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I 1. Introduction

I Background

PEREZOTERMEZICENT, XXM (Tradecost) BT h->71-EE
[CEHX/ N — /’P%‘Bmd)ﬁkﬁl\ﬁ /(atc‘:d)J:ar”"ﬂ:'d‘Zab‘, EW) REE
%) (Counterfactual) AR WIIFEICHHRNR E A > TE /-,

DZOFTH, XBLRY FT—I~ADOEEIZEIZEIRXMIRKELEFET S

DEHIHICRKBERY P T7T—IEZEDES ICEY HTNRIEE LD ?
DaRERY P77 —BEBICKBFFTOKRZTXIEX?
DEIFEDRBELRY P 7 — 7 REDOHREZTHMEL 7=

PINODREWVICEZS=OHICE, XBEXY F7—I/RENRELEAGDHE
ZHALOHICT ILEDNH S,
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I 1. Introduction

I Main Elements

piITE IR AFZET L OZERNER (RFRER & mHHEDT)
P~ IFE

DB ERxy b7 =0 ETED LD ICERET B H ? "Optimal Flows”
>EDLSICA T T EEFKRT BN ? "Optimal Network”

P Optimal flowsE : KB HDEH TE K OBEFMEDERE

D>EIESTELA S (tractable)
> X el =B o F) FB

P Full Problem (Flows + Network + GE) DH{EETE L, AJEEIC L TW 5

DEIXICHITHEMAZERIT A LT, mBEOKIEEIRIEINS,
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I 2. Relationtothe Literature

pEFY N7 =05 E LT, REBEMEZBEVLDTWASEEMIIEZ W,

PIEA 7 IREICELTYD, #hE - BREDICXDREENTERMNR Z T
fL7cbD, REEICKERY T —7&EZRZIaL—bL7cbD, 238
Ty h T = BEDHHICRNCEZ e EenT LIcb D, 0EZE < ORHEN
RO D5,

g

=72 L, FECHo—ixla9%, REHXEMNE B8Ry F7—/J60E (BRER
BA 7 71%E) ZFREICIKR-> TULBEHERREIT AL,

P ZDHEXTIE, FITHREFERFFZOREAORT—RIIEZEH L, B
REEELRERY F7—REREZREVLTWS,

(5
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| 3. Model

I 3.1. Environment -Preferences

» locations: §=1{1, ..., ]}

> N1& D EX5 | B4
> 18 D IEERS | BF (g IE—7E)

> location j | (ZL; A D 55 @)%
> location j CHEIE 1A D, cj=% (Bx5181) , h(GEER5IR4) ZHE.
]

» utility function: U (cj , h) (1)
> where, ¢;L; =CJ (C}, .., CY) (2) ([ 13T D315 L M4 —REREH)

> Cltl&location j THES NS EFInDOMOREZ KT .
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| 3. Model

I 3.1. Environment -Preferences

» production function: Y =F} (L;‘ , VI, X?) (3)

> L7 jICBWTHnDEEICED 2 HEE DK

>Vi= (V.. VM) EEER (fHRIE—E)

> X7 = {X/", .., X"} BBPIL-NTHEESINIF DS 5, BnDEEICHERA
SN25HD

> F BRSNS L CNE—E, N TOBIHUCK L TM 4B
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| 3. Model

I 3.1. Environment -Underlying Graph

B locations: J=1{1, ..., JHEERR YT T 7

=/ —RjeERINTWS/ — FZN()
E3BHE, BMlEjnvke NHICHIEIND,

PDEROHFRICEKE T S L, jlEEB(county)D
EOBHEBRLGEFEEY, NGIEICBHET
BMDEPL LD S HITEZBNS,

»-72L, SEDETILTIEjEk € N()IEHE
EBAICEEE L TLAREIT AL, ZEXCEE
TEINTWBIHEE S E R AL
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| 3. Model

I 3.1. Environment -Transport Technology

CDETNMICEWT, HIZBEMANIEEICBRAINIHRETHLL OADHESR
ZiE > CENEINS,

> QL h ORICEES B HMnDBERET B,

PIDLE, BXOR MEGLEEET DL, QR EKICEIXT H7-0ICI,

JP oI+l QR EMEFEE L AT WAL, CRREEHXER)

PIIT, MXIARRIEEDY T OREEQNR LYY I DAY T T LAILIGIC

T =@ 1) (&) 1E20T,
0t /3Q) >0 (5): QRAHEMT 2 LMBEIAR b SN CRAEHNR)

