oobodbbdoboogoobd

When is a Wave a Wave?
Long Waves as Empirical and Theoretical Constructs
from a Complex Systems Perspective

Gerald Silverberg

Senior researcher, Maastricht Economic and social Research and training centre

on Innovation and Technology

gboogboooboaoon

oo

1.0000000000000000

2. 00000000C00C0D0DO
3.0000000000b000booobooon

gobQoOooobooobooobooobbodlong wavestDOOODOOODOOOOOODOOODOO
gboooobobooboboboooboobooooboobobooobobooboobobooog
gbooboobobooboboboooboobooooboobooooboboooobobooonog
gboobooboobooboboboooboobooooboobooooboobooboboboong
gboooooboobooboobobogooboboogbooboboobDobobooDoboboooDog
gboooobooboobooboboooobobooobooboboobooboboboobobooog
gooooooooooooooooooboo0o0oUooooDoCoOo0oooDYyfOOODOODO
goboooooooboooboobbooobboobboouboddDModelskid Thompsond O O O
UboobobgiobLevyd 0o ooooboboobobooboobooooboooboonbg
gboobooboboobobobooobobooooboobooooboobooboboboono
gobooobooobooobboooob om0 muboboooboooboboog
gooobooobooobooboobooobooboobooboobooboobooboobg
gbobobobobobobobuobopoooooooo KO o1gooooooboog
gboboobooobooboobooboobooboobooboobuooboobooboobg
gboooobooobooboobooboobooboobooboobooboobooboobo
gooboobooooboooboobbmoobhoobooobooboboobooob o
gbooooobooboobooboboooobobooobooboboobDobobooobobooog

O
74 0o0o0000©



goboobooobooobgooboobooboobooboobooboboboobooboobo
gboobooboobgoobuoobuoobuooboobooboobobobooboobooobo
gbooboobgoobooobobbobbooboobooboobooboo™@boobooog
goboobobooboobobooboooboboobonobo

i1.0000000obo0boobbobobo

goooooboooobobooooboboobooboboobobobooobDoboboboobo
goooboobooobooboboooobobooobobobooboboboobobobboobo
gbooboobobooboobooobobooboobo@moobooboobobboob ™
gboogboooboobooboboooobobooobobobooobobooooboboooooDo
googdooboooobooboooobobooboobobooDobob oD bobboooDoo
gboboboboobooooooooobobobho@obimoobooooboobobobobo
gooooobooooboboooobobooobobobooboboboobobobboobo
gbobobgoz22obobogboooobobobobooooobobobobobooobobobo
gbooobooboooboobobooooboboobobobooobobobooobobooboooobo
gboogbooboobobobooooboboobobooboooobobooooboboooooDoo
goodoobooooboobooooboboobooboboobDobobogbDobobboobo
goooboobooboobobooooboooobobooboboboooooboon
gooobooboooobobooooboboooboboboobobobooboboboboobo
ooboobooonDi1igbooboobooboobobobodapetheosisl 0O OO0 OOOOOODOO
goboobobooboooboboobobooboobobooonoboobobboboobo
gboodooboobooooom2ogoobobooomoobobooboobooboboogog
gbomobooboboooobobobobooboboboobooobobobooboobobo
gboboooooobobobo3ooboboboooooobooboboboboboobobobo
googbooobooooboboooobobooboboboobobobooobobobooobo
googboooboobooboboooboboboobobobooboboboooboboobooobo
gbobooobooooboboobgoboobobooobooooboboooobooobo-00nDo
goodoobooooboobooooboboobooboboobDoboboobDobobboobo
gooooobooooboboooobobooboobobooboboboobobobboobo
OO00BeckO1lMOOOoUOooooooooboboobboobbooboobooooobbobboDbo
goooboooboooboobobooooboboooboboboobobobooboboboobo
gboogbooobooboobobooooboboooboboobooobobooooboboooooDoo
googdooboooobobooooboboooobobboobDoboboobDobobboooDoo
goodoobobooobobooooboboobooboboobDoboboobDobobbooobo
gooodooobooooboboooobobooobobobooboboboboobobobbooobo
gobogboboomuoooobooboboobobooooboooobobbooboboobobm
gbobgobz2bobobogboobooboboboboooobobob2bosboooobobo
gboooboomgboboobooboboobobogoboboooobobbobobooogoDo
googoobooobooboboogbooboooobobogboobooooboboobDOobooo

