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ABSTRACT 

software package dealing with certain statistical analyses in forest mensuration was de- A veloped. The package consists of three modules, viz., SAMPLE, TREEVOL and 
TREEBIOM. 

SAMPLE deals with parameter estimation for sampling from finite populations. The module 
covers a wide array of sampling plans commonly used in forestry. The module allows the user 
to specify the sampling plan used and provides a frame for entering and editing data. The 
estimates of population parameters like mean, total and ratio are made available by the pro- 
gramme with corresponding standard errors. 

TREEVOL is for developing prediction equations for commercial volume at tree level based 
on measurements of diameter at breast-height (dbh) and height or dbh alone. The programme 
accepts billet level or treelevel data, selects the best fitting regression function from a set of 
candidate functions for predicting commercial volume and provides the user a volume table for 
the range specified. 

TREEBIOM is useful for developing biomass prediction equations for the whole tree or its 
components like stem, branches and leaves based on diameter at breast-height (dbh) and 
height or dbh alone. The programme offers facilities for entering and editing measurements on 
dry weight and fresh weight of samples, develops estimates of dry weight at tree level, selects 
the best fitting regression function  from a candidate set of functions for predicting biomass and 
provides a biomass table for the range specified. 

The package fills in the need for a self contained user-friendly software for executing certain 
important statistical applications in forest mensuration and is conceived to be useful for a wide 
array of professionals in forestry and allied fields. The present version of the package is PC 
based, runs under DOS 3.0 and above and requires a minimum of 384 KB run time memory. 



1. INTRODUCTION 

rest mensuration is one of the many fields of forestry, where statistical applications F abound. Forest mensuration is concerned with measurements in forests at widely dif- 
ferent resolution levels like forests, stands, trees or leaves. Estimation of population param- 
eters and prediction of system attributes using certain easily measured characteristics are 
two major problems at any of the levels mentioned above. Naturally, sampling and regres- 
sion techniques have found many application in forest mensuration. Successful execution of 
the related statistical analyses requires a fairly high level expertise and availability of appro- 
priate computer programmes. General statistical analysis packages like SAS, SPSS, BMDP 
etc., demand a high level of knowledge and familiarity with the use of such software and are 
not in the reach of many of the professionals in forestry. The present project was undertaken 
to fill in the need for a user-friendly package dealing with some of the commonly occurring 
statistical analyses in forest mensuration. This was also conceived as part of the technology 
development in view of the Government of India’s policy decision on self-financing of re- 
search institutions in the country. Consequent on the directives issued to work torwards re- 
search results suitable for commercialization, software development for statistical applica- 
tions was considered as one of the means of generating funds. 

Three main modules were developed under the present project. These were named as 
SAMPLE, TREEVOL and TREEBIOM respectively. The first one deals with parameter 
estimation for sampling from finite populations. Most of the commonly used sampling 
plans in forestry are covered by the programme. Sampling is an important activity in 
forestry and many related fields like agriculture and fisheries. The software developed 
will be useful in estimating population parameters related to sample surveys conducted 
in all these fields. The next module is on tree volume prediction and is thereby more 
specific to forestry. Construction of volume table is an age old practice in forestry. In 
the recent past, regression techniques have been widely used for the purpose. The pro- 
gramme developed has the capacity to accept data at the billet or tree level, choose the 
best fitting function and produce a volume table for specified range of input variables. 
Recent advances in forestry in general have put more emphasis on biomass production. 
Biomass is measurable only destructively and accordingly prediction of biomass 
through nondestructive means has gained importance. A computer programme which is 
useful in developing biomass prediction equations will be of value to researchers in the 
concerned fields. More detailed description of each of the above programmes can be 
found in the following sections. 



2. GENERAL REMARKS ON THE PROGRAMMES 

he three modules that are developed presently are incorporated in the following execut- T able files, viz, SAMF'LE.EXE, TV.EXE and TB.EXE. The above files can be copied on 
to hard drive or can be used from the floppy diskettes as such. The programmes are invoked 
by the names of the executable files at the DOS prompt. Further instructions on proceeding 
with the programmes appear on the screen. Help on running the programmes can be obtained 
while executing the programmes by pressing the F1 key. Sample data sets for running the 
different programmes are provided in the programme diskette under the subdirectory by name, 
DATA. The programmes require a minimum of 384 KB 

Help

memory but may allocate higher 
levels of run time memory to process large data sets. The programme runs under DOS Ver. 
3.0 and above. 

Functions of some of the keys during programme operation are shown below. 

