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Bven with increcased recognition since the 1960's of wetland impor-
tance, growing world population and food demand have resulted in exten-
sive wetland drainage. Since World War II nearly 25% of the wetlands in
the Prairie Pothole Region of the Dakotas and Minnesota has been drained.
Sound federal, state, aad local managerment decisions on acquisition, pres-
ervation or drainage of wetlands must be based on sound inventory data.
Currently, the U.S. Figsh and Wildlife Service is involved in a National
Wetland Inventory to satisfy these data needs at the federal level. Like-
wise, various state and local agencies are undertaking, or have completed
weltand inventories for a range of purposes. For example, in Minnesota
wetland inventories serve as baseline data to evaluate site modification
permits, non-point pollution sources, and genexrally to execute the public
water law.

In short, accurate classification and mapping of wetland cover types
is considered esgentilal to the implementation of a number of federal,
state, and local legislative mardates and resource management programs.
At the same time, the task of mapping wetlands on a statewide basis is
challenging in terms of cost, time and manpower. On a national level,
the task is monumental.

The general objective of the federal wetland inventory is to clas-
sify and locate the nation's wetlands as accurately as possible on
1:100,000 (or in some cases 1:24,000) scale maps (Cowardin et al., 1977).
To accomplish this, two possible remote sensing data bases suggest them-
selves: (a) high altitude, small-scale aexial photography and/or (b)
LANDSAT. Of the two, aerial photography appears to be the favored choice
from the standpoint of spatial resolution -~ but photography is not always

available and, when available, it not always adequate for the purpose.
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Neither technique, LAUDSAT in particular, had Lbeen sufificiently tegted in
arcas representative of Minnesota prior to this study. Thus, this study
was proposed to test the applicability of automated processing off TLANDSAT

multispectral scanner (1SS} in the Minnesotia regional contoxt.

STUDY OBJECTIVES

Initially, the sole objective of this study was to test, under local
conditions, the capability of Landsat data analysis techniques o posi-
tion adequately and classify wetlands in support of the Natiore . Wetlands
Inventory. This involved a comparison of single-date vs. double-~date
sets as well as a comparison of data sets preprocessed with a coarse vs.

a precision geometric correction. The test arca chosen for these compar-
isons consisted of five contiguous 7.5-minute cuadrangles located within
the western part of the Twin City 7-County Metropolitan Area (Figure 1).
The entire Metropolitan Area har been mapped previously through airphoto
interpretation by the Remote Sensing Laboratory under contract with a con-
sortium of funding agencies.1 (In addition, in-house funds had already
been used to perform the single-date Landsat analysis of the study area.)?
The large amount of existing data on this area provided a good test base
for the study. The test site contains one of the most concentrated areas

of wetland diversity in the west half of the Metropolitan Arca. It is a

rhe Mimesota Department of MNatural Resources, the U.S. Army Corps of .
Engineers, the U.S. Fish and Wildlife Service, the USDA Soil Conserva-
tion Service, and the Twin Cities Metropolitan Council. (Werth et al.,
1977; Owens and Meyexr, 1978).

20he University of Minnesota Agricultural Dxperiment Station and the
College of Forxestry.
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Figure 1.

Study Site (located in the westaorn park of Hennepin County, Minnesota).
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complex, heterogeneous area of undulating glacial topography reprcsenta-
time of a transition zone between tall grass prairie and northern hard-
wood forest. The landscape is interspersed with small farms, villages,
cities, subdivisions, parks and golf courses.

As the tests of tne various LANDSAT data analysis techniques were
being applied to the § guadrangle test area, a parallel. test of digitized
color infrared photographic data was undertaken in a limited sub-area (see
Figure 1). The digitized photographic data virtually removed the spatial
resolution restrictions inherent in the LANDSAY data. These restrictions
were found to be acute due to the spatial complexity of land cover in
this area. In this way, the photographic analyusis permitted a more basic
test of the spectral characteristics and separability of the wetland
types. This was deemed impoxtant for judging the potential applicability
of Landsat data analysis procedures in areas yhich are less complex spa-
tially than those in the Metropolitan study area. It also provided some
insight into the potential advantages to be realized with the improved
spatial resolution of the Thematic Mapper on LANDSAT-D. In addition, the
photographic research permitted an initial investigation into the poten-
tial utility of using digitized color infrared photography per se as a
data source for wetland mapping in spatially complex areas.

