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Effects of asset commonality among banks on
interbank liquidity allocation and

economic fluctuations

Kenta Toyofuku
College of Economics, Nihon University

Background

- Yellen(2013):

- The global financial crisis of 2007-09 revealed that
interconnected banking systems can create systemic risk by
exposing banks to common sources of risk.

- Interconnected banking system:

1. Direct connections: interbank loan

2. Indirect connections: asset commonality among banks
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Bank A « Banks hold common assets.
Asset (Asset commonality)
Indirect connections * —Their asset returns
Asset . become correlated.
L’ ~. |+ systemic risk: simultaneous
e \‘\
’ ~
e So
’,1 \\\\
Bank B Bank C
Asset
Asset [ e il

Stylized facts about the global financial crisis

- About bank interconnectedness:

- Direct connections J, indirect connections {t
(e.g.) Billio et al. (2012), Brunetti et al. (2019)

- The asset commonality among banks raised the vulnerability of the financial

system.
(e.g,) Caietal. (2018), Barucca et al. (2021)

- About the role of interbank markets:

- Liquidity transfers among banks did not operate efficiently.
(e.g.,) Afonso et al. (2011), Angelini et al. (2011)

- The traditional central bank liquidity provision was ineffective.
(e.g.,) Brunetti et al. (2011)
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Motivations

This paper investigates

1. why was asset commonality among banks pervasive before the global
financial crisis ?

2. how asset commonality affects the liquidity allocation among banks ?
3. how asset commonality affects bank solvency and economic fluctuations ?

4. what should the policy makers do to enhance bank solvency and the
efficiency of the economy?

The model
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Region A Region B

[ Depositor A ] [ Depositor B ]

(2) usodap
(2) nsodap

‘o
o)
[
=]
2
>

—/

‘o
[ve)
[V
=]
=
@

—/

Investors

Period 0

Prosdhu:::znty Type of output
/ Storage —> 0 goods
l .
Bank A ——=—> Local projectA —> Ry asset

&A
/ General project =2
B,

Bank B —)lB Local project B =——> N

x .

Storage

Rg asset

asset

0 goods




Local project : I

- period 0 period 1 period 2
1 R; _ R;
(goods) (assets) (assets)

(Ry,Ry) w.p.1/2
¢ (RA'RB) =

(R, Ry) w.p.1/2
© 0 < RL < 1 < RH

- Without loss of generality, R, + Ry = 2

General project: g*
- period 0 period 1 period 2
1 RG EE— RG
(goods) (assets) (assets)
Ry w.p. q
RG =
R, w.p.1—gq
0<qg<1/2
si+gt .
: the degree of asset commonality
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Region A Region B Region A Region B Region A Region B

[ Depositor A] [ Depositor B ] Depositor A ] [ Depositor B ] [ Depositor A ] [ Depositor B ]

)

bank loan(14) @ reppyment(14)

| l

Bank A Bank B
(RA = RL) (RA = RH)

(2) ysodsp
(¢) usodap
(T)melpyyim
=
(D)Mespynm @
(T)MeJpyim (0

(T)mespyyim (T

—> Movement of goods The asset The asset
market market

Movement of assets

® payment: 2 ] l @ sales: Y ® payment: 2 l@ sales: Y
Period 0 Period 1 Period 2

Constraints and frictions

Constraints: Frictions:

1. Resource constraint:

; ’ ° 1. The incomplete financial market.
st+ '+ gt =2 P

- Depositors can deposit their endowments to a
o o . bank in the same region.
2. liquidity constraint in period 1:

st > 1 - Local project i is invested only by bank i.

+ Investors cannot arrange mutual insurance in
3 quuidity constraint in period 2: period 0 against the productivity shock.
s'=1+4 Pr-y'(RuRe) + I'(Ri,Rg) =1 2. Asset market is duopoly.

. . - Only bank A and B can supply assets.
4. borrowing constraint when a bank Y PRy

borrows liquidity from the other bank:
I'(Ri,Rg) < Py - y'(Ry, Rg)




Equilibrium

Definition of the equilibrium

The equilibrium, given the set of parameters (q, R;), consists of a
vector of parameters,
(Sl' ll' gl’ C;(RG)! A(RG)I Yt(RG)! Pt(RG)l I(Ri' RG) )’ SUCh that

1. adepositor i and a representative investor solve their
maximization problems given P(R;),

2. bank i solves its maximization problem given bank j’s investment
decision,

3. the price of asset in period 1 and 2 is determined by
P(Rg) X y' (R, Rg) =2,

4. all markets clear.
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Optimal asset portfolio for banks (Proposition 2)
Equilibrium levels of s*,1*, g* whenq = 0.3
0.8 \
0.2 //
o0 00 Rollz Py 04 . 06 08 Py 10
Asset commonality
. The degree of
Investment risk Behaviors of banks asset commonality
low « An efficient investment low

e Individual risk diversification

* Risk sharing among banks

e Liquidity hoarding + risk

high sharing among banks high
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Banks vs investors

As the investment risks increase,
- banks:
- increase an investment to a common asset (i.e., a general project).
- ex post liquidity will be more equally allocated.
- investors:
- affected by the productivity shock of the common asset
- asset price: volatility 1, utility level: |

— The asset commonality among banks may shift the investment risks from
banks to investors and thus worsen the welfare of the economy
(the risk-shifting problem).

