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Abstract 
Multi-temporal Landsat 5 Thematic Mapper (TM) imagery was 
evaluated for the identification and monitoring of potential 
jurisdictional wetlands located in the states of Maryland and 
Delaware. A wetland map prepared from single-date TM 
imagery was compared to a hybrid map developed using two 
dates of imagery. The basic approach was to identify land- 
cover vegetation types using spring leaf-on imagery, and 
identify the location and extent of the seasonally saturated 
soil conditions and areas exhibiting wetland hydrology using 
spring leaf-off imagery. The accuracy of the wetland maps 
produced from both single- and multiple-date TM imagery were 
assessed using reference data derived from aerial photo- 
graphic interpretations and field observation data. Subsequent 
to the merging of wetland forest and shrub categories, the 
overall accuracy of the wetland map produced from two dates 
of imagery was 88 percent compared to the 69 percent result 
from single-date imagery. A Kappa Test Z statistic of 5.8 
indicated a significant increase in accuracy was achieved 
using multiple-date TM images. Wetland maps developed from 
multi-temporal Landsat TM imagery may potentially provide 
a valuable tool to supplement existing National Wetland 
Inventory maps for identifying the location and extent of 
wetlands in northern temperate regions of the United States. 

Introduction 
Wetlands are lands where saturation with water is the domi- 
nant factor determining the nature of soil development and the 
types of plant and animal communities living in the soil and on 
its surface (Cowardin et al., 1979; Lyon, 1993). Their beneficial 
functions have been well documented and include hydrologic 
regulation, erosion protection, and water quality control 
mechanisms (Braddock and Huppmann, 1995). Additionally, 
wetlands provide a wide range of habitat types for a multitude 
of flora and associated fauna species, and are among the most 
productive and diverse ecosystems on Earth (Jensen and Salis- 
bury, 1972). Over the past 200 years, wetland habitats in the 
conterminous United Stated have been reduced by approxi- 
mately 50 percent (Lyon, 1993). This high rate of wetland loss 
has resulted in the establishment of numerous federal, state, 
and local government agency regulatory programs to slow or 
eliminate net wetland losses. 

The National Wetland Inventory (NWI) was initiated in 
1975 by the U.S. Fish and Wildlife Service (FWS) to map. inven- 
tory, and monitor the status and trends of wetlands throughout 

the United States on a 10-year reporting cycle (Kiraly et a]., 
1990). The approach often involves the use of leaf-off national 
high altitude photography (NHAP) and incorporates standard 
photographic interpretation and photogrammetric techniques. 
Although effective, this photo-based process is time consuming, 
relatively expensive, and cannot be rapidly updated. Currently, 
researchers are evaluating numerous advanced technologies to 
develop more cost-effective and rapid methods to assist in long- 
term wetland monitoring. 

The purpose of this study was to evaluate the application 
of moderate spatial (30-meter) and spectral (seven-band) reso- 
lution satellite imagery and digital image analysis techniques 
to aid in the identification of potential jurisdictional wetlands. 
Collaboration with U.S. Environmental Protection Agency's 
(EPA) Region 111 wetland scientists provided a means for 
assessing the utility of wetland maps to assist environmental 
managers in conducting permit reviews under Section 404 of 
the Clean Water Act. The final wetland maps generated in this 
study were used to complement the existing FvJS/NWI maps for 
the study area. 

Wetlands are inherently dynamic systems. As such, moni- 
toring efforts limited to single date of observation are typically 
insufficient to capture seasonal dynamics related to crucial 
hydrologic processes and other dynamic conditions. The 
potential value of multiple-date TMimage analysis for wetland 
mapping has been noted by other researchers (Koeln et al., 
1986; Jacobson et al., 1987). They reported low classification 
accuracies of wetlands mapped using single-date TM images 
and suggested that a multi-temporal approach could improve 
wetland category accuracies. The analysis of a single-date TM 
image yields information at a single point in time; therefore, 
wetlands that exhibit seasonally saturated conditions are com- 
monly confused with their upland counterparts. Certain wet- 
land types are particularly vulnerable to confusion using a 
single date of imagery. They include forested and agricultural 
wetland types that exhibit characteristic seasonally saturated 
soils during the growing season and typically have a high 
degree of canopy closure and leafy vegetation cover. 

