The Impact of Land-Atmosphere Interactions on
the Benson, Minnesota, Tornado of 11 June 2001
BY DANIEL R. CHERESNICK AND JEFFREY B. BASARA

n 11 June 2001, a long-lived supercell produced
an F2 tornado that struck the town of Benson,
Minnesota (Fig. 1) at 2007 UTC. The Benson
tornado, part of a family of tornadoes produced by the
parent storm, persisted for 16 min. along an 8-mile
damage path, and was up to 150 yds in width. During the event, 71 structures were damaged and seven
people were injured—one seriously—by the tornado.
Total damage for the storm was $10 million.

O

The synoptic conditions were favorable for
supercell thunderstorms across southern Minnesota
the afternoon of 11 June 2001. However, this case
study investigates the role of land-atmosphere interactions during the event, with focus on low-level
moisture, its origin, and the impact upon the local
environment of the Benson storm. Previous work has
demonstrated how land surface characteristics such
as soil moisture and vegetation can impact atmospheric processes (see the section titled "For Further
Reading"). This study investigates how land-atmosphere interactions played an important role in modifying the local environment.
S Y N O P T I C C O N D I T I O N S . T h e e n v i r o n m e n t in

western Minnesota was favorable for supercell formation on 11 June 2001. A shortwave trough was evident in the 500-mb analysis at 1200 UTC over Montana and the Dakotas (not shown). A surface
low-pressure system was located in South Dakota and
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FIG. I. Tornado from the Benson storm near Danvers,
MN (photo by Keith Brown).

moved eastward into southwest Minnesota during
the afternoon. As a result, surface winds increased
significantly and backed to south-southeast in the
warm sector across southern Minnesota (Fig. 2). In
addition, clear skies throughout the day allowed surface temperatures to warm to near 90°F across southern Minnesota. However, temperatures were approximately 20° cooler to the north of a warm front
in central Minnesota due to the cloudiness and precipitation. Thus, differential heating strengthened the
warm front, which was oriented west-northwest to
east-southeast across southern Minnesota. To the
south of the warm front, low-level moisture increased
during the day, with dewpoint temperatures exceeding 70°F due, in part, to increased southerly flow.
This led to convective available potential energy
(CAPE) values greater than 3000 J kg -1 across a large
area. Furthermore, wind speeds throughout the vertical profile increased significantly as the day progressed. This increase caused both low-level and
deep-layer speed and directional shear to increase.
The resulting environment was sufficient for
supercell development and potential tornado development with helicity values in excess of 300 m 2 s~2.
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Minnesota. However, dewpoint values located across
Iowa, Missouri, and Illinois
were much larger than the
values farther south (Fig. 3).
It is hypothesized that the
source of the increased lowlevel m o i s t u r e over Iowa,
Missouri, and Illinois appeared to be due to a combination of evaporation from
recent significant rainfall
and transpiration from the
large expanse of agricultural
fields in the region known as
the C o r n Belt. T h e c o m bined influences of evaporation and transpiration are
referred to as evapotranspiration (ET).
FIG. 2. The 2000 U T C surface plot on I I June 2001. Benson observation is
denoted with the circle.

Role of evaporation. Throughout the spring of 2001, most
of the Midwest received large
a m o u n t s o f precipitation.

A N A L Y S I S . A key component to the observed large

Over the period from 1 May through 10 June, and

amount of CAPE was the abundance of lower-tropo-

from 1 through 10 June, precipitation totals were far

spheric moisture. On the days
leading up to 11 June, surface
dewpoint t e m p e r a t u r e s

in-

creased significantly across
much of the Midwest (Fig. 3)
and, on 11 June, across southwestern Minnesota (Fig. 4) due,
in part, to the orientation of the
surface boundary. As moisture
streamed northward, it pooled
along the warm front, which
stretched across southern Minnesota; the greatest values were
located just to the east-southeast
of the surface low pressure.
Surface winds along the Gulf
Coast were northerly due to the
remnants of Tropical Storm
Allison (Fig. 4). Thus, low-level
m o i s t u r e a d v e c t i o n directly
from the Gulf of Mexico, which
usually is the main source of
moisture, was not a main contributor to the rapid increase in
638
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FIG. 3. Surface dewpoint values and streamlines for 0000 UTC on (a) 10
June and (b) I I June 2001. Contours are in 2°C increments, with the darkest green areas exceeding 22°C, and the blue area exceeding 24°C.
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FIG. 4. Surface dewpoint values and streamlines for (a) 0900, (b) 1500, and (c) 2000 UTC on I I June 2001. Contours are in 2°C increments, with the darkest green areas exceeding 22°C and the blue area exceeding 24°C.
Tropical Storm Allison is located along the Gulf Coast.

