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ABSTRACT

This study investigates the welfare implications of BTL projects using a
general equilibrium model with the public sector and public—private
partnerships, We show that when the government is not allowed to run budget
deficits but private firms is able to overcome the financial constraint, BTL
projects performed by public—private partnerships (PPPs) could be a good
alternative and improve the welfare of the model economy, This paper
quantitatively investigates excessive expansion of PPP projects and several
alternatives to retrieve welfare losses caused by such an expansion, Assuming
that future rents of BTL projects are not taken into account, we find the
welfare losses up to 20 percent relative to conventional government projects.
Finally, we show that it would be possible to reduce the losses by transforming
the fully depreciated capital stock of the government projects into much smaller
new PPP projects,
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(¥ 1) Prameter Values

Parameters Description Values
A Level of productivity of the public capital production function 1
B Level of productivity of the public service production function 1

Level of productivity of the final goods production function 1

Jé] Discount factor 0.9709
« Capital share of production 0.3
N Service life for public capital stock 20
0, Oy Depreciation rates (public capital and private capital stocks) 0.1
* Optimal tax rate 0.05~0.25

[Figure 5] Differences in Utilities (%)
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[Figure 6] Level of PPP Rents

v=10.3 ¥=10.6 y=0.9
a5, ™=5% *=5%
=10% =10% =10%
=159 ™=15% *=15%
=20% =20% ™*=20%
2259 *=25% *=25%
Periods for PPP (h) Periods for PPP (h) Periods for PPP (h)

82 4] (537 FAste} 0

1 _ Bh +1
U*= ﬁ(ll’lags +N911’l5*> (53&)
AH, TAH WY 0 2 xd_;g wao* o elgt FFAuI~ EEL

U=1InC.,, + NoInS*+ zh]lﬁj InC,, + (N—7)01nS*+ 9_2]]11n5*(z') (54)

289 HAE vl A (55)F ©]&slela, 9| wefu|E= (Table DI} FYU3}t
of, F AoAe] A3} o] 4o} KA A& o 23l H-Sdk=s B8 7FA] 6
Hepie, A WA S b A o o] Rk A A
Aol ol e AR S AHEH [Figure 6] Zt},

al2fo]] RIZFHRAAFAAPIA] A =S H-8-S aefshA] gkl dA Ak ik B

RIZEEAAR O] ARSEls AS AR RIFEAAIIAA Aels QleEs pTolt,
27} 0.9, #7H 10%2 W FoiAl setule] ghel A i AR Aol sk drfsi
oF 0.060|t}, o]t ddi® <ol =SS Alske] 7|E AAEAA Y SaAElA
28 552 18] §A8) 7] Uoix) oibe AMgste] TS TFEApALY o

ﬂllﬂl

© e AAH don, FRY A= A 79 7RSS skl EellA

35



36

[Figure 7] Differences in Utilities (%)

h=5 h=10 h=15
7=5% 5% s
H210% =10% 7*=10%
Pa15% 7=15% Pr=15%
=20% =20% 0%
255 *=25% 7=25%

Public capital share ¥ Public capital share 7 Public capital share 7

AR AdlE =522 dAS] A} 471 0.9, 771 10%Y o & HA(h=2)2
T WRFEARARY] duiEes 7] UEAARS AR 22 2% ekl
h=204 wo] JdiE £ 27| IdiFE $F9] 1% F=r}

[Figure 7] ZEZAEAES] 7]ojmo| m2 89| xjo]2 ALK ATE Koz}
=, WHEAARY S gfjof] whE AARES QAst 3 TIREAAI ez Hgt
155 S48 o o wE 582 #olE Yehdlnh, #A 59 FHh=5)] &8 A
ol 47k 0.5 ol5ke] - &9 gk, 77F 0.6 o] A ¥ w2 A=tk A
BAFY FEAM|IA ALY 7| erE G4 ok - 599 AV 27 RIRERARAY
1ol jof] w2 a8 AaE welshr|odle v Athe 2le HolEth 171 0.2 ©]
gl A 247 1082 27] RIZEFAARI S| Sfjof wE a8e] das Y i
4 Q1= 7Izte g Yehgrh A AlE 771 10%Y 1) 47t S5 Sk 919
g2 ARE A EY 3.5%7F] S S7HE 7= ¢ QlTh TRAIe R o
| 2ohH 23717 158 Sl 5.6%71FY] $A STtaTE 95 4= Qlth

II

o

ot
ofr

m 2
N

O

L

N

i
ol

b

.28

B RRS FPRES 2 QNFHRFS A8l AARIIL BIL WAL
Q19 T4 Aolg Hli - BABKATE AL MY - AES BUSH fAsk} At
4% A4S, e mE 5_73_01 AT 0, AAEAAATNAY FUHA FAEo]
AgArIstelAle] T4 o= et Teiu vzl @A) 249l

=

%
_\1
i o
flo
pad)

EEFIRASEAI3S /2013, v. 35, n. 3
KDI Journal of Economic Policy



ofol] ArsAL BT W gHo gla) YRuc o e Fo AFe

sfoF sh= A% o7t A= BAEA Y=tk & d= olRt dRelM= EE}
s} vyl Beslols Fe Azt 8|3 ARV FEAA ] AekS 3]u]d E3
o2 YRS Fejel 23T A9 vige] YRt B RAR 7557 o
A}ﬁla lgo] 2aE 4 ASe PAHoR R} vxutos B oy

-

¢
;

=0l et
= AAHQl NIZFEAARY ] Sfjof] w2 ZTFAA|Q] T4 A wkElEl 4= QlE oy

thol 7hed] shkE AASch By AA Wl el daAekto] A7 B A9
el WAL BIL Alele] SIS aleIA e A SOERNUE Shfele] 20
gck Gxlehe Wrdlste] Zafat ARAAS IRFEAAIIO R Fasdte] AET
S oleig ALBIA 8L A 5 ek

23 olRold WHEAAIY T BAS AR ool BAE FHa)
H BAE 3 Qe BHITE FYHOE tRolof & Zolch, Wil opje
SF MIZHEEAPARIAL Apole] Ao HA], 4200 BEAY BA|, FEAH|AREO] £
A9) BASS obge] Auli Zlo] 8T Zlolth, £ 7o mYo] njAd EE 1
gttty UZERAAQIO] SRS Hrh WA O B 4 9 Jow oy
B, 2 o} S50 WASe] ©7)8 st

(R

o,




11
K
Ho
ro

"RIZEARAR Q5 R, 2006, 1.
‘0007~2011 71149845

7185 - AT,
S BIgHER}, ofti7kA] Fhok B
SR, 2006,

@xﬂ‘&ﬂ ;(HX—]HEPQ J‘j_E:]?)‘]—
— W7rEAROY I/ EES] WHEAE, 2007,
LAY 9, AR Huke] AFEA D ARALIL AT,
9 A, RZEEAREOR RIZFEAANY] AR A B AR | 2008~2012 =7HAA
=8AE —NIEARROF SVNEES] WAlE, 2008,
Hart, Oliver, “Incomplete Contracts and Public Ownership: Remarks, and an
Application to Public—Private Partnership,” Economic Journal 113(486), March
2003, pp.C69~CT6.
Maskin, Eric and Jean Tirole, “Public—Private Partnerships and Government
Spending Limits,” International Journal of Industrial Organization 26(2),
Ownership,” Jownal of Economic

March 2008, pp.412~420
“State versus Private

Shleifer, Andrei,
Perspectives 12(4), Fall 1998, pp.133~150

38 SEERASERZS /2013, v. 35, n. 3
KDI Journal of Economic Policy



v [ B 3% Bf 3%

X35 M3z (SH HM120%)

TLH STESAE0IM2] SFME Zxjof 2ot A5EA

o & @
(BEYten 2gsie 2as)
o
023
EYten F¥sie x4

Adverse Selection in the Korean Storm and Flood Insurance Market

Chang—Gyun Park

(Associate Professor, School of Business, College of Business & Economics, Chung—Ang University)

Eunjung Yeo
(Assistant Professor, School of Business, College of Business & Economics, Chung—Ang University)

BHREHMIKRD:  (e-mail) cpl9@cau.ackr, (address) School of Business, College of Business &
Economics, Chung—Ang University, 47, Heukseok—ro, Dongjak—gu, Seoul, 156—756, Korea,
O™ (WAIKXD: (e—mall) ejyeo@cau.ackr, (address) School of Business, College of Business &
Economics, Chung—Ang University, 47, Heukseok—ro, Dongjak—gu, Seoul, 156—756, Korea.

* Key Word: #3f|li28](Storm and Flood Insurance), J41€(Adverse Selection), R &= Z|¢(Insurance
Premium Assistance)

* JEL Code: D12, D82, G22, H59

* Received: 2012. 12. 21 * Referee Process Started: 2013. 1. 3
* Referee Reports Completed: 2013. 6. 13

KDI Journal of Economic Policy, vol. 35, no. 3, 2013
© Korea Development Institute 2013



ABSTRACT

We use a unique survey data set of storm and flood insurance in Korea to
test for adverse selection, We find systematically positive relationships between
the decision to buy the insurance and the insureds past history with, and
potential for, losses from natural disasters. The empirical results suggest that
consumers with higher loss rates will be more likely to purchase the insurance,
This highlights the importance of considering the detailed features of insurance
contracts, such as an improvement in the current insurance premium assistance
program as the government amends its current policies regarding storm and
flood insurance and disaster relief program,
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[Figure 1] Storm and Flood Insurance Scheme
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(Table 1) Assistance Guideline of Storm and Flood Insurance Premium

1) General subscribers

Insurance coverage

max. coverage) | 90% of replacement | 70% of replacement | 90% of replacement
; . ) cost value cost value cost value

Paying subjects & items
%reorfm”;" 35% 35% 28%

National Emergency P Y

Management Agency | % of extra . . .
oremium 90% 90% 90%
% of risk 15% 15% 12%
premium

Local governments

% of extra B B B
premium

2) Recipients of national basic live

lihood security (or th

e lowest income group) and lower income

group
Insurance coverage | 509, of replacement| 70% of replacement |90% of replacement
coverage) cost value cost value cost value
ubscribers
i . : Lowest | Lower Lowest Lower | Lowest | Lower
Paying subjects & items
o )
_ POl Sk | sg 50 | g% 50.5% 49% | 595% | 49%
National Emergency premium
Management Agency | 9
b of exira 90% 90% 90%
premium
o }
olisk | oese | 21% 25.5% 21% | 255% | 21%
premium
Local governments
% of extra B B B
premium
Source: National Emergency Management Agency.
283 4 9lnt,
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SR ua 9 JEo] A AEY ZagkA gl A9 T 2R o] T £ ogt
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St A9 FoalR Qe s RAshe vgrdon SRl T4
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46 EEEIRS ST /2013, v. 35, n. 3

KDI Journal of Economic Policy



St A52Q1 BEJSE AL glo] MGHAORA L] 7]5-& AT A9l
oF AR U SY REYRS glonl SR s g neR

71Zo 2 1% o] Bt

Ao g Ay1o] AEH HA 2pdofA AlZHE 7]E9] AdA g Es A b
EAAS ot HRle aato] F8HA] oA E QR AAF ojHeE =
Aot = Aol wet FrsiEAA = B Aol fEjubetolA] RS =
oIt ARARAL TS EAE Q13 1999F el 2007A7HA] A7F oF 6,600 Uo] ARE-E R
o}, EE] S AHe w3 W A (54.4%), SHE(37.3%)01H, AREHE 6.1%E,
AEGETE= 0.7%% AFASkL Qlcts

2. ITURYAZMY QY 2HY BT WS

FrAEge AAFAE] AR o FrsHel hHsH: ool s A
2 B3 o Be 284S ¥Y 5 Y=g “éH%‘—— Zegroleka & 4 9tk [Figure 2]
hmze] W Favh WA R A90] $2 ek, AmZe] 1k F49
7 A A9 e »}E}LHE}. ;uj 27] BEY B ol WAL V1S
oA e A9E elulshr], F4 EES TsiErieelo] wE Ak} wsks Lehiict,
ool AR e 43 IUS A A S 12 Aetel 3
*d T2 jEEE R84S ATt W, FoeRde] ATHL BYn $7)
FH3| e A4S Al ﬂ‘éﬁé%}aé% Zols Al HFL TujFORA HE HA
L BESES AT 2oy BEE AURA sk g2k Ao BE
o st 9 o3| AAAQ ssjageolar ol Hrko
Tt 9ot Zol HPS B APTAEPY 0|27 FRS =23 A
o3} e 7% 7Pgol AAE Bast itk i) SIAEACke] A AT olaeli Ay
go] £REX] Pert i) BE FAFAE AP Bl o3t HRE Husp) By
shan Qlek. i) AAFA AREA =S 9170 BEol W HE JFL vAH, 4
AZAY AEA e STEA B AR5 W) $F WAOR 13

-

(5}
A0 =
e B

5 AR 3RAUL W) i) AN REsi Fojoln, AeEl Aw W FRAY
o] Aoz e sl oo

6 MERIL UT BE 49 By A4l 71871k 4 Folue] Aol Zleriuct o A, Fjgle 3
79} 2ol A Pl B§ FrjetE SAic

=L SeoiE AL FME ZHof et ASEM

47



48

[Figure 2] Welfare Increase through Storm and Flood Insurance
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(Table 2) Descriptive Statistics for Storm and Flood Insurance Subscribers

Variables Mean 2?\2:?;: Minimum Maximum
Insurance premium (total) 122,127.8 546,026.1 1,300.0 6,781,080.0
— Residence 9,736.5 10,062.6 1,300.0 49,200.0
— Green house 999,040.3 | 13925426 57,800.0 6.781,080.0
Expected insurance benefits (total) 19,897,0588 | 38,563,492.8 300,000.0 | 250,000,000.0
— Residence 12,830,188.7 | 17,061,693.3 300,000.0 70,000,000.0
— Green house 43,071,428.6 | 74,330,565.5 | 3,000,000.0 | 250,000,000.0
Price of residence 50,467,995.1 | 77,943236.4 9,999.0 | 1,000,000,000.0
Gross income of green house 36,705,769.2 | 33,740,470.9 | 1,200,000.0 150,000,000.0
Current annual insurance premium (total) 71,4086 | 1,051.847.1 1,000.0 15,000,000.0
— Residence 14.321.0 15,800.0 1,000.0 100,000.0
— Green house 1,101,663.3 | 2,696,702.0 90,000.0 15,000,000.0
Disaster assistance (total) 42364706 | 6,631,230.3 9,999.0 38,000,000.0
— Residence 46289285 | 572951574 9.999.0 25,000,000.0
— Green house 3,758,695.7 | 80680438 100,000.0 38,000,000.0
Distance to rivers (total) 0.38 0.80 0.0001 7.0
— Residence 0.33 0.63 0.0001 50
— Green house 1.67 2.64 0.03 7.0