Study Area 
The study site was oriented to conform to the Millington, Mary- 
land-Delaware, 7.5-minute U.S. Geological Survey (USGS) 
quadrangle (Figure 1). It was selected because of its diverse 
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Figure 1. Location of the study site repre 
sented by the Millington 7.5-minute quad- 
rangle. 

combination of upland and wetland vegetation over a rela- 
tively small area. The site is located within the Virginian Prov- 
ince of the Mid-Atlantic coastal plain and consists of nearly 
level to undulating plains dissected by ravine-like drainage 
ways, with alluvial deposits in the floodplains and marshes. 
Soils range from well to poorly drained, and were formed from 
silty and silty loam materials. Some areas have no surface 
drainage and drain slowly through depressions that provide 
opportunities for ground water recharge. 

The Millington site has both upland and palustrine wet- 
land forests, shrubs, emergents, and agricultural lands. Ap- 
proximately 40 percent of the site was non-managed woodland 
at the time of the study. Wooded uplands consisted of Oak- 
Hickory (Quercus sp.lCarya sp.), Oak-Gum (Quercus sp.1 
Bumelia lanuginosa), various eastern hard-Pine species (Pinus 
sp.), Oak-Pine (Quercus sp.lPinus sp.), and Elm-Ash-Maple 
(Ulmus sp.lFraxinus sp.lAcer sp.) type forests. Wooded wet- 
lands consisted of Oak-Willow (Quercus sp.lSalix sp.), Oak- 
Pine, Oak-Gum, and Elm-Ash-Maple type forests. Most of the 
remaining area was in row crop production. Through the major- 
ity of the area, drainage was the predominant concern, because 
most agricultural locations experience seasonally high water 
tables and contain poorly drained soils. 

Methods 
The two dates of TM images used in this study corresponded to 
path 141row 33 of the World Wide Reference System 2 (WRS-2). 
The 11 June 1988 TM image of the study area was used to de- 
velop the initial land-cover map, and the 20 April 1986 TM 
image was used to generate the non-hydric and hydric data cov- 
erage. The 1986 spring imagery was selected because it repre- 
sented the closest available data to the 1988 leaf-on imagery 
that corresponded to the "normal" seasonally wet period (deter- 
mined using available meteorological records). 

A three-step approach produced a land-cover map for both 
upland and wetland land cover types. First, an initial land- 
cover map was developed using late spring, leaf-on imagery. 
Second, the distribution and extent of upland (non-hydric) 
and wetland (hydric) categories were established using early 
spring, leaf-off imagery. The non-hydric versus hydric data 
coverage was generated from analysis of TM band 5 (1.55 mm to 
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1.75 (mm) which is sensitive to differential moisture in surfi- 
cia1 soils and plant tissues (Thenkabail et al., 1994). Lastly, both 
coverages were analyzed using a GIS rule-based classification 
model in an attempt to improve the classification accuracies of 
the wetland classes. The hypothesis was that classification 
accuracies of wetlands extracted from single-date imagery 
could be significantly improved by revision with information 
derived from the second date of TM imagery that was selected to 
coincide with the seasonal period of wet soils. 

The 11 June 1988 imagery was selected to allow maximum 
discrimination of wetland vegetation. Jensen et al. (1986) 
found that multispectral satellite imagery acquired in spring 
and early summer best distinguished palustrine persistent 
inland wetland types such as herbaceous, forest, and agricul- 
tural wetland categories. The 11 June image was subset to pro- 
duce a data set of the study area that included TM band 2 (0.7 
mm to 0.8 mm), band 3 (0.8 mm to 0.9mm), band 4 (0.9 mm to 1.0 
mm], and band 5 (1.55 mrn to 1.75 mm) (Plate la). 

