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Vision

Cloud parameterizations are a primary source of uncertainty in climate prediction models.
Complex land surface phenomena have significant influence on atmospheric boundary layer
turbulence. Neglecting the considerable spatial and temporal variability in terrain topography,
surface properties, rainfall, and net surface radiation constitute an organic weakness of current
climate models and cause substantial errors near-surface climate simulation over land.

Therefore, we must progress toward a fully process-scale resolving model of land surface
hydrology, atmospheric dynamics, and cloud processes over the global domain. We must
integrate all obviously interdependent land-atmosphere processes into a common ultra-resolution
(100's of meters) framework for Earth system modeling, through fusion of traditional land surface
hydrology modules with boundary-layer turbulence and cloud process modules. Decisions
regarding the model formulations must be guided to the greatest extent possible by the use of
observations, as prescribed input, assimilation constraints, or validation.

We envision two, eventually convergent paths toward global land-atmosphere coupling:

1) Implement traditional cloud parameterization and atmospheric turbulence schemes and implicitly couple:

those to patch-based land models at highest possible resolution;

2) Develop true global process-resolving coupled land-atmosphere models in a phased approach:

(a) off-line land-cloud process resolving studies

(b) land-cloud super-parameterizations based on sampling the relevant process scales
(c) nested land-cloud resolving models in a GCM framework

(d) true global ultra-high-resolution global cloud-land process resolving model

Progress

Land data assimilation systems have been developed that use sophisticated land surface
models to ingest satellite and ground-based observations, as parameters, forcing, and data for
assimilation, in order to produce the best possible fields of land surface states and fluxes. The
multi-institution North American Land Data Assimilation System (NLDAS) project was the first to
embrace this concept [Mitchell et. 99]. Its success led to the development of GLDAS [Houser
etal., 2001]. The 1/4° re ality, near-real time and retrospective output fields that
have resulted from GLD; e first ir kind, are providing the basis for global scale
studies of the hydrologi teorological processes. GLDAS soil moisture fields have
been shown to:improve the predictability of seasonal precipitation; and are being tested as input to
water management decision support systems. The Land Information: System (LIS) project has
streamlined and parallelized the GLDAS code and has executed 1 km resolution, glebal

simulations using 3 different land models on high performance computing platforms. LIS is

currently being colipled to the Weather Research and Forecasting (WRF) and Goddard Cumulus

Ensemble (GCE) models to explore surface-layer feedback effects due to assimilation.
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Figure 1: Sample output from GLDASIMosaic operational simulation, 2003, Clockvise from upper left: total precipiation [mm)] (merged ADA and
satelite derived data); observation based downward shortwave radiation (Wi total {mm]; oot zone content [5].

Figure 3; Sample fatent hec
Figure 2: MODIS LAI observations degraded to the resolutions of 1°, 1/4°, 5 km,

and 1km, to illustrate the process-scale land physics requirements. simulation, (c) is a Skm simulation, and (d) is the full 1km simulation.
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Conclusions

New global remote sensing observations provide the foundation for the development of a new
generation of Earth System Models that will explicitly resolve weather and climate relevant
physical, chemical and biological processes, in order to improve dramatically the understanding
and prediction of weather and climate. This will require, among other things, an ultra-high-
resolution observation-driven land surface model with process-scale hydrology and
biogeochemistry dynamics that is implicitly coupled to high-resolution boundary-layer turbulence
and cloud microphysics parameterizations. These innovations will be invaluable for a wide range
of applications, including satellite data assimilation, observation system design, weather
forecasting and climate simulation.

Each grid-box can aﬁly represent the
“average” conditions of its area.
Our ultimate vision is to progress toward a fully process-scale resolving coupled model of land
surface hydrolagy, atmospheric dynamics, and cloud processes over the global domain. This
requires an ultra-high-resolution land model that represents observed process-scale hydrology and
biogeo-chemistry dynamics. This development must be guided by comparisons with locally to
current and past observed phenomena, must bridge weather and climate prediction timescales,
and partner with operational weather and climate prediction centers.

Figure 6. A ¥ degree climate model simulation, ilustrating progress along the first path o producing a.
cloud resolving earth system model.
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