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Lake Wenatchee and Beaver Creek- Terrestrial Quality Assurance/ Quality Control 

The two watersheds of Lake Wenatchee (170200110111) and Beaver Creek-Wenatchee River 
(170200110701) on the Wenatchee River District were Photo-Interpreted at the 1:8000 scale to inform 
the landscape evaluation. This work was then evaluated in the office and in the field according to the 
Forest Restoration Strategy QA/QC protocols. The process was updated based on the revised Quality 
Management Plan (August, 2017). That document provides the process and standards for ensuring 
quality in the photo-interpretation process. There are two steps in the process: 

• Quality Assurance is the process whereby two photo-interpreters examine the same data to 
ensure consistency in delineation and attribution. This is followed by some internal data-
consistency checks that can be run to flag potential errors in the data. 

• Quality Control is the process by which the photo-interpreted data is verified in the field. This 
process is also known as ‘ground-truthing’. A sample of stands (patches) within the project area 
are selected for field-based verification, and the level of agreement between field work and PI 
work is analyzed. 

Methods: 

The protocol for Quality Assurance is to sample 20% of each watershed to be re-delineated and 
attributed by a second interpreter.  Four squares were randomly created for each watershed to make up 
20% of the areas. This area was then delineated and attributed by a second interpreter and the results 
compared to the original delineations in those squares. For the Beaver Creek-Wenatchee River 
watershed, a third interpreter also completed the squares, allowing for yet another check on the 
process.  

For the Quality Control, a sample representing 10-20% of the watershed area was selected based on 
accessibility criteria and forest type strata. Polygons were selected that were on public lands, less than 
0.33 miles from open roads, and on <60% steep slopes. They were further selected according to aspect, 
elevation and % cover, to ensure that all types of forest polygons were being sampled. Ideally the area 
would have been stratified by PVG (Potential Vegetation Grouping), but as this data was not yet in place 
when the field work was begun, a stratification by aspect and elevation was done instead. The aspect 
and elevation classes were those derived by the Midscale Derived Attributes scripts- these include a 
total of 15 possible elevation classes and 5 possible aspect classes. These were then further stratified 
according to cover (>50% and <50%). 

Each sampled polygon was assessed in the field to characterize the patch as a whole with regard to the 
attributes of interest. Of particular interest were: canopy cover, number of layers, size classes, and 
species. In addition some derived attributes were collected in the field, including a variety of wildlife 
habitats, as well as Cover Type and Structure Class. All the field variables were then compared with the 
photo-interpreted attributes and corresponding derived variables, to determine the level of agreement. 
Level of agreement was assessed using error matrices as well as the Cohen’s Kappa statistic for 
agreement. A further step was added to have the field technician view the photo-interpreted 
attributions back in the office and make a determination on whether overall he agreed or disagreed with 



those calls. This was an attempt to simplify the messy comparison data into a simple pass/fail statistic. 
Also it was an acknowledgment of the difficulty of assessing many of these attributes precisely in the 
field. 

Table 1: Percent of each watershed sampled for the Quality Assessment/Quality Control 

Watershed Total Area (ha) Sample Area (ha) Percent Sampled 
Quality Assessment    
Lake Wenatchee 4448 890 20% 
Beaver Creek- Wenatchee River 11551 2310 20% 
Quality Control    
Lake Wenatchee 4448 572 13% 
Beaver Creek- Wenatchee River 11551 2137 19% 

 

The field work was conducted during the months of August and September 2017. Field data was 
collected with Android Tablets using the Collector App. The data forms were sourced from ArcGIS online 
and then the data was processed with ArcGIS desktop. Pictures were also taken in the field for each 
polygon and an attempt was made to take pictures that best represented the patch as a whole. A total 
of 125 polygons were visited which represented 13% of the Lake Wenatchee watershed and 19% of the 
Beaver Creek-Wenatchee River watershed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 1: Sampled areas in the Lake Wenatchee and Beaver Creek-Wenatchee River watersheds for 
Quality Assessment/Quality Control (QA/QC) 