Policy implications

1. The committed liquidity provison
- the CB offers a liquidity insurance.
- the committed liquidity facility
- Related literature: Stein (2013), Bech and Keister (2013), Li and Ma (2022)

2. The macro-prudential regulation
- individual optimal asset portfolio # efficient allocation
- Related literature: Acharya (2009), Acharya, et al (2017)

3. The regulation of bank heterogeneity

- As banks become more heterogeneous, the more risks can be absorbed in the banking
sector.

- the ring-fencing policy
- Related literature: Liu (2019), Capponi and Weber (2019), Goldstein, et al (2023)
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1 Txy NO—VEXRICET 2E8H

R BRBER

HNEE
2024% 128 23H

1.1 fEEICWNDSND XV IN—DFZ

o Z1254% [Financial networks and systemic risk] : &/l
XY RNDT—=DEVRTIVY - )RAVICET 2XEk%E L
Eai—— [&@xy b7—7] ICET 2R X.

o FSE4E [Effective tools for analyzing the periodic motion
of the generalized Liénard system] : &< |&, BFIOE R
DODREMICIGAINE) TH—ILEOHAAERARXRICD
WT, RAHESHO—ENAEERLIIFEOREEZRI
THEHDHLVEENY —ILERBE LR — v 70
BEOXY NT— U2 ICIRAARE?

,61,




=ES4 TOverview of Morrey spaces] : EFFEADIGH
BlEZWILANR—TZEBO—MRIETHZ T£—L 1 ZEfHE
(Morrey space) ] ICDWT, EAXANALMEELELDEED
mlonTwamx —» CEEERE/MED) xv hT7—
MR ORGSR

AT Network externalities in a quantity-setting
vertically differentiated luxury goods market] : & HHIE
ERF I CEENHGEIMEZITO @RamBEIcE W T,
2y NT—04SMEDRS EHAREDRENIEHTIZD
ERICEDEDIBHEZESZ DN Z2EBRLLWY - B4
MIZOEEICHEI Xy N7 — R E DM L7125,

MmEI7O Y MERALCSICH=2T

- B okl i BEEEMETIMREERFTEEZEMIC
THRHREN (XY hT—7] 2F—7— NICERATHE
MCTETC, BEADEKBELISHINHEESL 222 L.

- RER: BZADOBEZZEOHENLREERZRY NT—7
BEODWICISET 5121, BEREIIA AN/ &
(ZNIEEREADF=EDRE (REICHERICH
ns))

,62,




2 ZZimiIEDEDE
o [MRMER] DFIIR (+— BRBHAT—LDFEIR) &KL
TABOBHTENZHRBATE R WVA?
— Fh £ B
x TR : EEMICHEZBIT W E WD BRKICEIHED
Tonz — TFIEER] 2FRICTNE THAL 17
BHNEHINZDIE, HEZEKRESDH.
x (0] : HEFTELBEOMAZEH B HICAL
CHmET A L.
— BEOWADREILZBIEY, MIIL-FAK%EF1R
ELETT, MBFHNITA] 2B 2 EIETERVDOHN?

e John Roemer il & 21RE : BN ITEI 2 E < IEHEMT 7
O—F - Kantian approach (71> MWA LM /&i#E{b)

o Ty alAER/&KElL (BRENREZEDRIR) vs. B
v NAER/&RELE — ZORXBICSDWTIEER

o ZL%7->7T, Rormer (2021, IER) DERBEAICIKIN T B H
T, Ty alAEREAY N AEROER A B SRIEE
(—iatEfR) #@MICRE TV,

,63,




2.1 BARREZFE (Capitalist economy, Arrow —
Debreu))

o IEAEMLIFRLICH T B —KkI%E :
o L:HEE, K: BEXE.
° G . R%— — R+ - EEF*EJ%I
RE 1 - GODIRE :
*  IEINREEK.
x oA EE/R YIRS L.

o n : AANDE.
o (z, L):x - HEMOFES, L - HBHHKE.

o wi,): EANIDETF (HFAEH).

x  ZE[VREE.
x (x, L) ETHoT&E.

o Ki: AN DEXRDWBREE.

o L' : NI DHEDWEREE.

o ' ANiDEEDY 7 (= %AFEHLER).

o p : HEMDIHE.

o w: HEDOME (EX).

