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Enumeration of Prairie Wetlands 
with Landsat and Aircraft Data 

A dou ble-phase sampling approach is used which consists of 
first making a total census of wetlands using Landsat data, 
and then adjusting the Landsat results on the basis of 
samples derived from high resolution aircraft data. 

R E C E N T  P R O G R E S S  in remote sensing 
technology has demonstrated the capa- 

bility for conducting synoptic evaluations of 
wildlife habitat (Gilmer et al., 1979; Roller, 
1979; Roller and Colwell, 1979). Biologists 
and managers now have the potential to 
make increased use of the regional and re- 
petitive habitat surveys provided by the 

conducted in the glaciated prairie region 
(Drewien and Springer, 1969; Millar, 1969) 
have indicated that between 73 and 88 per- 
cent of the wetland basins were less than 0.4 
ha in size. Consequently, many prairie wet- 
lands cannot be detected using Landsat data 
(Work et al., 1974). This limitation became 
apparent in previous efforts aimed at re- 
gional evaluation of prairie waterfowl 
habitat (Work and Gilmer, 1976). 

A e s r ~ ~ c ' r :  A method is described for making an estimate of wetland 
numbers in the glaciated prairie region. A double-phase sampling 
approach is used which consists of first making a total census of 
wetlands using Landsat data, and then adjusting the Landsat results 
on the basis of samples derived from high resolution aircraft data. 
The method is relatively simple to  use and has general applicability 
for estimating habitat features not consistently detectable or resolv- 
uble on Landsat imagery because their size range includes features 
less than the resolution capability of the satellite's sensor. 

Landsat series of Earth-orbiting satellites. To  improve our estimates of wetland 
However, the Landsat system is limited in abundance, we experimented with a sam- 
its ability to resolve small habitat features pling procedure incorporating the use of 
such as prairie wetlands which may repre- high resolution aircraft imagery as a means 
sent key habitat components to wildlife. for adjusting counts made over a larger re- 

The Landsat multispectral scanner (MSS) gional area using Landsat data. This paper 
has a nominal resolution of 0.4 ha. Studies describes the sampling procedure used for 

estimating the total number of surface water 
* N~~ with USDI, Bureau of ~~~d Manage- areas in the study area, based on the inte- 

ment, Denver Federal Center, Denver, CO 80225. grated analysis of high resolution aircraft and 
t Now with EG and G, Las Vegas, NV 89101. Landsat data. 
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T h e  prairie pothole region of North 
America includes an area of more than 
700,000 km2 in south-central Canada and 
north-central United States. This region 
makes up only 10 percent of the breeding 
range of North American ducks, yet it pro- 
duces about 50 percent of the young in an 
average year (Smith et al., 1964). 

The abundance of water in the prairie 
pothole region varies considerably on an an- 
nual and seasonal basis. To a great extent the 
availability of water determines duck pro- 
ductivity and the size of the fall flight (Cris- 
sey, 1969). A mathematical model developed 
by Brown et al., (1976) demonstrated the re- 
lationship between production of mallards 
(Anus platyrhynchos) and number of wet- 
lands in the prairie pothole region during 
May and July. Aerial surveys conducted 
each spring and summer by the U.S. Fish 
and Wildlife Service (FWS) in cooperation 
with state and Canadian biologists, obtain 
estimates of number of breeding ducks, 
wetland numbers, and production of young 
in the  prairie pothole region of North 
America (Henny et al., 1972). 

FWS survey Stratum 46 (38,876 km2), lo- 
cated in east-central North Dakota, was 
selected as the study area. It had been es- 
tablished to survey waterfowl breeding 
ground populations and habitat conditions 
(Martin et al.. 1978). The area is within the 
glaciated prai;ie pothole region and contains 
two biotic subregions; the Missouri Coteau 
(43 percent) and the Drift Plain (57 percent) 
(Stewart,  1975). T h e  subregions differ 
greatly in composition of wetland types and 
their response to precipitation. Details of the 
study site are described by Colwell et al. 
(1978). 

Computer aided analysis techniques suit- 
able for handling large volumes of Landsat 
data were developed to generate regional 
statistics describing the wetlands present 
( i . e . ,  d is t r ibut ion,  size,  and length of 
shoreline). Open surface water was iden- 
tified on the basis of its distinctive reflec- 
tance in MSS band 7, one of the two near- 

graphic unit by designating a computer 
search ofthe area within the UTM coordinates 
of that unit. 

Landsat overflights of Stratum 46 occurred 
on 4 May and 15 July 1975. These overflights 
resulted in coverage of 87 and 100 percent of 
the stratum on the respective dates. A Na- 
tional Aeronautics and Space Administration 
(NASA) aircraft subsequently collected medi- 
um scale (1:20,000) imagery within the  
stratum on 15-16 May and again on 18-19 
July, close to the dates of the Landsat over- 
flights. Relative to satellite data, aircraft data 
were more costly to obtain and analyze, and 
we therefore sought to minimize the size of 
the aircraft sample. The limited availability 
of the NASA aircraft also required that our 
sample be held to a minimum. 

Stratum 46 was gridded by eight east-west 
oriented transects, each equally spaced 
(north to south) and crossing the full width 
(approximately 220 km) of the stratum. Total 
length of all transects was 1760 km. Each 
transect was divided into equal segments 9.7 
km long, resulting in 180 segments. These 
segments then became the potential aircraft 
sample units. Eighteen sample units were 
randomly selected without replacement. 
Before sample selection, the stratum had 
been divided into two substrata corre- 
sponding to the two biotic subregions. Allo- 
cation of the samples was proportional to the 
area of each substratum (i.e., Drift Plain = 
10, Missouri Coteau = 8). 

