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1. Introduction

An Excd template is developed for the calculation of the annual trend statistics. This template is
created for the research project ”Air quality Assessment in the Baltic countries as a consequence of
local pollution and long range transport - a co-operation between Nordic and Baltic counties within the
framework of EMEP's 20-years Assessment” financed by the Nordiska Ministerradet. The template
can be exploited to calculation of trend statistics of any annual time serie. The procedure is based on
the nonparametric Mann-Kendall test for trend and the nonparametric Sen’s method for the magnitude
of the trend (Gilbert 1987). This procedure (Mann-Kendall test) is used since missing values are
allowed and the data need not conform any particular distribution. Sen’s method is not greatly affected
by gross data errors or outliers, and also it can be computed when data are missing. Sen’s estimator is
closely related to the Mann-Kendall test.

The calculation method, user’s manual and the macro text are given here.

2. Calculation of Mann-Kendall test and magnitude of the trend with the Sen’s
method

The procedure of the calculation of the nonparametric Mann-Kendall test for the trend and the
nonparametric Sen’s method for the magnitude of the trend of annual time serie is described here step
by step. The details of the theory are described in Gilbert 1987.

1/14



« Stepl.

The number of annual valuesin the studied data serie is denoted by » . Missing values are allowed so »
can be smaller than the number of yearsin the studied time serie.

The differences of annual valuesx are determined to compute the Mann-Kendall statistics.

The Mann-Kendall statistic is computed using formula

n1 n

S = ;j;lsgn(x, = X;)

where sgn(, —x,) isanindicator function that takes on the values 1, 0 or -1 according to sign of
difference x, —x, , where j >k :
L ifx,-x,>0
Sgn(xj.—xk)=H') if x,-x,=0.
%—1 if x,—x, <0

Vaues x; and x, aretheannual valuesintheyear j and & respectively. During this computing also

the slope estimates Q, are calculated because these same differences are needed. The number N of the
slope estimates 0;, N = n(n—1)/2 , are computed by the formula

_ X T X%

Qi - j—k
where j >k .
e Step2.

Next the variance of S is computed by following equation which takes into account that ties (equal-
valued) may be present:

10 2 0
VAR(S) = E%ﬂ(n ~Dn+5) -1, -2, +5)%

p=

where g is the number of tied groupsand ¢, isthe number of datain the p th group. But before
computing VAR(S) the datais checked to find all the tied groups and number of datain eachtied
group.

* Step 3.

S and VAR(S) are used to compute thetest statistic Z asfollows
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Jrar©)]”? y5<0

The presence of trend is evaluated using Z vaue. A positive (negative) value of Z indicates an
upward (downward) trend. The statistics Z has anormal distribution. The null hypothesis, H,, istrue if

thereis no trend and thus we use the standard normal table to decide whether to reject A . To test for
either upward or downward trend (atwo-tailed test) at o level of significance, H, isrgjected if the
absolutevalue of Z isgreater than Z,_,,, where Z,_,, is obtained from the standard normal tables.

In this procedure the existence and significance of trend istested by using four different a levels of
significance. The different a levelsused are @ = 0.1, a = 0.05, a =0.01 and a =0.001.

In the worksheet Trend statistics it is given as aresult the significance level of that trend marked by
+ if thereisatrend at the a = 0.1 levd,
* if thereisatrend at the a = 0.05 levd,
* if thereisatrend at the o = 0.01 level and
***  if thereisatrend at a =0.001 level respectively.

This means that when the mark is"***" the trend is very significant and when the mark is"+" the
signifigance of the trend isfairly poor, only 10%. If the mark is missing then there is not trend at
significancelevel a <0.1.

» Step4.

To estimate the true slope of existing trend (change per year) Sen’s nonparametric procedure is used.
The N = n(n -1)/2 dope estimates Q, have aready been computed earlier in the step 1.

The Sen’s estimator of slope is the median of these N valuesof Q, . The median of the N slope
estimates is obtained in the usual way. That is N valuesof Q, areranked from smallest to largest and

we compute
Sen'n estimator = OQlv+1)12] if V isodd and
1 . ,
E(Q[N/Z] + Q[(N+2)/2]) if Niseven
* Stepb.
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The 10Q(1- a) % two-sided confidence interval about the true slope is obtained by the nonparametric

technique. The used procedure is based on the normal distribution, that isvalid for » as small as 10
unless there are many ties.

