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Introduction 
The University of Minnesota, Department of Forest Resources in cooperation with Region 3 of 
the U.S. Fish and Wildlife Service (USFWS) has created a spatial database to model the 
vegetation cover of the Rice Lake National Wildlife Refuge (NWR) in Aitkin County, Minnesota 
including the Sandstone Unit in adjacent Pine County, Minnesota.  

A vegetation classification was created to represent the particular plant communities found in the 
area of the refuge. Each classification was cross-referenced to a single formation level of the 
National Vegetation Classification System (NVCS). In addition to natural vegetation classes, 
human-influenced land cover like parking lots, buildings, agricultural fields and clear-cuts were 
also classified. Vegetation in the project area was classified through visual interpretation of 
1:15000 scale color-infrared aerial photographs taken in September 2004. Polygons representing 
homogenous areas of vegetation in the project area were delineated on a computer display using 
a method called ‘heads-up digitizing.’ Each polygon was then assigned a unique vegetation class. 
The resulting vegetation map serves as a baseline spatial product within a geographic 
information system. 

This document describes the methodology used to create the spatial products produced for this 
project as well as the methods used to assess its accuracy. 

Project Area 
The Rice Lake National Wildlife Refuge is comprised of several units in adjacent Minnesota 
counties (Figure 1). The main unit of the refuge, in Aitkin County, Minnesota, is made up of 
more than 18,000 acres centered on the 3,600 acres of Rice Lake itself. The main refuge unit was 
established in 1935 and each year attracts hundreds of thousands of migratory birds that pass 
through the area. The second unit included in the project is a smaller section of land near 
Sandstone, Minnesota in nearby Pine County, 40 miles to the southeast of the main unit. The 
Sandstone Unit was acquired in 1970 and includes a section of the scenic Kettle River.  

An additional ‘buffer zone’ outside the property boundary of the refuge was also included to 
provide information about land immediately adjacent to refuge lands. The size of the buffer zone 
varied for each unit with the larger main unit having an added buffer of 500 meters (0.5 
kilometers) around the refuge perimeter. The Sandstone unit had a 100-meter buffer added.  

Specifically excluded from this project is the area of Rice Lake itself since the lake area is being 
mapped in a separate project at a different scale and with a more detailed classification scheme 
that emphasizes aquatic and emergent vegetation. Also excluded are the tiny islands in Mille 
Lacs Lake that are administered by the refuge. 

To summarize, the Rice Lake refuge vegetation mapping project includes: 
• the 14,500 acres of the Rice Lake Refuge main unit, Aitkin County; 
• a 500-meter (0.5 kilometer) buffer area on the main unit for 5600 additional acres; 
• the 2,060 acres of the Sandstone Unit in Pine County; 
• a 100-meter buffer area on the Sandstone unit boundary for 325 additional acres. 

Total area classified and mapped in the project including buffer areas: 22,500 acres of which 
20,100 acres is within the boundaries of the refuge. 
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Figure 1. Geographic location of the project. 
 

Products 
The products created for this project were: 

• Vegetation cover database in ESRI ArcView shapefile and geodatabase formats; 
• Vegetation cover maps in 96 dpi TIF format; 
• Vegetation class descriptions cross-walked to the NVCS with photo examples; 
• Area summaries of the refuge area mapped to each classification 
• Dichotomous key to derive the map classes used in mapping (Appendix A); 
• Accuracy assessment field points in ESRI ArcView shapefile and geodatabase formats; 
• 300 digital (JPG) photos taken of refuge locations during accuracy assessment; 
• Metadata for each digital product; 
• A CD-ROM of all digital products.  
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Project Milestones 
The vegetation mapping project was started in the summer of 2004. Initial ground 
reconnaissance of vegetation within the refuge and adjacent areas occurred in August 2004. A 
vegetation classification scheme based on the reconnaissance was designed and documented 
during September and October 2004. Refuge staff reviewed and approved the classification in 
November 2004. The aerial photos used as the classification reference for the main unit were 
taken during a USFWS flight in September 2004. Photos for the Sandstone unit were purchased 
from the Minnesota Department of Natural Resources (MnDNR).  Image processing, 
orthorectification and mosaicing were completed at the University of Minnesota during 
November and December 2004. 

Spatial data product development occurred during December 2004 and January 2005.  

Accuracy assessment of the developed products was performed during May 2005. 

A brief chronology of events for this mapping project was: 
• June 2004 – Project initiated; 
• September 2004 – 1:15000 scale aerial photos taken; 
• November 2004 – Vegetation classification defined; 
• November 2004 – Image orthorectification and mosaicing; 
• December 2004 – Photo interpretation and mapping; 
• February 2005 – Preliminary vegetation cover layer reviewed; 
• May 2005 – Site visits for accuracy assessment; 
• July 2005 – Completion and delivery of products. 
 

Accuracy Standards for USFWS Projects 
Projects undertaken for the USFWS are subject to accuracy standards that are published in the 
NVCS Mapping Guidelines (found online at http://www.fws.gov/data/guidmap.html ). They 
specify:  

• Vegetation must be classified to the formation level of the NVCS; 
• Accuracy of 80% is required, both overall and per-mapped class; 
• A data set independent from that used for image interpretation must be gathered and 

used for accuracy assessment; 
• An ideal of 30 samples per class should be collected for assessment; 
• Analysis of omission and commission errors should be performed through creation of 

an error matrix and Kappa statistics should be generated; 
• Supporting evidence of field sites visited, i.e. photographs, should be collected; 
• Creation of a final report detailing the assessment methods, points visited and results. 
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Methods 

Spatial Reference 
The spatial reference used for the Rice Lake main unit was the 2003 FSA orthophoto for Aitkin 
County, Minnesota (Source: U.S. Department of Agriculture, Farm Services Agency (FSA), 
Aerial Photography Field Office). The classification reference for the main unit was a set of fifty 
1:15000 scale color infrared photos (CIR) aerial photos (Figure 2) captured September 25, 2004 
during a USFWS flight. The photos were scanned at 800 pixels per inch (ppi) by a commercial 
contractor, HAS Images, Inc. in Dayton, OH to a digital TIFF format with a resulting pixel size 
of ~0.5 meters. The photos were orthorectified using ERDAS Imagine 8.3 and the 2003 FSA 
orthophotos and a 30-meter resolution Digital Elevation Model (DEM)  

 
Figure 2. Assemblage of aerial photos used as the thematic reference for the main unit of the refuge. 

 
For the Sandstone unit, the spatial reference was the 2003 digital orthophoto of Pine County, 
Minnesota (also from the FSA Aerial Photography Field Office). The classification reference for 
the Sandstone unit was eight 1:15000 color-infrared photos of the area purchased from the 
MnDNR captured September 23, 1999 (Figure 3). These photos were scanned at 300 ppi at the 
University of Minnesota for a resulting pixel size of ~1.3 meters. The photos were orthorectified 
using ERDAS Imagine with the 2003 Pine County FSA orthophoto and a 30-meter resolution 
DEM as a ground reference. 
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Figure 3. Assemblage of aerial photos used as the thematic reference for the Sandstone Unit. 

