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SURFACE FLUXES IMPORTANT TO CLOUD DEVELOPMENT

Fairley J. Barnes, William Porch
(Los Alamos National Laboratory, Los Alamos, NM B7545)
and Kenneth E. Kunke!
(Minois State Water Survey, Champaign, IL 61820)

1.0 INTRODUCTION

To address some ol the issues in scaling and averaging of neasurcments, collaborative field
campaigns were conducted in June 1991 and 1992 by the DOE laboratories funded under the
ARM program. We selected a site in Boardman, OR, with two distinct regions where the sensiblc
and latent heat fluxes would differ sharply and where each region was sufficiently extensive for
fult development of boundary layers and for utilizing aircraft-mounted instrument systems (Barnes
et al. 1992, Doran et al. 1992). Measureinents were clustered along a 16-km fransect across
adjoining irrigated farmland and semi-arid rangeland regions that allowed the collaborating teams
to conduct a varietly o7 studies relating to overall goals. The Los Alamos team efforts were
focused on assessing the effects of diflerent surface characteristics on fluxes of heat and water

vapor.

Progress from the Boardman experiments and preliminary work at the Southern Great
Plains (SGP) CART site (see Section 3 below) has contribtied to the ability to model and
measure fluxes over a wide range of scales. Extrapolation of surface flux measuremeints and
exploration of aggregation of measurements of fluxes and surface charactoristios at differom
scales will be unpotint &1 CART sites in order to model the intluence of surface variability on
cloud formalion and radiative ranster. Qur approach is unique in that it integrades modaeling and
diverse fiehs incthodologies as wall as expertise in ecological and atmosphetic sciehces, This is
impotant not only for the surface characterization and Surdace Vegetalion Atmosphere Transler
Scheme (SVATS) modeling that will be required for the CART sites, but also in the use of remote
sensing tools o test the aggregation of lower flux measurements.

2.0 FINE SCALE VARIABILITY IN FLUXES OVER RANGE AND FARM

The L os Alamos tesim moembors tocused on the lollowing measutements over the course of
the 3 week sampaigns:

1. Intercomprvison of mictometeorological instromaent pertornkanee,

2 Dotomminaticn of fine scale vatiability of surface tluxes over dey grasstand (1991) and
foarmbaned (1992) andats weldionship to varkability in surtace soil maoishine | crop typo and load
arcaindox or biomiaass

A Companson of spatially averagoed ophical measarements of hoat uxes and convergence
with mictometeorological measinements, high trequency Doppler acotstic measurements,

and mulli spoectial cload mingos and cloud height measuremaents:

4 Daternunalion of evapolianspitabon (1 1) fiom water baknee ostinates of 4 crope in the
adqricultueal area and comoatizon to micrometeotologe almoasirements ot 11

2.0 1991 Results

A survey el the tangelnd sale (Hames ol al $9°2) showod that one grass and two shab
asnocianons were mostimpotant in spatial coverage of the tiansect areacin the northern portion



of the rangeland. The grassland areas were dominated by needle-and-thread, a perennial
bunchgrass. Abovegiound green vegetitive cover on the grassland sites ranged from 20 to 40%.
Biomass estimales for three siles in this community ranged from 13 to 55 g¢/m2. The two shrub
communities were dominated by either rabbilbrush or bitterbrush, with understories of needle-
and-thread and/or cheatgrass. Overstory canopy cover on the shrub siles was aboul 14%. At
the time of the study, the perennial grasses had largely completed vegetalive growth and were
starling to set seed, while the annual grasses were senescent with no green foliage evidenl. The
shrubs were still in an active veqgelative growth phase. Conditions across the rangeland wera
extremely dry. During the study period. gravimelric soil moisture determine on sample trom 0 to
15-cm depth ranged tfrom 1.1 1o 4.1% volume, and trom 2.5 1o 6.4% volume in the 15 to 30-cm
depth samples.

Mean latent and sensible heat fluxes were calculated for the shrub (4 sites) and grass (5
sites) communilies. Mean maximum daily sensibie heat fluxes for both communities ranged from
27010 450 W m 2, and about 45 1o 80 W m™ for latent heat fluxes. There was no discernible
trend in the elfect of vegetalive cover type of the mean fluxes. Inspection of the daily llux rates
for each sile showed that the sensiblo heat Hlux rates were remarkably uniform among sites.
However, the latent heat flux from the bilterbrush site was signiticantly (P<0.01) higher than over
the other shrub sites.  This trend cannot be explained by the effect of surface soil moistura which
tended o be lower at this site. Although the overall vegetalive cover on this site was similar lo
the: other shrub sites (14%), the dominant shiub species (bitterbrush) has alarger growth torn
and higher green biomass per shrub than the rabbitbiush growing on the other shrub sites . Thae
potentially higher green biomass per unit ground area and deeper rooting depth (likely with
larger sized shrub and resulting in the vegetation accessing soil moisture deep in the profile)
couldd account fot the higher | T from the site

2.2 1992 Rosults

Results (Bames ot al. 1993) showaed that addy correlition measuremaents of sensible and lntent
heat fluxes over the farm were very sensitive to wind speed. FT determined from Bowen Ralio
encigy balaince dala was not as sensitive to wind spead, Preliminary water balknee caleulations
sugqest that differencoes in | 1 ean be linked primatily to crop type. This may bae aresull of both
1 Al and storatal conductance dilferences hotween the crops, However, it is also possible thiot
the assumptions in the water baliinee caledlagions heavily binsod the resalts since
mictometeorological methods of detenmming T did not show cleat cut differences botwoen
crops, [Hleets of ctop type, 1 AL and synoplic weather patterns on enetgy bhalinee components
will be tuhor explored using the full miccometeorological deta sot on 15 tiokls  Hydiologgice
maodoling of the agricultural area is underway and tesults will be comprared with data obtained
from aiteraft mownted flux insttuments (Doan et gl 1990)

