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Objective of this report

This report gives a brief summary of the results of the map accuracy assessment. It is directed to users of the map product to give some insights in the quality of the data product.

Ground data sources

The forest cover map is compared to two different ground datasets:

A. Russian forest inventory (FI) database, compiled by the Project
Total growing stock volume of forest stands generated by the combined method of the Russian forest inventory (the method is based on combination of measurements of some indicators, visual estimates and airphoto interpretation) at 26 test areas in 8 test territories was used for this comparison. 

B. Independent data of new forest inventories, other satellites, and field observation ("user accuracy" control) 
This control was carried out by Russian forestry experts after the forest cover map was finished. It aimed at providing a quality assessment of the final SIBERIA product from a user view, using the most reliable available ground information. It had become clear that 1) the FI data of 1995-1998 could include unmapped fire scars, new clearcuts and other changes of land cover categories or characteristics of stands; 2) strictly speaking, growing stock volume in each primary forest inventory polygon has its own error of unknown value; 3) "pixel by pixel" comparisons do not represent "user accuracy", because only some territorial aggregations could be practically used, and on-ground data are given for areas which exceed minimal values, required by forest inventory manuals; and 4) there is a possible inconsistency in georeferencing of the compared maps. Data sources used for the additional independent control included new forest inventories with aerial photography from 1998-1999, remote sensing images from other satellites and data collected directly in the field. The professional control was carried out with a systematic sampling scheme at 7 test territories, which were selected based on the following requirements: i) presence of major types of vegetation, landscape, land cover and disturbances (forest fires and logging); ii) no overlap with test areas used before by the project; iii) recent and reliable data sources; iv) sample size > 400 plots of 1 ha. During this procedure, aerial photography and forest inventory maps were used at the scale 1:50000 and 1:25000. In addition, 3 test areas for which data from the Russian satellite "Resource" were available were checked by a computer overlap.
Statistical method

Confusion matrices were tabulated for all satellite frames by counting the correspondence of primary land cover units (mostly forest stand attributes) in the ground data to the forest cover map. The main diagonal of these matrices shows the number of forest stands that have the same class in the map and the ground data.

The weighted (w coefficient was calculated from the matrices. For ranked classes like the total growing stock volume classes of the forest cover map, this coefficient is the most appropriate one. Confusions of classes are weighted by their seriousness. For instance, classifying a pixel of class “20-50 m3/ha” in the ground data as “50-80 m3/ha” is less serious than classifying it as “>80 m3/ha”. Every cell pjk of the confusion matrix is multiplied by a factor from a weight matrix to determine the “observed agreement” p0:


[image: image1.wmf]e

e

w

p

p

p

-

-

=

1

0

k


with 
[image: image2.wmf]å

å

=

=

=

n

j

n

k

jk

jk

p

w

N

p

1

1

0

1

, 
[image: image3.wmf]å

å

=

=

·

·

=

n

j

n

k

k

j

jk

e

p

p

w

N

p

1

1

2

1

 and 
[image: image4.wmf](

)

(

)

2

2

1

1

-

-

-

=

n

k

j

w

jk

.

The range of possible values of this coefficient is (1 to 1, where 0 is pure chance agreement and 1 is perfect agreement. 
A. Russian forest inventory (FI) data

In practice, some data processing was done to get (w of a classified satellite image and the forest inventory GIS.

· Co-registration of FI vector database to the ERS image using an automatic coarse registration and a manual fine registration with ground control points;

· Masking of areas with rugged topography

· Polygon erosion at the edges by two pixels to reduce the impact of co-registration errors on map accuracy assessment;

· Calculation of the median class per forest stand;

· Calculation of (w with a quadratic weighting function.

Non-forest classes (water and smooth open areas) could not be included because there was an insufficient number of polygons in the FI data. The quadratic weight matrix for 4 forest classes is given in Table 1. 12 ERS images were used to assess the accuracy of the classified Forest Cover Map.

Table 1, Weight matrix for calculation of (w for the four forest classes as used in the comparison with the forest inventory (FI) data.


forest inventory data




remotely sensed data
<=20

m3/ha
20-50

m3/ha
50-80

m3/ha
>80

m3/ha

<=20
1
0.89
0.56
0

20-50
0.89
1
0.89
0.56

50-80
0.56
0.89
1
0.89

>80
0
0.56
0.89
1

B. Independent control 
The second approach compares the classified forest map with the GS data of the independent control, and counts the average of clusters of 4 pixels (areas of 1 ha) in the confusion matrix. The systematic sampling scheme provided samples of all six classes. The quadratic weight matrix was modified for classes “water” and “smooth open areas”, in order not to permit any misclassification of these classes by setting the corresponding weights to zero (Table 2).

