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FORTRAN SUBROUTINES FOR BIOMASS COMPUTATION 

Forest biomass is a viable partial alternative to the 
rapidly depleting fossil fuels in Canada. Biomass estimates 
are needed to assess the energy potential of this renewable 
resource, which is abundant throughout the country. 

Field techniques vary slightly from place to place, 
although the basic approach taken is similar in most cases. 
It is possible to compute biomass data readily and more 
accurately on a computer than to do lengthy and slow 
calculations manually. Alemdag (1980) has described the 
methods for conecting field and laboratory data. 

This note describes the FORTRAN subroutines 
developed at NoFRC to compute the dry weight biomass of 
a tree and its stem and nonstem components from the field 
and laboratory data using a PDP 11/60 minicomputer. 
Guidelines are provided for using the subroutines with sub
sample data. The programs can be easily adapted to run on 
any computer that has a FORTRAN compiler. 

Because of the size and bulk of entire trees, the 
field and laboratory procedures used at NoFRC (Singh 
1982) are based on a subsampling concept in which disk 
sections are taken from the merchantable and nonmer
chantable stem and nonstem tree components to provide 
relevant biomass information (Fig 1.) 

The field and laboratory data collected for each 
tree component and the disk subsamples include the fol
lowing basic items: 

Stem and nonstem components 
• total fresh weight 
• height of the tree at each end of the stem 

and nonstem components. 

Disk samples 
diameter outside bark (dob) 
fresh weight 
dry weight of bark 
dry weight of wood 

• height of the tree where the stem disk sub
sample was taken. 

Three main subroutines (RATIOS, STEM, and 
NSTEM) perform the required computations for determin
ing the dry weights of wood and bark for various compo
nents of the tree. 

The number of subsamples and' the subsampling 
procedures usually differ 8J!long tree components; conse
quently, the basic computing steps may vary slightly. For 
stem components, the tree stem samples are taken ac
cording to a variable plan: e.g., four subsamples from the 
merchantable portion (� 10 cm dob), three subsamples 
from the nonmerchantable stem from 10 cm dob up to a 
minimum specified dob limit (such as � 2 cm dob), and 
one from near the top « 2 cm dob). The nonstem compo
nents can also have a variable sampling plan: e.g., three or 
more subsamples for each component. The subroutines 
are written to accommodate any other sampling procedure 
involving more or fewer subsamples for each main stem and 
nonstem component, depending on the available storage 
space in the computer. 

In all cases driver programsl (FORTRAN state
ments) have to be written specifically for the three sub
routines to perform the needed computations according 
to the number of subsamples and tree components used 
in a study. 

( 1 Sample statements for running these subroutines at NoFRC are listed in Appendix 1. 
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Figure 1. Locations of Item lubsamples taken from the merchantable and nonmerchantable trees. J 
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Guidelines for Program Usage 

1. Data preparation, screening, and evaluation are 
important initial steps in any data analysis. Often there are 
sporadic items that seem to represent impossible conditions 
(e.g., dry weight � fresh weight), items that are inadvertent
ly included with the data, or items that are data entry er
rors. A data base management system such as DATA
TRIEVE for PDP or SPIRES for IBM 360/370 can be 
helpful in locating such oddities or errors, which can then 
be reexamined, corrected, or deleted from the data file. 
RATIOS subroutine also has a built-in feature for locating 
such impossible items, which are subsequently dealt with as 
missing values. 

2. The user must provide the FORTRAN state
ments to run the computer program subroutines listed in 
this publication. These statements must include informa
tion on the number of subsamples taken for each tree com
ponent, the total number of trees, and related information 
according to the subroutine requirements. 

3. The results from the subroutine RATIOS 
should be checked thoroughly for wild points or out
liers, which can be helpful in pinpointing data errors. Any 
such error must be carefully scrutinized and corrected in 
the data me before running the rest of the program. 

4. The running of program segments containing 
STEM and NSTEM subroutines will give the biomass infor
mation on the dry weight of bark and wood for the stem 
and nonstem components of the tree. This information can 
then be summarized or used for deriving prediction equa
tions based on the chosen predictor variables. 

Comments are included in each subroutine to help 
the user in understanding the constraints involved and to 
assist with any desired modifications for individual appli
cations. 

Subroutine RATIOS 

The ratios Ri and ri are computed by this sub
routine. All computed ratios are to be stored in the com
puter for later use in STEM and NSTEM subroutines. 

The ratios Ri and ri are determined as follows 
for each stem and nonstem subsample: 

Dry weight of wood + dry weight of bar! 
Fresh weight of wood and bark 

Dry weight of bark 
Dry weight of wood and bark 

If any ratio Ri or ri is �1, or any value of the enti-
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ties in the numerator or denominator is zero, the informa
tion from that subsample is ignored and treated as a missing 
value. Such a missing value is then estimated as an average 
of the two computed adjacent ratios. 

A listing of the subroutine is given below. 

