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Annex |.

Candidate Parametersfor Catchment Analysis

For description of elemental dynamics, the following items of each material may be
candidate parameters. Number of the plots and frequency of surveys depend on the
parameter.

Materias Items of andyss

Water sample: Amount,
Rain(Precipitation) pH, EC (A),
Through fall, Cation (NHs*, Na', K*, ca®™*, Mg,
Stem flow Anion (NOs, CI', NOz, POs*, SO.%)
Soil water Alkalinity

Ground water
Stream water

Plant sample : Weight,
Fresh leaf N, P, S K, Ca Mg, F, Cl,
Falen Al, Fe, Mn, Cu, Zn, Pb, Cd
litter
Litter layer
Root system

Though the detailed methods for each parameter are not shown in this manual, the
procedures of fresh leaf analysis, which was the optiona item in the preparatory phase,
are only described below.

Ex.) Fresh leaf analysis

1) Introduction

To evauate the pollution level, dry deposition and nutrient condition of trees, fresh
leaves should be analyzed on nutrients, halogens and heavy metals. These elements are
absorbed from root or accumulated as the dry deposition. Nutrient conditionmay be
affected by soil acidification.

2) Sampling method

® Sdlection of sampletree
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Annex|I.
Statistical proceduresfor estimation of precison and improvement of data
1. Estimating precison of monitored data: collabor ative experiment

1.1. How to determine per missible tolerance

1.1.1. Genera

In order to determine the permissible tolerance in a certain measurement method, the

repeatability, the reproducibility within-laboratory, reproducibility, etc. shal be

estimated respectively by collaborative experiment in which as many laboratories as

possible take part. The general procedures and the necessary matters for it are described.
Besdes, if the obtained repeatability, reproducibility-within-laboratory,

reproducibility, etc. are dissatisfied, they shall be pursuant to the 2" section.

1.1.2. Preparation of collabor ative experiment
1) Requiste for or organizer of collaborative experiment
The organizer of the collaborative experiment shall be endowed with the
following conditions a minimum:
(1) To have enough technical knowledge for the measurement method to be
objective.
(2) To have enough statistical knowledge necessary for design and analysis of
experiment results.
(3) To have enough knowledge and understanding with regard to the meaning and
the practice of collaborative experiment.

Informative reference: Success or failure of the collaborative experiment
depends to a great extent upon whether the organizer
is proper or improper as well as on whether the
participating laboratories are proper or not.

2) Requistefor participating laboratory
The participating laboratories shal ensure the following conditions
(1) The facilities, equipment, reagents, etc. specified in the measurement method to
be objective are well equipped and, therefore, the operation can be carried out in
compliance with the specified method.
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(2) They have the experience to a certain degree in the measurement method to be
objective.

(3) They have the knowledge and understanding about the meaning of collaborative
experiment and the error in measurement method.

3) Requiste for number of laboratories
Eight or more laboratories, which satisfy the requisite of 2), are necessary. If it is
not able to keep the necessary number of laboratories by any means, any one of
the following ways shal be sdlected:
(1)Add the laboratory without experience. In this case, have it trained in the
measurement method by using in advance a Spare test sample and the like.
(2)Consider the within-laboratory-reproducibility condition resulting from the
change of workers and facilities within the same laboratory to be the
reproducibility condition.

4) Requiste for preparation room of sample for collaborative experiment
The preparation room of the sample for collaborative experiment shall ensure that
the following conditions are satisfied:

(1)Unevenness between the sample preparation and the prepared sample and
between samples are thoroughly recognized and understood.

(2)The facilities and the apparatus necessary for sample preparation are well
equipped and, therefore, it is possible to make fully the quality variation between
the prepared samples small.

(3)The age-based variation (by temperature, light, atmosphere, etc.) are fully
understood, and countermeasures can be taken againgt it.

(4) The error control for sample preparation is carried out sUffidently.

5) Preparation and ddivery of sample for collaborative experiment

(1) Selection of sample: Three kinds or more samples (the more the better) which
satisfy the following conditions are selected.

(& Kinds of samples in accord with the indication in the scope of application in
the measurement method standard or quaity standard to be objective.

(b) For severa kinds of samples, the aimed characteristic value includes the
upper limit and lower limit of the scope of application in the measurement
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method standard or qudity standard ().
In addition, the values are distributed in this range at equal intervals as far as
possible.

Note (°):

For the raw materials or the products for which standard is not devel oped, the
range of characteristic value of those in market shall be taken into
consideration.

(c) The range of characteristic value which influences the measurement of aimed
characteristic value accords approximately with the range capable of
occurring on the sample shown in the scope of application in the
measurement method standard.

(2)Preparation of sample: In preparation of sample , thorough attention shall be
paid to the evenness of the sample to be sent to each laboratory after preparation.

Informative references.

i) It happens many times that the failure of collaborative experiment is caused
by the unevenness of sample.

ii) A way to study the evenness of sample should be pursuant to SO Guide 35
(Certification of reference materids- Generd and gatigtica principles).

(3)Sending of sample: The prepared samples are distributed to each laboratory after
putting into the appropriate container to prevent from determination and loss and
marking the necessary information.

(4)Matters to be marked on sample: The following items shal be marked, asarule.

(a) Classification and No. of sample (*).
Note (*):
Consideration should be given so that the measurer has no preconception

about the result of measurement.

(b) Y ear, month and date of preparation.
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6) Preparation and sending of ingtruction for experiment
A detailed instruction for experiment shall be sent with sample. The items to be
described in the ingtruction shdl be asfollows:

(1) Purpose: The purpose of the collaboreative experiment is clearly described.

(2) Handling method after receipt of sample: Instruction is given for the following
items.
(@ Confirmation of number and classfication of sample.
(b) Preservation method for sample.
(c) Method for fractional and method for pre-treatment of sample at the time of
test.
(d) Other necessary matters concerning handling of sample

(3) Ingruction for practice The following matters shal beinduded:

(&) Theitemsto be aimed for in collaborative experiment
(Characterigtic to be object, kind of element to be object, etc.).

(b) Title of standard or title of draft proposal of standard. In the case of draft
proposa of standard, the draft isincluded therewith.

(c) Designation of measurement method. If there are plural measurement
methods for the same sample or the same characteristic, the method to be
used is designated.

(d) Operational procedure. In both cases of standard and draft proposal of
standard the test shall be carried out in accordance with the specified
operational procedure.

(e) Designation of number of times of repetition in collaborative experiment. In
the case where the standard is used, the number of times of repetition
particular to the collaborative experiment may be designated.

) As to measurement condition, repeatability condition,
within-laboratory-reproducibility condition and so on, the measurement
conditions adopted in the collaborative experiment are concretely specified.

(g) Other necessary matters (designation of the term during which the test is
carried out, contact point with the organizer of the collaborative test , etc . ).

7) Form of report and investigation into experiment condition
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The form of report and investigation into test condition in which the following
items can be described as detailed as possible shall be prepared for every item to
be tested and every method and distributed to each laboratory.

(1) Name of laboratory and name of person for contact

(2)Kind of sample

(3)Item to be tested

(4) Date and time of test (space should be given to report weather, room temperature,
humidity atmospheric etc., if necessary.)

(5)All observed vaues (necessary number of digits are designated)

(6) Average vaue and range

(7) Details of facilities, apparatus, reagents, etc. used actually

(8) When the procedure was unable to be carried out as shown in the operational
procedure, the reason why it was unable and the details of procedure adopted
actudly.

(9)Quantity of sample taken up, blank test, calibration method, various kinds of
factors and other items considered to influence the observed value,

(10) Specia note (space should be given to report when repeated due to the actual
falure and dl other matters)

1.1.3. Carrying out of collaborative experiment

In each laboratory, the measurement shall be carried out as shown in the experiment
instruction €) after reading the experiment instruction carefully prior to starting the
experiment. If the measurement can not be carried out as shown in the experiment
instruction due to the facilities, instruments, etc. €), the method adopted actually shall
be described in the report or in the investigation into experiment condition (°).

Notes (3): If ambiguous points or difficult points are found in the experiment instruction,

inquiries shal be made to the organizer of collaborative experiment.

Notes (°): Sometimes it is better that the organizer of collaborative experiment collects

the information directly from the participants in experiment by holding the
meeting immediatdy before or after the experiment.

Remarks: Making report only on the even observed value well-selected after repeating

the experiment more times than specified in the experiment instruction
taking care too much of the precision in self laboratory , shall be absolutely
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avoided. By reason like this sometime bias will be introduced in .the
average value of the laboratory and, moreover, lead to the wrong estimation
on the permissible tolerance.

1.1.4. Dédlivery of experiment result
Each laboratory shall send the report and investigation into experiment condition to the
organizer of collaborative experiment within the limit of term of submission after
finishing the experiment.

1.1.5. Analysis of experiment result
When the laboratories located at | places carry out the measurement m times
respectively under the within-laboratory-reproducibility condition on the identical
material by means of the same method, the analysis shall be carried out in accordance
with the fallowing procedures:

Procedure 1: Examination of report and investigation sheet into experiment condition

(1) If the experiment is not carried out as shown in the experiment instruction,
examination shall be carried out thoroughly from the technical point of view
to decide whether or not the observed value of that laboratory may be taken
up. If judged that there is a problem from the technical point of view, the
observed value shall bergected, asarule.

Remarks: When having rejected the observed value, the reason and the
information on the rejected observed value shall be recorded.
These information help in many ways improve the measurement

method.

(2) Arrangethe observed vauesas shownin Table 1.1.
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Table 1.1 Result of measurement

L1 Lo Li L
Laboratory

X11 X21 Xi1 X1
Observed
vaue Xij X2j s Xij s Xjj

X1m Xom Xim e Xim
Totd T T, T; T Sum total T
Average X1 X2 Xi X| Totd average X

Where, total Tt and total average x are obtained by the following formula (1)
and formula (2) respectivdy:

1 m
Tr E Z :x,- ................................................... @
i=1 j=1
s @

Procedur e 2: Priminary examination of andyss

(1) Examine the evenness of within-laboratory precision by means of 1.3.
(2) Examine the average value in each laboratory by means of 1.3.

Remarks: When judged to be abnorma in preliminary examination, the
analyses in Procedures 3 to 5 are made in both cases where the

laboratory in question is omitted and is included.

Procedure 3: Analysis of variance Do the analysis of variance using all observed
valuesof Im from | |aboratories x  m pieces.

Remarks: When omitting the laboratory judged to be abnormal, the number
of the remaining laboratories shdl be | anew.

(2)Obtain correction term CT.
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=

(2)Obtain total sum of squares .

(3)Obtain within-laboratory sum of sguares Sz and within-laboratory-
reproducibility sum of squares Sqw

1
T=
S 3o o
i—1

S S X

(4) Obtain total degree of freedom @ 1, inter-laboratories degree of freedom
@ r and within-laboratory-reproducibility degree freedom @ rw.

QT Im 1
(0= [ 1

v @r @Or I(m 1)

(5) Obtain variance of inter-laboratory Vg and within-laboratory-reproducibility
variance Vrw.

Skw
VRw -
P Ry

-

= _
O =

(6) Arrangeto thetable of andyss of variance as Table 1.2.
Table 1.2. Table of andyds of variance
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Factor S [0 \% E(V)
Inter-1aboratory S 0 R Vr Sru+ MSp°
Within-laboratory Srw © Rw Vew Srw
reproducibility

Tota Sr O

Procedure 4: Esimation of precison
Obtain laboratory component of variance s,2, within-laboratory
sandard deviation sgy and inter-laboratory standard deviation sg.

=5
m
Sw VeRawv
=7
== s —

n

n is the number of times of measurement specified in the measurement
method standard.

