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Background

⁯∑ ӬϞἋḧ ᶘτΣΜοʼ ЀІЕˢTrade costx Υ ϩμθ ›
τ ОЌ˔рϞ ◕χ ОЌ˔рψςχϢΞτ ᴟβϥΤʼρΜΞ Ⱨם
ˢCounterfactualˣσ Μψ τᾆẕ ρσμοΦθʽ

ζχ πϜʼῖ КАЕм˔ϼϒχ Ɫψ ЀІЕτ ΦΨֲốβϥ

ᶆ ӽτῖ КАЕм˔ϼ ⱢϬςχϢΞτᶤϤ οϦωϢΜΤˁ
ῖ КАЕм˔ϼ ⱢτϢϥ χ Φήψˁ
Ṍ χῖ КАЕм˔ϼ Ɫχ῟ Ϭ ᴣΰθΜ

άϦϣχ Μτ Πϥθϛτψʼῖ КАЕм˔ϼ ⱢχΩ σ ϙ›ϩδ
Ϭ ϣΤτβϥ ΥΚϥʽ
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MainElements

ᾥ ὊↄᶘЯДиχἋḧ ᵫˢᾢᵦ ρ◕ ỡ” ˣ

ᴞӡ

∞ϬКАЕм˔ϼ πςχϢΞτ βϥΤˁ˩fēġíÿÀú EúĆĲĚ˩
ςχϢΞτϱрТжϬὺ βϥΤˁ˩fēġíÿÀú `ÙġĲĆĖ÷˩

Optimal flows ʿῖ π ΨχṌᴁᾆẕχ

ὓ▄Υ Ӭˢtractableˣ
χ

Full Problem (Flows + Network + GE) χ ὓ▄Ϝᴦ τΰοΜϥ

τΣΪϥ₤╛Ϭ― βϥάρπʼΩ ᵔχ ӽ Υ ήϦϥʽ
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ῖ КАЕм˔ϼϬ ρΰοʼΩ ϬᵔΜοΜϥṌᴁᾆẕψ Μʽ

ῖ ϱрТж ⱢτḩΰοϜʼ ʾ ρϜτζχ ◊ σὺ ῟ᴮϬ
ᴣΰθϜχʼ Ⱨם τ КАЕм˔ϼὺ ϬЄЬвй˔ЕΰθϜχʼῖ
КАЕм˔ϼὺ Υ ◕Ἱ τ ΠθֲốϬ ΰθϜχʼσς ΨχṌᴁᾆ
ẕΥΚϥʽ

θιΰʼ Ϟ∞χԁ ỡ”ʼΩ ʼΩ КАЕм˔ϼ ˢΩ ῖ
ϱрТж ⱢˣϬ ⱲτӌμοΜϥṌᴁᾆẕψσΜʽ

άχ πψʼ ᾥ Ὂↄᶘχ ϙχ πԁ ỡ”Ϭ ΰʼΩ
ρΩ КАЕм˔ϼ ϬᵔΜοΜϥʽ
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3.1.Environment - Preferences

ὔᾤχ︡ԏ∞

1ᾤχ ︡ԏ∞ˢằẚψԁ ˣ

ÌÏÃÁÔÉÏÎὮτψὒ χ יּ

ÌÏÃÁÔÉÏÎὮπ 1יּ Υʼὧ ˢ︡ԏ∞ˣʼὬ ︡ԏ∞ˣϬ ʽ

ˢὅψ χԏ τ ΰο׳σԁⱳ ⱳḩ ˣ

ὅψὰέὧὥὸὭέὲὮπ ήϦϥ ὲχ∞χ Ϭ βʽ

(1)

(2)
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3.1.Environment - Preferences

ὒȡὮτΣΜο∞ὲχ ▀τὀϩϥ χיּ

╥ ὠ ȟȣȟὠ ȡ ▀ ˢằẚψԁ ˣ

╧ ὢ ȟȣȟὢ ȡ 1-Nπ ▀ήϦθ∞χΞκʼ∞nχ ▀τ™

ήϦϥϜχ

Ὂȡṛ τ ΰο ᶏԁ ʼβϓοχԏ τ ΰο׳σ ᴥḩ

(3)
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3.1.Environment U˟nderlying Graph

