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ABSTRACT

Four topics relevant to the Municipality of Metropolitan Seattle
(Metro) routine stream quality monitoring network are addressed.
These include: 1) A review of the literature on water quality trend
assessment, and recommendation of a method to effect trend analysis,
2) A review of Metro's existing routine monitoring network with
respect to number of stations, number of variables monitored, and
sampling frequency, 3) An assessment of potential problems in
assessing trends in water quality indices in time and space, and U4) a
limited analysis of selected Metro stream and river quality data for

trends.

The results of the investigations were: 1) Development of a
computer program (TREND) to analyze water quality trends, drawing on
previous work by the first author and recent developments by others,
2) A recommendation for reduction of Metro's routine monitoring
network to 30 stations, retaining the existing monthly sampling
frequency, and, with minor exception, retaining the existing suite of
variables monitored. Cost savings would be used to implement a
rotating intensive monitoring program with the aim of supporting
predictive capability .for sensitive basins, 3) Minimal problems were
encountered in assessment of trends in Metro's water quality  indicesi,,
however it is recommended that whenever trends in indices are
assessed, the contributing variables be assessed as well, Further, as
a general rule trend assessments should not be attempted when fewer
than five years of data are available, 4) The demonstration trend
analysis of five selected stream and river stations was inconclusive,
due largely to the paucity of data available. Improved sampling
protocol from 1979 on offers encouragement that more meaningful trend

analysis will be possible within the next twe years.
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CHAPTER I. INTRODUCTION

The Municipality of Metropolitan Seattle (Metro) is a metropolitan
municipal corporation which is authorized to perform two functions:
water pollution abatement and public transportation. Its jurisdiction
encompasses all of King County, Washington and includes numerous
municipalities ranging in population from several thousand to
approximately one-half million. Representatives of many of these local
jurisdictions sit on a council which has ultimate administrative

authority.

Metro's first, and most widely visible, mission was the
construction of four sewage treatment plants and over 100 miles of large
trunklines and interceptors which replaced 28 older sewage facilities in
the Seattle metropolitan aréa. This initial program completély
eliminated the discharge of treated effluent into Lakes Washington and
Sammamish. The facilities intercepted and treated all raw sewage
formerly discharged into the two lakes, the Duwamish River, Elliott Bay
and the adjoining Puget Sound waters (except combined sewer overflows).

—
Much of Metro's resource base continues to be allocated to maintenance

and expansion of this system, and many of Metro's current programs act

in support of this responsibility to some extent.

An example of one such support program is Metro's receiving water

monitoring associated with the four treatment plant discharges. Its



purpose is to assess the effects of those discharges on freshwater,

estuarine and marine waters. Metro regularly reports the results of

this monitoring to a Water Quality Monitoring Review Board (WQMRB),
whose members represent the State Departments of Ecology, Fisheries, and

Game, as well as the Department of Civil Engineering, University of

Washington. In response to changing Federal and State legislation,

Metro's efforts in water pollution abatement have expanded beyond its

wastewater treatment responsibilities to include regional water quality

planning and management. In 1976 Metro was designated by the State of

Washington Department of Ecology as the areawide water quality planning

agency under Section 208 of the Federal Water Pollution Control Act

Amendments of 1972 (FWPCA). As such, Metro has assumed responsibility

for monitoring the Lake Washington and Green River Basins of King

County, and for developing plans to maintain or enhance the quality of

these waters, consistent with the FWPCA., In effect, this expansion of

Metro's pollution abatement responsibilities results in programs

directed towards the abatement of non-point poliution in tﬁe Lake

Washington and Green River basins. Under Metro's enabling legislation,

the agency has authority to:

(1) prepare a comprehensive water pollution abatement plan including
provisions for waterborne pollutant removal, water quality
improvement, sewage disposal, and storm water drainage for the
metropolitan area, and

(2) acquire, lease, construct and regulate the use of facilities for
water pollution abatement including but not limited to, removai

of waterborne pollutants, water quality improvement, sewage



disposal and storm water drainage within or without the

metropolitan area (Metro, 1977).

Metro has no operational function for abating significant non-point
pollution sources such as stormwater runoff and construction-related
erosion and sedimentation; this remains with the local jurisdictions.
This distinction is important, and has a direct effect on the objectives
of Metro's streams and rivers sampling network, a review of which is the

subject of this work.

As part of its 208 planning function, Metro has expanded its
original water quality network to monitor periodically the quality of
the rivers and streams within its Jurisdiction. The originai network
was a core of several stations on the Green and Duwamish Rivers. As
previously mentioned, these stations were established to evaluate the
effects of the discharge from the secondary wastewater treatment plant
at Renton Junction on the Green/Duwamish River (for those unf;miliar
with local geography, the Green River becomes the Duwamish River below
its confluence with the Black River, a now-minor tributary which prior
to the construction of the locks connecting Lake Washington and Puget
Sound was the outlet to Lake Washington). From this abatement-oriented
network, numerous stations were added and others dropped to form, by
1980 a routine monitoring network of 80 stations. Of these, 11 were on
the main stem of the Green/Duwamish, Cedar, and Sammamish Rivers, 3 on
the tidally affected reach of the Duwamish River, 2 on the Lake
Washington ship canal, and the balance of 64 on smaller streams. The

network underwent further revisions in 1981. To be consistent with land



use data employed 1later in this chapter, a baseline network of 64
stations is considered here in lieu of the 80 station 1980 network. The
baseline network excludes the tidal reach of the Duwamish, the Lake
Washington Ship Canal, and several small basins for which land use data
are not available. The stations included in this network are listed in
Appendix A (and shown in Figure 3, Chapter III). Of the 64 stations, 11
are on the main stem of the Green/Duwamish, Cedar, and Sammamish Rivers.
Of the 53 stream stations, 12 are in the Green River drainage and the
remaining 41 in the Lake Washington drainage. The preponderance of
stations in the Lake Washington drainage, to some extent, reflects the
natural configuration of the drainage network within King County, but
more significantly it is a reflection of population density, and

patterns of change in land use.

In this work, Metro's streams and rivers program is reviewed with
respect to its stated goal, which is to track the quality of the streams
and rivers within Metro's jurisdiction so that Metro is aware of all
significant existing or developing problems within these waters. In
addition to a review of the network, methodologies for assessing the
existing data base are reviewed, with recommendation of a family of
analytical tools for detecting trends in the data and péovision of a
computer program to effect trend detection in the manner recommended.
Finally, technical complications in assessing trends in water quality
indices are reviewed, and a demonstration application to five stations

in Metro's existing network is performed.



A. Evolution of Streams and Rivers Network

As noted above, the existing streams and rivers network evolved
from a series of stations on the Green/Duwamish river associated with
the Renton Junction wastewater treatment plant. Data were collected at
some of these stations as early as 1961, however sampling frequencies
were somewhat sporadic and parametric coverage was sparse until the
early 1970's. 1971 is the first year included in readily retrievable
form on Metro's computerized data handling system. Periodic stream
sampling was initiated as part of the RIBCO (Metro's River Basin
Coordination Committee) study from July 1971 through December 1974,
This study included 37 small streams in King and Snohomish County, many
of which were in the Lake Washington drainage basin. Metro initiated
its own program for monitoring small streams in 1975. Various station
densities and sampling frequencies were employed: in the initial phase
one third of the network was sampled each year during the period 1975-
78. During 1979, the sampling frequency was increased, some stations
were dropped, and the rotating strategy was discontinued. In January,
1981 the small streams program was merged with the RIVAL (River Basin
Survey) program, an extension of the earlier Green/Duwamish network in
operation for the period 1976-80, which included stations on the
Sammamish and Cedar Rivers and Lake Washington Ship Canal as well as the

Green/Duwamish,

The existing data base reflects the evolutionary nature of the
network. Although the baseline network consists of only 64 stations
Metro's streams and rivers historical data base includes 236 stations.

A cursory review of the data allows some inference of perceived network



objectives at the time the sampling was performed. The rivers component
of the network contains many fewer stations than the streams component,
and generally there have been fewer changes in station location. The
streams network is characterized by extensive areal coverage, with
relatively short record lengths. Many of the stations were sampled for
a period of only one year during 1975-78 when the one in three year
strategy was in effect. It is worth noting that essentially all
stations included in the network were sampled on a periodic basis, i.e.,
at a one month time interval, rather than on a shorter term basis with
increased areal coverage. This is so even for those stations sampled
for only a single vyear. Although some intensive sampling has been
conducted by Metro (the Juanita Creek study (Brenner, et al., 1978) is a
notable example) intensive monitoring generally has not been emﬁloyed

either as an alternative or supplement to periodic sampling.

B. Objectives of Existing Network

As noted above, the stated goal of the streams and rivers
monitoring program is to provide sufficient information to identify any
significant existing or evolving water quality problems in Metro's
service area. Within this general goal, the program has several
specific objectives, which were identified through discussions wiéh
Metro personnel responsible for management of the program, and through
review of Metro internal correspondence. These objectives include:

(1) To detect trends in water quality over time.
(2) To determine whether existing water quality conditions constitute

problems or potential problems based on scientific eriteria.



(3) To identify water quality conditions which the public may perceive
as problems.

(%) To determine cause-effect relationships for water quality,
especially in areas that may be affected by Metro facilities, such as
treatment plants.

(5) To recommend mitigation and abatement measures, and to evaluate the
effectiveness of such measures.

(6) To provide public awareness in the field in support of stated Metro

policies, particularly in areas of high priority or sensitivity.

Although these stated objectives are comprehensive, they do not
provide a full picture of the underlying basis for the network. One of
the key motivations behind the monitoring program, and an area addressed
extensively by other Metro programs, is the protection and enhancement
of fisheries habitat. The many small streams in the Cedar and
Green/Duwamish drainage basins historically have provided spawning and
rearing areas for Coho, Chinook, and some Chum and Sockeye Salmon as
well as various game fish such as steelhead and §utthroat trout. It is
widely perceived in the water resources profession, and by the public as
well, that urbanization has a degrading effect on native anadromous
salmonid fisheries. With the notable exception of the Cedar River
Sockeye run, there is a perception that some native fisheries
populations in the Cedar and Green/Duwamish basins have showed a long
term decline. In recent work for Metro, Harper-Owes (1981) found that
the best parameter for predicting coho salmon abundance in small streams
in King County was the ratio of the flood discharge of record to mean

runoff, which in turn can be related to the fraction of impervious area



within the basin. Although the results of the Harper-Owes work are
sufficient to establish general empirical trends across many basins,
cause-effect relationships in any particular basin cannot be established
because of data limitations. Therefore, it is Metro's concern to
document, on the basis of its monitoring network, stream quality
conditions related to fisheries production, particularly for small

streams.

Perhaps more importantly, Metro desires to bring public awareness
to such stream resources on the basis of credible scientific data. The
latter aspect of the network is especially important, since, unlike its
wastewater management function, Metro currently acts, in most cases, in
an advisory/coordination role on water quality issues, relying on local
government authorities to implement appropriate non-point pollution
abatement programs. Therefore, in addition to the specific objectives
noted, a general objective of the network is to provide a credible basis
for predicting water quality changes as well as for documenting those
changes that have already occured. A key issue to be addressed in this
work is the appropriateness of the existing program to accomplish this

general objective.

c. Water Quality Monitoring - A Conceptual Perspective

The stated objectives of Metro's streams and rivers network are
diverse, suggesting a range of potentially conflicting sampling
strategies. For this reason, it may be useful to introduce a conceptual
perspective to the classification of networks, to avoid confusion as to

the type of information that can be provided by various design



configurations.

Water quality monitoring programs can be classified into six
general types, according to their objectives:

a) surveillance,

b) model parameterization,

¢) cause-effect,

d) trend detection,

e) water quality control, and

f) baseline.

Surveillance networks are oriented toward either detecting the
impact of a known pollution source, or of 'fingerprinting' unknown
sources of undesirable water quality conditions, such as spills. Such
networks usually must have relatively high sampling frequencies,
possibly utilizing continuous monitoring, to obtain acceptable
performance levels, Given the relatively minor importance of point
source pollution (exclusive of wastewater treatment plants, considered
to require type e monitoring) in the watersheds of interest, such

networks will receive minimal emphasis here.

Networks designed to estimate parameters of an existing water
quality model must provide data on time and space scales sufficient to
allow identification of transfer rates and related model parameters.
Insofar as such models generally are implemented at the stream basin
level, and conditions nearly always vary within a basin, multiple

stations per basin are implied. Further, time constants for most water
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quality interactions are on the order of hours or at most days, and the
hydrologic response time for small watersheds is on the order of hours
or minutes. Therefore, type b networks must have high spatial density
and high sampling frequencies. However, a sampling program for model
parameterization may need to be in operation only for a few days for a
small number of storm events. A further distinguishing feature of such
networks is their link to prediction* via the modeling process. The use
of models, regardless of their level of sophistication, implies an
input-output process, where the input is meteorological conditions and

waste discharge flow rates, and the output is water quality.

Cause-effect networks operate on similar space-time scales to type
b networks, however their purpose is limited to identification of the
functions relating input and output. Although type b and ¢ networks are
similar, the absence of a conceptualization or model quantitatively
relating input and output restricts the use of the data collected to
assessment of present conditions. The information collected from a type
¢ network may ultimately form the framework for synthesis of predictive

relationships, however. Type d, or trend detection networks, are

. .
A distinction between the often-confused terms forecasting and
Prediction should be made. Forecasting generally implies an estimate,
in rgal time, of what will happen in the future. For example, weather
conditions for a period of a few days in the future, flood peaks, spring
sngwmelt runoff, and perhaps water quality downstream of a measurement
pglnt‘for a few hours into the future, all can be forecasted. Predic-
tion is a more general term, not necessarily implying time as the inde-
pendgnt variable. As an example, a regression model might be used to
predict water quality conditions given land use type, slope, etec. A
common use of prediction in water quality management is evaluation of
a}terngte Scenarios for the future, for instance water quality condi-
tions in a stream five years in the future might be predicted using a
model driven by 1land use, alternate climatic scenarios, etec. Such

pred@ctions would not, in commonly accepted technical terminology, be
considered a forecast.
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directed toward retrospective analysis of time sequences of observations
for evidence of changes in a statistical sense. Such networks have been
analyzed by Lettenmaier (1975; 1977) and others; they usually represent
resource allocations such that spatial density is sacrificed in favor of
long sequences of observations at frequencies on the order of weekly or
monthly. It is important to emphasize that trend assessment techniques,
such as those reviewed in Chapter III, are entirely retrospective in
nature and have little utility for predicting future conditions.
Further, the type of data collected normally does not support predictive
models, therefore any predictive capability based on the data collected
from type d networks is limited to extrapolation a small number of time
steps in the future using the persistence structure of the time series
collected. Such extrapolation is usually of limited practical value.
Therefore trend networks may be considered to be devoid of predictive

potential from a practical standpoint.

Networks designed for water quality control (type e) represent an
extension of type a networks where the measured water quality conditions
in-stream are used in a control system to determine ‘end of the pipe'
effects on the receiving waters. Metro's two continuous monitoring
stations in the vicinity of the Renton Junction wastewater treatment
plant constitute such a network. Should the monitors detect
unacceptable in-stream conditions, plant operations personnel are
notified. Litwin and Joeres (1974) have proposed control methods to

link data collected by type e networks to treatment plant operation.

Type f, or baseline networks are appropriate in cases where there
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are little or no pre-existing data. Although type f networks may have
spatial coverage or time frequency of sampling categorically similar to
either type b/c or type d networks, the level of sampling effort is
generally much lower than that associated with the other networks and
the data collected are appropriate only to establishing the level of the
water quality constituents measured. Some of the stations sampled

during the RIBCO study fall into this category.

The six network types can be represented with respect to their
domains of influence in time as shown in Figure 1. A review of the
stated objectives of Metro's rivers and streams network in this context
immediately reveals a conflict with the existing network structure.
Objective 1 (trend detection) clearly requires a type d network, while
objective U4 (cause-effect) requires type ¢, or possibly type b.
Objectives 2 and 3 (problem/potential problem, and perceived problem
identification) are probably best served by a type c¢ network, while
objective 5 (control) requires type b and c. Objective 6 (public
awaremess) does not clearly imply any particular network type; depending

on specific circumstances either types b/c or type d might be

preferable,

The important conclusion reached from comparison of Figure 1 with
Metro's stated network objectives is that no single network will
suffice. The existing network is 1largely oriented toward type d
objectives, as are the analytical procedures discussed in this report,
however it appears that some shift in sampling effort away from type d

networks may be appropriate. The potential conflict represented by the
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PRESENT

PAST FUTURE

TYPE A:
Surveillance/abatement

O

TYPE B: Intensive/model parameterization

TYPE C:
Intensive/cause-effect

O

TYPE D: Trend Detection

< . ]

TYPE E:
Control

O

TYPE F: Baseline

< D

Figure 1: Time Domain Conceptualization of Water Quality Monitoring Networks.
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diversity of stated objectives is important, especially as it relates to
the space-time scale of monitoring networks. Chapter III suggests
changes to the existing program to effect a data collection program more
consistent with this range of objectives. For the present, an important
point to emphasize is that trend networks (type d) are entirely
retrospective, and the analysis of trends has no predictive or
forecasting value per se. For predictive purposes, implementation of
type b networks, and development of modeling expertise to utilize this

type of data, is essential.

D. Objectives of This Study

The present study has four objectives, which are addressed in

Chapters II, III, IV,'and V, respectively. These are

1) to review water quality trend analysis approaches, to recommend
operationally feasible trend assessment techniques, and to provide
a computer program suitable for performing the recommended
analytical procedures on Metro's streams and rivers data base,

2) to review Metro's existing streams and rivers network, and to
recommend changes to make the network more compatible with the
objectives reviewed above,

3) to review methodologies and problems associated with assessment of
trends in water quality indices, and

4) to conduct a limited analysis of certain selected stations in the
existing data base, making use of the techniqiues developed in
Chapters III and IV.

This chapter concludes with a brief preview of the material included in

each of the four subsequent chapters.
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Chapter II includes a detailed review of the water quality trend
analysis literature. The work of Lettenmaier (1977) is given special
attention as an initial, integrated methodology for trend assessment.
Important advances have since been made by Hirsch, et al. (1982). The
distinguishing feature of Lettenmaier's and Hirsch's work is the use of
nonparametric statisties. Hirsch proposes the use of seasonal tests,
which obviate the necessity for pre-processing to remove seasonality.
Another important advance of Hirsch's work is the development of
techniques to remove the covarying effects of streamflow, which
otherwise may confound water quality changes attributable to
anthropogenic sources. The computer program developed by Lettenmaier
(1977) has been revised and extended to include Hirsch's work, which was
graciously released by the U.S. Geological Survey for incorporétion in
the TREND computer program described in Chapter III. A listing of the
program and documentation is provided in Appendix B, The program as
revised includes 20 analysis options; the sequencing of these options is
at the wuser's discretion. Some of the options represent alternate
approaches to a common analytical objective, so Chapters II and V
provide some recommendations of the options the authors feel are most

appropriate for Metro's data base.

Chapter III reviews Metro's existing network with respect to
spatial coverage, frequency of sampling, and water quality constituents
monitored. As noted in the preceding section, there is an apparent
conflict between the configuration of the existing network and its
stated objectives. In Chapter III, a methodology is developed to allow

ranking of station importance by using a scoring system based on four
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criteria reflecting basin drainage area, projected land use change, and
surrogates for swimmability and fishability. An algorithm is then
developed to determine optimal n-station subsets of the baseline 64
station network, where n < 64, Justification is provided for reducing
the existing type d network to approximately 30 key stations. The
resources released by discontinuing the remainder of the present
stations would be allocated to establishment of a type b monitoring
program, where the same scoring system used for assessment of the
existing type d network is recommended (but not actually implemented) to
prioritize basins for the detailed, type b surveys. A related
recommendation is that Metro augment its modeling capability to supplant
some of its data collection activities, with predictive models to be
supported by the type b surveys. The current, monthly sampling
frequency at the type d stations is considered adequate, however it is
recommended that the number of water quality constituents monitored at
these stations be reduced somewhat, emphasizing a subset of the existing
parameters monitored, It is also recommended that Metro act in
cooperation with the State Department of Ecology to eliminate monitoring

station duplication in the Cedar, Green/Duwamish, and Sammamish Rivers.

Cﬁapter IV reviews statistical problems associated with assessment
of trends in water quality indices. Water quality indices represent an
attempt to express water quality conditions, measured by a vector of
water quality constituents, as a single number. The attraction of
indices is their ability to distill a large amount of information into a
form which facilitates comparisons between basins, and in time. Metro

currently makes use of two separate indices for swimmability and
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fishability (two key criteria in the FWPCA). These indices amount to
non-linear transformations of the elements of the water quality
constituent vector. Recent work in the water quality literature has
pointed out complications that can result from attempts to assess
changes in water quality indices, and has demonstrated that spurious
trends may result when changes in the mean of a constituent are
accompanied by changes in its higher order moments, such as variance.
In Chapter IV, such problems are reviewed in the context of the indices
used by Metro, and some 1limited analysis is conducted on selected
stations. This review is important, since water quality indices are
used as a public information tool, so the existence of spurious trends
could have wide-reaching, and undesirable effects in terms of Metro's

management goals.

Finally, Chapter V applies the trend assessment methodology to five
selected stations for eleven water quality constituents, three of which
make up Metro's swimmability index and the remaining eight the
fishability index. The analysis of these records is carried out in a
stepwise fashion, mimicking the actual ocutput of the computer prograﬁ.
The use of as many program options as possible is emphasized,
particularly where more than one approach is posSible. Sample graphical
and tabular output is included in these tutorial applications to assist

the reader in using the program.



CHAPTER II. APPROACHES TO WATER QUALITY TREND ASSESSMENT

Concerns over changes in water quality are a relatively recent
issue. Although statistical tests for change have a long history,
little attention was given to water quality trends, and the statistical
characteristics of water quality data, until the early 1970's. Even
then, limitations on sample sizes served to 1limit trend assessment
procedures to ad hoc methods (e.g., Enviro Control, 1972). As data
collection programs, such as Metro's, have been established and refined,
sufficient data have been accumulated to allow application of more
refined statistical techniques, tailored to the problems of water
quality data. In this chapter we review several approaches that have
appeared in the refereed and 'gray' literature, recommend a family of
statistical tests, and describe a computer program developed to perform

the recommended analytical procedures.

A. Literature Review

The concerns of the 1last two decades over environmental
degradation, and resulting expenditures of large sums of public and
private monies on cleanup efforts have provided the motivation for
attempts to assess trends in water quality. This interest was directed
both toward long term (i.e., on the order of decades) changes associated
with growth of industrial activities, urbanization, and other long term
effects (Wolman, 1971) as well as the shorter term (i.e., on the order
of a year or two) effects of cleanup efforts, such as construction of
improved wastewater treatment plants. As noted above, early attempts at

trend analysis were 1largely frustrated by the lack of adequate data
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bases. A noteworthy excepfion was the long-term water chemistry data
collected by the U.S, Geological Survey for large rivers. The work of
Steele, et al. (1974), who used harmonic analysis to estimate changes in
annual chemical quality wusing this data base, was one of the first

attempts at statistical analysis of water quality trends.

Lettenmaier (1975), by investigating daily water quality
observations, concluded that lag-one Markov models (which assume that
the present and previous observations of a process are linearly related
with additive noise) are generally applicable to water quality time
series for many variables. By examining statistical power under
different sampling plans, enough Jjustification was provided for the
Washington State Department of Ecology (DOE) to switch from the former
"one-in-three" sampling plan where, for reasons of economics, a region
was intensely sampled only one year in three, resulting in two-year data
gaps for each region, to a uniform time interval sampling plan.
Lettenmaier (1977) also developed a computer program (which with
modifications, is termed TREND herein) for editing, displaying, and
analyzing water quality data. This program handles (1) removal of
outliers, (2) data transformations to generate a symmetric distribution,
and (3) removal of seasonal effects. The program has also been designed
to handle incomplete data records (as most water quality records have at
least occasional missing observations). Two nonparametric statistical
tests were included: a Mann-Whitney step procedure to test the first
part of a deseasonalized time series against the second part, and a
Spearman's rho procedure to test for the presence of a gradual trend in

the series rather than a definite break or step. Descriptions of both
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of these tests are included in standard texts on nonparametric
statistics, e.g., Conover (1971). The presence of correlations among
measurements over time was accounted for in Lettenmaier's work by
producing a new set of critical test statistic values that are a
function of the value of the persistence in the time series of
observations. Aside from the tables of adjusted critical values,
illustrative examples are also present. The report by Yake (1979) on
water quality trend énalysis in the Spokane River Basin is a useful

application of the TREND program.

Hirsch, et al. (1982) have recently extended Lettenmaier's
apptroach, producing some ﬁechniques for analyzing monthly water quality
data (the techniques are easily generalized for seasons of any length,
and we have done this in the revised version of TREND described in
Section C of this chapter). Hirsch's seasonal Kendall test for trend
considers data within each month (season) thus implicitly
deseasonalizing in this manner before combining results from several
months into a final test statistic. If a trend is established, the
Seasonal Kendall slope estimator (a median regression technique)
measures the magnitude of the trend in (flow-adjusted) concentrations
over time. The procedure is non-parametric (i.e., makes no assumptions
about the specific probability distribution of the data) and is
therefore robust against various departures from the assumption of a
normal distribution of random errors. The desirability of adjusting
concentrations for streamflow variation is also discussed and the
techniques recommended are one of the most useful aspects of the Hirsch

work. Harned, et al. (1981) have also addressed the problem of
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streamflow adjustment, proposing three methods including the one used by
Hirsch, to reduce the effects of discharge on concentration values.

Their methods appear to yield similar results.

A recent report by Harper-Owes (1981) for Metro addressed the
problem of assessing water quality impacts by looking for predictive
relationships among indicators of 1land use and various water
quality/quantity parameters, Since all of the proposed (linear)
relationships were applicable at a given time, only, the results are not
reflective of long term trends. This work does, however, illustrate the
difficulty in removing the effects of natural variability in identifying
cause and effect relationships for water quality. Thus the need for
assessment of long term behavior of water quality parameters is further

underscored.

Water Quality Indices and Long Term Trend Assessment

Because of the multivariate nature of water quality, several
techniques for constructing water quality indices have been proposed.
Most indices take the form of a single number which is a function of
values of the water quality variables which make it up. One index of
particular interest was developed by Dunnette (1979) for the Oregon
Department of Environmental Quality; it is a 1linear combination of
transformed water quality variables. Swartz, et al. (1980) have
employed Dunnette's method in developing both a fishability and a
swimmability index for King County streams and rivers. Nonlinear
parameter transform curves have been used to transform the individual

constituents into values compatible with the index scale.
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Landwehr (1974; 1979) has analyzed the nature of water quality
indices (including those like Dunnette's) by reviewing some of their
mathematical and statistical properties, and has arrived at some
important conclusions. For instance, the parameter transform functions
can influence the behavior of an index in unexpected ways. In both the
fishability and swimmability indices devised by Swartz, et al. (1980),
some of the parameter transform curves are monotonically increasing,
some are monotonically decreasing, and some have slope directions which
depend on the values of the constituent (e.g., temperature, pH). Also,
the Swartz-Dunnette index uses a weighted linear combination of the
constituents and hence is of the form §'= izl w. Y5 rather than a form

. N W,

like a geometric mean, y = igl Y;.

