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p=15 —g°18F s =A™ oy 29A VIde] A5ads
Dy =ay, —aq2% a,@e WSAA P A AE:ARF? 7H K

( £y, tpo] AGA AAEHE7HE T3 5 Zo] <G 1>elth 4,9 F7H
whet g o] e WA gEe AastARl 9] g Skl Aaskes
FAE VeERE 1 7187 o gRkslth a7 1569 W 719 e

o] TR, AEx Ll veRiItH( 2y 1132).

(1) a, #3t0]| e X X|EHD HE S| 3t

az R t1 2 el €2

10 14.4982 0.206 0.122 1.183 1.257
11 14.4984 0.191 0.128 1.180 1.233
12 14.4986 0.176 0.131 1.176 1.212
13 14.4988 0.160 0.132 1172 1.195
14 14.4990 0.145 0.132 1.169 1.179
15 14.4991 0.130 0.130 1.166 1.166
16 14.4993 0.115 0.126 1.163 1.154
17 14.4994 0.102 0.122 1.160 1.144
18 14.4995 0.090 0.118 1.158 1.134
19 14.4996 0.078 0.112 1.156 1.126
20 14.4996 0.068 0.107 1.154 1.119
21 14.4997 0.059 0.102 1.153 1.112
22 14.4997 0.052 0.096 1.151 1.106
23 14.4998 0.044 0.091 1.150 1.100
24 14.4998 0.039 0.086 1.149 1.096
25 14.4998 0.034 0.081 1.148 1.091

F R A A&d, = (WA 7199 A&, av (HA 7199 Faa9A.

a7k 16 W), 2ujggo] ofds)] d AVE 7 ¥ Bge|Eal FEF7F 24
7199 Ales o)z 020002k Arkar shak ol 7o) ola-L 37.813%

5 (1— t)p: qg:— q:=0.8 ¥8.125%6.875—6.875=37.813
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b2 R t1 2 el €2

1 14.4991 0.130 0.130 1.166 1.166

2 14.4986 0.173 0.173 1175 1.175

3 14.4983 0.195 0.195 1.181 1.181

4 14.4981 0.208 0.208 1.184 1.184

5 14.4980 0.216 0.216 1.186 1.186

6 14.4979 0.223 0.223 1.188 1.188

7 14.4978 0.227 0.227 1.189 1.189

8 14.4977 0.231 0.231 1.190 1.190

9 14.4977 0.234 0.234 1.191 1.191

10 14.4976 0.236 0.236 1.191 1.191

11 14.4976 0.238 0.238 1.192 1.192

12 14.4975 0.240 0.240 1.192 1.192

13 14.4975 0.241 0.241 1.193 1.193

14 14.4975 0.242 0.242 1.193 1.193

15 14.4975 0.244 0.244 1.193 1.193

TR AA A=A, = 04 71de AL, e iHA 7199 ol



olalE w7l fl8 1¥H-e 1y AWeles sk

0 v C

9 9% gAY A Fre) FLFAAC Bl e

$19] "AB)elAlel Herddo] thg3 2ol hds] Yehfold o gtk
oo _dQIQ __ dQ P _ VC  _OH_ VC (10)
dr/pP aP QT OH oV T oV

(E‘r, Vi BelA e W3le o 7k=sat vhd folal He BelM 4
= WRe W Al2sat whd ot



38 MEAIE

A 719 gFestH(eB2ZE g D)o p,=15 —b; A
® =15 —2b, ¢,7} Atk 719e ola=u)a

lo,
5
flo
>

o e 28
A 1 K
ol
il

o2 SR AR AX|sHE HollA S AAS) 1,9
AAlEo] HEEAL u 714 FANEL 1+ ;0128 KA Aat
2 142_ ?f7} FHAo] ", 2] (1002 o]&3std T8 EolAY Fovk
R s = =] i g
CTOF T 14—, ~ 14—¢
25,

<GE 3> R 9] ARt p,=15 —0(F, i=1,2)F S8k,

2 oagEe] g w, 2dA s1gde] gAM]gol
A AZARF TG HAE (1, t)0] oAEA AR E=A
T Aotk FAMIGe] sl uheh 20 Vel HA e gad
of AR7E 28R VIgesRY Arelsd ¢ e Aleel ol et #
of whet 1WA Vel Fslor sk Algel Srbehan, 1 A A&
SHAl =Tt Wk 2 H Péo 3 Mg SR Q) HA Akl

M e -

F

{

[

P ok 4 AR e

0202 Fagvta spap ol 1
WA 7149 o] $- 378125021, 2 A 719l o] $-L 31.250]tHe). 7k 7] e]
14— t;

16) (1— t) b1 g1— g1=01—0.20)(8.125)(6.875) —6.875=37.8125
(1— t9) Py g5—2 g5=(1—0.20)(8.75)(6.25) —2x6.25=231.25



Fe] 2 A 27del

%V
o

ZH]

sa7] fle) =

2.
=

007D o= M&

o
05586, 2817 7144

0.190, 2915 7144

%
o, 1A 719

(1A 714

P
T

©

iy

S}
=

708275 Hd A&

©
T
1=

o
T

]

2.
=

[e]
=

of Al
ted

o2 WolE
1

3|
«

} ZH

-
[

oltf. A¥7F Hd A& 7}

i

rze]

fie)
<

NH

o] 22.1093¢l4] 14.4984%

lo}% o] 7]

-

7F o] BHIE

1=
T~

g

A

[e)
e

7hett 7]

=
5]

o] -50.5432¢ 41 7.3897=

3) c,H3tol| mE AH X

Iz
ar

(

€2
1.166
1.335
1.538
1.756
2.029
2.363
2.781

3.319

4.037

€1
1.166
1.180
1.187
1.191
1.193
1.195
1.196
1.197
1.197

to
0.130

0.071

0.043
0.028
0.019

0.013

0.009
0.007
0.005

t

0.130
0.190
0.218

0.234
0.243
0.249
0.252
0.255
0.257
A 7119 Al

14.4991
14.4984
14.4979
14.4977
14.4975
14.4974
14.4973
14.4972
14.4972

C2

2
3
4
5
6
7
3
9

‘R

A 71l e &4

[
(S

O
=,

7t1{‘

= AA A=

=
T

o] gtk ® Zuyl deFoige 74 7

o) FHAE o Algo] vopAx

XA

X
o

ol

Easiaas

RS

Fulo]
7+

223565

-0.2516°1 4] 5070325

17} el -

9

94



40 BrEdAE

(% 4) 33X&e =8 distof| mME AA<C| X|EHD} Mg S 2
G R t/te f1/f er/ez
1 0.500 0.010 20.000 1.225
2 1.500 0.030 19.500 1.230
3 2.499 0.051 19.000 1.235
4 3.499 0.071 18.499 1.241
5 4.499 0.091 17.998 1.247
6 5.498 0.111 17.497 1.254
7 6.498 0.132 26.995 1.260
8 7.497 0.152 16.493 1.267
9 8.497 0.172 15.991 1.275
10 9.496 0.193 15.488 1.283
11 10.496 0.213 14.984 1.291
12 11.495 0.234 14.481 1.300
13 12.494 0.254 13.974 1.310
14 13.493 0.275 13.470 1.320
15 14.491 0.295 12.980 1.331
16 15.490 0.317 12.453 1.343
17 16.488 0.337 11.941 1.356
18 17.486 0.358 11.429 1.369
19 18.483 0.380 10.915 1.384
20 19.480 0.401 10.400 1.401
21 20.476 0.422 9.877 1.419
22 21.472 0.444 9.355 1.438
23 22.466 0.466 8.827 1.460
24 23.459 0.488 8.294 1.485
25 24.450 0.510 7.754 1.513
26 25.438 0.533 7.206 1.545
27 26.422 0.557 6.645 1.583
28 27.399 0.581 6.069 1.627
29 28.365 0.606 5.474 1.681
30 29.308 0.633 4.851 1.750
31 30.200 0.662 4192 1.840
32 30.944 0.692 3.523 1.959
33 31.340 0.714 3.018 2.077
34 31.457 0.725 2.784 2.143
35 31.493 0.730 2.676 2.176
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42 BrEdae

(£ b) SSXIE2 7Y wslol| mE dH_2 XEHnt ME S2f 24

G R 1 2 el )
1 0.500 0.007 0.003 1.144 1.223
2 1.500 0.022 0.010 1.146 1.225
3 2.500 0.037 0.017 1.149 1.227
4 3.500 0.052 0.025 1.151 1.229
5 4.500 0.066 0.032 1.154 1.231
6 5.500 0.080 0.040 1.156 1.233
7 6.499 0.095 0.049 1.159 1.235
8 7.499 0.109 0.057 1.162 1.237
9 8.499 0.123 0.066 1.165 1.240
10 9.499 0.137 0.075 1.167 1.242
11 10.499 0.151 0.084 1.170 1.245
12 11.499 0.165 0.093 1.173 1.248
13 12.499 0.178 0.103 1.177 1.251
14 13.498 0.192 0.112 1.180 1.254
15 14.498 0.206 0.122 1.183 1.257
16 15.498 0.219 0.133 1.187 1.261
17 16.498 0.232 0.143 1.190 1.264
18 17.497 0.246 0.153 1.194 1.268
19 18.497 0.259 0.164 1.198 1.272
20 19.497 0.272 0.175 1.202 1.276
21 20.497 0.285 0.186 1.206 1.280
22 21.496 0.298 0.197 1.210 1.285
23 22.496 0.312 0.209 1.214 1.289
24 23.496 0.325 0.220 1.219 1.294
25 24.495 0.338 0.232 1.224 1.299
26 25.494 0.350 0.244 1.229 1.305
27 26.494 0.363 0.256 1.234 1.311
28 27.493 0.376 0.268 1.239 1.316
29 28.492 0.389 0.280 1.245 1.323
30 29.491 0.402 0.293 1.251 1.329
31 30.491 0.415 0.305 1.257 1.336
32 31.490 0.427 0.318 1.263 1.344
33 32.488 0.440 0.331 1.270 1.351
34 33.497 0.453 0.344 1.277 1.360
35 34.486 0.465 0.357 1.285 1.368
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V. AlAIE 25 o] &3 AAlrFA
1. ARIMA 23