ψ ΰϽжТ
τḯϘϦʼ‐ψЛ˔ЖὮχЧϯϬ βʽ

ᶆЛ˔ЖὮρ ήϦοΜϥЛ˔ЖϬὔὮ
ρβϥρʼ∞ψὮΤϣὯᶰὔὮτ ήϦϥʽ

χ∑ם ᵦτ ֲβϥρʼ▒ψἬ(county)χ
ϢΞσ σϘρϘϤʼ╝▒ψ▒τ β
ϥ χἬρΜΞώΞτ―ΠϣϦϥʽ

θιΰʼ₈ᵕχЯДиπψὮρὯᶰὔὮψ
τ ΰοΜϥ ψσΨʼἋ Ϟᵤ

πὌΥϦοΜϥ ›Ϝ― ᴦ ʽ
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3.1.Environment T˟ransport Technology

άχЯДиτΣΜοʼ∞ψ Τ ▀τ™ ήϦϥ ϘπΜΨνΤχ

Ϭ μο ήϦϥʽ

ὗ ȡὮΤϣὯτ ήϦϥ∞ὲχ ρ βϥʽ

άχρΦʼ ЀІЕϬ†ρ βϥρʼὗ ϬὯτ βϥθϛτψʼ

ὮΤϣψ ρ˴ † ὗ ӡϬ ΰσΪϦωΜΪσΜʽˢ ᵖἷ ˣ

άάπʼ ЀІЕ†ψζχзрϼχ ὗ ρзрϼχϱрТжйЦиὍτ

ϢμοὨ ήϦʼ

† † ὗ ,Ὅ τνΜοʼ

ʿ╠▒▓
▪Υ ᴥβϥρ ЀІЕⱲ▒▓

▪ψ ᴥʽˢ₤╛῟ᴮˣ

ʿ╘▒▓
▪Υ ᴥβϥρ ЀІЕⱲ▒▓

▪ψᾚ ʽˢϱрТжχᵠ ῟ᴮˣ

(4)

(5)
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3.1.Environment F˟low Constraint

οχὮρ∞ὲτνΜοʼӟᴞΥ Ϥ νˀ

₮ τνΜοʼὅʿὮπ ήϦϥ∞ὲχ ʼВ ὢ ʿ™ ήϦϥ∞ὲᴂχ ʼ

Вᶰ ρ † ὗ ʿὮΤϣὯτ ήϦϥ∞ὲχ Ϭ βʽ

֒ τνΜοʼὣʿὮπ ▀ήϦϥ∞ὲχ ʼ

Вᶰ ὗ ʿὭΤϣὮτ ήϦθ∞ὲχ Ϭ βʽ

ϘθʼὖϬὮτΣΪϥὲχᴣᶊρΰο ΰοΣΨʽ

βάχρΦʼὖψ꜠(6)χ ὯχжϽжрЅв ρ ΰΨσϥˢ 4π ˣ

˴™ ˴ ▀˴

(6)
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3.1. Environment ˟Network Building

ЯДиπψʼῖ КАЕм˔ϼ ϬϱрТж Ɫ Ὅ
ᶰȟɴ

χ

(distribution )ρΰο Ṱβϥʽ

Ω КАЕм˔ϼ ˹άχ ϬΩ ᴟβϥάρ

ϱрТж Ɫτḩβϥ ϬӟᴞχϢΞτ Ṱβϥʽ

άάπʼ‏ψзрϼὮὯτΣΪϥῖ КАЕм˔ϼὺ χ ΰήϬ βОжЮ˔Ќʼ

ὑψὓᵊּיχ βϥϱрТжⱢᾛχ ˢԁ ˣπΚϥʽ

ϘθʼзрϼὮὯτṌτὍχῖ КАЕм˔ϼΥὺ ήϦοΜϥ ›ʼ

π Ὅ Ὅ Ὅ Њ

ρ ΰοΣΨʽˢapplicationχО˔Еπ►Ξˣ

(7)
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ʷːʶː súÀĀĀÙĖ˫Ě ēĖĆÌúÙÿ

‫ϬPlanner ΥᶆὮτΜϥ τᶤϤיּ οϥ ϙρβϥρʼ Υӱיּ ΰσ

Μ ›χΩ ᴟ ψʼ

ίόὦὮὩὧὸὸέȡ

(1) ︡ԏ∞ʾ ︡ԏ∞χ ᴦ (availability)ʿ

ὧὒ ὅ ὅȟȣȟὅ ὪέὶὥὰὰὮ

Ὤὒ ὌὪέὶὥὰὰὮ

(2) Тк˔χНжрІ Ὧʿ
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ʷːʶː súÀĀĀÙĖ˫Ě ēĖĆÌúÙÿ