Wit hawve also apphed technkques to provide spadially aoaveraged thicand wind convetgenee
measurements and relate these to cloud varabilily - Results see summaonzed i Porch ot al
(o, 1a9d) and Potchand Shaw (1992 Thesae mcqasirementss covers§ seabes of hundred of
mictors over ocdey qraveand wath high heat thux The 19910 expetiment focieed oneotmpaneone,
ol wind convergens e measated by oplical cioss wind seiors meac 200 m tinandgbe and verhe ol
veloctes meastned waith i high ftegquency Doppler aeotstic: sounder (Coulter ot al 19°2°) - Phese
meisurements showed thad vertical volocitios wete highly cotnoked with convetgence . Ao, o
wirs found thil when wind blew iom the predominant wited sdinection (southwesst o wesst) net
divergenee and downward vedieal veloetie:s: wore obsoerved Since nel vetlical veloeitios (ethey
up o ddown) unply o net advective thix, e mportant o detonene how convergencee chanege:
e the wider vanety of wikd conditions: observed in 1991

In 1992 o second angle with 400 m leges waes addded s optical tirbalenes saturation
resedand systetes and we detetined the <hort tenm etfect of poeseang elotds an sofoce heat



flux. Results showex! first that path avernged optical heat flux determination allowed much faster
determinalion ol heat fluxes than can be oblained from a tower. Passing cloud shadow effects
could be delined with high temporal resolution using oplical turbulence based heal flux and
turbulent encrgy dissipation over paths of 100 150 m. Second, it was shown that convergence of
the wind into two triangles detined by oplical cross wind sensors is relatively independent ol scale
between 200 and 400 m. Though we were unable to determine a land use induced daylime
conveigence in the dry grassland, we were able lo detect smaller scale topographic elfects that
may al limes slimulale or inhibil cloud formation. We also showed that nel divergence and
downward velocities cbserved the previous year under relatively high wind conditions were not
observed under light wind conditions in 1992.

3.0 MODELING OF SURFACE FLUXES OVER SGP CART

In 1992, we hosted Mr. Dean Jordan, a DOE Global Climate F-ellow tfrom U). Wyoming, for a
3 month practicum. His presence at | os Alamos gave us the opportunily to address the issue of
mexdeling surface fluxes (using RAMS, the Regional Atmospheric Modeling Systrm) at the SGP
CART site ahead ol schedule. Our objectives were to (1) Wlilize data bases currently available,
characlerize the soils and vegetation with maximum detail, and enter the data into the ARC/INFO
Geographic Information System (GIS), (2) aggregate the surface features at difterent scales, and
(3) compare resulls from modeling experiments with the surface features aggregated at different
scales, using a control simulation with uniform vegetation and soils as the baseline. Wa made
progiress loward completing the tirst two objectives, as well as performing initiall runs compating
the results from a uniform surace parameterization to a scenario with soils and vegelation
aggreaated into o lew classes at 16-kin resolution (Jordan et al. 1993).

Saik toxtuee classes, obtaned from Soil Conservation Service maps for Kansas and
Oklihomit, were agagregated o cight sotl lexture clcses Coretul chocking across state hinee
and with county maps was required 1o obtom a satistactory map that could be digitized and
imported inthe GIS. D, R MeMillan (ATDHD, NOAA) provided us with an AVHR image
processod to show vegelation classilication.  This was aggrogatoed into just hree vegaetation
types, ctopmixed Lanming, tall grass/pasture, and mixed woaodland, plus open water. Both soil
and vogoetation layers wore aggregated to various scales using the ARC/INT O rosidont algorithm.,
The control model tun was paruneterized with uniform crop/mixed Lairming and sandy loam soil,

Initial conditions tor RAMS ware estabhished with dry soils (20% tield capacity) on the
sumimer solshce, itial atimospheric condiions woere hotizontally unitorm with o vertical
temperatute and moisture protile typical of summettime comdittons: - The model was i throngh
24 h dinenad cyales, with encegy and moisture tuxes, air and soil tempetatiees and windss bemng
denerted by local condiions

Hesulls showed thint spaatial vauiability in surfoace chatactonstes, poacticulivly voegetation typee,
had o1 strong ntluenee on almosphene boundiny biyer procosses Mapes ol sorlace tempetatine
showed a sliong cottespondence to vegetation type, with localized cool adear over
woodland/open water, in marked contiast 1o the amfonm temperature fields m the control wn
Anabyze of the peantts of the oded raees e stilt undorway

From explonnng agepogation at differenc e seabes, we found that teatores can be elinmated
dependmg on the scheme and seale used . These diffesenc es mesarfacee characterisdies are olten
the very ones Bat indoe e locatized shoarp gradienton sontace heating - Thies, the miethod of
aguregating sitfac e lealtes necds o be carelully aseaessacd tor sodying the electcal sanlae e
vattability on mesosaale cnsulation The choarac ergeation of the S6GE ste necds o beomaone
detoulid, Both spatially and tempotally, i order to continge theonveshigation aseonthoed i thee,
proporal
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