o r: EXRDIHE (BXADL V¥ ILEE (X N)).
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& 1 mes - {G (W', K\, L,0},i=1,2,...,n}:
8T ML (p, w, r), BERICLDEREFHOEES
(K*, L*), EXDOMOEEEy*, n \ODBEADHMODEFEEZE
(2%, ..., 2"), HEMBHRE(LL ..., L"), BLUERERE
(K1, ..., K") D UATFORGE#ET :

o (y*,K* L*)=argmax py — K — wL subject to

y=G(K,L).
- EOHEFE  1I* = py* —rK* — wl*.
o (z,L' K') = argmax u'(z, L") subject to
pr =wL+rK + 011", L'<L' K'<K-"
o TIHFEHE (Market clear) : y* =3z, L=> L,
K* =Y K.

o PEDHBERKILDIBEDOFEY : G (K, L) =r/p and
GL(K, L) = w/p (Gy : ilc &2 G DRBS) |

o (w/p)L': HEE (= BANi) ODEEADER.

o (r/pK": %ERI (= BANi) DEE~DEB.

o Gr(K* L)K* + Gr(K*, L*)L* < G(K,L) (GOM
&V (BBRAESITGHIEHRERMBEEA S IEHKIL
93)) .

) ﬁ%o)mi’ﬂif‘%(i&i%ﬁliﬁl% =Y DEEE) :

G(K*, L* e -
Cr(K~ IVK* + GL(K L) " > 1 (BRBRAESIE
GHEBRMBRARSIERIT 2) - EARBEICE T
ZEEIFEEEROEMOGET U LOMEZ£T.




o EARKZE (Arrow-DebreuiEF) DOmEHEOME :
1. NL—bP3IERY (= BERBFEFDOE—EAXTE).
2. &S AT LDFEEHEEDES (ICDOVWTOER) 249
¥t (decentralize) 9% :
(a) XML EEEBRGCOAEN > TWED, HEE
DBIFITEI S AN,
(b) SHEZEIIME & BIFZHM>TWSA, FIBEICEALSIE
HITFD SR,
(c) i. FEELIREBIIBEEDEEANDERD = EHICE
[7E .
i. CEDORBERYITICHRST, &8l& (= 73R
DFE) OLEEZITES.
— LELERE LTOESD “BF" IR 5740,

o GEIZZH->T) &M Arrow-Debreu 5B H 5 DIRADE

PERETIRAEER .
o IMIFIEMAZEREL, TOWNEAEZ IR TOERICEZFICHE
ERCY

o HEE L RERDFEHIHK
prt = (1 —t){wLl’ + rK' + 0'[p(K*L*) — wL* — rK*]}

A g

R DT o 7= ELA | DFE
t — m
+ EpG(K*,L*) (FF1EfMK : ¢).

A 7

A EOBAR
o A DUBORM : (1 1)
Kt = K¢,

w_ ut ,(z', L")
p o oug, (2 L)

,66,




)

o (1-t)GL(K*,L*) = —ufi ( FER KRG

umi

v GL(K*,L*)) Lt 0R B, /AL — DS

é)F (RAKREE = [RAZLHEK) Hviolated 2 (EEDFEH
BEEED).

e Roemer MEFR : Arrow-Debreuf&iFICE WT, RRFZERIC
K EBPENPEDTEZLELEHR - KI—2 TV b
(BEAS L THRE) OF v aiiTE.

2.2 F+vwatEmEIt (Nashian) vs hY MHIER
w1t (Kantian)

o EFEMARERICABRICKZTAR2DDEMEBIFTHL

1. EAXZK (Arrow-Debreu) #ZFDERBD X =X LIC

Lo TELNDZMEI, CORFFED (“unique”’ i)
MEHEWZZHN?

2. (1. DB EHEET 58 /AL — MKt e ERESD
ICBEd 5 9H#E1t (Decentralization) (ZRFREEICHE >
THRIMNRESNZ A A= X LPEEDINTEIEHIE
ICEKFEL TWB DN




e V=WVL .. VY):nADTLAV—DEERT —L

(< £ TRoemeriC & B2 EZEDLA).

- Vi 5 R-FEBEK (1: R OXRE).

- BANiD¥EBE : B € [ - H#k (“contributions”) /%7
(“efforts” ).

— F—LHNEBICEREEN (Y — MEBRHV Y
fthDEAj(#£ i) DEBRE’ I LT, BEBEAREM GRd)
FE#K.

EFx2e 3TEHED AV MM (Kantian equilibrium) |
DEE :
— W TFO7 74 (E,E,... E)bEih Y e
(simple Kantian equilibrium) : V7,
E = argmaxy,c; Vi(z,z,...,1).
- HEO774)(ELE? .. EM) DA A Y MY
1945 (additive Kantian equilibrium) : Vi,
0 = argmaxy piypery V(E'+p, E*+p,...,E"+p).
- BBIO774) (B E? ... E")DEENAY MY
¥ (multiplicative Kantian equilibrium) : Vi,
1 = argmaxy,|,gicr} Vi(pEL, pE?, ... pE™).
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o “AV MHY (Kantian)" DHEEK : 41 ¥v=aTJ)b- AY MI&E
BESWE [HRBTOBEEDIREN WD THHEEICE RN
IEDREBE L TRETZLDICTAEL] - B2 ER
ROGEIRITEHNGEICARDIBEICDH, FIRD S DR %R
H3 — ZORBICE>TEMRLBEWKETIE, TBDD
TAIMMEEBICL > TERAKICEAINDG WO EKTODE
EHEEEZESETE TV

o IR EEMNSHASMREL SIS, BiA Y MNEIIINE
HAY MBS EFENA Y FHNBEEICZENS.