Table 2, Weight matrix for calculation of (w for all six classes as used in the comparison with the ground survey (GS).


ground survey






remotely sensed data
water
smooth open area
<=20

m3/ha
20-50

m3/ha
50-80

m3/ha
>80

m3/ha

water
1
0
0
0
0
0

open
0
1
0
0
0
0

<=20
0
0
1
0.96
0.84
0.64

20-50
0
0
0.96
1
0.96
0.84

50-80
0
0
0.84
0.96
1
0.96

>80
0
0
0.64
0.84
0.96
1

Results

A. Russian forest inventory (FI) data

Table 3 gives the 12 ERS images, which were used in the accuracy assessment, covering FI data of 26 test areas. The (w coefficient varies strongly between the areas from 0.33 to 0.88. The counts of the confusion matrices of all images were added to get a pooled confusion matrix for the overall map (Table 4, (w = 0.72). Table 4 shows low correspondence (high errors of commission) for the intermediate growing stock classes “20-50 m3/ha” and “50-80 m3/ha”.

Table 3, ERS images and forest inventory test areas used for the accuracy assessment. (w reflects the degree of correspondence with the forest inventory data rather than the accuracy of the map. The GIS updating year is usually one year after the acquisition of aerial photography.

ERS orbit
ERS frame
GEC/GTC
baseline [m]
test area
forest inventory updating year
(w

32543
2493
GEC
244.3
Irbeisky 2
1993
0.33

32500
2493
GEC
247.7
Irbeisky 3
1996
small n

32543
2439
GEC
230.0
Chunsky 1
1998
0.74

32657
2493
GEC
169.7
Ulkansky 1
1998
0.49

32657
2493
GEC
169.7
Ulkansky 2
1998
0.47

32357
2493
GEC
273.0
Mansky
1999
0.56

32500
2403
GTC
224.6
Hrebtovsky
1996
0.46

32600
2475
GTC
180.3
Primorsky
1996
0.68

32414
2493
GTC
227.2
Nishne 1 / Ukarsk
1997
0.88

32414
2511
GTC
233.0
Nishne 2 / Porog
1997
0.62

32400
2457
GTC
219.9
Bolshe-Murtinsky
1998
0.63

32586
2439
GTC
187.4
Chunsky 2
1998
0.38

Table 4, Pooled confusion matrix for all test areas, comparing the map with forest inventory (FI) data. (w = 0.72.


forest inventory data






remotely sensed data
<=20

[m3/ha]
20-50

[m3/ha]
50-80

[m3/ha]
>80

[m3/ha]
total
user accuracy

<=20
589
104
21
136
850
69%

20-50
144
110
52
117
423
26%

50-80
135
237
297
1023
1692
18%

>80
31
96
223
5327
5677
94%

total
899
547
593
6603
8642


producer accuracy
66%
20%
50%
81%



B. Independent "user" control
Visual comparisons of areas, size and shape of polygons with clear boundaries (recent clearcut and burned areas, agricultural fields, bogs, wide treeless belts along roads) carried out by Russian forestry experts confirmed that the radar map identifies these objects very accurately.

The data used for the independent control is more reliable than the FI data used by the study because (i) only the most reliable ground data were used; (ii) most likely these ground data did not contain any large errors; iii) all dubious situations were discussed and checked based on initial ground data on a scale of 1:25 000 or 1:50000; iv) five areas were partially checked directly in  field observations. (w is
 high for all seven test territories and varies between 0.73 and 0.97. Table 5 shows the pooled confusion matrix. The pooled (w is 0.94. The user accuracy for each class is always greater than 80%.

Table 5, Pooled confusion matrix for all test areas, comparing the map with the ground survey (GS). Counts are 1 ha (4 pixels) sample plots determined by Russian forestry experts at seven test areas. 
(w = 0.94.


ground survey








remotely sensed data
water
smooth open area
<=20

[m3/ha]
20-50

[m3/ha]
50-80

[m3/ha]
>80

[m3/ha]
total
user accuracy

water
95





95
100%

open

137
20
1


158
87%

<=20

19
908
36
5
9
977
93%

20-50

1
76
576
39
15
707
81%

50-80


12
33
881
58
984
90%

>80



9
120
2182
2311
94%

total
95
157
1016
655
1045
2264
5232


producer accuracy
100%
87%
89%
88%
84%
96%



The accuracy of results received for 3 test areas checked by the computer overlay with other satellite imagery and air photo was intermediate between data given in Table 4 and Table 5 ((w was estimated for these areas at 0.74; 0.76; and 0.69).
Conclusion

· The numerical data of the computer control of the forest cover map quality (pixel by pixel) indicates a higher level of uncertainty than it is in reality due to the aggregated character of the FI data, the possible uncertainty of FI data and inconsistency in georeferencing of the maps used.
· The accuracy assessment procedure for the FI data could additionally underestimate the true accuracy of the forest cover map because of recent forest fires, cutting, thinning and regrowth in the forest stands since the forest inventory date.

· The user and producer accuracies of the individual classes estimated by forest professionals during the independent control are higher (sometimes significantly) than those from the FI data because the two above reasons were taken into account. Nevertheless, it should be indicated that the numerical estimates of the map quality are impacted by the fact that the class with growing stock volume more than 80 m3∙ha-1 is presented on more than 55-60% of territories mapped, which generates the big concentration of frequencies in this cell of the confusion matrices.
· The map has shortcomings revealed in 1) a significant share of masked areas in high mountain territories, and 2) matching the satellite scenes' boundaries sometimes generates some additional inconsistency.
· As a general conclusion, the results of the accuracy assessment of the forest cover map indicate a high map accuracy. It fulfils all requirements of a high-quality large-scale map.
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