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For atmospheric modelling, the treatment of subgrid surface energy fluxes is a closure to atmospheric
boundary conditions. The essence of the problem is how energy fluxes over a complex landscape can be
scaled up and down. In this study, we study surface energy fluxes on different scales using an integrated
system consisted of an atmospheric prediction model, an atmosphere-Tandsurface interaction scheme and
a geographic information data base. The system is used o simulate surface sensible and latent heat fuxes
over Australian with a 50 km resolution and over New South Wales with a 10km resolution. Surface enezrgy

fluxes for the two cases are compared.

1 Introduction

For atmospheric modelling, closure is necessary to
take into account the effect of subgrid motion on at-
mospheric systems. The subgrid effect is often de-
scribed as a diffusion process that can be param-
eterized through the introduction of eddy diffusiv-
ity. This type of closure involves understanding the
interaction of motion on different scales of the dy-
fIAMmIC system,

At the interface between the atmosphere and land,
energy, mass and momentum exchange takes place.
This exchange occurs on all scales. For many years,
the atmospheric processes are assumed to be adi-
abatic in weather prediction model, and only grid
averaged fluxes are crudely calculated in climate
models. In recent years, sophisticated land surface
schemes have been developed to parameterize the
energy, mass and momentum flux by taking into
consideration of the soil hydrological and vegetation
biocchemical processes. The subgrid treatment of the
surface energy, mass and momentum fluxes can be
considered as a closure of second kind. This type of
closure also involves the relationship between large
scale and small scale motions of the atmosphere, but
more importantly, it must involve a more complex
system including atmospheric, hydrological and eco-
logical processes. One mnportant aspect of subgrid
treatment of surface energy fluxes is that we must
consider the spatial distribution of land surface prop-
erties, including aercdynamic, soil hydrological and
ecological properties that are in general heteroge-
neous. The laws governing the subgrid scales are
complex, and may rot be universal,

We consider, for instance, atmospheric specific

humidity, g, that obeys the following conservation
equation,

dy

at

g
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where the source term is assumed to be zero. For a
given numerical grid {or resolution), we have

a=d+c’

where the tilde represents the spatial average over
the grid and o is the deviation. We obtain from
Equaticn (1) that
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where 1°¢° is the vertical subgrid flux of specific
humidity, and the horizontal subgrid fluxes are ne-
glected. At the surface, the term w®g® differs from
evaportranspiration by a constant.

Suppose the atmospheric model is applied to a
higher spatial resolution, we have

a=da+a

where the bar also represents the spatial averaging
for the higher resolution case. Applying the averag-
ing operation to Equation (1), we obtain that
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where w'q’ is vertical subgrid flux of specific humid-
ity on the higher resolution grid.



The following relationships exist between the two
averaging operations

a = a4+a (4
a a4+ o (5)
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where o* is a newly introduced deviation due to
increased spatial resolution. Most importantly, we
have
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For subgrid closure of surface energy fluxes, it is
cruciat to undersiand how the last two terms in the
above equation behave.

A subgrid treatment of surface energy fluxes will
atways be required regardless of the spatial resolu-
tion. Therefore, it is necessary o consider what
governs the surface transfer processes. Or specifi-
cally, how surface fluxes should be related to sur-
face properties specified by data. In this study, we
use an integrated system of a limited area high res-
olution atmospheric model, an atmosphere and tand
surface interaction scheme and a high resciution ge-
ographic information data base to model surface en-
ergy fiuxes on different scales and examine the be-
havior of surface energy fluxes with increased spa-
tial resobution. The integrated system is first applied
to the Australian continent with a 50km spatial reso-
lution and then applied to NSW with a 10km resolu-
gion. Resulis from the two cases will be compared.
The comparison is a necessary step for developping
methods for upscaling and downscaling of surface
energy fluxes.

2 Land Surface Model

Recent years have seen a rapid development of so-
phisticated land surface schemes for atmospheric,
hydrological, and ecological modeling (e.g., Dick-
inson ef al., 1993; Noithan and Planton, 1989; and
Liang et al, 1996). It can be concluded from re-
cent comparative studies {e.g. Shao and Henderson-
Sellers, 1996), these tand surface models are more
reliable than expected.