ˢ Ὧ Φˣ

(3)КАЕм˔ϼὺ ʿ

ᶰ

Ὅ‏ ὑ

(4) Ὦχ ρ ▀ τνΜοʼ

ὒ ὒὪέὶὥὰὰὮ

ὠ ὠ ὪέὶὥὰὰὮὥὲὨά

(5) ʼ ʼᶆ ԍχ Ὧʿ

ὅȟὧȟὬ πὪέὶὥὰὰὮɴ ὔὮȟὲ

ὗ πὪέὶὥὰὰὮȟὯᶰὔὮȟὲ

ὒȟὠ πὪέὶὥὰὰὮȟάȟὲ
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ʷːʶː súÀĀĀÙĖ˫Ě ēĖĆÌúÙÿ

‫ϬPlanner ΥᶆὮτΜϥ τᶤϤיּ οϥ ϙρβϥρʼ Υӱיּ βϥ

›χΩ ᴟ ψʼ

ίόὦὮὩὧὸὸέȡ

Υӱיּ ΰσΜ ›χ Ὧ(1)̇ (5)ρʼ

(6)ӱ βϥ τνΜοʼˢҦạיּ χΚϥὮπχ῟ Υβϓο ΰΜˣ

ὒό ὒὟὧȟὬ ὪέὶὥὰὰὮ

χיּ (7) Ϭὒρβϥρʼ

ὒ ὒ
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ʷːʶː súÀĀĀÙĖ˫Ě ēĖĆÌúÙÿ

Υӱיּ ΰσΜ ›χΩ ᴟ ψӟᴞχϢΞτ ᶤπΦϥʽ

ὡ ÍÁØÍÁØ ÍÁØ
ȟ ȟ╥ȟ╧

‫ὒὟὧȟὬ

Optimal Allocation Problem

ΩϜ τΚϥὅȟὒȟ╥ȟ╧τḩβϥΩ ᴟ ψʼ ▀ᴦ ТкрГϰϯ

(Production possibility frontier )τ μο ▀ ρ χ ϬΩ ᴟΰʼᶆ

ὮτΣΪϥ∞χ ᴦ τ μο Ϭ βϥ πΚϤʼ ᾥ Ὂↄᶘχ

π τᾆẕήϦοΦθ πΚϥʽ
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ʷːʶː súÀĀĀÙĖ˫Ě ēĖĆÌúÙÿ

Optimal Flows Problem

Ω σ ϬὨϛϥὗ τḩβϥΩ ᴟ τνΜοʼ ψӟᴞχϢΞτ2

χᴣᶊ τϢμο ήϦϥάρϬ βϥʽ

ὖ

ὖ
ρ †

‬†

‬ὗ
ὗ ȟ ὭὪὗ π

Ҧ2 ḧχᴣᶊχ ψʼᾢᵦ ӟᴞπΚϥʽ

ὗ †Υὗ τḩΰο πΚϦωʼ ψ2 ḧχᴣᶊ χḩ π ήϦϥʽ

ҦOptimal Flows Problemψʼᶆ χ ▀ʼ ʼ יּ ῢΥ ΠϣϦοΜϦ

ωʼ2 ḧχᴣᶊ χϙτϢμοᵔΨάρΥπΦϥˢ ˣ

(8)
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ʷːʶː súÀĀĀÙĖ˫Ě ēĖĆÌúÙÿ

Optimal Flows Problem

βσϩκʼ2 χᴣᶊ Υ ΦΜϕςʼ ὗ ψ ΦΨσϥʽ

֒ ψʼ ▀ρ Υ ΠϣϦ
θρΦχΩ ϬꜘΰοΜϥʽ

Ḯπ͍νχ∞Υ ▀ήϦʼϷ
йрЅχḮˢ10у ˣπ ήϦ
οΜϥρβϥρʼᴣᶊψ Ḯπ
ΩϜ Ψʼ ḮΤϣקΜ π
‰Ψσϥʽ

ζχϢΞσ ›τΩ
ϬᵔΨρ֒χϢΞτσϥˢ χ
ήΥ Ϭ βˣʽ
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ʷːʶː súÀĀĀÙĖ˫Ě ēĖĆÌúÙÿ