SUSROUTINE RAT 10SI N.MSH. 01 SKS. RMSH. R .IOS. RDS I 
e 
e This subroutine calculate. the ralio. 
e I dry-wt , frelh-wt I and I dry-bark' dry-wt I 
e for • ...,Ie dlalll 
e 
e Variable, 
e 
e N - nulC>er of disks 
e Nlll - .-r of disk. in st"", 
C 1.t tree "-,,,nt 
C NI21 • nulC>er of disks in .. rchantable .t .. 
C 2nd tree COII¥)Onent 
C NI31 • .-r of disk. in nonmerchantable ,t .. 
C 3rd tree COII¥)Onen t 
e NI41 • .-r of disk. in nonmerchantable top 

� 4 tl\- 'tree COII¥)Onen t 

e MSH • MSH • ...,Ie disk. this disk is treated 
e separate Iy because it can be anywhere 
e in .. rchantable It ... or nonmerchantable 
e .t .. 
e MSHlll • dl ... ter over bark 
C MSHI21 • height 
e MSHI31 • fresh weight 
C MSHI41 • dry weight wood 

� MSHISI -dry weight bark 

C DISKS • data from • ...,Ie dlalls 
C OISKSI!.I.kl · ith • ...,ledi,kdh_ter 
C over bark. for kth tree c�t 
e 0ISKSli.2.kl • height 
C OISKSI i .3.kl • fresh weight 
C 0ISKSli.4.kl • dry weight wood 

� OISKSli.S.kl • dry weight bark 

C • ratios 
C RII.l.kl • Ith • ...,Ie dlall I dry-wt , fresh-wt I 
e for kth tree COII¥)Onent 

g RI I .2.111 - I dry-bark ' dry-wt I 

e RMSH - rat ios at MSH 
C RMSHlll - I dry-wt , fr •• h-wt I 

� RMSH 121 • I dry-bark , dry-wt I 

C IDS • debug infor .. tion 
C 10SI II : ; if RII.l.kl > 1. O otherwl .. 
e IOSI21 • k if RI i. I.kl > 1. 0 otherwise 
C 
e ROS • debug infor .. tion 
e ROS. RII.I.kl if Rli.l.kl > 1. 0 otherwise 
e 

� Note a .. "",lion of on Iy 1 error per tree 

e 

iNTEGER N 141 
REAL MSHISI. 0ISKSIS.S.41. RMSHI21. RIS.2.41 
INTEGER IOSI21 
REAL ROS 

REAL DOS. HT. FW. OW. owe. SUF 120.21 
INTEGER I. • • K. II 

e Init ia I lze 
e 

10SIli • 0 
IOSI21 • 0 
ROS : 0.0 
OO I0. K : I. 4  

0010 • • ' 1. 5  
DO 10. I , NIKI. S 

IF I I .NE. NIKI I THEN 
OISKSII.J.KI , 0.0 
I F I J . LE. 2 I THEN 

RII.J.KI , 0.0 
ENOIF 

ENOlF 
10 CONTINUE 

C 
C Calculate R ",alue. 
C 

FW • MSHI31 
OW • MSHI41 
OWS : MSHISI 
IF I FW .EO. 0.0 .OR. OW .EO. 0.0 

x .OR. OWS .EO. 0.0 I THEN 
RMSHIII , 0.0 

ELSE 
RMSHIII , I OW. OWS I , FW 
lF I RMSHIII .GE. 1.0 I RMSHllI = 0.0 

ENOIF 
IF I OW .EO. 0.0 .OR. OWS .EO. 0.0 I THEN 

RMSHI21 = 0.0 
ELSE 

RMSHI21 , OWS , I OW. owe I 
ENOlF 
DO 20. K : I. 4 

DO 20. I , 1. NIKI 
FW • 0ISKSII.3.KI 
OW. 0ISKSII.4.KI 
OWS • OISKSII.S.KI 
IF I FW .EO. 0.0 .OR. OW .EO. 0.0 

.DR. OWB .EO. 0.0 I THEN 
RIl.l.KI '0.0 

ELSE 
Rll.l.KI • l OW. OWS I , FW 
IF I RII, l.KI .GE. 1.0 I THEN 

108(11 • I 
108(21 • K 
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C 
C 
C 

ROB : R I I. I ,K I 
R I I.I.KI = 0.0 

ENOIf 
ENOlf 
If I 0111111 .EO. 0.0 .OR. owe .EO. 0.0 ) THEN 

R11.2.KI = 0.0 
ElSE 

R I I .2. K I = OWB / I ow + OWB ' 
ENOlf 

CONT INUE 

Estimate missing R's 

DO 35. J = I, 2 
I I = 0 
00 30. K = I, 4 

00 30. I = I, N " I 
I I : I I + 1 
BUf I I I. J I = R lJ . J . K I 

30 CONT INUE 
35 CONT INUE 

00 50 . J = 1,2 
00 50. I : 2, I 1 - I 

I f I BUF II. J I . EO. 0.0 . AND. 
BUF I I -I • J I . HE. 0.0 . AND. 

BUF I I + I • .J I . HE. 0.0 I 
X BUf I I . J I = i BUF I I -I • .J I • BUf, I' 1 • J' , I 2 

50 CONT INUE 
00 50. J : I. 2 

I I = 0 
0065. ' :  I, 4 

00 65. I : I. N I K I 
I I , l! + I 
If I RII.J.KI .EO. 0.0 I 

RII.J.'I : BUfll!.JI 
65 CONT INUE 
60 CONT INUE 

RE TURN 
END 

Subroutines STEM and NSTEM 

The computations fOf the dry weight of bark and 
wood are handled separately for stem components and non
stem components. 