Procedure 5: Examination of precison
Examine as to whether the obtained within-laboratory precison and
inter-laboratory precision are sufficient or not in comparison with the

required precision.

Remarks. The required precision is determined according to one of the

following.
(@) Vaue required on the basis of material standard, product standard,

environmenta regulation, etc.

(b) Vaue expected from the experience the past, and
(c) Value specified in international standards and other countries

standards.
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Informativereference:

The inter-laboratories precision (standard deviation) is many times within the
degree as large as three times the within-laboratory precision. In the case of the
trace analysis and physical test, this ratio becomes sometimes three times or
more.

(1) Examination of within-laboratory precison
Examine whether or not the reproducibility-withinlaboratory sgy is sufficient
for the required precision Srwo. This verification is carried out as shown below
setting null hypothesis Ho : Sry= Srwo againgt alternative hypothesis Hi : Srw

SRwo .
Obtain

and abolish the null hypothesswhen x,>  x*  I(m-1),a

When the null hypothesisis abolished, the judgment shall bethat it is
insufficient for the required precison.

Remarks: The interval estimation of confidence coefficient of
within-laboratory precison1 o iscarried out as shown below.

S S

C)'RNZ

>2 1am 1)0(— > Im D,1 o
T2 ’ 2

(2) Examination of inter-laboratories precision
Examine whether the inter-laboratories precision sgr is sufficient for the
required precison Sgo. This verification is carried out setting the null
hypothess Ho: sg = Sr o agang the dterndive hypothessH; : SR> Sro .

Obtain
)Q)Z &SR?Z
0 =~
The degree of freedom ¢ r* is obtained approximately here by the following
formula:
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==t
P = m =
~ = A | =
P = P =~

Discard the decimd part of ¢ r* .
Abolish the null hypothesiswhen x¢>  x3(@ g%, o ) .

When abolished the null hypothesis, the judgment shall be that it is insufficient
for the required precision.

Remarks 1 The approximate interval estimation of confidence coefficient of
inter-laboratories precison| o isasfollows:

- R$§ ol S P RS
* A
)(Z[q) R’?] 2l p R .1 ?J

Remarks 2. In the case of repeatability condition read
"within-laboratory-reproducibility’ above-mentioned as “repeatability” and
replace the sUffix ry With the sUffix ; in itsandyss.

1.1.6. Calculation and deter mination of permissible tolerance

1) In the case where outlier is not included in the result of collaborative experiment

In the case where the within-laboratory precision and the inter-laboratories precision are
sufficient as a result of the examination in Procedure 5 in 1.1.5, it is calculated by the
following each formula according to the classification of permissible tolerance. In this
case, the value is calculated to the digit of two places lower than the value to which the
permissible tolerance is applied (observed value or measurement result) and rounded off
to the digit of one place lower.
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(1) In the case of repeetability measurement

r(n) D(n, 0.95)s

where n: number of times of measurement specified in the measurement
method standard. Usudly, (n) may be omitted.

(2) In the case of within-laboratory-reproducibility measurement

Ry(n) D(n, 0.95)srw

(3) In the case of reproducibility measurement

R D(2, 0.95)x%

Table 1.3. Vaueof D (n, 0.95)

n 2 3 4 5 6 7 8 9 10 n 12

D(n095) | 28 | 33 | 36 | 39 | 40 | 42 | 43 | 44 | 45 | 46 | 46

n 15 | 20 | 25 | 30 | 35 | 40 | 50 | 60 | 80 90 | 100

D(n095)| 48 | 50 | 52 | 53 | 54 | 55| 56 | 58 | 59| 60| 6.1

2) In the case where outlier is included in the result of collaborative experiment
In this case, two kinds of permissible tolerance, i.e., one which includes the outlier and
the other which does not do so, are calculated, and if the larger one of them satisfy the
examination in 1.1.5 in Procedure 5, this value is taken up. If it does not satisfy, then the
vaue from which the outlier is removed is treated in accordance with 1).

1.1.7. Expression of permissibletolerance

The permissible tolerance determined in 1.1.6 are arranged in the form of the vaue
corresponding to the quality divisions of characteristic value(*°) or the function of
observed vaue or measurement result.

Beside, it is desirable to include &w Or &, and s calculated when determining the
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permissible tolerance.

Note (): Quality division of characteristic value is made based on any one of the

following.

(1) Based on the division of characteristic value specified in the quality
standard.

In the case where the quality standard corresponding to the object to be

tested is developed, it is desirable to make it correspond to its quality

divison. An example of this caseis shown in Example 1.

(2) Based onthedivisonin practica use.
In the case where there is no quality standard or, if it exists, it is not
necessary to divide the characteristic value into every quality division in the
term of precision, it is decided taking the relation between the quality of the
object to be tested practically and the precision into consideration. An
example of this caseis shown in Example 1.

Example 1: Example of expression of permissible tolerance corresponding to divisions

of characterigic vaue

In the case of ash content of coal, is expressed in the form as in Table 1.4,
corresponding to the divisions of coal for coke making, steam coa and uncleaned coal.

Moreover, the stipulation is that number of times of within laboratory measurement is
two times, and the observed value and measurement value are reported up to two
decima place and one decimad place respectively.

Table 1.4. Example of expression of permissible tolerance corresponding to divisions

of characterigtics vaue
Characteristic Divison Permissible tolerance
vaue (%) Within-Taboratory- reproducibility Reproducibility
(observed value) (measurement result)
Ash content 10max. 0.200 0.40
10.1to 20 0.300 0.60
20.1min. 0.400 0.80
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Informative reference
The standard deviations at the collaborative experiment carried out by 10 laboratories
under the within-laboratory-reproducibility conditionwere as shown in Table 1.5.

Table 1.5.  Result of collaborative experiment carried out for determination out

permissible tolerance
Sample [Number of times of| Totd Standard deviation
measurement | average | Within-laboratory- | Reproducibility
reproducibility S
Saw

A 2 6.052 0.071 0.15
B 2 14.031 0.107 0.20
C 2 22.808 0.142 0.28
D 2 29.503 0.150 0.33

Example 2: Example of expression of permissible tolerance in the form of linear
equation for characteristic value

In the case where the relation between the quantity of component in the sample and the

precision as phosphorus in iron and steel, it is expressed in the form of Table 1.6.

Provided that it is stipulated that the number of times of within-laboratory measurement

is two times, and the observed value and the measurement result are reported up to the

decimd three places.

Table 1.6. Example of expression of permissible tolerance in the form of liner
equation for characteristic value

Characteristic Anaysis method Permissible tolerance

vaue Within-Iaboratory- Reproducibility
reproducibility (measurement result)
(observed value)

Phophorus Volumetric method 00026P 0.0008 00606P 0.0028

Absorptiomentty | 5037 1p 00003 | 0.0504P 0.0025

For P here, the average of two observed values is used in the case of within-laboratory
permissible tolerance and the average of two measurement results in the case of
inter-laboratories permissble tolerance.

Informativereference

The standard deviation of collaborative experiment carried out by 12 laboratories
under the within-laboratory-reproducibility condition are as shown in Table 1.7.
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Table 1.7. Result of collaborative experiment for determination of permissible tolerance

Anaysis method | sample | Number of times|Total average Standard deviation
of measurement Within-laboratory | Reproducibility
-reproducibility X
Srw

Volumetric A 2 0.0312 0.000 3 0.0017
method B 2 0.1014 0.0004 0.0030
C 2 0.198 6 0.0005 0.005 1
A 2 0.0305 0.0005 0.0015
Absorptiometry B 2 0.1021 0.001 4 0.002 6
C 2 0.199 3 0.002 6 0.004 3
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1.2. Determination of critical limit from certified value

1.2.1. General

In order to determine the trueness in a certain measurement method, the collaborative
experiment in which as many laboratories as possible shall carry out on the reference
materials the true characteristic value of which is known or which is certified. In order
to determine the critical limit from certified value the within-laboratory precision and
the inter-laboratories precision estimated from the result of this collaborative
experiment are used. In this clause, the general procedures and the necessary matters to
be cared for this purpose are specified.

1.2.2. Preparation of collaborative experiment

1) Requiste for preparation room of sample for cooperative experiment

In addition to the requisite shown in 1.1.2. 4), it is necessary to choose the preparation
room which has enough experience and understanding with respect to the adjustment
and the certification of the reference materids.

2) Preparation and digtribution of sample for cooperative experiment

(1) Sdection of sample

The sample to be used for experiment to obtain the trueness shall be similar to the
daily sample in physical characteristic, chemical characteristic and measurement
range, and, in addition to 1.1.2. 5) (1), the characteristic value of the reference
material shall be fully defined or certified. In other words, the sample arranged to
have the known characteristic value, or the characteristic value of which is
determined by the method in which the deviation in test or measurement can be
ignored shdl be sdected.

In addition, the confidence interval of the reference material corresponding to
tested object should be small to the extent that can be ignored even if the
within-laboratory-reproducibility in the collaborative experiment is taken into
account.

Remarks:
The organizer of the collaborative experiment shall preserve the following
information with regard to the certified reference materid.
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(8 Name and address of certification organization

(b) Title and formdity of certificate

(c) Date of certification

(d) Characterigtic vaue certified and its confidence interva

(€) Measurement technique used for certification

(f) Explanation about reference materia (name, whether pure materia
or not, shape, size, origin, those who supplied and prepared)

(9) Name of certifier

Informative reference:
With regard to the reference materias, it is recommended that reference is
made to

ISO Guide 30: Terms and definitions used in connection with reference
meaterias

SO Guide 31: Contents of certificates of reference materids

SO Guide 33: Uses of certified reference materids

SO Guide 35: Certification of reference materids-Generd and
Satidicd principles

(2) Déliver of sample 1.1.2. 5) (3) applies, ard it is of importance to make the
information about the observed vaue of the sample given to the measurer .

1.2.3. Carrying out of collaborative experiment
Section 1.1.3 applies hereto.

1.2.4. Delivery of experiment result
Section 1.1.4 applies hetero.

1.2.5. Analysis of experiment result

When the laboratories located at | places measure m times respectively the reference
material with certified value of p by using the same method, the analysis shall be
carried out pursuant to the following procedures.

Procedures 1. To anaysisis carried out as to the precision pursuant to Procedure
1toProcedure4in 1.1.5.
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Procedure 2: The precison is examined pursuant to Procedure 5in 1.1.5.

Procedure 3: Egimation of trueness.
The truenessis estimated by the following formula:
d x p

The variance of estimated of vaue of trueness is estimated as

5 VR

=i
Im

Theinterval estimation of confidence coefficient 0.95 of truenessis
given as

d 20y & d 20

If this interval includes 0,it can not be considered that there is
deviation in the measurement method.

Remarks:

In the case of repeatability condition, the
“within-l1aboratory-reproducibility” aforementioned shall be read as
“repeatability” and auffix gy as sUffix , to anayze.

1.2.6. Calculation and determination of critical limit from certified value

In the case where it can not be considered that there is deviation in the measurement
method as a result of the examination of Procedure 3 in 1.2.5, the critical limit from
certified value can be calculated. The critical limit from certified value at the time
where a certain laboratory carries out within-laboratory-reproducibility measurement n
times on the reference materid with the cartified characterigtic vdue of u becomes

e, 205 2_01/ s= —
m

In the case where the difference from the average of observed vaue at n
times u is smaller than this critical difference, it can not be considered that there is
deviation . In calculation of critical difference, the digits shall be obtained down two
places of the numerical value to be applied (observed value or measurement result) and
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shall be rounded off to the digit of one place.

Remarks: In the permissible tolerance CBr, in the case of repeatability measurement, s
isused ingtead of Srw.

