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ABSTRACT

Guidelines for editing data were
developed for use with spacing trial
data but they should have wider
application. A logical sequence for
finding and correcting errors in the data
is described, with examples of how to
correct data at each step of its
sequence. Once the errors in the data
are identified, those records are
separated for correction at a later
stage. The remaining data is assumed
to be correct and is used to calculate
the equations that were subsequently
used to make corrections.

RESUME

Des principes de vérification de
données, élaborés pour vérifier des
données sur des essais d'espacement,
pourraient aussi convenir a des
applications plus larges. L’étude
présente une suite logique permettant
de déceler et de corriger les erreurs
dans les données, ainsi que des
exemples de la fagon de corriger ces
erreurs a chaque étape de la suite. Une
fois que des erreurs de données ont
été, reconnues, les enregistrements
sont écartes pour etre corrigés plus
tard. Les données restantes,
présumées corrects, servent au calcul
des équations utilisées ultérieurement
pour faire les corrections.
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GUIDELINES FOR EDITING PERMANENT SAMPLE PLOT
DATA

by

M.B. Karsh and M.B. Lavigne

INTRODUCTION

In any large permanent sample plot
program there are errors in the data
returned from the field that must be
detected. Moreover, it is not feasible to
immediately return to the plots to
rectify mistakes and therefore
temporary corrections must be made in
the office before analysing the data.
Data from 111 plots of precommercially
thinned spacing trials were prepared for
analysis. We report on the procedures
used for editing the data because there
was a lack of helpful information in the
literature and because the approach
developed should be applicable to many
permanent sample plot programs.

The editing sequences described refer
to an initial set of observations with
one set of re-measurements. If there
are more than two sets of observations
then the two most recent sets of
measurements are compared until all
adjacent sets of measurements are
examined.

SAMPLE DATABASE

This report deals with data on computer
and assumes that double entry of data
was done and that errors arising from
key punching have been dealt with.
The 111 plots were in seven spacing
trials, located throughout the Island of
Newfoundland (Donnelly et a/. 1986).

Three trials are in balsam fir [Abies
balsamea (L.) Mill] stands, three trials
are in black spruce [Picea mariana
(Mill.) B.S.P.] stands and one trial is in
a jack pine (Pinus banksiana Lamb.)
stand. Results of the black spruce and
balsam fir spacing trials have been
reported on by Lavigne et a/. (1987)
and Lavigne and Donnelly (1989).

Heights, breast-height diameters, base
of live crown, status and damage were
recorded for every tree in a plot. All
trees were tagged when plots were
established. Crews used tally sheets
with records of previous measurements
when doing re-measurements.

FINDING ERRORS

The sequence of steps followed to
correct permanent sample plot data is
shown in Figure 1. It was useful for
sorting and clarity to convert the
alphanumeric information used for
species, tree condition and tree status
to numeric codes (Table 1). The trees
having incomplete records, negative
increment of height or diameter or
whose height-diameter relationship
deviated beyond a threshold at either
the first or second measurement were
identified and separated for correction
at a later stage (Figure 1). The
remaining trees were assumed to be
correct and were used to calculate



Convert Non-Numeric Codes
To Numeric Codes

v

Identify Trees With Incomplete
Records

l See 2

Identify Trees With Negative
Increments

i See 3

Identify Trees Whose Height
Diameter Relation Deviates From
The Norm Beyond Some Threshold

l See 4

Use the Remaining Trees To
Calculate Height-Diameter
Equations

Figure 1.

Trees With Incomplete Records

+

Check Tree Status To Determine
Whether It Is Ingrowth

v

Check Tree Status To Determine
If It Is Mortality

v

Use Height-Diameter Equations
To Fill In Missing Values

Sequence of steps to correct data.
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Trees With Negative Increment

v

Negative Height

Regress Height On Diameter
And Choose The Records
With Large Studentized
Residuals For The Initial
Screening

+

v

Check Damage Assessment

v

Test The Trees ldentified By The
Above Ciriterion
Regress Initial And Second Diameter
On Diameter Increment
Regress Initial And Second Height
On Height Increment

Negative Height Not Explained
By Damage And/Or Negative
Diameter

h 4

v

Choose The Attributes With Large
Studentized Residuals Of The
Increment Regressions And Of

The H-D Regressions For Correction

Estmate Hy And H2 Or D4
And D2 Attributes Using
Height Diameter Equations

v

H-D Relation Deviates From Norm

v

il

If Predicted H1 < Observed H> And
Observed Hy < Predicted Hs
If Predicted D2 < Observed D2 And
Observed D¢ < Predicted D»
Have To Determine Which
Parameter To Change

Use Appropriate Height Diameter
Equations To Correct The Data

+

Assume Second Measurement
More Correct Unless The
Residual For The Second
Measurement Is Significant

Figure 1.