Stem Components 

These include the merchantable stem, the non
merchantable stem � 2 cm dob� the stem top « 2 cm 
dob), and the stump. 

Subroutine STEM is used for calculating the de
sired biomass information by using the volume-weighted 
ratios Ri and ri for the merchantable stem, the nonmer
chantable stem, and the top stem as defined by the user: 
The subroutine STEM also calculates the biomass informa
tion for the stump by using the simple unweighted ratios 
Ri and rio 

The volume of merchantable and nonmerchant
able stem sections is calculated by the Smalian formula: 

where (DOBi, Hi) and (DO�+l' Hi+1) are the tree diameter 
outside bark and tree height at each end of the stem sec
tion. The summation V - l:Vj is the total volume of a speci
fied tree component. 

The volume-weighted ratios Ri and fi are obtained 
as follows: 

R. + R. 1 V R. - l: [( !.- ...!7_) il/V 1 2 

r· + r· 1 V r. - 1: [(_1_1: - ) i) IV 1 2 
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The estimate for the total dry weight (DW) of a 
tree component and its partition into dry weight of bark 
(DWB) and dry weight of wood (DWW) is computed from 
the total fresh weight (FW) as 

DW = Ri (FW) 

DWB = ri (DW), and DWW = DW - DWB 

A listing of the STEM subroutine is given below. 

SUBROUTINE STEMIN. SlUMP.MBH,OHT. TH.RSTUMP. 
X RIIIBH.R.RAV,VOL.COMP.RC, 

C 
C This subroutlne calculates dry we 1ghts and vohnes 
C of stem c�ts of tree 
C 
C Parameters 
C 
C • nLlfi)er of d 1 sks 
C N I 1,ji " 2 .. nurrber of san,.::de dlsks 1n jth 
C cC)Iq)Onenl 
C N12,j! " n&.MIt>er of saqJle disks used by subroutlr1e 
C ! returned I 
C 
C SlUlIIP - lop 51""" saq:,le disk 
C STUMP( 1 � " d18me.ter over bark of top $t� d lSk 
C SlUIIIP I 2' - heighl 
C 
C MBH - ntJh d 15k 
C M8HI11 . diameter over bark of nilh disk 
C MBHI21 - heillht 
C 
C OHT - heights and di_Iers of sa..,le disks 
C OHTti.1.kl • ith diameter over bark for kth cOR1)OOent 
C OHTli.21 - Ilh heillhl for klh CCJII1)Onenl 
C 
C TH - lola 1 heillhl of Iree 
C 
C RSTUMP - ratios for sl""" 
C RSTUMP t II - t dry-wi / fresh-wi I for lop s I""" 
C sa.., Ie disk 
C RSTUIIIPt21 - I dry-bark / dry-wi I 
C 
C RIIIBH - rltios for ntJh disk 
C RMSHIII - I dry-wI / frelh-wt I 
C RMBHI21 - I dry-bark / dry-wI I 
C 
C � ratios 
C RII,I.kl - ith disk I dry-wI / fresh-wI I for 
C klh c.,..,.,.,..,,1 
C R II. 2. k I - ith disk I dry-bark I dry-wt I for 
C k Ih cCJII1)Onent 
C 
C RAV - averill" R 
C RAVIi,I.kl averill" of RII.I.III and RII+I.I,kl 

g RAVti.2,kl averall" of Rtl.2.kl and Rti+I.2.kJ 

C VOL - vol.-
C VOlll.III vol.- of secllon between i th and 

g i+1th disks on kth c_enl 

C COMP - weighls and vol.-s of Iree CCJII1)Onenls 
C COMPII.kl - fresh weighl of klh Iree C()I11X)l1enl 
C COMP 12 ,k I - dry _illht wood of kth Iree cC)Iq)Onent 
C COIIIPI3,kJ - dry weighl bark of klh Iree c�1 

g COIIIPI4,kl - vol.- of kth Iree cCJII1)Onent 

C RC - return code 
C RClk I - relurn code for klh CCJII1)Onenl 

C = a if dry weighls calculaled 
C : I if c()I11X)l1en I is mi ss i "II 
C = 2 if insufficient data for c�t 
C 

C 
C 
C 

C 
C 
C 
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INTEGER N12, 3 J 
REAL STUIIPI21. MBHt21 . DHTI7.2.3J, TH 
REAL RSTUIIIPI2J. RMBHI21, Rt7,2,31, RAVI5.2,31 
REAL VOLl6. 31. COIIIP I 4 • 31 
INTEGER RCI31 

REAL VP, CH 

Do merchantable stem 

OHT II • I ,11 , STUMP I I I 
OHTII,2.11 : STUIIP I 21 
RII,I,II = RSTUMPIIl 
R I I.2.11 ' RSTUIIP I 21 

DHTI2.1.II : IIIBH I II 
OHT t 2,2, 11 : MBH 121 
RI2,1,II , RM8HIII 
RI2.2. 1 J , RIIIBHI21 

, 11"1 top disk Iran 51""" 

, 11"1 disk laken II IIIBH 

I F I DHT 11, I • I) . LE. 0.' . ANO. 
OHTINII,II .I.II .EO. 0.0 I THEN 

tree 1S I sma11 tree 

DO '0, 1 : I. 7 
RI!.I.II : 0.0 
RI!.2.11 : 0.0 
1 f I 1 . GE. 7 I GO TO 10 

RAVI!.I.II : 0.0 
RAVI I.2.11 , 0.0 
VOll!.11 = 0.0 

CONTINUE 
COIIIP I 2, " : 0.0 
COIIIPI3.IJ : 0.0 

) 

) 

J 



C 
C 
C 

C 
C 
C 

C 
C 
C 

10 

20 

C 
C 
C 

C 
C 
C 

25 

30 

40 

COMPo '-', 1 . 0 0 
RC· \ . 

