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Summary of Pilot Area Classification 
Curry County Gorse Mapping Effort 

Overview 

The Gorse Action Group (GAG) has undertaken a project to determine if gorse (Ulex europeaus), an 

invasive and highly flammable noxious weed, can be identified using image classification techniques.  

The Group contracted with David C. Smith & Associates, Inc to capture 1-foot resolution aerial 

photography in Coos, Curry and Douglas Counties, Oregon.  To increase the potential for a successful 

classification, the imagery was collected during the time period when gorse was in bloom.  An attempt 

was also made to collect the imagery when scotch broom and gorse were not both in bloom.  Pilot 

results indicate this objective was successful on the western portion of the study area, but not the 

eastern.  

 A pilot area, North of Port Orford (Figure 1), was selected as the study area for this project.  The 

imagery was classified using various techniques and evaluated against data collected in the field.  This 

report summarizes the results of this pilot study.   

 
 Figure 1.  Pilot area in Curry County, Oregon 
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Classification Scheme: 

MB&G developed the following classification scheme (Table 1) to support classification of the pilot area.  

The scheme is based on a hierarchy of levels with the amount of gorse present in a site being the 

predominant factor for classifying a site.  The first level in the hierarchy includes the simple presence or 

absence of gorse, the second considers the percent of gorse, and the third adds a modifier to the second 

that identifies the predominant other land cover at a site.   The scope of this pilot project was to 

determine the likelihood of classifying the presence or absence of gorse, Level 1, and if possible review 

the likelihood of identifying the percentages of gorse at a site, Level 2.  Level 3 was introduced solely to 

support developing spectral signatures that contained less overlap. 

Table 1:  Classification Scheme 

Class L1 L2 L3 (L2 modifier) 
1 

Gorse 
Absent 

 

Water  

2 Barren  

3 Impervious  

4 Crop  

11 Gorse – 0% Grass 

12 Other Shrub 

13 Forest 

14 Mixed Veg 

15 Other 

21 Gorse – 1-9% Grass 

22 Other Shrub 

23 Forest 

24 Mixed Veg 

25 Other 

31 

Gorse 
Present 

Gorse – 10-25% Grass 

32 Other Shrub 

33 Forest 

34 Mixed Veg 

35 Other 

41 Gorse – 26-50% Grass 

42 Other Shrub 

43 Forest 

44 Mixed Veg 

45 Other 

51 Gorse – 51-75% Grass 

52 Other Shrub 

53 Forest 

54 Mixed Veg 

55 Other 

60 Gorse – 76-100% Pure Gorse 

 

 

The classification rules used to place sites into one of these classes can be found in Appendix A of this 

report. 
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Field Data: 

Field data for the pilot area was collected during Fall 2014 through Winter 2015.  An unsupervised 

classification (25 classes) of the pilot area imagery was developed by MB&G and used by The Nature 

Conservancy (TNC), along with other environmental factors, to locate field plots in the pilot area.  The 

Curry County Soil & Water Conservation District led the field effort, using MB&G's MobileMap data 

collection application, to collect 140 of the 242 total field sites identified in the pilot area.   

Once all field sites were collected, MB&G reviewed them for their quality with respect to serving as 

training sites for image classification.  Training sites should be homogeneous in their class so they 

produce a spectral signature consistent with that class.  In this case, homogeneous means consistent 

throughout and might be represented by a grassy field or by a forest stand that has an even distribution 

of trees over grass throughout the stand.  Sites that are half one class and half another are considered 

heterogeneous and can cause confusion in the classification process.   Several field sites were found to 

be heterogeneous and MB&G adjusted these sites, generally splitting them into two or more 

homogeneous sites.  Discussions with the field crew team leader leads us to believe that a higher spatial 

resolution of cached imagery on the Mobile Map devices could improve this issue in future efforts. 

