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1. Aim:

To compare different "beta" classification algorithms to enable the methodology team to make an informed choice based on classification accuracy and number of classes.

This is a basis for discussion at the teleconference on the 19/04/00.

2. Methods:

Polygon-based accuracy assessment. See powerpoint presentations from the Monks Wood meeting for details.

2.1. Classification algorithms:

2.1.1. DLR

Maximum likelihood classification with training sites from coherence model

DLR1 classes:

0: Water or No Value (not included in accuracy assessment)

1: > 130

2: 20 - 130

3: < 20

DLR2 classes:

0: Water or No Value (not included in accuracy assessment)

1: > 100

2: 30 - 100

3: < 30

2.1.2. CESBIO

Maximum Likelyhood algorithm initialised with Thuy's initial class

centres

classes:

No class (background)

  0 (not included in accuracy assessment)

Mature Forest (TUR1H>100):      1

Med. Forest (TUR1H>20):         2

Low Forest (TUR1H>0) :          3

Open areas:                     4

Smooth Fields:                  5 (not included in accuracy assessment)

Water:                          6 (not included in accuracy assessment)

2.1.3. SCEOS

SCEOS1: alg1_iso_ini_c6 ==> alg1, ISODATA with initialisations of water and bare soil

SCEOS2: alg2_2f_3nf ==> alg2, embedded exp. model

SCEOS3: alg3_map_iso_ini_c6 ==> alg3, MAP

SCEOS4: alg4_ml2map_6c ==> alg4, ML+MAP

SCEOS5: alg5_ml2iso_6c ==> alg5, ML+ISO

class p=0 -- background, masked area (not included in accuracy assessment)

class p=1 -- water, (not included in accuracy assessment)

class p=2 -- forest >100 m3/ha 

class p=3 -- forest 20-100m3/ha 

class p=4 -- forest <20m3/ha,clearcut 

class p=5 -- Open area 

class p=6 -- smooth soil (not included in accuracy assessment)

2.1.4. UWS

The approach by UWS is as follows:

1. Fix a hard JERS intensity threshold at -13.0 dB.

2. Anything below is either water or smooth open area.

3. Assign a ERS coherence threshold (0.5 chosen, but can be changed) to

this 'water or smooth open area'.

4. Anything gamma value < 0.5 = water (class 1) any gamma value > 0.5 =

smooth open area (at JERS wavelength).

For the forest potato:

5. Plot all coherence estimates and generate histogram, sort histogram

and derive the gamma 5% and gamma 95%.

6. Inverse the coherence model equation derived by Wolfgang to derive

volume given coherence of each pixel.

7. Classify the volume values into the classes recommended by the

meth.team/IIASA.

8. Derive three forest volume classes (currently 20-50, 50-80 and > 80

m3/ha).

9. Assign those pixels in the forest potato with a volume < 20 m3/ha the

class 'rough open area or very low biomass forest' as both types of land

surface fit this category and are difficult to distinguish by physical

SAR properties (although Jan tells me he is investigating the settlement

class (rough open area) by looking at the std. dev. of the JERS data).

Class:
Description:

0


Masked region (topography etc.)

1


Water

2


Smooth open

3


Rough open/very low biomass (i.e. < 20 m3/ha)


4


20-50 m3/ha

5


50-80 m3/ha

6


  >80 m3/ha

2.1.5. NERC

Generalised Maximum Likelihood classification with ICP, using mean signatures from seven ERS frames (see David's working note and presentations at Monks Wood meeting)

0: water (not included in accuracy assessment)
1: clearcut

2: 0-20

3: 20-50

4: 50-80

5: >80

2.1.6. ISOICP

uninitialised ISODATA with ICP, see presentations at Monks Wood meeting

0: water (not included in accuracy assessment)
1: 0-35

2: 35-100

3: 100-200

4: >200

3. Results

Full confusion matrices are available as an EXCEL file.

3.1. Accuracy

Figure 1 shows all weighted kappa coefficients. Two test sites have been examined. Furthermore, a comparison of the polygon-based accuracy assessment with a pixel-based approach has been carried out for Primorskii. It is anticipated that the use of ICP will improve the pixel-based accuracy and the visual appearance, but not the polygon-based accuracy.

The different classification algorithms do not use the same number of classes or the same volume thresholds for each class. However, Kappa compensates for the difference in the number of classes. From Figure 1 and Table 1 it becomes evident that most algorithms produce a similar accuracy. Good results are obtained from the CESBIO, DLR2, ISOICP, SCEOS4, SCEOS5, SCEOS6 and UWS algorithms. Among these, CESBIO is most stable over the two sites, followed by SCEOS4 and SCEOS5 and UWS (Table 1).
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Figure 1: Overview of weighted kappa for the test sites and different algorithms (ordered alphabetically). Red = Primorskii (polygon-based), yellow = Primorskii (pixel-based), Nishne-Udinski (polygon-based).

