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TESTING FOR TRENDS IN WATER-QUALITY DATA USING THE STATISTICAL ANALYSIS SYSTEM

By Charles G. Crawford, James R. Slack, and Robert M. Hirsch

ABSTRACT

Two nonparametric procedures to test for trends in water-quality data
(SEASKEN AND SEASRS) have been developed for the Statistical Analysis System*
(SAS). The procedure SEASKEN tests for a monotonic trend in time by a modified
form of Kendall's tau, the Seasonal Kendall test. The procedure SEASRS tests
for a step trend between two different periods in a time series using a modi-
fied form of the Wilcoxon (Mann-Whitney) rank sum test, the Mann-Whitney-
Wilcoxon rank sum test for seasonal data. Examples are presented using the
two procedures. The source code and user's guide for each of the two procedures
are also presented.

Procedures for flow adjusting water-quality data by the SAS procedures
REG and SYSREG and techniques for plotting water-quality data as a time series
by the SAS procedure PLOT are presented.

Additionally, examples are presented to demonstrate the use of the U.S.
Geological Survey procedures QWRETR, DVRETR, QWSAS, and DVINPUT to retrieve

data from the Geological Survey WATSTORE system and make it available to SAS.

INTRODUCTION
Increased public concern over the quality of the Nation's rivers in the
past several decades has led Federal, State, and local officials to implement
or greatly expand existing water-quality monitoring programs. Examples of
such programs are the Geological Survey's Benchmark and NASQAN networks
(see Briggs, 1978). Most of these monitoring programs have as a goal the

detection of trends in water quality.

* Use of brand and firm trade names in this report is for identification pur-
poses only and does not constitute endorsement by the U.S. Geological Survey.



Techniques of trend detection in water-quality data have correspondingly
received much attention recently in the literature (see, for example, Fuller
and Tsokos, 1971; Lettenmaier, 1976; and Hirsch and others, 1982). Most of
the trend detection methods presented to date are based on classical (para-
metric) hypothesis testing. However, because of the nature of water-quality
data (typically skewed, serially correlated, and showing seasonality), many
of the assumptions underlying classical hypothesis tests are not met, rendering
them inappropriate. (For a discussion of the problems associated with these
tests, the reader is referred to Smith and others, 1982.) Recently, however,
thinking has begun to shift toward distribution-free (nonparametric) tests
that have less restrictive assumptions than their classical counterparts and
are therefore less sensitive to the distribution of the water-quality time
series.

This report describes procedures in the Statistical Analysis System (SAS)
that can appropriately be used to detect trends in water-quality data. The
report describes the use of both the standard procedures provided with SAS and
two additional procedures, SEASKEN and SEASRS. A working knowledge of SAS by
the reader is assumed. The report was written primarily for user's of the
U.S. Geological Survey's WATSTORE data base and Amdahl computer system; however,
the source code for the SAS macros and procedures are included in the appendices.
The user's guide for the SEASKEN and SEASRS procedures are also included in the
appendices.

RETRIEVING DATA FROM THE WATSTORE DAILY VALUES AND WATER QUALITY FILES

In order to use SAS on water-quality data, it is first necessary to get the
data into a SAS data set. A SAS data set is a collection of data observations
addressable by SAS procedures. Each observation has one or more variables asso-
ciated with it. For more information about SAS data sets, see SAS Institute, Inc.

2



(1979) or SAS Institute, Inc. (1982a). Data can be entered into a SAS data set
from data cards in the job stream or by reading data stored on disk or tape
files. When using data from the WATSTORE file, one of the standard Survey
retrieval procedures must first be used. One of two Survey applications programs
(PROC QWSAS or the DVINPUT macro) is then called to convert the standard retrieval
output into a SAS data set. FROC QWSAS is a SAS procedure that produces a SAS
data set from the standard water quality file retrieval procedure QWRETR.

PROC QWSAS is described in detail in the WATSTORE user's guide, volume 3,

chapter 1V, section R. DVINPUT is a SAS macro that converts output from the
-WATSTORE daily values file retrieval, DVRETR, to a SAS ‘ata set. Use of the
DVINPUT macro is described in the WATSTORE message SAS documentation section
(member WRDO6). The standard retrieval procedures, DVRETR and QWRETR, are
discussed in the WATSTORE user's guide, volumes 1 and 3, respectively.

Figure 1 shows example input using the QWRETR and QWSAS procedures. This
example retrieves twelve parameters - two streamflow parameters (00060 & 00061)
and ten water-quality constituents - for three stations from the water quality
file. Both daily mean streamflow (parameter code 00060) and instantaneous stream-
flow (00061) should be retrieved. For purposes of this test, the mean streamflow
may be used if the instantaneous streamflow is missing. PROC QWSAS creates a
SAS data set named DATAl containing the station identification number and the
eleven parameters requested in the QWRETR procedure. The parameter values are
stored in variables named Pnnnnn where nnnnn is the WATSTORE parameter codes
given in the retrieval list. 1In addition, the variables YEAR, MONTH, DAY, DATE,
DECTIME, and SNAME were requested in the QWSAS statement. The variable DATE is
the day on which the sample was collected, in days since January 1, 1960.

DECTIME is a decimal number representing the time the sample was collected, in
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years. These two forms of sample collection time are useful in plotting the
data as time series. Additionally, the variable DATE may be formatted in
several different ways (see SAS Institute, Inc., 1982a, p. 409). SNAME is the
variable containing the station name.

