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I. TINTRODUCTION

Wetlands are an important national resource. To manage them
effectively governmental agencies need to know their extent and
location. The objective of this research project was to develop
methodology for reconnaissance-level wetland mapping usinag
computer analysis techniques with Landsat data. The intent was
to separate wetlands from non-wetland areas, thus enabling 1)
planners to couslder the impact of land-use allocations on
wetlands and, 2) regulatory agencies to make a First-cut
evaluation of wetland status when reviewing proposcd development.

In the course of this study, Landsat Multi-Spectral Scannecx
(MS8S) dacta wag analyzed for a study site in the Tanana Valley,
west of Nenana. The techniques of computer—aided classification
and stratification were utilized to generate a wetlands map
covering the USGS TFalirbanks C-6 topographic map quadraungle. In
addition, a reference data set was constructed to evaluate the
effectiveness of varlous Landsat image products., Significant
problems were encountered in the construction of the reference
data set and are discussed in this report.

The final wetlands map produced during this resecarch project
resulted from the combination of summer and winter image data,

and yielded an 897 agreement with the reference data set.

IT. BACKGROUND
Nationally, there is a concern about the loss of our wetland
resources . This loss is primarily through conversion of the

wetlands to cropland, timberland and development sites. In the
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48 contiguous states, it is estimated that 30-407% of the natiou’s
wetlands have been altered or destroyed (Horwitz, 1678). These
areas not only provide lhabitat for fish and wildlife, but they
also play an ifmportant role in maintalning groundwater supplies
and act as a buffer along oceans, lakes and rivers during storms,
floods or tidal changes.

Wetlands are launds {nfluenced by the preseace of water.
These areas are either permanently or perlodically flooded with
water, which 1nfluences the so0il and plaant development. The U.S.
Fish and Wildlife Service has developed a classificatlon for
wetlands to be used in the ongolng National Wetlands Tnventory
(Cowardin, 1979). In thelir definition, areas classified as
wetlands have one or wmore of three primary attriboutes; 1)
pertodically the land supports hydrophytes, 2) they contain
predominantly undraiﬂed hydriec soils and 3) are saturated, or
covered by shallow water, during the growing season each year.

Several agencles within the federal government are noﬁ
reéponsible for the preservation of wetlands. This includes
regulation, research, management, planning and acquisicion
(Horwitz, 1978). To manage this resource, it is 1mportant to
know where the wetlands are located. In Alaska, there 1is a
shortage of detailed wetland maps available for land management
purposes,

The goal of éhis project was to devise a method for mapping
wetlands from computer analysis of digital data. Due to the
large aerial coverage of Landsat data (34,000 square km per
gcene) it 1is possible to evaluate large areas at a relatively low
cost per unit area, in comparison with conventional mapping

techniques.



Maps made from Landsat data provide vresource managers with
informattfon sufficieuntly detailed to make plaaning aand managewment
decislions on a reglonal level, It is antlcipated that as
development pressures {lncrease, more conventlonal, detailed
inventories would be conducted on an area by area basis.

A previous study was conducted on the Fairbanks C-6
quadrangle test site (n 1981 (George, 1982; Westerland, 1982).
During the project, the study site was selected, Landsat dacta
analyzed and limited fleld work coaducted. The curvrent study was
a follow-up of the cearlier work, and further explored the
analysls of Landsat data for wetland mapping.

The study site 1s located 1in the Tanana Valley, near the
confluence of the Kantishna and Tanana rivers (Figure 1). Three
distincet landscape or terrain types are present; a floodplain,
lowland aaod upland. The Kantishna River flows through the
northwest cormexr of the area. Associated with the rviver are a
_series of floodplains, levies, abandoned stream channels and
river terraces. Vegetation {n this area ranges from white s8pruce
forest stands on the levies to herbaceous cover in abandoned
stream channels.

The center of the areca is a lowland that is generally
poorly drained. Tt is dominated by larger areas of shrablands
and herbaceous plants. Large silt covered dunes with a
northeast-~southwest orientatlon are prominent featuvres in the
lowlands. The dunes are well drained and support mixed forests
of aspen, paper birch and spruce. This area also contains Bla?k
Bear Lake, the largest perennfal water body in the study area.

The southeast portion of the quadrangle has a gently rolling
surface which consists of sand and silt over outwash deposits.

3



O SRR S e s Tank uhLv.tf. R 150 N S AR SRR R P IS A Feo D S A YT e

< ¢ - o dey oEafmoaoH 9-3 mv_cmf%“_ T A..A.(
000°000°1 :3W3S UL43im Pa1eo0| 9115 Apmyg NOILYI0T LIS
| R R R e T itk S G S R A SN T A ok e DS MG TG N e AT T TN S i e T 0 AR R 8T Rl TR £ TN

ma\m Lum‘.:nwn N .

- ” T e T e ST
SNSRIV NS S I AT 5 T A

SINW gy

e e

CnrgfAln

& .
[ oY .
.l. ‘ |

>

m«cun:omo

.:_!»,_'._.i-'h.(_u_'v."

VNVNVL

pupbuDo)

P G0 N s I RS Py SR P RN N S A L RTINS L 2 RS EE 5 T R R . R R O R R e Ry oIS



This landscape 1s geaerally well dralned and supports a range of
forest types, including birclh, aspen and hlack and white spruce.
A significant feature of the upltand area is a complex
distribution of vegetation types, which are controlled largely by
forest fires. The fire history of the landscape has resulted 1in

a full range of forest types.