The Atmospheric and Land Surface Interaction
Scheme (ALSIS) is a new land surface model de-
veloped at the University of New South Wales (Shao
et al. 1997, Irannejad and Shao, 1997). The schems
models the energy transfer at the land surface and
the surface soil thermal and hydrological processes.
The schemne employs aerodynamic resistance laws o
estimate the surface energy fluxes and the big-leal
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Figure 11 Comparison of siinulated monthly mean
surface energy fluxes and surface temperature with
observations from Cabauw.

model for canopy evaporiranspiration and radiative
processes. The Richards’ equation, with linearized
diffusion term by the Kirchhoff transform, and the
temperature diffusion equation are solved simulta-
neously for soil moisture and soil temperature evo-
lution, using implicit method. APSIS assumes the
soil as a vertically heterogeneous medium for cal-
culating water and heat fluxes through soil, and em-
ploys as many soil layers as required. To describe
the relationships among soil hydraulic properties,
the scheme uses anyong of the soil hydrautic mod-
els of Brooks and Corey {1960}, Broadbridge and
White {1988), Clapp and Hornberger (1978) and van
Genuchten (1980) (Shao and Irannejad, 1997).

In the stand-alone mode, the performance of AL-
SIS has been tested rigorously with several data
seis, including the HAPEX-MOBILHY in southern
France (Goutorbe and Tarrieu, 1991), Cabauw in
the Netherlands (Beljaars and Viterbo, 1994}, the
Murray-Darling Basin in Australia and the RedArk
Basin in the United States. The validatior of ALSIS
has been described in detail in Irannejad and Shao
(1997). Compared with observed data, the perfor-
mance of the model is good both in simulating the
soil moisture and the surface energy fluxes. As an
cxample, Figure 1 shows a comparison of the sim-
ulated and observed monthly means of surface heat
fluxes and surface temperature at Cabauw. The an-
nual trend of energy fluxes is well captured by the
model, although the simulated net radiation and sen-
sible heat flux show a systematic small overestima-
tion almost all over the year. The simulated diurnal
fuctuation of surface fluxes and temperature for the
period of Tulian days 253 to 262, for the same exper-
imental site, are compared with observations in Fig-
ure 2. Figure 2 shows that ALSIS can also well cap-
ture short time fluctuations of surface energy fluxes,
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Figure 2: Comparison of simulated diurnal cycle of
surface fluxes and surface temperature with observa-
tions from Cabauw for the Julian days 253 to 262.

3 Regional Scale Land Surface
Modeiling

At the University of New Scuth Wales, we have de-
veloped an integrated numerical system composed
of an atmospheric prediction model, the land surface
model and a detailed geographic information data
base. The atmospheric prediction model is the High
Resolution Limited Area Mode! (HIRES, see Leslie
and Purser, 1991).

Continuous simtlation over the Australian conti-
neat with a 50km resolution and over New South
Wales with a 10 km resclution has been performed
since July 1997. The depth of the soil layer is Zm
and is assumed to be vertically heterogeneous. The
2m soil column is divided into five layers with a
depth of 0,03, 0.15, 0.3, 0.5 and 1.0m, respectively.
The coupled system has been run first over Australia
and then self-nested for running over NSW with in-
creased spatial resolution and increased geographic
information.

The land surface parameters required for soil
moisture simulation are derived from the GIS data
availabie for the Ausiralian continent, including soil
types and vegetation. The parameters are derived
from the geographic data based on the Aflas of Aus-
tralian Resources Volumes 1, 3 and 6 (1980, 1986,
1988). The complete data set has the spatial res-
clution of 5x53 km, but for some parameters, the
resclution can be as high as one kilometer. In the
data base, Australian soils are classified into 28 soil
classes. For each soil class, there is a qualitative de-
scription of the soil hydraulic properties. The soil
hydrological parameters are derived from these qual-
itative data for different soil hydraulic models.
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The vegetation data sets provide a range of pa-
rameters such as vegetation height, fractional vege-
tation cover, leaf area index (LAI), minimum vegeta-
tion stomatal resistance, vegetation albedo and root
distribution. The source of vegetation data is the
Atlas of Australian Resources, vol. 6 (1988} com-
plemented with a data set for land use, In this data
sel, vegetation was divided into 35 classes accord-
ing to height, density and number of canopy layers.
Among the 35 vegetation types, the most extensive
vegetation cover is tall shrublands in its sparse open
form (52 and Si, 31.5%). Low woodlands (1.2) and
low open woodlands (L1} occupy nearty 27%, while
other medium and short vegetation (M2, M1, Z1, G2
and G3) covers collectively about 22% of the conti-
nent. From the vegetation data base, a reasonable
estimation can be made for quantities such as vege-
tation height, fraction of vegetation cover, vegetation
albedo and minimum vegetation stomatal resistance.

