7] Bt MlojLt

The RIFI Seminar

. Spring Semester 2020

RIF| cerasiecs

The Research Institute of Future Industry



ATUS DACHAL 7] Q0] DAL - HAF B4 (FHEULH)

. Liquidity provision of high frequency traders in stressful states
: evidence from the KOSPI 200 futures market - ZrstZ w4 (Sha1Cj)

.2E2E FAstoflM2] Hlas24], £27, d2|2 8% - BAH u (T=T)



"
i\
S
S
o
N
o
N




SPAC

SPAC (Special Purpose Acquisition Company), £X: st AHaja

SZ2(PO)E &l =T AtaS HIZ2 = CHE 7|gar g3t AS
Tt HECE ot= H=3|A (Paper Company)
2008 =228 58%7|2 =Wl 7|8S/H AlY BN - 50 SE7

P& M32 ?ld d87F 20104 =L =Y

SPACS| 7| &+ =

HEA eI HE M3 &5
scar |- ro@m || w3 | e
S SlA| Ol XL SPACH L
SPACS| == 0|4 =
gEds
Y T IILQE Sof 7Y TP MO 2 EXEAH
FADSHTAS YARSHO| £XH0|2f A
A
| X133 0| xp4=2)



3| A& (Backdoor listing)

HJE7|80| &87|ge dEdEE A+ EZN SE7|82 X[ E =
 —

:

€5 HJE7|BE2 dUHLRE LH5t0 E0|6HA SEX?E 252
O 2 AL

H S + S8718EH7|Y) - HSE7ge S8XR=S

71 2o XA

LMY T|0| 25T HFEE|AHL Z7(0 L3R[0 Mot &

XX A TS & 71 K| = At

Hl M[O[H| =2 Ak
TAE AV D&t gto 2 234N
20093 108 6 23| - 2AIZ[AH 52 O
88 23¢ ANEHX| =

30 0
u
N
>
1o
o
N
A
)
N
ot
(@)
o



|§A‘|
-1 O

AHOolA
EerE

ro |[o

o
914 0]
M, 2006; Adjei et al., 200

L2 =90 EXfH|=0| = (HS Y, O|&T; 2009, Gleason, Jain,
Rosenthal, 2008), 7| &I 27F 212 7| 0| MEN(Z[ZE, 0|=H, 2006; Adjei,
Cyree, Walker, 2008)

40

o o= O o =y

: Gleason et al., 2008)

r

o SINTS MY (S, 01T, 2009 22, O

a
ol HE7|Y
A0 L
ES
=)

oo

- J|YRBIF BT Solnt R TE GOt 7| Q0| LB|AES Meyotol
ZALA|EHO| RIQ!
= o [ — |

20|22 gt
S0l gutdE 7|80 Bl5 ME-Sat7F A2HE#, 2010; #0lE, E=¢,
2009)
o720 glol FAet X SEHHX[Z O|0{X|= 7|0 =2 =EHH ¢l
A1 (4T A, 2rE 1, 0|A =, 2014; Gleason, Rosenthal, Wiggins Iil, 2005).



Previous Studies
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Sample distribution
Sample Control

Hl & HE 2= Hle HE R =
2011 2 357 53 18.93
2012 4 7.02 21 75
2013 4 7.02 31 11.07
2014 1 175 38 13.57
2015 13 22.81 44 15.71
2016 12 21.05 44 15.71
2017 21 36.84 49 17.5
Sum 57 100 280 100

mean

median

57

409.9649

378.0000

57

167.3509

158.0000

57

5773158

547.0000
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Descriptive Statistics

#=1F A7 MF=3

n men medin n men medin
SIZE LN(XFAH 57 | 17.2405 | 17.0931 | 280 | 17.7473 | 17.6414
LEV SN PN 57 | 04239 | 04000 | 280 | 04633 | 0.4669
ROA = 7| &= 0] /R|4t 57 | 01601 | 0.1111 280 | 0.1502 | 0.1303 0.49 -0.58
TATOV S| H g 57 | 1.1148 | 1.0650 | 280 | 1.1429 | 1.0363 -0.38 -0.34
CR TSR/ FSEXY 57 | 29666 | 24330 | 280 | 25210 | 1.7673 1.03 1.98%**
CASH TA[S 2 sS4 XtAYXHAH 57 | 01938 | 01220 | 280 | 0.1491 | 0.1185 1.74* 1.03
PPE_TA =N PN, 57 | 02123 | 0.1589 | 280 | 0.2967 | 0.2738 || -2.86*** | -3.01***
SGA_TA | TtoOfd2r2|H|/KpAt 57 | 03153 | 02162 | 280 | 0.2070 | 0.1391 2.81%xx | 3 7Qxkk
A E 7| kel Hjw
w27t &0 FYXL SO0 &4, EOj 8 22|H]| B[SO =5




Sample vs. Control

(1) (2) 3) (4)
VARIABLES group group group group
size -1.026*** -0.833*** -1.061*** -0.912***
(-3.403) (-2.836)
lev -0.4 -0.28 500 :
(-0.384) (-0.251) (-0.486) (-0.411)
roa -1.485 -2.213 -1.238 -1.649
(-0.642) (-0.878) (-0.574) (-0.726)
tatov -0.262 -0.445 -0.283 -0.489
(-0.670) (-1.100) (-0.671) (-1.103)
cr -0.042 -0.072 -0.043 -0.064
(-0.776) (-1.065) (-0.821) (-0.985)
cash_ta 0.590 -0.104
(0.518) (-0.085)
ppe_ta -1.034 -0.655
(-1.095) (-0.666)
sga ta 1.026 1.202
(1.621) (1.493)
Constant 17.161*** 14.038*** 16.046*** 13.666***
(3.135) (2.631) (3.040) (2.608)
Year Dummy No No Yes Yes
Observations 337 337 337 337
Chi-squared 12.08 16.61 32.88 33.16




=21 SXM7[Fe| AHF-gt
mean median mean median z-stat.
BHAR |(+1M,+12M) 57(6.5828 -11.2507 280/2.1115 -14.1477*40. 0.11
+1M,+24M) 57(3.9416 -10.0949 280]-6.2706  |-24.4947*11. 0.96
+1M,+36M) 36(-22.6712*%-35.3052*4 230(-8.1809 [-34.2814*~ -0.29
ROA -1,+1) 57(-0.1441***|-0.0950*** 280(-0.1109***[-0.0859*** 0.07
-1,+2) 36|-0.2325***[-0.1616*** 231]-0.1587***[-0.1133*** -1.37
0,+1) 57(0.0674*** (0.0431*** 280]-0.0470***(-0.0295*| 6.32%** |
0,+2) 36/0.0029 0.0139 231(-0.0960***|-0.0550** el
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Dependent variable = dROA(0,+1)

