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This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their

employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views

and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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Surface-Layer Response Over Shrub-Steppe Canopy During Springtime

J. M. Hubbe, R. R. Kirkham, J. L. Downs, and W. J. Shaw

Pacific Northwest Laboratory
Richland, Washington

1. INTRODUCTION 2. STUDY OVERVIEW

The exchange of energy and trace gases between the 2.1 Sit..__e
atmosphere and heterogeneous surfaces is gaining
increasing attention in the scientific community. The study site is located on the U.S. Department of
Modeling efforts on scales from individualfields to the Energy's (DOE) Hanford Site in south-central
entire globe are including or requiring increasingly Washington, near the 1600-m arc of the DiffusionGrid.
detailed descriptions of surface exchange processes. This part of the grid provides a 4-km2 area that is
Numerousmodels have been developed relatingenergy uninterruptedby paved roads, excavation, buildings,or
fluxes (includingradiativeterms) among the soil, plant, significantvariation in the vegetationassociation. This
and atmospherecomponentsof a surface system (e.g., site provides ove: 1000 m of uniform fetch over the
Shuttleworthand Gurney, 1990; Sellers et al., 1986). study area for winds havinga westerly component.
These types of modelshave been tested primarilyover
agriculturalsurfaces (e.g., Ham and Heilman, 1991; The study area is covered by an Artemisia
Sellers and Dorman, 1987). Some testing has been tridentata/Poa sandbergii (big sagebrush/Sandberg's
performed over the more widespread natural plant bluegrass) vegetation association (Figure 1). The
communities(e.g., Nichols, 1992; Sellers and Dorman, associationconsistsof three elements: 1) an overstory
1987). If current models can be shown to be of shrubs, 2)an understory of grasses and forbs
successfulover heterogeneousand sparse canopies of (herbaceous plants that are not grasses), and 3)
the natural landscapes, or if alternate forms can be patches of bar_ sandy soil. Total shrub canopy
developed, the benefit to regional and global-scale coverage, measured usingthe line intercepttechnique,
climate-changeresearch will be considerable, is 12%. (Shrub density was 21 shrubs/100 m= and

average shrub heightwas 1 m.) Canopy coverage of
Whether the intent is to estimate evapotranspiration the understoryelement (Table 1) was measured using
from remotely sensed radiative data or otherwise a modifiedDaubenmiretechnique (Daubenmire, 1968).
improve the lower boundary representation in Total understorycanopy coverage ranged from 49% to
atmosphericsimulations,increased knowledgeis needed 68%. As the 1992 growingseason progressed,percent
of the effects of varioussurface types and the behavior canopy cover of forbs at this low-elevation site
of the boundary layer that interacts with them. One decreased as water availabilitydecreased and plants
such heterogeneoussurface that is wide spread in the senesced.
semi-arid west is the shrub-steppe consisting of a
sparse shrub overstory and an extensave grass Table 1. Percent canopy cover of understory
understory. It is the largest of the grasslandclasses in vegetationat the measurement site on three dates in
the western United States, accounting for almost 1992.
645,000 km= (Risser et al., 1981).

An observational study of surface energetics and Species March 24 April 15 May..._
atmospheric response was undertaken in 1992 to Cheatgrass 43.0 41.0 64.0
providedata for modelapplic:ationto semi-aridclimates Sandberg's Bluegrass 7.0 2.0 3.0
and for the evaluation of various models. Forbs 10.0 6.0 1.4
Measurements of surface-layer turbulence, canopy Total 60.0 49.0 68.4
energetics, and soil heat and moisture budgets were
made over a mixed shrub-steppe surface containing
predominantly sagebrush, cheatgrass, and bare sandy The bare soil fraction, calculated as the residual of the
soil. The observation periods spanned the 1992 spring sum of overstory and understory fractions, ranges from
season. The objectives of this field study were to 20% to 39%. This calculation is assumed to yield slight
quantify surface-layer fluxes over a mixed canopy in a underestimates of the bare fraction because some
semi-arid climate, to quantify canopy and soil energetics fraction of understory canopy is covered by overstory
during the transition from moist winter conditions to dry canopy, but we have not quantified this fraction. As an
summer conditions, and to investigate parameterization alternate technique for estimating fractional coverage of
of surface exchange processes in a mixed-canopy the elements, we performed a visual classification of the
setting. In this paper, we present an overview of the elements in a photograph (similar to Figure 1) taken
observational study and a discussion of the closure of from a 100-ft tower adjacent to the study site, and
the observed energy budget, estimated fractional coverages to be 25% overstory,

60% understory, and 15% bare.



Figure 1. Tower photograph of the big-sagebrush/Sandberg's-bluegrass vegetation association found on the Hanford
Diffusion Grid on the west side of the 1600-m arc, taken May 5, 1992.

