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Fluctuations and Correlations

Countries characterized by macmconomic
indicators
A cluster expansiorlike method
(Evolving) Weighted Networks
with Vectorlike Nodes
Globalization through distance correlations
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Macroeconophyics

Questions ?

Agents ?
In microeconophysicsfundamentlists/chartists
In macroeconophysics?

Level of modelization

Lessdata : short timseries
GDPreleased quateryadjusted monthly
Stationarity? (... Transitivity)

Data notso standardized

Major aim : « Hamiltonianconstructior»
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The border countries and their GDP per capita
levels (in $PPP, 1995 prices)

1960 1978 2000
\ —
First to Portugal (3205) Portugal (7993) Greece (13821)
second Croatia (3085) Puerto Rico Barbados
(7662) (13297)
Second to Haiti (2139) Armenia (5294) Malaysia (9887)
third Malaysia (2120) Fiji (5156) Slovak (8595)
Third to Nigeria (1080) Guyana (2728) Egypt (4630)
fourth Madagascar Cote d’lvoire Bulgaria (4313)
(1031) (2649)
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PPP, EKS, GK,

PPP areinterspatialindicesconstructedor the purposef
comparing currencies angblumesacrosscountries,

justas a consumggrice indexmeasures the coef a basket ojoods
andservicesovertime.

EltetoKovesSzulc(EKS)method
Geary KhamigGK) method

TheEKS PPPresult from the geometric averagfthedirect
PPP betweera pair of countrieandall theindirect PPP
derived through thiracountries,

with thedirect PPPhaving twice the weiglof eachindirect PPP
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Content (1) : globalization question

towarda Globalization” conclusiori :
distancecorrelations=> networkdiameter/size
« globalization limit» ? ... !

Globalization process in economy Is understood as
an increase of similarities withinmacroeconomy
development patterns
Various correlation measures
Variousdistancedefinitions
Thell Inclex
(-Thell incex
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Content (2): GDP correlations

How toextractclustersand/or communities through
a networkanalysis
Have amechanistic interpretation

GDP/capita GDP/c)correlations investigaten
varioustime windows(T),

for thetime interval 199C22005.

Target group of countrieghreesetsbasedn

25 Europear(EU), 18 LatinAmerican(LA) countries, USA
EU25: LA18: EU25&USA: LA18&USA; EU25&LA18; EU2SLA18&USA
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Content (3): Network construction

Links areweighted edges basenthecoherent
Pearsorcorrelationcoefficient (CPCChetween the

countries GDP/c
measured ovespecificT
N.B. Possible timéag effecs are tobe examined

Defineanaverage overlapndex(AQOI) for each
node
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Content (4) : network analysis

The characteristicsf each fully connecteweighted
networkevolve withtime !

How toextractclustersand/or communities through
a networkanalysis?

To illustrateclusterappearance and stabilégydouble
attrition process is applied

onthe nodesthrough theAOI ranking
onthelinks, through theCPCC values.

... thevector nodaetwork ageneralisation taking

INto account various macroecononndices
Tagged nodes => Hamiltonidike with “interactions
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Cornr

(D

nt (5); PCA

PCA: Principal Cornpone&nalysis

Stailsiicallyrelevanteigenvalues and eigenvectoisine
CPCCadjacency rnairix
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1. Data

Macro-economy Indicators :
Gross Domestic Product (GDP)
Final Consumption Expenditure (FCE)
Gross Capital Formation (GCF)
Net Exports (NEX)

GDP/capita

GDP/worked hour
ConsumelPricelndex
InterestRates othe Central Banks
Labour Force

Unemployment

Gini coefficient
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MEI

Gross Domestic Product (GDP)

= sum of gross value added by all resident prodyues
product taxes and minus subsidies

Final Consumption Expenditure (FCE)

= sum of household and government final consumption
expenditure

Gross Capital Formation (GCF)

= outlays on additions to the fixed assets plus hahges
In the inventories

Net Exports (NEX)
= Exports - Imports
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Data source

http://www.ggdc.net/databases/hna.htm

http://go.worldbank.org
http://devdata.worldbank.org/query/default.htm
Time interval1990- 2005

EU-25 + M= ...
LA-18 +

USA Notations:
Roots Web Surname List

http://helpdesk.rootsweb.com/codes/
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data

http://devdataworldbank ora/query/defaulthtm
(1972-2004):

http://wwweconomicswebinstituterg/conceptditm
(1986-2000);

http://wwwoecdorg/about/0,2337.en 2649 201185 1 1 1 1
1,00.html

(2003-2004).

