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Analysis of Three Rotating Pane1 Designs using Generalized Least Squares fit 

of hblolly Data From Georgia 
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The USDA Forest Service, Forest Inventory and Analysis program's invento!~ CycIes arc 

moving fiom a 6 to 10 year average rotation, where way plot is measured in a state its rotation year, 

to an m u d  forest inventory system using a rotating panel design. There is concern about annual 

change estimates and overall error of values such as volume per state. Recent applications to 

estimating change &om permanent plots (Gregoire and others 1995, Urquhart and others 1993) are 

based on the hear model; 

y = x p * r  
- 

or, algebraically, 

Y t  = Po * PI * + 

whereyt i s  the value at time f t is number of years Since the gtiaI measurement, Po is the initial or 

baseline &e, PI is the annual change inyo and e, are random errors which may be correlated over 

time and/or space. An equivalent fomdation is 

uj = yi + b($ - ti) 
wherey, is the initial value at time ti and3 is the value at time 9, and b is the estimate of the anrrual 

change b y .  

M e w e n t s  ofmost forest characteristics that are repeated over time are serially correlated; 

that is, the measurement values at time 2 are ttfluenced by the values at time 1. AanuaI empirical data 

from 1990-1995 &om Forest Health Monitoxing (FHMJ Plots iP Georgia were available for estimating 

serial correlation. For loblolly pine volume on plots in Georgia the serial correlation vector is: 

r =: r.95, .90, 36, -82, .78, .74, .70, .67, -63, .60]' 

where the first value is the correlation between time periods 1 and 2, the second value is the 

correlation between time periods 1 and 3, and so on 

The following three rotating panel designs were examined: 
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year- 1 2 3 4 5 6 7 8 9  
panel 

X 1 1  x x  
2 x X 
3 X X 
4 x x 
5 X X 
6 X X 
7 x X 

115 Rotating Panel - plots measured in year 1 

year- 1 2 3 4 5 6 7 
panel 

X 1 1  x x  
2 x X 
3 X X 
4 x X 
5 X X 

1/9 Rotating Panel - All plots measured in year I 

year- 1 2  3 4 5 6 7 8 9 1 0 1 '  
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1 1  x x  x 

2 X X 
3 x X 
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6 X x 
7 x x 
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Using the CrZS procedure outIined by Gregoire and others (1995) and Smith and others 

(1996), we ran the modd with the specified serial conelation against the most recent w e y  data 

from unit 3 in Georgia, restricting oursdves to loblolly pine plot volume. Results for estimsrting 

annual change estimates in loblolly pine A3 per ac (Standard Error of b) a d  fir CStimating the 

standard mor of the mean volume per 8c are given in Tables 1, 2, and 3 and shown in Figures 1 

through 6. 

For these data the overd IobIoUy pine volume vadance is 1,461,681 based on al l  675 plots. 
- 

The standard error of the mean therefore is~1,461,681/675 = 46.5 ft3. This is the s d e s t  std. err. 

of the mean possible since it is based oltl all plots. We expect the rotating panel schemes to approach 

this value. As can be seen in Tables 1-3 and Figures 2, 4, and 6; after 10 yeas all three schemes 

approach the lower limit. The 1 /5 scheme after 10 years comes to within 10.2 percent of the Iower 

limit ((51.22-46.5)/46.5 = .lo151 The 1/7 scheme comes to within 17.8%, and the 1/9 scheme 

comes to within 26% of the lower limit. In Figures 2,4, and 6 it can be observed that the std. err. 

increases at year 3 then starts dewerasing. W e  it may seem counter intuitive that the std. err of 

mean volume &odd increase in year 3 (and for the 119 scheme in yean 3 and 4), it is a consequence 

of the serial correlation, the influence of measuring all plots initially, and the rate at which new 

information is added (the panel scheme). The standard errors on the dope coefficient are dl 

comparable after 10 years and indicate all three schemes do a reasonably good job of estimating 

arinual change after 10 years of data. 

4 



! 

I 

e 

a 

e 

0 

e 

NO. 472-P . 6- 

Conclusions 

The first few years of rotating panel schemes result in increased errors of 
change estirnates and overall mean estimates. 

For the 1/5 schemey the std. err. of mean drops to a reasonable level at the 

6th year and approaches to within 10% of the minimum possible afier 10 

years. Of the three schemes tested, the 1/5 provides the best results. 

For the 1/7 scheme, the std err. of mean drops to a reasonable level at the 

8th year and approaches to with 18% of the minimum possible aRer 10 

y&US, 

For the 1/9 scheme, the std en. of mean is still dropping after 10 years and 
has only approached to within 26% of the mini" value possible. 

For all b e e  rotating panel schemes error on annual change estimates drop 

to a reasonable level by the 5th year and give comparable results by year 

10. 
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Table 1. Results for 1/5 rotating panel. 

Nplots N Years S t d  e r r .  b Std E r r  Mean 

675 
675 
675 
675 
675 
675 
675 
675 
675 

810 2 
945 3 

1215 5 
1350 6 

1620 8 
1755 9 
1890 10 

1080 4 

1485 7 

32.47 
10.53 
12.98 
9.99 
8.12 
6.98 
6.18 
5.50 
5.11 

54.81 
55.82 
55.31 
54.26 
53.01 
52.30 
61.84 

51.22 
51.49 

Table 2. Results for 1/7 rotating panel. 

Nplots N Years S t d  e r r .  b Std Err Mean 

6.75 770 2 
675 865 3 
675 960 4 
675 1055 5 
675 1750 6 
675 ' 1245 7 
675 1340 8 
676 1435 9 
675 7530 10 

38.68 
22.04 
15.41 
11.82 
9.58  
8.05 
6.94 
6.16 
5.57 

58.71 
60.71 
60.65 
59 . 87 

57.54 
56.25 
55.40 
54.70 

58.78 
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Table 3 Results for 1/9 rotating panel. 

Nplots N Years Std e r r .  b Std Err Mean 

675 750 2 43.52 62.00 
675 825 3 24.78 64. f 9  
675 900 4 17.31 85.09 
675 975 5 13.26 64.50 
675 1050 6 10.72 63.53 
675 1125 7 8.99 62.37 
675 7200 8 7.73 61.12 
675 1275 9 6.78 ,SQ. 65 
675 1350 10 6.04 58.67 
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Figure 2. 
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All plots year '1, If7 per year starting year 2 
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Figure 3. 
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