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Copula estimation through wavelets

Francyelle L. Medina?, Pedro A. Morettin® and Clélia M. C. Toloi"

8Federal University of Pernambuco
b University of Sao Paulo

Abstract. Recently some nonparametric estimation procedures have been
proposed using kernels and wavelets to estimate the copula function. In this
context, knowing that a copula function can be expanded in a wavelet ba-
sis, we propose a new nonparametric copula estimation procedure through
wavelets for independent data and times series under an «-mixing condition.
The main feature of this estimator is that we make no assumptions on the data
distribution and there is no need to use ARMA-GARCH modelling before
estimating the copula. Convergence rates for the estimator were computed,
showing the estimator consistency. Some simulation studies are presented, as
well as analysis of real data sets.
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Improved U -tests for variance components in one-way random
effects models
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Abstract. Based on a decomposition of a U-statistic, Nobre, Singer and Sil-
vapulle (In Beyond Parametrics in Interdisciplinary Research, Festschrift to
PK. Sen (2008) 197-210 Institute of Mathematical Statistics) proposed a test
for the hypothesis that the within-treatment variance component in a one-way
random effects model is null, specially useful when very mild assumptions
are imposed on the underlying distributions. We consider a bootstrap version
of that U-test and evaluate its performance via simulation studies in different
scenarios. The bootstrap U-test has better statistical properties than the orig-
inal test even in small samples. Furthermore, it is easy to implement and has
a low computational cost. We consider two examples with unbalanced small
sample datasets, for illustrative purposes.
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Moments of truncated scale mixtures of skew-normal distributions

Victor H. Lachos?®, Aldo M. Garay® and Celso R. B. Cabral®
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Abstract. In this work, we consider the problem of finding the moments of
a doubly truncated member of the class of scale mixtures of skew-normal
(TSMSN) distributions. We obtain a general result and then use it to derive
the moments in the case of doubly truncated versions of skew-normal, skew-
t, skew-slash and skew-contaminated normal distributions. Many properties
of the TSMSN family are studied, inference procedures are developed and a
simulation study is performed to assess the procedures. Two applications are
also provided, one of them in the context of censored regression models and
another in the field of actuarial sciences.
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Abstract. The Birnbaum-Saunders distribution is a flexible and useful
model which has been used in several fields. In this paper, a new bimodal
version of this distribution based on the alpha-skew-normal distribution is
established. We discuss some of its mathematical and inferential properties.
We consider likelihood-based methods to estimate the model parameters. We
carry out a Monte Carlo simulation study to evaluate the performance of the
maximum likelihood estimators. For illustrative purposes, three real data sets
are analyzed. The results indicated that the proposed model outperformed
some existing models in the literature, in special, a recent bimodal extension
of the Birnbaum—Saunders distribution.
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Calibration procedures for linear regression models with
multiplicative distortion measurement errors

Jun Zhang and Yan Zhou

Shenzhen University

Abstract. This paper considers linear regression models when neither the
response variable nor the covariates can be directly observed, but are mea-
sured with multiplicative distortion measurement errors. To eliminate the ef-
fect caused by the distortion, we propose two calibration procedures: the con-
ditional absolute mean calibration and the conditional variance calibration.
Both calibration procedures avoid using the nonzero expectation conditions
imposed on the variables in the literature. Utilizing these calibrated variables,
the least squares estimators are obtained, associated with their asymptotic re-
sults. The asymptotic normal confidence intervals and empirical likelihood
confidence intervals are also proposed. Simulation studies are conducted to
compare the proposed calibration procedures and a real example is analyzed
to illustrate our proposed method.
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Nonparametric Bayesian estimation of a Holder continuous
diffusion coefficient
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Abstract. We consider a nonparametric Bayesian approach to estimate the
diffusion coefficient of a stochastic differential equation given discrete time
observations over a fixed time interval. As a prior on the diffusion coefficient,
we employ a histogram-type prior with piecewise constant realisations on
bins forming a partition of the time interval. Specifically, these constants are
realizations of independent inverse Gamma distributed randoma variables.
We justify our approach by deriving the rate at which the corresponding
posterior distribution asymptotically concentrates around the data-generating
diffusion coefficient. This posterior contraction rate turns out to be optimal
for estimation of a Holder-continuous diffusion coefficient with smoothness
parameter 0 < A < 1. Our approach is straightforward to implement, as the
posterior distributions turn out to be inverse Gamma again, and leads to good
practical results in a wide range of simulation examples. Finally, we apply
our method on exchange rate data sets.

References

Ait-Sahalia, Y. and Jacod, J. (2014). High-Frequency Financial Econometrics. Princeton: Princeton University
Press.