1.3. Statistical method used for preliminary analysis of result of collaborative
experiment

This section specifies the statistical method used for the preliminary analysis of the
result of collaborative experiment for obtaining the precison.

1.3.1. Method of Grubbs [see Reference document A) ]

1) Purpose

This Grubbs method is used when verifying whether there is outlier or not in the data
considered to follow the norma distribution. The outlier mentioned here is to the
utmost the outlier in the statistical sense, namely, it means the value isolated from the
group. Be aware of the fact that it does not necessarily mean that the abnormality isin
the sample or the operation of chemical analysis or the other process of the
monitoring.

Therefore, even though a certain data was judged to be the outlier by the statistical
method, the data is not discarded simply but the format on monitoring data for each
calendar year is examined or the inquiry is made to the laboratory concerned so as to
sudy technicaly the cause of abnormdlity.

2) Method for verification
Consider the data here are X1, X,... Xn. Verify the maximum value X(n) or the minimum
vaue x(y by using the average value x and the variance V of data.

Remarks: This method is applicable to the average values xi,... X, obtained from n
laboratories. In this case, analysis is to be made considering the each average value
» asthedata

First, obtain the average value x and the variance V by the following formula.

a
< —OCq >% =) )
(@]
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1 n
Vo)l ¥

i=1

For verification of the maximum vaue X(n)

isused.

And for verification of the minimum value X1

< >
v ~

isused. When T is compared with the value G(n ;a ) in Table 1.8, if T>G(n ;a ),it

isjudged to be the outlier at the Sgnificancelevd of a

L
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Table 1.8. Rgection limit vdue G (n :a ) in the Grubbs method
Number | Upper probability(x) || Number | Upper probability(x)

of data of data
n 0.05 0.01 n 0.05 0.01
3 1.153 1.155 31 2.759 3.119
4 1.463 1.492 32 2.773 3.135
5 1.672 1.749 3 2.786 3.150
34 2.799 3.164
6 1.822 1.944 35 2811 3.178
7 1.938 2.097
8 2.032 2221 36 2.823 3.191
9 2.110 2.323 37 2.835 3.204
10 2.176 241 38 2.846 3.216
39 2.857 3.228
1 2.234 2.485 40 2.866 3.240
12 2.285 255
13 2.331 2.607 41 2.877 3.251
14 2.371 2.659 42 2.887 3.261
15 2.409 2.705 43 2.896 3271
44 2.905 3.282
16 2.443 2.747 45 2914 3.292
17 2475 2.785
18 2.504 2.821 46 2.923 3.302
19 2.532 2.854 47 2931 3.310
20 2.557 2.884 48 2.940 3.319
49 2.948 3.329
21 2.580 2.912 50 2.956 3.336
22 2.603 2.939
23 2.624 2.963 60 3.025 3411
24 2.644 2.987 70 3.082 3471
25 2.663 3.009 80 3.130 3521
90 3171 3.563

26 2.681 3.029 100 3.207 3.600
27 2.698 3.049
28 2.714 3.068
29 2.730 3.085
30 2.745 3.103

Infor mative r efer ence example:
In order to obtain the inter-laboratories precision of an element content in soil seven
laboratories analyzed three times each, then, the following seven average vaues were
obtained:

0.236, 0.310, 0.478, 0.220, 0.284, 0.223, 0.303 (%)

Verify whether the maximum value of 0.478 is abnormal or not. As x =0.292.
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V=0.008 028 2, X7=0.478 therefore T=2.076 and G(7 ; 0.05) =1.938, it is judged to be
ggnificant at the sgnificance levd of 0.05.

1.3.2. Method of Cochran [see Reference Documents B) and F)]

1) Purpose

The method of Cochran is used, when there are | sets of data of largeness d n
considered to follow normal distribution, for the verification of the uniformity of
variance relaing to the variance V; obtained from each of them.

Remarks:
This method is gpplicable to the variance V1, ...V, obtained at | l1aboratories.

2) Method for verification
Consider the variance to be V1,Va,...,Vi. Veify the maximum V) of variance.

For the verification

V(D
s \Vi

is used. When c is compared with the value C(I,n;a ) in Table 1.9, if c>C(I,n;a ), it is
judged not to be uniform variance & the sgnificanceleved of o .
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Table 1.9. Rgection limit vdue C(I,n;a ) of Cochran method

I n 2 n 3 n 4 n 5 n 6

0.050 | 0.010 | 0.050 | 0.010 | 0.050 | 0.010 | 0.050 | 0.010 | 0.050 | 0.010
2 0.998 [ 0.999 | 0.975 | 0.995 | 0.939 | 0.979 | 0.906 | 0.959 | 0.877 | 0.937
3 0.967 | 0.993 | 0.871 | 0.942 | 0.798 | 0.883 | 0.746 | 0.834 | 0.707 | 0.793
4 0.907 | 0.968 | 0.768 | 0.864 | 0.684 | 0.781 | 0.629 | 0.721 | 0.589 | 0.676
5 0.841 [ 0.928 | 0.684 | 0.789 | 0.598 | 0.696 | 0.544 | 0.633 | 0.506 | 0.588
6 0.781 | 0.883 | 0.616 | 0.722 | 0.532 | 0.626 | 0.479 | 0.564 | 0.444 | 0.520
7 0.727 | 0.838 | 0.561 | 0.664 | 0.479 | 0.569 | 0.430 | 0.508 | 0.397 | 0.465
8 0.680 | 0.795 | 0.476 | 0.615 | 0.437 | 0521 | 0.390 | 0.461 | 0.359 | 0.421
9 0.639 | 0.754 | 0444 | 0573 | 0.402 | 0.479 | 0.358 | 0.424 | 0.328 | 0.386
10 | 0.602 | 0.718 | 0.416 | 0.536 | 0.373 | 0.445 | 0.331 | 0.392 | 0.302 | 0.356
11 | 0567|0681 | 0.392 | 0501 | 0.348 | 0.416 | 0.308 | 0.365 | 0.281 | 0.331
12 | 0541 | 0653 | 0.370 | 0.473 | 0.326 | 0.390 | 0.288 | 0.342 | 0.262 | 0.309
13 | 0513 | 0621 | 0.351 | 0.448 | 0.307 | 0.368 | 0.270 | 0.321 | 0.246 | 0.290
14 | 0.490 | 0.599 | 0.334 | 0.425 | 0.290 | 0.348 | 0.255 | 0.303 | 0.232 | 0.273
15 | 0469 | 0572 | 0319 | 0405 | 0.275 | 0.331 | 0.242 | 0.287 | 0.219 | 0.259
16 | 0.450 | 0.553 | 0.305 | 0.387 | 0.262 | 0.315 | 0.230 | 0.273 | 0.208 | 0.245
17 | 0433|0529 | 0.292 | 0.370 | 0.250 | 0.300 | 0.219 | 0.260 | 0.198 | 0.234
18 | 0417 | 0.514 | 0.281 | 0.355 | 0.239 | 0.287 | 0.209 | 0.248 | 0.189 | 0.223
19 | 0.402 | 0493 | 0.270 | 0.341 | 0.229 | 0.275 | 0.200 | 0.238 | 0.181 | 0.213
20 (0389|0477 | 0261 | 0328 | 0.220 | 0.264 | 0.192 | 0.228 | 0.173 | 0.204
21 | 0.377 | 0.465 | 0.000 | 0.318 | 0.212 | 0.255 | 0.185 | 0.220 | 0.167 | 0.197
22 | 0.365| 0.450 | 0.252 | 0.307 | 0.204 | 0.246 | 0.178 | 0.212 | 0.160 | 0.189
23 (0354|0437 | 0.243 | 0.297 | 0.197 | 0.238 | 0.172 | 0.204 | 0.155 | 0.182
24 0343|0425 | 0.235 | 0.287 | 0.191 | 0.230 | 0.166 | 0.197 | 0.149 | 0.176
25 (0333|0411 | 0228 | 0.277 | 0.184 | 0.221 | 0.160 | 0.190 | 0.144 | 0.169
26 | 0.325|0.402|0.221 | 0.270 | 0.179 | 0.215 | 0.155 | 0.184 | 0.140 | 0.164
27 10316 |0.391 | 0.215| 0.262 | 0.173 | 0.209 | 0.150 | 0.179 | 0.135 | 0.159
28 [ 0308|0382 | 0.209 | 0.255 | 0.168 | 0.202 | 0.146 | 0.173 | 0.131 | 0.154
29 [ 0300|0372 | 0203 | 0.248 | 0.164 | 0.196 | 0.142 | 0.168 | 0.127 | 0.150
30 | 0292|0361 0198 | 0240 | 0.159 | 0.191 | 0.138 | 0.163 | 0.123 | 0.145
31 | 0286|0355 | 0193 | 0235 | 0.155 | 0.181 | 0.134 | 0.159 | 0.120 | 0.141
32 (0280|0347 | 0188 | 0229 | 0.151 | 0.186 | 0.131 | 0.155 | 0.117 | 0.138
33 | 0273|0339 (0184 | 0.224 | 0.147 | 0.177 | 0.127 | 0.151 | 0.114 | 0.134
34 1026703320179 | 0218 | 0.144 | 0.172 | 0.124 | 0.147 | 0111 | 0.131
35 |0262|0.325 (0175|0213 | 0.140 | 0.168 | 0.121 | 0.144 | 0.108 | 0.127
36 | 025 | 0318 | 0172 | 0.208 | 0.137 | 0.165 | 0.118 | 0.140 | 0.106 | 0.124
37 025103120168 | 0204 | 0.134 | 0.161 | 0.116 | 0.137 | 0.103 | 0.121
38 | 0246 | 0.306 | 0.164 | 0.200 | 0.131 | 0.157 | 0.113 | 0.134 | 0.101 | 0.119
39 | 0242 | 0.300 | 0.161 | 0.196 | 0.129 | 0.154 | 0111 | 0.131 | 0.099 | 0.116
40 | 0237|0294 | 0158 | 0192 | 0.126 | 0.151 | 0.108 | 0.128 | 0.097 | 0.114
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1.3.3. Other statistical methods

1) Dixon method [ see Reference Document C)]

(2) Purpose
The Dixon method is used when verifying whether there is outlier or not in the data
consdered to follow the normal distribution.

(2) Method for verification
Rearrange the data to become X X2 ... Xr). According to the value of n, any
one of the following is used:

Remarks Thismethod can be used for the same purpose as the
Grubbs method specified in 2.

a Inthecaseof 3 n 7

(a) Veification of the minimum vaue X1

X2  Xm
e GO IO

o

Isused. When r1g is compared with Dix (n;a ) in Tablel.10, if rip  Dix(n;a ),
it isjudged to be the outlier a the Sgnificancelevd of a .

(b) Veification of the maximum vdue x(n).

X)X 1D
290G IR )

rao

is used. When if r1g is compared with Dix(n;a ) in Table 1.10,
if rip  Dix(n;a ),isjudged to be the outlier a the significance

b) Inthecaseof 8 n 10

(a) Veification of the minimum value X1

X2 Xo
X XD

r
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isused. When rq1 is compared with Dix(n;a ) in Table .10, if i3 Dix(n;a ),
itisjudged to bethe outlier a the significance level of a .

(b) Veification of the maximum value X
><a» >
> ><=

riai

isused. When r11 is compared with Dix(n;a ) in Tablel.10, if r;  Dix(n;a ),
it isjudged to be the outlier a the Sgnificancelevd of a .

c)Inthecaseof 11 n 13

X Xw
21 Xy XD

(a) Veification of the minimum value X1

is used. When ry; is compared with Dix(n;a ) in Table 1.10,, if ry;  Dix(n;
a ), itisjudged to be the outlier at the sgnificanceleve of o .