This procedure computes the confidence interval at two different confidence coefficient; a = 0.01 and
a =0.05, resulting two different confidence intervals. The Z,_, , vaueis obtained from the standard

normal tables.
Atfirst itiscomputed C, = Z,_,,[VAR(S)]"*, where VAR(S) has been calculated earlier (step 2).

Next M, =(N-C,)/2 and M, =(N +(C,)/2 arecomputed. The lower and upper limits of the
confidenceinterval arethe A, thlargest and the (A, +1) thlargest of the N ordered slope estimates
0,.

-]

3. Users manual for this trend statistics template

This template has been made by Microsoft Excel 97 and trend-macro has been coded by using
Microsoft Visual Basic. Above described steps are also marked in the code as comments.

The template consists of two worksheets: Annual data and Trend statistics. Put (e.g. copy and paste
specia/values) your annual time series to the worksheet Annual data. Then activate the trend macro
by pushing the Calculate button in the worksheet. The worksheet Trend statistics will contain the
results of calculation..

3.1 Inputting the time series data

The only place where you can type input valuesis in the worksheet Annual data. You have to
type/paste time series data to the fixed places of worksheet.

You can input from 1 to 25 annual time series at once. Each time serie islocated into one column. If
you have missing annual values you leave the cell empty. Only one value per year is expected.
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2 = =3 2 ™ A [ -S| j
. F s

1 |Mann-kendall Test and Sen's S|D|CIE Estimates for Trend of Annual Data
2 |Copyrinht 2002 Finnish Meteorological Institute
3
; ;::l']: Urd Sectors Winter CALCULATE TREND

& | STATISTICS
T
8 |Number of time series in the caleulation: 0
9 |Number of annual values in the calculation: k) k) k) g k) g g g g g
10 | Select the FIRST YEAR of the calculation: 1988 1988 1988 1988 1988 1988 1988 1988 1988 1988
1| Select the LAST YEAR of the calculation: 1996 1996 1996 1996 1996 1996 1996 1996 1996 1996
12
12 Tear All nine nele else sels sisw sulw winw nwin undeterm
14 1388 34T 254 4,70 86T BT 5,35 4,38 273 227 382
15 1929 1493 138 115 3,25 188 202 28 1491 126 208
16 1330 1,06 043 120 188 140 244 208 060 060 102
7 EE] 146 056 161 2,70 112 11 144 051 023 188
] 1332 0,39 0,45 151 043 137 198 213 044 022 137
] 1333 133 0,639 123 153 2,28 254 2 0,54 0,35 1%1 |
20 1994 137 0,26 1,50 ok | E42 3,76 1,00 062 027 134
2 1995 07z 0,36 047 0,22 326 129 032 023 096
2z 1996 127 0,71 1,00 412 196 284 108 038 021 107
23
24

[ «4[p [pI/* Annual data & Trend Statistics  / ||

I nput data expected from you:

Row 13 starting from column B at most to Z (max 25 time series): Titles of the time series.

Column A starting from row 14: the continuous serie of yearsto be included in the statistics
calculation. The number of yearsis not limited.

- Rows10 and 11 starting from column B: First year and last year of datato be handled in trend
calculation. Every time serie have to get own starting and ending years. With these rows you can
easily determine various time spans for trend statistics calculation of each time serie.

- Starting from row 14 and columns from B at most to Z: Time series data values according to the
years given in the first column A. Onetime serie at one column. Columns must be filled from left
starting from the column B. The maximum number of data series you can giveis 25. If the annual
value is missing, leave the cell empty.

Please don’t add or remove rows in the beginning of this worksheet or add columns.
Y ou can add your own text to the empty cells below the title of the worksheet (rows 3-6).

Thereis no input data checkings in the trend-macro at al. If you get strange results or even errors,
please check the input data you have given. It isimportant that you fill the right cells. Those cells that
you mustn’'t change are protected.

Any kind of homogeneity test between time series are not done.

Y ou start calculation of the trend statistics by pushing the Calculate -button in the worksheet. The

Status bar near the bottom of the screen shows when the calculation process is ready. And then the
results of calculation appear to the Trend statistics worksheet.
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3.2

Trend statistics results

Theresults of trend statistic calculation are given in the worksheet Trend statistics. Results are given
for each time series in rows starting from row 6.