Thematic Classification 
A classification scheme was created to represent the vegetation of the refuge. Natural vegetation 
doesn’t readily fit into neat classifications. Plants in natural environments coexist in mixtures of 
species that group together to form matrices of varied species across the landscape (Faber-
Langendoen, 2001). These continuums are dependent on soil type, moisture, ground elevation 
and topography. 

The classification scheme designed for this project describes both natural plant communities and 
human-influenced land cover/land use categories. The classification is fully compatible with 
NVCS at the formation level. The NVCS was developed, primarily, by The Nature Conservancy 
and the network of state-based Natural Heritage Programs over the past twenty years (Grossman 
et al. 1998) before adoption as a national standard in 1998.  
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The NVCS:  

• Is vegetation based;  
• Uses systematic approaches to classify a continuum;  
• Emphasizes natural and existing vegetation;  
• Identifies vegetation units based on both qualitative and quantitative data;  
• Is appropriate for mapping at multiple scales.  

 
The NVCS employs a hierarchical framework for describing vegetation communities using 
physiognomic features (height, spacing, shape) at the highest levels and floristic features 
(taxonomic relationships) at the lowest (FGDC, 1998). The basic NVCS hierarchical structure is 
shown in Table 1.  

Table 1. NVCS physiognomic-floristic levels 

 

Within the NVCS, the Formation level “represents vegetation types that share a definite 
physiognomy or structure within broadly defined environmental factors, relative landscape 
positions, or hydrologic regimes” (Grossman, 1998). The two most detailed levels of the NVCS, 
Alliance and Association, were not considered for this project. 

Spatial Data Development 
The spatial database created for this project was projected in Universal Transverse Mercator 
(UTM), Zone 15, North American Datum of 1983 (NAD83). All units are in meters. Mapping 
was done at a scale of 1:5000. The mapping scale affects the level of detail captured during on- 
screen digitizing of the polygons. 

Two separate geodatabase feature classes were created for this project: one for the spatial extent 
of each unit. Each feature class was developed in ESRI ArcMap (ArcView 8.3) using the same 
criteria and methodology. Polygons were drawn on-screen using ArcMap 8.3 to represent areas 
of homogenous vegetation as determined through visual interpretation of the color-infrared aerial 
photographs. Many factors influence the classification decision: the time of year the photo was 
taken, the length of shadows, colors, patterns, relative positions on the landscape and prior 
reconnaissance of the area. These georeferenced data layers were also used to aid classification: 

• Soil Types 
• National Wetland Inventory 
• Cooperative Stand Assessment data  

Level Primary Basis For Classification Example 
Class Growth form and structure of vegetation Woodland 
Subclass Growth form characteristics, e.g., leaf phenology Deciduous Woodland 
Group Leaf types, corresponding to climate Cold-deciduous Woodland 
Subgroup Relative human impact (natural/semi-natural or cultural) Natural/Semi-natural 
Formation Additional physiognomic and environmental factors, 

including hydrology 
Temporarily Flooded Cold-deciduous 
Woodland 

Alliance Dominant/diagnostic species of uppermost or dominant 
stratum 

Populus deltoides Temporarily Flooded 
Woodland Alliance 

Association Additional dominant/diagnostic species from any strata Populus deltoides – (Salix amygdaloides) / 
Salix exigua Woodland 
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Only one vegetation class was assigned to each polygon. Topological checks were performed to 
ensure that the polygons did not overlap and completely accounted for the entire area of each of 
the project extents.  

Attribute fields were created and assigned using ESRI ArcGIS 8.3 and a geodatabase feature 
class. The vegetation class determined through photo interpretation was assigned to an attribute 
field called CLASS_MAPPED. Based on field data from the accuracy assessment phase, any 
polygons having a different reference, or ground classification, were updated to show this correct 
value in the field CLASS. The value in CLASS therefore holds either the reference classification 
as found on the ground for polygons that were actually checked during accuracy assessment or it 
holds the original classification from the CLASS_MAPPED field. An example of the 
information collected in the attribute fields can be found in Figure 4.  

The standard minimum mapping unit (MMU) applied was 0.5 hectares, or roughly one acre. This 
MMU applied to all thematic classes. Any polygon smaller than the MMU (called an inclusion) 
was merged into the nearest neighboring polygon having the most similar class by removing the 
boundary between them.  

 
Figure 4. Example of attribute items assigned to polygons. 

Positional Accuracy Assessment 
A position error results if the photo reference for a feature at a well-defined point is not the same 
as its coordinate location in the field as determined by a GPS device (ESRI et al., 1994). The 
objective is to test the positional accuracy of points by comparing them to a source of higher 
accuracy using the statistical methodology specified by the National Standard for Spatial Data 
Accuracy (NSSDA) (FGDC, 1997). 

General Procedure 
Twelve ground control points were gathered on June 30, 2004 to test the horizontal accuracy of 
the 2003 FSA image for Aitkin County, Minnesota. Nine ground control points were gathered 
the same day around the Sandstone unit to separately test the horizontal accuracy of the 2003 
FSA image for Pine County, Minnesota. In each case, ground control points were taken at sites 
such as road intersections, driveways, refuge buildings, and highway crossings that were readily 



 
  

8 

))()((
1 22

1
tmtm

n

i
r yyxx

n
RMSE −+−= ∑

−

discernable on the image. A Trimble Geo XT GPS unit with real-time differential correction was 
used in the field to determine the coordinates of each ground control point. No elevation data for 
a vertical accuracy test was collected.  

Reporting Positional Accuracy 
Positional accuracy of the spatial reference used for the project was reported using the NSSDA 
statistic. This statistic computes the horizontal positional accuracy as the square error differences 
of test point discrepancies in the x- and y-coordinate directions at a 95% confidence level.  

The RMSE was computed as: 

   

wheren is the number of points tested, xm and ym are the ground coordinates for the test point as 
determined by a GPS unit with real-time differential correction, and xt and yt are the coordinates 
for the same point as determined from the reference image. The NSSDA statistic was then 
computed as:   NSSDA = rRMSE * 1.7308 

Thematic Accuracy Assessment 
A thematic error occurs when the class attributed to a location on the map is not the same as the 
class determined in the field at that point using the same physiognomic criteria (Congalton and 
Green, 1999). It is assumed that the classification criteria for mapping and accuracy assessment 
are the same so that errors are not due to procedural differences. Errors can result from 
misclassification of the vegetation cover, either on the map or on the ground, location errors 
from GPS misuse or simply sample points that ended up too close to polygon edges on the map. 
Judgment calls in the field about the size and inclusion of areas smaller than the minimum 
mapping unit either on the map or in the field can also be a source of error. Thematic accuracy is 
analyzed through creation of an error matrix adjusted for chance agreement with a Kappa index 
(Congalton and Green, 1999). Overall and per-class accuracy is computed and reported with a 
90% confidence interval. 