(b) Veification of the maximum vaue X(n)

xX(n) X2
rzgz —
X X

is used. When ry; is compared with Dix(n;a ) in Table 1.10.,, if ro;  Dix(n;
o ),itisjudged to bethe outlier at the Sgnificancelevel of o .

d) Inthecaseof n 14

(8 Veification of the minimum vaue X1

xX@ X
X2 X1

rz2

is used. When ry, is compared with Dix(n;a ) in Table 1.10,, if ry2  Dix(n;
o ),it isjudged to be the outlier at the Sgnificancelevd of o .
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(b) Veification of the maximum vaue X(n)

Xm 02
X X3

>

is used. When ry; is compared with Dix(n;a ) in Table 1.10,, if rp»  Dix(n;
o ),itisjudged to bethe outlier a the dgnificanceleve of a .
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Number of Upper
data Culculation formula probability(8)
n 0.05 0.01
3 s s 0941 | 0988
4 Yo S s 0.765 0.889
5 0642 | 0.780
6 e Xe» > o | 0560 | 0.698
7 >a» <@ | 0507 | 0.637
8 rm ———2— | o551 | 0683
>xn 1 XD : '
9 0512 | 0635
10 ry X X 0477 | 0597
X X2
X3 X
1 e T 0576 | 0679
12 0546 | 0642
13 oy 0 X2 0521 | 0615
X X2
14 0546 | 0641
15 0525 | 0616
16 Xo X 0507 | 0595
17 Mo 049 | 0577
18 X2 X 0475 | 0561
19 X Xn 2) 0462 | 0547
20 re ————— 0450 | 0535
271 X X 0440 | 0524
2 0430 | 0514
23 0421 | 0505
24 0413 | 0497
25 0.406 | 0489

(2) Purpose

This Grubbs method is used when verifying the one side two outliers for the

data considered to follow the normal distribution.
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(2) Method for verification
Rearrange the data and make them X Xo ...Xn. Verify the maximum
value Xy and the next value Xn.1), or, the minimum value X1y and the next value

X(2)-

First, obtain the average value x and the sum of square S by the
fallowing formula

a
>< 5 G ><= .o ><a»D)

m
s D0 2
i—=1

For the verification of the minimum value X1y and the next value X(2), obtain ;.
and S » by thefallowing formula

m
Sa= Z I. C<ao> > D=
i—=

a
>a.z C<> > - -2
=
and cdculate
= =
= "

For the verification of the maximum value Xy and the next value X 1),
caculae

a

O« >¢= - >X-=D
| g =4

=
Shan 3 Gw  >an=
[

Sh1n

When g is compared with the value Gz(n;a ) in Table .11, if g Ga(n;a ),it is
judged to be the outlier at the Sgnificanceleved of a .
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Table 1.11. Rgectionlimit vdue G,(n;a ) of the Grubbs Method

Number |Upper probability (a) | Number |Upper probability (a)
of data 0.05 0.01 of data 0.05 0.01
n n
4 0.0008 | 0.0000 31 0.6095 | 05369
5 0.0183 | 0.0035 32 0.6178 | 05465
33 06257 | 05557
6 0.0564 | 0.0186 A 0.6333 | 0.5646
7 0.1020 | 0.0440 35 0.6405 | 05730
8 0.1478 | 0.0750
9 0.1909 | 0.1082 36 0.6474 | 05811
10 0.2305 | 0.1414 37 06541 | 05889
38 0.6604 | 0.596 3
n 0.266 7 | 0.1736 39 0.6665 | 0.6035
12 02996 | 02043 40 03724 | 06104
13 03295 | 02333
14 0.3568 | 0.2605 41 0.6780 | 0.6170
15 0.3818 | 0.2859 42 0.6834 | 0.6234
43 0.6886 | 0.629 6
16 04048 | 0.3098 44 0.6936 | 0.6355
17 04259 | 03321 45 0.6985 | 0.6412
18 04455 | 0.3530
19 04636 | 0.3725 46 0.7032 | 0.6468
20 04804 | 0.3909 47 0.7077 | 06521
48 0.7120 | 0.6573
21 049 1 | 04082 49 0.716 3 | 0.6623
22 05107 | 0.4245 50 0.7203 | 0.667 2
23 05244 | 04398
24 05373 | 04543 60 0.7550 | 0.708 6
25 05495 | 04680 70 0.7813 | 0.7401
80 08021 | 0.7650
26 05609 | 0.4810 90 0.8190 | 0.7853
27 05717 | 04933 100 0.8329 | 0.8020
28 05819 | 05050
29 05916 | 05162
30 0.6008 | 0.5268

3) Grubbs method for one side three or four outliers| see Reference Document D]

(1) Purpose

This Grubbs method is used where verifying one side k(=3 or 4) pieces outliers
relating to the data considered to follow the normal distribution.
(2) Method for verification

Rearrange the data and make them Xy

X(2)

... X(n). Veify k piecesXn « 1),...,X(n) ON
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thelarger side or k piece Xy, ..., X onthesmaler sze.

First, obtain the average value % and the sum of square S by the fallowing formula

a
>~ = Cn > .- >

N
s ;6(6) o s

For the verification of k pieces on the smaller side, obtain >xuand Sy by the
fallowing formula

ju
>4,k — O+ S22 - >y
-k

and cdculate

For the verification of k pieces on the larger Side, calculate

1
Xrkrn —— XK X= ... X¢w)
Nk

<<
v+ Z I. (>Qi) Sl D=

i—

S‘n—k‘-l.n
s

A

when gk is compared with the value Gy(n;a ) in  Table 1.12, if. gk Gy(n;a ), al the
k pieces are judged to be the outliers a the Sgnificancelevd of o .
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Table 1.12. Regection limit vdue Gy(n;a )
of the Grubbs method

n k 3 k 4
0.05 0.01 0.05 0.01
0.032 0.010
0.064 0.028

0.099 0.048 0.045 0.018
0.129 0.070 0.070 0.032
0.196 0.120 0.125 0.070
0.250 0.172 0.174 0113
0.300 0.219 0.219 0.151
0.337 0.260 0.259 0.192
0.377 0.300 0.299 0.231
0.506 0.434 0434 0.369
0.588 0.522 0.523 0.460
0.646 0.592 0.588 0.531

E88856R2KB0m~

4) Grubbs method for both sides two outliers

(1) Purpose

This method is used when verifying whether both of maximum value and minimum
value are outliers or not, relating to the data considered to follow the normal
didribution.

(2) Method for verification

Rearrange the deta and makethem X1y X2y ...X(n), and verify the maximum vaue

X(ny ad theminimum vauex(y). First, obtain the average vaue  x and the sum of
square S by the following formula

a
>< g C<pn > - ><rdD

m
s Diow
=1

Then, obtain x1,, and S, from which the maximum value X and the minimum value
X(1) ae removed and caculate the verification statistic g.

a

> n C<=> > S >-1)D

=

1
=a1n z '.(XG) >aP=
—
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When g is compared with the value Gj,n(n;a ) in Table 1.13,if g Gy,n(n;a ), both of
the maximum value and the minimum value are judged to be outliers at the
sgnificanceleved of a .

Table 1.13 Rgection limit vdue G;,n(n;a )
of the Grubbs method

n 0.05 0.01 n 0.05 0.01
4 0.000 44 0.000 01 14 0.320 0.236
5 0.011 0.002 16 0.369 0.288
6 0.044 0.014 18 0411 0.325
7 0.078 0.033 20 0.448 0.363
8 0.120 0.06 30 0.571 0.509
9 0.159 0.093 40 0.644 0.584
10 0.195 0.122 50 0.699 0.648
12 0.266 0.181 100 0.821 0.794
Refer ence Documents

A) F. E. Grubbs and G. Beck: Technometrics, 14, 847(1972)

B) ISO/DIS 5725-2:A basic method for the determination of repeatability and
reproducibility of a measurement method, 62(1990)

C) W. J. Dixon: Biometrics, 9, 74 (1953)

D) V.Barnett and T. Lewis: Outliersin Statistical Data, 2nd Ed.,383, John Wiley
Sons(1984)

E) V. Barnett and T. Lewis: Outliers in Statistical Data,2nd Ed.,385, John Wiley &
Sons (1984)

F) H. Solomon and M.A Stephens: Journal of Quality Technology, 22, 46(1990)
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1.4. Example of analysis on collabor ative experiment

1.4.1. Preface

This Informative reference is to give the example that the experiment was carried out
practically on the method to determine the permissible tolerance and the method to
determine the critical limit from certified value specified in 1.1. and 1.2. respectively,
these results were analyzed and each permissible tolerance was calculated, and is not a
part of the standard.

1.4.2. Example of determination of permissibletolerance (see1.1.)

(1) Example of analysis of the result of experiment

The collaborative experiment was carried out in order to obtain the analysis precision
of Ca contents of soil. The measurement was carried out three times () at each of
eight laboratories at  different days and times  under  the
within-laboratory-reproducibility condition.

Note ():

The number of times of measurement specified in the measurement method
standard is n=2, but in the collaborative experiment, the measurement was
carried out three times (Mm=3).

Procedure 1: Examination of report and experiment condition survey

I) The experiment at each laboratory was carried out in accordance with the
experiment ingruction and there was no problem.

2) The measured values are set in order asin Table 1.14.
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Table 1.14. Result of measurement Unit: ¢ mol(+) kg
Laboratory L1 Lo Ls Ls Ls Lg L, Ls
Observed 6.46 6.50 6.42 6.42 6.42 6.82 6.70 6.59
Vdue 6.50 6.46 6.37 6.37 6.33 6.80 6.57 6.57

6.46 6.59 6.52 6.33 6.29 6.76 6.46 6.75
Totd 1942 | 1955 | 1931 | 19.12 | 19.04 | 20.38 | 19.73 | 19.91
Average 6.47;3 6.51; | 6.43; | 6.373 | 6.347; | 6.793 | 6.57; | 6.637
T1=156.46
X=6.51g

Procedur e 2: Prdiminary examination of andyds
) Verify the evenness of within-laboratory precision by the Cochran method.
Maximum within-laboratory variance  Vmax 0.1014 43(L7)

Totd of each laboratory's variance Viota 0.042 37

c Statidic C=  Vmax 0.340
Vtotal
Rgection limit vaue
(sgnificance levd 0.01) C (8,3 0.01)=0.615
(ggnificance leved 0.05) C (8,3 0.05=0.516

2) Veify the average vaue of each laboratory by the Grubbs method.

Measurement result being at the largest variance from total average

X6=6.793(L¢)
Totd average x=6.51S
Vaiance V=0.021 745
o Xe-X
T datidic T= =1.858
v
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Regection limit vaue
(sgnificance level 0.01) G (8, 0.01)=2.221

(sgnificance level 0.05) G (8, 0.05)=2.032
As a result of the examination of the evenness and the average value of the
within-laboratory precision, there is no laboratory judged to be abnormal even in

sgnificancelevd of 0.05.

Procedure 3: Andyss of variance
Carry out the analysis of variance by using the observed values of tota |aboratories.

1) Obtain correction term CT.

T2

Im

156.46°
24

1 019.988 8

2) Obtain total sum of square S

| m
s Y1) lesd cr

i=1 j=1

10205302 1019988 E

Q541 4

3) Obtain sum of square inter-laboratories Sgand sum of square within-laboratory
S
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- Z :(_) T
i—1L
lcla=aRcc =t
L Reil=Y===¥=
=
le¥= =71

Sev S Sk

O < OGS QO &

4) Obtain total degree of freedom @ (, inter-laboratories degree of freedom @ g
and within-laboratory-reproducibility degree of freedom @ gry .