ITL. METHOD

The obhjective of this project was to generate a
reconnaissance~lavel wetlands map from computer processing of
Landsat MSS dacta. Image processing was performed on the
Interactive Digital Image Manipulation System (IDIMS) operated by
the U.8. Geological Survey, EROS Field Office L1a Anchorage.
IDIMS 1s an HP-3000 based mini-computer system with spaecialized
hardware and software for digital image processinog. The system
also has geographic entry and display capabilitlies, which allow
analysts to encode i{nformation from maps for use with digital
image data.

For purposes of dilscussion, the project is broken into
several tasks; construction of a reference data set, analysis of
summer and winter {magery and the combination of summer aad

winter data sets,

A. REFERENCE DATA SET

To evaluate and compare i1mage products generalbed from
computer analysis, a reference data set was constructed. The
objective was to define homogeneous areas on the landscape which
could be ldentified as belonging to a specific vegetatlon trype,

and further labeled with respect to wetland status. Thig data
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set, in digital form, was available to test different wetland
"maps", and serve as a quantifiable basis for comparison.

Initially, over 100 points were randomly drawn and located
on 1:30,000 scale color~infrared photography. A photo-
interpreter then attempted to define polygons o0f homogeneous tone
and texture surrounding each point. Many polnts fell into
heterogeneous areas and had to be discarded and replaced by other
points selected by the interpreter. Each polygon was glven a
tentative vegetation label by the {nterprecter. In addition,
areas were selected to represent vegetation types not sawnpled by
the raadom point distribution.

In total, 108 reference polygons were created, and
transferred to an ortlio-photo quad-sheet. These were digitiz=ad
and coanverted into a digital image, matching the 50 wmeter
Universal Transverse Mercator (UTM) grid created for Landsat
image processing. Pixe1§ outside the polygons were asslgned the
value zero, and pixels inside were glven the value of that
polygon, ranging from 1 to 108,

The reference data set was constructed during the first
stage of the project, 1n the spring of 1981, The followiag
summer, a brlef filield reconnaissance of the study site was
condacted. Each reference polygon was examined, primarily from
aerial observations made from a helicopter, to establish the
vegetation type. Due to lngistic constraints, less than 257 of
the polygons were examined on the ground. Launding sites were
selected to expose the field crew ro the varlety of terraln types
in the area.

Following fleld data collection, the reference polygons were

mapped Into groups correspooading to vegetarion types. The
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reference polygons were also agsslgned into wetland and non-
wetland groups. This assignment was based on field observations,
and checked agailnst a wetland map produced independently Dby the
Division of Geological and Geophysical Survey (DGGS).

The detail sought from Landsat data In this project wasg a
simple wetland/non-wetland separation. In the course of
constructing the reference data set, some problems with the DGGS
wetland map were discovered. The entire riverine portion of the
study area had becn identified as wetlands, including waturc
stands of spruce and birch trees, located on well drained sovils.
To explore this situatioa, and the relationship of wetland to
vegetation type, a second "wetlands" map was located.

The United States Department of Agricalcure, Soil
Conservation Service (SCS), 1s mapping portions of the Tanana
Valley as part of a river basin study. One product of tﬁe
program is a vegetatioan/wetland map, photo-interpreted from high-
altitude, color-infrared aertal photography. A preliwminarcy copy
of theilr map of the Fairbanks C-6 quadrangle was obtailned for use
in this study. Figure 2 shows a portion of the NDGGS and SCS maps
for the northwest corner of the study area, along the Kantishna
river.

Unit number | is labeled on the DGGS map as a riveriae
wetland, unconsolidated shore category (for wmap unit
descriptions, see Appendix A). The &8CS map identifies this area
as an open mixed forest, comprised of spruce and birch trees of
sawtimber size. They categorize the area as.a non-wetland.

Unit. number 2, on the DGGS map 1s 1dentified as palustrine
forested , a  wetlands category vegetated by blue spruce, birch

and larch trees, growing on boggy ground. On the SCS map this
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anit 1s part of a ltarger unit ldentified as closed spruce-birch
forest, also ldentiflied as a non-wetlaund.

Unit number 3 is a lacrge area on the DGGS map also labeled
as riverine emergent. The area Is broken into a number of types
on the 5CS map, including forested, anon-wetland classes and
herbaceous wetland areas.

These areas were evaluated by comparison with aerial
photography and an aevial reconnaissance of the riverine reglon.
Tt was concluded that the DGGS map poorly characterized this
reglon and neecds modification.

Through study of the map and discussions with DGGS, two
factors were ldenrified which could lead to the discrepancies
cited. The wetlaands map was a secondary lnterpretation of a
geologic map_of the area. Durlng the transfer process, {mproper
map unit labels may have been assigued, resulting In cavrtographic
errors. The other problem is with the wetlands categories nsed
in the mapping process. The mapping classiflcation used by DGGS
(see Appendix A) is based on landforms, modeled after the Fish
and Wildlife Service wetlands classification (Cowardin, 1979).
Ia the riverine section of the class{fication, there exist no
categories describing forest vegetatlion. Any forested classes
that are coansidered to be werlands would be categorized as
palustrine forested, while non-wetlands belong in the upland
category. Tt is conceivable that there might be some reluctance
to label units in an area of riverine origin as belonging to an
upland category. |

The SCS map of the Falirbanks C-6 quadrangle was constructed
in a different manner. The map is being interpreted for both

vegetation type aud wetland scatus. Map labels are an alpha-



naumeric code which i{dentify a vegetation type. An additional
letter designation is attached to units which are {identified as
wetlands (see Appendix B). To determine the wetland category, a
map user must look at a supplemental legend which ecross~walks
vegetatlon ¢classes to Fish and Wildlife Service wetland
categories. An evalvation of this map showed good agreement with
our photo-interpretation and field dacta. The SCS map was adopted
for vse 1n this study as a reference map for vegetatioan and

wetland types.