General Procedure 
The thematic accuracy of the project’s spatial products was assessed by ground-truthing a set of 
random points in each of the project’s two spatial extents.  

A stratified random sampling design was used. The number of sample sites per class varied 
depending on the number of polygons mapped for the class in the total project area according to 
the guidelines in Table 2. Classes with fewer than 5 polygons were observed in their entirety. 

Table 2. Guidelines for number of points to sample per map class (ESRI et al., 1994). 

Number of total polygons for class Number of points to sample 

30 or more 30 

20 to 29 20 

10 to 19 10 

1 to 9 all 

 



 
  

9 

Since much of the main unit of the refuge is difficult to access due to swamps and lowland 
forest, a sampling scheme that favored areas near paved or forest fire roads and trails was used 
for both logistical and budgetary reasons. For the main unit of the refuge, points were sampled 
within a hiking distance of 250 meters from roads or paths readily accessible by motor vehicle 
(Figure 5). The entire area of the much smaller Sandstone unit was available for accuracy 
assessment work (Figure 6). For map classes where the number of points exceeded the 
guidelines, points were deleted giving preference to those points in accessible areas. 

 

 
Figure 5. Accuracy assessment point locations within Rice Lake Refuge Main Unit. 
 

Based on the sampling design and the guidelines for points to sample per map class, ground-truth 
information for a total of 352 points was collected – 285 points in the main unit and 67 in the 
Sandstone unit.  

A GPS with real-time differential correction was used to navigate to each ground-truth point. 
Once there, the structure of the vegetation was classified using the same classification key 
(Appendix A) employed in the mapping phase of the project while observing an area 
approximately the size of the minimum mapping unit (0.5 hectares or a little more than 1 acre). If 
possible, a digital photograph of the point was taken and general comments about the area were 
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noted. If the point could not be reached or viewed, the point was replaced with another within the 
same mapped polygon. The ground-truth classifications were then thematically compared to the 
map classification at that point and the results reported using an error matrix. 

 
Figure 6. Accuracy assessment point locations within Sandstone Unit. 

 

Reporting Thematic Accuracy 
The results of thematic accuracy assessment are reported using the same general methodology as 
documented in the NBS/NPS Vegetation Mapping Program Accuracy Assessment Procedures 
(ESRI, et al. 1994). 

Overall accuracy of the map was computed as the ratio of the ground-truth points correctly 
classified to the total of all points tested. This ratio was tested to see if it met or exceeded the 
80% accuracy standard within a 90% confidence interval using a hypothesis test. The null 
hypothesis – that the calculated accuracy is less than the claimed accuracy – was tested using a 
Student's-t statistic:  
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where n is the number of accuracy assessment points, p is the required accuracy of 80%, and p̂ is 
the estimated accuracy. The calculated one-sided t value must exceed the 90%-level value with 
n-1 degrees of freedom to reject the hypothesis and accept the alternative – that the estimated 
accuracy met or exceeded the standard. 

 

The 90% confidence interval for the overall accuracy was computed using: 

 

 

where αz is a constant of 1.645 for a two-sided limit at the 90% confidence interval and the 
other symbols are as described above.  

Overall accuracy was adjusted to eliminate the possibility of chance agreement by using a 
Kappa coefficient computed as:  

 

where Pcorrect is the proportion of correctly classified entries in the error matrix and Pchance is the 
proportion of points that could be expected to be classified correctly by chance.   

Pchance is computed as:   

 

where Prow(i) is the proportion of total entries that are in the row of the matrix for that map class, 
Pcolumn (i) is the proportion of all entries that are in the column of the matrix for that map class, 
and m is the total number of map classes. 

Per-class accuracy was calculated by creating an error matrix. An error matrix computes the 
errors of omission (producer’s accuracy) and errors of commission (user’s accuracy) by 
comparing the map classification for a particular point with the ground-truth data. Omission 
errors are ground points that belonged to the class in question but are omitted from that class on 
the map. The producer’s accuracy for the map class was computed as 100% minus the rate of 
omission error. Commission errors are map classifications that are found to be another class 
when ground-checked. The user’s accuracy for the class was computed as 100% minus the rate 
of commission error. 

For individual map classes, the accuracy requirement was considered met using a hypothesis test 
as well, though a less stringent one. The null hypothesis – that the calculated accuracy is the 
same as the threshold accuracy of 80% – was determined using a Student's-t statistic. Exceeding 
the threshold value rejects the null hypothesis and accepts the alternative – that the calculated 
accuracy and the required accuracy were different and the required accuracy was not met. 
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Vegetation Classifications 
This classification was taken primarily from Minnesota’s Native Vegetation: A Key to Natural 
Communities (MNHP, 1993). Additional land use/cover categories came from the Minnesota 
Land Cover Classification System (Richardson & Perry, 2003). 

The crosswalk from refuge vegetation class to the NVCS formation level used the naming 
conventions defined in Plant Communities of the Midwest: Classification in an ecological 
context (Don Faber-Langendoen et al., 2001). 

The Cooperative Stand Assessment (CSA) cover types were derived from 1998-1999 digital 
forest inventory data set for the Rice Lake refuge as obtained from the Minnesota DNR Division 
of Forestry Web site (ForestView, MnDNR, 2001). 

Where percentages for dominance, canopy or cover differed between Minnesota’s classification 
and the FGDC standard, the FGDC values were used. 

Upland Classes 
Upland areas are not flooded or saturated by groundwater for more than a few days during a 
normal year; soils are mostly mineral. There is no standing water or peat. 

ASF Aspen-Birch Forest 
NVCS level Code Description 

Class I. Forest 

Sub-class I.B. Deciduous Forest 

Group I.B.2. Cold-deciduous Forest 

Formation I.B.2.N.b Montane or boreal cold-deciduous forest 

MN Natural Community Class: Deciduous Forest 
Aspen-birch forests are an upland deciduous forest with more than 70% of the canopy cover 
comprised of quaking aspen (Populus tremuloides) and a mixture of bigtooth aspen (Populus 
grandidentata) and/or paper birch (Betula papyrifera). The shrub layer tends to be dense with 
hazelnut, mountain maple (Acer spicatum) and tree saplings of sugar maple and ash.  

Possible CSA cover type values that could be included in this class are: 

• (12) Aspen 
• (13) Birch 

DWL Deciduous Woodland 
II. Woodland 

II.B. Deciduous woodland 

II.B.2. Cold-deciduous woodland 

II.B.2.N.a Cold-deciduous woodland 

MN Natural Community Class: Deciduous Woodland 
Deciduous woodlands have patchy, broken canopy with 25% to 60% coverage. The underlayer is 
generally composed of shrubs and brush with sparse cover of grasses.  Natural communities of 
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this type are rare. Presently, most communities of this type are as the result of disturbance from 
cattle grazing or logging.  