(1) (2) 3) (4)
VARIABLES dROA(0,+1) dROA(0,+1) dROA(0,+1) dROA(0,+1)
group 0.112*** 0.108*** 0.107*** 0.105***
(6.19) (6.15) (5.85) (5.82)
size -0.00 0.00 -0.00 0.00
(-0.11) (0.44) (-0.26) (0.27)
lev -0.130*** -0.126*** -0.126*** -0.122%**
(-3.64) (-3.46) (-3.36) (-3.21)
roa -0.248*** -0.270*** -0.247*** -0.266***
(-3.68) (-4.30) (-3.69) (-4.28)
tatov -0.007 -0.011 -0.007 -0.011
(-0.74) (-1.11) (-0.74) (-1.04)
cr -0.002 -0.003** -0.002 -0.003**
(-1.57) (-2.09) (-1.53) (-2.02)
cash_ta 0.031 0.029
(0.78) (0.71)
ppe_ta -0.033 -0.029
(-1.31) (-1.17)
sga_ta 0.019 0.016
(0.88) (0.73)
Constant 0.075 0.029 0.083 0.040
(0.75) (0.27) (0.85) (0.38)
Observations 337 337 337 337
R-squared 0.260 0.269 0.269 0.276
Adjusted R-squared 0.247 0.249 0.242 0.242
F-stat 11.81 8.326 7.137 5.872




Dependent variable = BHAR(+ 1M, +24M)

1) ) ©) (4)
group 6.434 5.998 6.050 5.997
(0.58) (0.56) (0.54) (0.54)
size -8.451** -8.180* -8.531** -8.172**
(-2.22) (-1.95) (-2.31) (-1.97)
lev -12.988 -11.234 -18.914 -17.299
(-0.49) (-0.42) (-0.73) (-0.65)
roa -13.594 -17.956 -16.547 -20.280
(-0.30) (-0.42) (-0.36) (-0.47)
tatov -14.644* -14.007 -14.557* -13.984
(-1.67) (-1.42) (-1.71) (-1.48)
cr -2.905** -3.147** -2.914** -3.160**
(-2.51) (-2.27) (-2.28) (-2.10)
cash_ta 19.752 17.679
(0.59) (0.55)
ppe_ta -7.569 -8.915
(-0.28) (-0.32)
sga_ta -6.548 -7.079
(-0.36) (-0.40)
Constant 175.837** 171.409** 177.008*** 172.353**
(2.57) (2.35) (2.61) (2.39)
Year Dummy No No Yes Yes
Observations 337 337 337 337
R-squared 0.025 0.026 0.063 0.065
Adjusted R-squared 0.00678 -0.000336 0.0284 0.0212
F-stat 2.194 1.517 2.705 2.100
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Liquidity Provision of High Frequency Traders
In Stressful States:
Evidence from the KOSPI200 Futures Market
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Motivation

= High Frequency Traders (HFTSs)
» High speed and sophisticated programs
= Numerous order submission and cancellation
= Short inventory cycle
= Ending the day with a flat position

= Debate on their effect on market quality
Pros: Liquidity provision due to high trading volume
Cons: Market manipulation, exploiting low frequency traders

Kirilenko et al. (2017): The Flash Crash is not from HFTs

Brogaard et al. (2018): HFTs supply liquidity in extreme price
movements



Summary

= High Frequency Traders’ (HFTs) trading activity
= During stressful states and normal states
= |In the KOSPI200 futures market

* Liquidity provision of HFTs in normal and stressful states
» Provision: endogenous market maker
= Demand: information advantage, liquidity-taking

= Foreign HFTs take liquidty
* |n normal states
= Even more in extreme price movements
» |n advance: information advantage and timing ability



Empirical Methodology
Data

= The KOSPI200 futures market

= One of the most actively traded equity index futures in the world
» Fully electronic limit order market
» No floor traders and designated market makers

* |mportant features
= Direct buyer/seller identification
» Investor group identification (Individual, Institution, Foreigner)

= Data features

= [ntraday transaction-by-transaction data
= Jan 2010 to June 2014 (1,115 trading days), 9:05 am to 3:00 pm
=  Only front-month futures



Empirical Methodology
Trader categorization

* [ntraday intermediary:
= Trade 10 or more contracts
= End-of-day net position to its daily trading volume do not exceed 5%.
= Daily mean of end-of-minute position deviation is almost O.

= High Frequency Traders (HFTSs)
= 20 most active intraday intermediary accounts
* in terms of trading volume.

» Market Makers (MMSs)

» Other intraday intermediaries



Empirical Methodology
Trader categorization

= Other accounts:

* Fundamental buyers (FBS)
» Net end-of-day long position

* Fundamental sellers (FSs)
» Net end-of-day short position

= Small Traders (STs)

= Trading volume < 10 contracts

= Opportunistic Traders (OTs)

= All the remaining accounts

CwoL
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Empirical Methodology
Trader categorization

Table 1. Summary statistics of trader categories

Panel A. Trader type classified by trading behavior

% Share Volume

Limit Orders, % Volume

% Aggressiveness

99.71%
96.74%
94.74%
94.93%
94.94%
91.91%

51.78%
40.00%
49.76%
49.76%
50.81%
38.10%

Share Volume

Limit Orders, % Volume

% Aggressiveness

# Traders % Dollar Volume
HFT 20 41.39%
MM 89 8.13%
FB 295 5.42%
FS 292 5.46%
oT 1,703 37.89%
ST 3,053 1.72%
# Traders Dollar Volume
All 5453 $ 8,367,993,948,006.00

97.00%

50.00%

Panel B. Trader type classified by investor identification

% Share Volume

Limit Orders, % Volume

% Aggressiveness

98.99%
91.52%
98.96%

65.04%
42.80%
44.39%

Share Volume

Limit Orders, % Volume

% Aggressiveness

# Traders % Dollar Volume
FOR 198 29.20%
IND 4633 26.45%
INS 622 44.35%
# Traders Dollar Volume
All 5453 $ 8,367,993,948,006.00

97.00%

50.00%

Panel C. HFT classified by investor identification

% Share Volume

Limit Orders, % Volume

% Aggressiveness

# Traders % Dollar Volume
HFT, FOR 6.27 39.01%
HFT, IND 1.43 1.22%
HFT, INS 12.91 59.77%

100.00%
82.95%
99.86%

67.10%
41.90%
42.01%




Empirical Methodology
EPM identification

=  Stressful states of the market

= Extreme Price Movements (EPMSs)
= J]-second, 10-second intervals

= 99,9 percentile of absolute midquote return residuals:
e = Qqle—1 + -+ AsTe5 + €

= Distribution of EPMs
» Frequency of EPM is similar except for the case of early morning
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Empirical Methodology
Measure of liquidity provision

= Directional trade imbalance
= |f one buys (sells) when the price is going up (down), it takes liquidity.
= |f one sells (buys) when the price is going up (down), it provides liquidity.

= Market order: Type™ = TypeM*t — TypeM~
= Limit order: Type® = Typel™ — Typel~
= Total: TypeET = TypeM + Type®

= Positive measure means that the investor group takes liquidity.



Share imbalance

Empirical Results
Liquidity provision around EPMs

= Liquidity provision of HFTs
» HFTs do not take liquidity 10 seconds before EPM.

100 0.25

Cumulative return(%)
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Empirical Results
Sub-analyses

» Regressions: HFT activity on contemporaneous returns
= Positive coefficient: different from traditional market makers

* Are they profitable?
= Foreign HFTs are highly profitable.
» Institutional HFs are less profitable.
» Individual HFTs lose money.