The variable DECTIME is required to use the SAS procedures SEASKEN and
SEASRS. For data sets that do not already include the variable DECTIME, it
can be easily generated using the following statement in a SAS data step:

DECTIME = YEAR(DT)+(JULDATE(DT)-YEAR(DT)*1000)/365;, (1)
where DT is the date the observation was made.
An example use of this is shown in figure 2.

The example in figure 1 also sorts and prints the information retrieved
by station. Finally, the data is stored as file TREND.MONTHLY in the data set
USERID.FILENAME on a direct access device for later analysis. Line 16 describes
the existing file to be used for data storage, and line 24 copies the data to
the disk file. For information on creating disk data sets on the USGS Amdahl
computer system, see the USGS Computer Users Manual, Chapter 5.

To adapt this example input to a specific application, the user will need
to (1) substitute the six digit volume number of the appropriate water quality
back file tape for 118545 in lines 3 and 5; (2) substitute the appropriate re-
trieval dates on the master control card on line 7; (3) change the retrieval and
output list as desired on lines 9 and 10; (4) substitute the desired station
numbers in lines 11 through 13 (and delete or add D cards as required);

(5) substitute an appropriate data set name in the DSN = field on line 16;
and (6) change the variables 1ist in lines 22 and 23 to agree with the parameters

listed in the retrieval 1ist and PROC QWSAS optional variables.
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The 1ines in the QWRETR example in figure 1 do the following:
Line 1. Job control.

2. Class (extension of line 1).

3. Instructs the computer operator to mount the specified backfile
tape.

4, Invokes the WRD cataloged procedure library.

5. Invokes the procedure QWRETR and specifies the mounted backfile
tape to be used in the retrieval.

6. Establishes that data for QWRETR follow.

7. Specifies that data from both the current and backfile are to be
retrieved for the period October 1, 1968, to September 30, 1981.

8. Specifies that QWSAS will be invoked as an application program.

9. Restricts the retrieval to the listed parameteré only.

10. Restricts the output 1ist to the listed parameters only.

11-13. Specifies the stations to be included in the retrieval.

14. Job control language step separator card (step delimiter).

15. Invokes the procedure WRDSAS (WRD modified version of SAS).

16. Defines existing direct access data set to be used for storage
of the retrieved data.

17. Establishes that SAS instructions follow.

18. Invokes the procedure QWSAS and requests the variables YEAR,
MONTH, DAY, DATE, DECTIME, and SNAME to be included in the data set
created in Tine 23 below.

19. Uses mean streamflow (parameter code 00060) if instantaneous
streamflow (00061) is missing, and discards the mean streamflow
parameter.

20. Sorts data set in order of variables listed in BY statement.

21. Prints data set.



22-23. Selects and orders variables to be included in print of data set.
24. Creates file TREND.MONTHLY containing the retrieved data and
stores it in the data set USERID.FILENAME.
5. Step delimiter.
26. End of job.

Figure 2 shows example input using the DVRETR and DVINPUT macro procedures.
This example retrieves streamflow, suspended-sediment concentration, and suspended-
sediment discharge from the daily values file for-one station. The DVINPUT
macro creates a SAS data set containing the station identification number,
parameter code, value, date, and the optional variable requested on the DVINPUT
statement, station name. The variable PARMCODE contains the values of the
WATSTORE parameter codes in the retrieval list. This format of the data set
is awkward since all the variables requested in the retrieval list are combined
into different observations of the variable PARMCODE. The statements in lines
16 through 31 convert the initial SAS data set into one containing the station
identification number, station name, date, P00060, P80154, and P80155. 1In
addition, lines 27 and 28 add the variables Y (year), J (Julian date), and
DECTIME for each observation, and lines 29 through 31 add variable labels for
suspended-sediment concentration, suspended-sediment discharge, and streamflow.

This example also sorts and prints the data contained in the modified
data set named TEMP. Finally, the data set is stored as the file TREND.DAILY
on the data set USERID.FILENAME on a direct access device,

Note that DVINPUT is a SAS macro and not a SAS procedure. It is not

preceded by the statement PROC or followed by a semicolon.



To adapt this example setup to a specific application, the user will need
to 1) substitute the six-digit volume number of the appropriate daily values
backfile tape for 115620 in lines 3 and 5; 2) substitute the appropriate
retrieval dates on the master control card on line 7; 3) change the retrieval and
output list as desired on lines 8 and 9; 4) substitute the desired station numbers
in 1ine 10 (add or delete D cards as required); 5) change lines 18-20 and 29-31
appropriately; 6) substitute an appropriate data set name in the DSN = field
on line 13; and 7) change the variable 1ist in line 33 to agree with the para-
meters listed in the retrieval list and the DVINPUT optional variables.

The lines in the DVRETR example input of figure 2 do the following:

Line 1. Job control.

2. Class (extension of line 1).

3. Instructs the computer operator to mount the specified backfile
tape.

4, Invokes the WRD cataloged procedure library.

5. Invokes the procedure DVRETR with AGENCY=USGS being the agency
code and specifies the mounted backfile tape to be used in the
retrieval.

6. Establishes that data cards for DVRETR follow.

7. Establishes that data from both the current and backfile are to
be retrieved for the period October 1, 1970, to September 30, 1980.