Possible CSA cover type values that could be included in this class are: 

• (20) Northern Hardwoods 
• (12) Aspen 
• (13) Birch 

NHF Northern Hardwood Forest 
I. Forest 

I.B. Deciduous Forest 

I.B.2. Cold-deciduous Forest 

I.B.2.N.a Lowland or submontane cold-deciduous forest 

MN Natural Community Class: Deciduous Forest 
Northern hardwood forests are comprised of mesic hardwoods such as sugar maple, basswood, 
and yellow birch. Northern red oak is present on the drier sites and black ash or elm on the wetter 
areas. It includes a significant (up to 20%) evergreen component of white pine, white spruce and 
balsam fir. Ephemeral herbaceous species are generally absent. 

Possible CSA cover type values that could be included in this class are: 

• (20) Northern Hardwoods 

Lowland Classes 
Areas usually flooded or saturated by groundwater. Soils are saturated mineral or peat. 

BOG Open Bog 
IV. Dwarf-shrubland 

IV.A. Evergreen dwarf-shrubland 

IV.A.1. Needle-leaved evergreen dwarf-shrubland (with or without scattered tree canopy) 

IV.A.1.N.g Saturated needle-leaved evergreen dwarf-shrubland 

MN Natural Community Class: Bog 
Open bog is comprised of a ground layer of more than 25% ericaceous shrub/scrub (leatherleaf, 
swamp laurel, bog-rosemary) and sedges on a raised peatland with a continuous layer of 
sphagnum moss. Tree cover is scattered (no more than 25% cover) with stunted tamaracks and/or 
black spruce. Ground layer with sedges and few herbs.  

Possible CSA cover type values that could be included in this class are: 

•  (85) Lowland brush 

BSB Black Spruce Bog 
I. Forest 

I.A. Evergreen forest 

I.A.8. Temperate or subpolar needle-leaved evergreen forest. 



 
  

14 

I.A.8.N.g Saturated temperate or subpolar needle-leaved evergreen forest 

MN Natural Community Class: Bog 
Black spruce bogs have more than 25% total tree coverage of stunted black spruce with scattered 
tamaracks growing on a raised peatland with a continuous layer of sphagnum moss. Shrub layer 
comprised of more than 25% ericaceous shrub/scrub.  Ground cover mostly a discontinuous layer 
of sedges with few herbs. Black spruce bogs tend to favor higher ground than open bogs. 

Possible CSA cover type values that could be included in this class are: 

• (71) Black spruce, lowland 

CNS Conifer Swamp 
I. Forest 

I.A. Evergreen forest 

I.A.8. Temperate or subpolar needle-leaved evergreen forest 

I.A.8.N.g Saturated temperate or subpolar needle-leaved evergreen forest 

MN Natural Community Class: Conifer Swamp Forest 
Conifer swamps are forested wetlands having more than 25% total tree cover and dominated by 
black spruce (Picea mariana) and/or northern white cedar (Thuja occidentalis). The soil is 
typically saturated or temporarily flooded through much of the year. 

Possible CSA cover type values that could be included in this class are: 

• (71) Black Spruce (lowland) 
• (73) White Cedar 

CTM Cattail Marsh 
V. Herbaceous 

V.A. Perennial graminoid vegetation (grasslands) 

V.A.5. Temperate or subpolar grassland 

V.A.5.N.I Semipermanently flooded temperate or subpolar grassland 

MN Natural Community Class: Emergent Marsh 
Cattail marsh is a subset of the emergent marsh class that is more than 50% cattails (Typha spp.).  

Possible CSA cover type values that could be included in this class are: 

• (98) Marsh 

EMM Emergent Marsh 
V. Herbaceous 

V.A. Perennial graminoid vegetation (grasslands) 

V.A.5. Temperate or subpolar grassland 

V.A.5.N.I Semipermanently flooded temperate or subpolar grassland 

MN Natural Community Class: Emergent Marsh 

Emergent marshes are shallow-basin wetlands with standing water present most of the year. 
Marsh vegetation is composed of tall (> 1 meter), erect, wide-leaved graminoids such as cattails 
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(Typha spp.), reed grass (Phragmites australis), wild rice (Zizania palustris), bulrush (Scirpus 
spp.) and rushes (Juncus spp.). Additional species include arrowhead (Sagittaria spp.), pickerel-
weed (Pontederia cordata), bur-reed (Sparganium spp.), and willow-herb (Epilobium spp.). 
Submerged or floating aquatic vegetation are often present. 

Possible CSA cover type values that could be included in this class are: 

• (98) Marsh 

FEN Fen 
V. Herbaceous 

V.A. Perennial graminoid vegetation (grasslands) 

V.A.5. Temperate or subpolar grassland 

V.A.5.N.m Saturated temperate or subpolar grassland 

MN Natural Community Class: Wet Meadow / Fen 
Fens are generally open plant communities dominated by narrow-leaved (<3mm) graminoids 
such as wiregrass sedge (Carex lasiocarpa) or few-seeded sedge (Carex oligosperma) in areas of 
moving groundwater. Total tree cover less than 25% and the shrub layer no more than 50% total 
coverage of bog birch and willow. Sphagnum moss generally present to some degree though not 
a continuous layer. 

Possible CSA cover type values that could be included in this class are: 

• (83) Lowland grass 

LHF Lowland Hardwood Forest 
I. Forest 

I.B. Deciduous forest 

I.B.2. Cold-deciduous forest 

I.B.2.N.d Temporarily flooded cold-deciduous forest (e.g., alluvial bottomland hardwoods) 

MN Natural Community Class: Lowland Hardwood Forest, Floodplain Forest 
Lowland hardwood forest occurs on sites with seasonally high water tables that are subject to 
occasional flooding. The canopy is dominated by a mix of trees tolerant of saturated soil: silver 
maple, cottonwoods, black willows, elms, green ashes, hackberries, basswoods and bur oaks. 
The understory is open with few seedlings and saplings. The herbaceous layer displays low 
diversity of mostly upland plants. 

Possible CSA cover type values that could be included in this class are: 

• (09) Lowland Hardwoods 

MHS Mixed Hardwood Swamp 
I. Forest 

I.B. Deciduous forest 

I.B.2. Cold-deciduous forest 

I.B.2.N.g Saturated cold-deciduous forest 

MN Natural Community Class: Hardwood Swamp Forest 
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Mixed hardwood swamp is a forested wetland community occurring on muck or shallow peat on 
lake plains or floodplains. The soil is typically saturated or temporarily flooded through much of 
the year.  Total tree cover is 25% or more. The canopy is mostly deciduous trees such as paper 
birch, yellow birch, elm, black ash, red maple, quaking aspen and green ash. Tamaracks or white 
pines may also be present. Canopy ranges from sparse to dense as does the shrub layer. 