" SE 
! � "B�I 1 ' cE 0 1 THEN 

M6t-! not 1n merchantab Ie 5 tem 

OHI·2 .1." ' 0.0 
OM!' 2 . 2 .  " , 0 C 

ENO IF 
C:'lL VDRYWBINt 1, � ' . OHT i I, .RI1.l. 1, 

R A Vi I I. 1 . VOL j 1 . 1 ' . COMP I 1 . 1 \ . RC I 1 , 
:ND1F 

�o nonmerchantable stem 

;: ' N<�.IJ EO,O N'2.11 �" ,1' 
�"'T" .1.2 -: DH'!IN!2,1I,l. get highest dl$k 1n 
;:!"'i7 ',2.2 -: DHT!N:2.1l.2 1 merchantable stem 
;; 1.1,2' : R I N!:2, 1 ! • 1 , 1 . 
" '.2 .2' : RINi2.1 .2.1) 
I F I OHI I 1. 1.21 . EO. 0.0 . OR. 

, OHTll.2.21 .EO. 0.0 I IHEN 
OHlll.l.21 : STUMPlll use 5t""" if .... 11 
OHlll.2.21 • STUMPI21 � tree 
R 11 • 1 .21 RSTUMP I 1 I 
Rll.2.21 , RSTUMPI21 

ENOIF 
OHI 12'. 1 .21 , MBH I 1 I 
OHTI2.2.21 MSHI21 
R!2.1.21 , RMBHIII 
RI2.2.21 , RMBHI21 
IF I MBHI1J .GT. 0.1 .OR. MBHI" .LT. 0.02 I THEN 

M8H not in nonmerchantable stem 

OHT I 2. 1 .21 , o. a 
OHTI2.2.21 , 0.0 

ENOlF 
CALL VORYWSINll.21.0HTll.l.21.Rll.l.21. 

• RAV I 1 . 1 .21. VOLI 1.2' . COMP I 1.21 • RC 121 I 

00 nonmerchantab Ie top 

OHTll.l.31 'OHTINI2.21.1.21 ' get hiQhe5t disk in 
OHlll.2.31 , OHIINI2.21.2.21 nonnerchantable stem 
Rll.l.31 'RINI2.21.1.21 
Rll.2.31 , RINI2.21.2.21 
OHTI2.1.31 , 0.0 
OHT I 2 . 2 . 3 I , O. 0 
CALL VOR YWB I Nil. 3 I . OHT I 1 . 1 . 3 I • R I 1 • I • 3 I • 

� RAV I 1 . 1 .31 . VOL 11 .31 • COMP I 1.31 • RC 131 I 
IF I RCI31 .EO. a I IHEN 

CH' If< - OHIINI2.31.2.31 
IF I CH . GT. 0 I THEN 

VP , 0.392699' eH • OHIINI2.31.1.31 '·2 
COMP I 4 . 3 I , COMP I 4. 3 I - vP 

ENOIF 
ENOlF 
RETURN 
END 
SUBROUT INE VORYWB IN. OHT . R. RAV. VOL. COMP. RC I 

INTEGER NI21 
REAL OHTI7.21. RI7.21. RAVIS.21. VOlISI. COMPI41 
INTEGER RC 
INTEGER I. J 
REAL TEMP. RV 121 
LOGICAL HAG 

Init la llze 

NIII ,MOOINI".71 
IF I NI" .EO. 0 I NIII, 7 
Hi 21 :; Nj 1 ) 
00 10. I , 1. 6 

RAVII.II 0.0 
RAVI1.21 , 0.0 
VOL II I , 0.0 

CONT INUE 
00 20. I ' N I 11. 7 

lF I I .EO. NIII I GOlD 20 
OHTll.lI , 0.0 
OHTJI.21 , 0.0 
RII."'O.O 
RI1.21 , 0.0 

WN;I
���ll.II.NE.o a ANa OHIINI1I." NE.O.O AND. 