2.2 Instrumentation aspirated/shielded thermistors. Radiosondes measured
thermodynamic variables to 300 mb at dawn and

Surface energy budget components were measured in midday on selected days. The site is also 1600 m
each of the three primary vegetation association from the Hanford Meteorological Station 400-ft tower
elements (surface cover types): sagebrush, grass, and where mean wind measurements at 50, 100, 200, and
bare ground. In each of these cover types, continuous 400 ft are taken.
measurements were made of the soil temperature
profile in the top 5 cm, soil heat flux at 5 cm, reflected 2.3 Experiment
short-wave radiation, and net all-wave radiation. In the
two vegetated cover types, leaf temperatures and "1he study was conducted as three approximately 1-
canopy air temperature were also measured. Surface week intensive observation periods (lOPs) that spanned
temperatures were obtained with nadir infrared the spring-season drydown of the shrub-steppe system.
thermometers (view angle of 15 degrees) positioned 2 These periods encompassed the following dates:
m above the respective surface. Soil samples were
taken to a depth of 70 cm three times during tl',e lOP1 March 19-28
season for each surface element, lOP2 April 10-21

lOP3 May 8-14
A suite of fast-response sensors deployed at a height
of 6 m measured surface-layer sensible- and latent- Days suitable for comparison across lOP were chosen
haatfluxes using the eddy correlationtechnique. Three based on absence of clouds, suitability of wind
wind velocity components and the virtual temperature direction, and functionality of ail instrument systems.
were measured using an Applied Technologies sonic The following days were chosen to represent their
anemometer, sampled at 10 Hz. This sensor was respective lOPs: lOP1, March 20, March 21; lOP2, April
triggered by the data acquisition system to maintain 15, April 18; lOP3, May 9, May 11. The cloud
temporal correlation with the other turbulence sensors, interruption of the April 18 net radiation is greater than
Also sampled at 10 Hz were the water vapor signal desired but in the interest of identifying at least two
from an open-path infrared-absorption hygrometer comparison days from each lOP, it is included.
(Auble and Meyers, 1992) and a platinum resistance
thermometer. 3. ENERGY BUDGETS

As l-Hz reference data, wind speed and direction were The surface energy budgetdata collectedfor the three
measured using a propeller-vane sensor and wet- and surface types were used to calculate the amount of
dry-bulb temperatures were measured using energy available at each of the surface types for heat



flux and evapotranspiration to the atmosphere. We according to the fractional coverage of the respective
calculate the available energy, E, as surface type. We have two sets of fractional coverage

estimates, in situ canopy sampling numbers and image-
E = Rn - G - Gs based numbers. These two weightings of available

energy are presented with the total turbulent flux tor
where Rn is the net radiation, G is the soil heat flux April 15 and May 11 (Figure 3). We note that the
measured at 5 cm, and Gs is the soil heat storage in scheme giving greater weight to the bare ground better
the top 5 cm. We present these values along with the balances the turbulent energy, at least during the
sensible and latent heat fluxes and their sum for April midday and afternoon hours, and comment that
15 and May 11 (Figure 2). On April 15, the latent heat gradations of canopy characteristics could result in
flux accounts for about 25% of the total turbulent flux biases not accounted for in our fractional coverage
while on May 11 it accounted for less than 10%. In estimates. Moreover, the assumption that such
both of these cases, the total heat flux at midday is weightings are invariant under wind and solar angle (for
bracketed by the lesser available energy over the bare example) is dependent on the degree to which our point
ground and the greater available energies over the measurements are representative of their entire
vegetated surfaces. Available energy over the bare element. One possible mechanism that would draw the
ground is lower because of both lower net radiation turbulent flux values toward the bare-ground values of
(higher albedo and temperature) and higher soil heat available energy during the midday hours is that the
flux. sparse fringes of the grass element behave more like

bare ground under high sun angles when the blades
The combined effect of the available energy at all the are less efficient at shading the ground, effectively
element surfaces in the "footprint" of the surface layer increasing the fraction of bare ground. This line of
measurements should balance the total heat flux reasoning would be consistent with the difference in the
measured there. As an in_ial means of combining the in situ and image-based estimates of bare ground
effects of the three surface types, for evaluation of fractional coverage since the latter technique posed
budget closure, we weight the available energy difficulty in proper inclusion of the fringes or sparse
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Figure 2. Available energy at three surface types Figure 3. Combined available energy using weights
(symbols) superimposed on sensible- and latent-heat based on in situ and image estimates of surface type
flux and their sum (lines) for a) April 15, and b) May fractional coverage, superimposed on the sum of
11, 1992. sensible- and latent-heat flux for a) April 15, and b)

May 11, 1992.
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