Allen, E. (2007). Modeling with Ito Stochastic Differential Equations. Mathematical Modelling: Theory and Ap-
plications 22. Dordrecht: Springer. MR2292765

Aragon, Y. (2011). Séries temporelles avec R — méthodes et cas. With a preface by Dominique Haughton. Pratique
R. Paris: Springer. MR3241814 https://doi.org/10.1007/978-2-8178-0208-4

Arjas, E. and Heikkinen, J. (1997). An algorithm for nonparametric Bayesian estimation of a Poisson intensity.
Computational Statistics 12, 385-402. MR1477272

Batz, P., Ruttor, A. and Opper, M. (2018). Approximate Bayes learning of stochastic differential equations. Phys-
ical Review E 98, 022109. MR3862381 https://doi.org/10.1103/physreve.98.022109

Berger, J. O. and Wolpert, R. L. (1988). The Likelihood Principle, 2nd ed. Hayward, CA: Institute of Mathematical
Statistics. MR0773665

Bezanson, J., Edelman, A., Karpinski, S. and Shah, V. B. (2017). Julia: A fresh approach to numerical computing.
SIAM Review 59, 65-98. MR3605826 https://doi.org/10.1137/141000671

Board of Governors of the Federal Reserve System. Foreign Exchange Rate Series [DEXJPUS] and [DEXUSUK].
Retrieved from Federal Reserve Bank of St. Louis; https://fred.stlouisfed.org/series/DEXJPUS and https://fred.
stlouisfed.org/series/DEXUSUK, accessed November 2, 2016.
Brockwell, P. J. and Davis, R. A. (2002). Introduction to Time Series and Forecasting, 2nd ed. With 1 CD-ROM
(Windows). Springer Texts in Statistics. New York: Springer. MR1894099 https://doi.org/10.1007/b97391
Castillo, I. and Nickl, R. (2014). On the Bernstein—von Mises phenomenon for nonparametric Bayes procedures.
The Annals of Statistics 42, 1941-1969. MR3262473 https://doi.org/10.1214/14- A0S 1246

Castillo, 1. and Rousseau, J. (2015). A Bernstein—von Mises theorem for smooth functionals in semiparametric
models. The Annals of Statistics 43, 2353-2383. MR3405597 https://doi.org/10.1214/15- AOS1336

De Gregorio, A. and lacus, S. M. (2008). Least squares volatility change point estimation for partially ob-
served diffusion processes. Communications in Statistics Theory and Methods 37, 2342-2357. MR2446669
https://doi.org/10.1080/03610920801919692

Key words and phrases. Diffusion coefficient, Gaussian likelihood, non-parametric Bayesian estimation,
pseudo-likelihood, posterior contraction rate, stochastic differential equation, volatility.


http://imstat.org/bjps/
https://doi.org/10.1214/19-BJPS433
http://www.redeabe.org.br/
http://www.ams.org/mathscinet-getitem?mr=2292765
http://www.ams.org/mathscinet-getitem?mr=3241814
https://doi.org/10.1007/978-2-8178-0208-4
http://www.ams.org/mathscinet-getitem?mr=1477272
http://www.ams.org/mathscinet-getitem?mr=3862381
https://doi.org/10.1103/physreve.98.022109
http://www.ams.org/mathscinet-getitem?mr=0773665
http://www.ams.org/mathscinet-getitem?mr=3605826
https://doi.org/10.1137/141000671
https://fred.stlouisfed.org/series/DEXJPUS
https://fred.stlouisfed.org/series/DEXUSUK
http://www.ams.org/mathscinet-getitem?mr=1894099
https://doi.org/10.1007/b97391
http://www.ams.org/mathscinet-getitem?mr=3262473
https://doi.org/10.1214/14-AOS1246
http://www.ams.org/mathscinet-getitem?mr=3405597
https://doi.org/10.1214/15-AOS1336
http://www.ams.org/mathscinet-getitem?mr=2446669
https://doi.org/10.1080/03610920801919692
https://fred.stlouisfed.org/series/DEXUSUK

Dette, H., Podolskij, M. and Vetter, M. (2006). Estimation of integrated volatility in continuous-time finan-
cial models with applications to goodness-of-fit testing. Scandinavian Journal of Statistics 33, 259-278.
MR2279642 https://doi.org/10.1111/j.1467-9469.2006.00479.x

Dimitriou-Fakalou, C. (2014). Gaussian pseudo-likelihood estimation for stationary processes on a lattice. AStA
Advances in Statistical Analysis 98, 21-34. MR3162969 https://doi.org/10.1007/s10182-013-0207-z

Elerian, O., Chib, S. and Shephard, N. (2001). Likelihood inference for discretely observed nonlinear diffusions.
Econometrica 69, 959-993. MR1839375 https://doi.org/10.1111/1468-0262.00226

Fan, J. and Gijbels, 1. (1996). Local Polynomial Modelling and Its Applications. London: Chapman and Hall.
MR 1383587

Faraway, J. (2016). Confidence bands for smoothness in nonparametric regression. Stata Journal 5, 4-10.
MR3478793 https://doi.org/10.1002/sta4.100

Florens-Zmirou, D. (1993). On estimating the diffusion coefficient from discrete observations. Journal of Applied
Probability 30, 790-804. MR 1242012 https://doi.org/10.2307/3214513

Fuchs, C. (2013). Inference for Diffusion Processes. Heidelberg: Springer. MR3015023 https://doi.org/10.1007/
978-3-642-25969-2

Gatheral, J. (2006). The Volatility Surface: A Practitioner’s Guide. Hoboken, New Jersey: Wiley.