Optimal Network Problem

Ω σ ρⱢᾛχ ΥὨϘμθράϧπʼΩ КАЕм˔ϼ Ϭ―Πϥʽ
Ὧ(3)КАЕм˔ϼὺ χ Ϭ‘ρβϥρʼ

βὍ Ὅσϣωʼ ‹ψ ‹τ ϩϥʽ

άάπϜʼὗ Υ2 ḧχᴣᶊ τϢμοχϙὨϘϥάρΤϣʼΩ ᴟχ∑τ

χКАЕм˔ϼϬ―Πϥ ΥσΨʼзрϼέρτΩ КАЕм˔ϼ Ɫ
ϬᵔΨάρΥπΦϥʽ

ᾢᵦὺ ϱрТжὺ τϢϥᾢᵦ ׃

(9)
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3.3. Properties

͍ʽsúÀĀĀÙĖ˫Ě ēĖĆÌúÙÿχ τνΜο

(1-1)КАЕм˔ϼ Ὅ Υ χⱲʼ1† ὗȟὍ Υ οχὮȟὯτḩΰοʼὗτνΜο

πΚϦωʼ Υӱיּ ΰσΜϾ˔Іχoptimal transport problemρallocation 
problemψ Ω ᴟ πΚϥʽ

(1-2)ήϣτʼ1† ὗȟὍ Υ οχὮȟὯτḩΰοʼὗȟὍ τνΜο πΚϦωʼ

КАЕм˔ϼ ϬḯϚ οχΩ ᴟ Υ Ω ᴟ ρσϥʽ

(1-1)ψʼṌᴁᾆẕπψ♯ϙϣϦσΤμθΩ Ϭ ᾥ Ὂↄᶘχ ϙ
χ πᵔΨρΜΞ θσ♯ϙχὓ▄ Ϭ ΰοΜϥʽ
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3.3. Properties - Example

Log- linear Parametrization of Transport Costs

ЀІЕ†τνΜοʼӟᴞχϢΞτОжЮ˔ЌϬ βϥʽ

† ὗȟὍ ‏
ὗ

Ὅ
‍ πȟ‎ π

‍ πψ τ Ξ₤╛χ ∕Ϭꜘΰʼ‎ πψКАЕм˔ϼϒχ ⱢΥ
ЀІЕϬᾚ ήδϥάρϬꜘβʽ

ОжЮ˔Ќ‏ψ ϞКАЕм˔ϼ ệρψ σ ᵲϬ βʽ

άχρΦʼ♫ ♬πΚϦωʼ (1-2)Υ ΰʼ οχΩ ᴟ Υ Ω ᴟρ
σϥʽ

β‍ ‎ψʼКАЕм˔ϼϒχ Ɫ῟ᴮΥ ˑτ ᾚβϥ ệϬꜘβʽ

(10)
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3.3. Properties - Example

Log- linear Parametrization of Transport Costs

Ϙθʼ ρ † ὗ ȟ ὭὪὗ πρ ϙ›ϩδϥάρτϢϤʼ

ὗ
ρ

ρ ‍

Ὅ

‏
ÍÁØ

ὖ

ὖ
ρȟπ

Ϭ ϥʽ
ϘθʼΩ σῖ ϱрТж ⱢὍᶻϜʼӟᴞχϢΞτσϥʽ

Ὅᶻ
‎

‘

‏

‏
ὖ ὗ

άχ꜠ψʼὍᶻψὖˢoriginτΣΪϥ∞ὲχ ˣʼ ὗ ʼ ᵲ‏ρ

ρϜτ ᴥΰʼϱрТжὺ ₉ ρρϜτᾚ‏ βϥάρϬꜘβʽ

(11)

(12)
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3.3. Properties - Example

Log- linear Parametrization of Transport Costs

ΰθΥμοʼᾝם ᵦτΣΪϥὓᵊּיχ ψʼṌ χϱрТжὍτ ΰʼ ᴥ

π ⱢβϥΤϬ βϥάρπΚϥχπʼ
Ὅ ÍÁØὍᶻȟὍ

Ϙθʼ(11)ρ(9)Ϭ ϙ›ϩδϥάρτϢϤʼᶆзрϼχΩ σῖ ϱрТж Ɫ
ὍᶻψʼӟᴞχϢΞτỡ”ᴣᶊχϙχ꜠π βάρΥπΦϥʽ

ύὬὩὶὩȟ‖ḳ‎ρ ‍

(14)