OHT I 1.2 I . NE 0.0 AND OHT I N I " .21 NE. 0.0 . AND. 
NIlI.GE 2' IHEN 

Sufficient data 

RC , 

Sort dlSks by he1ohts. throw out bad dlSks 

DO 30. 1 ::: 1. NI l � - 1 
00 30. J ::: 1. Nil I � 1 

IF I WHTIJ.21 GT Ot'l!'J+l,21 AND. 
OH T I J+ 1 . 2 1  NE. 0 0 I OR. 
OHT'J " £0. 0 0  .OR. 
OHI'J. 2 '  .EO 0 0 ' IHEN 

00 25. t( , '. 2 
TEMP, OH1, J.'.' 
OHTIJ,IU ::: OtHjJ+l.�1 
OHTCJ+'.KI = TEMP 

TEMP ::: A I J .)Ii I 
R I J,)Ii I = R I J+ 1 . K I 
R1J+l.Kl = TEMP 

CONIINUE 
ENOlF 

CONIINUE 
OO

I
:Oi 

�H�I:: 1�"�0. 0.0 .OR. OHTI l.2'EO. 0.0 I THEN 
NI21 N12. - 1 

ENOIF 
CONTINUE 
00 50. I N I 2 I. N 111 

IF I I .EO. NI21 I GOTO 50 
OH1tI.lI 0.0 
OHTII.21 , 0.0 

5 

50 

C 
C 
C 

60 

70 

80 

C 
C 
C 
C 
C 
C 
C 

90 

C 
C 
C 

C 
C 
C 

C 

R I I . 1 \ = :J 
R' I .2' , 0 

CONIINUE 
IF I NI 2 1 . GE 1" HEN 

�nouoh 0000 dlSks. estllnate any m1SSlng R's 

DO 60. I , 2. N 1 2  
00 60. J = " 2 

IF 1 Ril.JI EO. CD 
If t RIN12 1,JI EO 

R I N 12 
CONT lNUE 
00 70. ! ' 2. N' 2 

0070. 0 '  
lr i R'1.Jl EO 

R! 1.J) ::: R':- t • ..: 

Rll.J ::: RI1.Jl 
o 
Q NI2 ··'-!.J' 

·";P.I 
:( ,  : + 1, J 

I FIR 11- I • J J • NE. 0.0 . AND. 
R I I- 1 . J! . NE. O. 0 I 

R1I.JI = RII.I..i' " 2 
ENOlF 

ENOlF 
CONT INUE 
FLAG' . TRUE. 

THEN 

00 80. 1 ' 1. N 12 I 
IF tRII.II.EO. 0 
IF IRI1.21.EO. 0 

CONT INUE 

flAG • .  FALSE. 
FLAG' .FALSE. 

IF I FLAG I THEN 

Enough R data 

Calculate VOL. RAY for pairs of disks 
Calculate total vol......e of part and 

vo h.lne-weiohted RY rat lOS for ent 1 re part 

COMPI41 , 0.0 
RVlll ' 0.0 
RVI21 , 0.0 
00 90. I , 1. N 121 - 1 

RAVII.1l, I Rll.ll - Rll-l.1I 1/2 
RAV11.21, I RII.21 - RII-l.21 1/2 
VOL I I I ' O. 392S99 • 

t DH1II+1,ll •• 2 + DHT(I.l)·.2 
I OHT I I- 1 .21 - OHT II. 21 I 

COMP 14 I , COMP I 41 - VOL III 
RVlll , RVIII - RAVt 1.11 • VOllII 
RVI21 , RVI21 + RAVI!.21 • VOlIl1 

CONT lNUE 
RVlll' RVlll / COMPI41 
RVI21 ' RVI21 / COMPI41 
COMPI31 , COMPI 11 • RVI t1 • RVI21 
COMP I 2 1 , COMP I 1 I • RV I 11 COMP I 31 

ELSE 

Insufficient data 

COMPI21 , 0.0 
COMP 13 I 0.0 
COMP141 0.0 
RC : 2 

ENOlF 
ELSE 

Insufficient data 

COMPI21 0.0 
COMP 131 0.0 
COMPI41 0.0 
RC = 2 

ENOlF 
ELSE 

C Insufficient data 
C 

COMP 121 , 0 
COMP 131 0 
COMP 14' 0.0 
RC ' 2 

ENOIF 
RETURN 
END 

Nonstem Components 

These include the large live branches, the small 
live branches including foliage, the dead branches, and the 
cones. 

Subroutine NSTEM computes dry weights of bark 
and wood for live branches, dry weight of wood for dead 
branches, and dry weight of cones. Live branches are 
grouped into branches � 2 cm dob and branches < 2 cm 
dob. Size limits are arbitrary and can be adjusted for any 
other specification. Small branches can be further split into 
groups of dry weight of bark and wood and groups of dry 
weight of foliage. 

Computations are similar to those described under 
the STEM subroutine; the main difference is that no 
weighting is done for nonstem components and only the 
simple ratio averages of Ri and ri are used in computing 
biomass weights. 
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A listing of this subroutine is given below. 

SUSROUlI NE NSTEII N. sw" R. PART' 

in;5 subroutine calculates dry weights 
of nonstem cOft1)Onents of the tree. ihere 
is no volume estimation for these 
cc:Jq)OOen t s . 

Nons tern corponent 5: 

Large 1 lve branches 
Sma 11 live branches ... fa 1; age 
Oead branches 
Cones 

For 1 arge and sma 11 1 i ve br anches 
the dry weHJht of wood and dry welght of barK 
at" needles are calculated For dead branches 
and cones only total dry welght is calculated, 

