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Evening Bat Emergence

Mexican free-tailed bats leave 
their roosts to forage each eve-
ning around dusk.  Young bats 
start to forage on their own in 
late July and August, nearly dou-
bling the emergence population. 
This analysis is based on radar 
images generated between 7:40 
and 8:00 p.m. each evening 
during  peak emergence in 2006.

DATA INPUTS
HOUSES
Rural      0 - 16
Exurban  17 - 64
Suburban    65 - 640
Urban   641- 8844

units per square mile

Class definitions adapted from: 
Theobald, David M. 2001. Land-use dynamics 
beyond the urban fringe. The Geographical 
Review 91, no. 3: 544-64.

POPULATION
Rural      0 - 50
Exurban  51 - 200
Suburban   201- 2000
Urban        2001- 20023

people per square mile

Data Source: Neighborhood Change Database 
(NCDB) 1970 - 2000 Tract Data CD,
produced by Geolytics, Incorporated and the 
Urban Institute.

URBAN  GRADIENT

Rural
Exurban
Suburban
Urban 

RADAR IMAGERY

Stacking the Radar Imagery

The urban gradient is a summary image 
based on house density, population den-
sity, and land cover in the study region.  

The raster file 
was converted to 
vector format 
and the gradient 
accuracy  was 
compared to the 
location of urban 
centers.  

Standard 1 km X 1 km resolution NexRad imagery 
was attained for the KEWX radar station in New 
Braunfels, TX.  Short range composite radar data 
generated in clear air mode, downloaded from the 
National Climatic Data Center (NCDC), were used 
to create a stacked image for analysis.  The imagery 
was processed using both NCDC's Java NexRad 
Viewer and ArcGIS.  

Radar images were filtered to isolate the high dBZ 
values associated with bat activity.  Then the images 
were layered to create a summary radar image for 
analysis.  The layered image to the right represents fif-
teen days of Mexican free-tailed bat foraging activity 
near the time of emergence.  

Clear air is the highly sensitive normal radar operating mode 
used when precipitation is not detected.  In this mode, the 
radar makes five rotations from .5 to 4.5 degrees, every 10 
minutes.  When rain is detected the radar switches to precipita-
tion mode and scans nine elevations at 5 minute intervals.  

Clear Air & Precipitation Mode
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Least Developed  < 2%
Rural and Exurban 5-20%
Suburban 20-49% 
Urban > 50%- 

percentage of built environment
LAND COVER

Land Cover ReclassificationLand Cover Reclassification
New Class Definition modified from  

Marzluff et al. 2001  
NCLD Land Cover 
Class Definitions 

Not present in 
data set 

80-100% built area 24 

Urban 50-79%  built area 23 

Suburban 20-49% built area 22 

Exurban and Rural 
5–20% built 

rural = agricultural matrix, 
exurban = native forest matrix 

21, 31, 32, 51, 81, 
82, 83, 85 

Least developed Wildlands  <2% built 41, 42, 71, 92, 11 
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Unfiltered Image Filtered Image

PURPOSE

BATS AND RADAR

The Austin-San Marcos MSA is among 
the fastest growing urban areas in the 
country.  The region is also the 
seasonal home of millions of Mexican 
free-tailed bats.  The changing 
landscape mosaic of this dynamic 
urban environment presents potential 
resource opportunities for Mexican 
free-tailed bats.  This research 
investigates the use of WSR-88D 
weather surveillance radar to study the 
effects of urban growth on the 
distribution of bat roosts.  

USE OF DOPPLER RADAR TO ESTABLISH AN URBAN 
TO RURAL GRADIENT OF MEXICAN FREE-TAILED 
BAT ROOST HABITAT IN CENTRAL TEXAS
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WSR-88D is a national system of 
154 S-band radars providing 
nearly continuous coverage of 
the continental U.S., Alaska, and 
Hawaii. 

Texas WSR-88D Weather Stations

Radar was first introduced as a tool for biological detections 
in 1945.  The introduction of WSR-88D radar, also known as 
NexRad (Next Generation) radar, in the mid 1990s increased 
the sensitivity and spatiotemporal resolution over previous 
radar technologies.  Radar imagery can reveal data regarding 
the direction, speed, density, and altitude of flying animals. 
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Radial Velocity
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Base Reflectivity

Bats emerging from roosts appear as arcs or donuts with high reflectence values on WSR-88D 
radar base reflectivity imagery.  Radial velocity measures the speed of targets toward or away 
from the radar using Doppler shift. Comparing the images above, the radial velocity image 
shows the highlighted targets moving against the wind at speeds greater than wind speed, 
consistent with bat flight.  

NexRad radar emits an electromagnetic pulse which strikes aerial 
targets in the atmosphere and then returns an echo.  Atmospheric 
targets include rain drops, clutter, birds, insects, and bats.  The 
amplitude of returning echo is converted to reflectivity which is 
measured in decibels (dBZ).  The phase of the echo waves are 
used to estimate the radial velocity.  

NEXRAD Coverage Pattern
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Time series of filtered 
radar imagery from the 
KEWX weather station 
reveal the emergence of at least eight colonies 
between 7:06 to 7:35 p.m. on July 17, 2006.  

RESULTS

Bat emergence from McNeil 
Bridge in Austin, TX.  This 
colony is highlighted in blue 
in the radar images to the 
left. 

x

spatiotemporal 
displacement

Distortion occurs be-
tween the actual origin 
of aerial targets and 
their presence on radar 
imagery. 

The composite radar imagery suggests that 
Mexican free-tailed bats are primarily using 
urban to exurban areas as either roost or for-
aging habitat.  

Though radar imagery provides a window 
for examining  large scale patterns, the ac-
curacy of identifying aerial targets remains 
an issue.  However, this analysis provides 
some insights regarding general patterns of 
bat distributions and would be useful for 
identifying habitat associations which could 
be confirmed via acoustic monitoring. 

Though radar imagery provides a window 
for examining  large scale patterns, the ac-
curacy of identifying aerial targets remains 
an issue.  However, this analysis provides 
some insights regarding general patterns of 
bat distributions and would be useful for 
identifying habitat associations which could 
be confirmed via acoustic monitoring. 

CONCLUSIONS

Bats are known to use highway overpasses as roost habitat.  The high density of bat-like reflec-
tance depicted within a 10 kilometer buffer of freeways suggests that bats may also be using 
freeway corridors as foraging areas.  
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