Gelman, A., Carlin, J. B., Stern, H. S., Dunson, D. B., Vehtari, A. and Rubin, D. B. (2013). Bayesian Data
Analysis, 3rd ed. Chapman & Hall/CRC Texts in Statistical Science. MR3235677

Gelman, A., Hwang, J. and Vehtari, A. (2014). Understanding predictive information criteria for Bayesian models.
Statistics and Computing 24, 997-1016. MR3253850 https://doi.org/10.1007/s11222-013-9416-2

Genon-Catalot, V., Laredo, C. and Picard, D. (1992). Nonparametric estimation of the diffusion coefficient by
wavelets methods. Scandinavian Journal of Statistics 19, 317-335. MR1211787

Ghosal, S., Ghosh, J. K. and van der Vaart, A. W. (2000). Convergence rates of posterior distributions. The Annals
of Statistics 28, 500-531. MR1790007 https://doi.org/10.1214/a0s/1016218228

Ghosal, S. and van der Vaart, A. W. (2007). Convergence rates of posterior distributions for non-i.i.d. observations.
The Annals of Statistics 35, 192-223. MR2332274 https://doi.org/10.1214/009053606000001172

Giné, E. and Nickl, R. (2011). Rates of contraction for posterior distributions in L"-metrics, 1 <r < co. The
Annals of Statistics 39, 2883-2911. MR3012395 https://doi.org/10.1214/11- AOS924

Gobet, E., Hoffmann, M. and Reif,, M. (2004). Nonparametric estimation of scalar diffusions based
on low frequency data. The Annals of Statistics 32, 2223-2253. MR2102509 https://doi.org/10.1214/
009053604000000797

Gugushvili, S. and Spreij, P. (2014a). Non-parametric Bayesian drift estimation for stochastic differ-
ential equations. Lithuanian Mathematical Journal 54, 127-141. MR3212631 https://doi.org/10.1007/
$10986-014-9232-1

Gugushvili, S. and Spreij, P. (2014b). Non-parametric Bayesian estimation of a dispersion coefficient
of the stochastic differential equation. ESAIM Probabilités Et Statistique 18, 332-341. MR3333993
https://doi.org/10.1051/ps/2013039

Gugushvili, S. and Spreij, P. (2016). Posterior contraction rate for non-parametric Bayesian estimation of the
dispersion coefficient of a stochastic differential equation. ESAIM Probabilités Et Statistique 20, 143—-153.
MR3528621 https://doi.org/10.1051/ps/2016008

Hamilton, J. D. (1994). Time Series Analysis. Princeton, NJ: Princeton University Press. MR1278033

Hamrick, J., Huang, Y., Kardaras, C. and Taqqu, M. S. (2011). Maximum penalized quasi-likelihood estimation of
the diffusion function. Quantitative Finance 11, 1675-1684. MR2850995 https://doi.org/10.1080/14697688.
2011.615212

Hamrick, J. and Taqqu, M. S. (2009). Testing diffusion processes for non-stationarity. Mathematical Methods of
Operational Research 69, 509-551. MR2507762 https://doi.org/10.1007/s00186-008-0250-9

Heikkinen, J. and Arjas, E. (1998). Non-parametric Bayesian estimation of a spatial Poisson intensity. Scandina-
vian Journal of Statistics 25, 435—450. MR1650015 https://doi.org/10.1111/1467-9469.00114

Hoffmann, M. (1997). Minimax estimation of the diffusion coefficient through irregular samplings. Statistics &
Probability Letters 32, 11-24. MR1439493 https://doi.org/10.1016/S0167-7152(96)00052- 1

Hoffmann, M. (1999a). Adaptive estimation in diffusion processes. Stochastic Processes and Their Applications
79, 135-163. MR1670522 https://doi.org/10.1016/S0304-4149(98)00074-X

Hoffmann, M. (1999b). L, estimation of the diffusion coefficient. Bernoulli S, 447-481. MR1693608
https://doi.org/10.2307/3318712

Hopfner, R. (2014). Asymptotic Statistics. With a View to Stochastic Processes. Berlin: De Gruyter Graduate. De
Gruyter. MR3185373 https://doi.org/10.1515/9783110250282

Hualde, J. and Robinson, P. M. (2011). Gaussian pseudo-maximum likelihood estimation of fractional time series
models. The Annals of Statistics 39, 3152-3181. MR3012404 https://doi.org/10.1214/11-AOS931