Key                       Function 

Save 

Edit keys 

Previous screen 

Insert record 

Delete record 



3. DESCRIPTION OF THE PROGRAMME SAMPLE 

AMPLE is a collection of programmes useful for estimating population parameters S like mean, total and ratio for different sampling schemes. The package covers a 
wide array of sampling schemes involving stratification, multistage and multiphase sam- 
pling with systematic or random sampling patterns at the final stage. It also takes cam of 
ratio or regression estimation with an auxiliary variable and performs computations associ- 
ated with probability proportional to size (PPS) sampling. The programme can handle up to 
3 response (main) variables at a time and has built-in data editing facilities. 

At the initiation, the programme tries to understand the sampling scheme of the user by re- 
questing for information about the same. After preliminary queries, the data entry screen ap- 
pears according to the scheme specified. The data can be entered through key board or can 
be read from an ASCII file containing the properly ordered data set. Format having a width 
of 9 columns with 2 decimals has to be used for each column of the input data file. The out- 
put can be diverted to the screen, printer or a disk file. 

All input/output values are set to 2 decimals. However the internal computations are not sub- 
jected to this restriction. If large values are present in the input data set, the whole data are 
to be properly scaled to fit in with the format specified by the SAMPLE. The results will 
have to be transformed back to the original scale with appropriate computations. 

The sampling schemes covered by the programme SAMPLE are discernible from Table 1. 
The formulae used correspond to those given by Chacko (1964) and Sukhatme and 
Sukhatme (1970). The exact set of formulae used is given in Appendix 1. 

The following points are to be noted about the data entry and the computations. 

Sampling is assumed to have been done without replacement from a finite population for 
all schemes covered by SAMPLE except for'the PPS scheme. 

Estimation of variance under systematic sampling utilizes first order differencing of the suc- 
cessive values. Hence the values are to be entered in correspondence with the order of ob- 
servations in the field. For two dimensional systematic sampling, linearization by dividing the 
area into a series of strips and joining them hypothetically to form a single continuous strip 
for one-way systematic sampling is suggested. For this purpose, the end of a strip will be 
joined with the end of the next strip and beginning of that strip with the beginning of the next 
strip and so on. 
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PPS sampling is assumed to have been done with replacement. The observations for a unit are to 
be entered as many times as that unit has been selected in the repeated sampling. 

The response (main) variables in the programme are indicated as Y1, Y2, Y3. The phase is 
indicated in brackets like YI(Pl), Yl(P2) etc. In the case of two-phase sampling, enter zero 
for Yl(P2) in places where observations are not available for the same but are available for 
Yl(P1). 

A value of ' 1 ' has to be given for number of strata for sampling schemes not involving  strati- 
fication. 

When regression estimates are requested for, with an auxiliary variable or in the case of two- 
phase sampling, the results include an estimate of the population ratio also, obtained through 
regression method of estimation. 

For two-stage sampling schemes, systematic sampling is understood to be carried out at the 
second-stage. Similarly for two-stage sampling involving PPS sampling, the latter is under- 
stood to be done at the first-stage. 

Illustrations on running the programme SAMPLE for the case of ratio estimation under simp- 
le random sampling with auxiliary variate is given in the following. 

A :\>SAMPLE 4 

WeIcome 
to 

S A M P L E  1.0 

Developed by Division Of Statistics 
Kerala Forest Rersearch Institute 

Trichur, Kerala, India 

(Unauthorized duplication prohibited) 

Press ,any key to continue...
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NUMBER OF STRATA 

NUMBER OF STAGES 

NUMBER OF PHASES 

NO. OF RESFOHSE VARIABLES t 1 

SYSTEMATIC/ RANDOM ( S/ R ) t r 

AUX ILIARY VARIABLE(Y/N) ; y  

FROB. PROP. T O  S 

F 1  = Help I Esc = Exit t o  Dos I 

TOTAL-S I ZE SAMP-S IZE AUX S I Z E  

A l l  entries OK(Y/N) 
F1 = H e l p  I Esc - P r e v i o u s  screen Arrow keys to rdit I 



DO YOU REQUIRE RATIO OR REGRESSION ESTIMATE(R/E): 

-7 .  ___- 
I 

SFECIFY THE DESTINATION FOR OUTPUT 
Sc reen/Printer/Filer      
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Table 1. Sampling schemes covered by the programme SAMPLE  
chem 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

Strata 

No 
No 
No 
No 
No 
No 
No 
NO 

No 
No 
No 
No 
No 
No 
No 
No 
No 
NO 

No 
No 
No 
NO 
NO 
No 
No 
No 
No 
No 
No 
No 
No 
No 

Stage 

Smgle 
Single 
Single 
Smgle 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
T W O  