©oooooo 75



gboboogoboobooboobobooboobooooboboobobobooboboboobooobo
goboboboobobobooboboboooboboboboobobooooboboobobo
gobooboooboobobobooobooboboogboobobooobobooooboboobobo
gooobooboobooboboooobobogoobobobooboobobobogbooboboboobo
gboooooodbodbHurst 20 D000 boboboobobooooooooooooooboonoo
gobooobooboobobobooobooboboobobobobooboboobooboboobobo
OoobbooobooobooobbouoobboUu0@Mepersistencell DO 0O00DOO0OODOOOODOO
goboobooboobobobooboboboobobobooboobobooooboboobobo
gobood—aoooboboubobb—>o00bobobgbobooboobobooboobo
gooooboooboobooboboooobobogoobobbooboobobobogboobobobooobo
gooooobooboobobooooboboooboobobboobobobobooboboooboobo
gboboooboboboooboboobowozmoobobooboboooobobooDbo
uoob—ygaoobooboboboobobobodl—>0ho0obbobobooooboboobobo
goboooobooboboboobooboboobobobooobobooooboboobobo
goooooboobooboboooobobogoobobbooboobobobogbooboboobooobo
gooobooboobooboboooobobooboobobbooboobobobogoboboboboobo
gobogbobooooboooobobooboobooooooboooobooboooobooD
goobboooobobbooobboboooobbooooobbooooobsyboooooobobogoo
gboobuooboobooboobooboobooboooboopoboboboobobobobooboo
gbbooooboooobbuoooboooobooobboooboboooobooobbooosy
gooboooboboooboboooouoobooobobooboboooobooobboooboboo
goboobooboobgoobooboobooboobooboobooboobobobobnbo
gbooboboooboobobooog

2. 00000000Db0bOobOo

0000000000000 00000000000000000D00000OKondratiev[10]0 00O

O0O0O0ooos00600 0000000000000 DOO0UDOO0UDODOOUDDOOUODDOOODOD

dodoodooooooooooboooboooooooooooooooooooooooga

O0000OGoldsteidl 1100000000000 DODODODOOOO0O0OOOOOKondratievd OO O

00000000000 00000000000S000000000000000Levyd0 00000
0000000000000 00000000D00000000Modelskid Thompsonl 8,12(10 O

1450 0 00000 D00 M 0——000000ADlIO0 00000000000 O0oOoooag

0000000000 13C—0000000D000000o00ooo0oooo0ooooomo

Ododo0mooddomoboluooooooooooooooooooooono

OBeckO 19910 00 M1 O0000O0DOODODODOO0O0OOOOODODDOOODODOOO0OOOOOOO

0000000000000 0000000000DO0000mMO3MO0O00o0Oo0oonooDn

Modelskidd Thompso MTIO OO0 00000000000 00O00O0O00O0DOOOOOO leading

power: LPOOOOOOODOOODO O T Systematic Concentration; SCCO OO OOOOOODODO

0000D0MDOD0000D0D000000D00000D000 I Herfindahl index OO OO 0O O0OO40
godmoooouooooooooooouoonooooooooooobooog

76 o0o0o0oo0o0©



goMTOoooooboobooooboooboooobooboobobon
goboboobooobooboboobboobooowoMTD1IOOD D O0oboooDbooobDog
gboooboooboobooboobooboobuoobooboobuoobooboobooDbo
oobooobomosmz2obgoboobooooboob bbb ooDbOLses2s
oooobooboboboobooboob

gboixnmoooooooooooooobooboobobo
ooooomoooobooooooooong

100

10 A

0.1 4

y = 0.0013x™*%*°
0.01 -

0.001 T T

0.001 000 o.0100000000C0 0A000000CODOOO1
frequency

O0ZLevydGoldsteinD O OOO0O0O0O0O0O0OO
gboobobooobooobood

100

10

1 T T

0.001 000 0010000000000 0100000000000 1
frequency

00020014950 00197550 00 0000000000000 00OLevydGoldstein0 000000
gogobobobbooooobboobobooooobobooooobobobbooooonoobooooon
gboodoootebobboobbobbdbodlo70bobboobo0bobbOD1®bd
goobobbbooobbooobobuoooboboobbooobbooobbooobbooobobog
OO0DO0O0O00ODO00OO0O0ODOO0DOCGoldsteill 110500 0000000000 0ODO0O0O0OODOO
ggooobboooooobooboooooboboooooboobobbooooooobooooon
goooooobooosgloonogoooboooboobooboobooboobooboobg
goobobobbouoooobbobbuooooobobooooobobbuoooobnobooooon
gboobooboboobdg

©oooooo 77



gboobgoooboooobooobobobooboboobooboobooboobooboooboooboon
Granger] 19660 O (D 18[00 00000 D0O0DLO0DOO0OODOODOOoOobOOoobDoobooon

gooooboobooobooboboooobobooboobobboobobobobooboboboboobo

DDDI:IDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDZ@:E]EHDDOODDDDCI
gboobooobbooobbooobobooobbooobbooobbonboobobbooboboo

gboobgoobgoobgoobooboobooboobooboopbobbobobobbooboo

goboboooboooboboooooobooboboooboooboboooobobooboobooDoo

OO0o0o00D0oo0moo000ooOA LO0LS.0 BLEeOODOO0OOODODOODOODO Fractional
DifferencingD FDO O OOOOO0OOOOOOLOOOOOOOOOOA OB .OOO0OODOODO