The methods and results of the LANDSAT test and the test of the dig-

itized photography comprise, respectively, the next two sections of this

report.
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LANDSAT DATA ANALYSIS

As previously indicated, loth single-date and double-date LANDSAT
data scts were analyzed in this study. Both data sets were processed
at the Purdue University Laboratory for Applications of Remote Sensing
(LARS). The single-date analysis was performed on data acquired on
July 6, 1976. A coarse geometric correction (i.e., not using ground
control points) was applied to this data set. The correction resulted
in an average pixel positioning error of approximately 2 pixels N-S and
4.5 pixels E-W when image data were compared to a 1:24,000 map base.
This correction uses a transformation model based on nominal satellite
paraneters and the geographic position of the test site, to rescale,
deskew and rotate the original data. Following the geometric correc~
tion, classification was performed using the ILARS hybrid multi-block
cluster classification procedure (Hoffer and Fleming, 1978). This pro-
cedure entails selecting blocks of training areas containing heterogen-
eous cover types, clustering these blocks individually (unsupervised),
identifying the informational identity of cluster classes, pooling train-
ing statistics from similar classes in various blocks, and using these
statistics to perform a maximum likelihood classification of the entire
area of interest. Following this procedure, thirty-five spectral clas-
ses were oxtracted from the single-date data to represent the following
information classes: Non-wetland, Forest, Shrub, Emergent, Submergent

and Water. Overall classification accuracy as measured from 2555 ran-
donly selected pixels of verified identity was 72%. (That is, the total
number of pixels classified coxrrectly, + 2555 = 0.72). However, the

indivicdual classes had highly variable classification accuracies. For
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exampla, 96% of the Water test pixels were classified correctly, whercas 1
only 10% of pixels known to be of the Shrub class were classified cor- {
rectly. The average of all of the class accuracics was 41%, which was
deemed inadequate for the application at hand.

The generally poor classification performance and geometric correc~ 4
tion results of the single-date analysis were improved upon in the double-

date analysis process. TFirst, application of the LARS geometric correc-—

tion, using ground control points, resulted in average additional pixel

positional corrections of approximately 0.5 pixels N-8 and 0.75 pixels

ML e

E-W. The geometrically corrected data for two dates were registered and

the multi~block cluster technique was used for classification. (In this

case the July 5, 1976 data were merged with those of August 7, 1975).
g The LARSYS feature selection process was employed to judge which of the

) eight available bands of data was optimum for subsequent classification.

i
g
:

Using this process, bands 5 and 6 from both dates were deemed best suited

for the classification. Given the poor performance of the Shrub class in

O,

;& ' the single~date analysis, this class was eliminated from the double-date
¢ classification. Also, it was hypothesized that separation between the

; Non-wetland class (basically corn) and Emergents (cattail) would improve
E with the introduction of the August data, since the corn had tasseled by

this date.

The test field accuracy of the double-date classification was eval--

uated in a manner similar to the single-date effort. This involved eval-

{ . uation of some 450 randomly selected test fields that varied in size from

" one to nine homogeneous pixels. The cover type present in each field was
o verified by ground site visits. Table 1 summarizes the results of com-

: ] paring the LANDSAT and ground data. As can be seen from Table 1, the

: ;
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E Table 1. Test Field Accuracy Assessment of Double-Date LANDSAT
Classificationt ;
Known Cover Types % Classified As Indicated Cover Type ﬁ
i
3|
s i
o ]
'3 g |
| o n o
¥ No. of M o 5 3
A - O g N 9 it "?
Cover Type Test Pixels Q o E e {
{; ¥4 by = =
Nonwetland 1,706 75 8 17 ;
% .
Forest 120 34 56 10 K
s
E Emergent 121 33 30 35 2
| Vater 523 2 98
E}i
Overall Classification Accuracy: 77%
Average Accuracy Per Class: 66%
0 +A detailed discussion of the classification and mapping accuracy of the
]
o single and double-date LANDSAT analyses is given in Werth (1980).
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overall classification accuracy for the double-date analysis was 77%.