Two 
T W O  

Two 
Two 
T W O  

T W O  

Two 
T W O  

T W O  

TWO 
Two 
Two 
Two 
T W O  

T W O  

Phase 

Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
TWO 

T W O  

TWO 

TWO 

Two 
T W O  

T W O  

Two 
Single 
Single 

Single 
Single 
Single 
Single 
Single 
Two 
TWO 

T W O  

Two 
Two 
T W O  
Two 
T W O  

Single 

Aux. 
var 
No 
No 
No 
No 
Yes 
Yes 
Yes 
Yes 
No 
No 
No 
No 
Yes 
Yes 
Yes 
Yes 
No 
No 
No 
No 
Yes 
Yes 
Yes 
Yes 
No 
No 
No 
No 
Yes 
Yes 
Yes 
Yes 

PPS 

No 
No 
Yes 
Yes 
No 
No 
Yes 
Yes 
No 
No 
Yes 
Yes 
No 
No 
Yes 
Yes 
No 
No 
Yes 
Yes 
No 
No 
Yes 
Yes 
No 
No 
Yes 
Yes 
No 
No 
Yes 
Yes 

systematic/ 
Random 
Random 
Systematic 
Random 
Systematic 
Random 
Systemtic 
Random 
systematic 
Random 
Systematic 
Random 

Random 
Systematic 
Random 

Random 
Systematic 
Random 

Random 
Systematic 
Random 
Systematic 
Random 

Random 
Systematic 
Random 

Random 
Systematic 

systematic 

systematic 

systematic 

Systematic

systematic 

 

included 
 (Y/N) 

Y 
Y 
Y 
N 
Y 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
Y 
Y 
Y 
N 
Y 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 

Cont ... 
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Scheme 

33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
43 
50 
51 
52 
53 
54 
5 5  
56 
57 
58 
59 
60 
61 
62 
63 
64 

Strata 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Stage 

Single 
Single 
Single 
Single 
Single 
Single 
§ingle 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Two 
Two 
Two 
Two 
Two 
Two 
Two 
Two 
Two 
TWO 

Two 
Two 
Two 
Two 
TWO 

Two 

Phase 

Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Two 
Two 
Two 
Two 
Two 
Two 
Two 
Two 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Two 
Two 
Two 
Two 
Two 
Two 
Two 
Two 

Aux. 
var 
No 
No 
No 
No 
Yes 
Yes 
Yes 
Yes 
No 
No
No 
No 
Yes 
Yes 
Yes 
Yes 
No 
No 
No 
No 
Yes 
Yes 
Yes 
Yes 
No 
No 
No 
No 
Yes 
Yes 
Yes 
Yes 

PPS 

No 
No 
Yes 
Yes 
No 
No 
Yes 
Yes 
No 
No 
Yes 
Yes 
No 
No 
Yes 
Yes 
No 
No 
Yes 
Yes 
No 
No 
Yes 
Yes 
No 
No 
Yes 
Yes 
No 
No 
Yes 
Yes 

s 
Systematic/ 
Random 
Random 
Systematic 
Random 
systematic 
Random 
Systematic 
Random 
systematic 
Random 
Systematic 
Random 
Sys tematic 
Random 
Systematic 
Random 
Systematic 
Random 
Systematic 
Random 
Systematic 
Random 
Systematic 
Random 
Systematic 
Random 

Random 
Systematic 
Random 
Systematic 
Random 
Systematic 

systematic 

- 
hcluded 
0 
Y 
Y 
Y 
N 
Y 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
Y 
Y 
Y 
N 
Y 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
N 
N 
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4. DESCRIPTION OF THE PROGRAMMAE     TREEVOL 

 

REEVOL is a set of programmes useful for developing prediction equations   for T commercial volume at tree level based on measuremcnts of diameter at breast-height 
(dbh) and height or dbh alone from a sample set of trees. The programme can accept billet 
level measurements and compute tree volume or accept tree level data on commercial 
volume directly. Different regression functions are then fitted and the best fitting function is 
identified. A tabular output of the individual tree volume (volume table) for specified ranges 
of dbh and height is also producible by the programme. 

At the initiation, the programme tries to understand the prediction scheme of the user by 
requesting for information about the same. After preliminary queries, the data entry screen 
appears according to the scheme specified. The data can be entered through key board 
or can be read from an ASCII file containing the properly ordered data set. The formats 
for the input data files, when supplied as external ASCII files, are given below. 

