
by 

M . L . Parker, R.D. Bruce* and L . A . Jozsa 

Technical Report 

No. 10 

Presented at a meeting of l U F R O Group P4.01.05 at Corvallis, Oregon, September 8 and 9, 
1977, with the title "Calibration, Data Acquisition and Processing Procedures Used with an On-
Line Tree-Ring Scanning Densitometer". 

Forintek Canada Corp. 
Western Forest Products Laboratory 

6620 N.W. IVIarine Drive 
Vancouver, British Columbia 

V 6 T 1 X 2 

July 1980 

'Currently Group Leader, Data Services; Microtel Pacific Research Ltd., 4664 Lougheed 
Highway, Burnaby, B.C. V5C 5T5 

http://P4.01.05


A B S T R A C T 

A computerized X-ray densitometric system 
used to produce tree-ring width and density data 
has been in operation at the Western Forest Prod-
ucts Laboratory since 1971. Calibration pro-
cedures, data acquisition and processing programs 
are described. The on-line system provides for 
automatic, objective and rapid collection of de-
tailed data that can be stored in large quantities 
and easily processed and compared with other 
forms of data, such as weather data, river runoff 
records, etc. Standards are needed to insure data 
compatibility through time and between laborator-
ies. 



M.L. Parker, R.D. Bruce and L .A . Jozsa 

INTRODUCTION 

A computerized scanning densitometer sys-
tem has been in operation at the Western Forest 
Products Laboratory (WFPL) sincer^1971. Certain 
aspects of this system, such as the X-ray scanning 
machine, the computerized scanning densitometer 
and the form of the output data, have been de-
scribed (Parker and Jozsa 1973; Parker era/. 1973, 
1974; Heger et al. 1974). However, several other 
important components of the system, the data 
acquisition and processing computer programs have 
not been fully reported. In addition, certain 
modifications in technique and instrumentation 
need to be pointed out. This booklet describes 
these data-acquisition and processing programs and 
explains the modifications that have been made 
since the above publications. 

X - R A Y DENSITOMETRY 

Various radiation, light and mechanical 
techniques have been used to study the within-ring 
density variations in wood samples (Cameron et al. 
1959; Marian and Stumbo 1960; Green 1964, 
1965; Green and Worrall 1964; Harris 1969; 
Kawaguchi 1969); but perhaps the most successful 
method, X-ray densitometry, was pioneered by 
Polge (1963, 1965, 1966) during the 1960s. Lab-
oratories in many parts of the world are now using 
radiation densitometry of wood to study intra-ring 
width and density. The techniques and applications 
of radiation densitometry have been reviewed by -
Parker and Kennedy (1973). 

Basic Technique 

The basic technique of X-ray densitometry is 
to produce a negative image of a transverse (or rad-
ial) cross section of a wood sample by projecting a 

beam of X-radiation through the wood onto a 
sheet of X-ray film. The film is then developed and 
scanned on a densitometer that converts the film 
density of the wood image to plotted or digital 
form, representing the intra-ring density variations 
and the width components of the annual rings. 

Particular aspects of the techniques em-
ployed vary from laboratory to laboratory. As an 
example, some laboratories X-ray cylindrical in-
crement cores, while others cut the wood samples 
to a uniform thickness before they are X-rayed. A l -
so, another example is that some laboratories use 
a stationary technique, with the X-ray generator 
positioned several meters from the film and wood 
sample. Other laboratories use an in-motion tech-
nique for making the exposure. 

System and Techniques Used at the WFPL 

At the WFPL, wood samples (usually 5-mm 
increment cores) are air dried, glued between two 
mounting sticks (Parker 1970) and cut to a uni-
form thickness of 1.96 ± .02 mm on a sample-
preparation saw designed for this purpose (Kusec 
1972) (Figure la). Radiographs are then made by 
placing the wood samples along with density-cali-
bration wedges on X-ray film that is exposed on an 
X-ray scanning machine (Parker and Jozsa 1973) 
by the in-motion technique (Figure ^b). 