8 1 [Roemer (2021, Prop 1.)]

o EEDERBICHEFELT —LIZHBWVWT, B L UIMEN S
v NEBEIZ/R L — MR TH B,

o FEDEBICEAMMAYT —LICEWVWT, EEDHKZICE
D (= EOHNEHEDH S (Bl - "Bk "MK EERT
& RIRR)) FENH Y NEEIZ/L — NHERWT
H>5.

o SIFRIZEERT 5.
o [NL—FMZBEMIET Y YalTHOAICE>T, EHL
SNBHDTIEZEW]

,69,




23 f#E=FH1
o FEIE : {G, (v, K", L, 0')i = 1,...,n}).
o SEEDST— L :
— Wi S@EORGEE - Wi(LL, L2, L") =
i L= D@L +rK + 0TI(K", L) |

p

twL® +rKS + (K" L),

n p ’ )

x LS =YL,

* K=Y K

& TI(K*, L*) = pG(K*, L*) — wl* — rK* (= 9
FIE).

o IERDT—LA :
- EBARERELTWVWBZENLIXTIAIFEEFN WL —
r>0CH3BRY, Ki=K' (- YHIERAREENZFD

FERBANIDERHIGEICL D).

,70,



E&H 3 e HRREMIIE (Social demogratic (Socialist 1)
equilibrium) {G,{u*, K*, L",0%i=1,...,n}} :
- (K*,L*) =argmaxpy — rK — wL subject to
y = G(K,L) — II* = pG(K*, L*) — rK* — wL*.
- Vi, K=K
- (LY, ..., L") : S5@EDT — LDIEN S~ MR -
W = {W*} (Fi5 : {K* p,w,r, I1*})

- VZ, xr; = . _ _
(1 —t)[wl"+rK"+ 0"TI(K*, L*)]

+3G(K5,LS).
n

p
— ™WIHEE (Market clear) : z° = y* (BtDH%),
L =L* (5@Entat), K° = K* (BXEDHHE).

el 2 (K*, L*, y*, {K" L', 2'}) ’ERDFEL € [0, 1]
IR LT, HEEMIE (Social demogratic (Socialist 1)
equilibrium) TH3 & &, L — MNIKRNTH 3.

o TDRA2 MEIEHA :
1. FBERKIEEY  pGr(K*, L*) =,
pGr(K*, L*) = w.
2. (LY, ..., L") : B5@ES — LW OIERN A > NI HE

(1 —t)(w(L* + p) + rK* + 0'TI(K*, L*))

d =
i ;
; w(L® +np) +rK° + II(K*, L")
+ - (L +p)>
n D p=0

,71,




N ~ _
p
-V, Eﬁ:—“?
p Ui
3. K = K",

)

4.1 53 &V, Vi, Gp(K* L*) = — L' _, s
u

7

DCOEMEN S, IEHT Y NEEES /L — FIEHT
H3 (RAREER = BREWEX)) :

HEARTISRECH T EEERELOE—HEATE («
REMEBMICEZ2BOEI/BAINTWVWE I EDRT VM),

,72,




o Arrow-DebreufFFEHEREEFERE (HMEEE 1) I

BT BB HRORRDE :

1. EEOF v Y 2MmBELZIRICLZEZRICIE, TA%
BEIIONEREITTHDH, (1-t)&EWVWIIED
BEEICE->T, BREDDEHICDORHINSB. —AT, 5B
v MRBEEDZE X FHBEBN D I\)lxéﬁFO)T{b%%‘
B30I, EBRESDEHDREREICAE S,

2. t2REEEREF ((T&EH 1) TIE, Arrow-Debreu#®
BEIZERY, BRICKZFAEDORDS, BAEICK
Y, BRICHEIND (= /NL— MIRMEDRKIL).

@ 3 [Roemer (2021), Prop. 3 (I DEE) |
SERHGHIEFEICMNDOFEESRMY (the Inada condition
(=K, L)) Z#@lkdeds. EFNrOTHZETE. 2D

&, HEREFHEIHYE (Social-demogratic equilibrium)
NPT EETS.

o FFFRIIEEET 5.
o FEFAAEHIEARMICITEARAREEE (Arrow-Debreuf®i%)
DB OEFEERO7FOY —.
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S =i
o FRM :

1

2.

LY MIRBEZRITT 2 7HICRERBRERL, FTv

YAMRBELERITT DIV EREFREELEL (B
5F, g (MEEED), BLUTFEOIRY 9).

