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A hazard rate h(t) € a probabilidade por unidade de tempo do crash

ocorrer no préximo instante dado que ele ainda nao ocorreu, dada por

=40
D= 100

Prova:

Pelo teorema da probabilidade total, considerando dois eventos a e b
complementares, tem-se que:

P(a) = P(b)*P(a/b) + P(~b)*P(a/~b) (A1)

Definindo os eventos a e b como:

a = ocorréncia do crash entre t* e t*+dt

b = ndo ocorréncia do crash entre 0 e t*

Tem-se também que: ~b = ocorréncia do crash entre 0 e t*

Lembrando que a data de ocorréncia do crash é uma varidvel estocastica sujeita
a uma fungédo densidade de probabilidade q(t) e a uma fung¢do de distribuicao

cumulativa Q(t) = Iq(t')dt', desta forma, Q(t*) € a probabilidade acumulada do

)

crash ocorrer até t*, e complementarmente, 1 — Q(t*) é a probabilidade do crash
ocorrer depois de t*.
Considerando um intervalo de tempo dt pequeno, tem-se que:

P(a) = q(t*)dt (A.2)
P(b) =1 -Q(t") (A.3)
De acordo com a definicdo da hazard rate:

P(a/b) = h(t*)dt (A.4)
Além disso, por razdes de mercado:

P(a/~b) = 0. (A.5)

Aplicando (A.2), (A.3), (A.4), (A.5) em (A.1), conclui-se que:
qt)dt = (1 — Q") hthdt + 0 = q(t*) = (1 — Q(t*)) h(t*), ou seja,

q(r*)

h(t*) = .
) 1-0(*)
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A razao das distancias, entre dois maximos consecutivos e o tempo critico

t., segue uma progressao geométrica igual ao fator caracteristico do mercado A,

ot -t
ou seja, —2=1.

c _tn
Prova:
Considerando: p(t) = A+ B(t, —t)” {1+ C cos[wIn(t, —t) + #]} .
Os maximos locais de p(t) ocorrem quando a fungao cosseno for maxima. Assim,
os maximos locais tém datas t, dadas por: win(t, —¢,)+¢ =27n.

Considerando tempos consecutivos t, e t,,1:

. t.—t
wlin(t, —t,,,)—wln(z, —¢t,) =27, ou seja, wln(”—””j =2r.
tC _tn
2r
, I, —t —
Dai, ~——=¢" .
t.—t,

2z

= r—t
Sabendo-se que ¢ = A (ver eq.(33)), conclui-se que: ;—Z“ =A.


DBD
PUC-Rio - Certificação Digital Nº 0310410/CA


PUC-Rio - Certificacéo Digital N° 0310410/CA

C
Apéndice

Histograma, QQ-plot, teste BDS, correlogramas e matriz variancia-

covariancia das séries analisadas no capitulo 4.
e HANG SENG INDEX (Hong Kong) — 1997

» Histograma e QQ-plot

» Teste BDS

m\ € 0.50 1.00 1.50 2.00
2 0.13640 0.30440 0.38640 0.44240
3 0.32800 0.47120 0.47720 0.59240
4 0.24280 0.33360 0.28880 0.32320
5 0.17040 0.25880 0.15920 0.23600
6 0.13680 0.17640 0.09840 0.22240

p-valores bootstrapeados da estatistica BDS, com 5000 repeticdes.
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» Correlograma do residuo padronizado
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Partial Correlation

AC

FPAC

Q-Stat

99

FProb

[
[
[
|
|
{
l

i
|
|
|
|
|
|
|
|

1
0
|
|
|
|
|
|
|

Il

= =

M = - = = = &

[ I T o T o O S PR ) LN R

PRy — & & & & & & & & &
PO T s TR s T Y N P T LN R N

0.082
0.048
-0.020
-0.014
-0.015
-0.042
-0.033
-0.044
-0.006
0.025
-0.001
0.052
0.037
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0.015
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-0.004
0.017
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4.3889
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9.9372
11.700
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15.172
15.413
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16.230
16.373
16.400
16.963

» Correlograma do quadrado do residuo padronizado

Autocorrelation

Partial Correlation
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0.7582
2.6546
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5.1824
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57361
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5.09959
6.4635
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5.4817
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» Matriz Variancia-Covariancia
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NASDAQ (Estados Unidos) — 2000

» Histograma e QQ-plot
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> Teste BDS
[ m\ ¢ 0.50 1.00 1.50 2,00
2 0.53800 0.44920 0.15760 0.21480
3 0.93880 0.83520 0.87600 0.87560
4 0.96280 0.90760 0.98160 0.67280
5 0.93040 0.94280 0.98800 0.57400
6 0.87520 0.89120 0.91640 0.51000

p-valores bootstrapeados da estatistica BDS, com 5000 repetigcoes.

» Correlograma do residuo padronizado

Autocorrelation

Partial Correlation
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» Correlograma do quadrado do residuo padronizado
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Partial Correlation
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e |IBOVESPA (Brasil) — 1997
» Histograma e QQ-plot

50

» Teste BDS
m\ € 0.50 1.00 1.50 2.00
2 0.83000 0.99720 0.85960 0.98520
3 0.86840 0.86360 0.85480 0.75560
4 0.96960 0.91760 0.86280 0.63200
5 0.47880 0.69000 0.64480 0.83640
6 0.36440 0.35400 0.40680 0.88800

p-valores bootstrapeados da estatistica BDS, com 5000 repeticdes.