TM imagery used to identify seasonally saturated soils in 
the northern temperate regions of the United States should be 
acquired during the annual inundation or wet period occurring 
in early spring, before vegetation emerges and obscures soils, 
and during a year representative of typical hydrologic condi- 
tions for a specific location. Historical precipitation and 
stream flow records from Maryland and Delaware were exam- 
ined to determine appropriate dates that represent "normal" 
seasonally wet periods for the study site (NOAA, 1986-1990; 
USGS, 1986-1990). Dates of seasonal high-water conditions 
were compared to dates of available TM imagery in order to 
select the best available imagery for wetland identification. 
The TM image selected for analysis was acquired for a spring 
date so that ice and snow would not obscure the land surface 
but before leaf-on, a condition that could obscure soil mois- 
ture and also contribute foliar moisture content to the 
measurement. 

Wetland Identification Protocols 
Wetlands were mapped according to the three-parameter 
approach defined in the Corps of Engineers Wetland Delineat- 
ing Manual (USACE, 1987). The manual defines wetlands as 
areas that exhibit hydrophytic vegetation, hydric soils, and wet- 
land hydrology or standing water. A key indicator of wetland 
hydrology is saturation of land surfaces by water. Areas satu- 
rated with water were identified from analysis of spring leaf-off 
TM imagery and validated using soils information obtained 
from U.S. Department of Agriculture (USDA) Natural Resource 
Conservation Service (NRCS) soils maps. A description of the 
techniques used to identify wetland vegetation, soils, and 
hydrology follows. 

Vegetation 
A vegetation type coverage was produced from the single-date 
11 June 1988 TM image using an unsupervised classification 
approach. Visible bands 2 and 3 were selected to assist in differ- 
entiating saturated surfaces from very dark features such as 
dark organic soils and asphalt. TM band 4 was selected because 
of its sensitivity to foliar structure characteristics, and band 5 
to differentiate soil moisture content (Jensen et al., 1986; Lilles- 
and and Kiefer, 1987). An unsupervised classification approach 
was first applied to identify signatures corresponding to unique 
spectral categories, followed by a maximum-likelihood statis- 
tical classifier utilizing the statistics generated from the cluster 
analysis to assign each pixel in the TM image to a specific spec- 
tral category (Weerackoon and Mace, 1990). Post-classification 
sorting into land-cover categories was accomplished using ste- 
reoscopic interpretation of National Aerial Photography 
Program (NAPP) 1:40,000-scale color infrared (CIR) aerial photo- 
graphs, USGS 7.5-minute topographic maps, and USDA-NRCS 
soils maps. 
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Plate 1. Results of the Landsat 5 TM landcover imagery analysis for the Millington 7.5minute quadrangle. 
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The urban areas and a fish hatchery located in the study land-cover categories. For example, pixels categorized as for- 
area did not exhibit unique spectral response and were con- est in the classification of early summer TM imagery were re- 
fused with agriculture and forest categories. To minimize con- coded to wetland forest if they coincided with a hydric soils 
fusion, urban areas and the fish hatchery were manually edited pixel. Those pixels coinciding with non-hydric soils pixels 
in the classification process on the basis of visual interpretation kept their original upland classification value (Table 2). 
of the TM imagery. Roads typically had a spectral response sim- 
ilar to observed barren soils. (Barren soils were aggregated with Cartographic Generalization and Conversion to Vector Format 
the upland agriculture category.) Linear features that were cat- The vegetation classifications produced from single-date and 
egorized as barren soil, but could be visually interpreted as multiple-date TM imagery were generalized to eliminate fea- 
roads using aerial photographs and u s G s  7.5-minute maps, tures smaller than the 0.8 hectare minimum mapping unit 
were manually edited to the urban category. The result of this (MMU). These features could not be repetitively mapped and 
initial classification from single-date TM imagery is presented serve only to clutter the classification (salt and pepper). Areas 
in Plate lb. The classification system used to label land-cover that were smaller than the MMU were eliminated in the general- 
classes is consistent with the NwI system (Table 1). ization process. Polygons less than 0.8 hectare in area were typ- 