8. Restricts the retrieval to the listed parameters only.

9. Restricts retrieval to listed statistics codes only.

10. Specifies the station to be included in the retrieval.
11. Step delimiter.
12. Invokes the procedure WRDSAS and defines the temporary data set

containing retrieval data and supplies the macro DV.



13. Defines existing direct access data set to be used for storage of
the retrieved data.

14. Establishes that SAS instructions follow.

15. Invokes the macro DVINPUT and requests that the variable SNAME
be included in the created SAS data set.

16-31. Converts the SAS data set.

32. Sorts data set in order of variables listed in BY statement.

33. Prints the variables in the VAR statement in the order they are
Tisted in the VAR statement.

34, Creates file TREND.DAILY containing the retrieved data and stores
it in the data set USERID.FILENAME.

35. Step delimiter.

36. End of job.

DETERMINING THE RELATIONSHIP BETWEEN WATER-QUALITY CONSTITUENTS AND STREAMFLOW
Quite frequently, concentrations of water-quality constituents are related

to streamflow. When a water-quality constituent and streamflow are related,
apparent trends in water quality may be due only to fluctuations in streamflow
rather than to changes in the processes that affect the introduction and fate
of a given constituent in the stream. For example, consider a stream where
dissolved solids and streamflow are negatively correlated. That is, as stream-
flow increases dissolved solids decrease and vice versa. During a period of
drought, high dissolved solids concentrations would be expected. If this period
of drought was followed by a period of wet weather, a decrease in dissolved
solids concentrations would be expected. If such a time series was tested

for trend in dissolved solids concentration, a significant downtrend would be

10



indicated. However, such a trend could be entirely attributable to the
fluctuation in sfreamf]ow during the period. In order to test for trends in

the processes affecting dissolved solids during the period, it would be necessary
to remove the effect of streamflow. Flow adjustment is an attempt to remove

a major source of variation in water quality (streamflow) which may be masking
those variations attributable to changes in the constituent inputs to the

stream or in the processes occurring in the stream.

Smith and others (1982) described a flow-adjustment procedure suitable for
this purpose. Their approach is to develop a time series of flow-adjusted
concentrations (FAC) and to test that series for trend. FAC is defined as the
actual concentration (C) minus the expected concentration (6} predicted from
the discharge (Q) relationship. The FAC should be randomly distributed with a
mean of zero over the period of record if no change in the processes that
affect the water-quality constituent have occurred. Of course, for some con-
stituents - e.g., biological - adjustment by some other variable - e.g., solar
radiation or air temperature - might be appropriate. Where some of the data
are reported as "less than" a detection limit, these approaches to flow adjust-
ment are not valid. If only a very few values are reported as "less than," then
flow adjustment could be used provided some sensitivity analysis were done to
check that the choice of values to use in place of the "less than" was not very
influential in the overall results.

Some common models used for flow adjustment include the following:

A
(2) C=a+b Q linear
A
(3) C=a+b In (Q) log-Tinear
N
(4) C=a+b __1 hyperbolic, B a constant typically in the range
T+8Q 10-3 T-1 < 8 < 102 T-1, where T is mean discharge
A
(5) C=a+bl inverse
N q ’
(6) C = a+b;Q+b,0Q2 quadratic

11



A good guide to selecting a flow adjustment equation is the RZ value, but
one should check plots of the predicted (63 and observed (C) values versus Q
(a 1og Q scale is usually desirable), and plots of the residual versus the pre-
dicted (Q) to confirm that the relationship fits well and is not excessively
heteroscedastic (e.g., variance increases as predicted concentrated increases).
For many constituents (particularly suspended constituents or biological ones
like bacteria or plankton), these models may be inadequate, because the constituents
are very heteroscedastic. In these cases, models based on fitting the log concen-
trations may be preferred.

Candidate models include the following:

(7) 1n at+b 1n Q log-log

/\
C
8) 1nT

I

atby Tn Q+b2/(1n Q)2 log-quadratic log

Deciding between a model based on concentration (equations 2-6) and one
based on log concentration (equation 7 or 8) should not be based on RZ values.
Rather, the decision should be based on examination of residuals plots.

If none of the models considered results in a significant fit, as deter-
mined from the probability values for the t statistics in the cases with one
explanatory variable (equations 2-5 or 7) or the probability value of the F
statistic (equations 6 or 8), then no flow adjustment should be performed.

If one of the linear models (equations 2-6) is used, the residuals (Flow
Adjusted Concentrations) are defined as C - E: If one of the log models
(equations 7 - 8) is used, the residuals are 1n C - f;\E. Note that in the
former case the residuals have the dimensions of C (typically mg/L), but in the
lTatter case they are dimensionless. This has important implications for the
interpretation of trend test results. If log models are used and a slope is

estimated in Proc SEASKEN, it must be transformed as follows: If B is the slope

12



value reported by Proc SEASKEN, then (eB-1):100 is the change in percent per
year. If log models are used and a step change is being considered and D is the
difference (mean FAC of period 2 minus mean FAC of period 1), then the percentage
change from period 1 to period 2 would be (eD-1)-100.

The following section provides two examples of SAS jobs to search for
appropriate flow adjustment models. The first, using the macro ABREGMAC, simply
estimates the regression equation and computes the usual summary statistics;
the second, using the macro REGMAC, provides extensive diagnostics on the
results. These macros are intended to be illustrative of the kinds of analyses
one may want to run. Knowledge gained by working with a particular data set
should dictate variations of these that one may choose to pursue.