[ eE e (Price illusion) : Y MHEELICHEWTIL,
TLAY—2KOEBBOEIHED D, Whikv O
2EOZTIED - <7 ONTA#ED 2o, @i
(R ML) ODEILEHEHRTEZRWVWESD — LL,
B2 (L — MpERM) I8 W TIRERIPEES
HETIHHAINTWLS (NP HHESEFEERT (e
F&E 1) EFTILDORRA).
HERFFBENRRHEEOZIRLIE, (0L ...,0") %
B (= 249 —) IC2 & TOBERERE A4
5.

4,

71V MNOIEEE S T, —RIC, HBEOHRSISEROE

EIXFEOBRREENESF LAV (ZOEBRIFEERAREFH
(Arrow-Debreu#%2;%) & I&x8BH) A, B id/SL— bR
HWTH5.

&2 @ MitgER] ICHFOIHRRFEERE (H&=E
FZ1) ETIVICREICOVWTEIDLERET D — /N
L— MIRMEDKILIC, WS [Price-taker (fitg2H
E) OIRE] DRETERINIDOWVWTEZS.
HBHERAWNEFEE (/SL— MIEE) [TDVWTO
A
— 2% :u(x,L) =z +log(A — L).

x v B—DHEMDEEE.

x L FEMHIEE.

x A\ (REHBD) MBS EHREE.

,74,




e DOX ~
s G(L) — %
* o € (0,1].
x L THHEHRHKE (HEEIRERDOENSEREMN
12, L=L&EXTEW).
- FEREHEEICESRICOEBRINS.

o —B7A (VL—h) MXRNHBEEE (LOEMMLY)
&, UTDOFRHBTEALGND :

eff _ ]-
maxy, G(L)+log(A—L) — Gl = (Leﬁ)a L= \ — [eff°

o BREHMWICH T DHEL:
- FEBEEE (LP) : LP = argmax[G(L) — wlL] (—
&KL, w: EEEE)
- HEHRE (L) :
* FEEICLD Ty Y 1WEBIICK 2HEHEE
(LY) DRFE :
LY = argmaxy, Sl — t)wL + twL + I+ log(A —

=E¥mFICED<C WA

L) = (1 - (LNl = o

Cow=G'(LN) = (LN)>=1).




« BEEICK 2BMD Y MR K 2FHBEGE (LK)

DRE (HBERIRETHZERELTVWEDT, MEKS

v MNREEIE B Y MRS S EME) -

LY =argmaxy, (1 — t)w(L)L + tw(L)L + I+ log(\ —
MG IR < 0

L)%uNLKﬂW#wMLK%:AJZK.

* AV NIRBICH T ZRE : hY NIZzELEE T 25 EE

i, HEHEE (L) OREEE (w) ~"DUMRZEZHMERL T,

LDKEZRES S (REEE = FHEDORFREEY #

[Price-taker Tl W)  w(LE) = G/ (LK) = (LF)~—1,

% (Oé . 1)(LK)a—1LK + (LK)a—l —

1
A— LK’

A— LK

a(LK)a—l —

— HETIHEDOEE (Labor market clear) : L =L = LP.

1
o« LTE LN DLE : (L) = g v
1
(1—@@NW*M:A_LN:>E§®t>OEﬁLT,

L > LN (v 2 1 WEES DB EEER).

L(BWWJ:A_Lﬁ(Nb—hﬁ$%@%®&iﬁl
o= 1 v H#TE M2
2. (1 —t)(LYN) 1:A_LN(fu/1mw&E®&
ER). X
3. a(LE)et = (hY FEEEDRER).

AN — LK

,76,




o1, 2, 3= Ta>1—t] PRILLTWVWNIE, Fv
vamBEEERs (= LY) &WE, Bih Y MBEE (=
LE) pRL— bpRMmER S (= L) 13a< 25,

o HFIC. ..,

—tAERIEVwEE, Lf~ LN,
— A LIS EWVWEE (FICadToICTICEWE X),
Leff ~ LK,

o FEEDAINSOLNB I E :
- —RICHEREEFE (= t5E&H 1) HHETH,
Price-taker (il &F&) ORE=ZHEIL, BoD/N
L — MO ME X — RIS BRIL L 78 L,
- Ty AR DEADERICERTHDICHLT, A
Y NHEED DWW LA IERFRE (ZOHITIE, S£EREK
DAY A (= aDKEX)) ICEBRT 3.

24 #HEFHE?2
o HARIFIZHICHETIE2ETI (HE2EHD) : PED2
EEYMNSHEE S BERICHBIND.

o B—EETI:
- Ae0,1]: NS X =%,
- FEBEDT—LR:
« Bbg . HEHRE (L) |
« MEBEH :Vi=1,...,n: RY(LY, ..., L") =

; wL? 4+ rK* Lt K
[M%K’L)_wL_¢K],U).tﬁL,
p

L® = > i LY K® = Z?:l K'.