* Are they more profitable during EPMs?
= More EPMs — more profitable



Empirical Results
Robustness checks

= Subsample period analyses
= Derivatives market regulation in 2012
» Many domestic institutions left the market.
= OTs’ behavior changes to take liquidity.

= Alternative EPM identifications
=  Absolute returns rather than absolute residuals

= Alternative time intervals: 5-sec, 30-sec, 60-sec
» Results are similar to 10-sec.



Implications
Comparison to the literature

= Brogaard et al. (2018)’s results:
» HFTs provide liquidity during EPMs on single stocks.
= They were profitable!
= However, they take liquidity during co-EPMs on multiple stocks.

* |n the Korean market:
= Foreign HFTs take liquidity, and highly profitable.
= |n expense of other HFTs and traditional traders?

* [Informational advantage
» HFTs move before price moves.
» Especially on market-level movement?
= Market manipulation?



Implications
Policy implications

Hard to imagine a market without HFTs

What makes the Korean derivatives market attractive?
= Very low transaction costs
= Many individual traders

To induce HFTs as endogenous market makers
» To enhance the market quality via their trading activity
= [ncentive design should be related with transaction costs.

Regulation trends
= Re-opens the derivatives market to individual traders.
= Need some investor protection scheme?



Airport curfew and scheduling differentiation: domestic

versus international competition

Joo Yeon Sun

Department of Economics, Dankook University

June 25, 2020



1. Before 2008, the international flights from Korea were operated by two full-
service carriers—Korean Air (KAL) and Asiana Airlines (AAR).

= After the entry of LCCs into the international air transport market in 2008,
competition intensified on short/medium-haul routes to Asia.

2. As of 2019, LCCs serviced over half of the domestic city-pair market and
accounted for 45% of short-haul international passenger traffic.

= External airport constraints and regulations, such as slot allocation and
night curfews, affect airline competition and strategic scheduling.

= To launch new international routes and more frequent flights, LCCs
started departing from less congested regional routes, thereby,
expanding their bases.

= The two legacy carriers have developed a carrier-within-carrier (CWC)
model.



2.

3.

Main Questions

It is of interest to investigate how optimization of domestic/international
route structure and flight departures differ according to airport capacity
restrictions.

Competition is associated with degree of departure flight times
differentiation?

= How this pattern would differ across domestic/international routes
departing from regional airports?

We examine the effect of easing night curfews on airline flight departure
scheduling and find evidence of more differentiated schedules.



Literature Review

1. Hotelling’s model of spatial competition (1929)

= With prices set exogenously: less product differentiation results when many
different firms control location choices than when a single firm controls all
outlets.

2. Applying location theory to airline flight scheduling (Borenstein and Netz
1999)

= Departure flight times are differentiated over a time scale (i.e., a day)

= Firms face two opposing incentives: maximize differentiation in order to
reduce price competition/minimize differentiation in order to steal customers
from competitors.

= Using cross-sectional U.S. airlines’” 1975 and 1986 data, they found that
airlines schedule their flights more closely to each other’s as competition
increases.

3. Yetiskul and Kanafani (2010) empirically tested the spatial competition
model using cross-sectional 2005 U.S. airlines’ data. They show that
competition intensity leads to less departure time differentiation and confirm

that this tendency is lower in the presence of LCCs on a route.
4



Literature Review

4. Sun (2015) presented empirical findings using monthly Korean airline data
for 2006-2010 suggesting that competition led to less differentiated

departure times and scheduling patterns differ across type of routes—leisure
versus business—since deregulation.

5. However, previous studies have examined competition intensity at route

level only in domestic markets to estimate its impact on the pattern for
scheduling flight departure times.



Contribution to the Literature

1. This study investigates the strategic flight departure scheduling on domestic
and short-haul international routes from regional airports in Korea

= Nosuch studies on the international routes’ flight times differentiation

= A hub-and-spoke system is not the optimal air transport network strategy
for the domestic short haul route.

2. This study examines the effects of changes in scheduling constraints induced by
airport night curfews on domestic and international routes through
competition intensity.

= The empirical findings suggest that competition leads to less differentiated
flight departure times on domestic routes from the two regional airports.

= However, competition leads to more differentiated flight departure times
on international routes from Daegu airport, which has a new night curfew,
while a clustered departure pattern is found for international routes from
Cheongju airport.

= An obvious pattern of differentiated departure times is found after the
easing of night curfews in 2014, along with the expansion in LCCs.



Low Cost Carriers (LCCs) in Korea

1. Low Cost Carrier

= LCCis an airline business model with low airfare, single passenger class,
low operating cost structure, and limited in-flight services

2. Two types of LCCs in Korea from the view point of ownership since 2005

= Dependent LCC: Subsidiary LCCs of legacy carriers (full service carriers)

= Jin Air (JNA) (Korean Air (KAL)’s subsidiary LCC), Air Busan (ABL) (Asiana
Air (AAR)’s subsidiary LCC)

= Independent LCC (Pure LCC): NOT owned by legacy carriers
=  Hansung Air (HAN), Jeju Air (JJA), Yeongnam Air (ONA), Eastar Jet (ESR)



Emergence of Competitive Independent LCCs

<Figure. Korean domestic flight shares operated by legacy carriers and LCCs>
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Regional airports in Korea

There are 15 airports in Korea, of which 8 are international.

The airlines departing from the two largest cities, Seoul and Busan or Jeju Island face
capacity constraints because of airport traffic congestion. At these airports, there are
no additional slot restrictions on international routes available for LCCs.

Daegu and Cheongju international airports are not constrained by their
utilization of runway capacity during peak demand. LCCs in Korea operate
short-haul international flights from these two regional airports, capturing
the air travel demand out of the major cities.

Daegu: Tway Air (TWB) has been expanding its Daegu base.
Cheongju: Eastar Jet (ESR), has been expanding its Cheongju base.

The two airports in non-major cities pursued different strategies for airport-level
international route diversification before and after the THAAD crisis.

The proportion of international routes to Japan from Daegu was 57.0% in 2017 and
49.9% in 2018, showing a substantial growth compared to 17.2% from 2010 to 2018.
Cheongju airport’s dependence on international routes to mainland China is
significant even after the widespread boycott of Korean products



Domestic and international flight frequency

Daegu International Airport

Cheongju International Airport
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Airport-specific night curfews in Korea

1. Most of the international airports in Korea have curfew times, with Cheongju
airport being one of the few exceptions, as it operates for 24 hours (Incheon
is open 24 hours but is accessible for 2 hours to downtown Seoul. Gimhae,
Gimpo, and Jeju operate from 6 am till 23 pm local time.).

2. Daegu airport has been subject to a strict curfew time. The night curfew for
Daegu airport, from 10 pm to 6 am, was imposed in July 2008. The airport
closes at night during the 8-hour curfew. Daegu Airport announced a new
curfew in July 2014 so that its runways were constantly in use from 5am to
midnight.

3. The restrictions on airport operating hours were eased from 8 hours to 5,
which enabled LCCs to launch new international routes from Daegu. This
easing of night curfew, combined with the LCCs’ expanding their Daegu base,
has led to a substantial traffic growth at Daegu airport.
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Model Specification: Variables

1. Concentration measures: COMPsingle vs COMPmulti

We define a measure for competition level, which is equal to the inverse of the

Herfindahl-Hershman index (HHI), ranging from O to 1.

