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Abstract

Seoul adopted a restrictive zoning in 2003 where floor area ratios (FARs) were cut back by
285% in residential areas. We construct a spatial equilibrium model and measure the
second-best efficiency of the FAR regulation and the efficiency loss caused by that massive
down-zoning. As a second-best instrument, the FAR regulation achieves at most 4.1% of the
welfare gain that the first-best policy mix could achieve over and above the free market city.
On the other hand, the down-zoning has reduced the welfare by 2.6% of the average
household income. This welfare loss amounts to 4.7 trillion KRW (4.0 billion US dollars) per
year and, equivalently, 1.4% of the gross regional product of Seoul. In fact, the welfare loss
mostly comes from the sharp increase in housing prices. In specific, the cost of housing
shortage is shown to be six times larger than the benefits from improved amenities of lower
density residential areas and almost seven times larger than the benefits from relieved
congestion of road and non-road infrastructure.
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Figure 1. Inefficiency of binding FAR regulation
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2 Dgod 2as 9l ;LaﬂEl A B3
BHGT Mg ofRo] nt EE £ 57 fEo)
LAOJH, Table 29F ZH0] HRE _E}. Base city=
ofmet AlTHE AIEER] 22 RFEA TAl
A RIFHO] AREE EE TAl9 HIYIE
O] #ot. gA Eoll, 2t 7ol &shes TAle
Base city0l] 58 7AlHO] HEE RAIRA, 1
Mol §88e Base cityoll Hls AI7F H&%F
TAIS) F4F0] SUFEAIC] ofE BT
med ZoAlE Anl =8E 884 XT= HiT
71%0] Tli= Base city@t HIWHA AR EX1E
TR EAIE ofEA AEsh-Lof] wet 34 Hek
Table 1. Reference parameters

1. Geography and Population

Unit section radians: 3° in each direction
Radius of the city: 28.5km

Total area: 42.5km or 2,552km* in circular city
Residential land share: s,=0.8

Road land share: {Zone 3, 4, 5}={0.7, 0.4, 0.1}
N=132,000 persons (Household or Workers)
Population: 330,000 persons (2.5 dependent/HH)
Pop. density: 7,759 persons/km*

2. Production
X-good producers: (1=0.8 (labor cost share)

1-1=0.2 (land cost share)
pg=pg= -0923
(elasticity of factor substitution=0.52)
o ;=0.875, azp=0915
3. Household-workers
Household income = 50million KRW/year
Housing expenditure = less than 25%

of Household income
Utility function: a=04, B=1-c,
pp=-0.786, o ;;=0.450

Time endowment: hour=500 hours/month,
Number of workers: d=hour/24
\=6 (dipersion parameter)
4. Traffic
a=1/60 (Free flow speed 60km/hr), 6=0.03, c=3
Speed(km/hr) in Base city: Avg=30, Zone 3=14.9

Builders:
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ol & Aok A
cityZh S5t ASHEAIAS] B5E &
Alof] ol £Q ARERE QO FEHARY &
e s BRE THGIA0KTable 1 &),

M, Base citye= HIEAIHIE UHH] FE7HA
HIg(=p"H/p*Xx™)0] 9 14(=1.0/07)0] HEH
AEEIQCE YUEOR RAISARTA] & FEirtA
e gk BEXH] 30%QF HIEAMRI(AAR) 70%2
T ZoE FriEar Ak YAz 75
Ol AgAl 2571 AR tiae=, 5|2 5uEtt
2017 98 715  ShdEHol ASH ORIE,
A -TAIT F8, EX(LGUEEARY 718 A
e BASHE ©eIHE Y HIEAHIE thH] £
E7FA HIES Bt 309 2102 ALFETHETA]
ZET 6.08, AR TET 1.96)

=N, FERR0] THAER—E0] -067 O] H:
E AFE35I9C} Polinsky and Ellwood(1979)&= 7}
ZEREEE  -067~-0720/H, &5 LS
(200002 SEHOl 4% -032~-041 Q1 Zo=g
F&sta Atk oo & A= Polinsky and
Ellwood(1979)7} 8ot HelolA 7te =2 @

Table 2. City Type

(-0.67 AFESIICE

A, 7 A5 OHl FAHRHR) HISo|
25%NTH0] Hes AEGIIrE RN SH(2014)
of m=EH 45 tiH] AU HIERIRES 2014
d £ed VIE i 274%, B SAEAS 7]
Z 23.1%0IC}.