(where the y 's are the transformed
constituents and the w,'s are the weights). Landwehr (1979) has
demonstrated that in many areas, a geometric mean construction like ;
exhibits more stable (less natural variability) behavior than an
additive mean like Y. For example, ; is more sensitive to varying
coefficients of variation (changing standard deviation with respect to a
fixed mean) and less sensitive to changing means with fixed standard
deviation, a kind of "backwards" property and not a desirable one. So,
if the average conditions stay the same but underlying water quality
becomes more variable, the index will tend to rise. If the parameter
transform curve is decreasing so that a reduction in the mean of one of
the index constituents is interpreted as an improvement in water
quality, then it is possible for the index value to actually indicate a
change in the opposite direction. Furthermore, as the standard

deviation increases relative to the mean, quite different conditions can

yield similar index ratings (Landwehr's cautions and general results are
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discussed in more detail in Chapter III, where distributional properties
of the Swartz-Dunnette fishability and swimmability indices have been

investigated.)

Stream Order and Location of Sampling Stations

Sharp (1970, 1971) introduced the concept of stream order as a
measure of entropy (uncertainty) of a sample source. Stream order is
simply a method of assigning a numerical value to the elements of a
branching network. For example, the smallest distinguishable stream
channel is, by definition, first order. Two first order streams combine
to make a second order stream. A very large stream, e.g., the Columbia
River, is typically of order about eight. Sharp proposed a binary
search algorithm as a way to ensure that the expected number of tests or
samples needed to find a single contamination source in a sequential
search of a drainage basin would be kept to a minimum. Liebetrau (1979)
extended this work by confirming that the best way to divide a region
for water quality investigations is via the stream order method, and
that for sampling purposes regarding spatial placement of stations, the
set of all segments of the drainage network serves as the population.
It was also found that Sharp's binary algorithm was unsuitable for
synoptic surveys and long-term trend assessment. For these kinds of
networks, a sequential student's t-test was proposed to detect changes
in water quality variables. Of course, this kind of test depends on the
normal distribution of the underlying data. Further, missing values are
not allowed, and the magnitude of the suspected changes must be
specified at the start. For other reasons, the sequential t-test would

not be easily adaptable to Metro's water quality data. However, the
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ideas regarding the stream order design are applicable to the problem of

station placement, and are used, at least subjectively, in Chapter III.

U.S. General Accounting Office (GAO) Report

The recent GAO Report, "Better Monitoring Techniques are Needed to
Assess the Quality of Rivers and Streams" is deserving of special
attention, Basically, the report recommends the elimination of periodic
(or routine, in Metro's nomenclature) networks for trend assessment in
favor of more intensive synoptic surveys (type b in the terminology of
Chapter 1I). Many of the problems that the report points out are
associated with a nation-wide, scattered data base supplied from many
sources. The nature of interaction between federal and state agencies
and inconsistencies in field and laboratory work from many studies
contribute to the difficulties. Fortunately, by paying proper attention
to considerations such as quality assurance/quality control in field
procedures, laboratory analyses, and data recording, Metro should be
able to avoid many of the problems that have plagued 1larger scale,
nationwide water monitoring programs. However, issues such as adjusting
concentration measures for in-stream flow variation and location of
sampling stations are present even in smaller, local studies and will be

addressed in Section C of this chapter.

B. Recommended Trend Assessment Technique

The trend assessment technique or techniques used must recognize
the nature of the data being analyzed. As noted in the previous
section, it generally has only been within the last ten years that

statistically rigorous methods have been brought to bear on the problem
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of water quality trend detection. In part, this is because of some

complicating characteristics of the data bases. Among the

characteristics that must be recognized are:

(1)

(2)

(3)

Seasonality: Most water quality variables are affected directly or
indirectly by seasonal climatic changes. For instance, water
temperature responds directly to air temperature, allowing for some
lag to account for heat transfer into and out of the streambed, and
the water itself. Dissolved oxygen is affected by water
temperature since many biochemical processes in the water body are
affected by oxygen deficit, the difference between dissolved oxygen
concentration and saturation concentration, and saturation
concentration varies with temperature, Nutrients, such as POu—P
and total P reflect levels of biological processes, such as stream
periphyton growth rate and concentrations, which may have large
seasonal variability.

Asymetric probability distributions: Most water quality variables
are positively skewed, since they cannot be negative, but may
occasionally take on large positive values. Exceptions are
variables which have small ranges, or coefficients of variation,
such as temperature, dissolved oxygen, and pH. These variables are
often very nearly symmetric and, if seasonal variations are
removed, may be nearly normally distributed. On the other hand,
variables such as suspended solids and other measures of sediment
loading, bacterial counts, and some biomass indicators may be very

highly skewed.

Missing or nonuniformly sampled data: Because of the relatively
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(5)
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recent evolution of the water quality field, major improvements in
laboratory and field procedures, and changing ideas as to
appropriate sampling strategies, the time sequence of observations
of any particular variable at a given location may have many

missing data. Sequences of missing data may be for long periods

when no samples were taken, such as a year or more, or may occur

sporadically throughout the record. Incomplete records may also
occur because of changes in sampling frequency. Regardless of the
cause, most traditional time series techniques, which assume equal
sample intervals, are not applicable to water quality data.
Persistence: Water quality measurements are not, in general,
independent, but are instead positively correlated (i.e., small
values tend to be followed by small values and large by large), and
the correlation usually increases as the sampling interval
decreases. Positive correlation between samples arises because
fluctuations from the mean tend to continue for a period that is
long compared to the sampling interval. Examples are abnormally
high air temperature, or low rainfall, which will be reflected as
short term variability in many water quality variables. Such
variations are, from a statistical standpoint, 'noise', and may
obscure underlying trends. Persistence usually is not a major
issue when monthly sampling frequencies are used, particularly if
the data have been adjusted for flow dependence (discussed below).
For higher sampling frequencies, such as biweekly or weekly, it
becomes increasingly important.
Streamflow interaction: Hirsch, et al. (1982) have documented the

effect that interactions between streamflow and water quality
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variables may have on detectability of trends. Some water quality
variables display a washoff effect, that is, high flows are
accompanied by high concentrations (i.e., solids), while others
have a dilution effect (i.e., fecal coliform counts), where high
flows tend to coincide with 1low concentrations. Unless the
flow-concentration relationship is neutral, the possibility exists
that apparent trends in concentration may be caused by trends in
flow, for example, a sequence of several wet years followed by a

sequence of dry yeats,

Before commenting on the particular methods recommended which
respond to these considerations, it is worth making a philosophical
observation. Water quality trend analysis, and in fact most statistical
problems, requires the application of at least some measure of art.
Statistical inference is based on the premise that the probability
distribution of the data (or certain characteristics thereof) takes on a
certain form, i.e., normal, log normal, etc. So 1long as the
distribution holds, specific procedures are available, and hypothesis
tests, parameter estimation and other inferences can be drawn from the
data. The difficulty, especially for small sample sizes (and water
quality samples sizés are inevitably small to moderate by statistical
standards) is that one can never be sure that the assumed probabilistic
properties actually hold. For instance, a logarithmic transformation of
the data will be appropriate if the sample data are log normally
distributed, but it is usually very difficult to confirm that the
underlying population distribution is in fact log normal as compared to

a similar alternative distribution, (e.g., extreme value, Pearson III).
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For this reason, we emphasize an approach that makes use of a number of
statistical tests and other procedures, some seemingly redundant. We
also recommend liberal use of graphical interpretation at as many points

in the statistical analysis as possible.

With these considerations in mind, we recommend the use of a family
of nonparametric statistical tests, included in Lettenmaier (1977), with
.the addition _of some éarametric and nonparametric tests and flow
ad justment procedures recommended by Hirsch (1982). Nonparametric tests
are advocated where possible because they do not require specific
knowledge of the form of the underlying probability distribution, but
(in general) only that it be symmetric. By use of appropriate data
transformations, approximate symmetry can be achieved, and verified

graphically.

TREND,_ the revised computer program developed to perform the
analyses, is described in the following section, and in more detail in
Appendix B. Briefly, water quality and streamflow data are entered,
screened, and grouped by season (e.g., month). Three general classes of
options are then available to the user: (1) data manipulation, i.e.,
options that perform some operation on the data such as transformation,
removal of seasonal means, etc., (2) plotting, and (3) statistical
testing. Considerable flexibility is left to the user in determining
the sequence of options to be performed. 1In addition, parallel pathways
to achieve the same objective (e.g., removal of seasonal means versus
use of a seasonal test directly) exist in some cases. Where these

occur, we make recommendations as to the preferred pathway, however it
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may be best to use both methods and compare the results, as illustrated
in Chapter V., The reader who desires to implement the program is
strongly urged to carefully review the program documentation of Appendix

B and the demonstration examples in Chapter V.

c. TREND ~ A Computer Program for Water Quality Trend Analysis

TREND is a Fortran IV program capable of performing a numbgr of
analyses on water quality time series. 1In general, these analyses are
aimed at processing of the data to account for the various properties
discussed in the preceeding section, and ultimately to test for the
existence of a trend. The program offers twenty options which allow the
user to create time series plots, quantile-quantile plots, (Wilk and
Gnanadesikan, 1968) deseasonalize data, and compute various parametric
and non-parametric statistics. With the exception of the plotting
routines, which are available only at the University of Washington's
Academic Computer Center, the program is transportable to any

installation that supports Fortran 77.

TREND operates on a channel-option concept (see flowchart - Fig.
2a). Data are stored in channels and various user-defined analyses and
operations ("options") may be performed on the data in those channels.
This format is particularly convenient and efficient because it allows
storage of data on which various manipulations have been performed for
future analysis. Six channels are available and a channel may be reused
at any time at the cost of overwriting the data previously stored in

that channel.
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Figure 2a. TREND Program Flowchart
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Initially, data are read by the DATIN subroutine which converts the
(possibly) irregular time series to a uniform time series with a
variable, user-supplied sampling interval. The data input format is
compatible with time series data accessed from Metro's automated data
handling system (see Appendix B). The program offers two options for
converting the irregular series to a uniform time series (e.g., one
sample per month): (1) all Qata within the base time interval are
averaged and this mean value is used as the o¢bservation for that
interval, or (2) the observation closest to the center of the interval
is used as the observation for that interval, and the other data are
ignored. The preferred option depends on the objectives of the user.
In many cases, such as when a monthly sampling interval has been used
throughout the data record, the choice is immaterial; it is only of
concern when, for instance, there are periods during which several
samples per month were collected. Option 1 will provide a smoother time
series for, say, plotting but is inadvisable if statistical analyses are
desired since the resulting "observations" may have unequal variances.
During the data-reading phase all non-numeric items in the data (i.e.,
nLr, MAM, ™M) are converted to blanks. Up to 6 variables of 250
observations each may be entered and stored by DATIN. The resulting

uniform time series are printed on the job output.

Once the data have entered the program up to 20 analyses and/or
operations may be performed on each variable. The program is capable of
the following analyses and operations (see Appendix B for more detailed
description; except where otherwise noted, refer to Lettemmaier (1977)

for detailed descriptions):
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(2)
(3)
)
(5)
(6)
(7
(8)
(9)

(10)

(11)

(12)

(13)

€14)

(15)

(16)
17

(18)
(19)
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data transformation - both natural log and power transforms are
available,

deseasonalization,

data differencing with an optional lag period,

quantile-quantile plots,

time series plots on either a lineprinter or a CalComp-like device,
transfer of data from one channel to another,

correlation and partial correlation plots,

Cumulative Sum (CUSUM) plots,

removal of up to 16 data points from the data set (can be performed
multiple times),

computation of residuals from a moving average,

Mann-Whitney (Conover, 1971, p. 224) or Spearman's rho (Conover,
1971, p. 245) test for trend,

plot of least squares linear or step increase (decrease) in the
data,

computation of flow concentration relationships (Hirseh, et al.
1982, p. 108),

Mann-Kendall trend test (Conover, 1971, p. 249),

a seasonal trend test based on Kendall's statistic (Hirsch, et al.,
1982, p. 108),

same as (15) with slope estimator (Hirsch, et al., 1982, p. 117),
computation of the first 4 moments of the data (Hirsch, et al.,
1982),

seasonal least squares regression (Hirsch, et al., 1982),

standard least squares regression (Hirsch, et al., 1982),
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(20) a seasonal rank sum test for trend based on the Mann-Whitney-

Wilcoxon statistic (Bradley, 1968, p. 115),.

Options 3, 7, 9 and 10 are not usually used for trend analysis.
They were retained from an earlier version of the program (Lettenmaier,

1977) in the interest of completeness.

Clearly, there is some overlap between these options. For
instance, using option 2 followed by option 12 gives a Mann-Whitney
trend test on deseasonalized data which is similar (but not identical)
to the test described in option 20. Recommendations and guidelines for

circumstances such as this are included in Chapter V.

Execution of TREND is best accomplished by interactive submission
of a batch job (i.e., from a remote terminal). Figure 2b conceptually
shows the job file structure for such a run of TREND., It is presumed
that the program source code has been previously compiled and placed on

a file which can be accessed by the job control language (JCL) file.

All job files may exist physically on tape, disk, or in the form of
cards. However, since card handling capabilities are being phased out
at most installations it is strongly recommended that the use of cards
be avoided. Instead, use of disk space for temporary storage and tapes
for long term storage of water quality and streamflow data files is
recommended. Since the JCL and input data files change for every job,
they generally will not be saved for extended periods, and use of disk

storage is recommended.
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Job Control
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Output
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Figure 2b. File Logic Structure to run TREND.
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In Figure 2b, the user supplies the JCL, input data (see Appendix
B), water quality data, and flow data files (if required), in addition
to the executable program code file. Typically, the user does not have
access to the program source code and only a command to execute the
compiled code is included in the JCL. Alternately, a command can be
placed in the JCL to compile the program, but this is a less efficient
and more awkward procedure. The water quality and flow data files may
be included in the input data file (see Appendix B), or they may be
placed on separate disk files which are referenced by the JCL. The
latter procedure is preferred. It is, however, recommended that the
input file be physically linked to the JCL file (separated by an end of
record marker), as this file is usually quite short by comparison to the

water quality and streamflow data files,

As with any generalized program, certain limitations and éautions
must be kept in mind. Most of the routines will accept missing values
and such data are merely excluded from analysis, If a routine cannot
accept missing data this is pointed out in the more extensive
documentation provided in Appendix B. A limitation of several of the
options dealing with seasconality is that there can be only one
observation per season, i.e., monthly observations cannot be averaged to
obtain quarterly seasonal values within the routine. This may be
partially circumvented by the DATIN routine which will average several
observations (say, 3 monthly values) into a single value. Finally, the
user must realize that TREND has no control over certain Fortran level
operations, Incorrect entry of data may cause the program to abort

without a clear diagnostic message. However, the program echo prints
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all input data, so such problems usually can be reduced by verification
% of the input. Whenever an unexpected error is encountered during the

use of TREND the user should carefully check the various program inputs.



CHAPTER III. REVIEW OF EXISTING METRO STREAMS AND RIVERS ROUTINE

MONITORING NETWORK

The baseline routine streams and rivers monitoring network
evaluated in this chapter consists of 64 stations located throughout the
Lake Washington and Green River drainage basins as shown in Figure 3.
As described in Chapter I, this network has evolved from various water
quality monitoring programs conducted by Metro throughout King County
from the early 1960's. Generally, stations have been placed on bridges
where possible to allow easy access and to facilitate adequate
cross—-sectional representation of stream quality. Grab sampling is used
exclusively, with a single replicate analyzed from each sample (however,
duplicate analyses are conducted on approximately 10% of the samples for

quality control purposes).

Appendix A provides descriptions of the subset of sampling stations
considered in this chapter, classifying each station by its Puget Sound
Council of Governments (PSCOG) subbasin identifier as well as its common
identifier. The former is required to link land use projections and
drainage areas to the various stations. It should be noted that there
are some differences between the station list given in Appendix A which
includes 64 stream and river stations and Metro's 1980 and 1981 rosters
of stations. These differences reflect absence of PSCOG subbasin
identifications, as well as some stations on the Lake Washington Ship

Canal and the tidally influenced portion of the Duwamish that are

37



'J .

E N \l‘\?nh Little Bear

LAKE
WASHINGTON
Evans
0486 \_\\&
Yarrow
Falrweather SAI%/I?VIIESVIISH
0444; D444
Kelsey

0442

Coal

N lebetts

Fig. 3. Metro Routine Monitoring Network Stations' newaukum
‘Evaluated In This Report ~— -

T322




39

included in the streams and rivers program, but are not formally

classified as streams or rivers for this report. These stations are not

considered.

Metro's current sampling strategy is to visit each station on a one
month interval. At each visit, the full suite of constituents listed in
Table 1 is collected, subject to certain exceptions noted. Where
possible, analyses are conducted on-site (examples: temperature,
dissolved oxygen). Instantaneous streamflow is measured at the stream
sites by taking current measurements at approximately 0.6 of the depth
at the 1/3 and 2/3 points in the stream transect, and computing flow as
the appropriately weighted multiple of velocity and cross-sectional
area. Cross-sectional area is estimated by observing an instantaneous
stage, and determining the area from a preexisting cross-section survey.

Laboratory analyses are conducted at Metro's Seattle water quality

laboratories.

One of the primary objectives of this study is to review the
existing network with respect to (a) number of stations, (b) sampling
frequency, (c¢) constituents measured, and (d) streamflow monitoring
strategy. As noted in Chapter I, there appears to be a conflict between
the stated objectives of Metro's routine streams and rivers program, and
the information that can be extracted from routine, or trend sampling.
The essence of this conflict is the 1lack of either predictive or
forecasting capability inherent in the analysis of trends. Insofar as
several of Metro's monitoring objectives are predicated on predictive

capability, the primary motivation in the analysis conducted in this
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Table 1. Metro Streams and Rivers Routine Monitoring Program -
Constituents Monitored and Cost Estimates.

Cost Per
Analysis,
Constituent dollars Notes
Temperature NA field
Dissolved Oxygen 0.87 sample fixed on-site
BOD 9.81
pH 0.68
Fecal Coliform &
Fecal Strep 4,21
Instantaneous flow NA instantaneous velocity
reading used in conjunction
Wwith stage reading
Suspended solids 1.28
NH,-N 2.10
3
N02+N03-N 2.10
OPO4 -P o 2.10
Total PO4-P 1.32
Total Kjeldahl N included with organic N
Turbidity 0.60
Settleable Solids 2.05
Specific Conductance 0.29
Organic N 2.62 by difference
0il & Grease NA intermittently selected
stations only
Ccd
Cr
Cu
Hg 0.46 stations 3106 & 0311 only
Ni
Pb
Zn
Fe NA
Chlorine residual NA stations 3106 & 0311 only

Total less oil & grease, Fe, chlorine residual = $32.19 (includes $1.70
for supplies)

Total based on lab time allocation $61
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chapter is to suggest a redesign of the existing network compatible with
this aim. It is the authors' thesis that this can best be achieved by
reducing the resources allocated to the routine monitoring program, and
reallocating them to intensive surveys that can be used to support
dynamic basin level water quality modeling. Therefore, this chapter
will émphasize possibilities for (a) reducing the number of routine
monitoring stations, (b) reducing sampling frequency, and (¢) reducing

the number of constituents sampled.

A. Sample Station Selection

As noted above, the existing routine rivers and streams monitoring
network station locations have been determined by an ad hoc eveolutionary
process. Ideally the station allocation procedure would be a global
optimization, with the objective function a technical statement of the
network objectives. For instance, for a trend network, Lettenmaier
(1975) devised a method for allocating stations within a basin using a
trend detectability criterion. This methedology presupposes that there
is no existing network. The assessment of Metro's network undertaken
here is a somewhat different problem. First, many basins are involved,
and a key element is the necessity to allocate sampling stations among
basins. Second, the preexisting network is areally extensive, and it is
desirable to retain existing stations wherever possible. Also, the
existing stations usually have been located at bridges or other
structures facilitating the gathering of cross-sectionally
representative samples, as well as measurement of streamflow. In

consideration of the desire to reduce the number of stations, and the
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areal extensiveness of the existing network, a design methodology was
selected that constrains the stations in the revised network to be a

subset of the existing network.

Having determined that the design algeorithm to be used must select
optimal subsets of the existing network, it is necessary to define an
objective function. Primary considerations are that (a) the objective
function must reflect Metro's dominant water quality management
concerns, 1including those objectives noted in Chapter I which are
relevant to a trend monitoring network, and (b) that the network be

effective in detecting trends.

As noted in Chapter I, Metro has designed swimmability and
fishabiliity indices (Swartz, et al., 1980) to quantify two of its
principal water quality concerns. Therefore, a major considerétion for
monitoring design is that sampling be conducted in those streams that
are rated relatively low with respect to swimmability or fishability, as
defined by the indices. Ideally, these indices might be used directly
as criteria for station selection. However, the existing data are not
complete enough to allow computation of both indipes at all stationms.
Therefore, surrogates for the indices, specifically fecal coliform
counts (swimmability) and the stream walk index (fishability) were
selected. The specific values used were geometric mean summer (April -
September) fecal coliform counts for the period 1979-81, and the summer,
1979 stream walk indices. In both cases, availability of data was an

important consideration in determining the year or years used.
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The swimmability/fishability criteria are useful in identifying
Streams and river reaches that may bear particular scrutiny on the basis
of existing undesirable quality. Another criterion is necessary to
identify basins or subbasins that presently have high quality, but that
may be adversely affected by future land use changes. Harper-Owes
(1981) identified a flood index defined as the average ratio (over
years) of instantaneous maximum flow to daily maximum flow, which
appeared to be the best predictor, considering data availability, of
coho salmon abundance for small streams within the Metro service area.
This index can be related to impervious area, therefore projected
impervious area change is a useful surrogate for susceptibility of a

basin to a range of water quality/quantity problems.

PSCOG has provided land use information (under separate contract to
Metro) on a watershed level that can be used to estimate impervious area
changes that may be associated with each of the routine monitoring
stations listed in Appendix A. The PSCOG projections provide predicted
land use changes in several categories. For each category, a per cent
imperviousness can be estimated, following the results of a study of
urban hydrology performed by the American Society of Civil Engineers
(1969). Although the methodology is not precise, its accuracy is
compatible with that of the land use change projections. Harper-Owes
(1981) made use of the ASCE information on imperviousness for various
land use types to estimate per cent imperviousness for 1980 conditions
in the PSCOG subbasins. In the interest of consistency, the particular
values for imperviousness for each of the PSCOG 1land uses (which

represent the midpoint of the ranges from the ASCE study) were also used
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here. By summing the products of projected number of areas in each land
use by fractional imperviousness for that land use, estimates of 1980
and 2000 equivalent impervious acres were derived for each of the
drainages associated with the 64 stations given in Appendix A for 1980
and 2000. Where more than one station existed with a PSCOG subbasin, an
estimate was made of the distribution of the projected areas upstream of
each station. Appendix C contains detailed estimates of impervious area

derived from the PSCOG data.

The use of fishability/swimmability, and projected land use change
should identify stations on the basis of either low ratings in current
water quality or of potential for future changes. One final candidate,
which is a surrogate for objective 6 of Chapter I (public awareness of
Metro programs), is the drainage area associated with each station. In
the absence of differences in the first three criteria, maximization of
accountability for water quality changes throughout Metro's service area
dictates that a station draining a large area is preferable to a station

draining a small area. Drainage areas are available directly from the

PSCOG land use data.

Given the four critera for each station (summer 1979-81 geometric
mean fecal coliform counts, projected impervious area increase, drainage
area, and 1979 stream walk index), a single station score was desired.
This necessitated some method for weighting and combining eéch of the
four criteria, or some transformation thereof, to form a single score.
In the absence of preference information not available to us, the use of

equal weights was considered appropriate. However, care was required to
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avoid the domination of the score by any single criterion due to either
differences in magnitude or wvariability. Therefore, suitable
transformations of the raw data were considered. Figures Ja~-d present
. stem and leaf diagrams (Tukey, 1977) of the raw data. Stem and leaf
diagrams amount to a quick method of estimating empirical probébility
density functions for the data. For the purposes of what follows, it is
important that the data take on a density function that approximates the
normal distribution, a necessary (but not sufficient) condition of which
is symmetry. It is immediately clear from Figures U4a-d that the stream
walk index is approximately symmetric without transformation. This is
fo be expected, since the index is the sum of several elements which can
be treated as random variables - therefore the central limit theorem
would suggest normality. For the other variables, logarithmic
transformations were employed. In the case of the coliform data, a
tenuous argument for normality of the logarithms can be made based on
the central limit theorem; for drainage area and projected impervious
area change the logarithmic transformation must be viewed entirely as an
operational tool. For the purposes of this analysis, it should be
emphasized that approximate normality is sufficient, so a detailed

analysis of appropriate transformations is not in order.

The ultimate objective of the analysis of the distribution of the
four criteria is to obtain a score which equally weights the four
criteria, One way of achieving this is to invoke a second
transformation of each of the (possibly logarithmically transformed)
criteria to a domain in which they will be uniformly distributed.

Convenient limits of such a transformation are (0,1) or (0,100). If the
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Stem and Leaf Diagram for Stream Walk Index.
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Figure Yc. Stem and Leaf Diagram for Projected Impervious Area Increase

(acres).
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Figure 4d. Stem and Leaf Diagram for Drainage Area (acres).
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latter is used, and the intermediately transformed data are normal, the
inverse standard normal distribution function (which is related to the
error function, erf(*), see National Bureau of Standards, 1964) will

achieve this. The transformation may be represented as

Y g = |100-PCe; 505 £ > 0
100+ (1 - P( |tijk| )); tigp L0

where t = xijk"ii i=1 4, which are the criterion
ljk 5 ’ + e ’

and where i} and Si are the sample mean and standard deviation,
respectively, of criterion i, and j is the station number in primary
basin k. P(-) is the standard normal cumulative distribution funetion,

computed in most elementary statistical texts.

*
For the j'th station in basin k, the score Sjk
4
* .
= % . i
ik’ Sjk l/lli=1Yijk An exception is made when no

stream walk index is available for a particular station (e.g., the river

is simply the

average of the Yi

*
stations) in which case 'Sjk is the average of the remaining three

criteria.

The effect of these manipulations is to define a score, ranging
from zero to 100, for each of the 64 stations. To achieve the ultimate
aim of the analysis, which is to specify optimal or near optimal

n-station subsets of the 64 station grid analyzed here, it is necessary
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to determine the optimal p-station subsets of the existing Nk stations
in each of the k = 1, ... 20 primary basins. For instance, within the
Issaquah Creek basin, which presently has Nk = 8 stations, there are (g>
=(§:%%TE! p-station subsets. For p = 4, this amounts to 70 possible
four-site configurations. One approach to this problem would be to
select the p-station subsets, p = 1, ... 8 (for Issaquah Creek) which
" have the maximum summed score, S%i = jgl S?k . The difficulty with this

approach 1is that the c¢riteria measures Yijk

are dependent on the
specific configuration of the stations, therefore, for example, for p =
4 in Issaquah Creek, projected impervious areas, drainage areas, stream
walk indices, and fecal coliform counts would have to be identified and
repeated for all 20 primary basins. This tedious process would clearly
involve enumeration of many inferior alternatives. For this reason, an
alternate, ad hoc approach was taken, which should result in near
optimal within basin allocations. This ad hoc approach is defined as
follows: For p = 1, the station nearest the outlet (usually having an
"O" prefix) was always used. for p > 1, an ad hoc approach was used,
The procedure, which is subjective, was based on a preference to have
approximately equal projected impervious area changes assigned to each
station. In assigning criteria values to each station for p < Nk’
recorded coliform counts at each station were used directly for each
station. Likewise, drainage areas were computed directly by summing the
upstream area associated with stations not included in the given
p-station configuration. Stream walk indices were estimated by taking
the weighted sum of recorded stream walk indices for the given station

and all upstream existing stations not included in the specified

configuration, where the weights were the square root of the areas
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drained by each existing station included. The rationale for these
weights is that the streamwalk index represents stream bed conditions
per unit length of stream, and the square root of drainage area is a

characteristic stream channel length.

