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Summary

The objectives of the audit process were:

1. In the native forest inventory, to provide a quantitative measure of the accuracy of data collected by field crews and to ensure that data was of a satisfactory standard.

2. In the hardwood plantation inventory, to ensure compliance with “standard of measurement” conditions of the contract between State Forests and the contractor.

To achieve these aims, a subsample of plots was measured in each type, native forest and plantation.

In native forest, 3 plots out of 249 audited plots (1.2%) failed audit. In plantation, no plots failed audit. These results are considered to be highly satisfactory, and indicate that field measurement practice was of a high standard.

1. Introduction

This reports presents the audit results for the FRAMES Strategic plot location and measurement in State Forests in the Upper North-East and Lower North-East regions.

The Strategic Inventory Audit Team had two main tasks:

1. In the native forest inventory, to provide a quantitative measure of the accuracy of data collected by field crews and to ensure that data was of a satisfactory standard
.

2. In the hardwood plantation inventory, to ensure compliance with “standard of measurement” conditions of the contract between State Forests and the contractor.

2. Methods

Data audited by the Strategic Inventory Audit Team was collected using methods described in the Strategic Inventory Field Manual
. Training of each crew by the Audit Team attempted to ensure continuity and consistency between crews.

The Strategic Inventory Auditing Methodology document approved by the Technical Committee served as the basis of the auditing process.

A Microsoft Access database was created to enter, store and report on Strategic Inventory audit data.

2.1. Determination of sampling intensities and allowable ranges

The final structure for plot level sampling intensity was:

· Standard sampling intensity of 5% of plots measured unless a plot was deemed to have failed the auditing process, in which case a higher sampling intensity, was applied for a minimum of 4 weeks to ensure future compliance was achieved. 

· The tree level sampling intensity as stated in the Strategic Inventory Auditing Methodology aimed at producing an average of 10-20% sample of trees from within the plot.

3. Audit Results

3.1. Native Forests

3.1.1. Overview of plots audited per crew

The number of plots audited was 249 or 13% of plots measured. The number of trees audited was 3351. Only 3 plots failed audit.

Table 1: Number of plots measured and audited for native forest crews.

Crew
Number of plots measured
Number of plots audited
Audit sample %

1
143
20
14

2
68
18
29

3
175
15
9

4
121
14
12

5
129
18
16

6
71
7
10

7
117
26
20

8
144
23
15

9
105
18
18

10
187
21
7

11
133
13
9

12
161
13
7

13/14
165
17
10

15
112
17
12

16/20
80
9
9

Total
1911
249
13

*Crews 13 & 14 are the same crew with a different crew identifier when they moved from the Styx River MA to Walcha MA.

The auditing process was done as a progressive process, to monitor the performance of crews, rather than a final audit at the end of the process. As such, the audit percentage for plots checked was higher then the minimum audit level set out in the specifications.

3.1.2. Tree count data per plot

The tree count data for all crews, was found to come from a population with a normal distribution. In Table 2 the Chi-square test show there is no significant difference between the audit and crew values. The significance level (() of the test is 0.05, or 5%.

Table 2: Chi-square analysis of tree count data .

Crew
Number of plots audited
Number of plots different
Chi-square of tree count
P

1
20
6
.1229
1

2
18
3
.2038
1

3
15
4
.4071
1

4
14
4
.2451
1

5
18
2
.1270
1

6
7
2
.2549
1

7
26
9
.4704
1

8
23
8
.1897
1

9
18
10
.9351
1

10
21
5
.2772
1

11
13
5
.1428
1

12
13
1
.0345
1

13/14
17
2
.2918
1

15
17
1
.0938
1

16-20
9
3
.0586
1

Total
249
65
3.8548
1

3.1.3. Diameter and height data
The main focus of diameter and height data analysis is differences between measurements made by the crews and the measurements made by the audit team. The differences between crew and audit diameter and height values were analysed for average difference and standard deviation of differences. The results are shown in Table 3.

