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Abstract :

First, we briefly summarize a community effort to expand the Noah land surface model (LSM) for its use in regional climate simulations and seasonal forecasts; the addition of physics includes an explicit canopy layer, a reformulated surface runoff, a multi-layer snowpack model, ground water physics, and a dynamic vegetation growth model. Second, we present the integrated Weather Research and Forecasting (WRF)-urban modeling system that consists of three methods to parameterize urban surface processes, coupling to fine-scale Computational Fluid Dynamic and Large-Eddy Simulation Transport and Dispersion models, and procedures to incorporate high-resolution urban land-use, building morphology, and anthropogenic heating data. We give a few examples of applying WRF/urban to investigating effects of future climate change and urbanization on regional air quality. Third, we focus on the land-atmospheric coupling strength and its impacts on summer precipitation. 

Recent studies identified several “hot spots’ in terms of strong coupling between soil moisture and summer rainfall. Nevertheless, it is argued that a somewhat too-tight coupling between the land-surface and the atmosphere (manifested by too large surface evaporation) might lead to a wrong relationship between soil moisture and precipitation. To addresses this fundamental coupling issue, we used multi-year AmeriFlux data across a wide range of land-cover and climate regimes to reconstitute the surface exchange coefficient, Ch, which governs the transport of sensible and latent heat fluxes from the surface to the atmosphere. Results show a general trend of stronger coupling for tall canopy (e.g., forest) than that for shorter vegetation (crops and grass). However, the Noah model underestimated (overestimated) values of Ch for forest (short vegetation), implying an insufficient (too efficient) coupling for tall canopy (short canopy). Model simulations were conducted by experimenting different formulations to relate the roughness length for heat and moisture (Zot) to roughness length for momentum (Zo). The results show that adjusting of a coefficient 
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 in the current formulation for calculating Zot, the Noah LSM is able to reproduce the observed Ch and surface fluxes. 

To evaluate impacts of such coupling on summer convective precipitation, we used the WRF/Noah coupled model to study a 6-day heavy-precipitation episode during the International H2O Project (IHOP) field campaign, June 2002, over the central United States. We varied the value of 
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from 0.01 (strong coupling) to 1.0 (weak coupling) in WRF. The area-averaged early evening maximum precipitation values for the 
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(strong coupling) runs precede those of the 
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(weak coupling) runs by ~ 2 h and are on average almost twice as large. The maximum amounts in the weak coupling runs are more consistent with the Stage-IV radar-derived rainfall analyses. This significant summer-precipitation sensitivity to the land-atmospheric coupling strength is comparable than that associated with differences in land-surface parameters, such as soil moisture, over model forecasts of similar duration.
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