M. A. Leiden, NL, March 01, 2010 19/84
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GDP, C V¥ B Data source

http://devdataworldbankorg/query/defaulhtm

http:/Iwwwcia.gov/cia/publications/factbook/rankorder/2004
rank.html

http://wwweconomicswebinstitugrg/conceptditm
(data taken betweenl19&®00);

http://wwwoecdorg/about/0,2337.en_2649 201185 1 1 1
1 1,00.html (2003-2004).
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GDP data (EKS/GK)
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GDP examples
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2. Methodology

Cluster Variailon Metnod (¥)
statistical rmecnanics and concdensed rnatter
Beyond a bipartite graph made of
(1) variables : vector nodesi; |, ... ,
macrceconomic features, defining the phase space
(1) function nodes :a, b, . . .
countries , ... linked by (i)

(*) A. Pelizzola
Cluster Variation Method in Statistical Physics arférobabilistic Graphical Models

J. Phys. A38 (2005) R3093309.
M. A. Leiden, NL, March 01, 2010 24/84




Sort of “final” Cost Fcn.
& Factor Graph

GDP
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*Economic Theory

Hamiltonian = Cost function

H=>> Hai(s,) =
— H(}(SU) + H1(81) + HQ(SQ) =+ ...
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Hamiltonian *theory”

N
=3 (o) p(s) = Zeapl~H(s)
S, a=1,..(4) Number ofvector components
Z =exp[-F| = Zezp[—H(s)] Su(8a) = Zp ) - Inp(s
3 sEQ
Number of « agents » Sa a=1 ..(M)
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3. Method : (1)

A given macro economic indicator
e.g. Data : 19902005

A set of countries& invent* AVR' (* averagé)
Window fort-averaging e.g.T =5y or 10y
Correlations => distances

Adjacency rmairix (*)
Networik construction ancd evolution

According to some filter : correlation levels

=> cornrnunities
(*) Statisiical distance rmairix can also oe caisiEd

M. A. Leiden, NL, March 01, 2010 28/84



Correlations/distances (1)

(AB) 1y — (A) e, (B)¢,1) |
\/ ((A%) 1) — (A1) (B 1) — (B)om)

C(t,T) (A: B) -

A, B: MEI ()

ds(A, B)(t1) = 1/2(1 — C(e;1)(4, B))

L 2y - S I A< I AT

G, T =

2 2 2 2
\/-::: Ti— < & >5>7< Ti— < B D537
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Correlations/distances (2)
|

Rt 1/z
patd 2
Gealhi T = Z CulhTu Usually: n=T
1 N.B.
But here:n=N-T +1 G (T) T

T

12
[1 *E‘ ¢ (i } T,

& 1 k7 L2 1;.3
H(T]=|N—T+lt_21] [N T-|-1 Ty = \/’2
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Cumulative distribution function

M = 25

For
different
time
window
Sizes

+++++++
&

s

b w;; (T) = Cyy (T)
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3. Method : (2)

A glven rnacro econormic indicator
2.¢. Data : 19992005
A set of couniriesinvent” ALL" (* average )
Wincdow fori-averaging e.g. T=5yor 10y
Correlations => distances
Adjacency matrix wy; (T) = Cy; (T)
Network construction and evolution
According to some filter : correlation levels
== corrmunities

Statistical distance matrix canalso be constoucte
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Networks (1)

Complete Graphs
Minimum Spanning Tree

Minimal Length Path
UMLP
BLMP
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Networks (2)

UMLP

Attachment starting from se¢<lALL »)
Linear; Unidirectional

BLMP

Attachment starting from se¢<lALL »)
Linear; Bidirectional

LMST

root : thepair of closest neighbouringountries

Then thecountryclosesto any node is searchddr and
attached
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Network characteristics (1)
Degree distribution

Vertex degree (in weighted network):

M
ki = E Wi j

J=1.j#i

1 M M
thus: <k >= 37 > wi

i=1,i#j j=1

(T)
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S,
Average degree

< k >
M

1.20

T ETEEs . 1
B A T
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0.80 o
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& L3
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- EU25

<k>/n = 0.99*T ¥
R’=0.98

0.40

*
0.20 T Varl(Var)mes = 0.07°T - 0.14
L
R?=0.96

2 32 4 5 6 7 8 9 10 1 12 13 14 15 16 17
Time window size (years)
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Network characteristics (2)
Overlap coefficient