Data entry level 

Billet 
n 

W 

W 

n 

W 

Tree 
n 

@I 

Diameter 

Volume 
Height

6.0 
6.0 
9.2 
9.2 
9.2 
9.2 

10.3 
10.3 
10.3 



Certain details of the computations performed by the TREEVOL are mentioned below. 

Calculation of the billet volume is made using Newton’s formula if basal girth, mid-girth, tip 
girth and length of the billets are available. The programme uses Muber’s formula if only 
mid-girth and length are fed in. All billet level measurements are to be supplied in centime- 
tres. Although, the above formulae compute the full circular volume, there is a provision 
available to convert it to the quarter girth volume. Quarter girth volume is obtained by multi- 
plying the full  circular volume by 0.785. 

Newton’s formula for computation of tree volume is given below. 

n 1. 
Tree volume = .X [&] [bi + 4mi + t j ]  

1=1 24n 

where  I 

b 

m, 
t. 

= length of the i th billet from a tree 

= basal girth of the i th billet from a tree 

= mid-girth of the i th billet from a tree 

= tip-girth of the i th billet from a tree. 

1 

1 

Since the girth and length values are entered in cm, the volume is divided by 1000000 to 
convert the unit to m3. 

Huber's formula for computation of tree volume is shown below. 

n m! 
.C 1. [ 7 1  1=1 1 

Tree volume = 

where 1i and mi as are defined earlier. 

Tree volume is computed in m3 from the billet level measurements. If provided directly, tree 
volume is to be entered in m3 as well. Tree diameter (dbh) and tree height (total height) may 
also be entered in metric units. 

The  prediction equations fitted are either based on dbh alone or dbh and height de- 
pending on the user’s specification. The forms of the regression functions included are 
given below. 
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Based on dbh 

b,+ b, D 
In V = b , + b , h D  
Vlf2 = b,+b,D 
V = bO+b,D+btD2 

V = b o + b l D 2 H  
In V = b ,+b lD2H 
V'" = bo+blDaH 

ln V = 

VID = b o + b l D + b 2 H  

v 112 bo+ blD2+b2H+b3D% 

Based on dbh and  height 

b, I b , h D  1 b , h H  

Where 

H = Total height of the tree
bi's are parameters 
ln indicates natural logrithm 

Furnival index (Furnival, 1961) is used for choosing the best fitting function The estimates 
of the coefficients, standard errors of the estimated   coefficients, analysis  of variance;, ad- 
justed coefficient of determination and Furnival index are displayed for each fitted function. 

All the computations related to the regression are by Ordinary  Least Squares (OLS) per- 
formed through matrix operations. (Montgomery and Peck, 1982). The details are furnished 
in Appendix   2. In   the volume table, values   outside the range of data are shown in asteriks

lllustration on running the programme TRREVOL for the case of hillet level data is given in 
the following.
A:bTV+J 

W e lI c o m e

t o  

TREEVOL 1 . 0  

Developed by Division of  Statistics 
Kerala F o r e s t  Research Institute 

Trichur. Kerala.  India 

(Unauthorized duplication prohibited) I 
Press any k e y  to continue. 
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BILLET LEVELjTREE LEVEL DATAtB/T) c b 

NUnBER OF TREES 

F 1  = H e l p  8 Esc = Exit to D o 6  1 

I I N DICATE THE DATA AVAILABLE FOR BILLETS I 

BASAL CIRTHlY/Wl r Y 

niri GIRTH ( Y / W I  I Y 

T I F  GIRTH 1 Y I W )  : Y 

F1 - H e l p  I) E s c  = Previous s c r e e n  I A r r o w  keys 

ENTER FILE NAnE: a:\data\brt.dat 
( F o r  source of data/For saving data)rData on b 

TRFE - BILLET - BASAL G I R T H P * ( I D  C 

Al 
F t  

to sdi t 

I 

1 1 129.88 99.00 89.08 570. lie 
630.0% 1 2 89.00 98.10 9i.eli 

1 3 64. 00 60. (P0 54.90 68. Ol i  
1 4 76.00 =.lie 84.69 1e2.w 
1 5 8 4 . 9 0  80.10 76. “ir 111.00 
2 1 164.28 123.29 188.58 510.w 
2 2 108.50 192.50 95.90 565.90 -. L .  3 95.88 87.50 81.00 558. lie 
2 4 76.50 7i.w 76.~1 94.00 
2 5 72.08 73.90 64.00 sa. 00 
2 0 73.00 73.00 73.68 104.8% 
3 1 145.00 119.38 109.2% 43*. 00 
3 2 187. (10 100.70 97.60 549.00 
3 3 97.08 79.70 68.60 546.00 