 



Results: 

Quality Assurance: 

The squares delineated in the two watershed had a reasonably high level of agreement with the original 
delineations (Table 2). The statistics listed in Table 2 try to capture the similarity between delineations. 
In Beaver Creek the Original Photo-interpretations had an average smaller size than either of the other 
interpreters, corresponding to more edge length and a greater number of polygons. Some of this, 
however, is due to the small sliver polygons that become included when you clip out the original 
delineations to the squares. For Lake Wenatchee, conversely the original interpretations had a slightly 
larger average polygon size, although the edge length was roughly the same. The squares in Lake 
Wenatchee included a large portion of the lake, so there were less sliver effects from the clipping. 

Generally there was good agreement in how the polygons lined up. One way to assess this is to look at 
what percent of each polygon overlaps with the reference (Original PI). This can also be assessed 
inversely as what percent of the reference polygons overlap the secondary QA polygons. Overall, 
somewhere around 2/3rds of the polygons had >70% overlap. 

Table 2: Comparison of delineations between the Principle Photo-Interpreter and the Secondary 

Statistic- Beaver Creek Original PI Secondary PI Tertiary PI 

# of Polygons 158 135 113 
total edge length 334km 301km 263km 
average polygon size 15ha 17ha 20ha 
# of polygons with >70% overlap 114 (72%) 86 (64%) 75 (66%) 

 

Statistic- Lake Wenatchee Original PI Secondary PI 

# of Polygons 49 56 
total edge length 100km 102km 
average polygon size 18ha 16ha 
# of polygons with >70% overlap 25 (51%) 40 (71%) 

*These are rough comparisons, as it includes sliver polygons that are created when clipping out the squares.  

 

Attributions within those squares were then also compared and the results discussed. Overall 
agreement was fairly high for most attributes (Table 3). The goal is to get 70% agreeance for each of the 
principle attributes, and while this was not attained for most attributes, 60% was attained. For Beaver 
Creek there were some fairly low agreeance levels for Size class, and this reflects the fact that this 
exercise was largely done before extensive field visits and the chance to truly calibrate the eye with 
respect to size. Size class is one of the attributes that requires the most calibration on a site-by-site 
basis. 

 



Table3: Level of Agreement for attribution between the Principle Photo-Interpreter and the Secondary 
and Tertiary interpreters 

Attribute- Beaver Creek Agreeance- 
Secondary PI  

Agreeance- 
Tertiary PI 

Total Canopy Cover 60% 76% 
Overstory Cover 64% 69% 
Number of Layers 53% 63% 
Overstory Size 30% 57% 
Understory Size 39% 55% 
Overstory Species (Exact) 48% 42% 
Overstory Species (Any) 94% 96% 

 

Attribute- Lake Wenatchee Agreeance- 
Secondary PI  

Total Canopy Cover 43% 
Overstory Cover 63% 
Number of Layers 59% 
Overstory Size 60% 
Understory Size 57% 
Overstory Species (Exact) 49% 
Overstory Species (Any) 84% 

 

Quality Control: 

The field-checked polygons corresponded fairly well with the photo-interpretation (Table 4), although 
for some categories the agreeance was fairly low. This reflects an on-going struggle to adequately 
capture these attributes on the ground, as some of these attributes are best viewed from the air 
anyway. As the error matrices show, the ground-truth data was consistently estimating canopy cover as 
higher than the photo-interpreter. If you look at un-binned matrices (Appendix A), it’s clear that 
generally from the ground, canopy cover appears 10 to 20% higher than from the office. 

Another source of confusion comes from the determination of the overstory. According to the Photo-
Interpretation Key, a layer is defined more as a cohort than a strict size class layer, but often in the field 
this is less clear. This often results in 1 layer being classified as 2 layers in the field (or vice versa), and 
with associated differences in overstory canopy cover and size class. This is particularly an issue for 
regeneration stands, where due to site variability some of the regeneration may be pole size, whereas 
the majority is still seedlings/saplings. It can be tough to know whether to call this one layer or two. This 
can have a drastic effect on overall accuracy, and on the Kappa statistic (generally <0.5) but practically 
speaking the difference is not significant. 