The three field sites shown in Figure 2 are examples of heterogeneous sites that were collected during 

the gorse field effort.  The red polygons correspond to the original field site and the blue polygons 

represent the adjusted sites.  The first example shows gorse covering the northwest portion of the site 

and a field with scattered trees covering the south eastern portion; the second shows barren on the 

west side of the site with gorse on the east; and the third shows a water site but with inclusions of 

barren and shrub.  MB&G used the information provided by the field crews to split these field sites into 

multiple training sites.  For example, the second site was split into one barren site and one gorse site 

(76-100%).     

 

1  

 

3  
 

2  
 
Figure 2:  Adjustments to heterogeneous training sites (red = original, blue = adjusted) 
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After completion of the field site adjustments, 159 sites were available to be used for image 

classification, 142 of which represented gorse absence and 17 of which represented gorse presence.  To 

bolster data for assessment purposes, additional gorse presence sites were added in the office.  The 

final distribution of sites is shown below. 

Table 2: Final distribution of field sites. 

Class L1 L2 L3 (L2 modifier) Field Sites 
Field + Office 

Sites 
1 

Gorse 
Absent 

 

Water  23 23 

2 Barren  18 18 

3 Impervious  9 9 

4 Crop  1 1 

11 Gorse – 0% Grass 52 52 

12 Other Shrub   

13 Forest 31 31 

14 Mixed Veg 1 1 

15 Other 4 4 

21 Gorse – 1-9% Grass 2 2 

22 Other Shrub   

23 Forest   

24 Mixed Veg   

25 Other 1 1 

31 

Gorse 
Present 

Gorse – 10-25% Grass 2 4 

32 Other Shrub   

33 Forest   

34 Mixed Veg 2 2 

35 Other   

41 Gorse – 26-50% Grass 2 2 

42 Other Shrub   

43 Forest  1 

44 Mixed Veg 2 2 

45 Other  1 

51 Gorse – 51-75% Grass   

52 Other Shrub   

53 Forest   

54 Mixed Veg   

55 Other  10 

60 Gorse – 76-100% Pure Gorse 9 36 

 

Image Preparation 

Image classification relies on consistent spectral signatures of features  throughout the area being 

classified.  When high resolution imagery is captured over large areas, the data is comprised of tiles of 

imagery collected along different flightlines over multiple days.  Over time, variations in the 

atmosphere, sun angles, and the sensor can cause variation in spectral signatures across the image tiles 

making it difficult to get consistent spectral signatures from the raw image bands.  Band ratios are 

commonly used in place of raw image bands in this situation.   While the values in the raw bands may 

change for features across image tiles, the ratio of one band to another tends to be more consistent. 
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To prepare for image classification, MB&G created ratio bands for all of the basic raw band 

combinations:  B1/B2, B1/B3, B1/B4, B2/B3, B2/B4, and B3/B4.  A normalized difference vegetation 

index (NDVI) was also added to these ratio bands.  All ratio bands were visually reviewed to determine 

the behavior of gorse in each.  Based on these reviews, two additional band combinations were 

developed to try to enhance the contrast between gorse and other features:  (B1/B3) * (B2/B3) and (B3-

B1)/(B3+B1).  

A final step in preparing the image bands for classification was to adjust them to a common scale range 

of 0 to 255 as some classification methods are sensitive to differences in the range of the input data.  

The following scale was used for rescaling: 

Rescaled Raster = [(raster value – Min value of raster) * (255-0) / Max value of raster – Min value of raster)] + 0 

 

Pilot Area Classification 

Several methods exist to classify remotely sensed imagery, from a more basic thresholding of image 

bands, or level slicing, to more statistically rigorous techniques, like a classification and regression tree 

analysis (CART), which uses complex statistical analyses to separate multiple bands of information into 

classes.  While the scope and budget of this project did not include the more statistically complex 

methods of classification, two more basic classification methods were explored, level slicing and 

maximum likelihood classification.   