B. SUMMER LANDSAT L1MAGE ANALYSIS

The primary task of the project was to perform coanventional
image classification techniques tailored to 1) the study area and
2) the goal of making a wetland/non-wetland map. Landsat 1images
30537-20434 and 30537-20441, acquired August 24, 1979, were
mosalced t&getber and geometrically corrected to a 50 meter UTM
projection, In the previous study, an unsupervised
classification had been performed on the MSS data set. The
objective of the present study was to perform a modified cluster
analysis (Fleming, 1977) uttlizing both svpervised and cluster
analysis techniques. TImage analysis was performed on rthe IDIMS
system operated by the U.S, Geological Survey EROS Field Office
in Anchorage.

Training sets were selected for the range of vegeration
cover—-types present in the study area, as represented by the 8CS
vegetation map. Fields of each type were identlfied and
spectrally analyzed to determine the mean and covarlfance values
in each MSS band. Twenty spectral classes were 1dentcilfied. The
sample data set was then processed using an unsupervised

10



clustering alzorithm to deteruine the number of spectrally
significant clusters. A total of 22 classes were derived. Both
sets of cluster statistics were combined and edited to produce 2
final set of L6 spectral classes.

The raw Landsat MSS data was classified using a maximum
likelihood classifier. A stratification masl had been previously
developed to separate the study area into three physiographic
provinces (Figure 3). This mask was applied to the classtfied
image, which enabled the analyst to treat each area as a separate
classification. The classificatlon was examined on the color
video monitor to compare spectral classes with aerial photographs
and reference maps. A vegetation cover~type wap with 9
categories was constructed (Figure 4). Fach category 1in the
cover—type map was asslgned to elither a wetland or non-wetland
class based oa field observations and the SCS vepetation/wetland

map. The wetland map 1s shown in Figure 5.

C. WINTER LANDSAT I[MAGE ANALYSIS

Most Landsat vegetatlon wapping projects utilize summer
color-infrared fmagery to separate vegetation categoriles.
Monochrome winter images have been used as a supplement to photo-
interpretation (Anderson, 1976). When the landscape 1s snow
covered, as {s generally the case {n interior Alaska during the
winter months, shades of gray correspond to the density and
structure of vegetation. The low sun—-angle of winter i1magery
also tgnds to enhance subtle topographle features on the
landscape. TInterpretation of these images has also been used to
divide study areas ionto physiographlic regions Ffor computer

classification (George, 1981).
11



FIGURE 3
Stratificacion Mask

The study area was pgeographically divided into three regions to
stratify Landsat classification results. The area boundaries were
derived from photo-interpretation of winter Landsat images and
topographic maps.

COLOR CLASSIFICATION
Red -riverine
Yellow -lowlands
Green -uplands



COLOR

Red
Orange
Brown
Tan

Green
Sand

Dark Gray
Aqua

Blue
Black

FIGURE 4
Modified Supervised Classification of Summer Landsat Imagery

CLASSIFICATION

deciduous forest (Non-wetland)
upland mixed forest (Non-wetland)
lowland mixed forest (Wetland)
open spruce forest (Non-wetland)
closed spruce forest (Non-wetland)
shrubland (Wetland)
herbaceous/sedge/grass (Wetland)
silty river water

lakes and ponds

unclassified



Wetlands Map of

COLOR

Red
Green
Aqua
Blue

FIGURE 5
Summer Landsat Classification

CLASSIFICATION

-wetlands

-Upland

-silty river water
-lakes and ponds
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Landsat scene 30357-20453, acquired February 25, 1979, was
used in this study. Photggraphic enlargemants were made aand used
in conjunction with summer {imagery and a topographic map to
divide the Fairbanks C-6 quadrangle {into the three physlographic
regions previously described. ‘fhe resulting map was digitized
and transformed Into a digital mask used in the classificakion of
the summer Landsat data (previously described in section YILL B).

While working with the winter 1image 1t became apparent that
A4 correlation existed between the highly reflective snow covered
areas on the 1Image and the majority of the wetlands. Digiral
data was obtalned for the Februvary 1image, and vectified to the
summer {lmape. After evaluation of the image on the video monitor
a threshold value was {dentified and a simple density slicing
technique applied to make a werlands mask. Figure 6 {3 the
resulting lmage. MHighly reflective areas corvespondiag to snow
cover are white, whlle areas of dense vegetative cover are black.

In comparison to the summer classification and derivative
wetlands map (Figure; 4 & 5), the winter mask separates the open
areas of herbaceous and shrub cover from forested areas. Also
included in the open category are lakes, ponds and the surface of
the Kantishna River, which are snow covered duriang the winter.
This image product clearly shows the low, open areas, much morce
realistically than the summer classification. The areas
delineated on the winter image products are for the most part,
wetlands. It 1s a conservative map of wetlands 1in that the
poorly drained lowland forest categorles tend to be grouped wlth
the better drained upland forest areas. Another short cowming of -
the winter 1mage is confusion between wetlands and recent

wildfire scars. The highly reflective surface that 1s normally
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A

map

1"

of wetlands

FIGURE 6
Winter Wetlands Mask

by density slicing a winter Landsat

COLOR CLASSIFICATION
White -wetlands
Green -non-wetlands

image.



assocliated with low, open wetlands {s also typlcal of upland
areas that have been burned. Several cases of this confusion
were observed {n the southwest portion of the study area.