The developed radiographs are then exam-
ined on a light table under a low-power binocular 
microscope for image quality (Figure 1c). If ac-
ceptable, the radiographs (Figure \d) are annotated 
with such information as calendar-year dates of the 
annual rings, distance from pith and interval to be 
scanned on the densitometer. 

The radiographs are then placed on a com-



Figure l a . Increment core glued between two 
mounting sticks (unsurfaced and sur-
faced) and the sample-preparation 
saw. 

b. Loading the X-ray scanning machine 
with the film, calibration wedges and 
wood samples. This takes place under 
darkroom conditions. 

c. Examining the radiograph. 
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puterized tree-ring scanning densitometer (Parker 
et al. 1973) (Figure 2); the width and density of 
the annual rings are measured and the data re-
corded on magnetic tape or disk. This scanning of 
the samples on the densitometer is described in de-
tail below, in the explanation of the data-acquisi-
tion program. 

Refinements in the Method 

X-ray densitometry is a new field and 
changes and innovations are continuously leading 
to improvements in the method. One technique 
now used at the WFPL improves the quality of the 
wood image on the radiograph. 

One of the core-mounting sticks is cut away 
so that the side (radial surface) of the study sample 
is exposed. This reveals the angle of the longitudi-
nal tracheids with the long axis of the core. This 
angle is measured with a goniometer in the eye-
piece of a low-power microscope and the X-ray 
generator is tipped parallel to the tracheids. This 
greatly improves the sharpness of the film image 
and increases the accuracy of the density measure-
ments. 

The method previously described (Parker 
and Jozsa 1973) of making X-ray exposures of 
oven-dry wood placed in a desiccator, which has a 
cellulose-acetate window, has been changed. It was 
determined that an unacceptable amount of film-
density variation resulted from density differences 
in the cellulose-acetate window. 

The samples are now X-rayed without the 
desiccator and in an air-dry condition. The density 
values are still expressed on an oven-dry voluine 
basis. This was made possible by re-calibrating the 
system for air-dry conditions, with calibration 
samples of known oven-dry density. (It was de-
cided to calibrate on the oven-dry condition be-
cause this state can be well defined.) / 

The quality of radiographs produced at the • 
WFPL also has been improved by reducing varia-
tions in film-background density. This was done by 
putting a pressure regulator in the hydraulic systeni 
that controls the scanning speed on the X-ray 
scanning machine previously described by Parker 

and Jozsa (1973). Repeated scans of 51 cm in 
length, which take 9.5 minutes, can be made that 
vary only from 0 to 5 seconds in total-scan dura-
tion. 

Some minor changes have been made on the 
scanning densitometer in use at the WFPL (Parker 

, et al. 1973). Rubber 0-rings are no longer used to 
hold the X-ray negative in position on the illumina-
tion-system support cylinder. Instead, metal tabs 
are attached to the ends of the film and a series of 
holes in these tabs is attached to pins on the cylin-
der to provide the desired film alignment. 

A new electronic control unit (Figure 2b) 
has been constructed that now includes: 

(1) a built-in, 10-inch strip-chart recorder; 

(2) a new hand-held, remote-control unit 
-that allows the operator easier speed 
control and the ability to select predeter-
mined scanning speeds; 

(3) light and audio signals that indicate to 
the operator the termination of each an-
nual ring and each decade ring; and 

(4) plug-in electronic-circuit components 
that permit fast and easy repair service. 

Also, it was determined that the light 
emitted from the xenonrarc lamp is stable enough 
that the light-intensity monitoring phptodiodes in 
the lamp housing could be eliminated. 

Changes that have been made in the data-
acquisition system are: 

(1) the teleprinter, has been replaced with a 
video terminal (Figure 2c) that has a 
keyboard for inputting control data and 
a video screen for monitoring output 
data; 

(2) a magnetic-tape unit and a magnetic-disk 
unit (Figure 2f) have been added and 
these are used for entering programs and 
control data and for the storage of out-

? "• put data; arid 



Figure 2. Tlie computerized X-ray densitometry 
data acquisition and processing system. 

a. Densitometer. 

b. Densitometer control unit, including 
10-inch strip-chart recorder, remote-
control unit and distance counter. 

c. Video terminal. 

d. X - Y digital plotter. 

e. Digital voltmeter, minicomputer and 
paper-tape reader. 

f. Magnetic tape and disk units. 