Note: 1) All units are KRW (W) except for the Distance, km.
?2) Expected insurance benefits are the expected insurance payouts from the insurer (s) in case of loss
caused by storm and flood, which is based on the subscriber’'s insurance policy.
3) Current annual insurance premium is the sum of all insurance expenses including other insurance policies
than storm and flood insurance.
4) Disaster assistance is the past governments assistance for the recovery from flood and storm damages.
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(Table 3) Regression Results of Determinants for Storm and Flood Insurance Purchase

Residence Green house
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
Ade 0.0316™** 0.0287*** 0.0247*** -0.0149 -0.0029 0.0215
¢ (0.0066) (0.0070) (0.0074) (0.0208) (0.0225) (0.0232)
Household size —0.0534 —0.0962** —0.0656 0.0330 —0.0458 —0.0347
(0.0406) (0.0450) (0.0482) (0.1063) (0.1149) (0.1167)
Middleschool dumm 0.3434** 0.3835™* 0.4892%** -0.168 —0.5564 -0.6779
Y1 (c1a91) | (01553 | ©.1726) | (0.4039) | (0.1149) | (0.4673)
Highschool durm -0.1884 —0.0801 —0.055 —0.2521 —0.3302 —0.2868
9 v 0.1779) (0.1887) (0.2184) (0.4031) (0.4178) (0.4279)
College dumm 0.129 0.1912 0.3554 -0.9274 -0.9263 -0.7777
9 Y (02780) | (02934) | (03144) | (09522) | (1.1137) | (1.1536)
Farming dumm 0.491 1% 0.4935*** 0.4795%** 1.5352%* 1.5836%** 1.4501%*
9 Y (0.1247) | (01279) | (0.1356) | (0.6932) | (0.6068) | (0.5946)
Gveonaci dumm —0.2457 —0.2224 0.4688*
Yeongar aummy: 10 2236) | (0.2345) | (0.2692)
Canawon dumm 1.4928%** 1.4334%** 2.0039*** | —1.5653** | —1.6803*** | —2.4204***
¢ Y (0.1028) (0.1723) (0.2205) (0.5930) (0.5843) (0.6082)
Busan & Gyeongnam | —0.9979*** | —0.6458*** 0.1919 —1.1574™ | =1.6216™* | —1.4640**
dummy (0.2159) (0.2158) (0.2772) (0.5198) (0.5484) (0.5680)
Daegu & Gyeonbuk | —0.8633™** | —0.8301*** —0.4925 —1.0274™ | —1.2739** —1.4413*
dummy (0.2284) (0.2460) (0.3438) (0.5033) (0.5358) (0.5647)
Chungcheong —0.3043* -0.3104* 0.0612 —2.981 2% | —35228%** | —3.8597***
dummy (0.1677) (0.1737) (0.1903) (0.6659) (0.7529) (0.7563)
Income -0.1729* —0.2079™* 0.7702%** 1.0461%**
(0.0913) (0.1018) (0.2366) (-.3787)
Debt ratio 0.0276* 0.0398** -0.0410 -0.0277
(0.0144) (0.0155) (0.0309) (0.0306)
Insurance 0.0691 0.1198 0.0761 —0.0703
(0.0959) (0.1023) (0.2383) (0.2451)
Credit restriction 0.0580 -0.0105 —0.0056 -0.2279
(0.1294) (0.1451) (0.3164) (0.3473)
Degree of 0.0019 —0.0765"*
wearing—Out (0.0044) (0.0265)
Value —0.4686™** 0.0023
(0.0831) (0.0029)
Experience of storm 0.6312%** 0.4432**
and flood damages (0.1948) (0.1962)
Risk assessment 0.2306™ 0.0569*"
(0.0705) (0.0247)

=L SeoiE AL FME ZHof et ASE

1z



56

(Table 3) Continued

Residence Green house
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
Constant —1.9789%* 0.9135 8.5069"** 0.7900 —12.4731% | —18.0031***

(0.5271) (1.5963) (2.2399) (1.4950) (4.3064) (5.3406)

Sample size 779 752 676 T 109 108
Pseudo—R’ 0.3350 0.3390 0.3701 0.2780 0.3414 0.4306
Prediction precision 0.8010 0.7886 0.8047 0.7207 0.7431 0.7778
Pearson goodness 699.10 767.89 674.65 95.70 90.80 81.08

of fit statistic (618) (730) (656) (96) (94) (89)

Note: 1) Lower than elementary from education dummies and Jeolla Nam—do dummies from province dummies are

excluded for regression analysis.

2) Income represents family income, value takes the natural logarithm of the market value of the insured
property, and Debt Ratio represents the debt—to—savings ratio.

3) Experience of storm and flood damages is the dummy variable indicating the past experience of storm and
flood damages for the previous ten years.

4) Degree of wearing—out represents the age of the insured property.

5) Risk assessment is the self—assessment of the chance of storm and flood damages by a respondent (1~5
scale).

6) *** *** indicate the statistical significance at the 10%, 5%, and 1% level, respectively.

7) Prediction precision is the rate of consistency between the probability of the insurance subscription, greater
than 0.5, from the estimated model and the actual subscription.

8) Pearson goodness of fit statistic establishes whether or not an observed frequency distribution differs from a
theoretical distribution. It follows chi—square distribution, and the number in the parenthesis is the degree of
freedom. Pearson
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ABSTRACT

This study aims to assess the development effectiveness of the Paris Declaration
(2005). Using data collected by the OECD/DAC from 78 developing countries for the
period 2005~2010, this study evaluates the role played by the Paris Declaration
principles alone and in interaction with aid in promoting per-capita GDP growth.

The analysis shows that the overall net impact of aid on promoting economic
growth has been negative. However, aid effectiveness has been enhanced by the
sound policies or institutions and some Paris Declaration (PD) principles. Of the five
principles of the PD, only the alighment and, to some extent, mutual accountability
principles of the PD did show a significant and positive role in making aid more
effective for economic growth of aid recipient countries. Therefore, OECD’s
statement that the PD enhances aid effectiveness is supported only partially.

These findings have significant implications for the importance accorded to sound
policies and institutions in the growth literature, and for future international
development cooperation agenda.
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|. Introduction

This paper aims to evaluate the impact of the Paris Declaration on Aid
Effectiveness. In particular, it examines the claim that adopting the declaration’s
principles helps promote developing countries’ economic growth.

At the Second Hi-Level Forum on Aid Effectiveness in Paris (2005), more than
180 Ministers of developed and developing countries responsible for promoting
development and Heads of multilateral and bilateral development agencies resolved
to take far-reaching reform of the ways they deliver and manage aid. They also
agreed on 12 action indicators and targets to be attained by 2010. OECD claims that
this Declaration builds on the lessons learned over many years about what works. It
also claims that donors and recipients are committed to adopt the best policies and
principles in aid management to increase the impact that aid has in reducing poverty
and inequality, and increasing growth of developing countries (OECD, 2009).

The Declaration incorporated five principles: establishment of the country
ownership of development policies and strategies; alignment of donor aid to
developing countries’ priorities and systems in a predictable and transparent manner;
donor efforts to harmonize aid practices; results-oriented aid management; and

mutual accountability by both donors and recipients (Paris High Level Forum, 2005).

In preparation for the Fourth High Level Meeting on Aid Effectiveness in Busan
(2011), the OECD published a progress report on the Paris Declaration’s
implementation. It said that considerable progress had been made toward many of
the 12 targets, with one (ownership) being fully met, and noted significant variation
in the direction and pace of progress among donors and recipients (OECD, 2011).

However, as yet, there have been no evaluation studies of the Paris Declaration’s
impact on either poverty reduction or economic growth. Moreover, the OECD’s
claim that adoption of the Declaration’s five principles of aid management would
promote economic growth and reduce poverty and inequality has never been tested
empirically. This study aims to fill this gap in aid effectiveness debates and
determine whether the Paris Declaration has made any positive contribution to aid
effectiveness and achievement of the Millennium Development Goals. Such
evaluation is important when post-MDG policies and strategies are being actively
discussed by both developed and developing country governments, as well as
international development agencies. If the five principles of the Paris Declaration
were proved to be effective in promoting aid effectiveness and economic growth,
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they could be credited to continue playing important role in the post-MDG era.
However, to date there has been no empirical proof that the Paris Declaration has
facilitated aid effectiveness. Moreover, until the Paris Declaration was agreed upon
in 2005, there had been running debates in the literature on aid effectiveness or on
the causes of aid ineffectiveness. These topics are still one of the most hotly debated
subjects in the literature of development economics. Therefore, this study evaluates
empirically whether the Paris Declaration has actually facilitated aid’s impact on
development.

The rest of this paper is organized as follows: the second section reviews the
literature on aid effectiveness, highlighting the significance of the Paris Declaration
in quelling the debate over aid management; the third section describes the method
and data of the empirical test adopted in this study; the fourth section discusses the
findings of the empirical evaluation; and the last section provides concluding
remarks and recommendations.

Il. Literature Review

Numerous empirical studies have confirmed that economic growth is necessary
for sustained improvement of human welfare and poverty reduction (Dollar and
Kraay, 2002). Consensus seems to have been largely achieved on the positive role
played for economic growth by investment in fixed assets, human capital, policies
and institutions, trade, and foreign direct investment. However, scholars disagree on
other causes of economic growth.

One dispute is over whether foreign aid can spur developing countries’ economic
growth. Cross-country studies have tended to yield ambiguous, sometimes even
conflicting results. They also differ in the econometric specifications used, the
number of years covered in the analysis, the independent variables included, and the
number of countries investigated in the studies. Time-series country studies also
failed to produce any conclusive results. Both cross-country and time-series
literature on aid effectiveness can be divided into two groups: one which argues in
favor of aid effectiveness, and the other which argues against aid effectiveness
(Hussen and Lee, 2012).

1. Studies in Favor of Aid Effectiveness

The studies that favor aid effectiveness for economic growth are represented by
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Papanek (1973), Hansen and Tarp (2000 and 2001), Dalgaard and Hansen (2001),
Gomanee et al. (2005), and Arndt ef al. (2010). The most controversial studies are
the ones made by the World Bank (1998) and Burnside and Dollar (2000). These
studies show that aid is ineffective for per-capita GDP growth in general, but is
effective in a sound policy and institutional environment. In other words, aid alone
is not effective for economic growth, but becomes effective when it interacts with
sound policies

Critics argued that these studies’ results are very much dependent on the data and
specifications of estimation models and that the policy concept is too narrow
(Hansen and Tarp, 2000 and 2001; and Easterly et al., 2003). However, these results,
particularly the significant and positive aid-policy interaction effects, are
reconfirmed even with a broader concept of policy (i.e., CPIA), refined aid data, and
specifications (Collier and Dollar, 2002). On the basis of these reconfirmed results,
the Collier and Dollar study demonstrates that assistance would be more effective if
more aid were allocated to countries with lower income and sounder policies. Later
studies such as Clemens et al. (2004) find that aid effectiveness is not conditional on
policies, but that aid becomes more effective in developing countries with sounder
policies and higher levels of human capital accumulation.

The Paris Declaration principles are a kind of sound policies and institutions for
managing aid and aid relationships. Therefore, this study evaluates whether aid
becomes effective or more effective when aid donors and recipients have adopted
the Paris Declaration principles as part of sound policies and institutions.

2. Studies Against Aid Effectiveness

The studies that argue against aid effectiveness can be divided into three
subgroups by the identified causes of ineffectiveness. The first argues that aid is
ineffective due to conditions and constraints in developing countries; the second
blames the very nature of the donor-recipient relationship; and the third targets the
constraints and incentive systems of donor countries (Paul, 2006). They argue that
each of these factors prevents aid from being placed in investment or consumption
that can be used effectively for growth and poverty reduction.

A. Recipient Constraints

Boone (1996) investigated the impact of foreign aid on investment, consumption,
and measures of well-being of 91 countries for the period 1971~1990. He found that
aid increased consumption more than investment and growth. Boone argued that the
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current political regimes in recipient countries prevent aid from being an effective
tool for promoting growth, and that a liberal political regime is important for growth
promotion and poverty reduction through aid. Since government is not
representative and serves particular interest groups (through distortionary taxes), aid
becomes distorted to serve the interest groups. Therefore, poverty reduction and
human development do not improve. Other studies follow more or less the same line
of argument (Adam and O’Connell, 1999; Pedersen, 1995; Svensson, 2000; Lahiri
and Raimondos-Magller, 2004).

Ovaska (2003) studied 86 developing countries over the period 1975~1998 and
found a negative relationship between aid and economic growth mainly because the
aid-policy interaction term turned out to be consistently negative. In other words,
giving more aid to countries with good policies and institutions worked against
economic growth. The author suspects that aid may have played a role against the
work efforts of the recipient countries or donors must have tied the use of the aid
against growth. In contrast to earlier studies, the author used a broader measure of
policy and institution, two alternative concepts of aid, and a fixed effect least
squares model.

Rajan and Subramanian (2005 and 2007) also failed to find any positive effects
of aid on economic growth in the short and medium terms, and even found a
negative relationship in the long run. They suspect that aid might reduce the quality
of governance since aid inflows might reduce the need for governments to tax the
governed or enlist their cooperation.

B. Agency Problems in Aid Relationship

Kanbur and Sandler (1999) and other studies (Azam and Laffont, 2003; Dixit,
2003; Laffont and Martimort, 2002; Martens et al., 2002; Seabright, 2002) argue
that as with a principal and agent contract, a donor and recipient relationship
produces conflicting views on the objective of aid (desirability of poverty reduction),
divergent interests, and asymmetric information. Consequently, donors and
recipients typically have mismatched incentives, broken information feedback, and a
reluctance to collaborate toward institutional reform.

To overcome such a dysfunctional relationship, the studies suggest that
conditionality be used in all types of aid, or that all bilateral aid be pooled and
entrusted to a multilateral aid agency for objective and optimal allocation to all
eligible developing countries (Kanbur, 2003). However, records have shown
problems with conditionality aid: donor-designed projects depriving recipients of
ownership, moral hazards and adverse selection, cooperation among donors
producing crowding-out effects, weakening donors’ commitment, incomplete
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enforcement of conditionality, and ultimately shaken credibility of conditionality
(Svensson, 2003; Pedersen, 2001).

Therefore, some studies argue for ex-post conditionality in contrast to traditional
ex-ante conditionality, favoring aid for sector and budget support programs, or
linking aid allocations to observed outputs or results (Adam et al., 2004; Nissanke,
2008). Without a doubt, aid with ex-post conditionality enhances the predictability

of aid allocations, ownership of recipients, and sounder donor-recipient relationships.

However, performance-based aid allocations and aid with ex-post conditionality also
have encountered problems with recipients’ limited absorptive capacity and have
created a high level of aid volatility (Eifert and Gelb, 2005).