FB city= AFARITZAIQ] Base cityd] AEA
Ne Sall AlelE ZFMEE ASist TAJoITh
FB city SHEAT +,9F MAI (7)) A4
E Sd Z™Yeol TEshl, FB cityold] 28
H EEe TATHEIRE HES LA TAo)
= SY5H &gHrt

ol & 7K 989 TAIE AL LIHA
FAIES BF dASHYY 8XE9
gqg Sof ARl 49| FtislsE X6t
JE0ILE GB City= ZAIQIZO] ZiLAEH*
JA% TAl, FARH cityes FAEK0H &
TAIZE AldE= AL FARA citys FAE
O MAEA] o] 88 AIVE AldEE =
oltt. 88g A7 AldEl= TAlolA FF
SAE0IE 2t Aok 85F S Ei= oftt

A Ade Soll ARE =4 Sds FTSAR]

> A e o ol
W < a o 1o
o>

City type Tolls Prop. tax Greenbelt FAR in housing | FAR in Office
Base city No No No No
FB city Endogenous No No
GB city No No Opt. GB No
FARH city No No No Optimal FARH No
FARA city No No No Optimal FARH Opt. FARB
Table 3. Welfare performance of the first- and second-best cities

Gy gz AW (1,000 Rel. off AAvg. FAR of residences (%p) FAR of office buildings (%p)

KRW/HH/yr) "~ | speed(km/h) | Zone3 | Zone4 | Zone5 Zone3 Zoned Zone5
FB City 4525 | 100.0% 57 0.7 2.6 0.5 0.0 0.9 -0.2
GB City 7.6 1.7% 0.0 0.7 0.8 5.6 0.1 0.1 44
FARH City 15.7 3.5% 0.0 214 43 -6.0 13 0.5 -1.6
FARA City 16.7 3.7% 0.0 21.3 4.2 -6.0 6.2 1.6 -6.4

Note: AAverage speed = Avg. speed (km/h) — Avg. speed (km/h) in Base city
AFAR = FAR (%) in Non-Base city — FAR (%) in Base city
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ol AlBolA Folst ARRA =4 W glo
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A = LAY W, Jeldl VSS9 SHlg

Ay

i)

S84 (relative

Al Wi Wy AO)CE ZES FB city@}
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(Brueckner 2007; Pines and Kono, 2012; Anas
and Rhee, 2006; Rhee et al, 2014 &). 1 O|&
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(b), f,-H:(l—GfH)ffb, f™ is FARs of residential area in base city
Figure 5. Welfare gain in the GB and FARH cities
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Figure 7. Welfare loss and compliance cost
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[5L2: GAMS Z213)

2 T2 e FETA A Base city GAMS Codel| A|&aE T 7 Error Check@HE B S
AN Z2 e

set | zones /1*5/:

alias (ij.k,n,m,s);

parameters area(i),deli(i),delij(ij),BB(i), HH(i),Fij(i}),Fi(i),income(i,),income_std,
gij(i}).gi(i).Ki(i),zeta(i),omega(i),Road(i),rentA(i), rentB(i),rentH(i),
FrentH(i),dfrentH(i),FrentB(i) dfrentB(i), Fwage(i),dfwage(i),w(i),uij(ij).pij(iJ),
PH(i),pB(i),pX(i), QB(i), XB (i), QH (1), XH (). MM(i),X(i),
Zij(i,J),hij (i), lij(i,j), share(i),aX(i),aH(i) deltaX,deltaH,SX(i), SH(i) XI(i),
deltaijk(ij,k), Total_Wage_Income,Total_Dividend temp,temp_1,
com_Slack(i),dividendprime,lab_Slack(i),land_Slack(i),House_slack(i)
eCom,eHouse,elab,eland,maxError,rentBprime(i),rentHprime(i);

scalars alpha,alpha0 beta,alphaH,alphaB,a,b,c.cr,ew,d degree dividend,Ebb,Ehh,
Hour,iter,lambda,mu,NN,pi/3.14159265358979/,household_members,pop,
radius,rhoB,rhoH,rhoU sigma_U,sigma_H,sigma_B,
convex_H,convex_X,convex_rent,convex_MM welfare_BC;