Table 3: Analysis of diameter (DBHOB) and height (total height) measurements for all Native Forest Crews.


Diameter difference
Height difference

CREW
(mm) #
Std Dev (mm)
(m) #
Std Dev (m)







1
0.8
17.7
0
2.4

2
1.3
3.5
-0.7
2.1

3
1.4
9.8
0.0
2.1

4
-1.6
3.4
-0.3
2.2

5
-2.3
8.0
-0.4
2.1

6
-2.3
13.3
0.7
1.5

7
-0.2
3.5
-0.1
1.6

8
-0.9
8.6
0.0
1.5

9
1.2
20.2
-0.4
2.5

10
-2.0
30.9
0.4
2.6

11
-0.8
5.9
-0.6
1.8

12
-0.1
1.6
-0.2
1.5

13/14
-0.8
4.1
-0.3
1.3

15
1.1
15.7
0.2
2.2

16-20
-0.3
11.5
0.0
1.4

All
-0.4
13.9
-0.2
2.0

# A negative value means that the audit value was greater than the crew value.

The descriptive statistics in Table 3 give an indication of the average difference in measurements. Table 4 shows the results of goodness of fit test, and the significance of differences between audit and crew measurements. Table 4 summarises the data into crews, which was useful for crew monitoring. However as no single crew measured all the plots in stratum, the combined result for all data is the most significant result.

Table 4. KS -goodness of fit analysis of height and diameter data. 

 ( = 0.05 (95% confidence limit), degrees of freedom = (n-1).


Height
Diameter

Crew
Chi-square statistic
Observations (n)
alpha
Chi-square statistic
Observations (n)
alpha









1
16.1
89
1
132.0
175
0.99

2
15.3
92
1
9.8
150
1

3
14.1
75
1
49.7
119
1

4
8.1
50
1
3.3
80
1

5
15.9
90
1
33.3
153
1

6
4.2
29
1
60.3
58
0.35

7
12.3
127
1
8.4
230
1

8
10.7
115
1
66.3
206
1

9
19.1
87
1
151.6
146
0.34

10
12.2
105
1
249.8
183
.0006

10*



41.5
182
1

11
9.0
65
1
24.9
117
1

12
5.8
65
1
1.19
109
1

13/14
6.3
82
1
7.18
126
1

15
16.4
84
1
50.2
147
1

16-20
2.9
44
1
27.5
87
1

All
168.7
1199
1
875.5
2086
1

From Table 4 we can see that there is no difference between the crew and audit diameter measurements at the 5% significance level for all the height and diameter data collected. For individual crews it is noted that a recording error by crew 10 (where 1168 was recorded as 768), a significant difference in the chi-square statistic occurred. When this tree was removed in 10*, no significant difference then existed.

3.1.4. Ordinal data

These variables are subjectively‑determined ordinal variables. Assessment of significant difference between the audit and crew measurement was conducted using a Kappa test (Cohen, 1960; Hudson and Ramm, 1987).

Crown Condition.

Crew coding
Audit coding
Total
% the same
Kappa
Variance
Z statistic


1
2
3






1
134
179
6
319
42




2
63
794
224
1081
73




3
2
164
558
724
77




Total



2124
70
0.58
.00005
85.9

Over 70% of the classification by the two crews were the same. There is also no significant difference between the two assessments.

Dominance 

Dominance was assessed into 4 classes. For the purposes of later model implementation, Classes 1 and 2 (Dominant and codominant) were amalgamated.

Crew coding
Audit coding
Total
% the same
Kappa
Variance
Z statistic


1&2
3
4






1&2
481
1
0
619
78




3
78
743
178
999
74




4
3
164
340
507
67




Total



2129
73
0.69
.00005
31.2

Before dominant and codominant were combined, 70% of codes were the same. After amalgamation 73% were the same. There is no significant difference between audit and crew measurements.