C. Donor’s Constraints

Alesina and Dollar (2000) attribute aid ineffectiveness to historical relations,
such as that of a donor country to a former colony, and to donors’ strategic
behaviors. The strategic behaviors include not only exchange of political gifts by
governments at international negotiations (Lundborg, 1998), but also enterprises’
lobbying activities to pursue economic and commercial interests in recipient
countries (Villanger, 2006). Some studies attribute aid ineffectiveness to the failure
of bureaucracy in allocating aid optimally and closely monitoring and evaluating
execution of aid projects and programs (Easterly, 2003).

D. Paris Declaration on Aid Effectiveness

Adoption of the Paris Declaration on Aid Effectiveness in 2005 was based on the
realization that aid ineffectiveness was caused by a combination of failures on the
part of both donors and recipients. Such realization was fostered through discussions
at the First High Level Forum on Harmonization in Rome in 2003 and at the
Roundtable on Managing for Development Results in Marrakech in 2004.

As mentioned before, the Paris Declaration incorporated five principles derived
from the past failures of both donors and recipients. The principles sought to
encourage both donors and recipients to collaborate on enhancing aid effectiveness
and be mutually accountable on aid management. These principles of the Paris
Declaration takes into account the earlier argument that emphasized the agency
problem in the donor-recipient relationship. Recipients are urged to take greater
ownership of development policies and strategies; donors are urged to coordinate
and harmonize aid efforts with recipients and other donors. These principles of the
Paris Declaration aim to overcome the past criticisms that highlighted either only the
recipients’ constraints or only the donors’ problems.

Under the OECD’s auspices, more than 180 representatives of donors and
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recipients established 12 indicators and action targets to be achieved by 2007 and
2010 to assess progress on the five principles of the Paris Declaration. These 12
indicators were: operational development strategies, reliable public financial
management systems, reliable procurement systems, alignment of aid flows with
national priorities, coordinated support, use of recipient-country public financial
management systems, use of recipient-country procurement systems, avoidance of
parallel project implementation, aid predictability, untied aid, use of common
arrangements or procedures, joint missions and joint country analytic work, results-
oriented frameworks, and mutual accountability.

In the end, 78 countries voluntarily agreed to participate in the monitoring
program, and the monitored results were published at the mid-term review in 2008
(Clay et al., 2008) and the completion review in 2011 (OECD, 2011). The OECD
promoted the Declaration, saying that it enhances aid effectiveness and contributes
to the achievement of the Millennium Development Goals. Unfortunately, one
critical shortcoming of the Declaration is that more than eight years after the launch
of the Paris Declaration, there has been no evaluation of the agreement’s impact on
either economic growth or poverty reduction through aid.

Such an assessment can be made by following the methods and procedures of the
proponents of aid effectiveness. The hypothesis to be tested is that aid is ineffective
in general, but is effective in an environment where the five principles of the Paris
Declaration are prevalent. An alternative hypothesis is that aid is effective in general,
but is more effective in an environment where the Paris Declaration principles are
actively practiced. To test these hypotheses, we can also adopt a growth equation
that includes not only aid, but also an interactive term between aid and the Paris
Declaration Indicators, following the precedent analyses with an interactive term
between aid and policy (Burnside and Dollar, 2000; Collier and Dollar, 2002).

Another shortcoming of the Paris Declaration is that it does not include any
principles related to the rational or optimal allocation of aid. Although several
studies have pointed out irrational or suboptimal aid allocation practices for historic,
strategic, or commercial reasons (Alensina and Dollar, 2000), the Paris Declaration
does not include any principles that can serve to improve this area. Some studies
bear out the trend of more selective aid allocations in line with optimal aid allocation
criteria since the end of the Cold War (Dollar and Levin, 2004; Bandyopadhyay and
Wall, 2007). However, more recent studies show that suboptimal aid allocation
practices are still rampant (Lee, 2012a and b). If the aid allocation is distorted at the
early stage of an aid cycle, no efforts to improve aid management at later stages will
be able to enhance aid effectiveness much.
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lll. Empirical Evaluation Method and Data

The basic specification of the growth equations used in this study is as follows:

gPCGDP;, = a + b; IPCGDP;, + b, (Inv/GDP);, + by HC ;, + b, (Export/GDP);
+ bs (FDI/GDP);, +bs (Aid/GDP); + b, (Aid/GDP);> + bg CPIA;
+ by (Aid/GDP);*CPIA; + by ICRG;, + by; (Aid/GDP);*ICRG;,
+ biy Popy + by PDj + by (Aid/GDP);+PDy; + e (D

gPCGDP;, = a + b, IPCGDP;, + b, (Inv/GDP); + by HC ; + b, (Export/GDP);
+bs (FDI/GDP);, + bg (Aid/GDP); + b; (Aid/GDP);> + bs CPIA;
+ by (Aid/GDP),*CPIA + bjo ICRG + by, (Aid/GDP);*ICRG;,
+ by, Popy +b13 PD-1; + bis (Aid/GDP);#PD-1; + bys PD-2;
+ by (Aid/GDP)#PD-2;, + by; PD-3;+ Bys (Aid/GDP)#PD-3;,
+byg PD-4; + bys9 (Aid/GDP);#PD-4;, + by, PD-5;
+ by, (Aid/GDP),#PD-5; + e, )

where

iand t: country and year (during 2005~2010),

gPCGDP: growth rates of per capita real GDP in constant 2005 US $ prices,

IPCGDP: initial per capita real GDP in constant 2005 US § prices,

Inv/GDP: the ratio of investment to GDP (%),

HC: the secondary education enrollment rate (% of age group) as a proxy for human
capital,

Aid/GDP: the ratio of Aid to GDP (%) where Aid is defined as official development
assistance,

(Aid/GDP)’: square of Aid/GDP,

CPIA: proxy index of macroeconomic and social protection policies,

(Aid/GDP)*CPIA: an interactive term between the aid ratio and policy,

ICRG: proxy index of the institutional quality,

(AID/GDP)*ICRG: an interactive term between the aid ratio and institutional quality,

Pop: population growth rate,

Export/GDP: the ratio between exports and GDP (%),

FDI/GDP: the ratio between FDI inflows and GDP (%),

PD: a composite index of Paris Declaration principles (%), which is a simple
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average of five subcomponent indexes: PD-1, PD-2, PD-3, PD-4, and PD-5,
(Aid/GDP)#*PD: an interactive term between the aid ratio and the PD,
PD-1: the Paris Declaration Indicator for the ownership principle (%),
PD-2: the Paris Declaration Indicator for the alignment principle (%),
PD-3: the Paris Declaration Indicator for the harmonization principle (%),
PD-4: the Paris Declaration Indicator for the results principle (%),
PD-5: the Paris Declaration Indicator for the mutual accountability principle (%),
(Aid/GDP)*PD-1: an interactive term between the aid ratio and PD-1,
(Aid/GDP)*PD-2: an interactive term between the aid ratio and PD-2,
(Aid/GDP)*PD-3: an interactive term between the aid ratio and PD-3,
(Aid/GDP)*PD-4: an interactive term between the aid ratio and PD-4,
(Aid/GDP)*PD-5: an interactive term between the aid ratio and PD-5,
e: an error term.

Since the main objective of aid (Official Development Assistance: ODA) in this
millennium era is understood as poverty reduction, the development effectiveness of
the Paris Declaration should also be explored from the poverty reduction point of
view. However, this study focuses on the economic growth objective of aid for two
reasons. First, although poverty can be reduced by aid for delivering consumption
goods directly to the poverty group, a more sustainable way of reducing poverty is
to use aid for investment to promote pro-poor growth of the whole economy
including the poverty group. Second, an effective way of exploring the development
effect of the Paris Declaration is to collect data from the countries, which
participated voluntarily in the monitoring and evaluation process of the Declaration.
However, poverty indicators are not uniformly defined and compiled in those
participating countries for every year. In terms of data, it is much easier and more
reliable to compare the economic growth performance of the participating countries.
Therefore, this study focuses on exploring the economic growth effects of the Paris
Declaration.

The growth equations as specified above draw on the large empirical literature on
growth. Of course, the current literature on growth, especially the cross-country
regression method for accounting growth, has several limitations. First, the cross-
country regressions typically include control variables (such as investment and
human capital) that are associated with transition dynamics as well as with steady-
state income, making it hard to say that the magnitude of the coefficient on initial
income picks up all transition dynamics. Second, the models do not use observable
control variables that will fully capture differences in steady states. Third, the
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control variables (for example, aid) often cannot avoid the endogeneity problem vis-
a-vis growth (Klenow and Rodriguez-Clare, 1997). However, the main concern of
this study is not to account for the speed of growth or convergence, but to explore
the contribution of the Paris Declaration principles to aid effectiveness in promoting
growth. Therefore, this study simply takes advantage of the cross-country regression
method, accepting its limitations and avoiding the main controversy among different
growth models. This study does not use the pure cross-country regression method,
but adopts a cross-country and time-series panel regression method, controlling for
differences in steady states among countries. Also, this study use proper
econometric techniques to avoid the edogeneity problem between some control
variables and growth.

The two equations above allow growth rates during the study period to depend on
the initial level of GDP per capita, so that the model can measure the conditional
rate of conversion of the economy to its long-run steady-state position. Based on the
neo-classical economic growth model, the coefficient on this variable is expected to
be negative, i.e., the higher the initial income level, the lower the growth rate.

The general strategy of the model is to account for policy and institutional
distortions in developing countries in view of the emphasis placed on these factors
in the growth literature. For this purpose, this study uses the Country Performance
and Institution Assessment (CPIA) and the International Country Risk Guidance
(ICRG) Indexes. The CPIA index measures soundness of macroeconomic and social
protection policies of a country. The CPIA, compiled by the World Bank, has 20
equally weighted components, each ranking all countries ordinally from one through
six, which indicates the best performance. This policy index is expected to show
positive effects on growth, as in the earlier empirical studies (Burnside and Dollar,
2000; Collier and Dollar, 2002).

The International Country Risk Guide (ICRG), which captures the institutional
quality, measures long-term characteristics of a country that affect both growth
performance and policy. This study adds only three scores among many sub-
categories of the composite index: corruption (0~6 scores), law and order (0~6
scores), and bureaucracy quality (0~4 scores). All three components are clearly
linked to governance, highly relevant for development issues, and scaled so that a
higher level indicates a better quality. Like the policy variable, this institutional
quality variable is expected to show positive effects on growth, as in the earlier
studies. Another such explanatory variable is population growth rates, which may
affect per capita GDP growth either negatively or positively.

The growth equations above include three additional independent variables,
which have not usually been included in earlier empirical growth literature. They are
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investment ratios, secondary school enrollment rates, export ratios, and FDI ratios.
The neoclassical growth theory identifies these variables as important determinants
of growth. Increases in the investment ratios will expand capital available per capita,
the higher secondary school enrollment rates will indicate the higher skill level of
the population and total productivity, and the rising export ratio and FDI ratio will
increase not only availability of resources needed for investment, but also
technological diffusion (Barro and Sala-i-Martin, 1995; Barro, Mankiw, and Sal-i-
Martin, 1995; Lucas, 1988; Romer, 1990; and Klenow and Rodriguez-Clare, 1997).
Therefore, their inclusion in the growth equations will reduce the potential bias in
the estimation of coefficients by limiting the omitted variables, and these variables
are expected to show positive effects on growth.

The sign of the Aid variable (Ai/GDP) in this study is uncertain in view of the
hot debate among development economists and the varying results of existing
empirical studies. However, the sign of the aid square variable would be negative, as
several previous studies show. An ever increasing amount of aid beyond the
absorptive capacity of the recipient countries would result in a diminishing return to
aid on economic growth.

The main focus of the growth equations in this study is the interactive terms. As
in earlier studies, especially by Burnside and Dollar (2000) and Collier and Dollar
(2002), the growth equations above include an interactive term between aid and
policy: (Aid/GDP)*CPIA. In addition, they include an interactive term between aid
and institutional quality: (Aid/GDP)*ICRG. The rationale for these interactive terms
is that aid may not be effective by itself, but may become effective in a sounder
policy and institutional quality environment. For the same reason, the growth
equations of this study include an interactive term between aid and PD. Aid may not
be effective by itself; however, as the OECD has stated, aid would become effective
with an increasing level of the PD indicators, as PD is a part of sound policies and
institutions. Therefore the interactive term would show a positive sign.

In growth equation (1), the PD is a simple average of the five-PD principle
indicators, representing the degree of: (i) ownership of aid recipients (PD-1); (ii)
alignment of donor’s aid with recipient’s development strategy, investment
programs, and public finance and procurement systems (PD-2); (iii) harmonization
of aid programs and activities among donors (PD-3); (iv) result-orientation of aid
management by both donors and recipients (PD-4); and (v) mutual accountability
between donors and recipients (PD-5). Like policy and institution variables in the
earlier studies, this Paris Declaration Index variable is expected to have positive
effects on per capita income.

In growth equation (2), the PD is disaggregated into five subcomponents,
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following the five principles of the Paris Declaration. Both the composite PD Index
and five disaggregated PD Indexes are drawn from the “Aid Effectiveness 2005~
2010: Progress in Implementing the Paris Declaration” (OECD, 2011), which was
prepared by the OECD/DAC Working Party on Aid Effectiveness. The report is
based on the findings of the 2011 Survey on Monitoring the Paris Declaration,
which was conducted with support from donor organizations, participating country
governments, and civil society organizations regarding the 12 monitoring indicators
of the Paris Declaration in each of the participating countries. A total of 78 countries
and territories participated in the 2011 survey, compared with 55 countries in 2008
and 34 countries in 2006 surveys. The data are expressed in percentages; however,
some monitoring indicators (1, 2a, 2b, and 11) are assessed on an alphabetic or
numeric scale, which are converted into percentages for consistency and
comparability in this study, as follows: “A” = 90%, “B” =80%, “C” =70%, “D” =
60%, and “E” =50%. Likewise, “4.5” =90%, “4” =80%, “3.5” =70%, “3” =60%,
“2.5” =50%, “2” =40%, and “1.5” =30%.

The growth equations as specified above can be estimated by several
econometric methods, such as pooled OLS, Fixed Effect, Random Effect, and
Hausman-Taylor analyses. The pooled OLS analysis can be biased due to
unobserved individual factors. Thus, the Fixed and Random Effect analyses would
be better estimation methods with the cross-section and time-series panel data. The
Fixed Effect analysis is a more appropriate than the Random Effect analysis when
the unobserved factors are correlated with explanatory variables. However, the
Fixed Effect analysis cannot offer estimations for time-invariant variables. The
Random Effect analysis makes a more efficient estimation when the unobserved
individual factors are uncorrelated with explanatory variables. Therefore, the
Hausman-Taylor analysis can be a better alternative. It can not only offer an
estimation of the coefficient of the time-invariant variables, but also offer an
efficient estimate even when the unobserved individual factors (u;) are correlated
with the explanatory variables, as long as the explanatory variables are uncorrelated
with the idiosyncratic error (e;). Moreover, it has an additional advantage. It can
estimate the growth equation by controlling potential endogeneity between the
dependent variable and some explanatory variables, such as the aid variable and the
interactive terms between aid and policy or institution variables. It can test whether
the estimation properly excluded those variables as instruments or not with a Chi
square test.

