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Precipitation has a direct impact on both the ecosystem and the human society, it affects groundwater and
reservoirs, and constitutes a major environmental hazard. The accurate evaluation of the spatial distribution
and intensity of precipitation at local scales is crucial for risk assessment and water management, especially in
mountainous regions downstream of which human activities may be strongly impacted.
Climate models have a rather coarse resolution, are often biased, and in general unable to accurately represent
precipitation at local scales. In particular, in regions of complex orography spatial patterns of precipitation exhibit
abrupt discontinuities and spatio-temporal variability at a much higher frequency. Statistical approaches can be
used to correct model simulations making use of observations. One challenge is to obtain corrected values with
an appropriate spatial consistency, yet observed rainfall data are in general too sparse to be representative of the
topographic variations of the "true" precipitation field.
We develop a new statistical model for inferring orographic precipitation (herafter SMOP) able to: (1) describe
the spatial distribution and intensity of precipitation over complex terrain; (2) create interpolated surfaces
accordingly; (3) deal with the relative spatial sparsity of observations. SMOP does not rely only on observations
but one important innovation is the careful incorporation of scientific knowledge of the processes involved. To
this aim, SMOP builds on features of the analytical up-slope-time-delay model by Smith (2003). Making use of
atmospheric fields such as winds, temperature, humidity and large-scale fraction of precipitation from numerical
climate models or reanalysis, SMOP is able to provide downscaled precipitation producing a physically informed
grid refinement, that combines the information carried in observed data.
In particular, a 2-dimensional advection equation for the column integrated cloud water density was derived
reducing Smith (2003). The equation represents (1) the processes that form clouds due to forced uplift of moist
air, (2) the downwind drift of cloud water and (3) its conversion to precipitation. By discretizing the advection
equation and perturbing it by means of stochastic noise, we specify a simultaneous autoregressive model for a
spatial Gaussian field representing a latent potential of precipitation, that gets converted in both precipitation
occurrence and intensity. The Gaussian field moments depend on both physical quantities and unknown parameters
estimated from observed precipitation data.
Here we present the methodology, some idealized experiments and a real application to evaluate the model skills
and limitations. The approach may be used as the kernel for downscaling techniques applicable to different
time-scales, from short-term forecasts, to seasonal predictions up to climate change projections.


