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Supplementary Material

In this supplementary document we present detailed evaluations of all simulations
conducted in Section 5.3. of the paper “A Geometric Approach to Confidence
Sets for Ratios: Fieller’s Theorem, Generalizations, and Bootstrap” (called the
main paper below). For the general setup of the simulations, please see Section
5.3. of the main paper.

In general, the simulations compare the performance of three methods of com-
puting confidence sets for rations. As we conducted a huge number of differ-
ent simulations, numeric tables would become rather impractical and tedious to
parse. Hence, we decided to present all evaluations in a more compact graphical
form. For each simulation we show two color figures: one figure which compares
the empirical coverage of the different methods, and one figure which compares
the number of bounded confidence sets for the different methods.

One “row” of figures always refers to the same parameter settings. Those settings
are given as the title for each row, for example: X ~ normal, Y ~ exponential,
n = 100, nominal level 0.90. For details on how we define the distributions please
see the main paper. The parameter n represents the sample size, the “nominal
level 0.90” refers to the nominal confidence level 1 — «. Each experiment has
been repeated R = 1000 times, and the reported values are means over those
repetitions.

Each of the three subfigures in one row corresponds to one particular method of
computing the confidence sets: our geometric bootstrap method, Hwang’s boot-
strap method, and Fieller’s classical method. For definitions and implementation
of the different methods please see the main paper. Each subfigure shows the
results in a color-coded “table”. The two axes of the table correspond to the
parameters of the distributions of X and Y, respectively (indicated by the axes
labels in the figures; for details on distributional parameters see main paper).
For each combination of parameters, we report the corresponding value in the
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experiment as a color-coded square. The scale of the color-code is indicated on
the right hand side of each row. Note that color scales change between rows, but
are constant within rows.

We report two types of results:

The empirical coverage. This shows how well the confidence sets achieve their
nominal coverage level. In those figures, the colors are not on a “linear scale”.
Instead, the nominal confidence level 0.90 is always depicted in yellow, red colors
depict conservative and green/blue colors liberal confidence sets.

The fraction of bounded confidence sets. Here we report the fraction of repeti-
tions for which the confidence sets were bounded of the form [l,u]. Here, color
scales are “linear”.

For a summary of the conclusions which can be drawn from all simulations please
see the main paper.
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Empirical coverage
X ~ normal, Y ~ normal, n=100
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Empirical coverage
X ~ normal, Y ~ normal, n=1000

Empirical coverage: X ~ normal, Y ~ normal, n=1000, nominal level 0.90
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Number of bounded confidence sets
X ~ normal, Y ~ normal, n=20

Percentage of bounded confidence sets: X ~ normal, Y ~ normal, n=20, nominal level 0.90
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Number of bounded confidence sets
X ~ normal, Y ~ normal, n=100

Percentage of bounded confidence sets: X ~ normal, Y ~ normal, n=100, nominal level 0.90
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Number of bounded confidence sets
X ~ normal, Y ~ normal, n=1000

Percentage of bounded confidence sets: X ~ normal, Y ~ normal, n=1000, nominal level 0.90
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Empirical coverage
X ~ exponential, Y ~ normal, n=20

Empirical coverage: X ~ exponential, Y ~ normal, n=20, nominal level 0.90
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Empirical coverage
X ~ exponential, Y ~ normal, n=100
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Empirical coverage
X ~ exponential, Y ~ normal, n=1000

Empirical coverage: X ~ exponential, Y ~ normal, n=1000, nominal level 0.90
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Number of bounded confidence sets
X ~ exponential, Y ~ normal, n=20

Percentage of bounded confidence sets: X ~ exponential, Y ~ normal, n=20, nominal level 0.90
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Number of bounded confidence sets
X ~ exponential, Y ~ normal, n=100

Percentage of bounded confidence sets: X ~ exponential, Y ~ normal, n=100, nominal level 0.90

Geometric (equal-tailed, bootstrap-t) Hwang (equal-tailed, bootstrap—t) Fieller

Var(Y)

Var(Y)

10 10 10
5 5 5
3 3 3
1 1 1
0.1, 0.1, 0.1
1 3 5 10 1 3 5 10 1 3 5 10
) ) (X)

mean(X mean(X mean

Percentage of bounded confidence sets: X ~ exponential, Y ~ normal, n=100, nominal level 0.90
Geometric (symmetric, bootstrap-t) Hwang (symmetric, bootstrap-t) Fieller

10 10 0
5 5
3 3
1 1

0'11 3 5 10 0'11 3 5

1
0.
10
)

1
1

mean(X) mean(X mean(X)

Percentage of bounded confidence sets: X ~ exponential, Y ~ normal, n=100, nominal level 0.90

Geometric (equal-tailed, subsamplingHwang (equal-tailed, subsampling) Fieller

Var(Y)

Var(Y)

10 10 10

5 5 5

3 3 3

1 1 1

0.1 0.1 0.1
1 3 5 10 1 3 5 10 1 3 5 10

mean(X) mean(X) mean(X)

Percentage of bounded confidence sets: X ~ exponential, Y ~ normal, n=100, nominal level 0.90

Geometric (symmetric, subsampling) Hwang (symmetric, subsampling) Fieller

1 3 5 10

10 10

. .1
1 3 5 10 1 3 5 10 0
mean(X) mean(X) mean(X)

1 3 5 10

S13



S14 ULRIKE VON LUXBURG AND VOLKER H. FRANZ

Number of bounded confidence sets
X ~ exponential, Y ~ normal, n=1000

Percentage of bounded confidence sets: X ~ exponential, Y ~ normal, n=1000, nominal level 0.90
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Empirical coverage
X ~ normal, Y ~ exponential, n=20

Empirical coverage: X ~ normal, Y ~ exponential, n=20, nominal level 0.90
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Empirical coverage
X ~ normal, Y ~ exponential, n=100

Empirical coverage: X ~ normal, Y ~ exponential, n=100, nominal level 0.90
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Empirical coverage
X ~ normal, Y ~ exponential, n=1000

Empirical coverage: X ~ normal, Y ~ exponential, n=1000, nominal level 0.90
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Number of bounded confidence sets
X ~ normal, Y ~ exponential, n=20

Percentage of bounded confidence sets: X ~ normal, Y ~ exponential, n=20, nominal level 0.90
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Number of bounded confidence sets
X ~ normal, Y ~ exponential, n=100

Percentage of bounded confidence sets: X ~ normal, Y ~ exponential, n=100, nominal level 0.90
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Number of bounded confidence sets
X ~ normal, Y ~ exponential, n=1000

Percentage of bounded confidence sets: X ~ normal, Y ~ exponential, n=1000, nominal level 0.90
Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t) Fieller
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Percentage of bounded confidence sets: X ~ normal, Y ~ exponential, n=1000, nominal level 0.90
Geometric (equal-tailed, subsamplingHwang (equal—tailed, subsampling) Fieller
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Percentage of bounded confidence sets: X ~ normal, Y ~ exponential, n=1000, nominal level 0.90
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CONFIDENCE SETS FOR RATIOS

Empirical coverage
X ~ exponential, Y ~ exponential, n=20

Empirical coverage: X ~ exponential, Y ~ exponential, n=20, nominal level 0.90

Geometric (equal-tailed, bootstrap-t) Hwang (equal-tailed, bootstrap-t) Fieller
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Empirical coverage: X ~ exponential, Y ~ exponential, n=20, nominal level 0.90

Geometric (symmetric, bootstrap-t) Hwang (symmetric, bootstrap—t) Fieller
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Empirical coverage: X ~ exponential, Y ~ exponential, n=20, nominal level 0.90
Geometric (equal-tailed, subsamplingHwang (equal-tailed, subsampling) Fieller
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Empirical coverage: X ~ exponential, Y ~ exponential, n=20, nominal level 0.90