(3) another peripheral device, a thermal-line 
printer (Figure 2g), also has been added 
to the system. 

C U R R E N T F O R M OF THE D A T A 
ACQUISITION P R O G R A M 

Tree Ring Input Program (TRIP) is a data-
acquisition program that has been used at the 
WFPL since 1972 to obtain tree-ring width and 
density data from X-ray negatives of dendrochron-
ological samples. It is written in A L G O L and oper-
ates on-line with a minicomputer and the scanning 
densitometer and peripheral devices described 
above. 

It has undergone several modifications, as 
the data-acquisition system has changed, but in its 
present form it operates on a minicomputer with a 
64K byte main memory, a 5M byte disk drive, an 
800 bpi 9-track magnetic-tape unit, high-speed 
scanning voltmeter, card reader, paper-tape reader, 
a small thermal printer, a line printer, a four-colour 
plotter, and two terminals. The densitometry data-
acquisition program requires 16K bytes of memory 
to operate. The current system is used for other re-
search besides densitometry and has more than suf-
ficient power to handle the densitometry applica-
tion. 

Two basic forms of data are transmitted 
from the densitometer to the computer: distance 
(representing the ring-width components) and den-
sity (representing the intra-ring.density profiles). 
Electronic pulses are used to activate a stepping 
motor that moves the film at 0.01-mm intervals for 
each pulse and the pulses are simultaneously used 
to increment an electronic counter that is read by 
the computer. Ring-width data are calculated from 
this. 

Density values are derived from variations in 
the light that is transmitted through the film and 
measured as voltage values by a photodiode. These 
analog-voltage values are converted to digital-
-voltage figures by a digital voltmeter. The volt-
meter is read by the computer and these voltage 
values are converted to density values for each of 
the 0.01-mm steps measured on the wood sample. 
The area measured is usually 0.05 x 0.06 mm. 

TRIP consists of two main segments. There 
is one which performs the function of density cali-
bration and one which controls the scanning of the 
wood sample. 

Density Calibration 

Tree-ring studies are based on the fact that 
annual rings vary in width and density from ring to 
ring throughout the series. Although it is possible 
to use the relative variation in ring density to relate 
tree-ring series to such factors as temperature or 
river runoff (Parker and Henoch 1971), a ring ser-
ies based on^absolute density values is potentially 
more valuable. This is especially true if regional or 
species comparisons are to be made, or if tree-ring 
density is to be used to evaluate effects of silvi-
cultural treatment or air pollution on tree growth. 
To express tree-ring density in absolute values, 
considerable effort is necessary for accurate den-
sity calibration. 

In the system used at the WFPL, the density 
of every 0.01-mm step along the radius of the 
wood sample being studied is determined by meas-
uring the amount of light transmitted through the 
X-ray negative while it is being scanned on the den-
sitometer. A stepped, density-calibration wedge 
(Figure 3a), made of layers of Douglas-fir mechan-
ical-pulp paper sheets, is used to convert film dens-
ity to wood density (g/cm^, oven-dry weight and 
volume). 

A density-calibration wedge is placed on the 
film and X-rayed with each wood sample. A num-
ber of these wedges are in use and each has been 
calibrated by comparing it with many small blocks 
of wood ("calibration blocks")" (Figure 2b), for 
which the oven-dry density of each has been pre-
viously determined. 

The procedure used in calibrating the wood 
blocks with the stepped wedges is as follows: 

1. Construction of stepped, density-calibra-
tion wedges - the stepped wedges are 
constructed with layers of mechanical-
pulp paper, so that each wedge consists 
of 12 steps (1 to 12 thicknesses of 
paper). Each step is 2 mm wide in 



a 

Figure 3 a. Density-calibration stepped wedge. 

b. Density-calibration blocks. 

c. Negative radiographic image of cali-
bration blocks with a stepped wedge. 



the direction of the scan and each layer 
of paper is 0.33 mm thick. The calibra-
tion wedges are numbered, so that the 
X-ray penetration characteristics of each 
wedge may be independently deter-
mined. 