The results of this aggregation process for the k'th primary basin,
for example, were Nk station configurations, where Nk is the present
number of stations in basin k, k = 1, ... 20. The results of this
preliminary analysis are given in Appendix D, which includes the raw

criteria values for each configuration.

Having completed the within-basin analysis, the problem becomes one
of allocating stations among basins. For example, if a 60-station
network is desired, this could be achieved by reducing the existing
number of stations in primary basins number 5, 10, 15, and 20 by one
each. The score associated with this network would be

p
Skxx - %? k S* . The optimal network is that having the

7
k=1j=1 Ik

20
maximum S*** sybject to the constraint that kgl P = n= 60. This

problem is well-suited to dynamic programming, an optimization technique
described in most introductory operations research texts (e.g., Hillier
and Lieberman, 1967; Chapter 8). In the formulation used here, the
primary basins were stages, and the scores associated with each Py-
station configuration were the states. The output of this analysis is
the specific number of stations allocated to each basin for each value
of n, as given in Table 2. For any desired value of n, Appendix D can

be consulted to determine the particular stations in the existing
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network to be retained. The program used to perform the optimization is

included as Appendix E,.

As described earlier in this chapter, the approach pursued here is
to reduce the allocation of resources to the routine monitoring network,
and to re—-allocate the savings to a type b/c network in the interest of
upgrading Metro's ability to predict future water quality problems. The
routine network retained, however, must meet Metro's objectives with
respect to long term trend assessment as outlined in Chapter 1. A
review of Table 2 reveals that reasonable coverage of the 20 primary
basins is provided by a network with n = 30 stations, i.e., at least one
station is included in all but one of the primary basins. Such a
network represents elimination of slightly more thén 50% of the 1980
network, and as shown in Section E, should be sufficient to allow
implementation of a viable type b/c (model parameterization/cause-

effect) monitoring network and related modeling effort.

For these reasons, our recommendation is to retain a 30 station
routine monitoring network, with stations allocated to the primary
basins as shown in Table 2 for n = 30, and in Figure 4e. We suggest
that Metro carefully review the specific stations te be retained, taking
into account factors that may not hve been incorporated into the site
selection process. These include the quality of the historic record at
the sites to be retained, availability of stream gage data, and any
peculiarities of the physical sites that might affect the
representativeness of results. The important recommendation of this

section is a 30 site network, and the allocation of these 30 stations to
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Optimal n station subsets of baseline 64 station network (entries
are p,, number of stations allocated to each primary basin)

Table 2.

PSCOG, Primary Basin Identifier, k (See Appendix A)

Number

PSCOG
8

Stations,

n

16 17 18 19 20 Score

14 15

12 13

11

9 10

86.1

85.1

84.6

83.1

82.0

81.0
80.1

79.2
78.

10
11
12
13
14
15
16
17
18
19
20

77.1

52

76.5

76.0

75.5

73.3

21

22
23
24

71.1

70.7

25
26
27
28
29
30
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Table 2.

PSCOG, Primary Basin Identifier, k (See Appendix A)

Number

19 20 Score

‘9 10 11 12 13 14 15 16 17 18

'8

Stations,

n

67.0

31

66.4

32
33
34

65.8

1
1
1

65.2

64.6

35

2
2
2

37
38

39
40
4]

61.2

42
43
uy
45
46
47
48
49
50

53

60.0

59.6

59.1

57.7

51

52
53
54

6
55.9

2
2

55

56

57
58
59

53.7

2
2

60

51.8

61

51.2

62

50.6

2
2

63

50.0

64



5L

NN
"

\Lyon Swamp

N484
J4as4

Big Bear

0446
Forbes

B484
WASHINGTON 0484 8

Evans
0486

/\m LAKEMS
SAMMAMISH \_\

/
0631 N. Fork

\\r Issaquah

Little Soos L e
P ,

Bt

Jenkins

S ; 2
0322 INS ’ &/—V\
: ?\/Coal

- . TP Newaukum
Fig. 4e. Recommended Routine Network - ‘Preliminary




55

the 20 PSCOG primary basins; the analysis does not preclude some
adjustment in the particular stations to be retained within each primary

basin.

B. Parameters Monitored and Sampling Cost Analysis

Table 1 lists the water quality variables collected at Metro's
routine monitoring stations, and estimated laboratory cost information
provided by Metro. For comparison purposes, the list of parameters and
sampling costs provided by William Yake of the State of Washington Dept.
of Ecology (DOE) for DOE's statewide ambient stream monitoring program
are given in Table 3. The DOE program includes six stations on the
Green/Duwamish, Cedar, and Sammamish Rivers which are specified in Table
4, The apparent duplication in effort represented by the DOE and nearby
Metro stations is addressed in Section E of this chapter. In this
section, the comparison of concern is the water quality variables
sampled, and laboratory analysis costs for each. Comparison of Tables 1
and 3 indicates that the DOE 1list includes all elements on the Metro
list with the exception of metals, BOD, settleable solids, and oil and
grease (which Metro collects only intermittently). The DOE 1list
includes color, which is not on the Metro list. DOE also monitors Cu,
Cr, Pb, Zn, Cd and Hg at its lower Green and Duwamish stations; Metro
monitors these metals as well as Ni and Fe at all stétions. and chlorine
residual at stations 3106 and 0311, which bracket the Renton wastewater

treatment plant discharge.

Metro laboratory analysis costs are about $32 for its entire suite,

based on material costs and labor from a time and motion study of
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laboratory performance. This compares with DOE costs of about $73 for
primary variables only, and another $82 for secondary variables. At
least two caveats should be placed on these estimates. First, the Metro
costs are based very specifically on the time required to complete
various analytical tasks; they do not necessarily result in full
allocation of personnel time. A second approach, reported in Table 5,
was taken in estimating Metro laboratory labor costs allocated to the
routine sampling program on a per suite basis. This was accomplished by
attributing all labor to various categories (travel time, sample time,
analysis time, see Table 5), based on personnel scheduling data provided
by Metro. On this basis, assuming an average wage including all
expenses of $25/hr, the cost per suite of samplesvper site per Survey is
about $66. This does not include depreciation on equipment, cost of

facilities maintenance, etec.

The DOE costs are updated from 1977 information using approximate
inflation rates. This may result in an upper estimate, as improvements
in laboratory procedures would be expected to reduce costs somewhat in
constant dollars. The DOE estimates are based on analyses of the
samples at an EPA lab, so they undoubtedly include full allocation of
personnel, equipment depreciation, maintenance, etec. Even accounting
for such differences in reporting, it appears that Metro's sample
analysis costs are comparatively low, and do not represent an important

candidate for program cost savings.

The parameters sampled in the routine program appear to be

representative of the types of water quality problems present in Metro
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Table 3. Washington State Department of Ecology - Ambient Stream Monitoring
Program Laboratory Costs (updated from April 1977 estimates).

Primary Variables

Constituent Cost Per Analysis Comments
Instantaneous flow field a
Temperature field
pH $ 3.25 b
Fecal coliform 8.25
No3-N 8.25
Noz—N 8.25
NH_-N .

3 8.25
OPOu-P 8.25
Total Pou 12.25
Specific conductance 3.25
Turbidity 4,00
Color 3.25
Suspended Solids 5.75
Dissolved Oxygen field

$73.00

Secondary Variables
Total Kjeldahl Nitrogen $ 8.25
Hardness NA
Cu 12,25 c
Cr 12.25 c
Pb 12.25 c
Zn 12.25 c
Cd 12.25 c
Hg 12.25 c

$81.75 (excluding hardness)

4r sampling site is coincident with U.S. Geological Survey stream gaging
station, time is recorded and instantanecus flow retrieved directly from
USGS records, if site is in proximity of USGS gage, time is recorded and
instantaneous flow estimated by routing from USGS gage, otherwise
instantanecus stage is recorded via wire weight, staff, or other reference
at site and flow estimated by application of rating curve,

balso measured in field

canalysis performed by U.S. Enviromnmental Protection Agency
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Table 4, State of Washington Department of Ecology Ambient Stream Quality
Menitoring Stations in King County

DOE # Location Nearest Metro Station
094060 Duwamish RM 8.3, Allentown bridge 0307, 0309, 3106, 0311
094090 Green R near Kent RM 18.3 0315
094190 Green R near Kanaskat RM 57.6 B319
08C110 Cedar R near Landsburg H438
08C070 Cedar R at Renton RM 1.0 0438

08B0O70 Sammamish R at Bothel 0480
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streams and rivers, with only a few exceptions. The exceptions are
Kjeldahl nitrogen, turbidity, and settleable solids. The Kjeldhal
procedure is time consuming, and results in concentrations that are
highly variable and difficult to reproduce. Further, there does not
appear to be any water quality condition that can be directly
interpreted from Kjeldahl N or Organic N, given the sample of NH_-N and

3
NO2 + NO_-N and the other water quality variables sampled. Turbidity is

3
a discrete measure with increments so coarse (typically v 5 Jackson
turbidity units) that any trends that might be present are usually
masked in truncation error. Further, joint investigation of suspended
solids and specific conductance will wusually pick up trends also
appearing in turbidity. A similar argument can be made for elimination
of settleable solids at the river stations. For selected stream

stations where bank erosion is, or is expected to be, a major problem,

this variable should be retained however.

A final cost consideration is transportation and sampling time.
Tables 5 and 6 contain information on transportation time for the DOE
program statewide, and for the Metro program. Average travel distances
are much larger for the DOE program, and travel speeds are higher as
well, as population densities are much higher in the Metro program area.
However, Metro crews appear to spend about the same time at the site
(about 36 labor-minutes on average versus about 40 estimated from Table
6 for DOE) despite the larger number of variables sampled. It does not
appear, therefore, that there is much potential for reducing the time

allocation to the sampling and transportation process.
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Table 5., Metro Sample Crew Time Allotment

Travel Time/Site Sample Time/Site? Averageb
Region # Sites Labor-hours/crew Labor-hours/crew Distance
North 17 0.34 0.76 2.2
Southeast 13 0.36 0.74 2.9
Ship Canal 10 0.27 0.39 4,y
Green-Duwamish 10 0.31 0.40 5.2
South 14 0.52 0.74 5.1

aincludes 9 L-H set-up time allocated equally to each site

bassumes actual distance is approximately 1.25 x straight line .

Laboratory time estimate = (Total technician time allocated)* -
(Field Time)** = (350 - 96.5) = 253.5 labor days/year.

Converted to dollars on a per site per survey basis, Lab labor cost is
approximately $66/site/survey.

* Total technician labor estimate for routine monitoring - 1982 = 350 labor
days

*%(Total travel time/survey/year + sample time/survey/year) = 96.5 labor
days
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Table 6. DOE Sample Crew Time Allottment

Region Avg Travel Distance Avg LH
Northwest 26 mi 1.08
Southwest 31 1.36
Northeast 68 1.98
East 70.5 1.99

assume time is approximately ¢ + a x travel
therefore, c is approximately 0.68 hr; a is approximately 0.019 hr/mi

The equation, which represents a best linear fit to the data in the table,
suggests that the constant time per site is about 40 minutes, and the
average travel velocity is about 50 mph. The velocity appears a bit higher
than would be expected realistically; this is confirmed by comparison of
the 40 minute at-site time as compared with the 20-30 minutes estimated
independently by DOE.
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c. Sampling Frequency

Various studies have been conducted to determine the most
appropriate sampling frequency for long term trend detection.
Lettenmaier (1975) showed that there is an upper limit on the effective
independent sample size as sampling becomes continuous, and, as a
result, that very high sampling frequencies are usually not cost
effective. However, samples taken at 30 day increments are essentially
independent under any reasonable assumption as to persistence structure.
The concern therefore becomes one of total sample size. Detectability
of trends increases as the total sample size (e.g., number of years of
record times samples/year) increases; as a rough rule it is difficult to
detect a trend magnitude much less than the standard deviation of the
time series (or its transform) for samples smaller than 50-100.
However, to make use of the flow adjustment methods discussed in Chapter
II, and included in the computer program TREND (Appendix A), it is
desirable to have a representative range of wet and dry years. If, for
example, an alternative of doubling the sampling frequency were
considered, the total number of years to detect a trend of fixed size
would decrease, but the representativeness of the flow record might
become a problem. Further, the number of stations would have to be
reduced by one-half to keep the same level of sampling effort, and areal
coverage would be inadequate. On the other hand, decreasing the
sampling frequency to bimonthly would increase the number of years
required to detect a marginal trend (e.g., a trend requiring 50-100
samples to detect) to upwards of ten years, which is probably too long
to meet management objectives. Therefore, it is recommended that the

present, monthly sampling frequency be retained.
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One final comment on sampling frequency is the desirability of
maintaining continuity in the sample collection process. The existing
data base, as noted in Chapter I, contains numerous gaps in the records
at the various stations. It is strongly recommended that the monitoring
program, i.e., station locations, sampling frequency, and variables
analyzed, stay fixed or nearly fixed until a sufficient record
accumulates at each site to allow assessment of trends. As a guideline,
this period of time should be on the order of five years. At that time,
the network should be reassessed, and stations added or dropped as
appropriate to meet evolving changes in underlying causative factors
such as land use. Such revisions should not take place annually, as is
p?esently the case; this is too short a period of time and encourages
fragmentation of the data, which in turn greatly reduces its utility for
trend assessment. On the other hand it is recommended that the
intensive»program, outlined in Section E, undergo annual review, as the
streams being intensively monitored should respond to shorter term

priorities in Metro's water quality management strategy.

D. Stream Gaging

Instantaneous streamflow is one of the variables measured in the
routine monitoring program, The method of measurement is use of a
current meter to obtain instantaneous velocity at one or more points
laterally across the stream, and measurement of stage, used in
combination with prior stream survey information to determine
cross-sectional area. If care is taken to assure uniform procedures and
velocity measurement, and the same equipment is used, the results should

be of accuracy comparable with those obtained by the U.S. Geological
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Survey at its gages. For small streams, this is typically a 'fair'
rating which corresponds to mean absolute error on the order of ten
percent for daily average flows. Measurement error for instantaneous
flows will be higher. It is important to note that bias, ie.,
consistent over- or underestimation, does not affect the trend
assessment procedure, so long as the bias does not change. Variability
in flow measurement, however, reduces the effectiveness of the flow

adjustment procedure.

For the purpose of intensive monitoring, and support of predictive

modeling, continuous stream gaging information is needed. This need

- arises from the necessity to predict streamflow as an interim step in

the water quality modeling process. Dynamic water quality models
usually consist of two submodels: a runoff model driven by
precipitation at time intervals on the order of .one hour or less, whose
output is runoff, and a quality model which is driven by the runoff
model, and whose output is in-stream concentrations of various water
quality constituents. Both models have a number of basin-specific
parameters that must be estimated by comparison of recorded and
predicted values. In the case of the runoff model calibration is
performed against (continuous) runoff data, and for the quality model,
calibration is performed against time sequences of quality measurements
within a specific event period, such as a storm. The availability of

continuous stream gage information is an essential part of this process.

The U.S. Geological Survey, in cooperation with several 1local

agencies, operated a fairly extensive gaging network for small streams
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in lowland King County throughout the 1960's and 1970's. Much of this
effort was related to the RIBCO study mentioned in Chapter I, wherein an
attempt was made to inventory a number of small streams that had never
been gaged. Many of these gages have since been discontinued. Appendix
F summarizes the status of stream gages in the lower Cedar and
Green/Duwamish basins. Excluding gages on the main stem of the Cedar
and Green/Duwamish, active gages remain only on Big Soos Creek, Issaquah

Creek, Kelsey Creek, Newaukum Creek, and Swamp Creek.

Discussions were held with Mr. Ed McGavock of the U.,S. Geological
Survey's Tacoma District Office to obtain approximate stream gaging
installation cost estimates. For small streams, an average figure 1is
$4000 which includes installation of a weir, if necessary, stilling well
and protective housing for the stage recorder. Also included in this
figure is the field time and analysis required to obtain an initial
rating curve. Once installed, operation costs, including periodic site
visits, data processing, reporting and data transfer to the Geological
Survey's WATSTORE computerized data handling system, and updating of
rating curves is on the order of $4000 annually. The stilling well and
protective housing remain at the site for several of the inactive
stations. Reactivation of these sites, assuming that the weir is

servicable, should cost on the order of $500.

The current policy of the USGS with respect to stream gaging is to
bill the full cost to the sponsoring agency, unless the station is
considered essential to the Survey's mission. The likelihood of such a

judgment for any stations in King County beyond the existing active
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network appears minimal, as the Survey undertook a recent program review
to reduce the extent of its network. A second exception exists,
however, in cases where the gaging supports a research or development
need. This might be the case for some basin studies where, for example,
there is an opportunity for development or extension of models, or where
the application is in some sense unique (as for the Bellevue urban
streams program). In these cases, some or all of the costs may be born

by the USGS.

From the standpoint of the routine monitoring program, the existing
method of measuring instantaneous flow appears to be adequate, and there
is no apparent need to expand the lowland streams gaging network. For
the purposes of an intensive monitoring program suggested in the
following section, it will be necessary to implement a stream gaging
program similar to that performed by the Geological Survey in
cooperation with Metro on May Creek (Hauschild, et al., 1982) to support
basin modeling. This typically would include installation and
maintenance of a gaging network on the primary tributaries within a
basin for a period of 12 to 24 months during which several intensive
water quality collection efforts would be undertaken. Some general
considerations for such a program are discussed in the following

section,

E. Recommended Network

The recommended routine monitoring network as outlined in Section A
of this chapter consists of the 30 stations shown in Figure Y4e, and

specified in Table 2 and Appendix D. Some minor modifications to this
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network are suggested; first, Tibbets Creek, which lacked land use data
to allow prioritization, should be reviewed; it is possible that station
A630 at the mouth of Tibbets Creek should be retained, with the lowest
ranking station from Table 2 dropped in its place. Also, it is
recommended that negotiations be conducted with DOE to eliminate
duplication in the stations specified in Table 4. A review of the 30
stations to be retained indicates that all the duplicate stations are
included, therefore a cooperative plan might shift responsibility for
three of Metro's stations to DOE, while assuming responsibility for 3
DOE stations which are essentially identical to existing Metro stations.
This would represent a net savings to Metro of three stations, leaving

27 to be sampled at the monthly frequency.

Metro's current allocation of labor (in labor-days per year) to the

routine monitoring program, based on 1982 budget information, is as

follows:
Professional Technician
Field and Lab Coordination 51 350
Program Management 16 1
Data Analysis and reporting 108 —

Based on an average wage rate of $25 per hour (including fringe and
overhead), and assuming an average of two weeks' vacation per year,
eleven holidays, and ten sick days, the total labor cost of the program
at present is about $120,000 annually. For the purposes of what

follows, it should be noted that equipment costs, supplies, and other
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incidentals are not included, however this omission is not of great
concern since such costs will stay essentially constant as resources are
shifted from the routine monitoring program to the suggested intensive
program. Assuming an agreement can be reached with DOE to transfer
responsibility for three stations and eliminating the variables noted in
section C, the recommended routine monitoring program should require
about $45,000 per year. Therefore, about $75,000 should be available
for funding of an intensive monitoring program. It is our
recommendation that this amount or the labor so represented, be used to
fund an intensive monitoring program. The remainder of this chapter is
directed toward estimation of the level at which such a program could

operate given existing funding constraints.

Consider a 'typical' small stream of concern to Metro. From Figure
4d, such a stream (e.g., median drainage area) drains about 3400 acres,
or slightly over five square miles. A typical main stem channel length
for such a basin is 2-3 miles. A representative intensive monitoring
network would consist of approximately ten stations, with samples taken
over the rise and fall of a storm hydrograph, say at four hour average
intervals for forty-eight hours. Therefore, one event, or storm
sampling sequence, would consist of 120 sample suites. From the
analysis conducted of the existing routine program, the cost to analyze
each suite should be about $60, therefore sampling costs for two events
would be about $15,000, Allowihg twenty man-days per event for field
time, data reporting, and logistics, adds about $8000 to the program
cost. Stream gaging costs, including installation and maintenance of

three gages by the USGS, would be about $24,000, Allowing 60 1labor-
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days, or $12,000 for model implementation, calibration, and
verification, the total cost per basin wouid be about $60,000 for a

program extending over one year.

This estimate represents an upper bound, as some economies of scale
should be realizable in data collection as compared to the routine
program, and many storms are of duration less than 48 hours. Also,
stream gage installation and maintenance costs will be reduced if USGS
matching funds can be acquired. In any event, it should be possible to
do a thorough job of monitoring and modeling one basin per year, and
three basins in two years is a reasonable goal. Finally, this analysis
assumes that all funds that can be allocated to intensive surveys must
come from the existing routine program, however intensive monitoring may
meet some other existing internal requirements. With this in mind, it
is suggested that a budget review be conducted to identify other

possible funding sources.

Little has been said as to the selection of basins for intensive
monitoring. It appears that a scoring system, similar to that used in
review of the routine monitoring program in Section A of this chapter,
would be appropriate. An attempt should be made to include all small
streams throughout the Metro service area in such a scheme, not only
those with existing water quality data bases. The scoring scheme should
also reflect land use characteristics and other measures of impact or
potential impact, as well as the 1length of time since the last
monitoring/modeling effort. At a rate of one to two basins per year,

the most important basins should be assessed on a ten to fifteen year
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rotation. Clearly, it would be advantageous to reduce this, perhaps to
the range five to ten years. 1In any event, we conclude that within the
general confines of the existing funding potential, a viable program of
intensive stream quality surveys and related modeling effort in support

of water quality prediction can and should be implemented.



CHAPTER IV, WATER QUALITY INDICES AND TREND ASSESSMENT

One difficult problem in assessing trends in water quality is the
multivariate nature of water quality descriptors. There is no single
measure of water quality, nor is there even a universally agreed upon
list of water quality constituents. As shown in Chapter III, different
agencies have different perceptions of the water quality variables of
most importance. There is a sound basis for this diversity; the
variables measured must reflect the problems or potential problems of a
particular water body, which may vary by site and with the objectives of
the managing agency. Nevertheless, the assessment of trends in
multivariate processes provides considerable potential for confusion.
For instance, can anything conclusive be said about a stream that has a
statistically significant decreasing trend in temperature, and a
significant increase in fecal coliform counts? Such anomolies, or
apparent anomolies, do occur, and are apparent, for example, in the

assessment of river quality performed for DOE by Lettenmaier (1977).

Such confusion is a particular problem for water quality managers,
who must convey the results of trend analyses to higher level management
and public officials, and ultimately the taxpayer, most of whom do not
have technical backgrounds. From this perspective, a single measure, or
index of water quality would be extremely useful., The hope is that a
water quality index could perform much the same as an index of the

economy; which, while not giving a full indication of the condition of

T1
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the economy as a whole, may reflect whether it is 'healthy' or 'sick'

and whether it is improving or worsening.

The difficulty with water quality indices, as noted in Chapter II,
is that anomolous results can occur for certain combinations of rating
curves (the transformations relating water quality measurements in
technical units to the index) and relative changes in moments of the
constituent variables. (Note that the mean is the first moment of a
probability distribution, the variance is the second central moment,
equal to the second moment less the mean squared, the coefficient of

skewness is related to the third central moment, and so on.)

As discussed in Chapter II, Landwehr (1979) has noted situations
where water quality indices can indicate anomalous trends, for instance
changes in the mean and variance of a variable may result in changes in
the index that are at odds with the common interpretation. In this
chapter, an analysis of the form of the water quality indices used by
Metro (Swartz, et al., 1980) is made, along with a review of selected
Metro data used in the indices. Finally, recommendations are made for
procedures to be used if attempts are made to analyze trends in the

indices, rather than in the constituent variables.

A, Background: Metro Water Quality Indices

Swartz, et al. (1980) describe the water quality indices, including
both a fishable and a swimmable index, used by Metro for assessment of
river and stream quality. These indices are based upon a general form

developed by Dunnette (1979), which is a linear combination of
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transformed water quality constituents, or variables. The constituent
transform curves themselves are generally log-linear in nature, and are
defined graphically by Swartz, et al. (1980). The constituents

themselves and their associated weights are given in Table 6,

The numerical weights given in Table 7 are attached to the
transformed water quality constituents before summing to obtain the
value of the index. In addition, it should be noted that the Fishable
Index has different weighting schemes for rivers and streams to account
for differences in predominant species and habitat in these two

environments.

Both indices are of the form ; =

nMm 3

Ww.Y., where Y. are the
l i i i

transformed water quality constituents, and the wi's are the weights.

i

Landwehr (1974; 1979) has discussed some of the general statistical
properties of indices 1like those of Dunnette. She has emphasized
potential problems, described in Chapter II, with indices of the form';.
Hence, it is necessary to investigate distributional characteristies of
certain constituents of Metro's indices to see how they might influence

the resulting behavior of the indices.

In reviewing the two Metro indices, we originally desired to
analyze changes in the lower moments, specifically the coefficient of
variation (ratio of standard deviation to mean) of all the constituents
of the two indices. This attempt, however, was frustrated by a paucity
of long term data for many of the constituents 1listed in Table 7.

Therefore, the analysis was limited to two basic water quality
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Table 7. Weights for Metrc Fishable and Swimmable Water Quality Indices

Fishable Index

Consti- Weight

tuent

No. Constituent Name Units Rivers Streams

1 Temperature 3 0.231 0.176

2 Dissolved Oxygen mg/1 0.231 0.176

3 Streambed Spawn%ng and Rearing - 0.231 0.176
potential index

4 Benthic Population® - 0.0 0.118

5 Periphyton C2 mg/m° 0.0 0.118

6 Dissolved Oxygen Percent - 0.153 0.118
Saturation

7 Specific Conductance mho/cm 0.077 0.059

8 pH std units 0.077 0.050

Swimmable Index

Consti-

tuent

No. Constituent Name Units Weight

1 Fecal Coliform counts/100 ml 0.50

2 Ratio Fecal Ceoliforms/Fecal - 0.33
Streptococcei

3 pH std units 0.17

q5ee Swartz, et al. (1980) for details
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constituents: temperature and fecal coliform counts. Temperature is
one of the main contributors to the fishable index for both rivers and
streams. Similarly, fecal coliforms are the dominant constituent in the

swimmable index.

The rating curve for temperature has the general shape given in
Figure 5. As shown in Figure 5, the rating decreases rapidly for values
outside an optimal range. For fecal coliform counts, the ratiﬁg curve
is decreasing on a logarithmic scale as shown in Figure 6. Hence there
are two constituents whose rating curves are different in form;
consequently the statistical properties of the transformed values have a

different effect on the indices.

B. Rating Curves for Metro Indices

Landwehr (1974; 1979) has investigated rating curves of the form

v = Axe—x/c

where the curves are not dissimilar to the parameter transform curve for
temperature, in the principal sense that values decrease on both sides
of the maximum, The Metro rating curve for temperature (Swartz, et al.,
1980) is as follows:

2.0, if x < 30°F

-.100x

0.0984e , if 30%F < x < 46°F;

y = 10.0, if 46%F < x < 54°F

-,0800x

736e , if 54°%F < x < T4%F

2.0, if x > 75°F
Landwehr (1974; 1979) has noted some specific properties regarding

the expected behavior of water quality indices for rating curves 1like



76

“S3uno) wIoy ‘aany

-T10) [BO94 X0F SAIN) UOTIBWIOFSUBL], ‘9 oandTy -exodus, I10F 9AIN) uoTlEWIOISUBLL G oan3Ty
[w got1/3x0 d, danjexadus]
00 0ST o001 0S 08 0L 09 0§ ov
) T | 7 T T T l | 0
0°¢
| —3
H
o B
S 0°s &
Fh Hh
o] (]
e 3
g
5 .y 2
t- ovm-
S 3
0°s
0°9
0°L
0°8
0°6
0'0T




T

those for temperature. For instance, as the true population mean for
temperature increases, the expected value of transformed temperature
first increases, then decreases, as would be hoped. There is
considerable overlap among different specified rating curves in the area
of the maximum, but this is expected due to the form of the curves.