Table 1: Overview of weighted kappa for the test sites and different algorithms (ordered alphabetically).


Overview






Weighted kappa coefficients





















Nishne
Prim
Prim_pixel-based (n=5000)


classes in acc.ass.
Algorithm
32414
32600
32600
difference between test sites

4
CESBIO
0.704
0.617
0.636
0.088

3
DLR1
0.748
0.430
0.530
0.318

3
DLR2
0.813
0.599
0.657
0.213

4
ISOICP

0.643



5
NERC

0.591



4
SCEOS1
0.530
0.464
0.338
0.066

4
SCEOS2
0.463
0.334
0.336
0.129

4
SCEOS3
0.525
0.304
0.324
0.221

4
SCEOS4
0.751
0.606
0.626
0.145

4
SCEOS5
0.768
0.614
0.646
0.154

4
SCEOS6

0.595
0.593


4
UWS
0.851
0.670
0.653
0.180

 Relation to total growing stock
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Figure 2: Boxplots of total growing stock volume for the classification algorihtms at Nishne-Udinski.

[image: image4.wmf]1

2

3

class

0

100

200

300

400

500

stock volume

DLR1

1

2

3

class

0

100

200

300

400

500

stock volume

DLR2

1

2

3

4

5

class

0

100

200

300

400

500

stock volume

CESBIO

2

3

4

5

6

class

0

100

200

300

400

500

stock volume

SCEOS1

Primorskii


[image: image5.wmf]2

3

4

5

6

class

0

100

200

300

400

500

stock volume

SCEOS2

2

3

4

5

6

SCEOS3

2

3

4

5

6

SCEOS4

2

3

4

5

SCEOS5

Primorskii


Figure 3: Boxplots of total growing stock volume for the classification algorihtms at Primorskii (continued on next page).
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Figure 3 (continued)

4. Conclusions

Based on the accuracy assessment of the different algorithms, we may decide to use one (or several) of the classification algorithms by CESBIO, SCEOS4, SCEOS5 (maybe SCEOS6, but portability unknown) or UWS (but problem of linking ICP to this).

The algorithms by DLR have the drawback that they have lower portability between frames, and it is difficult to change the number of classes.

The old ISOICP still performs well, but portability could not be examined.

The exact volume thresholds of the classes do not seem to have a strong effect. We may want to choose them according to the requirements expressed by IIASA. The high accuracy of UWS's algorithm shows that it is possible to get four forest classes rather then three.

Appendix: Crosstabulations for accuracy assessment.

Nishne-Udinski

> last.crosstabs <- menuCrosstabs(formula =  ~ dlr1 + volc, data = 


sib.aa.32414.2493.med, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ dlr1 + volc, data = sib.aa.32414.2493.med, 


na.action = na.omit, drop.unused.levels = F, margin = list())

1557 cases in table

Dropped 22 cases due to missing values

+-------+

|N      |

+-------+

dlr1   |volc

       |0      |1      |2      |3      |

-------+-------+-------+-------+-------+

1      |  1    |  0    |  5    |539    |

-------+-------+-------+-------+-------+

2      | 15    | 88    |149    |372    |

-------+-------+-------+-------+-------+

3      | 24    |327    | 26    | 11    |

-------+-------+-------+-------+-------+

> last.crosstabs <- menuCrosstabs(formula =  ~ dlr2 + volc2, data = 


sib.aa.32414.2493.med, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ dlr2 + volc2, data = sib.aa.32414.2493.med, 


na.action = na.omit, drop.unused.levels = F, margin = list())

1556 cases in table

Dropped 23 cases due to missing values

+-------+

|N      |

+-------+

dlr2   |volc2

       |0      |1      |2      |3      |

-------+-------+-------+-------+-------+

1      |  1    |  3    |  7    |769    |

-------+-------+-------+-------+-------+

2      |  7    | 45    | 80    |187    |

-------+-------+-------+-------+-------+

3      | 33    |370    |  9    | 45    |

-------+-------+-------+-------+-------+

> last.crosstabs <- menuCrosstabs(formula =  ~ cesbio + volc4, data = 


sib.aa.32414.2493.med, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ cesbio + volc4, data = sib.aa.32414.2493.med, 


na.action = na.omit, drop.unused.levels = F, margin = list())