ically made up of edge pixels, or mixed pixel types (more than 
Soils one cover type). Individual pixels or small groups less than 
Hydric soils are defined as soils that are saturated, flooded, or nine pixels (0.8 hectare) were generalized using a smoothing 
ponded long enough during the growing season to develop routine that examined category values of a specified number of 
wetland characteristics (USACE, 1987). Soils maps, provided pixels surrounding a central pixel. The central pixel's category 
by the USDA-NRcS, were used as ancillary data to identify areas value in a 3- by 3-pixel window was changed to match the 
that exhibit hydric soils. These data were only available in har- majority of values (majority rule) in the window. The classifi- 
dcopy 1:24,000-scale map format and were used to calibrate cation of the study site was converted to vector format and 
the gray-level threshold levels discussed below, stored as an ARCIWO coverage. The single-date land-cover 

classification and the multi-date TM data classification that 
Hydrology focuses on wetlands are presented in Plates l b  and lc, 
Wetlands occur in areas where the water table is usually at or respectively. 
near the surface or where land is covered by shallow water 
(USACE, 1987). Water absorbs the energy of infrared wave- Collection and Development of Reference Data 
lengths, resulting in lower reflectance values for saturated A total of 280 reference sites were sampled to provide a refer- 
areas than for drier upland sites. The image was divided into ence data set for the validation of the Millington quadrangle 
upland (non-hydric) and wetland (hydric) categories by results. The total number of sites was calculated based on the 
applying gray-level thresholding techniques as described by number of categories in the hnd-cover map. Congalton (1991) 
Work and Gilmer (1976) and Lillesand and Kiefer (1987) to the suggests obtaining data on a minimum of 30 to 50 sites per cate- 
infrared bands of spring leaf-off TM imagery. Various density gory. To ensure coverage of rare classes and thus avoid bias, 
slices of TM band 5 were visually interpreted until a brightness approximately 21 sites were established for each of the four cat- 
threshold separating wetlands from uplands was found. Visual egories (water, wetland shrub, urban, and wetland agriculture) 
analysis of the infrared TM bands 5 and 7 revealed that band 5 that in total represented approximately seven percent area cov- 
best discriminated between dry and wet areas. USDA-NRCS soils erage. The remaining 198 sites were distributed among the 
maps and USGS 7.5-minute topographic maps were both utilized remaining three dominant categories (wetland forest, upland 
as ancillary data sources. forest, and upland agriculture), proportionate to the areal 

extent of each class type. Table 3 summarizes the percent area, 
GIS RuleBased Classlficatlon Model number of field investigations, and number of sites interpreted 
Sader et al. (1995) found that rule-based methods for forest wet- fromaerial~hotogra~hs used to assess accuracy for each class. 
land classification performed significantly better than unsu- Validation data collection locations were selected using a 
pervised classification at multiple sites in the northeast United stratified random sample design. The multiple-date land- 
States. We implemented a simple rule-based model on a pixel- cover classification results provided the stratification template 
wise basis using ARCJGRID as the supporting the analy- to SUPPOI? the stratification for the generation of the random 
sis of raster data coverages corresponding to the vegetation sampling points. Coordinates of random sites located within 
type and hydrologic soils condition. The model outcome was a the Millington quadrangle were determined using a random 
new data coverage where each pixel was re-coded based on number generator software. Points were overlaid on the catego- 
both vegetation type and characteristic hydric or non-hydric rized image and polygons that corresponded with the random 
soils groupings. Hydric soil coincided with wet- site coordinates were selected for accuracy assessment. The 
land cover types and non-hydric soil conditions with upland center points of polygons were calculated and selected as the 

designated assessment locations. It should be noted that this 
technique did not facilitate an evaluation of boundary 
accuracies. 

TABLE 1. LANDCOVER CLASSIFICATION SYSTEM EPA Region 111 personnel collected field validation data 
1.0 Open Water from reference sites concentrated in both wetland and forested 
2.0 Wetland (Palustrine] areas. Budget restraints allowed on- site data collection at only 

2.1 Forest 28 sites. Ground truth of the remaining sites was obtained 
2.2 Shrub through stereoscopic interpretation of 1:40,000-scale USGS- 
2.3 Emergent NAPP CIR aerial photographs. Locations of all reference sites 
2.4 Agriculture were stored in an ARC~INFO coverage and plotted at a scale of 