Away from the maximum, different rating curves produce disjoint results.

The sensitivity of such an index to changes in the coefficient of
variation (CV) depends upon which side of the maximum the population
mean happens to lie. On the left hand side of the curve (the increasing
portion), y decreases in expected value as CV increases. On the right
hand side (the decreasing portion) of the curve, y increases in expected
value as CV increases. Hence the relationship between y in expected
value and the Cv may be direct or inverse depending on the actual value
of the population mean. For the particular rating curve for
temperature, values less than 46°F (7.8°C) are on the left hand side,
while values exceeding 548%F (12.2°C) are on the right hand side of the
curve. For values between 46°F and 5M°F, the rating curve is constant,

and hence would not be influenced by changes in Cv‘

If the population mean stays fixed but the standard deviation (and
therefore Cv) increases, y will behave "well" (that is, reflect the
behavior of the population mean accordingly) for low values of Cv (e.g.,
0.25 -~ 0.50), but will tend to some non-zero constant if Cv exceeds 1.0,
Hence for larger Cv' the change in the expected value of the index to
shifts in the population mean is slower. Such properties of the

behavior of a water quality index including a rating curve like that for



<@

78

temperature urge the use of caution when interpreting long-term behavior
of such an index. More specific results using actual temperature values

from Metro's data are discussed later in this chapter.

Landwehr (1974; 1979) has also discussed monotonically decreasing
rating curves of the following form:
y = Be-x/c
The specific rating curve for fecal coliforms is
10.0, if x < 10

v = 10.9e—.00846x

» if 10 < x < 200
2.0, if x > 200

(The curve is derived from Figure 9, Swartz, et al., 1980 and the
discussion on fecal coliform counts.) This kind of rating curve is a
little simpler in form than the one for temperature, and thus the
expected behavior of the index is somewhat more predictable., If the CV
remains fixed in value, the expected value of y tends to increase,
partigularly if the CV values exceed 1.0, The tendency for y to rise
with higher CV values could give possibly misleading results, indicating
improved water quality when the situation has simply increased in
variability. In such a case, it would then be important to check the
values of the standard deviations and Cv's over time from the data to
ascertain the nature of any trend. This sort of issue is of natural
concern for coliform data, which are known to vary widely even under

unchanging water quality conditions.

Because of the distributional behavior of coliform data (it is

generally recognized to have a log-normal distribution), any analysis
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usually focuses on the logarithms of the values rather than the coliform
values themselves. The rating curve itself is a negative exponential
one. The comparison here will be between an ordinary logarithmic
transformation and a negative exponential rating curve with constant
values on both ends. The flat ends may affect the 1long-term trend
analysis in the sense that if there are many coliform values in the
extremes (e.g., > 200) log (coliform) will still reflect the changing

values, while the rating curve will remain constant.

c. Analysis of Metro Temperature Data

To illustrate the effect of rating curves on water quality
constituents, monthly temperature data from January, 1971 through
September, 1981 were examined. These data are from Station 3106 on the
Green River; this station was chosen precisely because it had 1long
records amenable to trend analysis. The trend analysis was performed
via three approaches: (1) on the (seasonally adjusted) temperatures
themselves, (2) on seasonally adjusted temperatures which were then
transformed, and (3) on transformed temperatures which were then
seasonally adjusted. Results of the three analyses follow later in this

chapter.

Recalling the transformation curve for temperature, there are
ranges of rating values such that either a high or low temperature value
maps into the same rating. Also, the curve is constant in the middle.
Figures 7 and 8 display the behavior of the raw and the transformed
temperature values respectively from January 1971 through September

1981.
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Figure 8 has about twice as many peaks as Figure 7, due to the
nature of the rating curve, 1In fact, the high temperatures in Figure 7
tend to correspond to valleys in the transformed data, as temperatures
above 63°F (17.2%) correspond to rating values below 5.0, which
generally occur at the end of summer. Of course, there are valleys in
Figure 8 during winter months also, at temperatures below 39°F (3.9°C)
these also correspond to rating values below 5.0, Hence, one phenomenon
that occurs for water quality constituents like temperature with the
given rating curve is that the plot of transformed values (i.e., index
of values) over time has more peaks and valleys and in general

oscillates more. The presence of the seasonal component for temperature

is evident from either plot.

Now consider plots of the standard deviation and the Cv of
temperature over time. Figure 9 shows the behavior of the monthly
observed standard deviations; Figure ‘10 shows the behavior of the
monthly Cv's. While the standard deviations certainly vary quite a bit?

the CV time plot shows little "regularity" in the following sense:

4/129 (3.1%) of the values exceed 50%;
6/129 (4.6%) of the values exceed U40%;

15/129 (11.6%) of the values exceed 30%.

The rest are below 30%. And as previously discussed, for Cv values
on the lower end of the scale, the transformed values should be fairly

sensitive to changes in the population mean.
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Trend analysis on temperature data was performed by various
approaches. To keep the data as consistent as possible, the values used
were those closest to the middle of the month. (These values were
actually quite similar to the previous monthly means.) The three
approaches to the long-term trend analysis were as follows:

(1) vuntransformed, seasconally (monthly) adjusted temperatures,

(2) monthly adjusted, then transformed, temperatures, and

(3) transformed, then monthly adjusted temperatures.

By "transformed" is meant the index value after having gone through the

parameter transform curve for temperature.

Figures 11 - 15 display the temperature data over time with various
combinations of seasonal adjustment and/or transformation. Figure 11
shows the ordinary temperature values over time; this, not surprisingly,
bears a strong resemblance to Figure 7, the monthly means over time.
Here the seasonality is again evident; the adjusted values in Figure 12
have the seasonality component removed. The transformed temperatures,
(Figure 13) again due to the nature of the transformation (which maps
both high and low temperatures into low values) show more oscillations
in their behavior than the ordinary temperatures themselves. The
transformed temperatures also display many "flat tops", corresponding to
temperatures in the optimum range 56° - s54°F (7.8° - 12.2%). Figures
14 and 15 illustrate a striking difference when the order of
seasonalization and transformation is reversed. The "icicle" effect in
Figure 13 results from many of the original temperature values falling
into the optimum range after deseasonalization (refer to Figure 12).

The transformation process then maps these values into the highest
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rating. Numbers falling outside the optimum range are assigned lower
values, resulting in the "icicle" appearance when transformation is

performed following deseasonalization.

Figure 14 shows temperature values over time when the values are
transformed first and the seasonal component then removed., This gives
results very different from those in Figure 13, and the general pattern
is not too different from that in 12, the ordinary (adjusted)

temperatures.,

To analyze statistically whether or not a gradual trend was present
in the temperature data, Lettenmaier's (1977) nonparametric Spearman's
rho test was run on the data in its various forms. Table 8 shows the

results of the tests.

For the ordinary adjusted temperatures, the value of the
nonparametric correlation coefficient is significant at the .01 level,
and a mild upward trend can be viewed in the right hand portion of
Figure 11. The transformed temperatures (followed by adjustment)
apparently have 1lost this trend, as Spearman's rho dropped to a
nonsignificant .065. This is consistent with Figure 1u.' The
significant result in (c) of Table 8 is not consistent with the graph in
Figure 15, and there is a reason for this. The computed Spearman's rho
has not been adjusted for ties, and there are clearly many tied values
in Figure 15. With this large sample size, a few tied values will not
affect the behavior of Spearman's rho. But the temperatures in Figure

15 do have several tied values; in fact, all but 19 of them have a
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rating curve value of 10, This has caused the spurious rho-value of

.314, which is clearly inconsistent with Figure 15.

For temperature, then, transformation before seasonal ad justment

masks the formerly significant trend for the untransformed values. In

addition, the spurious result of (e¢) in Table 8 illustrates the.

Table 8. Results of Trend Tests on Temperature (n = 127).

Level of
Spearman's Rho Significance, P
a. Temperature, Monthly Adjusted .228 01
b. Temperature Transformed, Adjusted .065 .50
c. Temperature Adjusted, Transformed .314 .001

potential danger of using statistical test results without first
checking the graphical data display. The lack of wisdom in seasonally
adjusting before transformation is clearly shown in Figure 15, but this

would not have been noticed from the Spearman's rho results.

D. Analysis of Metro Fecal Coliform Data

Fecal coliform measurements from January, 1971 through September
1981 were also examined for Station 3106 on the Green River. Figures 16
and 17 show the behavior of the log coliforms and the transformed
coliforms over time. (Recall that Metro's constituent transformation
curve is a negative exponential one.) The seasonality component is much

less in evidence here, although there are good biological reasons for
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one (e.g., higher coliform values in the summer). There may be a trend

beginning around 1978 (this hypothesis is tested statistically below).

Since Metro's transformation curve for fecal coliforms is inversely
related to coliform values, Figure 16 and 17 tend to be inversely
related because the log is an increasing function of the coliform
counts. Also, Figure 17 has more flat places at the lower end of the
rating scale (corresponding to the high coliform values) due to the flat
ends of the transformation curve for coliforms. Note that the contrast
between these two plots is not nearly as great as that for temperature,
due to the fact that the transformation curve for coliforms is much

simpler.

Next we investigate behavior of standard deviations and the Cv's.
Figures 18 and 19 show the plots of the standard deviations and the Cv's
over time. The standard deviations again vary quite a bit without

displaying any definite trend, and the Cv plots look similar. For the

110 Cv values,

3/110 (27%) exceed 50%
7/110  (6.4%) exceed 40%

18/110 (16.4%) exceed 30%

and the rest are below 30%. (The highest Cv value is 0,62.) These
results are encouraging in light of previous statements for generally
low (0.25 or 0.50) Cv values: the behavior of the transformed coliforms

should reflect changes in the population mean.
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Trend analysis for the coliform data was performed with the three
approaches used for temperature. Mid-month values were again chosen for
analysis to ensure data consistency. To reiterate, the three approaches
are:

(1) seasonally (monthly) adjusted log coliforms,

(2) monthly adjusted, then transformed, coliforms, and

(3) transformed, then monthly adjusted, coliforms.

Approach (2) is really not appropriate due to the log-normal (thus
highly varying) nature of coliform data: the data should always be
transformed first before doing any seasonal adjusting. This approach is

included mainly for completeness.

Figures 20 through 24 show the coliform data over time. Figures 20
and 21 show the unadjusted and adjusted log coliform values. Apart from
the phenomenon that the adjustment appears to have pulled the values
down somewhat, the two graphs are similar in appearance., Both resemble
Figure 16, as might be expected. The transformed coliforms are shown in
Figure 22, Note that these values have several flat places at 2.0 and
around 9.2. The value 2.0 of course corresponds to coliform values of
200 or more; the transformation function never goes below this value.
The reason for the apparent flatness at 9.2 is that these are ratings
that correspond to coliform values of 20.0 and there are several of
these. In Figure 20 these coliform values are mapped onto the value
3.00; hence the appearance of several flat places at this value. Figure
23 displays the coliform values after they have been transformed and
then seasonally adjusted. As a result, the flat places in Figure 22

have disappeared, and the slight downward trend during the later years
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(1978) is apparent. If the coliform values are adjusted first and then
transformed (Figure 24), many of the adjusted values will fall below
10/100 ml and hence be mapped to a rating value of 10. (In fact, many
adjusted coliform values that were low to begin with may fall below
zero.) Hence the appearance of several 10.0 values, in addition to the

2.0 minimum values of the curve.

Test for Trend, Coliforms Data

Lettenmaier's (1977) statistical test for trend was also applied to

the coliforms data. Results are shown in Table 9,

The lack of wisdom to approach (c) (Figure 24) is readily apparent,
largely due to the high variability of the raw coliform data. With
coliforms, the first step is clearly a logarithmic or negative
exponential transformation of some sort to bring down the very high

values and restore an approximate normal distribution.

Approach (b) showed slightly stronger results than (a), but the
range of the P-values remains unchanged. Of course, the difference in
sign is to be expected, since (a) features an increasing function and

(c) a decreasing one.
Because the presence of a seasonality component was in question
regarding the coliforms data, the tests were re-run without ad justment

for seasonality. Table 10 shows the results of the two tests.

Table 10 shows that although the P-value range did not change, the
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Table 9. Trend Analysis for Station 3106 Fecal Coliform Data (n=z123 values)

Spearman's Level of
Rho Significance P
a. Loge Fecal Coliform, Monthly Adjusted .119 .10 < P < .20
b. Coliforms Transformed, then Adjusted -.136 .10 < P < .20
¢. Coliforms Adjusted, then Transformed -.001 NS

Table 10. Trend Analysis on Station 3106 Fecal Coliform Data Without
Ad justment (n=123)

Spearman's Rho Level of Significance P

a. Loge Fecal Coliforms 127 .10 < P < .20

b. Transformed Fecal Coliforms -.118 .10 < P < .20
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absolute value of Spearman's rho went in a different direction depending
upon the approach. For the 1log coliforms, the rho-value increased
slightly without seasonal adjustment (.127 vs. .119). For the
transformed coliforms the absolute value decreased (.118 vs. .136). The
P-values remained in the same nonsignificant range, but for constituents
like fecal coliforms where Seasonality may or may not appear, the

particular data set must be evaluated on its own merits.

E. Conclusions

The two water quality constituents investigated here gave some
encouraging results, but caution must be exercised. The standard
deviations and Cv's for the most part showed few really outlying values.
For temperature, results on the transformed data masked the previously
statistically significant trend observed with the untransformed data.
For fecal coliforms, similar results were obtained whether the log
transformation or Metro's negative exponential rating curve was used.
If any seasonal adjusting is called for, it should be done after data
transformation has occurred. In particular, for variables 1like
temperature and pH, for which the rating curve values decrease rapidly
on both sides outside an optimum range, seasonal adjusting first before
transformation would tend to place many of the values into the optimum
range and lead to a graph with an "icicle effect". This could easily
Wwipe out any trend which might otherwise be evident. It could also lead

to spurious results in doing a test for trend, as was shown here for

temperature.

A major concern is what happens when different trends of the
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various water quality constituents are combined (via a 1linear
combination of transformed values) into one index value. Suppose the
quality is increasing for one constituent and decreasing for another.
When the two are combined, the index itself may fail to show a change.
In this analysis, there were not enough data to study full index
behavior over time; hence temperature and fecal coliform counts were
chosen as representative of each index. It was shown that the rating
curves exhibited fairly regular behavior as far as the transformed data
were concerned. In relation to an entire index, however, the different

ratings may cancel each other and give misleading results.

In addition, there is no mechanism for flow adjustment in either
the fishable or swimmable index. This could prove to be very important
with a constituent like streambed condition, which is directly affected
by streamflow. Streambed condition is equally weighted with dissolved
oxygen and temperature for the fishable index, but since it tends to be
so much more variable than the other two, it can strongly influence the
index outcome. Furthermore, seasonal adjustment (which would seem a
necessary requirement) is not possible for many rtrivers and streams,
since a streamwalk evaluation is done only once a year for many
locations. To get some idea of the seasonality component, one approach
might be to combine baseline data for rivers and streams within a given
region and use the resulting regional estimates to make a year-to-year

correction on the streambed condition.

In addition to long term trend assessment, Metro's water quality

indices might be used for cross basin comparisons at fixed points in
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time. The previous remarks regarding combination of improving and
deteriorating conditions into a single index which might then register a
value somewhere in the middle apply here also. Caution is recommended
for another reason: the highly varying nature of most water quality
constituents causes difficulty in making cross-basin comparisons at a
single point in time. It would be much better to compare the nature of
trends in water quality at two or more locations. And, even if the
trends in an overall index for two locations showed both rising or both
falling over time, it would still probably be necessary to investigate
and compare the trends in the respective constituents to discover which

were contributing to the index trend.

F. Practical Considerations

If any of Metro's water quality indices are used for trend
analysis, it is highly recommended that the behavior of the standard
deviations and Cv's of each constituent also be checked as part of the
process. It is also recommended that a separate trend analysis be done
for the respective constituents; the results of these analyses should
(1) be consistent with the long-term behavior of the index and (2)
assist in assessing why the index is behaving as it does. Metro's
indices may turn out to be quite useful as a public information tool -
that is, in reporting general water quality to the public on a scale
that is fairly easy to grasp and that does not require one to
understand, for example, what periphyton growth or conductivity is. In
meeting water quality legal requirements, however, it is advisable that
any trend analyses done on an index be backed up by trend analyses on

each of the separate constituents also. After all, if the quality of
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the water (as measured by the index) is changing, one would want to know

why it is doing so.

The occurrence of missing values must also be kept in mind. In
analyzing a single constituent (like temperature) for trend using these
nonparametric techniques, missing values do not confound the analysis in
any way except to decrease the sample size, But for an index, a missing
value of a_single constituent will cause the entire index to be missing
for that time period. This will simply result in more missing values
for the index, which could prove to be bothersome if the missing values
for the constituents are spread out over the entire time period.
Clearly, the more constituents that make up an index (like the fishable
index), the more likely there is to be at least one missing value that

will eliminate the index for that unit of time.



CHAPTER V., IMPLEMENTATION OF TREND ASSESSMENT TECHNIQUES

In this chapter, the trend analysis procedures recommended in
Chapter II, and included in the computer program TREND (Appendix B) are
applied to selected Metro streams and rivers stations. The objectives of
this exercise are twofold; first to provide a tutorial in use of the
computer program and interpretation of results and second to provide an
overview of any problems that might be associated with analysis of

Metro's existing data base.

A. Data Screening

Five stations were selected by Metro personnel for analysis in this
chapter; included were station OA450 (Sammamish River), OUT0 (Swamp
Creek), O4T4 (North Creek), 0484 (Evans Creek), and 0631 (Issaquah
Creek). The selection of stations represented a compromise between the
desire to provide the longest possible record lengths, and to assess
trends at stream stations which Metro viewed as most significant from a
management standpoint. The stations specified and number of observation
dates at each station for the period 1971-81 are given in Table 11. The
number of observations given represents the maximum that can be used for
trend analysis, since the data must be assigned to an evenly spaced
(monthly is most appropriate for the Metro data base) collection
frequency. This process is performed internally in TREND, and results in
a reduction of the effective sample size for records with more than one

observation date per month, as occurred during the early 1970's for some

of the records.

102
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Clearly, there is some minimum sample size below which it is not
appropriate to conduct a trend analysis. Perhaps the most important
determinant of a minimum sample size is year to year variability, caused
by climatic differences, which may be associated Qith differences in
runoff, temperature, light, nutrient concentrations (particularly for the
Sammamish River site, which reflects water quality conditions in Lake
Sammamish) and other processes affecting water quality. Therefore, an
important issue is the number of years of data in a record as well as the
total number of observations. Although rules of thumb can be dangerous,
and should not be applied unthinkingly, a rough guideiine based both on
the experience and subjective judgement of the authors is that five years
of reasonably complete record should be considered a minimum. This is
compatible with the record lengths analyzed by Lettenmaier (1977) for

DOE.

Application of the five year minimum criterion eliminated Evans
Creek and Issaquah Creek from consideration. This was unfortunate, as
these drainages are undergoing rapid population growth and are sensitive
from the standpoint of fisheries production. A review of Table 11
suggests that, had greater attention been paid to establishing records
suitable for trend assessment, an analysis of trends might have been
possible for these stations; for instance at station ou84, of 13
observation dates in 1974, only four fall in separate months, hence nine
of the thirteen observations are of no use for trend analysis. It should
be noted that such problems have been greatly reduced by upgrading of the

routine monitoring network from 1979 on, and it should be possible to
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Table 11. Data Availability (number of visits per year) for Selected Metro
Routine Monitering Stations.
Station No. Location 1971 72 73 74 75 76 77 78 79 80 81
0450 Sammamish River 1 2 0 0 0 16 18 19 21 6 9
o470 Swamp Creek 1 13 19 10 0 2 2 0 14 122 9
ouTY North Creek 1 13 18 14 o 2 2 0 14 12 9
0484 Evans Creek 1 2 0 13 0 2 2 0 14 12 9
0631 0 3 6 0 3 2 ©0 0 13 12 9

Issaquah Creek

conduct a meaningful analysis of trends for many of the stations with

presently inadequate data bases within one to two years.

Variables selected for testing were to be constituents of the Metro
swimmability and fishability indices (see Chapter IV)., Of the variables
included in the indices, reasonably complete records exist for the
following: temperature, dissolved oxygen, pH, fecal coliform counts, and
specific conductance. A derived variable, dissolved oxygen per cent
saturation, could be computed from temperature and dissolved oxygen data,
however this was not included since the computation had not been
performed on the data files provided by Metro, from which TREND reads
data directly. However, both temperature and dissolved oxygen records
were analyzed, so minimum additional information would be provided by

analysis of dissolved oxygen per cent saturation.

One final preliminary comment should be made on the availability of
streamflow data for use in the flow adjustment techniques in TREND

(option 13). As noted in Chapter III, Metro currently measures
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instantaneous flow at the time water quality samples are taken. However,
accurate measurements (as opposed to more subjective estimates) have only
been taken since 1979. Therefore, average daily streamflow at selected
USGS gaging stations, which is available in magnetic tape form from the
USGS, was used instead. Although daily flows are less desirable than
instantaneous measurements, this appeared to be the only viable option
under the circumstances. Two USGS stations were used: station 12-1271
(Swamp Creek near Kenmore) for Metro station 0470, and station 12-1252
(Sammamish River near Woodinville) for Metro stations 0450 and 0474, 1In
retrospect, the absence of good streamflow data did not appear to be a
major limitation, since the flow dependence of the variables assessed
appeared to be weak. However, this is an area that may merit further

analysis.

B. Demonstration Application

Three variables were selected for the demonstration application of
TREND: fecal coliform counts (FCX) for stations 0450 and 0470, and
dissolved oxygen for station O4T74. An initial analysis was performed to
suggest appropriate transformations of the data, if any, and to suggest
what trends might exist in the data.

Quantile-Quantile plots (Option 4 of TREND) are the primary tool for
determining whether a transformation of the data is needed. Figures
25-27 show the Quantile-Quantile (Q-Q) plots of the data generated by
TREND for stations 0450, 0470, and 0474, respectively. If the data were
normally distributed, the Q-Q plots would be straight. Although the

normal transformation is not necessary for most of the trend tests
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included in TREND, some of the tests do require that the data be
symmetrically distributed, which would be evidenced by radial symmetry
about the ordinate on the Q-Q plots (i.e., "S" shape). In practice,
however, most adequate transformations will result in approximate

normality, i.e., straight line on the Q-Q plot.

The station 0474 dissolved oxygen concentrations (Figure 27) appear
to be approximately normal without transformation, however FCX for both
stations 0450 and 0470 is highly assymetric (Figures 25 and 26). Both
observations are common; dissolved oxygen, as well as such other
parameters as temperature and pH usually do not require transformation.
For FCX, the appropriate transformation is logarithmic, which can be

accomplished by using Option 1 in TREND.

One other issue that should be addressed at the same time as
transformation is deseasonalization. In the case of FCX, very high
values tend to occur ip the summer, therefore it may be necessary to
adjust the raw sequences seasonally to avoid corruption of underlying
trends with seasonal changes. This can be accomplished by implementing
Option 2, which adjusts each observation to account for the difference
between the seasonal mean and the annual mean. Figures 28 ahd 29 show
the results of logarithmic transforming and deseasonalizing (in that
order; as noted by Lettenmaier (1977) , the order is important) FCX
concentrations for stations 0450 and 0470. In both cases, this results

in an approximately normal distribution for the transformed data.

The next step is to identify possible trends and their direction.
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This can be done by use of cumulative sum (CUSUM) plots, using Option 8
of TREND, and time series plots, using Option 5. It is best to perform
this preliminary screening on the transformed and deseasonalized data, if
either of these operations is necessary. The CUSUM option requires
specification of an observation number at which a change is presumed to
have occurred. The location of this point is somewhat arbitrary,
however, if there is some natural break in the data, it should be used.
Alternately, if some particular intervention is known to have occurred,
such as installation of a pollution control facility, the date of
installation should be used. In the absence of any information of this
sort, use of the midpoint of the data sequence is suggested. A review of
Table 11 shows that for both stations 0470 and 0474, a natural break is
between the period 1971-74 and 1979 on; during 1975-78 few samples were
collected, Therefore, for these stations observation number 50 was
specified for NDP in Option 8 (see description in Appendix B). Note that
for reference purposes, the data index NDP is in terms of the number of
time periods (months) from the initial observation; the program
consolidates multiple observations per time period and enters an
appropriate indicator for missing observations. Therefore, for those
records (e.g., 0450, 0470, and O4TU) where the initial observation was in
December, 1971 and the final observation in September of 1981, the record
is referenced as a sequence of 1 + 12(1980 - 1972 + 1) + 9 = 118 values,

even although the actual number of observations is considerably less.

For station 0450, a reasonably complete observation sequence began
in 1976 and continued through 1981, however very few samples were taken

prior to 1976. In this case, NDP = 80 was used, which corresponds to
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July, 1978, approximately one-half way through the period of most
complete record. Figures 30-32 show the CUSUM results produced. Figure
32 for station 0474 is somewhat inconclusive showing no consistent trend
(note that CUSUM is an integrator, so a trend in therobservation sequence
should be characterized by a definite drift with few or no reversals) in
the CUSUM. The CUSUM for Swamp Creek FCX (Figure 31) suggests a decline
in the 1latter part of the record, while Figure 30, the CUSUM for
Sammamish River FCX, suggests an increasing trend in the second half of
the record. It should be emphasized that the results of the CUSUM plots
are preliminary and only suggest possible trend directions and locations,
they give no indication of statistical significance. Frequently, the
CUSUM plots indicate possible trends that cannot be confirmed
statistically, that is, the CUSUM's tend to be somewhat oversensitive to
natural variations in the data, however this is a desirable feature for a

screening test.

The next step in the trend assessment process is to conduct
statistical tests for trend. The preferred options in TREND are 11 (Mann
Whitney's and Spearman's tests, from the original version of TREND
described by Lettenmaier (1977)); 14 (Kendall's test), 15 (seasonal
Kendall's test), and 20 (seasonal Wilcoxon/Mann Whitney). The last three
options are taken from programs described by Hirsch, et al. (1982);
specific references are given in Chapter II. Options 11 and 14 should be
applied to the (transformed) deseasonalized data (output from Option 2)
while options 15 and 20 should be applied directly to the (transformed)
data. For Option 20, the data subsequences must have lengths that are

even multiples of the number of observations per year (12), while no such
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restrictions apply to the other tests. Another option that may be useful
is Option 12, which plots the data and computes and plots step or linear
trends. Option 12 plots for the three test sequences are shown in
Figures 33—35. The plots are identical to those produced by Option 11,
which should be used if it is not desired to superimpose the estimated

trends.

It should be noted that Mann Whitney's and Wilcoxon's tests (Options
11 and 20) are most powerful for abrupt, or step changes, while
Spearman's and Kendall's tests (Options 11, 14, and 15) are most
effective for gradual changes. However, when there is no apriori
information to suggest the kind of trend that may be present, it is wise

to use both types of tests.

