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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.
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(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
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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



‘UOLSJ3A pajelAadqqge

-suolLssaubau juawlsnfpe Mo} Op 03 aunpadodd SyYS e Jo 3ndino pue 3ndup ajdwexg--‘¢ aunbry

219000 1=4¥AdIA T1FA0WINTIIN0

s bYUULUUa=advnhoay 13duweavaiNt

INOTLYLIS AGIVIVAINI=VIVAO 93HSAS JI0Ud
INIFOYIVWON SNOTLJO

VKO INAY OYIVW

%

INOTLVLIS ABIZVIVAANI=VIVA 1330S J0dd
12+%190007=20"

ZM0T3 3HL 40 907 3HL 40 3AVNDS=2D«
22++19000d=20

¢M0T3 3HL 40 JYVNOS=20«

£19000d/ L=DANI

fMOTd 3IHL 40 3ISYIANT 3IHL =DANI«
(L9000d*88+ 1)/ 1=PRAYIdAH
(19000d*28+1)/1=n/R¥IdAH
(1L9000d»968+ 1) /L =DOAYIJAH
(1L9000d*SE+1) /1=DSAYIdAH
(L9000d»%7681+1) /L =D98U83dAH
2C19000d*ER+1L) /L=DEAYIJAH

$(1L9000d*20+ 1)/ 1=D28Y3dAH

$(19000d»1B+1)/1=DLBYIdAH

ISNOTLOINNG DJITN0BY3IdAH INIYIIJTA=ONAYIdAH»

i16°0+x0|x/.8=88

16°0xx01+98=21

26°0xx0l¥58=98

{6°0xx01l+%8=68

6PN xg8=98

60+ xN[v28=¢0

£6°0++0Lv18=28

2(v138=-6°2-)»»0L=|8

SSNOILINNY JI10883d4AH 3IHL NI Q3SH S3NTVA IN3Y3IJ410=NEO»

LCCL9000W)I0L9NT) INI=V LIS

fMOT4 NVY3W 3HL 30 907 0L 3Sv8 3HL 40 NOTI¥Od ¥393INT 3HL = vi38«

2(190004)901=19000"

ZM0T74 3HL 40 907 139«

2(UVAdIA)D0I=YYA4IANT

£3718VIYVA IN3ON3d43Q 40 907 139«

INOTLVLS ABZ3WYN3TI4 ONVIW 3IOH3WIVIVAANT Vviva

INOTLIVLS ABZONVIW=VIVQ LA0S ICHd

219000W=NY3IW DNVIW=L1DNO LNdLINO

219000d YVAINOTLYLS ABIMVIW LNIHAON 3WVN3INI4=vivVA SNVIW JO¥d

INIOOYIVWON SNOILLO

. Viva93Y 0¥IVW
*» Qa0 NISAS//

Q010=dST1073WYN3TII°ATIYISN=NSO 00 aAN3I¥YL//

3T11371INN=ZNSA731T41TINN=INSQ/SySOoum J3x3 v//

YHS=dSTA“E11I08d°OHM=NSA QQ A1d0ud//

SSv1) //

ror g7/

-~

LT T YT

14



/1

v/

Jvuwo3yayv

viva9o3y

XS%6007 ¥YVAJIANT OYIVH

%5%600d ¥VA43IA 0¥IVW

ZVVLIVA IWVYNITITI OdIVW

INOTLIVLIS ARZLMO0S D0Y¥d

219000d $%7600d 3WVNS MNOILIVLIS 433N
I 00L%28¢0 »=NOTLVIS J1
ZATHINOW®GNIY¥L 13S2VVIVA VIVA

%

2190007#8YAd3IANT 10d
Z1L9000d+¥VAd3A 107d

INOILVIS ABIVIVAdINI=VIVG 107d J0dd
2287 L900071=4VAd3G4NT T300W:dVYDR901
2190007=4VA4AANT T1300WE90T19C
20 19000d=d4¥Ad3C 1300W :davNO
OANT=HVALIA TIAOWISYIANI
DQEYIdAH=YVYAJIG T3IGONWIRYILAH
D/9¥3dAH=UVAd3IA T1300W: 243dAH
D9BYIdAH=YYALIA T13A0WEIUIAJAH
DSBUY3IdAH=UYALIG T1IA0OWISYIdAH
I8YRY3dAH=YVYADIC T300WSY43dAH
10¢BYILAH=UYAJI0G TICOWIEYIdAH
f028H3dAH=8VAdIA T13IAOW:2Y3dAH