http://www.ams.org/mathscinet-getitem?mr=2279642
https://doi.org/10.1111/j.1467-9469.2006.00479.x
http://www.ams.org/mathscinet-getitem?mr=3162969
https://doi.org/10.1007/s10182-013-0207-z
http://www.ams.org/mathscinet-getitem?mr=1839375
https://doi.org/10.1111/1468-0262.00226
http://www.ams.org/mathscinet-getitem?mr=1383587
http://www.ams.org/mathscinet-getitem?mr=3478793
https://doi.org/10.1002/sta4.100
http://www.ams.org/mathscinet-getitem?mr=1242012
https://doi.org/10.2307/3214513
http://www.ams.org/mathscinet-getitem?mr=3015023
https://doi.org/10.1007/978-3-642-25969-2
http://www.ams.org/mathscinet-getitem?mr=3235677
http://www.ams.org/mathscinet-getitem?mr=3253850
https://doi.org/10.1007/s11222-013-9416-2
http://www.ams.org/mathscinet-getitem?mr=1211787
http://www.ams.org/mathscinet-getitem?mr=1790007
https://doi.org/10.1214/aos/1016218228
http://www.ams.org/mathscinet-getitem?mr=2332274
https://doi.org/10.1214/009053606000001172
http://www.ams.org/mathscinet-getitem?mr=3012395
https://doi.org/10.1214/11-AOS924
http://www.ams.org/mathscinet-getitem?mr=2102509
https://doi.org/10.1214/009053604000000797
http://www.ams.org/mathscinet-getitem?mr=3212631
https://doi.org/10.1007/s10986-014-9232-1
http://www.ams.org/mathscinet-getitem?mr=3333993
https://doi.org/10.1051/ps/2013039
http://www.ams.org/mathscinet-getitem?mr=3528621
https://doi.org/10.1051/ps/2016008
http://www.ams.org/mathscinet-getitem?mr=1278033
http://www.ams.org/mathscinet-getitem?mr=2850995
https://doi.org/10.1080/14697688.2011.615212
http://www.ams.org/mathscinet-getitem?mr=2507762
https://doi.org/10.1007/s00186-008-0250-9
http://www.ams.org/mathscinet-getitem?mr=1650015
https://doi.org/10.1111/1467-9469.00114
http://www.ams.org/mathscinet-getitem?mr=1439493
https://doi.org/10.1016/S0167-7152(96)00052-1
http://www.ams.org/mathscinet-getitem?mr=1670522
https://doi.org/10.1016/S0304-4149(98)00074-X
http://www.ams.org/mathscinet-getitem?mr=1693608
https://doi.org/10.2307/3318712
http://www.ams.org/mathscinet-getitem?mr=3185373
https://doi.org/10.1515/9783110250282
http://www.ams.org/mathscinet-getitem?mr=3012404
https://doi.org/10.1214/11-AOS931
https://doi.org/10.1007/978-3-642-25969-2
https://doi.org/10.1214/009053604000000797
https://doi.org/10.1007/s10986-014-9232-1
https://doi.org/10.1080/14697688.2011.615212

Hurvich, C. M., Simonoff, J. S. and Tsai, C.-L. (1998). Smoothing parameter selection in nonparametric regression
using an improved Akaike information criterion. Journal of the Royal Statistical Society, Series B, Statistical
Methodology 60, 271-293. MR1616041 https://doi.org/10.1111/1467-9868.00125

lIacus, S. M. (2008). Simulation and Inference for Stochastic Differential Equations: With R Examples. Springer
Series in Statistics. New York: Springer. MR2410254 https://doi.org/10.1007/978-0-387-75839-8

lacus, S. M. (2016). sde: Simulation and inference for stochastic differential equations. In R Package Version
2.0.15. https://CRAN.R-project.org/package=sde. MR2410254 https://doi.org/10.1007/978-0-387-75839-8

Ignatieva, K. and Platen, E. (2012). Estimating the diffusion coefficient function for a diversified world stock
index. Computational Statistics & Data Analysis 56, 1333—1349. MR2892345 https://doi.org/10.1016/j.csda.
2011.10.004

Jacod, J. (2000). Non-parametric kernel estimation of the coefficient of a diffusion. Scandinavian Journal of
Statistics 27, 83-96. MR 1774045 https://doi.org/10.1111/1467-9469.00180

Jacod, J. and Shiryaev, A. N. (2003). Limit Theorems for Stochastic Processes, 2nd ed. Grundlehren der
Mathematischen Wissenschaften [Fundamental Principles of Mathematical Sciences] 288. Berlin: Springer.
MR 1943877 https://doi.org/10.1007/978-3-662-05265-5

Kanaya, S. and Kristensen, D. (2016). Estimation of stochastic volatility models by nonparametric filtering.
Econometric Theory 32, 861-916. MR3530455 https://doi.org/10.1017/S0266466615000079

Karatzas, I. and Shreve, S. E. (1988). Brownian Motion and Stochastic Calculus. Graduate Texts in Mathematics
113. New York: Springer. MR0917065 https://doi.org/10.1007/978-1-4684-0302-2

Kleijn, B. and van der Vaart, A. W. (2006). Misspecification in infinite-dimensional Bayesian statistics. The Annals
of Statistics 34, 837-877. MR2283395 https://doi.org/10.1214/009053606000000029

Kiristensen, D. (2010). Nonparametric filtering of the realized spot volatility: A kernel-based approach. Econo-
metric Theory 26, 60-93. MR2587103 https://doi.org/10.1017/S0266466609090616

Kutoyants, Yu. A. (2004). Statistical Inference for Ergodic Diffusion Processes. London: Springer. MR2144185
https://doi.org/10.1007/978-1-4471-3866-2

Lutz, B. (2010). Pricing of Derivatives on Mean-Reverting Assets. Lecture Notes in Economics and Mathematical
Systems 630. Berlin: Springer. MR2554106 https://doi.org/10.1007/978-3-642-02909-7

Mai, H. (2014). Efficient maximum likelihood estimation for Lévy-driven Ornstein—Uhlenbeck processes.
Bernoulli 20, 919-957. MR3178522 https://doi.org/10.3150/13-BEJ510

Malliavin, P. and Mancino, M. E. (2009). A Fourier transform method for nonparametric estimation of multivariate
volatility. The Annals of Statistics 37, 1983-2010. MR2533477 https://doi.org/10.1214/08- AOS633