Each of the statistical tests discussed above was applied to the
three demonstration sequences, with results noted in Tables 1l2a-c. A
threshold significance level of 0.20 was used; this corresponds to a 20%
chance that a trend would be identified even if none really existed.
More conclusive evidence is usually considered desirable, for instance a
significance level of 0.05, corresponding to a 5% chance of incorrectly
identifying a trend (known as a Type I error in statistical terminology)
is a common threshold. In interpreting Tables 12a-¢, therefore, a
significance level of greater than 0.20 is suggestive of a trend, <0.10
is moderate evidence of a trend, and <0.05 is reasonably conclusive. On
this basis, Table 12a shows that the Mann Whitney test suggests the
possibility of a dissolved oxygen decline in North Creek between 1971-74

and 1979-81, and the seasonal Kendall's test fairly conclusively
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indicates a trend in the same direction (test applies to the entire
record). On the other hand, the seasonal Wilcoxon and Kendall's tests
indicate no trend for the same period, while Spearman's test applied to
the latter part of the record only also indicates no <trend. Taken

together, the results suggest only modest evidence of a downward trend in

dissolved oxygen concentrations.

Table 12a. Summary of Trend Test Results for Dissolved Oxygen, North Creek

Signi-

TREND Subsequence 1 Subsequence 2 Test ficance
Test Option Begin End Begin End Statistic level Direction
Mann Whitney 11 1 50 51 118 420 <0.20 decrease
Seasonal
Wilcoxon 20 1 48 49 108 - >0.20 -
Kendall 16 1 118 -0.110 >0.20 -
Seasonal
Kendall 15 1 118 -0.264 <0.05 decrease
Spearman 11 50 118 -0.007 >0.20 -

Tables 12b and 12c show that one test (Mann Whitney's) indicates

weak evidence for an increase in fecal coliform counts at station 0450,

while one test (seasonal Kendall's)

decreasing trend in fecal coliform for station OuUTH,

showed no trend at a significance level of 0.20.

indicates modest evidence for a

All other tests

These results should

demonstrate the value of applying as many tests as possible to a given
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Table 12b. Summary of Trend Test Results for Fecal Coliform Counts,
Sammamish River.
Signi-
TREND  Subsequence 1 Subsequence 2 Test ficance
Test Option Begin End Begin End Statistic 1level Direction
Mann Whitney 11 1 80 81 118 389 <0.20 increase
Seasonal
Wilcoxon 20 1 72 73 108 - >0.20 -
Kendall 16 1 118 0.048 >0.20 -
Seasonal
Kendall 15 1 118 0.074 >0.20 -
Spearman 11 80 118 0.063 >0.20 -
Table 12c. Summary of Trend Test Results for Fecal Coliform Counts, Swamp
Creek.
Signi-
TREND Subsequence 1 Subsequence 2 Test ficance
Test Option Begin ~End Begin End Statistic level Direction
Mann Whitney 11 1 50 51 118 305 >0.20 -
Seasonal
Wilcoxon 20 1 48 49 108 - >0.20 -
Kendall 16 1 118 -0.06 >0.20 -
Seasonal
Kendall 15 1 118 -0.25 <0.10 decrease
Spearman 11 50 118 -0.039 >0.20 -
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record; when strong trends exist they should be detected by most or all
of the tests included in TREND, while an indication of a trend, even if
at a relatively low significance value, for only one test should suggest

that caution be taken in interpretations of the results;

Finally, it should be emphasized that an indication of trend is
relative to the numerical sequence analyzed and cannot be assumed apriori
to apply to water quality in the Sfream or river, For instance, if
measurement techniques have changed, a statistical test may detect
'trends' that are really only an indication of procedural changes.
Therefore, when trends are indicated by the tests, a careful

investigation of causality should also be made.

c. Summary of Demonstration Application

The procedures suggested in the preceeding section were applied to
the remaining variables for stations 0450, 0470, and 0474, The results
are summarized in Tables 13-15. There is some evidence of an increase in
pH in Swamp Creek, and an increase in fecal coliform counts in North
Creek, and fairly persuasive evidence of a decrease in dissolved oxygen
concentrations in the Sammamish River. For some of the remaining
variables, individual tests indicated changes but there appeared to be no

consensus,

In interpreting the results, it should be kept in mind that the
strength of the conclusions that can be drawn is directly affected by the
quality of the data records. If more complete records had been
available, it would be possible to reduce the detection threshold, i.e.,

the smallest level of change that could be detected at a given
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significance level. Within the confines of the existing data base, there
is only limited evidence of water quality trends in the basins assessed.
It is recommended that this assessment be repeated as more data become

available within the next two years.

The reader may have noticed that not all of the options in TREND
were applied in the demonstration analysis. Those not used include
Option 3 (data differencing), 6 (data transfer), 7 (time series model
identification), 9 (data censoring), 10 (residuals from moving average),
13 (flow adjusted concentration), 16 (Kendall's test with slope
estimator), 17 (moment computation), 18 (seasonal regression), and 19

(linear regression).

Option 3 is included from an earlier version of TREND, and along
with Options 7, 10, and 17 can be used for some aspects of time series
model identification (e.g., Box and Jenkins, 1970). The primary reason
these options are rarely used is that the types of models to which they
are applicable require relatively few missing data and data gaps, which
is rarely the case with water quality data. If the nonparametric tests
described in this chapter are used, these four options need never be

called.

Option 6 is a utility option which allows transfer of data from one
channel to another. It is most useful when many options are applied in a
single run, so that the maximum number of data channels is reached.
Option 9 (data censoring) is not normally used unless isolated

observations are considered suspect, possibly due to errors in recording
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or at the sample analysis stage, in which case Option 9 treats the
observation(s) as if it (they) were missing. Options 13, 18, and 19 are
all used in connection with the flow adjustment procedures suggested by
Hirsch, et al. (1982). They were not used here because preliminary tests
showed the flow dependence of the variable sequences analyzed to be weak
and also because, as noted earlier in this chapter, instantaneous flow
data were not available at most of Metro's routine monitoring stations
until 1979. One suggested upgrade to TREND is to include a graphical

display of the raw flow/concentration data and the fitted models.

Finally, Option 16 was not used, as Option 15, which is identical
with the exception of the slope estimator, was used instead. Both of
these options are from the Hirsch work. One possible improvement to this
option would be to plot the Kendall slope estimator along with the data,
to allow comparison with the linear regressions that can be obtained

using Option 12.

To briefly summarize the suggested approach to the use of TREND:

(1) Determine whether data transformation and/or deseasonalization
are needed by examination of the raw data (Option 11), and Q-Q plots
{(Option 4),

(2) If transformation 1is required, apply Option 1; if
deseasonalization is required, apply Option 2.

(3 Review Q-Q plots; verify that data plot is approximately
straight.

(4) Review time series plots (Option 5) and CUSUM plots (Option 8)

to obtain preliminary indications of the type and direction of trends
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that may be present.

(5) Apply Option 12 to view graphically the magnitude of fitted
linear or step trends.

(6) Apply statistical tests (Options 11 and 1% to (transformed)

deseasonalized data; Options 15, 16, and 20 to (transformed) data

directly.
(7) If flow adjustment of data is desired, apply Option 13 prior to

step 5.
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CHAPTER VI. SUMMARY AND CONCLUSIONS

The work reported herein addresses four topics relevant to Metro's
existing routine water quality monitoring network. These include (1) a
review of the literature on water quality trend assessment and
recommendation of a specific method, including a computer program (TREND)
to perform trend analysis, (2) a review of Metro's existing routine
monitoring network with respect to number of stations, number of
variables monitored and sampling frequency, (3) an assessment of
potential problems in assessing differencies in water quality indices in
either space or time as indicators of trend or for a comparison of water
quality conditions in different drainages, and (4) a limited analysis of
selected Metro water quality records for trends. The principal

conclusions and recommendations resulting from this work are:

(1) There is some apparent confusion as to the ability of the data base
collected from the routine monitoring network to support
forecasting, or prediction of future water quality conditions. The
information provided from analysis of the existing data base such as
that conducted in Chapter V is entirely limited to assessment of
past conditions. It is extremely dangerous te try to extrapolate
trends into the future or to draw analogies from past conditions
particularly since the analyses conducted in Chapter V generally
provide no statistically conclusive evidence of water quality trends

(see Conclusion 7). The approach recommended to provide the basis
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for prediction is to implement the revisions to the existing network
recommended in Chapter III and summarized in Conclusion 3 below, to
support basin level water quality modeling efforts which allow
prediction of future conditions as a function of predicted land use.
The remaining, reduced routine network will continue to support
retrospective analysis of past trends, but cannot support prediction
or forecasting of future conditions.

To assess trends in the existing data base and in the future as
higher quality records become available a computer program (TREND)
was developed which incorporates the elements of an earlier trend
analysis program (Lettenmaier, 1977) and some additional statistical
tests proposed by Hirsch, et al., (1982). This program is
documented in Appendix B and a tutorial application is provided in
Chapter V.

The existing Metro routine monitoring network was reviewed. A
primary concern in view of Conclusion 1 was to reduce the scope of
the network to provide sufficient resources to allow implementation
of an intensive monitoring program in support of basin water quality
monitoring and prediction efforts. In so doing it was necessary to
prioritize the stations in the existing network. This was done via
a dynamic program, which selected optimal subsets of an existing 64
station baseline network using a score made up of a nondimensional
prioritization of each baseline network station according to (1)
drainage area, (2) expected increase in impervious drainage area in
the periocd 1980 to 2000, (3) summer 1979-81 fecal coliform counts,
and (4) summer 1979 stream walk index. The results of this analysis

are the specific stations to be included in any subset of the
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baseline network. Our recommendation is to reduce the existing
routine monitoring network to 30 stations, retaining the stations
spécified in Chapter III. A review of sampling frequency and the
parameters monitored was also conducted. It is recommended that the
existing monthly sampling frequency be retained and that the
existing variable suite continue to be collected, with the exception
that Kjeldahl nitrogen and turbidity should be dropped, and
settleable solids should be dropped at the river stations.

A comparison of laboratory and field manpower costs for the Metro
routine network and the State of Washington Department of Ecology's
ambient water quality monitoring program was made. Metro's
laboratory analysis costs are‘less than DOE's and Metro's at-site
crew time is comparable to DOE's. Metro's travel times per unit
distance are higher than DOE's but this is attributable to
differences in highway conditions. This analysis suggests that
Metro's program is relatively efficient with respect to manpower and
that large cost savings are probably not possible here.

It is suggested that three of the 30 stations to be maintained in
the revised routine network be supported by DOE via a cooperative
agreement to eliminate duplication in existing stations on the
Green/Duwamish, Cedar and Sammamish Rivers. This would result in 27
stations actually monitored by Metro, with a net cost reduction of
about $75,000 per year as compared to the existing program. These
funds should be used to implement an intensive monitoring program in
support of basin level water quality monitoring. At this level of
effort approximately one basin per year and perhaps three basins in

two years could be included in the program. It is recommended that
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additional funding be sought to allow inclusion of two basins per
year in the intensive program. At this level the most development-
sensitive basins could be reassessed every five to ten years. It is
also recommended that a ranking scheme be devised to prioritize
basins for the intensive program, along the lines of the scoring
scheme used in Chapter III. Taken together, recommendations 1, 3,
and 5 would result in a data collection program capable of
supporting both retrospective trend analysis and water quality
prediction, whereas the existing routine monitoring network supports
trend assessment only. |

A review of the fishability and swimmability indices used by Metro
was made to determine what problems might result from assessment of
temporal and spatial differencés in index values. In the absence of
sufficient data to compute long sequences of the indices, fecal
coliform was used as a surrogate for the swimmability index, and
temperature as a surrogate for fishability. Analysis for possible
trends in the coefficient of variation, which could corrupt
identification of trends in the indices themselves, was conducted
for both variables using data from station 3106 on the Duwamish
River. The results showed no significant trend in the coefficient
of variation of either variable. Nevertheless it 1is strongly
recommended that whenever trends in the indices are assessed, a
parallel assessment of trends in the constituent variables be
conducted. Finally, it should be emphasised that no more
information is present in indices computed for two time periods
(e.g., average index value for subsequent years) than is present in

the constituent variables, and that differences in small numbers of
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observations are usually statistically insignificant. It is
recommended that the general guideline suggested in Chapter V, that
trend analysis not be conducted where less than 5 years of
reasonably complete data records are available, alsc be observed for
assessment of the indices.

A demonstration analysis of five selected stream and river stations
for trend was inconclusive, due largely to the paucity of data
available. Although some sampling at the selected stations was
conducted in the early and mid-1970's, data problems such as
collection of multiple samples in selected months, with no sampling
in others, reduce the effective sample size in the early part of the
records. Improved sampling protocol from 1979 on, however, offers
encouragement that meaningful trend analyses for many stations may
be conducted by the end of 1982, or at the latest, 1983 where no
pre-1979 data record is available. From the standpoint of this
project, however, the primary value in the assessment conducted is
to act as a tutorial in use of the computer program TREND.

In summary, the recommended monitoring revisions will address the
six Metro program objectives given in Section B of Chapter I as
follows: 1) (To detect trends in water quality over time) This
objective will be addressed by retaining a (30 station) routine
monitoring network. The trend analysis computer progfam TREND will
enhance the ability of the existing and evolving data base to assess
trends. 2) (To determine whether existing water quality conditions
constitute problems or potential problems) The development of an
intensive monitoring program will support predictive tools, such as

water quality models, which will allow better identification of
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evolving water quality problems. It should be emphasized, however,
that this report has not addressed the problem of establishing
criteria or standards, which defines particular sets of conditions
that constitute problems. 3) (To identify water quality conditions
which the public may perceive as problems) The areal extensiveness
of the routine monitoring network allows Metro personnel to maintain
at legst a perception of water quality conditions throughout the
Metro service area, and can give rise to specific actions if severe
preblems, such as spills, are observed. It should be emphasized,
however, that contact with the public remains an essential element
of the water quality monitoring and management process. 4) (To
determine cause effect relatioships for water quality) The
development of an intensive monitoring program will address this
objective directly. 5) (To recommend mitigation and abatement
measures) Intensive surveys will allow assessment of the
effectiveness of mitigation strategies. 6) (To provide public
awareness of Metro efforts in the field) Both routine and intensive
monitoring efforts will result in a visible presence of Metro

personnel in the field, evaluating current water quality conditions.
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APPENDIX B. Trend Program Documentation and Listing

DATA DECK SETUP

The first 8 record groups are always required, subsequent cards
depend on the channel options desired and the sequence in which they are

called. These optional cards are described in the following table.
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EXAMPLE OF USE OF NVAR1, FMT1, FMT2

"Card"

"Card"

"Card"

One Sample Date

"Card"

Record

Record

Read by FMT1

“—

Record

Record

Read by FMT2

Figure B-1.

1

—

141

Actual Structure of Data

COLUMN
1 1 21 3 41 51 61 71
+
il il bl [[] Ll o || [l [l
YR MO DAY st |
91 101 111 Parameter 4 141 151
L Hso.oo i I I il I
2nd
X Paramater
17m 181 191 201 211 221 231
[[so.00 ]| I I i I i
3rd
Parameter
251 21 271 21
oo ] I il il I [l 1
4th
Parameter ~Not Used -- P R DT
NCHAN = 4 FMT1 = (10X,12,X,12,X,12,22X,F5.2/20X,F5.2)
NVARL = 2 FMT2 = (30X,F5.2/20X,F5.2)
Structure of Data as Program Sees It
u 21 31 41 51 61 71
il bnl b [ 1] I poo || il {
YR MO DAY %;;ameter
140
Il kpooo ] {l I
-
11 arameter 5 a1 51 81 71
| Il 0.0 || Il Il I
3rd
Parameter
140
[l fo.o ] 1| 1
4th
Parameter
Note: FMT2 reads columns 141-220 as the lst record then uses a ''/'" to skip to columns

221-280 if necessary (see example above).

Metro Raw Water Quality Data Format Detail.
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DATA CHANNEL OPTION DESCRIPTIONS

(Corresponding to record group 11 of preceeding table)

OPTION 1: Data transformation., This option performs either a natural
logarithmic or a power transformation on the data, e.g., Yj = 1n(Xj) or
POW .. .

Yj = (Xj) . Missing data are left as missing.

Data Read: ITRANS, POW (transformation option, 1 = natural log, 2 =
power; and power POW if ITRANS = 2, leave blank otherwise).

Columns: 1-10(R), 11-20(R)

Defaults: =30

Input Channel: data

Output Channel: transformed data

OPTION 2: Seasonal mean removal, If IOPT = O, this option subtracts
from the data the corresponding seasonal mean and adds the grand mean.
For instance, if monthly seasons are used, each January datum is computed
as the difference between the original value and the mean ¢f all January
data available, plus the mean of all data. If IOPT = 1, the seasonal
mean is subtracted from the data and this difference is divided by the

seasonal standard deviation. Missing data are left as missing in the

output channel.

Data Read: NGP,NYR,IOPT - if IOPT

1]
o

NEW DATA = OLD DATA -
SEASONAL MEAN + GRAND MEAN
NGP is the number of data
points grouped for seasonal
mean; NYR is the number of
data points per year

NEW DATA = (OLD DATA -
SEASONAL MEAN)/SEASONAL
STANDARD DEVIATION

NGR is the number ¢f data
points per season; NYR = 0

1t
o

if IOPT

if IOPT

1]
—

if IOPT

n
=
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Columns: 1-5(R), 6-10(R), 11-15(R)
Defaults: - ; - ; O
Input Channel: data

Output Channel: deseasonalized data

OPTION 3: Data Differencing. This option computes a new data set as the

differences of the input data, e.g., Yj = Xj - Xj-NDIF'

is missing, Yj is set to missing in output channel.

Iif Xj or Xj-NDIF
Data Read: NDIF (number of data points lagged in differencing).
Columns: 1-5(R)

Default: -

Input Channel: data

Output Channel: differenced data

OPTION 4: Quantile-Quantile plot. Data are ordered without respect to
time. Sample quantiles are computed and plotted against theoretical
quantiles of the normal distribution. A lineprinter plot is given, no
CalComp plot is available. The output data channel is the same as the
input channel, no manipulation on data is performed, hence the specified
output channel is ignored. Missing data are not included in the plot.

Data Read: None

Input Channel: data

Output Channel: not used

OPTION 5: Time series plot of data. Non-missing data in the input
channel are plotted versus time (missing data are left as blank in plot).

CalComp (IPLOT = 2,3) and lineprinter plots (IPLOT = 1) are available.



1Lk

Lineprinter plots are easy and inexpensive but not very good quality. If

IPLOT = 3 CalComp lineprinter plots (relatively inexpensive and good

quality) are produced.

prepared.

If IPLOT = 2, a CalComp ink plet file is

Several devices, including the Gould electrostatic plotter and

the CalComp ink plotter (excellent quality) are available with IPLOT = 2.

Data Read (Do not use cards 1-7 for IPLOT = 0 or 1):

Record

No. Variables Read Column Default Description

1 NBP 1-5(R) 0 Bypass option: NBP = O reads cards
2-7 (must set NBP = 0 on first
parameter run). NBP = 1 eliminates
need for cards 2-5, uses previously
supplied values; therefore if NBP
= 0, do not supply cards 2-5.

2 NPER 1-5(R) - NPER = Number of data collected per

year;

IPER 6-10(R) - IPER = initial period for first
data (i.e., IPER = 12 if
first month is December)

IYR 11-15(R) - IYR = initial year number

3 XMIN 1-10(R) - Location in inches of X-axis, end

XMAX 11-20(R) - of X-axis, Y-axis, end of Y-axis

YMIN 21-30(R) - from arbitrarily defined plotter

YMAX 31-40(R) - origin. Suggested values are 1.0,

9.0, 1.5, 7.0.
y XLsz1 1-10(R) - Lettering size for axis increments,

XLSzZ2 11-20(R) - axis plots and labels, plot title.

XLSz3 21-30(R) - Suggested values are .098, .114, 1k

5 TEXTB 1-80 - X-axis label, any alphameric
information up to 80 characters
(center in field)
6 TEXTL 1-80 - Y-axis label, any alphameric
information up to 80 characters
(center in field)
7 XTIT 1-80 - Plot label, any alphameric
information up to 80 characters
(center in field)
Input Channel:
Output Channel: not used



145

OPTION 6: Data transfer. Transfers data from input to output channel.

Data Read: None

OPTION 7: Time series model identification. Computes summary
statistics, correlation (ACF) and partial autocorrelation (PACF)
functions. ACF and PACF are plotted (lineprinter only). The suggested
procedure is to use ocutput from data option 10 as input to remove
nonstationarity. Missing data not included in computations.

Data Read: NLAG (maximum number of lags for which autocorrelation
is computed).

>Columns: 1-5(R)

Default: -

Input Channel: data

Output Channel: not used

OPTION 8: CUSUM plot. Cumulative sum of data is plotted. The plot is
lineprinter only. Missing data are plotted as 0.

Data Read: NDP, final point from which pre-intervention mean
computed. Some non-missing data must exist prior to t = NDP., If there
is no effect of the intervention at time NDP, the plot will show no
trend.

Columns: 1-5(R)

Default: -

Input Channel: data

Output Channel: not used

OPTION 9: Data censoring. Censors given data, treating it as if given
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point(s) were missing. Maximum of 16 points per pass.

Data Read: (N1(J), J=1, 16) (sequence numbers of data censored,
if less than 16, leave remainder blank). Note: sequence number is based
on the uniform intervals created by record group 6, not on the sequence
number of the original data.

Input and Output Channels: Are the same - if the original data
are to be saved, they must first be stored in an alternate channel using
OPTION 6.

Columns: 1-5(R); 6-10(R); 11-15(R); etc.

Defaults: None

OPTION 10: Residuals from moving average. Computes new time series as
residuals of input channel data from moving average of data in specified
channel. At each time, average of NAV points surrounding J (J is central
point if NAV is odd; if NAV is even, NAV/2 of points to be averaged
precede J) is computed. Output time series is computed as difference
between raw data and moving average at each time. This option is
particularly useful for removing trends prior to estimating correlation
and autocorrelation functions via Option 7. Missing values are excluded
from averages. The residual of a missing value is treated as missing.

Data Read: NAV, KCHAN (number of data averaged, channel from
which moving average is computed - need not be same as input channel).

Columns: 1-5(R); 6-10(R)

Defaults: - ; -

Input Channel: data

Output Channel: residuals
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OPTION 11: Nonparametric tests. Given necessary beginning and ending
data indices, Mann-Whitney's or Spearman's rho test statistic is computed
from data. Number of data in first (and, for Mann-Whitney's test,
second) partition of the data are computed and written, ignoring missing
data, for use in computing critical levels. No allowance is made for
ties.

Data Read: NTEST, IS1, IF1, IS2, IF2 (NTEST = test option, 1 for
Mann-Whitney's, 2 for Spearman's rho; IS1, IFl1 = initial and final points
of first data partition, IS2, IF2 = initial and final points of second
data participation. Leave IS2, IF2 blank for Spearman's rho).

Columns: 1-5(R); 6-10(R); 11-15(R); 16-20(R); 21-25(R)

Defaults: 1 ; -5 - ; - ; -

Input Channel: data

Output Channel: data used in test (i.e., IS1 to IFl and IS2 to

IFZ) L

OPTION 12: Computes step or linear changes in estimated mean level via
least squares and estimated standard deviation of change. Estimated step
and linear trends are also plotted if desired using OPTION 5.

Data Read: KSL, KPL, IS1, IF1l, IS2, IF2, ILOOP, RO, KGAP. KSL is
trend type, 1 for step, 2 for linear; KPL is plot option - 0 gives no
plot, 1 gives lineprinter (high quality), 2 gives CalComp. IS1, IF1,
IS2, IF2 are same as for OPTION 11. ILOOP is multiple loop parameter
when it is desired to plet more than one estimated trend on same time
series plot - use 1 for start of multiple loop, O for single iteration
only, -1 for continuation of multiple loop, -2 for end of multiple lcop.

If KPL = 2, plot data must be read in exactly as for OPTION 5, but plot
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data are read in only when ILOOP = 0 or 1. RO is daily lag one correlation

coefficient, KGAP is sampling interval in days (e.g., for monthly data
KGAP = 30). Suggested value for RO is 0.85 in absence of data-based
estimate.

Columns: 1-5(R); 6-10(R); 11-15(R); 16-20(R); 21-25(R); 26=-30(R);
31-35(R); 36-40(R); U41-45(R)

Defaults: 1 ;0 ;-3 -3 -3-:;0;03; -

Input Channel: data

Output Channel: not used

OPTION 13: Flow adjustment computes flow. Adjusted concentrations using
best model, no model, linear, log-linear, hyperbolic or inverse; see
Hirsch, et al. (1982) for explanation. Output is model selected and
model parameters. Flows are read from unit NUNIT using variable format
FMT5. Date from original datum is matched with flow date. Missing
values are not included in computations, and remain missing in output
data.

Data Read: (First call to OPTION 13 only; no data are read on
subsequent calls) Record 1 - NUNIT, IDEF. NUNIT is the Fortran unit
number for flow data; must be 8 or 6 toc avoid changing program. IDEF is
format choice: IDEF = 0 reads standard USGS flow data format, no further
information required; IDEF = 1 causes program to read record 2 (below).

Columns: 1-5(R); 6-10(R)

Default: - ; O
Record 2 - (FMT5(J),J=1,8). FMT5 is the variable format which must read
year, month, day, flow in that order; use only if IDEF = 1. Note: the

flow record must be continuous from the first sampling date to the last;
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fill with zerces if necessary.
Columns: 1-80
Default: -
Input Channel: concentration data

Output Channel: flow-adjusted concentrations

OPTION 14: Kendall's tau test (Hollander and Wolfe, 1973) for trend is
computed using all data. Ties are allowed, and missing data are not

included in analyses. The p-value of tau is computed using a normal

approximation.
Data Read: none
Input Channel: data

Output Channel: not used

OPTION 15: The seasonal Kendall's tau test for trend (no slope
estimator) is computed using all data. Computes tau for each season and
adds statistics (assumes independence of seasons). Ties are allowed and
missing data are not included in the analyses. The significance of tau
is computed using a normal approximation.

Data Read: NSEAS (number of seasons per year)

Columns: 1-5(R)

Default: -

Input Channel: data

Output Channel: not used

OPTION 16: The seasonal Kendall's tau test for trend with the slope

estimator (Hirsch, et al., 1982) is performed. The test is otherwise
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similar to Option 15. Ties are allowed.
Data Read: NSEAS (as in OPTION 15)
Columns: 1-5(R)
Default: -
Input Channel: data

Output Channel: not used

OPTION 17: The first 4 (central) moments of non-missing data are
computed. This option may be used in conjunction with OPTION 2 to obtain
moments of the deseasonalized data.

Data Read: none

Input Channel: data

Output Channel: not used

OPTION 18: Seasconal regression is performed using model yij = a; + bixij
time where i is season. Missing data are not included in the regression.
This option returns a, b, r (correlation coefficient) and significance of
r (as in OPTION 15).

Data Read: NSEAS

Columns: 1-5(R)

Default: -

Input Channel: data

Output Channel: not used

OPTION 19: This option performs the usual linear regression (y = a + bt)
on non-missing data in the input channel; it is not recommended for

seasonal data. Output values are a, b, r (correlation coefficient) and
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significance of r.
Data Read: none
Input Channel: data

Output Channel: data with missing values removed

OPTION 20: A seasonal rank sum test for a step difference between two
periods (Bradley, 1968, p. 115-117) is performed whgre the first period
is IS1, IS1 + NX1 - 1 and second period ivaSZ, IS2 + NX2 - 1. Note that
ABS (NX1 - NX2) must be an even multiple of NSEAS. Missing data are not
included in the analysis. Output is the test statistic and p-value using
normal approximation.