‘4 68.08 57.80 61.80 600.00 3 

1 entries O K ( Y / W i :  
= H e l p  1 Esc = Previous screen  FZ = SJVR p Arrou  keys to  e d i t  1 
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1HDlCATE THE FXEDlCTOR V A T ; ,  R L F S  T O  BE U S 7 1  

VBH IY/H) 

HE IGHTt Y / Y  ) 

F l  - Help I Ecc = Previous screen ti A r r o w  k e y s  to e d i t  

EWTER FILE WANE: a:\data\bdh.del 
(For source of data/For raving d a t a ) :  Data o n  dhh/lieight 

TREE- DBH __c HEIGHT 

A l l  entries OKtY/W)r 
F 1  = H e l p  a E s c  Previous S C ~ R B I ~  b F Z  - S a v u  [ A r r o w  k e y s  t o  edit. I 

h 
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. <<<  P r e s s  any key  For nsnt page > ? ?  

I ~ I ~ ~ ~ R E S U L T S  OF FITTING DIFFERENT FUNCTIO 

FUWCt I ON 
COEFF 

b9 
bl 

SOURCE 

-0.2407 
0.3103 

0 .  a322 
0.0300 

A N A L Y S  IS OF V A R  1ANC.E 
VF 56 ns F 

Regression 1 7.7432 7.7432 191.8897 
Residual 13 0.9807 0.0761 
Adjusted R square  r 0.8781 
Furnivaf indar : 0.2750 

< < <  Prmsr  rciy k r y  f o r  nark  page i i i  
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FUNCTION r I n l Y )  = b0 + b l D A 2 H  
COLF F EST. COEFF SE I EST. COEFF 

b0 
b) 

SOURCE 

-8.8351 
0.2084 

ANALYSIS OF VARIANCE 
DF SS ns F 

Regression 1 3.2398 3.2308 94.2551 
Rec idua I 13 9.4450 9.9343 
Adjusted R square : 9.8695 
Furniva i  inden c 8.2750 

< ( <  Preas any k a y  f o r  i i s x t  page i > i  

FVNCT (OH 
COEFF 

M 
bl 

SOURCE 

: Sqrt(Y1 = M + blD-2H 
EST. COEFF SE (EST. COEFF t 

w. 5153 
S .  1294 

A N A L Y S I S  OF VARIANCE 
DF ss ns * F 

1.1656 l 4 A . ’  4 9  
S. 8883 



F U N C 1  I OW : I n ( Y )  = b0 + b l D - 2 H  
COEF F EST.COEFF SE I EST. COEFF b 

ba 
b l  

SOURCE 

-91.8351 
0.2f604 

ANALYSIS OF VARIANCE 
DF ES 

Regression 1 5.23e8 
Residua 1 13 9.4450 
Adjusted R square : e.8695 
Furnivrl inden  : 0.2758 

ns F 

3.2308 94.2551 
9 .9343 

FIJWCT [OH : S q r t ( Y )  = W t blD^ZH 
COEFF EST.COEFf SE (EST.  CDEFF 

w)  

b l  

SOIJRCE 

43.51.5.3 
3 1 .  1294 

A N A L Y S I S  OF VARIANCE 
OF ss ns ’ F 
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FUWCT I OW S q r l 4 Y )  = W 4 blU-2 4 b2H 4 b3D-2H 
COEFF EST. COEFF SE 4 EST. COEFF 

W 
b ;  
b2 
b3 

e 

- e . i e w  
9.1971 
9.9174 

-9.1742 

0.3837 
2.7897 
9.9149 
9.9938 

AWALYSBS OF VARIAWC€ 

S W R C E  DF 

Regression 3 
Reridwal 1 8  
Adfuctwd R square F 9.9493 
Furnivrl i n d e n  I 9.1658 

Press any k e y  to conCinua.. . 

ss 
1.2228 
9. 95v7 

RS F 

0.4975 88.3840 
9.9046 

Function : ln(Y) = M bllnID) + b2lnlH) 

Procord u l t h  v o l u r e  t a b l e  construct Ion ( Y l N ) :  

I ENTER VALUES FOR COWSTRUCTIWC THE VOLURE TABLE I 

Enter rinimua dbh i n  metres for v o l w  table r . 3  
Enter maximum dbh In aetres for  volume trblr r . 5  
Entar interval for  dbh in aetres 1.1 
Enter m i n i r u m  hrlght in metres for  vol- table r 2 5  
Enter ~ n i m u r  height in metres for v o l u w  Cable r3Q 
Enter interval for height In m e t r e s  r l  

F1 = Help [ Erc = Previous rareen ['Arrow k e y s  to edit 
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DBHlretre) HElGHT4retrs) 

25.06 26.90 27.68 20.08 29.00 34.08 

e.36 6.539 0 . 5 " ~  0.511 0.490 9.486 0.978 
9.4B 1.215 1.162 1.151 1.122 1.995 1.069 
0.50 1.283 2.221 2.X82 2.198 2.956 2 . 8 8 7  

P r e s s  any k e y  t o  continue ... 