1579 cases in table

+-------+

|N      |

+-------+

cesbio |volc4

       |0      |1      |2      |3      |

-------+-------+-------+-------+-------+

1      |  1    |  8    | 25    |875    |

-------+-------+-------+-------+-------+

1.5    |  0    |  1    |  4    | 11    |

-------+-------+-------+-------+-------+

2      |  2    | 11    | 22    | 36    |

-------+-------+-------+-------+-------+

2.5    |  0    |  1    |  1    |  2    |

-------+-------+-------+-------+-------+

3      |  9    | 34    |  8    | 13    |

-------+-------+-------+-------+-------+

3.5    |  0    |  6    |  1    |  2    |

-------+-------+-------+-------+-------+

4      | 30    |357    | 47    | 72    |

-------+-------+-------+-------+-------+

> last.crosstabs <- menuCrosstabs(formula =  ~ sceos1 + volc4, data = 


sib.aa.32414.2493.med, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ sceos1 + volc4, data = sib.aa.32414.2493.med, 


na.action = na.omit, drop.unused.levels = F, margin = list())

1579 cases in table

+-------+

|N      |

+-------+

sceos1 |volc4

       |0      |1      |2      |3      |

-------+-------+-------+-------+-------+

0      |  0    | 25    |  8    | 12    |

-------+-------+-------+-------+-------+

3      |  2    | 11    | 39    |911    |

-------+-------+-------+-------+-------+

3.5    |  0    |  1    |  0    |  6    |

-------+-------+-------+-------+-------+

4      |  9    | 28    | 48    | 38    |

-------+-------+-------+-------+-------+

4.5    |  1    |  7    |  2    |  2    |

-------+-------+-------+-------+-------+

5      | 30    |346    | 11    | 42    |

-------+-------+-------+-------+-------+

> last.crosstabs <- menuCrosstabs(formula =  ~ sceos2 + volc4, data = 


sib.aa.32414.2493.med, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ sceos2 + volc4, data = sib.aa.32414.2493.med, 


na.action = na.omit, drop.unused.levels = F, margin = list())

1579 cases in table

+-------+

|N      |

+-------+

sceos2 |volc4

       |0      |1      |2      |3      |

-------+-------+-------+-------+-------+

0      |  0    | 25    |  8    | 12    |

-------+-------+-------+-------+-------+

2.5    |  0    |  0    |  0    |  2    |

-------+-------+-------+-------+-------+

3      |  3    | 17    | 57    |927    |

-------+-------+-------+-------+-------+

3.5    |  0    |  3    |  1    |  3    |

-------+-------+-------+-------+-------+

4      | 39    |373    | 42    | 67    |

-------+-------+-------+-------+-------+

> last.crosstabs <- menuCrosstabs(formula =  ~ sceos3 + volc4, data = 


sib.aa.32414.2493.med, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ sceos3 + volc4, data = sib.aa.32414.2493.med, 


na.action = na.omit, drop.unused.levels = F, margin = list())

1579 cases in table

+-------+

|N      |

+-------+

sceos3 |volc4

       |0      |1      |2      |3      |

-------+-------+-------+-------+-------+

0      |  0    | 25    |  8    | 12    |

-------+-------+-------+-------+-------+

2      |  0    |  0    |  0    | 40    |

-------+-------+-------+-------+-------+

2.5    |  0    |  0    |  0    |  5    |

-------+-------+-------+-------+-------+

3      |  1    |  5    | 23    |826    |

-------+-------+-------+-------+-------+

3.5    |  0    |  3    |  2    |  6    |

-------+-------+-------+-------+-------+

4      | 11    | 49    | 63    | 88    |

-------+-------+-------+-------+-------+

4.5    |  1    |  8    |  1    |  1    |

-------+-------+-------+-------+-------+

5      | 29    |328    | 11    | 33    |

-------+-------+-------+-------+-------+

> last.crosstabs <- menuCrosstabs(formula =  ~ sceos4 + volc4, data = 


sib.aa.32414.2493.med, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ sceos4 + volc4, data = sib.aa.32414.2493.med, 


na.action = na.omit, drop.unused.levels = F, margin = list())

1579 cases in table

+-------+

|N      |

+-------+

sceos4 |volc4

       |0      |1      |2      |3      |

-------+-------+-------+-------+-------+

0      |  0    | 25    |  8    | 12    |

-------+-------+-------+-------+-------+

2      |  1    |  4    | 11    |815    |

-------+-------+-------+-------+-------+

2.5    |  0    |  0    |  2    | 16    |

-------+-------+-------+-------+-------+

3      |  5    | 20    | 61    |114    |

-------+-------+-------+-------+-------+

3.5    |  0    |  3    |  1    |  0    |

-------+-------+-------+-------+-------+

4      |  3    | 15    |  6    |  7    |

-------+-------+-------+-------+-------+

4.5    |  0    |  1    |  0    |  2    |

-------+-------+-------+-------+-------+

5      | 33    |350    | 19    | 45    |

-------+-------+-------+-------+-------+

> last.crosstabs <- menuCrosstabs(formula =  ~ sceos5 + volc4, data = 


sib.aa.32414.2493.med, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ sceos5 + volc4, data = sib.aa.32414.2493.med, 


na.action = na.omit, drop.unused.levels = F, margin = list())