=Rl AZEREAA 2t gl TARAIE AR Ol A A o
972 FH 1999744 & XA Ay F-apele] At AgE ARE-SFA AL,
] AA7)(Rolling Horizon Design)®¥™12)-& o]&slo] th&3 o] A 7}
AZ RS BE ARE oS o AMEs) ] ‘3%1 zkzyel 717 stk
oS3k 5, WA Ao AAg HnE ok o7 o FAE ALtst
© Aoty AAE AR -F, 19989 93 H ] Al Agrt Bolzlow

= 7 b3 EARo o9k 22 WS AjEste] CASE(])o]
AAF e} 7P AL o2 et 197235 H 19737 K& &2 45}
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AMaAl AlS] ool WMskae] fAAIE tit ADF &9l #7823, F
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12) ZYH2001, p. Sunpublished)) At59] 77} AL AWAFRZA = AlZro|FHEA
o3t 9ol AAsidar i it} Bretschneider - Schroeder(1985), Bretschneider -
Gorr(1989) A <1-&-.

13) CASE(1):1972~1997, CASE(II) : 1972~1998, CASE(III) : 1972~1999.

14) ARAYAES 548 FoHFE AME 49, 3G 24 47 24AEE s
oAl deZo] EAstE Ader derng o @ A5 SHE ot g
Adge] YT o= WEAE AREEr] Wi As Awste], @ Dﬂix]a &

M FR e AFAE AdUs HE Ao go® AAd 248 3 FH, oA

= e

AAE AR ALSHE BEE AASATE e, SA 2N 2
44 Aoz et @ 9, 198040 olF, A4} HwA AR Aoz
Berstol 198040 o F ARFORE A AL AAsgod FEUFE o
A wergAel Aom veith A A9 B3 Wae Wl 4%, 1A
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il & Al &} Intercept Trend and None
Intercept
-2.73" -4.47" -1.28
i=0 (-2.99) (-3.61) (-1.96)
DW:1.86 DWwW:1.62 DW:2.40
YA AL
-1.96 -2.13 -1.48
i=1 (-2.99) (-3.62) (-1.95)
DW:2.04 DW:1.93 DW:2.07
-9.23"" -8.96" -9.30"
i=0 (-2.99) (-3.62) (-1.96)
12214+ DW:2.04 DW:2.07 DW:1.98
Al A | -3.92"" -3.86" -3.88"
i=1 (-3.00) (-3.63) (-1.96)
DW:1.99 Dw:2.01 DW:1.98
FiBF okE 5% FoFEoA9 Critical Valueol™, 25 GO * s, #xx 2 Z}7}
10%, 5%, 1% f-2F&AA AF7Hde] 7]7H& e,

4
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ZAEA AL et 271 3# 8 (auto—correlation function : ACF) 2 &
A7 38 (partial auto— correlation function : PACF) A3 23}, AR3)#HA

I MADDAE S m2F 3102 Yehstal, 71 FoA] By AgAde vkt
23S ARIMAO, 1, DE33 ARIMA(, 1, 0)23 o= vehytrh

(32 1) MSA| M Fotl #5290 AAALGR 1RIXHEAIAIE L] F0|
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20 | \\\ f.-’“ h i ".I i
5 |l . b .
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T Ry FollA FAAY] FAA FoAEY olel, AIC BRI, AR A
F, AAAY] 2Ye 7F94& Yehle Fostatistics & 25 7]l

ARIMA(0, 1, DE3&eo] ARIMA(, 1, QR Rt} 53t soz vehtar 9
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(3) ARIMAZ 3o of=Ziz}

(29 2]04 B 5 kol Ml AlY F3e) 71 1AAEAIAY
(Actual), ARIMA(O, 1, DRE&e] 437 F-3o} F7Fa(Fitted), 12|22 HAA|
A FAAE M dxHResidual) T2 FHEE ARIMAQ, 1, DEFEL2 4=
gk Zlo® vehtal itk ARIMA(), 1, DER LS AAH o= Zhxpe] Hito
o 7PAARE 1989 el X AT WEg Holal e, o= 19899 wHels
HIAZE A REA| R 0] F5917] wlt o KRt

o o

>

(38 2) ARIMACO, 1, HEES = Znt
40

- 20

- -20

40 -

Actual —— Fitted |

FrEFE AR, T SE0)Y.

ARIMA(, 1, DE-&l 23k M&A] Al 7
TEla olEAe] AAAZEH A A2 A
T <GE 6>l vEht Qlal, <E TrelAE ARAom
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(£ 6> ARIMA(O, 1, 1R AXx|et HFX]|

%7171 AAAB) A% (A) e
1999 12.35 7.48 -0.39
2000 11.53 6.12 -0.47

RMSE"” 490
MAE 3.87

== RMSE : Root Mean Squared Error, MAE : Mean Absolute Error!®

(Z 7> ARIMA(O, 1, HEHEJ| 2t MEAIMQY Fotl#HsEo| of|FX|
(5h9] 1 %, 71

A2 | A LA A Bl Aste A3 | LA AY Rre o3
2001 477 6,955,416,704
2002 341 7,192,596,414
2003 2.06 7,340,763,900

2. A2A A

Qb A|(causality)o] g DA A A A Abelol i T
g Zol7h ek kARl Ade] 1Al & shte] AMY X(cause)7t #
A o & shubel AP Y(effect)E oF7|A1ZIth Zl(deterministic causation)<
oulgitt. 5 X7} vk Yo delo] ke otk eyt kel side
ATAE Yleffect)7) e8] 714 29189 AFo =N vehis Ao, X
© @A 28§ 9dE T shuele Zl(probabilistic causation)s 523

Granger causality™ Y, & A4 AlY 3o A&l sl X,& 1

e

ol I AN AANEE ANAAESE & u), X,9F Vi o\ A

15) RMSES MAE @& & mashel A4 slmd] o §5m, 7kl gojA B gtol
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A3p#A AA AHed WFEL HAAYFE(GGDP), AGUEA 2basks
(GGRDP), = 915%425 W38 (A=0(GND, TIZHEa0XE WM al&(d=)(GPFCE),
AMEA A7 S E(SALP) oItk At 5] IAAIge vidk ADEF(augmented
Dickey-Fuller) ©+9]< 14 A3} diF-i ©9lto] EA)sks ok %0l A AL
2 vebgth ey SA4 0 MFES] 1A AAIEES ADF @9l A3
Az}, HAARQD AAIEE vERgTh whebA, M@l AlY F-kel W sta(GLTL),
ZBAE(GGDP), AHUFBAE ¥ 3-E(GGRDP), 7 9F4a5 MSkE(GND, 1
& F 4 ] 1 318 (GPFCE), HEX]Q%‘XV} W5 E(SGLP) ‘:—4 74741"% Al

G110 ol o] WAL, AR RGO, AN S (GORDP =yl
F45 WBR(GND Fo] A4 AY F-3he] MB&(GLTDE) WEe] gle] 5
= 0% tEhgthlD
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3. VARE 318
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ME DR AL Q= Aow vehlth webd, GDPAIES o185

of MaAl Al Fape] Rske2 olSelarat vk 13k E MeAl Al

-
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u
o} WMske3 GDPAEES AH8ste] VAR E&9] ARk AICe SICE
A 1AFE ERsith
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18) VAREEo] )3 o2 =ol= el . v} 2 TwE 278 AR o8 BEAA
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AR A EASA e Aoz vehith webd #8452 (vector

BN
T

error correction model, VECM)2 TA4gt 4= glong VARE’—"% o2 AH-F
st sl Aoz = 1WA (Engle Granger) ¢t &34l
(Johansen)®] &4 Agugo] AR o] AFeAE= ashile] &4 A
WEE o] &SATEY Trace A A 4% <& >0 &
r=0 oA Trace®Ale] 107124 5% frelgmolA 7125 A
oA TraceEAlHo] 1.8624 5% ool 712bA1 A &=
sk webd, FERFE A2A "ﬂm ool Wakas GDPEA
FHE A EAQSHA @7

B FAsaA .

&
=0

32
5

T

R

& .2,

o =

(% 8) otdlel SHE A¥4nt
Ei | Trace 5 Percent 1 Percent Hypothesized
igenvalue
4 & Statistic Critical Value | Critical Value | No. of CE(s)
0 0.288841 10.71705 15.41 20.04 None *
1 0.068850 1.854704 3.76 6.65 At most 1
(2) B4et3e=
dhZo] A, 5 U)g) ol B wiel vistel AR 34 /e oS
53 o] RE WEEe] A7 dstel weh weehs AnE qT 5 e
Z291-2-3H=(Impulse Response Function)Z ©]-&3le] wW7te] AbS Axte
A i gAwse] el mE SFEtE B4 5 ek
Ren) Ay el AAge] wEEe] AR WMEEe] AN
Aibs gokshd, FAEEY SA0] WA S wl, AEAl MY PR
FHAE A4S AR ol APl FAA FAL A3, AL 5§74
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Response to One S.D. Innovations

Response of D(GGDP) to D(GGDP)

2S.E.