I/l <O ¢ LiAMRNIT S LWEAR brj3RD. (177 OREHR)
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| 3. Model

I 3.1. Environment -Flow Constraint

PETDjEHNIZDOWNT, LUTFAEY LD ;
C”‘ + ZX”” + Z (1+T]k)Q}k\ Y+ Z QI]
keN(j) 1EN())

/\E

EIIZDOWT, (' jTHESNSMnDRE, X, X"" C BERAINS 0 DRRE,
ZkeN(])(l"l' k)Q]k ]b\bk $ ﬁéﬂ%ﬁﬁnw?\gﬁi@’é‘

ZlEN(])Ql] :”5\'9] EH'Jkéﬂf-ﬁﬂLnODﬁ‘“E%i'%@’

C" + X X"+ 3 NU)(1+T};¢)Q};< < Y"+EI€N(J Q” ©

;ﬁ§+ﬁhl+$ﬁﬂ:‘. $E+$ﬁﬁ7\

b7, PRAJICHEIT Bnoffilge LTHRELTHL,
XIDEZE, Pl’]‘ IZR(6)DFRFED T 770 2T/ EEF L (D (TEATIERA)
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| 3. Model

I 3.1. Environment -Network Building

PAERETILTIE, KBLRY FT—IBEBEEZA > 7 7HRE]]

AN
i jepeny PP
(distribution)& L TEET 5.

pERESLY 7 —BERE= 0N RmELLTEZ L
T IREICEATAHENZLULTOLYICERT 5.

Z E 6§k1jk=K (7)
i keN()
ZZ’C UV IJRICBITZBFRY P T BEROH LI ZRT/NT A — 4,
|$ETIE %®%HT%4/77 SRDIEE (—E) TH 5D,

7, UV TjkICBRIC D8Ry T — I HEEREINTWDIEE,
0< Iy <y <Ly <o
CERTELTHL., (applicationd/X— k TES)
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| 3. Model

I 3.2. Planner’s problem

P w;%Planner B’ FjIC W5 HEEICEN) HTI2EAL T DL, FERHEHIFBEILE
WSS O =B I,

Z,-: w; L U(c; , h)

W = max
Cj ’ h} ’ C}‘ ’ {Ijk}kEN(j)’

C?,Lf, VY, X%
{J 77 }{ ;k}kew{}.)}ﬂ

subject to:

(1) Exs |84 - 3EENS |84 O F]FI I EE14 (availability) :
¢l < CjT(le, ...,CjN) forall j
(2) 7O —DNR5 Y &M
Cl + nZXf" + ), (1 +fc;?k) <Y+ Y Q!

keN(j) iEN(j)
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| 3. Model

I 3.2. Planner’s problem
GlEOESES 7Y
(3) v b7 — 7 EEHIK

Shelie < K
j keN()
(4) S jOFEIN L EEERICDOWNT,

ZL? <Ljforallj
n

Z vVt < V™ for all j and m

n
(5) HE, @ixE, JERDIFESRMA:
C*,ci,hj =0 forallj € N(j),n
Qix =0 forallj,k € N(j),n

L}, V™ =0 for all j,m,n
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| 3. Model

I 3.2. Planner’s problem

P w;%%Planner B’ FjIC WS HEEICEN) HTEEA LT DL, FBEHIFBETS
BE OB,

W = max u
¢jrhis Gl

i kengy Lj-

{C?:L?, VXA

keN(j)} ,

subject to:

FEIE N BE L WIHE DOHKSEMA 1)~ (5) &,

6) BB T A HEEICOVT, OBEOHBjTOMANTRTELWL)
Liu < LjU(cj,hj) forallj

J
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| 3. Model

I 3.2. Planner’s problem

PHEELEH LG WVGEDORBECHEEIIUATOL S ICHETE 2.

W = maxmax _ max Z w;L;U(cj, hj)
I; no{chLmyntx™

P Optimal Allocation Problem

ROAAICH S L]V X ICET 2 mAMEEIL, £EREEVRAY T A7
(Production possibility frontier) |Zft > TEEEZ & HEDOERAERBILL, &
JICBIT 2 ORBRIEEMEICHE > TEEZERT 2HETH Y, HTHBETKEEFD

PTCTRICMREINTE/HAETH 5.
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| 3. Model

I 3.2. Planner’s problem

» Optimal Flows Problem
RIELEESE Z RO DQ BT 2RAMAEICONT, BXEIFLITO L I22
%ﬁ@ﬁ%ﬂﬁiofﬂ%éﬂ%i&%ﬂ%?%.
Py
Pn -

1+]k+ Q]k ifQ}?k>0 (8)

GQ”
St oMiEnLbly, RAEEXEFERALUTTH 3.