@ r Irm 1

24 1 23

P= | 1 8 1 7

P® rv @ r Pr =23 7 16

5) Obtain inter-laboratories variance Vg and within-laboratory-reproducibility

variance Vrw.
= == o= ooss =
P = -
O3
A == J———— Qaos =
P e 1s

6) Put the above valuesin the table of andysis of variance as shown in Table 1.15.

Table1.15. Andyss of variance table

Factor S o) \% E(V)
Inter-laboratories 0.456 6 7 00652 | sps 3sp?
Within-laboratory 0.084 8 16 0.005 3 Srw?
reproducibility
Totd 05414 23
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Procedure 4: Eimation of precison

Obtain laboratory component of variance g,2, within-laboratory standard deviation szw
and inter-laboratories standard deviation sg

V= Vi~ Qoss =2 003
S5

m e

OO0 0

O.O0O=3

As the number of times of measurement specified in the measurement method
gandard isn=2,

SN Qoos3
S sz — [eTe=aTe)
g} =

Procedure 5: Examination of precison

1) Examination about reproducibility-within-laboratory
The required precison of reproduci bility-within-laboratory is assumed to be
Srw  0.06 cmol(+)kg™t.
The verification is carried out because Sgy=0.073 cmol(+)kg? is larger than the
required reproducibility-within-1aboratory.

= oosas

<2 S =55
P O©.os0)2

>FAN1MmD.a | >E(A6,0.05) 265

> =2 >E(16,0.05)

Therefore, at the significance level of 0.05, sgry IS ot considered to be insufficient for
the required precision of 0.06 cmol (+)kg*

Besides, the interval estimation of confidence coefficient 0.95 of reproducibility-
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within-1aboratory is

S ao=as S ocs
a »X(A6, QD) o R o g Q9
>8iil(m :I),—] %{I(m D1 _}
2 2
and
X2(16, 0.025) 28.8
X2(16, 0.975) 6.91
therefore

000294 sp 0.0123
00543 sgpy 0111 (cmol(+)kg?)

2) Examination of inter-laboratories precision
The required precison of the inter-laboratories precision is assumed to be
sg=0.12 cmol(+)kg*an 2.

The verification is carried out because Sx=0.150 (unit: cmol(+)kg?) is larger than the
required inter-laboratories precison .

- n&d 2 o2 e
! (Ln HAVRG (E 12 0.0053F o
VE¢ n 00652 o
F+ ¢ Ry 7 16

Thedecima patisdiscardedand @ r 7 isused. Consequently,

P =RS<E x ace=es
O == o.a==

X5

10O

X2 @ TwO D X2 (OO0 1407

therefore , at significance level of 0.05, sg is not considered to be insufficient for the
required precision 0.12 cmol (+)kg'*.

(2) Example of cdculation and determination of permissible tolerance
The permissible tolerance is cal culated relating to the example of (1)
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Within-1aboratory-reproducibility limit

R, D(2 095)ss,
28x 0073 0.204

Reprodudibility limit
R D(2 0%)s
28x 0150 0.420

Remarks: If the within-laboratory precision and the inter-laboratories precision
are insufficient, it is necessary to review the measurement method
pursuant to 2.1. However, in the case where the inter-laboratories
precision is sufficient and, to the contrary, the within-laboratory
precision is insufficient , the both permissible tolerances may be
caculated provided that its within-laboratory precison is not
remarkably insufficient.

1.4.3. Example of determination of critical limit from certified value (referto 1.2. in
this manud)

1) Example of andyss of experiment result
The certified value of Ca content on which analysis is carried out in the example in (1)
is assumed to be 6.50 cmol (+)kg ™.

Procedure |: For the analysis concerning precision, see the example shown in 1.1.5
in this manud.

Procedure 2: For the examination of precision, see the example shown in 1.1.5in
this manud.

Procedure 3: Esimation of trueness. The truenessis estimated as

d x p 6519 6500 0.019

The variance of assessed value of truenessis estimated as

O0.065 2
=2 _— O.002 7=
B 8
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Theintervd esimetion of confidence coefficient 0.95is

d 20y 0019 204000272 ¢ d 20s 0.019 204000272

Namdy
0085 & 0123(Unit: cmol(+)kg?h)

Because O is included in this interval, it is not considered thet there is
the deviation in the method used for the collaborative experiment at
thistime.

2) Example of calculation and determination of criticd limit from certified vaue

The permissible tolerance is calculated with respect to the examplein 1).
The criticd limit from certified vaue in the case where n=2 is

CBr,=2.0% 0.150=0.300(Unit : ¢ mol(+)kg ")
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As can be seen from Fig.2.5, if preliminary washing is carried out, a
significantly lower value is obtained. This experiment alone can not tell
whether this is due to the dissolving loss of P precipitate or insufficient
washing in the case of no preliminary washing, however according to another
experiment using 32P tracer, it is presumed that the difference is due to the
former reason.

(7) Washing with HNO;3 (2 + 10000) (N) (interaction Ax F)

The effect of washing precipitates with HNOz (2 + 10000) is highly
significant, however the result that washing ten times gives a lower value
than washing until neutral washings are obtained (washing ten times or more),
can not be explained from the technical point of view, therefore it seems
better to consider it to be the effect of Ax F, another name of N. In this case,
it becomes evident that for a lowphosphorus sample, 3-time washing with
HCI (2 + 100) may be sufficient, however 3-time washing is not sufficient for
ahigh- phosphorus sample (see Fig.2.6.).

Fig.2.6.
082
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s 3 times
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0.20L v
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Procedure 7: ESimation of the best conditions
From the above observations, the best conditions can be constituted by
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secting:

(1) The levels showing good results from the technical point of view for the
sgnificant factors;

(2) As to the factors not to be significant, select the levels which require the
simplest operational procedures and the least time. Thus, such best
condition are:

C1 2D2E2F1GoH2113:K1 L1 MoNyg
However, for a high-phosphorus sample and for a sample on which the

phosphorus content is unknown, C; and for a low-phosphorus sample, C,
shall be selected.
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2) Example in the case where the information on reproducibility has already been
obtained

Examination of analysis method for total sulfur in soil (burning method)

Procedure 1: Preparation of flow sheet

Taking
test

sample

Pre-
heating

Fig.2.7. Flow sheet up to analysis

Heating Cllecting Titrating Calculation Measured
R » X [ » »

at high evolving with value

temp gas KIO,

Leading
oxygen
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Procedure 2: Preparation of cause and effect diagram

Fig.2.8. Cause and effect diagram

T Heatmgartigh
Sample heating temperature Titrating
\ emp. KIO,
L A/ concentration
Time
Operation Standardi-
Position in zation
the furnance method
p| Measured
value of S
<
Oxygen
) N
Type loe
rate Appatatus
Catalyst I(;;;g;g m gC:Sllectmg Calculation

The enclosed by O are the factors presumed

to be of importance.
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Procedure 3: Selection of factors and levels

Table 2.7. Factors and levels

Factor Level
1 2

A Type of sample Hjgh-sulfur sample Low-sulfur sample
B Mass of sample taken 05¢g lg
C Catalyst Cu (double the mass of sample) | No addition
D Pre-heating 3 min No pre-heating
E Temperature in the furnance 1350°C 1400°C
F Flow rate of oxygen 150 ml/min 300 ml/min

Possible interactions;
AXB, AXC, AXD, AXD, AXE, BxC, CxD, CxD

Procedure 4: Assignment for experiments
The assignment for experiments and experimental results are shown

in Table 2.8. and Table 2.9.

Table 2.8. Assignment for experiments

Experiment A B A C A C A

No. A x B x F x C x e x D x x E
B C C E D D E

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

2 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2

3 1 1 1 2 2 2 2 1 1 1 1 2 2 2 2

4 1 1 1 2 2 2 2 2 2 2 2 1 1 1 1

5 1 2 2 1 1 2 2 1 1 2 2 1 1 2 2

6 1 2 2 1 1 2 2 2 2 1 1 2 2 1 1

7 1 2 2 2 2 1 1 1 1 2 2 2 2 1 1

8 1 2 2 2 2 1 1 2 2 1 1 1 1 2 2

9 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2

10 2 1 2 1 2 1 2 2 1 2 1 2 1 2 1

11 2 1 2 2 1 2 1 1 2 1 2 2 1 2 1

12 2 1 2 2 1 2 1 2 1 2 1 1 2 1 2

13 2 2 1 1 2 2 1 1 2 2 1 1 2 2 1

14 2 2 1 1 2 2 1 2 1 1 2 2 1 1 2

15 2 2 1 2 1 1 2 1 2 2 1 2 1 1 2

16 2 2 1 2 1 1 2 2 1 1 2 1 2 2 1

144



Manual for Soil & Vegetation

Table 2.9. Measured results at each laboratory

Unit: %
Laboratories Valance between Logarithm of

Experiment | L1 L2 L3 L4 L5 L6 L7  average values variance between
No. x 10° average values

1 0.093 0.107 0.104 0.091 0.108 0.103 0.089 6.42 -9.65

2 0.101  0.108 0.103 0.095 0.109 0.102 0.098 2.52 -10.59

3 0.102 0.108 0.111 0.102 0.106 0.107 0.102 1.26 -11.28

4 0.090 0.106 0.112 0.097 0.104 0.104 0.103 4.89 -9.93

5 0.108 0.108 0.113 0.091 0.106 0.102 0.096 5.86 -9.74

6 0.098 0.109 0.108 0.091 0.104 0.100 0.091 5.45 -9.82

7 0.100 0.109 0.106 0.097 0.108 0.099 0.102 2.2 -10.72

8 0.103 0.110 0.109 0.100 0.109 0.102 0.102 1.73 -10.96

9 0.068 0.075 0.076 0.071 0.071 0.071 0.072 0.73 -11.82

10 0.066 0.075 0.074 0.068 0.072 0.071 0.073 1.06 -11.46

11 0.068 0.075 0.075 0.067 0.072 0.069 0.062 2.19 -10.73

12 0.066 0.075 0.078 0.069 0.069 0.069 0.051 7.41 -9.51

13 0.068 0.078 0.074 0.066 0.069 0.070 0.068 1.73 -10.97

14 0.070 0.079 0.084 0.068 0.070 0.071 0.070 3.55 -10.25

15 0.070 0.078 0.074 0.066 0.073 0.069 0.064 2.33 -10.67

16 0.070 0.071 0.078 0.065 0.070 0.070 0.061 2.79 -10.49
Average
value 0.082 0.092 0.092 0.082 0.089 0.086 0.082

Procedure 5: Analysis of variance of logarithm of variance between average value
and graphing
Obtain at each treatment the variance between the average value of
the observed values of seven laboratories from the observed values
in Table 2.9 and, furthermore, take up the natural logarithm. The
result from the analysis of variance carried out taking up this as the
characteristic values are shown in Table 2.10, and the factorial
effects which became significant are shown in Fig.2.9. The following
matters are estimated from the Fig.2.9.