Response of D(GGDP) to D(GLT1)

©

10 12 14 16 18 20

Response of D(GLT1) to D(GGDP)
15

10+

-10

(3) VARZEHS| of|F Z1}

VARD)EZoZ A AAde] &2ee

10 12 14 16 18 20

Response of D(GLT1) to D(GLT1)
15

104,

VepE (19 4]9F 2ok 1)

==

A1 AtE Mea A Fake Mske(GLTD, VAREF O] $A48 A&l



MaAl A Fake] wgkao] AalAel VARE | 23 oSA= <& 9>

oF 2ot a2l VAREF S o838 M Al F-abe Wslae] o SA=
<R 10>3 Ay VAREG o2 oS53 AaA] AlY] Faje] dslae] A 5
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Abstracts

This paper deals with the problem of explaining the survival and sta-
bility of cooperative behavior in large populations in which each indi-
vidual interacts only with a small set of social ‘neighbors’. In earlier
work, Nowak and May (1992), Bergstrom and Stark (1993), and Eshel et
al. (1998), have established the evolutionary viability of cooperation in
competition with non-cooperative behavior within the context of speci..c
networks. We build on this work by examining the exects of changes in
the degree of the network on the long-run viability of cooperation. In
symmetric networks, for each given value of the degree, namely the size
of neighborhood, we identify a bifurcation value of the bene..t-cost ratio
such that states involving cooperation are dynamically stable when the
bene..t-cost ratio of cooperative behaviors exceeds this threshold. We
show that this bifurcation value itself decreases as the degree of the net-
work rises, suggesting that cooperation may be more rather than less
likely as a long-run outcome in societies in which individuals have more

numerous social neighbors.

Keywords: Cooperative Behavior, Local Interaction,
Prisoner’s Dilemma, Dynamic Stability
JEL Classi..cation: C70,C78



1. Introduction

This paper deals with the problem of explaining the survival and sta-
bility of cooperative behavior in large populations in which each individ-
ual interacts only with a small set of social ‘neighbors’, and individuals
adjust their behavior over time by myopically imitating more successful
strategies within their own neighborhood.

The idea that cooperative behavior can survive under evolutionary
competition with self-interested behavior when interaction is local goes
back at least to Eshel (1972) and has received attention recently by
Bergstrom and Stark (1993), Nowak and May (1992, 1993), and Eshel
et al. (1998, 1999a, 1999b) among others. What makes local interaction
with imitation conducive to the survival of cooperative behavior is that
individuals expressing a particular behavior become increasingly likely
to have neighbors who express the same behavior. The dynamics en-
dogenously give rise to cooperative and noncooperative clusters, with in-
dividuals in cooperative clusters earning signi..cantly higher payoss on
average than individuals in noncooperative clusters. This makes it pos-
sible for small clusters of cooperation to survive and spread over time.
Although opportunistic behaviors can spread within cooperative neigh-
borhoods, this process itself creates ine@cient opportunistic clusters, the
poor performance of which limits their further expansion. This intuitive
argument suggests not only that cooperation may be stable under local
interaction but also that the stability of cooperation is likely to be quite
sensitive to changes in neighborhood structure.

However, most models of local interaction assume that the neighbor-



hood structure is held ..xed throughout the analysis and the exect of
changes in structure on the viability of altruism has not been systemati-
cally explored.! Furthermore, the ecect of a dicerent “network density” —
how much an individual on a network is connected with other individuals
in the network — on the survival and spread of altruism is worth detailed
studies because this kind of study may shed a light on the evolution of
society and its culture. For instance, we have generally believed that as
members of society become more intermingled with each other, and thus
the society becomes more complex, individuals tend to be egoistic. The
study of this phenomena is a central topic in sociology and anthropology.
This phenomena appears across both time and space: people in a small
village or rural area is believed to be more cooperative than those in a
large city. A popular explanation is that we do not see a “role model”
who behaves altruistically, and thus we can mimic his behavior in a large
and complex society.

We try to provide explanations for this relationship between the net-
work structure of society and the viability of altruism. We do this by iden-
tifying two countervailing factors for the viability of altruism. We show
in our model that a more intermingled society can be more conducive to
the survival of altruism. Speci..cally, the degree of altruistic behavior —
the bene..t-cost ratio of altruistic behavior — for altruists to survive can
be smaller as the society becomes more intermingled. This suggests more

room for altruists to survive. Hence we identify the threshold value of

1For example, Eshel et al. (1998) considers individuals arrayed in a circle, with
each person linked to their two immediate neighbors. Nowak and May (1992) considers
individuals arrayed in a two-dimensional grid with each person linked to their eight
geographically closest neighbors.



the bene..t-cost ratio for altruists to survive. As a countervailing factor,
however, we also show that as the degree of interaction increases, it can
be harder for the society to sustain altruism, because role-model altruists
must be more clustered together, which is less likely to happen. This
supports our casual wisdom that a society needs to provide an environ-
ment where altruistic individuals survive and succeed as role models to
sustain the overall cooperative environment in the society. Owerall, the
model shows that these two factors will determine the dynamically stable
population share of altruists.

The model is developed as follows. Maintaining the strong symmetry
assumptions that have been made in previous work, we examine the ecects
of changes in neighborhood size on the survival of altruism. By increasing
neighborhood size we mean that the social bene...ts of an altruistic act are
spread across a larger number of individuals (with the aggregate social
bene..t and private cost being held constant) and, consequently, that the
evolution of behavior at a particular location is infuenced by the payors
obtained at a greater number of other locations within the neighborhood.

Cooperative behavior is privately costly but socially bene..cial, and its
survival depends on the ratio of bene..ts to costs. For any neighborhood
size, we identify a bifurcation value of the bene..t-cost ratio such that
states with cooperative behaviors can be sustained in the steady state
of the dynamics when the bene..t-cost ratio exceeds this threshold. This
threshold is the ..rst to be driven explicitly in the literature. When the
bene..t-cost ratio is insu€ciently high, cooperators deep within cooper-

ative clusters switch to opportunistic behavior. This causes cooperative



clusters to be punctured from within, leading to ever smaller coopera-
tive clusters which eventually disappear in the presence of opportunist
neighbors. If, instead, the bene..t-cost ratio is greater than the threshold,
cooperative clusters expand until the surrounding opportunist clusters
are small enough to ensure signi..cant contact between opportunists and
cooperators. From this point onward, the population enters a steady
state or cycle. We show that the threshold bene..t-cost ratio above which
cooperation can be sustained itself falls as neighborhood size increases.
Speci...cally, the aggregate bene..ts of the cooperative act can be smaller
when the neighborhood size is larger in order for cooperation to survive
under evolutionary competition with opportunistic behavior. An inter-
esting implication is that there is a sense in which “dense” networks are
more conducive to the evolution of cooperation than sparse networks.
This comparative static result — the eaect of the interaction size of the
network on the viability of altruism — is the ..rst attempt in the literature.

This paper is organized as follows. In the next section, we introduce
notation describing neighborhood structure, actions, payozs and dynam-
ics. In Section 3, we identify a class of regular networks within which our
results are obtained. In Section 4, we investigate the dynamic stability
of cooperative behavior. We are able to provide only a partial analyt-
ical characterization of the dynamics, but present simulation results to

complete the picture. Section 5 concludes.



2. Neighborhoods, Behavior and Dynamics

Consider a population P of n individuals such that each individual ; €
P has a set of social “neighbors” N (i) C P\ {i} with whom she interacts.
Each individual is a neighbor to their neighbors, so that j € N (7) if and
only if i € N(j). If i and j are neighbors, they are said to be connected.

The members of the population may be represented as vertices of an
undirected graph I', with an edge connecting every pair of neighbors 7 and
j. Let k; denote the cardinality of N (i), that is, the number of individuals
with whom ¢ interacts. The degree of the graph £ (I') = >, k;/n is the
average number of neighbors to whom an individual is connected. The
graphisregular if &, = k; forall 4, j € P, in which case all individuals have
the same number of neighbors. The graph is connected if, for every two
individuals 7 and j with j = ¢, there is a sequence of vertices i,7,7",....j
such that each member of the sequence is connected to its successor. Any
such sequence is called a path between i and j.2 The number of edges in
the shortest path between ¢ and j is the distance d; ; between these two
nodes. Hence d;; =1 if j € N (i) and d;; is ..nite for any vertices ; and
j in a connected graph.

During any given period ¢ each individual may take one of two actions.
One action is altruistic, and any individual 7 taking it incurs a cost «.. The
action yields an aggregate bene..t 5 > «, shared equally by all individuals

in N (4).3 The second action is egoistic and has no cost or bene..t. Without

21n this graph structure, there is no distinction between path and walk since con-
nections between individuals are unique, and undirected. Hence we simply use path.

3The assumption that the altruist does not recieve a share of bene..ts is made for
convenience; any such bene..t can be accomodated by interpreting « as a net cost.



loss of generality, we normalize o = 1 and interpret § as the bene..t-
cost ratio. Since § > 1, e€ciency requires the altruistic action to be
taken by all players. From the perspective of any individual, however,
the opportunistic action yields a higher payoz regardless of the actions
taken by her neighbors. This is a multiplayer prisoner’s dilemma with
local interaction, of the kind studied by Bergstrom and Stark (1993),
Eshel et al. (1998), Nowak and May (1993) and Albin and Foley (1998).
A central question in this literature is whether or not altruism can persist
under evolutionary dynamics which are payoa monotonic in the sense that
more highly rewarded actions are replicated at greater rates than are less
highly rewarded actions within the neighborhood.