Concl'd.
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Table 1. Numeric codes for status, class and damage categories.

CODE STATUS CODE CLASS CODE DAMAGE
| 1 Living 1 Ingrowth 0 None
| 2  Established 1 Multiple Leadering
' 3 Not Found 2 Stem Broken
4 Blowdown 3 Leaning
5 Missed 4 Crooked
6 Tag 5 Bent or Bent Stem
7 Retagged 6 Browsed
7 Browsed Lower Branches
8 Severely Browsed
9 Broken Top
10 Top Dead
11 Swelling Near Tag '
12 Defoliated l
13 Dead Leader “
14 Forked I
15 Broken
16 Deformed
17 New lLeader
18 Lateral Takeover
19  Cut I
20 Top Cut “
21 Double Top "
22 Suppressed “
23 Dving “
24 Yellow “
25 Painted
26 Prostrate
27 Missing leader |
| 28 Cracked Stem
_ 29 Insect Damage




height-diameter equations that were
subsequently used to make corrections.

To identify records whose height-
diameter relationship of either the first
or second measurement differed
significantly from the norm the
residuals of a regression of height on
diameter were examined (Figure 1,
part 4). A simple linear equation was
adequate for our data (Figure 2), but
other equations might be more
appropriate with different data. Systat
(V6.0) was used for the statistical
analysis (SYSTAT INC. 1990).

Studentized residuals were selected
because they have been used to detect
outliers with good results (Draper and
Smith 1981, Gauch 1984, Wilkinson
1990). A residual is the difference
between the observed and the
predicted value and a studentized
residual is the residual divided by the
standard error of estimate. A
studentized residual exceeding 1.5 was
sufficiently sensitive for identifying all
the records requiring consideration as
outliers. Trees having significant
residuals in both measurement years
were assumed to be part of the natural
variability and therefore did not require
correction (Figure 1, part 4).

Screening with studentized residuals
was the first step in identifying trees
with aberrant measurements. The trees
identified by this criteria were tested
for residuals of the relationship
between increment and initial diameter
or height, or final diameter or height
before deciding to make a change. For
the second step diameter and height
increment were regressed against the
initial and second measurement of

diameter and height; ad = b, + b,d,,
ad = b, + b,d,, ah = by + b;hy, ah =
b, + b;h, and those records with large
studentized residuals of one of these
regressions, and of the height-diameter
relationship were marked for correction
(Figure 1, part 4).

MAKING CORRECTIONS

Correction Equations

Records that passed the screening
process (Figure 1) were used to fit
equations for correcting observations
with errors. For each measurement the
height-diameter relationship was fit to
a straight line.

Incomplete Records

When the entire first measurement was
missing and the tree status was
legitimately ingrowth, no correction
was done (Figure 1, part 2). Trees that

were too large at the second
measurement to be legitimately
described as ingrowth did require

correction and the equations h, = b, +
b1h2 + bzdz and 81 e bo + b1h2 +
b,d, were used to complete the record
(Figure 3a). The coefficients were
calculated using the "good" trees in a
plot.

When the entire second measurement
was missing and the tree status was
dead, no correction was required
(Figure 1, part 2). The equations h,=
b, + b,h, + b,d; and g,= b, + b;h; +
b,d, were used to estimate the missing
data of the living trees.
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Figure 2. Height diameter relationship for (a) an unthinned plot and
(b) a thinned plot of the spacing trial in a balsam fir
stand in western Newfoundland.



a b
Initial Record Initial Record
Dy =00 H; =00 Di{ = 236 Hi = 3.29
D2 = 466 H2 = 6.33 D2 = 6.03 H2 = 0.00

il

+

Observations Requiring Correction
D1 and Hi

Observation Requiring Correction

‘__

I

Calculate Missing Values Using
Regression

Calculate Missing Value Using
Regression

‘._‘

v

Regression Equations

h1 = bo + b1h2 + b2d2
81 = bo + b1h2 + b2d2

X Regression Equation
h2 = bo + b1h1 + b2d1 + b3d2

‘_

v

Predicted Values
d; = 363 hy = 5.06

Predicted Value

A

hy, = 4.21

v

v

Revised Record

3.63 Hj
466 Ha2

D1
D2

5.06
6.33

Revised Record

Di{ =236 Hi = 3.29
D2 = 6.083 H2 = 4.21

Figure 3.

Making corrections for a tree with (a) missing initial measurements

and (b) one missing second measurement.