The SAS job listing and output in figure 3 follow the procedures used
by Smith and others (1982) but includes several other models as well., It
considers all of the models defined by equations 2-8. Plots of C versus Q
and log C versus log Q are produced to aid in model selection.

Simple regression is used to estimate the coefficients a and b of each
model, to calculate RZ2 (the fraction of the variance of the dependent variable
explained by the given function of Q) and p (the probability of erroneously
rejecting the null hypothesis that b = 0). B8 is equal to 10(-2+5 - B*) yhere g*
is the interger part of logjgQ, where Q is the mean streamflow. Eight different
hyperbolic models are generated by incrementing the initial value of B by a
factor of 1005 seven times.

The macro REGDATA (lines 6-43) calculates the necessary functions of Q
needed for the linear regressions. The macro ABREGMAC (lines 44-64) does
the Tinear regressions using the SAS regression procedure SYSREG (SAS Institute,
Inc., 1979, p. 403). Lines 65-67 create a data set named DATAA with only

sulfate and streamflow data for station 03374100. Line 68 sorts this newly

13
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created data set by station and SNAME (sorting by station and SNAME are required
by REGDATA and ABREGMAC). The macros REGDATA and ABREGMAC are written with
dummy names for the data set and dependent variables. Lines 69-71 substitute
the desired data set and variable names into these macros. In this example,
the flow-adjustment procedure will be done on the data set DATAA for the variable
P00945 (sulfate). The macro LNDEPVAR inserts a name for the natural logarithm
of the dependent variable. The argument of this macro may be any unused variable
name the user chooses for the log of the variable given in line 70. The procedures
could have been done on any number of variables by repeating the statements in
lines 69-73 and making changes in the data set and dependent variables. (For
more information on the use of a macro to substitute a variable for dummy
names, see SAS Institute, Inc., 1979, p. 12.) The statement in line 72 executes
the macro REGDATA and the statement in line 73 executes the macro ABREGMAC.
SYSREG (T1ine 46) outputs for each of the models: (1) the error sum of
squares (SSE); (2) the error degrees of freedom (DFE); (3) the error mean square
(MSE); (4) the model F ratio and Prob >F (test and significance probability
that all parameters except the intercept are zero); (5) the model R-square
(R2); and (6) the degrees of freedom, estimate, standard error, and T ratio
and Prob >|T| for parameters in the model. The R-square and Prob >|T| for the
function of Q in the model correspond to the R2 and p value in the Smith and
others (1982) flow-adjustment procedure. Plots of streamflow versus sulfate,
in both arithmetic and 1og form, are shown in figure 3.
Figure 4 shows a listing and output of a sample SAS job that does the
flow-adjustment procedure using the macro REGMAC (line 44). In addition to

providing RZ and p for each model, the program provides several diagnostic

22
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tools which aid the user in selecting the most appropriate regression model.
The program uses the macro REGDATA to establish the data. The macro REGMAC
uses the REG procedure (SAS Institute, Inc., 1982b, p. 39) rather than the
SYSREG procedure to generate regression results. In addition to the information
provided by SYSREG, the REG procedure in this application prints (1) the observed
and predicted value for each observation; (2) the residual (FAC), the standard
error of the residual and the studentized residual (the residual divided by
its standard error); and (3) Cook's D, a measure of the change to the parameter
estimates that would result from deleting each observation. This program also
plots for each model the observed and predicted values of the selected dependent
variables against the log of streamflow, and the FAC (residuals) against the
predicted value. In these plots, the log of the flow is used on the x-axis to
provide better resolution in the low discharge range. Finally, the macro does
a residuals analysis with the Univariate procedure (SAS Institute, Inc., 1979,
p. 427). This procedure does univariate statistics on the residuals, tests
for normality by the Shapiro-Wilk W statistic (for sample sizes <50) or a
modified version of the Kolmogorov-Smirnov D Statistic (for sample sizes >50)
and provides a stemleaf, box plot, and probability plot of the residuals.
For a discussion of regression analysis and the use of these dianostic tools,
the reader is referred to Chatterjee and Price (1977), Belsley and others
(1980), Daniel and Wood (1980), and Draper and Smith (1981).

~ The procedure is invoked three times in the example, shown in figure 4,
once for the linear model of equation 2 (lines 65-68), once for the log-linear
model of equation 3 (lines 69-72), and for the log-log model of equation 7
(1ines 73-76). 1In each instance three variables are set - the model label
(MODLABEL) in l1ines 65, 69, and 73, the independent variable (Y) in lines 66,

70, and 74, and the explanatory variables (FLOW) in lines 67, 71, and 75 -
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then the macro REGMAC is called (lines 68, 72, and 76) to do the computation.

In the example shown in figure 4, the log-linear (equation 3) was selected
to flow adjust the sulfate concentrations. The linear model (equation 2) is
clearly deficient. Both plots demonstrate this quite clearly. However, the
1og-1og model (equation 7) is not manifestly better or worse than the log-linear
model. The pattern seen on the residﬁa]s plots for these two models are very
similar, both showing some modest lack of fit at the low end and a slight amount
of heteroscedasticity. The choice betwen these two models, in this case, is
largely a matter of preference. The log-linear model has the advantage that the

residuals are in units of mg/L.