(13)



3. Model

2018/9/8 233.Model

3.3. Properties - Example

Non- Convexity: the Case of Returns to Transport

꜠(10)τνΜοʼ‍ ‎ρβϥρʼsúÀĀĀÙĖ˫Ě sĖĆÌúÙÿψ ϬﬞΞ(Non- Convexity).
άχρΦʼϱрТж Ɫ῟ᴮΥ τϢϥ₤╛῟ᴮϬ ᵕϥχπʼὓᵊּי
ψ ϬΜΨνΤχзрϼτ ήδϢΞρβϥʽ

TreeNetwork

3.
Ὅ πχˢṌ χКАЕм˔ϼΥ ∕ΰσΜˣρΦτʼ꜠(10)χ

ЀІЕχОжЮ˔ЌΥ‍ ‎π ΠϣϦʼ ԁχ∞Υԁᴷ
π ▀ήϦϥϢΞσὊↄπψʼΩ σ КАЕм˔ϼχἹ ψ
Tree τσϥʽ

Tree КАЕм˔ϼʿи˔ФϬḯϘσΜКАЕм˔ϼχάρʽ
ˢи˔ФψⱢᾛὑχ τσϥˣ
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3.4. Allocation Given the Network

Decentralized competitive equilibrium

КАЕм˔ϼ Ὅ ΥgivenχρΦχoptimal allocation problem ÍÁØȟ ȟ╥ȟ╧ ρ

optimal transportation problem ÍÁØ Ϭ―Πϥʽ

άχρΦʼ ╩ἷὊↄ(Decentralized economy)ψ ᾥ ὊↄᶘτΣΪϥẵ ỡ
”(competitive equilibrium)ρḁ τԁ βϥʽ

trader χ

∞ϬέΤϣὨὪέὶὥὰὰέȟὨᶰᴑτ βϥtraderϬ βϥʽ
Traderψᴣᶊ -price)יּ taker)πΚϤʼςχtraderϜή ӡχ∞Ϭ βϥ∑

τή †χ ЀІЕϬ βϥʽ

βθιΰʼ χ Ϥ†ψᵰ πσΨʼᶆзрϼχ τϢμο τὨ ήϦϥʽ
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3.4. Allocation Given the Network

Pigouvian taxes

Pigouvian taxess СϽ˔ ʼᵰ ὊↄϬ βϥθϛχ ˣὸϬ βϥʽ

Traderχ Ω׃ ᴟ

∞ὲϬέΤϣὨτ βϥTraderψʼ и˔Еὶ ὮȟȣὮ ᶰד ϬΩ ᴟβϥά

ρτϢμοʼ ϬΩ׃ ᴟβϥʽTraderχ “Ϭ׃ ρβϥρʼ Ω׃ ᴟ ψʼ

“ ÍÁØ
ȟȣȟ ɴד

ὴ ὴὝȟ ὴ ὸ Ὕȟ

άάπʼὝȟψὊ ὶϬ μθⱲχ ὯΤϣχ ᵖ ЀІЕχ›ὓπΚϥʽ

ᶆϬ‮ τ βϥρʼὴψὨτΣΪϥ∞ὲ͍ ӡχ Ϥ ΰᴣᶊʼὴὝȟψ

έτΣΪϥ∞ὲὝȟ ӡχ Μ ΪᴣᶊʼВӟ‭ψὮΤϣὮ τ βϥ∑τ ϩσ

ΪϦωσϣσΜСϽ˔ Ϭ βʽ

(15)
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3.4. Allocation Given the Network