Data Read: 1IS1, IS2, NX1, NX2 (see definition above)

Columns: 1-5(R); 6-10(R); 11-15(R); 16-20(R)

Defaults: - § - § - ; =

Input Channel: data

Output Channel: mnot used
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PRIGRAM MAINUINPUTsQUTPUTSDATA»FLOWD, TAPESeINPUTSTAPE6=CUTPUT,
STAPET=VATA,TAF=BsFLOWD» TAPED) ’
COMMUN/CIM1/Y(52250)»FLOWI(250)
COMMUR/CINS/TL250)
COMMUN/CUM3/XHOLD(250),XT(250)
COMMON/BLIOCK/ T1(250)s XJ1(250),LCHAN(G)
$» IAR2(16)s NAHE(0,8)
$» I[AR1(1lo)s X(0»250), 1CAMP(1l6) » FMT3(a)
$»XAR(2)s YAR(2) »N1(1l6) » YR(15) » YYR(5), YR1(5)
$56Y(3)» XYR(20)s TEXTB(3)s TEXTL(8), XTIT(8)
REAL FMTz(4)sFHTS{B)»FIT(5)s5(4)sLABELLS)
DATA LABEL/4*.0H »8H /
READ(5»1) NCHANs» N » IPLOT
WRITE(6s191) NCHANS N, IPLIT
FORMAT('1's ' NUM3ER OF PARAMETERS (NCHAN) = ', I15,10X»s
$VNUMBER OF DATA TO READ (N) =9,I5,10X,'PLOT OPTIJN (IPLOT) =t
$515)
IF(IPLUT obude 3) CALL PRNTON
IF (IPLLUT.EGez) CALL STCCON(LABEL)
READ(552) ((HAME(JIK)s» K= 158)s J= 1s NCHAN)
READ(552) (FMT2(J)s» J= 1r%)
KEAD(592) (FMT3(J)s J= 1,54)
READ(5,FMT2) XMDAT
FORMAT(1515)
FORMAT(8ALQ)
WRITE(65192) (FMT2(J)»r»d=1lsr4) s XMDAT
EORMAT('0O', YFGRMAT TO PEAD MISSING DATA INDICATOR ='/' ',4A10
$510Xs "MISSING DATA INDICATOR = *5El4e5)
WRITE(62193) (FMT3(J)rJd=ly4)
FORMAT{'OFORMAT TO ECHO PRINT DATA =%/' ',4A10)
WRITE(65100)
FORMAT(1dls 4O0Xs 'ECHO PRINT OF INPUT DATA'»//)
CALL DATIN(NCHANS Ny XMDAT)
D0 106 4 = L, 6
LCHAN(J) = N
DOE/METRG WATER QUALITY TREND ANALYSIS PROGRAM AS MODIFIED
12/81
PROUOGRAM DPERATES ON A CHANNEL-JPTION CONCEPT» USER SPECIFIES
ANALYSIS OPTION ALONG WITH INPUT AND OUTPUT CHANNELS AND
ANY INPUT DATA NEEDED FJIR SPECIFIC OPTIONS
ICOMP(J) HUOLDS DATA COMPUTATION OPTIONS
IARL HOLOS THE INPJUT ARRAY, IAR2 HOLDS THE OUTPUT ARRAY
DATA COMPUTATION UPTIONS ARE
1 == TRANSFURMS DATA (MUST READ IN TRANSFORMATION OPTION»
1 = NATURAL LUGs 2 = POWER (READ IN PJwER UN SAME CARD)
2 == REMUVE SEASONAL MEAN (MUST READ IN NUMBER OF DATA POINTS
IN EACH SEASONs» NUMBER OF DATA POINTS PER YEAR)
3 == DIFFERENCES DATA (READ IN NUMBER OF LAGS)
4 == DKAWS Q=Q PLOT
5 == PLOTS DATA (READ IN PLOT OPTIONs 1 = LINEPRINTER, 2 =
CALCOMP. IF CALCOMP» ADDITIONAL INPUT PARAMETERS REQ,D (SEE
DOCUMENTATION))
NPER IS NUMBER JF SEASONS/YR
NYR IS NUMBER OF YEARS OF RECORD (NOT USED)
IPER IS INDEX CF INITIAL SEASOUN
IYR 13 INITIAL YEAR
6 == PLACES DATA IN INPUT CHANNEL INTO QUTPUT CHANNEL
7 == CUMPUTES CORRELATION, PARTIAL AUTOCORRELATION AND PLOTS

Tha
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- (MUST READ IN MAXIMUM NUMSER JF LAGS)

- 8 ~= PLOTS CUSUM OUF GIVEN CHANNEL (MUST READ IN NUMBER OF

- DATA POINTS FRIM WHICH MEAN 1S CALCULATED)

- 9 == IGNURES GIVEN DATA POINTS (KEAD IN SEQUENCE NUMBERS OF

- POINTS, uP TO 1le6)

- 10 == TAKES RESIDUALS FRJIM MOVING AVERAGE (MUST READ IN NUMBER
- OF DATA PUINTS TO BE AVERAGEDs CHANNEL FROM WHICH CATA IS Av-
- ERAGED

- 1l == CALCULATES MANN=#HITNEY™S OR SPEARMAN"S RHO TEST STAT=-
- ISTIC ON OATA., READ IN TEST OPTION (1sMWs, 2e5R)» INITIAL AND
- FINAL DATA POINT OF FIRST DATA SEGMENT (COMPLETE RECCRD FOR SR)
- AND INITIAL AND FINAL PUINTS FOR SECOND DATA SEGMENT

- 12 == CALCULATES STEP HEIGHT Ok LINEAR SLOPE HEIGHT VIA LEAST

- SQUARES. READ IN STEP OR LINEAR OPTIONs PLOT JPTION (NONE, LINE
- PRINTEKs UK CALCIMP. FOR CALCOMP, MUST READ IN NORHMAL CAL=

- COMP PLOT PARANMETERS (SEE DOCUMENTATIUN)W BASE LAG ONE CORRELA~
- TICN CUEFFICIENT, SAMPLING INTERVAL Il DAYS ALSO REQUIRED

- ILCJOP = 1, START MULTIPLE LGOP, 0» SINGLE ITERATION ONLY,
- =1, CONTIAUE MULTIPLE LOUP» =2, END MULTIPLE LOGP

TABLE OF CONTENTS (AIRSCH PROGKAMS)
CDFv = Trkt STANDARD NORMAL CUMULATIVE DISTRIBUTION FUNCTION

FAC = UPTL3 = ESTIMATE THE FLOw=CONCENTRATION RELATIONSHIP AND
CUNPUTE THE RESIDUALS

KEN = OFTl4 = THE MANN = KENDALL TEST FJIR TFEND

FOM4 = OPT17 = COMPUTE THE MEANs STANDARD DEVIATION, SKEWNESS COEFFICIENT
AND KJRTOSLS COEFFICIENT (MULTIPLE ENTRY POINTS MOMZ AND MOM3)

CAN NOT HANDLE MISSING DATA.

PACKER = TARES AN ARRAY OF MONTHLY DATA #ITH PUSSIBLE MISSING VALUES
AND PACKS IT INTO VECTORS OF Y(DATA) AND T(TIME IN MONTHS).
USED TJ PREPARE DATA FOR PASSING TJ REGRES.
REGSEA = UStD IN SEASGNAL REGRESSION (CALLED BY SEAREG)
REGRES = OPT19 -~ STANDARD ALL PURPOSE LINEAR REGRESSION.
CAN BE USED AS A TREND TEST.
MISSING DATA ARE NOT ALLOWED.
SEAKEN = JPT15 = SEASONAL KENDALL TEST WITHOUT THE SLOPE ESTIMATOR.
SEAREG = OPT18 = SEASONAL REGRESSION TEST FOR TREND.

SEARS = OPT20 = MANN~WHITNEY=WILCOXON RANK 3UM TEST, FOR GROUPED DATA
(GROUPS ARE MONTHS)

SKND = OPT16 = SEASUNAL KENDALL TEST WITH SLOPE ESTIMATOR.

FUOQTNUOTES UNLESS OTHERWISE INDICATED ALL PRUGRAMS CAN HANDLE
MISSING DATAe THE MISSING VALUE INDICATOR IS
0.0

== XMDAT IS THE MISSING DATA CODE
IFC = ¢
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00 1000 KJ4 = 1, NCHAN
DO 21 J= 1,6
DC 21 K= 1,200
21 Y{JsK) = O,
READ(554) (IARL{J)s IAR2(J), J= 1,16}
READU(5,1) (ICCMP(J)» J= 1,16)
4 FORMAT(16(2I2,1X))
00 11 J= 1,106
IF(ICOMP(J) +EQ. O) GO TO 12
11 JHAX =
12 CONTINUE
WRITE(6535) (NAME(KJsJd), J= 1,8)

35 FORMAT(/1171717, 10X, 8A10)
WNRITE(Gs30) (ICOMP(J), J= 1,JMAX)

36 FORMAT(//5 L0Xs YARRAY OPTIONS ARE', 3X» 1615)
WRITE(6537) (LARL(J), IAR2(J), J= 1ly,dMAX)

37 FORMAT(//» 10Xs 'CHANNEL LPTIONS ARE's 1X» 16(2125 1X))

DG 45 J = ],N
Y{lsJd) = X(KJsd)
45 IF(Y(1s4) «Ede XMDAT) Y(lsy) = Q.
KSL = [L3JP a 0
00 50 JJ = 1, JMAX
ARITE(65848)
843 FORMAT(*01,100(%=1})
IC = IC0OMP(4J)
JARL = [AR1(JJ)
JARC=IARZ(JJ)
60 Ta (51:52:33054’55)56:57:58,59)60961962:63’64:65’66’67,68
*,69570) , IC
51 READ(5,110) [TKANS, POW
WRITE(6s610) LTRANSsPOW
810 FORMAT('QUPTION 1, ITRANS = *,110/11X,'POW = Y5Fl0.4)

C == 1TRANS IS TRANSFURMATION CPTIONs POW IS EXPONENT FOR ITRANS
C~= =2
LL = LCHAN(JAR1)
110 FORMAT(I110, F10.0)
CALL OPT1(ITRANS,PUWsLLs»JARL, JAR2)
60 Ta 50
52 READ(5,1) NGP, NYR »IOPT

WRITE(6,811INGP,NYR, IOPT
811 FORMAT('OGPTION 25 NGP = 1,15/11Xs'NYR = '5I5/11%,'I0PT = 1,
+15)
c IF IOPT = O NEWDATA = OLDDATA = SEAS MEAN + GRAND MEAHN
¢ ® 1 NEWDATA = (OLDUATA = SEAS MEAN)/SEAS 5D
LL = LCHAN(JARL)
C IF IOPT = 0 == NuP IS5 THE NUMBER UF DATA POINTS GROUPED FOR SEASONAL MEANS,
C == NYR 135 THE NUMBER OF DATA POINTS PER YEAK
C IF IOPT = 1 == N3P IS THE NUMBER GF DATA POINTS PER SEASON
C == NYR = O
IF (I0PTeEu.0) CALL OPT2({NGP,»NYR,»LLsJARL, JAR2)
IF (I0PT.EQ.1) CALL DSEAS(JAKL1sJARZ,NGPsLL)
GU T3 50
£3 READ(5,1) NUIF
WRITE(6»812) NDIF
812 FORMAT(*OUPTION 3, NDIF » !,I5)
C -= NDIF IS NUMBER OF LAGS FOR DIFFERENCING
CALL OPT3(NDIFsLLsJAR1,JAR2)
63 T2 50
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LL = LCHAN(JARL)
CALL GQPLOT(LLs JARL)
60 TO 50
LL = LCHAN(JAR])
CALL UPTS(LLsIPLOTH)JARLSILOOP)JPOINTSS»IFLAGIKSL)
IF(IFLAG «EQe 1) GO TO 62
GO TO 50
LL = LCHAN(JARL)
D3 150 vs 1lslLL
Y(JARZsJ) = Y(JAR1»J)
LCHAN(JAR2) = LCHAN(JAR]L)
60 TU 50
Ll o LCAAN(JARY)
READ(551) NLAG
WwRITE(65813) NLAG
FORMAT('COPTION 7» NLAG = ',]15)
NLAG IS NUMdEk OF LAGS FOR AUTUOCORRELATION AND PARTIAL AUTO-
CORRELATION ANALYSIS
CALL OPT7{NLAGsLLsJARL1,)NsIPLDT)
60 T0 50
LL = LCHAN(JAR])
READ(S5,1) NOP
WRITE(6s814) NOP
FORMAT('OOPTION 8, NOP = 1,]15)
NOP IS ASSUMeD INTERVENTION POINT FOR CUMJULATIVE SuM PLOTS
CALL OPTolLLsJARLI,NDP)
60 T4 50
READ(5,1) (N1(J)s» J= 1,16)
WRITE(6s615) (NL{J)sds=sl,slbH)
FORMAT('OUPTIUN 9» INDEX NUMBERS OF DATA POINTS TO BE CENSORED=-!
*/v %,156]5)
N1{J) 1S INDEX NUMBER OF J TH SAMPLE TO B8E CENSORED
DO 180 J= 1,16
LL = N1(J)
IF(LL «EQ. 0) GO TG 50
Y(JARL,LL) = O,
GO TO 50
READ(5,1) NAVs KCHAN
WRITE(65816) NAVsKCHAN
FORMAT('O0PTIOUN 10, NAV = 1,I5,¢? KCHAN = 1,]15)
NAV IS NUMBEKR OF POINTS IS MOVING AVEKAGE, KCHAN 15 INPUT
DATA CHANMNEL FUR MOVING AVERAGE COMPUTATION
IF{KCHAN «EQs O0) KCHAN = ]
LL = LCHAN(KCHAN)
CALL GPTIO(NAVSKCHANSLL)JARLSJAR2)
60 TG 50
READ(551) NTEST, 1S1ls IFl, 1352, IF2
WRITE(6s817) NTESTsIS1s1IFl,I82,1F2
FORMAT(YOUPTIOUN 11, NTEST = 1,15, ISl = 1,15, IF1 = ¢
+r1h,? IS2 = 4,15, IS3 s 1,15)
NTEST» IS1sIF1,IS2,IF2 ARE TEST INDEX NUMBER (MANN=#HITNEY
OR SPEARMAN 5 RHO) ANO INITIAL ANC ENDING INDEX OF DATA
SEGMENTS FOR TESTS (IS2,IF2 IGNORED FOR SPEARMAN S RHO)
CALL OPT1IL(NTEST»IS1sIF1,152,51IF25»JAR1»JARZ)
60 TG 590
READ(5,250) KSLs KPL»s» IS1» IF1l, 1S2, IF2, ILOOP, RO, KGAP
WRITE(OsELY) KSLsKPLs1S1,IF1y1S251F2,1L00PsK0»KGAP
FORMAT('OUPTIUN 12» KSLsKPLsIS1sIFls1525IF2,1L00P)RISKGAP =¥/
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+V ¥, 7155F5435815)
KSLsKPiL»1S1sIFLsIS2,IF2,I1L00PsRO,KGAP ARE PLOT PARAMCZTERS,
START ANl END PARAMETERS, DAILY CORRELATION CJEFFICIENT,
AND AVERAGE SAMPLE INTERVAL FOR COMPUTATIUN OF REGRESSION
BASED TxehDS
FORMAT(715, F5.0, 815)
LL=LCHAN(JARL)
CALL OPT12(LLsK3LsKPLI)ISL1sIF1,1S52,1F2,1IL00P»RISKGAP»JAR])
GO TO 50
LLsLCHANLJARL)
IF (IFC «Gte 1) GOTO 634
READ(5»1) WNUNIT,IDEF
FMT5(1)=10H(1laX,i2s12
FMT5(2)=10H,1258F7.0)
vl 633 1J=3,3
FNTS5(IJ)=10H
IF (IDEFe£Qel) READ(5,2)(FMT5(IJ)s1d=1,3)
WRITE(6sC19) NUNITH (FMTS(IJ)sId=1,8)
FORMAT('OUPTION 13, READ FLOW DATA FROM UNIT *',1I3,
+t ACCORDING TU FORMAT /' 1',8A10)
CALL FLOWIN(NUNIT, IDEFsFMTS5,LLsJAR])
IFC = 1
READ FLOWS ON UNIT NUNIT ACCORDING TD FJRMAT FHMTS
CALL FAC(LL,FIT)MUDELSJARLY JARZSXMDAT)
60 TQ 50
LLsLCHANCJARL)
CALL KeN(LLsTAJS»ALPHA»JAR])
60 TO 50
LL=LCHAN(JARL)
READ(5,51) NSEAS
WRITE(6sE20) ICsNSEAS
FORMAT('CIPTION '»I25'» NSEAS = 1,15)
NSEAS = NUMBER UF SEASCNS(=DATA POINTS) PER CYCLE(IE YEAR)
CALL SEAKEN(LLsTAU,ALPHAsNSEAS,JAFRL)
G0 TO 50
LL=LCHAN(JAR])
READ(5, L)NSEAS
WRITE(65820)ICHNSEAS
NSEAS = NUMBER OF SEASONS(=DATA POINTS) PER CYCLE(IE YEAR)
CALL SKHNU(LLsTAU» ALPHASSLOPEs NSEAS» JARL)
G3 TO 50
LLsLCHAN(JARL)
G0 670 JI=l,iL
T(JI)=Y(JARL,JI)
CALL MOM4(TsLL»3)
WRITE(0,6606) JARL»(S(I9),19=1,4)

FORMAT('QOATA IN CHANNEL '»I2/'0 MEAN 'y

*! STDe DEVe SKEwW KURTOSIS'/1X»4E1l4e5)
60 TO 50

LL=LCHAN(JARL)

READ(55 1) NSEAS

WRITE(bs820) ICHNSEAS

NSEAS = NUMBER UF JSEASONS(=DATA PJINTS) PER CYCLEUIE YEAR)
CALL SEAREG(LLsA,B8sALPHASR,NSEAS,»JAR])

60 TU 50

LL=LCHAN(JAR1)

CALL PACKER(LLANNSLENGTH» ISTART»JARL,JARZ)

LCHAN(JAR2)=NN
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CALL REGRE3(NN,A»B»ALPHASRyJAR2)

WRITE(0s667) AsBrksALPHA
667 FORMAT('0 LINEAR REGRESSION ='/' INTERCEPT = ',El4.6,

Y7Xs 'SLOPE = Y,E14.657X»"aABS(R) = 1,F7,5,7X

¥ 'SIGNIF(R) (ASSUMING NORMAL ERRJPS) =',F7.5)

60 TO 50
70 READ(551) ISisIS2sNX1sNX2,NSEAS

WRITE(65821) 151,IS2sNX1yNX25NSEAS
821 FURMAT(YCOPTION 20s 1S1 » IS2 » NXL » NX2 » NSEAS =0/% 1,515)

CALL SEARS(1IS51,IS2sNX1sNX2s2sALPHA,NSEASsJARL)

SEASUNAL RANK SUM TEST» SEE BRADLEY P 115-117

THE Twd PEKLODS OF RECORD MUST START WITH THE SAME SEASGN
MISSING DATA CJDE XMIS MUST BE NONPOSITIVE

PERICDS OF RECGRD COMPARED ARE INTERVALS IS1s, 151 + NX1

= 1ls I3¢» 1S2 + NX2 - 1

ABS(NXL = NX2) MUST BE EVEN MULTIPLE OF NSEAS

VMOOOOGOOOO
o

KSL = JLJGP = ¢
1000 CONTiNuUE
IF(IPLOT «GEs 2) CALL EXITPL
END
SUBROUTINE DATIN(NCHANSNs XMDAT)
COMMON/FLBLKY FYR»FMG, FDAY
COMMON/BLUOCK/ TL(25G)s XJ1(250)sLCHAN(G)
$» IAR2(1lo)s» NAME(E,8)
$» JAR1(16)s X(65250), ICOMP(16) » FMT3(4)
3sXAR(2)s YAR(2) sN1(1l6) » YR(15) ,» YYR(5), YR1(5)
$s6Y(3)» XYR(20)» TEXTB(3), TEXTL(B8)» XTIT(E)
INTEGER YY(20)sMU{20),DA(20),1IM0(12)5CD(2560)
INTEGER FYR(25C),FMO(250)»FDAY(250)
REAL S1(20)sXX(6220)sMOPTSFMTI(7)sCARD(28)SFNT2(T)
LOGICAL DONE
DATA 1MO/32530532,31,32531932532531532531,32/
UONE= o FALSE .
READ(5,1) IUNIFsRINT,IOPT,IFILE
1 FORMAT(15,F5415215)
WRITE(0s191) IUNIFsRINT,IOPT,IFILE
191 FORMAT('QUATA READ OPTIONS = IUNIF = t,I5,5X, 'RINT = ',F5.1,
$5Xs VIOPT = ',15,5Xs Y1IFILE = 9,15)

¢

C=- IUNIF = C ANALYZE ALL DATA AS IS

C—- =1 CONVERT DATA TO UNIFURM TIME SERIES WITH
C=- UNIFORM INTERVAL RINT

C=- RINT = 0 IF IUNIFseC

Cr= >0 SAMPLING INTERVAL IN MONTHS IEe 551,2
C== MAX # INTERVALS ALLOWED 1S 250

C-- IOPT = O CONVERT TO UNIFORK StRIES BY AVERAGING VALUES
Coem WITHIN TnE INTERVAL

C-- = 1 TAKE vALUE CLOSEST TO CENTER OF INTERVAL

¢

READ(552) NVARL»(FMT1(J)sJ=1,7)
2 FORMAT(15,7A10) :
WRITE(65192) KVARL) (FMT1(J)sd=1,7)
192 FORMAT(* ',20Xs*NVAR]l = 9,15,5Xs *FMTL = ',7A10)
IF (NVARL.LToNCHAN) READ(5,22)(FMT2(J)sdmls7)
22 FORMAT(8AL10)
IF (NVARL.LTeNCHAN) WRITE(65193) (FMT2(J)sd=1,7)



193

[T

221

110

111

112

10
20

158

FORMAT(! ',33X,'FNTZ = 157A10)
FMT1l READS YRyMOsDAYsVARLs e0es VARD

IF (JUNLF.EQ.0) GO T0 2000

READ(IFILE»221) (Cb(I)yI=1,280)

FURMAT(BCR1)

03 110 [=1,140

ENCUDE(IHO);Zl;CARD) {CO(1),1In1,140)

DECODE(140,FNTisCARD) YY(l):HO(l))DA(l))(XX(JDl))J'l)NVARl)
IF {NVAR1eGceNIAAN) 60 Ta 112

DO 111 1=141,280C

IF ((CD(I)sLT 427 +CRs CO(I)eGTe36) «ANDe. CU(I)eNES4T) CD(1)=45
ENCUDE(lQQ)ZZl)CAKD(lE)) (CD(1)»Is141,28Q)
DECUDE(lQO)FHTZ’CARD(l5)) (XX(J)l))J'NVARI’I’NCHAN)

K=1

WRITE(0s FMT3) YY(K)’HQ(K))DA(K);(XX(J;l)’J'l)NCHAN)
S1(K)=YY(K)*LlCO + MO(K) + FLUAT(DA(K))/IHJ(HO(K))
CINT=YY(1)#100 + MJI(1l)

iF (RINT«LTele0) CINT'CINT#(DA(I)/I@)*.5

DO 100u 1=1,250

CINT=CINT+RINT

TTl'CIN‘-INT(LINT)/lOC*lOO

IF (TT1eGEel3e) CINT=CINT+36.

KeK+l

IF (KeEQel) GO TQ 4

READ(IFILE:Z&l)END'3000) (CO(L)sL=1,280)

iF (LOF(IFILE)eNESO) GU TO 3000

DU 210 L=1,140

IF ((CU(L)eLT427 «ORe CO(L)eGTe36) «AND. CD(L)eNEs@T) CD(L) =45
ENCODE (140,221»CARD) (CO(L)sL=1y140)

DeClDE(L140,FNNTLs CARD) YY(K)’MU(K)}DA(K))(XX(J’K)’J'IJNVARI,
IF (NVARL«GE«NCHAN) GG 1O 212

DO 211 L=141,280

IF ((CD(L)eLTe27 +0Re CD(L)eGTe36) +AND. CD(L)«NES4T) CD{L)=45
ENCUDE(L#OJZZI)CARD(15)) (CO(L)»L=1l41,280)
DECDUE(I40:FHT2’CARD(15)) (XX(J}K):J'NVARI*I’NCHAN)
SLIK)sYY(R)*LD0 + MO(K) + FLUAT(DA(K))IIHU(HO‘K))

IF (KeGTel) WRITE(GFHTI) YY(K))HC(K))DA(K)’(XX(J}K))J'I’NCHAN)
IF (S1(K)eLESCINT) GO 70 3

60 TO 5

DONE=oTRUE

N=]

K=K=1

IF (KeaT«0) GG TO 20

DO 10 J=1yNCAAN

FYR(I)=0

FMO(I)=0

FDAY(I)=0

X(Jds1)=0e0

60 TO 999

IF (10PT.EQ.l) GO TU 40

DO 30 J=1,NCHAN

X(Js1)30.0

NNN=0

DO 35 IJd=lsK

IF (XX(JpLld) o EWaXMDAT) Gd TO 35



35

3o

40

50

80

999
1000
900

2000

201

159

NNNSNNN+1
X(droI)ax(Jnl) ¢+ XX(JsIJ)
CONTINUE
IF (NNNeiLwevV) GO TO 30
X(Jdsl) = X{Js1)/ieNN
CONTINUCE
60 TO 999
MOPTeCINT=-RINT/2,
TT1=MOPT=IHT(MCPT)/100%100
RMIN=RINT=®2,
00 50 IJ=i,K
IF (ABS(S1(IJ)=MDPT).GERMIN) GO TO 50
MINKsIJ
RMIN=ABS(S1([J)=MDPT)
CONTINUE
DO 60 J=l,NCAAN
X(JoI)mxXX(JsMINK)
FYR(I)aYY(MINK)
FUU(T)sMO(MINK)
FDAY(1)sDA{MINK)
KaQ
IF (DONE) RETURN
CONTINUE
WRITE(65900) RINT
FORMAT('OUSING AN INTERVAL OF',F542s' MONTH(S)» DATA SPANS?'/
¥' MORE THAN 250 INTERVALS = EXTRA DATA NOT USED IN ANALYSES')
RETURN
READ(IFILESFMTLI(FYR(L)sFMOCI)»FOAY (1) (X(JsD)sJmlsNCHAN),»I=1,N)
WRITE(OsFMT3) (FYR(IDSFMICI) S FOAY (1) (X(JsI1)sJoLlsNCHAN)»I=1)N)
RETURN :
END
SUBROUTINE FLOWIN(NUNIT,IDEF,»FMTS5,LLs JARL)
COMMON/BLOCK/Z T1(250)s XJ1(250)sLCHAN(S)
$s LAR2(16)s NAMC(658)
$» IAR1(16)s X(5»250)s ICOMP(lo) » FNT3(4)
$,XAR(2)s YAR(Z) sN1(l6) » YR(15) , YYR(5), YR1(S)
$5GY(3)y XYR(20)s TEXTB(8), TEXTL(B), XTIT(8H)
COMMON /FLBLK/ FYR, FMO,FDAY
COMMON/CUM1/ Y(65250)sFLON(250)
INTEGER FYR(250),F40(250),FDAY(250),0AY
REAL FL{3)sFMT5(8)
WRITE(69201)
FURMAT(' ECHD PRINT OF FLOW DATA!')
IF (IDEFeEQsl) GJ TO 100
K=l
READ(NUNITSFMT5,END=999) IYR)MOsMULS{(FL(J)pJ=ly5)
IF (FYR(K)eNE«O) GO TO 7
FLJ4d(K)=Q
WRITE(G6sFMT3) FYR(K)sFMI(K)s» FDAY(KR))FLOW(K)
KsgK+l
IF (KeGToLL) RETURN
63 TO o
DO 20 I=1,s
DAY= (MUL=1)*5 + I
IF (IYReNEeFYR(K)eOReMOsNE+FMO(K) ¢ORsDAYNELFDAY(K)) GO TO 20
FLOW(K)SFL(I)
KRITE(6,FMT3) IYR,MOs»DAY,FLOWI(K)



oy

160

K=K+l
IF (KeGTeLL) RETURN
20 CONTINUE
G070 5
939 WRITE(3,222) K = 1
222 FORMAT(' 1OTc = ONLY FOUND FLOWS FOR FIRST '»I3,! OBSERVATIONS!',
$v; REST OF FLUWAS SET TO MISSING')
D0 998 IJ=K»sLL
998 FLOW(IJ)=0
RETURN
100 Ksl
10 READ(NUNIT,)FMTS5,END=999) IYR, MO»DAY,FLW
lo IF (FYR({K)aNEsO) GOTC 17
FLOW(K)=0
WRITE(3,FMT3) FYR(K)sFMOUIK)sFDAY(K)»FLUW(K)
K=K+l
IF (KeGTeLL) RETURN
GU TO 1o
17 IF (IYReNEoFYR(K) UReMOSNE+FMO(K) «OReDAYNE.FDAY(K)) GO TD 10
FLOW(K)=FL4
WRITE(6FMT3) FLIN(K)
KsK+l
IF (KeGTolL) RETURN
GGT0 10
END
SUBROUTINE OPTL(ITRANSsPUWsLLsJARLs JARZ)
COMMON/COML/Y(02250),FLOW(250)
C == SUBROUTINE TJ TRANSFORM DATA VIA LOGARITHMIC OR
C -~ POWER FUNCTION
GO TJ (210,211)s 1TRANS