1579 cases in table

+-------+

|N      |

+-------+

sceos5 |volc4

       |0      |1      |2      |3      |

-------+-------+-------+-------+-------+

0      |  0    | 25    |  8    | 12    |

-------+-------+-------+-------+-------+

2      |  2    |  8    | 29    |888    |

-------+-------+-------+-------+-------+

2.5    |  0    |  2    |  1    |  8    |

-------+-------+-------+-------+-------+

3      |  3    | 13    | 35    | 43    |

-------+-------+-------+-------+-------+

3.5    |  0    |  1    |  1    |  0    |

-------+-------+-------+-------+-------+

4      |  6    | 21    | 22    | 20    |

-------+-------+-------+-------+-------+

4.5    |  2    |  6    |  1    |  3    |

-------+-------+-------+-------+-------+

5      | 29    |342    | 11    | 37    |

-------+-------+-------+-------+-------+

> sib.aa.32414.2493.UWS.med <- aggregate(sib.aa.32414.2493.UWS, list(


sib.aa.32414.2493.UWS$poly), median)

> sib.aa.32414.2493.med$volc3 <- rep(0, length(sib.aa.32414.2493.med[, 1])


)

> for(i in 1:length(sib.aa.32414.2493.UWS.med[, 1])) {


if((sib.aa.32414.2493.UWS.med$vol[i] > 0) & (



sib.aa.32414.2493.UWS.med$vol[i] <= 20))



sib.aa.32414.2493.UWS.med$volc3[i] <- 1


if((sib.aa.32414.2493.UWS.med$vol[i] > 20) & (



sib.aa.32414.2493.UWS.med$vol[i] <= 50))



sib.aa.32414.2493.UWS.med$volc3[i] <- 2


if((sib.aa.32414.2493.UWS.med$vol[i] > 50) & (



sib.aa.32414.2493.UWS.med$vol[i] <= 80))



sib.aa.32414.2493.UWS.med$volc3[i] <- 3


if(sib.aa.32414.2493.UWS.med$vol[i] > 80)



sib.aa.32414.2493.UWS.med$volc3[i] <- 4

}

> last.crosstabs <- menuCrosstabs(formula =  ~ uws + volc3, data = 


sib.aa.32414.2493.UWS.med, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ uws + volc3, data = sib.aa.32414.2493.UWS.med, 


na.action = na.omit, drop.unused.levels = F, margin = list())

1537 cases in table

Dropped 42 cases due to missing values

+-------+

|N      |

+-------+

uws    |volc3

       |1      |2      |3      |4      |

-------+-------+-------+-------+-------+

3      |343    |  7    |  4    | 36    |

-------+-------+-------+-------+-------+

3.5    |  7    |  0    |  0    |  2    |

-------+-------+-------+-------+-------+

4      | 49    | 14    | 18    | 45    |

-------+-------+-------+-------+-------+

4.5    |  0    |  0    |  1    |  4    |

-------+-------+-------+-------+-------+

5      | 11    |  3    | 17    | 65    |

-------+-------+-------+-------+-------+

5.5    |  1    |  1    |  3    |  8    |

-------+-------+-------+-------+-------+

6      |  7    |  3    |  8    |880    |

-------+-------+-------+-------+-------+

Primorskii

> last.crosstabs <- menuCrosstabs(formula =  ~ dlr1 + volc, data = 


sib.aa.32600.2475.med, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ dlr1 + volc, data = sib.aa.32600.2475.med, 


na.action = na.omit, drop.unused.levels = F, margin = list())

2694 cases in table

Dropped 56 cases due to missing values

+-------+

|N      |

+-------+

dlr1   |volc

       |0      |1      |2      |3      |

-------+-------+-------+-------+-------+

1      |  0    |  0    | 25    |655    |

-------+-------+-------+-------+-------+

2      | 67    |203    |749    |846    |

-------+-------+-------+-------+-------+

3      | 50    | 71    | 14    | 14    |

-------+-------+-------+-------+-------+

> last.crosstabs <- menuCrosstabs(formula =  ~ dlr2 + volc2, data = 


sib.aa.32600.2475.med, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ dlr2 + volc2, data = sib.aa.32600.2475.med, 


na.action = na.omit, drop.unused.levels = F, margin = list())

2701 cases in table

Dropped 49 cases due to missing values

+-------+

|N      |

+-------+

dlr2   |volc2

       |0      |1      |2      |3      |

-------+-------+-------+-------+-------+

1      |   4   |   5   |  27   |1065   |

-------+-------+-------+-------+-------+

2      |  48   | 201   | 481   | 600   |

-------+-------+-------+-------+-------+

3      |  65   | 148   |  35   |  22   |

-------+-------+-------+-------+-------+

> last.crosstabs <- menuCrosstabs(formula =  ~ cesbio + volc4, data = 


sib.aa.32600.2475.med, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ cesbio + volc4, data = sib.aa.32600.2475.med, 


na.action = na.omit, drop.unused.levels = F, margin = list())