EFE 4 @ )\ — sharing equilibrium for the economic
environment {G,{K*, L, u'[i =1,2,...,n}} : LTFD%E
HaEmEY, BT Ml(p, w, r), BOEKEy*, £
DEEERFTERY ML (K, L) DT OG5
=9 :

1. (y*, K*,L*) = argmax py — rK — wL subject to

y=G(K,L) (G: £EBH, \WbrwdFERKIL).

2. Vi, K'=K"

3. (L', ..., L") : ED(K', ... K")IKHLT, #—Ai

R DFEEH H > NS4,
wlL' 4+ rK* L' K*" | (K™, L*)

= —— A—= 1—A .
x » + LS+( )KS -

o EHRIDME :
5. IRTOMIFDEE (All markets clear) : y* = 2°
(Aoi9d), L* = L° (HBEDHE), K*= K° (BX
EDHE).

o EFE4DIFH :
- BANIDEEEER (LELIFK) OEROEAW (=
LI B&VK/KY) OiEE (x4 b)) OF
DWT, BAilcx L THE BRI N TWS.
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fRE 4 EERDEZEICIED X - sharing equilibrium {&/3L —
NIERNTH 5.

o fPRE4 IR :

1. FUBESALRE : % — G (K*,L*) and

]ngK(K*,L*).
2. — MHHEEREE,SEO (L'=0) OTL Ay —:
L'=0 (ZDO&H>BTLAY—% lpassive] &R

93).
2. DIFTE -
- MEFBREENTSRL >0 OFLAv—:
d .(w _,. 1T ~—. pL* K{TI(K*, L)
—u'| —pL*+ -K" A—= 1—=X)—=
dp" (pp T +[ prs T )K5] p

p

p=1

pLi)

3. 1E2.H5, G(K*LY) =L

T

(— BREFE —

BRAER). &> TRENS Y FBEERS I
INL— MEhER.
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M 5 [Roemer (2021), Prop. 5 (A-sharaing equilibrium
DFE) |

SEBHG BB RVER, OMERGEHIZTEDEL,
BIFlEME L, DNOEEMERI (leisure) IFEEBHMTH S
E9B. ZDEE, FEDN€[0,1]ICH LT, /SL— M
KH7R A\-sharing equilibrium B FET 3.

o NIV MIRBEILZITO ERZRIIRE L, MEIEREZFA
LIcBREZZER LIHESRETETHMNEEFT, —KRIGEHR
BN — N IERMBE D = RIBY S FMEAHE DN T—
YaviEERH B (ETRELITFTEH2D).

e Roemer (2021) (& Public goods (= A#£F4) *° public bads
(B : IJIBBR) BREDERZHEAANICHEEEN—MK
HEHERERTILTWVWS.

25 AV MRBECDIGHE : BIFENF SHiE
o JRODEERE :
- HY MSRBE{EDED DRITICIE, [Price-taker (flifg
RRE) DREI HEE.
- £24L, lPrice-taker (fil8ZT/EDRE)] =4 L%
BEDEDDODITICEALLH S.
- ZITEHEMNHENFTLIMBICEALT, Tv ¥ amiHf
EhY MO ERHA D (72 LEotatZn
).
— NR—R 72 BEmXIE Zhao and Li (2021, OR Lett) : IR1%
BEREVEORY 7= PEIPERFICERINTWVWS
— LUF, Zhao and Li (2021) DEFILEEREAT 2,
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e Zhao and Li (2021) ET )L : nibFEHL 5% 3 ZRIR .

- BR:te0,+00).

— L(t): FRLICBIFTZ2ERID (MORBEEZRET B
HD) 4 I/ R—=2 3 VIRES.

C X, (1) BRI BT B RE DM ORE.

- Q:(t) BRtICBTZ2REIDEETIHORY KT —
A X (MOEEEICET 2IEMBAHRTREVNZTES
WA E7567).

—q(t)  BRtICB T RHMDEES.

-0 BEZEDOHDODMEMET T 5LLE (depression rate,
R 2B L T—7E)

—a:HOBAZYHS (=RETS) HEHDLZE
(exit rate of consumers, BFfEI%Z@E L T—%E)

o REDME (1) :

— A: BRMEE (=EEFEI/MICH L TE L WVWERKROIHEE
K%, BFE%ZBLCT—E)

— (€ (0,A)) : BEEBO—ROED/ S X —5— (B
BZz@ELCT—FE)

- L(>0): BEBRICHI BERMRE (cost coefficient
associated with environmental damage (BfE%®B LT
—7E)

—b(>0): £EA/R=Y a3Vl >THESNEHMD
mEBIFHBICE X 2MRDIE S (sensitivity of the price
to the improved quality due to product innovation (BF
Mz@ELCT—%F)
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o XEDIEE (2) :
—u>0: Ry h7—0U4NBEDRS (FEZELCT

— %)
- B(>D): ZBEtEOMOMEXIGHE (FFE%@EL T
— %)

- D(>0): HEOREMDIEE (BHEZELT—E)
*x DOLER — REEOEET 2HMHIAEICEL 45,

- 0(>0): BEEDJY—YR&DF/EEDMEML
(effectiveness of green R&D, B %#EBL T—E)

- n(>0): BFEROBAKEEE (natural decay rate of
pollution, BfEl%Z®BL T—7E)

o REDME (3) :

— 7(>0) : 3K (rate of emission tax).