Let s;(¢) = 1 if individual 7 takes the altruistic action at time ¢ and
s;(t) = 0 otherwise. The vector s(t) = (s1(t), ..., s»(t)) is the state of the
system at time ¢. Let S = {0, 1}™ denote the set of all states. The payox

to player 7 at time ¢ is
wi) = )+ Y 20, 2.1)

The neighborhood of individual 7 is the set of i’s neighbors together with
i herself, that is, N (i) U {i}. Consider any individual i with at least one
neighbor taking a dicerent action than i herself does. The average payox
to opportunists in the neighborhood N (:) U {i} of individual : is
() = ZjeN(i)u{i} (1—s;(2))m;(t)
' ZjeN(i)u{i} (1—s;(t))
_F D e Ny 2ien(g) L= 85(t) si(t) /Ky
> jenuin (1= si(t)

2.2)



Similarly the average payo= to altruists in the neighborhood of individual
i1
 Yjenaug ST (E)
> et Si(t)
_ ﬁZjGN(i)U{i} ZleN(j)Sj(t>Sl(t)/kl
B > jen@ugiy Si(t) -
Finally, let p(t) = >, p s:(t) /n be the share of altruists in the population

1 2.3)

at time ¢.

The distribution of actions s(¢) evolves according to the deterministic
dynamics described in Eshel et al. (1998). Speci..cally, each individual
selects in period ¢ + 1 whichever action resulted in the highest average
payoa in her neighborhood in period ¢. As a tie-breaking convention,
assume that when both actions yield the same average payo=, the egoistic
action is chosen. This makes it somewhat less likely that altruism will be
sustained from any given initial state, but the bias is of little consequence
since ties of this kind will not occur generically. For any player i in a

heterogeneous neighborhood, we may write the dynamics as

s(t) = 0 ifws(t—1)>7w3(t—1), 2.4)
1ifrs(t—1) < we(t—1).

Players whose neighborhood is homogeneous observe only one action and
hence continue to adopt that action: for any such individual i, s;(t) =
s;(t —1). In summary, each indivdual only observes actions and the core-
sponding payo= of individuals in his radius and shares, if there is any,
bene...ts of altruistic actions in his neighborhood. The observed payoas of
his neighbors (but not payo®s of individuals outside of his neighborhood)

will be used to decide his action in the next period.



A sequence {s(t),s(t+ 1),...,s(t +T)} of successive states is an ab-
sorbing cycle of period T if s(t + 1) = s(t) and s(t + i) # s(t) for all
i € {1,...,T —1}. An absorbing cycle of period 1 is an absorbing state.
Since the population size n is ..nite, trajectories from all initial states
must reach an absorbing state or an absorbing cycle within a ..nite num-
ber of periods. For any given neighborhood structure, the absorbing set
reached will depend on the initial state. The main questions with which
the present study is concerned is the likelihood of reaching an absorbing
set with a large proportion of altruists from some randomly given ini-
tial state, and how this changes with neighborhood structure. We shall

consider in this paper a simple class of regular graphs: ring lattices.

3. Ring Lattices

As noted above, most existing models of local interaction have con-
sidered a neighborhood structure with very strong symmetry properties.
The networks typically considered are examples of lattice graphs (Watts,
1999). Each vertex in such a graph can be represented by a ..nite di-
mensional vector of integers, and is connected to some ..nite number of
neighbors along each dimension. An example is a graph represented by
points (¢, j) where i and j are integers between 1 and m (inclusive) and
where the vertex (i, j) is connected to all vertices (i,j + ) mod m and
(i £ r,j) modm for some integer » < m/2. This represents the neigh-
borhood structure of a population of m? individuals, each of whom has
4r neighbors. (The number r is sometimes referred to as the interaction

radius.) The simplest case of a lattice graph is that of a ring lattice, in



10

which the population is represented by the set of integers {1,...,n}, and
with each individual connected to individuals i +r (modulo n) for some
integer » < n/2. Eshel et al. (1998) consider a ring lattice with » = 1, so
that individual ¢ is connected to individuals i +1 (modn). In this section
we consider ring lattices with arbitrary r, with a view to exploring the
eaects of increasing r on the viability of altruism. Note that, by symme-
try, each individual in the ring lattice model with interaction radius » has
k = 2r neighbors.

We can rewrite equations (2.1-2.3) for the ring lattice model as fol-

lows:*

Given the state s, the above equations represent, respectively, the payoa
to individual 4, the mean egoist payoa observed by individual : (assuming
at least one egoist is observed) and the mean altruist payoa observed
by individual i (assuming at least one altruist is observed). Given these
payoas, the dynamics (2.4) govern the movement of the state over time.

In order to characterize the limiting properties of the system, we re-
quire the following notation. Let Q be the set of all sequences {i,i +
1,..,i+1—1} (modn) where i,] € {1, ...,n}. For any given state s, we
say that g = {i,i+1,...,i+1—1} € Qs acluster of length | if s; = s; for

all i,57 € ¢, and s;,_; = s;; # s;. A cluster therefore corresponds to a set

4 For expositional reasons, we omit mod n where this is clearly understood and drop
the dependence of the variables on time t¢.
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of adjacent players who take the same action, and which is of maximal
length with respect to this property. For any state s, the set of players can
be partitioned into a ..nite number z < n of adjacent clusters ¢, ..., q..
We shall say that a cluster ¢ is altruist cluster if s; = 1 for all players ¢
in the cluster. Egoist clusters are analogously de..ned. The set of altruist
clusters in period ¢ is A(t); the set of egoist clusters is £(t). We say that
an altruist cluster ¢ € A(t) survives in period ¢t + 1 if ¢ € A(t +1). It
expands if ¢ C ¢’ € A(t+ 1). It contracts if there exists ¢ C ¢ such that
qd € A(t+ 1), and all elements ¢ € ¢, ¢ ¢ ¢’ belong to egoist clusters in
period ¢t + 1. It vanishes if ¢ C ¢ € £(t +1). Analogous de..nitions apply
for egoist clusters. We say that a cluster which does not survive, expand,
contract or vanish is punctured. Finally, let L(a,b) C S denote the set of
states in which all altruist clusters are of length at least ¢ and all egoist
clusters are of length at least b, and let U(a,b) C S denote the set of
states in which all altruist clusters are of length at most « and all egoist

clusters are of length at most b.

4. Ewvolution

To get a sense of the dynamic possibilities inherent in this system,
consider ..rst an initial state s € L(3r,2r) so that all altruist clusters
are of length at least 3r and all egoist clusters are of length at least 2.
Without loss of generality, suppose that the set of players {1,...,1} con-
stitute an altruist cluster, where [ > 3r by hypothesis. This cluster has
(on either side) egoist clusters of length at least 2r. Consider player m

where m € {1,...,r}. The neighborhood of this player contains r + m
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altruists (including herself). Of these, exactly m altruists are in homoge-
neous neighborhoods and hence obtain a payo= of (G — 1). The payowss
of the remainder depend on their distance from the egoist cluster. From
the perspective of player m, the mean altruist payo= in her interaction

neighborhood is accordingly

1 6 ,
70 =14 — — —1
e +7’+m<mﬁ+27’ ;l(r—i-z ))
1 4m—|—3r—l_

=8 1. (4.1)

r+m

Player m has r + 1 — m egoists in her interaction neighborhood, and the

mean egoist payo= in her neighborhood is given by

r+1—m 2_7“ P r

r+l—-m
an:(;) b 3 (7’—|—1—z’):%lﬁr+m. (4.2)

The payor dicerence 7% — 7€ , after some simpli..cation, can be written

as
70 e = B = plr,m) (4.3)
¢(r,m)
where
o(r.m) 4r (r+m)

T um 2wt —m?
Since r > m > 1, p(r,m) is strictly positive. Hence altruist m will switch

if and only if 5 < ¢(r,m). Note that

dp(r,m)  4r(2rm—r + m2) 50
om (2rm + 2r2 — r —m?)?
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Figure 1: The Loci of 3 (r) and 3 (r).

s0 o (r,m) is greatest when m = r and least when m = 1. De..ne 3(r) =
¢(r,1) and 3(r) = o(r, ). Note that

- 4r
plr)=5—7
8r

T3 —1

Whenr = 1, 3(r) = 3(r) = 4. Both functions are strictly decreasing in
r and bounded below by 2 and 8/3 respectively. For all r > 1, 3(r) > 3(r).
Figure 1 below shows these two functions for various values of r.

Provided that the initial state s € L(3r,2r), all altruists will remain
altruists under the dynamics ifand only if 5 > B(r). Similarly, all altruists
with at least one egoist neighbor will become egoists if and only if g <
B(r). For the intermediate range G(r) < 4 < 3(r), some but not all

altruists will switch. Those who switch will be the ones furthest away
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from the egoist cluster, and hence the altruist cluster will be punctured.
The fact that B(r) is declining implies that the range of parameter values
for which altruist clusters remain intact (under the stated conditions)
rises with neighborhood size.