OO00000-l<d<10000000Db0O0ODOODbObObO0ODbDOODUObODUObOUOUODOODOOD

OUObDOlpro0MebOomboobooboouobbobdzobbgboooobobooboooooO

goooopooooobobobobobbobooosnooobobooMTOLPODOOOOOOO0OOOO

0830000000000 1%0000000000000D0OGoldsteindLevyD0 0000000 OOO

goooboboobooboboooosboboonooobon»wbhonooono

ORichardsU 19930 DO M 2000 dooMTOLPODODODOOOOOODOODOODODOOOOO

oooobobboooooboboooogobobo0oobbboougbDbboOUdGrassberger-
Procaccial U0 0D O0DOOOOOO0OOOOOODLOOOOOOOOOOOODOOOOomm3sgnn

0000002006200 0300 0MOO0D0OOMORIchardsd 0 000000 0OODO O phase-space
embedding(D 00 0000000000000 OO0O0OO0O0OO0OOD0OODOOOODOODOODOOOOOOO

gbooboooboooboogoosorboboboooooboobooboboboboooooooobon
goboobbouoboboobbouoboobbobobouobouobbogbbod Theiler windowl OO DO O

goobboooobbbooooobobooooooobobooooobobooomoooooom 210
U2z ooboooboboogboboooobobooboboboobobuo4200b000

OO0000O0OOTISEANODOOOOOc200000M22MO000RIchards0 00 000O00OO0O00OO

o03ia-o0oooooooooooopoooooobooboo
000000 neighborhood sizeCO O OOO0O0O0O0COOOO

d2

0.01 gooooooooooo0 oaAOoOoOOOOObOOOOOBOOO 1

epsilion

78000000 ©



0040 O0O0OO0OOOOOOOOOOFRNNOOOOOADDDOOOOOODOOm O4200

0.9

0.8 K
0.7

0:6 \
os |\
AN

0.3

% falase nearest neighbors

0.2

0.1

(o] T T T
10000000000 2000000000 3UUOOUOOO0 40000C0O0O00OOGOS
embedding dimension

goooooooooooooooooooooobdoooooooooooooooooon
0000000000000 ooo0ooo0oDOmd0D000000oO0oo0O0ooo0oo00dooonn
O00000D0Do0o000ooDooo00oooooOmO0000oDoOO003MOo00ooooon
000000000 000000S00000000000000000000000000000O0
0020000000000000000000000000000000000000D00O00D0O0O
o400 ooooooooooooo
00000 false nearest neighbors(D 00000000000 0DO0OOO0OOODOOOOOOODOOS
O000000Do0o0ooOooDpo0UbDOoO000oOO0UDOoOo0D420000000000000
00000000000 oooooOoMT-LPODODOOO0ODO0OOO0O0ORIchards0 00000000
0000000000000 00000DO0000D000 false nearest neighbors(D OO0 OO0 OO0
Oo0oooooo40poosooooooodooooooooooooooooooooon

O Kennel and Isabelle023M 0000000000000 000O0O0D0OWf 000000000
gbooooboooboooboobooboobooboobooboobooboobooboobo
goooooobooobooboobooboobooboobooboobooboobOooDbo
goooooobooobooboobooobooboobooboobooboobooboobo
goooooobooboobooboobooboobobooobboboobDoobooboooD
goboobboooboboobboobboobboooboooboobDb0oobbUm surrogate
datall D OO 0OO00OO0OODOOOOODOOODOOOOODOOOOLOOODObLOODbDOObOODOO
gbooboooboooboobomosooomobooooobooboobooboong
000000000000 00D0000D0O test statisticcO Nl 01O O0O00O0OOO0 07 ODO0O
0000000000000000000000000000000000000000000 /¢
goooboooboooboobooboobooboobooboobooboobooboobo
gbogobooboboobuoobgboboboobooboboobon

gooooooboooboobooboobooboobooboobooboobooboobog
gbobobobobobobobombeldobobgbobobobobobobobobobg
Uobo0odpbouoobOoUdhighseas fleett D000 OO0 0DO0O0ODOOOOMmOOOOODOO
O00000000@Mhegemon@@OOO0O00O0O0ODOOOOOOOOOOOOOODDOCOCODOOSBO
goobobooobobobobobooozspossnonooonoooboooooboonooobong

gog
©oooooo 79



oosioobooboooooboooboboobooobooobobooboobobooobbobbobobboobooboooboOd

—— g

9

onsnels 1sa1

1000 2000 3000 4000050000e6000 7OoOOO8O0OOO9OO0O 10

delay time

gbooboobooboobooboobooboobooboobobobooobobobobbo
gboobooboobooboooboobooboooboobooboboboboobobobbobobo
gbooboobboobobooboobooboobbooz2sbo3goboobooboooboo
gboobgobooboobooboooboobooooooboobbobobooobobobobooboo