Mishura, Y. (2015). The rate of convergence of option prices on the asset following a geometric Ornstein—
Uhlenbeck process. Lithuanian Mathematical Journal 55, 134-149. MR3323287 https://doi.org/10.1007/
$10986-015-9270-3

Musiela, M. and Rutkowski, M. (2005). Martingale Methods in Financial Modelling, 2nd ed. Stochastic Modelling
and Applied Probability 36. Berlin: Springer. MR2107822

Nelson, D. B. (1990). ARCH models as diffusion approximations. Journal of Econometrics 45, 7-38. MR1067229
https://doi.org/10.1016/0304-4076(90)90092-8

Nickl, R. and Sohl, J. (2017). Nonparametric Bayesian posterior contraction rates for discretely observed scalar
diffusions. The Annals of Statistics 45, 1664—1693. MR3670192 https://doi.org/10.1214/16- AOS1504

Nickl, R. and Szabé, B. (2016). A sharp adaptive confidence ball for self-similar functions. Stochastic Processes
and Their Applications 126, 3913-3934. MR3565485 https://doi.org/10.1016/j.spa.2016.04.017

Papaspiliopoulos, O., Pokern, Y., Roberts, G. O. and Stuart, A. M. (2012). Nonparametric estimation of dif-
fusions: A differential equations approach. Biometrika 99, 511-531. MR2966767 https://doi.org/10.1093/
biomet/ass034

Pfaff, B. (2008). Analysis of Integrated and Cointegrated Time Series with R, 2nd ed. New York: Springer.
MR2450313 https://doi.org/10.1007/978-0-387-75967-8

R Core Team (2017). R: A Language and Environment for Statistical Computing. Vienna, Austria: R Foundation
for Statistical Computing. https://www.R-project.org.

Roberts, G. O. and Stramer, O. (2001). On inference for partially observed nonlinear diffusion models using
the Metropolis-Hastings algorithm. Biometrika 88, 603-621. MR1859397 https://doi.org/10.1093/biomet/88.
3.603

Rohatgi, A. (2015). WebPlotDigitizer, Version 3.9. Available at. http://arohatgi.info/WebPlotDigitizer.

Sabel, T., Schmidt-Hieber, J. and Munk, A. (2015). Spot volatility estimation for high-frequency data: Adaptive
estimation in practice. In Modeling and Stochastic Learning for Forecasting in High Dimension (A. Anto-
niadis, J.-M. Poggi and X. Brossat, eds.), Lecture Notes in Statistics, 213-241. Berlin: Springer. MR3588111

Scricciolo, C. (2003). Asymptotics for Bayesian histograms. Working Paper Series, 13/2003, Padova. http:
/lpaduaresearch.cab.unipd.it/7305.

Scricciolo, C. (2004). Asymptotic Issues for Bayesian Histograms. Atti della XLII Riunione Scientifica della SIS.
Padova: CLEUP. http://hdl.handle.net/11565/40874.


http://www.ams.org/mathscinet-getitem?mr=1616041
https://doi.org/10.1111/1467-9868.00125
http://www.ams.org/mathscinet-getitem?mr=2410254
https://doi.org/10.1007/978-0-387-75839-8
https://CRAN.R-project.org/package=sde
http://www.ams.org/mathscinet-getitem?mr=2410254
https://doi.org/10.1007/978-0-387-75839-8
http://www.ams.org/mathscinet-getitem?mr=2892345
https://doi.org/10.1016/j.csda.2011.10.004
http://www.ams.org/mathscinet-getitem?mr=1774045
https://doi.org/10.1111/1467-9469.00180
http://www.ams.org/mathscinet-getitem?mr=1943877
https://doi.org/10.1007/978-3-662-05265-5
http://www.ams.org/mathscinet-getitem?mr=3530455
https://doi.org/10.1017/S0266466615000079
http://www.ams.org/mathscinet-getitem?mr=0917065
https://doi.org/10.1007/978-1-4684-0302-2
http://www.ams.org/mathscinet-getitem?mr=2283395
https://doi.org/10.1214/009053606000000029
http://www.ams.org/mathscinet-getitem?mr=2587103
https://doi.org/10.1017/S0266466609090616
http://www.ams.org/mathscinet-getitem?mr=2144185
https://doi.org/10.1007/978-1-4471-3866-2
http://www.ams.org/mathscinet-getitem?mr=2554106
https://doi.org/10.1007/978-3-642-02909-7
http://www.ams.org/mathscinet-getitem?mr=3178522
https://doi.org/10.3150/13-BEJ510
http://www.ams.org/mathscinet-getitem?mr=2533477
https://doi.org/10.1214/08-AOS633
http://www.ams.org/mathscinet-getitem?mr=3323287
https://doi.org/10.1007/s10986-015-9270-3
http://www.ams.org/mathscinet-getitem?mr=2107822
http://www.ams.org/mathscinet-getitem?mr=1067229
https://doi.org/10.1016/0304-4076(90)90092-8
http://www.ams.org/mathscinet-getitem?mr=3670192
https://doi.org/10.1214/16-AOS1504
http://www.ams.org/mathscinet-getitem?mr=3565485
https://doi.org/10.1016/j.spa.2016.04.017
http://www.ams.org/mathscinet-getitem?mr=2966767
https://doi.org/10.1093/biomet/ass034
http://www.ams.org/mathscinet-getitem?mr=2450313
https://doi.org/10.1007/978-0-387-75967-8
https://www.R-project.org
http://www.ams.org/mathscinet-getitem?mr=1859397
https://doi.org/10.1093/biomet/88.3.603
http://arohatgi.info/WebPlotDigitizer
http://www.ams.org/mathscinet-getitem?mr=3588111
http://paduaresearch.cab.unipd.it/7305
http://hdl.handle.net/11565/40874
https://doi.org/10.1016/j.csda.2011.10.004
https://doi.org/10.1007/s10986-015-9270-3
https://doi.org/10.1093/biomet/ass034
https://doi.org/10.1093/biomet/88.3.603
http://paduaresearch.cab.unipd.it/7305

