
Attachment 1
Mann-Kendall Test/or an Upward Trend

The Mann-Kendall Test is a non-parametric statistical trend test in which the increases and
decreases in concentrations are compared to determine if a trend in concentrations is occurring.

The procedure for applying this test is as follows:

I. For n data points, assemble the data points in chronological order from earliest (Xl) to
latest (x.)

2. Form every possible combination of data pairs (x;. X.I:), such thatj<k.

3. Assign a value to each pair according to the following rule:

a. vex;,Xi) = +1, ifxj< Xi

b. V(Xi, X.i:) = -1, ifxj> Xi

c. V(Xj• Xt) = 0, if x; = Xi

Mann Kendal Worksheet

Data x, x, X;"'2 x; •.) .... x.
Points

v(xJ,x2) v(x2,x) v(x],x4) v(4"X.)

v(xl,x) V(X7,'X4) v(xn•2,xn)

V(X1,X4) v(xn.J,xJ

....

v(xl,xn)

Sum LV
4. Sum the values of all of the pairs.

5. Compare the value of the sum to a critical value corresponding to the specified
confidence level (e.g., 90% confidence level) and number of data points. Critical values
are available in Tables in Gilberti (n ~ 10) or in Hollander and Wolfe2 (n .:0; 40).

Gilben. R.O.. 1987. Statistical Methods for Environmental Pollution Monitoring, Van Nostrand Reinhold, New
York.

Hollander. M. and Wolfe. D.A .. 1973, NonparameO"ic Statistical Methods. Wiley, New York.
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6. If the value of the sum is higher than the critical value, then an upward trend is present. If
the value of the sum is less than or equal to the critical value, decide that no upward trend
is present.

Example Application of Mann Kendall Test

Date
1/512008

2/1712008
3/412008
41112008

5/1512008
61212008

712012008
9/15/2008
111212008

1211512008

Cone (ugl)
5

I'
12
10
15
12
II
10
14
12
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~ I~."
,3 :
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o
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Eumple Trend """lysis

'/

u .•••pr '-JurI 21..b1 9.sep ~g...oCI

DU.

Mann Kendal Worksheet

Data x, x, X3 X. x, x, x, x, x, x"
Points

1 -1 -1 -I -1 -1 -1 1 1

1 -1 J 1 -I -I 1 1
1 -1 0 1 -1 1 1

1 -1 -1 0 -1 0

1 -I -I 1 -I

1 -I 1 1
1 -I 0

1 -I

1

Sum 1

For n=) 0 and a 90 percent confidence level, the critical value is 19. As I <19, it follows that no
upward trend is present.
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Alternatively, ifthe following data was collected:

1/512008 5
211712008 7 "3/412008 12 "

4/112008 10 ••
= 12

5/1512008 15 ! 10

6/212008 12 ! •
7/2:012008 11

,
•9115/2008 10 ,

11/211008 '4 0

12/15/2008 17 '4·NOv

-_._._~~.._-

E:umple T'end Analysis

~·J8n 22·Fell ,2.Apr '-Jun 21·juI g·$e» 29-001 '8-0eo 8-Feb
Dol.

Mann Kendal Worksheet I
Data x, x, x, x. x, X. x x. X, x",
Points

1 I -1 1 -1 -1 -1 1 1

I 1 1 1 -I -1 1 1

1 J 0 1 -1 1 1

J I -1 0 -1 1 I
1 J -1 I 1 I

1 1 1 1 I

1 1 1

1 I

1

Swn 21

For n=l 0 and a 90 percent confidence level, the critical value is 19. As 23> 19, it follows that an
upward trend is present.
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