If only one measurement of height or
diameter was missing we assumed that
the other three measurements were
correct and used the equations h, = b,

+ b1h2 + b2d1 + bsqz and a1= bo +
b,d, + bh, + bsh,, h,= b, + b,h, +
b2d1 + b3d2 and az= bo + b1d1 + b2h1
+ bsh, to estimate the required
parameters (Figure 3b).

Negative Increments

No correction was needed when a
negative height increment could be
explained by damage that occurred in
the interval between measurements. If
the tree was leaning a correction was
required because the procedures used
to measure height of leaning trees at
the first measurement differed from the
procedures used at the second
measurement. If the second height for
a leaning tree was less than the initial
height then we assumed zero increment
and let h, = h,. Trees having negative
height increments that could not be
explained by damage required
correction.

A negative diameter increment could
occur if the second measurement was
made at a different location from the
first measurement as a result of some
sort of damage to the main stem.
Instances where this happened were
noted in the damage assessment. All
trees with negative diameterincrements
required correction.

For a negative heightincrement the two
parameter equations h, = b, + b,d, +
b,d, and A, = b, + b,d, + b,d, were
used to estimate h, and h, (Figure 4). If
h, < h, and h; < h, then it was

necessary to determine which
parameter to change. We assumed that
the second measurement was more
correct, because the trees were larger
and field staff had previous
measurements to refer to, unless the
residual for the second measurement
was significant (Figure 1, part 3).

For a negative diameter increment the
two parameter equations g,= b, +
b,h, + b;h, and g,= b, + b;h; + b,h,
were used to estimate d, and d,. If g,

< d; and d, < g, then we had to
determine which parameter to change.
We assumed that the second
measurement was more correct,
because the trees were larger and field
staff had previous measurements to
refer to, unless the residual for the
second measurement was significant.

For both a negative height and diameter
increment the two parameter equations
hy= b, + b;h, + b,d, and §,= b, +
b;h, + b,d,, h,= b, + b,h, + b,d, and
d.= b, + b;h; + b,d; were used to
estimate the required parameters.
Deviation between predicted and
observed were calculated and put on a
relative scale by dividing by the
respective standard errors of estimation
to obtain the residuals.

Trees with Aberrant H-D Relationship

To correct a tree with aberrant
measurements, height was first
regressed on diameter. The studentized
residuals were examined to identify the
year with possible aberrant relations
(Figure 5). To determine whether the
height or diameter required correction



Initial Record Initial Record
D1 =820 Hi = 9.70 Dy = 657 Hyp = 5.96
D; = 9.57 - H12 = 9.54 D2 = 10.47 H2 = 6.57

il v

Observations Requiring Correction Test For Iéli\rl:;?rrsagrteglr;ilrj‘gﬂelatlons

Hior H2 dy = bg + bjhy S. Residual = -3.172

l d2 = bo + byha S. Residual = 0.007

Regression Equations

hi = by + byd; + bads Year With Possible Aberrant
ho = bo + bydy + bad2 Relations - - - First

il il

. . Second Screening
Compute Studentized Residuals Ah, + byhy S. Residual = -3.805

A = bO
S. Residual 1 = (hy - h | SEE Ado = b b 8 Residual oA
S. Residual 2 = ( ha - h12 ; /| SEE 2 0 + D402 esidua

Il il

Predicted Values Observation Requiring Correction

H
849 S. Residual 1 !
10.77 S. Residual 2

h 4
l Regression Equaticn

hy = by + byh, + b,d; + b,d
Value Chosen For Correction ! 0" P12 7 P2% T P3b2

h, = 8.49 l

l Predicted Value
Revised Record hy = 4.99

820 H¢ = 8.49
9.57 H2 = 9.54
Revised Record

Dy =657 Hi = 4.99
D2 = 10.47 H2 = 6.57

=
N
non
iwou
o
w
N

D1
D2

Figure 4. Making corrections for a
tree with a negative
height increment.

Figure 5. Making corrections for a
tree with aberrant height-
diameter relations.




we calculated increments for the trees
in question, and compared the residuals
of the attributes from the increment
equations. The attribute having the
largest studentized residual was chosen
for correction. Sometimes both height
and diameter required correction if their
studentized residuals exceeded 1.5.
The three and two parameter models
were used for correcting the attributes
as required (Figure 5).

Special Cases

If the regression procedures were
inadequate for very suppressed trees
we assumed that there was zero
increment and set both sets of
measurements equal, giving preference
to the second set of measurements.

When missing measurements were
combined with ingrowth status one of
the attributes was estimated using a
one parameter model and then a
predicted value was substituted to
estimate the other attribute.