2. Measurement, of the density of the cali-
bration blocks — the density of 94 wood 
calibration blocks is determined by 
obtaining the oven-dry weight of each 
and measuring the oven-dry volume of 
each by the mercury-displacement me-
thod. These blocks range in density from 
0.16 to 1.24 g/cm^ and are grouped into 
three sets: (1) 27 hardwood blocks; (2) 
33 softwood blocks; (3) 34 Douglas-fir 
blocks. The Douglas-fir blocks consist 
of earlywood only, transition wood, 
latewood only or a series of rings. 

3. Determination of the X-ray penetration 
relationship between the calibration 
wedges and the calibration blocks — the 
calibration blocks are then mounted 
between two sticks and cut to a uniform 
thickness of 1.96 ± .02 mm on the sam-
ple-preparation saw mentioned above. 
Many radiographs (Figure 3c ) are made, 
in different combinations of calibration 
blocks and wedges, by exposing X-ray 
film through the blocks and wedges 
on the X-ray scanning machine. These 
radiographs are then scanned on the 
densitometer, using a special computer 
program designed to determine the 
"density equivalent" of each of the 
steps on the density-calibration wedges. 

The density equivalent is the density value 
assigned to a calibration-wedge step that transmits 
the same amount of light through the film image of 
the step as the image of wood of that same density. 
These density-equivalent values are determined 
by regressing (second degree) the intensity of light 
(converted to voltage values by the densitometer) 
of the calibration-block images against the gravi-
metrically measured density of the blocks (Figure 
4a). The resultant regression relationship is then 
used to assign density-equivalent values to the 

wedge steps, depending on the level of observed 
light intensity. 

The next procedure is to X-ray the cali-
brated stepped wedges with the tree-ring samples 
to be measured (Figure 3d). The wedges are placed 
on the film at the end of the tree-ring sample along 
the anticipated densitometer-scan line, so as to 
minimize the effect of any lateral variations in 
film density. After the film has been developed and 
the radiograph has been placed on the densito-
meter, the computerized-densitometer system is 
calibrated with the stepped wedges, so that the vol-
tage values from the tree-ring sample image can be 
converted directly to density, while the sample is 
being scanned on-line. The procedure for doing 
this, using TRIP, is as follows: 

1. Scanning of the wedge steps - the steps 
on the wedges are scanned in succession 
on the densitometer. A voltage measure-
ment is taken at every 0.01-mm incre-
ment and these values are averaged for 
each step on the wedge. The marginal 
areas between the steps are avoided and 
approximately 150 measurements are 
made for each step. These 12 voltage 
values, representing the mean voltage for 
each step on the wedge, are stored in the 
memory of the computer. 

2. Converting voltage values to density val-
ues — the 12 mean voltage values for the 
wedge steps are regressed (second de-
gree) against the 12 density equivalent 
values for those steps that were deter-
mined by the method described above 
(Figure 4b). This establishes the relation-
ship between film density and wood 
density, and in the scanning of the tree-
ring sample, which directly follows, the 
voltage value of each 0.01-mm step on 
the tree-ring sample is converted im-
mediately to a density value by the com-
puter. 

Tree-Ring Sample Scanning 

After the system has been calibrated, so that 
voltage from the densitometer can be converted to 
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Figure 4 a. Scattergram and regression line 
showing the relationship between the 
gravimetrically measured density of 
the calibration blocks and the densit-
ometer voltage output from a radio-
graph of these blocks. This relation-
ship is used to determine the "den-
sity equivalent" values of the step-
ped wedges exposed on the same 
radiograph. 