The growth equations were estimated, using the data from 78 developing
countries over the period 2005~2010. Sources for the data are summarized in
<Appendix Table 1>, and a summary of the statistics is provided in <Appendix
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Table 2>. Data for the variables included in the growth equations are mostly
obtained from the World Bank’s World Development Indicators, except for the PD
index and its subcomponents, which come from the 2011 OECD progress report.

IV. Empirical Test Findings

The results of the empirical test are summarized in the following table.

The overall specification test shows that equation (1) is not a satisfactory
specification for simultaneous estimation of the variables. The Wald Chi square is
not sufficiently large enough at the usual levels of significance. In contrast, the
equation (2) is not rejected by the Wald Chi square test at a low level of significance.
The only difference between the two growth equations is that while equation (1)
uses a composite index of the Paris Declaration, equation (2) adopts a disaggregated
index for each of the five principles of the Paris Declaration. During the estimation
of equation (2), the CPIA and the interactive term between aid and CPIA variables
are dropped, possibly due to the high collinearity between CPIA and ICRG. For
this reason, equation (1) was estimated again without the CPIA and its interactive
terms. However, the modified specification (1) again failed to pass the overall
specification test, as shown in Table 1.

<Table 1> Regression Results

Def:tne djfn;:f::;bta: gv;;/v th Hausman-Taylor analysis method Exie(::;::::g:\ of
Independent variables Equation 1 Equation 2 Equation 2

Initial GDP per capita (031) -(%(;(;;' 8
Investment/GDP 8172;* (2_(:3';?*** (+)
Human capital -(%2(;? (;)72(;3* (+)
Export/GDP ?0%2; (29'7311)?** *+)
FDI/GDP (%ﬁ? (4063()54 *)
i by
(Aid/GDP)? (821) (_202055;?* (-)
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<Table 1> Continued

De'::; d;:;:f::;'g gv;)';/v th Hausman-Taylor analysis method Exii‘:;i:g: of
Independent variables Equation 1 Equation 2 Equation 2
ICRG (10??57) (;'(;0)1* *+)
ICRG+AId (?;1) (10.:;* (+)
Population growth (%Zg? _(?;:)E;i (+-)
o o
PD+Aid (0007%&; (+)
PD-1 -(()(')(.);6 (*)
PD-2 (fg))i* (*)
PD-3 e )
"~ 00ss "
Aid+PD-1 ((2)090; (+)
Aid+PD-2 ( 4(?;01)5** (+)
Aid+PD-3 ( 422)4 *)
Aid+PD4 (2063;7 (+)
Aid«PD-5 ((1)?317{;* (+)
Constnt s %0
Number of observations 79 54
Overall specification fest Wald chiz(.12)=12.02 Wald chi2(2.0)=122.80
Prob > chi?=0.4443 Prob > chi?=0.0000
Over-identiication test Probih(izzlii?(;?:(lfz231 ProbC : izfQ()f 11)1=g.2888

Note: 1) Numbers in parentheses are z-value.
2) *,** *** represent the level of significance at 10%, 5%, and 1%, respectively.
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The estimation of equation (2) without the CPIA and its interactive term with the
aid variable passed not only the Wald Chi square test for a simultaneous estimation,
but also the over-identification test. For an instrumental variable estimation, this
study uses aid and its interaction with institution (ICRG) and five disaggregated
Paris Declaration indexes as instruments since these variables may have endogeneity
problems with the dependent variable, i.e., growth of GDP per capita. In other words,
while the growth rate of income may be explained by the aid and its interactive
terms, they may also be influenced by the growth rate of income. The over-
identification Chi square test cannot reject the null hypothesis that the excluded
instruments are valid instruments, i.e., uncorrelated with the error term and correctly
excluded from the estimated equation. Therefore, this study’s designation of the aid
and its interactive terms as instruments is entirely proper. The over-identification
test also shows that this study’s estimation is robust to heteroskedasticity in the
errors.

The estimation result of equation (2) shows that the variations in the growth rate
of GDP per capita are explained significantly by all the determinants that are
traditionally mentioned in the growth literature, except the initial GDP per capita.
Investment and export variables have positive effects on growth of GDP per capita.
However, human capital and FDI variables have negative effects on growth in this
data set. FDI is possibly in a substitutional relationship with aid.

The coefficient on the institution variable (ICRG) is significant but negative,
contrary to our expectation. However, its interactive term with aid is positive, which
means that aid alone has negative effects on growth, but when aid is given to
countries with good institutions and effective government, aid has positive effects on
growth of per capita income. In other words, aid effectiveness is conditional on the
level of institutions and governance. This finding is consistent with World Bank
(1998), Burnside and Dollar (2000), and Collier and Dollar (2002) studies.

The (Aid/GDP) and its square variables have a negative sign. Therefore, although
aid does not appear to have positive effects on economic growth, aid does have a
diminishing return, which is consistent with the earlier studies (Burnside and Dollar,
2000; Hansen and Tarp, 2000; Dalgaard and Hansen, 2001; Collier and Dollar,
2002). However, overall net effects of aid on economic growth should be assessed
not on the basis of the sign of the (Aid/GDP) variable alone, but the marginal impact
of aid on growth (Ga), which can be derived from equation (2) (on the basis of
estimated significant coefficients only), as follows:

Ga =-9.707 +2 * (-0.053) (Aid/GDP) + 0.43 (ICRG) + 0.115 (PD-2)
+ (-0.04) (PD-3) + (-0.017) (PD-4) + 0.018 (PD-5) 3)
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Aid can affect growth not only independently, but also in interaction with other
policy/institution variables. If we take the average value of the variables in equation
(3) from <Appendix Table 2>, the marginal impact of aid on growth is negative.
Therefore, aid has negative effects on growth of GDP per capita. This finding is

congruent with Ovaska (2003), but different from Hansen and Tarp (2000 and 2001).

This may imply that aid has not been allocated to the countries that are capable of
using the aid effectively for economic growth, and/or aid has not been applied to the
sectors or programs, so as to be used productively for growth of per capita income.
Or it may mean that aid has simply substituted for domestic resources used before
the aid came in, and therefore no net additional resources have been invested for
growth of the recipient economy as a whole (i.e., aid fungibility). These
interpretations are consistent with the findings of the earlier studies by Easterly
(2003), Heller (2005), Rajan and Subramanian (2005), and Lee (2012a and b).

Among the disaggregated Paris Declaration Indicators, the coefficient of PD-2
(donors’ aid aligned with recipient’s development strategy and programs), which has
a negative sign, and PD-3 (harmonization among donors), which has a positive sign,
is statistically significant. PD-1 (setting up development strategy and programs by
recipients), PD-4 (result-based aid management by donors and recipients), and PD-5
(mutual accountability between donors and recipients) have statistically insignificant
coefficients.

However, when these PD indicators interact with aid, (Aid*PD-2) and (Aid*PD-5)
have positive effects on growth of per capita income, and (Aid*PD-3) and (Aid*PD-
4) have small but negative effects on growth of per capita income. (Aid*PD-1) is
statistically insignificant. This means that in promoting growth of per capita income,
it is extremely important to have aid aligned with recipient country’s development
strategy and operational programs, making use of recipient’s public finance
management and procurement systems, and mutually accountable mechanisms by
both recipients and donors. This finding is consistent with the OECD progress report
(2011). It reports that only one item in PD-2 out of 12 monitoring indicators of the
Paris Declaration has been achieved during 2005~2010 period; less clear and
consistent progress has been attained in the rest of PD-2 and PD-3 indicators; and
the least progress has been made in PD-4 and PD-5 indicators.

Also, this study shows that setting up development strategy and programs by
recipients (PD-1) alone or establishing sound public finance management and
procurement system (PD-2) alone is insufficient to make any positive effects on
growth of income. However, when the recipient’s development agenda and public
sector management systems are supported by aid (i.e., PD-2+Aid/GDP), they make
positive effects on growth of per capita income. The same can be said on the mutual
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accountability (PD-5+%Aid/GDP). Therefore, OECD’s statement that the Paris
Declaration principles are effective in promoting aid to make contributions to
economic growth is only partially supported by the data set of this study.

V. Conclusion and Recommendations

Although aid has been conceived as one of the most powerful policy tools for
growth and poverty reduction in developing countries, its effectiveness has been
challenged and debated for a long time. However, ever since the Paris Declaration
was adopted by some 180 representatives of developed and developing country
governments and international development organizations in 2005, it has been
touted by OECD as the most appropriate principles and practices to make aid more
effective in developing countries. Although more than eight years have passed since
the Paris Declaration was adopted, there has been no rigorous analysis to evaluate its
empirical impact on development. This study attempts to fill this gap in the literature.

Using the data collected by the OECD/DCD working party from 78 developing
countries over the period 2005~2010, this study has analyzed the role played by the
Paris Declaration principles alone and in interaction with aid in promoting growth of
per-capita GDP of the sampled countries. The analysis shows that the overall net
impact of aid on economic growth of developing countries has been negative, but
that aid effectiveness has been enhanced by sound institutions and some principles
of the Paris Declaration. The five PD indicators alone had some mixed effects on
economic growth. However, when they interact with aid, some of them enabled aid
to have positive effects on economic growth. In particular, the alignment and, to
some extent, the mutual accountability principles did play a significant and positive
role in making aid more effective for economic growth of developing countries.
Regarding the rest of the PD indicators, however, there is no positive evidence that
they promote aid effects on economic growth in aid recipient countries.

These results contrast sharply with the Dalgaard and Hansen (2001) and Hansen
and Tarp (2000 and 2001) studies, but are congruent to some extent with the
findings of earlier studies (World Bank, 1998; Burnside and Dollar, 2000; Collier
and Dollar, 2002) in the sense that aid effectiveness has been promoted by sound
institutions and policies including some principles of the Paris Declaration.

The ineffectiveness of some principles of the Paris Declaration challenges the
prominent role given to policies and institutions for economic growth in the
literature (Acemoglu et al., 2005; North, 2005; Rodrik et al., 2004; Collier and
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Dollar, 2002; Burnside and Dollar, 2000). Conceptually and theoretically speaking,
it is persuasive to hypothesize that the Paris Declaration enhances aid effectiveness
in promoting economic growth. Empirically, however, this study can confirm only
partial evidence for this hypothesis. There may be several reasons for this
discrepancy and shortcoming.

First, the six-year period covered in this study may be too short for the PD to
make any visible impact on aid effectiveness. Second, progress made in
implementing the Paris Declaration may have been too modest to make any
significant and broad impact on aid effectiveness. Among the targets set for the 12
PD indicators, only one (alignment) was fully met, and all the other targets were
attained only moderately (OECD, 2011). Third, the Paris Declaration itself may be
deficient in some manner. As indicated in the literature review above, neither the
Declaration nor its PD indicators include any principles or targets related to rational
or optimal allocations of aid by recipient countries, sectors, or programs.

It is therefore recommended that to address the first possibility mentioned above,
new empirical studies to evaluate the Paris Declaration’s role in enhancing aid
effectiveness be launched again after more time has elapsed. In the meantime, both
aid donors and recipient countries should make stronger efforts to implement the
principles and indicators of the Paris Declaration. Finally, partners of the Paris
Declaration should expand its scope to include some policies or principles related to
optimal aid allocations to ensure that aid are placed to the right countries, sectors,
and programs that can use it effectively for economic growth and poverty reduction.

Recently, it appears that, both developed and developing countries, as well as
international development organizations and NGOs, are arguably being too hasty in
planning future international development cooperation. Rather than focusing on
attaining or exceeding the targets of the Paris Declaration and then assessing their
effectiveness on economic growth and development, the 2011 Busan Consensus
forged a new global agreement for international development cooperation and aimed
to improve effectiveness and coherence of all development policy tools
simultaneously (such as resource mobilization, service delivery, foreign direct
investment, trade, environmental protection, anti-climate changes, institutional
changes, private sector development, recovery from economic downturns, food
security, fuel price control, and future shocks prevention). The scope of the agenda
goes much beyond effective aid management and seems much broader and more
ambitious than what is warranted by the achievement record of the Paris Declaration
to date. To promote development effectiveness, it is required to conceive policies
broadly; however, a more focused action is recommended to make aid effective first.
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Appendix

<Appendix Table 1> Data Sources

Variable

Explanation

Source URL

Growth rate of real
GDP per capita

Growth rate of GDP per capita in
current US dollar deflated by US
GDP deflator

http://data.worldbank.org/indicator/NY.GDP.MKTP.CD

Initial GDP per capita

GDP per capita in 2005

http://data.worldbank.org/indicator/NY.GDP.MKTP.CD

Gross capital formation

Investment/GDP http://data.worldbank.org/indicator/NE.GDI.TOTL.ZS
(% of GDP)
. Secondary school enrollment o
Human capital " http://data.worldbank.org/indicator/SE.SEC.ENRR
rates
) Net ODA received o
Aid/GDP http://data.worldbank.org/indicator/DT.ODA.ODAT.GN.ZS
(% of GNI)
Exports of goods and services o
Export/GDP http://data.worldbank.org/indicator/NE.EXP.GNFS.ZS
(% of GDP)
Foreign direct investment, net o
FDI/GDP ) http://data.worldbank.org/indicator/BX.KLT.DINV.WD.GD.ZS
inflows (% of GDP)
Population growth Population growth (annual %) | http:/data.worldbank.org/indicator/SP.POP.GROW
Sum of the four CPIA clusters o .
CPIA http://data.worldbank.org/indicator/|IQ.CPA.STRC.XQ/countries
(Range 4~16)
The PRS Group, Inc. indicators
ICRG of bureaucracy quality (Range |http://www.prsgroup.com/prsgroup_shoppingcart/p-75-icrg-
0~4), corruption (0~6), and law |historical-data.aspx
and order (0~6)
PD-1 Ownership http:/iwww.oecd.org/datacecd/25/30/48742718.pdf
PD-2 Alignment http://www.oecd.org/dataoecd/25/30/48742718.pdf
PD-3 Harmonization http:/iwww.oecd.org/datacecd/25/30/48742718.pdf
PD-4 Result-oriented framework | http://www.oecd.org/dataoecd/25/30/48742718.pdf
PD-56 Mutual accountability http://www.oecd.org/dataoecd/25/30/48742718.pdf
aPDI (Paris Average of PD-1, PD-2, PD-3,

Declaration Indicator)

