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NON-UNIFORM BERRY-ESSEEN-TYPE INEQUALITIES
FOR A SUPERCRITICAL BRANCHING PROCESS WITH
IMMIGRATION IN A RANDOM ENVIRONMENT

XIAOQIANG WANG, JIUJTANG WU AND CHUNMAO HUANG*

Abstract. Let W, be the fundamental submartingale of a supercritical branching process with
immigration in a random environment. In order to characterize the convergence rates of W, , the
quenched and annealed non-uniform Berry-Esseen-type inequalities are established for W, 4 —

W, for each fixed k € {1,2,---,0}, which reveal the convergence rates of the corresponding
central limit theorems.

Mathematics subject classification (2020): 60J80, 60K37, 60F05.

Keywords and phrases: Branching process with immigration, random environment, central limit theo-

rem, Berry-Esseen inequality.

[1]
[2]
[3]

[4

=

[5

[l

[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]

[15]

REFERENCES

K. B. ATHREYA, Large deviation rates for branching processes I: Single type case, Annals of Applied
Probability, 4, 3 (1994), 779-790.

K. B. ATHREYA, S. KARLIN, On branching processes in random environments I: Extinction proba-
bilities, Annals of Mathematical Statistics, 42, 5 (1966), 1499-1520.

K. B. ATHREYA, S. KARLIN, Branching processes with random environments I1: Limit theorems,
Annals of Mathematical Statistics, 42, 6 (1966), 1543-1858.

B. BASRAK, P. KEVEL, Limit theorems for branching processes with immigration in a random envi-
ronment, Extremes, 25, 4 (2022), 623-654.

A. BIKJALIS, Estimates of the remainder term in the central limit theorem, Lithuanian Mathematical
Journal, 6, 3 (1966), 323-346.

D. BURACZEWSKI, P. DYSZEWSKI, Precise large deviation estimates for branching process in ran-
dom, Annales De L Institut Henri Poincare-Probabilites Et Statistiques, 58, 3 (2022), 1669-1700.

D. V. DMITRUSCHENKOV, A. V. SHKLYAEV, Large deviations of branching processes with immigra-
tion in random environment, Discrete Mathematics and Applications, 27, 6 (2017), 361-376.
Z.L.GA0, Y. H. ZHANG, Limit theorems for a Galton-Watson process with immigration in varying
Environments, Bulletin of the Malaysian Mathematical Sciences Society, 38, 4 (2015), 1551-1573.

I. GRAMA, Q. S. Liu, E. MIQUEU, Harmonic moments and large deviations for a supercritical
branching process in a random environment, Electronic Journal of Probability, 22, 99 (2017), 1-23.
H. HE, On large deviation rates for sums associated with Galton-Watson processes, Advances in
Applied Probability, 48, 3 (2016), 672-690.

C. C. HEYDE, Some central limit analogues for supercritical Galton-Watson processes, Journal of
Applied Probability, 8, 1 (1971), 52-59.

C. C. HEYDE, B. M. BROWN, An invariance principle and some convergence rate results for branch-
ing processes, Probability Theory and Related Fields, 20, 4 (1971), 271-278.

C. M. HUANG, Q. S. L1U, Moments, moderate and large deviations for a branching process in a
random environment, Stochastic Processes and Their Applications, 122, 2 (2012), 522-545.

C. M. HUANG, Q. L1, Harmonic moments and deviations for a supercritical branching process with
immigration in a random environment, preprint.

C. M. HUANG, C. WANG, X. Q. WANG, Moments and large deviations for supercritical branching
processes with immigration in random environments, Acta Mathematica Scientia, 42, 1 (2022), 49-72.

© ey, , Zagreb

Paper IMI-17-22


http://dx.doi.org/10.7153/jmi-2023-17-22

326

[16]
[17]
[18]
[19]
[20]
[21]

[22]
[23]

[24]
[25]
[26]
[27]
[28]

[29]

X. WANG, J. WU AND C. HUANG

H. KESTEN, M. V. KozLoV, F. SPITZER, A limit law for random walk in a random environment,
Compositio Mathematica, 30, 2 (1975), 145-168.

E. S. KEY, Limiting distributions and regeneration times for multitype branching processes with im-
migration in a random environment, Annals of Probability, 15, 1 (1987), 344-353.

D. D. L1, M. ZHANG, Harmonic moments and large deviations for a critical Galton-Watson process
with immigration, Science China Mathematics, 64, 8 (2021), 1885-1904.

M. MOEDERL, D. BUTLER, W. RAUCH, A stochastic approach for automatic generation of urban
drainage systems, Water Science and Technology, 59, 6 (2009), 1137-1143.

A. G. NEVES, C. H. MOREIRA, Applications of the Galton-Watson process to human DNA evolution
and demography, Statistics & Probability Letters, 368, 1 (2006), 132—146.

P. E. NEY, A. N. VIDYASHANKAR, Harmonic moments and large deviation rates for supercritical
branching processes, Annals of Applied Probability, 13, 2 (2003), 475-489.

V. V. PETROV, Limit Theorems of Probability Theory, Oxford University Press, New York, 1995.

A. ROITERSHTEIN, A note on multitype branching processes with immigration in a random environ-
ment, Annals of Probability, 35, 4 (2007), 1573-1592.

W. L. SMITH, W. WILKINSON, On branching processes in random environments, Annals of Mathe-
matical Statistics, 40, (1969), 815-827.

V. VATUTIN, Multitype branching processes with immigration that evolve in a random environment,
and polling systems, Siberian Advances in Mathematics, 21, 1 (2011), 42-72.

V. VATUTIN, V. WACHTEL, Multi-type subcritical branching processes in a random environment,
Advances in Applied Probability, 50, A (2018), 281-289.

Y. Q. WANG, Q. S. L1U, Limit theorems for a supercritical branching process with immigration in a
random environment, Science China Mathematics, 60, 12 (2017), 2481-2502.

H.S. WANG, Z. Q. GAO, Q. S. L1U, Central limit theorems for a supercritical branching process in
a random environment, Statistics & Probability Letters, 81, 5 (2011), 539-547.

X. Y. ZHANG, W. M. HONG, Quenched convergence rates for a supercritical branching process in a
random environment, Statistics & Probability Letters, 181, 1 (2022), 109-279.

Journal of Mathematical Inequalities
.ele-math.com

jmi@ele-math.com