In summary, the winter 1image offers a more realistic spatial
delineation of low, open wetland sites than a sommer color-
infrared image. This information must be {nterpreted carefully
to avold mistaking ltakes, rivers or burned areas for wetlands

gsince they also have a highly reflective snow covered surface.

D. COMBINATION OF WINTER AND SUMMER DATA

One benefit of working with digital data is the relative
ecase of combining two or more data sets. A number of creative
methods are now available to manipulate different layers of data,
which are 1n this case maps. Since the summer Landsact
classifications and winter image were both rectified to the same
UTM grid, it 1is possible to add the two together aund create a new
map product.

The wetland mask previously generated coatained pixels with
two caktegories, wetland and nonwetiaund. These categories were
assigned new numerical values, 10 for wetlaad and 0 for
nonwetland. Next, the winter wetland image was added to the
gsommer classification. A new lmage was created where each pixel
coeld be evaluated with respect to both vegetation class and and
wetland status as defined by the winter image. A new wetlands
map was created based on both summer and winter Iinformation
(Figure 7).

A visual comparison of the composite wetlands map was
performed. The addition of the winter lmage added more wetlands

to the map primarily in the zone berween the lowlands and the
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COLOR

Red
Green
Aqua
Blue

FIGURE 7
Wetlands Map from Summer/Winter Landsat

CLASSIFICATION

-wetlands
-non-wetlands
=silty river water
~lakes and pouads
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uplands stratlflcation boundary. Unfortunately, the fire scar in
the southwest corner of the area was still labeled wetland since
the shrubdb class contalned the summer {mage 1s a3lso a wetland
iadicator. Overall, the winter image appears to add some spattial

detall to the wetlands map.

Iv. RESULTS

A. COMPARLISON OFf IMAGE PRODUCTS

The reference data set constructed in the early stage of the
project allows a quantitative comparison of the different {image
products. Table I was constructed by tabulating the pixels
within the vreference polygons with the correspoading pixels on
each map product. These tables show an intevesting cowmparison of
wetlands map products. The initial unsupervised classification
resulted in an overall agreement with the reference data of 84
perceat. By performing a modified supervised classification of
the summer data, where "kunown'" tralning sets were selected to
derive spectral classes, results lmproved to 88 pevrcent
agreement .

It 18 interesting that the wetriand mask made from wianter
imagery (Table 1C) shows 83 perceat agreement with the refereace
data set. This figure sounds impressive for a "map" that 1is
derived from a simple denslity slice of a single banded Landsat
image. If one iunspects the actual map (Figure 6) it is veadily
apparent that the wetland category includes the Kantishuna River
and all the water bodles in the area, This producf fails rto

differentiate lakes and rivers, which would normally be used by a

map user for orlentation.
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TABLE I
Werland Map Contingency Table

A. Unsupervised Summer Classificatlon

REFERENCE DATA

« Wetland Non-wetland Total
z Wetland 4010 248 4258
a Non-wetland 1187 3631 4818
[F ]

% 9076
= 7642 correct

—

9076 total = ,84 agreement

B. Modified Supervised Summer Classification

REFERENCE DATA

< Wetland Non~-wetland Total
: Wettand 4489 563 5052
o Non-wetlangd 385 3378 3933
A

% 8985
= 7867 correct

—

8985 total = .88 agreement

C. Winter Iwmage Wetlands Mask

REFERENCE DATA

< Werland Non-wetlgud Total
> Wetland 1659 118 3777 |
) Non-wetland 1401 3824 5225 |
]

2 9002
5 7483 correct

9002 toctal = . B3 agreement

N. Combined Winter/Summer Wetlands Map

REFERENCE DATA

< Wetland Non-wetland Total
» Wetland 4652 392 5044
a Non-wetland . 573 3368 3941}
@

3 8985
E 8020 correct

8985 total = .89 agreement

Tablas constructed by comparlison of pizxels within reference
polygoans to each landsat image/map.
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By combining the {nformation from the summer and winter
images, only a small improvement was achieved, to 89 percent
agreement. The small change is probably due to the nature of the
reference polygons, which were selected to represeat homogeneous
areas. Most changes caused by the addition of information from
the winter lmage occuar in the traonsitional boundaries, primarily
between lowland and upland areas.

Ta summary, th2 modiried supervised classificartion of summer
data shows substantial improvement over the unsupervised results.

The summer fmage relies on tonal variation between
vegetation types to differentiate wetland and nonwetland classes.
In this study area, herbaceous meadows, shrublands and black
gspruce forest categories generally correspond with wetlands,
while deciduous and mixed forest types, indicate nonwetlands.
The difficulties encountered attempting to scparate mixed forest
classes from shrublands were a severe problem. Fortunately,
image stratification into riverine, lowland and upland categories
helped overcome this limitation. The addition of winter dacta
doesn’t make much additional improvement (l%Z) as represented by
the numerical cowmparison with reference data. The winter image
adds detail to the wetlands map in traunsitional areas which are
not represented adequately by the reference data set. Our
subjective evaluation is that the combined wiater/summer

classification is 1mproved in the transitional areas.