LXN

TSR TNETOrTY

15



€y6l *B1 1SNINV 4 AVASANHL Tvial

RELLA
3V IAVA

REUI A
IV I4VA

RELLA
3V I¥VA

€S43) SNOINVINVISNI *MQTIndvIYLS

36V
374V I4VA

1000°0 $502%°3 008145°0L €L9299°%09 I 02833dAH
1000° 0 sl2e°t- 2I1495%6) 0b2L160°44S~- | Ld32¥3iNI
jL)<8Ddc ORLvY EOETE J1YHILS 3 40 319VINVA
QAVORVLS EVEMTELY
{v0S SV 1/9H) Q3A0SSIA 31v4INS
GEELQ I3YVNOS -4 gae2gLe2ol 3ISKH <9600d 2¥VA did
1000°0 4<9038d 96 340
GhoEL orivy 4 622° %986 3ss Z2¥3dAH  :13a0W
1000°0 s16%°8 av6l2l°st2  vse*Legl I 0184 3dAH
10000 16¥2°8- vI%80L°vI2 LV LLLY- I 1d32¥3IINL
111<803d O14vy 1 40433 J1VHILS 3 40 318VIdVA
advanNvis A3LIHVAVd
(%05 SV 1/9W) G3IAWSSIA 3Lvdns
68240 J4VNOS-A LBLILG*E0TY  3SHW S%600d 2Y¥VA didq
1000°0 4<403d 96 340
11°2¢ orivy d 2LE®EV6D 3sS T¥3dAH  21300W
1000°0 €2v€°tI~ 1L8120°0 vOELIE® b~ H 190001
1000°0 €s02°0t 9LEGSHY L 19265%°9€el | 143283 INI
1L)<80dd orivy 40433 JAVAILSI 10 3GV IAVA
GYVONVLS ¥3L INVHVd
(%0S SV 1/79W) Q3AI0SSIO 3LV4INS
L2150 34VN0S-A forLos°LL ISH $9600d $AVA diU
1000°0 4<803d 96 34a0
s9° 821 grivy 4 249°04%L 3sS NI1907  :1300W
1000° 0 €€EGH°0- SUEELL290000° 6196000°0- | 19000d
1000°0 G26%°2% ISCTIEA vy288Y2°09 1 1d32431NI
111<40d« o14vy ¢t ¥0833 J1VHILS3 ia 319VIYTA
GAVANVLS FETERTE Y]
(40S SV 1/9W) G3A0SSIO 31v4InS
192%°0 IWVN0S=-Y 629LL6°€01 3SH S%600d :¥YA 420
1000°0 4<d0ud 96 340
9p* 1L or1ivy 4 248° 1866 ass JVINITY  21300W

OCIHMLEEQ=AIGIAN NOLLVIIJILNIQT NOIAVLS

K31sS AS

s 1

SATVNY Tv3dl1l1sii1vis

16



4

€861 *H41 1SNINV *AVASANHL TH:4E

H

3

1000°0 1044°01 edsell*y 296€0€° ¥ Y I 098¥3dAH

1000°0 9eL ¢l 0v199€°2 9450L9° 82 { LdIJUIINT
RELNLIA 1Li1<duad arivy 1 d0433 31VHILS 3 40 ITYVIAVA
INVIAVA Q4VANY IS 431 IWvAvd
(%0S SV V/9H) A3AWSSIA 31v4INS
2L95°0 JAVNOS-A 98vee 29 3ISH $%600d 33VA dIJ
1000° 0 4<40id 96 34Q
66°sllI o11vy 4 sl8°v8aL 3sS 943dAH £ 73094
1000° 0 gs0tl 0l oZLslLe”s $9902¢€° %S t DSUY3IdAH
600°0 6eg6°¢ ES0E60° LySEQE LI I 1d32¥3IINI
134v7 11)1<304d otivy 1 40dy3 A VKRILS3 44 318VIavA
N9V LAVA Q3VaANVLS Y31 3WVAavd
(%S SV V/9K) G3AT0SSTIA 31v3IINS
160 34VN0S- 2c6068°L8 3SH $%600d 2¥VA dig
1000°0 4<80dd 9 340
120l Clivy 4 625°LcH8 ass Sd3IdAH 313004
1000°0 €€ge‘s 126610°01 122812° €6 [ § 048Y¥3dAH
6000°0 212y °¢- LOLce6 8 02L€94°0€~ 1 1d3333IN1
13¢v1 111<9Qda arivy 1 ¥04¥3 JLVHILS I 40 JIGVIAVA
3TV IAVA Q4vYaNvLS 3313IWVAVd
(%0S SV V/9H) GIA0SSIA F1v4INS
18050 33VN0S-Y €9509€° S5 3ISH 5%600d :3VA 4130
1000°0 4<404d 96 340
$5°99 O1ivy 4 ¥€S°9516 38S Yd3IdAH $71300W
1000°0 ¥26L4°8 2¥8609° 42 s6edle 91e [ ¢ 0€d¥3dAH
1000°0 69L8°9~ ¥80L66°€2 2L6192°6ST- I 1d3J83INI
134v1 111<404d olivy 1 40343 JLVHILS 3 40 JIGVINVA
JTYVIAVA J4VONVLS 431 3WVYvd
(%05 SV V/IW) A3ATOSSICG ILvIINS
196%°Q Jyvnos-y $4069+%°001 ISH $%600d :¥VA diqQ
1000°0 4<803d 96 340
e arevy 4 620°49%96 38S EdddAH 330040