We next proceed with an initial state s € L(2r,3r) and show that, in
this case, if 3 > [(r), then all egoists with one or more altruist neigh-
bors become altruists. Without loss of generality, suppose that the set of
players {1, ...,1} constitute an egoist cluster, where [ > 3r by hypothesis.
This cluster has (on either side) altruist clusters of length at least 2r.
Consider the player m, where m € {1, ...,r} and note that the neighbor-
hood of this player contains r + m egoists (including herself). Of these,
exactly m egoists are in homogeneous neighborhoods and hence obtain a
payoa of 0. From the perspective of player m, the mean egoist payo= in
her interaction neighborhood is accordingly

1 B — . 1 r+1
¢ = —E 1-— == . 4.4
Tm r+m (27“ (r+ Z)> 4 r+m (4.4)

i=1

Player m has r + 1 — m altruists in her neighborhood, and the mean

altruist payo= in her neighborhood is given by

1 ﬁr—O—l—m
o _ 4 Y (P 1
m +7’+1—m<2r Z (r+ >>

i=1
:—1—|—l(37’—m)g (4.5)
4 r

The payo= dicerence 7¢ (s') — ¢ (s°), after some simpli..cation, may be

expressed as
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exactly as in (4.3). Following the same arguments made above, we con-
clude that provided the initial state s € L(2r, 3r), all egoists will remain
egoists if and only if 3 < §(r). Similarly, all egoists with at least one
altruist neighbor will become altruists if and only if 3 > ((r). For the
intermediate range () < 8 < 3(r), some but not all egoists will switch.
Those who switch will be the ones closest to the altruist cluster, and
hence the altruist cluster can spread. Hence, for parameter values in
this intermediate range, altruist clusters can expand at the edges but are
punctured from within. We illustrate this case with an example where
n=50k=8and 8 =289 < B(r) = 2.9091. Figure 2 shows a case
in which the population share of altruists grows in the short run but al-
truists are eventually eliminated from the population, where the shaded
area represents the initial seed of altruists.

Putting together the above arguments and applying them iteratively,
we .nd that if 5 > ((r) and the initial state s (0) belongs to L(3r,3r) ,
then altruist clusters will expand and egoist clusters contract as long as
the condition s € L(3r,3r) continues to be satis..ed. Eventually a state
will be reached in which at least one egoist cluster is shorter than 3r,
while all altruist clusters are at least 5 in length. The dynamics from
this point onwards are much more di¢cult to characterize, but it can be
shown that the following holds (see the appendix for a proof):

Proposition 1. Suppose 5 > ((r) and the initial state s(0) € L(3r, 3r).
Then there exists 7 such that p(¢) > 0.5 for all ¢t > 7.

The set of initial conditions for which the above result applies is very

restrictive in probabilistic sense, particularly when & is relatively large.



Figure 2: Evolution of an Altruist Cluster when 3 < 3(r)
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Furthermore, the result does not cover the case of 5 < 3(r). The same
logic that underlies the proof of this proposition, howewver, leads us to

conjecture that the following statements are true:

1. Suppose 3 > 3(r) and the initial state s(0) contains at least one
altruist cluster of length greater than or equal to 3r. Then there

exists 7 such that p(¢) > 0 for all t > 7.

2. Suppose 3 < f((r) and the initial state s(0) contains at least one

egoist. Then there exists 7 such that p(t) = 0 for all ¢ > 7.

The ..rst of these claims applies to a set of initial conditions that is
very large in the empirically relevant case in which the population size
is considerably larger than the interaction radius. The second applies
to all states except the single state in which all individuals are altruists.
Taken together, these claims imply that B(r) is a bifurcation value below
which a large number of states in which the majority of individuals are
altruists lose stability: when 3 > ((r) the long run viability of altruism
is practically ensured, while when 3 < 3(r), altruism is not viable under
any initial conditions. Since ((r) decreases in r for ..xed n, this implies
that “dense” networks can be more conducive to the evolution of altruism,
where a network is said to be denser, as individuals in the networks are
connected with more individuals.

The above claims can be investigated numerically as follows. De..ne
B+ = B(r) +¢ and - = B(r) —e. For some given population size

n and a range of values for the interaction radius r, the dynamics are

simulated for a large number of randomly selected initial states, using
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parameters 5 and §.. Each simulation results in convergence to some
absorbing state or cycle. Given the population size and interaction radius,
we compute the limiting share of altruists from the given initial s and
bene..t-cost ratio 3 € {37,3.}. Direrent initial conditions s will, in
general, result in dicerent values of the limiting share. To test the claims
made above, we partition the set of initial conditions according to the
size of the largest altruist cluster . Let F'(a,b) denote the set of initial
conditions in which the largest altruist clusters are of length at least a
but strictly less than b. Each cell in Tables 1-5 reports the mean of this
limiting share of altruists over the set of initial states according to F'(a, b)

for the con..gured parameter values.®

r=1|F(r,2r)| F@2r3r)| F@3r4r) | F(4r,5r) | F(5r,n)
Bo00 0 0 0.9298 | 0.9157 | 0.9094
Bo.100 0 0 0.9306 | 09157 | 0.9093
Bo.001 0 0 0.9306 | 0.9157 | 0.9094
Bo.0o1 0 0 0 0 0
Bo.100 0 0 0 0 0
B1.000 0 0 0 0 0

Table 1. Mean Share of Altruists in the Steady States when r = 1

5These results are based on n = 200 and r ranging from 1 to 5. We choose ¢ to be
0.0001,0.1, and 1. For each parameter con..guration 100, 000 randomly selected initial
conditions are explored. The total number of possible initial conditions is 2°9°° ~ 2 x
10159 The case of F' (1, r) is not presented in the Tables since the altruist proportions
are all zero.



r=2|F(r,2r)| F(2r,3r)| F(3r,4r) | F (4r,5r) | F (5r,n)
Fo00 0 04232 | 0.6824 | 0.8650 | 0.9684
B5.100 0 0 0.2235 | 04387 | 0.9749
Bo.oo1 0 0 0.2238 | 04388 | 0.9749
Bo.001 0 0 0 0 0
Bo.100 0 0 0 0 0
B1.000 0 0 0 0 0

Table 2. Mean Share of Altruists in the Steady States when r = 2

r=3\|F(r,2r)| F(2r,3r) | F(3r,4r) | F (4r,5r) | F (5r,n)
B 000 0 00303 | 01370 | 05339 | 0.9716
B | O 0 0.0439 | 0.1733 | 0.9709
Bo.001 0 0 0.0439 | 0.1498 | 0.9709
Bo.001 0 0 0 0 0
Bo.100 0 0 0 0 0
B1.000 0 0 0 0 0

Table 3. Mean Share of Altruists in the Steady States when r = 3

19



r=4|F(r,2r)| F(2r,3r) | F(3r,4r) | F (4r,57) | F (5r,n)
oo 0 0.0079 0.0924 0.5048 0.9520
34100 0 0 0.0137 | 0.0711 | 0.9602
B3 001 0 0 0.0096 0.0524 0.9604
Po.oor 0 0 0 0 0
Boao | 0 0 0 0 0
B1.000 0 0 0 0 0

Table 4. Mean Share of Altruists in the Steady States when r = 4

r=5|F(r,2r)| F(2r,3r) | F(3r,4r) | F (4r,5r) | F (5r,n)
T 000 0 0.0027 0.0787 0.5523 0.9510
B¢ 100 0 0 0.0114 0.1328 0.9518
B5.001 0 0 0.0081 | 0.0274 | 0.9498
Bo.oon 0 0 0 0 0
Bo.100 0 0 0 0 0
B1o00 0 0 0 0 0

Table 5. Mean Share of Altruists in the Steady States when r = 5

20

In all simulations, regardless of interaction radius r, all altruists are

eliminated in the long run whenever 3 = 3. < j3(r). This can be seen

by observing that the mean share of altruists in steady state or cycle is

zero for all classes when 3 = 3.. When 8 = 57 > B(r), on the other

hand, the long-run population share of altruists depends on whether the

initial state contains a su€ciently large cluster of altruists. Table 1-5

show that whenever the size of the largest altruists clusters [ in initial
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states are greater than or equal to 3r, if the initial altruists clusters are
large enough, they can survive and spread under the dynamics, and take
majority of the population in the steady state. With this set of initial
conditions, altruism is potentially viable but not ensured. However it also
seems to be possible to sustain altruists in the steady state even when
[ < 3r as long as the bene..t-cost ratio is large enough, as strictly positive
means at F (2r,3r), when 3 = 31, > B(r), suggest.

The above simulations provide strong numerical support for our claims.
For the special case » = 2, the second of these claims can be proved ana-

lytically (see the appendix for a proof).

Proposition 2. Suppose » = 2, and § < J3(r). Then, after a ..nite
number of periods, an absorbing state is reached in which all players are
egoists.

The proof in this simple case shows how the puncturing of altruist

clusters can lead to the collapse of altruism in the steady state.

5. Conclusions

We have investigated the ecects of changes in neighborhood size on
the survival and stability of cooperative behavior in a local interaction
environment. The viability of cooperative behavior depends in a system-
atic way on neighborhood size and the bene..t-cost ratio. We identi..ed
for each interaction radius a critical value of the bene..t-cost ratio which
serves as the threshold below which cooperation cannot be sustained.
When the bene..t-cost ratio falls below this threshold, the incidence of

cooperation can increase for some time, but eventually collapses as large
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altruist clusters are punctured and erode from within. Since the thresh-
old itself declines as the interaction radius rises, there is a precise sense
in which “dense” networks are more conducive to the evolution of coop-
eration. Hence the overall ecect of increasing the density of network on
the viability of altruism is not clear. On one hand, it can induce more
altruism since the required bene..t-ratios of altruistic action is lower. On
the other hand, the chance that a large enough altruist cluster that can
spread and survive in the population is smaller in probabilistic sense.
However given the existence of a large enough altruist cluster, coopera-
tion is more rather than less likely as a long-run outcome in societies in
which individuals have more numerous social neighbors.

An interesting direction for future research is the exploration of irreg-
ular networks. Regular networks studied in the literature to date satisfy
two important properties. First, each individual has the same number of
neighbors and, provided that this number is not too low, the proportion
of one’s neighbors who are also connected to each other is very high. In
other words, such networks exhibit a high degree of clustering or cliquish-
ness: two persons who are connected to each other have a large number of
social neighbors in common. Second, the average distance or “degrees of
separation” between two individuals (de..ned as the length of the shortest
sequence of connected individuals which contains both of them) can be
very large. Such networks are said to have high characteristic path length.
However, there is considerable evidence that real world social networks
satisfy the ..rst property (high clustering) but have remarkably low char-
acteristic path length (Watts and Strogatz, 1998, Watts, 1999). Whether



23

or not cooperation is viable such “small world” networks is an important
guestion to consider, but one which is beyond the scope of the present

paper.



