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While northwest Ohio boasts a number of excellent parks and nature preserves, a 
significant proportion of the region’s forest cover is contained in privately owned 
woodlots.  These private woodlots consequently represent an important source of wildlife 
habitat for the region.  The development pressure associated with ongoing urban sprawl 
around Toledo and its suburbs has undoubtedly resulted in some reduction of the forest 
habitat in the region.  The question is, how much?  This study uses Landsat TM images 
from 1984 and 2000 to quantify the impact of land cover change on the amount and 
configuration of forest cover in northwest Ohio.  
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Methodology 

  

The forest cover comparisons were derived from two Landsat TM images which include 
all of northwest Ohio (Path 20, Row 31 in the Landsat Worldwide Reference System).  
The first image was taken on July 14th, 1984, and the second on July 1, 2000.  The 
2000 image was already georectified and projected to the UTM Zone 17N coordinate 
system.  Preprocessing steps included importing the 1984 image through ENVI into 
ERDAS IMG format and georectifying the 1984 image to the 2000 image.  

 

In order to identify areas of forest cover and non-forest cover, aerial photos taken at 
roughly the same times as the images were acquired.  To reference the 1984 image, 
digital orthophoto quarterquadrangles (DOQQs) were downloaded from the Ohio 
Department of Natural Resources.  Metadata for the DOQQs included photosurvey 
dates for each DOQQ.  The earliest date available within the study region was 1988.  
Nineteen DOQQs from that date were downloaded and mosaicked together to provide 
reference data for the 1984 image.  A high-resolution aerial survey photo taken in 1997 
of mid-Fulton County was used to provide reference data for the 2000 image.  While the 
downloaded DOQQ were available in UTM coordinates, they contained no projection 



definition information.  Therefore, the ERDAS projection definition functions had to be 
carried out on each DOQQ. 

  

 

Once the aerial photos were available, they were laid over the original Landsat images 
and training sets were established to derive spectral signatures for coniferous and 
deciduous forest cover.  Training sets for several other signature classes were also 
established: cloud, cloud shadow, and a variety of agricultural classes.   



       

 

A supervised maximum likelihood classification algorithm was applied to both images to 
derive an initial land cover classification map.   



   

The initial classifications were threshholded to maximize the accuracy of the forest 
classification as compared with the aerial photographs for the respective dates.  They 
were then processed using a roving-window filter to remove individual pixels from larger 
groupings of opposing classes.  This filtering process removed "noise" from the image, 
creating a landscape of fairly uniform patches of the various cover classes.  This filtering 
created a map more closely resembling the actual landscape of the study area, with 
wooded areas represented as the fairly homogeneous units characteristic of rural 
woodlots.  The filtering process also simplified the subsequent processing of the images 
to derive statistical measures of landscape structure.  

The filtered maps were then simplified to indicate only two land use classes: forest and 
non-forest.  A final processing step removed all forest patches containing fewer than 10 
pixels.  Accuracy assessments performed on the final maps using the original aerial 
photos as reference data indicate commission errors of 13% and 10% for forest cover in 
the 1984 and 2000 maps, respectively.  Omission error rates are about 5% for both 
images. 

Significant cloud cover in the 2000 image required one additional processing step for 
that image.  An image mask was prepared from the original multi-class classification 
obtained from the 2000 image.  The primary purpose of the mask was to eliminate areas 
of cloud and cloud shadow.  The mask also included the image background area, in 
order to compensate for the slight misalignment of the edges of the two images.  This 
mask was then applied to the 1984 forest/non-forest map in order to eliminate patches of 
forest cover contained in the areas that were obscured by clouds in the 2000 image.  
This step was necessary to prevent an overstatement of the amount of 1984 forest cover 
during comparisons with the forest coverage derived from the 2000 image.  The 
essentially cloud-free 1984 image required no similar mask preparation.  

   



The final step was analyzing the forest cover maps with a widely-used statistical analysis 
package developed for the U.S. Forest Service.  FRAGSTATS calculates a number of 
metrics designed to quantify landscape-level land cover characteristics.  Computer 
processing constraints required that the study region to be divided in smaller units for the 
landscape analysis.  Three sub-areas were identified:  the fast-growing Oak Openings 
region, a more stable agricultural area immediately to the west, and a similar region to 
the south.  The latter two regions roughly correspond to the areas of the aerial 
photographs used for creating training classes and validating results.  

Results 

A superposition of the final forest cover maps for 1984 and 2000 shows significant 
changes in forest cover during the study period.  The statistical analysis produced by 
FRAGSTATS confirms these results.  In particular, it shows significant reductions in 
forest cover in the Oak Openings area and in the West study area during the period 
between 1984 and 2000.  It also shows significant increases in forest cover in the South 
study area for the same period.  Note that the statistics for core habitat areas are based 
on the subtraction of a 100-meter zone of edge effects around the perimeter of each 
patch of forest cover.  

  

  West Oak Openings South 

  1984 2000 
% 
Change 

1984 2000 
% 
Change 

1984 2000 
% 
Change 

% of Landscape 10.191 3.238 -68 18.606 9.226 -50 2.499 4.215 69 

# of Patches 724 330 -54 1523 1051 -31 393 419 7 

Patch Density 1.287 0.585 -54 1.3056 0.901 -31 0.658 0.701 7 

Total Core Area 599.4 143.64 -76 5016.4 2526.2 -50 71.46 216.9 204 

Core Area % of 
Landscape 

1.065 0.254 -76 4.3004 2.165 -50 0.1197 0.363 203 

# Disjunct Core 
Areas 

287 96 -67 877 420 -52 44 136 209 

  

A visual comparison of the forest maps for the two dates with the reference photos does 
raise some problematic issues.  While the forest classifications are fairly accurate when 
compared with the reference photos from which the training sets were derived, the 
classifications show significant inaccuracies when compared with the reference photos 
for the other date.  That is to say, the 1984 classification does not correlate well with the 
1997 aerial photo of Fulton County, and the 2000 classification does not correlate well 
with the 1988 DOQQs from the southern section of the image.  This spatial divergence in 
classification accuracy could be the result of differences in atmospheric conditions 
across the geographic range of the original Landsat images.  It could also result from 
changes in soil types or in soil moisture levels.  This spatially correlated inaccuracy 
throws significant doubt on the validity of the final results of the analysis of forest cover 



change.  A consideration of potential methods for increasing the accuracy of the analysis 
is presented in the Future Directions section.  

Future Directions 

The large changes in forest cover statistics presented on the Results page suggest that 
dramatic changes have taken place in the forest habitat base of northwest Ohio over the 
past decade and a half.  Several possible flaws exist in the data, however.  In particular, 
spot checks of the accuracy of the two forest cover maps in sections of the study area 
beyond those covered by the respective reference/validation photos suggest wide spatial 
variations in the reliability of the two forest cover maps.  While quite accurate in the 
areas used for collecting training data and threshholding classification sets, the forest 
cover maps become considerably less reliable in other portions of the study area.  
Future research efforts should be targeted toward smaller subsections of the total study 
area.  Such more narrowly targeted study regions would suffer much less spatial 
variation in soil type and atmospheric effects, and can be expected to yield more reliable 
maps of the extent of forest cover on a given date.  A series of such small-area study 
regions could be combined to get an idea of the overall extent of forest cover change 
throughout northwestern Ohio.  

  

  

  

 

   

   
 