Returns to factors

Υӱיּ ΰσΜϾ˔ІτΣΜοʼᶆ ὮτΜϥ ψיּ ỲτᴥΠο
transferˢӱ ◦ ʼὓᵊּיτϢϥ χ™ ˣὸϬ Ϊ︡ϥʽάάπʼ

В ὸὒ ɩπΚϥʽˢɩψ ӟᵰχзЊ˔ІΤϣὓᵊּיΥ ϥ χ›ὓˣ

ќάχ τϢϤʼ ψיּ οχ Ϭ™ ήϦϥθϛʼ Ӭχ ỡ”ΥẨ
ήϦϥˢᴣᶊχ ỡ”ΥẨ ήϦϥˁˣ

ῡ Ὂↄᶘχṁ

ԁṁ ʿẵ ỡ”τϢμο ήϦϥ ψОй˔Е῟ πΚϥʽ

ṁ ʿ ӪχОй˔Е῟ ψʼ σ Ϭ“ΞάρτϢμ
οẵ ỡ” ρΰοםᾝᴦ πΚϥʽ
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3.4. Allocation Given the Network

ῡ Ὂↄᶘχṁ ˢ Φˣ

4. 
∞ὲτᴿ ήϦϥСϽ˔ Υӟᴞχ ꜠Ϭ θβρΦʼӟᴞΥ Ϥ νʿ

ρ ὸ
ρ †

ρ
‬ÌÏÇ†

‬ÌÏÇὗ
ρ†

(1) Υӱיּ ΰσΜϾ˔ІτΣΜοʼẵ ỡ”ψ σ ϙ Ϊ ‫ χϜρπʼ

ὓᵊּיχΩ ᴟ ρԁ βϥʽϘθẄτʼὓᵊּיτϢϥallocationψʼ
χӱ ◦ ὸχϜρπχ◕ ỡ”τϢμο ήϦϥʽ

(2) Υӱיּ βϥϾ˔Іπψʼ οχ Υיּ σᾧ ρӱ ◦ Ϭ
ϥρΜΞ ὯτΣΜοχϙʼẵ ỡ”ΥὓᵊּיχΩ ᴟ ρԁ βϥʽ
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3.4. Allocation Given the Network

ῡ Ὂↄᶘχṁ ˢ Φˣ

4. 
∞ὲτᴿ ήϦϥСϽ˔ Υӟᴞχ ꜠Ϭ θβρΦʼӟᴞΥ Ϥ νʿ

ρ ὸ
ρ †

ρ
‬ÌÏÇ†

‬ÌÏÇὗ
ρ†

(1) Υӱיּ ΰσΜϾ˔ІτΣΜοʼẵ ỡ”ψ σ ϙ Ϊ ‫ χϜρπʼ

ὓᵊּיχΩ ᴟ ρԁ βϥʽϘθẄτʼὓᵊּיτϢϥallocationψʼ
χӱ ◦ ὸχϜρπχ◕ ỡ”τϢμο ήϦϥʽ

(2) Υӱיּ βϥϾ˔Іπψʼ οχ Υיּ σᾧ ρӱ ◦ Ϭ
ϥρΜΞ ὯτΣΜοχϙʼẵ ỡ”ΥὓᵊּיχΩ ᴟ ρԁ βϥʽ

4.χ(1)ψapplicationχ∑τ πΚϥʽᾝ∕χ◕ χ Υẵ ỡ”πΚϥρ
βϥάρπʼКАЕм˔ϼΥ χ τΣΪϥЯДиχcalibrationΥᴦ ρ

σϥʽ
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3.5. Numerical Implementation

ConvexCases

(1- 2)χ χϜρˢ1† ὗȟὍ Υ οχὮȟὯτḩΰοʼὗȟὍ τνΜο ˣ

πψʼὓᵊּיχΩ ᴟ ψ Ω ᴟ πΚϤʼKKT ὯΥ Ὧρσϥʽ

Dual approaches

(1) flϬὓᵊּיχΩ ᴟ χжϽжрЅвḩ ρΰʼ
Ϭ● ὅȟὒȟἤȟὗ ȟȣ ʼᶆ Ὧτ βϥжϽжрЅв ⱦ

ὖȟȣ Ϭ ΨρʼΩ ᴟ ψӟᴞχ ┤ τ ήϦϥʽ

ÓÕÐÉÎÆfl●ȟⱦ

(2)ԁ ʼΩ ᴟχ ψῖḊᴦ πΚϤʼ
ÉÎÆÓÕÐfl●ȟⱦ

Υ ρσϥʽ
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3.5. Numerical Implementation