A | E [ [ | D | E | F | G | H | | | J | K | L—
| 1 |Mann-Kendzall Test and sen's Slope Estimates for Trend of Annual Walues =
| 2 |Copyright 2002 Finnish Meteorological Institute

3
| 4 | Kendall trend Sen slope estimate
| B |Time series First year_ast Year N Test £ signific. Q Gminii Gmazil Qmind% Gmaz05
| B | A AR AR F BRI -0,10 -0,69 0,08 -0.47 0,04
| 7 | ke AR AR & 118 -0,10 -0,48 0,09 0,40 0,05
| & |=ere ARRT ARAE & -1,36 -0,12 0,73 0,13 0,49 0,06
| 9 | edee ARTT iy & -0,12 -0,20 -212 047 -142 0,74
| 10| see oy oy ¥ -0, 0,16 -1.56 110 0,81 08
| 1| sl AR AR F 052 A -0,6E 0,81 -0,45 0,44 i
| 12 | s AR AR F S48 " 0,26 0,77 0,13 -0,E1 -0,
| 12 | e AR AR & -219 -0,10 -0,51 0,0z -0,38 -0,02
| 14 | sz ARRT ARAE & -850 -0,08 -0,50 0,01 -0,34 0,00
| 158 | wodevenTs ARRT ARAE & -2180 0,17 -0,55 0,09 0,43 -0,
| 15 | & & & &
| 17 | I & & &
| 12 | & 7 7 &
| 13| & 7 7 &
| 20 | & & & &
| 21 | & & & &
| 22 | & & & &
| 23 | & & & &
| 24 | I & & &
| 25 | & 7 7 &
| 26 | & 7 7 &
| 27 | & & & &
| 23 | & & & &
| 23 | & & & &
| =0 | I & & &

#H

2
44 » [ &nnual data % Trend Statistics / | ] LI w

The four first columns A-D arefilled automatically by the macro and these values are derived from the
worksheet Annual data. Thetrend calculation procedureisfilling in the rest of columns D-J when you
push the Calculate-button.

The columns in this worksheet have the following meanings:

Time series (column A): the titles of the time series are derived from worksheet Annual data
(fromthe row 9)

First year (column B): starting year of each time serie (from the worksheet Annual data)

Last year (column C): ending year of each time serie (from the worksheet Annual data)

N the number of annual values in the calculation

Test Z (column D): test statistics of the existence and significance of the trend. A positive
(negative) value of Z indicates an upward (downward) trend. The absolute value of Z is compared
to the standard normal table to decide if thereisatrend or not at the a level of significance.
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- Kendall trend signific.(column E): the trend significance. There is value
*** iftrend at @ = 0.001level of significance
** iftrendat @ = 0.01 level of significance
* iftrenda a = 0.05 leve of significance
+ iftrendat a = 0.1 level of significance
- Sen’s slope estimate Q (column F): Sen's estimator for the true slope of the trend i.e. change per
unit time (in this case ayear)
- Qmin01 (column G): the lower limit of the confidence interval when the confidence coefficient
a =0.01
- Qmax01 (column H): the upper limit of the confidence interval when the confidence coefficient
a =001
- Qmin0S (column I): the lower limit of the confidence interval when the confidence coefficient
a =0.05
- Qmax05 (column J): the upper limit of the confidence interval when the confidence coefficient
a =0.05

4. Litterature

Gilbert, R.O., 1987. Statistical methods for environmental pollution monitoring. Van Nostrand
Reinhold , New Y ork.
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Appendix 1. The trend statistics calculation macro of the template

Private Sub CB Cal culate_dick()

' Copyright 2002 Fi nnish Meteorol ogical Institute
' Anu MAatta & Tinp Sal m

' Version 1.0

DimfirstDataYear, nofCol, Col _i, startPlace As |nteger

"the result cells are better to be enmpty in the worksheet "Trend Statistics"
before calcul ation starts
Wor ksheets("Trend Statistics").Range("E6: K30") = ""

firstDataYear = Worksheets("Annual data").Range("FirstDataYear").value 'First
year of all data
nof Col = Worksheet s("Annual data").Range("TsCount").val ue "Nunber of col ums
i.e. time series
"Next calculate the trend statistics for each tinme series one at a tine
For Col i = 1 To nof Co
"First year of data of this tine serie
firstYear = Worksheets("Annual data").Cells(10, Col _i + 1)
"Find the row where the calculation is about to begin
startPlace = 14 + firstYear - firstDataYear
Call Calcul ateTrendStatistics(Col i + 1, startPlace) "call the subroutine
Next Col _i
End Sub

Sub Cal cul ateTrendStati stics(col no, rowno)

"This subroutine is called for each of the data series of Excel worksheet "Annual
Dat a".