PD-4, PD-5

http:/iwww.oecd.org/datacecd/25/30/48742718.pdf
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<Appendix Table 2> Sample Statistics

Variable Obs. Mean Std. Dev. Min. Max.
GDP PC growth 229 3.59896 3.265002 -6.63703 20.24291
Initial GDP PC 231 1392.111 1413.518 109.7554 6321.993
Investment/GDP 192 23.90247 7.446886 8.91287 61.46868
Human capital 163 56.44681 26.67882 9.82571 107.4882
Export/GDP 206 33.42307 15.90339 9.75318 87.06688
FDI/GDP 228 5.208526 6.514902 -2.49885 45.92072
Aid/GDP 226 11.10846 17.38031 -0.17302 176.83
(Aid/GDP)? 226 4241364 2358.424 0.029936 31268.87
ICRG 150 6.531944 1.612728 2 10
Aid<ICRG 149 53.33513 96.74887 -1.38417 906.254
Population growth 231 1.837291 1.004582 -0.73279 4.815569
aPDI (PD indicators) 210 56.14684 11.93232 16.06667 95
Aid<PD 206 646.2158 793.6187 -11.0993 6754.908
PD-1 167 70 7.838736 50 90
PD-2 203 52.25474 15.01455 6.2 80.8
PD-3 174 38.44109 12.09355 10 95
PD-4 160 54.65625 28.27405 0 100
PD-5 169 67.75148 6.612381 50 80
Aid«PD-1 166 872.7473 1166.929 -10.3812 10609.8
Aid+PD-2 200 572.6533 589.8842 -11.7654 4067.091
Aid+PD-3 170 455.2482 741.5616 -7.39664 6365.882
Aid«PD-4 147 630.5077 676.1905 -13.8417 3491.996
Aid+«PD-5 168 846.703 1248.471 -12.1115 123781
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ABSTRACT

This paper analyzes a situation where multiple targets are exposed to a potential
terrorist attack. The probability of an attack is determined endogenously in a game
where a terrorist chooses the target while the targets independently determine the
level of deterrence. As each target tries to divert an attack to others, the symmetric
equilibrium becomes suboptimal and exhibits dispersion in the level of deterrence.
The analysis shows that the first best deterrence level may be achieved when the
targets can write a binding risk-sharing contract. Such a contract has limited
applicability however as it suffers from a potential verification problem.
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|. Introduction

A series of recent events has made terrorism a subject of increased academic
interest. The dominant theme in the literature has been the analysis of various
strategic interactions among the players in the scene. This article aims to provide an
analytical framework that incorporates two of such interactions: the one between a
terrorist and the targets and the one among the targets themselves.

The model considers a situation in which many identical targets are exposed to a
potential terrorist threat. The game starts when a terrorist observes the cost of
operation. Comparing its cost and the benefit, the terrorist decides whether to initiate
an operation or not. Each target invests in deterrence without knowing the terrorist’s
decision. An operation is completed when the terrorist launches an attack against
one of the targets. Two questions emerge naturally: i) is the outcome of the game
desirable from the targets’ perspective?, and ii) if not, is there any way in which the
targets can improve their fate?

The answer to the first question turns out to be negative. The targets’ problem
comes from two different sources. First, the targets do not internalize the negative
externalities when they make their investment decisions. In equilibrium, each target
tries to outinvest others knowing that the weakest target will be the victim of an
attack. The possibility of this attack-diversion has been recognized in the literature
(Sandler, 2003). When every target tries to undercut others, however, no target can
actually succeed in the attempt. Consequently, they all end up playing a mixed
strategy in the symmetric equilibrium of the game. Moreover, an attack occurs with
a lower probability compared to the hypothetical case where the targets coordinate
their actions. In other words, there is too much deterrence in equilibrium.

The second problem facing the targets results from the fact that they cannot
credibly commit to their actions. The idea, which dates back to Schelling (1960), is
certainly not new. Given that the terrorist’s decision depends on his belief about the
targets’ choice, the targets would do better if they could convince the terrorist that an
attack is not likely to succeed. But this requires that the targets maintain an excessive
level of investment even when the risk of an attack has been kept low. Such a strategy,
however, will not be credible and hence cannot succeed in equilibrium.

The targets can mitigate or sometimes even completely resolve the problem by
writing a binding contract among themselves. Assuming that neither the targets’
investment nor the level of deterrence is verifiable, the only feasible contracts have
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the form of a risk-sharing scheme. When the victim’s identity can be verified
regardless of the outcome of an attack, such a contract can restore the efficiency as
long as the first best does not require a complete deterrence. If the identity of a failed
attack cannot be verified, however, the targets may achieve the coordination
outcome but not the first best. It is argued that this verification problem becomes
more severe when the targets involved are sovereign states rather than private parties.

There is a growing literature on game-theoretic analysis of terrorism (Arce and
Sandler, 2005; Heal and Kunreuther, 2005; Keohane and Zeckhauser, 2003; Konrad,
2004; Rosendorff and Sandler, 2004; Siqueira, 2005). For a survey of earlier studies,
see Sandler and Enders (2004). Most of existing literature focus on a single aspect of
the strategic interactions such as the one among the targets, among the terrorist
groups, or the one between a target and a terrorist group. A notable exception is Bier
et al. (2007), which considers a model with a terrorist and two potential targets. In
their model, the terrorist is assumed to pick a specific target at the same time when
he makes the operational decision. This difference in modeling strategy is discussed
further in the next section. By comparing the outcomes of a simultaneous and
sequential move games, they show that the targets can enjoy a strategic advantage
by moving first. But neither the commitment issue nor its potential remedies is
explicitly examined in their article.'

The idea that the government may correct the attack-diverting externalities by
subsidizing terrorism insurance is explored in Lakdawalla and Zanjani (2005). But
the strategic interaction between the terrorist and the targets is not analyzed
explicitly in their model. Consequently, a budget-balancing subsidy scheme is
shown to implement the first best, which is not the case in this article where the
targets’ choice is constrained by the commitment problem. The techniques used to
characterize the equilibrium distribution function are similar to those in Varian
(1980). Due to the differences in the context, however, there are significant changes
in the details including the construction of the support of the distribution function.?

The rest of the article is organized as follows. Section 2 introduces the basic

1 One of the games considered in Bier et al. (2007) has the same structure as the second- and third
stage of the game analyzed in this article. In their set-up, the terrorist's preference is assumed to be
a private information, which opens up the possibility that equilibrium may exist in pure strategies.
They claim indeed that equilibrium must be pure, and characterize such an equilibrium. But their
proof, which resorts to the convexity of the targets’ cost function, is incomplete at best. This is
because the convexity cannot rule out a mixed equilibrium with a connected support although it
does rule out an equilibrium with a “gap” in the support.

2 More specifically, the fixed numbers of “informed” and “uninformed” consumers in Varian (1980)
provide natural boundaries for the equilibrium support, which is not the case in this paper where the
boundaries need to be determined endogenously from the targets' best response.
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model. The symmetric equilibrium of the game is characterized in section 3. The
welfare property of the equilibrium as well as the feasibility of contracting solution
are analyzed in section 4. Concluding remarks follow in section 5.

Il. Model

There is a terrorist group (= terrorist) and n = 2 potential terrorist targets (=
targets). The game proceeds as follows. In the first stage, the terrorist draws a type

0 e [Q, 5] from a known distribution. The type determines the cost of carrying out a
terrorist operation. After observing the type, the terrorist decides whether to start an
operation or not. Neither the terrorist’s type nor his action in the first stage is
observed by the targets. In the second stage, each target makes investment to
enhance its capability to deter a future attack. In the third stage, the terrorist chooses
a specific target and launches an attack.

A target incurs a loss of D > 0 if an operation succeeds and zero if it fails. An
attack against target i becomes a success with probability p;. Failure may occur
either during the preparation stage of an operation or at the time of an attack. The
first case arises because an operation may be detected before its completion. The
second case includes a situation in which an attack is defeated by the target as well
as the one in which failure occurs from a natural cause (e.g., a bomb does not go off
due to malfunction).

By investing in deterrence efforts, each target can reduce its success probability
p;- The cost of investment is given by a twice continuously differentiable function
c(p;), which is strictly decreasing and convex. Three additional assumptions are
made: i) lim,_oc'(p) +D <0, ii) D <lim,,oc(p), and iii) there exists a
Pmax € (0,1] such that c¢(p) =0 for p € [Pmax, 1] and ¢'(Ppax) = 0. The first
(second) condition is satisfied when the marginal (total) cost gets sufficiently large
near p = 0. The third condition requires that both total and marginal cost become
zero as p approaches 1.

The terrorist maximizes the targets’ expected loss net of his cost of operation 6.
The terrorist’s type 6 € [Q, 5] is his private information but its distribution G(6)
is known to the targets. G(6) is strictly increasing and twice continuously
differentiable with 2G'(0) + G''(6)6 > 0. The condition, which guarantees that
the first-best solution is well-defined, is satisfied if the distribution function is not

.. . . 6 .
too concave. Two additional assumptions are made: i) Ppin = > < Pmax and ii)
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0 .. . .
Pmax < 3- The first (second) condition implies that an operation must be

worthwhile (not worthwhile) for the terrorist when the cost is sufficiently small
(large). It rules out rather trivial cases where either an attack never occurs or it
occurs always in equilibrium.

In the first stage, the terrorist decides whether to start an operation (s = s;) or
not (s =sy). Given that an operation has been initiated, the terrorist picks a
specific target for attack in the third stage. In order to maximize the targets’
expected loss, the terrorist should attack the most vulnerable target. In other words,
the terrorist will choose a target k if and only if

Pk = maxp;.

When more than one targets have the highest probability of success, the terrorist
is assumed to pick one of the targets randomly.

In any Perfect Equilibrium of the game, the terrorist’s optimal decision in the
third stage must be taken into account by the targets. Given that an attack occurs
only when there is an ongoing operation, a target’s payoff depends on whether the
terrorist initiated an operation or not. Let L; be target i’s total loss, i.e., the sum of
the cost of investment and the expected loss from an attack. Then L; is given by

Li(p,s) = c(p)) + 1(s)pi(p)p;D
where

p=(....,0n)

(1 if s=u5
I(S)_{o if s=s,

1 if p;> r?flx Dj

1 1 - .
pi(P) = m if p;= r?flx p;,m = number of tied maximum

0

if p; < maxp;
pi na pj

By setting the probability of success at p;, target i incurs a cost of c(p;). The
second term in the expression, I(s)p;(p4,...,Pn)p;D, follows from the fact that
loss from an attack materializes only when i) there is an ongoing operation
(s = sy), ii) target i is the weakest among n potential targets, and iii) the attack
turns out to be successful. The joint loss of the targets is obtained by adding up the
individual target’s loss:
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L(p,s) =%; Li(p,s) =X; c(p) +I1(s)max{py,...,pp}D.

Targets are allowed to play mixed strategies. The strategy of target i then
becomes a distribution function F;(p) with a support in [0,1].

In the first stage, the terrorist makes his operational decision. For a given cost of
operation 6, the terrorist should initiate an operation if

EP[L(p,s1)] — 6 = EP[L(p, so)]

or

0 < Ep[L(p; 51)] - Ep[L(p, SO)] = Ep[max{pl,...,pn}D]

where the expectation is taken with respect to p = (py,...,pPn). The optimal
decision follows a cutoff rule: an operation is initiated if and only if the cost of
operation does not exceed the targets’ expected loss from an attack.

Since the targets do not observe the terrorist’s choice in the first stage, there is
asymmetric information between the terrorist and the targets. The outcome of the
game hence depends on how the targets form their beliefs about the state of the
game in the second stage. The relevant equilibrium concept is weak Perfect
Bayesian Equilibrium. It requires two conditions: sequential rationality and belief
consistency. The first is satisfied if each player makes an optimal decision in every
information set. The second condition requires that beliefs should be consistent with
equilibrium strategies. Let u be the targets’ belief that there is an ongoing operation,
i.e., s = s;. The equilibrium condition is then summarized as follows.

Definition The weak Perfect Bayesian Equilibrium of the game is defined as follows:

i) u* =Pr(6 <6
i) s =s; ifandonlyif 8 < 6*
iif) [y 130 L $)A(F G2 (P-0)] < E* [ o L )A(F(p)F2,(p-0)]
forall i and F;(-)
where 6% = f[o,1]n max{p, ..., p}DAF*(p), F*(p) = F{ (p1) X=X F; (p,), and
FZi(p-i) = Fi (p1) XX F_y (Pi—1) Fiy1 @ir1) XX Fy (pn).

The first condition guarantees that the targets’ belief is consistent with the
terrorist’s equilibrium strategy in the first stage. In equilibrium, the terrorist uses a
cutoff rule to make his first-stage decision. For consistency, therefore, the targets’
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belief (= p*) must coincide with the actual probability of attack, which occurs
when the terrorist’s cost is lower than the equilibrium cutoff (= 6*). The second
condition shows the optimality of the terrorist’s choice while the third condition
gives that of the targets. The optimal cutoff is found where the terrorist becomes
indifferent between the two choices s, and s;. Each target should minimize its
expected loss by choosing a distribution over p. Notice that the terrorist’s optimal
decision in the third stage is subsumed in the second-stage game and hence omitted
in the equilibrium definition.

Before closing this section, it seems appropriate to add a brief remark on the
modeling strategy. A distinguishing feature of the game examined in this article is
that the terrorist makes his decision in two steps. In the first stage, the terrorist
decides whether to participate in terrorist activities. Participation requires a sunk
cost, which can be interpreted as the opportunity cost of doing the terrorism business.
The decision in the third stage, on the other hand, is assumed to be tactical in nature
which can be made flexible depending on the observed strength of the targets.

The advantage of this approach is that it allows one to capture the two sources of
inefficiency—attack-diverting externalities and commitment problem—at the same
time. One can easily confirm this by examining the consequences of adopting
alternative strategies. Consider first the case in which the third stage is merged into
the first stage. This implies that the terrorist picks a target without knowing each
target’s strength. Given that its strength cannot be observed by the terrorist, there
will be no incentive for a target to out-invest others hence attack-diversion effect
will disappear. If the first stage is merged into the third stage instead, the targets
become the first-mover in the game and hence have the commitment power. By
construction, the commitment problem does not arise in this case.

[1l. Equilibrium

The first step for characterizing the equilibrium is to show that an attack occurs
with a positive probability, i.e., u* > 0. This can be easily shown by examining the
implication of assuming the contrary. If the targets believe that an attack never
occurs, there is no point of investing in deterrence. Therefore, only the success
probabilities higher than p,,,, must be played in equilibrium. But this implies

0" = Jo, 1 Max{py,..., Pn}DAF"(P) = PrmaxD-
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Given the assumption py.xD > 8, however, the terrorist should attack with a
positive probability because Pr(6 < 6*) = Pr(6 < pyaxD) > 0. This shows that
the belief u* =0 cannot be consistent with the terrorist’s strategy because
Pr(6 < 0*) = u* in equilibrium.