Figure 4 b. Scattergram and regression line 
showing the relationship between the 
"density equivalent" values of the 
wedge steps and the densitometer 
voltage output from a radiograph of 
the wedge. This relationship is used 
to assign density values to a tree-ring 
sample exposed on the same radio-
graph. 



density values, the next step is to scan the tree-ring 
sample. 

It would be useful, however, to describe the 
form of the output data before the scanning pro-
cedure is explained. There are two basic forms of 
output data recorded for each ring of the tree-ring 
sample (Figures 5 and 6): 

(1) the intra-ring width and density variables 
(Figure 6a). 

(2) the intra-ring density profile (Figure 6/?). 

The intra-ring variables are ring width (RW), 
earlywood width (EW), latewood width (LW), ring 
density (RD), earlywood density (ED), latewood 
density (LD), minimum ring density (MND), max-
imum ring density (MXD). 

In addition to these eight intra-ring vari-
ables recorded by TRIP, subsequent programs use 
these data to calculate percentage latewood width, 
and earlywood, latewood and total ring volume 
and weight. Also recorded are distance from pith 
and the year of the annual ring. 

The other form of data output, the intra-
ring density profile, is recorded in standardized 
form; i.e., 100 intra-ring density values are re-
corded for each annual ring regardless of ring 
width. This simplifies the format of these values 
for storage and permits the summing of density 
profiles. The ring-width value can be reintroduced 
into the profile with subsequent programs, if re-
quired. 

The scanning procedure used by an operator, 
including the calibrating of the densitometer sys-
tem with the stepped wedges, is as follows: 

1. Position the radiograph on the densito-
meter, so that the stepped wedge and the 
radius to be scanned on the sample are 
properly aligned. 

3. Type the file number of the stepped 
wedge being used; this will enter intothe 
computer the previously determined 
density equivalent values for this wedge. 

4. Calibrate the system by scanning the 
wedge steps (as described in detail 
above). 

5. Type in the file location on the magnetic 
tape where the tree-ring data are to be 
stored. 

6. Type in tree-ring sample-control para-
meters, including the density levels for 
the earlywood-latewood and latewood-
earlywood boundaries, the first and last 
ring-years to be scanned, the distance 
from the pith to the first ring to be 
scanned (RSX), the angle of the ring 
boundaries to the line being scan-
ned, and the calendar year of the pith. 

7. Position the film and start scanning at 
the beginning of earlywood on the first 
ring to be scanned and continue until the 
densitometer has scanned past the late-
wood of the last ring to be scanned. 

During the scanning, the operator observes 
the tree-ring image on the densitometer screen, the 
digital voltmeter display, the distance counter dis-
play, and the video-terminal screen which displays 
the control parameters and the data output. 

The operator has a number of options avail-
able to him to aid in accurate data acquisition. 
These options, which are available on-line during 
the tree-ring sample scanning, are: 

1. Manual "triggering" of ring boundaries — 
The densitometer, working in conjunc-
tion with the minicomputer and its con-
trolling program, is designed to "trigger" 
at ring boundaries: i.e., terminate the 
recording of one ring component and in-
dicate to the data-acquisition system 
that the measuring of another ring com-
ponent has begun. Under the operation 
of TRIP, the earlywood-latewood and 

2. Type the required commands on the 
video-terminal keyboard that will load 
TRIP into the computer. 



Figures. Intra-ring density profile of an an-
nual ring superimposed on a negative 
radiographic image (intentionally 
faded on one side for the purpose of 
illustration only). The density levels 
or "triggering levels" for the early-
wood-latewood (ELDY) and late-
wood-earlywood (LEDY) boundaries 
are shown for this Douglas-fir sam-
ple. 