24

6. Appendix

Proof of Proposition 1

We shall prove that if s(0) € L(3r,3r) and 8 > (3(r) then there exists
7 such that for all ¢t > 7, s(t) € L(3r,0)NU(n, 3r), from which the result
follows. We begin with the following results (the ..rst two of which follow

from the discussion in the text):

Lemma 1. Suppose s(t) € L(3r,2r). Thens;(t) =1=s;(t+1) =1

(all altruists remain altruists) if and only if 3 > B(r).

Lemma 2. Suppose s(t) € L(2r,3r). Then s;(t) = 0 and ij;’;# s;(t) #
0= s,(t+1) = 1 if and only if 3 > B(r).

Lemma 3. Suppose that 3 > 3(r) and s(t) € L(3r,2r + 1). Then all
altruist clusters expand and all egoist clusters contract.

Proof of Lemma 3. From Lemma 1, all altruist clusters expand or
survive. From Lemma 2, all egoist clusters of length at least 3r contract.
If we can show that all egoist clusters of length [ with 2r +1 < [ <
3r—1 also contract then it follows from Lemma 1 that all altruist clusters
expand. Accordingly, let the players {1, ...,/} constitute such a cluster.
By hypothesis, this cluster must be adjacent (on either side) to an altruist
cluster of length at least 3r. Exactly [ — 2r > 0 players in the egoist
cluster {1, ...,1} are in homogeneous egoist neighborhoods and thus will
not switch. To see which, if any, of the remaining egoists switch, consider
the egoist players m, where m € {1,...,r}. From the perspective of player

m, the average altruist payoa 7% is exactly as given in equation (4.5) in
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the text:

0 1 B
7rm——1+4(3r—m)r

The average egoist payoa 72, observed by player m depends on whether
or not m > [ — 2r. For all players m € {1,...,1 — 2r}, 7%, is exactly as
given in equation (4.4) in the text, and hence (using the same argument
as in the text), since § > ((r) all these egoists will switch to altruists.
For m € {l —2r +1,...,r}, on the other hand, the average egoist payoa
from the perspective of player m is

) 1 ﬁ T . 1—2r m~+2r—1 .

7o = <r+m)§ (;(7’+1—z)+;0+ Zl z)

1 52 +3r +m2 4+ 4mr — 2ml +m — 4rl + 12 — 1
4 (r+m)r

(6.1)

The average payoz dicerence is

Ty = T
1 B

——1+4(3r—m)r
_165r2+37’+m2+4m'r—2ml+m—4rl—|—l2—l

4 (r+m)r

1 2724+ 2mr+2m?>+3r—2ml+m —4rl + 12 — |
=——0

4 (r+m)r

Solution: Digerentiating with respect to m and simplifying yields

o, —7g) 1 dmr+2m?+2rl —2r — 1> 41

m je03

Since we are considering the case m € {{ —2r + 1,...,7}, we have [ <

m + 2r — 1. Hence, provided that 2r < [, the numerator of the above
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expression is

dmr +2m” +2rl — 2r — I* +1
> dmr +2m* +2r (2r) — 2r — (m+2r — 1)° +2r

=m?+2m+4r —1> 0.

Therefore 7¢ — 7€ is strictly decreasing in m and if egoist m switches,
then so does egoist m — 1 for all m € {I — 2r +2,...,r}. Together with
the fact that players {1,...,l — 2r} switch to altruists, this proves that
the egoist cluster contracts. Hence from Lemma 1 both adjacent altruist
clusters expand. Note that since [ > 2r, the egoist cluster shrinks to a
length strictly less than 2r in state s(¢ + 1).

Lemma 4. Suppose that 8 > 3(r) and s* € L(3r, 2r). Then all altruist
clusters survive or expand and all egoist clusters survive, contract, or
vanish.

Proof of Lemma 4. From Lemma 3, all egoist clusters of length greater
than 2r contract so we need only consider clusters of length 2r. Let the
players {1,...,2r} constitute such a cluster. By hypothesis, this cluster
must be adjacent (on either side) to an altruist cluster of length at least 3.
Consider the egoist player m, where m € {1, ...,r}. From the perspective
of player m, the average altruist payo= 7¢ is exactly as given in equation
(4.5) above and the average egoist payox is exactly as given in (6.1) above.
As in the proof of Lemma 3 therefore, if any egoist switches then so do
all egoists which are closer to an altruist cluster. Hence the egoist cluster
cannot be punctured. Since all altruist clusters survive or expand from

Lemma 1, the egoist cluster cannot expand. It must therefore survive,
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contract or vanish.

Lemma 5. Suppose that s* € L(3r,r+1). Then no new cluster appears,
and all egoist cluster of length less than 3r continue to remain of length
less than 3r.

Proof of Lemma 5. To show that no new cluster appears, we need to
show that no cluster is punctured, and that two heterogeneous adjacent
players cannot both switch. Given the above results, we need only con-
sider egoist clusters of length [ where r+1 <[ < 2r—1, and their adjacent
altruist clusters. Without loss of generality, let the players {1, ..., 1} con-
stitute an egoist cluster with » + 1 < [ < 2r — 1. By hypothesis, this
cluster must be adjacent (on either side) to an altruist cluster of length
at least 3r.

Claim 1. Forany m € {l —r,...,r}, sti!, = 0 if &1 = 0.

Proof of Claim 1. All (egoist)players m with m € {I+1—r,...,r}
have the same payoss since all have exactly [ egoist neighbors. They also
observe the same mean egoist payo= since they observe all egoists in the
cluster. The mean altruist payoa they observe is greater for values of m
closer to the boundary of the cluster. Hence if player » does not switch,
neither do any of the players {{ +1 — r,...,r}. Player [ — r observes a
higher mean altruist payo= than player [ + 1 — r, and the same mean
egoist payoa. Hence if [ — r switches, [ + 1 — » must switch.

Claim 2. Forany m € {1,...,l —r — 1}, s51, =0 if st = 0.
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Proof of Claim 2. Consider player m with m € {1,...,1 — r}.

l l !
o 1 Zz ;B(r;rl i) + (2r— ),62(?7“+1 )
m(s):r+m B2r—i+1i)
_I—ZZ 1 2r
I—r B(r+1—1) (2r—1)B(2r+1—1)
e (St> — 1 Zz 1 2r + 2r
m+1 r4+m4+1 + m—gl 8 27‘ l—H
)
and
1 & "B+ r+z— 1)
7o (s") = —1
-

Now suppose that 7€, (s*) — 7% (s') > 0 (Player m remains an egoist).

Then

T (8) = T (s7)
> (T (s) = 70,(") = (77,4 (s") — 7(s"))

_( 1 r—l—m+l2—2rm—m2—27’l—|—r2)

—Zﬁ (r+m+1)r(r+m)

-(+37)

lﬁl+2m—l2—|—4rm—l—2m2+2rl
4 (r+m+1)r(r+m)

> 0.

Hence s = 0 implies that s}, = 0.

Claim 3. An altruist cluster cannot be punctured.
Proof of Claim 3. Altruist clusters adjacent to egoist clusters of length
at least 2 cannot be punctured from Lemma 1. Accordingly, let the

players {1,...,1} constitute an egoist cluster with » + 1 <[ < 2r — 1.
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Consider altruist players | + m with m € {1,...,r}. For 2r — [ <m <'r,
the average payor of altruists is given in (4.1). The average payoz of
egoists is given by (4.2). By Lemma 1, that player [ + m remains an
altruist. For 1 < m < 2r — [, the average payo= of altruists is given in

(4.1)and, for 1 <m < 2r —,

l—r B(r+1—1)
e __ 1 Zi:l 2r
mT e _m +1 +ﬁ(2rfl+1)(2r7l+1fm)
2r

s

Dicerentiating 72, — 7¢, with respect to m,

r+1 1, =247 +r -1+
= — 0 (6.2)

O (T — )
('r’—l—m)2 4 ('r—m+1)2r

1
om 4

where both 2% and 2= are positive. Since (6.2) is decreasing in m,

—2rl4+r* +r—14+1
(r—(2r—10)+1)>%r

o(mp, —m) _ 1 r+1

m m

om 4t -2

1
— 3P (6.3)

Note that the second term in (6.3) decreases in [. Substituting » + 1 for

[ in the second term,

o(m — T5)
om
1 r+1 _lﬁ—2r(7’+1)+7’2+7’—(r+1)+(r+1)2
4 (7‘—|—(2r—l))2 4 (7“—(27“—(7‘—|—1))+1)2r
_16 r+1
47 (3r—1)?

Noting this, suppose now that player [ + m switches. For player [ +
m — 1, 7 decreases more than 7¢. Player [ +m — 1 also switches. Hence
the altruist cluster cannot be punctured.

