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An Excel template is developed for the calculatíon 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 Ministerrådet. 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.  
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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.  
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•  Step 1. 
 
The number of annual values in the studied data serie is denoted by d . Missing values are allowed so e
can be smaller than the number of years in the studied time serie.  
 
The differences of annual values f are determined to compute the Mann-Kendall statistics.  
 
The Mann-Kendall statistic is computed using formula 
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where )sgn( mnpoo −  is an indicator function that takes on the values 1, 0 or -1 according to sign of 
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Values {|  and }~  are the annual values in the year �  and �  respectively. During this computing also 

the slope estimates ��  are calculated because these same differences are needed. The number �  of the 

slope estimates �Q� , 2/)1( −= ���
, are computed by the formula  
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•  Step 2.  
 
Next the variance of �  is computed by following equation which takes into account that ties (equal-
valued) may be present: 
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where �  is the number of tied groups and ��  is the number of data in the � th group. But before 

computing  )( ��  c¡
 the data is checked to find all the tied groups and number of data in each tied 

group. 
 
•  Step 3.  
 ¢

 and )( £¤ ¥c¦
 are used to compute the test statistic §  as follows  
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The presence of trend is evaluated using ¯  value. A positive (negative) value of °  indicates an 
upward (downward) trend. The statistics Z has a normal distribution. The null hypothesis, 0

±
, is true if 

there is no trend and thus we use the standard normal table to decide whether to reject 0

²
. To test for 

either upward or downward trend (a two-tailed test) at  α  level of significance, 0

³
 is rejected if the 

absolute value of ´  is greater than  21 α−
µ

, where 21 α−
¶

 is obtained from the standard normal tables. 

 
In this procedure the existence and significance of trend is tested by using four different α  levels of 
significance. The different α  levels used are 1.0=α , 05.0=α , 01.0=α  and 001.0=α .  

 
In the worksheet ·c¸#¹3º.»�¼ ½ ¾�½ ¿ ¼ ½ ¿ ÀÁ¼  it is given as a result the significance level of that trend marked by 

+  if there is a trend at  the 1.0=α  level,  
* if there is a trend at the 05.0=α  level,  
**   if there is a trend at the 01.0=α  level and  
***  if there is a trend at 001.0=α  level respectively.  
 

This means that when the mark is "***" the trend is very significant and when the mark is "+" the 
signifigance of the trend is fairly poor, only 10%. If the mark is missing then there is not trend at 
significance level 1.0<α . 
 
•  Step 4. 
 
To estimate the true slope of existing trend (change per year)  Sen’s nonparametric procedure is used. 
The 2/)1( −= ÂÂÃ

slope estimates ÄÅ  have already been computed earlier in the step 1.  
 
The Sen’s estimator of slope is the median of these Æ values of ÇÈ . The median of the É  slope 

estimates is obtained in the usual way. That is Ê values of ËÌ  are ranked from smallest to largest and 

we compute 
Sen'n estimator =  [ ]2/)1( +

ÍÎ      if Ï is odd and  

 

[ ] [ ]( )2/)2(2/2

1
++ ÐÐÒÑÑ   if Ó is even 

 
 
•  Step 5.  
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The )1(100 α− % two-sided confidence interval about the true slope is obtained by the nonparametric 
technique. The used procedure is based on the normal distribution, that is valid for Ô  as small as 10 
unless there are many ties. 
 
This procedure computes the confidence interval at two different confidence coefficient; 01.0=α  and 

05.0=α , resulting two different confidence intervals.  The 21 α−
Õ

 value is obtained from the standard 

normal tables.  
 

At first  it is computed [ ] 21
21 )( Ö× ØcÙÚÛ

αα −= , where )( ÜÝ Þ	ß
has been calculated earlier (step 2). 