In weighted networks: N

Number of common neighborsNi; = » (wir + wj)
[=1

Overlapping coefficient

Nij M M
Dg'= 4(M — IJ(M—‘ZJ[. 2 Vet 3,

p=L;p#i g=1:g#j

. . Nij (ki + k;)
which generalizes: AM-1)(M-2)"°
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Network characteristics (AOI)

Country Averaged Overlapping coefficient
EU25

(90-05) o o M
(T=5) DR VA

j:

Og'j
1

\\\\ | <0z <07 <07 |\ | <0z <07
SWE | 038 | svk | 037 | AuT | 035 | pol | 034 | LTU | pa2 |
GER | 037 BEL 0.36 FIM 0.35 | MLT 0.33 LVA 0.a1 |

I

A |

FRA._ | 037 | IRL | 036 | PRT | 035 | GRC | 033 | czE”| o3 |
|

I

DMK | 037 LUX 0.36 NLD 035 | CYP 0.32 EST 0.30 |
HUN | 0.37 ESP 0.35 ITA 0.35 SVM 0.32 GBR._| 029

PRE
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AOI hierarchy

25 European countries, ranied sceording to their AQL from GDF feapite yearly data
between 1990 and 2005, The Income group according to the World Bank ATLAS
method, f-Student confidence interval (fef) for the AQI aad k; sre given

Country Acronym Ineome A0 {tei) &y
Name Croup
Ireland IHL OEC 800 (0.799; 6.801) 21878
Austria AUT OEC 0799 (0.708; 0.800)  21.85%
Denmark ONK OEC 798 (0.707; 0.799) 21425
Finland FIN OEC 798 (0,797; 0.799) 21812
Spain ESP OEC 0796 (0.795; 0.797) 21775
Belgnum BEL DEC 0,796 {h705; 0.797) 21760
Poland POL UMC o784 [00.792; 0.795) 21698
Hungery HUN OEC 0792 {0,791 0,793 21664
Slovenia VN NOC o792 (0o7H1; 0T 216
Sweden SWE OEC  LTET (U786, 0.754)  21.508
United Kingdom  GBR OEC  u7e4 [007H3; 0785} 21441
France FRA OEC 77T (0STE; OTTR) 214
Estonia EST RNOC 0774 (W77 0.775) 2156
Luxembourg LUX OEC  L766 {(hV65; 0.767) 20.045
Malta MLT  NOC 0766 (0.765; 0.767)  20.0
Slovak Republic  SVE OEC  (.765 {0.764: 0.766)  20.905
Italy ITA QEC  (L764 (0763 0.763) 1870
Cermuny DEU OEC 0,763 (0762 0.765)  20.864
Greece GRC GEC W76 (0u760; 0.762) 208
E U 2 5 Netherlands NLD OEC 0,754 (0076 0.755)  EL603
Lithuania LTV UMC  0.730 {0,729 0.781)  18.919
Partugal POR OEC 719 (00718 0.720)  19.59)
Czech Republic  CZE OEC 0.7 {0.7I6; 0.717)  19.520
Switzerland CHE OEC 678 (U677 0679) 18401
mean. (LTRY {0.7RS: 0,770}
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EU25

t = 0.98
60%

L
5
¥

D

T =

w,>0.49

T

Percolation point of view (1)
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=T=

T

Percolation point of view (2)

h:t = 1.64

EU25

w>0.69

80%
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Percolation point of view (3)
n="1T=>51t=2.3)

EU25
[cz=E]
[&1]
[FoR]
" 90%
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Kurtosisvs. wincdow size

Inset:
Double log
Ka .. " - of CDF
I el for T=5
w0 \ * o
E 60 \ F .
K m ______________ lﬁ o 6m2 + 1
_— Ku = - 5m2 —1
I m = 25% 12 = 300

M. A. Leiden, NL, March 01, 2010 43/84




Properties 0D,

Fully disconnected : O;; =0
Fully connected 0. — 1

J
Otherwise ....