gooo

O0eHOODOOOOooomoooooooooooooooooooOoooooooooooboooooobooboooooo

Ooooobe=000007=000

gooooesmoba=000005

oooom2

gboooooooboooobba

0.4

threshold

=05

threshold

OMN~NOWL T OHONAO
Anunod

O MN~NOWLTOHNAO
Anunod

066T
6S6T
8¢6T
68T
998T
SE8T
08T
€L.T
VLT
TTLT
089T
619T
8T9T
28ST
9SST

S2ST
vevrT

066T
6S6T
8¢6T
68T
998T
SE8T
08T
€L.T
v.LT
TTLT
089T
6179T
8T9T
28ST
9SST
S2ST
vevrT

=03

threshold

0.35

threshold

Anunod

ONOWLITMONCHO

Aiunod

066T
6S6T
8¢6T
68T
998T
SE8T
08T
€L.T
fA2A"
TTLT
089T
69T
8T9T
28ST
9SST
S2ST
vevrT

066T
6S6T
8¢6T
68T
998T
SE8T
08T
€LLT
cv.LT
TTLT
089T
6v9T
8T9T
L8ST
9GST
GZST
vevT

=0.2

threshold

0.25

threshold

0O NOWL T MmN O
Ainunoo

066T
6S6T
8¢6T
68T
998T
SEST
08T
€LLT
cvLT
TTLT
089T
6V9T
8T9T
L8ST
9GST
GZST
vevrT

066T
6S6T
8¢6T
68T
998T
SE8T
08T
€LLT
cv.LT
TTLT
089T
6v9T
8T9T
L8ST
9SGST
SZST
vevT

ONO LT OMONAHO

Aiunod

800ooono©



3.0ggbooobobbobogoboobobo

0 Beckl 1MGoldsteinl 240 0 0 0 00 0000000000000 OOBeck0O0O00OOOODOODOD
O00000000000000000000000000000000000 M ceycleOO0DO
0000000000000000000000DOGodsteinD 000000 DODODODODOODDODO
O00100GoldsteinD 000000 M cyclestD OO M calendar time OO0 O0O0OO00OO0O0OOOODO
00000000 DO0o00Dboo0oDoboo0ooo0d@m@meceyclical OO OO0OooOoOOOOoOOoO
0000 @Mperiods D O00000000000D0OOCOO0OODOOOO0OODOOOOOOODODOD
000000000000 000000000000000000000000000Beckd OO0
000000000000 OGoldstein0 020000 0000000000D00OO00OO0OOODOODO
dooooooooooooooooooooooooooodooooooooooooooa
0o0ooooodoooooooooooooooooooooooooooDmoooooooooo
0000000000000 00000 000000000000 o0oooDooo00oooooDoon
O0- 0000000000000 00000000000000000D0O0DO0O0O0O0000O0
0000000000000 0O00000000000000000000ooooooOoooog
000000000000000000000000000000000O00DO00DDOOo00ODo
doodooooooododouooooooooooooodoonolooooooooa
00000DOoO0000d0moooooooD- 00O point-process-like OO0 00000OO
0000000000000 000000000000O00D0O000O0U0DOO0U0DoOOo0ODo
O0000000000000000000000000000000000000O00DO0O0000
O0000000000000000000000000000000000000O0000O0000
O- do0mododododoooooooooooooooooooogooooooooo
0o0oooooooooooooooooooooooooooooooooooomooomo
(D highly clustered O 00O OO0O0O0O0OO0ODOOOOODOOOOOOODODOOOOOOODOOOO
0000000000 000000000000000000000000000000000000
O000000000000000000000000000000000O0000O0000O000O0
00000000000000000000000000000O0000O00DO00DOOo0DOo
dofdoodooooboooooobooobooooooooooouooooooooooo- g
0 0O O driven variablestD OO0 000000 Od driving variablestDO O OO0 0 O00O0O00O0O00OO0O
O000000000o00o0oDooooooooooooo
O000000000000000000000000000000000O00D0O00DOO000O0
0000000000000000000000000000000000000O000O0O000O0
0000000000000 o00DU0OogDODUGrangerd
el I MBI OO ODODO0O0D0ODOD0O0OOOODODODODOD0O0000ooooooooooooon
godoodonoooboonooboobooooouoouoouooooooooooood
O0000000000000000000000000000000000D0O00DOO000OO0
000000000000000000000000000000000000000 003 25,350
0000000000000000000000000O0000O0000O00DO00oDDOOo0DODo
Oodoooooooooooooooooon

0

©oooooo 81



goooooouoouoodooooooonooonooooooonoobooboooooo
0o0ooooooooooooooooooTooooooooooooooooooooooon
0odoooooooooDbo T/200000b000000oOb0o0o0oobObOoo200b0O000n
gooopoleonooionnoiooooooooooosogooeoidoooooonon
Jddddddogoooso oD ooooooO
goooooooooodoodooooooooooooooooonooooooood
goooooodoouoodoooodooonooonooonooonoobooboooooo
doddooooooomm3u Mmoo oodmedt oo o0oooooom 1200 1
00000002500 OO0 0O I Devisedd Modelskild 20030 O O I 260 0 0 00 O O 0 OO0 O
doooooooooooooooooomooooooD o000 ooooon
goooooooooooodooooooooooooooooooooooooooooo
gooooooooouoouoooooooooooooonoooDooboooooooon
odoym oo imoooooooooooooOig
goooooooooo