In order to improve the reproducibility,

in the case of the high-sulfur sample.....catalyst (Cu) is added and
heated at the temperature of
1400 °C.

in the case of the lower sulfur sample.....Cu is not added and should
be heated at the
temperature of 1350 °C.

and for both samples.....the flow rate of oxygen should be

300 ml/min.
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Table 2.10. Analysis of variance table of logarithm of variance between average

values
Factor S %] \Y% Fy
A Type of sample 0.636 0 1 0.636 0 6.24
B Mass of sample taken | 0.057 1 1 0.057 1 0.56
C Catalyst 0.208 1 1 0.208 1 2.04
D Pre-heating 0.000 1 1 0.000 1 0
E Temperature in the
furnace 0.070 5 1 0.070 5 0.69
F Flow rate of oxygen 23956 1 2.395 6 23.52"
— AxB 0.1137 1 0.1137 1.12
AxC 1.073 0 1 1.073 0 10.54"
— AxD 0.1255 1 0.1255 1.23
AxE 0.924 3 1 0.924 3 9.08"
— BxC 0.000 0 1 0.000 0 0.00
— CxD 03719 1 0.3719 3.65
CxD 0.420 4 1 0.420 4 4.13
=6
— e 0.5573 2 V’.=0.101 85
Total 6.953 6 15

Fig.2.9. Relationship between standard deviation (unit:%) of average values and
analysis procedure

%

0.009
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Annex I11.

Periodic forest inventories

1 Monitoring M ethods for Forest Monitoring

Permanent or periodic forest inventories should be conducted to allow continuous
observation of forest areas and the early recognition of development trends, to estimate
standing crop, thus permitting corrective measures to be introduced in good time. One of the
forest inventories suitable in monitoring activity is aworking plan surveys. In this survey, the
data collected were computed on a stand-by-stand basis for each gecies. Information on
increment, detailed forest maps, data on the quality of the various sites are just as necessary
as details on topography, ownership, and accessibility. Another inventory is the forest
damage inventories. Subsequently, forest damage inventories record the state of health of the
forest.

2. General Description of Monitoring Forest

In order to detect the possible impact of acid deposition, a permanent monitoring site should
be selected and the complete enumeration of trees and understory vegetation should be
carried out regularly. Changes due to acid deposition should be described in detall.

21 Sitefor Forest Monitoring
2.1.1. Forest Area

The forest areas should be divided into sub-units and such a classification can be based on a
number of criteria

- exiding political or adminigtrative borders;

- S0l types

- land use

- type of vegetation;

- gte and/or climatic conditions,

- preservation aress (nature reserves, catchment aress, €tc.).

2.1.2. Selection of Plotsfor General Description of Monitoring Forest

When monitoring sites are selected according to the criteria described in the selection of basic
survey site (which is described in 2.2.2.1.), two forest areas of more than 0.2 hectare can be
selected. In each forest area, for the general description of the monitoring vegetation, a
“strip” or rectangular sample area, whose length is a multiple of its width should developed
for the detailed survey. In tropica forests, where the undergrowth hinders both access and
visibility and large areas must be surveyed, it is usual to take rectangles or squares because
such plots are the easiest to demarcate. The strips of up to 30 m wide and severa hundred
meters long are recommended.

The selection of the optimum size is basically determined by the spatial distribution
and the variability of the forest to be surveyed. Small plots in homogeneous forests may
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furnish results with higher precision, as the number of independent observations per given
sampling intensity is higher. On the other hand, where heterogeneous forests are concerned,
the coefficient of variation between small plots may increase so greatly that it would be better
to use large ones.

The optimum plot size can be computed with
a=P; (tm)?

where a= optimum plot size, R = size of plot in pilot survey, t = average travel time
between two neighboring plots, in = average measuring time on a plot pf size R (Zaide,
1980).

To compare two plot designs, their relative efficiency can be used. Here the costs and
standard errors of the designs are compared as follows:

e = (Sat)(Sxata) |

where s; = standard error in percent of plot designsi, t = time or cost for plot design i, e =
relative efficiency. If eis smaller than 1, plot design | is more efficient, and if smaller thanl
less efficient than plot design 2. If e = 1, the two designs are equally efficient.

As arule of thumb for optimizing plot designs, the plots should be large enough to contain
enough trees per plot for the results to be representative, while the survey time per plot is not
too great. It follows that small plots should be employed for dense stands with small trees,
large ones for open stands with big trees. Very often, a digtinction is made between
unproductive marching imes and productive survey times. This indicates that fairly large
plots are preferable for surveying tropical forests. Areas between 0.4 and 0.5 ha have proved
suitable,

As al data based on area are given for a horizontal plane, the sample plots in Sloping terrain

must be adapted accordingly. There are various means of achieving this.

- demarcation of the plots on the incline and subsequent correction;

- enlargement of the plot in proportion to the degree of inclination (projection of the
inclined area onto the horizonta gives exactly the defined area of the sample plot);

- demarcation of an €llipse on a dope (this becomes a circle when projected onto the
horizontd);

- measurement or computation of the horizontal distance of the trees from the plot centre
(this becomes an dlipse on the dope surface).

In order to simplify the field surveys and facilitate checks, enlargement of the plot in
proportion to the degree of inclination is most suitable. Particularly in mountainous regions,
erroneous corrections of arealead to by no means negligible errors in extrapolating the results.
For this reason, corrections for dope inclination must be extremely carefully made.

Concentric plots are employed to reduce the time used for measurement in the sample
plots in areas with a high stem count which contain a large number of trees. Here, two or
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more plots of differing size are demarcated around a given point. In the smallest area, al trees
with diameter greater than a given minimum (e.g. 12 cm) are surveyed. In the other areas, the
minimum diameter increases. This design often allows a considerable reduction of survey
time without a marked decrease in efficiency. On the smaller, 200 n? plot, all trees are
surveyed, while on the larger, 500 n? plot only thase with a DBE of over 35 cm are included.

Sample plots on the forest edge which are the portion of the plot which actually lies
within the forest changes. Yet such plots cannot be excluded, as this would mean that the
border areas with their different conditions would not be included and the results would
consequently not be representative. One solution is to record exactly the location of the forest
edge within the sample plot and reduce the area accordingly. Another method which is very
often recommended is to take the mirror reflection of the plot, as described by Schmid (1969).
Here, al plots whose centers lie within the stand are surveyed, while those whose centers lie
outside are neglected. In a mirror reflection of the plot from the centre point, that part of the
plot lying within forest is surveyed again. Correctly applied, this method produces unbiased
results, but demands that the forest margins be precisely defined.

Permanent fixed-area sample plots have the advantages that they are smple to survey,
provide trend-free results and that the results are relatively easy to compute. For permanent
inventories, fixed area plots are to be particularlly recommended, as they allow easy
determination of growth components such asin growth, mortaity and cuts,

3. M easur ements and Observations and Frequency of Monitoring on Field Plots for
General Description of the Monitoring Forest

3.1. Arealnformation

Area information may be obtained from maps, aerial photographs, diizitat remote sensing
data, or terrestrial surveys. Areas may be measured by means of area calculations, weighing,
planimetry, or square or parallel grids. One of the disadvantages of measuring techniques is,
that the error of the area estimation cannot be determined. The procedures are very
time-consuming and not practicable for large-scale inventories. The only efficient technique
is area calculation combined with GIS. Especidly where large-scale inventories are
concerned, areas of concern should not be delineated on the basis of the airphotos.
Delinedtion is very time-consuming and the error of the area assessment cannot be caculated.

In forest inventories, area estimation by means of sampling is preferable to measuring
techniques. There are two possibilities: dot sampling and parallel lines or "transacts". In dot
sampling, points falling within the area or the class of forest concerned and the total number
of points are counted. With paralel lines, it is the length of the line faling within the
classification concerned which is measured. The total areais computed by adding the number
of points or line sections within the area of concern and multiplication by an area expansion
factor.

Sampling techniques for area estimation may be based on maps, aerial photographs,
digital classification or field surveys. Where maps and airphotos are used, it must be ensured
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not only that the latest data are verified but also that the precision depends on the scale. The
greater the scale, the greater the accuracy. Only maps with a high dimensiona stability
coefficient should be employed, or even better, recent airphotos, if available.

In digital image analysis, specia attention must be paid to the precison of
classification. Once the algorithms for classification have been established in training areas,
the precision of the classification must be checked in a completely independent area.
Interpretation of confusion matrices, two-way tables based on actual class and class
alocation, through image analysis is particularly important: the frequency of correct or
incorrect allocation to a class may help determine the suitability of image analysis as a tool
for area estimation.

Sampling for area estimation has the advantage that the sampling error can be
determined. Where the sampling error of estimates related to an area is to be given, the error
of area estimation has to be included in the calculation of the standard error by the rule of
error propagation.

3.2. Detail Treelnformation
3.2.1. Speciesldentification

Every field survey team should include at least one "tree finder" because of the difficultiesin
carrying out inventories in tropical forests. This may be an experienced forester, (though the
services of such are often difficult to obtain) or one of the local inhabitants, who often
possess an astonishing knowledge of the species occurring in their neighborhood. "Tree
-finders’ are often only familiar with the local names of tree species. Consequently it is
necessary to compile a list of loca and botanical species names. One species may have
several local names, while one local name may be applied to a number of different species.
Loca names may vary with the sex or age of a tree. Consistency of the records may be
enhanced by repeatedly employing the same tree finders over long periods. Apart from the
advice of the tree finders, an identification key based on the main obvious characteristics of a
species, such as bark, roots, leaves and fruits may be of assistance.

3.2.2. Diameter at Breast Height (DBH) and Upper Stem Diameters

Diameter at breast height should consequently be recorded for all trees on each sampling site.
The diameter at 1.3 m above ground level, should be measured with the diameter tape in 0.1
cm unit. In the case of less than 4 cm, the caliper might be used. Through summation of the
DBH of the individual trees, the basal area of the whole stand can be computed, which in
combination with the number of trees reflects the dengty of the stock.

According to the standardized system of IUFRO, the following labels are used to
sgnify the various diameter classes.
d = DBH over bark;
C = Circumference a breast height over bark;
g = basd area at breast height over bark;
du, Cu, u = corresponding vaues under bark;

150



Manual for Soil & Vegetation

do = diameter over bark at buttress height;
d« = diameter over bark a stump height;
dx =diameter over bak a x m height, eg. d; = diameter in 7 m

doxn = diameter over bark a 0.x of tree height, e.g. do 1, = diameter
in 1/10 of the height.

The great girth of trees in tropical forests renders diameter tapes preferable to calipers, as
they provide more cons stent measurements.

In tropical rain forests and mangrove swamps, where the trees display buttress or stilt
roots with root collars extending far up the stem, diameter should be measured above the
point a which the thickening ceases, and just like DBH is taken as a basis for the
determination of volume and stem form.

3.2.3. Cross-Sectional Area M easur ement

The total basal area of al trees or classes of trees per unit area (e.g., per hectare) is generaly
assumed that the basal area, g, is circular and can thus be directly computed either from the
diameter, d, or the circumference, ¢, according to the following equations.

9= (p/4)d’
g=c/(4p),

with d = diameter at 1.3 m, ¢ = circumference at 1.3 m.

The basal area of a stand is measured in square metres or square feet. Unfortunately,
the basal area of a tree is seldom redlly circular. Some species, e.g. Tectonia granites, are
very irregular in form. Matern (1956) suggests that deviations from the purely circular can be
described through (1) the convex deficit and (2) the isoperimetric deficit. The convex deficit
is the difference between the area as determined with a measuring tape and the actua
cross-sectional area of the trunk. If the cross-sectional area of the stem is not circular, the
circumference is greater than that of a circle of the same area. Wherever equations for
computing basal area assuming a circular form are applied, the computed area is always
greater than the actual one. All areas of convex form deviating from the circular display an
isoperimetric deficit.

In most cases it is sufficient to measure the smallest and largest diameters and
calculate the geometric mean, dy =id, d>. Where it is not feasible to measure these two
diameters, the diameter can be measured crosswise and the arithmetic mean computed.