The accuracy for the various information classes ranged from a low of

35% for the Emergent class to 98% for VWater. The per class average accu-
racy was 66%. The comparative levels of crrors of omission and commis-~
sion for each class are also shown in Teble 1.

In short, the two-date results indicated an increase in overall
classification accuracy of approximately 5% (from 72 to 77%) and an
improvement in per class classification accuracy of about 25% (from 41
to 66%). Additional classification accuracy appears to be precluded by
the spatial and spectral resolution limits of the LANDSAT MSS relative
to the complexity of the study area. This is not to say that LANDSAT
has limited application to wetland mapping in general. Rather, we have
simply concluded that one should expect poor success in single-date anal-
yses and only moderate success in double-date analyses of wetland areas

which are as complex as those in our study area.

ANALYSIS OF DIGITIZED PHOTOGRAPHY

As mentioned previously, digitized color infrared aerial photography
was also analyzed in this study as an extension of the LANDSAT analysis
effort. Again, this source of digital data virtually removes the spatial
resolution restrictions limiting the LANDSAT automated classification
process, thereby permitting more thorough study of the spectral proper-
ties of the wetland cover types under investigation. Constraints of time
and funding limited the photographic analysis to coverage of a single

study site located within the LANDSAT test area (Figure 1). This site
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contains a number of small wetland arecas which generally characterize
those of the surrounding region.

Figure 2a is a (1.7x) enlargement of the original 70mm position
transparency used in the photographic analysis. The original image was
a 1:50,000 photograph (Kodak type 2443) taken with a lHasselblad 500 EL
(£=50rmm) camera on July 21, 1977, in support of previous wetland research
efforts conducted by the Remote Sensing Laboratory. The image was digi-
tized using a modified P-1700 Optronics drum scanner made available by
the University of Wisconsin Environmental Monitoring and Data Acquisition
Group (UW/EMDAG). Density readings from 0-3D were digitized into 256
levels and rccorded on computer compatible tape. Broad band separation
filters were used to obtain the approximate image density record for each
of the three film layers. A measurement spot size of 50um was employed,
so that each pixel represented a ground area approximately 2.5m square.
The spectral and spatial quality of the resulting digital data can be
seen in the color rendering of the digitized data shown in Figure 2b.
This figure was generated with the University of Minnesota D-47 Dicomed
Coloxr Image Recorder. The digital data from each image band were con-
trast enhanced by a histogram equilization algorithm prior to being
recorded. This algorithm alters the distribution of original image
values so that each display level comprises approximately an equal area
portion of the display image in each band of data. Figure 2b recpresents
a digitally generated color composite of the three original bands
enhanced in this manner.

The photographic analysis effort tqok on two forms: 1) a full-

scene classification, the intent of which was to classify all pixels

and cover types present in the scene, and 2) a sub-scene classification,
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Figure 2. Original color infrared aerial photograph of test area (a)
and film recorder output of digital microdensitometer data (b).
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to classify wetland areas and cover types only. In both cases, a super-
vised classification approach wvas employed using the "Ippier Optimiza-
tion" form of the maximum likelihood classifier that is intcgrated into
the University of Minnesota Image Processing Software (UMIPS). A Gos-

cription of the two classification procedurcs follows.

Full-Scene Classification

Training for the photographic classifications was accomplished by
photo-interpreting training areas on prints produced from the enhanced
Dicomed image. The boundary of each training area was then digitized in
terms of x and y image coordinates. In turn, these coordinates were con-
verted to column and row addresses in the scanning microdensitometer data
using a polynomial two-dimensional coordinate transformation. This
transformation took the form

colurn no. =a_  +ax+ay+ax?+ay?

1 2 3 5 6

2

Yow no. =a +axtay+ta xy+a x
r § 8 9 0

1 11
A least squares observation equation solution for coefficients al,

2
+ a
12y

a ...a12 was performed by measuring both the image and line printer out-
put coordinates of readily identifiable ground control points in the
scene. Using 10 points for this purpose, the root mean square error
(rms) of the transformation was found to be 0.89 pixels in the x and 0.74
pixels in the y image direction.