Possible CSA cover type values that could be included in this class are: 

• (09) Lowland Hardwoods 
• (01) Ash 

OPW Open Water 
No NVCS formation is applicable. 

These are areas of open water with little (less than 5%) visible surface or submerged vegetation. 

Possible CSA cover type values that could be included in this class are: 

• (96) Permanent Water 

SHS Shrub Swamp 
III. Shrubland 

III.B. Deciduous shrubland 

III.B.2. Cold-deciduous shrubland 

III.B.2.N.e Seasonally flooded cold-deciduous shrubland 

MN Natural Community Class: Shrub Swamp 
Shrub swamps are comprised of more than 25% tall ( > 1 m) shrub cover with less than 25% 
total tree coverage generally growing on muck or shallow peat substrate.  The canopy ranges 
from interrupted, with many small gaps, to completely closed. Grasses and sedges form a 
discontinuous coverage in the openings. Shrub species include willows (Salix spp.), alders (Alnus 
spp.) and dogwood. 

Possible CSA cover type values that could be included in this class are: 

• (85) Lowland brush 

TMS Tamarack Swamp 
I. Forest 

I.B. Deciduous forest 

I.B.2. Cold-deciduous forest 

I.B.2.N.g Saturated cold-deciduous forest 

MN Natural Community Class: Conifer Swamp Forest 
Tamarack swamps are a subclass of Mixed Hardwood Swamp having more than 25% total tree 
cover composed mostly of tamaracks, a deciduous conifer. A mixture of hardwoods and/or white 
pine are also present. The shrub layer is variable. Total tree cover is more than 25%.  

Possible CSA cover type values that could be included in this class are: 

• (72) Tamarack 
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WMW Wet Meadow  
V. Herbaceous 

V.A. Perennial graminoid vegetation (grasslands) 

V.A.5. Temperate or subpolar grassland 

V.A.5.N.k Seasonally flooded temperate or subpolar grassland 

MN Natural Community Class: Wet Meadow / Fen 
Wet meadows are generally open areas composed of a groundlayer dominated by wide-leaved 
(>3mm) grasses and sedges with less than 25% tree cover and sparse to variable woody shrub 
cover, mostly willows. Herbaceous species include bluejoint (Calamagrostis canadensis), reed 
canary grass (Phalaris arundinaceae), lake-bank sedge (Carex lacustris) and tussock sedge 
(Carex stricta) with a rich and diverse mix of forbs. The water table is generally below the 
surface most of the year. 

Possible CSA cover type values that could be included in this class are: 

• (83) Lowland grass 

WRM Wild Rice Marsh 
V. Herbaceous 

V.A. Perennial graminoid vegetation (grasslands) 

V.A.5. Temperate or subpolar grassland 

V.A.5.N.I Semipermanently flooded temperate or subpolar grassl and 

MN Natural Community Class: Emergent Marsh 
Wild rice marsh is a subset of the emergent marsh class that is more than 50% Zizania spp.  

Possible CSA cover type values that could be included in this class are: 

• (98) Marsh 
 

Cultural/Other Classes 
Generally upland area altered by human activity. 

AGR Agricultural Field 
V. Herbaceous 

V.D. Annual graminoid or forb vegetation 

V.D.2. Temperate or subpolar annual grasslands or forb vegetation 

V.D.2.C.a. 
V.D.2.C.b. 

Cultural tall temperate or subpolar annual grassland (annual graminoids) 
Cultural tall temperate or subpolar annual forb vegetation (annual forbs) 

MN Natural Community Class: None 
Agricultural fields are areas under active cultivation planted with crops for human use. These 
areas are typically planted with corn, soybean/winter wheat, clover, and sunflower in rotation. 
This class includes areas used as pastures for grazing. Tree and shrub cover are both less than 
10%. The ground layer is a mix of non-native grasses and forbs. No specific natural community 
definition exists for this cultural class. 
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No CSA cover types are included in this class. 

BRU Brushland 
III. Shrubland 

III.B. Deciduous shrubland 

III.B.2. Cold-deciduous shrubland 

III.B.2.N.a Temperate cold-deciduous shrubland 

MN Natural Community Class: None 
Brushlands are mesic areas consisting of mostly medium to tall shrubs and small trees with a 
broken to continuous underlaying mix of native and nonnative grasses. Mature trees are sparse. 
This is a middle successional community normally found after forest cuttings or land clearing. 
No specific natural community definition exists for this cultural class.  

Possible CSA cover type values that could be included in this class are: 
• (85) Lowland brush 
• (86) Upland brush 

DEV Developed Land 
No NVCS formation is applicable. 

These are areas of human-alteration with exposed earth, pavement or buildings and with less 
than 25% vegetation. Examples would include parking lots, farm yards, feed lots, quarries, and 
medium-to-high density residential housing. 

OLD Oldfield 
V. Herbaceous 

V.A. Perennial graminoid vegetation (grasslands) 

V.A.5. Temperate or subpolar grassland 

V.A.5.N.c Medium-tall sod temperate grassland 

MN Natural Community Class: None 
Oldfield areas are open areas where agricultural practices have been abandoned. Oldfields are 
dominated by a mix of native and non-native grasses and forbs in an early successional stage 
with less than 10% tree cover and no more than 25% shrub cover. No specific natural community 
definition exists for this cultural class. 

Possible CSA cover type values that could be included in this class are: 
• (83) Lowland grass 
• (84) Upland grass 
• (85) Lowland brush 
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Results 

Positional Accuracy Assessment 
Positional accuracy of the spatial reference used for the project is reported using the NSSDA 
statistic. See Appendix B for detailed results of the point data collected and the computation of 
the NSSDA. The 2003 FSA orthophoto for Aitkin County, Minnesota tested 2.7 meters  
horizontal accuracy at a 95% confidence level. The 2003 FSA orthophoto for Pine County, 
Minnesota tested 2.3 meters  horizontal accuracy at a 95% confidence level. No vertical accuracy 
checks were performed.  

Thematic Accuracy Assessment 
Results of the refuge thematic accuracy assessment are reported in an error matrix (Appendix 
C). These results reflect the combined assessment results of both units. A total of 352 points 
were assessed. In summary: 

• Overall classification accuracy: 82.7%  
• 90% Confidence Interval: 79.1% to 86.2%  
• Overall Kappa statistic: 0.814 

Per-class producer and user accuracy is reported in Table 3. Where the two-tailed Student’s-t 
statistic exceeds the critical value, the accuracy for that particular class fails to meet the 80% 
standard. 

Table 3. Per-class Producer and User accuracies. 

