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A more accurate way of resolving spatial
patterns in weather could lead to better
predictions of climate change

December 5 2018

High-resolution reconstruction of rainfall using the local nonstationary
model—rainfall is shown as the annual averaged precipitation rate (mm/h).
Credit: KAUST

A divide and conquer approach, combined with some mathematical
gymnastics, has helped KAUST researchers Ying Sun and Yuxiao Li to
come up with a fast and flexible statistical scheme for improving the
accuracy of climate-change modeling.
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"Statisticians attempt to avoid unrealistic assumptions in order to
estimate environmental processes more accurately,” says Li, a Ph.D.
student in Sun's research team. ""The motivation behind our study was to
improve how spatial nonstationarity is accounted for in climate modeling
over a large and geographically complex area."

Nonstationarity occurs when the statistics of an observed parameter,
such as temperature or rainfall, varies over time or space. In this case, Li
and Sun looked at the statistics that describe how measurements at two
different locations change spatially. Understanding and accurately
characterizing this covariance is critical in predicting weather and in
translating or downscaling global climate modeling that is done at very
coarse scales to be able to predict local effects at finer scales.

"We can think of spatial covariance as how well observations are
correlated with each other in space, or as spatial patterns," explains Li.
"For environmental data, the spatial correlation pattern over land is
different from that over the ocean. Because the correlation pattern is not
exactly the same everywhere, we need to consider how to represent this
nonstationarity."

Nonstationarity has been dealt with previously by complex and
computationally intensive convolution-based approaches, coupled with
approximations based on assumptions of local stationarity at an arbitrary
grid size. Sun and Li developed a computationally efficient approach
that greatly improves the accuracy of approximation.

"The challenge for nonstationary modeling is the trade-off between
accuracy and efficiency," says Li. "We extended the local stationary
model, which is efficient but not accurate, to a linearly varying local
nonstationary model by dividing up the spatial region and estimating the
covariance functions for each subregion. This allows us to describe more
complicated nonstationary features, which improves accuracy while still
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being fast to compute."

The researchers expect to significantly improve the downscaling of
climate modeling through this approach, which avoids unrealistic
assumptions and can estimate different types of spatial nonstationarity at
a finer spatial scale. They demonstrated the efficiency and improved
accuracy of their scheme by simulating precipitation at high-spatial
resolution over a large region. The approach also lends itself to the
interpolation of environmental processes at unobserved locations.

"Since our method is based on more realistic assumptions, analyses using
this approach can help scientists better understand weather and climate,"
says Li.

More information: Yuxiao Li et al. Efficient Estimation of Non-
stationary Spatial Covariance Functions with Application to High-
resolution Climate Model Emulation, Statistica Sinica (2018). DOI:
10.5705/ss.202017.0536
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