“averagé , for a given node :

{DE Z Dlm

m=1

=> hierarchy
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25+18+1 AOI,... (9605)

Country Acronym AOL (ki) k; L E;
Ireland IRL 0.709 ([J.'F[JE:; {].?12) 26.TH
Demmark DNK 0.705 (0.702; 0.708) 36,61
Finland FIN 0.700 (0.697; 0.703) 36.35
e Austria AUT O.700 (0.696; 0.704) 36,33
(T_ 5) Poland POL 0,697 (0.694; 0.701) 36,22
Slovenia SVN 0.606 (0.693; 0.609) 36,16
Belgium BEL 0.645 (0.6892; {].699) J6.11
Hungary HUN 0.694 (0.690; 0.697) 36,02
Sweden SWE 0.693 (0.690; 0.696) 36,00
United States USA 0.692 (0.689; 0.695) 35,84
United Kingdom  GBR  0.690 ( 0.688; 0.691 ) 45.86
Spain ESP 0,689 (0.686; 0.602) 35.79
Luxembuurg LUX 1.68S ([J.E’rS'.Z,' {].633) 35.57
Malta MLT 0.67Y (0.676; 0.682) 35.26
Latvia LVA 0.6894 (0.6881; 0.6908) 35,43
Estoniz EST 0.678 (D.675; 0.6R1) 35.24
France FRA 0,673 (0.670; 0.677) 34.99
Nicaragua NIC 0.673 (0.670; 0.676) 34.96
Guatemala GTM 0.672 (0.669; '[].6?5) 34,92
Stavak Rep, VK 0672 (0.660: 0.675) 34.91
Netherluands NLD 0.668 (0.665; 0.671) 34.72
Germany DEU 0.665 (0.662; 0.668) 44.55
Chile CHL 0.664 (0.661; 0.66T) 34.48
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18 LA + USA

I8 Latin American countries, ranked according to their AQL from GDP/capits 18 Latin American countries snd USA, ranked according to their AQL from
vourly data betwesn 1900 gnd 2005, Income group according to the World Bank GDP feapite yorrly data berween 1990 and 2005, Intome group according to the
ATLAS method, +-Student confidence interval [tei} for the AQI sad & sre given World Bans ATLAS method, #-Student confidence interval {tei) for the ADT and &;
ure given
Counery Acromym Ineome Al ited} b
Conmiry Avronym Ineome AL (ot} Ry
Mame Group 5 i
Name Ciroup
Colombis COL  LMC (6% (0.692; 0.697) 14,556 United States  USA  OEC  0.620 (0.617: 0.623) 14,514
E Sabmdor SV LMC 0.500 (0.087 0.083) 1454 Colombia COL  LMC 0605 (0.602 0.608) 14,454
Guatemala GIM LMC 0584 ([LAS1: 0587} LLA3S Fl Salvadar SLV LMC 0B (0598 0604) 14,351
Chile CHL UMC 0577 (0574 0.581) 13,176 Gustemala GTM  LMC  0.596 (0.503; 0.599) 14,245
Nicaragua NIC LMC 0676 (0L673; 0.579) 13,141 Chiler CHL UMC  (h388 (584 0501 ) T4040
Bolivia BOL LMC 0671 (0.568; 0.574) 13022 Nicarsgua Xe LMC 0557 (0584 0.580) L4024
C-DELH H.'-IEH CH.[ Li."rfc U.EEIT “'_I_Et-._t ﬂ].ﬁ'ﬁ]l:l 12_9:!5 EDJi'-'iEI. EF'DL L}L’IC ILEL [|].5?HI E].ﬁf‘}‘l} 13.3&?
Panama PAN  UMC 0565 (0.561; 0.568) 12,880 Comdsn. OML DMG G018 RGN T80
P PAN MO ILATH (1672 (LATY 13,745
Dominican Rep.  DOM  LMC (0557 (0,554 0.560) 12,713 B i )
] : : : Dominican Bep. DOM LMC  [(L360 (L5366 £ 05720 13,584
Urnguay URY  UMC  0.556 (0.550; 0.558) 12,673
Lruguay URY UMC  (.564 [0.562; 0667) 13472
Paraguay PRY  LMC  0.549 (0.541: 0.546) 12,380 )
: Paraguay PRY LMC 0554 (0.552; 0.556) 13,218
Argenti ARG UMC  0.536 (0584 0530) 12211
SRR (OB ! ' Argentina ARG MG (1543 [0.541; .546) 124552
Honduras HND  LMC 0.5 (0.532 0.637) 12170 Mo g HND  LMC 0543 (0540, 0.545) 12,932
Fenado: ECU LME 0632 (0850 0.5d45) 12,122 Ernadar ECU LME (641 (0.558; 0.544) 12,805
Mendeo MEX UMC 0681 (0528 (LGM) 12,081 Yofcitay MEX UMC 0541 (0538 0L544) 12,800
Peru PER UnC  0.527 (0.324; 0530 11,983 Peru PER UMC  0.335 (0.6532; 0.538) 12,748
Braxil BRA UMC  0.526 (0.523; 0L630) 11,978 Brazil BRA UMC  0.535 (0.532; 0.538) 12,739
Venesuela BB, VEN UnEC  0.502 (0.500; 5040 11,882 Venezuela H.B. VEN UMC  (LG0H (L5065 0.510) 12041
mean, 0.553 {0.551; 0.555) meRL. 0.586 (0.554; 0.588)
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R R EEBDBDBDBEEBBR
Network characteristics (3)