Claim 4. Two heterogeneous adjacent players cannot both switch.
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Proof of Claim 4. This follows from the abowve results when the egoist
cluster is at least 2r. Accordingly, let the players {1,...,1} constitute an
egoist cluster with » + 1 < [ < 2r — 1. We need to show that if player
[ switches then player [ + 1 does not, and if player [ + 1 switches then
player [ does not. Note that

I—r Br+1—i) | (2r—DB(2r+1-1)
Ti(s') = 1 YTt 2r
! r+1 Ber-ity '
2r
I~ /B(r+i-1)
To(s') = — — | - L
mi(s) T ; < 2r )

Player [ remains an egoist if and only if 7} (s*) — 7¢(s*) <0, or

dr (r+1) "
< = .
ERs drl — 272 —5r + 31 — 3 —[2 7 (r,0)
Now consider (altruist) player [ + 1.
1 <~ [Br+i—1)
—a t — I _ 1
WIH(S) r+1;< 2r )
1(SSBr+1—0) @ —-0B2r+1-1)

—e t .
WHl(S ) oy (; 2r + 2r

So this player switches if and only if 77, ,(s") — @7,,(s") <0 or

5< dr(r+1)
T Al — 292 —5r+31—3

P = 3" (r1).

It is easily veri..ed that 5’ (r,1) < 8" (r,1) for all r and [ in the admissible
range. If any altruists switch (6 < (') then all egoists remain egoists
(B < 8"). If any egoists switch (3 > ") then all altruists remain altruists
6> 7).
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Claims 1-4 establish that no new clusters appear. Claim 3 establishes
that, for m > 2r + 1 — [, player [ + m remains an altruist. Hence the
egoist cluster cannot expand by more than 2r — [ on either side, or 4r — 2]

in all. Hence it cannot expand to exceed 4r — [ < 3r — 1. ||

Lemma 6. Suppose that s* € L(3r,1). Then no new cluster appears.

Proof of Lemma 6.To show that no new cluster appears, we need to
show that no cluster is punctured, and that two heterogeneous adjacent
players cannot both switch. Given the above results, we only need to con-
sider egoist clusters of length [ where 1 < [ < r, and their adjacent altruist
clusters. Without loss of generality, let the players {1, ..., } constitute an
egoist cluster 1 < [ < r. By hypothesis, this cluster must be adjacent
(on either side) to an altruist cluster of length at least 3. Since [ < r all
(egoist) players m € {1, ...,1} observe the same mean egoist payog, given
by

on B@r+1-1)
T (S):Q—T.

1 2(r—=0)(2r—1 ,6+
o 2r
— _27‘ +1— l Zm 2r72l+i71 + Zlfm+1 5] 2T*2l+i71

i=1 i=1

-1

This payoa 72 (') is greater for values of m closer to the boundaries
of the cluster {1, ...,[}. This is because players closer to the boundary are

in contact with more altruists deeper within altruist clusters and hence
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with altruists who are earn higher payoss. Hence player m switches to
altruism only if all egoists closer to the boundary of the cluster {1,...,1}
also switch. This implies that the egoist cluster cannot be punctured.

Consider whether player [ remains an egoist.

—4r — 24+ 1+ 7
2r+1-10)r

Player [ (and hence all egoists) remain egoists if and only if
2r+1—-10)r

—4dr —24+ 1412

1
R (s — 7(s) = 1= 8

B<4 = p"(r,1)

We next show that if egoist [ switches, then no altruists switch. As
before, the altruist most likely to switch is player [ 4+ 1. This follows from
the facts that (i) all egoists have the same payoxs and hence the mean
egoist payowrs are the same for all altruists who observe an egoist, (ii) all
altruists in N, are also in N;,,,, where 2 < m < r, and (iii) any altruists
in N;,,, who is not in N, is in a homogeneous neighborhood and hence
obtains 5 — 1, the highest payo= possible for an altruist is

1 2(r=0HB2r-1)

—_a N 4 2r o
T (s) = 2r+1—-1\ 4 Zl+1 B(2r— l+z 1) L

Hence

7_Tle+1(5t> - 7?7+1(5t>
B(2r 41— l) Julﬂ%_) + Zl+1 B(2r— l+z 1)
- 2r 2r+1—1
Ay — 2
. }ﬁ dr — 2+ 31 +1
4 2r+1-10r

Player [ 4+ 1 switches if and only if

A42r+1-0r
—dr — 2+ 3+ 12

+1

g < = fF'(r,1).
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Note that g'(r,1) < 8"(r,1). Hence if 3 > "(r,1), which makes one or
more egoists switch, then 3 > 3'(r,1), so all altruists remain altruists.
In this case no new cluster appears. On the other hand if 3 < 3'(r,1),
so that one or more altruists switch, then 3 < 3"(r,1), so all egoists
remain egoists. Again no new cluster appears. Finally, if 3 (r,1) < 8 <
3" (r, 1), then no player in the egoist cluster and no adjacent altruist player

switches. In this case too, no new cluster appears. ||

The proof of Proposition 1 may now be completed as follows. If s° €
L(3r,3r) then from Lemmas 1 and 2, all altruist clusters expand by 2r
and all egoist clusters contract by 2r until some period ¢; in which one
or more egoist clusters are shorter than 3r. In this period, all altruist
clusters are of length at least 5r, and egoist clusters fall into one of ..ve
categories; (I) length [ > 3r, (1) 2r +1 <1 < 3r—1, (I11) 2r =1, (IV)
r+1<1<2r—1,0or (V) 1 <[ < r. From Lemmas 2-6 Clusters in
categories (I) and (I1) contract, those in (I11) survive, contract or vanish,
and those in (1V) and (V) expand, contract, survive or vanish but cannot
expand to exceed length 3r. Hence no egoist cluster can return to category
(1) after leaving it, and no altruist cluster can contract to a length less
than 3r. Since all egoist clusters in category (I) contract in each period
from Lemma 2, they must eventually fall into another category. Hence
there exists 7 such that for all t > 7, s* € L(3r,0)NU(n,3r). Since egoist
and altruist clusters alternate by de..nition, p* must be at least 0.5 at all

states s’ such that ¢t > 7.

Proof of Proposition 2
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We start with two lemmata for any r.

Lemma 7. Suppose that 5 < B(r). Then all altruist clusters of length
at least 2r contract or are punctured.

Proof of Lemma 7. Suppose 3 < 3(r) and let the players {1,....l}
constitute an altruist cluster, where [ > 2r. Consider player [ + 1 — r.
Note that this player has only one egoist neighbor, player [ + 1. Hence
Ty — Wi, = T, — 1. VWe claim that this dicerence is greatest
when players {I+2,...,l+r+1} are all egoists. To see this, observe that if
any number m of these players switches from £ to A then m;,; increases by
pm/2r while 7, increases by strictly less than sm/2r. This is because
at most r — 1 of the altruists in the set {{+1— 2r,...,1} have their payoos
raised, and these payoms are raised by at most Gm/2r.The remaining
altruists experience no change in payoa. This proves that 7, , _, — 77, _,
is maximized when players {l + 2, ...,1 + r + 1} are all egoists. Hence if
altruist [ + 1 — r switches when players {l +2,...,l +r+ 1} are all egoists,
then altruist [ + 1 — » will also switch regardless of the composition of
{l+2,...,1+7r+1}. Accordingly, suppose that players {{+2,...,l+r+1}

are all egoists. First consider the case [ > 3r. Then

_ _ 1 (<Br+i—1) Br
a — 7€ = — —_— - ]_ -
Tiir = Mip1-r = 5 (Z 2r * rﬁ) 2r

i=1
:l(?ﬂ“ﬁ—ﬁ—87’)
8r

Hence if 3 < B(r), altruist [+ 1 —r switches, so the cluster {1,...,1} either
contracts or is punctured. Next consider the case 2r < [ < 3r. In this
case 77, ,_, is the same as it would be when [ > 3r, while 7., _, is strictly

less than it would be when [ > 3r. Since altruist [ + 1 — r switches when
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[ > 3r, this player must also switch when 2r <[ < 3r. ||

Lemma 8. Suppose that 5 < ((r). Then any egoist who have only one
altruist in his neighborhood remain as egoist.

Proof of Lemma 8. Suppose 3 < B(r). The egoist we consider must
belong to the egoist cluster of length at least 2r. Let the players {1,...,1}
constitute an egoist cluster, where [ > 2r. Consider player [ + 1 — r.
Note that this player has only one altruist neighbor, player [ + 1. Hence
iy — Tip_, = Tip1 — T .- VWe claim that this dicerence is greatest
when players {l + 2,...,1 +r + 1} are all altruists. To see this, observe
that if any number m of these players switches from A to F then w4
decreases by sm/2r while 77, decreases by strictly less than 3m/2r.
This is because at most » — 1 of the egoists in the set {{ +1 — 2r,...,1}
have their payoas decreased, and these payowrs are decreased by at most
Bm/2r.The remaining egoists experience no change in payo=. This proves
that m,, — @, ,_, is maximized when players {l +2,....,l +r + 1} are
all altruists. Hence if egoist [ + 1 — r remain an egoist when players
{l+2,....,l+r+1} are all altruists, then egoist [ + 1 — r will also remain
an egoist regardless of the composition of {{+2, ..., I+r+1}. Accordingly,
suppose that players {I +2,...,1 + r + 1} are all altruists. First consider
the case [ > 3r. Then

7_7?+1—r - 7_Tle+1—r = % —-1- 2_17, <Z %)
| i
T8
Hence if 3 < ((r), egoist [ + 1 — r remains an egoist. Next consider the

(3r — 3 — 8r)

case 2r < [ < 3r. In this case 77 ,_, is strictly greater than it would be
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when [ > 3r, while 77, _ is the same as it would be when [ > 3r. Since
egoist [ + 1 — r remains when [ > 3r, this player must also remain an

egoist when 2r <[ < 3r. ||

Now assume that » = 2 and thus 3(2) = 2 Let A(m) denote the
altruist cluster of length m and E (m) for the egoist cluster of length
m. Let a and e with superscript x is the player in A (m) and E (m)
respectively, while a(e) be any other altruist(egoist). Let = denote the
player with the unspeci..ed type. Lemma 8 implies that with » = 2, the
egoist cluster is never punctured. This and Lemma 7 implies that any

newly formed altruist cluster will be of length at most 2.