5. DESCRIPTION OF THE PROGRAMME TREEBIOM 

 

Format 

6.0 
6.0 
9.2 
9.2 

10.3 
10.3 
10.3 

REBIOM is a get of programmes useful for dcveloping prediction equations for T biomass at tree  level based on measurements of diameter at breast-height(dbh) and 
height or dbh done from a sample set of trees. The programme can accept measurements 
of fresh and dry weight of samples from different parts of trees and compute the total dry 
weight of trees based on additional data on the total fresh weight of trees. The programme 
can also accept tree level data on dry weight directly. Different regression functions are 
then fitted and the best fitting function is identified. A tabular output of the individual 
tree biomass (biomass table) for specified ranges of dbh and height is also producible by 
the programme. Without loosing generality, the above algorithms can be used for developing 
individual prediction equations for any component of tree biomass like stem, branches or 
leaves. 

At the initiation, the programme tries to understand the prediction schemc of the user by 
requesting for information about  the same. After preliminary queries, the data entry screen  
appears according to the scheme specified. The data can be entered through kcy board 
or can bc read from an ASCII file containing the properly ordered data act. The formats 
for the input data files, when supplied as external ASCII files, are  given below. 

Disc 
"

"

"

Tree 
"

"

Type of measurement 



Certain details of the computations performed by the TREEBIOM are mentioned below. 

Tree biomass (dry weight) is computed in tonnes utilizing the disc level mea surements and 
also data on total fresh weight of trees in tonnes. A pooled estimate of the ratio of fresh 
weight to dry weight is developed from the disc level measurements from each tree and then 
multiplied by the fresh weight of the tree to get an estimate of the dry weight of the tree. 
When provided directly, tree biomass either in fresh or dry weight terms is to be entered in 
tomes. Tree diameter (dbh) and tree height (total height) may also be entered in metric units. 

The prediction equations fitted are either based on dbh alone or dbh and height depending 
on the user’s specification. The forms of the regression functions included are given below. 

In W = b0+b1D 
ln W= b0+bl lnD 
W1/2 = b0+bl D 
W - - b0+ b1 D + b2D2  

Based on dbh and height 
W = b0+blD2H 

ln W = b0+blD2H 

W1/2 = b0+blD2H 

In W = b0+bl InD+b2 lnH 

W1/2 = b0+b1InD + b2H 

W1/2 = b0+ b lD2+b2H+ b3D2H 

Where W = Tree biomass 
D = Diameter at breast-heat 
H = Total height 
b1’s are parameters 
In indicates natural logrithm 

Furnival index (Furnival, 1961) is used for choosing the best litting function. The estimates 
of the coefficients, standard errors of the estimated coefficients, analysis of variance, adjusted 
coefficient of determination and Furnival index are displayed for each fitted function. 

All the computations related to the regression are by Ordinary Least Squares (OLS) per- 
formed through matrix operations. (Montgomery and Peck. 1982). The details are furnished 
in Appendix 2. In the biomass table, values outside the range of data are shown in asterisk. 
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Illustration, on running the programme TREEBIOM for the case of tree level data is given 
below. 

Welcome  
to 

TREEBIOM l . O  

Developed by Division of Statistics 
Kerala Forest Research Institute 

Trichur. Kerala, India 

(Unauthorized duplication prohibited) 

Press any key to continue.. . 

D I S C  LEVEL/TREE LEVEL DATA(D/T) : t 

number OF TREES . : 1 5  

F 1  = Help I Esc = Exit to Dos 



I INDICATE THE PREDICTOR VARIABLES TO BE USED 

F1 = Help 1 E s c  = Previous screen I Arrow keys to edit 

ENTER FILE NAME: a:\data\md.dat 
(For source of data/For saving drta):Data on dry weight/dbh 