 
Next 2/)(1 α

àáâ
−=  and 2/)(2 α

ãäå
+=  are computed. The lower and upper limits of the 

confidence interval are the 1

æ
 th largest and the )1( 2 +

ç
th largest of the è  ordered slope estimates éê . 
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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: þ�ÿ�ÿ���� ��� ��� �  and 	�

������� � ��� � � � � ��� . Put (e.g. copy and paste 
special/values) your annual time series to the worksheet ������������ ���! � . Then activate the  trend macro 
by pushing the "$#�% &�'�% #�( )+*�'�( ( ,.-  in the worksheet. The worksheet /10�2�3�465 7 8�7 9 5 7 9 :
5  will contain the 
results of calculation..  
 
 ;
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The only place where you can type input values is in the worksheet N�O�O�P�Q�R�S�Q�T Q . 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 is located 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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Input data expected from you: 
- Row U�V  starting from column W  at most to X  (max 25 time series): Titles of the time series.  
 
- Column Y starting from row Z.[�\ the continuous serie of  years to be included in the statistics 

calculation. The number of years is not limited.  
 
- Rows ].^  and _�_  starting from column ` : First year and last year of data to 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 a.b  and columns from c  at most to d : Time series data values according to the 

years given in the first column e . One time serie at one column. Columns must be filled from left 
starting from the column f . The maximum number of data series you can give is 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.  
You can add your own text to the empty cells below the title of the worksheet (rows g - h ).  
 
There is no input data checkings in the trend-macro at all. If you get strange results or even errors, 
please check the input data you have given. It is important 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. 
 
You start calculation of the trend statistics by pushing the i$j�k l�m�k j�n o�p q�m�n n r.s  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 t�u�v�w�x6y z {�z | y z | }
y  worksheet.  
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The results of trend statistic calculation are given in the worksheet �1�������6� � ��� � � � � �
� . Results are given 
for each time series in rows starting from row � . 
 
 

 
 
The four first columns � - �  are filled automatically by  the macro and these values are derived from the 
worksheet Annual data. The trend calculation procedure is filling in the rest of columns � - �  when you 
push the �$���  �¡�� ��¢ £
¤ ¥�¡�¢ ¢ ¦.§ .  
 
The columns in this worksheet have the following meanings: 
- ¨1© ªH«­¬ «
®�© «
¬  (column ¯ ): the titles of the time series are derived from worksheet °�±�±�²�³�´�µ�³�¶ ³  

(from the row · ) 
- ¸º¹ »�¼ ½�¾�¿
À�»  (column Á ): starting year of each time serie (from the worksheet Â�Ã�Ã�Ä�Å�Æ�Ç�Å�È Å ) 
- É�Ê�Ë Ì�Í�Î�Ê�Ï  (column Ð ): ending year of each time serie (from the worksheet Ñ$Ò�Ò�Ó�Ô�Õ�Ö�Ô�× Ô ) 
- Ø the number of annual values in the calculation  
- Ù�Ú
Û ÜÞÝ  (column ß ): test statistics of the  existence and significance of the trend. A positive 

(negative) value of à  indicates an upward (downward) trend. The absolute value of á  is compared 
to the standard normal table to decide if there is a trend or not at the α  level of significance.  
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- â�ã
ä�å�æ�ç ç�è é
ã
ä�å�ê ë ì�ä�ë í ë î
ï (column ð ): the trend significance. There is value 
***  if trend at 001.0=α  level of significance 
**     if trend at 01.0=α  level of significance 
*      if trend at 05.0=α  level of significance 
+      if trend at 1.0=α  level of significance 

- ñ�ò�óºô õ�õ ö ÷�ø�ò�ò
õ ù ú ûýü�ù ò6þ  (column ÿ ): Sen’s estimator for the true slope of the trend i.e. change per 
unit time (in this case a year) 

- ����� ���	�  (column 
 ): the lower limit of the confidence interval when the confidence coefficient 
01.0=α   

- ����
������  (column � ): the upper limit of the confidence interval when the confidence coefficient 
01.0=α  

- ����� �����  (column � ): the lower limit of the confidence interval when the confidence coefficient 
05.0=α  

- �������� "!  (column # ): the upper limit of the confidence interval when the confidence coefficient 
05.0=α  