Global /local path length

(Characteristic path length

L=

N (N —1) 2 %;

LiEN i#]

df} {T] =— ||.I|.'E {1 — f}f_;. {T:']l
local path length L; attributed to each node, e.g. for node {

1 .
L= 2 &

7 &N
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R B RRRBRrRRREEED_D_D_DEBBRRRRR
Network characteristics (4)

Global /local efficiency

Characteristic giobal efficiency

1 - 1
B=m-1 % @
-|__]: £ N
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GNI/c (1)

2007

e low income (LC), if the income per capita is USD 935 or less
e lower middle income (LMC), USD 936 - 3.705

e upper middle income (UMC), USD 3.706 - 11.455;

e high income (HC), USD 11.456 or more.
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EU25 vs  LA18EU25USA
@.i@
s b P

AOI| > 0.686 0.784
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R EEEEEEBEBEEEDR=—BRxEESDEBB———————.
Mean statisticaldistance

0.00014

A | ds(4, B)(t1) = 1/2(1 — C(e:)(4, B))

0.0001 |

Ba-05 |

mean

6e-05
de=05 |

2e=05 |

1 . .
1950 1960 1970 1980 19%0 2000
years

5 yrs . 10 yrs . 15 yrs .
25 yrs 35 yrs

0.0001 .
9e-05 | . -
Be-05
7e-05 |
6e-05
5-05 |
40-05
3e-05 |
2e-05 |

le-05 " A :
1950 1960 1970 19B0 19%0 2000

years

mean

5 yrs . 10 yrs L) 153 yrs
25 yrs 35 yrs
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Usual « statistical distance»
(Theil index) Distance correlations

0.55 0.55
ﬁ 0.35 ﬁ 0.35 g
0.3 F 0.3
0.25 - 0.25 >
0.2 0.2
u.151950 1960 1970 1980 19%0 2000 u.151950 1960 1970 1980 19%0 2000
5 yrs 10 yrs 15 yrs L 5 yrs 10 yrs 15 yrs L
25 yra 35 yra 25 yra 35 yra
0.55
| ds(4, B) (1) = 1/2(1 — Ce.1)(A, B))
B g - ]
3 o0.35 :
'\ 3 different typesof
0.2 networks :
u.151950 1960 1970 1980 19%0 2000 :> SomeWhat network
2? i;: ég g: 15 yrs . independent
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Mean distance

3 ; , |5
=9; To,=10 yrs B —

T1 10; T,=5yrs
T4=10; T =10 yrs ---%---
T1=1 51 T2=15 }frs S (e

mean”™1 02

1950 1960 1970 1980 1990 2000
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Conclusion (2) :globalization

Observed globalization process dawt dependonthetype of
studiednetwork

« No» globalization process ¢d 960
as seen through mean distance maximum

Globalization process sind®70and destabilisation afte2000
asobservems adecreasef thenetwork size.

Globalizationprocess is better sed@ntimelag greater tharb yrs.

Shift ofthe maximums consistentvith increasan timelag.

(- Theil distanceanalysis givesnore consisterresulis
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3. Method : (3)

A glven rnacro econormic indicator
2.¢. Data : 19992005

A set of couniriesinvent® AVR (f average )

Wincdow fori-averaging e.g. T=5yor 10y

Correlations ==  distanc
Adjacency maitrix

Network construction and evolution
According to some filter : correlation levels
=> communities

ﬂ)

=
2

Statistical distance matrix canalso be constoucte
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4. MA-MPL (1)

Repeat for each macro economic indicator
e.g. Data : 19902005

same countries; same windows t@veraging
Correlation matrices (4) =>

/‘)
/1
s
/1

Statlstical distanc
Networks
According to some filter : correlation level

(13

mairic

(
h'\

(D
W
TN
AS
N—
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MA -MLP (2)

Compare correlations
Distance correlations>
Clusters (def. next)

Movements inside hierarchy and networks

Statistics : searching féstablility’ of clusters
Resulting front‘averagé (over indices)
“sensitivity degreke

=> Hamiltonian or Cost function
Entropy...
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Cluster def.