above normal (Fig. 5). During this time, a distinct axis

Role of transpiration. During 2001, the greatest con-

of heavy precipitation occurred from northeastern

centration of corn production was in Iowa and Illi-

Kansas across much of Missouri into central Illinois.

nois, somewhat bordering the dewpoint maximum

For the 40-day period, nearly 200% of the normal

from Fig. 3. In a typical year in Iowa, the average daily

rainfall occurred, and in the 10-day period as much

actual evapotranspiration (AET) is approximately 3.3

as 300% of normal rainfall occurred in this region.

m m day - 1 , or roughly 97% of the potential evapo-

The excessive precipitation modified the local envi-

transpiration (PET). Additionally, these values are

ronment in two ways: by allowing a large surplus of

approximately 65% of the maximum rates observed

water for direct evaporation into the local environ-

during the peak annual ET, typically observed dur-

ment and by providing sufficient soil moisture for en-

ing late July into August [Elwynn Taylor (professor

hanced transpiration from the vegetation canopy.

o f agronomy/extension climatologist, Iowa State

From 7 through 10 June, relatively light winds (un-

University) 2003, personal communication]. Evapo-

der 10 kt) were present over the region of the precipi-

transpiration is strongly dependent upon available

tation maximum in the wake of a cold front which had

soil moisture. As was demonstrated above, ample

passed through on 6 June. This, along with sunny

rainfall occurred throughout the region in the days

skies, provided excellent conditions for evaporation

and weeks prior to 11 June 2001. Thus, moisture was

for multiple days, which can be seen in Fig. 3, where

not a limiting factor in the ET process, and tempera-

over the course of one day a large increase in dew-

tures during the 5-day period prior to the event av-

point coincided with the region that had recently re-

eraged near normal in the Midwest. Although the

ceived the heavy rainfall. Figure 3b is 0000 U T C on

quantity of moisture released to the atmosphere from

11 June, roughly 20 h before the Benson tornado. At

transpiration was likely less than from direct evapo-

this time, the high dewpoints are still south of Min-

ration, it still is a source of additional moisture. The

nesota. However, the source of the moisture for the

persistent light winds leading up to the event also

Benson storm is clear; it originated over the region

aided in the local pooling of moisture from transpi-

of the maximum evaporation from the excessive rain-

ration, adding to the extreme maxima of dewpoints

fall of the previous 10 and 40 days.

seen in Figs. 3 and 4.
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Parcel origin. It was critical to
identify the source region of
low-level moisture for the
Benson case. Figure 6 shows
the trajectory for a surface
parcel (10 m) from Benson
traced backward for 120 h
starting at 2000 U T C on 11
June, calculated from Climate Diagnostics

Center

(CDC1) reanalysis data. Vertical transport of the parcel
was minimal, less than 20 m
over the entire 5 days. Thus,
the parcel easily remained in
the boundary layer during
the period and was representative of boundary layer conditions. The trajectory of the
parcel ingested into

the

Benson storm experienced 4
full days of modification due
to E T from the very moist
soil conditions r e m a i n i n g
from the excessive precipitation. The parcel originated
over central Iowa and moved
FIG. 5. (a) Total precipitation in inches from I May through 10 June 2001,
and (b) from I through 10 June 2001. (c) Percentage deviation from normal
precipitation from I May through 10 June 2001, and (d) from I through 10
June 2001.

slightly southward due to
light ambient northerly flow.
Over the next 48 h, the parcel was located across northern Missouri and Kansas,
which experienced a signifi-

Role of advection. By the evening of 10 June, a large
region of greater moisture and higher dewpoints was
present across several states; however, the moisture
had not yet reached southern Minnesota. Throughout the day of 11 June, the pressure gradient increased
across the northern plains into the Midwest, creating
a strong southerly flow. As a result, the advection of
moisture occurred from Kansas, Missouri, Iowa, and
Nebraska northward into northern Iowa, Minnesota,

cant increase in ET. From there, the parcel was transported northward as the wind speeds across the region increased from the south. Finally, the parcel was
advected northwestward toward the surface low moving into Minnesota. On 11 June, northern Iowa and
southern Minnesota were shown to have a rapid increase in low-level moisture. Thus, the trajectory allowed the parcel to experience 4 full days of modification due to ET over a large region.

and South Dakota. Figure 4 shows streamlines and the

640

rapid transport of moisture toward the surface low

Impact of moisture. To investigate the impact of the

over South Dakota in the morning and Minnesota in

increased moisture in the low-level atmosphere, the

the afternoon, and the main maxima of moisture over

0000 U T C Minneapolis (MPX) sounding was modi-

the Plains was advected northward during the day.