Parameters 

. n�,. of sa""les 
Nil I � nurroer of sa"" les for 5 tUlf1) 

t 1st tree CClq)Of"Ient ! 
N12! � nunDer of saq:>les for large 

branches ! 2nd tree c�nt 
N!31 small branches ! 3rd tree e�t I 
N! 41 dead branches 1 4th tree corrponent ) 
t·PS! cones j 5th tree CCIf!1)OOent I 

sw - sa�le weights 
5W! 1 .  1.k • ; 1h saq:,le ;resh-wt for kth 

tree cc:wrc:>Of"'Ient 
SW! 1.2.kl • i th s8q:,le ,jry·wt wood or 

sa"",le dry-wt for kth tree c�t 
5WI1.3.k! • ltM sarrple dry·wt bark for 

ktM tree cQrI1:)Onent ( not a lways. used I 

- rat lOS 
Ri 1 . 1 .k l • 1 th sarrple ! dry·wt I freshwwt j 

for kth tree c�nt 
RQ.2.kt - lth s�le I dry-bark I dry·..,t I 

for kth tree c�nt 

PART - weights of tree cOft1)Onents 
PARTI1.kl fresh weight of kth tree corrponent 
PART 12.k I dry weight wood or dry weight 

of ktt- tree c�ent 
PART! 3.k 1 dry wetght bark of kth tree 

c�nt or unused 

Subroutines called: 

DRYWa 
DRYW 

INTEGER NISI 
REAL SWIS. 3.51. R, 5.2.5'. PART 13.5' 

Do It""" 

CAll DAYIIB I Nll1 • Sill 1 . 1. 1 I • A I I • I . II • PART I 1 • 1 II 

Do large branches 

CALL DRYWBI NI 21.SWll.I.21.AI I.I.21.PARTI I.211 

Do sma 11 br anches 

CAll DRYWBI H I 3  I. Sill I . 1 .31 • R I 1 . 1.3 I • PART I 1.3 I I 

Do dead br anehes 

CAll DRYWI HI41.SWtl.I.41 .Rll.I.41.PARTll.411 

Do cones 

CAll DAYII I N I 51.SW I 1.I.SI.RI I.I.51.PART I I.SII 
RETURN 
END 
SUBROUTINE DAYWBIN.SW.R.PARTI 

INTEGER N 
REAL SW I 5.31. RI5.21. PARTI31 

INTEGER I. oJ. NR 
REAL RAYI21 

C Calculate R 
C 

NR • N 
DO 20. I • I. N 

I F I SW I 1. 1 I . EO. 0.0 . DR. Sw I 1. 2 I . EO. 0.0 
.OR. SWI1.31 .EO. 0.0 I THEN 

R I l.ll'O.O 
R I l.21 , 0.0 
NR'NR -l 

ELSE 
R I I • 1 I , ( SW t 1. 2 1 • SW I 1. 3 I I / Sw I 1. 1 I 
R I l.21 ' SWI1.3) I I SWI1.21 • SWI1.31 I 
IF I R 11." . GE. 1. 0 I THEN 

AII.II • 0.0 
R I 1.21 • 0.0 
NR • NR - 1 

ENDIF 
ENDIF 

20 CONT INUE 
C 
C Calcul.te average R 
C 

RAYlll • 0.0 
RAY I 21 , 0.0 
IF I NR .NE. 0 I THEN 

DO 40. oJ ' I. 2 
DO 40. 1 • I. N 

RAV1J� :: RAVIJ! + R! l.Jl 
40 CONT INUE 

RAVI1J :: RAVI1I I NR 
RAYI21 • RAYI21 / NR 

6 

c 
c 
c 

ENDIF 

Calculate dry weights 

PART I 31 , PART I II • RAY"I • RAY I 21 
PART 121 • PART I 1 I • RAY 11 I PART I 3 I 
RETURN 
END 
SUBROUTINE DRYWI N.SW.A.PAATI 

INTEGER N 
REAL SWI5.21. R151. PARTI 21 

C 
INTEGER I. oJ. NR 
REAL RAy 

Calculate R 

NR :: N 
DO 20. I • I. N 

IF I SW, 1 . 1 !  .EO. 0.0 .OR. 
SWI1.2' .EO. 0.0 I THEN 

RI II • 0.0 
NR . NR -I 

ELSE 
Rill . SWI1.21 ISWI1.11 
IF , RII I .GE. 1.0 I THEN 

RIll , 0.0 
NR . NR - I  

ENDIF 
ENOIF 

20 CONTINUE 
C 
C Calculate average 
C 

RAY ' 0.0 
IF I NR .NE. 0 I THEN 

DO 40. I ' I. N 
RAY . RAY + R I II 

40 CONTINUE 

c 

RAY . RAY I NR 
ENOIF 

C Calculate dry weights 
C 

PARTI 21 • PARTI II • RAY 
RETURN 
END 
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APPENDIX 1 

Listed below are sample programs used for driving 
the subroutines RATIOS, STEM, and NSTEM at NoFRC. 

ThlS program drives tne Subroutine RATIOS 

INTEGER TREEN. NI.'. :�B:21. I. J. K. II 
REAL M8.HS'. 0ISCSI5.5.4 • .  RM8H121. RI5.2." . R08 
DATt HI , .4.3.11 
OPEN tU�lhl.FILE.· 810BLOAT' .RECOROSIZE.410.STATUS'· OLD' I 
OPEN IUNlh2.FlLE. BIGRS: TEJ' .CARRIAGECONTROL'· LIST'. 