Geometric (symmetric, subsampling) Hwang (symmetric, subsampling) Fieller
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Empirical coverage
X ~ exponential, Y ~ exponential, n=100

Empirical coverage: X ~ exponential, Y ~ exponential, n=100, nominal level 0.90

Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t) Fieller
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Empirical coverage: X ~ exponential, Y ~ exponential, n=100, nominal level 0.90
Geometric (symmetric, bootstrap-t) Hwang (symmetric, bootstrap—t) Fieller
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Empirical coverage: X ~ exponential, Y ~ exponential, n=100, nominal level 0.90
Geometric (equal-tailed, subsamplingHwang (equal-tailed, subsampling) Fieller
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Empirical coverage: X ~ exponential, Y ~ exponential, n=100, nominal level 0.90
Geometric (symmetric, subsampling) Hwang (symmetric, subsampling) Fieller
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CONFIDENCE SETS FOR RATIOS

Empirical coverage
X ~ exponential, Y ~ exponential, n=1000

Empirical coverage: X ~ exponential, Y ~ exponential, n=1000, nominal level 0.90

Geometnc (equal-tailed, bootstrap-t) Hwang (equal-tailed, bootstrap-t) Fieller
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Empirical coverage: X ~ exponential, Y ~ exponential, n=1000, nominal level 0.90

Geometrlc (symmetric, bootstrap-t) Hwang (symmetric, bootstrap-t) Fieller
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Empirical coverage: X ~ exponential, Y ~ exponential, n=1000, nominal level 0.90
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Empirical coverage: X ~ exponential, Y ~ exponential, n=1000, nominal level 0.90
Geometnc (symmetric, subsampling) Hwang (symmetric, subsampling) Fieller
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Number of bounded confidence sets
X ~ exponential, Y ~ exponential, n=20

Percentage of bounded confidence sets: X ~ exponential, Y ~ exponential, n=20, nominal level 0.90

Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t) Fieller
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Percentage of bounded confidence sets: X ~ exponential, Y ~ exponential, n=20, nominal level 0.90
Geometric (symmetric, bootstrap—t) Hwang (symmetric, bootstrap—t) Fieller
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CONFIDENCE SETS FOR RATIOS

Number of bounded confidence sets
X ~ exponential, Y ~ exponential, n=100

Percentage of bounded confidence sets: X ~ exponential, Y ~ exponential, n=100, nominal level 0.90

Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap—t) Fieller
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Percentage of bounded confidence sets: X ~ exponential, Y ~ exponential, n=100, nominal level 0.90
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Number of bounded confidence sets
X ~ exponential, Y ~ exponential, n=1000

Percentage of bounded confidence sets: X ~ exponential, Y ~ exponential, n=1000, nominal level 0.90

Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap—t) Fieller
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Percentage of bounded confidence sets: X ~ exponential, Y ~ exponential, n=1000, nominal level 0.90
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Percentage of bounded confidence sets: X ~ exponential, Y ~ exponential, n=1000, nominal level 0.90
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Percentage of bounded confidence sets: X ~ exponential, Y ~ exponential, n=1000, nominal level 0.90
Geometric (symmetric, subsampling) Hwang (symmetric, subsampling) Fieller
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CONFIDENCE SETS FOR RATIOS

Empirical coverage
X ~ Pareto, Y ~ Paretoinverted, n=20

Empirical coverage: X ~ pareto, Y ~ paretoinverted, n=20, nominal level 0.90

Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t) Fieller
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Empirical coverage: X ~ pareto, Y ~ paretoinverted, n=20, nominal level 0.90
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Empirical coverage: X ~ pareto, Y ~ paretoinverted, n=20, nominal level 0.90
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Empirical coverage: X ~ pareto, Y ~ paretoinverted, n=20, nominal level 0.90
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Empirical coverage
X ~ Pareto, Y ~ Paretoinverted, n=100

Empirical coverage: X ~ pareto, Y ~ paretoinverted, n=100, nominal level 0.90
Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t) Fieller
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Empirical coverage: X ~ pareto, Y ~ paretoinverted, n=100, nominal level 0.90
Geometric (symmetric, bootstrap—t) Hwang (symmetric, bootstrap-t) Fieller
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Empirical coverage: X ~ pareto, Y ~ paretoinverted, n=100, nominal level 0.90
Geometric (equal-tailed, subsamplingHwang (equal-tailed, subsampling) Fieller
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Empirical coverage: X ~ pareto, Y ~ paretoinverted, n=100, nominal level 0.90
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CONFIDENCE SETS FOR RATIOS

Empirical coverage
X ~ Pareto, Y ~ Paretoinverted, n=1000

Empirical coverage: X ~ pareto, Y ~ paretoinverted, n=1000, nominal level 0.90

Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t)
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Empirical coverage: X ~ pareto, Y ~ paretoinverted, n=1000, nominal level 0.90
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Empirical coverage: X ~ pareto, Y ~ paretoinverted, n=1000, nominal level 0.90
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Empirical coverage: X ~ pareto, Y ~ paretoinverted, n=1000, nominal level 0.90
Geometric (symmetric, subsampling) Hwang (symmetric, subsampling)
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Number of bounded confidence sets
X ~ Pareto, Y ~ Paretoinverted, n=20

Percentage of bounded confidence sets: X ~ pareto, Y ~ paretoinverted, n=20, nominal level 0.90

Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t) Fieller
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CONFIDENCE SETS FOR RATIOS

Number of bounded confidence sets
X ~ Pareto, Y ~ Paretoinverted, n=100

Percentage of bounded confidence sets: X ~ pareto, Y ~ paretoinverted, n=100, nominal level 0.90

Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t) Fieller
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Number of bounded confidence sets
X ~ Pareto, Y ~ Paretoinverted, n=1000

Percentage of bounded confidence sets: X ~ pareto, Y ~ paretoinverted, n=1000, nominal level 0.90

Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t) Fieller
2.5 25 1
2.3 2.3 2.3
> 0.98
521 21 2.1
>19 19 1.9 0.96
()
=% 17 17
= 0.94
815 15 15
13 1.3 13 0.92
11 11
M1 13 15 17 19 21 23 25 “11 13 15 17 19 21 23 25 L1 13 15 17 1.9 21 23 25
Tail index a of X Tail index a of X Tail index a of X
Percentage of bounded confidence sets: X ~ pareto, Y ~ paretoinverted, n=1000, nominal level 0.90
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Empirical coverage
X ~ Pareto, Y ~ normal, n=20

Empirical coverage: X ~ pareto, Y ~ normal, n=20, nominal level 0.90
Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t)

10

5

Var(Y)

3

1

0.
il 13 15 17 19 21 23 25
Tail index a of X

Fieller

10

0 113 15 1.7 19 21 23 25
Tail index a of X

5

3

1

0.
il 13 15 17 19 21 23 25

Tail index a of X

Empirical coverage: X ~ pareto, Y ~ normal, n=20, nominal level 0.90
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Empirical coverage: X ~ pareto, Y ~ normal, n=20, nominal level 0.90
Geometric (equal-tailed, subsampllng)-!W&ng (equal-tailed, subsampling)
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Empirical coverage: X ~ pareto, Y ~ normal,
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Empirical coverage
X ~ Pareto, Y ~ normal, n=100

Empirical coverage: X ~ pareto, Y ~ normal, n=100, nominal level 0.90

Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t) Fieller
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Empirical coverage: X ~ pareto, Y ~ normal, n=100, nominal level 0.90
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Empirical coverage: X ~ pareto, Y ~ normal, n=100, nominal level 0.90
Geometric (symmetric, subsampling) Hwang (symmetric, subsampling) Fieller
10 10 0.998
0.9
£
5 5 5
>
3 3 3
1 1 1
0.1 0.1 0.1 0.239
11 13 15 17 19 21 23 25 11 13 15 1.7 19 21 23 25 11 13 15 17 19 21 23 25