fied to account for surface conditions that occurred

Thus, a main source for the moisture that enhanced

during the time of the Benson tornado by combining

the supercell environment across Minnesota was the

the upper-air thermodynamic profile at Minneapolis

Plains region and Midwest states due to ET that oc-

(approximately 150 km southeast of Benson) with

curred over the previous days.

upper-level winds from the Wood Lake, Minnesota,
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calculated from lifting the surface parcel: most unstable CAPE; lifted index; lifted condensation level;
and level of free convection, as well as mixed-layer
CAPE (included in Fig. 7). A surface temperature of
89°F and dewpoint of 71°F were used as representative values for the region in the sounding. However,
the actual observation at Benson was a temperature
of 88°F with a dewpoint of 75°F less than 10 min. before the time of the tornado (this observation was not
the hourly observation and therefore is not shown in
any figures). The modified sounding revealed an environment very favorable for supercell and tornado
formation.

FIG. 6. 120-h trajectory of an air parcel, calculated from
CDC I data, with the final location at Benson, MN, at
2000 UTC on I I June 2001. (Large triangles represent
0000 UTC positions, and smaller triangles represent
1200 UTC positions. Trajectories were computed using the NOAA Air Resources Laboratory W e b site:
www.arl.noaa.gov/ready.html.)

Surface boundary. The potential for severe weather was
also enhanced due to the location and orientation of
the warm front. The storm initiated and propagated
along the front. At the same time, deep moisture
pooled along the south side of the warm front (parcels approaching the warm front experienced convergence and transported enhanced moisture through a
greater depth of the boundary layer). Furthermore,
though the atmosphere was favorable for supercells

wind profiler ( a p p r o x i m a t e l y 100 k m south o f

in all of the soundings analyzed, the low-level mois-

Benson), and observed surface conditions in and

ture due to land-atmosphere interactions and pool-

around Benson. Thus, a composite sounding (Fig. 7)

ing along the warm front, combined with enhanced

was created to approximate the atmospheric condi-

low-lever shear, significantly enhanced the severe

tions at Benson at the time of the tornado. From this

potential in the vicinity of the storm.

sounding, several key atmospheric parameters were
C O N C L U S I O N S . Synoptic conditions were favorable for the development of supercell thunderstorms
on 11 June 2001. Moisture advection from the Gulf
of Mexico did not play a critical role in the modification of the local environment. However, low-level
moisture advection from a local source region across
the Plains due to evaporation and transpiration allowed for the transport of atmospheric moisture to
southern Minnesota. As a result, the local severe
weather parameters were made more favorable for
supercell thunderstorms. Interaction with existing
surface boundaries, combined with this enhanced
environment, increased the potential for severe
weather and tornadoes.
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Keith Brown for the use of his photos. Rainfall and temFIG. 7. Modified sounding to approximate the conditions
at Benson at the time of the tornado.
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perature data were provided courtesy of the Midwest Regional Climate Center.
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FOR FURTHER READING
Goddard Space Flight Center
Hydrospheric and Biospheric Sciences Laboratory
Positions Available in Oceanography, Hydrology
Cryospheric Science, Terrestrial Ecology, and
Remote Sensing Measurement Techniques
The Hydrospheric and Biospheric Sciences Laboratory
(HBSL) at NASA's Goddard Space Flight Center in
Greenbelt, Maryland, invites applications for several
positions in this newly restructured Laboratory. The
mission of the Laboratory is to explore and understand
the Earth's hydrosphere and biosphere, including the
transport and storage of water in all its forms, the
processes that support life on Earth, and the linkages
between the hydrosphere, climate and life. We are
seeking individuals with expertise as physical and
biological oceanographers, hydrologists, cryospheric
scientists, biospheric scientists/terrestrial ecologists, or
in the development, testing and utilization o f
innovative measurement techniques as applied to key
Earth science research issues and their relationships to
NASA's
vision
for
space
exploration
(http://www.nasa.gov/missions/solarsvstem/explore m
ain.html) . We are particularly seeking those interested
in research from a remote sensing perspective.
Experience with NASA Earth science missions and/or
a related research activity is highly desirable. A Ph.D.,
or equivalent experience related to the areas of
expertise listed above, is preferred. Applicants should
have a demonstrated record of research that includes
publication of significant results in the scientific
literature. We encourage young professionals as well
as those having a strong background in leadership and
planning of programs and activities. Most positions are
U.S. Civil Service term appointments availableforU.S.
citizens. These positions are analogous to university
tenure-track positions and may lead to career civil
service appointments. Salary will be commensurate
with experience and qualifications at the GS-12
through 15 levels ($62,886 - $135,136 per year).
Additional information and instructions on how to
apply can be found in the "job opportunities" section of
the Laboratory website (http://neptune.gsfc.nasa.gov).
We will begin to review applications by late-January
2005; however, there is no official closing date for this
solicitation.

NASA is an Equal Opportunity Employer.
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