Classification 
Producer 
Accuracy t-stat Critical 

User 
Accuracy t-stat Critical 

Agricultural Field 100%     70% 0.79 1.83 

Aspen-birch forest 36% 3.62 1.81 100%    

Open bog 67% 0.58 2.92 67% 0.58 2.92 

Brushland 55% 2.11 1.81 60% 1.58 1.83 

Black spruce bog 77% 0.28 1.78 100%     

Conifer swamp 75% 0.25 2.35 43% 2.46 1.94 

Cattail marsh 100%     100%     

Developed 100%     100%     

Deciduous woodland 95%     71% 1.13 1.70 

Emergent marsh 86%     89%     

Fen 90%     90%     

Lowland hardwood forest 96%     83%     

Mixed hardwood swamp 88%     97%     

Northern hardwood forest 96%     90%     
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Oldfield 64% 2.08 1.70 60% 2.74 1.70 

Open Water 100%     100%     

Shrub swamp 67% 2.14 1.68 100%     

Tamarack swamp 100%     60% 1.58 1.83 

Wet meadow 81%     71% 1.26 1.70 

Wild rice marsh 100%     86%     

 

Area Summaries by Vegetation Class 
The areas in each vegetation class were totaled for each of the units. Table 4 reports the totals for 
the main unit of the refuge while Table 5 reports the Sandstone Unit. The classes are further 
grouped into three categories: upland, lowland and other. 
Table 4. Area summary of the vegetation classes found within the Rice Lake Refuge main unit. 

Class Code Polygons Acres 
% 

Total 
NVCS 
Formation NVCS Formation Description 

UPLAND             
Aspen-birch forest ASF 8 212 1% I.B.2.N.b Montane or boreal cold-deciduous forest (e.g., 

broadleaf forests of the mountains) 
Deciduous woodland DWL 14 107 1% II.B.2.N.a Cold-deciduous woodland 
Northern hardwood 
forest 

NHF 46 3903 27% I.B.2.N.a Lowland or submontane cold-deciduous forest 
(e.g.,broadleaf forests of the Midwest) 

UPLAND Total   68 4222 29%     
LOWLAND                
Black spruce bog BSB 17 560 4% I.A.8.N.g Saturated temperate or subpolar needle-

leaved evergreen forest (cedar) 

Cattail marsh CTM 2 36 0% V.A.5.N.l. Semipermanently flooded temperate or 
subpolar grassland 

Conifer swamp CNS 9 196 1% I.A.8.N.g Saturated temperate or subpolar needle-
leaved evergreen forest (cedar) 

Emergent marsh EMM 36 616 4% V.A.5.N.l Semipermanently flooded temperate or 
subpolar grassland 

Fen FEN 23 2883 20% V.A.5.N.m Saturated temperate or subpolar grassland 
Lowland hardwood 
forest 

LHF 34 1008 7% I.B.2.N.d Temporarily flooded cold-deciduous forest 
(e.g., alluvial bottomland hardwoods) 

Mixed hardwood swamp MHS 118 1247 9% I.B.2.N.g Saturated cold-deciduous forest 

Open bog BOG 3 642 4% IV.A.1.N.g Saturated needle-leaved evergreen dwarf-
shrubland (may include sparse dwarf-
shrubland, e.g., dwarf-shrub bogs) 

Open Water OPW 11 181 1% N/A  
Shrub swamp SHS 64 1207 8% III.B.2.N.e. Seasonally flooded cold-deciduous shrubland 

(e.g.,blueberry-azalea thickets) 

Tamarack swamp TMS 17 247 2% I.B.2.N.g Saturated cold-deciduous forest 
Wet meadow WMW 32 270 2% V.A.5.N.k Seasonally flooded temperate or subpolar 

grassland 
Wild Rice marsh WRM 12 87 1% V.A.5.N.l. Semipermanently flooded temperate or 

subpolar grassland 
LOWLAND Total   378 9182 63%     
CULTURAL/OTHER             
Agricultural Field AGR 19 126 1% V.D.2.C.a 

 
V.D.2.C.b 

Tall temperate or subpolar annual grassland 
(dominated by annual graminoids) 
Tall temperate or subpolar annual forb 
vegetation (dominated by annual forbs) 
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Brushland BRU 25 268 2% III.B.2.N.a. Temperate cold-deciduous shrubland 
Developed DEV 8 22 0% N/A  
Oldfield OLD 24 678 5% V.A.5.N.c Medium-tall sod temperate or subpolar 

grassland (includes sod or mixed sod-bunch 
graminoids) 

CULTURAL/OTHER 
Total 

  76 1093 8%     

Rice Lake Main Unit 
Totals 

  522 14497 100%     

 
 
Table 5. Area summary of the vegetation classes found within the Sandstone Unit of Rice Lake Refuge. 

Class Code Polygons Acres
% 

Total
NVCS 
Formation NVCS Formation Description 

UPLAND           

Deciduous woodland DWL 19 67 3% II.B.2.N.a Cold-deciduous woodland 
Northern hardwood forest NHF 8 1248 60% I.B.2.N.a Lowland or submontane cold-deciduous forest 

(e.g.,broadleaf forests of the Midwest) 

UPLAND Total  27 1315 64%     

LOWLAND            

Lowland hardwood forest LHF 3 123 6% I.B.2.N.d Temporarily flooded cold-deciduous forest (e.g., 
alluvial bottomland hardwoods) 

Mixed hardwood swamp MHS 5 101 5% I.B.2.N.g Saturated cold-deciduous forest 

Open Water OPW 1 38 2% N/A  
Shrub swamp SHS 8 67 3% III.B.2.N.e Seasonally flooded cold-deciduous shrubland 

(e.g.,blueberry-azalea thickets) 

Wet meadow WMW 1 13 1% V.A.5.N.k Seasonally flooded temperate or subpolar 
grassland 

LOWLAND Total  18 342 17%     

CULTURAL/OTHER         

Oldfield OLD 17 406 20% V.A.5.N.c Medium-tall sod temperate or subpolar 
grassland (includes sod or mixed sod-bunch 
graminoids) 

CULTURAL/OTHER Total  17 406 20%     

Sandstone Unit Totals  62 2063 100%     

 

Discussion 
The vegetation map for the Rice Lake main unit (Figure 7) is comprised of 522 total polygons 
covering almost 15, 000 acres within the boundaries of the refuge. An additional area of 0.5 
kilometers surrounding the main unit was also included in the vegetation cover mapping. This 
area comprises an additional 5, 647 acres for an overall total of over 23, 780 acres of the main 
unit mapped. 

For the main unit, upland areas comprise 29% of the refuge and are dominated by northern 
hardwood forest, while lowland areas, dominated by fen, bog and mixed hardwood swamp, 
comprise 63%. An additional 8% of land is classified as Cultural/Other and is mostly oldfield, 
former pasture and field no longer subject to management other than burning.  
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The vegetation map for the Sandstone Unit (Figure 8) is made up of 62 polygons covering 2063 
acres within the refuge boundary. An additional buffer area of 323 acres was also classified for 
an overall total of 2386 acres. 

The Sandstone unit is dominated by Northern Hardwood Forest, making up 60% of the total 
coverage. Oldfield at the north end of the unit makes up an additional 20% of the total. A 
lowland mix of swamp, forest and wet meadow make up the remainder. 