PLOTTING WATER-QUALITY DATA AS A TIME SERIES

It is now possible to examine the flow-adjusted concentrations for trend.
A good exploratory method for detecting trends is to plot the data as a time
series. Figure 5 shows an example SAS program that generates time series
plots for streamflow, sulfate concentration, and the flow-adjusted sulfate con-
centration for the data used in figure 3. Note that PROC REG (lines 12-14)
is used to calculate the FAC and generate the data set used by PROC PLOT (1ines
16-19) (SAS Institute, Inc., 1979, p. 343). Note also that the variable
DECTIME (lines 17-19) is used as the time variable in these plots.

PROC PLOT produces line printer plots as shown in figure 5. More elaborate
plots of SAS data can be made using PROC GPLOT (SAS Institute Inc., 1981b,
p. 69). The procedure GPLOT is a part of the SAS/GRAPH system which is a
computer graphics system for producing figures on terminal screens and plotters.
A 1ist of compatible graphics devices is given in the SAS/GRAPH User's Guide

(SAS Institute, Inc., 1981b, p. 2).
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STATISTICAL PROCEDURES TO TEST FOR TRENDS IN WATER-QUALITY TIME SERIES

Two nonparametric tests for detecting trends in time series have been
added to SAS at the U.S. Geological Survey Amdahl computer facility. PROC
SEASKEN does the Seasonal Kendall test and slope estimator developed by
Hirsch and others (1982). This procedure is suitable for detecting monotonic
trends in time series with seasonality, missing values, or values reported
as "less than." The procedure is not, however, robust against serial correla-
tion. Additional information about the Seasonal Kendall test and slope esti-
mator is given in the User's Guide presented in Appendix A.

PROC SEASRS tests for differences in the location parameters (mean, median,
etc.) of two separate periods in a time series. The procedure uses a version
of the Wilcoxon rank-sum test (Mann-Whitney test) modified to handle seasonality.
This test is appropriate for detecting step trends (changes) in water quality
before and after events such as construction of a dam or sewage treatment plant
or an abrupt land-use change (construction, mining, clear cutting). Additional
information about the modified Wilcoxon rank-sum test is given in the User's
Guide presented in Appendix B.

In many cases, it may be appropriate to apply one of these PROC's to the
concentration data as well as to the flow-adjusted concentration (FAC) data.
Trends or changes in FAC may be interpreted as an indication that the stream-
flow concentration relationship has changed; that is, for a given discharge
one may expect different concentration values today versus some time in the
past. In cases where there have been substantial changes in the flow fre-
quency distribution (due to changing regulation, diversion, or consumption),
it may be very useful to look for trends or changes in raw concentration data.

This will be indicative of the combined effects of changes in human inputs to
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the stream and changes in the flow frequency distribution on the frequency
distribution of concentrations.

The presence of a large number of missing values or "less than" values
(censoring) in the records being tested does not substantially affect the
significance of the tests, although their power (ability to detect actual
trends) may be reduced. PROC SEASKEN has been tested with as much as 50
percent of the seasonal values missing or 50 percent of them censored without
any problem in significance.

The consequences of using these tests when data are serially correlated
is that the actual significance of the test becomes higher than the nominal
significance level. For monthly data, serial correlations are generally in a
range such that actual significance may be about twice as high as the nominal.
In other words, a p-level reported as 0.05 may more accurately be as high as 0.10.
The problem becomes severe where the measurements are from a large body of water
with a long residence time (by comparison with the sampling frequ y). Aquifers,
large lakes, or reservoirs, or the streams draining large lakes or reservoirs,
may present problems. Keeping the parameters SEASON (see appendicies A and B)
small, typically no larger than 12, will help avoid serious problems due to
serial correlation. When the correlation problem is thought to be severe,
reducing SEASON (reducing the number of values per year used in the test) should
prove to be helpful.

Figure 6 shows a program 1isting and output of a SAS job that uses
PROC SEASKEN to test for time trends in the streamflow, sulfate concentration,
and the flow-adjusted sulfate concentrations used in the regression example
shown in figure 3. The flow-adjusted concentrations were calculated by the
REG procedure using the LOGLIN model shown in figure 3 and are included in the

output data set generated by PROC REG.
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The results of the SEASKEN test show that no significant trend is evident
in streamflow but that both the sulfate and flow-adjusted sulfate concentrations
exhibited highly significant decreasing trends (p-level(p)<0.05) during the
period of record used in the test.

This trend can be further examined using PROC SEASRS. The data used in
this example are from a station draining a watershed containing considerable
surface coal mining. The regulations promulgated under the Surface Mine
Control and Reclamation Act of 1977 (PL 95-87) were implemented toward the
latter third of the period of record for this station (May 1979). Figure 7
shows a program listing and output of a SAS job that uses PROC SEASRS to
determine if differences exist in streamflow, sulfate concentration, and the
flow-adjusted sulfate concentration (using the LOGLIN model of figure 3) before
and after this date. The results of the SEASRS test show that no significant
step trend is evident in streamflow (p-level>0.05) but that sulfate concentration
and the flow-adjusted sulfate concentration exhibit a highly significant trend
(p-1evel<0.05).

The reader should be aware that both the Seasonal Kendall test and the
Seasonal Wilcoxon rank-sum test are exploratory in nature. The fact that the
Seasonal Wilcoxon rank-sum test indicates a difference between the periods in
the time series prior to and following the implementation of the surface mine
regulations does not necessarily imply causality, nor does it imply that it will

continue into the future.
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APPENDIX A: PROC SEASKEN user's guide with examples
This procedure tests for monotonic trends in time series using a modified
form of Kendall's tau (Kendall, 1975) derived by Hirsch and others (1982).