Scricciolo, C. (2007). On rates of convergence for Bayesian density estimation. Scandinavian Journal of Statistics
34, 626-642. MR2368802 https://doi.org/10.1111/j.1467-9469.2006.00540.x

Shen, X. and Wasserman, L. (2001). Rates of convergence of posterior distributions. The Annals of Statistics 29,
687-714. MR1865337 https://doi.org/10.1214/a0s/1009210686

Silverman, B. W. (1986). Density Estimation for Statistics and Data Analysis. Monographs on Statistics and
Applied Probability. London: Chapman & Hall. MR0848134 https://doi.org/10.1007/978-1-4899-3324-9

Skorohod, A. V. (1964). Sluchainye protsessy s nezavisimymi prirashcheniyami. Random Processes with Indepen-
dent Increments. Moscow: Izdat. “Nauka”. (Russian). MR0182056

Soulier, P. (1998). Nonparametric estimation of the diffusion coefficient of a diffusion process. Stochastic Analysis
and Applications 16, 185-200. MR1603904 https://doi.org/10.1080/07362999808809525

Spiegelhalter, D. J., Best, N. G., Carlin, B. P. and van der Linde, A. (2002). Bayesian measures of model complex-
ity and fit. Journal of the Royal Statistical Society, Series B, Statistical Methodology 64, 583—-639. MR1979380
https://doi.org/10.1111/1467-9868.00353

Spiegelhalter, D. J., Best, N. G., Carlin, B. P. and van der Linde, A. (2014). The deviance information criterion: 12
years on. Journal of the Royal Statistical Society, Series B, Statistical Methodology 76, 485-493. MR3210727
https://doi.org/10.1111/rssb.12062

Szabd, B., van der Vaart, A. W. and van Zanten, H. (2015a). Honest Bayesian confidence sets for the L,-norm.
Journal of Statistical Planning and Inference 166, 36-51. MR3390132 https://doi.org/10.1016/j.jspi.2014.06.
005

Szabd, B., van der Vaart, A. W. and van Zanten, J. H. (2015b). Frequentist coverage of adaptive nonpara-
metric Bayesian credible sets. The Annals of Statistics 43, 1391-1428. MR3357861 https://doi.org/10.1214/
14-A0S1270

Taleb, N. (1997). Dynamic Hedging: Managing Vanilla and Exotic Options. New York: Wiley.

Tsybakov, A. B. (2009). Introduction to Nonparametric Estimation. Springer Series in Statistics. New York:
Springer. MR2724359 https://doi.org/10.1007/b13794

van de Geer, S. A. (2000). Applications of Empirical Process Theory. Cambridge Series in Statistical and Proba-
bilistic Mathematics 6. Cambridge: Cambridge University Press. MR1739079

van der Meulen, F. and Schauer, M. (2017). Bayesian estimation of discretely observed multi-dimensional
diffusion processes using guided proposals. Electronic Journal of Statistics 11, 2358-2396. MR3656495
https://doi.org/10.1214/17-EJS1290

van der Meulen, F., Schauer, M. and van Zanten, H. (2014). Reversible jump MCMC for nonparametric drift
estimation for diffusion processes. Computational Statistics & Data Analysis 71, 615-632. MR3131993
https://doi.org/10.1016/j.csda.2013.03.002

van der Meulen, F. H. and van Zanten, J. H. (2013). Consistent nonparametric Bayesian inference for discretely
observed scalar diffusions. Bernoulli 19, 44-63. MR3019485 https://doi.org/10.3150/11-BEJ385

Wand, M. P. and Jones, M. C. (1995). Kernel Smoothing. London: Chapman & Hall. MR1319818
https://doi.org/10.1007/978-1-4899-4493-1

Wang, Y. (2012). Model selection. In Handbook of Computational Statistics. Springer Handbooks of Computa-
tional Statistics (J. Gentle, W. Hérdle and Y. Mori, eds.) 469-497. Berlin, Heidelberg: Springer. MR2985408
https://doi.org/10.1007/978-3-642-21551-3_16

Wasserman, L. (2006). All of Nonparametric Statistics. Springer Texts in Statistics. New York: Springer.
MR2172729

Williams, D. (1991). Probability with Martingales. Cambridge: Cambridge University Press. MR1155402
https://doi.org/10.1017/CB0O9780511813658