The overall classification accuracy failed to meet the standard for the project by a very small 
statistic margin (Student’s t test value of 1.253 for the 82.67% overall accuracy did not exceed 
the critical value of 1.264) but we didn’t think this warranted further attention. The producer’s 
accuracy for several classes also failed to meet the desired level of accuracy when ground-
truthed. The producer’s accuracy shows error of omission. In the main unit, for example, aspen-
birch forest had 4 points mapped to that class but 11 points were actually found during ground-
truthing. The other 7 points were mapped as either lowland hardwood forest or northern 
hardwood forest, both of which incorporate aspen-birch as a subdominant in the canopy. The 
photos used as the thematic reference were taken at a time of the season, early autumn, that 
particularly highlights the difference between young aspen-birch and other deciduous trees since 
aspen-birch usually loses chlorophyll from their leaves earlier in the season than do other trees. 
This shows up in photographs as more of yellow-white color rather than the dark red of oak and 
the dark orange of maple. But this color change in aspen-birch is not consistent over the 
landscape and often depends on topology, ground moisture, and temperature. Further, young 
stands of aspen-birch have a distinct textural quality that dissipates as the stand ages and larger 
gaps form between the trees. 

Two other classes that failed to meet standards due to errors of omission were ‘oldfield’ and 
‘brushland.’ Both classes are defined as human-modified land cover no longer under active 
management other than burning. These classes include most of the former agricultural and 
pasture land in the refuge. Brushland differs from oldfield in having a more profoundly 
recognizable shrub layer. Over time, in the absence of fire, it is expected that much of the area 
classified as oldfield will convert to brushland. Most of the errors of omission occurred within 
the Sandstone unit where 1999 photos were used to judge the ground cover. But the site visit 
found several areas where brushland was classified as oldfield. Further, in the main unit, there 
were several instances of land cover being classified as agricultural when ground-truthing more 
accurately described it as oldfield. An actively planted area is sometimes hard to differentiate 
from a fallow one.  

The errors of omission in the class ‘shrub swamp’ were due to photo interpretation errors. Here, 
areas of shrub swamp were categorized as upland deciduous woodland or oldfield rather than 
more lowland shrub swamp. In the Sandstone unit, these errors often occurred in low-lying areas 
of the forest. These errors also caused the user’s accuracy for oldfield to fall below standard. 

Conifer swamp, which comprises less than 1% of the refuge land cover, was also misclassified in 
several instances. In these cases, areas that were actually mixed hardwood swamp were classified 
as being dominated by conifers.  

When the accuracies of the individual class categories were weighted based on the percentage of 
total area in the class, it resulted in the producer’s overall accuracy increasing to 85.8% while the 
user’s accuracy increased to 86.6%. 
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For the main unit, accuracy assessment points were constrained to fall within walking distance of 
roads or trails. This was necessary for time and budget considerations. There is nothing about the 
configuration of vegetation on the main unit that would suggest this led to misleading accuracy 
assessment statistics. 
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Figure 7. Vegetation cover map for the Rice Lake Main unit. 
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Figure 8. Vegetation cover map for Sandstone Unit of the Rice Lake NWR. 
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Appendix A  Key to Vegetation Classes 
This is a key to the plant community types of the Rice Lake NWR and includes several contrived categories to account 
for some land cover that is not strictly natural. Unless otherwise defined, the terms ‘dominant’ or ‘mostly’ mean more 
than 50%. When the term ‘total’ is used, as in ‘total cover’, this means the absolute cover. All other cover percentages 
should be considered relative e.g. if the total cover is more than 40% evergreen, then more than 25% cover of pines 
refers to 25% of the 40%. 

1a. Absence of standing water and peat soil.  2 

2a. Mature trees present  ( > 25% total cover) 3 

3a. Trees form closed stands ( > 60% total cover) FOREST à 4 

4a. Tree cover < 25% evergreens DECIDUOUS FOREST à 5 

5a. Tree cover < 70% aspens  Northern Hardwood Forest 

5b. Tree cover > 70% aspens  Aspen-Birch Forest 

4b. Tree cover > 25% evergreens 6  

6a. Tree cover > 75% evergreens  EVERGREEN FOREST à 7 

7a. Evergreens mostly pine  Pine Forest 

7b. Evergreens mostly spruce-fir Spruce-fir Forest 

6b. Tree cover 25% – 75% evergreen Mixed Evergreen-Hardwood Forest 

3b. Tree canopy broken to scattered (25% – 60%) WOODLAND à 8 

8a. Mostly deciduous trees Deciduous woodland 

8b. Mostly evergreens Not classed – Evergreen woodland 

2b. Mature trees sparse ( < 25% total cover) FIELD à 9 

9a. Natural land cover Not classed – Mesic grassland 

9b. Altered land cover (evidence of human alteration)  10 

10a. Total vegetation < 25%  Developed 

10b. More than 25% vegetation 22 

22a. Mostly shrubs, i.e. regenerating clearcuts Brushland  

22b. Mostly grass or crops 23 

23a. Land under continual cultivation for row crops  Agricultural Field 

23b. Fallow/abandoned fields Oldfield 

 

1b. Presence of open or standing water, saturated mineral soil or peat. 11 

11a. Vegetation absent  Open Water 

11b. Vegetation apparent ( > 5%) 12 
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12a. Vegetation consists solely of floating or submerged species  Lake Bed 

12b. Persistent plant communities of saturated soil and peat 13 

13a. Raised peatland of continuous sphagnum moss layer BOG à 14  

14a. Total tree cover > 25% dominated by black spruce Black Spruce Bog 

14b. Total tree cover < 25% Open Bog 

13b. Level or sloping wetland on peat or saturated soil 15 

15a. Total tree cover > 25%  FORESTED WETLAND à 16 

16a. Saturated soil with occasional flooding Lowland Hardwood Forest 

16b. Rarely drying, at or below water table, peat  SWAMP FOREST à 17 

17a. Trees mostly evergreen Conifer Swamp  

17b. Trees mostly deciduous  18 

18a. Trees mostly tamaracks Tamarack Swamp  

18b. Trees otherwise Mixed Hardwood Swamp  

15b. Total tree cover < 25% OPEN WETLAND 

19a. Mostly tall (>1m) shrubs Shrub Swamp 

19b. Mostly graminoids 20 

20a. Tall, wider- leaved graminoids Emergent Marsh  

20b. Shorter graminoids, variable shrub layer 21 

21a. Wide- leaved grasses, sedges, rushes Wet Meadow  

21b. Narrow-leaved (<3mm) sedges with sphagnum Fen
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Appendix B  Positional Accuracy Reports 

2003 Aitkin County FSA Orthophoto Positional Accuracy 
Point GPS X Image X Diff X (Diff X)2 GPS Y Image Y Diff Y (Diff Y)2 (Diff X)2 + (Diff Y)2