The estimation of LAI for the simulation period
draws on the remotely sensed NDVI (Normalized
Difference Vegetation Index) data. NDVI data are
derived from AVHRR {Advanced Very High Radic-
metric Resolution) satellite records of reflective radi-
ation in the red region {0.55 - 0.68 pm) and the near
infrared region (0.72 - 1.1 pm) of the electromag-
netic spectrum. A composite of satellite images over
a period of two weeks in February 1996 was used
in this study. For major vegetation types, empirical
relationships between NDVT and LAI previously es-
tablished by for instance McVicar er al. (1996) using
field observations. This type of empirical relation-
ship has been used to estimate the LAI for the whole
continent.

For soil moisture simulation, the lower bound-
ary condition, specified either by given soil moisture
content or given soil moisture flux, can significantly
influence the numerical cutcome. There are numes-
ous techniques in parameterizing the lower bound-
ary conditions, but none of these parameterizations
will be effective unless there is sufficient knowledge
of the soil hydraulic properties in deep soils. In the
present work, a deep botiom soil layer (10 meters)
is used and at the lower boundary of this deep layer,
soil is assumed to be always at saturation.

An accurate initialization of land surface quanti-
ties such as soil moisture and soil temperature for
the whole continent is virtually impossibie. There-
fore, all soils are assumed to be saturated and having
a constant temperatare at the beginning of the sim-
wlation. Numerical tests show that the effect of this
unrealistic initialization on land surface modelling
lasts only for a few days for the very top scil layer,
but persists for about a month in deeper soil layers,
provided that the simulation begins with saturated
soil. Other numerical aspects are as described fully



in Shao et al. (1997).

4 Surface Energy Fluxes

Simulated surface sensible and latent heat fluxes
over NSW with 50km and i10km resolutions are
shown in Figure 3. Some similarities in the over-
all distribution of the energy fluxes can he found.
For the particuiar case, the profound feature of the
energy fHux distribution pattern is fow latent heat
flux accompanied by high sensible heat flux in the
mountain areas. However, the difference between
the simulations with different resolution is surpris-
ingly large. For instance, the high resolution case
reveals an area with strong Iatent heat lux and weak
sensible heat Aux around (130E, 36.55). This phe-
romena cannot be seen from the fower resolution
case.

Figure 4 compares simulated soil moisture and
temperature with two different resolutions. Volumet-
ric soil moisture in soil layer 1 (0.05m) and soil layer
3 (0.25-0.53m), and soil temperature for soil layer
{0.05m) are shown, Again, the distribulion pattern
of these quantities containg similarities, but are pro-
foundly different in detail.

To understand the differences, two major factors
need to be considersd. The first factor is the nu-
merical behavior of the atrmospheric model with io-
creased spatial resolution. It is known that atmo-
spheric waves propagate al different speed on differ-
ent numerical grid. The physical schemes employed
in the atmospheric model, such as the radiation and
cioud scheme, can also behave differently on differ-
ent resolutions. As a consequence, the atmospheric
forces driving the land surface processes can be dif-
ferent, Among all atmospheric variable, precipita-
tion is the most important one. These aspects of the
problemn are under active investigation. The second
factor is the atmosphere-landsurface interactions and
the dependence of these interaction on the infrinsic
physical and biochemical properties of the land sur-
face, which are generally irregular, Both factors are
extremely difficult (o examine. At the time when
this short paper is written, our research on these two
problems is not yet conclusive.
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Figure 3: Comparison of sensible and latent heat fluxes simulated with the coupled system with a 50km
resolution and a 10km resofution over the south-east region of NSW. The night time situation.
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Figure 4: Comparison of simulated soil moisture (layer 1 and layer 3) and soil temperature {layer 1} with

two different resolutions.
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