 

$&%�')( * * +","-.*0/1,�+
 
Gilbert, R.O., 1987. Statistical methods for environmental pollution monitoring. Van Nostrand 
Reinhold , New York.  
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Pr i vat e Sub CB_Cal cul at e_Cl i ck( )  
’    Copy r i ght  2002 Fi nni sh Met eor ol ogi cal  I nst i t ut e 
'    Anu Määt t ä & Ti mo Sal mi  
'    Ver s i on 1. 0 
 
    Di m f i r s t Dat aYear ,  nof Col ,  Col _i ,  s t ar t Pl ace As I nt eger  
        
    ' t he r esul t  cel l s  ar e bet t er  t o be empt y i n t he wor ksheet  " Tr end St at i s t i cs "  
bef or e cal cul at i on s t ar t s  
    Wor ksheet s( " Tr end St at i s t i cs" ) . Range( " E6: K30" )  = " "  
     
    f i r s t Dat aYear  = Wor ksheet s( " Annual  dat a" ) . Range( " Fi r s t Dat aYear " ) . val ue  ' Fi r st  
year  of  al l  dat a 
    nof Col  = Wor ksheet s( " Annual  dat a" ) . Range( " TsCount " ) . val ue   ' Number  of  col umns 
i . e.  t i me ser i es 
    ' Nex t  cal cul at e t he t r end st at i s t i cs  f or  each t i me ser i es one at  a t i me 
    For  Col _i  = 1 To nof Col  
        ' Fi r s t  year  of  dat a of  t hi s  t i me ser i e 
        f i r s t Year  = Wor ksheet s( " Annual  dat a" ) . Cel l s( 10,  Col _i  + 1)  
        ' Fi nd t he r ow wher e t he cal cul at i on i s  about  t o begi n 
        s t ar t Pl ace = 14 + f i r s t Year  -  f i r s t Dat aYear  
        Cal l  Cal cul at eTr endSt at i s t i cs( Col _i  + 1,  s t ar t Pl ace)    ' cal l  t he subr out i ne 
    Next  Col _i  
End Sub 
 
Sub Cal cul at eTr endSt at i s t i cs ( col no,  r owno)  
' Thi s  subr out i ne i s  cal l ed f or  each of  t he dat a ser i es  of  Excel  wor ksheet  " Annual  
Dat a" .  
' Fi r s t  t he ex i s t ence of  t r end i s  t est ed us i ng Mann- Kendal l  t est  t ool .  
' Af t er  t hat  t he Sen' s  s l ope est i mat or  i s  eval uat ed.  
' The r esul t s  ar e di spl ayed i n t he ot her  wor ksheet  of  t hi s  Excel  t empl at e named 
" Tr end St at i s t i cs" .  
' The t wo subr out i ne i nput  par amet er s ar e:  
' col no -  t el l s  t he col umn number  whi ch dat a i s  under  consi der at i on ( dat a ser i es 
or der  number +1)  and 
' r owno -  t el l s  t he r ow number  wher e t he handl i ng of  t hi s  t i me ser i es begi ns 
 
    Di m nof Year s As I nt eger        ' number  of  year s under  consi der at i on 
    Di m n As Long      ' t r ue number  of  annual  dat a i . e.  mi ss i ng val ues ar e not  
consi der ed 
    Di m S As I nt eger         ' Mann- kendal l  s t at i s t i c  
    Di m var S As  Doubl e    ' t he var i ance of  S 
    Di m Z As Doubl e       ' t est  s t at i s t i c  
    Di m nof Q As  I nt eger     ' number  of  s l ope est i mat es 
    Di m i  As I nt eger  
 