01 470559.716 470560.04 -0.33 0.107727056 5152438.73 5152439.57 -0.84 0.71276 0.820485118

02 469248.755 469248.41 0.34 0.11771418 5153421.04 5153420.08 0.97 0.93377 1.051488502

03 472139.619 472140.99 -1.37 1.86718287 5156573.99 5156573.70 0.29 0.08691 1.9540958

04 476194.120 476195.17 -1.05 1.094400528 5153914.17 5153910.81 3.36 11.2806 12.37499759

05 478186.448 478186.04 0.41 0.169556181 5153880.61 5153879.70 0.90 0.81601 0.985561251

06 479869.656 479871.15 -1.50 2.238880771 5150216.89 5150215.45 1.44 2.06744 4.306322151

07 479078.183 479077.21 0.97 0.947754822 5147068.14 5147068.34 -0.19 0.03652 0.984277854

08 473342.503 473341.51 1.00 0.990178236 5149797.11 5149796.78 0.33 0.10949 1.099666435

09 463986.040 463985.29 0.75 0.569957052 5147092.71 5147090.65 2.05 4.21276 4.782713261

10 467430.501 467430.58 -0.08 0.006526216 5155450.29 5155449.98 0.32 0.10102 0.107548476

11 469176.363 469176.76 -0.39 0.1550115 5160888.81 5160888.85 -0.04 0.00185 0.156863942

12 477966.160 477965.44 0.72 0.515470869 5159960.21 5159959.38 0.83 0.683 1.198473943

8.780360281 21.0421 29.82249432 Sum

0.732 1.7535 2.4852 Avg

0.8554 1.3242 1.5765 RMSE (m)

2.7285 NSSDA (m)

3.3831 CMAS

NSSDA computed at the 95% confidence level assuming 
RMSE(X) = RMSE(Y) using 1.7308 * RMSE.
FGDC-STD-007.3-1998
Units in meters.

GPS points collected in and around Rice Lake Refuge
GPS: Trimble GeoXT with WAAS averaging 250 
horizontal positions
Date: June 30, 2004
Projection: UTM Zone 15 NAD 83

Image: 2003 Orthorectified Natural Color FSA photos for 
Aitken County, MN
Reference points: Located at a scale of 1:1000 in the photo
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2003 Pine County FSA Orthophoto Positional Accuracy 

Point GPS X Image X Diff X (Diff X)2 GPS Y Image Y Diff Y (Diff Y)2 (Diff X)2 + (Diff Y)2

01 509562.151 509560.80 1.36 1.837773366 5103547.81 5103548.06 -0.25 0.06186 1.899635009

02 509452.219 509451.69 0.53 0.278553838 5101928.99 5101929.95 -0.96 0.91799 1.196547774

03 509812.573 509812.78 -0.21 0.043721974 5106933.51 5106932.01 1.50 2.24628 2.290003542

04 512333.201 512333.41 -0.21 0.04443411 5106755.44 5106753.86 1.57 2.47527 2.51970703

05 513549.131 513549.62 -0.49 0.243387317 5106766.34 5106765.21 1.13 1.28611 1.529502104

06 513521.288 513520.00 1.29 1.669160642 5104357.66 5104357.91 -0.24 0.05934 1.72849673

07 513526.248 513524.97 1.28 1.633744115 5102068.07 5102068.68 -0.61 0.37303 2.006771893

08 513523.526 513523.67 -0.15 0.021783399 5100165.24 5100164.10 1.14 1.30163 1.323413368

09 511926.519 511926.79 -0.27 0.071631169 5100149.96 5100150.84 -0.88 0.77282 0.844447962

5.844189929 9.49434 15.33852541 Sum

0.649 1.0549 1.7043 Avg

0.8058 1.0271 1.3055 RMSE

2.2595 NSSDA

2.8016 CMAS

NSSDA computed at the 95% confidence level assuming 
RMSE(X) = RMSE(Y) using 1.7308 * RMSE.
FGDC-STD-007.3-1998

GPS points collected in and around 
Sandstone Unit of Rice Lake Refuge
GPS: Trimble GeoXT with WAAS averaging 
250 horizontal positions
Date: June 30, 2004
Projection: UTM Zone 15 NAD 83. Image: 2003 Orthorectified Natural Color FSA photos for Pine County

Reference points: Located at a scale of 1:1000 in the photo
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Appendix C Thematic Accuracy Error Matrix 
Ground Reference User

Classification AGR ASF BOG BRU BSB CNS CTM DEV DWL EMM FEN LHF MHS NHF OLD OPW SHS TMS WMW WRM TOTAL
Agricultural Field 7   3 10

Aspen-birch forest 4 4
Open bog 2 1 3
Brushland 1 6  2 1 10

Black spruce bog 10   10
Conifer swamp  3 1 3 7

Cattail marsh   3 3
Developed  13  13

Deciduous woodland 1 20 1 4 2 28
Emergent marsh  24 1 2 27

Fen      2 27    1   30
Lowland hardwood forest 4  24 1 29
Mixed hardwood swamp  28 1 29

Northern hardwood forest 2 1 26 29
Oldfield 3 1 18 7 1 30

Open Water 11 11
Shrub swamp 31 31

Tamarack swamp 3 1 6 10
Wet meadow 1 1 1 6 22 31

Zizania marsh 1 6 7
Producer TOTAL 7 11 3 11 13 4 3 13 21 28 30 25 32 27 28 11 46 6 27 6 352

Classification
Producer 
Accuracy t-stat Critical

User
Accuracy t-stat Critical Std Err 90%

Agricultural Field 100% 70% -0.79 1.83 82.67% 0.02017 8575 0.03552
Aspen-birch forest 36% -3.62 1.81 100% 79.1% 86.2% 102432

Open bog 67% -0.58 2.92 67% -0.58 2.92 1.253 1.284 123904
Brushland 55% -2.11 1.81 60% -1.58 1.83

Black spruce bog 77% -0.28 1.78 100%
Conifer swamp 75% -0.25 2.35 43% -2.46 1.94 0.814

Cattail marsh 100% 100% 85.8%
Developed 100% 100% 86.6%

Deciduous woodland 95% 71% -1.13 1.70
Emergent marsh 86% 89%

Fen 90% 90%
Lowland hardwood forest 96% 83%
Mixed hardwood swamp 88% 97%

Northern hardwood forest 96% 90%
Oldfield 64% -2.08 1.70 60% -2.74 1.70

Open Water 100% 100%
Shrub swamp 67% -2.14 1.68 100%

Tamarack swamp 100% 60% -1.58 1.83
Wet meadow 81% 71% -1.26 1.70

Zizania marsh 100% 86%

Producer's Area Weighted Average:
User's Area Weighted Average:

Overall Classification Accuracy:

1-tail Student's t:

Overall Kappa Coefficient:

90% Confidence Interval:

 