3.0 Upland 1:24,000. EPA Region III personnel overlaid the sample plots 
3.1 Forest with the USGS 7.5-minute map to provide orientation of refer- 
3.2 Shrub 
3.3 Herbaceous 

ence site locations in the field. Aerial photographs were also 

3.4 Agriculture used in the field to locate plot centers. Sampling sites coordi- 
4.0 Urban nates were plotted on 1:24,000-scale maps and located in the 

field using aerial photographs as final orientation guide. Data 
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Data Layer 
and Variables Modeling Outcomes 

Unsupervised Classification Forest (Fo) Shrub (S) Herbaceous (H) Agricultural (Ag) 
Hvdric Soils FoW S W EW AeW 
~ h n - ~ ~ d r i c  Soils UFO US UH & 
W = Wetland Class U = Upland Class E = Emergent 

were collected from a circular plot 90 meters in diameter and upland forests were identified with an accuracy of only 46 
(approximately 0.8 hectares) and included information on veg- percent (omission and commission error rates of 4 and 54 per- 
etation types, soil moisture characteristics, and hydrology. cent, respectively). Wetland shrubs were identified with an 

Accuracies of the single- and multiple-date TM image clas- accuracy of 64 percent (omission and commission error rates of 
sifications were calculated by comparing photographic based 57 and 36 percent, respectively). Most striking was the total 
stereoscopic interpreted and field observation reference data to lack of wetland agriculture class areas. This result is less sur- 
the categorized data sets. Both the photographic interpretation prising owing to the emphasis placed on good drainage to facil- 
and field observation data were entered as point attributes in itate the cropping of fields. The overall accuracy of the single- 
M C / m  to produce a reference coverage that was subse- date seven-class classification was 68 percent, with a Kappa 
quently merged with the vector format TM classification prod- statistic (KHAT) of 0.59 (n = 280). 
ucts. An ARC/INFO report was generated that listed the category The overall classification accuracy results of multiple date 
codes from the reference data and classification products. This seven class classification was 83 percent, with a KHAT of 0.79 
report was used to generate error matrices or contingency (n = 280) (Table 5) and are presented graphically in Plate lc. 
tables, and to calculate statements of accuracy (Congalton, Similar to the single-date classification, the highest accuracies 
1991). Percent errors of commission (user accuracy) and per- were realized for the upland agricultural (92 percent), urban (85 
cent errors of omission (producer accuracy) are also listed for percent), and water (85 percent) categories. Significant im- 
each category (Story and Congalton, 1986). provements in the discrimination of wetland versus upland for- 

est and in the identification of wetland agriculture were real- 
Results ized. Accuracies associated with upland forests increased 

dramatically to 84 percent (omission and commission error 
Single Date Ciassiflcatlon Accuracies rates of 11 and 16 percent, respectively) compared to only 46 
The error matrices listed in Tables 4 through 7 show the come- percent with the single-date classification. ~~~t dramatic was 
spondence between the reference data and imagery classifica- the increased accuracy of wetland agriculture from zero per- 
tion results. A Kappa statistic was calculated for each catego- cent using the single-date imagery to 75 percent accurate 
rized error matrix and was presented to provide a measure of (errors of omission and co-ission 12 25 percent, respec- 
classification accuracy as a whole. The Kappa coefficient calcu- tively), some confusion occurred between the forest 
lation indirectly incorporates all cells in the error matrix and and agriculture categories, as by errors of 
accounts for errors of commission and omission. It measures mission (16 and 25 percent, respectively) and errors of omis- 
the actual agreement minus chance agreement and indicates sion (11 and 12 percent, respectively), significant confusion 
how well the classification performs in relation to the reference e ~ s t e d  between shrub and forest, as evident 
(validation) data (Congalton et al., 1983; Congalton, 1991). It by the low accuracy for wetland shrub at 45 percent (omission 
d~ould be noted that the wetland emergent category was not 57 percent and commission 55 percent, respectively). The 
assessed for accuracy because it had an inadequate number of highest occurrence of omission and commission errors resulted 
pixels (n = 332 pixels or 0.18 percent of total pixels) to support from confusion between wetland forest and the upland forest 
a statistically valid accuracy assessment. and wetland shrub categories because the spectral characteris- 