3.24. Height
Tree height can be employed as a parameter in volume or increment functions ard, in

combination with stand age serves as a measure of site quality. The term "height" used in
monitoring acid deposition can be defined as:
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Overdl height. This is the distance between the ground and the tip of the tree. This
distance is easier to understand than measurements at different points, but in tropical
foreststhe tip of atree is sddom vigible from the ground.

Bole length. This is the distance between the ground and the beginning of the crown, in
other words, the point at which the first branch occurs. Stipulations for measuring
lopsided crowns or crowns with dead branches must be laid down in the survey
ingructions.

Stump height: this is the distance from the ground to the point at which the stem is cut.
In computing volume functions, it is taken as congtant.

Crown length is the distance from the beginning of the crown to the tip of the tree.
3.25. TreeForm

Tree form can be described in terms of theoretical solids. The ssimplest solids approximating
the various stem sections are the cylinder, the paraboloid, the cone, and the neiloid. Volume
functions which already take "typical" stem forms into account by an upper diameter.
Nevertheless, a knowledge of the theory of stem form is useful in computing volume
functions.

The form factor f is the relationship between the stem volume and the volume of
geometric figure - usualy a cylinder - with the length and cross section g as the stem. The
volumeisgiven by

v = ght.

Thus, the form factor for a cylinder is a reducing factor compensating for
overestimation. Form factors can be calculated for stem diameters at different heights. If the
DBH is taken as a basis, the resulting form function is termed the breast height or artificial
form function. It is not a true expression of the stem form, as the form functions for trees with
the same stem form, but differing dimensions vary. Consequently, breast height or artificia
form functions are not directly comparable. The diameter at 1/10 of the tree height should be
taken as the reference measurement. This allows computation of what is termed the natural
form function, which in turn permits the direct comparison of stem forms independent of tree
dimensions. In practice, however, the measurement of diameter at this level is very
time-consuming, so that the artificia form function is commonly preferred.

Form quotient is the relationship between a given diameter to a reference diameter.
Also here there are natural form quotients, which are based on clo.9 and artificial form
guotients taking the DBH as a reference figure. Hohenadt (1936) divided the stem into five.
sections and derived aform quotient for each section.

hoo = doo/doo=1;

ho7 = do7/dos;
hos = dos/dog;
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hosz = dos/dog;
ho1 = do1/dog;

The form quotient according to Hohenadt (1936) can then computed from
l00=02(1+h%;7 +h%s+h%3+h%,)

and used for the immediate caculation of volume,

V=P /4dohl .

Analogue series can be calculated fort the DBH as a reference diameter.

3.2.6. Volume

Volume is the most important parameter determined in forest inventory and almost always
the one for which sampling designs are optimized. Procedures for volume determination are
manifold and cannot be discussed in detail here. For those interested, textbooks such as
Prodan (1965) or Hush et al. (1982) provide more thorough information. Methods and
problems of volume determination are outlined in Cunia (1979) and Kublin (1987). As the
computation of wolume functions requires a solid basis in regression analysis, the book by
Draper and Smith (1981) may be mentioned here as recommended reading.

The selection of the method to be used for volume determination is one of the most
important points in the planning of an inventory, as biased volume estimates may place the
entire results of the inventory in question (Cunia 1981; Gertner and Kohl 1992). It is of the
utmost importance that the volume to be quantified in the inventory be precisely defined. To
thisend, it is necessary to gtipulate from the beginning:

- The minimum and maximum diameter of the trees to be surveyed;

- To what minimum diameter of the upper stem the volume is to be calculated (this gives
together with the maximum and minimum diameter the defined spectrum of tree forms);

Whether the volume is to be determined insde or outsde bark;

Whether branches, roots, and sump are to be included;

Whether damaged stem sections are to be excluded or not;

Whether the cross or only the merchantable volumeis to be determined;

Whether the term "usable volume" refers to the volume without logging loss or loss
through processing a the sawvmill.
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The FAO has proposed certain definitions of volume to be applied in forest
inventories (FAO 1973, p. 105). Volume may be expressed in several different units.
However, it is strongly advisable to use the metric system (nt).

3.2.7. Weight and Biomass

The biomass of a tree, divided into components such as roots, branches, stem, bark,
top sections and even needle or leaf mass, related to a unit area (Young et al. 1964), may be
taken as a measure of the productivity of a site. Biomass is expressed in kilograms of dry
weight. Where data on biomass are required, a rough estimate can be made on the basis of
previous stem volume measurements.

3.2.8. Density

Density may be expressed in terms of stem count, volume, or biomass. One important

variable for ecologica estimation is crown density, which gives the proportion of ground

covered by crowns (Whitmore 1989). Particularly in exploited areas, this parameter should
not be left out of consideration. Aerial photography constitutes the most convenient technique.
In tropical forests, stem count rather than crown density per unit area should be determined
due to closed canopy.
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Annex V.

Data and Information on Ecological | mpact Monitoring from Malaysian Site for
EANET: Pasoh Forest Reserve

Introduction

Pasoh Forest Reserve is an inland forest reserve situated at 2 59'N and 102° 19'E,
about 37 km from Kuala Pilah in the south and about 140 km southeast of Kuala
Lumpur. The nearest coastline is about 70 km to the southwest. Pasoh Forest Reserve
lies approximately at the junction of Dale’s (1959) West and Southwest regions, and in
Jelebu district which is the driest climatological station in Peninsular Malaysia on
record. The daily air temperature in the forest ranges from 17.5°C to 29°C with a
monthly mean of 23.0°C. At Kuala Pilah the monthly mean varies from 26.0°C to
27.5°C. The greatest fluctuations in the forest are above the canopy, and these diminish
towards the forest floor. The average daily number of hours of sunshine varies between
3 and 5, the longer duration being during the months of April and May, and these
decrease towards the end of the year.

Soil and Geological Aspect

Pasoh Forest Reserve is underlain by two types of rock formation (Gobbett, 1972). A
north-south ridge of igneous rocks and an acid granite nature on the east of the reserve
is of Carboniferous to Cenozoic age. The central and western parts of the reserve are
composed of sedimentary rocks of Middle or upper Triassic age.

The soil profile in Pasoh can be categorized into three group (Allbrook, 1973). The Batu
Anam, Maacca and Durian series are of shale parent material and are characteristically
inter bedded with sandstone and quartzite. the Bangor, Serdang and Munching series
are of shale while the Rengam and Tampin series are of granite parent material. Lastly,
the Akob and Telemong series are derived from fluviatile granite alluvium and have
permanent but variable water table. Pasoh Forest is drain by two tributaries of the
westward flowing Manong Kaman River. Except for the northeastern corner of the area,
which consists of a gentles slope rising to an atitude of 570 m, the terrain is for the
most part relatively flat and at an atitude of approximately 90 m. It is well-drained
but swamp area occur dong some of the tributaries.
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Historical Background

Pasoh Forest Reserve, constituted nearly 1917, was identified as the site of collaborative
research (1970-74) between the Malaysian national Committee for the International
Biological Program (IBP), the University of Malaya, the Forestry Department of
Malaysia, The Royal Society of London and Japanese Society for the promotion of
Science. The Government of Negeri Sembilan State, in which the reserve is situated,
allocated about 1950 ha of the reserve in 1968 and another 450 ha or so in 19771 to the
IBP for the integrated study on dynamic and productivity. The remaining 1975 ha of the
reserve in the northwest through west to the south, was logged and converted to oil
pam (Elaeis guineensis Jacq.) plantationsin 1971 (Manokaran and Swaine, 1994).

Pasoh Forest Reserve now consists of a core research area of about 650 ha of primary
lowland forest surrounded by a buffer zone of about 650 ha of logged and regenerating
forest (lowland dipterocarp forest in which the natural regeneration, mainly seedlings
but also including advance growth, had been released and assisted by silvicultura
treatment after exploitation) and about 100 ha of primary hill forest. the regenerating
buffer zone, as well as much of the area under oil pam now, was selectively logged
between 1955 and 1960 and the silvicultural treatment of GCL carried out in the logged
area, aso between 1955 and 1960.

Between 1973 and 1979, Pasoh Forest reserve was the site of the University of
Malaya-University of Aberdeen project on reproductive biology of rain forest trees. In
1977, the reserve became a substation of the FRI. It is now known as the Pasoh Forestry
Research Center of FRIM. It is a center for rain forest research by scientist from the
Institute and from local and foreign institutions and universities. beginning in 1985, a
demographical study isin progress of all woody plants of 1 cm diameter and larger in a
50 ha plot in the primary part of the forest (Manokaran et al., 1990; Manokaran et al.,
1992).

Vegetation
Pasoh Forest Reserve belongs to the lowland dipterocarp forest which includes al the
well-drained primary forests of the plains, undulating land and foothills up to about

300 m dtitude, with exception of the narrow strip of beach forest (Symington 1943,
Wyatt-Smith 1961, 1964). This forest are part of the lowland evergreen rain forest
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formation of Burtt-Davy (1983). This forest formation in Peninsular Maaysia is
characterized by family dominance of the Dipterocarpaceae, and may be regarded as
composed of three tree layers;, the emergent layer of trees, usualy with spreading
crowns nestling above but in contact with those of the main canopy, the main-storey
trees forming the continuous canopy at 20-30m height, and the understorey trees below

the main canopy.

Pasoh Forest Reserve was described as “Mixed Red Meranti” forest merging to “Red
Meranti” forest by Saleh (1968) bu was considered by Wyatt-Smith (1987) as “Red
Meranti-Keruing” forest of the Central and Southern type. Species of Dipterocarpaceae
are abundant, and include Shorea macroptera, S. pauciflora, S. acuminata, S. parvifolia,
S leprosula, S. lepidota, S. maxwelliana, Dipterocarpus cornutus, D. crinitus, D.
costulatus, D. sublamellatus, and Neobalanocarpus Emergent from other families, as
revealed by the survey undertaken by Ashton (1971a, 1971b), include Koompassia
malaccensis, Intsia palembanica (both Leguminosae), Triomma malaccensis
(Burseraceae), Dyera costulata (Apocynceae) and Durio oxyleyanus (Bombacaceae).

Pasoh Plots

Studies of tree species distribution with soil variations were carried out by Wong and
Whitmore (1970), and later with environmental variations by Ashton (1976). Wong and
Whitmore (1970) selected randomly ten l-acre (0.4 ha) plots of 1x10 chains (20.1 x
201.2 m) within the core area in 1959. The long axis of each plot was made to run
northsouth and the plot number 1 to 10. All plots except 1 and 2 were considered to be
on flat land, and all except 4,5 and 8 considered to be well-drained. Ashton in 1971
enlarged fove of those plots to a size of 2 ha (100x 200 m) by extending the shorter
sides of the old plot. Five plots (1, 3, 4, 6 and 7) were selected due to their site diversity
and accessibility and each plot were divided into 50 quadrats (20 x 20m). The forest
was chosen as the location of study as it contained a core primary forest are which was
uniformin relief but having different geology and soil series.

Species Groups
Emergent (E)
Mature phase light demanding long lived species growing above the main canopy of

primary forest to more than 30m, usudly with spreading crowns.
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Main canopy (MC)
Mature phase light-demanding relatively long lived species that form the main canopy
of primary forest, growing to heights between 20 to 30 m.

Understorey-Mature phase shade-tolerant tree species forming the lower drata of the
primary forest, with maximum heghts below 20m.

Pioneer (P)
Short-lived tree species requiring agap for germination and establishment, showing
rapid growth; extremdy light demanding and intolerant of shade.

Late-serd (LS)
Light-demanding tree species but rdlatively tolerant of shade, prominent during the late
stages of succession. They can persst to form part of the mature forest.

