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I. Introduction

Qur presentation summarizes our research on the major
role of landscape type on planetary boundary layer structure
and associated mesoscale systems. Of specific focus is the dif-
ference in the partitioning of sensible and latent turbulent heat
flux as a function of landuse, which can result, for example, in
mesoscale wind circulations as strong as a sea breeze. Over irri-
gated areas and other areas of unstressed vegetation, boundary
layer structure in the lower troposphere can be enhanced suf-
ficiently to result in more vigorous cumulonimbus convection.
Even slight differences in vegetation type, due to their differ-
ent stomatal conductance and albedo characteristics, can cause
substantial changes in the atmospheric response.

2. Discussion

Using modeling (e.g., Ookouchi et al., 1984; Segal et al.,
1988; Avissar and Pielke, 1989; Pielke and Avissar, 1990; and
Pielke and Segal, 1986) and observational studies (e.g., Segal
et al., 1989; Piclke and Zeng, 1989; and Pielke et al., 1990a) we
have demonstrated that the partitioning of sensible and latent
heat fluxes into different Bowen ratios as a result of spatially
varying landscape can significantly influence lower boundary
layer structure and result in mesoscale circulations as strong
as a sea breeze. Over and adjacent to irrigated land in the
semi-arid west, for example, enhanced cumulonimbus convec-
tion can result as reported in Pielke and Zeng (1989). Schwartz
and Karl (1990) document how the appearance of transpiring
leaves on vegetation in the spring has the effect of substantially
cooling (and thus moistening) the lower atmosphere. In their
observational study, Rabin et al. (1990) demonstrate the effect
on the formation of convective clouds of landscape variability.
Dalu et al. (1990) have evaluated using a linear model how
large these heat patches must be before they generate these
mesoscale circulations, while Pielke et al. (1990b) present a
procedure to represent this spatial landscape variability as a
subgrid-scale parameterization in general circulation models.

These landscape variations result from a variety of rea-
sons including:

i). man-caused variations

46

agricultural practice (e.g., crop type, land left fallow,
deforestation)

political practices of land subdivision (e.g., inheri-
tance laws, zoning)

urbanization (e.g., housing developments)

forest management (e.g., clear-cutting)

e irrigation

ii). natural variations

o fire damage to prairies and forests

e insect infestation and resultant damage to vegeta-
tion

¢ drought

Figure 1 and 2 illustrate observed variations in photosyn-
thetically active vegetation, as measured by NDVI (Normalized
Difference Vegetation Index) satellite imagery over the Great
Plains of the U.S. Presumably, the active vegetation is transpir-
ing efficiently during the daytime while the other areas, which
are either nearly devoid of plants or involve vegetation under
water stress, have most of their turbulent heat flux in sensible
heat transfer. These two figures illustrate the large spatial and
temporal variability of the photosynthetically-active vegetation
(and therefore, of the sensible heat flux).

3. Model Results

To extend our study we have performed modeling and
observational studies which demonstrate the major importance
of vegetation and its spatial gradients on planetary boundary
layer structure and mesoscale atmospheric circulations. Figure
3, for example, shows the results of a numerical model simu-
lation with zero synoptic flow for the early afterncon in the
summer for (i) a region in which a tall grass prairie is adja-
cent to a forest region; and (ii) the same as (i) except the
tall grass prairie is replaced by wheat. For both simulations,
the vertical velocity, east-west velocity, potential temperature,
and mixing ratio fields are shown. Among the important re-
sults is the generation of a wind circulation as a result of the
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Figure 1. An example of NDVI satellite data for the week ending
June 6, 1988, as a tool for assessing the spatial heterogene-
ity in vegetation state over a region for the northern Great
Plains of the United States (photograph courtesy of EROS
Data Center, Siouz Falls, South Dakota).

juxtaposition of the two vegetation types, and the change in
the intensity of this circulation when the prairie is replaced by
wheat. Higher transpiration over the forest, in conjunction with
the thermally-forced circulation which can advect the elevated
low-level moisture into the resultant low-level wind circulation,
can be expected to result in enhanced convective rainfall when
the synoptic environmental conditions are favorable. Changes
in convective rainfall resulting from the changeover of the nat-
ural prairie to wheat also seem possible — simulations which
include deep convection will be presented at the conference.
Note that similar model results were reported by Wetzel and
Chang (1988).

Satellite observations support the existence of large gra-
dients in atmospheric conditions across a forest — grassland
boundary in the United States, as illustrated in Figure 4 where
the highest satellite measured surface skin temperature irradi-
ances are presented for a five week period in 1986 (July 24-
August 31) as measured by the GOES geostationary satellite.
Temperatures are over 10° C cooler over the forest as contrasted
with prairie regions even short distances away (~30 km), as
suggested to be the case by the modeling study.

4. Conclusions

This study documents further the major role of landuse
on atmospheric boundary layer structures and mesoscale circu-
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Northern Great Plains Fire - Fuels Condition

Figure 2. As in Figure 1 but for the week ending June 13, 1988.

lations. Even vegetation types as similar as natural tall grass
prairie and wheat result in different atmospheric responses.
This suggests that man’s modification of landscape has had a
major role in local climate and, since man has altered vast areas
of the land surface, a global response to man-caused land-use
changes should be expected.
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Figure 3. Atmospheric circulation at 1400 LST due to the con-
trast befween a forest (lefi-hand side) and tall grass prairie
(left panels) and a forest and wheat farming (right panels).
Contour intervals are (i) 0.5 cm s~ for W; (ii) 0.8 em 571
Jor U; (iii) 1 K for 8; and (iv) 1 g kg~ for mizing ratio.
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Figure §. Plot of the highest measured surface skin lemperature

irradiance in °C as measured by the GOES geostationary
satellite from July 24 — August 31, 1986 for a region cen-
iered on eastern Kansas and western Missourt.
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