Tail index a of X Tail index a of X Tail index a of X
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Empirical coverage
X ~ Pareto, Y ~ normal, n=1000

Empirical coverage: X ~ pareto, Y ~ normal, n=1000, nominal level 0.90

Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t) Fieller
10 g 10 0.989
0.9
£
5 5
>
3
1
04 01 0.218
1 13 15 17 19 21 23 25 1 13 15 17 19 21 23 25 1 13 15 1.7 1.9 21 23 25
Tail index a of X Tail index a of X Tail index a of X
Empirical coverage: X ~ pareto, Y ~ normal, n=1000, nominal level 0.90
Geometric (symmetric, bootstrap—t) Hwang (symmetric, bootstrap—t) Fieller
10
£
5 5 5
>
3 3 3
1 1

011 13 15 17 19 21 23 25 "11 13 15 17 19 21 23 25 C11 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X
Empirical coverage: X ~ pareto, Y ~ normal, n=1000, nominal level 0.90
Geometric (equal-tailed, subsampllngﬂwang (equal-tailed, subsampling) Fieller

10 10
5
3
1

0.1
11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25 l 1 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X

0.994
0.9

Var(Y)

0.164

Empirical coverage: X ~ pareto, Y ~ normal, n=1000, nominal level 0.90
Geometric (symmetric, subsampling) Hwang (symmetric, subsampling) Fieller

Ml |

11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25 11 1.3 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X

0.998
0.9

Var(Y)

ﬂ
]
ﬂ
ﬂ

0.247

S35
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Number of bounded confidence sets
X ~ Pareto, Y ~ normal, n=20

Percentage of bounded confidence sets: X ~ pareto, Y ~ normal, n=20, nominal level 0.90
Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t) Fieller

10 10 10 1
0.95
0.9
5
n 0.85
3
1 0.8

0.1 0.1 0.1
11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X

(&)

Var(Y)

3

1

Percentage of bounded confidence sets: X ~ pareto, Y ~ normal, n=20, nominal level 0.90
Geometric (symmetric, bootstrap-t) Hwang (symmetric, bootstrap-t) Fieller

1
0.95
5
0.9
0.85
0. l

11 13 15 17 19 21 23 25 ll 13 15 17 19 21 23 25 11 13 15 1.7 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X

Var(Y)

Percentage of bounded confidence sets: X ~ pareto, Y ~ normal, n=20, nominal level 0.90
Geometric (equal-tailed, subsamplingHwang (equal-tailed, subsampling) Fieller

10 10
0.9
0.8
0.7
0.6
0.5
0.4
0.3

11 13 15 1.7 19 21 23 25 11 13 15 1.7 19 21 23 25 11 13 15 1.7 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X

Var(Y)

Percentage of bounded confidence sets: X ~ pareto, Y ~ normal, n=20, nominal level 0.90
Geometnc (symmetric, subsampling) Hwang (symmetric, subsampling) Fieller

10
0.9
0.8
0.7
5
0.6
3 0.5
l 0.4
01

11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X

Var(Y)
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Number of bounded confidence sets
X ~ Pareto, Y ~ normal, n=100

Percentage of bounded confidence sets: X ~ pareto, Y ~ normal, n=100, nominal level 0.90
Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t) Fieller

10 1
0.95
0.9
0.85

B 0.1
11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25 l 1 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X

5

Var(Y)

3

1

Percentage of bounded confidence sets: X ~ pareto, Y ~ normal, n=100, nominal level 0.90
Geometric (symmetric, bootstrap-t) Hwang (symmetric, bootstrap-t) Fieller

5
l

11 13 15 17 19 21 23 25 1 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X

Var(Y)

1
0.1
1.

Percentage of bounded confidence sets: X ~ pareto, Y ~ normal, n=100, nominal level 0.90
Geometric (equal-tailed, subsamplmg)‘iwang (equal-tailed, subsampllng) Fieller

10 1
0.9
08
07
06
05
04

11 13 15 1.7 19 21 23 25 11 13 15 1.7 19 21 23 25 11 13 15 1.7 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X

Var(Y)

Percentage of bounded confidence sets: X ~ pareto, Y ~ normal, n=100, nominal level 0.90
Geometnc (symmetric, subsampling) Hwang (symmetric, subsampling) Fieller

1
0.9
0.8
0.7
3 0.6
1 0.5

.1
11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X

Var(Y)
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Number of bounded confidence sets
X ~ Pareto, Y ~ normal, n=1000

Percentage of bounded confidence sets: X ~ pareto, Y ~ normal, n=1000, nominal level 0.90
Geometrlc (equal-tailed, bootstrap-t) Hwang (equal-tailed, bootstrap-t) Fieller

1

0.98

0.96

0.94

0.92
1 1
0.1 0.1
1. 1

1 13 15 17 19 21 23 25 113 15 17 19 21 23 25

Var(Y)

3
1

11 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X

Percentage of bounded confidence sets: X ~ pareto, Y ~ normal, n=1000, nominal level 0.90
Geometric (symmetric, bootstrap-t) Hwang (symmetric, bootstrap-t) Fieller

1
0.99
0.98
5 0.97
0.96
0.95
1
o. 1 o1 0.94
1

11 13 15 17 19 21 23 25 11 13 15 1.7 19 21 23 25 113 15 1.7 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X

Var(Y)

Percentage of bounded confidence sets: X ~ pareto, Y ~ normal, n=1000, nominal level 0.90
Geometric (equal-tailed, subsamplingHwang (equal-tailed, subsampling) Fieller

10 1
0.9
0.8
0.7
0.6
0.1

11 13 15 1.7 19 21 23 25 o']i.l 13 15 1.7 19 21 23 25 0'%.1 13 15 1.7 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X

Var(Y)

Percentage of bounded confidence sets: X ~ pareto, Y ~ normal, n=1000, nominal level 0.90
Geometric (symmetric, subsampling) Hwang (symmetric, subsampling) Fieller

0.95
0.9
0.85

5 0.8
0.75
0.7
0.65

0. l

11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X

Var(Y)
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Empirical coverage
X ~ normal, Y ~ Pareto, n=20

Empirical coverage: X ~ normal, Y ~ pareto, n=20, nominal level 0.90

Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t) Fieller
2.5 25 2.5

23 23 23

0.974

21 21 21
19 19 19

17 17 17

5 15
" ”h
M1 10 “b11 3

Tail index a of Y

15
13

10 1'%

.

11 3

5 5 5
Var(X) Var(X) Var(X)

Empirical coverage: X ~ normal, Y ~ pareto, n=20, nominal level 0.90
Geometric (symmetric, bootstrap—-t) Hwang (symmetric, bootstrap—t) Fieller
2.5 25

Tail index a of Y

3

1.1 1
5 10 011 5 10 11 3 5
Var(X) Var(X) Var(X)
Empirical coverage: X ~ normal, Y ~ pareto, n=20, nominal level 0.90
Geometric (equal-tailed, subsamplingHwang (equal-tailed, subsampling) Fieller
25 25 25
2.3 2.3 2.3
2.1 2.1 2.1
1.9 1.9

0.998
0.9

17

Tail index a of Y

[
5]

19
17 17
15 15

11 11
10 011 3 5 10 011 3

0.171
5 5
Var(X) Var(X) Var(X)

3

Empirical coverage: X ~ normal, Y ~ pareto, n=20, nominal level 0.90

Geometric (symmetric, subsampling) Hwang (symmetric, subsampling) Fieller
25 25 25

23
2.1
19

0.998
0.9

Tail index a of Y

25 0.983
23 23 23 09
21 21 21
19 1.9 19
17 17 17
15 15 15
13 13 ] 1.3h
1y S 0.207

0.21

539
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Empirical coverage
X ~ normal, Y ~ Pareto, n=100