B. VEGETATION TYPES AS AN INDICATOR OF WETLANDS
Classification of summer Landsat 1imagery for wetlauds
mapping relles heavily on the identification of vegetation types.

The assumption is5 made that vegetation 1s an indicator of

21



wetlands, According to the U.S. Fish aand Wildlife
clagsificatton, discussed previously, wectlands are defined by a
combination of factors including soils and surface hydrology ia
additlon to vegetation. To positively identify an arsa as bheing
wetland requires a field inspection. There 1is sometlmes
variabilicty in the determination of wetland status among
different observers in the field. It i{s beyond the scope of this
project to delve deeply into the complex topic of wetlands
identification, and the vegetation to wetlands correlation. Some
information did *"fall ouc" during the course of thls precject and
is presented as food for thought.

The Soil Counsevrvation Service map, previously described, was
adopted as a reference in this study. It matched the field
observatinns for both vegetation type and wetland status
collected during the project. Tt also generally agreed with the
DGGS wetlands map in tne areas selected for reference test sites.
In other words, three independent groups arvived at generally the
same conclusions concerning wetland status of the polygon ctest
sites used as reference data in this study.

The SCS map 1s really two maps contained on the same sheet.
The primary map unit label is a vegetation identifier. Units
which are considered wetland have an additional letter (W) at the
end of the map unit label. The vegetation and wetland coding
systems are contained 1n Appendix B of this report.,. Table IT was
complled to look at the relationship between vegetatlion and
wetland status of the reference data set. The separation of
wetlands by vegetation type on this table is fairly clear.
Herbaceous sedge meadows, shrubs and open black spruce forest
classes are 1identified as wetland while upland forest classes are

22



TABLE 11
SCS Vegetation vs Wetland Status

Reference Data Set

MAP
LABEL NAME WETLAND NON-WETLAND
*
2 Coniferous = black spruce~C 3 3
4 black/white spruce=C 3
13 btack/white spruce-0 1
14 bl.spruce/tamarack-0 4
22 Deciduous — birch-C 1 4
23 aspen-C 4
24 birch/aspen-C 2
27 bireh-0 1
29 blirch-woodland 1
31 Mixed — spruce/birch~C 7
32 aspen/spruce-C 8
34 aspen/birch/spruce-C 6
36 _spruce/birch-0 1 5
37 aspen/birch/spruce=0 3
3/a aspen/spruce-0 4
37c¢ birch/tamarack/spruce=0 3
39 birch/tam./spruce-woodland 6
40 Tall shrub - Closed 1
50 Low shrub - Closed 2
52 low willow 2
53 dwarf birch/willow 1
55 Low shrub - Open 5
56 dwarf birch 1
57 dow willow 2
S8 dwarf blrch/willow 1
79 Herbaceous —- wet sedge 12
80 Aquatlc = pounds/lakes 1
81 floating/submerged veg 3
32 emergent vegetation 4
85 sktreams 1
* %
TOTAL 55 51
PERCENT 52% 487%
* € - denotes closed canopy
0 - denotes open canopy
% %

two polygons were split between vegetation types and

discarded,

leaving a total of 106 polygons
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Aassociated with noa-wetlands. Class 2, closed black spruce
forest, is perhaps the most confusing, with the six units
encountered split eveuly between wertland and non-wetland
categories. Note that the overall occurrence of reference sictes
ls pretty evenly divided between wetlands and non-wetlands.

To further examine the relationship of vegetation type to
wetland status this comparison was made for the entire study
area. Table I1L is a listing for each map unit on the SCS map of
the Falirbanks C-6 Quadrangle. Now the relationship between
vegetation and wetlands is not so clear. The black spruce forest
class (2) is indeed divided (49 units wetlands aand 25 units non-
wetlands). Other classes, primarily mixed forest types, are also
split between wetland and non—-wetland assoclatlioans. While in
general rthe treuds seem to be the same as identified on Table IT,
there is more complexlty on the landscape when viewed in 1its
enticety. Assuming that the wetlands labels are correct, it
appears Lthat vegetatlion type alone fails to predict wectland
status.

This data was tabulated by hand, late in the project.
Unfortunately 1t would be very time consuming to manually track
the units back to see where they occur spatially on the map. If
this information is available in computerized format, 1t would be
possible to display different map units to see the spatial
relationship of these classes and potentially model the occurence

of wetlands.

V. CONCLUSIONS
The objective of this project was to make a reconnaissaance

map of the wetlands using computer-aided analysis of Landsat MSS
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SCs V