 

 

 



Table 4: Level of agreement for attribution between Photo-Interpretation and Ground-Truth 

Attribute QC 
Accuracy 

Total Canopy Cover 55% 
Overstory Canopy Cover 74% 
Number of Layers 63% 
Overstory Size (binned) 50% 
Understory Size (binned) 81% 
Overstory Species (Exact) 46% 
Overstory Species (Weighted) 70% 

 

Table 5: Simplified error matrices and agreement statistics between Photo-Interpretation and Ground-
Truth (See also Appendices) 

TOTL_CC Count “Ground Truth” 
 

 
 

Photo-
Interpretation 

 

 
<40% 40-70% >70% Grand Total 

<40% 13 14 3 30 
40-70%  32 36 68 
>70% 

 3 24 27 
 Grand Total 13 49 63 125 
 Overall  

Accuracy= 55% 

 
Kappa = 
0.314  

  

 

OS_CC Count “Ground Truth” 
 
 

Photo-
Interpretation 

 

 <40% >40% Grand Total 
<40% 84 11 95 
>40% 22 8 30 
Grand Total 

106 19 125 
 Overall  

Accuracy=74% 
 Kappa = 

0.173 
 

 

OS_SIZE Count “Ground Truth”  
 
 
 

Photo-
Interpretation 

 

P.I. None Seeds/Saps Smalls/Poles Medium Large Grand Total 
None 2 1 2   5 
Seeds/Saps  4 8 1  13 
Poles/Smalls 1  10 5 3 19 
Medium   4 19 31 54 
Large    6 28 34 

 Grand Total 3 5 24 31 62 125 
 Overall  

Accuracy= 50% 
 Kappa = 

0.315  
    



 

US_SIZE Count “Ground Truth” 
 

 
 

Photo-
Interpretation 

 

PI None Seeds/Saps Poles/Small/Medium Grand 
Total 

None 10 5 12 27 
Seeds/Saps  3 7 10 
Poles/Small/Medium   88 88 

 Grand Total 10 8 107 125 
 Overall  

Accuracy=81% 

 
Kappa = 
0.488  

  

• Overall Accuracy is the sum of the correct classifications for each class over the total number.  
• Cohen’s Kappa is a statistic to measure agreeance. Values close to 1 indicate perfect agreement. 

Derived attributes performed fairly well for the habitat types and the cover type, but not very good for 
structure class (Table 6). Classifying structure class in the field remains a challenge, especially as the 
classes are not necessarily intuitive. The temptation in the field is to see stands strictly according to age: 
very young, young, old (si, yfms, ofms)- and so that is what the majority of the fields calls were 
(Appendix A).  

Table 6: Level of Agreement for derived attributes between the Photo-Interpretation and Ground-Truth  

Attribute QC Accuracy 
Structure Class 33% 
Cover Type 62% 
Spotted Owl Habitat 78% 
Northern Goshawk Habitat 63% 
White-headed Woodpecker Habitat 77% 
Late Successional Old Forest 63% 

 

When the data was submitted to the pass/fail check back in the office, however, only 10 stands (or 8%) 
were deemed to not reflect the situation on the ground. For the rest of the stands, when the photo-
interpreted data was analyzed next to the field notes, it was decided that the interpreted attributes 
adequately captured the reality on the ground. There were 28 stands where there was some uncertainty 
or question regarding the interpreted data, but it was not deemed to be a big enough issue to change 
the overall interpretation of the data. The stands that failed were because of several reasons: 5 failed 
because of the species call, 4 because of size class and then 2 because of canopy cover- one of which 
was at the 10% threshold leading to a different call with respect to forest/nonforest. The species call 
differences were mostly regeneration stands where species calls are notoriously hard from the air, and a 
couple stands where Ponderosa Pine was erroneously called present when it was not in fact there. The 
size class discrepencies was mostly stands with a significant large overstory which was called medium in 
the photo-interpretation leading to a very different picture of the stand structure as a whole. There was 
a similar set of issues included in the ‘Pass with question’ category. These stands as well as the ‘fail’ 
stands would obviously require further field work before treatments would be planned. 