Q0L VLEEO0=YIGUNN NOLLVILIAIANIQL NOILVLS
LS AS SISATVNY 1vlI1i1si1vi1s

17



9000° 0 1826°¢ 60-366200°c 60-352190°1 I 20
(S42) SNOINVINVISNI *MOVWV3INILS 1000°0 LG6€E° 9~ 110%01000°0 ©89L1100°0- [ 19000d
10000 90€2°9¢ 9e9LLL 1 0£5509° 49 I 1d3J¥3IANI
REEL D j11)<80dd or1ivy 1 309Y3 JLVHILS 3 40 39VINIA
ERL R E1 7)) G4VANYLS di13IWVEVd
(%35 SY VIH) Q3ATO0SSIC 3LviINS
1€6%°0 33vN0S -y 80866825 3ISH $$600d 3¥VA 430
1000°0 4<004d s6 340
12°9¢ Olivy d 2uv a8y 3Iss avno $1300H
1000°0 velée*L ITT*wlsE 26* %08LZ I OANI
1000°0 oeLssc Zrv962°l eLZLIL* 9 I 1d3IJYIUINI
136v7 111<903d 0rivy | d04d3 JLVHILS3 40 IIBVIYVA
374V I3VA AdVANVAS ¥313IWVAVd
(%0S SV V/9H) Q3ATWSSIA 3ILIviNS
1%6¢°0 Jdavnos-y g1608L°601 ISK $%600d 3dVA d30
1000°0 4< 8034 96 340
19°29 grivy 4 L6*8ES0I 3ss SYIANI 313004
1000°0 26b6°6 09b4892°¢L 0£9982°2¢L I 080¥3dAH
1000°0 90€2°62 0LB1IZ 1 LE129G8° 1y ¢ 1d43J¥3IN1
136V 11 )<d0ud orivy 1 40443 JAVHILS 3 44 319VIAYA
ERNTAL 1)) QAVANYVAS 8313RVAVd
(405 SV /9W) 03AN0SSIA 31v4INS
6L0%°0 J¥vnos-y 9c9€cE 6 ISKH §9600d 3¥VYA di0
1000°0 4<804d %6 EED]
16° 86 orivy 3 620°9L58 3SS B33dAH s 13d0H
1000°0 Iy92°01L 059086°Y 12590€° 64 I OLY¥3dAH
1000° 0 2L66°12 “628L9°1 16L4106° 9¢ I 1d3J¥3UNT
RELL A 111<d04d ot4vy 1 403d3 JAVHILS I 40 37GVIAVA
3NV IYVA QuVANYLS d313INVYVd
(%05 SV 1/79H) Q3IA0SSIA IF1v4dINs
69950 33V N0S-Ao y6€€8 2y 3ISH S¥600d 2d¥VA 430
1000° 0 3<4Cud 96 340
18°4T11 orivy 4 909°688L 3sS L¥3dAH 213004

00T wlee0=2d10WANN NOTAVIISEANIAL NORAVLS
€ €661 *61 ISNONV “AVASHAHL TV GH H3Ils s ST SATVNY 1TvJ2Iri1s5ri1vi1s