TABLE IIL

2getation vs Wetland Stnacus

Entire Study Areza

MAU
ABE L NAME WETLAND NOM=WETLAMD
2 Contfernus ~ black snrace=C 49 A
3 whlte spruace-C 2
4 black/white spruce-C 2.0 48
S bl.spruce/tamarack=-C 12 [
Ul black gpruce-0 59 1)
'3 black/whlrae gaprnce-0 §) il
L4 bl.spryuce /tamacack-0 64 7
| 4a camarack~0 2
[Ki) black spruce-woodland 4
¥ hlnck/white gpruce-Wi 2
19 tawarick-woodlaad 5
21 fecltduous - balgam poplac=-C | L
22 hirceh=¢ 1 42
21 gapen=-C { 20
24 birch/aspen~C 23
76 balaam poplar~0 4
27 blreh=0 h 25
28 Auprn=0 14
29 bireh-woodland 15 4
31 M{xed - spruce/blreh-C 8 10
32 aspen/speouca=G 1 41
33 _poplac/spruce~C 2
14 aspen/birch/spruce=-C [ 43
Y4a bi{rch/tamavrack/apruce-=C 1 2
36 spruce/bireh=-0 23 f 1
37 aspru/blrch/apruce=-0 20 49
37a aspen/soruce=~0 \ 22
17 nnpen/apruce/camirack=-0 1 1
37¢ b{rch/tamarark/sapruce=0 47 14
39 birch/eannrick/sprace~ 17
woadlangd
40 Tall shrub -~ Clnsed 2
41 willow 1
45 Tall shrub - Opean 22 1
46 willow 1
48 shxub bipch 1
S0 Low shruly -~ Closed 69 3
51 dwarf blreh 20
52 low willaw 9
53 dwacf blrech/willow 15
55 Low shruh = Open 60 A
56 dw.arf bireh 19
57 low willow 3 3
58 dwart blyeh/willow 19 2
60 low alder/wlllow 3
70 Tal) Cragsgs 1
79 florbaceays - yet sedge 78
30 Aquatic - panda/lskes 10
81 flonat(ay/sabmeceed vep 8
82 cmervent veyetotlion 50
835 stredms 4
TOTAL 161 261
PERCENT 57% 437
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data. A number of techniques were used. The modified supervised
classification of the summer MS5 data showed substantial
improvement over a simpler, unsupervised procedure. Neither
approach would have been successful without image stratification
of the classification results.

Single band winter MSS data provides information concernilng
the location of low, open wetland areas. The selection of winter
imagery for computer analysis is extremely important bhecause of
the potential for dust plumes and terrain shadows to obscure
impovrtant image details.

Combination of information from the summer classification
and winter wetlands mask didn’t dramatically improve the amount
of detall on the wetlands map. In the opinion of the author the
combination of multiple data sources 1s an important techunique
for future computer—alded mapping from satellite remote sensing
data. It doeg appear that separation between vegetation types
cannot be adequately made by spectral differences alone.
Increase in spectral and spatial resolution won't necessarily
improve classification results. A recent study in the Northeast
United States compared MSS and Theﬁatic Mapper Simulator data and
found no significant gain in overall classificatioun performance
for wetland mapping (Dottavio & Dottavio, 1984).

The use of vegetation as an indicator of wetlands 1s an area
which requires further investigation. Interior Alaska tends to
be vegetated, making it difficult to directly observe soil and
surface hydrology. The spatial relatlonships between vegetation
types and wetland status depicted on the SCS map offer one way to
study this relationship, and aﬁtempt to model the occurrence of

wetlands to other landscape parameters.
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APPENDIX A

Alaska Department of Natural Resoucces
Division of Geological And Geophysical Surveys

Wetland Mapping NDescriptions
for the Nenana Agricultural Area
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WETLANDS MAP OF NENANA AGRICULTURAL AREA, ALASKA
by

Alaska Division of Geological and Geophysical Surveys
April 15, 1981

Wetlands are habitats dominated to varying degrees by water. In these
areas the water table is at, near, or above the land surface long
enough each year to influence the types of plants growing or soils
~developed on that surface {Cowardin and others, 1977). As a result

of fregquent flooding, vegetation may even be lacking or soils
:ndeveloped. Wetlands comprise highly productive habitats for
wildlife, especially waterfowl and fish, as well as important sources
of surface water for domestic and commercial uses, popvular recreation
areas, and novigatable waterways.

These maps illustrate the types and extents of wetlands in the six
quadrangles cnclosing the lenana Agricultural Area. The overlays uvere
prepared by DCGS personnel experienced in interpreting false-color

and black-and-wihlite aerial photographs and zre keyed to 2:31,5680-z3cale
orthophoto base maps. The scale of the photographs used during the
interpretation is 1:65,000. Each wetland class is interpreted from
several indicators, including landform, vegetation, and photo color. .
The user 1s cautioned that these wetlands maps are not based on
.water-level records and have not been verified by field observations.
Therefoiie, the maps are subject to revision pending field verification.
VWater conditions attributed to each class are extrapolated from known
conditions elsewhere in interxior Alaska and may also be revised as a
result of detailed field observations.

PRELIMINARY LEGEND

Symbol Description
R RIVERINE-—--All wetlands and permanent-water habitats

contained within stream channels that are bounded by
uplands or by wetlands dominated by txees, shrubs,
persistent emergent plants, nonaguatic mosses or lichens;
water is usually, but not always, flowing.

Rb UNCONSOLIDATED OR ROCK BOTTOM---All rivers and otherx
streams permanently containing water; characterized by
water and aquatic grassces and mosses.

s ULCOMSOLIDATEY SHORE-——reguently flooded active: £1lcod
plains end linecar phases of inactive f£lood plainus (Vebex
and Pewe, 1961, 1970) between average and highest flood
levels; mostly barren, dbut where vegetated characterized
by Equisetum, carices, willows, small spruce, and
uncommon alder.
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EMERGENT RIVEZRINEZ---Seasonally to semipermanently
flooded modified lincar and coalescent flood-plain
phases (Webexr and Pewé, 1961, 1570); vegetated by
Equisetum, willow shrubs, dense alder clumps, small
balsam poplar, shrub bircnh, and ground cover of

Sohaanuu oss uvp to 12 in. thick.
PALUSTRINE---Ponds, marshes, swamps, bogs, and fens

not affected by wave action or wind and stream erosicn,
except during flooding, and dominated by trees, shrubs,
persistent emergent plants, and nonaguatic mosses or
lichens; mwmay occui in isolated, small thermokarst
basins ox on slopes, especially in areas underlain by
permafrost; Dbounged by uvlends and streams, but not
lakes; may comprise very slow-flowing segments of
stream cougses.