For each sample unit, an area 9.7 km by 
1.6 km (15.5 km2) was analyzed on the air- 
craft imagery. The 1.6 km dimension was 
distributed equally on either side ofthe long 
axis of the transect. The 18 sample units rep- 
resented a total area of 279 km2 or 0.7 per- 
cent of Stratum 46. Samples were analyzed 
for the number ofwetlands containing water. 
Ponds as small as 5 metres across were de- 
lineated on the aircraft imagery; therefore, 
the aircraft sample was assumed to represent 
an enumeration of all significant surface 
water within the sample frame. The UTM CO- 
ordinates of each of the sample units were 
also recorded to enable paired comparisons 
with units identical in area and geographic 
location from the Landsat-derived data. 

infrared bands (Work and Gilmer, 1976). For 
each illdividual wetland that was recog- LANDSAT/A~RCRA~~ DERIVED POND NUMBER 

nized. its a ~ ~ a r e n t  size and shoreline length COMPARISON 

were calculated, and its location designated The aircraft samples were used to develop 
by a set of Universal Transverse Mercator a correction fictor for adjusting the count of 
(UTM) coordinates. Once a data file was com- surface water features derived from the 
piled, it was possible to then summarize the large-area, low-resolution Landsat census. 
number, total area, and size distribution for Using the paired Landsat and aircraft wet- 
the wetlands contained within any geo- land counts for the areas covered by the air- 
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craft samples, a linear regression analysis 
was made (Figures 1 and 2) for the May and 
July observations. 

An outlier test by Grubbs (1950:27-28) re- 
sulted in the rejection of one data point in 
the May pond data set. Cloud cover during 
the May Landsat overflight eliminated three 
additional samples. The coefficients of de- 
termination (R2) were 0.65 and 0.74 for the 
respective May and July periods. A standard 
statistical procedure (Cochran, 1977) was 
then used to derive the final estimate of the 
actual numbers of wetlands present. 

The following regression expansion for- 
mula was used to make the estimate of the 
actual number of total wetlands present: 

P,, = N [jj + b (X - %)I 
where Y,,, = estimate of number of ponds in 

the population, 
N = number of "potential 15.5 km2 

sample units" within the stra- 
tum-(~otal  areal15.5 km2), 

= sample mean of aircraft pond 
counts, 

b = slope of the regression line 
(g = a + bx) between indivi- 
dual corresponding aircraft 
(dependent) and Landsat (in- 
dependent) pond counts, 

X = population mean of Landsat 
pond counts per  "potential 
sample unit" (LandsatlN), and 

2 = sample mean of Landsat pond 
counts. 

The estimated number of wetlands in 
Stratum 46 during May was 168,813 (SE = 
17,547) and in July it was 150,565 (SE = 
22,487). These figures were 108 percent of 
FWS pond number estimates that were based 
upon visual counts made from low-flying 
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FIG. 1. Sample linear regression of pond 
numbers (from aircraft data) on pond numbers 
(from Landsat data) for May 1975. 

PONO NUMBERS ILANDBAT OBS6RVATIONSI 

FIG. 2. sample linear regression of pond 
numbers (from aircraft data) on pond num- 
bers (from Landsat data) for July 1975. Ex- 
treme points were produced by field 
flooding d u e  to abnormally heavy precipi- 
tation in late June. 

aircraft during 17 to 24 May, and 97 percent 
of the FWS aerial counts obtained 11 to 13 
July. It must be emphasized that this was a 
comparison of one estimate with another, 
both of which may have been subject to 
error. 

This approach to estimating wetland 
numbers used a Landsatlaircraft data re- 
lationship to develop an estimate of wetland 
numbers. The method takes advantage ofthe 
benefits afforded by each of the two remote 
sensing systems. The value of the complete 
Landsat census was that it gave a better rep- 
resentation of the highly variable character- 
istics of the entire region, even though many 
small ponds were not detected. The value of 
the aircraft data was its high resolution 
which allowed us to detect wetlands as small 
as 5 m across. 

An approach similar to what we have de- 
scribed could be used to obtain accurate es- 
timates of wetland numbers for the entire 
prairie pothole region. This task could be ac- 
complished by first selecting a random sam- 
ple from the total number of Landsat frames 
that are needed to cover the pothole region 
for a particular period (e.g., May, July). 
Within each Landsat frame a second sample 
(double sample) could be obtained with re- 
mote sensing devices in aircraft. The com- 
parison of wetland counts obtained by Land- 
sat with counts obtained from interpretations 
of aircraft imagery would provide a means of 
adjusting the estimates derived from each 
Landsat frame. Using this double sampling 
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~rocedure .  an estimate of the number of 
wetlands in the entire region could then be 
generated in a manner similar to that de- 
scribed earlier. 

An important advantage ofthis approach is 
that the double sample plots could provide 
additional data, such as information on wet- 
land types and land-use practices on sur- 
rounding uplands, that would increase the 
value of the regional assessment of wa- 
terfowl habitat. It is important that the air- 
craft double sample be acquired as nearly 
coincident with the satellite overflight as 
possible, and that the double sample be ac- 
curately located within the Landsat frame. 
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