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Abstract: In this work, we study the problem of model selection for
non-stationary data when a large number of predictors are
available. We propose an algorithm, FSR+HDIC+Trim, that
combines a stepwise method known as Forward Stepwise
Regression (FSR) and the high-dimensional information criterion
(HDIC) introduced by Ing and Lai (2011). In particular, we
establish a convergence rate of the empirical error for the FSR, and
show the FSR+HDIC+Trim is model-selection consistent. Its
performance is illustrated by simulation studies as well as an
example application to U.S. macroeconomic data.

Keywords: Forward Stepwise Regression, Orthogonal Greedy Algorithm,
LASSO, Adaptive LASSO, non-stationary time series, ARX
model

% 3+ 3% 31 48 - : Spatial Temporal Modeling and Inference

SR E AR AR (RN FEAE (B FBR 2 PR
(ﬂ IPF %‘E‘, %)

FraREL A vxyme it FAEHY  FET
(1) Matrix-variate Autoregressive Spatial Temporal Models (N-J Hsu, H-C
Huang, R.S. Tsay)

Abstract: Matrix-variate time series are common in economic, medical,
environmental and atmospheric sciences, typically associated
with large matrix dimensions nowadays. We introduce a
structured autoregressive (AR) model to characterize the
temporal dynamics in matrix variate time series, in particular the
AR matrices are formulated as a bilinear form to reduce the
model dimension. This bilinear parameter structure has the
advantage of highlighting the dynamic interactions among
column and row factors in the matrix, making the model highly
explainable. For spatio-temporal matrix data, with spatial

information implied from columns and rows, the AR coefficients
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can be further constrained to ignore the dynamic effects beyond
certain spatial neighborhoods. Furthermore, making use of spatial
information again, we consider a non-stationary multi-resolution
spatial covariance model for the innovation error matrices. The
proposed spatio-temporal autoregressive model is very flexible of
capturing heterogeneous spatial and temporal features, but still
maintains a parsimonious parametrization. For inference, the
maximum likelihood (ML) is considered and a fast algorithm is
developed accordingly to implement the ML estimates for all the
model parameters. A simulation study and an application to wind
speeds in the western Pacific Ocean are provided to demonstrate
merits of our proposed methodology.

Keywords: bilinear auto-regression, dimension reduction, matrix-variate
time series, maximum likelihood, multi-resolution spline basis
functions

(2) Testing Independence Between Two Spatial Random Fields (S-H Huang,
H-C Huang, R.S. Tsay)

Abstract: In this article, we consider testing independence between two
spatial random fields of dimension p and g with sample size n,
where both p and q are allowed to be larger than n. We impose no
spatial stationarity and no parametric structure for the two
random fields. Our approach is based on canonical correlation
analysis (CCA). But instead of applying CCA directly to the two
random fields, which is not feasible for high-dimensional testing
considered, we adopt a dimension-reduction approach using a
special class of multiresolution spline basis functions. These
functions are ordered in terms of their degrees of smoothness. By
projecting the data to the function space spanned by a small to
moderate number of leading basis functions, the spatial variation
of the data can be effectively preserved. The first sample
canonical correlation coefficient between the two random fields
in the projected function space is used to construct the test
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statistic, which has an asymptotic Tracy-Widom distribution
under the null hypothesis. Our proposed method automatically
detects the spatial structure between the two random fields. In
addition, it is directly applicable to irregularly spaced data. We
show that our test is consistent under mild conditions and provide
two simulation experiments to demonstrate the effectiveness of
the proposed method. Moreover, we apply our method to
investigate whether the precipitation in continental east Africa is
related to the sea surface temperature (SST) in the Indian Ocean,
and whether the precipitation in western Australia is related to the
SST in the north Atlantic Ocean.

Keywords: canonical correlation analysis, dimension reduction,
high-dimensional test, irregularly spaced data, multiresolution
spline basis functions, Tracy-Widom distribution
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Robust Estimation in High-Dimensional Vector Autoregressions

Abstract: Vector autoregressive (VAR) models are commonly used to model
time series data. However, financial time series data, e.g., stock
returns and yields, are sometimes faced with The extreme values
due to special events (such as the 2008 financial tsunami), and
hence Prediction or parameter estimation based on least squares
estimation is easily distorted by a few extreme values. Moreover,
in the big data era, vector time series data with large dimension are
collected in various scientific fields. When the dimension becomes
large, the parameters in the VAR model can be much larger than
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the number of observations. This leads us to consider
high-dimensional VAR models with parameters estimated by some
robust estimates instead of the least squares one. In this project, we
aim at proposing some computationally efficient model selection
and robust estimation methods in high-dimensional VAR models.
We will establish the desired selection consistency and estimation
efficiency results under some sparsity conditions. We will also
illustrate the performance of the proposed algorithm through
extensive simulation and several financial time series data.

Keywords: Vector autoregressive (VAR) models, High-dimensional time
series, Model selection, Robust estimation
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