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Abstract Kernel density estimation in domains with boundaries is known to suffer
from undesirable boundary effects. We show that in the case of smooth densities, a
general and elegant approach is to estimate an extension of the density. The resulting
estimators in domains with boundaries have biases and variances expressed in terms of
density extensions and extension parameters. The result is that they have the same rates
at boundary and interior points of the domain. Contrary to the extant literature, our
estimators require no kernel modification near the boundary and kernels commonly
used for estimation on the real line can be applied. Densities defined on the half-axis
and in a unit interval are considered. The results are applied to estimation of densities
that are discontinuous or have discontinuous derivatives, where they yield the same
rates of convergence as for smooth densities on R.

Keywords Nonparametric density estimation · Hestenes’ extension · Estimation in
bounded domains · Estimation of discontinuous densities

We thank two anonymous referees for their comments and the Institute of Mathematics and Mathematical
Modeling for hosting our research. Any remaining errors are the authors’ responsibility. This project has
been partially supported by N 0118PK00476 from the Ministry of Education and Science of the Republic
of Kazakhstan.

B Carlos Martins-Filho
carlos.martins@colorado.edu; c.martins-filho@cgiar.org

Kairat Mynbaev
kairat_mynbayev@yahoo.com

1 International School of Economics, Kazakh-British Technical University, Tolebi 59, Almaty,
Kazakhstan 050000

2 Department of Economics, University of Colorado, Boulder, CO 80309-0256, USA

3 IFPRI, 2033 K Street NW, Washington, DC 20006-1002, USA

123

http://crossmark.crossref.org/dialog/?doi=10.1007/s10463-018-0663-z&domain=pdf

	Unified estimation of densities on bounded and unbounded domains
	Abstract
	1 Introduction
	2 Estimation of densities defined on [0,infty)
	3 Estimation on a bounded interval
	4 Estimation of smooth pieces of densities
	5 Estimators satisfying zero boundary conditions
	6 Simulations
	7 Summary and conclusions
	Appendix: Proofs
	References