Wong, E. and Hajek, B. (1985). Stochastic Processes in Engineering Systems. Springer Texts in Electrical Engi-
neering. New York: Springer. MR0787046 https://doi.org/10.1007/978-1-4612-5060-9


http://www.ams.org/mathscinet-getitem?mr=2368802
https://doi.org/10.1111/j.1467-9469.2006.00540.x
http://www.ams.org/mathscinet-getitem?mr=1865337
https://doi.org/10.1214/aos/1009210686
http://www.ams.org/mathscinet-getitem?mr=0848134
https://doi.org/10.1007/978-1-4899-3324-9
http://www.ams.org/mathscinet-getitem?mr=0182056
http://www.ams.org/mathscinet-getitem?mr=1603904
https://doi.org/10.1080/07362999808809525
http://www.ams.org/mathscinet-getitem?mr=1979380
https://doi.org/10.1111/1467-9868.00353
http://www.ams.org/mathscinet-getitem?mr=3210727
https://doi.org/10.1111/rssb.12062
http://www.ams.org/mathscinet-getitem?mr=3390132
https://doi.org/10.1016/j.jspi.2014.06.005
http://www.ams.org/mathscinet-getitem?mr=3357861
https://doi.org/10.1214/14-AOS1270
http://www.ams.org/mathscinet-getitem?mr=2724359
https://doi.org/10.1007/b13794
http://www.ams.org/mathscinet-getitem?mr=1739079
http://www.ams.org/mathscinet-getitem?mr=3656495
https://doi.org/10.1214/17-EJS1290
http://www.ams.org/mathscinet-getitem?mr=3131993
https://doi.org/10.1016/j.csda.2013.03.002
http://www.ams.org/mathscinet-getitem?mr=3019485
https://doi.org/10.3150/11-BEJ385
http://www.ams.org/mathscinet-getitem?mr=1319818
https://doi.org/10.1007/978-1-4899-4493-1
http://www.ams.org/mathscinet-getitem?mr=2985408
https://doi.org/10.1007/978-3-642-21551-3_16
http://www.ams.org/mathscinet-getitem?mr=2172729
http://www.ams.org/mathscinet-getitem?mr=1155402
https://doi.org/10.1017/CBO9780511813658
http://www.ams.org/mathscinet-getitem?mr=0787046
https://doi.org/10.1007/978-1-4612-5060-9
https://doi.org/10.1016/j.jspi.2014.06.005
https://doi.org/10.1214/14-AOS1270

Brazilian Journal of Probability and Statistics
2020, Vol. 34, No. 3, 580-593
https://doi.org/10.1214/19-BJPS450

© Brazilian Statistical Association, 2020

Improved estimators of the entropy in scale mixture of
exponential distributions

Constantinos Petropoulos?, Lakshmi Kanta Patra® and Somesh Kumar®

&University of Patras
b Indian Institute of Petroleum and Energy Visakhapatnam
CIndian Institute of Technology Kharagpur

Abstract. In the present communication, the problem of estimating entropy
of a scale mixture of exponential distributions is considered under the squared
error loss. Inadmissibility of the best affine equivariant estimator(BAEE) is
established by deriving an improved estimator which is not smooth. Using the
integral expression of risk difference (IERD) approach of Kubokawa (The
Annals of Statistics 22 (1994) 290-299), classes of estimators are obtained
which improve upon the BAEE. The boundary estimator of this class is the
Brewster and Zidek-type estimator and this estimator is smooth. We have
shown that the Brewster and Zidek-type estimator is a generalized Bayes es-
timator. As an application of these results, we have obtained improved estima-
tors for the entropy of a multivariate Lomax distribution. Finally, percentage
risk reduction of the improved estimators for the entropy of a multivariate Lo-
max distribution is plotted to compare the risk performance of the improved
estimators.
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Abstract. We study a rumor model from a percolation theory and branching
process point of view. It is defined according to the following rules: (1) at time
zero, only the root (a fixed vertex of the tree) is declared informed, (2) at time
n + 1, an ignorant vertex gets the information if it is, at a graph distance, at
most R, of some its ancestral vertex v, previously informed. We present rel-
evant lower and upper bounds for the probability of that event, according to
the distribution of the random variables that defines the radius of influence
of each individual. We work with (homogeneous and non-homogeneous)
Galton—Watson branching trees and spherically symmetric trees which in-
cludes homogeneous and k-periodic trees. We also present bounds for the
expected size of the connected component in the subcritical case for homo-
geneous trees and homogeneous Galton—Watson branching trees.

References

Alon, N. and Spencer, J. (2008). The Probabilistic Method, 3rd ed. New York: Wiley. MR2437651
https://doi.org/10.1002/9780470277331

Benjamini, 1. and Schram, O. (1996). Percolation beyond z4: Many questions and a few answers. Electronic
Communications in Probability 1, 71-82. MR1423907 https://doi.org/10.1214/ECP.v1-978

Bertacchi, D., Rodriguez, P. and Galton—Watson, F. Z. Processes in Varying Environment and Accessibility Per-
colation. Available at arXiv:1611.03286.