210 DU 212 4 = lsi
Y(JARZ2,J) = Y(JARL1,J)
21z IF(Y(JARLsJ) oNEe Oe) Y(JAK2sJ) = ALOG(Y(JARLsJ))
RETUKN
211 DO 2i3 J = lsliL
213 Y(JARZ2,J) = Y(JAR1,J)**POw
RETURN
END

SUBROUTINE AUTCUR(LsRM»VIN)
COMMON/COM4/R(401)s RR(401)s SC(4CL),DUD(40L)
COMMON/CUM3/X(500)
C == SUBROUTINE TU CONPUTE AUTOCORRELATION FUNCTION
DJ 1 J= 1L
ICl = 0
KK = N=J
DUM = 0.
DO 2 I= 1,KK
INDL = X(I)/Z{X(I) # 1.E=06) + 1l.E-04
INDZ = X(L+J)/(X(1+J)+1lek=06) + 1leE=C4
ICl = IC1 + IND1¥*INDZ
2 DUM = DUM + (X({L)=RM)*(X(I+J)=RM) *INDL*IND2Z
R(J) = 0.
IF(ICl +£Q. 0)GO TO 1
R(J) = DUM/ICL/V
1 CONTINUVE
RETURN
END
SUBRGUTINE GPT2(NGP»NYRsLLsJARL,JARZ)
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121
122

123
120

1200

1201

(s XeNaNgl

161

COMMON/COML/Y(0s25G)»FLOW(250)
CUMMUN/COM3/XHOLO(25C)s XT(c50)
SUBROUTINE TJ DESEASCNALIZE DATA BY REMOVING SEASONAL MEAN
NN = NYR/NuP
NNNsLL/NYR+1
NDATT = O
DO 120 Js= 1, NN
NSTART = (J=1) *NGP
SuUM = O,
NDAT=0
DO 121 K = 1, NNN
DO 121 L = 1, NGP
KK s NSTART + (K=1)%NYR + L
IF(KK #GTeLL) GO0 TO 122
XXX = AgS{Y(JAKI,KK))I/(ABS(Y{JARLIKK)) + 1.E=06) + 1l.E~04
IND = XXX
SUM = SUM + Y{JARLI,KK)}*]IND
NDAT = NDAT + IND
XBAR = SUM/NDAT
XHOLO(J) = XBAR
XT(J) = NDAT
NDATT = NOATT + NDAT
DG 123 K = ls» NNN
DO 123 L= 1l,NGP
KK s NSTART + (K=l)}*NYR + L
IF(KK «GTelLL) 33 TO 120
Y{JAR2,KK) = Y(JAR1,KK)
IF(Y(JARLIKK) oNEs Os)
Y(JAR2,KK) = Y(JAR1sKK) = XBAR + 1.E=06
CONTINUE
CUNTINUE
XBAR = 0,
DO 1200 J = 1, NN
XBAR = XBAR + XT(J)/NDATT*XHOLD(J)
D0 1201 J= 1, LL
IF(Y(JAR2,J) oNEe 0s) Y{JAR2sJ) = Y(JARZ2,J) + XBAR = 1l.E=06
RETURN
END
SUBROUTINE DSEAS(JARLI»JAR2,NSEAS,sN)
DESEASONALIZES THE DATA SET OF N VALUES OF SEASON LENGTH NSEAS
SUBTRACTS SEASONAL MEAN AND DIVIDES BY SEASONAL STANDARD DEVI1ATION
ACCEPTS MLISSING VALUES, MISSING DATA CODE XMIS MUST BE
NONPOSITIVE
REAL S(2)
COMMUN/CGM1/Y(69250),FLOW(250)
COMMON/COM3/XHOLD(250),XT(250)
DO 10 IH=1,NSEAS
K=Q
00 5 I=lKsNsNSEAS
IF(Y(JAR1,»I)aEQ.Q0.0) GO TO 5
KsK+l
XT(K) = Y(JAR1,1I)
CONTINUE
CALL MOMZ(XTsK»S)
AVE = 511)
SO = 5(2)
IF(KeLEsl) SO = 1.0
IF(SDeLE«Osv) SD = 1,0
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555
700

140

142

162

03 15 I = [M)N,NSEAS
XX & Y(JARLsI)
Y(JAR2,I) = (XX = AVE)/SD + 1.E=-6
IF(XXeEQeD.0) Y(JARZII)'O-O -
CONTINUE
CUNTINUE
RETURN
END
SUBROUTINE UPT3(WDIFsLLsJARLs JAR2)
COMMUN/COM1/Y(62250)sFLOW(250)
COMMON/3LGCK/ TL(250), XJ1(250)sLCHAN(6)
3, 1AR2(16), NAME (6, 8)
$» 1AR1(106)s X(6525G), 1COMP(16) » FMT3(4)
$sXAR(2)s YAR(2) ,N1{16) 2 YRU15) » YYR(5)s YRI(5)
$56Y(3), XYR(20), TEXTB(3), TEXTL(8), XTIT(8)
SUBROUTINE TQ OIFFERENCE DATA
LL = LCHAN(JARL)
NM & LL=- NDIF
D0 130 J = 1, M
Y(JAR2,J) = Q.
IF(Y(JARIJJ*NDIF) eNEe 0o «AND. Y(JARlIJ) eNE o O.)
$ Y(JARZ25J) = Y(JARLSJ+NDIF) =~ Y(JAR1,J)
CONTINUE
LCHAN(JAKZ) = LCHAN(JAR1)= NDIF
KETURN
END
SUBROUTINE UPT5(LL:IPLUT:JARl;ILODP:JPGINTS:IFLAG:KSL)
COMMON/COML/Y(05250)» FLOW(250)
COMMON/CON3/XHILD(250),XT(250)
COMMON/CONM5/T(250)
COMMON/SLGCK/ TL(250), XJ1(250) s LCHAN(6)
$» IARZ(106), NAME(6,8) .
$s IARL(16)s X(65250), ICOMP(16) s FMT3(4)
$,XAR(2)y YAR(Z) ,N1{1l6) s YR{15) , YYR(5), YR1(5)
$»GY(3), XYR(20), TEXTB(8), TEXTL(8), XTIT(8)
REAL TDUM(2), XDUM(2)
SUBROQUTINE TQ PLOT DATA
IFLAG = 0
IF(IPLOT «EQe 1) GO TO 555
IF(ILOGP «LT. 0) 60 TO 179
READ(5,1) Nap
IF(ILUOP LLT. 0) GO TO 271
00 140 J= 1, LL
Ttd) = §
XHOLD(J) = Y(JAR1,J)
CALL QKR3RT{LL)
XAR(L1) = (L
XAR(2)=0
YAR(1)=XiOLD(LL)
YAR{2)=XHOLD (1)
D0 142 J= 1, LL
XHOLO(J) = Y(JAR1,J)
IF(IPLOT +tQe 1) GO TO 143
IF(NBP oNEs 0) GO TO 147
READ(551) NPERs IPER , IYR
READ(5,201) XMINs»XMAXsYHIN,YMAX
READ(5,201) XL5Z1is XLS22, XLSZ3

WRITE(6,601) NPER:IPER:IYR:XHIN:XHAX.YHIN:YH&X;XLSZI:XLSZZ;XLSZ3



e

163

801 FOIRMAT('OUPTIUN 5 (MAY BE CALLED FROM OPTION 12) INPUT PARAMETERS!?
+/' NPER = ',]5,! IPER = 1,15, IYR s ', 15/ XMIN = ',F10.3,

+! XMAX = 1,F1l0.3," YMIN = ',F10.3," YMAX = '5,F10.,3/
+¢ XLSZ1 = ',F10.35" XLSZ2 = ',F10.3," XLSZ3 = 1,F10.3)
1 FORMAT(10l5)
2 FORMAT (8AlG)
261 FORMAT(8F1lU.0)
READ(5,2) (TEXTB(J)» J=1,8)
147 READ(552) (TEXTL(J)s J=1,8)

READ(5,2) (XTIT(J)» J= 1,8)
CALL STS2UB(XMAINs XMAXsYMINy YMAX)
CALL STSYMB(1ll)
GY(l) = YAR(L)
GY(2) = YAR(Z2)
6Y(3) = 10
MAX = (LL-1)/NPER + 1
XPLT = MAX*NPER
CALL STNDIV(MAX,1)
CALL STSUBJ(O0esXPLT»04»GY(1))
CALL FABLIY(GY)
CALL AXLILI
CALL STCHSZ(XLSZ1)
CALL STNDEC(O)
CALL NOOLIB
CALL STNLEC(2)
CALL NODLIL
XINT = NPER*(XMAX=XMIN)/XPLT
XI = (NPER/2+1 = IPER)I*XINT/NPER = XINT/NPER/Z2.
IP = 0O
IF(XI «GTe Oe¢) GO TD 243
Ip = ]
XI = X1 + XINT
IYR sIYR+]1
243 DJ 144 J= 1,15
144 YR(J) = JYR+ J = 1
NMAX = 10*MAX
IF(NMAX «LTe 150) GO TO 240
MMAX = NMAX=150
MMAX1 = MMAX/10
NMAX = 150
D0 241 J= 1, MMAX]1
241 YR1{J) = YR(15) ¢ J
ENCODE(50,1455YYR) YR1
D0 242 J= 1, MMAX1

242 XYR(J+15) = YYR{J)
240 ENCGDE(1505 1455 XYR) YR
145 FORMAT(15(34 2 F4.0, 3H ))

XSTAKT = XMIN + XI = 4.*¥XLSZ2
IYR = IYR = IP
CALL STCHSZ(XLSZ2)
YSTART = YMIN = 4.*XLSZ1
MMAX = MAX-1
CALL STNCHR(19)
DO 146 J= 1, MMAX + 1
CALL OBLNST(XSTART» YSTART)
TEXT = XYR(J)
CALL TITLEGITEXT)
146 XSTART = XSTART + XINT
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900

179

554
143
14l

271

16k

CALL STNCHR(E80)

CALL TITLeL(TEX

TL)

XSTART = XMid + (XMAX~XMIN}/2.
YSTART = YHRIN = 44%XLSZI1 = 4.%XLSZ2
CALL UBLNST(XSTARTSYSTART)

CALL TITLeGITEX
YSTART = YMAX

T8)

CALL UBLNST(XSTARTsYSTART)

CALL STCHSZ(XL>
CALL TiTLeG(X
CALL STTXTR(1)
JK=0
DO 900 Ji=1l,LL

3)
TIT)

IF (XHULD(J1)etQe0e0) GO TO 910

JKaJK+l

XHOLD(JK) =XHILD(JI
T(JK)}=T(J1)

GJd TO 90¢

IF (JKetGa0) I TO
CALL STNPTS(JK)
CALL SLLILI(T,XHCL
KJ = 2

IF(JK +EQs 1) KJ =
CALL STNPT3(KJ)
TOUM(1) = T(1)
TOUM(2) = T(JK)
XDUM(1) = XHJLD(L)
XDUM(2) = XAQLO(JK
CALL PSLILI(TDUM,X
JK=0

CONTINUE

IF (JK.EQeO0) GO TO
CALL STNPTS{JK)
CALL SLLILI(T,XHOL
K = 2

IF(JK +EQe 1) KJ =
CALL STNPTS(Ky)
TOUM(l) = T(1)
TDUM(Z2) = T(JK)
XDUM(1) = XduLD(1)
X0uM(2) = XHOLD(JK
CALL PSLILLI(TOUNsX

)

900
D)
1

)
DUN)
179
D)
1

}
vUN)

IF (KSL.EQ.OQ) GJ TO 554

CALL STTXTR(2)
CALL STNPTS(JPIINT
CALL SLLILI(T1,XJl

IF(1ABS(ILOJP)

S)
)
«EQ.

1) IFLAG = 1

CALL ACVANC(999.5999.)

RETURN

IF(ILUOP oLTe
WRITE(6,141) JA
FORMAT (idis 40

) 6O
k1l

X» 'PLOT OF DATA IN CHANNEL's 5,

T0 271

CALL PLOTA(XARs»2sYARSs2)

CALL PLOTB(DsD,»

Ds0)

CALL PLOT3(iH*» T» XHOLDsLL)
IF(KSL +EQs 0) GO TO 273
CALL PLOT3(1lH+s Tl, XJl,» LL)

IF(lABS(ILuQP)

«EQ.

1) 6O TO 62

= 25.*%XLSZ3

/1)
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GO TO 273
62 1FLAG = 1
RETURN
273 CALL PLOT4(0,0)
RETURN
END

SUBROUTINE OPT7(NLAGs»LL»JARLIN,IPLOT)
COMMON/COML/1(65,250),FLOW(250)
COMMON/COMS/T(250)
COMMON/COM3/7XHALD (250}, XT(250)
COMMON/BLUCKYZ TL1(250)s XJ1(250)sLCHAN(G)
$s IAR2(16), NAMc(6,8)
$» IARI(lo)s X(65250), ICOMP(16) » FMT3(4)
$»XAR(Z)s» YAR(2) »N1(16) » YR(15) » YYR(5)s YR1(5)
$5GY(3)s XYR(20), TEXTB{(B)» TEXTL{8)» XTIT(S8)
C == SUBRUOUTINE TJ COMPUTE AUTOCORRELATION AND PARTIAL AUTO-
C == CORRELATION FUNCTIONS
DO 160 J= Lsli
160 XHOLD(J) = Y(JAR1,J)
SUM = 0,
JSUM=Q
L = JARL
IF(L «EGe O) L =1
D0 161 4 = 1, N
IF(Y(LsJd) +EQe Qo) GO TO 16l
SUM = SUM + Y(LsJ)
JSUM = JSUM + 1
161 CONTINVE
XBAR = SuUM/JSUM
CALL PCURINLAGs LLs» 1» XBAR,IPLOT)
RETURN
END
SUBROBUTINE DPT8(LLsJAR1,NODP)
COMMUN/CONM1/Y(09250)2FLOWI250)
COMMUN/COM3/ XHILD(250),XT(250)
COMMON/CLMS/T(250)
COMMON/BLUCK/Z T1(250)» XJ1(250)sLCHAN(®)
$» IAR2(16), NAME(6,8)
$s IAR1(16)s X(ws25G)s [COMP(16) s FMT3(4)
$»XAR(2)» YAR(Z) »N1(16} » YR(15) » YTYR(5), YR1(5)
$9G6Y(3)s XYR(20)» TEXTB(8)s TEXTL(8)}» XTIT(8)
C =~ SUBROUTINE T3 COMPUTE AND PLOT CUMULATIVE SuM FUNCTION
SuM = 0,
JSUM = ¢
0C 170 J = 1, NDP
IF(Y{JARLs»J) EQs 0) GO TG 170
JSUM = JSui ¢ 1
SUM = SUM + Y(JAR1,J)
170 CONTINUE
XBAR = SUM/JSJM
SUM = Q.
JSUM=Q
DO 171 J = L,il
XHOLDtJ) = Q.
IF(Y(JAR1,J) +EQe O¢) GO TO 171
SUM = 3UM + Y(JAR1sJ)
JSuM = Jsud ¢+ 1
XHOLD(J) = SUM=XBAR*JSUNM
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193
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CCNTIKULE
XAR(1) = (L
XAR(2) =1
DO 172 J = l,LL
T(J) = XHOLD(J)
CALL QKR3IKRTH(LL)
YAR(1) = XHOLD(LL)
YAR(Z) = XHILD(1)
DO 173 v = 1,LL
XHOLD(J) = T(J)
T(J) = J
NNDP = NuP + 1
WR1ITc(6s174) JAR1», NNDP
FORMAT(1Hls, 20X» 'CUSUM PLOT OF DATA IN CHANNEL', 13,
#*TERVENTION AVERAGE AT DATA PUINT NUMBER', I3, //)
CALL PLOTA(XAR225YAR»2)
CALL PLOTB(DsD»D»D)
CALL PLOT3(1H*, T, XAdLD» LL)
CALL PLOT4(0,0)
RETURN
END
SUBROUTINE OPTLIO(NAVoKCHANS,LLsJAR1y JAR2)
COMMUN/BLOCKYZ T1(250)s XJ1(250)sLCHANI(O)
$, I1AR2(1¢), NAME (65 8)
3, IAR1(10)s X(65250), ICOMP(16) » FMT3(4)
$sXAR(2)s YAR(Z2) »N1(1l0) 2 YR(15) » YYR(5)s YR1(5)
$56GY(3)s XYR(2C)» TEXTB(B8)» TEXTL(B)s XTIT(8)
COMMGN/ZCTGML/Y (55250) FLOW(250)
COMMON/CUNM3/XHULD(250)9XT(250)
COMMON/COMS5/T(250)
SUBRCGUTINE TJ COMPUTE RESIDUALS FROM MOVING AVERAGE
LLL = LL = NAV
00 191 4 = 1, LLL
JJdJd = J + NAV/Z
XHOLD(JJJ) = 0.
JSUM=0
DU 192 kK = 1, NAV
IF(Y(KCHANy) J+K=1) +EQ. 0.) GO TO 192
XHOLD(JJJ) = XHILD(JJJ) + Y(KCHANy J+K-1)
JSuM = JSum + 1
CONTINUE
IF(XHOLD(JJJ) eNEe Oo¢) XHOQLO(JJJ) = XHOLD(JJJIIZ/JSUM
IF{XHOLD(JJJ) «EQe Oe¢) XHOLD(JJJ) = XHOLD(JJJ=-1)
JJl = NAV/Z
DO 193 4 = 1, JJl
XHOLD(J) = XHILD(JJ1 + 1) -
JJ2Z = LLL + NAV/2Z2 + 1
DO 194 J = JJ2» LL
XHOLD(J) = XHULD(JJ2=-1)
LL = LCHAN(JARL)
DO 195 y= 1,iLL
Y{JARZs»J) = Q.
IF(Y(JARL1sJ) oNEe Oo) Y(JARZ»J) = Y(JARLJ) = XHOLD(J)
RETURN
END
SUBROUTINE OPTLI(NTEST»IS1,IF1,IS251IF25JAR15JARZ)
CUMMON/COUM1/Y(62250)FLOW(250)
COMMON/COM3/ XHOLD(250)9XT(250)

WITH IN
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COMMON/COM5/T(250)
SUBROUTINE TO COMPUTE MANN-WHITNEY S OR SPEARMAN 35 RHO
TEST STATISTIC
GO TO (220,221), NTEST
Ml s IF1 - IS1 + 1}
DO 222 4 = 1, M1
Y(JAR25J) ® Y{JARL, IS1+4=1)
N2 = IF2 = [S2 + 1 -
N1P1 = M1 + ]
NNN=sM1+N2
D0 223 J = N1Ply, NNN
Y(JARZ»J) = Y(JARLl, J=N1PL + IS2)
ICC = 0
DO 224 y= 1, M1
IF(Y(VAR2,J) +EQs 0.) GO TO 224
ICC = ICC + 1
XHOLD(ICC)=Y(JAR2,J)
CONT INUE
Ml = ICC
DO 225 J = N1P1l, NNN
IF(Y(JAR25J) oEGs 0e4) GO TL 225
ICC = ICC + 1
XHOLD(ICC)=Y(JAR2,J)
CONTINUE
NNN = ICC
CALL MNwHIT(NNHs M1, TSTAT,»WsWP)
WRITE(os»226) NNNs M1, TSTAT, IS1l, IF1l, IS2, IF2
FORMAT(//s 20Xs "MANN=wHITNEY®™S TEST STATISTIC FOR DATA WITH N
$= Yy, I4s 'y N1 = 0, T4, ', ISV, F7.0s /5 20Xy VYINITLAL AND FINAL P
3JINTS IN FIRST AND SECOND DATA SEGMENTS ARE', I4, ',1, I4, Y51, 14
$»'y%y 14y 'y, t RESPECTIVELY?')
RETURN
Ml = IF1l=-151+1
DO 230 J= 1, M1
Y(JAR2,J) = Y{JARL1,1S1+J4=1)
ICC = ¢
DQ 231 J= 1, M1
IF(Y(JARZ,J} oEue 0.) GO TO 231
ICC = ICC ¢ 1
XHOLD(ICC)®Y(JARZsJ)
GO TO 231
CONTINvE
NNN = 1CC
CALL SPEARRJ(NNN, TSTAT)
WRITE(65¢32) NNN» TSTAT, 1IS1, IF1
FORMAT(//7, 20X, 'SPEARMAN"S RHD TEST STATISTIC FOR DATA wITH N
$= ', I5, ' IS's F6e3s/» 20Xs '"INITIAL AND FINAL DATA POINTS ARE!,
314s "%, T4y ', RESPECTIVELY'»/7)
RETURN
END
SUBROUTINE DPTlZ(LLoKSLJKPL:ISl:IFl:ISZ;IFZ;ILDUP,RD;KGAPp
$JAR1)
CUHHUN/CDHIIY(G)ZSO):FLOH(ZSQ)
COMMON/COM5/T(250)
COMMON/CUM3/XHOLD(250)»XT(250)
COMMON/BLOCK/ T1(250)» XJ1(250)sLCHAN(G)
$» TAR2(16), NAME(6,8)
$» IAR1(16), X(55250), ICOMP(16) » FMT3(4)



-

12

C =
C ==

251

237

N
v
w

254

255

256

252

26u

168

$sXAR(2)y YAR(Z) »N1(16) s YR(15) , YYR(5), YR1(S)
$5GY(3), XYR(2U)s» TEXTB(8)s TEXTL(E)» XTIT{(H)
SUBRCUTINe TJ rIT AND PLOT LEAST SQUARES STEP OR LINEAR
TREND TU DATA
XRAT = (1s + RU**KGAP)/(1ls=RO*%KGAP)
GC TO (251, 252)» KSL
SUM1 = SUM2 = Q.
SUMV1 = SUMVZ = Q.
LCl = LC2 = O
D0 257 J4 = IS51l, IF1
LC = ABS(Y(JAR1,J)I/(ABS(Y(JARLsJ) )+ LleE=0D) + 1l.E=-04
SUMVL s SUMVL + Y(JARL,JI*Y(JARL»J)
SUMLI = SUHl + Y(JAR1,»J)
LCl = LC1 + (C
XBARLl = SUMl/LCl
DO 253 4= 152, IF2
LC = ABS(Y(JARL,J) I/ (ABS(Y(JARL,»J) )+ 1.E=06) + 1.E-0%
SUMZ = SuM2 + Y(JARL,J)
SUMVZ = SuMvz ¢ Y(JARL,»J)*Y{JAR1»J)
LC2 = LC2 + LC
XBAKE = 3un2/sLC2
XJUnP = X3ARZ = XBAR1
$SQ1 = SuMV1/LCYl = X3AR1*XBAR1
SSQ2 = SUMV2/LCZ = X3AR2*XBARZ2
XVAR = (3535Q1l/Lvl + SSQ2/LC2)*XRAT
XSD = SQRT{XVAR)
WRITE(6s254) IS1s 1IFls 1S2» IF2, LC1l, LCZ2» XJUMPs» XSD

FCRMAT(/7/7» 20X» PESTIMATED STEP TREND MAGNITUDE FJIR STAKT AND E
SND PLINTS', 15, ',y 15, V,t, I5, 0,%,% ANDY, I35, ',',' WITH NUMBE
SR OF DATAY, /5 20X» 155" AND?'» I5, 's 1I5'» F1l043, ' WITH STANDARD

SOEVIATIUNR's F1l042, //)
IPLIT = KPL
IF(IPLOUT 4EQ. ©) RETURN
00 255 J= [351, IF1
Tl(J=1ISl + 1) = J
Xel{J=1I351 + 1) = XBARl
JSTAG = IF1~IS1 + 1
DO 256 J= 152, IF2
Tl(4=£S2 + 1 + JSTAG) = J
XJ1(J~1352+¢ 1 + JSTAG) = XBARZ
JPOINTS = IF1-151 4 1 ¢ IF2=1S52 + 1
CALL OPTS(LLsIPLOT»JARL,ILOOP, JPOINTSsIFLAGHKSL)
RETURN
SUML1 = SuMz = SUM3 = SUM4 = 0,
LCl1 = 0
DO 260 J= I5i» IF1 -
LC =ABS(Y{JARL,JI)I/(ABS(Y{JARLSJ))I* 1.E=06) + 1. E-O4
LCl = LC1 + LC
SUML = SuMl + Y(JAR1,»J)
SUM2 = SuM2 + LC*J
SUM3 = SUM3 ¢ YU(JARL,J)*J
SUMG = SUM4 + LC*J*J
BETA = (SUM1*SUMZ2 =~ LC1*SUM3)/(SUM2*SUMZ = LC1#*SUn4)
ALPHA = lo/LC1l*(SUM1=-BETA*SUM2)
SUMV = O, .
SUMX1 = SuMX2Z = 0.
D0 261 J= ISl1l, IF1
LC = AoS(Y{(JARL,J)I)I/(ABS{Y(JARLsJ)) + 1l.E~06) + 1l.E-OC4
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SUMXi = SUMX1 ¢+ J
SUMX2 - SuMX2 + J*xJ
UX = (ALPHA ¢ BETA*J = Y(JAR1,»J))*LC
SUMVY = SUAV + UX*UX
SQ = SUMV/(LC1l=2)
VARS = SQ/(S5UMXZ~SUMX1*SUMX1/(IF1l=IS1+1)/{(1IF1-IS1+1))
SDB = SART(VARB)*(IF1-IS1)
XJUMP = BETA*(IF1-IS1)
WRITE(62265) 151y IFl, LC1s XJUMP, SOB
FORMAT(//s 20Xs YESTIMATED LINEAR TREND MAGNITUDE FOR START AND
$ END POINTS's 155 'y I5, ' wITH NUMBER OF DATA', 15, /» 20X,
$VIS%, FlCe2s ¥ WITH STANDARD DEVIATION', Fl0e3y //)
IPLOT = KPL
IF(IPLOT +EQe O) RETURN
DU 262 J= [S1l, IF1
Ti(J=131+1) = J
XJ1(J=1I51+1) = ALPHA + BETA*J
JPOINTS = IFl-IS1 + 1
CALL OPT5(LL»IPLUTSJARLIILOOP»JPOINTS,IFLAGSKSL)
RETURN
END
SUBROQUTINE CPLUT(L)
COMMON/COM4/R(401)y» RR(401)s X(401)»DL0(401)
NPS PLJOT SETUP AUXILIARY SUBROUTINE
XL = L
CALL STSZIB(e556452e55345)
CALL STSU3J(QesrXLs=lesles)
03 1 J = 1slL
X(d) = J=1
Jy = L=J + 1
R{JJ + 1) = R(JJ)
RR{JJ+1) =RR(JJ)
R{1) = Rrill) = 1,
LL s L=1 + 2
X(LL) = LL=-1
CALL STNDEC(2)
CALL STNPT3(LL)
DO 10 J = 1,2
CALL STNuIVI(1,2)
CALL 6DLILI
CALL STNDIV(10,10)
CALL AxLILI
CALL NGOLIB
CALL NGOLIL
IF(J +tQe 2) 63 TO 11
CALL SLLILIC(X»R)
CALL ADVANC(99942999.)
60 TO io
CALL SLLILI(XsRR)
CONTINUE
CALL EXITPL
RETURN
END
SUBROQUTINE PCOR(LsNsINDIC» XXBAR,NPLOT)
COMMON/COM&/R(401), RR{401), SC(401),0UD(401)
COMMUNZCOM3/X(250) » DUM(250)
DIMENSION IMAGE(T700), RJ(100)
SUBROUTINE TJ COMPUTE AUTOCOKRELATIONS AND PAxTiAlL AUTO-