, STATUS.' NE� 
OPEN IUNlTo3.FILE.· RGE' TMP' .CARRIAGECONTROL" LIST', 

, STATUS.' NE�' 
OPEN 'UNI To4. F lLE. SMALL'Sl. TEJ' ,CARRlAGECONTROL" LI ST' 

, STATUS··NEW , 
CONIINUE 
READ ,. '00.ENO.999' TREEN. ! OISCSll.J.)I . .1" ,5 " 

" i MSH I u I .  J:: 1 .5 I ,  DISCS i 1 • .; . 2 �. J::: 1 ,5 i. 1::: 1 .4 
� ( i OlSCSiI.J.3J, J:::�.5 1, 1=1.3 I, 
X I OISCSI1.J,41, J:l.5 

CAlL RATIOStN.M8H.OISCS.RM8H.R.IOB.ROBI 
IFilOBlll NE. Ol "�£N 

I I • a 
DO 30. ,. • 1. I DB. 2 

II ;; II • N I K) 
30 CONT INUE 

999 
!27 

400 

410 

C 
C 
C 

C 

C 
C 
C 

1 I ::: r! .! 08 ill . N,! DB I 2 I \ 
I F I lOB ( 2) . G T. � :! :: II • 1 
WRITE '3.127· TREEN. C!SCSIIOBI1I.4.IOBI2" 

OISCSI 1061)1,5 .!DB· <' . OISCSI 10BI)I. 3. IOBI2 I I .  
X l!. ROB 

ENOIF 
WRITE 12.4101 TREEN.R" .'.1I.RM8HI1I. 

X t RtI.l.2l, 1 ::: 1. 4 • 
X. I Ril.l.31, 1 ::: 1. 3 '. Ril.1.41 

WRITE " .4101 TREEN.R" .�.lI,RMBHI2I, 
X !  R(I.2.21, 1 t, 4 
, I RII.2.31. I • 1. RI1.2.41 

GOTO , 
CONT INUE 
FORMAT '''.I3.312X.FS.l 2'.13.2X,F7.4i 
FORMAT 113.T77.4<F4.3.'4.2.3FS.l'.2IF3.3.F4 2.3FS.11. 

X ! F 3.3. F 4.2. 2F S. 1 . F 4. 1 .. 3. F 3.3. F 4.2. 3F 4. 11 1 
FORMAT . !3. 1012X.F7 .6,· 
STOP 
END 

This program drives the subroutine STEM 

INTEGER TREEN. NI2.3' 
REAL TH. STUMPI2!. M8H'2·. OHTI7.2.31 
REAL RSTUMPI21. RM8H', . R' 7.2.31 
REAL RAV,6.2.3!. VOL'6.3:. COMP14.31 
INTEGER RCI3'", 

INTEGER I. J. K 

1n1 t la llze 

DATA N,S.0.S.0.3.0/ 

Open files 

OPEN 
OPEN 
OPEN 

X 
OPEN 

X 
OPEN 

X 
OPEN , 

I UNI To 1. FILE.' SMAllR81. TEJ' • STATUS" OLD' I 
I UNI 102. FILE.' BIGRB 1. TEJ' ,STATUS.' OLD' I 
1 UNI 10 3. fILE.' 810B 1 ,OAT' . RECOROSIZE.4 I O. 

STATUS" OLD' I 
IUNl104.FILE:· TlIPI. TEJ' .CARRIAGECONTROL'· LIST' • 

STATUS:' NEW' • 
I UNI T =7, F lLE.' RESI B 1, TEJ' . CARRlAGECONTROL" LI S l' . 

STA !US.' NEW' , 
I UN I hS. FILE.' TMP2 I I ' TEJ' . CARRlAGECONTROL" l! S T' . 

STATUS·'NEW ' 
IUNlh9.FILE" TMP!!. TEv' .CARRIAGECONTROL" LIST' . 

STATUS.' NEw ' 
OPEN 

X 
OPEN 

X 
IUNIT: 10, FILE.' RES!!81. TEJ' .CARRIAGECONTROL'· LIST' . 

STATUS.' NEW 
OPEN i UNI h 11. FILE.' 1M';! I. TEJ' .CARRIAGECONTROL" LI S1' . 

STATUS" NEW' I , 
OPEN 

x 
! UNI T. 12, fILE.' RESI I I B 1. TEJ' • CARRlAGECONTROL" Ll ST' . 

STATUS.' NEW ' 

�ead and process da ta unt i 1 end of file 

CDNT INUE 

READ 13.400.ENO.9991 TREEN, TH, I COMPI1.KI. K 
X STUMP. M8H . •  I OHTI!.J,ll • .I = " 

1. I .  
I. • 3. 

7 

999 
400 

410 
430 
4:1 
432 
440 
441 
450 
460 
465 
470 
480 

C 
C 
C 

999 
400 

600 
610 
S20 

i \ UHI(I • .J.2j, y =  1, 'i I , 1 = 3, � 
.x. I OHT f 3. J. 3 I .  1.1 :: 1. :1 j 

RE.aO 12.4101 RSTUMPt1I,RMBI-H1J.( RI!.1.1), }=3.6 I, 
I Ril.l,:!I. 1=3.5 I. RI3.1.3l 

RHD " .4101 RSTUMPI21.RM8HI21.1 RI1.2.-lI. 1'3.S '. 
" I RfI.2.2', 1:3.5 I, RI3.2.3i 

CAll STEMIN.STUMP.MBH.OHT .TH.RSTUMP.RM8H.R.RAV. 
, VOL. COMP . RC • 

I F I RC I 1 I . EO. 0 , THE N 
WRITE 14.4301 TREEN.IRAVII.2.II.RAVII.1.1'.VOLlI.1', 1" .51 
wRITE 17.4401 TREEN.IRII.2,1'.I" .61.IRII.'.11.I" .61. 