    ' Cal cul at e t he number  of  year s  f r om gi ven s t ar t i ng and endi ng year  
    nof Year s = Wor ksheet s( " Annual  dat a" ) . Cel l s( 11,  col no)  -  Wor ksheet s( " Annual  
dat a" ) . Cel l s( 10,  col no)  + 1 
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    ’ The r eal  number  of  annual  val ues n have t o be det er mi ned f or  comput i ng t r end 
st at i s t i cs .  
    ’ I f  t he cel l  i s  empt y i t  i s  under st and as a mi ss i ng val ue.  
    n = 0 
    For  i  = 0 To nof Year s -  1 
        I f  Not  I sEmpt y( Wor ksheet s( " Annual  dat a" ) . Cel l s ( r owno + i ,  col no) )  Then 
            n = n + 1 
        End I f  
    Next  i  
 
    ’ 1.  Fi r s t  Comput e t he Mann- Kendal l  s t at i s t i c  S.  
    ’ I n t he same t i me as S i s  comput ed,  al so t he s l ope est i mat es ar e comput ed 
because 
    ’ bot h t he cal cul at i on met hods ar e based i n t he same di f f er ences of  annual  
val ues.  
    ’ The s l ope est i mat es ar e s t or ed i nt o t he t abl e named Qt abl e f or  t he l at er  use.  
    Di m s i gn As  Doubl e        ’ s i gn var i abl e,  i s  used i n cal cul at i on of  S 
    Di m Qt abl e( )  As Doubl e    ’ t abl e f or  t he s l ope est i mat es  
    nof Q = n *  ( n -  1)  /  2    ’ number  of  s l ope est i mat es.  
    ReDi m Qt abl e( nof Q -  1)  As Doubl e 
 
    S = 0 
    i  = 0   ’ used as i ndex t o t abl e Qt abl e 
    For  k  = 0 To nof Year s -  2      ’ goes t hr ough al l  t he year s under  consi der at i on,  
except  t he l ast  year  
        I f  Not  I sEmpt y( Wor ksheet s( " Annual  dat a" ) . Cel l s ( k  + r owno,  col no) )  Then 
            ’ t he cel l  i s  not  empt y  i . e.  t he val ue i s  not  mi ss i ng 
            kk  = k  + 1 
            For  j  = kk To nof Year s  -  1 
                I f  Not  I sEmpt y( Wor ksheet s ( " Annual  dat a" ) . Cel l s( j  + r owno,  col no) )  
Then 
                    ’ t he cel l  i s  not  empt y i . e.  t he val ue i s  not  mi ss i ng 
                    s i gn = Wor ksheet s( " Annual  dat a" ) . Cel l s( j  + r owno,  col no)  -  
Wor ksheet s( " Annual  dat a" ) . Cel l s( k  + r owno,  col no)  
                    I f  s i gn > 0 Then 
                        S = S + 1 
                    El seI f  s i gn < 0 Then 
                        S = S -  1 
                    End I f  
                    ’ comput e now al so t he s l ope est i mat e and st or e i t  i nt o t he 
t abl e Qt abl e 
                    Qt abl e( i )  = s i gn /  ( j  -  k)  
                    i  = i  + 1 
                End I f  
            Nex t  j  
        End I f  
    Next  k  
 
    ’ 2.  Next  comput e t he var i ance VAR( S)  of  S.  
     
    ’ Bef or e t hat  i t  i s  checked i f  t i es ar e pr esent  i . e.  equal - val ued annual  dat a.  
    ’ These t i es  ar e t ak i ng i nt o account  when cal cul at i ng VAR( S)  
    Di m t i edSum As I nt eger    ’ cor r ect i on f act or  due t o t i es i n VAR( S)  f or mul a 
    t i edSum = 0 
    Cal l  Consi der Ti es ( nof Year s,  r owno,  col no,  t i edSum)    ’ cal l  subr out i ne 
     
    ’ Now t he VAR( S)  i s  act ual l y  cal cul at ed 
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    var S = ( n *  ( n -  1)  *  ( 2 *  n + 5)  -  t i edSum)  /  18 
 
    ’ 3.  Now comput e t he t est  s t at i s t i c  Z us i ng S and i t s  var i ance VAR( S)  
    I f  S > 0 Then 
        Z = ( S -  1)  /  Sqr ( var S)  
    El seI f  S < 0 Then 
        Z = ( S + 1)  /  Sqr ( var S)  
    El se 
        Z = 0 
    End I f  
 