"First the existence of trend is tested using Mann-Kendal |l test tool

"After that the Sen's slope estinator is eval uated.

"The results are displayed in the other worksheet of this Excel tenplate named
"Trend Statistics".

'The two subroutine input paranmeters are

‘colno - tells the colum nunmber which data is under consideration (data series
order nunber+1) and

‘rowno - tells the row nunber where the handling of this time series begins

Di m nof Years As | nteger nunber of years under consideration

Dimn As Long "true nunber of annual data i.e. missing values are not
consi der ed

Dim S As | nteger " Mann- kendal | statistic

Dim varS As Doubl e "the variance of S

Dim Z As Doubl e ‘test statistic

Di m nof Q As | nteger "nunmber of sl ope estimtes

Dimi As Integer
"Cal cul ate the nunber of years fromgiven starting and endi ng year

nof Years = Wirksheet s("Annual data"). Cells(11, col no) - Wrksheets("Annua
data").Cells(10, colno) + 1
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"The real number of annual values n have to be determ ned for conputing trend
statistics.

"If the cell is enpty it is understand as a m ssing val ue
n=2~0
For i = 0 To nofYears - 1
I f Not I|sEnpty(Wrksheets("Annual data").Cells(rowno + i, colno)) Then
n=n+1
End If
Next

1. First Conpute the Mann-Kendall statistic S

"In the same time as S is conputed, also the slope estimates are conputed
because

"both the cal culation nmethods are based in the sane differences of annua
val ues.

"The slope estimates are stored into the table named Qtable for the | ater use

Di m sign As Doubl e "sign variable, is used in calculation of S
Dim Q abl e() As Doubl e "table for the slope estimates
nofQ=n* (n- 1) / 2 "nunber of slope estinates.

ReDi m Qt abl e(nofQ - 1) As Doubl e

S=0
i =0 "used as index to table Qable
For k = 0 To nof Years - 2 "goes through all the years under consideration,

except the last year
I f Not I|sEnpty(Worksheets("Annual data").Cells(k + rowno, colno)) Then

"the cell is not enpty i.e. the value is not m ssing
kk = k + 1
For j = kk To nofYears - 1

If Not |sEnpty(Worksheets("Annual data").Cells(j + rowno, colno))
Then
"the cell is not enpty i.e. the value is not m ssing
sign = Wirksheets("Annual data").Cells(j + rowno, colno) -
Wor ksheet s(" Annual data").Cells(k + rowno, col no)
If sign > 0 Then

S=S+1

El self sign < 0 Then
S=S-1

End If

"conmpute now al so the slope estinate and store it into the

Qable(i) =sign/ (j - k)
i =i +1
End If
Next j
End If
Next Kk

table Q able

"2. Next conpute the variance VAR(S) of S

"Before that it is checked if ties are present i.e. equal-val ued annual data.
"These ties are taking i nto account when cal cul ati ng VAR(S)

Dim tiedSum As | nteger "correction factor due to ties in VAR(S) formula
tiedSum= 0
Cal I Consi derTi es(nof Years, rowno, colno, tiedSum "call subroutine

"Now the VAR(S) is actually calcul ated
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varS = (n * (n -

1) * (2 * n + 5)

- tiedSum / 18

3. Now conmpute the test statistic Z using S and its variance VAR(S)

If S >0 Then

Z=(S- 1) / sqgr(varS)
Elself S < 0 Then

Z=(S + 1)/ Sgr(var9)
El se

Z=0
End |f

"out put Z val ue

Wor ksheets("Trend Statistics").Cells(4 + colno,

"The absolute value of Z is conpared to critica
' obt ai ned from standard nornma

trend

"is evaluated by testing four

"al pha=0. 1
If Abs(Z) > 1.645 Then

Wor ksheets("Trend Statistics").Cells(4 + colno, 6)

End |f
"al pha=0. 05
If Abs(Z) > 1.96 Then

Wor ksheets("Trend Statistics").Cells(4 + colno, 6)

End If
"al pha=0. 01
If Abs(Z) > 2.576 Then

Wor ksheets("Trend Statistics").Cells(4 + colno, 6)

End |f
"al pha=0. 001
If Abs(Zz) > 3.292 Then

Wor ksheets("Trend Statistics").Cells(4 + colno, 6)

End |f

"4, Next we conpute the Sen’s estimator

t abl e.