This classification is based partly on knowledge of the tree species from field
experience, and is augmented by reference to the tree Flora of Malaya (Whitmore 1972,
1973, Ng, 1978, 1989) to the Foresters Manual of Dipterocarps (Symington, 1943) and
to the Pocket Check List of Timber Trees (Kochummen, 1979).

Species composition

Pasoh Forest have 45-48 number of families, 125-141 number of genera and 235-276
gpecies. Of the ten commonest families, in terms of tree density, in each of three sites,
four, Dipterocarpaceae, Euphorbiaceae, Myristaceae and Burseraceae, were common to
al three sites. Dipterocarpaceae is a second common species in Pasoh Forest Reserve.
Basd vaue of the commonest families were 43.6% of thetotal at Pasoh Reserve Forest.

Table 1. Main characteristic featur es of Pasoh Forest Reserve

Parameter Pasoh
Forest type Lowland dipterocarp forest
Forest sub type Red-Meranti Keruing
Altitude O masl.
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Mean annud temperature (nearest station)
Mean annud rainfdl (nearest getion)

Sail

Tree density (ha'l)
Basd area (n? ha'l)
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4x 2 ha
27.1°C
1850 mm
Sedimentary
-derived soil mainly
545.5
29.13

Note: Based on Wyatt- Smith (1987)
Source: Modified from Manokaran and Swaine (1994)

Table 2. Density and Basal Arae of the ten commonest familiesin 1971 at

Pasoh Forest Reserve.

Family Pasoh
Dengty Basd Area
(he™) (n? ha')

Dipterocarpaceae 52 9.04
Hacourtiaceae 11.4 0.25
Euphorbiacese 66.1 1.82
Rhizophoracese 6.1 0.22
Tiliacese 4.8 0.19
Sterculacese 12.9 0.67
Lauraceae 10.6 0.38
Anarcadaceae 19.4 1.03
Myrigticaese 219 0.69
Burseracese 40.3 1.85
Annonacese 30.3 0.71
Rubiacese 15 0.33
Méeliaceae 114 0.24
Guitiferae 16.3 0.53
Sapindaceae 23.1 0.7

Leguminosae 36.9 3.3

Myrtaceae 28.9 1.07
Polygaacese 175 0.48
tota for 10 commonest families 336.4 20.69
Totd for remaining families 209.1 8.44
Grand total 545.5 29.13
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In the 50- ha plot in Pasoh, the Dipterocarpaceae was the second most frequent family at
the size of 1 cm diameter and larger, forming just over 9% of the total stems, and
dominated basal area from this lower size class level, accounting from 24 % of the total
(Manokaran et al., 1991). Euphorbiaceae, the commonest family at Pasoh, formed only
6.2% of the tota basa area; members of the family are mostly sub canopy and
understorey species in lowland and hill forests in Peninsular Malaysia (Whitmore,
1973). Collectively, the ten commonest families contributed 71.0% to the total basal
area at Pasoh.

Table 3. Density and basal Area of theten Commonest Speciesin 1971 at
The Pasoh Forest reserve.
E=Emergent species, MC=main canopy species, U= under stor ey species.

Species Pasoh
Dengty Basd Area
(™) (n? ha™)
Scaphium macropodum 6.9 041
(MC Sterculacese)
Anisophyllea corneri 0.1 0.03
(U Rhizophoraces)
Gonocaryumgracile 0.3 0
(U Icacinaceae)
Gluta elegans 0.1 0
(MC Anarcadaceae)
Sanitary laevigara 3.3 0.19
(MC Burseracese)
Ixonaanthes icosandra 144 0.99
(MC Linaceae)
Shorea macroptera 4.1 0.32
(E Dipteracarpaceae)
Ochanostachys amentaceae 6.3 0.21
(MC Olacaceae)
Porterandia anisophylla 2.6 0.05
(U Rubiacese)
Shorea parvifolia 34 0.54
E Dipterocarpacese)
Shorea parvifolia 3.6 0.52
(E Dipterocarpaceae)
Sanitary tomentosa 3.8 0.26
(MC Burseraceae)
Trigoniastrum hypoleucum 13 0.03
(MC Trigoniacese)
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Xer osper mum noronhianum 15.6 0.41

(U Spaindaceae)

Cleistanthus sumatranus 12 0.18

(U Euphorbiaceae)

Dacryodes rugosa 10.6 0.24

(U Burseraceae)

Xantophyllum eurhynchum 74 0.11

(U Polygalaceee)

Saraca declinata 7.1 0.42

(U Leguminosae)

Koompasia malaccensis 6.5 1.06

(E Leguminosae)

Penstapadon motleyi 6.5 0.52

(MC Anacardiaceae)

All species of shorea 29.3 5.12

All species of Dipterocarpus 10.1 2.13

Totd for 10 commonest 93.3 4.55

species

Totd for remaining species 452.2 24.58

grand total 545.5 29.13
Species groups

The proportion of emergent species as a group were very high in Pasoh. Emergent

comprised of dipterocarpaceae in Pasoh Forest

Table 4. Proportion of the Species Group and Their Densitiesand Basal Area

in 1971 at Pasoh Forest Reserve.

Species Group Pasoh
Emergent
Species (% of tota spp.) 12.6
Density (ha'h) 82.4
Basd area (nf ha'l) 12.13
Main canopy species
Species (% of tota spp.) 46.2
density (ha®) 213.3
Basd area (nf ha'l) 10.92
Understorey species
Species (% of tota spp.) 39.6
Densty (ha'l) 246.4
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Basal area (n? ha') 5.99
(Pioneer + Late serid species)
Species (% of totd spp.) 14 (0.5+0.9)
Density (ha'h) 34  (0.4+3.0)
Basdl area (nf ha'l) 0.09 (0.01+0.08)
Totd Densty (hal) 545.5
Basd area(n? ha'l) 29.13

Source: Manokaran and Kochummen, 1990.

References

Allbrook, R.F. (1973). The soils of Pasoh Forest reserve, Negeri Sembilan. Malaysian
Forester 36:22-33

Ashton, P.S. (1976). Mixed dipterocarp forest and its variation with habitat in the
Maayan lowlands. are-evauation at Pasoh. Malaysian Forester 39: 56-72.

Burtt-Davy, J. (1938). The classification of Tropical Woody Vegetation types. Imperial
Forest Ingtitute. Paper No.13.

Dade, W.L. (1959). The rainfall of Maaya. Part |. Journal of tropical Geography
13:23-37.

Gobbett, D.J. (1972). Geological Map of the Malay Peninsula. Geological Society of
Maaysa, KuaaLumpur.

Kochummen, K.M. (1979). Pocket Check List of Timber Trees by J. Wyatt-Smith.
Malayan Forest Records No.17. Second revision.

Manokaran, N. and Lafrankie, J.V., Kochummen, K.M., Quah E.S., Klahn, J.E., Ashton,

P.S. and Hubbdll., P.S. (1990). Stand structure of Pasoh Forest Reserve, a lowland
rain forest in Peninsular Maaysia Journal of Tropical Forest Science 3(1):14-24.

162



Manual for Soil & Vegetation

Manokaran, N. and Lafrankie, J.V., and Rodlan Ismail (1991). structur and composition
of the Dipterocarpaceae in a lowland rain forest in Peninsular Malaysia. Pp. 317-331 in
Soerianegara, 1., Tjitrosomo, S.S., Umaly, R.C. and Umboh, I. (eds.). Prceedings of the
Fourth Round-Table Conference on Dipterocarps. Biotrop Special Publication No. 41,
SEAMEO BIOTROP, Bogor.

Manokaran, N. and Lafrankie, J.V., Kochummen, K.M., Quah E.S,, Klahn, J.E., Ashton,
P.S. and Hubbell., P.S. (1992). Stand Table and distribution of Species in the 50-ha
Research Plot at Pasoh Forest Reserve FRIM Research Data No.1. Forest Research
Ingtitute Maaysia, Kepong.

Ng, F.S.P. (ed.) (1978). Tree Flora of Malaya. Vol. 3. Longman, Kuaa Lumpur.

Ng, F.S.P. (ed.) (1989). Tree Flora of Malaya. Val. 4. Longman, Kuaa Lumpur.

Symington, C.F. (1943). Forester's Manual of Dipterocarps. Maayan Forest records
No. 16. Penerbitan Universiti Maaya, KudaLumpur.

Whitmore, T.C. (ed) (1972). Tree Flora of Malaya. Val. 1. Longman, Kuaa Lumpur.

Whitmore, T.C. (ed.) (1973). Tree Flora of Malaya. Vol.2. Longman, Kuaa Lumpur.

Whitmore, T.C. (1973). Euphorbiaceae. pp. 34-136 in Whitmore, T.C. 9ed.). Tree Flora
of Malaya. Longman, Kuala Lumpur.

Wong, Y.K. and Whitmore, T.C. (1970). On the influence of soil properties on species
digribution in aMdayan lowland dipterocarp rain forest. Malayan Forester 33: 42-54.

Wyatt-Smith, J. (1961). A note on the fresh-water swamp, lowland and hill forest types
of Maaya Malayan Forester 24:110-121.

Wyatt-Smith, J. (1964). A preliminary vegetation map of Malaya with descriptions of
the vegetation types. Journal of Tropical Geography 18: 200-213.

163






Manual for Soil & Vegetation

Appendix 1. Sensitivity of soil typesto acid deposition classified according to their inherent soil

factor in Japan

Low sensitive soils

Fluvisols (Gley soils, Gray lowland soils, Brown lowland soils)
Rendzic Leptosols (Rendzina-like soils)

Chromic Luvisols (Terra Rossalike soils, Chocolate Brown soils)
Chromic/Eutric Cambisols (Terra Fuska-like soils)

Vertic Cambisols and Chromic Vertisols(Grumsol-like soils)
Dystric/Humic Gleysols and Dystric Planosols (Stagnogley soils)
Umblic Andosols (Kuroboku soils)

Moderately sensitive soils

Cambisols (Brown forest soils, Y ellow-brown soils)
Podzols (Podzalic soils)

Haplic Andosols (Light colored Andosols)

Greysols (Illuvia paddy soils, Gray paddy soils)

High sensitive soils

Vitric Andosols (Pyroclastic regosol)

Umblic Andosols (Regosolic Andosol)

Fiblic Histosols (Peat soils)

Haplic/Ferric Alisols and Haplic/Ferric Acrisols (Red and yellow soils)
Dystric Gleysols/Planosols (Pseudo-gleys)

Lithic Leptosols (Coagulated lithosol)

Dystric/Eutric Regosols (Non-coagulated lithsol)

Note: Names of soil types are followed by FAO/UNESCO(1990). However, names in parentheses
are by “The Group of Japanese Pedologists’
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Appendix 2. Decline scale

Items Decline scale and observations
Vitality of tree 0. No damage 1. Slightly damaged

2. Evidently damaged 3. Severely damaged

4. Dead

0. Normal 1. Some branches lacking
Form of tree

2. Evidently wanting
4. Dead or almost dead

3. Severely wanting

Branch growth

0. Normal growth
2. Short and slender

1. Somewhat reduced
3. Extremely short

Dieback of stem

0. Not found
2. Evidently dieback
4. Completely dead

1. Slightly dieback
3. Severe dieback if found

Density of foliage

0. Healthy foliage
2. Sparse foliage

1. Unbalanced foliage
3. Very sparse with dead leaves

Deformation of

0. Normal

1. Slightly deformed

leaves 2. Evidently deformed 3. Completely deformed
Size of leaves 0. Normal 1. Somewhat small
2. Evidently small 3. Vey smdl
Color of leaves 0. Normal 1. Somewhat abnormal
2. Abnormal 3. Very abnormal

Injury of leaves

0. No symptoms
2. Bvidently injured

1. Slightly injured
3. Severely injured
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