0000000000 ooonooooooooooooo
000000000 O0O00D0dLiebknechil 19900270 000000000 0OOOODOOOOOOO
Jo0doooOoOo000doDobO000d0moo0odoDDMenschl 197502800 0000003
goooooouoouoodoooodooonooonooonooonoobooboooooo
000000000 DOO0000DOGoldstein] 19880 110 00OOO0OO0OODODOOOOODOOOO
0o0doooboooooooooobooOBeck 199100000000 00O0OOODODODOOOOOO
0ooooooooooooooooooooooooooooooooooooooooooon
ogooooooooouoodoodoodooooooooooooooobooooooooo
000 000Silverberg and Lehner] 1993030 0000000000 O0O0OOOMOO0OOOO0O
0o0oooooooooooooooooooooooooooooooooooooooooon
ddddddddddddddddddddddddtW bbb o O
oo oooooooooooboooddddoooooooooon
oo ooooogn
goooooouoouoodoodooooooooooooooonoobooooooooo
goooooouoouoodoooodoooonooonooonooonooboobooooo
0o0o0o0ooooooooooooooooooooooooooooooooooooooon
dododoooooooooooooooboooooon
0000000000000 0000000 longwave modeldl OO0 O0O0O0OOO0OODOOOOOOO
ogoodoooooooooooogooooooodooooogoooooooooooooooo
J0d0d0oDoOobOO0OO0000O0OonoOmthere is an underlying layer of events that initiate
autocatalytic growthd or decaylprocesses. [ 0 0000000000 OO0DO0OODOOOODOOOOO
doodoooooooooobooooooobooggooooooooobooooooboooon
o000l —0Ooooooooooooooooon
000000 —-0o00b00booo0obo0ooooooooooooooooooonoO highly
skewed and possibility power law size distribution(D 00 000000000000 DOODOODOO
t

82000000 ©



o290 0000 d@mielooboooooooooooooooooooomooooog
0dooooooooooooooooooooomoooooooooooooooooooon
0000000000 0o00ooooooooooooooooooDoOoODoOoOO0O0O0O0ODOOOOO
0000000000000 oooUoooooooooooooDoDoODoOO0O000O0ODO0O0O0O0
0000000 m@moDoooooo0o0o00000000D0ODDOOGrubler 1990, 199801 30, 31110
0000000000000 00D000000ODoraf 1980, 20030032, B0 0000000000
gooobooouoouoouoodooooooooooooooooooooooooo
0000D0OO0000DbOO0O000OooODOOdosSilverberg and Lehnert] 1993, 19960 3, 40 0 00O O
0000000000000 00D0000D0000000000000000000000000O0
O0MO000D0000000000MD0O0000 M aggregationD00000000000C0OO0O
0000000000000 0000000000D00000D0000000000DO0000ODO0O00
goooooooooooooodooooooooodooooooooooooooooon
0dMooooooooooooooooooooooooooooooooooooboooooooo
0000000000 0o00ooooooooooooooooooDooOoDOoOoOO0O0O0O0ODOO0OOO
0000000000000 ooooooooooooooooooDoDoODoOoOO0O0O0O0ODOO0O0O0
O000000000ooooooo0000ooooooDoDooo0@oDoooo0o0000ooomoO
0000000000000 00ooUoooooooooooooDoOoODoOO0O0O00O0ODDODO0O0
000000M0ODbO0D0000 stylized factsO O OO0 000000000 O0OOODOODOODOO
goooooooooooobdoooooooobgoooooooooonoooooo
0000000000000 ooooooooooooooooOooDoOoODOoOoOO0O0O0O0OOO0O0OO
0000000000000 0oooooooooo0oooooooDoDoOoDoOO0O000O00O0O0O0O0
00000000 ooooDoDDODmMO0O0O0OO0ODDODODODODODO0O0O0O0O0O0O0ODODO0ODODODO0O0
Ooooooooooooooooooooooom oo ooooooooooo
gooooooooooooobuoooooooob oo ooobouoooooo
0000000000000 O0ooooooooooooooooooDoooDDODODOoOOO0O0O0O0OO

ood

0000000000000 00D00000000000000 000 G.Modeskill W.ThompsonO
000000000000 0JLevyO OOO0OD0OO0O0ODOOO0ODOOO0OODOOODOOOODOOOODOO
00000000 0OLevyOGoldsteinD OO0 OO0OODODOOOODO Modelskid Thompsond O 0O O
ONVCOOOOODODOOOOOBVerspegenD 000 00000DDO0ODOOOOODO