***Reference parameters
degree=6.0; lambda=6; a=1/60; b=0.03; c=3; cr=0.3; cw=0.3;

alpha=04; beta=1-alpha; mu=0.8; Hour=500; d=Hour/24; NN=132000;
household_members=2.5; pop=household_members*NN;
convex_H=0.5; convex_X=0.5; convex_ MM=0.8; convex_rent=0.001;

deltaijk(ij,k)=0;

loop((i),

loop(k,
deltaijk(ij.k)$(ord(i) eq ord(k))=1; deltaijk(j,ik)$(ord(i) eq ord(k))=1;
deltaijk(ij.k)$(ord(i)<ord(k) and ord(k)<ord(j))=2;
deltaijk(j,i,k)$(ord(j)> ord(k) and ord(k)>ord(i))=2;

i

loop((ij)$(ord(i)=ord(j),
deltaijk(ij,k)$(ord(k)=ord(i))=1; );

**% Distance
deli(3=9: deli(4=9; deli('5)=15:deli('2")=deli(4"); deli(1)=deli(5";
delij(ij)=sum(k deltaijk(ij k)*deli(k)/2);

***% Area

Area('3")=(degree/360*pi*(deli('3")/2)**2)*1e3**2;

Area('2')=(0.5*degree/360*pi*(deli('3')/2+deli('2"))**2)*1e3**2-0.5*Area('3");

Area('1")=(0.5"degree/360*pi*(deli('3")/2+deli('2") +deli('1"))**2)*1e3**2
-0.5*Area('3")-Area('2");

Area('4')=Area('2"); Area('5")=Area('1l");

**5% Congested travel time(hr/km)
gi(i)=1/60; gij(ij)=sum(k deltaijk{ij k) *gi(k)“deli(k)/2);
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*** Base parameter values
aH(i)=0.875; aX(i)=0.915; deltaX=0.00121; deltaH=deltaX; Enh=6.0; Ebb=8.0;
sigma_H=0.52; rhoH=1-1/sigma_H; alphaH=0.675;

sigma_B=0.52; rhoB=1-1/sigma_B; alphaB=0.915;

sigma_U=0.56; rhoU=1-1/sigma_U; alpha0=0.450;

* Initialization
rentH(i)=12.0; rentB(i)=5.0; pH(i)=3; pH('3)=10; pB(i)=2; pB('3")=8§;

X())=200000; X('3')=76000; MM)(i)=200000; MM('3')=100000; w(i)=300;

BB('1')=160000; BB('2)=40000; BB('3")=10000; HH('1')=630000;HH('2")=220000;HH('3")=80000;
QH(i)=100000;QB())=10000; XH('1)=30000:XH('2')=16000:XH('3')=4000;
XB('1')=16000:XB('2')=5000;XB('3")=1000; XI('1)=25422.177:XI('2")=16662.494:XI('3")=8270.406;
share(i)=0.80;rentHprime(i)=0; rentBprime(i)=0;

**** Road Service level
zeta('1')=0.15; zeta('2')=0.23; zeta('3")=0.33;

road('1)=2571020.0; road('2")=1248671.0; road('3')=619581.4;
omega('1l')=road('1)/deli('1"); omega('2')=road('2')/deli('2");omega('3")=road('3")/deli('3");
Ki('1")=zeta('1)*omega('1"); Ki('2")=zeta('2')*omega('2");Ki('3")=zeta('3")*omega('3");

loop(j$(ord(j) <=3),

pH(i)$(ord(i)+ord(j)=6)=pH(j); pB(i)$(ord(i)+ord()=6)=pB(j);
X()$(ord(i)+ord(j)=6)=X(j); MM(i)$(ord(i)+ord(j)=6)=MM();
BB(i)$(ord (i) +ord(j)=6)=BB(j); HH())$(ord(i)+ord(j)=6)=HH(j);
QH(i)$(ord(i)+ ord(j)=6)=QH(j); QB(i)$(ord(i)+ord(j)=6)=QB(j);
XH(i)$(ord (i) +ord(j)=6)=XH(j); XB(i)$(ord(i) +ord(j)=6)=XB(j);
X1())$(ord(i)+ord(j)=6)=XI(j)); area(i)$(ord(i)+ord(j)=6)=area());
Ki(i)$(ord(i)+ord(j)=6)=Ki(j); zeta(i)$(ord(i) +ord(j)=6)=zeta(j);
road(i)$(ord(i)+ord(j)=6)=road(j); omega(i)$(ord(i)+ord(j)=6)=omega(j);
)
SX(i)=aX(i)*(XI(i)/(BB(i)+ HH(i)))**deltaX; SH(i)=aH(i)*(XI(i)/(BB(i)+HH(i))**deltaH;