The results of the single-date I'M classification are pre- tics were very similar. 
sented graphically in Plate l b  and summarized statistically in Wetland forest and shrub classes were collapsed into a sin- 
Table 4. It is evident from the statistical presentation that sig- gle woody wetland vegetation class in an attempt to improve 
nificant confusion existed between wetland and upland for- wetland classification accuracies. The results of the six-class 
ests, and wetland and upland agriculture classes. Wetland TM classifications are presented in Tables 6 and 7. The overall 
forest was identified with an accuracy of 75 percent (omission classification accuracy of the single-date six-class classifica- 
and commission error rates of 89 and 25 percent, respectively1 tion was 69 percent, with a -T of0.5g (n = 280).  his result 

is very consistent with that obtained from the single-date 
seven-class classification and did not represent a significant 

TABLE 3. CLASS TYPE BY PERCENT AERIAL EXTENT, TOTAL NUMBER OF overall improvement. However, the poor classification accu- 
VALIDATION POINTS, AND VALIDATION METHOD racy of 64 percent for the wetland shrub class was upgraded to 

a 77 percent accurate woody wetland class. In contrast, the six- 
Total 

Method of "lidation class multiple-date classification improved on the seven-class 
Land-Cover/ No. Field Photo overall accuracy of 83 to 88 percent. Similarly, the poor per- 

Land-use Type % Area Sites Observation Interpretation forming wetland shrub class was combined with the wetland 

3 20 1 19 
forest to create an 88 percent accurate woody wetland class. 

Water 
Wetland Shrub 1 22 1 21 
Wetland Forest 17 49 12 37 Comparison of Singla and MukWate ClassHications 
Upland Forest 15 49 7 42 Congalton et al. (1983) described how a pair-wise test of signifi- 
Upland Agriculture 61 98 5 93 cance can be performed between two independent KHAB. This 
Urban 1 22 1 21 test calculates the difference between two error matrices and 
Wetland Agriculture 2 20 1 19 

100 280 28 252 
provides a determination of significance. This statistical anal- 

Column Totals ysis allows the comparison of the error matrices generated from 
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TABLE 4. ERROR MATRIX AND SUMMARY STATISTICS FOR THE SINGLE-DATE LANDSAT TM CLASSIFICATION 

Observed Land Cover 
- - -  

W WS WF UF U A  UR WA RowTotal % Correct % Cornmision 
- -  - 

Water 
Wetland Shrub 
Wetland Forest 
Upland Forest 
Upland Agriculture 
Urban 
Wetland Agriculture 
Column Total 
% Omission 

85 15 
64 36 
75 25 
46 54 
79 21 
95 5 
0 0 

Overall Accuracy 191/280 = 68% i< = 0.59 

TABLE 5. ERROR MATRIX AND SUMMARY STATISTICS FOR THE MULTIPLE-DATE LANDSAT TM CLASSIFICAT~ON 

Observed Land Cover 

W WS WF UF U A  UR WA RowTotal %Correct 

Water 
Wetland Shrub 
Wetland Forest 
Upland Forest 
Upland Agriculture 
Urban 
Wetland Agriculture 
Column Total 
% Omission 

17 1 2 0 0 0 0  20 85 15 
1 9 6 1 2 0  1 20 45 55 
0 7 3 9 3 1 0 0  50 78 22 
1 1  5 42 1 0  0 5 0 84 16 
0 2 1 1 92 3 1 100 92 8 
1 0  0 0 0 1 9  0 20 95 5 
0 1 1 0 3 0 1 5  20 75 25 
20 21 54 47 99 22 17 n = 280 Overall Accuracy 2331280 = 83% I? = 0.79 
15 57 28 11 7 14 12 

TABLE 6. ERROR MATRIX AND SUMMARY STATISTICS FOR THE SINGLE-DATE LANDSAT TM CLASS~FICAT~ON AFTER MERGING THE WETLAND FOREST AND SHRUBS CLASSES 

TABLE 7. ERROR MATRIX AND SUMMARY STATISTICS FOR THE MULTIPLE-DATE LANDSAT TM CLASS~FICAT~ON AFTER MERGING WETLAND FOREST AND SHRUB CLASSES 