©oooooo 83



001000 0KO O O O Modelskild Thompsont [0 0 0 0O KondratievD OO0 000000000000 8MOOO
00200 0000000000000000000000000DO0000O0O000000DO000DOO0O0000O
0o0o0o0ooooO00oU0oooO0000o0O0O000000O000000O00D000O0O0D0DoDOoOOOoD0DODOOO
0o0oooooooooooooooooooooooooooobbobobbobObobbobbobObObObobObObObObOn
ogooooooooooooooobobbobobbbbbbobobbbobbobbobboDbOoDbDuoDoDooDoooong
Jgodooooo3obobooooobo0ooooooOoOo0o0o0ooDoObo0ooooDbOboooooDbODoOooOooooOOo
goood
go3smooooooboobooobooobooobooboooobooboooDbooboooDboobDoOon
0 O 4Modelskill Thompsonl 0 0 MTD [0 0 O 0 [ leading power: LP index@M OO O00O0O000O0O0O0OOOO0O
00000 critical hegemonic warslO 0000000000000 000O00OODOO0OOOOOOOOOOOO
dooooooo0oooooooooooo00ooooooooooooooooo0oo0oooooooooooo
000000000000 @Mdating 0000000000000 000000D000000O00000O00O00a0
00o0o0o0oooo00oU0oooO00000oo0O000000o00000000D0DU0oO000D0DoDooOOooUooOooOO
00o0oo0oooO0o0o0ooo1e0000170000000000000DO0D000O0DO0O0D0D0O0OOOD0OOOOO
000000000 DbO0o0Do00Oo00bO0ODlD- 020000000000 00000DO0O0O00DO0O00DOODbO
0000000000000 0000000D000O000DO00000000Db0mMOO000D0199100 Levyd O 17 157-8
0 [T Modelskill Thompsond 0 300 0 11 1619-48/4911 0 0 00 0O 0O 0O 0O 0O [ 1739-1748[11 70 O [1J 1755-176310 O
goooooooooboboooooooooooobobobobbbbobbobbbbbbboboDoDooUOOon
JoooobooooobooooooooMTOODODDOOS 00000000 0MOI1521-1559M 000140000
gooierz-le78 0000000000000 oboboDooDoobobobooDooooD
0000000000000 oooooooooMTOO0OO00O0000000000o0oooooon
0000000000o000o0o0o0oo0oo0oo0ooooo0oo01l00000000Do00oUoooooooo
00000000000 000000000o0o0oO0great powerl OO0 000000000000 OOOOOO
ooooooooooooooomoooooooMTOOOODUOOO0O0000000D000000DO00O000O00
OMTOOOODODOOOODOODODOODOD OO systemic concentration: SC index[D 0 Ray & Singer(] 19730
Oomismooooooooooooon

0

sc DJ (> s’0 /N0 W/N),

DooOosiONODODOMpowersMOOOO0OO0O00O0I0DO0O0OO0OO00O00O000O0OQCODOModelskill
Thompsond 19880 0 0 M8 OBOOOOOOOOOOOO0OOOOODOOOO0OOOOOOOOIODOO0OOO
gmoolowoooooooobmoooboooboooboboooND oD OOooooooooboooooooonn
booooom@moobooooobobooooOoobooooobOoOooobOOoOoNODODOOOOObOObObOOOODn
0000000000000 00000000Ray & Singer00000zs'000000000ONOODODOOOO
000000000000000000Zs'00000000000000000D0000000D00000000
gooomoooMTOSCOOoOOoooooooooooooooboooboooooooooooooooooaoMTO
gobbooooooboooobobooooooooooboooooooooooooooooooooooboooonn
goboooooooooooscoobooooodn

1. Modelskill ThompsondO 056 5900 000 0000000000000 000O0O000O0O0O0O0OODO0OO0O0OO0OO0O
goobooobooooboobooboooboobboobboobobooboMTO OO DOODOODDOOD D

gogboooboobbooboobboooboobooon

84 000000 ©



2 00000OCOOODOODODOODbOzZsSsi20000ORay & Singerd 0 0000000000000 O0O0O0ONOOOO
gobbooooooooooooooooooboooooooooobobboooooooMTOOOOOOW0OO000
goboooooobbodoobboooooooodoobooooooooooooooooooooooooooon
oobooooooooboo