QLT PQRICEL T ThNIE, MEE T2 RMOMIEL OB TRINS,

- Optimal Flows Problem|3, S DEE, EHE, HE@EAOQLPEI N TULN
(X, 2SI DAICL > TR I A TES HHERE)
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| 3. Model

I 3.2. Planner’s problem

P Optimal Flows Problem
THDhL, WROMELLENRE NFE, WEBQLIFAE (B D,
]

BN, EELHEENSGAON
ol EDEREHNRETRL TWD,

FHTLODHNEEIN, F
LYot (104F7) TEESIH
TW3ET B E, IEIEENT
BHEL, TN SLRERWEFFT
=S5,

/ / ! I I /

/

Z D & O BHEICREEXME
R EBFEDLSITHD (RO
RIHWEIXEZRT) .

\ | ! /

y

Figure 1: Example of Optimal Flows as a Function of the Price Field
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| 3. Model

I 3.2. Planner’s problem

» Optimal Network Problem

RBREEE EBROEENRE-T-EZAT, mBEFrY FNT—VBEZZEZ 3.

FRER) Y P TV BRIV ORERS Zus 35 &,
14 » 5P 19%)

y (9)
RFEREAR A7 FERICKDRBUNE

i

X < /e olE, PEFESEEFESICED 2.

ZITH, QRpAMRAEOMISLICL > TORRED Z DD, RBLOKRICE
DXy T =0 %FX BN R, V7 TEICERER Y M7 — 7 KERRE
ERIENTE D,
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| 3. Model

I 3.3. Properties

»EE 1. Planner's problem DI DWW T

(1-1)% v b7 =7 {H} D Fr 5D, QU (Q, L) B'ET D) kIBEL T, QIZ2WT
MTHNIE, FEEHDBE L LT — X Doptimaltransport problem & allocation
problem (I HEELFERETH 5.

(1-2)& 513, Qh(Q )N ETD)LEICEAL T, QIMAICDOVWTLTHNI,
v b7 —VEEBREEZEOETOREBCHENRBCHEREE 15,

(1-1)1, BIEMAE CIIRA O NL D - F-RiEHERRE % Fh KB EFEORE A
DHRTEL EWHFE-LERADETEEZRIEL TUWLL 5.
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| 3. Model

I 3.3. Properties -Example

P Log-linear Parametrization of Transport Costs
BHEIR brjpll2WT, UTFDESITHATA—RERET .
k(@) = 8~ BZ0,y 20 (10)

> B > 0l FEXICHE Y BEDTEEZRL, Y2032y b T =07 ~DERENE
EXIRXAMERDEIEBEZ EERT,
>/XT X —=REEBEE PRy b7 — 7R ST A EBREEERT.

CDLE, p2yThHNIE, TE(1-2)HPKRILL, £2TORBILEEL MFTEL &
w5,

XB=ylE, v FT =0 NDODEEMRNIRA ICHEHRT DR ERT.
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| 3. Model

I 3.3. Properties -Example

P Log-linear Parametrization of Transport Costs

Pn
X7, P—;;S1+T}}<+

To=if Qf > 0LMHAGHEL Z LICLY,

1
1 I P B
— —]—kma {P_I:l_l O}] (11)

1§85,
7o, BBRXRBA V7 IRELD, UTOLIICHD,

A y i . 1+y
[ S}Z QP ] (12)

ZDRIE, I3 PP (originlcH 1T 2 HnDIEE) , BIXE Qf, HMEMREES &
ISHEIL, A7 TERRENS, CEDICEDT DI EERT.
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| 3. Model

I 3.3. Properties -Example

P Log-linear Parametrization of Transport Costs

L7t > T, WEMFICE S 2FTEEOHEIL, BFOA Y7 T Icx3L, B
TERET DD ZERTHIETHDHDT,
Ljx = max{ly, M (13)

72, 11)&Q)ZzHAEHLEDZ LICLY, BV I7ORERREBA V7 7KE
[ &, UTOLS ISHEMEOADATERT I ENTES.

f 148\
p
K

13(0%)

where,k =y(1+B8) B

(14)

=
/_
—
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| 3. Model

I 3.3. Properties -Example

P Non-Convexity: the Case of Returns to Transport

_3(10) ZDOWT, B<y&dB<&, Planners Problem |3 % % 25 5 (Non-Convexity).
TDEE, AVT ITERENEND E/\l_iiaé'j( DRMNEZ LB S DT, FHEFE
ITENEZ W DA D U/7=E¢éﬁi7t¢%.

