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Abstract
In this paper, we propose tests for the existence of random effects and interactions 
for two-way models with dependent errors. We prove that the proposed tests are 
asymptotically distribution-free which have asymptotically size � and are consistent. 
We elucidate the nontrivial power under the local alternative when a sample size 
tends to infinity and the number of groups is fixed. A simulation study is performed 
to investigate the finite-sample performance of the proposed tests. In the real data 
analysis, we apply our tests to the daily log-returns of 24 stock prices from six coun-
tries and four sectors. We find that there is no strong evidence to support the exist-
ence of substantial differences in the log-return across countries, nor to the existence 
of interactions between countries and sectors. However, there exists random effect 
differences in the daily log-return series across different sectors.
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1  Introduction

The importance of incorporating random effects and interactions in modeling has 
been recognized, especially in the fields of longitudinal data and panel data analysis. 
A one-way model is one of the most fundamental models to capture group effects 
for i.i.d. data, see e.g. Searle et al. (1992). The dynamic panel data model pioneered 

This research was supported by JSPS Grant-in-Aid for Research Activity Start-up under Grant 
Number JP21K20338 (Y.G.); JSPS Grant-in-Aid for Scientific Research (S) under Grant Number 
JP18H05290 (M.T.); the Research Institute for Science & Engineering (RISE) of Waseda University 
(M.T.). Y.G’s research was mainly carried out when he was affiliated with Waseda University. X.X’s 
research was done while she was visiting the RISE of Waseda University.

 *	 Xiaofei Xu 
	 xiaofeix@whu.edu.cn

Extended author information available on the last page of the article

http://crossmark.crossref.org/dialog/?doi=10.1007/s10463-022-00853-3&domain=pdf
hiros
長方形



532	 Y. Goto et al.

1 3

Hallin, M., Hlubinká, D., Hudecova, S. (2022). Efficient fully distribution-free center-outward rank tests 
for multiple-output regression and MANOVA. Journal of the American Statistical Association ( To 
appear).

Hannan, E. J. (1970). Multiple time series. New York: John Wiley & Sons.
Hosoya, Y., Taniguchi, M. (1982). A central limit theorem for stationary processes and the parameter 

estimation of linear processes. The Annals of Statistics, 10, 132–153.
Ke, Y., Li, J., Zhang, W. (2016). Structure identification in panel data analysis. The Annals of Statistics, 

44, 1193–1233.
Koliha, J. (2001). Continuity and differentiability of the Moore-Penrose inverse in C*-algebras. Math-

ematica Scandinavica, 88, 154–160.
Li, D., Qian, J., Su, L. (2016). Panel data models with interactive fixed effects and multiple structural 

breaks. Journal of the American Statistical Association, 111, 1804–1819.
Lillard, L. A., Willis, R. J. (1978). Dynamic aspects of earning mobility. Econometrica, 46, 985–1012.
Nagahata, H., Taniguchi, M. (2018). Analysis of variance for multivariate time series. Metron, 76, 69–82.
Rao, C. R., Mitra, S. K. (1971). Generalized inverse of matrices and its applications. New York: Wiley.
Robinson, P. M. (1991). Automatic frequency domain inference on semiparametric and nonparametric 

models. Econometrica, 59, 1329–1363.
Searle, S. R., Casella, G., McCulloch, C. E. (1992). Variance components 391. New York: John Wiley & 

Sons.
Sutradhar, B. C., MacNeill, I. B. (1989). Two-way analysis of variance for stationary periodic time series. 

International Statistical Review, 57, 169–182.
Taniguchi, M., Kakizawa, Y. (2000). Asymptotic theory of statistical inference for time series. New York: 

Springer.
Von Sachs, R. (2020). Nonparametric spectral analysis of multivariate time series. Annual Review of Sta-

tistics and Its Application, 7, 361–386.
You, J., Zhou, X. (2013). Efficient estimation in panel data partially additive linear model with serially 

correlated errors. Statistica Sinica, 23, 271–303.

Publisher’s Note  Springer Nature remains neutral with regard to jurisdictional claims in published maps 
and institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted manuscript version of this article 
is solely governed by the terms of such publishing agreement and applicable law.

Authors and Affiliations

Yuichi Goto1 · Kotone Suzuki2 · Xiaofei Xu3 · Masanobu Taniguchi4

	 Yuichi Goto 
	 yuichi.goto@math.kyushu-u.ac.jp

	 Kotone Suzuki 
	 va.1016koto@akane.waseda.jp

	 Masanobu Taniguchi 
	 taniguchi@waseda.jp

1	 Department of Mathematical Sciences, Faculty of Mathematics, Kyushu University, 744 
Motooka, Nishi‑ku, Fukuoka 819‑0395, Japan

2	 Department of Pure and Applied Mathematics, Graduate School of Fundamental Science 
and Engineering, Waseda University, 3‑4‑1 Okubo, Shinjuku‑ku, Tokyo 169‑8555, Japan

3	 Department of Probability and Statistics, Wuhan University, 299 Ba Yi Road, Wuchang District, 
Wuhan 430072, Hubei, People’s Republic of China

4	 Faculty of Science and Engineering, Waseda University, 3‑4‑1 Okubo, 
Shinjuku‑ku, Tokyo 169‑8555, Japan

hiros
長方形


	Tests for the existence of group effects and interactions for two-way models with dependent errors
	Abstract
	1 Introduction
	2 Preliminary
	2.1 Spectra density

	3 Two-way models with dependent errors
	3.1 Settings
	3.2 Test for the existence of random effects

	4 Two-way models with interaction and dependent errors
	4.1 Settings
	4.2 Test for the existence of interaction effects

	5 Numerical study
	6 Real data analysis
	7 Discussion
	7.1 Sum of squares
	7.2 Parametric spectral density matrix
	7.3 Optimality

	Anchor 18
	Acknowledgements 
	References