= Herfindahl Hirschman Index (HHI) is calculated as the sum squares of flight
frequency market shares, HHI = Y1, s? (i is ith carrier id).

* A higher HHI number indicates that the route is less competitive, while a
lower HHI number indicates the opposite.

= When aggregating airport-level competition among carriers on domestic
routes, we use two carrier-level flight frequency weights according to LCC
classification:

1) weight of domestic flight frequency share of each carrier competing with
all other carriers: HHIsingle

2) weight of domestic flight frequency share of each carrier, but where
legacy carriers and their subsidiary LCCs are considered a single entity, not
in competition with each other: HHImulti

12



2.

Model Specification: Variables

Measure of overall differentiation: the DIFF index

Followed by Borenstein and Netz (1999), DIFF is used as a measure for
overall flight times differentiation.

DIFF takes a value in the interval [0,1]. The closer the index to 1, the flights
are more evenly distributed over a 24-h clock, maximizing departure time
differentiation. When this index is equal to 0O, all flights depart at the same

time, meaning no differentiation in departure times.

AVGDIFF
MAXDIFF

DIFF = takes a value in the interval [0,1].

n—1 n

2
AVGDIFF_WZZ [min{|d, — d,|, 1440 — |d, — d,[}],0 < @ < 1

i=1j>1
n/2—1
Z 1440\¢ ﬂ(720)(r v —
n(n—l) ( ) 2 VL= even
MAXDIFF = < (n—1)/2
1440\° vn = odd
n(n — 1) Z ( ) n=oad
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Example 1: Maximum Differentiation, DIFF=1 (n=4)

B1=1AM Each carrier A and B schedules one
morning flight, and one evening
flight, respectively.

A2=TPM

Al=T7AM

B2=1PM

DIFF=1.000
BtwnDIFF=0.8787

14



Example 1: Construction of Differentiation Measure

Alrline ot f (1 a2 a3 min
B2 1 00 0 0 0 0 0 0
Af T 420 360 0 0 360 0 0
B 3 780 720 360 0 720 360 0
A2 19 1140 | 10800 720 360 360 120 360
Airline dt i 1440-| min’a
B2 1 b0 440 1440 1440 0 0 0
Af T 420 1080 1440 1440 | 18973665% 0 0
B 13 780 720 1080 1440 | 2683281573 18973665% 0
A2 19 1140 360 720 1080 | 1897367 2683282 1897367
AVGDIFF ~ MAXDIFF DIFF
215934 215934 1.0000
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Example 2: HHI, DIFF

DIFF takes a value in the interval [0,1]. The closer the index to 1, the flights are more
evenly distributed, maximizing departure time differentiation. When this index is equal
to 0, all flights depart at the same time, meaning no differentiation in departure times.

Eljl‘g‘(;‘; 6‘:]'50 320 yyyymm | id | fsc |dep.lec|ind.lcc|flightfreq| HHIsbne HHImbne
siolEs  eso 410 | o01801 | ABL [ 0 | 1 [ 0 | 8 [02307 02777
Ciotets 6:55 415

of| Of B At 8:35 515 201801 | AAR | 1 0 91

Elflolets :

aias a2 e |l201801 ] KAL | T 0 ] 0 | 1R

Ciotets 9:30 570

IO E 1005 co- 201801 | TWB | 0 0 1 179

ME=3 1120 eso | (01800 | JA | 0| 0 | 1 | 62

CHotetS 11:30 690

OfA|OtLIEtE  12:20 740

ME=gds 16:05 965

E|/loletE 16:15 975

Cioters 16:45 1005

Of| O] £ 4F 17:55 1075

Cietets 18:25 1105

OfA[OtLIZ S 18:55 1135 AVGDIFF MAXDIFF DIFF

Elflole= 19:15 1155

Of| O EL AL 20:05 1205 16.7463 18.6747 0.8967 16




Data: Summary Statistics

Table 1. Summary statistics for domestic routes (2010-2018)

Domestic routes

Daegu airport (r = 1) with reduction in night

curfews

Variable Obs Mean | Std.Dev. Min Max
DIFF 108 0.8483 0.0274 | 0.8062 | 0.9039
COMPsingle 108 3.0538 1.1373 | 1.8077 | 4.6490
HHIsingle 108 0.3784 | 0.1394 | 0.2151 | 0.5532
COMPmulti 108 2.8409 | 0.8959 | 1.8077 | 3.9479
HHImulti 108 0.3913 0.1260 | 0.2533 | 0.5532

FlightFreq 108 413 109 254 578
Loadfac 108 0.7681 0.0891 | 0.5404 | 0.9305
allLCCshare 108 0.2503 0.2441 | 0.0000 | 0.5744
indLCCshare 108 0.2135 0.2044 | 0.0000 | 0.4639

Curfew 108 0.5000 | 0.5023 0 1




Data: Summary Statistics

Table 1. Summary statistics for domestic routes (2010-2018)

Domestic routes Cheongju airport (r = 2) with no curfew

Variable Obs Mean | Std.Dev. Min Max
DIFF 108 0.8537 | 0.0193 | 0.8118 | 0.8986
COMPsingle 108 4.1591 0.4941 | 3.6140 | 4.9456
HHIsingle 108 0.2436 | 0.0272 | 0.2022 | 0.2767
COMPmulti 108 3.5626 | 0.3221 | 2.8273 | 3.9620
HHImulti 108 0.2832 0.0276 | 0.2524 | 0.3537

FlightFreq 108 418 109 282 654
Loadfac 108 0.8212 0.0772 | 0.5977 | 0.9472
allLCCshare 108 0.4891 0.1170 | 0.3516 | 0.6993
indLCCshare 108 0.3901 | 0.0378 | 0.3227 | 0.5175

Curfew N/A
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Data: Summary Statistics

Table 2. Summary statistics for international routes (2010-2018)

International

Daegu airport (r = 1) with reduction in night

routes curfews

Variable Obs Mean Std.Dev. Min Max
DIFF 108 0.6726 0.2400 0.1667 | 0.9563
COMPsingle 108 3.1464 0.9028 1.5728 | 5.6625
HHIsingle 108 0.3436 0.0954 | 0.1766 | 0.6358

FlightFreq 108 181 196 18 770
Loadfac 108 0.7014 0.0849 | 0.5095 | 0.9232
Duration 108 159.3 22.8 110.7 235.7
allLCCshare 108 0.3979 0.3287 | 0.0000 | 0.9312
indLCCshare 108 0.3238 0.2304 | 0.0000 | 0.6874
Nationalshare 108 0.4142 0.3308 0.0000 | 0.9312
Curfew 108 0.5000 0.5023 0.0000 | 1.0000
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Data: Summary Statistics

Table 2. Summary statistics for international routes (2010-2018)