    ’ out put  Z val ue 
    Wor ksheet s( " Tr end St at i s t i cs" ) . Cel l s( 4 + col no,  5)  = Z 
 
    ’ The absol ut e val ue of  Z i s  compar ed t o cr i t i cal  val ue Z[ 1- al pha/ 2]  whi ch i s  
    ’ obt ai ned f r om st andar d nor mal  t abl e.  The pr esence and s i gni f i cance of  t he 
t r end 
    ’ i s  eval uat ed by t est i ng f our  di f f er ent  al pha l evel s  of  s i gni f i cance.  
    ’ al pha=0. 1 
    I f  Abs( Z)  > 1. 645 Then 
        Wor ksheet s( " Tr end St at i s t i cs" ) . Cel l s( 4 + col no,  6)  = " +"  
    End I f  
    ’ al pha=0. 05 
    I f  Abs( Z)  > 1. 96 Then 
        Wor ksheet s( " Tr end St at i s t i cs" ) . Cel l s( 4 + col no,  6)  = " * "  
    End I f  
    ’ al pha=0. 01 
    I f  Abs( Z)  > 2. 576 Then 
        Wor ksheet s( " Tr end St at i s t i cs" ) . Cel l s( 4 + col no,  6)  = " * * "  
    End I f  
    ’ al pha=0. 001 
    I f  Abs( Z)  > 3. 292 Then 
        Wor ksheet s( " Tr end St at i s t i cs" ) . Cel l s( 4 + col no,  6)  = " * * * "  
    End I f  
 
    ’ 4.  Next  we comput e t he Sen’ s  est i mat or  of  s l ope ( her e change per  year ) .  
    ’ We al r eady  have comput ed nof Q val ues  of  s l ope est i mat es  Q i nt o t he t abl e 
Qt abl e .  
    ’ The medi an of  t hese s l ope est i mat es i s  t he Sen’ s  est i mat or  of  s l ope.  
    ’ To comput e t he medi an s l ope t he s l ope est i mat es have t o be r anked f r om 
smal l est  t o l ar gest .  
    ’ The r anked val ues ar e s t or ed i nt o t he ot her  t abl e cal l ed Qt abl eSor t .  Dur i ng 
sor t i ng 
    ’ t he val ues  of  or i gi nal  Qt abl e ar e di s t or t ed by a val ue smal l er  t han t he 
mi ni mum of  Q es t i mat es.  
  
    Di m Qt abl eSor t ( )  As Doubl e     ’ t abl e of  sor t ed s l ope es t i mat es  
    ReDi m Qt abl eSor t ( nof Q -  1)  As Doubl e 
    Di m i nd As I nt eger  
    Di m mi nV,  maxV As  Doubl e 
    Di m i gnor eV As Doubl e    ’ val ue t hat  i s  i gnor ed i n t he or i gi nal  Qt abl e when 
sor t i ng 
 
    ’ The s l ope est i mat es ar e sor t ed us i ng SELECTI ON SORT 
    i nd = 0 
    mi nV = Qt abl e( 0)   ’ i ni t i al i ze t he smal l est  val ue 
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    maxV = Qt abl e( 0)   ’ i ni t i al i ze t he l ar gest  val ue t hat  we need when compar i ng 
val ues 
    ’ Fi nd f i r s t  t he smal l est  and l ar gest  val ue 
    For  i  = 1 To nof Q -  1 
        I f  Qt abl e( i )  < mi nV Then 
            mi nV = Qt abl e( i )  
            i nd = i  
        End I f  
        I f  Qt abl e( i )  > maxV Then 
            maxV = Qt abl e( i )  
        End I f  
    Next  i  
    Qt abl eSor t ( 0)  = mi nV    ’ St or e t he smal l est  Q val ue 
    i gnor eV = mi nV -  10    ’ get s  a val ue t hat  i s  smal l er  t han t he smal l es t  Q val ue 
    Qt abl e( i nd)  = i gnor eV  ’ when t hi s  val ue i s  f ound i n Qt abl e,  i t  i s  i gnor ed i n 
sor t i ng 
    ’ now sor t  t he val ues 
    For  j  = 1 To nof Q -  1 
        mi nV = maxV 
        For  i  = 0 To nof Q -  1 
            ’ f i nd t he mi ni mum f r om t he r est  of  t he t abl e 
            I f  Qt abl e( i )  <= mi nV And Qt abl e( i )  > i gnor eV Then 
                mi nV = Qt abl e( i )  
                i nd = i  
            End I f  
        Next  i  
        Qt abl eSor t ( j )  = mi nV 
        Qt abl e( i nd)  = i gnor eV   ’ f r om now on t hi s  el ement  of  Qt abl e i s  i gnor ed 
    Next  j  
 
