

TN, A SCAE A A 3 R AE R AR 7] 2 R R 4R &R (Eigenvalue-eigenvector
Representation) K1t B 255 A B &S I H RS (AT
B4.8 Jskah S 5 A K@t &

FERI, A RARELAAE = 0 ], ¥ I BIFE AT (2,b) 16 ¢ = 1 I i — I A

v, B, T3 54 (B.65), HATE £ 1 MMV A

% =RYf.

BE— e, X REEEAHIZESS ¢ > 1 I vh i A
%, =P% +Rf:(ZI:stRf. (B.74)

R PSRN T | (TEQIREER P W), W im,_, > PR
WS, PRI TT DA — R R A A 2R ¢ > 1 I b i 2505 9

%, = (i P-y PS]Rf =(I-P"")(I-P)"Rf.

BT IR %M, RIS E WAL

lim& =x, —%...=—-P)'Rf,

Hr, (I-P)"'R 53 B.4.3 i A1 a2 1 B 2UE— 2L
r r
I-P)'R= )
( ) |:Kz Kb:|
FFarl 3, LI BEIE BIAE A [F] M X 2 (8] 4 A7 () AR it — 20 o o Ra Sl 5 2k
A (oTmEk), Rl
i"t :P';ét—l +Ria
it—l = it72 +Ri,
% = P%, + Rf,
X, = P%,.
He, BE—NHE (r=0) 5HAMGFREEGEARFERE, FANr=08, REEIKGEIR
BIEARMEGAE ¢ = 1 N R AE— R, RSO SR B e = -1 80 = 0 A TIERE . TR 3 ¢
51T 5y, 115
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Inx, —Inx_ =P(nx,_ —Inx_,)=P '(Inx,—Inx,)=P'(Inx, —Inx )+ P Rf.

B, "1
Inx, —Inx_, =[lnx, -Inx_ |+[Inx_ —Inx_, ]+
+[lnxl—lnx0]+[1nx0—1nx_]]
=[P'(inx,~Inx )+ P Rf |+[ P (Inx,~Inx )+ P7°Rf | (B.75)
o+ PInx, ~Inx,)+ Rf | +[Inx, ~Inx_]
=2PS(1nxo—1nx4)+§PSRi.
WEIFREI AKX (24).
B.4.9 & T #4545 15 69 i 47

WIHTSCHTIR, e TR ) S A RGE > & 5 R AERE P RHIE(E, v DA — B RR &0t
MR AR, AT (24) WIHLR 10T LLE & 5 B3N8 B A2 0 i o R AR T i s DA K W 46 A
B AEro Ftk, ST AR, T E S T YIGTRE &S L.

(D) HRFERFRRE D . BRI ATRAE . P=UAV , b A Jtids
SHE P P HE A R AR, HHY =U" o STTARRAFEE A, 5B h 5 U®@w,) 55 h
1TV (v)) NEEREFERE PX A RAAE ) & 5 ZE RefE ) B, B

Au, =Pu,, Ay, =V, P.

WAL, w, (Bly)) RXFE—AmE: Yhgk (@GR BRERE PR, ZHDXY
RRFAEAE A, LG H SR (GERE P IFANRR 58 0 FR, AN 750 R RA R E AN E—, A
SR ERHE R Y. W THE by w19 2 J630 (2enorm) 9% 1, HIE i, =124 FLAX
Hi=h, HABERIIN0 X T w, , ASCEHBEPVRHERE, T {u,} 5 v} 5K
R BSE 2N 44 i) = ) ) 2

Bk, ACH SN R GEEE GERTED BR €, AT BT 5 B R AR
R NZS . AT L—MEEM S (Eigen-shock) NHEEART R £, ¥R Y]
GRCI RS, , I FLSCRR R0 5 5 B 40 B 10 B0 SARAE 1 B e, SR I B — 3 RRAE b i AT 75
REAE R RAT AR R R: f, =TT (PP +¥ -Du, . EEF, XAKRRM KT
BHRE DLAERHERE P IRHER & u, , S0 UH R 5 5150806 (S, T, D, E) FIEAY
B Ay, 0,8, p,u, S K1 DI, IXEEHRFAE P RE A2 Hhm] W0 I 0 3 S B s DA SRS 2 &
FIZ AT K AR -

FETHRHE R SRR, 7T DU s J5 2 B I B A e S AT 15 404

B 4: BESFEMH (1=0) EATRE, FERBEAEVH T BBRK
(= RS RE—RFANERES (F=[2). 10, REZRIHBHETUSR

BBEEPREE (1) EREAE (o) K~ &EHEE:
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. t-1 oo 2N l—l}ll o~ 2N 1_/1;1
X = PWZZTfWMM:ZTf”M’ (B.76)
5=0 h=1 1 ﬂ’h h=2 1 /111

b, XAREA A MAE o, 7T OB BB W E AT i £ SR £, 3
TEMERRE (REH) REIRE
UERAIN T :