— u;(t) RIEFBREBOT DD ) —V RDFEDK
# (green R&D investment) — BFRtDEEIDERE
ICHEITBRE = qi(t) — Ouy(t).

o KKRHIVEEZ DWAKEE :

(1](75) =2 i [A+0X(t) + pQi(H)]ai(t) —

§B Do) = DY ai(t)g(t) + k(1) (k(t) : B

tHICHBITB=aX—IVIHDE) — HFERAHK :

pi(t) = [A+bX;(t) + pQi(t)] — Bai(t) — D34 q5-

o DEIDEREICHSIERBEE : Ci(t) = cqi(t) + %[Qi(t)]z'
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o FFHARE :
- BHORY hT—OH A4 X : d%t(t) =q; — aQ;(t) (+
qi(t) T— Q;(t) 1 : MDEBIEDBERNEANDMA %15
KT (fl: AVS1405—LRE)).

- Iii%%%’%@?#tﬂ% :
t n
) S la®) — (0] — nP(0).
_ EMORH %’it(t) (1) — 6X(0).

e« ED(t) = %L[P(t)P BRI B BB RO AK T
Z b (social cost of pollution)

o 7[q;(t) — Ou;(t)] : RREICH T 2 EZEiDemission tax D
&5R.

o PT(t) =" 7lqi(t) — Ou;(1)] : Bt DR DHREE.

1
o mlt) = i) [pe0) — e~ 5ast)]| —rlas) — Ouse)] -
%u?(t) - %If(t) B LIC 51T B 0% ORI
® ﬁ%z@ﬁﬁ’ﬂ . mani(t),ui(t)Ji(t) fooo e_ptﬂi(t)dt (EH%E"J
FiED®RAL).

- %uf(t) B ICB T B RE I Dgreen RADIZREICHD
EH

_ %zg(t);a%,ﬁ“tc:acmﬁ%mﬂm&gﬁmmta

R&DIZEICHD EHR.
e p(>0): FIFZEF (interest rate).
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o FFRtDHREE (MRFE) :
fW(%—Z¢JA+MYU+wQ@ﬂ()
§BZLMﬁW—DZ#ﬂA)@)
> Pi(t)qi(t) + 200 mi(t) — ED(t) + PT(1).

- RFRtDEEERE

?S(t) = i [A+DX() + pQi(1)]gi(t) —

5B > oialai®)? =D 35 qi(t)q; (1) =i pi(t)ai(t).
_ B OEEERE (- BRE) : PSH) = X7 ().

o DHTDAE:

- 7, BAL—TRELT, (¢(t), wi(t), L) &ERDT,
BAIFMBIC, RNt (BRENR) HEEEHKRIED
Bans, MEr2XkD3 (BT —LTLfBEKDS
=71 ).

- Ty alAEE  (¢i(t), ui(t), L(Et)DITRTEF Y
YaMmBIEICE > TRET S (ERAFN")

- AV MR (D) ICDOVWTOHTEEN S Y NHRE
BICE>TREL, (wilt), L) kT vy 1msas@ibic
LO>TRET S (LHRAFK").

- =L, MEARINICEHRTZZEIEIDETILTIE
H#TH2DT, Zhao and Li (2021) D (#&iB D Case 1
& Case 2),
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e VIal—YavDAaE:

—Case1:6=0.05 p=0.1, B=1, D=0.8 n=>50,
0=0.1, a=0.1,0=2.5, p=0.06,p=0.01, L=1
(« ¥9E, SALEENICEKET ST 2LDICEBEL
TW3).

—Case2:6=0.05 p=0.1, B=1, D=0.8, n=>50,
0=0.1, a=0.1, n=50, p=0.06, n=0.01, L=1
(« 9%, green RADILEEDMERMEZRT /AT A —
Y—THB0ICIFTSETDLIICBELTVS).

— Case 1&E2THBELT, A—c=1&795%.