" COMPI4. 11, COMPI3.11. COMPI2.1I 
ELSE 

I F I RC I I 1 . EO. 1 I THEN 
WRITE14.4311 TREEN 
WRITE 17.4411 TREEN. a O. 0.0.0.0 

ElSE 
WRlTEI4.4nl TREEN 
WRlTEI7.4321 TREEN 

ENOIF 
ENOIF 
If ! RCI21 .EO. a I THEN 

WRI TE 19.4501 TREEN. I RAVI!.2.21.RAVII. 1.21. VOLl!.21. 1.,.41 
WRITE 110.4601 TREEtI • .IRII.2.21 • .l" .5I,IRII.I.2I,I" .SI. 

COMP 14,21. COIIPI3,21. COMPI2. 21 
WRITE 18,4651 TREEN. I I OHTII.J.21, J .  '. 2 I. I .  1.5 I 

ElSE 
WRITE 
WRITE 
WRITE 

ENOIF 

19,4321 TREEN 
110.4321 TREEN 
IS.432I,IREEN 

If I RCI31 .EO. 0 I THEN 
WRITE 111.4701 TREEN,RAVI1,2.31.RAVll.1.31 
WRITE 112.4S01 TREEN. COMPI4.31, COMPI3.31. COMP12.31 

ElSE 
WR ITE I 11 .4321 TREEN 
WRITE 112.4321 TREEN 

ENOIF 
GOTO I 
CONT INUE 
fORMAT I 13.6X.F4.2.142.F6.2,FS.2.f4.2. 

x T77.4IF4.3.f4.2.1SXI.2IF3.3.F4.2.1SXI. 
, f3.3.f4.2.14X,3IF3.3.F4.2.12XI I 

FORMAT 13X,1012X.f7.6" 
fORMAT IlX.13.51212X. F6.SI.FS.411 
FORMAT 12X.13. is a sma} 1 tree.' I 
FORMAT 12X.13.' has insufficient data, 
FORMAT I 1X .13. 12 I 1 x. F6. 51 . 3f 1 1. 5 I 
FORMAT IlX,13.S4X.3F1I.S' 
FORMAT 11X,13.41212X.f6.SI.FS.411 
FORMAT! IX. D 10! IX. FS.SI. 3F I I. 51 
FORMAT ! lX,13, IOF12.41 
fORMAT IIX,13,2!2X.fS.51 I 
FORMAT I lX, 13. 3fll. 51 
STOP 
END 

This program drives the subroutine NSTEII 

INTEGER TREEN. N!SI 
REAL SWIS.3.SI. RI5,2.SI. PARTI3,SI 
INTEGER l. J. K 
DATA NI1,3,3.3.1/ , 
OPEN IUNIl:I.FILE" BI081.0AT' .RECORDSIZE.410. 

X STATUS.' OLD' I 
OPEN I UNI T.2. FILE.' RESI VS1. TEJ' . CARRlAGECONTROL" LI ST' . 

x S 14 TUS.· NEW' I 
OPEN fUN I To 3. F HE.' RESVSl . TEJ' . CARR IAGECONTROL" LI ST' . 

, STATUS,' NEW' I 
OPEN IUNlTo4.FILE.' RESVIS1. TEJ' .CARRIAGECONTROL'·llST'. 

X STATUS.' NEW' I 
OPEN I UNI h7. FILE.' RESV I 181. TEJ' . CARR IAGECONTROL:' LIST' . 

X STATUS.' NEW' I 
OPEN I UNIT·8. FILE.' RESSDW8 1. TE J' . CARRIAGECONTROL" LIST' • 

, 514 !US.' NEW' I 
CONT INUE 
READ 11.400.ENO.9991 TREEN. I PARTI1.KI. K 

I I SWll,J,11 . .1 " . 3  I. 
I. 51. 

I I I I SW' J. J. K I. .I • I. 3 I, I : I. 3 1. K • 2, 3 I. 
X I I SW II. .I . 4 I. .I • I. 2 I. I • 1. I . 
X I SWI 1 • .1,5 I. .I • 1. 2 I 

CALL NSTEMIN.SW.R.PARTI 
WRITE 12,6001 TREEN.I I RIJ.J,21. 

X PARTI3.21. PARTI2.21 
1. 

WRITE 13,6001 TREEN. I I RIJ.J,31. I .  1. 

). J = 1. 

I. 1, 
X PARTI3.31. PARTI2,31 

WRITE 14.6101 TREEN, I RIl.l.4I, I • 1. 3 I. PARTI2,41 
WRITE 17.6201 TREEN. PARTI2.51 
WRITE 18.S201 TREEN. PARTI3,ll. PARTl2.1I 
GOTO 1 
CONT INUE 
'ORMAT I 13. T37 ,FS.2. TS7 ,4FS.2. T8S, 3FS. " 

X T91.100X,100X.313F4.11.3IF5.1.2F4.11, 
X T6S,100X.IOOX.IOOX,3!2f5.II,2fS.11 

,ORMAT IU,13.612X,F6.51.2fll.51 
fORMAT I IX. 13,3 I 2X , F 7 . 51 , F II .51 
FORMAT IlX,13.2FI1.S1 
STOP 
END 

I ,  

I. 