Training statistics were developed for the 13 major cover types
app.wiring in the scene: Vater, Duckweed (ESEEEJEHEEQ' Water Lily (Nym-
phaca spp.- Nuphar spp.), Cattail (Typha spp.), Reed Canary Grass (Phal-

aris arundinacca), Willow (Salix spp.), Forest, Cropland, Pasturc, Bare
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S0il, Road, PRoof, and Shadow. Multiple spectral classes (25) were de-
rived from 35 training arcas to adoquately train for the 13 cover types.

Table 2 is a confusion matrix indiceting the training field class-
ification accuracy obtained in the full-scene analysis. DNote that for
sone types the accuracy of classificaion in the training arecas was excel-
lent (e.g., Pasture = 97%). Other types, most notably Willow, were very
poorly classified (25%). Figure 3 is a color-coded Dicomed image show=-
ing the results of applying the full-scene classification. As can be
seen from both Table 2 and Figure 3, similar to the cage with the ILANDSAT
data, many of the cover types present in the scene could not be spect-
rally separated. liowever, of particular note is the fact that virtually
all wetland types were mutually separable. That is, errors of omission
and commission in each wetland type were primarily attributable to the
spectral confusion between wetland and non-wetland cover types, rather
than between wetland cover types themselves.

Sub-Scene Classification

Because of the spectral confusion between the wetland and non-wet-
land cover types, it was hypothesized that if the training and classifi-
cation procedures were limited to wetland areas only, the classification
accuracy would improve greatly. Hence, the training process was repeated
in wetland areas only, using the following classes: Duckweed, Water,
Water Lily, Cattail, Reed Canary Crass, and Willow. The boundaries of
the wetland areas were delineated again using conventional image intex-
pretation. This process requires much less labor than discriminating all
cover type boundaries occurring within the wetlands. The purpose here was

sinmply to separate wetland and non-wetland image areas. Spectral pattern

[s
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Table 2. Classification Pexformance for Training Fields Used in IPull-Scene

Analysis

Known Cover Type

- - — - = W

—— — ———— - ———— . ————t — -—

—

% Classified As Indicated Cover Type

e . . ————— —— - - ———— . . ———— - —— . — + ——— T —————————
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—~ I -
°] -l o o oo
o W+ d . E ¢ @ .
o ol &) 3 + L M o
Z 8 8 8 o 8 ¢ W B o o0w o ow 09
No. of U ¥ P P O ~ 0 0 5 o .
Cover Type Train. Pixels 2 & & 8 2 2 2 H 2B & @8 § 7
Duckweed G7 87 2 4 1 6
Viater 1,700 81 1 18
Vater Lily 240 89 10 1
Cattail 119 ol 9
Reed Canary €64 74 10 16
Willow 255 7 3 25 55
Forest 48 2 4 e T Y 4
Cr.oland 3,392 4 2 6 1 86 5
Pasture 815 . 2 97
Bare Soil 232 i i3 81 1
Road 400 2 1 3 1 93
Roof 56 100
Shadow 86 7 93

Overall Classification Accuracy: 84%

Average Accuracy Per Class: 82%
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Colc Y

Duckweed - magenta

Water - blue

Water Lily - magenta

Cattail - orange

Reed Canary -

red

Willow - yellow

Full-scene

classificatior

ley

of

Forest - black
Cropland - tan

Pasture - green

Bare 350il - brown
Road/Roof = white
Shadow - black

digital photographic

data.
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Table 3. Clagsification Performance for fTraining Fields Used in

Known Cover Type % Classified As Indicated Cover Type

— —— o -— - — — -

F Bevs -
2 s M o 6
ke d H A
No. of [3) 3 + Y ? pa
Cover Type Train. Pixcls a 3: 3 8 & 2
Dackvead 67 8g 4 8
Water 1,700 100
Water Lily 240 - 100
Cattail 119 1 89 10
Reed Canary 664 97 3
Willow 255 40 4 | 39

— -

Overall Classification Accuracy: 942

Average Accuracy Per Class: 85.5%
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Table 4.