Empirical coverage: X ~ normal, Y ~ pareto, n=100, nominal level 0.90

Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t) Fieller
25 . 0.99
23 2.3 0.9
>
521 21
19 1.9
()
217 1.7
T 1s 15
1.3
. 0.239
Ma11 3 5 10 3 5
Var(X) Var(X) Var(X)
Empirical coverage: X ~ normal, Y ~ pareto, n=100, nominal level 0.90
Geometrlc (symmetric, bootstrap—t) Hwang (symmetric, bootstrap—t) Fieller
2.5 2.5 0.989
23 23 23 09
>
521 2.1 2.1
c19 1.9 1.9
()
17 1.7 17
T 1s 15 15
13 1.3 13
. . 0.207
M11 3 10 11 3 5 0 Y11 3 5 10
Var(X) Var(X) Var(X)
Empirical coverage: X ~ normal, Y ~ pareto, n=100, nominal level 0.90
Geometrlc (equal-tailed, subsampllng)-!W&ng (equal-tailed, subsampling) Fieller
. 0.997
23 23 : 0.9
>
521 2.1 .
©
519 1.9 -
17 1.7
E 15 15
1.3
1.1 0.18
10 011 5 10 5
Var(X) Var(X) Var(X)
Empirical coverage: X ~ normal, Y ~ pareto, n=100, nominal level 0.90
Geometrlc (symmetric, subsampllng) Hwang (symmetric, subsampling) Fieller
. 0.996
2.3 2.3 0.9
>
5 2.1 21
C19 1.9
(5]
217 1.7
B 15 15
i ST
0.236

1 11
011 3 5 10 011 3 5 10
Var(x) Var(X) Var(X)

Oll
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Empirical coverage
X ~ normal, Y ~ Pareto, n=1000

Empirical coverage: X ~ normal, Y ~ pareto, n=1000, nominal level 0.90

Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t) Fieller
2.5 25 .

23 23
21 21
19 19
17 17

.5
13

1'6.1 1

Tail index a of Y

|

15
13

10 1'%

11 3

5 5
Var(X) Var(X)

Empirical coverage: X ~ normal, Y ~ pareto, n=1000, nominal level 0.90
Geometric (symmetric, bootstrap—-t) Hwang (symmetric, bootstrap—t) Fieller
2.5 25 .

0.995
HOQ
“ 0205
0

2.3 2.3
2.1 21
19 1.9
17 17
15

Tail index a of Y

15

13 1.3
1'6.1 1 3 5 10 1'%.1 1 3 5 10 1'5.1 1 3 5 1
Var(X) Var(X) Var(X)
Empirical coverage: X ~ normal, Y ~ pareto, n=1000, nominal level 0.90
Geometric (equal-tailed, subsamplingHwang (equal-tailed, subsampling) Fieller
25 25 2.5 0.994
23 09
>
5 21
% 19
()
2 17
z 15
e
11 0.183
011 3 5 10
Var(X)

Empirical coverage: X ~ normal, Y ~ pareto, n=1000, nominal level 0.90

Geometric (symmetric, subsampling) Hwang (symmetric, subsampling) Fieller
25 25 . 0.997
2.3 2.3 0.9
>
5 2.1 21
[
<19 1.9
[}
217 1.7
B 15 15
13 1.3
11 1.1 0.248
011 3 10 011

5 5
Var(X) Var(X)
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Number of bounded confidence sets
X ~ normal, Y ~ Pareto, n=20

Percentage of bounded confidence sets: X ~ normal, Y ~ pareto, n=20, nominal level 0.90
Geometrlc (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t) Fieller
2.

23
21
19

23
21
19

0.8

0.6
17

15
13

17
15
13

0.4

Tail index a of Y

0.2

11 11
011 3 10 "011 3 5 10
Var(x) Var(X)
Percentage of bounded confidence sets: X ~ normal, Y ~ pareto, n=20, nominal level 0.90
Geometnc (symmetric, bootstrap-t) Hwang (symmetric, bootstrap-t) Fieller
25 .

23
21
19
17
15
13

2.3
21
19
17

Tail index a of Y

15
13

= 25 11 3 10
Var(><)

5
Var(X)

Percentage of bounded confidence sets: X ~ normal, Y ~ pareto, n=20, nominal level 0.90
Geometrlc (equal-tailed, subsamplmg)—lwang (equal-tailed, subsampling) Fieller

23

2.3
> 0.8
521 21
©
519 1.9 0.6
=]
E 17 17 04
815 15

13 13 0.2

11 11

011 3 10 "011 3 10
Var(X) Var(><)
Percentage of bounded confidence sets: X ~ normal, Y ~ pareto, n=20, nominal level 0.90

Geometric (symmetric, subsampling) Hwang (symmetric, subsampling) Fieller

25 25 2.5 1

2.3 23 2.3
> 0.8
521 2.1 2.1
C19 1.9 1.9 0.6
(]
°
17 17 17 04
S15 15 15

0.2

13 13

13

11
011

i
iéé
i
i

11 11
. 011

5
Var(X)
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Number of bounded confidence sets
X ~ normal, Y ~ Pareto, n=100

Percentage of bounded confidence sets: X ~ normal, Y ~ pareto, n=100, nominal level 0.90

Geometrlc (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t)

23
21
19

17
15
13
11

011 3 10
Var(x)

Tail index a of Y

"
i

23
21
19

17
15
13

11
0.

11 3 5
Var(X)

Fieller

3 5 10
Var(X)

Percentage of bounded confidence sets: X ~ normal, Y ~ pareto, n=100, nominal level 0.90
Hwang (symmetric, bootstrap-t)
25

Geometnc (symmetric, bootstrap-t)

23
21
19
17
15
13

Tail index a of Y

m

= 25 11 3 10
Var(><)

2.3
21
19
17
15
13

11 5
Var(X)

Fieller

Var(x)

Percentage of bounded confidence sets: X ~ normal, Y ~ pareto, n=100, nhominal level 0.90
Fieller

Geometrlc (equal-tailed, subsampllng)—lwang (equal-tailed, subsampling)

2.3
21
19
17
15
13
11

011 3 10
Var(X)

Tail index a of Y

il
M

23

2.1
19
17
15
13

11
0.

11 3
Var()()

Percentage of bounded confidence sets: X ~ normal, Y ~ pareto, n=100, nominal level 0.90

25
23
21
19
17
15
13

11
011

Tail index a of Y

5
Var(X)

23
21
19
17
15
13

11
0.

11 5
Var(X)

Geometric (symmetric, subsampling) Hwang (symmetric, subsampling)
25

Fieller

B

Var(X)

2. 1
j 08
: 06
: 0.4
j 0.2
. 1
: 08
: 06
j 0.4
-l
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Number of bounded confidence sets
X ~ normal, Y ~ Pareto, n=1000

Percentage of bounded confidence sets: X ~ normal, Y ~ pareto, n=1000, nominal level 0.90

Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t) Fieller
25

2.3
21

1

2.3
21
19

0.98
0.96
0.94
0.92

1.9

17
15

17
15
13 13
11 11

011 3 10 011 3 5 10
Var(X) Var(X)

Tail index a of Y

0.88

Percentage of bounded confidence sets: X ~ normal, Y ~ pareto, n=1000, nominal level 0.90

Geometrlc (symmetric, bootstrap-t) Hwang (symmetric, bootstrap—t) Fieller
25 2 1

0.98
0.96
0.94
0.92

23
21
1.9
17
15
13

23
21
19
17
15
13

Tail index a of Y

0.88

= % 11 10 L. 6 11 5
Var(X) Var(X)

Percentage of bounded confidence sets: X ~ normal, Y ~ pareto, n=1000, nominal level 0.90
Geometnc (equal-tailed, subsamplmg)—iwang (equal-tailed, subsampling) Fieller
2

i 1
2.3 2.3 : 0.98
>
521 21 . 0.96
[
519 19 . 0.94
217 17 . 0.92
=
815 15 . 0.9
13 13 : 0.88
11 11 .

