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ABSTRACT
Using radiosonde sounding data collected over an irrigated area and over an adjacent natural grassland region in
northeast Colorado. it is documented that larger available
buoyant energy exists in the lower troposphere over the irrigated land. This enhanced energy. a result of evapotranspiration from the crops. is suggested as a mechanism
for potentially enhanced thunderstorm severity over and near
irrigated locations. Low-level convergence that develops as
a result of the differential turbulent sensible heating between
the two land surfaces can further enhance available buoyant

energy.
During recent years, there are anecdotal opinions that tornado frequency in the Colorado Front Range communities
has increased significantly. While it is easy to dismiss these
perceived increases as due to population growth (such as
concluded
south
tial evidenceforthat
theFlorida,
increasesPielke,
could 3),
be there
real. is circumstan- .
During the summer of 1987, as reported in Segal et al. (4),
aircraft flights that transected irrigated and natural grassland
areas showed large differences in thermodynamic properties.
The lower troposphere was cooler above irrigated areas. This
reduced heating, by itself, would act to reduce convective
available potential energy (CAPE) which is the difference
between the actual total enthalpy of a given atmospheric mass
field and the minimum total enthalpy that could be achieved
by rearranging the mass under reversible adiabatic processes.
However, at the same heights, the dew-point temperatures
were substantially elevated as compared with the natural
grassland during the aircraft measurement period. The cumulative effect of the temperature decrease, water vapor increase
can be represented by changes in equivalent potential temperature 8E). At around 150 m above the irrigated land, up
to a 10°C increase in 8E was found, while a 5°C rise in 8E
was measured even at 440 m.
Figure I illustrates thermodynamic radiosonde soundings
constructed for the dryland area and the irrigated area for
one of the flights. Parcel ascents from the surface for both
cases illustrate the increase in CAPE over the irrigated areas.
For Figure I, a standard synoptic severe storm index, the
Lifted Index (L.I.), is computed. This index is calculated
e.g., from Pielke (5).
L./.

= T500mb -T p500mb

where T 500mbis the observed 500 mb temperature and T p500
mb
is the temperature of a parcel lifted dry adiabatically to the
level where saturation is achieved and then moist adiabatically to 500 mb.
Using the surface parcels method for the sounding in Figure I, the L./. values are zero over the dry land area and -2.0
over the irrigated area. Therefore, all other factors being
equal, one should expect that thunderstorms, including tornadoes, should be more likely (and more severe) over the
irrigated regions.

Fig. 1. Radiosonde measurements of potential temperatures (right
side) and dew point temperatures (left side) for the dry area (dashed
lines) and the irrigated area (solid lines) at 1313 MOST of July 28.
1987.

There is also an additional physical mechanismregarding
thunderstorm development that needsto be considered when
irrigated areas are adjacent to dry lands. As is well known
for sea-breezes(e.g., see Pielke, 6), for wet-soil/dry-soil contrasts (Ookouchi et al.. 7), and for cloudy/no cloud area
contrasts (Segal et al.. 8), significant mesoscalevertical circulations develop. As shown by Pielke et al.. (9), the predominate effect of these circulations is to focus moisture and
heat into a narrow region, thereby substantially increasing
the convective instability (the CAPE), as would be found
separately for the irrigated and dryland regions.
Using the idealized experiments reported in Segal et al.
(10)for irrigated-dry land contrasts, the changesof L.I. listed
in Table I were found.
These values are similar to what Lyons et al. (II) found
over central Florida where the sea-breeze convergence,
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resulting from the juxtaposition of land and water, was the
mechanism which focused heat and water vapor. Lyons et
ai. (11) indicated that typical values ofL.I. were from -1.0
to -8.0 in the convergence zone.
Therefore, it appearsthere are two impacts on severethunderstorm development when irrigated land is adjacent to natural dry land in regions where natural thunderstorm development already occurs. These are:
.elevation of CAPE over the irrigated land;
.even further enhanced CAPE in convergencezones that
develop as a result of sensible heat gradients between
the irrigated and dry land areas.
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