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1. INTRODUCTION

Efforts are increasing throughout the research community to improve the predictive capa-
bilities of general circulation models (GCMs). The U.S. Department of Energy's Atmospheric
Radiation Measurement (ARM) program has stated its goals as improving the representation and
parameterization of cloud radiative forcing and feedbacks in GCMs by a combined modeling and
experimental approach. Along with ambient atmospheric conditions, including advection of water
vapor and cloud nuclei from other regions, cloud dynamics depend on sun;ace fluxes of heat and
water vapor. The lower boundary of the CGM modeling domain, the earth's surface, exerts a
strong influence on regional dynamics of heat and water vapor, and the heterogeneity in the sur-
face features can be responsible for generating regional mesoscale circulation pattems (Mahfouf
et al. 1987, Pielke and Avissar 1990, Dickinson et al 1991). Changes in the surface vegetation due
to anthropogenic activity can cause substantial changes in the ratio of sensible to latent heat flux
and result in climate changes that may be irreversible. A broad variety of models for representing
energy fluxes are in use, from individual leaf and canopy models to mesoscale atmospheric mod-
els and GCMs. Scaling-up a model is likely to result in significant errors, since biophysical
responses often have nonlinear dependence on the abiotic environment. Thus, accurate and defen-
sible methods for selecting measurement scales and modeling strategies are needed in the effort to
improve GCMs.

There are few data sets that detail the fluxes, soil and vegetative characteristics, and topo-
graphic and landscape features over broad spatial and regional scales. Yet if we are to arrive at a
functional average of the soil and vegetation properties over a GCM grid cell, such data sets of
interrelating variables must be obtained in order to determine the appropriate scale for the mea-
surements of these features at other sites and to estimate inherent variability and uncertainty in
measurements made at different scales. Finally, to avoid the errors that are inherent in transferring
across scales (O'Neill et al. 1986), a formulation of processes across a grid cell requires simplifi-
cations in modeling at larger scales that must be validated from detailed "bottom-up" mechanistic
studies and bounded by sensitivity tests (Baldocchi et al 1991).

To address some of these issues in scaling and averaging of measurements, a collaborative
field campaign was conducted in June 1991. We selected a site with two distinct regions where the
sensible and latent heat fluxes would differ sharply and where each region was sufficiently exten-
sive for full development of boundary layers and for utilizing aircraft-mounted instrument sys-
tems (Doran et al 1991). The overall measurement transect (about 16 km long) at the site had
adjoining irrigated and semi-desert rangeland sections that allowed the collaborating teams to
conduct a variety of studies relating to the overall goals. In this report we present preliminary data
on the variability in surface fluxes within the dry rangeland region and comment on the relation-
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ship between the observed patterns and the surface features.

2. SITE

The site was located on the northern portion of the U.S. Naval Training Facility (NTS) at
Boardman in north-eastern Oregon on the Umatilla Plateau in the central Columbia River basin
(Doran et al. 1991). The NTS contains the last, high quality remnants of grasslands in the region
and is a mosaic of shrub steppe and grassland communities. The site has well-drained sandy soils
with some loess deposited silts. The terrain is gently sloping (1-2%)with elevations ranging from
200m in the south to 125m at the northern border close to the Columbia River. Low sandy ridges
primarily run west to east, following the prevailing winds. Occasional open dunes appear to be
accumulations of fine riverbed sands (Kagan 1987). The climate is arid, with hot, dry summers :
and cold winters. Mean annual precipitation is 23 cm with November and March being the wettest
months. In the northern part of the NTS, the grassland sites are primarily undisturbed, or lightly
grazed and in good condition. The shrub communities in the study area are more heavily grazed,
with the bitterbrush community (see section 3) largely the result of severe disturbance. Sagebrush
steppe communities in the southern part of the NTS (outside out study area) are primarily undis-
turbed or lightly grazed•

3. METHODS

Preliminary qualitative surveys of the rangeland site showed that three plant associations
were most important in spatial coverage of the transect area. These three associations (Table 1)
were mapped by observation from the existing roads and then by comparing observations with
existing surveys of the area. Detailed measurements of vegetative cover by dominant plant spe-
cies were made along transects at 6 of the sites chosen for meteorological stations. Additional
measurements are being made to confirm or extend these data bases on shrub communities. The
grassland areas were mostly dominated by needle-and-thread (Stipa comata), a perennial bunch-
grass. One site (Site 2) was severely overgrazed and dominated by an annual grass, cheatgrass
(Bromus tectorum) with needle-and-thread as a sub-dominant component. Aboveground green
vegetative cover on the grassland sites ranged from 20 to 40%. Biomass estimates for three sites
in this community ranged from 13 to 55 g/m 2. The two shrub were dominated by either rabbit-
brush (Chrysothamnus nauseosus) or bitterbrush (Purshia tridentata), with understories of nee-
dle-and-thread and/or cheatgrass. Overstory canopy cover on the shrub sites was about 14%. At
the time of the study, the perennial grasses had largely completed vegetative growth and were
starting to set seed, while the annual grasses were senescent with no green foliage evident• The
shrubs were still in an active vegetative growth phase.