YEAR RSX RW EW LW RD ED LD MND MXD 

1900 151.64 1.60 1.19 0.41 .4543 .3524 .7502 .2808 .9373 

/ .4421 .3897 .3627 .3481 .3409 .3332 .3323 .3271 .3255 .3197 
' .3181 .3136 .3109 .3101 .3076 .3090 .3093 .3060 .3026 .2983 

.2981 .2993 .3017 .2935 .2900 .2863 .2821 .2830 .2858 .2877 

.2974 .3021 .3106 .3134 .3141 .3131. .3149 .3151 .3176 .3239 

.3240 .3255 .3260 .3276 .3334 .3367 .3398 .3376 .3405 .3422 

.3477 .3559 .3591 .3673 .3699 .3754 .3770 .3824 .3865 .3954 

.4031 .4124 .4212 .4353 .4375 .4400 .4433 .4502 .4722 .4922 
.̂5050 .5242 .5448 .5671 .5855 .6069 .6271 .6658 .7075 .7390 
.7705 .7935 .8342 .8634 .8891 .8965 .9161 .9274 .9342 .9230 

, .8859 .8441 .7918 .7219 .6561 .6152 .5721 .5292 .4737 .4328 

1901 153.24 1.31 0.93 0.38 .4888 .3841 .7451 .3379 .9006 

/ .4095 .3770 .3673 .3580 .3514 .3498 .3449 .3471 .3449 .3478 
.3427 .3473 .3475 .3428 .3466 .3437 .3460 .3419 .3420 .3381 
.3411 .3419 .3457 .3428 .3460 .3469 .3402 .3429 .3401 .3434 
.3424 .3470 .3467 .3522 .3530 .3586 .3586 .3651 .3711 .3690 
.3740 .3730 .3773 .3769 .3825 .3830 .3863 .3907 .3886 .3919 
.3923 .3977 .4025 .4047 .4101 .4143 .4188 .4248 .4306 .4389 
.4464 .4549 .4668 .4734 .4847 .4918 .5101 .5207 .5299 .5509 
.5632 .5862 .6048 .6333 .6582 .6928 .7209 .7368 .7667 .7887 
.8146 .8430 .8679 .8842 .8923 .8942 .8978 .8984 .8883 .8760 
.8420 .8041 .7665 .7096 .6623 .6270 .5727 .5327 .4840 .4334 

Figure 6. Form of data produced by the densito-
meter system, using the Tree-Ring input 
Program (TRIP). 

a. RSX = distance from pith (mm); RW 
= ring width (mm); EW = earlywood 
width; LW = latewood width,''RD = 
ring density (g/cm^); ED = early-
wood density; LD = latewood dens-
ity; MND = minimum ring density; 
M X D = maximum ring density. 

b. 100 intra-ring density profile values 
for each ring (g/cm^). 



latewood-earlywood boundaries are de-
termined and "triggered" by predeter-
mined density levels. Therefore, the 
operator can scan the annual rings at a 
rapid rate and the ring boundaries will be 
recorded accurately, objectively and 
automatically. 

On occasion, however, the operator 
may want to trigger ring boundaries 
manually because of unusual density 
levels or some other reason, and this is 
possible through a special option of 
TRIP merely by depressing a certain 
key on the video-terminal keyboard. 

2. Changing triggering levels - Triggering 
levels can be changed during the scan-
ning procedure, if required. This allows 
the operator to more accurately record 
false annual rings or other density-level 
aberrations. 

3. The "smoothing" function — Radio-
graphs often contain images of normal 
growth features, such as resin canals, or 
-aberrations, such as extraneous mater-
ials. These features are best not recorded 
in the ring density profile and there is a 
provision in TRIP to "smooth over" 
them. The operator puts the system in a 
special mode just before the aberrant 
feature passes over the density-measuring 
photodiode and puts the system back in-
to the normal mode just after passing 
over this feature. 

A straight-line segment in the density 
profile will be calculated and inserted in-
to the data for this portion of the ring 
profile. The ring-width values continue 
to be measured in the normal manner 
during this operation, although the den-
sity values are altered. 

4. Changing ring-angle adjustment - The 
ring boundaries are frequently skewed 
with respect to the long axis of the sam-
ple being measured. If this type of sam-
ple is measured along this long axis of 

the sample, rather than perpendicularly 
to the ring boundaries, ring widths will 
be exaggerated. 