The null hypothesis for this test is that the probability distribution of the
random variable does not change over time. In the Kendall's tau test, all

possible pairs of data value:s are compared. If a Tater value (in time) is
higher, a plus is recorded, if the later value is lower, a minus is recorded.
If no trend exists in the data, the probability of a later value being higher
ur lower than any previous value is 0.50. In this case, the number of pluses
should approximately equal the number of minuses. If the number of pluses
greatly exceeds the number of minuses, the values later in the series are more
often higher than those earlier in the series, indicating an uptrend. If the
number of minuses greatly exceeds the number of pluses, a downtrend is indicated.
In this modified Kendall's tau, the problem of seasonality is avoided by comparing
only observations from the same season of the year. Thus, for monthly data with
seasonality, January data is compared only with January data, and so on.

Trend magnitude is determined using the seasonal Kendall slope estimator
(Hirsch and others, 1982). The slope estimate is taken to be the median of
the slopes of the ordered pairs of data values compared in the Seasonal Kendall
test:

A more complete discussion of the Seasonal Kendall test and Seasonal
Kendall slope estimator and its use are given in Smith and others (1982).

SPECIFICATIONS
The following statements may be used in the SEASKEN procedure:
PROC SEASKEN SEASON = n options;
BY variables;

VAR variables;
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The PROC SEASKEN statement invokes the procedure. The VAR statement is
used to specify the numeric variables for the analysis. The BY statement is
optional. The observations must be in chronological order. This can be done
by using PROC SORT and sorting by the variables in the BY statement followed
by DECTIME. For example:

PROC SORT; BY variable DECTIME;

PROC SEASKEN statement

The PROC SEASKEN statement has the form:
PROC SEASKEN SEASON = n options;

SEASON = n gives the number of seasonal values per year. For
example, SEASON = 12 would be used for data collected monthly
and SEASON = 52 would be used for data collected weekly.
SEASON = 1 may be used for annual summary data, such as
average annual streamflow. Each water year will be divided
into n equal length seasons. Note that for SEASON=12, for
example, the 12 seasons will not correspond exactly to the
12 calendar months since months are not of equal length.

For each season of each year, there may be no observations
(a missing value will be assumed as the seasonal value), one
observation (that value will be used as the seasonal value),
or several (not more than 400) observations (the median of
the values will be used as the seasonal value).
This statement is not optional and must be included.
, The options that may be used in the PROC SEASKEN statement follow.
DATA = SASdataset gives the name of the SAS dataset to be used by
PROC SEASKEN. If it is omitted, the most

recently created SAS data set is used.
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DL1 - DL15 = detection limit
gives the detection 1imit of the analytical
procedures used to determine the constituent
values in the time series. The number associated
with each call of the detection limit option
refers to the order of the constituents on the
VAR statement. The use of the detection limit
option is most important when several different
analytical procedures with different degrees of
sensitivity were used to determine values of the
same constituent in the time series. In this
case, the highest detection 1imit of all the
procedures should be used.

The detection limit option sets all values
less than or equal to the detection 1imit equal
to one-half the value of the detection limit.

This option would not be used when the test

is applied to Flow-Adjusted Concentrations (FAC).

VAR statement

VAR dectime variables;

The names of the variables to be tested for trends are listed in the
VAR statement. The first variable must contain the decimal tiane values
corresponding to the times the observations in the time series were made.
Dectime is in the form of decimal time; for example, 12 noon, June 1, 1975,
will be 1975.4178. Up to 15 additional numeric variables may be included.
The total number of seasonal values (number of seasons times the number of
water years) may not exceed 1200, The VAR statement is not optional and

must be included.
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BY statement
BY variables;

A BY statement may be used with PROC SEASKEN to obtain separate
analyses on observations in groups defined by the BY variables. The input
data set must be sorted in order of the BY variables.

DETAILS

Missing Values

Missing values may appear in a time series used in SEASKEN. The exist-
ence of missing values presents no theoretical problem fqr applying the
seasonal Kendall test for trend. Comparisons of data pairs where one member
is missing are not included in the calculation of the test statistic. (Inter-
nally, missing values are represented as -1E31.)

One or more seasons may be devoid of data; for example, one may use
SEASON=12 and have data only for the summer. In this case, all other months

will be set to missing values.

Formulas
The test statistic, Sj, is:
ni-1 nj
Sy = )1 1 sgn (Xjj-Xik)
k=1 j=k+1
Where nj are the number of annual values for season i,

Xij the seasonal value for season i and year j,

Xjk  the seasonal value for season i and year k,

and
1ifoe >0
sgn (0 ) = 0if e =0
-1if 6 <0
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The expected value of Si is 0, E [Sj] = 0 and its variance is:

ng (ny-1)(2n.+5) - Jts (t;-1)(2t;+5)

ty

Var [Si] = s

where tj is the extent of a given tie (number of X's involved in tie)
for season i,

and Z denotes the summation over all ties.
t

The composite statistic of the seasonal statistics, Sj, is S':
season
E[s'1=1) E[S31=0
i=1
and the variance of S' is:

season se

son Cno .
Var [S'] = ) Var [S4] = n; (ns-1)(2n;+5)
=1

i=1 18

.