2750 cases in table

+-------+

|N      |

+-------+

cesbio |volc4

       |0      |1      |2      |3      |

-------+-------+-------+-------+-------+

1      |   6   |   6   |  74   |1283   |

-------+-------+-------+-------+-------+

1.5    |   1   |   0   |   4   |  35   |

-------+-------+-------+-------+-------+

2      |  23   |  54   | 338   | 307   |

-------+-------+-------+-------+-------+

2.5    |   3   |   5   |   8   |   7   |

-------+-------+-------+-------+-------+

3      |  62   | 184   | 144   |  46   |

-------+-------+-------+-------+-------+

3.5    |   3   |   1   |   6   |   4   |

-------+-------+-------+-------+-------+

4      |  20   |  30   |  53   |  42   |

-------+-------+-------+-------+-------+

5      |   1   |   0   |   0   |   0   |

-------+-------+-------+-------+-------+

> last.crosstabs <- menuCrosstabs(formula =  ~ sceos1 + volc4, data = 


sib.aa.32600.2475.med, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ sceos1 + volc4, data = sib.aa.32600.2475.med, 


na.action = na.omit, drop.unused.levels = F, margin = list())

2750 cases in table

+-------+

|N      |

+-------+

sceos1 |volc4

       |0      |1      |2      |3      |

-------+-------+-------+-------+-------+

0      | 45    | 74    | 69    |671    |

-------+-------+-------+-------+-------+

1.5    |  0    |  0    |  0    |  2    |

-------+-------+-------+-------+-------+

2      |  0    |  0    |  0    |  1    |

-------+-------+-------+-------+-------+

3      |  5    |  5    | 89    |771    |

-------+-------+-------+-------+-------+

3.5    |  2    |  1    |  5    | 20    |

-------+-------+-------+-------+-------+

4      | 29    |119    |411    |239    |

-------+-------+-------+-------+-------+

4.5    |  1    |  0    |  5    |  1    |

-------+-------+-------+-------+-------+

5      | 36    | 81    | 48    | 19    |

-------+-------+-------+-------+-------+

6      |  1    |  0    |  0    |  0    |

-------+-------+-------+-------+-------+

> last.crosstabs <- menuCrosstabs(formula =  ~ sceos2 + volc4, data = 


sib.aa.32600.2475.med, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ sceos2 + volc4, data = sib.aa.32600.2475.med, 


na.action = na.omit, drop.unused.levels = F, margin = list())

2750 cases in table

+-------+

|N      |

+-------+

sceos2 |volc4

       |0      |1      |2      |3      |

-------+-------+-------+-------+-------+

0      | 45    | 74    | 69    |671    |

-------+-------+-------+-------+-------+

1.5    |  0    |  0    |  0    |  2    |

-------+-------+-------+-------+-------+

2      |  0    |  0    |  3    |185    |

-------+-------+-------+-------+-------+

2.5    |  0    |  0    |  2    | 19    |

-------+-------+-------+-------+-------+

3      |  3    |  5    | 57    |469    |

-------+-------+-------+-------+-------+

3.5    |  0    |  0    |  4    | 20    |

-------+-------+-------+-------+-------+

4      | 10    | 28    |254    |263    |

-------+-------+-------+-------+-------+

4.5    |  3    |  3    | 11    | 17    |

-------+-------+-------+-------+-------+

5      | 57    |170    |227    | 78    |

-------+-------+-------+-------+-------+

6      |  1    |  0    |  0    |  0    |

-------+-------+-------+-------+-------+

> last.crosstabs <- menuCrosstabs(formula =  ~ sceos3 + volc4, data = 


sib.aa.32600.2475.med, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ sceos3 + volc4, data = sib.aa.32600.2475.med, 


na.action = na.omit, drop.unused.levels = F, margin = list())

2750 cases in table

+-------+

|N      |

+-------+

sceos3 |volc4

       |0      |1      |2      |3      |

-------+-------+-------+-------+-------+

0      | 45    | 74    | 69    |671    |

-------+-------+-------+-------+-------+

1.5    |  0    |  0    |  0    |  2    |

-------+-------+-------+-------+-------+

2      |  0    |  0    |  0    |  8    |

-------+-------+-------+-------+-------+

2.5    |  0    |  0    |  1    |  5    |

-------+-------+-------+-------+-------+

3      |  3    |  6    | 87    |725    |

-------+-------+-------+-------+-------+

3.5    |  1    |  0    |  4    | 23    |

-------+-------+-------+-------+-------+

4      | 38    |134    |434    |273    |

-------+-------+-------+-------+-------+

4.5    |  1    |  6    |  4    |  1    |

-------+-------+-------+-------+-------+

5      | 30    | 60    | 28    | 16    |

-------+-------+-------+-------+-------+

6      |  1    |  0    |  0    |  0    |

-------+-------+-------+-------+-------+

> last.crosstabs <- menuCrosstabs(formula =  ~ sceos4 + volc4, data = 


sib.aa.32600.2475.med, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ sceos4 + volc4, data = sib.aa.32600.2475.med, 


na.action = na.omit, drop.unused.levels = F, margin = list())

