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Two different Land-Surface Models
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Noah-MP (Niu et al., 2007; Niu et al., 2011)

https://www.jsg.utexas.edu/noah-mp, 2022-05-11

Chapter 8: Surface parametrization

Schematics of the land surface
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Figure 8.1 Schematic representation of the structure of (a) TESSEL land-surface scheme and (b) spatial
structure added in HTESSEL (for a given precipitation P1 = P2 the scheme distributes the water as surface
runo↵ and drainage with functional dependencies on orography and soil texture respectively).

8.1 INTRODUCTION

The parametrization scheme described in this chapter represents the surface fluxes of energy and water
and, where appropriate, corresponding sub-surface quantities. Fig. 8.1 summarizes the main features of
the land part of the model; the main surface scheme parameterization structures are provided by the Tiled
ECMWF Scheme for Surface Exchanges over Land (Van den Hurk et al., 2000; Viterbo and Beljaars,
1995; Viterbo et al., 1999) or TESSEL scheme. At the interface between the surface and the atmosphere,
each grid-box is divided into fractions (tiles), with up to six fractions over land (bare ground, low and high
vegetation, intercepted water, shaded and exposed snow) and up to two fractions over sea and freshwater
bodies (open and frozen water). Each fraction has its own properties defining separate heat and water
fluxes used in an energy balance equation solved for the tile skin temperature. Special attention is devoted
to the di↵erent physical mechanisms limiting evaporation of bare ground and vegetated surfaces. A revised
land surface hydrology (hereafter referred as HTESSEL, Balsamo et al., 2009) has been introduced to
address shortcomings of the previous land surface scheme version, specifically the lack of surface runo↵
and the choice of a global uniform soil texture. New infiltration and runo↵ schemes are introduced with a
dependency on the soil texture and standard deviation of orography. The snow-pack is treated taking into
account its thermal insulation properties and a more realistic representation of density, the interception of
liquid rain and a revise the albedo and metamorphism aging processes (Dutra et al., 2010a and Balsamo
et al., 2011b).

A new formulation to represent inland water bodies both for resolved lakes and sub-grid coastal water in
liquid and frozen state is introduced with a dedicated new water tile.

Over land, the skin temperature is in thermal contact with a four-layer soil or, if there is snow present,
a single layer snow mantle overlying the soil. The snow temperature varies due to the combined e↵ect of
top energy fluxes, basal heat flux and the melt energy. The soil heat budget follows a Fourier di↵usion
law, modified to take into account the thermal e↵ects of soil water phase changes. The energy equation
is solved with a net ground heat flux as the top boundary condition and a zero-flux at the bottom.

Snowfall is collected in the snow mantle, which in turn is depleted by snowmelt, contributing to surface
runo↵ and soil infiltration, and evaporation. A fraction of the rainfall is collected by an interception
layer, where the remaining fraction (throughfall) is partitioned between surface runo↵ and infiltration.
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Dynamically modelled LAI not closer to observations than climatology
Exchange fluxes and soil moisture almost unaffected
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Fig: Example results from TERENO site “Hohes Holz” (Deciduous broadleaf forest) 
(Westermann et al., in prep.)
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Dynamically modelled LAI not closer to observations than climatology
Exchange fluxes and soil moisture almost unaffected
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Fig: Changes in latent heat model performance due to activating vegetation dynamics with different initial LAI (Westermann et al., in prep.)

LUT – Look-up table

ECLand: LUT LAI ECLand: MODIS LAI Noah-MP: LUT LAI Noah-MP: MODIS LAI

Latent heat evaluation



Representation of LAI-GPP relationship might be crucial point for further
model improvement regarding vegetation modeling
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Fig: Correlation between GPP and LAI for four different vegetation types from observation to simulations with both models 
(Westermann et al., in prep.)
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