» Tree Network

TEHE3.
iy =00 BAFEDR Y b7 —0DFEELGL) &S, A0)D

B X FDINTA—ZPB <y TEZON, ME—DIA—EFT
THEEIND L O ARETE, ELEERY M7 —7 ORI
TreefRIZ73 5.

(b)) Tree

Treelk %2y b7 —27 V=T EF WXy N T—0DZ &,
(L—T LB BEKDEENIC/ D)
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| 3. Model

I 3.4. Allocation Given the Network

P Decentralized competitive equilibrium

%~ 7 —=7{}h givend & = Doptimal allocation problem(max,n n yn yn) &

optimaltransportation problem(maxQ};) TERD.

ZDEE, DEBERE(Decentralized economy) IFFIHHERBFFICH T E35FY
# (competitive equilibrium) & T2 IC—T 3.

P trader ME A

Btzon od forall (o,d) € J2IZ&EnEd HtraderzBET 5.
Trader |18 52 B % (price-taker) TH 1), & Dtraderd qf} AN % HHXT B B

Sql L OEED R P EBRT S,
X7 L, SROBY L BAETHETAL, &> o OEREICE > TREMICRES NS,
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| 3. Model

I 3.4. Allocation Given the Network

P Pigouvian taxes

Pigouviantaxes (&7 —#t, SENRAZZIET 27O 0OH) t,#BAT 2.

P Trader D F| & iz KL &

FnZzoh HdIZEHEd BTraderld, ®ik/l— br = (jo,. Jp) E Roge BT B
LIk oT, FIBERAKILT S, TraderDF)zi% oy &35 &, MBEERACEEIL

p— 1

n
Tog = ) max p — Po TrO Z p]k r,k+1 (15)
T:{JO:---Jp}EROd +1 Jka+1

TZT, THITRErZ@-o f’Hﬁ@i@Ekﬁ\b@fkﬁE%}i\_:lz fDEETTH B,
%15\75? ||E% AT S5 &, pllddicEB T 2Mnl BAo5 Y E LM, plThd

T%EﬁnTﬁoﬁuwab\ﬁtﬂﬂﬂ 3 zwﬂp BB By o BT B BRI Hh DT
Hﬂ@@%@maﬁ—ﬁéﬁﬁ.
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| 3. Model

I 3.4. Allocation Given the Network

P Returns to factors

FHEEDBEL AW T —RICEWT, FEMSjICWEHEEITESICINAT
transfer (B, FEEICLISZEOENE) ;2R ITHRS, I T,

Y _ il =NTH%. (MIHHBLSLD Y Y —Zh SEHEEHE B RADEE)

S ZDREICLY, FEHEIETCOMNEBREEIND O, BHOTITFENH
BRIN2 (MEDORGENFEEIND ?)

P EARAEFDERTEE
F—EXTEE  BiFIEICE > TERSNSED I/ — FEIRBTH 5.

F_EAXEH  FED/NL— FHIRNEES I, EHLASESEZITIILICE-
THSRIGEEE S & L TERAIGETH 5.
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| 3. Model

I 3.4. Allocation Given the Network

PELARAEFOEANTE (HZ)

T,
FnllBRM SN 7 —MAUTOFERZzm/IcT & E, LUTHAMRY LD
| 1+ 1)
Jke dlogtj, _
1+ <—6 log Q}'lk + 1) Tik

() HEBEHIBE LAV T—RICHWVWT, HFGEIIEILERMTS 0, DD ET,
SHEEOERBEEE T 5. /-3, sHEFEIC K Sallocationld, FE
DRI DH & TOMIHIIEIC L > TEREIND.