A cluster Is a subset of the factor graph such that
If a “function nodé belongs to the cluster

all “variable nodesbelong to the cluster
“function nodé : country
“variable nodé : MEindex

e.g. GDP/c : EU25&USA:
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Clusters

Group countries according to weights, links
For various time windows

Moved as a function of time

Look for consistency through threshold

At*“ confidence levél
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5. Movement correlations

Wiy

Gﬁ' = é;;' . . i .

'i:';'J1 J - <d,(Dd;(t) > -<d (t)><d (1) >
CDF(d;) C; (1) == = ﬁ —
g J<[d.OF - <d,(0) >*><[d,()F - <d, () >*>

{Lt:}—L;_:{Et

d(t) . minimal path length distance to the average
C>09,;C<05

[FRA-SWEDEU] & [BEL-GBR-IRE-DNK-PRT]
ITA; LUX; AUT; GRC
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(s,) GDP MPL dto AVR 1

AT BE DE DK ES FI FK UK GREIE IT LU NL PT SE

g;_ 67 86 B6 .86 A0 A0 67 86 A0 86 86 40 A0 B6 .86
3;‘- &0 65 32 71 21 i A5 a7 37 B3 20 37 23 B3 52
i:_ 58 A2 A6 61 34 81 A6 32 32 53 32 20 60 A0 A4
3;- 43 30 A8 30 28 A2 A8 44 68 38 68 28 A48
32_ 43 26 19 19 21 43 19 19 1.04 29 44 21 29
gg— 23 23 19 1% 29 26 19 37 1.13 26 37 19 28
E:_ 27 27 A7 26 28 27 21 27 53 50 28 21 27
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(s,) GDP Caorr. 2

AT BE DE DK ES FI IR Uk GE IE IT LU NL PT SE
8B 33 69 B8 69 -69 73 71 42 Bl B9 85
BE 1 B8 20 41 27 B0 94 - 59 S B3 85 23 L. |
20
1

DE 1 61 35 98 % -65 85 78 81 52 B .99
DK s S8 BT 84 -8 83 7 77 S8 89 THE
ES : L > = ———> 05 36 66 37 &
FI 1 42 25 62 3 27 14 8D B4 25
FR 1 79 71 81 T3 52 680 B2 95
UK 1 52 82 s0 85 12 86 85
GR 1 -8 -3% 56 -6 .T6 -0 &—
1E 1 63 85 43 89 &7
1T 1 S0 05 73 77
LU 1 0677 63
NL 1 50 47
PT 1 34
SE 1
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(s,) FCE MPL dto AVR 2

AT BE DE DK Es FI FR UK GR IE IT LU NL PT SE
3;_ 8 65 8 B8 65 3T 65 65 65 65 37T 65 65 65 65
33_ 79 79 79 g 79 41 79 79 8 79 5% s% 79 79 79
ﬂﬂ” 102 102 102 102 102 102 102 102 102 102 26 102 102 102 102 e—
ﬂ_ 51 5 51 6 51 073 8 51 s 51 33 8 51 51 8
32_ 52 52 52 9% 52 66 95 65 8 52 35 118 52 52 32
33_ 45 42 45 100 45 53 40 45 100 42 30 82 45 45 45
EE_ 8 65 8 8 65 37T 65 65 65 65 37 65 65 65 65
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Moverment correlations inside
(s,) (FCE) hierarchy