A provision in TRIP allows the operator 
to indicate the angle that the ring boun-
daries are skewed and the correct dis-
tance across the rings will be calculated 
and recorded in the data, although the 
actual scan is made along the long axis 
of the sample. This angle usually changes 
during the scan and the operator is given 
the option to stop the scanning and in-
dicate this change \A/hen required. 

5. Rescan of ring or series of rings — If a 
mistake is made, or if for some other 
reason the operator wishes to rescan a 
ring or series of rings, he may stop the 
scanning and start again at the desired 
point. The program ensures that the re-
scanned data will replace the original 
data. 

SOME D A T A PROCESSING A N D PLOTTING 
PROGRAMS 

TRIP is responsible for setting up a data base 
of tree-ring information which may then be used 
by a host of processing programs (all written in 
A L G O L ) . The most prominent of these programs 
are described below and illustrated in Figure 7: 

LIST - this program gives a printout of the 
raw data as recorded by TRIP. It is used mainly for 
data verification. 

STRIP - this program provides simple sum-
maries of TRIP-produced intra-ring width and den-
sity data and also computes other related values, 
such as percentage latewood width, ring volume, 
and ring weight. It is used for quick summaries of 
sites. STRIP will compute summaries either by 
year or by core. 

STAND — this program computes summaries 
of any one of the intra-ring variables recorded by 
TRIP (or computed from these variables). In ad-
dition, STAND includes a facility for standardizing 



a. STRIP 

RW EW LW %LWW RD 

1934 .91 .72 .19 23 .37 
1935 .90 .71 .19 23 .37 
1936 .96 .75 .21 22 .37 
1937 .94 .72 .22 25 .38 
1938 1.07 .85 .22 22 .37 
1939 .97 .80 .18 20 .36 
1940 1.16 .94 .22 22 .37 
1941 1.18 .97 .21 20 .35 
1942 1.04 .83 .21 22 .37 
1943 1.06 .86 .20 20 .35 
1944 1.11 .89 .21 22 .36 
1945 .95 .75 .20 24 .38 
1946 1.15 .92 .23 21 .37 
1947 1.09 .85 .24 24 .38 
1948 1.01 .79 .23 24 .38 

b. STAND 

1870 .79 .92 .98 .97 .86 
1880 .46 .48 .73 .96 .48 
1890 .67 .74 .69 .88 .70 
1900 .69 .83 1.16 1.27 1.08 
1910 .53 .72 .50 .69 .59 
1920 .57 .60 .53 .57 .49 
1930 .29 .26 .33 .42 .60 
1940 .36 .36 .27 .41 .43 
1950 .36 .33 .28 .23 .20 
1960 .16 .13 .•16 .15 .14 
1970 .17 .17 .17 .17 .14 

ED LD MND MXD RVOL RWT 

.29 .65 .24 .79 16.10 5.79 

.29 .62 .24 .76 15.60 5.52 

.29 .63 .24 .78 17.05 6.12 

.30 .62 .24 .77 16.47 6.14 

.30 .66 .24 .80 18.83 6.74 

.29 .61 .24 .75 16.94 5.72 

.29 .66 .23 .80 20.14 7.06 

.28 .66 .22 .81 21.07 7.01 

.28 .67 .23 .83 18.67 6.44 

.28 .66 .23 .79 19.68 6.65 

.29 .67 .23 .82 20.23 7.02 

.30 .66 .24 .80 17.57 6.27 

.29 .68 .24 .84 21.76 7.60 

.29 .68 .24 .85 20.64 7.47 

.29 .68 .24 .85 18.45 6.81 

.59 .71 .64 .71 .43 

.66 .66 .81 .67 .26 

.50 .58 .43 .43 .42 

.91 .97 1.02 .72 .59 

.61 .34 .57 .70 .61 

.50 .56 .43 .40 .22 

.47 .34 .24 .27 .28 

.31 .30 .19 .31 .26 

.16 .17. .12 .11 .23 

.15 .12 .16 .15 .11 

Figure?. Output from some processing and-plotting programs currently in use at the WFPL. 

a. STRIP — this program produces summary data in the same format as TRIP, but gives the 
additional variables of percentage latewood width (% LWW), ring volume (RVOL) for 1 
cm thick disk, and ring weight (RWT) in grams for 1 cm thick disk. (Earlywood and late-
wood volume and weight values also are produced by this program, but are not printed 
here.) 

b. STAND — produces single-sample or summary data (by sample or by year) of any one of 
the 15 variables produced by STRIP. Ring width is used in this example. 