-0.0020
-0.0025

-0.0030

1 Casel:75(n)DdrN(n)DE — 7V (n) > 75(n)
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q“(n)-g"(n)

~0.010 f
~0.012 f
~0.014 f
~0.016 f

—0.018|

B2 Casel:q"(n)Dq™ (n)dlE — ¢V (n) > ¢*(n)

u*(n)-uM(n)
-0.004 f
~0.005 f
~0.006 f

~0.007

B3 Case 1:u”™(n)Du(n)DkEE — u(n) > u’(n)
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K(n)-M(n)

-0.0030
-0.0035
-0.0040
~0.0045
~0.0050]
-0.0055

-0.0060 |

B4 Casel:I%(n)DIN(n)DLER — IV (n) > 1%(n)

™*(6)-V(6)

-0.0015

-0.0020

-0.0025

22 24 2.6 2.8 3.0

5 Case2:75(0)DrV(9)DteE — 7V (0) > 77(0)
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-0.01207
-0.01208
-0.01209
-0.01210
-0.01211

-0.01212}

2.2

24 2.6 2.8 3.0

6 Case?2:q"(0) DN (0)DHE — ¢V (0) > ¢"(6)

6

uk(B)-uN(6)
~0.0040

-0.0045

-0.0050

-0.0055

2.2

24 2.6 2.8 3.0

7 Case2:u™(0)Dul(0)DEE — ™ (0) > v (0)
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K(6)-1N(6)

-0.003775
-0.003780

-0.003785

-0.003790 l l l l 0
2.2 24 2.6 2.8 3.0

B8 Case2:I*(9)DIN(0) D& — 1V(0) > I7(0)

Case 1D5RFA (1) : n (= SALEHR) OEMICKL>T,

BHEEZEIFNSCAD (AY MDD F v ¥ aMBEED

MADHBEICEVWTHENMEESINT, FEEORERRE
DHEANNS LK B B=0).

— gN(n) > K (n) : Ay MBI v ¥ 1 MBIk
RTC, BRDGSORRICH L TCLIVIEETHS. ERE
LT, BEENMITAF LD > TEEZIINSLK RS,

- IN(n)>I%Mn): ¢ & X, DEDHEEICKY, £EEH
REWF Y 2B DHERA / R—2 3 VIRENKE
<722 (gi(n) 1= Xi(n) t— Li(n) 1.
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o Case 1Mt (2) :
- mN(n)>7r8(n) : ELEDOEEELVLYFL, Fv
YaMBEEICEVWTHFEEVWHERZRET 5.
—ulN(n) >ufEn) NIV ZTVOEEDNDS, v =01
(i=K,N) hgohadrd, rozvFvJERALIC
8%,

o Case 2D5HEA (1) : 0 (= BREBEDJYY —VR&DIKEE
DWEME) OLEFEEHIT, Ty Wi hy b9
BDg &L, DEIFKRELRSE (ODEFEEHIC, FHED
RESN, ZOURIAY NHHE LY T v D 2 9HE
DENEYKRELHZLD (— nABEESNTWSEIE
IER)D).

— ¢V (0) > g% (0) : hv MEEEIZ T v 2 a BB EE L
T, BROSORBRICH L TLWEETHS. HREL
T, BEENMTFAFLH > TEEZITNS KRB,

—IN@) > TK(0) : i & X, DEDREEICE Y, EEEN
KEWFT YV agGED AN A / R—2 3 VRENKE
<732 (g;(0) 1— Xi(0) t— L;(0) 1).
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o Case 2DFHEA (2) : 0 (= BREEDJY) —VR&DIEEE
DEEM) OLEFEEHIT, FyPamiiEEHhy bl
DT Eu;DEFNSLKRSE (DEREEHIC, BAY
=W D green RADIFEE L FHODMRI’ R HONB =8,
BRERDEDRL R B0).

- NG) > TE0) : EEEDOEEENLIYBEY, Fyia
HEEICEVWTHFIITEVWRRARTET 5.

—uN(0) > ul ) : NI NZTUOEREDLS, v =01
(i =K,N) B85h3kd, OV I ERLIC
AN

o HERDAVTYr— a3
1. Zhao and Ni (2021) : n° 0 D& —

TIZDKER (mature) SRR (n ¥ OIEBE T %)

- AV MEE, FyPalaEEEICn P DIEMIC
WLT, BFIErz=@gadstEsd - 2L, Fvia
FIEEOANBICTIFRE L.

- AV hEHEE, 7Ty arlEEEHICODBMICTL
<, U; \L, Iz T — QGDJ:—;%H:J:'DT, $ﬁ[%f: U@Uz'
DREEBHEZIMA BMRITBEDVT B0, 01— u,; |.
—7%, 0OLERIF, HFEZRETIHNREDH B0,
HORBEZERSIEZM / R—2a V&L ITAHY
by, ;v amHERHTIENY 5. 2L,
S VBRSNS Y Y alWEEOANEICKEN
(IN(0) > I%(9)).
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o XY NT—IUREDERDIMEICEITT. ..

- WEHEEDEFEICIIBENRITHARARERKL S.

-8B, Ry hT—I8F (Z2TlE, EEDLH> %
[y NT—20%R] PAEE) O—RHEROL
EMICELTI, EFEAEMELN > TVLARL - B
D/ REOFEAOEOHEICEAET 2 EE (FICKE
MICEH B EE) OISEORREMEAZREFR L2\,

- 7OV MAYNR—AANEEDNZOHETOD I b
TIUBEFESTIC, S5IC TRy NT—I8F] 2%—
T—RICHEERBFZOREBZED TWMETHS.
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