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R. A. Pielke (1) and X. Zeng (2) 

Department of Atmospheric Science 
Colorado State University 

Fort Collins, Colorado 80523 

ABSTRACT 

Using radiosonde sounding data collected over an irri­
gated 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 irri­
gated land. This enhanced energy, a result of evapo­
transpiration from the crops, is suggested as a mechanism 
forpotentially 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 slllfaces can further enhance available buoyant 
energy. 

During recent years, there are anecdotal opinions that tor­
nado 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 for south Florida, Pielke, 3), there is circumstan­
tial evidence that the increases could be real. 

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 cumu­
lative effect of the temperature decrease, water vapor increase 
can be represented by changes in equivalent potential tem­
perature 8 E). At around ISO m above the irrigated land, up 
to a 10°C increase in 8 E was found, while a 5°C rise in 8 E 

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.l.), is computed. This index is calculated 
e.g., from Pielke (5). 

L.I. = T 500 mb - T p500 mb 

where T500 mb is the observed 500 mb temperature and Tp500 mb 

is the temperature of a parcel lifted dry adiabatically to the 
level where saturation is achieved and then moist adiabati­
cally to 500 mb. 

U sing the surface parcels method for the sounding in Fig­
ure I, the L.I. values are zero over the dryland area and - 2.0 
over the irrigated area. Therefore, all other factors being 
equal, one should expect that thunderstorms, including tor­
nadoes, should be more likely (and more severe) over the 
irrigated regions. 
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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 MDST of July 28, 
1987. 

There is also an additional physical mechanism regarding 
thunderstorm development that needs to be considered when 
irrigated areas are adjacent to dry lands. As is well known 
for sea-breezes (e.g., see Pielke , 6) , for wet-soilldry-soil con­
trasts (Ookouchi et al., 7), and for cloudy/no cloud area 
contrasts (Segal et al., 8), significant mesoscale vertical cir­
culations develop. As shown by Pielke et al., (9), the pre­
dominate 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-dryland contrasts , the changes of L.l. listed 
in Table 1 were found. 

These values are similar to what Lyons et al. (II) found 
over central Florida where the sea-breeze convergence, 

Table 1: 

L.I. 

Well-Removed From 
Convergence Zone 

Irrigated Dryland 
Area Area 

-6.8 3.0 

Convergence Zone 
Between The 

Two Land Uses 

-7.5 
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resulting from the juxtaposition of land and water, was the 
mechanism which focused heat and water vapor. Lyons et 
al. (I 1) indicated that typical values of L.I. were from - 1.0 
to - 8.0 in the convergence zone. 

Therefore, it appears there are two impacts on severe thun­
derstorm development when irrigated land is adjacent to nat­
ural dry land in regions where natural thunderstorm devel­
opment already occurs. These are: 

• elevation of CAPE over the irrigated land; 
• even further enhanced CAPE in convergence zones that 

develop as a result of sensible heat gradients between 
the irrigated and dryland areas. 
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