International

Cheongju airport (r = 2) with no curfew

routes
Variable Obs Mean Std.Dev. Min Max
DIFF 107 0.7700 0.1155 | 0.3828 | 0.9704
COMPsingle 107 3.4147 1.0574 1.6069 | 6.4226
HHIsingle 107 0.3201 0.0952 | 0.1557 | 0.6223
FlightFreq 107 101 65 14 286
Loadfac 107 0.6634 0.0987 | 0.4517 | 0.8803
Duration 107 160.3 32.9 124.5 256.7
allLCCshare 107 0.3956 0.1976 | 0.0000 | 0.7922
indLCCshare 107 0.3903 0.1953 | 0.0000 | 0.7922
Nationalshare 107 0.7455 0.1448 | 0.4444 | 1.0000
Curfew N/A
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Regression Models

l. Domestic routes

Daegu airport (r=1) with reductions of night curfews
LDIFF{ = By + B{ LCOMPsinglef + f5 LFlightFreqi + 3 LLoadfac{

+ B allLCCsharel + BLCurfew! + &, eq(la)
LDIFF! = B§ + B{ LCOMPmulti{ + B5LFlightFreq; + 3 LLoadfac{
+ B indLCCsharel + B Curfew! + &, eq(1b)

Cheongiju airport (r=2) with no curfew
LDIFF{ = By + B{ LCOMPsinglef + 5 LFlightFreq; + 3 LLoadfac{
+ BiallLCCshare! + &, eq(2a)
LDIFF! = B§ + B{ LCOMPmulti{ + B3 LFlightFreqf + 3 LLoadfac{
+ BiindLCCshare! + &, eq(2b)
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Regression Models

Il.  International routes
Daegu airport (r=1) with reductions of night curfews
LDIFF{ = By + B{ LCOMPsinglef + f5 LFlightFreqi + 3 LLoadfac{
+ B4 LDurationf + L allLCCshare! + B Curfew! + &,
eq(1c)

Cheongju airport (r=2) with no curfew
LDIFF! = B§ + B{ LCOMPsingle! + 5 LFlightFreq{ + BjLLoadfac]
+ B4 LDuration; + L allLCCshare! + &, eq(2c)
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Instrumental Variables

There is clearly an endogeneity issue between passenger load factor and the
dependent variable, DIFF.

LoadFac is correlated to the error term if the error term incorporates cyclical
fluctuations.

A convenient flight schedule during peak demand would lead to higher load
factors.

Scheduling flight departures can be constrained by both demand-side and
supply-side factors.

High demand during peak season and air-fuel costs would affect the number
of passengers and available seats and, thereby, the load factor.

Thus, we control for potentially endogenous variables using IVs. The peak
season dummy variable—air-fuel costs—and the number of airlines are used
as excluded instruments

23



Estimation: Expected Signs of Coefficients

Dep.var
DIFF

COMP

THHI
comMP

“HHI

sign Interpretation of the regression coefficients

overall min differentiation;
competition leads to less differentiated flight departure times

overall max differentiation;
competition leads to more differentiated flight departure times

24



Regression results for domestic routes (2010—2018): Daegu with

reductions of night curfews, Dependent variable LDIFF

Daegu airport (r = 1) with reductions of night
curfews
(1) (2) (3) (4)
OLS v OLS v
LCOMPsingle -0.127%* -0.132**
(0.067) (0.065)
LCOMPmulti -0.223 -0.269*
(0.157) (0.162)
LFlightFreq -0.125*** -0.114%** 0.149*** 0.188***
(0.046) (0.045) (0.040) (0.042)
LLoadfac 0.127*** 0.0745* 0.111%*** 0.0308
(0.022) (0.039) (0.022) (0.050)
allLCCshare 0.475%** 0.487***
(0.093) (0.090)
indLCCshare 0.101 0.118
(0.218) (0.219)
Curfew -0.0583 -0.0589 0.0346 0.0477*
(0.041) (0.043) (0.022) (0.025)
constant 0.661*** 0.585** -0.847*** -1.064***
(0.250) (0.249) (0.237) (0.243)
No. observation 108 108 108 108
Instrumented N/A LLoadfac N/A LLoadfac
adj.R?2 0.464 0.436 0.392 0.331

Robust standard errors are in parentheses

* p<0.10, ** p<0.05, *** p<0.01
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Regression results for domestic routes (2010-2018): Cheongju with no

curfew, Dependent variable LDIFF

Cheongju airport (r = 2) with no curfew

(5) (6) (7) (8)
OLS v OLS v
LCOMPsingle -0.18g4%** -0.182%**
(0.050) (0.059)
LCOMPmulti 0.349%** 0.350%**
(0.125) (0.147)
LFlightFreq -0.00964 -0.00235 0.0860*** 0.0841**
(0.036) (0.032) (0.028) (0.034)
LLoadfac 0.0904 *** 0.117*%** 0.0987*** 0.0861**
(0.025) (0.039) (0.022) (0.037)
allLCCshare 0.269%** 0.256***
(0.096) (0.096)
indLCCshare -0.173 -0.178
(0.150) (0.161)
Curfew
constant 0.0646 0.0327 -1.027*** -1.019***
(0.172) (0.169) (0.255) (0.321)
No. observation 108 108 108 108
Instrumented N/A LLoadfac N/A LLoadfac
.r-,u:.‘Ij.Ff2 0.214 0.305 0.303 0.201
Robust standard errors are in parentheses

* p<0.10, ** p<0.05, *** p<0.01




reductions of night curfews, Dependent variable LDIFF

Daegu airport (r = 1) with reductions of night curfews

(1)

(2)

(3)

(4)

(5)

OLS \Y) OLS v OLS Vv
LCOMPsingle 0.432%** 0.391** 0.309** 0.300** 0.368** 0.343**
(0.151) (0.155) (0.131) (0.133) (0.147) (0.153)
LFlightFreq -0.0292 -0.0996 0.0761 -0.00524 -0.00882 -0.106
(0.080) (0.089) (0.054) (0.069) (0.083) (0.091)
LLoadfac 0.451 1.880* 0.399 1.615* 0.509 2.155**
(0.310) (0.970) (0.315) (0.912) (0.308) (1.034)
LDuration 0.0362 -0.407 0.129 -0.264 0.0555 -0.463
(0.144) (0.383) (0.145) (0.375) (0.149) (0.411)
allLCCshare 0.871*** 0.657*
(0.300) (0.347)
indLCCshare 0.938*** 0.746**
(0.261) (0.294)
Nationalshare 0.778** 0.599*
(0.302) (0.352)
Curfew 0.187* 0.196* 0.137 0.154 0.186 0.187
(0.110) (0.109) (0.113) (0.109) (0.119) (0.120)
constant -1.283 1.933 -2.059** 0.812 -1.359% 2.418
(0.799) (2.462) (0.824) (2.422) (0.805) (2.626)
No. observation 108 108 108 108 108 108
Instrumented N/A LLoadfac N/A LLoadfac N/A LLoadfac
adj.R? 0.707 0.649 0.716 0.675 0.701 0.623