011 10 011 5
Var(x) Var(X) Var(X)

Percentage of bounded confidence sets: X ~ normal, Y ~ pareto, n=1000, nominal level 0.90
Geometric (symmetric, subsampling) Hwang (symmetric, subsampling) Fieller
25
11

2.5 . 1
. 0.98
. 0.96
: 0.94
: 0.92
. 0.9
: 0.88
011 1'01 1 1'0

Var(X) \/ar(><) Var(X)

2.3 2.3
>

521 21
©

519 1.9
217 1.7
315 15

13 13
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Empirical coverage
X ~ exponential, Y ~ Pareto, n=20

Empirical coverage: X ~ exponential, Y ~ pareto, n=20, nominal level 0.90

Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t) Fieller
25 . - 0.99
2.3 2.3
2.1 2.1
1.9 1.9
1.7 1.7
5 15
13

Tail index a of Y

1 10

11

5 5 5
mean(X) mean(X) mean(X)

0.294

!
w
=
o

Empirical coverage: X ~ exponential, Y ~ pareto, n=20, nominal level 0.90

Geometnc (symmetric, bootstrap—t) Hwang (symmetric, bootstrap-t) Fieller
25 . 0.992
23 2.3 0.9
>
521 21
T19 1.9
()
17 1.7
T 1s 15
13 1.3
N 1 0.263
5 5 5
mean(X) mean(X) mean(X)
Empirical coverage: X ~ exponential, Y ~ pareto, n=20, nominal level 0.90
Geometrlc (equal-tailed, subsampllngﬁwang (equal-tailed, subsampling) Fieller
2.3 2.3 0.9
>
521 21
S19 19
()
217 1.7
815 15
13 1.3
N 1 0.251
5 5
mean(X) mean(X) mean(X)
Empirical coverage: X ~ exponential, Y ~ pareto, n=20, nominal level 0.90
Geometnc (symmetric, subsampllng) Hwang (symmetric, subsampling) Fieller

Tail index a of Y

13 13

ﬂ
ﬂ
ﬂ

25
23 23 23
2.1 21 2.1
19 1.9 19
17 17 17
15 15 15

|
1.1
1 1 3 1

5 5
mean(X) mean(X) mean(X)

11 11

0.316

o
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Empirical coverage
X ~ exponential, Y ~ Pareto, n=100

Empirical coverage: X ~ exponential, Y ~ pareto, n=100, nominal level 0.90

Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t) Fieller
25 . :

0.994
0.9

23 23
21 21
19 19
17 17

.5 15 15

13_ l3_

Tail index a of Y

0.245

!
w
=
o

5
mean(X) mean(x) mean(x)

Empirical coverage: X ~ exponential, Y ~ pareto, n=100, nominal level 0.90
Geometnc (symmetric, bootstrap—t) Hwang (symmetric, bootstrap-t) Fieller
2.5 .

2.5 0.998
2.3 2.3 2.3 0.9
2.1 2.1 2.1
1.9 1.9 1.9
1.7 17 1.7
15 15 .
1.3 13 .
Ly 11 . 0.233

Tail index a of Y

5
mean(X) mean(X) mean(X)

1 3 5 10 1 3 5 10
Empirical coverage: X ~ exponential, Y ~ pareto, n=100, nominal level 0.90

13

ll

1.1 .
0 1 3 5 10 1 3 5 10
mean(X) mean(X) mean(X)

Geometrlc (equal-tailed, subsampllngﬁwang (equal-tailed, subsampling) Fieller
25 . > 0.998

2.3 2.3 0.9
>
521 21
T19 1.9
()
217 1.7
g 15 15

13

3 5 1

0.181

Empirical coverage: X ~ exponential, Y ~ pareto, n=100, nominal level 0.90

o A
1.1 1.1
0 1 3 5 10 1 3 5 10
mean(X) mean(X) mean(X)

11

0.255

Geometnc (symmetric, subsampllng) Hwang (symmetric, subsampling) Fieller
25 1

2.3 2.3 2.3 0.9
>
521 2.1 2.1
g 19 19 19
217 1.7 17
g 15 15 15

13

1 3 5 1
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Empirical coverage
X ~ exponential, Y ~ Pareto, n=1000

Empirical coverage: X ~ exponential, Y ~ pareto, n=1000, nominal level 0.90

Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t) Fieller
25 . 0.996
2.3 2.3 0.9
>
521 2.1
19 1.9
()
217 1.7
T 15 15
13
. 0.239
1 3 5 0 M 3 5 10 5
mean(X) mean(X) mean(X)

Empirical coverage: X ~ exponential, Y ~ pareto, n=1000, nominal level 0.90

Geometnc (symmetric, bootstrap—t) Hwang (symmetric, bootstrap-t) Fieller
2.5 . 0.997
23 2.3 0.9
>
521 2.1
T19 1.9
()
17 1.7 .
T 1s 15 15
1.3 13 1.3
R 11 . 0.219
5 1 3 5 10 1 3 5 10
mean(X) mean(X) mean(X)

Empirical coverage: X ~ exponential, Y ~ pareto, n=1000, nominal level 0.90
Geometrlc (equal-tailed, subsampllngﬁwang (equal-tailed, subsampling) Fieller

o I N
23 23 e
2.1 21 2.1

0.997
0.9

>
S
©
3 19 1.9 19
217 1.7 17
E s 1.5_ ¥

o o | E—

1.1 1.1 1.1 0.182

1 3 5 10 1 3 5 10 1 3 5 10
mean(X) mean(X) mean(X)

Empirical coverage: X ~ exponential, Y ~ pareto, n=1000, nominal level 0.90

HN @ 4 =E 1 9244 =EN = 4®E B

Geometnc (symmetric, subsampllng) Hwang (symmetric, subsampling) Fieller
o N ' 0o
2.3 2.3 ——— 0.9
>
521 21
C19 1.9
()
217 1.7
g 15 15 15
13 1.3 13
11 1.1 11 0.232
1 3 10 1 3 10

5 5
mean(X) mean(X) mean(X)
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Number of bounded confidence sets
X ~ exponential, Y ~ Pareto, n=20

Percentage of bounded confidence sets: X ~ exponential, Y ~ pareto, n=20, nominal level 0.90
Geometrlc (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t) Fieller

2. 1
: 0.9998
j 0.9996
: 0.9994
’ 0.9992
af Ty 0999

5 5 3 5
mean(X) mean(X) mean(X)

23 23
21 21
1.9 19

17 17
15 15
13 13
11 11

Tail index a of Y

Percentage of bounded confidence sets: X ~ exponential, Y ~ pareto, n=20, nominal level 0.90

Geometnc (symmetric, bootstrap-t) Hwang (symmetric, bootstrap—t) Fieller
25 . 1
2.3 .
> 0.8
5 2.1 .
S 19 . 0.6
)
217 : 0.4
15 .
. 02
. 0
1 3 5 10 5
mean(X) mean(X) mean

Percentage of bounded confidence sets: X ~ exponential, Y ~ pareto, n=20, nominal level 0.90

Geometric (equal-tailed, subsamplmg)—lwang (equal-tailed, subsampling) Fieller
25 25 1
23 23 . 0.99
>
E 21 2.1 . 0.98
1.9 1.9 .
3 0.97
=% 17 .
= 0.96
g 15 15 .
13 13 . 095
11 L . 0.94
1 3 5 10 3 5 10
mean(X) mean(X) mean

Percentage of bounded confidence sets: X ~ exponential, Y ~ pareto, n=20, nominal level 0.90
Geometrlc (symmetric, subsampling) Hwang (symmetric, subsampllng) Fieller
2.5