Base city

iter=0;maxError=999;
while(maxError>1E-7,iter=iter+1;
SX(i)=aX(i)* (XI(i)/(BB()+HH(i))**deltaX:
pX()=w(i)*mu*pB(i)**(1-mu)/(SX(i)*mu**mu*(1-mu)**(1-mu));
pH(i)=1/Ehh*(alphaH**(1/(1-rhoH))*rentH(i)**(rhoH/(rhoH-1))+(1-alphaH)**(1/(1-rhoH))*
PX(i)**(rhoH/(rhoH-1)))**(1-1/rhoH);
pB(i)=1/Ebb*(alphaB**(1/(1-rhoB))*rentB(i)**(rhoB/(rhoB-1)}+(1-alphaB)**(1/(1-rhoB))*
PX(i)**(rhoB/(rhoB-1)))**(1-1/rhoB);
rentA(i)=share(i)*rentH(i)+ (1-share(i))*rentB(i);
dividend=sum(i,rentA(i)*area(i)-pX(i)*XI(i)-rentA(i)*Road(i))/NN;
income(i j)=w(j)*Hour-2*d*w(j)*qgij(i ) +dividend;
zij(ij)=(1-alpha0)**(1/(1-rhoU))*pX(i)**(1/(rhoU-1))*alpha*income(i,)
/(eX(i)**(rhoU/(rhoU-1))*(1-alphaQ)**(1/(1-rhoU))
+pH()**(rhoU/(rhoU-1))*alpha0**(1/(1-rhol)));
hij(ij)=alpha0**(1/(1-rholU))*pH(i)**(1/(rhoU-1))*alpha*income(i,j)
/(pX(i)**(rhoU/(rhoU-1))*(1-alpha0)**(1/(1-rhoU))
+pH(i)**(rhoU/(rhoU-1))*alpha0**(1/(1-rhol)));
lij(i,j)=beta*income(ij)/w(j);
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SH(i)=aH(i)*(X1(1)/(BB(i) + HH(i)))**deltaH;
uij(ij)=alpha/rhoU*log((1-alpha0)*zij(i j)**rhoU+alpha0*hij(ij)**rhoU) +beta*log(lij(i ) +log (SH());
Pij(ij)=exp(lambda*uij(i}))/sum((m,n),exp(lambda*uij(m,n)));
Fij(i,)=NN*Pij(ij); Fi(i)=sum((,k),deltaijk(j,k i)*Fij(,k));
gi(i)=a*(L+b*(Fi(i)/Ki{i))**c); gij(ij)=sum(kdeltaijk(ijk)*deli(k)*gi(k)/2);
MIMI(i) =mu*pX () X (i)/w(i)
MM (j)=convex_MM*NN*sum(i,Pij(ij)*(Hour-2*d*gij(ij)-1ij(ij))) + (1-convex_MM)*MM(j);
BB(i)=(1-mu)*pX(i)*X(i)/pB(i);
QH(i)=alphaH**(1/(1-rhoH))*Ehh**(rhoH/(1-rhoH))*ph(i)**(1/(1-rhoH))/rentH(i)**(1/(1-rhoH))*HH();
XH(i)=(1-alphaH)**(1/(1-rhoH))*Enh**(rhoH/(1-rhoH))*ph(i)**(1/(1-rhoH))/pX(i)**(1/(1-rhoH))*HH(i);
QB(i)=alphaB**(1/(1-rhoB))*Ebb**(rhoB/(1-rhoB))*pB(i)**(1/(1-rhoB))/rentB(i)**(1/(1-rhoB))*BB();
XB(i)=(1-alphaB)**(1/(1-rhoB))*Ebb**(rhoB/(1-rhoB))*pB(i)**(1/(1-rhoB))/pX(i)**(1/(1-rhoB))*BB(i);
X(i)=convex_X*(NN*sum(j,Pij(i))*Zij(.0)) + XH()+XB(i)+ XI(i)) + (1-convex_X)*SX()*MM(i)**mu*BB(i)**(1-mu);
HH(i)=convex_H*sum(j,NN*Pij(ij)*hij(ij)) + (L-convex_H)*Ehh*(alphaH*QH(i)**rhoH+
(1-alphaH)y*XH())**rhoH)**(1/rhoH);
MM (i)=mu*pX(i)*X(i)/w(i); BB(i)=(1-mu)*pX(i)*X(i)/pB(i);