Level Slicing 

Level slicing is an image classification technique in which the values for a single band, in this case a single 

rescaled ratio band, are binned into ranges by the analyst.  The goal is to narrow the range of values that 

identify the feature of interest.  For each ratio band, MB&G applied the level slice technique and 

determined that the B1/B2, B1/B3, B1/B4, B2/B3 and NDVI ratios had a range of values at which gorse 

appeared to be separable from most classes (Table 1).  However, it became evident that there was 

spectral confusion and each of the ranges also included other classes.  Further review, identified that the 

classes that were included varied between each of the ratio bands leading to the possibility that a 

combination of the level sliced ratio bands could produce positive results for gorse, similar to a 

probability matrix.   

Table 3:  Values for rescaled ratio bands that include gorse 

Rescaled Ratio Values Inclusive of Gorse 
B1/B2 >6.75 

B1/B3 >3.1 

B1/B4 54.13 – 67.92 

B2/B3 2.15 - 3.5 

NDVI < 109 

 

MB&G classified the ranges identified by the level slicing for each ratio band as either 1 for gorse or 0 for 

non-gorse.  Summing these layers resulted in a classification ranging from 0 to 5 with 5 meaning the 
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level slices for all five ratio bands indicated the area was gorse.  A visual review of the resulting classes 

indicated that selecting classes 4 and 5 appeared to capture a predominant amount of the gorse while 

excluding other classes.   The figures below show an area of the classification and its corresponding 

imagery.  The yellow colors in the classification indicate gorse presence (classes 4 and 5) while the blue 

tones are gorse absence.   In general, the visual review indicates that the classification is identifying 

gorse well, although there are a couple areas to the west of D, where there are some errors of 

commission of gorse in the classification. 

 

 

Figure 3:  Comparison of Level Slice classification against imagery. 
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A comparison of these results with the field collected data along with observations can be found in the 

results section. 

Maximum Likelihood Classification 

Maximum likelihood classification is a technique that uses training data to develop signatures to classify 

each pixel into a class based on the variances and covariances of the class signatures.  MB&G ran several 

maximum likelihood classifications using different band combinations (Table 3). 

Table 3:  Band compositions used in maximum likelihood classifier 

Image Composite Bands  

Composite A (on original imagery) B1/B2,B1/B3,B1/B4,B2/B3 (not rescaled) 

Composite B Rescaled:  B1/B2,B1/B3,B1/B4,B2/B3,NDVI 

Composite C All rescaled base ratios: 
B1/B2,B1/B3,B1/B4,B2/B3,B3/B4 

Composite D All Rescaled  B1/B2,B1/B3,B1/B4,B2/B3,NDVI, 
B1/B2/B3, B3B1 combo 
 

Composite E Composite C with B1/B3*B2/B3 

 

As expected Composite A, comprised of all raw image bands, did not perform well.  Composites B and D 

were also not  promising.  Composite C captured a majority of the gorse but class 31 committed bare 

ground, or areas of very bright reflectance, with gorse.  A review of the B1/B3*B2/B3 band indicated 

that it separated these higher reflectance areas from gorse.  This band was added to the bands used in 

Composite C to develop a new Composite, E.  Unfortunately, classification of this composite did not 

separate gorse from the higher reflectance areas as well as expected.   This may have been due to the 

limited number of training sites in the higher reflectance vs gorse areas. 

While the automated addition of the B1/B3*B2/B3 band did not work, the band still showed promise in 

removing at least a portion of the committed areas.  The band was manually reviewed and a threshold 

(level slice) was found where gorse was identified but much of the higher reflectance areas were 

removed.  In this case, values greater than 1.38 included gorse while those less than 1.38 did not. This 

threshold was used in a conditional statement to reduce the confusion in class 31 of Composite C's 

classification.  Where the threshold value was greater than 1.38, pixels were removed from class 31 and 

placed into a new (arbitrary) class 99, with class 31 now representing non-gorse pixels and class 99 

representing gorse.   

A visual review of the result indicated improvement to the initial Composite C classification and again 

showed promise for identifying gorse using these methods (Figure 4). 
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Figure 4:  Comparison of Maximum Likelihood classification against imagery. 
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Results 

Level Slicing 

Since the level slicing method does not require any training sites, we were able to review the 

classification against all of the field collected data.  For each of the field sites, the percentage of pixels in 

the classification was determined and the site was labeled as either presence of gorse or absence of 

gorse based on the classification rules.  These labels were then compared to those calculated from the 

field collected data as well as the sites added in the office.  The following contingency matrix shows 

results for presence vs. absence of gorse. 