Logging Impediment
Crew coding
Audit coding
Total
% the same
Kappa
Variance
Z statistic


1
2
3






1
1760
1
6
1767
99




2
0
78
9
87
90




3
11
10
248
269
92




Total



2123
98
0.94
.00005
140.6

The agreement on logging impediment was 98%. There is no significant difference between crew and audit results

3.1.5. Tree description scores

Tree description data is a series of height-cumulative wood quality codes. Meaningful interpretation of the Strategic Inventory Dictionary requires an extensive knowledge of wood quality attributes of native forest tree species. A State Forests Marketing Foreman was generally included in each field crew.

Audit analysis of the tree descriptions is confined to determining the proportions of tree descriptions which scored 3, 4 or 5 differences. Table 6 summarises the proportion tree descriptions with greater than 3 differences for each crew.

Table 6: Frequency of tree descriptions that score >=3..

Crew
Total number of Tree Descriptions
Number of 3,4,5 Tree Descriptions
% of 3,4,5 Descriptions






1
171
7
4.0

2
150
13
8.7

3
119
9
7.6

4
80
2
2.5

5
153
5
3.3

6
58
1
1.7

7
230
9
3.9

8
206
14
6.8

9
146
17
11.6

10
183
3
1.6

11
117
8
6.8

12
109
1
0.9

13/14
126
1
0.8

15
147
8
5.4

16-20
87
1
1.0

All
2082
99
4.7

Only 4.7% of all trees described have significant differences in total tree code between the audit crew and the original measurers. The impact of the differences in stem description is more substantial in the upper portion of the tree. The coding in these sections is generally less important than the classification of the tree in the lower bole section.

3.2. Hardwood plantation

3.2.1. Overview of plots audited

A total of 979 plots were installed by the contractor. 50 plots were audited, giving an audit sampling intensity of 5%. No plots failed the auditing process, with the average demerit points for plots was 36% of the maximum allowable demerit points, before a plot is failed.

3.2.2. Tree count data per plot

A Chi-square analysis at 95% confidence, of the tree count data from 50 audited plots showed no significant difference. 

3.2.3. Diameter and height data

The differences between crew and audit diameter and height values (Table 7) were analysed for average difference, standard deviation of differences and average difference as a percentage of the audit value.

Table 7: Analysis of diameter (DBHOB) and height (total height) measurements for the Hardwood Plantation Strategic Inventory.

Diameter Difference #

(mm)
Standard Deviation (mm)
(% of Audit)

0.1
8.9
0



Height Difference #

(m)
Standard Deviation (m)
(% of Audit)

-0.3
0.9
1

# a negative difference means that the audit value was greater than the crew value.

Table 8 contains the results of a Chi-square test for significant differences between crew and audit values for diameter and height. (( = 0.05, ).


Diameter
Height





Observations (n)
290
243

Chi-square statistic
116.110
7.704

Critical Chi-square
329.649
279.288

Probability
P < 0.001
P < 0.001

3.2.4. Ordinal data

The Kolmogorov-Smirnov test for goodness of fit for ordinal data is used to determine if there is a significant difference between the crew and audit Crown Condition and Dominance scores (Table 9) .

Table 9: Kolmogorov-Smirnov test for goodness of fit for crew and audit Crown Condition and Dominance scores.


Crown Condition
Dominance





Observations (n)
290
290

D-statistic
0.082
0.048

Critical D-statistic
0.071
0.071

Probability
0.02>P(D=0.082)>0.01
0.5>P(D=0.048)>0.2

The crew and audit Crown Condition scores are significantly different, while no significant difference is present for Dominance. Analysis of the distribution of demerit points over time indicate that the frequency of demerit points declines over time.

3.2.5. Tree description scores

The method for assessing the quality of a tree description is defined in Annexure B of the contract. It does not specify a threshold for a failed tree description, rather it specifies how demerit points may be accumulated for a tree description and then those demerit points contribute to the total demerit points for the plot. 74% of descriptions scored no demerit points and only 2% of descriptions scored more than 1 point. The overall demerit point average for all 290 trees audited of 0.2 points indicates which indicates that the tree descriptions are satisfactory.
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