QH(i)=alphaH**(1/(1-rhoH))*Ehh**(rhoH/(1-rhoH))*ph())**(1/(1-rhoH))/rentH(i)**(1/(1-rhaH))*HH();
XH(i)=(1-alphaH)**(1/(1-rhoH))*Enh**(rhoH/(1-rhoH))*ph(i)**(1/(1-rhoH))/pX(i)**(1/(1-rhoH))*HH(i);
QB(i)=alphaB**(1/(1-rhoB))*Ebb**(rhoB/(1-rhoB))*pB(i)**(1/(1-rhoB))/rentB(i)**(1/(1-rhoB))*BB(i);
XB(i)=(1-alphaB)**(1/(1-rhoB))*Ebb**(rhoB/(1-rhoB))*pB(i)**(1/(1-rhoB))/pX(i)**(1/(1-rhoB))*BB(i);
convex_rent$(iter>10)=0.9;
FrentH(i)=share(i)*(Area(i)-Road(i))-QH(i); FrentB(i)=(1-share(i))*(Area(i)-Road(i))-QB(i);
dFrentH(i)=1/(1-rhoH)*QH(i)/rentH(i); dFrentB(i)=1/(1-rhoB)*QB(i)/rentB(i);
rentH(i)=rentH(i)-cr*FrentH(i)/dFrentH(i); rentB(i)=rentB(i)-cr*FrentB(i)/dFrentB(i);
rentH(i)=convex_rent*rentH(i)+(1-convex_rent)*rentHprime(i);
rentB(i)=convex_rent*rentB(i)+(1-convex_rent)*rentBprime(i);
rentHprime(i)=rentH(i);rentBprime(i)=rentB(i);
Fwage()=MM())-sum(i,NN*Pij(ij)*(Hour-2*d*gij(ij)-1ij (i)
dfwage(j)=-mu*pX(j)*X(j)/w(j)**2-beta*sum(i, NN*Pij(ij)*Dividend)/w(j)**2;
wi(i)=w(i)-cw*Fwage(i)/dfwage(i);
*make annual diposable income= 50,000 Kwon per household
total_Wage_Income=12*sum((i,j), NN*Pij(ij)*w()*(Hour-2*d*gij(ij)-1ij(ij)))
rentA(i)=share(i)*rentH(i)+(1-share(i))*rentB(i);
Total_Dividend=12*sum(i,rentA(i)*Area(i));
income_std=(Total_Wage_Income +total_dividend)/NN; temp_1=50000/income_std;
rentH(i)=temp_L*rentH(i); rentB(i)=temp_1*rentB(i);
pX(i)=temp_1*pX(i); w(i)=temp_1*w(i); ph(i)=temp_1*ph(i); pB(i)=temp_1*pB(i);

*Check market equilibrium conditions
com_slack(i)=X(i)-NN*sum(j,Pij(i,j)*zij(i,j))-XH(i)-XB(i)-XI(i);
eCom=smax(i,abs(com_slack(i)/X(i)))*100;
lab_slack(j)=NN*sum(i,Pij(i,j)*(Hour-2*d*gij(i})-1ij(i)))-MM();
elab=smax(j,abs(lab_slack(j))/MM(j))*100;

land_slack(i)=Area(i)-QH(i)-QB(i)-Road(i); eland=smax(i,abs(land_slack(i)/Area(i)))*100;
House_slack(i)=sum(j, NN*Pij(ij)*hij(ij))-HH(i); eHouse=smax(i,abs(House_slack(i)/HH(i)))*100;
*Check error in market equilibrium conditions
maxError=max(ecom,elab,eland eHouse);

)i

welfare_BC=sum((i,),Pij(i,j)*uij(ij))-1/lambda*sum((i}),Pij(ij)*log(Pij(ij)))
temp=1e8*welfare_BC; display temp;
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