Robust standard errors are in parentheses
* p<0.10, ** p<0.05, *** p<0.01

Regression results for international routes (2010-2018): Daegu with
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Regression results for international routes (2010-2018): Cheongju with

no curfew, Dependent variable LDIFF

Cheongju airport (r = 2) with no curfew
(7) (8) (9) (10) (11) (12)
oLs v oLsS v oLs v
LCOMPsingle -0.193*** -0.170** -0.218%** -0.195%** -0.106* -0.142*
(0.069) (0.070) (0.072) (0.072) (0.063) (0.075)
LFlightFreq 0.172*** 0.171*** 0.180*** 0.178*** 0.137*** 0.161***
(0.045) (0.045) (0.045) (0.045) (0.040) (0.052)
LLoadfac 0.318*** 0.0771 0.325*** 0.105 0.249** -0.274
(0.107) (0.248) (0.107) (0.246) (0.114) (0.463)
LDuration 0.0821 0.156 0.0894 0.156 0.0314 0.194
(0.099) (0.106) (0.099) (0.105) (0.109) (0.161)
allLCCshare -0.334** -0.299**
(0.149) (0.144)
indLCCshare -0.385** -0.351**
(0.151) (0.144)
Nationalshare -0.102 -0.303
(0.146) (0.216)
Curfew
constant -0.975* -1.482** -1.003* -1.463** -0.698 -1.656*
(0.585) (0.654) (0.586) (0.650) (0.603) (0.965)
No. observation 107 107 107 107 107 107
Instrumented N/A LLoadfac N/ A LLoadfac N/A LLoadfac
adj.R* 0.426 0.397 0.438 0.415 0.381 0.258

Robust standard errors are in parentheses
* p<0.10, ** p<0.05, *** p<0.01
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Conclusion

= This study examines the effects of changes in scheduling constraints induced
by airport night curfews on domestic and international routes through
competition intensity.

e The empirical findings suggest that competition leads to less
differentiated flight departure times on domestic routes from the two
regional airports.

* However, competition leads to more differentiated flight departure
times on international routes from Daegu airport, which has a new night
curfew, while a clustered departure pattern is found for international
routes from Cheongju airport.

* An obvious pattern of differentiated departure times is found after the
easing of night curfews in 2014, along with the expansion in LCCs.
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Korean Airline Deregulation Act of May 2008

= The Deregulation Act of May 2008: implementation and effects

Before May 2008 After May 2008
Regulation system | Scheduled air service | Non-scheduled air service . _ _ _
: : : : Domestic service | International service
Requirement License Registration
Aircraft size No limit 80 seats limit per plane - -
Aircraft age No limit Less than 25 years - -

1. Pre-deregulation period:

=  Since 2005, a few independent LCCs operated turbo-propeller aircraft with less than
80 seats.

2. Post-deregulation period:

= Removal of restrictions on aircraft size, fleet age, and flight frequency for LCCs

= All LCCs were able to operate larger jet aircraft which had more than 80 seats per airplane,
and more frequently.

=  Regulation for pricing still remains: Pre-announcement system prior to 20 days.
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* Growth economists have considered, among other factors, technology and
skill (or human capital) to be at the heart of economic growth:

— The emergence of endogenous growth theory in the mid-1980s.

* Though many important technology-growth and/or skill-growth links have
been revealed, the growth theory has paid scant attention to the very
interplay between technology and skill, and its implication on growth.

* Labor assignment decisions and the implications on labor productivity
have been at the center of concerns in labor economics (Roy, 1951):

— Workers choose tasks (or occupations) requiring different technologies based
on their comparative advantage.

— Workers’ productivity reflects not only their own skill level but also the
task/occupation-specific technology they are employing.

* Also, the nature of globalization is changing: trade in tasks and global
supply chain (Baldwin, 2006; Grossman and Rossi-Hansberg, 2008).

* Starting point: if technology would exhibit any increasing returns to skill,
equilibrium technology-skill matching itself would have considerable
implications for economic growth !
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This Paper

* Develop an endogenous growth model based on a Roy-like assignment
model in which heterogeneous workers endogenously sort into different
technologies/tasks according to their comparative advantage.

* Model explicit distinction between worker skills and tasks, incorporating
worker skill distribution and task-specific technologies:

— Endogenous “Technology-Augmented Skill Distribution (TASD)”.

e Also, incorporate heterogeneous firms:

— Endogenous firms’ technological & offshoring decisions.

* Analyze technology-skill-growth and offshoring-growth links within a
unified theoretical general-equilibrium framework.

 The model provides richer predictions (empirically testable) on the
relationship between labor market changes and growth, and on the static
and dynamic welfare implications for different worker groups on the skill

ladder:

— “Technology up- and downgrading mechanism” at both individual worker and
firm levels.
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Related Literature

Endogenous growth literature (e.g. Romer, 1986, 1990; Lucas, 1988;
Aghion and Howitt, 1992):

— Ininternational trade context (e.g. Rivera-Batiz and Romer, 1991 a,b;
Grossman and Helpman, 1991 a,b; Young, 1991):

— Overall, pro-growth effects of openness.

— In North-South context (e.g. Helpman, 1993; Dinopoulos and Segerstrom,
2010; Branstetter and Saggi, 2011):

— Importance of intellectual property rights.

Assignment and globalization literature with heterogeneous workers (e.g.
Grossman and Maggi, 2000; Grossman, 2004; Yeaple, 2005; Antras,
Garicano and Rossi-Hansberg, 2006; Costinot and Vogel, 2010; Helpman,

ltskhoki and Redding, 2010; Blanchard and Willmann, 2013; Jung and
Mercenier, 2014):

— Also, closely related to firm heterogeneity literature in international trade.

— Labor market effects of globalization by endogenous sorting of heterogeneous
workers.
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Basic Setup: Households & Firms

* Infinitely lived representative consumer has intertemporal preferences:
t=

(e 0] - L_:I- - a
U=] e”InCgdt, C =[LN x(i) d.}

e Continuum of manufacturing firms produce x(i), combining two inputs
h(i) and m(i): _ _
X(1) =h(1) =m(i)
|

v

Headquarter services: only in the North

v

Intermediate components: North & South

* Individual firm’s technological and organizational choice:

— Managerial technology for h(i):
— 2 technologies H & L: Cy < C; with fy > f;.

— Organizational choice for m(i):
— Producing domestically or offshoring: C,, > Cp; with fp > 0.

* Firms sort in equilibrium between two types, and compete under
monopolistic competition:
— Low-tech non-multinationals (non-MNs) with f; — po=——(CL+Cy)
— High-tech multinationals (MNs) with fy + fo —  Pu=——(Cu+Ch)
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Basic Setup: Heterogeneous Workers

e Continuum of heterogeneous workers differentiated by skill level z:
— Cumulative skill distribution G (z) with density g(z) on support (0, o).
* Worker productivity reflects both his own skill level z and the technology
he employs:
— Let (pj(z) denote the productivity of a worker with skill z and technology j €
{M, L, H}.

— Absolute advantage at given technologies: if z; < z;, @;(z1) < ¢;(2y).

— Comparative advantage in technologies:

o< fnud 10 1 _on® 1 \
o (2) oz ¢ (2) oz p,(2) q)j(z) oy (2)

¢ (2)

—> Workers sort between technologies
according to their respective comparative
advantage.

ow (2)

Z
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Technology-Augmented Skill Distribution (TASD)

e Total labor productivity will be determined not only by skill distribution
g(z), but also by employed technologies.

* With workers sorting into different technologies (tasks) based on their
respective comparative advantage, the total labor productivity will be
determined by skill-technology assignment in equilibrium.