2750 cases in table

+-------+

|N      |

+-------+

sceos4 |volc4

       |0      |1      |2      |3      |

-------+-------+-------+-------+-------+

0      | 45    | 74    | 69    |671    |

-------+-------+-------+-------+-------+

1      |  0    |  0    |  0    |  2    |

-------+-------+-------+-------+-------+

1.5    |  0    |  0    |  0    |  1    |

-------+-------+-------+-------+-------+

2      |  2    |  3    | 30    |608    |

-------+-------+-------+-------+-------+

2.5    |  0    |  0    |  5    | 25    |

-------+-------+-------+-------+-------+

3      | 21    | 52    |372    |369    |

-------+-------+-------+-------+-------+

3.5    |  3    |  6    |  5    |  7    |

-------+-------+-------+-------+-------+

4      | 41    |144    |143    | 36    |

-------+-------+-------+-------+-------+

4.5    |  0    |  0    |  0    |  2    |

-------+-------+-------+-------+-------+

5      |  6    |  1    |  3    |  3    |

-------+-------+-------+-------+-------+

6      |  1    |  0    |  0    |  0    |

-------+-------+-------+-------+-------+

> last.crosstabs <- menuCrosstabs(formula =  ~ sceos5 + volc4, data = 


sib.aa.32600.2475.med, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ sceos5 + volc4, data = sib.aa.32600.2475.med, 


na.action = na.omit, drop.unused.levels = F, margin = list())

2750 cases in table

+-------+

|N      |

+-------+

sceos5 |volc4

       |0      |1      |2      |3      |

-------+-------+-------+-------+-------+

0      | 45    | 74    | 69    |671    |

-------+-------+-------+-------+-------+

1      |  0    |  0    |  0    |  2    |

-------+-------+-------+-------+-------+

2      |  3    |  3    | 51    |678    |

-------+-------+-------+-------+-------+

2.5    |  0    |  0    |  6    | 21    |

-------+-------+-------+-------+-------+

3      | 26    | 58    |356    |305    |

-------+-------+-------+-------+-------+

3.5    |  0    |  4    |  7    |  5    |

-------+-------+-------+-------+-------+

4      | 44    |141    |138    | 42    |

-------+-------+-------+-------+-------+

5.5    |  1    |  0    |  0    |  0    |

-------+-------+-------+-------+-------+

> last.crosstabs <- menuCrosstabs(formula =  ~ sceos6 + volc4, data = 


sib.aa.32600.2475.med, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ sceos6 + volc4, data = sib.aa.32600.2475.med, 


na.action = na.omit, drop.unused.levels = F, margin = list())

2750 cases in table

+-------+

|N      |

+-------+

sceos6 |volc4

       |0      |1      |2      |3      |

-------+-------+-------+-------+-------+

0      | 45    | 74    | 69    |671    |

-------+-------+-------+-------+-------+

1      |  0    |  0    |  0    |  2    |

-------+-------+-------+-------+-------+

2      |  2    |  3    | 33    |608    |

-------+-------+-------+-------+-------+

2.5    |  0    |  0    |  4    | 26    |

-------+-------+-------+-------+-------+

3      | 18    | 41    |351    |361    |

-------+-------+-------+-------+-------+

3.5    |  3    |  7    |  6    |  8    |

-------+-------+-------+-------+-------+

4      | 40    |148    |142    | 37    |

-------+-------+-------+-------+-------+

4.5    |  0    |  1    |  4    |  2    |

-------+-------+-------+-------+-------+

5      | 10    |  6    | 18    |  9    |

-------+-------+-------+-------+-------+

6      |  1    |  0    |  0    |  0    |

-------+-------+-------+-------+-------+

> last.crosstabs <- menuCrosstabs(formula =  ~ uws + volc3, data = 


sib.aa.32600.2475.med, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ uws + volc3, data = sib.aa.32600.2475.med, 


na.action = na.omit, drop.unused.levels = F, margin = list())

2644 cases in table

Dropped 106 cases due to missing values

+-------+

|N      |

+-------+

uws    |volc3

       |0      |1      |2      |3      |4      |

-------+-------+-------+-------+-------+-------+

3      |  72   | 165   |  71   |  16   |  41   |

-------+-------+-------+-------+-------+-------+

4      |  32   |  85   | 116   |  88   | 178   |

-------+-------+-------+-------+-------+-------+

5      |   8   |  16   |  43   |  76   | 272   |

-------+-------+-------+-------+-------+-------+

6      |   6   |   7   |  20   |  32   |1300   |

-------+-------+-------+-------+-------+-------+

Primorskii pixel-based

> last.crosstabs <- menuCrosstabs(formula =  ~ dlr1 + volc, data = 


sib.aa.sample, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ dlr1 + volc, data = sib.aa.sample, na.action = 


na.omit, drop.unused.levels = F, margin = list())