One of the distinctive features of the model is that a target can divert a potential
attack to others. Consequently, each target has an incentives to slightly ‘undercut’
other targets’ probabilities. With every target trying to out-invest others, one may
expect that an equilibrium in pure strategies would be difficult to sustain. It turns out
that this is the case indeed.

Lemma 1 There is no equilibrium in which the targets use pure strategies.

Therefore an equilibrium, if exists, must be in mixed strategies. In a mixed-
strategy equilibrium, each target uses a distribution function to randomize over
success probabilities. Although the model assumes that targets are identical, one
cannot exclude in general the possibility that they use different distribution functions
in equilibrium. To keep the analysis tractable, however, the following discussion
will focus only on symmetric equilibria of the game where the targets use the same
distribution function. Let F*(p) be the equilibrium distribution function.

For an equilibrium to be sequentially rational, the game needs to be solved
backwards starting from the last stage. Once the outcome of the third stage is already
embedded in the targets’ payoff, the second stage becomes effectively the last stage
of the game. The following lemma gives the first result regarding the targets’
equilibrium choice.

Lemma 2 There is no jump in the equilibrium distribution function.

Similar to the case with pure strategies, the intuition is again that a jump in a
distribution function will provide an opportunity to undercut others’ probabilities.
Without a jump, the distribution function becomes continuous and the probability of
a tie becomes negligible. This makes it possible to express a target’s equilibrium
loss in a much simpler form. For a given belief u > 0, it follows that

E* [ [ 1 Li(@,5)dF" ()]
= Jo.n {c@) + 1pi (..., Pn)P;D}AF" (p)
= Jio.g {c@) + uF* )"~ p;D}AF" (py).
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The first equality uses the definition ES[I(s)] = u. The second equality follows
from the fact that target i becomes the weakest among all targets with probability
F* ()"

Let Lpax(p) = c(p) + upD. Lpy.x(p) can be interpreted as the maximum
possible loss of a target when it sets a success probability p with certainty. It is the
sum of the investment cost c(p) and upD, which equals the expected loss from an
attack when a target expects to be the weakest for sure. Notice that L.4(p) is
strictly convex given the assumption ¢’ (-) > 0. Associated with this function are
the following two quantities p and p, which play a crucial role in the analysis:

P = argmin Liyax(p)

c (B) = c(p) + upD.

Lemma 3 For a given u, p and p are uniquely determined. Both p(u) and
p(u) are continuously differentiable with respect to L.

It turns out that the interval formed by the two values [E’ ﬁ] becomes the

support of the equilibrium distribution. A formal proof, which is given in the
appendix, requires several steps of reasoning. The main intuition, however, comes
from the basic property of a mixed-strategy equilibrium: the targets must be
indifferent among all pure strategies played with a positive probability. In particular,
this implies that a target should be indifferent between playing only the minimum
and the maximum p in the support of the equilibrium distribution. Let p,, (py)
be the minimum (maximum) respectively. Since a target becomes the strongest
(weakest) by setting p = p,, (p = py), it follows that c(p,,) = c(py) + upyD.
Assuming that there is no ‘gap’ between p,, and p,, the support [p, 5] can be
verified by showing that p,, =p and py = p. Given that L, ..(p) is strictly

convex and reaches its minimum at p, it is strictly decreasing (increasing) for
p <p (p >p). If the maximum p,, does not coincide with p, then it must be
that c(py) + upyD > c(p) + upD. If a target sets p = p, however, the expected
loss will be at most c(p) + upD contradicting the assumption that p = py, is
played in equilibrium. A similar argument can establish the minimum p. Suppose to
the contrary that the minimum p,, is not equal to p. By construction, the expected

loss at the maximum py =p is equal to the cost of investment at p, i.e.,

c (g) = c(p) + upD. Given that c(:) is strictly decreasing, however, this implies
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c(pm) # c(p) + upD. This is again a contradiction because it violates the
indifference condition c(p,,) = c(py) + upuD. The last step is to check whether
there exists a gap in the support. The proof in the appendix shows that such a gap
cannot arise in equilibrium given the convexity of c(-).

Once p is known to be the maximum in the support, it is straightforward to
solve for the equilibrium distribution function. Given that the expected losses must
be equalized across all p’s in the support, it follows that

c(p) + uF* ()" "'pD = c(p) + pD forp € [p, 7|

or

F* (o) = {—C@*ﬁfj‘“’”}»ﬁ forp € [p,B].

For a given belief u, therefore, the targets’ behavior is completely characterized
by the distribution function F*(p; u).

In the first stage, the terrorist makes his decision expecting the targets’ choice in
the next stage. An operation is initiated if and only if the cost of operation does not
exceed the targets’ expected loss from an attack. The optimal cutoff is given by

0* = f[o,l]“ max{py, ..., pn}DAF*(p).

The expression involves an order statistic max{p,,...,p,}, which has a
distribution function {F*(p; u)}"™. Then the optimality condition for the terrorist can
be written in a simpler form as

0 < flo.y PPA(F* (s )" = 6" (1.

Notice that the dependency of the optimal cutoff on the targets’ belief is made
explicit in the expression 6* ().

The equilibrium of the game is found where the targets’ belief becomes
consistent with the terrorist’s optimal strategy. This requires that the equilibrium
belief u* should satisfy

* * * * n *
Pr(0 < 0" (") = G ([, PPA(F* (s 1))") = ur".
Given that G(-) is strictly increasing, the condition can be also written as

Jio. PPA(F* (05 17)" = G ()
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where G~1(-) is the inverse of G(-).3

Proposition 1 The symmetric equilibrium of the game is characterized as follows:
i) u* € (0,1) is uniquely determined by G(B*(u*)) =u
. . . . « N\
i) s=s; ifandonlyif 6 < 0" = f[0,1] pDd(F*(p; 1))
iii) F*(p; u*) is given by
0 p<p
) £

F*(p;w) = {c(ﬁ*)w*ﬁ"n—c(p)}E
u'pD

*

pelpp|
1 7

<
where p* is implicitly defined by c(g*) =c(@)+wpD and P
argmin c(p) + u*pD.

IV. Analysis

From the targets’ perspective, the outcome of the game is not satisfactory for two
reasons. In equilibrium, each target tries to divert an attack to others, which results
in a dispersion in the level of investment. The joint expected loss may be reduced
further if the targets can coordinate on their efforts. In addition to this coordination
problem, the targets suffer from a commitment problem that keeps them from
achieving the first-best outcome. Given that the probability of an attack depends on
the terrorist’s belief about the targets’ investment, the targets could lower their
expected loss if they could commit to a high level of investment. But such a scheme
requires that the targets should maintain the investment high even when the risk of
an attack remains low. The targets’ strategy will fail, therefore, unless they have a
proper mechanism to support the commitment.

3 Although the symmetric equilibrium of the game is completely characterized by the proposition,
technically it is not unique in the usual sense. Given that the targets’ strategy involves mixing, any
distribution function that differs from F*(p; u*) on a set of measure zero will also be an
equilibrium strategy. Hence, the uniqueness in this case should be the one among these equivalent
classes of functions.
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To identify each of these issues separately, two hypothetical models are
considered in the following analysis. The first model assumes that the targets can
coordinate their investments but cannot commit to a certain investment level. The
second model allows for both coordination and commitment. The analysis then
proceeds to examine whether contracts can be designed to eliminate the two types of
inefficiencies.

1. Equilibrium with Coordination

The terrorist and the targets play the same game as before except that the targets
minimize the joint expected loss by coordinating their actions. The targets’ strategy
is to choose a joint distribution function F(p) defined on an n-dimensional unit
cube [0,1]™. Notice that this allows for the possibility that two or more targets’
choices are correlated with each other. There is no change in the terrorist’s problem
in the first- and the third stage of the game.

When coordination is allowed, the targets must set the same investment level
across all targets. Given that only the weakest target will be attacked by the terrorist,
investing more in one target than in others would be simply meaningless. More
formally,

Lemma 4 In any equilibrium with coordination, the targets choose p 1 = p; =
...= p, with probability 1.

Without loss of generality, therefore, one may restrict attention to a one-
dimensional distribution function to examine the targets’ problem. Then the joint
expected loss can be written as

Jo,11 Inc(@) + upD}dF (p).

The integrand is strictly convex hence has a unique minimum. Let p¢(u) =
argmin nc(p) + upD. This implies that the joint expected loss will be minimized if
p¢(u) is set across all targets.

The terrorist’s choice in the first stage follows a cutoff rule. The optimal cutoff
has a simple form in this case:

6°() = f1y 1o Max{py, .., p}DAF(p) = p*()D.

The equilibrium of the game is determined by finding a consistent belief u¢ that
satisfies
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Pr(6 < 6°(u)) = G(6°(u)) = 4.
Proposition 2 The equilibrium with coordination is characterized as follows:

i) u¢ € (u*,1) is uniquely determined by G(Hc(uc)) = u‘
ii) s =s; ifand only if 8 < 0¢(u°) = p°D
iii) the targets set p; = py =...= Pp = P¢ € (Pmin, Pmax) With probability 1

where p¢ = argmin nc(p) + u°pD.

The difference with the equilibrium in the basic model is that now the targets
internalize the attack-diverting externalities by coordinating their actions. As a
consequence, the investment becomes equalized across all targets and hence the
dispersion in deterrence level is no longer observed in equilibrium. Another
interesting feature of the equilibrium is that an attack becomes more likely when
coordination is allowed, i.e., u¢ > u*. The lack of coordination leads to an over-
investment in deterrence efforts.

2. Equilibrium with Coordination and Commitment

Although coordination will certainly help, it does not exhaust all the possibilities
for improvement. The targets’ problem with coordination is given by

mpin nc(p) + upD.

The targets minimize the joint expected loss taking their belief u as given. But
the probability of an attack, which must coincide with the targets’ belief in
equilibrium, depends on the terrorist’s belief about the targets’ action. This suggests
that the expected loss could be reduced further if the targets were able to control the
terrorist’s belief directly.

Consider a modified game where the targets can commit to their choice before
the terrorist makes his first move. The rest of the game is the same as before and the
targets are assumed to coordinate their decisions. In the new game, therefore, there
is an additional stage in which the targets are allowed to make their commitment.

The outcome of the modified game depends on whether such a commitment can
be made credible by the targets. A commitment will have no effect in equilibrium,
for instance, if the targets can costlessly withdraw from whatever claim they made in

EREIRI AT /2013, v. 35,n. 3
KDI Journal of Economic Policy



stage zero. This implies that the targets will discard any previous commitment that
requires a suboptimal action in the second stage. The only credible commitments in
this case must be the ones that would have been chosen in the second stage even
without making them in the first place.

If there is a way to make a credible but non-trivial commitment, however, the
targets can have a strategic advantage over the terrorist. Suppose that such a
commitment has been made by the targets in stage zero. Since the investment must
be equalized across all targets with coordination, one may restrict attention to a
common success probability p. Given that the commitment is credible, the terrorist
will initiate an operation if and only if the cost of operation 8 does not exceed its
benefit pD. Then an attack will occur probability Pr(6 < pD) = G(pD). But this
must be expected by the targets in the commitment stage. The targets’ problem then
becomes

min nc(p) + G(pD)pD.
p
The objective function correctly reflects the fact that the targets’ choice changes
the probability of an attack in equilibrium. Committing to a lower p will influence
the terrorist’s belief and hence decrease the probability of an attack. In equilibrium,

therefore, the targets will invest more in deterrence compared to the case where only
coordination is allowed.

Proposition 3 The equilibrium with coordination and commitment is
characterized as follows:

i) u° €[0,u) is uniquely determined by G(6°) = u°

ii) s =s; ifand onlyif 8 < 6° = p°D

iii) the targets set p; = py =...= Pp = P° € [Pmin, P) With probability 1
where p° = argmin nc(p) + G(pD)pD.

Compared to the case where only coordination is allowed, the targets invest more
in deterrence when they can also commit to their actions. An attack becomes less

likely as a result and it may even become totally prevented (u° = 0) in equilibrium.

In either of the two previous equilibria, on the other hand, an attack always occurs
with a positive probability. As will be shown shortly, however, a complete
deterrence turns out to be quite difficult to achieve in practice.
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3. Contracting

The analysis so far has shown that the targets may improve their fate if they can
successfully coordinate and commit to their actions. Given that each target has an
incentive to pursue its own interest at the expense of others, what remains to be
shown is exactly how they may achieve the coordination and commitment.

The answer will be rather straightforward if the targets can write a binding
contract on their investment. If a contract requires that each target should invest to
set p; = p°, the first-best will be attained as long as a large enough penalty is
imposed for a breach. To implement the contract, however, the court should be able
to verify the investment made by the targets. The problem is that the investment,
which may include the amount of “efforts” as well as monetary spending by the
targets, will be difficult to measure and hence to verify. Alternatively, a contract
could be written directly on p;’s. But verifying them in court will not be an easy
task either.

A more realistic approach would be to write a contract based on the outcome of
an attack. A contract then must specify a transfer payments between the victim and
the rest of the targets. The payments will depend on the three contingencies of the
game: 1) an attack occurs and succeeds, ii) an attack occurs but fails, and iii) no
attack occurs. Let B(b) be the payment made by the victim (other targets) after a
successful attack and B’(b’) be the payment made by the intended victim (other
targets) after a failed attack. If an attack does not occur, there is no victim to be
treated differently. Define a to be the payment imposed on all targets in this case.
A payment can be negative, which will be the case if a target receives a transfer
from others.

To make such a contract enforceable, the identity of the victim needs to be
verified. It will be easy to identify the victim once damage has been made by an
attack. It may not be so, however, when an attack has been attempted but failed.
There are two cases to consider. If the attack was defeated by the target on site, the
identification will not be much of a problem. If the operation has been detected
before completion, on the other hand, verifying the incident let alone the intended
target could be problematic. In the following analysis, the optimal contract will be
characterized first under the assumption that all three contingencies can be verified.
The case when the second and the third contingency cannot be differentiated will be
discussed later.

Without any restrictions on the structure, a contract may specify transfer amounts
that are not consistent with each other. For instance, it may happen that a target is
entitled to a positive transfer that exceeds the amount of payments made by the rest
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of the targets. This motivates a concept of budget-balancing contracts. More
formally, a contract is called budget balancing if the payments of all targets sum up
to zero in each contingency. This implies that a budget-balancing contract must
satisfy three conditions: i) B+ (n—1)b=0, ii)) B+ (n—1)b' =0, and iii)
na = 0. An immediate consequence of this restriction is that a must be equal to
zero, i.e., there should be no transfer among the targets in case an attack has not
occurred.

Consider a situation where the targets play the same game as in the basic model
except that now they can write a binding contract before the terrorist makes his first
move. The question is whether there exists a budget-balancing contract that can help
the targets achieve their first-best. It turns out that such a contract does not exist.