A L 9,(@g ()2 z
?4(2)9(2) EE e fo 9y (2)9(2)dz
/ """"""""""""""" foz ¢ (2)9(z)dz
G I S [ ou(@0(2)dz
z
z Z,
TASD for each given technology j Equilibrium TASD
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Basic Setup: Innovation Sector

* Manufacturing firms bear fixed costs in the form of knowledge capital,
developed by a perfectly competitive innovation sector.

* Sector-wide positive externality (Romer, 1990; Grossman and Helpman,
1991):

— Effective units of labor to produce one unit of K:

1
a =—.
AK

— Flow of new K :

QKZE-

a'I
e [-sector workers have access to the most efficient H-tech:

— Unit production cost of K:

C,=C,q,.
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Instantaneous Equilibrium

* Workers are paid their marginal product:

Cuon(2), z€(0,2)
w(z) =1C o (2), Ze (21’ 22)
Choy(2), 1z€(z,,)

* No-arbitrage conditions for the threshold workers:

C, =1
c -c, un) — ¢, >C,_>C,
CDL((ZZl; \ J
PO \4,
C,=C, ——== — Decreasing in z; and z
" : Py (Zz) © ! 2

* Labor market clearing condition:
[Fon@e@dz=["p.2)9@dz  (non-mNs)

. o4 (@9@dz-L, =L (MNs)

* + other equilibrium conditions: see paper.
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Instantaneous Equilibrium

e Zero-profit conditions:

1 1
—px =xf and =pyx,=7(f,+1,)
o o

e Laborincomes in the North and in the South:
W =C, [, (09(2)dz+C, [ 9. (2)9(2)dz+C, [ 01, (2)9(2)dz
W =C, L

* Consumption:
P.C=E+E

E=W+7zK-C,L, and E =W~

* Technology and offshoring condition

l-o l-o
—£4gcﬂi1{cL+c;ﬂ -—gs;n<fHs—£$§cﬂil{cH+c;ﬂ ~f,

o7 o7
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Equilibrium Skill Allocation and Wage Distribution

Inw(z)

, InC, +Ing,(2)

INC, +Ing (2)

InC,, +Ing,, (2)
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Steady-State Growth

e Growth rate of K:;

K_Q¢
K K

g = AL,

— In steady state where Z; = 0, Z, = 0 and L; = 0, g is time invariant.

e Steady-state level of real investment L;:

— Tobin’s q: capital’s market value = replacement cost

Market value of aunitof K: V,=[ e"rdt= %o

=0 P+O
Replacement cost of K: C, =C,a,

Eﬁ-l—ﬁ;:“ pfo—1

Ly= - =
— T agC'g }n( o )
AW +W* -1
LN ) ple—1)

oCy T

where W =cy Jo ! ear(z)g(z)dz + Cr f;z wr(z)g(z)dz +Cq f;f w(2)g(z)dz,
W* =c}, L.

» Steady-state growth rate is determined by two skill thresholds z; and z, |
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Offshoring: Basic Mechanism

* One technology case

— Domestically only one technology M: Cy; with fy

— Offshoring decision for m(i): Cy > Cp; with fy > 0

— Revenue ratio MNs vs. non-MNs

Ing, ()] * n
C, +Cr, _{ f,, + £, }10
2C,, f,

dCy
dfo

_ ; ; - No domestic income change, but a
g g rise in income in the South

hG) _~ Ingy(2) > <0 (with L%

h, (i)

7 27,7 . :
! 2 "8 - RisesinL; and g;

- Leftward shifts of z4, z,, and z;

Lemma 1 Even when only one technology exists (thus, without technology-upgrading
effects), offshoring increases domestic growth rate by exploring Southern labor.
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Offshoring: Basic Mechanism Cont’d

* Two technology case

— Domestically two technologies M' > M: Cy, < Cyy with fy > fi
— Offshoring decision for m(i): Cy > Cp; with fy > 0

— Revenue ratio MNs vs. non-MNs

N\
Ing;(2) Ing, (2) : . : +
Cu+Cy | fu+Tfo|Fe
2C,, { fu
Ing, () Cu+Cy | futfy
2c, | f,
h, (i) hy (i) K -> T < 0 (with Cp),

Zl Z2 Z3
implying a leftward shift of z,
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Offshoring: Basic Mechanism Cont’d

* Two technology case

ing, (2)] Iy (2 Ing, (2)

Ing, (2) Ingy, (2)

h@)  ih()iK |
Z, Z, 1, «—1

1 Zzl < Z, 4 13
- Economy-wide increased efficiency units

of labor due to technology-upgrading
mechanism

— Scale effects of growth, not due to
increased population size but due to
increased efficiency units of labor at a
given population size

Lemma 2 When technological difference exists between MNs and non-MNs, offshoring
increases domestic growth rate even further due to technology upgrading effects.
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Offshoring: dfy <0

 Afallin fy decreases two skill thresholds z; and z,: j% > 0 and % > 0.
0] 0]

— Labor market clearing: j} -aﬂJwEZ}g{Zsz=/ wrlz)g(z)d=

— Revenue ratio MNs vs. non-MNs:

1
Ca+Cy _ailz)oa(2)+Cy | fu +fo} =
Cr+Cm a1 (z1) + Cum fr

 Afallin fp increases unit production costs (or technology-specific efficiency wage
rates) so that: dC;, > 0, dCy > 0and d(Cy/C;) > 0.

Inw(z)

\
N

—> Afallin f, generates technology-upgrading
mechanisms at both individual worker and
firm levels.

InC,
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Offshoring: df, <0

Proposition 1 A fall in fo decreases two skill

thresholds z; and z,: T >0a d? > 0.
() (0]

Corollary 1 A fall in f, increases unit production costs

CH
d_
sothat: 2L < 0, %t - o ¢ dﬁ

< 0.
fo dfo dfo

 Market concentration effect:

N, ( | J J, w921,
No Ufurfo) [P, @02z

- : : Ny .
Proposition 2 A fall in f, increases Ny and decreases N; so that N—H increases.
L
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Offshoring: Static Welfare Effects

1) Pc-increasing forces:

—  Prices (both p; and py) increase.

— Total number of varieties (N; + Ny) decreases.
2) P.-decreasing force:
— dNy >0anddN;, <0 — More varieties at cheaper price (py < p; ).

= In total, ambiguous !

— If there would be any welfare losers(winners), M (H)-workers would be affected the
most negatively(positively).

— However, a fall in f, increases the aggregate welfare: (PE)/ dfo < 0.
C

- . . . E
Proposition 3 A fall in f, increases real income o
Cc
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Offshoring: Growth Effects

C + C
{ Ch CH’ } Jl ( j
. | | N HA

___________________

(1) (2) (3) (1) (4)

* Four offshoring-and-growth links:

. c.+C,
i. Redistribution effect: (1) Domestic: ==\

H

(1) International: g—“" &/ — Anti-growth
H

ii. Displacement effect: (2) [l ou@e@dz ), | A

iii. Technology-upgrading effect: (3) J:% (2)g(2)dz /
- Pro-growth

iv. South-employment effect: (4) L/

= Pro-growth effects dominate anti-growth effects: A fallin f, increases the steady-
state level of real investment L;, and thus enhances growth.
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Offshoring: Growth Effects

Proposition 4 We identify four offshoring-and-growth effects: (i) redistribution, (ii)
displacement, (iii) technology-upgrading, and (iv) South-employment, of which the
first two slow growth while the latter two stimulate it.