 



Table 7: Level of Agreement between Photo-Interpretation and Ground-Truth on a pass/fail basis 

Pass/Fail Category Number of Stands Percentage 
Pass 86 70% 
Pass with question 28 22% 
Fail 10 8% 
Grand Total 124 100% 

 

Pass/Fail Reason Number of Stands 
Pass 86 

No Questions 86 
Pass with question 28 

totl_cc 1 
pvt 1 
size class 18 
size class, layers 2 
size class, species 1 
species 3 
species, totl_cc 2 

Fail 10 
totl_cc 1 
forest/nonforest 1 
size class 3 
size class, species 1 
Species 2 
species, totl_cc 2 

Grand Total 124 
 

Discussion: 

While the overall level of agreement between photo-interpretation and ground-truth was not 
impressive, it still is good enough to demonstrate that the photo-interpretation is in the ball-park range. 
The Forest Restoration Strategy protocols identify a 70% level of agreeance as the target accuracy, and 
most of the attributes in this study pass this threshold. This fairly low threshold reflects an 
understanding of the variability inherent in a mid-scale mapping assessment. Any mid-scale vegetation 
mapping effort is going to face difficulties when being compared to fine-scale ground-truth data. In fact 
other region and national wide vegetation mapping efforts have produced far lower results. The 
Gradient Nearest Neighbor (GNN) mapping effort had accuracies of 48%-88% for vegetation classes and 
for individual species had Kappa statistics values of no greater than 0.531. Even vegetation modelling 
with LiDAR data rarely gets regression R2 values better than 0.8, and are in fact much poorer for many 

                                                           
1 Ohmann, JL, MJ Gregory, HK May, EB Grossmann. 2008. Gradient Nearest Neighbor (GNN) maps of forest 
vegetation: accuracy assessment and uncertainty. Interagency Mapping and Assessment Project (IMAP) 
Users' Group: Portland, OR; February 2008 



parameters2. In addition, for the purposes of the Forest Restoration Strategy, the primary goal is to 
ensure consistency in the photo-interpretation process with regard to historic imagery. Analysis of forest 
parameters is done with respect to historical range of variability, and that was determined using the 
photo-interpretation at the same scale. Differences between photo-interpretation and ground-truth are 
mostly related to differences in perspective that come from viewing an object from close up or from 
afar. These differences are not present when comparing photo-interpretation of current verses 
historical imagery. 

Nevertheless, it is understood that for managers, some degree of accuracy is required in order to be 
able to practically use the data. While individual attributes may not have perfect agreement, when you 
compile all the attributes for a given patch, it presents a fairly good picture of what is present in the 
stand. Thus it is advisable to use all the data and not just some. For example, while Cover Type can be a 
helpful attribute to use, the overstory and understory species combinations should also be utilized as 
well as the PVT, to get a better characterization of the stand cover. Furthermore other data sources can 
be used to compare with this one, and obviously targeted site visits are the best way to resolve 
uncertainties. 