    ’ Sen’ s  est i mat or  = medi an of  t he s l ope est i mat es 
    I f  nof Q Mod 2 = 0 Then  ’ nof Q i s  even 
        i  = nof Q /  2 
        Q = ( Qt abl eSor t ( i )  + Qt abl eSor t ( i  -  1) )  /  2 
    El se                    ’ nof Q i s  odd 
        i  = ( nof Q + 1)  /  2 
        i  = i  -  1    ’ because t he f i r s t  i ndex i s  zer o 
        Q = Qt abl eSor t ( i )  
    End I f  
 
    ’ out put  Sen’ n est i mat or  of  s l ope 
    Wor ksheet s( " Tr end St at i s t i cs" ) . Cel l s( 4 + col no,  7)  = Q 
 
    ’ 5.  Fi nal l y  comput e t he 100( 1- al pha) % t wo- s i ded conf i dence i nt er val  about  t he 
t r ue s l ope.  
    ’ The conf i dence i nt er val s  ar e comput ed by us i ng t wo di f f er ent  conf i dence 
coef f i c i ent s  al pha;  
    ’ al pha=0. 01 and al pha=0. 05.  
    ’ The used pr ocedur e i s  based on t he nor mal  di s t r i but i on.  The val ues of  Z[ 1-
al pha/ 2]  ar e obt ai ned 
    ’ f r om t he s t andar d nor mal  t abl e.  
    Di m Cal pha As Doubl e 
    Di m M1 As Doubl e        ’ l ower  l i mi t  i s  t he M1: t h l ar ges t  or der ed s l ope 
es t i mat e 
    Di m M2 As Doubl e        ’ upper  l i mi t  i s  t he M2+1: t h l ar gest  or der ed s l ope 
es t i mat e 
    Di m M1i nt  As I nt eger       ’ i nt eger  par t  of  M1 ( >0)  
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    Di m M2i nt  As I nt eger       ’ i nt eger  par t  of  M2 ( >0)  
    Di m l ower Li mi t  As  Doubl e 
    Di m upper Li mi t  As  Doubl e 
 
    ’ I n t he f i r s t  case al pha=0. 01.  Then t he cor r espondi ng Z[ 1- al pha/ 2]  val ue used 
her e i s  Z[ 0. 995] =2. 576 
    Cal pha = 2. 576 *  Sqr ( var S)  
    Cal l  Cal cul at eConf i denceI nt er val ( Cal pha,  nof Q,  Qt abl eSor t ,  l ower Li mi t ,  
upper Li mi t )    ’ cal l  subr out i ne 
 
    ’ out put  t he l ower  and upper  l i mi t s  of  t he conf i dence i nt er val  when t he 
conf i dence coef f i c i ent  i s  0. 01 
    Wor ksheet s( " Tr end St at i s t i cs" ) . Cel l s( 4 + col no,  8)  = l ower Li mi t  
    Wor ksheet s( " Tr end St at i s t i cs" ) . Cel l s( 4 + col no,  9)  = upper Li mi t  
 