EMERGENT PALUSTRIWNE-~-Seasonally flooded and permanently
or semipermanently saturated bogs, fens, tundra, and
herbaceous wetlands not bounded by lakes.

SCRUB/SHRUB PALUSTRINE-—-Termoorarily flooded phases of
abandoned flood plains vegetated by numerous to dense,
low shrubs of birch and willows and by scattered black
spruce, larzch; anc bixch trees lessz than 20 £t tall andg
by clumps of tiwese sazl) trees, all growing on bogyy
ground.

POREST PALUBTRINZ-—-Temporarily flooded vhases of
abhandonesd flood plains veagetated by nuncrous to dense
black spruce, birch, and larch trees more than 20 ft
tall and growing on boggy ground.

LACUSTRINE~—--Wetlands ond permanent open-water habitats
situated in topographic depressions or dammed stream
channels and commonly affected by wave action; bounded

by uplands and palustrine habitats; lacking trees, shrubs,
persistent emergent plants, and nonaguatic mosses or
lichens. '

LIMWETIC LACUSTRINE---All permanent lakes and ponds;
vegetated by hydrophytic plants such as aquatic mosses
andé grasses, pond and wvwater lilies, receds, rushes, and
floating organic mats.,

LITTORAL LACUSTRINI-—~Geazonally or semiperimancntly
flooded, yenerallyv trceless, peaty and grassy lake and
pond mazgins between low ané high water levels.

UPLLUD—~-Yell-c¢raince surfaces very rarely or never
flooded and soturated only for shoit periocs of time;
vegetated by decluuous, mined deciduous and coniferous,

2nc¢ coniferous forezi/wondland.
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-~<-" Approximate contact
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APPENDIX B

USDA Soil Conservation Service

Vegetation and Wetlands Mapping Categories
for the Totchaket Area
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Level 1

Forest

TOTCHAKET VEGETATION MAPPING UNITS

Level 1T

Conifer
Forest

Deciduous
Forest

Mixed Conifer

Deciduous
Forest

Level 11X

(1)

(10)

(15)

(20)

(25)

(30)

(35)

(38)

Closed
Conifer
Forest

Open
Conifer
Forest

Woodland
Conifer

Closed
Deciduous
Forest

Open
Deciduous

Woodland
Deciduous

Closed .
Mixed
Forest

Open
Mixed
Forest

Woodland
Mixed
Forest
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Level IV

(2)
(3)
(4)
(5)

(11)
(12)
(13)
(14)
(142a)

(16)
(17)
(18)
(19)

(21)
(22)
(23)
(24)

(26)
(27)
(28)

(29)

(31)
(32)
(33)
(34)
(34a)

(36)
(37)
(37a)
(37b)
(37¢)
(374)

(39)
(39a)

Black Spruce

White Spruce

Black Spruce-White Spruce
Black Spruce-Tamarack

Black Spruce

White Spruce .
Black Spruce-White Spruce
Black Spruce-Tamarack
Tamarack

Black Spruce

White Spruce

Black Spruce-White Spruce
Tamarack

Balsam Poplar
Paper Birch
Aspen
Birch-Aspen

Balsam Poplar
Paper Birch
Aspen

Paper Birch

Spruce—Biréh
Aspen-Spruce
Poplar-Spruce
Aspen-Birch-Spruce
Birch-Tamarack-Spruce

Spruce-Birch
Aspen-Birch-Spruce
Aspen-Spruce
Aspen-Spruce-Tamarack
Birch-Tamarack-Spruce
Poplar-Spruce

Bifch~Tamarack—Spruce
Aspen-Tamarack-Spruce



Level T Level I1 Level IIT Level TV

Shrubland Tall Shrub (40) Closed
Tall Shrub (41) Willow
: (42) Alder
(43) Shrub birch
(44) Alder-Willow

(45) Open Tall
Shrub (46) Willow
(47) Alder
(48) Shrub birch
(49) Alder-Willow

Low Shrub (50) Closed ;
» Low Shyub (5]) Dwarf Birch
(52) Low Wiliow
(53) Dwarf Birch-Willow

(55) Open Low

Shrub (56) Dwarf Birch
(57) Low Willow
(58) Dwarf Birch-Willow
(59) Low Alder
(60) Low Alder-Willow
(61) Sheperdia-Dryas
(62) Dwarf Birch-Sphagnum
(63) Mixed Shrub-Sphagnum

Nerbaceous (70) Tall
Grass (71) Bluejoint
(72) Bluejoint-
Herb
(73) Bluejoint-
Shrub
(74) Herbs

(75) Midgrass (76) Dry wid-
grass

(77) Mesic mid-
grass

(78) Sedgegrass (79) Wet Sedge-

grass
Aquatic Freshwater (80) Ponds and
Lakes (81) Floating and submerged vegetation
(82) Emergent vegetation
(85) Streams (86) Floating and submerged vegetation

(87) Emergent vegetation

(90) Para-riverine
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*
Species classes
conifer forest . 75% total tree cover from coniferous species
deciduous forest 75% of tree cover in deciduous tree species
mixed stand-neither conifers or deciduvous species have clear
dominance; both contribute 25% to 75% of total canopy cover

* %

Canopy classes

Crown cover was used to indicate the relative differences in canopy
classes

Closed Forest-60% to 100% forest canopy cover

Open Forest-25% to 60% forest canopy cover

Woodland Forest-10% to 25% forest canopy cover

*kk

Size Classes

;Z-Reproduction<15“ D.B.H. (Dijameter Breast High) coniferous and deciduous
species g
— Pole 5" D.B.H.” coniferous species
5" 0.B.H.~11" D.8.H. deciduous species
S —- Sawtimber> 9" D.B.H. coniferous species
>11" D,B.H. deciduous species

BR - Burned Recently

W — Wetland

NOTE: R size class is all trees uander 5 inches dbh, not just
regeneration.