5) =z

val ue Z[ 1-al pha/2] which is

The presence and significance of the

I
+

nxn

"k kN

Mk gk

di fferent al pha levels of significance.

of slope (here change per year).

"We al ready have computed nof Q val ues of slope estinmates Qinto the table

Q abl e .

"The nedi an of these slope estinates is the Sen’s estinator

of sl ope.

"To conpute the nedian slope the slope estinmates have to be ranked from

smal | est to |argest.

"The ranked values are stored into the other table called QableSort.

sorting
"the val ues of origina
m ni rum of Q esti nates.

Dim Qt abl eSort () As Doubl e

ReDi m ¢ abl eSort (nof Q -
Dimind As Integer

Dim m nV, maxV As Doubl e

Di mignoreV As Doubl e
sorting

Duri ng

Qable are distorted by a value smaller than the

1) As Double

"val ue that

"table of sorted slope estimates

is ignored in the origina

"The sl ope estimates are sorted using SELECTI ON SORT

ind =0
mnV = Qabl e(0)

"initialize the snallest val ue
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maxV = Qable(0) ’'initialize the largest value that we need when conparing
val ues
"Find first the snmallest and | argest val ue
For i =1 To nofQ - 1
If Qable(i) < mnV Then
mnV = Qable(i)
ind =i
End I f
If Qable(i) > nmaxV Then
maxV = Qabl e(i)

End If
Next i
QableSort(0) = mnV "Store the smallest Q value
ignoreV = mnVv - 10 "gets a value that is smaller than the small est Q val ue
Qable(ind) = ignorevV ’'when this value is found in Qable, it is ignored in
sorting
"now sort the val ues
For j =1 To nofQ- 1
m nV = maxV
For i = 0 To nofQ- 1
"find the mininumfromthe rest of the table
If QGable(i) <= mnV And Qable(i) > ignoreV Then
mnV = Qabl e(i)
ind =i
End |f
Next i
QableSort(j) = mnV
Qable(ind) = ignorev 'fromnow on this elenent of Qtable is ignored
Next j

"Sen’s estimator = nedian of the slope estinmates
If nofQMd 2 =0 Then 'nofQ is even

i =nofQ/ 2
Q= (QableSort(i) + QableSort(i - 1)) / 2
El se "nof Q i s odd
i = (nofQ+ 1) / 2
i =i -1 "because the first index is zero
Q= QableSort (i)
End |f

"out put Sen’n estimtor of slope
Wor ksheets("Trend Statistics").Cells(4 + colno, 7) = Q

5. Finally conpute the 100(1-al pha)% two-sided confidence interval about the
true sl ope.

"The confidence intervals are conputed by using two different confidence
coefficients al pha;

"al pha=0. 01 and al pha=0. 05.

"The used procedure is based on the normal distribution. The val ues of Z[1-
al pha/ 2] are obtained

"fromthe standard normal table.

Di m Cal pha As Doubl e

Dim ML As Doubl e "lower limt is the ML:th | argest ordered sl ope
estimate

Dim M2 As Doubl e "upper limt is the M+1:th | argest ordered sl ope
estimate

Di m MLi nt As | nteger "integer part of ML (>0)
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Dim M2i nt As | nteger "integer part of M2 (>0)
DimlowerLimt As Double
Di m upperLimt As Doubl e

"In the first case al pha=0.01. Then the correspondi ng Z[ 1-al pha/2] val ue used
here is Z[0.995]=2.576

Cal pha = 2.576 * Sqgr(varS)

Cal | Cal cul at eConfi dencel nterval (Cal pha, nofQ QableSort, lowerLimt,
upperLinit) "call subroutine

"output the | ower and upper linits of the confidence interval when the
confidence coefficient is 0.01

Wor ksheets("Trend Statistics").Cells(4 + colno, 8)

Wor ksheets("Trend Statistics").Cells(4 + colno, 9)

| ower Limt
upperLimt

"In the second case al pha=0.05. Then the corresponding value is Z[1-
al pha/ 2] =1. 96

Cal pha = 1.96 * Sqr(varS)

Cal | Cal cul at eConfi dencel nterval (Cal pha, nofQ QableSort, lowerLint,
upperLint) "cal |l subroutine

"output the | ower and upper linmts of the confidence interval when the
confidence coefficient is 0.05

Wor ksheets("Trend Statistics").Cells(4 + colno, 10)

Wor ksheets("Trend Statistics").Cells(4 + colno, 11)

| ower Limt
upperLinmt

End Sub

Sub Consi der Ti es(nof Years, rowno, colno, tiedSum

"This subroutine checks if ties (equal-valued data) are present.