18



b

cu6l

‘Yl 1SNINY “AVASANHE Tsvssl

334V
ATV IYVA

Tidv
IT4V LAVA

Eb92°0
062L°0
1000* 0

111<a04d
492490

1000*0
68°2¢%

- - o - - - - =" AP W WD B R W W D D . . . P W - - - - -

1000°0
1000°0

111<u0idd
9025°0

10000
¥2° 401

gelti° - 692€10°0
SLYE®O Z2Ir8ceo
g091°¢ 222650°1
Orivy 1 d03¥3
QAVONYILS
34vNOS-N 091lL€0°0
4< 4034 S6
Qrlvy 4 €e20es"¢e
9602°01- 21081070
9L96°¢c€ €EHEYII®O
Orivy 30443
GAVANVIS
javnos-y 192L€0°0
4<80dd 96
0rIivE 4 H60LLG"E

0014%2€€0=JdE6HNN NUILVII4IINIQT NIELAVLS

Wi3ilsS AS

ST SATVNY

Iva32I1r1sli1i1vi1s

106%10° 0~ { 201
654280°0 4 190001
€0ZL0%° b [ 1d3J¥3INI
JLVHILSI 4Q INBVIAVA
Y313WvAvd

ISH S96001 3¥VA d3Q
3440

s avoa01 $1300K
060¢e8i* 0~ I 190001
8%9€2d3° S I Ld3Jd3IINT
J1VAILSI 40 JEVIYVA
d3L3WVavYd

ISH $96007 dVA 430
340

3sS 307901 213004

19



SANTVA INISSIW QvH S80 & $3LUN

(333) SNOINVINVISNI *HOTdWvIELS

00°00013 00°0002¢ 00°0COEY 00°000%¢S 00°0005 % 00°0005€ 00°00022 00°00081 00° 0006 00°0
L L DL Tl Bl S bbbl F Bl et LDl L P L L bl Al et b LS L P LD S DL et L2 et L Dt T I e R LIS 2L it DL DL Dl T
+ 0°0
J
|
|
J
+ 0°01
i
i
|
v } {
+ 0°02 v
| 0
| S
v i
| S
v v + 0°0¢ ]
v I
v v v } Rl
] ] v v vy 1 /
] v v 1 9
v v v + 0°0% W
v ] 124 [} )
v v |
v vy v vy v wWw v ] o
] v v vy | 3
v v vy W + 0°0§ A
v v | 1
v VWV d i 0
v 44 |} S
v Vv ¥ v i S
v Wy V ¥V ¢.0°09 I
v wWw v ) Q
] ] v VvV
gav | 3
av | 4
v v + 0°0L v
v [} 4
vy | 1
i n
v 1 S
+ 0°08
v 1
v
i
v i
+ 0°06
|
i
i

°J43 ‘S0 2 = ¢ *SH0 I = Vv 2:0N3931 [9000d%5%600d 40 LG4

O0LVLEEO=AFUANN NOLLVIIJIANIAL NOXLAVLS
3 EG6L *U1 ISNINV *AvASANIHL [9361 W31sS A STSATYNY 1vi3lIr11siK41vieis

20



S3ANTIYA INISSIW QVH Sd0 S

|
+
i
|
|
|
+
I
|
1
|
+
1
|
|
|
+
l
|
1
|
+
i
l
1
|
+
|
]
|
|
+
|
|
l
|
+
I
|
|
I
+
I
|
|
I
+
|
|

190001
0°21 &° 11 o°ft g*01 0-0t $°6 0°6 ('] 0*u s°L oL s°*9 0°9
D R L e D R S it LT EE T TR e e A e L DL L PP PRy
v
v
v
v
v
v ¥
v
v y v v
vy v
v v
v v v
v v vy
v vy vvyy v vy
v v
v vy vy v
12 v Yy v v v
v v v
v v v
v v v 6 vy
vy vy v v
v v v yv
v v v v vy vy v
vay v
v v
vy
v
v
v
*243 ‘S840 2 = 46 °S40 I = vV ANIIN 1900012556007 40 1034
O0CISLE€0=3UiNN NOTLVII4IINIQL NOILVLS
€661 ‘Y1 ISNINY *AVASHNHL Tv2sl W3ilsaAs STESATVHNY Tvl2I11si11i1vi1s

9

$J1UN

9=z

8°Z

0°¢€

2°¢

9°€E

g°¢c

0°y

%%

L/
S¥6007

21



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 ar<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>