DualÀēēĖĆÀÎëÙĚ˜-ĆĀġ˫Ó˝
ÉÎÆÓÕÐfl●ȟⱦ

Υӱיּ ΰσΜϾ˔ІτΣΜοʼ ͍ϢϤʼ1† ὗȟὍ Υ οχὮȟὯτḩΰ

οʼὗτνΜο πΚϦωʼὓᵊּיχΩ ᴟ Υ Ω ᴟ ρσϥθϛʼế
ψ ήϦϥˢ︠ ρ χΩ ᵔΥԁ βϥˣ

ϘθʼάϦϘπχṳ ϢϤʼΩ ρΩ КАЕм˔ϼ Ɫ ψӟᴞχ
ϢΞτᵔΪϥχπʼ ÉÎÆÓÕÐfl●ȟⱦψÉÎÆfl●ⱦȟⱦτṑ ΰʼάχΩ ᴟ ψ

χϙχ Ω ᴟ ρσϤʼ Ӭτὓ▄πΦϥʽ

ὖ

ὖ
ρ †

‬†

‬ὗ
ὗ ȟ ὭὪὗ π

Ὅᶻ
‎

‘

‏

‏
ὖ ὗ
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3.5. Numerical Implementation

Non- Convex Cases

͍χ ὯΥ θήϦσΜⱲʼὓᵊּיχΩ ᴟ ψ ϬﬞΜʼ ṜχϞϤ
πψ ӽ Ω ᵔϬ ϥάρΥ σΜʽ

ΰΤΰσΥϣʼ꜠(10)χ ЀІЕτḩΰο σΨρϜ♫ πΚϦωʼoptimal 
transport problemρallocation problemψ Ω ᴟ πΚϥρΜΞ Ϭל ΜϦ
ωʼάχ͎νχ τḩΰοψ ӽ Ω ᵔϬ ϥάρΥπΦϥχπʼ

КАЕм˔ϼ ⱢὍτνΜο σ ṍ Ϭ Πθ πʼὅȟὒȟἤȟὗ τνΜο

Ω ᴟ ϬᵔΦʼ꜠(9)Ϭ ΜοὍϬὓ▄ΰ βρΜΞὓ▄Ϭ βϥϘπἣϤ

βʽ

ήϣτ ΦσϘΰ (annealing method)ρ ϙ›ϩδϥάρτϢϤʼϢϤ ΜᵔϬ
┤βϥρΜΞ Υ ᴦ πΚϥʽ
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4.1. One good on a Regular Geometry

Preparation

(1)῟ ḩ ψCRRAἷʿὟ ὧὬ Ⱦρ ”ύὭὸὬ‌ ὥὲὨ” ς

(2)∞ρ ▀ ψԁνˢ χϙˣ
(3) ϞβϓοχṪ ψ Ἱ
(4)₤╛ρϱрТж ⱢχНжрІτḩΰοψ꜠(10)Ϭ⅜

Kχ ˗ ◕χ τϢϥКАЕм˔ϼἹ χ ᶓ

ʿ‍ ‎ ρὭὲὧέὲὺὩὼὧὥίὩȟ‎ ςὭὲὲέὲὧέὲὺὩὼὧὥίὩȟ ψᾧיּ ʼ ᵲσΰʼ

ᶆЛ˔Жπ ὒȟὌ ρȟρʼ χ״ χϙ ▀ ОжЮ˔ЌΥ10

4.IllustrativeExamples
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4.1. One good on a Regular Geometry

Optimal Network, K=1

(Symmetric Network )

4.IllustrativeExamples
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4.1. One good on a Regular Geometry

Optimal Network, K=100

(Symmetric Network)

4.IllustrativeExamples
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4.1. One good on a Regular Geometry

Optimal Network

(Randomly Located Cities, Convex Case)

◕Ϭςπу жрЍЭτ ʽ
ὒ ρὭὪὮὭίὥὧὭὸώ

ὒ πέὸὬὩὶύὭίὩ

4.IllustrativeExamples
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4.1. One good on a Regular Geometry

Optimal Network

(Randomly Located Cities, Non- Convex Case)

◕Ϭςπу жрЍЭτ ʽ
ὒ ρὭὪὮὭίὥὧὭὸώ

ὒ πέὸὬὩὶύὭίὩ

4.IllustrativeExamples
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4.1. One good on a Regular Geometry

Effect of optimal network

4.IllustrativeExamples
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4.1. One good on a Regular Geometry

Effect of optimal network

4.IllustrativeExamples
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4.2. Many sectors and Labor Mobility