(2) HBENBET ST — XTI, 2TCOHEAENTFEFELEERER EBEIHZ
BDLEVHIRFICHEVWT DA, HFHPEHLFHEE ORENLHEE —HT 5.
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| 3. Model

I 3.4. Allocation Given the Network

PELARAEFOEANTE (HZ)

T4,
PnilBBfas a7 —mHA LU TDOZE T%ﬁt?t% UFAE Y 32D
1+ T

alogr
1+ Q" + 1

() HFBELIBEHLBENT —RICEWT, HEFHEHIEILEATT o, DD ET,
AEEORBECEEE T 5. /WIS, FEFEIC L Dallocationl®, BE
DI Mt DH & TOHIHIIEIC L > TERS NS,

TI4.D(1)ILapplication DFRICERTH 5. EE?‘@mi@—mkﬁEb\ SR TH D L

HMETAHIET, XV FT—IHFREDIREEIZH T S T T /L DcalibrationH AJ GE &

AN

1—tp =
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| 3. Model

I 3.9. Numerical Implementation
P Convex Cases

EE1-2)OBEDH & (Qrp(Q, )N ET D), kICEAL T, Q,IMm7FIC2WLWTHh)
T, FFEEHEOZEMEIXORECLERETHY, KKIXRGEIFPBE+TIFHELLS.

» Dual approaches

M LZFTEEORBELEEDZ 77 Y 288 & L,
A Zx = (C L}, V], Qf, ), BHINRMFICHT 27772 2B =
(P, .N)ZEL &, RBELHREIIUTORERERERAEICENINDS.

sgp irzl(f) L(x,A)

(2)—7, mELDIERFITEHERIEETH V),
/11r>1£ supL(x, A)
= X

DRI FBE 2D,
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| 3. Model

I 3.9. Numerical Implementation

» Dual approaches(Cont’d)
inf supL(x, 4)
120

FEHENBBLEWT —RICHWNT, EELILY, Qi@ LD ETH,kICEL
T, QICo2WTihThnE, FHEZEORE(CEEN N RELHABE L5786, 8N
X FREES NS (EREENGHEOFEERLS—T 5)

£z, ITNFEFTOFERLY, REHEMRBEFRESRY P —I7KEMEITUATD
L5 ICBRIFBOT,  infsupLix D)iFinf L), HIBEL, ZOB/MBREEIHE
208 2

R0 ADOEEIMFAEL LY, BEICFTETE 5.

n n

K <141+ Uk QF,=if Q% >0
pjn - Jk aQ]r_lk Jk Jjk
1
T 1+y
* y6]k 1+4
ik = HS_’(Z P (Qf) )]
Jk
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| 3. Model

I 3.9. Numerical Implementation

» Non-Convex Cases

FIE 1 DOERENRI-EINGWE, SFEHEFORELLEEIXMMEARLY, FEEov
ATIERBHNEBEREZS2 Z ENHEL WD,

LA LAaA D, H(10)DEXEIAX ML TAAEL EHB = 0THNIE, optimal
transport problem & allocation problem | &BE{LFETH S & LW HOHEEZH LN
X, CO2O0MBEICEAL TIARBNRERZEL2IENTELDT,

v b= RER IS OWTEIBAEZ SR/ LT, YLV QR ISD W T
ECAEZREE, HO)ERWTL,Z2dELET VWS HAEZINRY 2 X TRY
U

S 5 CBEEL F Lik(annealingmethod) EfHA G HE S Z &1L Y, L URWESE
BRI BHEWVDHENBERAIETH S,
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I 4. Illustrative Examples

I 4.1.One good on a Regular Geometry

» Preparation
(1) AHBEZUICRRAZY 1 U = (c*ht=*)1"P /(1 — p) with a =% and p = 2
2) HEEEERIE—D (FEOH)

(3) FHEC T R T DML IR
(L) BMEE A > 7 7EDNT > ZZE L TIE=(10) % 3R H

PKOE/EHDOERBEICL DXy T —7FIRDEE
iXTE - f =y = 1in convex case, y = 2 in non — convex case, HE1E (XETE, #HIBREEZ L,
&/ —FT(L,H) =(1,1), FRO[DAEEMN/NT A —2HM0E

(a) Population (b) Productivity
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I 4. Illustrative Examples

I 4.1.0ne good on a Regular Geometry

> Optlmal Netwo rk' K:] (a) Transport Network (Ijk) (b) Shipping (ij)
(Symmetric Network) : o

(c) Prices (Pj)

(d) Consumption (cj)

1
{0.8
109 {0.75
{08 {0.7
10.7 9-53
10.6
10.6
10.55
I 05 -
0.4 0.45
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I 4. Illustrative Examples

I 4.1.0ne good on a Regular Geometry

(b) Shipping (Ojk)