 
Field 

C
la

ss
if

ic
at

io
n

   Absence Presence Totals Users 

Absence 138 7 145 95% 

Presence 4 51 55 93% 

Totals 142 58 200   

Producers 97% 88%   95% 

 

A total of 142 sites representing the absence of gorse and 58 sites representing the presence of gorse 

were compared.   Overall there is good correlation between the sites.   The accuracies may be 

influenced by the fact that the majority of presence sites, 46 of the 58, are in the higher gorse cover 

classes (51-100%), which one would expect to be easier to classify than those in the lower gorse cover 

classes (10-50%).  This information, along with the visual review and our experience with image 

classification techniques, leads us to believe that there is promise in distinguishing gorse presence, 

under these specific circumstances where gorse is in bloom, from other classes. 

Expanding this matrix to the percent gorse level defies any statistical significance standards due to the 

low number of samples in each class.  However, the patterns that are seen are interesting to review.    

We are therefore showing the matrix, but to ensure that there is no misinterpretation of true accuracies 

we have left the accuracy values off of this table.   

  
Field Call 

 

 
  

Gorse 
0% 

Gorse  
 1-9% 

Gorse  
10-25% 

Gorse  
26-50% 

Gorse  
51-75% 

Gorse  
76-100% Total 

C
la

ss
if

ic
at

io
n

 

Gorse - 0% 124 3 2       129 

Gorse - 1-9% 11   1 1   3 16 

Gorse - 10-25% 3   1 5 3   12 

Gorse - 26-50% 1   2   6 17 26 

Gorse - 51-75%         1 9 10 

Gorse - 76-100%           7 7 

 
Total 139 3 6 6 10 36 200 
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Looking at the field sites that were identified as 76-100% gorse, 8 of the 9 sites were classified in the two 

adjacent lower percentage gorse classes.  At first this seemed surprising, as the areas that are covered 

by gorse are readily apparent in the imagery via the naked eye.  In reviewing these areas though, it is 

evident that they are a mixture of gorse in varying stages of flowering and areas that have not flowered, 

are being confused with other non-gorse classes.  Similar behavior is also seen in the 26-50% category as 

well as the 10-25% category, although as the gorse percent gets lower other factors common to sparse 

sites are likely contributing to the lower percent calls.   In general, however, this observation seems to 

indicate that we can expect a maximum likelihood classification of imagery with gorse in bloom to 

underestimate the actual percentage of gorse.  More importantly, this leads us to believe that classifying 

gorse when it is not flowering could prove to be a more difficult task. 

 A classification technique that incorporates context, such as object oriented classification, might 

improve the underestimation of gorse but consideration should be given to whether this level of effort is 

necessary based on whether prioritizing treatment or management of these areas will differ due to the 

varying densities.   

Maximum Likelihood 

There were not enough field sites collected to remove an adequate number of sites for accuracy 

assessment while still leave enough training sites so no quantitative review of the classification could be 

completed.  As noted earlier, visual review of this classification does indicate promise for using this type 

of classification to identify gorse in bloom. 

 

Conclusions 

This initial study, to determine if image classification techniques can be used to classify gorse when in 

bloom, has provided positive results.  Visual review of initial classifications indicate that identifying gorse 

presence from gorse absence is possible, with even small patches of gorse being captured.  Initial 

quantitative assessment of the Level Slice classification supports this positive result.   

While too few field data sites were collected to properly assess classifying gorse into more detailed 

density breaks, this initial work suggests that this level of detail may be more difficult.  The various 

stages of flowering and non-flowering gorse in the same patch of gorse appear to lead to an 

underestimation of the density.  Perhaps grouping the breaks more broadly would be helpful and still 

provide adequate information for managing/treating gorse. 