CORRELATIOMS EETWEEN THE MOVEMENTS OF COUNTRIES INSIDE HIERARCHY

AUT BEL DEU DK ESF FIM FRA GER GRC IRL ITA Lx NLD PRT
AUT  1.00 0.92 1.00 023 0.92 0.21 0.38 0.87 0.03 0.92 007 034 092 0.92
BEL 1.00 0.54 023 1.00 0.45 0.56 057 028 1.00 006 015  1.00 100
DEU 1.00 0.24 0.93 0.24 0.40 0.89 0.07 0.94 007 032 .93 093
DMK 1.00 0.26 0.22 014 035 0.75 023 0.4 0.44 0.26 0.26
ESP 1.00 0.45 0.52 087 0.3 1.00 004 015 1.00 1.00
FIM 1.00 065 0.49 0.34 043 .68 0.EE 0.43 0.45
FRA 1.00 064 0.05 056 005 038 0.53 0.53
GBR 1.00 0.40 0.97 0.03 0.02 0.7 (TR e——
GRC 1.00 028 41 0.45 0.31 0.3
IRL 1.00 0.06 015 100 1.00
ITA 1.00 058 004 0.04
L 1.00 013 015
NLD 1.00 1.00
PRT A 1.00
SWE
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(s,) FCE Corr. 3
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(s) GCF MPL dto AVR 4
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(s;) GCF Corr. s
|
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(s) NEX MPL dto AVR &
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(s,) NEX Corr. 7

|
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N.B. RandomizedC case

shuffled time GDP

conclusion is : (here) no structure

Leiden, NL, March 01, 2010
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Randomizedworld
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EU25

Summary d Tables

GDP| FCE
GCF| NEX
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Summary C Tables

GDP| FCE
GCF| NEX
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6. Hamiltonian structure (1)
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GDP & FCE
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GCF & NEX
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Hamiltonian structure (2)

C2>0.81

H = (LUX)(s,) + (NLD)(s))

+ (AUT)(s, s3) + (BEL)(S,, S,) +(DNK)(sy, S3)

+ (ESP)6,, s3) + (FIN)(S3, 85) + (FRA)(SL, S3) + (ITA)(S;, Sy)
+ (GBR)(s}, S5, S3) + (DEU)(s,, S5, 8y) + (IRL)(S, S5, Sy)

+ (PRT)(S, S, S5 8) + (SWE)(S,, Sy S50 Sy)-
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Hamiltonian structure (3)
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“thermodynamics’ results

Probability distribution :
Entropy :
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“Partial Conclusion”

Network consiruciion
Distance flltering rmetnod
“Correlation measute
Statistical physics
Entropy criterion for (evolving) clusters

Maximum : no GDP
Minimum : necessarily GDP and FCE

Relations between macetonomic indicators
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Network characteristics (5)
Sensitivity degree

EU25
(94-03)

(T=5)

“Hierarchy’
Gross Domestic Product (GDP)
Final Consumption Expenditure (FCE)
Gross Capital Formation (GCF)
Net Exports (NEX)
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7. Conclusions

Beyond bipartite graphs : (very) complex networks

(New?)*“hamiltoniari / “thermodynamit method
To search for Clusters
To present a Hierarchy

Economic conclusions/interpretations
Flexibility
Movement correlations
Globalization

Models
Control & Forecasting

M. A. Leiden, NL, March 01, 2010 82/84



Tnis snould allow to discuss leaders
& followers, loosely or nignly
connectaecd countries.

Uﬁ

and
prepare some modeling with dynamics:
country = heterogeneous agent
characterized by
Spins or Bits or Pins or Tags
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Let me

thank Dr. PeterDenteneerfor the invitation

thank you ALL for your attention.

any comment ?
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Doel#7?

PCC : For ONE MEI ... Network
CPCC : For4(..11) MEI ... Networks
AOl
Double threshold attrition
Distance evolutions
PCC
CPCC
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Main Pointssummary/review

Data : GDP as anacroeconomindex
Analysis orincremeni(fluctuation)correlations is performed for
different time windowsclpes it exist an optirmnal one ?)
Mathernatical statistical approach“(distance’)
=> Weightednetworksw; (t,T)
Results displayed as a function of time througtekht clustang
techniques
Adjacency matrixXeigenvalueseigenvectors)
Overlappinghierarchycoefficient
Percolation approach (withevelcriterion)
Twopossible attrition processes
Networks/clusters of countries are observed
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N.B.

Thesystenis representetly anetwork nodes being theountries; links
are « weights» (or GDP fluctuations).

In orderto extractstructuresfrom thenetwork,we averagethetime
correlationsin different windows

=> «average degres etc...
The matrixbased method reveals the emergeasfceznumberof « common
factors», through themaineigenvectorg¢taisercriterion and Cattescree

test).