> Optlmal Netwo l'k, K=100 (a) Transport Network (1, )

(Symmetric Network)

(c) Prices (Pj)

2018/9/8 4. |llustrative Examples
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I 4. Illustrative Examples

I 4.1.One good on a Regular Geometry
» Optimal Network

(Randomly Located Cities, Convex Case)

BHHE207FF7 v X LICEE.
Ly =1if jisacity
Li=0 otherwise

(a) Transport Network (Ijk)
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I 4. Illustrative Examples

(c) Transport Network {Iik}

I 4.1.One good on a Regular Geometry

» Optimal Network
(Randomly Located Cities, Non-Convex Case)

N . i Q \\
EHA207F77 X LICEE.

Ly =1if jisacity
Li=0 otherwise

(d) Shipping (Q,,)
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I 4. Illustrative Examples

I 4.1.One good on a Regular Geometry

» Effect of optimal network

(a) Price (rel. to center)

2r
(b) Uniform versus Optimal Network
K=10 I
Bl K=100 g 105 ‘ —— _
18 — — K=10000 1.045 // ;
/ e
14 } 1.04 // e
re
L A 1.035 d
1.2 s e -
et T S 0
1 =T e e — - — - — - — :—0++ —e — - g - //’
T /
2 4 6 @ 1.025 /
. a /
dist. to center S .
. < 102
(b) Stdev log prices o /
T : 8
T 1.015
0.2 =
1.01
0.15 \
A 1.005 Optimal
0.1 \ — — Rescaled
0.05 " 1 : ' :
: \ 1 2 3 4 5 7
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I 4. Illustrative Examples

I 4.1.One good on a Regular Geometry

» Effect of optimal network

(a) Price (rel. to center)

2 -
(b) Uniform versus Optimal Network
1.8 E;::go .{"'_-’__ T 1.05 T PE——— —
16| —— K=10000 1045 / )
/ e
14 ¢ 1.04 / .7
1 2 L X/‘ 1.035 - g
- e e - g
1 =. =2 _—: — e - - - — - — - § 1.03 /
i 5 f/
0 2 4 6 H 1.025 /
. s
dist. to center § /v
(b) Stdev log prices r 102 /
T T 8
S 1.015
0.2 | =
1.01
0.15 \
| \ 1.005 Optimal
0.1 \ — — Rescaled
L Y 1 L 1 1
0.05 \ 1 2 3 4 5 7
0r ~ log ,, K
-0.05
0 2 4 6 8
log ., K
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I 4. Illustrative Examples

I 4.2. Many sectors and Labor Mobility

» Preparation

(1) WAHBEZIICRRAZY 1 U = (¢*ht=*)1=P /(1 — p) with a =% and p = 2
(2) BFIE1E (“TEESEZM0E, “BESME) £EZXRIE—D (FEDOH)
(3) FHEICT N T DRI ILHRIE

(L) BMEEA 7 IHREDNZ > XIZE L TIER(10) Z R A

> OEERERMORERERQL (M =1,.., 1) DFE

iXTE B =y = 1in convex case, y = 2 innon — convex case, F1E&H |IBE), HMIEBHEELL,
10D TERRITZENZTNI0E T CEEIN, BHOAEEM/NRTXA—2H, BERITZD
o/ —FTEEIN, ZFOREENME Lo = 2.
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I 4. Illustrative Examples

I 4.2. Many sectors and Labor Mobility

Convex-Case

(a) Transport Network (Ijk) (b) Shipping (lek) (c) Shipping (szk)
7 XX
L. 7 NN
N ALY
(d) Shipping (ka) (e) Shipping (Qj‘}() (f) Shipping (ka)

A

& %

2018/9/8 4. |llustrative Examples



I 4. Illustrative Examples

I 4.2. Many sectors and Labor Mobility

Convex-Case
(g) Shipping (Q7) (h) Shipping (Q/,) (i) Shipping (Qj)

g Mo o

(j) Shipping (Qj) (k) Shipping (Q;) (1) Shipping (Q})

P

-

2018/9/8 4. |llustrative Examples A




I 4. Illustrative Examples

I 4.2. Many sectors and Labor Mobility

Non-Convex-Case
(a) Transport Network (ljk) (b) Shipping (lek)

(c) Shipping (QF)

(d) Shipping (Q) (e) Shipping (Q;,)

i/

(f) Shipping (stk)