TREE- DRY WT IS.-CEEP 

1 0. 404 

3 0.710 
4 1.868 
5 1 . 1 9 8  
8 9.514 
7 1.448 
8 0.628 
9 0.830 

10 1 . 1 9 9  
11 I .  938 
12 0.610 
1 3  0 .608  
14 0.289 
15 0.668 

2 0.799 

DBH - 
0.389 
0.479 
0.446 
0 .628 
0 .540 
0 .380 

0 .430 
0.488 
0 .469 

0.499 
0.440 

0.440 

0.590 

0.524 

0.260 

A ll  entries OK(Y/N) :
F1 = Help 0 Esc = Previous screen   F2 = Save I Arrow k e y s  t o  e d i t  I 



SPECIFY THE DESTINATION FOR OUTPUT 
Screen/Printer/Filer 

< < <  Press any key For next page > > >  



FUMCT ION I Y - W f b l D  .( b2D-2 
COEFF E S T .  COEFF S E  4 EST. C.OEFF ) 

M 
bl 
b2 

SOURCE 

e. 5952 
-3.9307 

9.5316 

9.4810 
2.1724 
2.4356 

ANALYSIS OF VARIANCE 
DF BS ns F 

2 2.9683 1.9341 105.6610 Regression 
R e s  i dua I 12 e. 1174 * 0.0098 
Adjusted R squarw t 9.9373 
Furn i v a  I i ndsx : 0.0989 

< < <  Press any toy f o r  ner t  page > > >  

FIIYCT (OM : I n ( Y 1  = M + b t l n l D )  
COEFF EST. COEFF SE(EST.COEFF) 

be 
bl 

SOURCE 

1.7542 
2.8334 

.. 1138 
0.1.365 

AHALYS I S  OF VARIANCE 
DF ss NS F 

< C C  Press any klsy f o r  next  page i > >  



FUNCT 1OW : S q r t l U )  = b0 blD 
COEFF EST. COEFF SElEST.COEFF) 

w 
bl 

SOURCE 

-0.2581 
2.5123 

8.9769 
8.1678 

A N A L Y S I S  OF VARIANCE 
DF S8 ns F 

Regression 1 0.6837 0.6037 224.6885 
Res i dua I 13 0.0349 8.0027 . 
Adjusted R square : 9.9411 
Furni v a  I index t 0.9892 

C C C  P r a s s  any key f o r  next page i > >  

FIJNCT ION I n ( Y )  = b(l + bl0 
COEFF EST. COEFF SEIEST.COEFF) 

w 
bl 

SOlJRCE 

-3.8.38.3 
6.9665 

A W A L Y S I S  OF VARIANCE 
DF ss HS F 



Function (  In(Y) = b0 + blln(D) 

Proceed with weight table construction (Y/N): 

I ENTER VALUES FOR CONSTRUCTION THE WEIGHT TABLE I 
Enter minimum dbh i n  metres for weight table : .5 
Enter maximum dbh in metres for weight table :  1 . 0  
Enter interval for dbh in metres :  .I 

F 1  = Help I Esc = Previous screen  Arrow keys to edit 



DBH(metre) WEIGHT(tonnes) 

0.500 0. 990 
0.600 I .  584 
0.700 *

0.800 *
0.900 

Press any key to continue.. 

Note:* indicates values outside the range of prediction. 
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Appendix 1 Formulae used in SAMPLE 

SAMPLE uses the following general formulae for combining estimates over differ- 
ent strata and hence the formulae enlisted under individual sampling schemes are 
shown without such an operation. 

A . K  A 

Y =  c (NtM)Yt 
Fl 

K A A  

A 

where fi = Estimate of the population mean 

= Estimate of the t th stratum mean 

= Number of units in the population 

= Number of units in the t th stratum 

A 

yt 
N 

N, 
V(P)= Estimate of the variance of $ 
A c  
V(Y )= Estimate of the variance of Pt 

C = Summation sign 

A A  

A 

t 

K = Total number of strata 

Similarly the following formulae also apply generally unless indicated otherwise. 
A A 

Y = N y  
A A  2A 2 
V(Y)=N V(Y) 
A A 

R =Y/X 

V(R)= V(Y)/x2 
A A  A A  

A 

where Y = Estimate of the population total 

= Estimate of the population ratio R 

X = Total size of the auxiliary variable 

Each sampling scheme is assigned a number, the complete specification of which is 
given in Table 1. 