Thisleadsto aHamiltonianlike formulationand can be developped into
statistical thermodynamics ideas
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N.B. otw

Sucha measureof « collective habits doesfit the usual
expectationslefinedby politiciansor economists
« common factor.

It reveals geographical and politicebnnexions.
Itreveals ... «statisticaldistances.
Wehaveintroduced the

country«overlapping hierarchgoefficient».
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EX.
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Should we expect a “grand theory” ?

Consider Tocqueville’s “warning’...

| hate...these absolute systems which make all the events in
history depend on primary causes, linking one to another by an
inevitable chain, and which, so to speak, take out people from
the general history of mankind. | find them narrow in their
pretended grandeur, and false under their guise of mathematical
truths. | believe, whatever the view of the writers who have
invented these sublime theories to nourish their own vanity and
to facilitate their work, that many of the important historical facts
cannot be explained but by the accidental circumstances, and
that many others remain inexplicable. And that finally, chance,
or rather that mixing of the secondary causes, which we thus
call, since we do not know how to tell them apart, explain a lot of
what we see on the world stage. But | strongly believe that
chance does not do anything which is not prepared in advance.
The existing reality, nature of the institutions, state of mind of
people, customs, are the raw materials with which chance
constructs the facts which surprise and awe us.
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App. 1 Theil index

Thell index:

Manhattan distance:
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Henri Theil

13 October 1924 in Amsterdam,
died 2000

a Dutch econometrician

graduated from the University
of Amsterdam

succeeded to Jan Tinbergen at
the Erasmus University
Rotterdam

later in Chicago and at the
University of Florida.
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Gini and Thell Index

In Gini terms:

G pp+— (Yi- y)pipi +L
=1 i j>i
|
whereG,= individual countryGini coeff, ,=Income

sharey, = country income, ;== popul share,
m=overall mean incomen = number of countries

In Theil: " . " m
piTI + piln —
=1 =1 yi |

Leiden, NL, March 01, 2010

93/84



1 UMLP

v
v

v

«x»:T, correl.

v

t.
«y»: T1 0) ol
10
mapping
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2 BMLP

ot » (& « cold ») regions :

« hot» : large T, , small T,
«cold » :small T , large T,
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3 LMST

« hot» : large T, & small T,

«cold » : large T, & small T,
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7,8,9,10 : UMLP




11,12,13,14 : BMLP
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15,16,17,18 : LMST

| |




9,13,17 :mean(10,10) U,B,L
| |

t effect
?

—
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9,13,17 :std (10,10) U,B,L

/ /
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10,14,18 mean(15,15) U,B,L

smooth or rough

?
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Summary 1-3 : meanU,B,L
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Distancestatistics

/ from c7(a to networks

//Hn-n - humber of networks
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Networks (3)

3 types
Link number M =20 + 1

In the analysis botiimewindowsare used simultanousely
Theil mapping, T and Correlation, T,

the « official » size otthetimewindowin whichdatais
analyzed is equab the sunof the Theil mapping and
Correlationtimewindows

... the numbepf generatechetworkss equalto thetime series
length(54) minughetotal timewindowsize [, +T,+ ¢)
(... mulitplied by the numbenf timelags!)
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“Partial Conclusion’
(Theil index) Distance correlations

Meandistancebetweercountries and stg : the largesfor
UMLP networkand the smalledor LMST network

For large timelag : the meardistanceincreases

Thepositionwhere(as afunctionof Theillmapping and
correlation windowsize)the maximunoccurs shifts

With increasedimelag: the Theil mapping and correlation
windowsizeat which themaximunmean is found is

decreasing

This maximunmeandistances observedor large Thelil time
windowsizeandshortcorrelationtimewindows

The smallesvalue ofthe meardistanceas foundfor the
oppositecombinationof the window parameters
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App. 2 PCA

See decrease of EV1
and increase of othd&Vs
Related to change in shape of CDF.

Suggests change in numbef* abmmon
factors (*) in dynamics of GDP.

(*) : economic, social, political,..
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Top sixeigenvalues

EU25

like
fractional
contribution
to total
variance
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Cluster structure (1)

Continental

\

R

EU25
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Cluster structure (2)

Mediterranean/oceanic
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EU25
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Cluster structure (3)

S

>

™

Scandinavian
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Cluster structure (4)

=

Central-Eastern
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EU25
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Cluster structure (5)

/
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EU25
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Cluster structure (5)

\ /

+—— @@ O
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Fisherz
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Model (1)
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Model (5)
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