(continued) 



RINGS, T R E E 8 (Pith to Bark) 

c. DSKPLT - this program is used to make broken-line plots of STAND data. 

a b ( 

d. DENS - this program is used to produce intra-ring density plots. 



INTERCEPT = -0.1672039E + 01 SLOPE = 0.3839375E + 02 

CORR COEF = 0.5411003 STD ERR EST = 0.4488703E + 01 

0.5 0.6 0.7 0.8 
M X D 

e. STATS — this program makes correlation and scattergram comparisons between two sets 
of data, such as tree-ring and climatic series. 



any variable (used to remove growth trends). This 
form of data may be written to a disk file for 
further manipulation (STATS, DSKPLT) . 

STATS - this program performs a simple 
linear regression analysis between intra-ring vari-
ables and also between these variables and climatic 
variables. 

DSKPLT - this program provides a plot of 
any variable vs. years; i.e., broken-line plots. 
DSKPLT is used to check for growth trends and to 
give a visual impression of changes in the growth 
curve. 

DENS — this program calculates summaries 
and provides plots of density information as re-
corded by TRIP. It may be used to provide a single 
ring profile representing a single site. DENS has the 
ability to plot either the 100 points recorded by 
TRIP or reconstruct the image^of the density pro-
file based on actual ring width. 

C U R R E N T ASSESSMENT 

An X-ray densitometry system has been in 
operation at the WFPL since 1971 and the major 
data acquisition program, TRIP, has been in use 
since 1972. This has provided enough time to eval-
uate some of the advantages, problems and future 
prospects of the system and of X-ray densitometry 
in general. Some of the advantages of an online 
densitometry system are: 

(1) the ring-width boundaries and density 
levels are objectively measured by the 
system, rather than being more or less 
subjectively measured by an operator; 

(2) the system can be precise and accurate; 
this, however, depends to a large extent 
on the care taken on sample prep-
aration, densitometer operation and on 
the quality of the electronic and mech-
anical components of the system; 

(3) the system is capable of great speed and 
efficiency when it is used to measure 
both ring width and density; 

(4) with the magnetic tape and disk units, 
the system has a large data storage capa-
city; 

(5) the system is very flexible, in terms of 
operation, making program changes and 
in adding new peripheral devices. 

Some disadvantages of a system of this type 
are that it is complicated and expensive. However, 
in spite of this complexity, the WFPL system has 
been very reliable for the past several years. Rela-
tively good quality wood samples are required and 
considerable time and care are needed for sample 
preparation. Therefore, if only ring counts or ring-
width data are needed, some other technique 
would be more practicable (Smith et al. 1976; 
Smith and Parker 1977). 

The future of X-ray densitometry seems 
promising because it may be automated to a large 
extent, it is very flexible and objective, and valu-
able information can be obtained through the use 
of density as well as ring-width data. 

In this developmental stage of the densito-
metry system in use at the WFPL, and in X-ray 
densitometry in general, decisions about data for-
mat and sample-processing methods are important, 
so that data acquired will be in compatible form 
through time within a laboratory or between lab-
oratories. There has been an effort to produce data 
from a very early stage in the development of the 
system at the WFPL and useful data have been ob-
tained for a number of applications. However, this 
approach has led first to the solving of major dev-
elopmental problems, and the deferring of subtle 
refinements in technique for a later time. 

Now that the system is functioning well, at-
tention can be turned to problems requiring more 
detailed study, such as differential shrinkage be-
tween earlywood and latewood, and more appro-
priate ring-component triggering levels for the dif-
ferent species, density and width measurements re-
lated to moisture content, and problems related to 
the definition of the earlywood-latewood bound-
ary. 
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