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A novel ensemble forecasting method for dealing with
combined effect of initial and model errors and its potential
implementation using machine learning

¥

B
RER SR SRR

A new nonlinear forcing singular vector (NFSV) approach is proposed providing optimally combined
mode of initial perturbation and model perturbation (C-NFSVs) in ensemble forecasts. The C-NFSVs
are optimally growing structure taking into account the impact of the interaction between the initial
and model errors effectively, generalizing the original NFSV for simulating impact of model errors. The
C-NFSVs is tested in the context of the Lorenz-96 model to show the feasibility in improving ensemble
forecast skill. This approach is compared with the orthogonal conditional nonlinear optimal perturbation
(O-CNOPs) for estimating initial uncertainties only and the orthogonal NFSVs (O-NFSVs) for estimating
model uncertainties only. The results demonstrate that when initial error and model error simultaneously
occur in the forecasting system, the C-NFSVs shows much higher ensemble forecasting skill. A deep
learning approach is also used to learn the properties of the ensemble members and then overcome the
limitation of the expensive cost of the computation of the C-NFSVs and their related ensemble members.
The C-NFSVs combined with deep learning approaches could provide a new useful and efficiently
ensemble forecasting method for operational forecasting suites dealing with the combined effects of
initial and model errors.

Macroscopic modeling and simulations for two-phase flows
with moving contact lines
¥
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Modeling and numerical simulations for two-phase flows with moving contact lines are very
challenging in fluid dynamics due to the multi-scale and multi-physics nature of the problem. The slip
effect of nanoscale near a contact line must be taken into account in a continuum model. Although
there exist many microscopic models, it is very difficult to apply them to a two-phase flow problem
with macroscopic size. It is even more difficult when the solid boundary is rough or chemically
inhomogeneous. In this talk, | will present some recent work on modeling and simulations for
complicated moving contact line problems. In particular, | will show that the Onsager variational principle
can be used as a powerful tool in the approximation. We derive coarse-grained boundary conditions
for moving contact line problems with and without contact angle hysteresis. Based on the boundary
conditions, we develop efficient numerical methods for macroscopic two-phase flow problems.
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A new type of multi-resolution WENO schemes with
increasingly higher order of accuracy for hyperbolic
conservation laws

¥
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In this presentation, a new type of high-order finite difference and finite volume multiresolution
weighted essentially non-oscillatory (WENO) schemes is presented for solving hyperbolic conservation
laws. We only use the information defined on a hierarchy of nested central spatial stencils and do not
introduce any equivalent multiresolution representation. These new WENO schemes use the same large
stencils as the classical WENO schemes, could obtain the optimal order of accuracy in smooth regions,
and could simultaneously suppress spurious oscillations near discontinuities. The linear weights of such
WENO schemes can be any positive numbers on the condition that their sum equals one. This is the first
time that a series of unequal-sized hierarchical central spatial stencils are used in designing high-order
finite difference and finite volume WENO schemes. These new WENQO schemes are simple to construct
and can be easily implemented to arbitrary high order of accuracy and in higher dimensions. Benchmark

examples are given to demonstrate the robustness and good performance of these new WENO schemes.
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