When it comes to Structure Class, it can be helpful to break down the structure classes based on the 
ruleset that was used to differentiate it. This is easily done by adding a switch to the script. This was you 
can determine for instance if the stand is young forest multi-story because it was an older stand that 
had been degraded or a young stand that just recently developed multi-layered characteristics. Many 
other such inferences can be drawn by using the rulesets. 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
2 Mitchell, Brent. Mapping Forest Inventory Parameters using Lidar. Remote Sensing Application Center. USDA 
Forest Service. 2008 



Figure 2: Derived Cover Type for the whole project area 

 



Figure 3: Derived Structure Class for the whole project area 

 

 



Appendix A: Error Matrices- raw data  
 

Count of 
TOTL_CC Column Labels            

Row Labels 0 10 20 30 40 50 60 70 80 90 100 
Grand 
Total 

0 2 2 1         5 
10 1 1 1 2 2   1    8 
20    3 3 1 1 2 1   11 
30     3  1  1 1  6 
40     1 2 4 5 3 2  17 
50      1 3 3 2 5  14 
60      1 2 7 6 4  20 
70        3 7 5 2 17 
80      1  2 10 8 3 24 
90          3  3 
Grand Total 3 3 2 5 9 6 11 23 30 28 5 125 

 

Count of OS_CC Column Labels          

Row Labels 0 10 20 30 40 50 70 80 90 
Grand 
Total 

0 2 3        5 
10 1 16 10 6 3 1    37 
20  11 10 3 1  1   26 
30  9 7 6 4 1    27 
40  1 7 5 2    1 16 
50  1 1 2 2   1  7 
60   1 1 2     4 
70   1       1 
80  1 1       2 
Grand Total 3 42 38 23 14 2 1 1 1 125 

 

Count of 
CNPY_LYRS Column Labels    

Row Labels 0 1 2 3 
Grand 
Total 

0 2 2 1  5 
1 1 5 10 6 22 
2   8 22 30 
3   4 64 68 
Grand Total 3 7 23 92 125 
      



Count of 
SIZE_OS Column Labels      

Row Labels 0 1 2 3 4 5 
Grand 
Total 

0 2 1  2   5 
1  4 5 3 1  13 
2   2 2  1 5 
3 1   6 5 2 14 
4    4 19 31 54 
5     6 28 34 
Grand Total 3 5 7 17 31 62 125 

 

Count of 
SIZE_US Column Labels     

Row Labels 0 1 2 3 4 
Grand 
Total 

0 10 5 7 2 3 27 
1  3 1 2 4 10 
2   5 4 2 11 
3   3 17 29 49 
4    4 24 28 
Grand Total 10 8 16 29 62 125 

 

Count of COVER Column Labels      

Row Labels pipo psme abgr pico abla2 (blank) 
Grand 
Total 

pipo 49 5     54 
psme 26 26 2 1   55 
pico 1 2     3 
abla2/pien  3  3 1 1 8 
water      1 1 
pl - bg/burned 1     1 2 
non_frst6_2 2      2 
Grand Total 79 36 2 4 1 3 125 

 

Count of LSOF Column Labels  
Row Labels N/A LS Non-LS Grand Total 
LS 1 14 19 34 
OFMS  8 4 12 
OFSS  2 1 3 
OtherForest 1 18 52 71 
NonForest 2  3 5 
Grand Total 4 42 79 125 



Count of 
STRUCTURE Column Labels       

Row Labels ur si seoc secc yfms ofss ofms (blank) 
Grand 
Total 

ur  3  1 2  2  8 
si 4 11 1 1 1  2  20 
seoc 3 1 4  1 1 5 1 16 
secc  1  1 3    5 
yfms 5  1 5 14 1 30  56 
ofss    1   2  3 
ofms 1    2  9  12 
nf  1      2 3 
ots  2       2 
Grand Total 13 19 6 9 23 2 50 3 125 

 

Count of 
SP_HAB Column Labels  

Row Labels N/A Yes No 
Grand 
Total 

Yes  20 8 28 
No 3 17 77 97 
Grand Total 3 37 85 125 

     
Count of 
NG_HAB Column Labels  

Row Labels N/A Yes No 
Grand 
Total 

Yes  13 1 14 
No 3 42 66 111 
Grand Total 3 55 67 125 

     
Count of 
WH_HAB Column Labels  

Row Labels N/A Yes No 
Grand 
Total 

Yes  9 9 18 
No 3 17 87 107 
Grand Total 3 26 96 125 

 

 

 

 