10000 cases in table

+-------+

|N      |

+-------+

dlr1   |volc

       |0      |1      |2      |3      |

-------+-------+-------+-------+-------+

1      |   2   |   3   | 152   |2479   |

-------+-------+-------+-------+-------+

2      | 169   | 619   |3321   |2487   |

-------+-------+-------+-------+-------+

3      | 193   | 387   | 165   |  23   |

-------+-------+-------+-------+-------+

> last.crosstabs <- menuCrosstabs(formula =  ~ dlr2 + volc2, data = 


sib.aa.sample, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ dlr2 + volc2, data = sib.aa.sample, na.action = 


na.omit, drop.unused.levels = F, margin = list())

10000 cases in table

+-------+

|N      |

+-------+

dlr2   |volc2

       |0      |1      |2      |3      |

-------+-------+-------+-------+-------+

1      |   7   |  18   | 185   |3783   |

-------+-------+-------+-------+-------+

2      |  76   | 629   |2213   |1816   |

-------+-------+-------+-------+-------+

3      | 281   | 662   | 286   |  44   |

-------+-------+-------+-------+-------+

> last.crosstabs <- menuCrosstabs(formula =  ~ cesbio + volc4, data = 


sib.aa.sample, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ cesbio + volc4, data = sib.aa.sample, na.action


 = na.omit, drop.unused.levels = F, margin = list())

10000 cases in table

+-------+

|N      |

+-------+

cesbio |volc4

       |0      |1      |2      |3      |

-------+-------+-------+-------+-------+

1      |  12   |  42   | 337   |4466   |

-------+-------+-------+-------+-------+

2      |  27   | 158   |1605   | 949   |

-------+-------+-------+-------+-------+

3      | 208   | 594   | 626   |  93   |

-------+-------+-------+-------+-------+

4      | 116   | 215   | 416   | 132   |

-------+-------+-------+-------+-------+

5      |   1   |   0   |   0   |   0   |

-------+-------+-------+-------+-------+

6      |   0   |   0   |   0   |   3   |

-------+-------+-------+-------+-------+

> last.crosstabs <- menuCrosstabs(formula =  ~ sceos1 + volc4, data = 


sib.aa.sample, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ sceos1 + volc4, data = sib.aa.sample, na.action


 = na.omit, drop.unused.levels = F, margin = list())

10000 cases in table

+-------+

|N      |

+-------+

sceos1 |volc4

       |0      |1      |2      |3      |

-------+-------+-------+-------+-------+

0      | 135   | 384   | 307   |2331   |

-------+-------+-------+-------+-------+

3      |   6   |  25   | 464   |2526   |

-------+-------+-------+-------+-------+

4      |  47   | 258   |1866   | 739   |

-------+-------+-------+-------+-------+

5      | 169   | 341   | 345   |  41   |

-------+-------+-------+-------+-------+

6      |   7   |   1   |   2   |   6   |

-------+-------+-------+-------+-------+

> last.crosstabs <- menuCrosstabs(formula =  ~ sceos2 + volc4, data = 


sib.aa.sample, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ sceos2 + volc4, data = sib.aa.sample, na.action


 = na.omit, drop.unused.levels = F, margin = list())

10000 cases in table

+-------+

|N      |

+-------+

sceos2 |volc4

       |0      |1      |2      |3      |

-------+-------+-------+-------+-------+

0      | 135   | 384   | 307   |2331   |

-------+-------+-------+-------+-------+

1      |   0   |   0   |   0   |   1   |

-------+-------+-------+-------+-------+

2      |   0   |   2   |  32   | 867   |

-------+-------+-------+-------+-------+

3      |   6   |  16   | 278   |1332   |

-------+-------+-------+-------+-------+

4      |  11   |  76   |1248   | 903   |

-------+-------+-------+-------+-------+

5      | 208   | 531   |1119   | 209   |

-------+-------+-------+-------+-------+

6      |   4   |   0   |   0   |   0   |

-------+-------+-------+-------+-------+

> last.crosstabs <- menuCrosstabs(formula =  ~ sceos3 + volc4, data = 


sib.aa.sample, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ sceos3 + volc4, data = sib.aa.sample, na.action


 = na.omit, drop.unused.levels = F, margin = list())