For low abundance species it may be
necessary to combine plot data if the
trial consists of numerous plots. When
the number of species occurred in
sufficient numbers they were always
corrected on a plot by plot basis.

File Maintenance

Corrections were made to the original
computer file with the tree
measurements for the plot. A column
was added for each measurement year
to this file to mark trees with changed
values. In this column codes were used
to indicate what attribute was changed
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and why it was changed (Table 2).
These codes will be used to make lists
of trees that require checking the next
time field staff visit the plot.

RESULTS AND DISCUSSION

Using these procedures approximately
two plots of 100 trees were corrected
per day. To speed up the process a
comprehensive computer programcould
be written to do many of the editing
procedures.

The majority of the errors occurred for
records with unexplained negative
increments (Table 3). Of the 111 plots
the largest percent of trees with
missing measurements and negative
increments that had to be corrected
was 17% and 22% respectively (Table
4). The change in estimated volume
increment is shown in Table 5.

The editing sequences were tested on
spacing trial data but should be
applicable to other types of Permanent
Sample Plot data. The editing
sequences were capable of finding and
correcting measurement and recording
errors, missing measurements and
negative growth increments. The
approach taken to correct the data was
unique because all missing or incorrect
measurements were first identified and
then the remaining trees were used to
correct these records.

We highly recommend the use of the
status, class, damage and leaning
categories in any Permanent Sample
Plot or re-measurement program.
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Table 2. Description of changes made to attributes.

Table 3. Summary of corrections.

Code Description "
0. No change 'I
1. Diameter measurement missing
2. Height measurement missing
3. D and H measurements missing
4. Diameter changed to correct negative diameter increment
5. Height changed to correct negative height increment
6. D and H changed to correct negative increments
7. Diameter measurement exceed threshold
8. Height measurement exceed threshold
9. D and H measurement exceed threshold
10. | Height measurement changed to correct leaning status ‘
11. H changed because tree was very suppressed (regression inadequate) |
12. | D changed because tree was very suppressed (regression inadequate)

13. | D and H changed because tree was very suppressed (regression inadequate)
14. | Species code changed, previously unknown code h
15. | Class code changed to ingrowth (less than 1.3 m) “

No. of trees 17 037
No. of trees with missing measurements 1775
No. of trees with missing measurements explained by status or class 1450
No. of trees with missing measurements that were corrected 325
No. of trees with negative increment 793
No. of trees with negative increment explained by damage 74
No. of trees with negative increment explained by leaning status 89
No. of trees with negative increment that were corrected 720
No. of trees with aberrant H-D relations that were corrected 466

No. of corrected records

1511
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Table 4. Plot to plot variability of corrections for the 111 plots.

———

———— —— ————
—

% of trees on plots with missing
values that required correcting

0

% of trees on plots with negative 0
increment that required correcting

% of trees with deviant H-D relation 0}

— ——

Table 5. Change in estimated stem volume increment resulting from editing.

M; Min. Max. —|
-y

volume increment

of uncorrected 5.15 - 6.69 48.21

data (Dm?)

volume increment

of corrected data 5.20 0.00 45.47

(Dm?®)

% difference 0.92 >100.00 6.03

range 0-27 0->100 0->100
Together they explained 63% of the Draper, N. and H. Smith. 1981. Applied
missing measurements and negative regression analysis. 2nd edition.
increments. To reduce the error John Wiley and Sons, Toronto.
associated with unexplained negative p.152-153.
increments field procedures should
include more diligent use of previous Gouch, H.G. 1984. Multivariate
measurements including investigations analysis in community ecology. E.
of apparent discrepancies. Beck, H.J.B. Birks and E.F. Connor

(Eds.). Cambridge University Press,
New York. 298p.

LITERATURE CITED
Lavigne, M.B., J.G. Donnelly and R.S.
Donnelly, J.G.; M.B. Lavigne and R.S. van Nostrand. 1987. A spacing trial
van Nostrand. 1986. Precommercial of black spruce at North Pond:
thinning spacing trials established stemwood production during the
between 1979 and 1985. Can. For. first five years after thinning. Can.
Serv., Nfld. For. Centre. File Rep. For. Serv., Nfld. For. Res. Centre.,

Study 2401. 65p. Info. Rep. N-X-262. 16p.



-13 -

Lavigne, M.B. and J.G. Donnelly. 1989. Wilkinson, L. 1990. Systat: The system
Early results of a spacing trial in a for statistics. Evanston, IL: Systat,
precommercially thinned balsam fir Inc. p.155.

stand in Western Newfoundland.
Can. For. Serv., Nfld. For. Res.
Centre., Info. Rep. N-X-269. 23p.