Bertacchi, D. and Rumor, F. Z. (2013). Processes in random environment on N and on Galton—Watson trees.
Journal of Statistical Physics 153, 486-511. MR3107655 https://doi.org/10.1007/s10955-013-0843-4

D’Souza, J. C. and Biggins, J. D. (1992). The supercritical Galton—Watson process in varying environments.
Stochastic Processes and Their Applications 42, 39-47. MR1172506 https://doi.org/10.1016/0304-4149(92)
90025-L

Gallo, S., Garcia, N., Junior, V. and Rodriguez, P. (2014). Rumor processes on N and discrete renewal processes.
Journal of Statistical Physics 155, 591-602. MR3192175 https://doi.org/10.1007/s10955-014-0959-1

Grimmett, G. and Stirzker, D. (2001). Probability and Random Processes, 3rd ed. London: Oxford University
Press. MR2059709

Junior, V., Machado, F. and Zuluaga, M. (2011). Rumour processes on N. Journal of Applied Probability 48,
624-636. MR2884804 https://doi.org/10.1239/jap/1316796903

Junior, V., Machado, F. and Zuluaga, M. (2014). The cone percolation on Ty. Brazilian Journal of Probability
and Statistics 28, 367-675. MR3263053 https://doi.org/10.1214/12-BJPS212

Lebensztayn, E. and Rodriguez, P. (2008). The disk-percolation model on graphs. Statistics & Probability Letters
78, 2130-2136. MR2458022 https://doi.org/10.1016/j.spl.2008.02.001

Lyons, R. and Peres, Y. (2016). Probability on Trees and Networks. Cambridge Series in Statistical and
Probabilistic Mathematics 42. New York: Cambridge University Press. MR3616205 https://doi.org/10.1017/
9781316672815

Key words and phrases. Epidemic model, Galton—Watson trees, rumour model, spherically symmetric trees.


http://imstat.org/bjps/
https://doi.org/10.1214/19-BJPS441
http://www.redeabe.org.br/
http://www.ams.org/mathscinet-getitem?mr=2437651
https://doi.org/10.1002/9780470277331
http://www.ams.org/mathscinet-getitem?mr=1423907
https://doi.org/10.1214/ECP.v1-978
http://arxiv.org/abs/arXiv:1611.03286
http://www.ams.org/mathscinet-getitem?mr=3107655
https://doi.org/10.1007/s10955-013-0843-4
http://www.ams.org/mathscinet-getitem?mr=1172506
https://doi.org/10.1016/0304-4149(92)90025-L
http://www.ams.org/mathscinet-getitem?mr=3192175
https://doi.org/10.1007/s10955-014-0959-1
http://www.ams.org/mathscinet-getitem?mr=2059709
http://www.ams.org/mathscinet-getitem?mr=2884804
https://doi.org/10.1239/jap/1316796903
http://www.ams.org/mathscinet-getitem?mr=3263053
https://doi.org/10.1214/12-BJPS212
http://www.ams.org/mathscinet-getitem?mr=2458022
https://doi.org/10.1016/j.spl.2008.02.001
http://www.ams.org/mathscinet-getitem?mr=3616205
https://doi.org/10.1017/9781316672815
https://doi.org/10.1016/0304-4149(92)90025-L
https://doi.org/10.1017/9781316672815

Brazilian Journal of Probability and Statistics
2020, Vol. 34, No. 3, 613-628
https://doi.org/10.1214/19-BJPS434

© Brazilian Statistical Association, 2020

Galton—Watson processes in varying environment and
accessibility percolation

Daniela Bertacchi®, Pablo M. Rodriguez® and Fabio Zucca®

@Universita di Milano—Bicocca
bUniversidade de Séo Paulo
¢Politecnico di Milano

Abstract. This paper deals with branching processes in varying environment
with selection, where the offspring distribution depends on the generation and
every particle has a random fitness which can only increase along genealog-
ical lineages (descendants with small fitness do not survive). We view the
branching process in varying environment (BPVE) as a particular example
of branching random walk. We obtain conditions for the survival or extinc-
tion of a BPVE (with or without selection), using fixed point techniques for
branching random walks. These conditions rely only on the first and second
moments of the offspring distributions. Our results can be interpreted in terms
of accessibility percolation on Galton-Watson trees. In particular, we obtain
that there is no accessibility percolation on almost every Galton-Watson tree
where the expected number of offspring grows sublinearly in time, while su-
perlinear growths allows percolation. This result is in agreement with what
was found for deterministic trees in Nowak and Krug (Europhysics Letters
101 (2013) 66004).
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On classical and Bayesian asymptotics in state space stochastic
differential equations

Trisha Maitra and Sourabh Bhattacharya
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Abstract. In this article, we investigate consistency and asymptotic normal-
ity of the maximum likelihood and the posterior distribution of the parameters
in the context of state space stochastic differential equations (SDESs). We then
extend our asymptotic theory to random effects models based on systems of
state space SDEs, covering both independent and identical and independent
but non-identical collections of state space SDEs. We also address asymptotic
inference in the case of multidimensional linear random effects, and in situa-
tions where the data are available in discretized forms. It is important to note
that asymptotic inference, either in the classical or in the Bayesian paradigm,
has not been hitherto investigated in state space SDEs.
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Exponential ergodicity for a class of non-Markovian
stochastic processes
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Abstract. The existence of an invariant probability measure is proven for a
class of solutions of stochastic differential equations with finite delay. This
is done, in this non-Markovian setting, using the cluster expansion method,
from Gibbs field theory. It holds for small perturbations of ergodic diffusions.
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