. 1

- 0.98
' 0.96
j 0.94
. 0.92
- 0.9

5
mean(X) mean(X) mean

Tail index a of Y
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Number of bounded confidence sets
X ~ exponential, Y ~ Pareto, n=100

Percentage of bounded confidence sets: X ~ exponential, Y ~ pareto, n=100, nominal level 0.90

Geometrlc (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t) Fieller
2. 1
2.3 2.3 .
> 0.8
521 21 .
19 1.9 X 0.6
(]
217 1.7 . 0.4
T 15 15 .
. 02
1.3 1.3 .
L1 L . 0
3 5 10
mean(X) mean(X) mean
Percentage of bounded confidence sets: X ~ exponential, Y ~ pareto, n=100, nominal level 0.90
Geometnc (symmetric, bootstrap-t) Hwang (symmetric, bootstrap-t) Fieller
25 . 1
23 23 .
> 0.8
521 21 .
S19 1.9 : 0.6
(]
217 17 : 0.4
B 15 15 .
. 0.2
13 13 .
0
= 1 3 5 10 1L 5 1 3 5 10
mean(X) mean(X) mean(X)
Percentage of bounded confidence sets: X ~ exponential, Y ~ pareto, n=100, nominal level 0.90
Geometrlc (equal-tailed, subsampllng)—lwang (equal-tailed, subsampling) Fieller

. 1
2.3 2.3 .

> 0.8

521 21 .

©

19 1.9 X 0.6

[}

217 1.7 . 0.4

T 15 15 :

= 02
1.3 13 .
Ly 1L . 0

3 5 10 5 1 3 5 10
mean(X) mean(X) mean(X)

Percentage of bounded confidence sets: X ~ exponential, Y ~ pareto, n=100, nominal level 0.90

Geometrlc (symmetric, subsampling) Hwang (symmetric, subsampling) Fieller
2.5 2.5 1

2.3 2.3
>
521 21 : 0.995
T19 1.9
S
E 1.7 17 0.99
Z15 15

1.3 13

0.985

11 11

5
mean(X) mean(X) mean(X)
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Number of bounded confidence sets
X ~ exponential, Y ~ Pareto, n=1000

Geometrlc (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t)
2

23
21
19

17
15
13
11

Tail index a of Y

w
o
=

=
w

Geometnc (symmetric, bootstrap-t)

23
21
19
17
15
13
11

Tail index a of Y

w
3
2

2.3
21
19
17
15
13
11

Tail index a of Y

w
5
=

23
21
1.9

17
15
13
11

Tail index a of Y

w
3
=

mean(X)

mean(X)

mean(X)

5
mean(X)

23
21
19

17
15
13
11

2.3
21
19
17
15
13
11

23
21
19

17
15
13
11

23
21
19

17
15
13
11

mean(X)

5
mean(X)

5
mean(X)

mean(X)

25
23
21
1.9

17
15
13
11

1

Percentage of bounded confidence sets: X ~ exponential, Y ~ pareto, n=1000, nominal level 0.90
Fieller

0.8
0.6
0.4

0.2

5 10
mean(X)

Percentage of bounded confidence sets: X ~ exponential, Y ~ pareto, n=1000, nominal level 0.90
Hwang (symmetric, bootstrap-t)
25

Fieller

0.8
0.6
0.4

0.2

5
mean(X)

Percentage of bounded confidence sets: X ~ exponential, Y ~ pareto, n=1000, nominal level 0.90
Geometrlc (equal-tailed, subsampllng)—lwang (equal-tailed, subsampling)
2

Fieller

0.8
0.6
0.4

0.2

5
mean(X)

Percentage of bounded confidence sets: X ~ exponential, Y ~ pareto, n=1000, nominal level 0.90
Geometnc (symmetric, subsampling) Hwang (symmetric, subsampling)
25

Fieller

0.9995
0.999
0.9985
0.998
0.9975
0.997

5
mean(X)
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Empirical coverage
X ~ Pareto, Y ~ exponential, n=20

Empirical coverage: X ~ pareto, Y ~ exponential, n=20, nominal level 0.90
Geometric (equal-tailed, bootstrap-t) Hwang (equal-tailed, bootstrap-t) Fieller

10 10 10 0.992
0.9
=
H
3 5 5 5
£
3 3 3
" 0.289
1 13 15 17 19 21 23 25 1 13 15 17 1.9 21 23 25 1 13 15 1.7 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X
Empirical coverage: X ~ pareto, Y ~ exponential, n=20, nominal level 0.90
Geometric (symmetric, bootstrap—t) Hwang (symmetric, bootstrap—t) Fieller
10 10 10 0.986
0.9
<
H
3 5 5 5
£
3 3 3
1 1 1 0.279
11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X
Empirical coverage: X ~ pareto, Y ~ exponential, n=20, nominal level 0.90
Geometric (equal-tailed, subsamplingHwang (equal-tailed, subsampling) Fieller
10 10 10 0.997
0.9
<
H
3 5 5 5
£
3 3 3
1 1 1 0.274
11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X
Empirical coverage: X ~ pareto, Y ~ exponential, n=20, nominal level 0.90
Geometric (symmetric, subsampling) Hwang (symmetric, subsampling) Fieller
10 10 10 1
0.9
<
=
3 5
£
3
1
11 13 15 1.7 19 21 23 25

1 1 0.306
11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X

S51



552 ULRIKE VON LUXBURG AND VOLKER H. FRANZ

Empirical coverage
X ~ Pareto, Y ~ exponential, n=100

Empirical coverage: X ~ pareto, Y ~ exponential, n=100, nominal level 0.90

Geometric (equal-tailed, bootstrap-t) Hwang (equal-tailed, bootstrap-t) Fieller
10

10

10
5
3 3

113 15 17 19 21 23 25 113 15 1.7 19 21 23 25 i.l 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X

0.995
0.9

5

mean(Y)

0.261

Empirical coverage: X ~ pareto, Y ~ exponential, n=100, nominal level 0.90

Geometric (symmetric, bootstrap—t) Hwang (symmetric, bootstrap—t) Fieller
10 10 10 0.994
0.9
5
3

1 1 1 -4 0.204
11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25

Tail index a of X Tail index a of X Tail index a of X

Empirical coverage: X ~ pareto, Y ~ exponential, n=100, nominal level 0.90
Geometric (equal-tailed, subsampllngHwang (equal-tailed, subsampllng) Fieller

10
0.9
<
H
@ 5 5
£
3 3
L 0.169
17 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X
Empirical coverage: X ~ pareto, Y ~ exponential, n=100, nominal level 0.90
Geometric (symmetric, subsampling) Hwang (symmetric, subsampling) Fieller
10 10 0.999
0.9
<
H
o 5 5
£
3 3

|
'
|

1 0.26
11 13 15 17 19 21 23 25 ll 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25

Tail index a of X Tail index a of X Tail index a of X
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Empirical coverage
X ~ Pareto, Y ~ exponential, n=1000

Empirical coverage: X ~ pareto, Y ~ exponential, n=1000, nominal level 0.90
Geometrlc (equal-tailed, bootstrap-t) Hwang (equal-tailed, bootstrap-t) Fieller
! 10I 10
1 1.3 15 1.7 1.9 21 23 25 1 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X

0.995
0.9

mean(Y)

0.213

Empirical coverage: X ~ pareto, Y ~ exponential, n=1000, nominal level 0.90
Geometnc (symmetric, bootstrap—t) Hwang (symmetric, bootstrap—t) Fieller

! l 1 I
15 17 19 21 23 25 11 13 15 17 18 21 23 25 11 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X
Empirical coverage: X ~ pareto, Y ~ exponential, n=1000, nominal level 0.90
Geometnc (equal-tailed, subsampllngﬂwang (equal-tailed, subsampling) Fieller

|
|
Al 1.
|

0.996
0.9

mean(Y)