Claim 1. All the altruist in A (m) for m < 4 switch to egoist.

Proof of Claim 1. Note that we can possibly consider two type of
altruists in A (m):either (Case 1) all the egoist in his neighborhood has
only one altruist neighbor, namely the altruist in A (m), or (Case Il) at
least one egoist in the neighborhood whose payo® is at least %ﬁ. Case |
is feasible iv e, e, e,e,a*, e, e, e, e. Where it is easy to see that this altruist
will switch to egoist next period( this is true for any (). Case | implies
that if not Case | , all the altruists in A (m) have at least one egoist
neighbor whose payos is at least 2.

Now consider Case I1. There are two possible cases: either (Case 11-1)
at least one altruist in his neighborhood has the payo= of less than —1 +
iﬁ or(Case 11-2) all altruist neighbors including himself have the payox
-1+ iﬁ. In Case 11-2, all the egoist the altruists face have the payo=
;?; (. Thus these altruists will convert to egoist. Consider Case I1-1. There

are two possible cases for this: either there is only one egoist neighbor for
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A (m) who has at least two altruist neighbors or there are more than one
such egoist neighbor. The ..rst is only feasible with =, z5, a,e,a*, e, e, e, e(
and its mirror e, e, e, e, a*, e,a,x9, x1). The best case for the altruist a* to

remain an altruist is when z; = 25 = a. In this case

iﬁ 1< E<0
12 - 15

7—.‘_(1_7—.‘_6:

Hence this altruist player will switch to egoist. For the second case, the
maximum of 7* among A (m) is

R CE
n

1 forn=1,2,3

while the minimum of the average payoz of egoist around the altruist in
A(m)is

:2;2U3+(5—n—2)i5

e forn=1,23
5 _ n n ) )
The dizerence is
w  —o 158—90n+20n*+20n — 4n?
=T ==
4 n(—=5+n)

which is increasing in (3 for all n. Substituting 4 for 3 and then we have

120 —11n+ 30
5 n((—n)

,ﬁ_a_ﬁ_e:

<0

Claim 2. All the egoist in E (m) for m < 4 will remain an egoist.

Proof of Claim 2. All the egoist neighbors of the egoist in F (m)
including himself is of payowo at least 1. There are possibly two types
of egoists: either (Case 1) all the egoist in the neighborhood including

himself face only one altruist. or (Case Il) at least one egoist in the
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neighborhood including himself has the payoa of at least 23. Case | is
feasible i the altruist neighbor is surrounded by egoists and thus the
average payox of this altruist is —1 + iﬁ. Thus 7 < 7° for the egoists in
E (m) . Now consider Case I1. Notice that amongst the altruist neighbors
that the egoist in F (m) face, there exist at least one altruist neighbor

whose payo= is less than —1 + %ﬁ, except the case of
a,a,a,a,e,a,a,a,a

in which case the egoist will survive as egoist. Other than this case,
we can possibly consider two separate cases: either (Case I1-1) there
is only one altruist whose payoa is at most —1 + 24 in the neighbor-
hood of E (m) or (Case 11-2) there are more than one such altruist.
Case II-1 is feasible only with z, x5, ¢, a,e*,a,a,a,a(@nd its mirror im-
age) and e, a, a, a, €*, a, a, a, a.(@nd its mirror image) It is easy to see that
e* will remain in the latter case. For the ..rst case, the best situation
for the egoist e* to switch to altruist is z; = x5 = e. In this case,
7o=1(284+18) = 1gand 7 = 1 (S8+18) —1 = L3 —1. Thus
7 — 7 =506 —1< —1t < 0. Hence the egoist will remain as egoist.
Now consider Case 11-2. The minimum average payo= of egoists in £ (m)
IS

L _3B+G-n-1)ip

5—n

forn=23,4

while the maximum average payos of altruists in £ (m) is

. 228+ (n—2)2p
mw =
n

—1 forn=2,3,4
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Hence

1083 — 118n + 26n? + 20n — 4n?
n(5—n)

7—_‘_a_7—_‘_e:_

= | =

which is increasing in 3. Substituting ¢ for 3, 7 — ¢ = —%%{-&%ﬁﬂf <
0.

What remains to be shown is that the newly created altruist cluster
after punctured by egoists will eventually disappear without expanding
inde..nitely into the egoist cluster. We claim that this newly created
altruist cluster will disappear in the very next period without seeding

altruist in the egoist cluster.

Claim 3. The altruist in A (m) for m = 1,2 disappear and do not
expand.

Proof of Claim 3. For m = 1,we have the following situation;
.., a’,eq,...

By Claim 1, a* will switch to egoist. We need to show that the surrounding
egoists e; (e;) will remain as egoist in the next period. This is suCcient
since the egoist cluster can not be punctured by Lemma 8 for r = 2. We
will consider e; only since the result also applies to e, by symmetry. By
Claim 2, it is su€cient to consider the case of z1, x5, €2,a*, €1, £ (4). It is
easy to see that the worst situation for e; to remain an egoist is z; = e
and x, = a. In this case, 7, — 7¢, = —1 < 0 Thus e;will remain an
egoist.

Suppose now m = 2. Following argument for m = 1, it is su€cient

to consider the case of x, e5,a*,a* €1, E (4). The worst situation for e; to
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remain an egoist is z = a. Then

2 1
7—.‘.3 — leﬁ
“ 3 4
2 1
25+ 13 3
—a 4 4
7Te1 = T_lzéﬁ_l

—a —e __ 1 H H 16 —a —e 3
Hence 7 —7¢, = ¢ — 1. Substituting 2 for 8, 70 —7¢ < —= <0.

Thus e; will remain as egoist.

The proof of Proposition 2 can be completed as follows. By Lemma
7, the altruist cluster of length at least 27 either contracts until its length
is less than or equal to 2r and then it disappears by Claim 1 and 3 or it is
punctured and the newly created altruist cluster, whose length is at most
2r by Lemma 8, disappears without expansion by Claim 1 and 3. Even-
tually the length of the cluster reaches at most 2r, at the point in which it

disappears.
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ABSTRACT

Allowance for Corporate Equity and the
Cost of Capital

Taewon Kwack

The adoption of ACE(allowance for corporate equity) turns a corporation
mncome tax into a tax on economic profit if the depreciation rate used in
tax accounting is equal to the economic depreciation rate.

Under the ACE system, we show, the gaps in the cost of capital by the
methods of financing disappear when the personal income tax rate for
capital gains is not different from that for dividend income. In practice,
however, capital gains are treated differently from ordinary income in most
countries. In Korea, capital gains from listed securities are not taxed at all.
In this case, the ACE system fails to bring the neutrality in corporate

financing.
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A Model of Indirect Taxation Under Lobbying activity

Inho Lee

Recently governments finance more of public expenditure using indirect
tax. Since indirect tax has regressive income distribution effect, most
governments has been avoiding it as the means to raise revenue. However
as the recent UK. experience under the Labor government shows, indirect
taxation appears causing less of political difficulties than, for instance,
income tax or poll tax. Indeed Thatcher government failed mainly because
of the attempt to impose poll tax, which was met by great amount of tax
resistance although it has similar regressive income distribution effect as
indirect tax. Political parties who try to maximize the probability of
winning the election may find the acceptance of the indirect taxation by
general public attractive.

The theory of optimal taxation has long considered the efficient way to
mmpose indirect tax. The agreement on the efficient way to impose indirect
tax is provided by several economic analyses. It is to avoid distortion in
the consumption due to the price change after indirect tax. But, questions
remain; since the price change due to indirect tax necessarily alters the
sales of the producers, they have an incentive to influence the government
in such a way that the resulting tax policy is favorable to them. Hence
there is likely a competition among firms to lobby the government in their
favor. The present paper analyzes the problem of indirect taxation when
the firms can lobby the government.

Recent literature in common agency considers the situation one agent

undertakes an action which affects muiltiple principals. In common agency
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model multiple principals offer menus of contracts to induce one agent to
choose a preferred action. The framework of common agency can be
applied to our analysis. Under the international trade, domestic firms may
try to influence the government using lobbying contribution so that
favorable tariff i1s imposed against the rest of the world We apply the
Intuition to the determination of commodity tax policy.

In the present context, the government sets the indirect tax rate which
affects the profit of multiple firms. Each firm is a monopolist in its own
market and thus sets the product price to maximize the profit. Since the
indirect tax is subtracted to yield the net profit, the firms have an
incentive to influence the government in such a way that the reduction in
the profit due to the indirect tax is minimal. Since the firms compete for
the favors of the government, the lobbying contribution schedule cannot be
fixed exogenously. In the common agency framework the incentive of the
firms to lobby the government has to be compatible with the menu the
firms offer to the government and thus we can pin down the optimal
lobbying contribution schedule endogenously.

After solving for the truthful equilibrium which is the main result of the
paper, we represent that the equilibrium is stable but inefficient through
numerical method. We show the fact that though indirect taxation may be

“relatively” efficient, it is only second best due to its imperfection.
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Local Tax Revenue Forecast and Factor Analysis in Seoul

Hyun-A Kim

The purpose of this study is to explore methods of local tax revenue
forecast and to find out the reasons why local tax revenue changes. The
empirical investigation provides several methods and values of computing
the forecasts, such as ARIMA, VAR and Log-linear regession. Unit-root
test and cointegration-test are devoted to more elaborate specifications and
to various complications that arise in the application of this study.
Furthermore, factor analysis identifies a set of relationships among
economic variables. Finally, the contribution of this paper is that local tax
revenue may be one of the fundamentals in reality, whereas it has been

treated as policy manners.
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