Single stage 

Notation   

N =

n =  

x =  

sampling schemes 

Number of sampling units in the population 

Number of sampling units in the sample 

Value of some character y on the i th unit 

Value of an auxiliary character x on the i th unit 

Total of y in the population 

Mean of y in the population 

Total of x in the population 

Scheme I 

where 

,A 

V ( Y )  = 

Scheme 2

where 

- 
Y =  

- 2  n 
l/(n-1) C (yi - y) 

i= 1 

(W .Z yi 
n 

1= 1 

Y; + I  - Y; 

Scheme 3 
- ?\ n 
Y = (1inN) .X y. /pi 

1=1 1 



Scheme 5 
(a) Ratio estimate 

A 

where R = y/X 
n 

y = (l/n) .C y. 1-1 1 

- 

n - x = (Un) C x. i=l 1 

2 -  1 "  n - - C (y -y)2 - b.& (y. - i) (xi -31 
sf? n-2 [i=l i 1-1 1 

N 
1= 1 

x = (lm) .C xi 
-- 

Scheme 9 
(a) Ratio estimate 

A2 2 2RS - R sX 
A 

YX + n G(+) = 
m 



(b) Regression estimate 

2 2 2 2  

in n 
Yx - s. S -G(& - + 

m z m  2 -  - - C ( ~ ~ - 3 ~  - b  .C (xi - 5i )'] Yx m-2 [i=1 F1 (m> where s 

m 
Y 1= 1 

= .C (yi - y)2/(m-1) S 

m - m 
b = .C (xi - x ) (yi - fi I .E ( xi - E(m) )2 

1= 1 (r.1 I= 1 

Two-stage sampling schemes 
Notation   

N = Number of first-stage units 

M. 

M 

n = Number of first-stage units in the sample 

m . 

Y i j  

= Number of second-stage units in the i th first-stage unit 

= Average number of second-stage units per first stage unit 
1 

= Number of second-stage units selected from the selected i th first-stage unit 

=  Value of the character y for the j th second-stage unit in the i th first- 
1 

stage unit 

Y = Total of y in the population 

Y = Mean of y in the population 

x = Total of x in the population 
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Scheme 1 7  

u. = M.1M 
1 1 

u. = M./1CI 
1 1 -- 

Scheme 19 

where z.. = M. y . .  I (Mopi) 
1J 1 1J 

= X . / X ,  Mo = Pi 1 
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Scheme 21 

(a) Ratio estimate 

A 

p =  

A A 

V(P) = 

where d2 = 
1 

" 2  
-t (l/nN) ,dX u .  [(Urn.) 1 - (lM]] I df 

1=1 1 

A 2  2 s . ~  - 2Ks sixy + RS2 six 
A 

2 1Y 

Scheme 25 
(a) Ratio estimate 

A 
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A2 2 "2 2k. s. - R. s. 
l l x  

s2 - 2 k  s. + Ri six iy 1 lyx 1 lyx v: = + 
I m. n. 

1 1 



Appendix 2. The Computations related to regression used in TREEVOL and TREEBIOM 

The general multiple linear regression equation has the following form, 

y, == p, + p, xl i  + p, x21 + . . . p, xpi + el , i -- 1,2 ,  . . . , n 

From the general model, different specific model forms can be obtained by changing the nature of 
the dependent and independent variables. The above general form of the equation can be cast into 

Source 

Regression 

the matrix form. 

Y - 

where Y' 
x 
Y 

Degrees of Sum of Mean F ratio 
freedom squares square 

P SSR MSR MSR / MSE 

il' 
&' - 

Residual n-p-1 

Total 

T 

1 X l l  x21 . , . x - 
Pl  

SSE MSE 

SST 

1 xl,  x x 
22 " *  P2 . .  

. .  

. .  

The assumptions of the Ordinary Least Squares are 

E @  = Q 

where E indicates the expectation operator 

The estimates are obtained through the following formulae. 
.A 

p = (XXJ'X'y N - -  

where D indicates the dispersion operator 
An estimate of o2 is obtained through analysis variance as shown below. 

Analysis of Variance 



n 
where SSR = - - -  p'x 'y -(1'y12/n - -  

SST = y'_y - (r y)'/n 
SSE = SST-SSR 
MSR = SSR/p 
MSE = SSE/ln-p-1 = 2 

The coefficient of multiple determination (R2) is obtained as the ratio of SSR to SST. Addi-  

tionally Adjusted coefficient of multiple determination is obtained as 

Adj: R2 = I -  ' - (n-l) (1-R2> 
n-p- 1 

The computation of Furnival index involves the following steps. 

1. The value of the square root of MSE is obtained for each model under consideration, 
through analysis of variance. 

2. The geometric mean of the derivative of the dependent variable with respect to 'y' is ob- 
tained for each model, from the observation. Note that the dependent variable in each 
model is some function of the variable y. 

3. The Furnival index for each model is then obtained by multiplying the corresponding  values 
of the square root of MSE with the inverse of the geometric mean. 