Proposition 4 Suppose that u° > 0. Then the first best can be implemented by
a budget-balancing contract. In such a contract, b' > 0.

The fact that an optimal contract should set b’ >0 has an interesting
implication. Given the budget-balancing condition, this means that B’ = —(n —
1)b’ <0, i.e., a contract should specify a positive transfer to the ‘victim’ of a failed
attack. To enforce the clause, however, the court must be able to verify whether
there has been such an attempt, and if so, the identity of its intended target. As is
pointed out earlier, however, verifying a failed attack may not be an easy task
especially when the operation failed because it was detected before completion.

To examine the consequences of this problem, suppose now that the victim’s
identity cannot be verified in a failed attack. Then a contract must specify the same
transfer payment for all targets in case there has been an unsuccessful attempt by the
terrorist, i.e., B’ = b’. But this implies that B’ = b’ = 0 because the payments
must satisfy the budget-balancing condition B = (n — 1)b’".

Corollary Suppose that u® > 0. If the victims cannot be verified in failed
attacks, there is no budget-balancing contract that implements the
first best.

V. Concluding Remarks

The analysis has shown that the commitment problem faced by the targets makes
it difficult to eliminate terrorism risk completely. Absent an imminent threat, targets
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cannot be expected to make sufficient amount of deterrence efforts, which makes
them vulnerable to a potential terrorist attack. Although complete deterrence may
not be optimal for the targets, this finding does exemplify the limitations of
defensive counterterrorism policy.

Contracting turns out to be an effective instrument that can be used to mitigate
the targets’ problem. An implicit assumption, however, is that such a contract will
be signed by all of the targets exposed to a common terrorist threat. Even though the
contracting is to achieve a collective good, reaching an agreement may not be an
easy task especially when many parties are involved in the process. Moreover, for a
contract to function properly, it must contain a clause that penalizes a party who
withdraws later. Otherwise, every target will find it irresistible to withdraw from the
contract and slightly undercut the other targets. Such a deviation will be profitable
because, with only a minor increase in the deterrence investment, the deviant will
never incur the loss from an attack nor the transfer payment to other targets. If the
targets involved are subject to a common authority, the problem may be resolved by
making the participation mandatory. Examples would be private parties in a single
country and local/state governments under a federal government. If the targets
involved are different sovereign states, however, participation must be voluntary.
Without sufficient contractual penalties, therefore, cooperation will be difficult to
maintain in this case.

Another issue regarding the implementation of an optimal contract is that it
requires the verification of the victim’s identity in both successful and failed attacks.
The victim needs to be rewarded in a failed attack because it will provide additional
incentive for deterrence, which is necessary to achieve the first best. Verifying the
victim could be problematic, however, especially when a failure is caused by
detection instead of defeat. Given that verification matters to the extent that it affects
the targets’ incentives, the problem will become most severe when the targets’
deterrence depends heavily on detection rather than defeat. But detecting terrorist
operations, which requires sophisticated intelligence capabilities as well as the
authority to apply them, is mainly the responsibility of the government. This
suggests that cooperation might be more difficult to achieve among different
countries than among private parties in a single country.

Terrorism is a complicated subject which involves multidimensional strategic
interactions. This article examines two of such interactions in a unified framework.
Although the analysis is carried out in a stylized model with a single terrorist group
and multiple identical targets, the main finding—resolving the coordination and the
commitment problem at the same time is in general difficult—seems to be robust. It
would be of interest to see whether a more sophisticated mechanism can be found
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which may improve upon the simple contracts considered here.

From a counterterrorism perspective, this article deals only with defensive
measures as opposed to proactive measures (Rosendorff and Sandler, 2004). A more
complete picture will be obtained if both types of measures are incorporated into the
model. Such analysis will be best performed in a dynamic setting where terrorists
and targets interact over time. The approach adopted in Keohane and Zeckhauser
(2003) seems particularly promising in this respect. These are some of the questions
left for future research.
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Appendix

Proof of Lemma 1

Suppose not. Then there exists a p* = (p3,...,pn) such that target i sets p;
with probability 1 in equilibrium. It suffices to consider the case u* > 0. Notice
first that max p}‘ < Pmax in this case. If max p}‘ > Pmax, the target with the

Jj Jj

highest probability may reduce its expected loss by choosing max p; — &. This is
Jj

because, for a small enough &€ > 0, the expected loss from an attack will decrease

while the cost of investment will remain constant. But this in turn implies that

p; =p* forall i. To confirm, suppose to the contrary that p; < maxp; for some
Jj

i. Then target i’s cost of investment must be strictly decreasing for p; €

(p{k , max p}‘) because p; < maxp; < pmax- This means that target i can lower
j j

its expected loss by setting p; = p; + € instead of p;. As long as &€ > 0 is small

enough to satisfy p; + & < maxpj, target i can reduce its cost of investment by
j

c(p;) — c(p; + &) without changing the probability of being attacked. The
assumption p; < maxp; hence leads to a contradiction. Hence, the only
j

remaining possibility becomes p; = p* < pmax for all i. But this is not consistent
with equilibrium, either. Suppose that such an equilibrium exists. Then the expected
loss of each target must be c(p*) + %u*p*D. If a target undercuts p* by € >0,

however, it can divert a potential attack to others with probability 1. The total
expected loss will become c(p* — ), which will be smaller than the equilibrium

loss c(p™) + %,u*p*D for a small enough € > 0. []

Proof of Lemma 2

The proof is essentially the same as the one in Varian (1980). Suppose that there
is a jump at p. Since there can be only countably many jumps in any probability
distribution, it is possible to find a small € > 0 such that a jump does not occur at
p —¢e. Consider a deviation strategy where a target [ sets p —e& with the
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probability with which he used to set p, and sets p with probability zero. The net
gain from such a deviation becomes
Pr(p]- > p for some j # i)c(p) — Pr(pj > p for somej # i)c(p — €)
+Pr(p; < pforallj # i){c(p) + upD}
—Pr(pj <p-—eforallj + i){c(p —&)+ulp—e¢)D}

n-—1
+ Pr(pj < pforallj # i,k other targets set p; = p for j # i) {c(p) + M%D}
=1
n-1
- Z Pr(p; < pforallj # i,k other targets set p — & < p; for j # i)c(p — ¢).
=1

As & converges to zero, the sum of the first four terms converges to zero but the
sum of the last two terms remains positive. This leads to a contradiction because the
deviation strategy leads to a lower expected loss than the assumed equilibrium
strategy. []

Proof of Lemma 3

Given the assumptions lim,_oc'(p) + D <0 and ¢’'(Pmax) = 0, the first-order
condition for the minimization problem is satisfied as an equality in (0, ppax]- In
other words, there exists a p € (0, pmax] such that

c'(p)+uD =0.

This follows from the fact that the function ¢'(:) + uD is continuous with
lim,_oc'(p) + uD < limy,_ oc'(p) + D <0 and 0 < ¢'(Pmax) + 4D = puD. Since
the objective function is strictly convex, such a p must be the unique solution to the

minimization problem. Given that c¢’(-) is strictly increasing, the first-order
condition can be rewritten as

P = ¢\ (~uD)

where ¢'71(-) is the inverse of ¢’(-). p(1) must be continuously differentiable
with respect to u given that c(-) is twice continuously differentiable.
For a given p, it is straightforward to show that p € (0,p] is also uniquely

determined. The assumption D < lim,_c(p) implies

y_rgC(p) > D = c¢(Pmax) + UPmaxD = c(p) + upD
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The second inequality follows from c(pmax) =0 and 0 < g, ppax < 1 while
the third equality uses the fact p = argmin Ly,,x(p). Since c(-) is strictly
decreasing with ¢(p) < c(p) + upD, there must be a unique p € (0,p] such that

c (p) = c(p) + upD. Given that p(u) is continuously differentiable, so is p(u),

which is a continuously differentiable function of p. []

Proof of Proposition 1

The following claim 1 through claim 5 establish the first part of the proposition.
Define M(p) = c(p) + F*(p)" *upD. Let suppF(-) be the support of the
distribution  function F(:), ie., suppF(x)={x:F(x+¢)—F(x—¢)>
0 for any € > 0}.

Claim 1 Forall p',p" € suppF*(p), M(p') = M(p").

Proof Suppose not. Then there exists p € suppF*(p) such that

M(@p) > min M =M.
®) peein, =M

Notice that the support of a distribution function is closed (see Chung, 1974). Given
that suppF*(p) < [0,1] is also bounded, the minimum on the right-hand side is well-
defined. Let P = {p:p = argmin M(p)}. Given that c(p) and F*(p) are both
continuous, M(p) is also continuous. This means that there exists an interval
(P —¢&,p+¢€) such that for all p€ (p—¢,p +¢€), M(p) > M. Notice that p €
suppF*(p) implies F*(p + &) — F*(p — €) > 0. Consider a deviation strategy which
assigns probability 1 toa p € P. The net gain from such a deviation is given by

Joy M@AF*®) =M = [, {M(p) - M}dF*(p) 2 [;_, 5, {M(p) — M}dF*(p) > 0
which contradicts the assumptions that F*(p) is the equilibrium strategy. []

Claim2  F*(@) =1 and F* (g) = 0.

Proof Define p,, = minp € suppF*(p) and py = maxp € suppF*(p).
Suppose to the contrary that F*(p) < 1. This implies py > p. Given that p €
suppF*(p), the equilibrium expected loss is given by

M(pu) = c(pm) + F*(os)™ *upuD = c(py) + ppuD.
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Recall that Lp.x(p) = c(p) + upD is strictly increasing in p for p > p. If a
target deviates by playing p = p with probability one, the net gain becomes
c(pm) + upuD — M) = c(py) + upuD —{c(P) + upD} > 0

which contradicts the assumptions that F(p) is the equilibrium strategy. A similar

argument establishes F* (p) = (0. Assuming F* (B) >0 implies py <p. Then

the equilibrium expected loss must be equal to
M®m) = c(m) + F*@n)" " upmD = c(pp).

But a target incurs at most c(p) + upD = C(B) by playing p =p with

probability one. Therefore, net gain from such a deviation becomes at least

c(pm) — € (g) >0

given that c(:) is strictly decreasing. Again, this contradicts the assumption that

F*(p) is the equilibrium strategy. []

Claim 3 F'(p—¢) <1 forany € > 0.

Proof Suppose not. Then it follows that py; < p. Then the equilibrium expected
loss must be equal to M(py) = c(py) + upyD. Consider a deviation strategy that
assigns probability one to p = p. Notice that py, < p implies M(p) = c(p) + upD.
Given that Ly, (p) = c(p) + upD is strictly decreasing in p for p < p, the net gain

from such a deviation becomes

M(py) —M(p) = c(pm) + upuD — {c(p) + upD} > 0

which leads to contradiction.

Given that p € supp F*(p), it follows that M(p) = M(p) for all p€
suppF*(p). The equation M(p) = M(p) implicitly determines the equilibrium
distribution function F*(p):

M(p) = c(p) + F*(p)" " 'upD = c(p) + upD = M(p)

1
F*(p) _ {c(p)+;;zl[;—c(p)}n—1.
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To confirm that F*(p) satisfies the requirements for a distribution function.
Notice first that F* (p) =0, F*(p) = 1. Also, for p € (p, 5)

OF () _ 22 ! (pIp+c(@)+upD—c(p)
o = aafn 2D
——Lp (p) { (p)+uD}p+C(ZI);ng le@+upD} _

where the inequality follows from c¢(p) + upD < c(p) + upD and c'(p) + uD <
0 for p € (B,ﬁ). []

Claim 4 F*(E+S)>Of0ranye>0.

Proof Suppose not. This implies pp > p. Then the equilibrium expected

loss must be equal to M(p,) = c(py). Given that p =py € supp F*(p),
however, the equilibrium expected loss must be equal to c(p) + upD. But this
leads to a contradiction because

c(pm) < C( ) = c(p) +upD

given that c(-) is strictly decreasing. []
Claim 5 F*(p'")—F*(p') >0 forall p<p' <p" <Dp.

Proof Suppose not, i.e., there exist p’, p" € (p, 5) such that F*(p"") —

F'() =0 and p' <p". Let Pp={p€(pp):F'®) =F (@) =F@"} be
the preimage of F*(p'). Given that the function F*(-) is continuous, the set Pg
must be closed. Then p; = minp € Pr and py = maxp € Pr are well-defined.
By construction, it must be that p;, < p’' <p" <py and p.,py € suppF*(p).
Then the equlibrium expected loss is equal to

c(py) + F*(p")" tup,D = c(py) + F*(p" )" *upyD.

Let Mp(p) =c(p) + F*(p")* upD. Given that c(p)” >0, the function
Mg (p) is strictly convex with Mg(p;) = Mp(py). This implies Mg(p) < Mp(p.)
for all p € (p,,py). If a target sets any p € (p,py) Wwith probability one,
however, the expected loss becomes c(p) + F*(p")" *upD = Mp(p), which is
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smaller than the equilibrium expected loss My(p.). This contradicts the assumption
that F*(p) is the equilibrium distribution function.

For the second part of the claim, let A*(u) = G (9*(u)) — . Then A*(u*) = 0.
Notice that

6" = [} pDA(F (pi )" = D = D J} (F*(pi ) "dp

where the last equality follows from integrating by parts. Given that p(w), p(u),

and (F “(p; y))n are all continuous in u, A*(u) is also continuous. Given the
continuity of A*(:), the existence of u* is proved if one can show that A*(1) <
0 <lim,_,oA"(1). To see this, notice first that the equilibrium distribution

(F*(p; u))n becomes degenerate at p = ppax as g — 0. This implies

. % T * (0. ny _

}}_I;%A W = }}_%G (f[O,l] de(F (p,ﬂ)) ) = G(PmaxD) > 0
where the inequality follows from the assumption pp,xD > 6. Moreover,
P < Pmax implies

* * n

6*(1) = f[o,l] de(F (»; 1)) < PmaxD

therefore,

A1) =6(0"(1)) — 1< G(PmaxD) —1<G(6)—1=0

where the last inequality follows from the assumption ppaxD < 6.
To prove the uniqueness of u*, it suffices to show that A*(u) is strictly

decreasing in u. Using the envelope theorem to evaluate at:(pg+p[) = pD, one can
show that
1
I(F W) _  n {C(ﬁ)ﬂtﬁD—C(p)}E0(5)—6(10)
= —— 5 >0
u n—1 upD u?pD
. ‘o))" o ap(w) . *
Given that A(F i) ,ap(“), and A are all continuous, 99" can be
ou ou ou

evaluated using Leibniz’s integral rule. This leads to

39°(W) _ 9B 1y (=, A\ OB el VY 02w o Fa(F )"

= = o D (Fw) =~ D+(F (B.#)) o DD f =, —dp
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_ o mm)"
=-D fg o dp <0

given that F*(p;u) =1 and F* (B; u) = 0. Since Z—g >0, it follows that
oA (w) _ 3G 06°

w6 on 1 <0 asclaimed. [

Proof of Lemma 4

Suppose not, i.e., there exists a set P ={p:p; # pjforsomei,j} and
Pr(p € P) > 0. For each p = (py,...,py), define p’ = max{p;,...,p,}(1,...,1).