0.205

mean(Y)

0.174
11 13 15 17 19 21 23 25 ll 13 15 1.7 19 21 23 25 11 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X

Empirical coverage: X ~ pareto, Y ~ exponential, n=1000, nominal level 0.90
Geometric (symmetric, subsampling) Hwang (symmetric, subsampling) Fieller

| 0

1 1
11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25 1 1 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X

0.998
0.9

mean(Y)

0.233
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Number of bounded confidence sets
X ~ Pareto, Y ~ exponential, n=20

Percentage of bounded confidence sets: X ~ pareto, Y ~ exponential, n=20, nominal level 0.90

Geometric (equal-tailed, bootstrap-t) Hwang (equal-tailed, bootstrap-t) Fieller
10 10 1
0.95
g 0.9
c B
3 5
£
0.85
3
1 1 1 08
11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X
Percentage of bounded confidence sets: X ~ pareto, Y ~ exponential, n=20, nominal level 0.90
Geometnc (symmetric, bootstrap-t) Hwang (symmetric, bootstrap-t) Fieller
1
0.95
)
=
3
£ 0.9
0.85
15 1.7 19 21 23 25 1 13 15 1.7 19 21 23 25 1 13 15 17 1.9 21 23 25
Tail index a of X Tail index a of X Tail index a of X
Percentage of bounded confidence sets: X ~ pareto, Y ~ exponential, n=20, nominal level 0.90
Geometric (equal-tailed, subsamplingHwang (equal—tailed, subsampling) Fieller
10 10 1
0.95
0.9
<
T%/ 0.85
5
g 0.8
0.75
0.7

1
11 13 15 17 19 21 23 25
Tail index a of X

11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25
Tail index a of X Tail index a of X

Percentage of bounded confidence sets: X ~ pareto, Y ~ exponential, n=20, nominal level 0.90

Geometric (symmetric, subsampling) Hwang (symmetric, subsampling) Fieller
10

10

=
H
o 5
£

3

0.9
0.8
0.7
0.6
0.5
0.4

1 - 1 1
11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X
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Number of bounded confidence sets
X ~ Pareto, Y ~ exponential, n=100

Percentage of bounded confidence sets: X ~ pareto, Y ~ exponential, n=100, nominal level 0.90
Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t) Fieller

10 10 10
5 5 5
3 3 3
1

11 13 15 17 19 21 23 25 %..1 13 15 17 19 21 23 25 %II'..l 13 15 17 19 21 23 25

0.95

mean(Y)

0.9

0.85

Tail index a of X Tail index a of X Tail index a of X

Percentage of bounded confidence sets: X ~ pareto, Y ~ exponential, n=100, nominal level 0.90
Geometric (symmetric, bootstrap-t) Hwang (symmetric, bootstrap-t) Fieller
10

10 10 1
0.98
0.96
0.94
0.92
0.9

mean(Y)

i.l 13 15 17 19 21 23 25
Tail index a of X

i.l 13 15 17 19 21 23 25
Tail index a of X

i.l 13 15 1.7 19 21 23 25
Tail index a of X

Percentage of bounded confidence sets: X ~ pareto, Y ~ exponential, n=100, nominal level 0.90
Geometric (equal-tailed, subsamplingHwang (equal—tailed, subsampling) Fieller

10 10
5- ﬂ _

11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X

0.95
0.9
0.85
0.8
0.75
0.7
0.65

mean(Y)

Percentage of bounded confidence sets: X ~ pareto, Y ~ exponential, n=100, nominal level 0.90
Geometric (symmetric, subsampling) Hwang (symmetric, subsampling) Fieller

10
5
3

1
11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X

mean(Y)

1

0.9
0.8
0.7
0.6
0.5
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Number of bounded confidence sets
X ~ Pareto, Y ~ exponential, n=1000

Percentage of bounded confidence sets: X ~ pareto, Y ~ exponential, n=1000, nominal level 0.90
Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t) Fieller

10 10 10 1
0.98
~ 0.96
H
5 5 5 .
g 0.94
3 3 3 0.92
1 1 1 09
11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X
Percentage of bounded confidence sets: X ~ pareto, Y ~ exponential, n=1000, nominal level 0.90
Geometric (symmetric, bootstrap—t) Hwang (symmetric, bootstrap-t) Fieller
10 1
0.98
)
=
g5 0.96
£
3 0.94
I 15 17 19 21 23 25 1 13 15 17 19 21 23 25 1 1.3 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X
Percentage of bounded confidence sets: X ~ pareto, Y ~ exponential, n=1000, nominal level 0.90
Geometric (equal-tailed, subsamplingHwang (equal—tailed, subsampling) Fieller
10 10
0.95
0.9
s 0.85
=
g s 0.8
£
0.75
0.7
0.65
11 13 15 17 19 21 23 25 11 13 15 17 18 21 23 25 11 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X
Percentage of bounded confidence sets: X ~ pareto, Y ~ exponential, n=1000, nominal level 0.90
Geometric (symmetric, subsampling) Hwang (symmetric, subsampling) Fieller
10
0.95
0.9
S 0.85
=
3 08
£
0.75
0.7
0.65

1
11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X



CONFIDENCE SETS FOR RATIOS

Empirical coverage
X ~ Pareto, Y ~ Pareto, n=20

Empirical coverage: X ~ pareto, Y ~ pareto, n=20, nominal level 0.90

Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t) Fieller
25

25
23 23 23

-

S 21 21 21

19 1.9 1.9

()

217 1.7 17

T 15 15 15

0.998
0.9

13 13 13

11]:.1 13 15 17 19 21 23 25 1%.1 13 15 17 19 21 23 25 ll 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X

0.245

Empirical coverage: X ~ pareto, Y ~ pareto, n=20, nominal level 0.90
Geometnc (symmetric, bootstrap—t) Hwang (symmetric, bootstrap—t) Fieller

25 0.995
2.3 23 0.9
2.1 21
1.9 1.9
17 17
15 15
13 13
0.217

23
Z21
“’19
,517
T 1s

13

11

11
11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25 l 1 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X

Empirical coverage: X ~ pareto, Y ~ pareto, n=20, nominal level 0.90

Geometrlc (equal-tailed, subsampllngﬁwang (equal-tailed, subsampling) Fieller
25 0.994
23 23 23 0.9
>
521 2.1 2.1
T19 1.9 1.9
()
217 1.7 17
g 15 15 15
13 1.3 13

11 0.19
ll 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25 ll 13 15 17 19 21 23 25

Tail index a of X Tail index a of X Tail index a of X

Empirical coverage: X ~ pareto, Y ~ pareto, n=20, nominal level 0.90

Geometnc (symmetric, subsampllng) Hwang (symmetric, subsampling) Fieller
25

23 23
21 2.1
1.9 19
17 17
15 15
13 13

23
2.1
19
17
15
13
11

11 13 15 17 19 21 23 25
Tail index a of X

Tail index a of Y

i_

11 0.265
11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25

Tail index a of X Tail index a of X
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Empirical coverage
X ~ Pareto, Y ~ Pareto, n=100

23
-
S 21
19
()
217
T 15
13
11

Geometnc (symmetric, bootstrap—t)

23
Z21
“’19
,517
T 1s

13

11

11 13 15 17 19 21 23 25

11 13 15 17 19 21 23 25

Empirical coverage: X ~ pareto, Y ~ pareto, n=100, nominal level 0.90

Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t)
25

23
21
19
17
15
13

Tail index a of X

25
23

21

19

17

1'11 13 15 17 19 21 23 25

15
13

Tail index a of X

Fieller

ll 13 15 17 19 21 23 25

Tail index a of X

Empirical coverage: X ~ pareto, Y ~ pareto, n=100, nominal level 0.90

2.3
21
1.9
17
15
13

Tail index a of X

Hwang (symmetric, bootstrap—t)