    ’ I n t he second case al pha=0. 05.  Then t he cor r espondi ng val ue i s  Z[ 1-
al pha/ 2] =1. 96 
    Cal pha = 1. 96 *  Sqr ( var S)  
    Cal l  Cal cul at eConf i denceI nt er val ( Cal pha,  nof Q,  Qt abl eSor t ,  l ower Li mi t ,  
upper Li mi t )    ’ cal l  subr out i ne 
 
    ’ out put  t he l ower  and upper  l i mi t s  of  t he conf i dence i nt er val  when t he 
conf i dence coef f i c i ent  i s  0. 05 
    Wor ksheet s( " Tr end St at i s t i cs" ) . Cel l s( 4 + col no,  10)  = l ower Li mi t  
    Wor ksheet s( " Tr end St at i s t i cs" ) . Cel l s( 4 + col no,  11)  = upper Li mi t  
 
End Sub 
 
Sub Cons i der Ti es( nof Year s,  r owno,  col no,  t i edSum)  
’ Thi s  subr out i ne checks i f  t i es ( equal - val ued dat a)  ar e pr esent .  
’ I t  s t or es number  of  dat a of  al l  t he f ound t i ed gr oups  i nt o t he t empor ar y  t abl e.  
’ Then i t  cal cul at es t he cor r ect i on f act or  ( sum)  due t o t i es,  t hat  i s  par t  of  t he 
VAR( S)  f or mul a.  
’ I nput  par amet er s:  
’ nof Year s -  number  of  year s under  consi der at i on 
’ r owno -  t el l s  t he r ow number  wher e t he handl i ng of  t hi s  t i me ser i es begi ns 
’ col no -  t el l s  t he col umn number  whi ch dat a i s  under  consi der at i on 
’ Subr out i ne r et ur ns t he t i edSum -  t he cor r ect i on f act or  t o add VAR( S)  f or mul a.  
     
    Di m t i edTabl e( )  As Doubl e     ’ number  of  dat a i n each t i ed gr oup i s st or ed i nt o 
t abl e 
    Di m maxt  As  I nt eger                 ’ maxi mum number  of  t i ed gr oups 
    maxt  = nof Year s /  2 
    ReDi m t i edTabl e( maxt  -  1)  As Doubl e 
    Di m nof Ti edGr oups ,  nof Equal Val ues As I nt eger  
    Di m ex i s t _al r eady  As Bool ean  ’ bool ean var i abl e t hat  t el l s  i f  t he val ue i s  
al r eady i n t i edgr oup 
    Di m compar at i veV As Doubl e   ’ val ue t hat  i s  compar ed t o ot her  val ues 
    ’ i ni t i al i ze t he t abl e by  zer oes 
    For  i  = 0 To maxt  -  1 
        t i edTabl e( i )  = 0 
    Next  i  
     
    nof Ti edGr oups = 0 
    For  i  = 0 To nof Year s -  1      ’ i  goes t hr ough al l  t he year s under  
consi der at i on 
        ex i s t _al r eady  = Fal se   ’ i ni t i al i z i ng 
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        nof Equal Val ues = 1      ’ i ni t i al i z i ng 
        I f  Not  I sEmpt y( Wor ksheet s( " Annual  dat a" ) . Cel l s ( i  + r owno,  col no) )  Then 
            ’ i f  t he cel l  i s  not  empt y compar e i t  t o ot her  val ues 
            compar at i veV = Wor ksheet s( " Annual  dat a" ) . Cel l s( i  + r owno,  col no)  
            I f  i  <> 1 Then    ’ f i r s t  compar e t o pr ecedi ng val ues.  
                For  j  = 0 To i  -  1 
                    I f  Wor ksheet s( " Annual  dat a" ) . Cel l s ( j  + r owno,  col no)  = 
compar at i veV Then 
                        ex i s t _al r eady = Tr ue   ’ t hi s  val ue i s  al r eady i n t i edgr oup 
                    End I f  
                Next  j  
            End I f  
            I f  ex i s t _al r eady  <> Tr ue Then   ’ t hi s  val ue i s NOT al r eady i n t i edgr oup 
                For  j  = i  + 1 To nof Year s  -  1  ’ compar e now t hi s  val ue t o 
subsequent  val ues 
                    I f  Wor ksheet s( " Annual  dat a" ) . Cel l s ( j  + r owno,  col no)  = 
compar at i veV Then 
                        nof Equal Val ues = nof Equal Val ues + 1 
                    End I f  
                Next  j  
                I f  nof Equal Val ues > 1 Then 
                    t i edTabl e( nof Ti edGr oups)  = nof Equal Val ues 
                    nof Ti edGr oups = nof Ti edGr oups + 1 
                End I f  
            End I f  
        End I f  
    Next  i  
 