Proposition 5 A fallin f, increases the steady-state level of real investment L;,
and thus enhances growth.

= See paper for mathematical proofs.
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Numerical Appraisal: Calibration

e Log-normal skill distribution & linear technologies

In z— )2
pi(2) =1+ a;z, je{M, L.H}

* MNs use 8 share of foreign inputs and (1 — 8) share of domestic inputs.
 Cy=063;,p=0050=4;f =1.0;f; =1.2; f, =0.1.
e Calibration of key parameter values using US data:

— Ratio of production workers, non-production workers’” wage share, MNs’ total output
value share, productivity difference estimate between MNs and non-MNs, Gini index, US
real GDP growth rate, average foreign-input share of US offshoring firms, etc.

> u=-0.80;¢=0.83;a, = 035 a, = 1.98; a; = 2.27; 1 = 0.09; 8 = 0.20.

— Calibrated log-normal skill distribution exhibits a mean of 0.64, a variance of 0.41 and a
skewness of 3.97.
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Numerical Appraisal: Calibration

* Calibrated Technology-Augmented Skill Distribution (TASD):

24 (2)9(2)

[ ou (@0 (2)0z
[Lo.@9()dz

p.(2)9(2)

[ ou(2)9(2)tz
o (2)9(2)

05 1.0 k] an

(@ ¢,(29(2) ®) [ o@9(@)0
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Effects of falls in f, and Cy;

Fallin f, Fallin Cy

1.00 0.98 0.96 0.94 0.92 1.00 0.99 0.98 0.97 0.96

z] 0.0000 -0.0037 -0.0076 -0.0115 -0.0156 | 0.0000 -0.0065 -0.0133 -0.0203 -0.0274
zJ 0.0000 -0.0592 -0.1132 -0.1626 -0.2081 | 0.0000 -0.1001 -0.1854 -0.2589 -0.3229
c? 0.0000 0.0014 0.0029 0.0044 0.0060 | 0.0000 0.0025 0.0051 0.0079 0.0107
(43 0.0000 0.0030 0.0060 0.0091 0.0123 | 0.0000 0.0052 0.0106 0.0161 0.0216
Ny 0.0000 -0.0582 -0.1174 -0.1773 -0.2378 | 0.0000 -0.1025 -0.206S9 -0.3119 -0.4168
N? 0.0000 0.3598 0.7267 1.0991 1.4758 | 0.0000 0.6298 1.2709 1.9161 2.5602

N2+ Ng | 0.0000 -0.0117 -0.0235 -0.0353 -0.0471 | 0.0000 -0.0210 -0.0424 -0.0640 -0.0855
Gini® 0.0000 0.0072 0.0134 0.0183 0.0221| 0.0000 0.0119 0.0202 0.0246 0.0248
L? 0.0000 0.3626 0.7339 1.1126 1.4974 | 0.0000 0.6415 1.3035 1.9796 2.6638
Leffo 0.0000 0.0033 0.0067 0.0101 0.0136| 0.0000 0.0058 0.0118 0.0178 0.0237

L? 0.0000 0.0043 0.0088 0.0134 0.0182| 0.0000 0.0073 0.0147 0.0222 0.0295

g° 0.0000 0.0043 0.0088 0.0134 0.0182 | 0.0000 0.0073 0.0147 0.0222 0.0295
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Welfare Effects of falls in f; and Cy,

Fallin f, Fall in Cj,

1.00 0.98 0.96 0.94 0.92 1.00 0.99 0.98 0.97 0.96

P 0.0000 0.0005 0.0010 0.0015 0.0021 | 0.0000 0.0009 0.0018 0.0027 0.0037

Wel f,fqg 0.0000 0.0007 0.0014 0.0022 0.0030 | 0.0000 0.0012 0.0026 0.0040 0.0055
Welfy 0.0000 -0.0005 -0.0010 -0.0015 -0.0021 | 0.0000 -0.0009 -0.0018 -0.0027 -0.0036
Welf 0.0000 0.0009 0.0019 0.0029 0.0039 | 0.0000 0.0016 0.0034 0.0052 0.0070
Welfy 0.0000 0.0025 0.0050 0.0076 0.0102 | 0.0000 0.0044 0.0088 0.0133 0.0179

ItWelf, ,fqg 0.0000 0.0018 0.0036 0.0056 0.0076 | 0.0000 0.0031 0.0063 0.0096 0.0130
ItWelf | 0.0000 0.0006 0.0012 0.0018 0.0025| 0.0000 0.0010 0.0019 0.0029 0.0037
ItWelf | 0.0000 0.0020 0.0041 0.0063 0.0085 | 0.0000 0.0035 0.0071 0.0108 0.0145

ItWelf] | 0.0000 0.0036 0.0072 0.0110 0.0148 | 0.0000 0.0062 0.0126 0.0190 0.0254

= Intertemporal welfare effects: equivalent variation index ¢

A

%0
e Feo-1 > Feo—1
(1+ <,-f'))f e " ln dt = ] e In dt
t—0 Feo £=0 Pea
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Effects of arise in u

Riseinu Rise in u at a given mean

-0.7926 -0.7876 -0.7826 -0.7776 -0.7726 | -0.7926 -0.7876 -0.7826 -0.7776 -0.7726

g® 0.8313 0.8313 0.8313 0.8313 0.8313| 0.8313 0.8252 0.8191 0.8130 0.8068
N? 0.0000 -0.0022 -0.0044 -0.0067 -0.0089 | 0.0000 0.0064 0.0129 0.0195 0.0262
Ng 0.0000 0.0136 0.0273 0.0410 0.0550 | 0.0000 -0.0394 -0.0795 -0.1200 -0.1612
P 0.0000 -0.0008 -0.0015 -0.0023 -0.0030 | 0.0000 0.0000 -0.0001 -0.0001 -0.0002
g° 0.0000 0.0075 0.0151 0.0227 0.0303 | 0.0000 -0.0026 -0.0051 -0.0078 -0.0104

Welﬂfqg 0.0000 0.0012 0.0023 0.0035 0.0047 | 0.0000 -0.0007 -0.0014 -0.0020 -0.0027

ItWelf,?gg 0.0000 0.0031 0.0061 0.0092 0.0124 | 0.0000 -0.0013 -0.0026 -0.0040 -0.0053

= Arrise in u at a given ¢ (skill upgrading) increases welfare and growth
due to technology-upgrading.

= Arise in u at a given mean (a decrease in €) decreases welfare and
growth due to technology-downgrading.
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Concluding Remarks

 We have developed an endogenous growth model in which
heterogeneous workers in skill endogenously sort into different
technologies/tasks based on their comparative advantage.

* We have highlighted the technology-skill-growth and offshoring-growth

links within a unified multi-task/technology-based heterogeneous worker
framework.

— Richer predictions (empirically testable) on the relationship between labor
market changes and growth.

— Static and dynamic welfare implications for different worker groups on the skill
ladder.

— Technology up- and downgrading mechanism at both individual worker and
firm levels.

* Economic policy implications:

— Any policy on either technology or population skill without considering the
interplay between them might lead to different results not only quantitatively
but also even qualitatively.
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Thank you for listening!
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