3

The normal approximation with a continuity correction of 1 (toward zero)
is used to estimate p = Prob [|S'|>s] (the probability that S' will depart
from zero by the amount s or more). The standard normal deviate, Z, is

calculated by:

,
S' -1
Tar sT)1/2 if s' >0
z=4{ 0 if s =0
S' +1
Var ST)1/2 if S' < 0
\

The p-level of the test is determined from Z using the standard normal
distribution. The p-level is the probability of obtaining a Z value that is
as large or larger in absolute value than the one obtained if the null hypo-
thesis were true (i.e., there was actually no trend). If one pre-selects a

significance Tevel o (the risk of rejecting the null hypothesis when it is
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actually true), then one should reject whenever the p-level is less than a.
A typical value for o is 0.05.
The statistic T (tau) is:

season S.
T = X 1

At ——————————

i=1 nj(nj-1)/2

Note that T may only take on values between -1 and +1. Negative values
indicate downwards trend, positive values indicate upwards trend. It is a
type of rank correlaton coefficient between the variable and time.

The seasonal Kendall slope estimator is the median value of

dijk = (Xij - Xyk) /(3-k) for all (Xjj, Xjk) pairs
where dijk is the slope between seasonal values for season i, year j and
season i, year k with j)>k.

The slope estimate is valid only when all of the data are reported as
above the 1imit of detection. If there are only a few "less thans" it can be
viewed as a reasonable approximation.

Printed output

For each variable SEASKEN prints (see figures Al and A2)

1. the variable name (VARIABLE)

2. the variable label, if any

3. the total number of non-missing observations in the input data (NOBS)

4., the number of seasonal values constructed from the observations (NVALS)
5. the statistic tau (t) (TAU)

6. The significance probability (p-level) of the trend, two-sided (P LEVEL)

7. The estimate of trend magnitude, in units per year (SLOPE)
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EXAMPLES

Example 1: Annual Mean Streamflow

In this example (figure A-1), PROC SEASKEN is called to test for a
trend in the annual mean streamflow observed at a U.S. Geological
Survey streamflow gaging station. The data was entered from card input
(Tines 9-19).

Example 2: NASQAN Data

In this exampie (figure A-2), PROC SEASKEN is called to test for
trends in 10 water quality constituents at three U.S. Geological Survey
NASQAN stations. The data was previously stored as a SAS data set on a
direct access storage device. Note that the SAS data set, TREND.MONTHLY
was sorted by STATION (1ine 6) so that the BY statement option (1ine 8)
could be used with SEASKEN.
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Appendix B: PROC SEASRS user's guide with examples

The SEASRS procedure tests for differences in the location parameters of
two separate periods in a time series using a modified version of the Wilcoxon
rank-sum test (Bradley, 1968, p. 105). This test is equivalent to the
Mann-Whitney test described in Conover (1971, p. 224). The null hypothesis
for this test is that two populations comprised by data from two separate
periods in a time series are identiéal. This test assumes that sampling was
random.

If the null hypothesis is true, no distinction can be made between the n
observations in the first period and the m observations in the second period
of the time series. In effect, all were taken from a common population. There-
fore, each of the possible combinations of the n+m observations taken from
the common population were equally likely to have become the two samples
actually collected. For each of these possible combinations exists a value of
the test statistic, W. This statistic is the sum of the ranks of the n
observations within the combined (n+m observations) sample. (The smallest
value in the combined sample receives a rank of 1, the next smallest a rank of
2, etc.). The null hypothesis is rejected if the value of the test statistic
W differs from the expected value of W by a preselected value corresponding to
a desired probability.

For a more thorough discussion of the Wilcoxon rank-sum test, and examples
of its use, the reader is referred to Bradley (1968, p. 105) and Hollander and
Wolfe (1973, p. 68).

SPECIFICATIONS
The following statements may be used in the SEASRS procedure:
PROC SEASRS  SEASON = n  DATE = x options;
BY variables;

VAR variables.
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The PROC SEASRS statement invokes the procedure. The VAR statement is
used to specify the numeric variables for the analysis. The BY statement is
optional. The observations must be in chronological order. This can be done
by using PROC SORT and sorting by the variables in the BY statement followed
by DECTIME. For example:

PROC SORT; BY variable DECTIME;
PROC SEASRS statement

The PROC SEASRS statement has the form:
PROC SEASRS  SEASON = n  DATE = x options;
SEASON = n gives the number of seasonal values per year.
For example, SEASON = 12 would be used for
data collected monthly and SEASON = 52 would be
used for data collected weekly. SEASON = 1 may
be used for annual summary data, such as average
annual streamflow. Each water year will be
divided into n equal length seasons. Note that
for SEASON=12, for example, the 12 seasons will
not correspond exactly to the 12 calendar months,
since months are not of equal length. For
each season of each year, there may be no
observations (a missing value will be assumed as
the seasonal value), one observation (that
value will be used as the seasonal value),
or several (not more than 400) observations
(the median of the observations will be used as
the seasonal value).
This statement is not optional and must be

included.
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DATE = XXXX gives the time separating the two periods of the
time series. DATE is in the form of decimal
time, for example, 12 noon, June 1, 1975, will be
1975.4178. If the two periods in the time series
are widely separated, any date in the gap will
suffice. An observation occurring at precisely
time DATE is placed in the second period.

This statement is not optional and must be
included.
The options that may be used in the PROC SEASRS statement follow.