gooooooooooooboobboobobobobobbbbbbbbobobbbbbbobbobbbbbobbbbbbbbD
goobobooooboooboboooobooooooz2ooMTOLPOODOSCOOODDODODOOOoDOODOoOooOoO
0000000000 0ORay & Singer00000000000SCOMOOOMTOOOBOOOOOOOOOOO
00o000ooooLPOddOOOMax SOOO0OOOMax SUOOOOOOOOOODOOOOOODOOOOOOO
gdodooooooooooOoOoOoOoOOMTOLPOOOSCOOOOOOOOOOOOOODOOOOOOOOOOO
[J hegemonic cyclel 0000000000000 0000O0O0OO0O0ODOO0OOOOOODOOOOOOOOOOO
0000000o00U000o00U00o0o00U0o00o00U0o0oO00DUooOOo0oUOooOooUoo
00o00ooooooooooooooogwilliam ThompsonOD OOODOO0O0DO0OO0OO0DO0O0O00O0OOOOOOOOO
0ooooooddoooooooooooodoogoooooo Moo oooomoooon
0oooooooooooooooooobooobbbobbObObObbObbobbobbobbbbobobbobbobbobbD
oooooooooooooobobobbobobbobbobbobbobobobobbobbobOoDbOoDLDoDUDooDooDoooong
g ooobobobobobboboboboooa
gosMoboobobooobooobooobooob0ooobooDboobO bbb OoooDboooDboooD
godbooboobooboooobooboooboobboboboobho 1 ooboooooo
006MOI00O0MII1M0O0BOGPWAR of War Indicators0 0 0000000000000 00O00OMI9MIO0O
O000OOGoldstein0 0000000000000 DOO0O0OODOO0OOODOOOODODOOOODODOOOOOOOO
0000000000000 mlMmo0o00oo0o0o0oo00ooooooooooooooouoon
00ooooo0ooo0o0oo0o0oo0o0oo0oUoo0oUoo0oUoooUooooooOoODUoOoooon
0000000o000oo0oooomele7mo0lio0iio0ioo0uo0o0oo0oooooooooo
oooooo0o0oU0ooo-00000000000O0000D0O0000O0O00ODOO0O0DDOOO0DDOOOUOOO
0o0ooooooooooooooooooooobbDa 00000 ODOObOObODObODODODODODODODOODODODDOD
0000000000 o00ooooOooOx1sieligisboooomoolmonooobooooooo18s0oooooon
gl —dIoooooddddddUUUUUULU00—Dbbobbbbbbbbbo
oo0Do0ooboooooobooooooboobooboDoo@mbomsmoomo

A

InA (t) Dai O asx s [ bit O b2y 1eist

od0oo0o0O0oOo00ooOoO00O0DOo00OdtmOoooOo0oooooocooooooADt0 e tO0 0000
EIDI]DI]DDEIDD])d]tDDDtED/Jﬁ\DtDMtDDDDDDDDDEtEDDDDDDDDDDDDDEII]I:IDI:I
gboboooooobooobooooooooooboooooooooooooooooooooooooooogd
gobooobooooooooobo0ooboolmoooooooooooooooooooDOooDo

oo7bOO0D0ObDObDOosrDb0bO0ObONVCOODODODOODOObOObOObOO020b0b0bOOb120000
goobooogogoobooboz220gogooooooooboobooboobooboooboDobDbbDbDbob o
goboobobooobgoobgzse0bgbobooobobobooboobobobbob0obobobnooboboOoo
gooboboboooooobooboboboboooboooobooDbo

©oooooo 85



gosoMTo LPODOOMTOOUOODOODODODODODODODODODODODODOOOOOOOOOOOOMTODO
ooboobooooooooooboooboboobboooboooooooDOooDoOoMTOLPOOOSOOOO00O0O
goboooboboooboobooobooboobbooboobbuoobboobbooboo
goobze00000O00OD0OO0OODOOO0ODOODODOODOODOOOODOsOODOODOObOODOn
goooooooobooboboobobooobooboooobooboboobobboDmboobbOoon
gbobobobobobogoooooboobooooooobooboobobobobDoD@npOTOP@MODOpPpO OO
gboboooboobgooooboboouodgnpLObboboboobOobIbOob0OO0bOODbODObODbDODOn
gogoooinooogoooobobobooboboboooooobooooboobobobooboobgoo
gobooboobobuoobooboboobuoobboobuoobboooboon
golomoooooooooooooooooooooo0ooooo0ooooooOUGutenberg-Richter OO
gobooboboobboobooobooboobobooboobboobooobbooboobboo

gooooon

0 10Beck, N., 1991, "The lllusion of Cycles in International Relations", International Studies Quarterly, 35: 455-476.

0 20 Hurst, H, 1951, "Long Term Storage Capacity of Reservoirs", Transactions of the American Society of Civil
Engineers, 116: 770-799.

0 30 Silverberg, G. and Lehnert, D., 1993, "Long Waves and 'Evolutionary Chaos' in a Simple Schumpeterian Model
of Embodied Technical Change", Structural Change and Economic Dynamics, 4: 9-37.

0 40 Silverberg, G. and Lehnert, D., 1996, "Evolutionary Chaos: Growth Fluctuations in a Schumpeterian Model of
Creative Destruction”, in Barnett, W, Kirman, A. and Salmon, M., (eds), Nonlinear Dynamics in Economics,
Cambridge: Cambridge University Press.

050 Silverberg, G. and Verspagen, B. 2003, "Breaking the Waves: A Poisson Regression Approach to
Schumpeterian Clustering of Basic Innovations", Cambridge Journal of Economics, 27: 671-693.

0 60 Silverberg, G. and Verspagen, B, 2003, "Long Memory in the World Economy since the 19th Century", in
Rangarajan, G. and Ding, M,, (eds), Long Memory and its Applications, Berlin: Springer.