Preparation

(1)῟ ḩ ψCRRAἷʿὟ ὧὬ Ⱦρ ”ύὭὸὬ‌ ὥὲὨ” ς

(2)∞ψ11ᾤˢ¬ῬỘ º10ᾤʼ¬ ▀ º1ᾤˣ ▀ ψԁνˢ χϙˣ
(3) ϞβϓοχṪ ψ Ἱ
(4)₤╛ρϱрТж ⱢχНжрІτḩΰοψ꜠(10)Ϭ⅜

ὍχΩ ᵔρᶆ∞χΩ ὗ ὲ ρȟȣȟρρχὓ▄

ʿ‍ ‎ ρὭὲὧέὲὺὩὼὧὥίὩȟ‎ ςὭὲὲέὲὧέὲὺὩὼὧὥίὩȟ ψӱיּ ʼ ᵲσΰʼ
10ᾤχῬỘ ψζϦηϦ10 ◕π ▀ήϦʼ ◕χϙ ▀ ОжЮ˔ЌΥ1̓ ▀ ψζχ
χЛ˔Жπ ▀ήϦʼᶆ∞χ ψ„ ς̔

4.IllustrativeExamples
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4.2. Many sectors and Labor Mobility

Convex- Case

4.IllustrativeExamples
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4.2. Many sectors and Labor Mobility

Convex- Case

4.IllustrativeExamples
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4.2. Many sectors and Labor Mobility

Non- Convex- Case

4.IllustrativeExamples
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4.2. Many sectors and Labor Mobility

Non- Convex- Case

4.IllustrativeExamples
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4.3. Geographic Features

Preparation

(1)῟ ḩ ψCRRAἷʿὟ ὧὬ Ⱦρ ”ύὭὸὬ‌ ὥὲὨ” ς

(2)∞ρ ▀ ψԁνˢ χϙˣ
(3) ϞβϓοχṪ ψ Ἱ
(4)₤╛ρϱрТж ⱢχНжрІτḩΰοψ꜠(10)Ϭ⅜

ᵲρῖ Ṫ

ʿ‍ ‎ ρὭὲὧέὲὺὩὼὧὥίὩȟ‎ ςὭὲὲέὲὧέὲὺὩὼὧὥίὩȟ ψᾧיּ ˢ ◕χϙὒ ρʼ

ᵲΚϤʼ∞ψ20 ◕π ▀ήϦʼ ◕χϙ ▀ ОжЮ˔ЌΥ1̓ ζχ χ ◕

πψ0.1̔

4.IllustrativeExamples
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4.3. Geographic Features

GeographicFriction

(a)‏ ὈὭίὸὥὲὧὩ‏

(b) ‏ ὈὭίὸὥὲὧὩ‏ ρ ЎὉὰὥὺὥὸὭέὲ

4.IllustrativeExamples
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4.3. Geographic Features

GeographicFriction & New Transportation technology

‏ ὈὭίὸὥὲὧὩ‏ ρ ЎὉὰὥὺὥὸὭέὲ‏ ‏

(c) ‏ ‏ Њ

(d)ρ ‏ ЊˢỆχὺ Υᴦ ˣ
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4.3. Geographic Features

Geographic Friction& New Transportation technology

‏ ὈὭίὸὥὲὧὩ‏ ρ ЎὉὰὥὺὥὸὭέὲ‏ ‏

(e)ρ ‏ Њ, ‏ ЊˢỆχὺ ʼᴱ ֫Υᴦ ˣ

(f)ρ ‏ Њ, ‏ Њȟ‎ ςȠ‍ ρ(Non- Convex Case)
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5.1. Observed Data andUnderlying Graph

5. Application

Application to 25 European Countries

άάϘπṳ ΰοΦθТй˔Эм˔ϼϬʼ25χе˔кАОχ⁯ˑχ КАЕ
м˔ϼχ῟ τνΜοχ τ βϥʽ

Construct the graph ᴑȟ꜡

ᴑʿ 0.5 ◌ ˢ 50kmˣЈиχ ῢ
꜡ʿ βϥЈиϬνσΩзрϼˢЛ˔ЖΚθϤΩ 8ᾤχЛ˔Жρ ˣ

Ὅ ʿὮὯḧϬνσΩ χϱрТжйЦи

Example : Spain