Observed Land Cover 
% 

W WW UF U A  UR WA RowTotal % Correct Commission 

Water 17 3 0 0 0 0 20 85 15 
Woody Wetland 1 61 4 3 0 1 70 88 13 
Upland Forest 1 6 42 1 0 0 50 84 16 
Upland Agriculture 0 3 1 92 3 1 100 91 8 
Urban 1 0 0 0 19 0 20 95 5 
Wetland Agriculture 0 2 0 3 0 15 20 75 25 
Column Total 20 75 47 99 22 17 n = 280 Overall Accuracy 2461280 = 88% f< = 0.84 
% Omission 15 19 11 7 14 12 

the single- and multi-date classifications. The test statistic or Z analysis are presented in both matrix (Table 10) and graphic for- 
statistic calculated from analysis of the seven-class classifica- mats (Plate Id). The matrix has n by n values where n is equal to 
tion matrices was 4.6 as displayed in Table 8. The Z statistic the number of categories present in the categorized image file. 
calculated for the six-class matrix was 5.8 (Table 9). Both values Pixel values contained in the image file corresponded to the 
were greater than the threshold values of significance, 2.0 error matrices values. Pixels that fall along the diagonal ele- 
( p  = 0.95). ments of the matrix represent agreement between the TM classi- 

A pixel-by-pixel comparison of the categorized single- and fications results and the validation data. Other pixel values, 
multi-date TM imagery products was conducted using a GIs- coinciding with off-diagonal elements of the matrix, resulted 
based overlay analysis technique. The products of the overlay when the TM classifications results disagreed with the valida- 
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Observed Land Cover Row Total 
% 

W WW UF U A  UR WA % Correct Commission 

Water 17 3 0 0 0 0 20 85 15 
Woody Wetland 1 17 1 2 0 1 22 77 2 3 
Upland Forest 1 50 45 2 0 0 98 46 54 
Upland Agriculture 0 5 1 95 3 16 120 79 2 1 
Urban 1 0 0 0 19 0 20 95 5 
Wetland Agriculture 0 0 0 0 0 0 0 0 0 
Column Total 20 75 47 99 22 17 n = 280 Overall Accuracy 193/280 = 69% k = 0.59 
% Omission 15 77 4 4 14 100 



Overall Percentage 
Correct KHAT (%] 

Original Normalized Original Normalized 
- 

Multi-Date 83 74 79 78 
Single-Date 68 5 7 59 59 

Combination Test Statistic 
Multi- and Single-Date 4.6* 

Categorization 

*Significant Difference (p = 0.051 

TABLE 9. SUMMARY TABLE AND ACCURACY COMPARISONS FOR SINGLE- AND 
MULTIPLE-DATE LANDSAT TM CLASSIRCATIONS AFTER MERGING THE WETLAND FOREST 

AND SHRUB CLASSES 

Overall Percentage 
Correct KHAT (%I 

Original Normalized Original Normalized 

Multi-Date 88 74 84 78 
Single-Date 69 5 7 59 59 

Combination Test Statistic 
Multi- and Single-Date 5.8* 

Categorization 

*Significant Difference (p = 0.05) 

tion data. The upland and wetland forest categories repre- 
sented 96 percent of all pixels in disagreement and upland and 
wetland agriculture pixels represented four percent of all pix- 
els in disagreement between the single- and multiple-date clas- 
sification results. Disagreement between upland and wetland 
forest occurred in 17.3 percent of the study area and disagree- 
ment between upland and wetland agriculture categories 
occurred in 0.7 percent. 

Conclusions 
The classification accuracy of seasonally saturated wetlands 
occurring in the Mid-Atlantic temperate region of the United 
States was improved when information about areas with wet- 
land hydrology was merged with the initial single-date image 
classification. Areas with wetland hydrology were inferred 
using Landsat TM imagery acquired in the spring before vegeta- 
tion emerged, soon after a rainfall event, on a cloud free day, 
during "normal" spring hydrologic conditions. The multi-tem- 
poral wetland maps developed for the Millington 7.5-minute 
quadrangle provided EPA Region 111 wetland scientists with a 

valuable data source to supplement the existing FWS/NWI map 
that was available for the study area. 