10000 cases in table

+-------+

|N      |

+-------+

sceos3 |volc4

       |0      |1      |2      |3      |

-------+-------+-------+-------+-------+

0      | 135   | 384   | 307   |2331   |

-------+-------+-------+-------+-------+

1      |   0   |   0   |   0   |   1   |

-------+-------+-------+-------+-------+

2      |   0   |   0   |   2   |  65   |

-------+-------+-------+-------+-------+

3      |   6   |  22   | 438   |2340   |

-------+-------+-------+-------+-------+

4      |  67   | 308   |1963   | 874   |

-------+-------+-------+-------+-------+

5      | 154   | 295   | 274   |  32   |

-------+-------+-------+-------+-------+

6      |   2   |   0   |   0   |   0   |

-------+-------+-------+-------+-------+

> last.crosstabs <- menuCrosstabs(formula =  ~ sceos4 + volc4, data = 


sib.aa.sample, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ sceos4 + volc4, data = sib.aa.sample, na.action


 = na.omit, drop.unused.levels = F, margin = list())

10000 cases in table

+-------+

|N      |

+-------+

sceos4 |volc4

       |0      |1      |2      |3      |

-------+-------+-------+-------+-------+

0      | 135   | 384   | 307   |2331   |

-------+-------+-------+-------+-------+

1      |   0   |   0   |   0   |   1   |

-------+-------+-------+-------+-------+

2      |   5   |   7   | 160   |2047   |

-------+-------+-------+-------+-------+

3      |  25   | 126   |1753   |1151   |

-------+-------+-------+-------+-------+

4      | 158   | 465   | 699   | 105   |

-------+-------+-------+-------+-------+

5      |  35   |  27   |  65   |   7   |

-------+-------+-------+-------+-------+

6      |   6   |   0   |   0   |   1   |

-------+-------+-------+-------+-------+

> last.crosstabs <- menuCrosstabs(formula =  ~ sceos5 + volc4, data = 


sib.aa.sample, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ sceos5 + volc4, data = sib.aa.sample, na.action


 = na.omit, drop.unused.levels = F, margin = list())

10000 cases in table

+-------+

|N      |

+-------+

sceos5 |volc4

       |0      |1      |2      |3      |

-------+-------+-------+-------+-------+

0      | 135   | 384   | 307   |2331   |

-------+-------+-------+-------+-------+

2      |   5   |  12   | 254   |2227   |

-------+-------+-------+-------+-------+

3      |  21   | 133   |1705   | 970   |

-------+-------+-------+-------+-------+

4      | 194   | 479   | 717   | 108   |

-------+-------+-------+-------+-------+

5      |   8   |   1   |   1   |   5   |

-------+-------+-------+-------+-------+

6      |   1   |   0   |   0   |   2   |

-------+-------+-------+-------+-------+

> last.crosstabs <- menuCrosstabs(formula =  ~ sceos6 + volc4, data = 


sib.aa.sample, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ sceos6 + volc4, data = sib.aa.sample, na.action


 = na.omit, drop.unused.levels = F, margin = list())

10000 cases in table

+-------+

|N      |

+-------+

sceos6 |volc4

       |0      |1      |2      |3      |

-------+-------+-------+-------+-------+

0      | 135   | 384   | 307   |2331   |

-------+-------+-------+-------+-------+

1      |   0   |   0   |   0   |   2   |

-------+-------+-------+-------+-------+

2      |   5   |   7   | 175   |2035   |

-------+-------+-------+-------+-------+

3      |  23   | 108   |1597   |1146   |

-------+-------+-------+-------+-------+

4      | 135   | 433   | 680   |  99   |

-------+-------+-------+-------+-------+

5      |  65   |  77   | 225   |  30   |

-------+-------+-------+-------+-------+

6      |   1   |   0   |   0   |   0   |

-------+-------+-------+-------+-------+

> last.crosstabs <- menuCrosstabs(formula =  ~ uws + volc3, data = 


sib.aa.sample, margin.p = F, na.action = na.omit, 


drop.unused.levels = F, print.object.p = T, digits = 2, 


marginal.totals = F, chi2.test = F)

Call:

crosstabs(formula =  ~ uws + volc3, data = sib.aa.sample, na.action = 


na.omit, drop.unused.levels = F, margin = list())

10000 cases in table

+-------+

|N      |

+-------+

uws    |volc3

       |0      |1      |2      |3      |4      |

-------+-------+-------+-------+-------+-------+

1      |   0   |   0   |   0   |   0   |   2   |

-------+-------+-------+-------+-------+-------+

3      | 302   | 679   | 357   | 103   | 144   |

-------+-------+-------+-------+-------+-------+

4      |  40   | 221   | 428   | 435   | 726   |

-------+-------+-------+-------+-------+-------+

5      |  11   |  75   | 171   | 304   |1116   |

-------+-------+-------+-------+-------+-------+

6      |  11   |  34   |  75   | 191   |4575   |

-------+-------+-------+-------+-------+-------+
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