2018/9/8 4. |llustrative Examples
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I 4. Illustrative Examples

I 4.2. Many sectors and Labor Mobility

Non-Convex-Case
(9) Shipping (Q3) (h) Shipping (Q) (i) Shipping (Qj,)

o2 3

(j) Shipping (Qj) (k) Shipping (Q;,) (1) Shipping (Q})

1".}

2018/9/8 4. |llustrative Examples



I 4. Illustrative Examples

I 4.3. Geographic Features

» Preparation

(1) WAHBEZIICRRAZY 1 U = (¢*ht=*)1=P /(1 — p) with a =% and p = 2
(2) ML EEERIT—D (HFEOH)

(3) FHEICT R T DA ILIRFE
(L) BMEE A > 7 FEDNZ > ZIZE L TIEE(10) % £ 8

P IR RYIEE & SBENT

BRTE B =y = linconvex case, y = 2 innon — convex case, 7EE IIEE (EHHDHL; =1),
MIBRIEEH Y, BHIF208M TEEIN, FOETOAEEME/NNT X —ZH, ZOMHOES
TI1Z0.1,
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I 4. [llustrative Examples

I 4.3. Geographic Features
» Geographic Friction
51

(a) 5]-Ik = §yDistancej;,

62
(b) 8}, = 8pDistancen! (1 + |AElavation| ;)

(a) Baseline Geography

(b) Adding a Mountain

2018/9/8 4. Illustrative Examples



I 4. [llustrative Examples

I 4.3. Geographic Features

P Geographic Friction & New Transportation technology

6},{ = 60Distanceﬁ{1(1 + |AElavation| jk)62 63C TOSSingRiverjkSflongmverjk
(c) 63 =6, = o0
d)1<6;<o0 (FBOEFZNAIRE
(c) Adding a River and a Bottleneck Access by Land (d) Allowing for Endogenous Bridges

2018/9/8 4. Illustrative Examples



I 4. [llustrative Examples

I 4.3. Geographic Features

P Geographic Friction & New Transportation technology

CrossingRiver ji

SAlongRiverjk
3

52
5l = (SODistanceﬁ{l(l + |AElavation| ) & .

j
(€)1 <83 < 0,8, <o (IBDEEK, FJIIAEHAIEE)

Ml <d3< 0,8, <o,y =2;8=1(Non-ConvexCase)

(e) Allowing for Water Transport (f) Non-Convex Case (y = 2; 8 = 1) with Annealing

2018/9/8 4. Illustrative Examples



I 5. Application

I 5.1.0bserved Data and Underlying Graph
P Application to 25 European Countries

CZEFTCERLCEA-TZL—LT—0%, 2503 —Av/XOEL DB Y b
7 — O DOFHRMEICOWTOEENDMICERT 3.

P Construct the graph (5, £)
>3 05EMU (K50km) LD AL

>E BT L EDRCY Yy (V- FHILYRKSED/ — F &)
150 1 jkEE D CEEEDA > 7 7 LRI

P Example: Spain

(2) Underlying Graph (b) Actual Road Network (c) Measured Infrastructure Ij‘,’(bs
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I 5. Application
I 5.2. Parametrization
P Production technologies: Y*= z'L?

B
. on
P Transport technologies: T = 171‘{( J]’/C)

jk
DHIEERIEE /X T X — &8, = 83 Distancey,, 8¢ ($BHENTFLL V) 0.39ICRE
>RBMNENT A —ZBEH B EMT L V124128 E

> A v 7 7R ERILy € {0.58,8,1.58} D3RR

P Preferences: U(c,h) = c*h1™@
DEX®%UJ:N= 1OL:§§E (N_l'f@I%%l%(\:l,T@)%@ﬁ])

- 971 5-1 N
DHOBEIL, G =CQn=a(C) ) o =5&KE.
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I 5. Application

I 5.2. Parametrization (Cont’'d)

»Fundamentals: {z;, H;}(C DL\ T

>12%%, GDPPP 2 1P higivenD b & TORBEEBERBEDRE TH D L& Z,
L2, GDPPP oz % St E L, HIZUCEET 5.