IR P IORHE S R: P=UAV, ®EIP =" 2wy, WA

= . (2N L 2N [ LNy .
=2 PRf = (Z’I}f"hvé]Rf = Z(Z 15)“11"'}’1Rf = Zl ﬂh w,v,Rf .
s 5=0 \ A=l h=1 47

N T IHEEG Kbt f AT R, A2 ONRFEME {f, ) NS (o WRUE
HRE), 4 F3oRE h SN h MRHEM i 0RE, W Fa=f < a=(FF)'Ff, il a
AT A f P REE P L R H BT OR, ASCE R T R AT 4 AR IL
SIOHFE LA B it 1l X b b PR S5 D A R

(2) WK PE o ARSCAE AL Se i 2 1 (Half-life) A & X Wi Sl A2 2 110 3k P kAT iy
B, BRME, 3 0 MREE s f IR IIOE SO RAERUSE Rk
I B e 2 B[R] O

X —X 1
argmax%z—, (B.77)
! ma'X.Y | xis - xiao | 2

:/H‘:EFI ’ Xj[oo = 'x[*,ncw

WAE, FREAEF FLRFEM S (Nontrivial Eigen-shocks) HIUCSIGHE & . X F3EF FLEFE
i, RETESRESEIRRE, HUWSOE AR T-5F B RHIEE 4, -

HEAE 5 RELFEVE (1=0) 4TRSS, FAERBANEMHTHRIAK =1

& RAE—REAT NS (=1, HRELBRMFENIETL (Nontrivial) FEME
A fy o BRPREZBAPIAMELE =1 B S HBERE P SR o, — B0 BEIFF
TE RS, =u,, WARAE x, R P 0 L RO 1 B 0

*
— X

i,initial °©

u, = Inx

B a —Inx, =2,
= j h

WXt FRERESZE =2, 2N, HEABREHEIR.

~ In2
115”2)(f)=—LM W
h

Hep, 5, =x X || FLEEEES (Ceiling Function). FEHH, XF-FHHK

i,new

FHEEAF K FURHMEM P, HAEEINE.
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UEBR AT
IR AR WA T RE 5 ESEAHE R (Rf, =u,) —3 WATLEAR 28)

W5 N:

~ 2N gt B 2N 1— 2! 1= A
=) —uyRf =Y —uviu, =—"u,
“1-2, S1-2, 77" 14,

He, HFvu, =0 for izhHvu, =1 for i=h, Xtt+1 584750, WAH:

. 1= 1-4,
X =X = u, - u,,
-4, " 1-2,

Wi A : (1-4)x,, —X)=1-2)u, W (%, -%)=Au, . F & :
X, =Inx,-Inx,» B Inx, —-Inx, =2u, . XERERRSHESCEREOER, A

S FAEAMBE (P T = exp(ilu,) - ST EREMINGE LN (B77), MRS

Lo mloimgy, = (=-DI2
L u, 2 2 2 In/,

II
U
2
I
|

9T BE R R S R t=_MﬂQ

B.4.10 73 X £ 45

FEIESCEHE 3.3 /N h, ARSCAE AT T — AN A TFAG R PR A 0 R 1t X 14 5 B 2245 0 4% 20 A
JREHAT T BT HXON PR S R 5 51T R, SO ST M AT RE (SFID) ¥R
KRR H A M 548 (Diagonal-dominant) #5f%E, WEIT=8. E=D. {EXMFEAF, K30K
X IXA i B R B AL FE R P 1K) 4 ANRRAE ) SR Sk — B IR . ZE TR % B.4.6 Xt T
3 RN, RAPRSERMRLERL 57 =k -1, Hh 7 AE MK R A-Z55)
EE I £

WIHTSCHTIR, EXANFREG T, R PRV NMRHE R 2 B A LT g

1 0 1 1
1 0 -1 -1
> > , s (B.78)
of |1 ¢ |-¢
0 1 ¢ £

Hrp, W EMRTHRALEMSHU LR Y SERMPIER (S=T. D=E),
IR DY AN RAE ) 8 A PR SR AR BE— 25 7
B, WR wi PH—MHERE, WA
A*Wu=Tu+Ou (B.79)
Horf, 2 AXRIRHERE, FHRAEE: . TS50 8AN (22) T 4x4 5. X
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B, fH# /] (Brute Force) FE (fill1, FT MATLABfF5 LH, WY, T'. 0%
IRNERISHSHERE S 5 D PERMRED 55 KAE[1,1,0,0] MFFEEN 0 BIFRFHE R &
[0,0,1,1] A2 —/MRFE &, A EAGRME w 5T 1 O B, R4
TEEA- pu(1- BA-06)) o B, XTEEHHBARINEIE y AET 1 N, RHERE
[0,0,1,1] X B PIRFAEAE A 9 LA R 5 FE A«

ﬂ:(ﬂ+wﬂ—ﬁmf33+X)—ﬂﬂ+wﬂ—ﬂmfﬁﬁ+Xf—4ﬂX
23 ’

Heh, X=1-u(-p01-9)).

X178 [1,-1,0,0] 57[0,0,1,—17"» WU AT DASEAAHIUE ] HOIEA R RHE ) & 2558 20
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