"It stores number of data of all the found tied groups into the tenporary table.
"Then it calculates the correction factor (sum due to ties, that is part of the
VAR(S) fornul a.

"I nput paraneters:

"nof Years - nunber of years under consideration

"rowno - tells the row nunber where the handling of this tine series begins
"colno - tells the col um nunber which data is under consideration

"Subroutine returns the tiedSum - the correction factor to add VAR(S) fornul a.

DimtiedTabl e() As Doubl e "nunber of data in each tied group is stored into
tabl e
Di m maxt As | nteger " maxi mum nunber of tied groups

maxt = nof Years / 2

ReDi mti edTabl e(maxt - 1) As Doubl e

Di m nof Ti edG oups, nof Equal Val ues As | nteger

Di m exi st _already As Bool ean 'boolean variable that tells if the value is
al ready in tiedgroup

Di m conpar ativeV As Doubl e "value that is conpared to other val ues
"initialize the table by zeroes
For i =0 To maxt - 1
tiedTable(i) =0
Next

nof Ti edGroups = 0

For i = 0 To nofYears - 1 "i goes through all the years under
consi deration
exi st_already = Fal se "initializing
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nof Equal Val ues = 1 “initializing
I f Not |sEnpty(Worksheets("Annual data").Cells(i + rowno, colno)) Then

"if the cell is not enpty conpare it to other val ues
conparati veV = Wrksheet s("Annual data").Cells(i + rowno, col no)
If i <> 1 Then "first conpare to preceding val ues.

For j =0 Toi - 1

I f Worksheets("Annual data").Cells(j + rowno, colno) =
conparativeV Then

exi st_already = True "this value is already in tiedgroup
End |f
Next j
End If
I f exist_already <> True Then "this value is NOT already in tiedgroup
For j =i + 1 To nofYears - 1 ’'conpare now this value to

subsequent val ues
I f Worksheets("Annual data").Cells(j + rowno, colno) =
conparativeV Then
nof Equal Val ues = nof Equal Val ues + 1
End If
Next j
I f nof Equal Val ues > 1 Then
ti edTabl e( nof Ti edG oups) = nof Equal Val ues
nof Ti edGroups = nof Ti edG oups + 1

End If
End |f
End If
Next
"Now t he correction factor (sum is actually cal cul ated
Dimtp As Integer "nunber of data in the p th tied group of table
ti edTabl e
tiedSum= 0

I f nof Ti edG oups > 0 Then
"ties are present and they nmust be taken into account in equation
For i = 0 To nof TiedGoups - 1
tp = tiedTabl e(i)
tiedSum = tiedSum+ tp * (tp - 1) * (2 * tp + 5)
Next
End If

End Sub

Sub Cal cul at eConfi dencel nterval (Cal pha, nofQ QableSort, lowerLimt, upperLimt)
"This subroutine computes the confidence interval (upper limt and lower limt)
about the true sl ope.

| nput paraneters: Cal pha=Z[ 1-al pha/ 2],

’ nof Q - nunber of slope estimtes Q

' Q ableSort - table containing sorted slope estimtes Q
"Subroutine returns the lowerLinmt and upperLimt.

"compute ML ja M2

ML = (nofQ - Calpha) / 2 "The lower limt is the M.:th | argest ordered sl ope
estimate

M2 = (nofQ + Calpha) / 2 'The upper limt is the M+1:th |argest ordered sl ope
estimate
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If ML > 1 Then
"to be sure that index does not point outside QableSort
ML= ML - 1 "because the indexing of QableSort begins fromzero
MLint = Int(M) "find the integer part of M
"Interpolate the lower limt
lowerLinmt = QtableSort(Mint) + (ML - Mint) * (QableSort(Mint + 1) -
Q abl eSort (MLi nt))
El se
lowerLimt = QtableSort(0) 'usually in the case when no trend exi st
End |f

If M2 < nofQ- 1 Then
"to be sure that index does not point outside QableSort
M2i nt = I nt(M) "because the indexing of QtableSort begins from zero
"Interpolate the upper limt
upperLimt = QableSort(Mint) + (M - Mint) * (QableSort(Mint + 1) -
Q abl eSort (M2int))

El se
upperLimt = QableSort(nofQ - 1)
End |f
End Sub
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