» Correlograma do residuo padronizado
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» Correlograma do quadrado do residuo padronizado

Autocorrelation

Partial Correlation
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PAC Q-Stat
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0107 21.149
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0.164
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0.530
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e MERVAL (Argentina) — 2004
» Histograma e QQ-plot

0°

°
-3 0 °
-4 T T T T T
6 -4 2 0 2 4
> Teste BDS

m\ € 0.50 1.00 1.50 2.00
2 0.23040 0.24560 0.28600 0.91760
3 0.79440 0.67920 0.85440 0.45480
4 0.98400 0.80400 0.95000 0.42240
5 0.69680 0.89520 0.80920 0.53720
6 0.55880 0.83720 0.69680 0.59320

p-valores bootstrapeados da estatistica BDS, com 5000 repeti¢des.

Autocorrelation

» Correlograma do residuo padronizado

Partial Correlation

AC  PAC Q-Stat Prob

1]
[
Il
i
[
[

i

I

I
I
[

1]
1
1]
i
1
i
I
I

i

I

I
I
I

—
[ I e I o Rt e 3 TR R N PR Y L Y

Ml = b —b —b b —h —h —h &
(== e I e Tt e T R PN Y L Y

0.060 0.060

-0.003 -0.007

0.000 0.001
0.034 0.034
0.034 0.030
0.072 0.069
0.104 0.097

-0.008 -0.018
-0.009 -0.003
0.015 -0.020

0.034 0.025
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-0.035 -0.033
-0.058 -0.054
-0.045 -0.041
-0.044 -0.0459
-0.008 -0.002
-0.018 -0.003

21160 0.146
21226 0.346
21226 0.547
2.7983 0.552
3.4883 0.625
6.5730 0.362
12.920 0.074
12,958 0.113
13.010 0.162
13.142 0.216
13.822 0.243
14130 0.292
14.270 0.355
14.271 0.430
15.014 0.450
17.002 0.385
18.199 0.376
19.344 0.371
19.382 0433
19.573 0.485

107


DBD
PUC-Rio - Certificação Digital Nº 0310410/CA


PUC-Rio - Certificacéo Digital N° 0310410/CA

C
Apéndice

» Correlograma do quadrado do residuo padronizado

Autocorrelation

Partial Correlation

AC

PAC

Q-Stat

Prob
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0.002
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0.002
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4 6555
12.632
13.979
14,510
15.805
16.010
16.203
16.585
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17.464
17.510
18.044
18.532
18.627
18.700
19.985
20.023

0.351
0.233
0.291
0.325
0.027
0.030
0.043
0.045
0.067
0.094
0.121
0.150
0.179
0.230
0.260
0.294
0.350
0.411
0.395
0.456
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» Matriz Variancia-Covariancia
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e FTSE100 (Londres) — 1987

» Histograma e QQ-plot

80

110

2 - 0 4 3 2 0 1 2 3 4
> Teste BDS
m\ ¢ 0.50 1.00 1.50 2.00
2 0.304 0.743 0.648 0.909
3 0.537 0.870 0.581 0.978
4 0.439 0.499 0.291 0.659
5 0.925 0.760 0.562 0.935
6 0.390 0.574 0.549 0.931

p-valores bootstrapeados da estatistica BDS, com 5000 repeticdes.

» Correlograma do residuo padronizado

Autocarrelation

Partial Correlation

AC

PAC Q-Stat Prob
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54948 0.600
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10,943 0.280
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16.005 0.191
16.585 0.219
16.812 0.266
16.085 0.258
21.350 0.164
21.524 0204
21.740 0244
24591 0174
25140 0196
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» Correlograma do quadrado do residuo padronizado

Autocorrelation

Partial Correlation

AC

PAC Q-Stat
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0.042
-0.016
-0.005
-0.090
-0.020
-0.050
0.007
-0.037

0.0227
0.4637
293714
8.8431
12.229
13.508
13.509
14193
19.339
21.844
2261
226586
24581
24 678
24743
25419
28422
30.506
31.224
32.858

0.880
0.793
0.401
0.065
0.032
0.036
0.061
0.077
0.022
0.016
0.020
0.029
0.026
0.038
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0.021
0.031
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e INDIA BSE NATIONAL (india) — 2000

» Histograma e QQ-plot
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» Correlograma do residuo padronizado

Autocarrelation Partial Correlation AC PAC Q-Stat Prob
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» Correlograma do quadrado do residuo padronizado

Autocorrelation

Partial Correlation

AC

PAC

C-5Stat

114

Prob
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12
13
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16
17
18
19
20

0.088
0.0v2
-0.03
-0.003
0.013
0.094
-0.002
0.001
-0.042
0.004
-0.025
-0.025
-0.008
-0.054
0.081
-0.018
0.029
-0.008
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0.005

0.088
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-0.033
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-0.034
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-0.0581
0.0vv
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0.025

3.3637
56337
6.0465
6.0517
6.1270
10.029
10.031
10.032
10.794
10.802
11.085
11.359
11.384
12.683
14.336
14.473
14.857
14588
16.161
16.174

0.067
0.060
0.10%
0.195
0.294
0.123
0.187
0.263
0.290
0.373
0.436
0.493
0.5749
0.552
0.500
0.563
0.606
0.670
0.647
0.706
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