    ’ Now t he cor r ect i on f act or  ( sum)  i s  act ual l y  cal cul at ed 
    Di m t p As I nt eger       ’ number  of  dat a i n t he p t h t i ed gr oup of  t abl e 
t i edTabl e 
    t i edSum = 0 
 
    I f  nof Ti edGr oups > 0 Then 
    ’ t i es  ar e pr esent  and t hey must  be t aken i nt o account  i n equat i on 
        For  i  = 0 To nof Ti edGr oups  -  1 
            t p = t i edTabl e( i )  
            t i edSum = t i edSum + t p *  ( t p -  1)  *  ( 2 *  t p + 5)  
        Next  i  
    End I f  
     
End Sub 
 
Sub Cal cul at eConf i denceI nt er val ( Cal pha,  nof Q,  Qt abl eSor t ,  l ower Li mi t ,  upper Li mi t )  
’ Thi s  subr out i ne comput es t he conf i dence i nt er val  ( upper  l i mi t  and l ower  l i mi t )  
’ about  t he t r ue s l ope.  
’ I nput  par amet er s:   Cal pha=Z[ 1- al pha/ 2] ,  
’                    nof Q -  number  of  s l ope est i mat es Q 
’                    Qt abl eSor t  -  t abl e cont ai ni ng sor t ed s l ope est i mat es Q 
’ Subr out i ne r et ur ns t he l ower Li mi t  and upper Li mi t .  
 
    ’ comput e M1 j a M2 
    M1 = ( nof Q -  Cal pha)  /  2 ’ The l ower  l i mi t  i s  t he M1: t h l ar gest  or der ed s l ope 
es t i mat e 
    M2 = ( nof Q + Cal pha)  /  2 ’ The upper  l i mi t  i s  t he M2+1: t h l ar ges t  or der ed s l ope 
es t i mat e 
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    I f  M1 > 1 Then 
    ’ t o be sur e t hat  i ndex does not  poi nt  out s i de Qt abl eSor t  
        M1 = M1 -  1     ’ because t he i ndexi ng of  Qt abl eSor t  begi ns f r om zer o 
        M1i nt  = I nt ( M1)  ’ f i nd t he i nt eger  par t  of  M1 
        ’ I nt er pol at e t he l ower  l i mi t  
        l ower Li mi t  = Qt abl eSor t ( M1i nt )  + ( M1 -  M1i nt )  *  ( Qt abl eSor t ( M1i nt  + 1)  -  
Qt abl eSor t ( M1i nt ) )  
    El se 
        l ower Li mi t  = Qt abl eSor t ( 0)  ’ usual l y  i n t he case when no t r end ex i s t  
    End I f  
 
    I f  M2 < nof Q -  1 Then 
    ’ t o be sur e t hat  i ndex does not  poi nt  out s i de Qt abl eSor t  
        M2i nt  = I nt ( M2)    ’ because t he i ndexi ng of  Qt abl eSor t  begi ns f r om zer o 
        ’ I nt er pol at e t he upper  l i mi t  
        upper Li mi t  = Qt abl eSor t ( M2i nt )  + ( M2 -  M2i nt )  *  ( Qt abl eSor t ( M2i nt  + 1)  -  
Qt abl eSor t ( M2i nt ) )  
    El se 
        upper Li mi t  = Qt abl eSor t ( nof Q -  1)  
    End I f  
 
End Sub 
 
 
 