»Building Costs: 6/, (2T

>2ODEREEEZD 1 5,0 657°

1

A Y TR

>600¢ 1 1 ]k—O@:E)c\:T Iix = > ]k(znpn(QJk)

e éﬂf—@b\lob%*ﬁm L Sz st E
>6570 a—20 Uy FEE%&VLEQ@WTEE%%%%LT%J IZEXTE.
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I 5. Application

I 5.3. Optimal Expansion and Reallocation

2 DD KEERM (Counterfactual) 7 7A—F
» Optimal Expansion

>K% &ET0%EME 2
> L = 107°0 1 & T, BRI EER
> Building Costs|38,,°¢, 657075 & £

» Optimal Reallocation

> KIFRIRER L
>, =00b & T, RBERLGERER

> Building Costs 48550 0 (& F3
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I 5. Application

I 9.3. Optimal Expansion and Reallocation

pHoNEEDE (2540 EFT)

Returns to Scale: ~ = 0.58

~ =158

Labor: Fixed Mobile  Fixed

Optimal Reallocation

5 = §!-CEO 32% 3.0% 4.6%
Optimal Expansion

§ = §',CEO 3.9% 3.5% 5.8%

§ = §l.Foc 1.2% 1.0% 3.4%

2018/9/8 5. Application



I 5. Application

I 5.3. Optimal Expansion and Reallocation

VT SEREBICLIHSNELEDZE (ER)

(=T
od
RS
o
RS
E
SR LV
=
L.r} -
MK
o - LY
I I I I |
7 8 9 10 11
Log Income Per Capita
Fixed Labor Mobile Labor

Linear regression slope (robust SE): Mobile Labor: -2.523 (1.268); Fixed Labor: -2.035 (.712)
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I 5. Application

I 5.3. Optimal Expansion and Reallocation

P Example: Optimal Reallocation(France & Spain)

(a) Optimal Network Reallocation, v = (3 (b) Optimal Network Reallocation, v = (3

France Spain

XHxn (GRo) /— KT AOrEN G L, &oxy b7 —27 TIREDOEED, mOxy N7 —0T
TEOEE GEKREVEN PEoND.
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I 5. Application

I 5.3. Optimal Expansion and Reallocation

P Example: Optimal Expansion (France & Spain)

(c) Optimal Network Expansion, v = /3 (d) Optimal Network Expansion, v = f3

France Spain

2018/9/8 5. Application



I 5. Application

I 5.3. Optimal Expansion and Reallocation

-Convex Case)

Non

P Example: Optimal Expansion (France & Spain,

Optimal Network Expansion, v > 3

(f)

(e) Optimal Network Expansion, v > 3

Spain

France

c
.0
=
S
=3
<
Te)

2018/9/8




I 5. Application

I 5.3. Optimal Expansion and Reallocation

U ICA VT INEBEEIND D ?

WERRAZEL - Aln

Reallocation Expansion (& = &'+ CEO) Expansion (§ = &/:F0C)
Population 0.308*** 0.104*** 0.004
Income per Capita 0.127 0.007 -0.020
Consumption per Capita 0.290** 0.179*** 0.130
Infrastructure -0.362%** -0.195%** -0.067**
Differentiated Producer 0.271%** 0.133%** -0.099%**
R? 0.38 0.32 0.38

F*¥*¥=1% significance, **=5%, *=10%.
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I 5. Application

I 5.3. Optimal Expansion and Reallocation

P DHIEA KT DD

WAAAZEN - AlnL;

Reallocation Expansion (&6 = SI‘GEO) Expansion (§ = 5!’FOC)

Population -0.002 -0.001 0.002**
Income per Capita 0.001 -0.002 0.030**
Consumption per Capita -0.147*** -0.139*** -0.179%***
Infrastructure 0.002 0.005%** 0.000

Infrastructure Growth 0.013* 0.032** 0.003**
Differentiated Producer 0.013** 0.023%** 0.031%**
R? 0.57 0.67 0.90

2018/9/8

F*¥*¥=1% significance, **=5%, *=10%.

5. Application




I 6. Conclusion

PEELESRY NT = EBONICTEIEODTL—LT — 7 DEE
) (FEBEZHR L) FIHEREEFFOEENER
2) BMz=ZEL-mEHIXME
) EExy N7 —UEERMEE
PI—HAy/XDERY T =7 ~DHEFA

[>O0ptimal Expansion|Z £ 2 Tt SME4 DI K % FERR
>ZREICH T D misallocation | ot%?‘i/\ﬁ’]}_idﬁﬁgiﬁﬁﬁﬁ

» 5% DIRE

DEBESHRDOEAN
>Evt

F*¥*¥=1% significance, **=5%, *=10%.

2018/9/8 5. Application