NOTE: Size class reflects the size of the majority of the
dominate specles in a polygon
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NATTONAL WETLAND INVENTORY CONVERSION TABLE FOR TOTCHAKET AREA

All polyzons on the aerial photographs with a lazbel ending in "W" are wetland
according to the U.S. Fish and Wildlife Service. The number code ac the
beginning of each label is the key to converting the SCS vegetation type co
the FWS werland classification code. Many of the codes on the photographs
have additional letters between the number code and the werland modifier (e.g.
19RW, 11PW and 15BRW). These additional letters do not affect the conversion
of the SCS vegeration types to the FWS werland types. '

Several of the codes on this list include letters (e.g. lba, 37¢, and 80L).
In these cases the first letter following the numerical code does affect the
conversion.

SCS CODE VEGETATION TYPE NWI CODE
1w ) Closed Conifer Forest PrO43B
2W Black Spruce PFO43B
3w White Spruce PFO4B
4y Black Spruce~White Spruce PFO4B
5w Black Spruce-Tamarack PFO4/2B
10w Open Conifer Forest PFO4B
1lw Black Spruce PFO43B
12w : White Spruce PFQO4R
13 Black Sporuce-White Spruce PEQ4B
14y Black Spruce-Tamarack PFO4/28
14 aW ’ Tamarack PFO2B
15w Woodland Conifer PSS1B
16W ' Black Spruce PSS1B
17W White Spruce ' PS31B
184 Black Spruce-White Spruce PSS13
15w Tamarack PSS1B
20 Closed Deciduous Foresrtc PFOLA
21U Balsam Poplar PFOlA
22 Paper Birch : PFOlA
23w Aspen PFQla
244 Birch-Aspen PFO1A
25w Open Deciduous : PFOlA
26W Balsam Poplar PFOlA
27W Paper Birch PFOlA
28W Aspen PFO1A
294 Paper Birch PSS1A
30W : Closed Mixed Forest PFO1/4B
31W Spruce~Birch PFO4/1RB
3w Aspen-Spruce . PFQl/4B
33w Poplar-Spruce ' PFOl/4B
34W Aspen—Rirch-Spruce PF01/43
34aW Birch-Tamarack-Spruce ?FO1/28
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sy
36W
37W
37aW
37bW
37¢W
374w

38V
39w
39aW

404
414
42W
43w
44W

45W
Low
4TW
48W
49y

50W
51W
52W
53w

55W
56W
S7W
58w
59%W
60w
62w
62W
63w

70W
71
724
73W

749 -

754
76W
77W

78w
79W

Open Mixed Forest
Spruce-Birch
Aspen-Birch~Spnruce
Aspen~Spruce
Aspen—-Spruce-Tamarack
Birch-Tamarack-Spruce
Poplar-Spruce

Woodland Mixed Forest
Birch-Tamarack-Spruce
Aspen-Tamarack-Spruce

Closed Tall Shrub
Willow

Alder

Shrub birch
Alder-Willow

Open Tall Shrub
Willow

Alder

Shrub birch
Alder-Willow

Closed Low Shrub
Dwaxf Birch

Low Willow

Dwarf Birch-Willow

Open Low Shrub
Dwarf Birch
Low Willow

- Dwarf Birch-Willow

Low Alder

Low Alder-Willow
Sheperdia-Dryas
Dwarf Birch-Sphagnum
Mixed Shrub—Sphagnum

Tall Grass
Bluejoint

Blue joint-Herb
Blue joint-Shrub
Herbs

Midgrass
Dry midgrass

Mesic widgrass

Sedgegrass
Wet Sedgegrass
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PFO4/13
PFO1l/4B
PFO1/48B
PFOLl/48
PFO1/2B
PFO1/4B

PSS1B
PSS1B
PSS1B

PSS1A
PSS1A
PSS1A
PSS1A
PSS)1A

PSS1A
PSS1A
PSS1A
PSS1E
PSS1A

PSS1B
PSS1B
PSS1H
PSS1B

PSS1B
PSS1B
PSS1B
PSS1B
PSS1C
PSS1C
PSS1A
PSS1B
PSS1B

PEM1A
PEM1A
FEMI1A
PEM1A
PEM1A

PEM1A
PEM1A
PEM1A

PEM1C
PEMLF



Oa
8GLW
81w
8iLW

Ceny
85w
36%
874

90w

Ponds
Lakes

Floating and submerged vegetation-ponds
Floating and submerged vegetation-lakes

Emergent vegetation

Streams

Floating and submerged vegetatlon-strcams

Emergent vegetation

Para-riverine
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POWH
L10OWH
PAB4LH
L2AB4H
PEMI1H

R30WRH
R3AB4H
PEMIH

R3FLC