O 70 Silverberg, G., 2003, "Long Waves: Conceptual, Empirical and Modelling Issues", Maastricht: MERIT Research
Memorandum RM2003-15, http://www.merit.unimaas.nl/publications/rmpdf/2003/rm2003-015.pdf, forthcoming in
Hanusch, H. and Pyka, A. (editors), The Elgar Companion to Neoschumpeterian Economics, Aldershot. Edward
Elgar.

0 800 Modelski, G. and Thompson, W.R,, 1988, Seapower in Global Politics, 1494-1993, London: Macmillan.

0J90Levy, J. S, 1983, War in the Modern Great Power System, 1495-1975, Lexington: University Press of Kentucky.
0J 100 Kondratieff, N. D., 1925/1979, "The Long Waves in Economic Life", Review, 2: 519-562.

6000000 ©



[J 110 Goldstein, J.S., 1988, Long Cycles. Prosperity and War in the Modern Age, New Haven and London: Yale

University Press.
0 120 Modelski, G., 1987, Long Cycles in World Politics, London: Macmillan.
00 130 Modelski, G. and Thompson, W.R., 1996, Leading Sectors and World Powers, Columbia, SC: University of

South Carolina Press.
00 140 Levy, J.S, 1991, "Long Cycles, Hegemonic Transitions, and the Long Peace", in Kegley, C. W. Jr, (ed.), The
Long Postwar Peace, New York: HarpercCollins.

0150 Ray, JL. and Singer, J. D, 1973, "Measuring the Concentration of Power in the International System",
Sociological Methods and Research, 1: 403-437.

0 160 Richardson, L.F., 1960, Statistics of Deadly Quarrels, Chicago: Quadrangle.

0 170 Levy, JS. and Morgan, T. C,, 1986, "The War-Weariness Hypothesis: An Empirical Test", American Journal of
Political Science, 30(1): 26-49.

00 180 Granger, C. W. J,, 1966, "The Typical Spectral Shape of an Economic Variable", Econometrica, 34(1): 150-161.

(0 190 Robinson, P., 1995, "Log-periodogram of time series with long range dependence", Annals of Statistics, 23:
1048-1072.

00 200 Richards, D. 1993, "A Chaotic Model of Power Concentration in the International System", International
Studies Quarterly, 37 55-72.

00 210 Abarbanel, H.D. 1., 1996, Analysis of Observed Chaotic Data, Berlin: Springer.

00 220 Hegger, R., Kantz, H. and Schreiber, T., 1999, "Practical implementation of nonlinear time series methods: The
TISEAN package", Chaos, 9: 413-435.

(0230 Kennel, M.B. and lIsabelle, S, 1992, "A Method to Distinguish Possible Chaos From Colored Noise and
Determine Embedding Parameters", Physical Review A, 46(6): 3111-3118.

0 240 Goldstein, J.S,, 1991, "The Possibility of Cycles in International Relations", International Studies Quarterly, 35:
477-480.

0 250 Bak, P., 1996, How Nature Works: The Science of Self-Organized Criticality, New York: Springer.

[0 2600 Devezas, T. and Modelski, G., 2003, "Power Law Behavior and World System Evolution: A Millennial Learning
Process", Technological Forecasting & Social Change, 70: 819-859.

00 270 Kleinknecht, A, 1990, "Are there Schumpeterian Waves of Innovations?", Cambridge Journal of Economics,
14: 81-92.

0 2800 Mensch, G.O., 1975, Das technologische Patt, Frankfurt: Umschau.

0 290 Silverberg, G. and Verspagen, B., 2004, "The size distribution of innovations revisited: an application of
extreme value statistics to citation and returns measures of patent significance", forthcoming in Journal of
Econometrics, also Maastricht: MERIT Research Memorandum 2004-021,
http.//www.merit.unimaas.nl/publications/rmpdf/2004/rm2004-021.pdf.

[0 3000 Grubler, A, 1990, The Rise and Decline of Infrastructures. Dynamics of Evolution and Technological Change
in Transport, Heidelberg: Physica-Verlag.

0 310Grubler, A. 1998, Technology and Global Change, Cambridge: Cambridge University Press.

0 320 Doran, C.F. and Parsons, W., 1980, "War and the Cycle of Relative Power", American Political Science Review,
74: 947-965.

©oooooo 87



(0 330 Doran, C.F. 2003, "Economics, Philosophy of History, and the "Single Dynamic" of Power Cycle Theory:
Expectations, Competition, and Statecraft", International Political Science Review, 24] 1[0 13-49.

0 340 Silverberg, G. and Verspagen, B, 1996, "From the Artificial to the Endogenous: Modelling Evolutionary
Adaptation and Economic Growth", in Helmstadter, E. and Perlman, M., eds[] Behavorial Norms, Technological
Progress and Economic Dynamics: Studies in Schumpeterian Economics, Ann Arbor, MI: University of Michigan

Press.

0 350 Sornette, D. 2000, Critical Phenomena in Natural Sciences. Chaos, Fractals, Selforganization, and Disorder:
Concepts and Tools, Berlin: Springer.

88 oooooo ©