25
2.3

21

19

17

15

11
11 13 15 17 19 21 23 25

13

Tail index a of X

Fieller

ll 13 15 17 19 21 23 25

Tail index a of X

Empirical coverage: X ~ pareto, Y ~ pareto, n=100, nominal level 0.90
Geometrlc (equal-tailed, subsampllngﬁwang (equal-tailed, subsampling)

25 0.994
23 23 23 09
>
S21 21 21
glg 19 1.9
217 1.7 17
815 15 15
13 13
0171

23
21
19

17
15
13

Tail index a of Y

11 13 15 17 19 21 23 25

ll 13 15 17 19 21 23 25

Tail index a of X

11
11 13 15 17 19 21 23 25
Tail index a of X

13

Fieller

ll 13 15 17 19 21 23 25
Tail index a of X

Empirical coverage: X ~ pareto, Y ~ pareto, n=100, nominal level 0.90
Geometnc (symmetric, subsamphng) Hwang (symmetric, subsampling)

23
21
19
17
15
13

Tail index a of X

Fieller

11
11 13 15 17 19 21 23 25

Tail index a of X

Tail index a of X

0.998
QOQ
0.238
0.996
QOQ
0.206

1
ﬂﬂg
0.24

11 13 15 17 19 21 23 25
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Empirical coverage
X ~ Pareto, Y ~ Pareto, n=1000

Empirical coverage: X ~ pareto, Y ~ pareto, n=1000, nominal level 0.90
Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t)

Fieller

25 0.997
2.3 23 0.9
>
521 21
©
= 1.9 1.9
()
217 1.7
T 15 15
13 1.3
11 11 0.237
M1 13 15 17 19 21 23 25 L1 13 15 17 1.9 21 23 25 11 13 15 17 18 21 23 25
Tail index a of X Tail index a of X Tail index a of X
Empirical coverage: X ~ pareto, Y ~ pareto, n=1000, nominal level 0.90
Geometnc (symmetric, bootstrap—t) Hwang (symmetric, bootstrap—t) Fieller
0.999
23 2.3 0.9
»5 2.1 21
g %19 19
,s 17 1.7
T 1s 15
13 1.3
1.1 11 0.213
M1 13 15 17 19 21 23 25 L1 13 15 17 1.9 21 23 25 L1 13 15 17 18 21 23 25
Tail index a of X Tail index a of X Tail index a of X
Empirical coverage: X ~ pareto, Y ~ pareto, n=1000, nominal level 0.90
Geometrlc (equal-tailed, subsampllngﬁwang (equal-tailed, subsampllng) Fieller
0.996
23 0.9
>
521
©
<19
()
217
815
13
1.1 11" 0.171
1 13 15 17 198 21 23 25 L1 13 15 17 1.9 21 23 25 11 13 15 17 18 21 23 25
Tail index a of X Tail index a of X Tail index a of X
Empirical coverage: X ~ pareto, Y ~ pareto, n=1000, nominal level 0.90
Geometnc (symmetric, subsampllng) Hwang (symmetric, subsampling) Fieller
25 1
2.3 2.3 2.3 0.9
>
521 21 2.1
[
519 1.9 1.9 -
217 1.7 17
g 15 15 15
13 1.3 13
0.239

Tail index a of X

11 13 15 17 19 21 23 25

11
11 13 15 17 19 21 23 25
Tail index a of X

11
11 13 15 17 19 21 23 25
Tail index a of X
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Number of bounded confidence sets
X ~ Pareto, Y ~ Pareto, n=20

Percentage of bounded confidence sets: X ~ pareto, Y ~ pareto, n=20, nominal level 0.90
Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t) Fieller

25 : 1
23 23 :
N 0.95
5 2.1 2.1 .
>19 19 X 0.9
3
17 17 .
£ 0.85
B 15 15 }
13 1.3 . 0.8

11 11
11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X

Percentage of bounded confidence sets: X ~ pareto, Y ~ pareto, n=20, nominal level 0.90
Geometrlc (symmetric, bootstrap—t) Hwang (symmetric, bootstrap-t) Fieller
2

. 1

2.3 .

2.1 . 0.95

1.9 X

17 . 0.9

15 .

13 : 085
11

11 13 15 17 19 21 23 25 1'11 13 15 17 19 21 23 25 11 1.3 15 1.7 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X

23
>
521

Percentage of bounded confidence sets: X ~ pareto, Y ~ pareto, n=20, nominal level 0.90

Geometric (equal-tailed, subsamplmg)‘iwang (equal-tailed, subsampling) Fieller
25

23
21
19
17
15
13

: 1

. 0.9
j 0.8
. 0.7
: 0.6
. 0.5

1‘%1 13 15 17 19 21 23 25 1&.1 13 1.5 17 19 21 23 25 1'%.1 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X

Percentage of bounded confidence sets: X ~ pareto, Y ~ pareto, n=20, nominal level 0.90
Geometnc (symmetric, subsampling) Hwang (symmetric, subsampling) Fieller
25

23 23 : 0.9
5>
S21 21 . 08
19 1.9 X 0.7
(]
27 17 . 0.6
= 05
E1s 15 .

13 13 . 04

11 03

. 11
11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25 11 13 15 17 19 21 23 25
Tail index a of X Tail index a of X Tail index a of X
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Number of bounded confidence sets
X ~ Pareto, Y ~ Pareto, n=100

2.3
>
5 2.1
19
()
=%
T 15

1.3

11 13 15 17 19 21 23 25

Geometrlc (symmetric, bootstrap—t)

23
>
521

Geometric (equal-tailed, subsamplmg)‘iwang (equal-tailed, subsampllng)

25
23
21

19

17
15
13

Tail index a of Y

1‘%1 13 15 17 19 21 23 25

Geometnc (symmetric, subsampling) Hwang (symmetric, subsampling)
25

23

21
19
17
15
13
11

Tail index a of Y

11 13 15 1.7 19 21 23 25

11 13 15 17 19 21 23 25

Percentage of bounded confidence sets: X ~ pareto, Y ~ pareto, n=100, nominal level 0.90

Geometric (equal-tailed, bootstrap—t) Hwang (equal-tailed, bootstrap-t)
25

2.3
21
19

17
15
13

Tail index a of X

11
11 13 15 17 19 21 23 25

Tail index a of X

Fieller

2.5 1
2.3

2.1 0.95
1.9

1.7 0.9
15

13 0.85

11 13 15 17 19 21 23 25
Tail index a of X

Percentage of bounded confidence sets: X ~ pareto, Y ~ pareto, n=100, nominal level 0.90

23
21
19

17
15
13

Tail index a of X

Hwang (symmetric, bootstrap-t)

1'11 13 15 17 1.9 21 23 25

Tail index a of X

Fieller

1
0.98
0.96
0.94
0.92
0.9

11 13 15 17 19 21 23 25
Tail index a of X

Percentage of bounded confidence sets: X ~ pareto, Y ~ pareto, n=100, nominal level 0.90

23
21
19
17
15
13

Tail index a of X

1&1 13 1.5 17 19 21 23 25

Tail index a of X

Fieller

1

0.9
0.8
0.7
0.6

11 13 15 1.7 19 21 23 25
Tail index a of X

Percentage of bounded confidence sets: X ~ pareto, Y ~ pareto, n=100, nominal level 0.90

23
21

19

17
15

13

Tail index a of X

11
11 13 15 17 19 21 23 25

Tail index a of X

Fieller

11
11 13 15 17 19 21 23 25

Tail index a of X
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Number of bounded confidence sets
X ~ Pareto, Y ~ Pareto, n=1000

Percentage of bounded confidence sets: X ~ pareto, Y ~ pareto, n=1000, nominal level 0.90
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