With regards to potential next steps for the Gorse Action Group, we believe there are four main options 

to consider at this point, with two of those options (2 and 3 below) being most relevant:   

1. Pilot Improvement 

The pilot area classification could likely be improved with additional field verification and editing 

efforts and post-processing techniques that filter out noise or apply minimum mapping units.  In 

addition, the quantitative accuracy assessment could be improved by collecting more field data 
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in each of the density categories.  However, the main purpose of the pilot has been fulfilled and 

we believe that budget and effort are likely better spent on options 2 and 3 below. 

2. Scotchbroom vs Gorse 

The pilot project concentrated on areas where gorse was in bloom but scotchbroom was not.  

The ability to distinguish gorse from scotchbroom when both are in bloom is still unknown.  

Classifying a second project area that includes scotchbroom in bloom would provide important 

information with regards to how successful a classification of the entire region might be given 

that fact that part of the area was captured with both scotchbroom and gorse in bloom. 

3. Application of Pilot Methods  

Understanding whether the methods developed in the pilot project can be extrapolated to a 

broader area is important to consider before launching into a full project area classification.  

This information might inform whether the area should be classified as a whole or tiled by 

ecoregion, county or some other logical boundary to support improved classifications or 

efficiencies in processing.  This type of assessment could be coupled with the scotchbroom 

assessment identified in option 2. 

4. Classification of Full Project Area 

It is likely too soon to consider classifying the entire area, but when this decision is made, 

consideration should be given to different classification techniques (object oriented or pixel 

based) and scale (regional vs local) as well as efficiencies in developing the input bands.   Object 

oriented classification and pixel based classifications both have their pros and cons and results 

from options 2 and 3 can help inform the best direction to take.   
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Appendix A:  Classification Rules 

If  gorse cover is 0% 

 If  Water >= 60% then Water (1) 

 Else If Barren >= 60% then Barren  (2) 

 Else If  Impervious >= 60% then  Impervious (3) 

 Else If Crop >= 60% then  Crop (4) 

 Else if Grass >= 60% then Grass (11) 

 Else if Scotchbroom + Other Shrub >= 60% then Other Shrub (12) 

 Else if Evergreen + Deciduous >= 60% then Forest (13) 

 Else if  Sum Veg Classes >= 60% then Mixed Veg (14) 

 Else Other (15) 

Else if gorse cover between 1 and 9% 

 If Grass + Pasture >= 60% then Grass (21) 

 Else if Scotchbroom + Other Shurb >= 60% then Other Shrub (22) 

 Else if Evergreen + Deciduous >= 60% then Forest (23) 

 Else if  Sum Veg Classes >= 60% then Mixed Veg (24) 

 Else Other (25) 

Else if gorse cover between 10 and 25% 

 If Grass >= 60% then Grass/Pasture (31) 

 Else if Scotchbroom + Other Shurb >= 60% then Other Shrub (32) 

 Else if Evergreen + Deciduous >= 60% then Forest (33) 

 Else if  Sum Veg Classes >= 60% then Mixed Veg (34) 

 Else Other (35) 

Else if gorse cover between 26 and 50% 

 If Grass >= 60% then Grass/Pasture (41) 

 Else if Scotchbroom + Other Shurb >= 60% then Other Shrub (42) 

 Else if Evergreen + Deciduous >= 60% then Forest (43) 

 Else if  Sum Veg Classes >= 60% then Mixed Veg (44) 

 Else Other (45) 

Else if gorse cover between 51 and 75%* 

 If Grass >= 60% then Grass/Pasture (51) 

 Else if Scotchbroom + Other Shurb >= 60% then Other Shrub (52) 

 Else if Evergreen + Deciduous >= 60% then Forest (53) 

 Else if  Sum Veg Classes >= 60% then Mixed Veg (54) 

 Else Other (55) 

Else gorse cover is >75% Gorse – Pure (60) 

 

 

*The percent breaks within the 51-75% gorse category need to be adjusted.  As is, the only class that can ever get 

selected within this gorse percent break is other.  By definition, if gorse is greater than 50%, nothing else can also 

be greater than 50%.   