Limitations of this approach for the identification of poten- 
tial jurisdictional wetlands in north temperate regions are pri- 
marily related to satellite data availability. As described above, 
a major element used in the mapping of jurisdictional wet- 
lands is the existence of saturated, flooded, or ponding for a 
long enough duration during the growing season to develop 
characteristic wetland soil conditions. In this study, we docu- 
mented the occurrence of surface water innundation during 
the onset of the growing season. However, due to the lack of 
available imagery, we were unable to measure the duration of 
the inundation period. This lack of data availability is due to 
two factors: (1) low revisit frequency (16-days) of a single Lan- 
dsat satellite, and (2) past policies to collect data only upon 
request to purchase. To provide adequate data availability to 
monitor wetland conditions from space over the majority of the 
conterminous United States, a constellation of Landsat TM 
type sensors would be required to provide adequate repeat fre- 
quencv to capture seasonal dynamics associated with wetland 
gYdroiogic processes. ~dd i t i bna l l~ ,  a policy of continual data 
collection over the United States would be required to provide 
a sufficient data archive to support routine wetland monitoring. 

Additional limitations to satellite-based wetland identifi- 
cations are predicated on the sensor's spatial resolution, which 
is directly correlated to resultant MMU capabilities. Consider- 
ation of these relationships must be evaluated commensurate 
with specific mapping requirements for the monitoring of juris- 
dictional wetlands to determine the potential application of a 
particular sensor system. For example, Landsat 5 TM data used 
in this study had a 30-meter pixel resolution and was able to 
support an MMU of approximately 0.8 hectares. However, with 
the successful deployment of the SPOT4 satellite equipped 
with the enhanced multispectral shortwave infra-red (sw] 
detector operating at a 20-meter pixel resolution, the capability 
currently exists to obtain MMUs of approximately 0.4 hectares. 
An additional consideration is the relationship between in- 
creased mapping resolution and cost. Typically, costs increase 
roughly proportionate to increases in mapping resolution 
(Falkner, 1994; Lyon et a]., 1995). 
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TABLE 10. MATRIX INDICATING AGREEMENT BETWEEN THE SINGLE- AND MULTIPLE-DATE LANDSAT TM CLASSIFICATION RESULTS 

Multiple Date Categorization Results 
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2.23 Wetland Forest 3 12 5185 69 63 8 8 
a % g Upland Forest 0 0 32390 27636 0 0 0 
9 w Upland Agriculture 0 0 09 0 110232 0 1310 
b Z  

U Urban 0 0 0 0 0 2032 0 
Wetland Agriculture 0 0 0 0 0 0 0 

TotaI percent agreement between single- and multi-date categorizations - 829'0 
Total percent disagreement between single- and multi-date categorizations - 18% 
Percent disagreement related to upland and wetland forests - 96% 
Percent disagreement related to upland and wetland agriculture - 4% 
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Notice to all ASPRS Members 
Within the past month ASPRS members received a premium notice from the New York Life Insurance Company re- 

garding term life insurance coverage that was provided to all ASPRS members free of charge over the past year. The 
premium notice looked like an invoice and asked for payment due by October 1st to continue the plan. Both the staff at 
ASPRS and Seabury & Smith, the company administering the plan, received calls from ASPRS members who were con- 
cerned that they had not explicitly asked for the insurance coverage and were confused about having to pay for some- 
thing they did not request. Seabury & Smith acknowledged that the solicitation was poorly designed, agreed to issue a 
letter of clarification and apology, and is in the process of redesigning future promotions. 

ASPRS members are not obligated to sign up for the term life insurance coverage offered. If you inadvertanly paid 
the invoice but do not want the coverage, you should contact Seabury & Smith's Customer Service Department at  1-800- 
424-9883 and they will refund your payment. ASPRS regrets any misunderstanding the solicitation may have caused. 

PLEASE NOTE: all ASPRS members in good standing, who were members during the year of complimentary insurance 
coverage, were covered for $15,000. If any member died during that time, their beneficiaries are entitled to collect the 
$15,000 and should call the number above. We know of several members who recently passed away whose beneficiaries 
are entitled to the coverage. 
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