DATA = SASdataset gives the name of the SAS dataset to be used by
PROC SEASRS. If it is omitted, the most recently
created SAS data set is used.

DL1 - DL15 = detection limit
gives the detection 1imit of the analytical
procedures used to determine the constituent
values in the time series. The number associated
with each call of the detection limit option
refers to the order of the constituents on the
VAR statement. The use of the detection limit
option is most important when several different
analytical procedures with different degrees of
sensitivity were used to determine values of the
same constituent in the time series. In this
case, the highest detection Timit of all the

procedures should be used.
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The detection limit option sets all values
less than or equal to the detection 1limit equal
to one-half the value of the detection limit.

This option would not be used when the test is
applied to Flow-Adjusted Concentration (FAC).

VAR statement

VAR dectime variables;

The names of the variables to be tested are listed in the VAR
statement. The first variable must contain the decimal time values
corresponding to the times the observations in the time series were made.
Dectime is in the form of decimal time; for example, 12 noon, June 1,
1975, will be 1975.4178. Up to 15 additional numeric variables may be
included. The total number of seasonal values (number of seasons times
the sum of the number of water years in the first period plus the number
of water years in the second period) may not exceed 1200. The VAR statement
is not optional and must be included.

BY statement

BY variables;

A BY statement may be used with PROC SEASRS to obtain separate
analyses on observations in groups defined by the BY variables. The input
data set must be sorted in order of the BY variables.

DETAILS

Missing values

Missing values may be included in time series used in SEASRS. The

existance of missing values presents no theoretical problem for applying the

Mann-Whitney-Wilcoxon rank-sum test for seasonal data. Ranks of observations

with missing values are not included in the calculation of the test statistic.

(Internally, missing values are represented as -1E31.)
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One or more seasons may be devoid of data; for example, one may use

SEASON=12 and have data only for the summer. In this case all other months

will be set to missing values.

Formulas
The test statistic, Wi, is:
nj
Wi = ‘2 Rn
J=1
where nj is the number of annual values for season i in the first period

in the time series,
and Rn are the ranks of the seasonal values for season i in the first
period of the time series.
The expected value of Wi is:
E (Wil =1[n; (nj +mj +1) ]/ 2
where mj is the number of annual values for season i in the second
period in the time series,
and its variance is:
Var [Wil =TInjy mj (nj +mj +1) ]/ 12
The composite statistic of the seasonal statistic, Wi, is W and is
defined as:
season
W= ) W.
i=1 1
The expectation of W is:
season
EWI= )} EIW]
i=1 1

and its variance is:

Var [W] = '% [w1.
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The normal approximation is used to estimate p = Prob [|W - E [W]|>w]
(the probability that W will depart from its expected value by the amount w or
more). The standard normal deviate, Z, is calculated by:

W - E[W]
L= Var[W])1/2 .,

The p-level of the test is determined from Z using the standard normal distri-
bution. The p-level is the probability of obtaining a Z value that is as large or
larger in absolute value than the one obtained if the null hypothesis were true
(i.e., there was actually no trend). If one pre-selects a significance level a (tt
risk of rejecting the null hypothesis when it is actually true), then one should
reject whenever the p-level is less than o, A typical value for a is 0.05.

An estimate of the magnitude of the step trend is taken as the median of
the difference between all pairs of seasonal values, one from each period but
of the same season.

The step trend estimate is valid only when all of the data are reported
as above the 1imit of detection. If there are only a few "less thans" it can
be viewed as a reasonable approximation.

Printed Output

For each variable SEASRS prints (see figures Bl and B2):

1. the variable name (VARIABLE)

2. the variable label, if any

3. the number of original observations (NOBS) and number of constructed
seasonal values (NVALS) in the first series

4. the CUTOFF DATE value

5. the number of original observations and number of constructed seasonal
values in the second series

6. the significance probability of the difference, two-sided (P LEVEL)

7. the estimate of the step trend (STEP)
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EXAMPLES

Example 1: Annual Mean Streamflow

In this example (figure B-1), PROC SEASRS is called to test for differences
in annual mean streamflows observed at a U.S. Geological Survey streamflow
gaging station before and after construction of a series of reservoirs in the

drainage basin. The data was entered from card input (lines 9-19).

Example 2: NASQAN Data

In this example (figure B-2), PROC SEASRS is called to test for differences
in 10 water-quality constituents at three U.S. Geological Survey NASQAN stations
before and after implementation of the Surface Mining Control and Reclamation
Act of 1977. The second and third stations are located in watersheds mined
for coal. The first station is not and serves as a control. Note that the
SAS data set, TREND.MONTHLY was sorted by STATION (line 6) so that the BY

statement option (1ine 8) could be used with SEASRS.
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Appendix C: Source code for SAS procedures

Two separate programs are required to add a procedure to the Statistical
Analysis System at a user's installation, a parsing module and a procedure
module. The parsing module acts as a control program for the procedure and
defines permissible options and parameters for the procedure. The procedure
module inputs the appropriate data and computes the test statistic. The parsing
module for Proc SEASKEN is given in figure C-1. The procedure module is given
in fiqure C-2. The parsing module for Proc SEASRS is given in figure C-3.
The procedure module is given in figure C-4. Information about SAS parsing
and procedure modules can be found in the SAS Programmer's Guide (SAS Institute,
Inc., 1981a). Only minimal JCL is shown since JCL is highly installation

dependent.
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