Consider an alternative strategy where the targets set p’ with the probability with
which they used to set p. The gains from such a strategy is given by

Jo.1gn [Zi ¢ + pmax{py, ..., pn}D1dF (p)
— Jo,n [Zi c(max{py,...,pn}) + pmax{py, ..., p}D1dF (p)
= [5 [ {c(p) — c(max{p,,...,p, D} dF (p) > 0

since Y1y {c(p;) — c(max{py,...,p, )} >0 for peP and Pr(peP)>0.
This implies that a strategy where Pr(p € ﬁ) > 0 is never optimal, which leads to
a contradiction. []

Proof of Proposition 2

First, it is shown that there exists a unique u € (0,1) satisfying the belief-
consistency condition. Notice that the first-order condition for the targets’
minimization problem holds as an equality, i.e., nc’'(p¢) +uD = 0 given that
lim,,_onc'(p) + uD < limp_oc'(p) + D <0 and nc'(Pmax) +uD = 0. Since
c'() is strictly increasing, this implies p(u) = ¢'~1 (— %) where ¢’71(-) is the
inverse of ¢'(:). p°(-) must be continuous and strictly decreasing given that
¢'71(+) is continuous and strictly increasing. Let A°(u) = G(QC (,u)) — u. Then the
equilibrium belief p¢ must satisfy A°(u¢) = 0. Notice that A°(:) is continuous
and strictly decreasing given that 6€(-) = p(-)D is continuous and strictly
decreasing while G(-) is continuous and strictly increasing. This implies that the
solution to the equation A°(u) = 0, if exists, must be unique. Given the assumption
0 < pmaxD < 6, the solution does exist because AS(0) = G(Pmaxl) >0 and
A1) =GP(1)D) —1<G(PmaxP) —1<0. If >0, it must be that
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nc' (Pmax) + U€D = uD > 0. This means p€ < Pmax- Also G(PpinD) = G(Q) =
0 implies ppin < P°.

To see that pu* < pu®, it is helpful to define " such that G(p(u')D) ="
Since p(:) and G(-) are both continuous with G(p(0)D) = G(ppaxDP) > 0 and
G@E()D) —1 < G(PmaxP) —1 <0, such a 7" € (p,1) is uniquely determined.
Then it must be that u* <. To confirm, suppose to the contrary that u* > .

Given that G (f[0,1] de(F*(P; H*))n) = u*, it follows
G (Jio PRA(F* @in)") = G(B(RID) = w* —F 2 0.

Since G(-) is strictly increasing, this implies f[O,l] pd(F *(p;u*))n Zﬁ(ﬁ*).
Notice that the distribution function (F “(p; ,u))n has a support [B(u),ﬁ(u)] and
p(u) is strictly decreasing in w. This implies f[0,1] pd(F *(p;y*))n <pu") <
ﬁ(ﬁ*), which is a contradiction.

A similar argument can be used to establish 1" < u°. To see this, suppose to the
contrary that 1" > u€. Given that G(p¢(u€)D) = u¢, it follows

¢((E)ID) — G D) = — € 2 0.

Since G(-) is strictly increasing, it must be that p(@") = p(u¢). Consider
p(u°) and p€(u€). From the first-order conditions,

nc'(p(u)) +u°D =0
c'(P(u)) +uD = 0.

which implies nc’(pc(uc)) = c’(ﬁ(uc)). But this leads to p(u€) < p°(uc)
because ¢'(-) < 0 is strictly increasing. Given that p(-) is strictly decreasing and

ﬁ(ﬁ*) > p°(u°), it follows that i~ < u€, which is a contradiction. []

Proof of Proposition 3

Characterizing the equilibrium boils down to showing that there exists a unique
P° € [Pmin, P)- Then u° € [0,u¢) follows immediately because ppi, < p° < p°
implies 0 = G(ppinP) < G(P°D) < G(p°D) = u°. To see that p° is uniquely
determined in [ppin, p€), notice first that it is never optimal to set p° < ppin. The
probability of an attack becomes zero once p reaches ppi, If the targets set p
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below pnin, therefore, they will increase the cost of investment without lowering
the probability of an attack. Similarly, any p® > pp.x cannot be optimal, either.
Otherwise, the targets will be able to reduce the risk of an attack without any extra
costs of investment. Without loss of generality, therefore, the domain for the targets’
minimization problem can be restricted to p € [Pmin, Pmaxl-

Given the assumption 2G'(0) + G''(0)6 > 0, the targets’ objective function is
strictly convex for p = pyin because

82 (nc(p)+G(pD)pD)

292 =nc" (p) + 2G'(pD)D* + G" (pD)pD?

=nc"(p) + {2G'(pD) + G" (pD)pD}D? > 0.

This implies that the solution to the minimization problem must be unique. In
contrast to the equilibrium with coordination only, however, the first-order condition
may not hold as an equality. Differentiating the objective function with respect to p
gives

nc'(p) + G'(pD)pD? + G(pD)D = T'(p).

The second derivative is shown to be positive, which means that T'(:) is strictly
increasing. There are two cases to consider: i) I'(Ppin) = 0 and ii) T(Pmin) < O.
If T(Pmin) = 0, the objective function is increasing for all p € [Pmin, Pmax]- This
implies that the minimum is attained at p = Ppin. If T(Pmin) < 0, the first-order
condition holds as an equality, i.e., there exists a p° € (Pmin, P¢) such that
I'(p°®) = 0. To confirm, notice that

I'(p®) = nc'(p€) + G'(p°D)p°D? + G(p°D)D > 0
because nc’'(p€) + G(p°D)D = 0. Given that I'(:) is continuous with T'(ppin) <
0 and T'(p€) > 0, sucha p° € (Pmin, P) must exist. []

Proof of Proposition 4

For a given contract (b, B,b’,B"), a target’s loss is given by
Li(p,s) = c(pi)
+1(s) [pi(p){pi(D +B)+ (1 -p)B}+{1- pi(p)}{rggx pib + <1 — max pj> b’”

J#1

The difference with the basic model is that a target incurs a loss (or a gain, if the
payment is negative) even when it is not the victim of an attack. The loss of a target
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will depend on whether it is the victim of the attack and also whether the attack was
successful or not. The second term on the right-hand side then gives a target’s
expected loss from an attack. The joint loss of the targets can be obtained by adding
all individual losses:

L(p,s) =2%; c(p) +1(s) [miax pi{D+B+ (n—1)b}+ (1 — max pi) {B"+ (n— 1)b’}]
=Xic(p)+ I(s)miax p;D

Due to the budget-balancing conditions, the transfer payments cancel each other
out once they are summed up across all targets. Consequently, the expression for the
targets’ joint loss is exactly the same as the one in the basic model. Given that the
terrorist cares only about the targets’ joint loss and not its distribution, this implies
that contracting does not change the terrorist’s objective function, either.

Given a contract, the equilibrium of the game is found where the terrorist and the
targets play their optimal strategies and the targets’ belief becomes consistent with
the terrorist’s equilibrium strategy. To differentiate it with the equilibrium without
contracting, u**, 6**, and F;"(-) will be used to denote the equilibrium belief and
the strategies.

Lemma 5 In any equilibrium with contracting, u** > 0.

Proof Suppose to the contrary that p** = 0, i.e., the targets believe that an
attack never occurs in equilibrium. Then it is never optimal for a target to choose a
P < Pmax With a positive probability. This implies

0" = Jig 1 Max{py, ..., Pu}DAF™ (P) = PrmaxD.

Notice that the belief consistency requires G(6** (,u**)) = u**. But this leads to
a contradiction because

0=u"=G(6") 2 G(pmaxD) > G(8) = 0

where the last inequality follows from the assumption 8 < ppaxD. [

Recall that the first best may require u® = 0, i.e., there should be no attack by
the terrorist. The lemma show therefore that the targets’ problem cannot be solved
entirely by contracting. The question is then whether the targets may achieve the
first best if it does not require a complete deterrence. A necessary condition is given
by the next lemma.
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Lemma 6 If p;" =p™ for all i, then p™*(D+B)+ (1 —p™)B' =p”b+
(1 _ p**)b,.

Proof Suppose not. Then there are two cases to consider: i) p**(D + B) +
1-p")B'">p™b+ (1 —p*")b" and i) p*(D+B)+ (1 —-p™)B'<p™b+
(1 —p™)b'. In the first case, a target may deviate by setting p’ = p*™ — ¢ for a
small € > 0. By doing so, the target becomes the strongest target with certainty.
The net gain from the deviation becomes

(™) =@ +u =2 {p™b + (1= p )b’ = p'b — (1= b
+1 L (P (D + B) + (1= p™)B' —p'b — (1= p)b')

As € gets smaller, the first two terms approach zero but the last term remains
positive. This contradicts the assumption that p** is the targets’ equilibrium
strategy. A similar argument can be applied to the case p**(D +B) + (1 —
p*)B' <p*”b+ (1 —p*™)b’. One may consider a deviation p’ = p** + €. The
deviant becomes the weakest target in this case. Then the net gain is given by

{c@™) —c@} + M**%{P**(D +B)+ (1 —-p™)B' —p'(D+B)-(1-p)B'}

2 b + (1= p™)b' = p'(D + B) = (1= p)B')

n

As & becomes smaller, the first two terms approach zero but the last term
remains positive. Again, this leads to a contradiction. []

The meaning of the condition becomes clear once a target’s objective function is
examined more closely. If the targets set the same p** in equilibrium, which must be
the case if the equilibrium achieves the first best, target i’s expected loss is given by

E°[L;(pi, 025, 9)]

c(p) + p*{p;(D+B) + (1 —p,)B'} if p;>p™

1 n—1
=1{c(p) +u” [; {ri(D+B)+ (1 —p)B} + T{pib + @A =p)b}| if p=p~
c(p) +u*{pb+ (A —p™b'} if p;<p™

The function ES[L;(p;, pZ5, s)] is continuous except for a potential discontinuity
at p; = p**. Conditional on there being an attack, a target incurs a loss of
{p;(D+ B) + (1 —p;)B'} if it is the victim. Otherwise, the loss becomes
p™b+ (1 —p™)b'. Hence the condition in the lemma requires that a targets should
be indifferent between being and not being the victim of an attack. If not, a target
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will deviate by slightly lowering (or raising) its p to get the better payoff. Once the
condition is satisfied, the function E*[L;(p;, pZ;,s)] becomes continuous for all p;.

A contract induces the first-best if p;* = p?, ie., each target sets p° in
equilibrium. Then it must be that

p°(D +B)+ (1 —-p°)B"=p°b+ (1 —p°)b’ (1)

For the strategy to be optimal, any deviation must result in higher expected loss.
Examining the target’s expected loss reveals that setting any p < p° is never
profitable. Given that all other targets set p°, lowering p unilaterally will only
increase the cost of investment without changing the probability that an attack
becomes successful.

A deviation by setting a p > p°, on the other hand, may reduce a target’s
expected loss. One way to prevent such a deviation is to align the optimality
condition of individual targets with the one that minimizes their joint expected loss.
Assuming that an attack occurs with a positive probability, i.e., u® = G(p°D) > 0,
the first best solution is determined by

nc'(p°) + G(p°D)D + G'(p°D)p°D? = 0

or

/(1,0
¢'(p?) +Gp°D) {1+ SERpon} = 0 )

On the other hand, a target’s expected loss will be minimized at p° in
equilibrium if it is increasing in p; for all p; > p°. Differentiating the function
ES[L;(p;,pZ;,s)] with respect to p; and evaluating it at p™ =p° gives
c¢'(p)) + u°(D + B — B"). This implies that a target will never deviate from the
first-best solution if

') + (D +B—B)=0

for p; > p°. Given the convexity of c(-), the left-hand side of the inequality
increases with p;. Hence the condition will be satisfied for all p; > p° if the
inequality holds at p; = p?, i.e.,

¢'®°) + (D +B—B) =0

Comparing the expression with (2) reveals that this inequality is reduced to

_ <D G'(°D) o
D+B-B Zn{1+6(pOD)p p} 3)
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By construction, the first best can be supported as an equilibrium if a contract
satisfies (1) and (3) along with the two budget-balancing conditions. As long as
other targets are doing the same, it will be optimal for a target to set p = p°. Given
the targets’ strategy, the terrorist should initiate an operation only when 8 < 0° =
p°D. The targets’ belief u° is then consistent with the terrorist’s strategy because
u® = G(p°D). Given that the condition (3) is in inequality form, however, the
optimal contract is not determined uniquely. In case (3) holds as a strict inequality,
each target's expected loss must be strictly increasing at p = p°. This implies that
the targets would reduce their expected loss further if they could collectively choose
to lower their p’s. Then a strong refinement in the spirit of Aumann (1959) may
eliminate such a possibility and hence resolve the indeterminacy.

Now, for the proof of proposition 4, notice first that any budget-balancing
contract that implements the first best must satisfy

B+(n—1)b=0

B +(n—1b =0

p°(D+B)+ (1 —p°)B =p°b+ (1-p°)b’
Solving for b, B, and B’ gives,

D 1-p°
b=-——Lp
n P

B=-(n-1b=-(n-1)(2-2p)

B'=—-(n—1)b’

Then the expected loss of target i can be expressed in terms of b’ only. Given
that p; = p° forall j # i, this gives

c(p)) +u’{pi(D +B) + (1 —p)B'}
= ¢ + 1 {2+ (= DL} - w0 - Db = L b).

o

For p; = p° to be optimal, L(p;; b’) must be increasing in p; at p; = p°, i.e.,

OL(®%D") _ (o o (D LA
on. =c'(p°) +u {n+(n l)po}ZO.

It is easy to confirm that the inequality holds as an equality at
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I _ 1 G'(pDD) o 2 3 az(pi;b/)
= 2(n—1) G(p°D) (»p°D)* > 0. Given that o
implies that any contract with b' > _1 @D

=D GoD) (p°D)? can support the first best
given that b, B, and B’ are determined accordingly. [

is increasing in p;, this

Proof of Corollary

For the contract to implement the first best, it must satisfy (1), which is now
reduced to

D+ B =hb.

Combined with the remaining budget-balancing constraint B + (n — 1)b = 0,
the contract can be determined completely, which is given by

b=2
n
B:—m—xﬁ.

Then it is straightforward to verify that the contract does not implement the first
best. This is because the contract violates (3), i.e.,

_pr_p_D_D G'®°D) o
D+B-B =b=2<2{1+TEpep) [
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