Ten micrometeorological stations were deployed in these three plant communities (Table
1) so as to represent each community as well as the overall transect across the rangeland (Doran et
al. 1991). The instrumentation included 10 eddy correlation (EC) systems and one Bowcn Ratio
energy Balance (BREB) (ali from Campbell Scientific Inc.). Each EC was mounted 3.2-m above
the soil surface, and was composed of a Krypton hygrometer, a one-dimensional sonic anemome-
ter, and a 12.5-_tm fine wire thermocouple. The measurements of the covariance of the vertical

wind__velocity and water vapor concentrations, w---r'q_, and the vertical wind velocity and tempera-
ture, w'T', were made at 10-Hz and averaged into 30-minute values. Standard corrections for



gen absorption and water vapor density effects were made to the raw EC data that converted the
measurements into fluxes of sensible heat (H) and latent energy (LE). The BREB was operated
with the lower intake ann about 30-cre from the top of the mixed canopy, and the upper arm was
placed 1-m above the lower arm. Soil heat flux plates were buried at a depth of 0.05-m, and tem-
perature probes were placed above the heat flux plates to account for heat storage in the soil col-
umn. In another experiment, three wind speed and direction sensors were placed 2-m above the
surface at the vertices of a 200-rn laser anemometer triangle at Site 2 (Porch et al. 1991). The
array of stations was operated firom 7 June to 17 June inclusive.

During the campaign period, soil moisture in the top 30-cm depth was measured at sites
periodically with either a time dlomain reflectometry (TDR) system or using gravimetric sam-
piing. Calibration of the TDR system with the soils from the study area was performed post-cam-
paign and the results are currently being analyzed. General meteorological conditions were
measured at sites 2 and 8 (cheatgrass and shrub communities respectively).

4. PRELIMINARY RESULTS

Conditions across the rangeland were extremely dry (Table 1). Gravimetric soil moisture
determined on samples from 0-15-cm depth ranged from 1.1-4.1%volume, and from 2.5 to
6.4%volume in the 15-30-cm depth samples.

Mean latent heat and sensible heat fluxes were calculated for the shrub (4 sites) and grass
(5 sites) communities, and examples for three consecutive days are presented in Figure 1. Mean
maximum daily sensible heat fluxes for both communities ranged from 270 to 450 W m"2, and
about 45 to 80 W m 2 for latent heat fluxes. There was no discernible trend in the effect of vegeta-
tive cover type on the mean fluxes.

Inspection of the daily flux rates for each site showed that the sensible heat flux rates were

remarkably uniform among sites (examples for a typical day, June 14, are shown in Figure 2).
However, on most days the latent heat flux over site 7 was consistently higher than over the other
shrub sites (examples for a typical day, June 14, are shown in Figure 3). This trend cannot be
explained by the effect of soil moisture which was not noticeably higher at this site. Although the
overall vegetative cover on this site was similar to the other shrub sites (14%), the dominant spe-
cies was bitterbrush, a species with a larger growth form and noticeably more green biomass. The
site thus had potentially higher biomass per unit ground area than the other shrub sites. Other fac-
tors that may relate to site differences (such as soil texture) are being evaluated.

Among the grass sites, site 2 (dominated by the senescent cheatgrass) had a tendency to
have slightly lower LE than the other grass sites (dominated by bunchgrasses). Once again, this
slight trend was not explainable by differences in soil moisture. If this trend is significant, it is
most likely the result of the differences in vegetative cover. The grasses at this site were senes-
cent, and other green biomass was only 13 g/m 2, much lower than the 38g/m 2 at site 5 and 55 g/
m 2 at site 4. Sites 2 and 4 were typical of the grassland sites dominated by perennial bunchgrasses
on the rangeland. The higher green biomass at the bunchgrass sites would undoubtedly contribute
more transpired water vapor to the overall latent heat flux, even under conditions of low soil mois-
ture.

5. CONCLUSIONS

A study to examine the variability in surface fluxes across a semi-arid rangeland was car-
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ried out in June 1991. Although data reduction is at a very preliminary phase, we can conclude
that the variability in surface fluxes had a high degree of uniformity over the individual grass and
shrub sites on the rangeland. One site, which probably had the highest amount of green biomass
per unit ground area, tended to have higher latent heat values than the other sites. A site with low

green biomass tended to have the lowest latent heat values. Other ecological factors which may be
relevant to site differences are being examined. These data will be compared with flux data col-
lected from aircraft in order to arrive at an understanding of regional estimates of fluxes.