Classification Performance in Hight fetland Test Arcas

Known Cover Type

% Classified As Indicated Cover Wype

U
5 g
e} o] £
Q - i 8
i ol
R g ) i res
No. of 0 49 ] ] o
Cover Type Test Pixels 5 g ﬂ 8 &
Duckweed 984 95 3 2
Water 6,173 2 97 1
Water Lily 2,240 11 72 1 16
Cattadll 13,586 81 19
Reed Canary 9,920 1 5 2 92
Overall Clagssification 2ccuracy: 87¢

Average Accuracy Per Class: 87%

22
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recoygnition was then used to provide the more subtle delineation of wet-
land species, a more time consuming process foxr the photo-interpretcer.
Table 3 indicates the classification srcuracy obtained in the "webland
only" training aveas. Note the improvement in training ficld classifi-
cation accuracy whi:b results when non-wetland classes are climinated
from the aralysis. Figure 4 shows the results of the sub-scone cloagsi-
fication. ;A8 can be seen from Table 3 and Tigurxe 4 the Willow type
introduced the largest errors in the sul-scene clasgification.

*: a final classification effort, the Willow type was dropped and
the resulting statistics were again applicd to the "wetland only" subselb
(with predominantly willow areas excluded) of the original image. 7he
accuracy of this clasgification was cvaluated in eight tost areas
located in the gcene. The result of the classification in these areas
is showm in Pigure 5. The classification accuracy in each of the cight

test areas was obtained by comparing the computer-derived classification

to that obtained by photointerpretation. This was done for all pixels in

the eight areas (approximately 33,000). In those cases where the photo-
interpretation was ambiguous, a field visit to the site was made to be
certain of the corxrect identification of the cover itype present.

The results of the pixel-by-pixel accuracy assessment are given in
Table 4. Errors in the classification of Duckweed and Water are be~
lieved to be caused by edge effects, in which a given pixcl actually
overlays two cover types near a boundary between the two types. To
some extent, this effect enters into the accuracy problems for Water
Lily as well. It is felt that the classification accuracy of the Watex
Lily and Reed Canary classes could be improved somewhat with additional

training. Most of the Water Lily/Reed Canary confuzion occurred in an

J——
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Sub-scen

Color Key

Duckweed - magenta
Water - blue

Water Lily - magenta
Cattail - orange
Reed Canary - red

Willow - yellow

classification of photgraphic data in wetland areas
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Color Key
Duckweed - magenta

Water - blue
Water Lily - magenta
Cattail - orange

F2ed Canary - red

Sub-scene classification excluding

the Willow

cover
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area of the scenc which was not used for training. The errors in ciass-
ification of Cattail are believed to be due to the presence of mixed
Cattail/willow in rany arcas. 2 sparse scattering of Willow occurred
in many arcas of hkoth the Cattail airé the Reed Canary cover types. -
Wherever present, Willow tended to cause misclassification due to the
high!y variable spectral characteristiceg of this cover type. ‘These
difficulties may ke resolvable by the inclusion of a "texture" variable

in future analysis procedures.

CONCLUSIONS.

Based on the results of this investigation, the folleowing ccneral
conclusions have been reached:

1. If, within the accuracy levels it is capable of providing, LANI
data are judged to be acceptable for wetlands classification, a
precision geometric correction should ke applied and multi-cdate
data sets should be used. In this study e 25% improvement in aver-
age classification accuracy was realized by processing double-date
vs. single-date data (from 419 to 66%). Under the spectrally and
spatially complex site conditions characterizing the gecographical
area used in this study, further improvement in wetland classifi-
cation accuracy is apparently precluded by the spectral and spatial
resolution restrictions of the LANDSAT MES.

2. Full-scene analysis of scanning densitometer data extracted from
small scale color infrared photography failed to permit discrimi-
nation of many wetland and non-wetland cover types. This was due

essentially to the same spectral confusion between cover types that

-
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was realized in the LANDSAT analysis. When classification of photo-
graphic dat.. was limited to wetland arcas only, much rore detailed
and accurate classification could be made. The final subset class-
ification made in this study yielded an average classification
accuracy of 87% with a 2.5m spatial resolution.

3. The integration of conventional image interpretation (to simply
delineate wetland boundaries) and machine-assisted classification
(to discriminate among cover types present within the wetland axeas)
appears to warrant further research. Though both the delineation
of wetland houndaries and the development of valid training area
statistics are labor-intensive tasks, the results from the combined
approach appear to be much more acéurate and economical than those
obtained in conventional full-scene digital analysis. Additional
research is needed o study the feasibility and cost of extending
this methodology over a large arca using LANDSAT and/or small scale

photography.
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