6. REFERENCES

Baldocchi, D. D., R. J. Luxmore, arid J. L. Hatfield. 1991. Discerning the forest from the trees: an
essay on scaling canopy stomatal conductance. Ag. For. Meteorol. 54:169-196.

Dickinson, R. E., A. Henderson-Sellers, C. Rosenzweig and Piers J. Sellers. 1991. Evapotranspi-
ration models with canopy resistance for use in climate models, a review. Ag. Forest Met.
54:373-388.

Doran, C., E Barnes, R. Coulter, T. Crawford. 1992. A field study of the effects of inhomogene-
ities of surface sensible and latent heat fluxes. American Meteorological Society Annual
Meetings, 6-8 Jan. 1991, Atlanta GA.

Mahfouf, J. E,E. Richard and P. Mascart. 1987. The influence of soil and vegetation on the devel-
opment of mesoscale circulation. J. Clim. Appl. Meteorol. 26:1483-1495.

O'Neill, R. V., D. L. DeAngelis, J. B. Wade, and T. E H. Allen. 1986. A Hierarchial Concept of
Ecosystems. Princeton University Press, Princeton, NJ, 253 pp.

Pielke, R. A. and R. Avissar. 1990. Influence of landscape structure on local and regional climate.
Landscape Ecology 4:133-156.

Porch W., E Barnes, M. Buchwald, W. CLements, D. Cooper, D. Doran, J. Hubbe, W. Shaw, R.
Coulter, T. Martin, K. Kunkel. 1991. Spatially averaged heat flux convergence measure-
ments at the ARM Regional FLux Experiment. 1991. American Meteorological Society
Annual Meetings, 6-8 Jan. 1991, Atlanta GA.

7. ACKNOWLEDGMENTS

This work was sponsored, in part, by the U.S. Department of Energy Atmospheric Radiation Mea-
surement Progran|., with supplementary support from University of Illinois, Utah State Univer-
sity, Texas A&M University, and University of Kansas. We are grateful to the U.S. Navy for
access to their sites, and in particular to CPS Chaffee of the Naval Weapons Systems Training
Facility and Mr. R. Brown of Boeing Agri-Industrial Co. for their assistance on the sites. We
thank J. Archuleta, K. Forman, T.C. Lin, V. Montano, and K. Mueller for technical assistance in
the field.



FIGURE CAPTIONS

Fig. 1. Mean daily sensible and latent heat fluxes in shrub and grass communities.
Fig. 2. Sensible heat fluxes in shrub and grass communities on 14 June 1991.
Fig. 3. Latent heat fluxes in shrub and grass communities on 14 June 1991.

TABLE 1. Characteristics of micrometeorological site locations

SOIL MOISTURE
L

SITE ELEVATION VEGETATION %COVER 6 JUNE 18 JUNE
m 0-15-cm 15-30-cm 0-15-cml5-30-cm

2 180 CHEATGRASS 19 3.0 4.0 1.9 3.0
3 168 BUNCHGRASS n/a 4.1 4.9
4 183 BUNCHGRASS 32 2.3 3.8 1.5 2.6
5 168 BUNCHGRAS 22 2.9 3.9 1.5 3.5
6 189 BUNCHGRASS 39 3.0 4.0 3.4 2.5
11 180 BUNCHGRASS n/a 3.4 4.2 1.8 2.8

7 430 BITFERBRUSH 14 3.4 4.4 1.2 2.9
1 131 RABBITBRUSH n/a 3.4 5.3 3.6 6.2
8 171 RABBITBRUSH 15 3.9 5.0 2.6 3.8
9 162 RABBITBRUSH n/a 3.9 5.0 3.2 6.4

J

k.J



Mean Latent IHeat Flux _"
(W/m**2)

100 -

80

I
I
I

II60 °, _II
li 8
II d
II II _
i, i!/I

_; :i/l

II1 , ' ,
II i II "_ I

I I II avl
_l ii 1.1

20 ',1

I

, _

O I Hit I

-20

13JUN91:00:00 14JUN91:00:00 15JUNCj:i:60:00 16JUN91:00:00
Date and Time

4

COVER brush ........ orau



8

o

Mean Sensible

' Heat Flux 16
(W/m**2)

600 -

55O
.,

.i
i

i500 -,

450 ..

l'. _l

400 i I
I
!
J

350 iJ
II
II
II

'I
300 ,,

,,so
200

150

100
I

50

0

-50
I I I I I I I I I J I I I I I I I ; I I I I I I I I I I I [

13JUN91:00:O0 14JUN91:00:O0 15JUN91:00:O0 16JUN91:00:O0
Date and Time

4

COVER brush arass
7