-

170

¢ == CUORRELATIONS
SUM1 = SuUM2 = O
Ic =0
DO 1 J= 1,N
IND = X(J)/{X(J) ¢ 1 E=06) + 1l.E-04
IC = IC + IND
SUM1 = SUM1 + X(J)*IND
1 SUM2 = SUM2 + X(J)¥X(J) *IND
XBAR = SUMLl/IC
VAR = SUM2/IC -XBAR*XBAR
CALL ALTCOR(LsXBARs VAR, N)
RR(1) = 5C(1) = R(1)
D0 12 K= 2,L
KK = K-1
SUMl = SuUM2 = 0.
D0 8 J= 1lsKK
SUML = SUML + SC{J)*¥R({K=J)
8 SUM2 = 5uM2 + SCLJI*RJ)
RRIK) = (RUK)=SUM1)/(l.=5UN2)
D0 9 J= 1,KK

9 DUD(J) = SC{JI=RRIK)*SC(K=J)
DO 10 Js 1,KK

10 SC(J) = DUDWLI)

12 SC(K) = RR(K)
RL = L

IFCINDIC oNEo 1) RETURN
WRITE(6520)

20 FORMAT(1Hls 40Xs °"PLOT UF AUTOCORRELATIUN FUNCTLIIN UF INPUT DATA
$t)
D0 2 Js=s 1,L
2 RJ(J) = J

CALL PLOT2(IMAGESRL2Oesler=1s)
CALL PLOT3(1iH*s RJsRyL)
RX = O,
RY=1l,
CALL PLOT3(1H*, RXsRY»1l)
CALL PLCT4(0,0)

WRITE(L»3)
3 FORMAT(1H1l, 'CORRELATIONS ARE's //» 25X%s 'LAG'> 7X» 'COR'»///
$/)
WRITE(6,4) (Js R (J)» 4 = 1,L)
4 FORMAT(18X» 110» F1043)

SDD = SQRT(VAR)
CVV = SUD/XXBAR

WRITE(6,706)XXBARs 500 s CVyV
706 FORMAT(///5s 40X, 'SUMMARY STATISTICS ARE Yy I/
$ 46Xy "MEAN', 13Xs 'STD DEV', 18X» 'Cv's //s 30X» 2E20e3s F2043)
WwPITE(6s21)
21 FORMAT(iHis 40X, 'PLOT OF PAKRTIAL AUTOCGRKELATION FUNCTION OF IN

$PUT DATA'")
CALL PLOTZ2(IMAGLSRLsJesler=1s)
CALL PLUT3(lH*) RJsRRyL)
CALL PLOT3(in*s RX»RY»1)
CALL PLOT4(0,V)
WRITE(6s5) -
5 FORMAT(lHi, 'PARTIAL CORRELATIUONS ARE's//» 25X» 'LAG's» 5X»
$'P COR'Ys /11717)
“RITE(6s4) (J» RRIJ)» J= 1,L)
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IF{NPLOT 4EQe 1) CALL CPLOT(L)
RETURN

END

SUBRUUTINE QQPLOT{(LLs»JAR1)

COMMON/COM3/XHOLD(250) s XXP(250)

COMMON/COMS5/4P(250)

COMMUN/COML/Y(5»250)FLOW(250)

COMMGN/COM2/IMAGE(600)

DIMENSION XAR(2)»YAR(2)
C == SUBROUTINE TO EXECUTE Q=3 PLOTS

Jd = 0

DO 1 J= l,siL

IF(Y(JARL1»J) +EQe 0.) GO TO 1

Jd = JJd + 1

XHGLU(JJ) = Y(JARL,J)

1 CONTINUE

D0 81 I= 1,JJ

PP = (I=¢5)/JdJd
IF = PP/e5 + 1

IFF » {(IF=1)%2 = 1

60 TO (82,83), [F

82 TT = SQRT(ALJG(1./PP/PP))
GO TO &4
63 TT = SQRT(ALOG{Le/(Lle=PP)/{le=PP)))
84 XP(l) = IFF*({TT=(2.30753 + +27061%TT)/ (1.

$ «04481L*TT*IT))
6l CINTINUE
CALL QKRSRT(JJ)
XAR(1l) = 3,
XAR(2)==3,
YAR(1) = XHOILD(JJ)
YAR(2)=XxrOLO(1)
CALL PLUTA(XAR»2sYAR,s2)
CALL PLOTB(D»D»0»0)
WRITE(6,»2) JAKL
2 FORMAT(1H1ls 40Xs 'Q-Q PLOT OF DATA IN CHANNEL'»
$SA NORMAL DISTRIBUTION'»/)
CALL PLOT3(1lH*» XP» XHOLD»JJ)
CALL PLJIT4(050)
RETURN
END
SUBRGUTINE QKRSRT(JJ)
COMMUN/COM3/NA(250), 1A(250)
DIMENSION NUT(20)» NLT(20)
LOGICAL LE2,GE2
REAL NA, NT» NX
J=JJ
D0 99 I= 1,J
99 IA(I) = 1
I=1
M=1
10 Il=I+1
IF(JeLEsIi) GO TO 90
NP=(J+I)/2
NT=NA(NP)
IT = IA(NP)
NAINP)YaNA(L)
IA(NP) = IAL(])

+ 299229*TT +

I3, Y AGAINST
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NQ = J
Ke]
K=K+l
IF(KeGTeNQ) GO TO 50
IFINA(K)+LEWNT) GO TO 15
NIsNQ+1l
NQaNQ=-1
IF{NQ.LT+K) GO Tu 30
IFI(NAINQ).GENT) GO TO 20
NX=NA(K) ’
HA(K) = NA(NQ)
HA(NQ) mNX
IX = [A(K)
IA(K) = L1A(NQ)
TA(NQ) = IX
NQasNQ~-1
63 TO 15
NQeK=]
NA(I)=NA(KNQ)
NA(NQ) =NT

IA(I) = IA(NQ)

IA(NQ) = [T
IF(2*NQ=I-J) 70,5,70,60
NLT(M)=]

NUT(M)=NQ-1
IaNQ+l
G0 TQ 80
NLT(M)=aNQ+1
NUT(M)=y
J=NQ=1
M=M+l
60 TO 10
IF(1.GEsd) 62 TO 100
IFINA(I)eLESNACJ)) GJ TO 100
NX=sNA(]L)
NA(I)sNA(J)
NA(J)=sNX

IX = TA(I)

IA(Ll) = IA(J)

IA(J) = IX
MaM=1

IF(M EQ.
IaNLT (M)
JENUT (M)
G0 TO 10
END

SUBROUTINE PDQSRT(JJ)
COMMON /COM4/ NA(L1604)

OIMENSION NUT(20)y NLT(20)
LOGICAL LE2sGE2

REAL NAs, NT» NX
J=JJ
I=s]

Mal

I[l=]+1

IF(JeLEsILl) GO TO 90
NP=(J+1)/2

NTaNA(NP)

0) RETURN
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NA(NP)=NA(I)
Na=J
K=]
15 KsKe+l
IF(KsGTeNQ) GO TO 50
IFI(NA(K)SLESNT) GJ TO 15
NQ=sNQ+1
20 NUsNQ-1
IF(NQ.iLTeK) GC TO 30
IFI(NA(NQ) «GEoNT) GU TO 20
NXasNA(K)
NA(K) = NA(NQ)
NACNQ) =sNX
NQsNG=-1
60 TO 15
30 NJsK=1
50 NA(I)=sNA(NQ)}
NACNQ)}sNT
IF(2%NQ=]=J) 70,70,60
60 NLT(M)=]
NUT(M)=NQ=-1
IsnNQ+l
60 TO 80
70 NLT(M)=NQ+l
NUT(M)=J
JaNQ~-1
80 M=M+l
6Jd TO 10
9C IF(I.GE«J) GO TO 100
IFINA(I)SLEWNA(J)) GO TO 100
NXsNA(I)
NA(I)=sNAC(J)
NA(J)=NX
100 MaN=]
IF(M «EQe O0) RETURN
IaNLT (M)
JesNUT (M)
6Jd TO 10
END
SUBROUTLINE SPEARRO(L,SUM)
COMMON/COM3/Y(250)» NR(250)
== SUBRUUTINE TJ COMPUTE SPEARMAN S RHO TEST STATISTIC
CALL QKR3RTI(L)
NSUM = O
DO 10 J= 1,L
NSUM = NSUX + (J=NR{J))I*{J=NR(J))
SUM = NSUM
SUM=1=(5e*SUM)/(L*%*3-L)
RETURN
END
SUBRUOUTINE MNWHIT(NsNLls TrWsWP)
COMMON/COi13/7/Y(250) s NR(250) .
== SUBROUTINE TJ COMPUTE MANN WHITNEY S TEST STATISTIC
L =N
CALL QKRSRT(L) -
RN = N1
RM = N - N1
XP ==1,96
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WP= (RN*¥RM)/2, + XP*SQRT(RN*RMX(RH + RM + 1l.)/124)
W = N1*(n=-Nhl)
W e W= WP
NSUM = O
D3 20 J= 1,N
IF(NR(J) oLEs NL) NSUM = NSUM + J
CONTINUE
SUM = NSuUM
T = SUM = FLOATIN1*(N1 + 1))/2,
RETURN
END
FUNCTION CDFNIX)

CUMULATIVE DISTRIBUTION FUNCTION FOR THE
t [ ]

'NGRMAL ZEROJ=-3NE DISTRIBUTICN,

[}

PRIMARY REFERENCE IS: ABRAMOWITZ & STEGUN.
N3S HAND3OUK UF MATHEMATICAL FUNCTIONS, EQUATION 2042419

IF (X) 10,20,30

CONTINUE

IF (XelLTe=6.0) GI TO 40

Tz=X

CDFN= CeS5/7(140+040498€673470%T+0.,0211410061#%T*%2
+0,0032770203%T*%340,380036E=4*T**440,488906E=4%T*%*5
+0653830E=5%T**0)**106

RETURN

CONTINUE

COFN=0,.5%

RETURN

CONTiNUE

IF (XeGTe640) GO TO 50

COFN=]l 40=0e5/(2e0+40.0498573470%X40,0211410001%X*%2
+040032770263%X%2%34(0,380036E=4*X*%4+40,4E8900L=4*X**5
+0.,53830E=5%X*%0)*%]6

RETURN

CUT310E THE RANGE +=6 TrE APPROXIMATION IS USELESS.

CONTINUE

CDFN=Q,.0

RETURN

CONTINUE

CDFN=1.0

RETURN

END

SUBROUTINE FAC{(NMsFIT,MODEL» JAR1,» JAR2,XMIS)

SUBROUTINE T3 CREATE FLOWK ADJUSTED CONCENTRATIONS

Y(JAR1,250) = ARRAY CONTAINING CONCENTRATIONS

XFLOW(250) s ARRAY CUNTAINING FLOWS

Y(JAR2,250)= VECTOR UF FLOW ADJUSTED CUNCENTRATION VALUES

NM IS THE NJMBER OF DATA IN THE RECURD

MUDEL IS THE INDEX OF MODEL NUMBER
O = NO MUDEL wWAS FIT
l = LINEAR
2 = LJG = LINEAR
3=i0 = HYPERBOLIC MODELS
11 = INVERSE

FIT(l) = INTERCEPT
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R SQUARED
BETA (FOR THE HYPEREOILIC MODELS) T T
SET TO «1.0 FUK MODELS 152,11 ---

COMMON/CLAL/Y(65250), XFLOW(250)
COMMON/COM3/FQ(250)5G(250)
CUMMONZCONS/C(250)

DIMERSIUN BETA(1l1l)

LOGICAL

8cTM00D

REAL STAT(4)s FIT(5),M3D(5)

11)» BR({1l}s ALPR{Lli)}s RR(11)

DATA MOD/LlOHNG MIDEL ,10HLINEAR 2 10HLOG=LINEAR,.
*10HAYPERGBULIC, LUHINVERSE /

REAL AR(

00 1 J =
BETA(J) =

isll
Oe

IF (NMelc425G) 6O 10 5

WRITE (6

1000)

FORMAT(LXs ™ ENGTH OF DATA VECTOR EXCEEDS 250, PRUGRAM MUST™,
$" BE REVDIMENSIONED FOR NM™)

RETURN
CONTINUE
Jd =0
0 10 =

ly, NH

FLOW = XFLOW(IL)
CONC = Y(JARL,I)
IF(FLOWelLE.040 sJRe CONC oLE. 0.) GO TO 19

Jd=J + 1

Y(JAR2,J)=3(J) = FLOW
ClJ) = CLnC

CONTINUE

CALL REGRES(J)AR(L)»BR(1),ALPR(2),RR(1)»JAK2)

DO 20 I =

i,

YUJAR2, 1)=FQ(I) = ALOG(Q(I))

CONTINUE

CALL REGRES(JsAR(2)»BR(2),ALPR(2),RR(2)5JAR2)
CALL MIn3(4¢sJ,STAT)
IBETA = ALOGLO(STAT(1))

DO 40 K =

3, 10

BETAEXP = 0u5 * K = 440 = IBETA
BETA(K) = 10,0 *# BETAEXP
BET = BETA(K)

D3 301 =
Y(JAR2, 1)
CONTINUE

1, v
=FQ(I)

= 1le0 / (1e0 + BET * Q(I))

CALL MOM2(FQ,J,STAT)
1F(STAT(2)/5TAT(1)46T.0.,0001) GO TQ 435

AR(K) = 0
BR(K) = ¢
ALPR(K) =
RR(K}) = ¢
60 TO 40

«0

o0
1.0

oG

CALL REGRES(JsAR(K)»BR(K)sALPR(K)sRR(K)»JARZ)

CONTINUE
DO 50 I =
Y(JAR2,1)
CONTINUE

1,4
s£Q(1)

s 1.0 /7 Q(I)
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CALL REGRES(J»AR(11)s8R{11)5ALPR(11),RR{11)sJAR2}
RMAX = AMIS
03 60 K = 1 11
RR{K) = RR(K)**2
IF(RR(K)oLT4RMAX) GG TO 60
RMAX = RR{K)
KS8EST = K

60 CONTINUE
A = AR(KBEST)
b = BR{KBEST)
BET = BeTA(K3EST)
IF(KBEST.GE«3) BeTHMOO = +TRUE.
IF(KBESTeLTe3¢IRKBEST4GTo10) BETMOD = oFALSE.
00 70 1 = 1, ho
FLOW = XFLCW(])
CUNC = Y(JARI,I)
IF (FLOWeGT4QeO sANDe CUNC +GTe Oo) GO TO 65
Y(JARZ,I) = 0.0
GJd TO 70

65 [F(BcTA00L) 6J TO 475
IF(KBESTsEGsel) CHAT = A + B * FLOW
IF(KBEST4EQe2) CHAT = A + B % ALDG(FLOW)
IF(KBESTWEQell) CHAT = A + (B/FLOW)
GO TO 476

475 CHAT = A + B3 * (1.0/(1.0 + BET * FLOW))

47¢ Y(JAR2,1I) = Y(JARI,I) = CHAT

70 CONTINUE

MODEL & KBEST

FIT(1) = A

FIT(2) = B

FIT(3) = ALPR{(KBEST)
FIT(4) = RR(KBEST)

FIT(5) = BETA(KBEST)
IF {KDDELeGEs3+,ANDe MODEL oLE.10) MODEL=3
IF (MODEL.Ewsll) MODEL=4
WR1ITE(65666) JsMIGELsMOD(MODEL+L)s(FIT(KK)sKK=1,5)
666 FORMAT('O NUMBER OF DATA PUCINTS USED IN FITTING = *»13/

#10 MODEL FITTED ='»I12,' = ',A10/'0 PARAMETERS = INTERCEPT!,
» SLOPE ALPHA R SQUARED BETAY/
®15X»5E1443)

RETURN

END

SUBROUTINE KEN(NsTAUsALPHA,JARL)
KENDALL'S TAU TEST FOK TREND .
VECTOR Y(JARL»250) SHGULDC CONTAIN THE N OBSERVATIONS.
TAU IS THE RESULLTANT STATISTIC EQUIVALENT TO KENDALL'S TAU.
ALPHA IS THE SIGNIFICANCE LEVEL OF TAU.
LOGICAL 00D
LOGICAL WASTIE
COMMUN/CUNL/Y(6,250) s FLOW(25C)
COMMUN/COM3/XHULD (25012 XT(250)
COMMON/CUON5/AdASTIE(250)
PUT ALL NON=MISSING DATA INTO ARRAY Y AND COUNT THE NUMBER OF
ACTUAL UBSERVATIONS
J = 0
V0 10 I =1, N
XX = Y(JARL,I)
IF{XXeLEsDeQ) G0 TO 10

OOOO0

[g X o
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Jg = J ¢+ 1
XT(J) = XX
CUNTINUE
NN = J
IF (NNeGT4259) STOP 'ERRIR IN KEN == REDIMENSION PRIGRAM FCR Nt

ZERU UUT THE COUNTERS.
DO 100 I=l,NN
WASTIE(I)=,FALSE.
CONTINUE
NPLUS = O
NMINUS = O
FIXVAR=0,0
NCONP = O

PICK AN OBSERVATION.
D0 20 ISTART = 1, NN-1

VALUE IS ALWAYS TIED WITH ITSELF.

NTIE=1

TRY EACH LATER MONTH.
DU 30 IEND = ISTART+1s NN

COMPARE.
YY = XT(IENU) = XTC(ISTART)
IF (YYeGTe0e0) NPLUS = NPLUS + 1
IF (YYoeLTe0e0) NMINUS ® NMINUS ¢ 1
IF (YY4EQeOeOQ) NTIE=NTIE+]L

MARK VALUES THAT ARE TIEDe.
IF (YYeEQeaQaO) WASTIE(IEND)=.TRUE,

30 CONTINUE

2R ¢)

UPDATE VARIANCE CORRECTION IF TIES OCCURED AND TIES WEKE NOT
COUNTED BEFURE.
IF (NTIbeNteleANDeoNOTowASTIE(ISTART)) FIXVAR=FIXVAR®+
NTIE#(NTIE=Lle0)*(2.0*NTIE+5.0)/1840

2C CONTINULE

(2 NN o« TN s ¥ g ]

OO0

70
606

40

ACCUMULATE TAIS MONTH'S RESJULTS.
OGNE COMPARING
S = NPLJUS = NMINUS
WERE THERE ANY VALID COMPARISONS?
IF (NPLUS+NMINUSGT.0) GO TO 40
NU VALID COMPARISONS == GO HOME EMTPY.
TAU = 0,0
ALPHA = 1,0
G3 TO 70
CALCULATE THE STATISTICS.
CONTINUE
NCOMP = NN * (NN = 1.,0) 7 2,0
VAR = (1.0/1840) * NN * (NK=1,0) * (2,0%NN+5,0)
VAR = VAR = FIXVAR
TAU = § / NCOMP
CONTINUITY CORRECTION.
IF (SeGTe0e0) S = S =~ 1,
IF (SelTe040) S = S + 1,
COMPARE TG THE STANDARD NORMAL DISTRIBUTIONe THE FUNCTION
CDFN RETURNS THE CUMULATIVE PROBABILITY AT DEVIATION Z IN THE
STANDARD NORMAL DISTRIBUTION.
L = 5 / SQRT(VAR)
IF (ZeLEe0s0Q) ALPHA = 2,0 * CDFN(2Z)
IF (Z.6Te0eQ) ALPHA = 2,0 * (1,0 = CDFN(2))
WRITE(6,666) TAUsALPHA
FOURMAT('0 KENDALL"™S TAU STATISTIC (TEST FUR TREND) = V,FB8,4/
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*! SIGNIFICANC: (NORMAL APPROXe ASSUMING INDcP. DATA)= '5F7e4)
RETURN

END

SUBROUTINE MING(AsNsS)

REAL X(N)sS{4)

LOGICAL THREEsFQUR

THREE=+ TRUE

FOURS (TRUE.

CONTINUE

S(l)sx(l}

S(2)=0.0

IF (THREE) 5(3)=3.0

IF (FOUR) S(«4)=0.0

IF (NebLTe2) RETUKRNH

FN=N

SUNS0.0

$5Q2=20.0

IF (THREE) SCU=0.0

IF (FOUR) 3F3=U.0

03 20 I=l,N

IF {X(I)e£EQeDsQ) GC TO 20
w=x(1)

SUM=SUM+w

SSQsSSutwe*?

IF (THREE) SCUsSCU+W**3

IF (FOUR) SFU=SFO+wW**4
CONTINUE

SUM=SUM/FN

$SQaSSU/FN=3UM**2
STDO®SQRT(33Q)

S{l)=5un

$(2)=5TD

IF (eNOToTHREE«ORsS(2)eLEO40) RETURN
SCU'SCU/FN’3-O*SUH‘SSQ‘SUM**3
S(3)=SCU/(STD**3)

IF (FOuR)

& S(4)'(SFG/FN-#.O‘SUH‘SCU-b.O*SSQ*SUM‘*Z-SUH'*Q)/(SSQ*‘Z)

RETURN

ENTRY MOM3

THREE=.TRUE.

FOUR=eFALSE

63 TO 10

ENTRY Mdh2

THREE= FALSE.

FOUR=4FALSE.

60 10 10

END

SUBROUTINE PACKER(NHAX;N)LENGTH:ISTART:JARI:JARZ)

COMMON /COM1/7Y(6s250)sFLOW(Z250)

COMMON /COM5/7 T(250) :
Y(JARL,250) IS THE INPUT VECTOR OF LENGTH NMAX.
Y(JAR2,250) IS THE PACKED OUTPUT VECTORs LENGTH No
T IS THe TIme (IN YEARS) INDEX VECTOR OF VALUES IN Y» LENGTH No
LENGTH I35 TIME IN MONTHAS FROM FIRST TO LAST OBSERVATION

{INCLUSIVE) .
ISTART 15 THE TIME INDEX OF FIRST OBSERVATION.

DO 5 K = 1, NMAX

IF(Y(JARLIK) «GT+0.0) GO TO 6
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COGNTINUE
N = O
LENGTH = O
ISTART = NMAX + 1
RETURN
J =1
Y{JAR251)3Y(JARL,K)
ISTART = K
IEND = K
T(l) = K/712.9
IF(KsLTeNMAX) 60 TO 7
N =1
LENGTH = 1
ISTART = NMaX
RETURN
00 10 [ = K+l, NMAX
IF(Y(JARL» I)eEQeOs0) GJ TO 10
J = J + 1
Y(JAR2,J) = Y(JARL, 1)
T(J) = 17.i249
IEND = 1
CONTINUE
N = J
LEHGTH = IEND = ISTART + 1
RETUKN
END
SUBROUTINE REGSEA(XsYsNsA,Bs ALPHA, R, VAR)
THIS SUBRQUTIWE IS CALLED BY SEAREG
IT DOES THE REWRESSION OF THE DESEASINALIZED
DATA <NO COMPUTES TAE SIGUNIFICANCE USING THE STUDENT=-T
WHERE THE DEGREES OF FREEDOM IS COMPUTED FROA4 THE
VARIANCE
THE VARIANCE IS EXACT» BUT THE DISTRIBUTION IS NuT
A = INTLRCEPT» B= SLOPE Y = A +3X
REAL XUIN)sY(N)shin
IF(NeLEe2) STOP 'REGRESSIOUN SAMPLE SIZE TUUJ SMALL IR REGRES.!
NN= N
XSUM=0.0
YSUM=0,0
DO 10 I=l,n
XSUM = XSUM + X{I)
YSUM = YSUM + Y(I)
CONTINUE
XBAR = XSun /7 NN
YBAR = YSuM / NN
XX = 0.0
YY = 0.0
XY = 0,0
00 100 1 = 1loN
XD = Xx(I) = XbAR
Y(I) = YBAR
XY + XD=*YD
XX + XDe¥2
YY + YD*%2
CONTINUE
8 s XY / XA
R = 3 % SQRT(XX) / SGRT(YY)
T = B * SQrT(A)

»*
<
[ B B B B )
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DF = 2 % VAR / (VAR = 149)
CALL MOTU(Ts»OFsALPHA,IER)
A = YBAR = B * XBAR
RETURN
END
SUBROUTINE REGRES{NsA»BsALPHASR» JARL)
COMMON/COMiZ Y(6,250)sFLOK(250)
COMMON/CUMS/ X(250)
STANDARD AiLL PURPOSE SIMPLE LINcAR REGRESSION
NO MISSING VALUES ALLOWED
A = INTERCEPT, 8= SLOPE Y = A +8X
REAL NN
IF(NeLEs2) STCP 'REGRESSION SAMPLE SIZE TOO SMALL IN REGRES.?
NnN= N
XSUM=0,.,0
YSUh=0,0
DG 10 I=1,N
XSUM = XSUM + X(I)
YSUM = YSUM + Y(JAR1,1)
CONTINUE
XBAR = XSUM /7 NN
YBAR ® YSUM / NN
XX = Q0,0
YY = 0.0
XY = 04,0
DO 100 1 = 1sN
XD = x(I) = XBAR
YD s Y{JAR1»1l) = YBAR
XY = XY + X0®YD
XX & XX + XD¥*2
YY = YY + YO*%x?2
CONTINUE
B8 = XY / XX
R = B * SQRT{(XXx) / SQRT{YY)
T = R * SQRT(NN=2.0) / SQRT(1l.0 = R¥*2)
DF = N - 2
CALL MDTD{T,OFsALPHA, 1ER)
A s YBAR = B *XBAR
RETURN
END
SUBRGUTINE SEAKEN(Ns TAUs ALPHASNSEASsJARL)
THIS IS AMGDIFIED VERSION OF SKNDeseIT LACKS THE SLOPE ESTIMATOR
MODIF1ED KENDALL'S TAU TEST FOR TREND IN SEASONAL DATA.
VECTOR Y(JARL»250) SHOULD CONTAIN THt N SEASUNS OF DATA.
TAU IS THE RESULTANT STATISTIC EQUIVALENT TO KENDALL'S TAU.
ALPHA IS TAE SIGNIFICANCE LEVEL OF TAU.
LOGICAL GDD
LOGICAL WASTIt
COMMON/CGML/Y(6s250) s FLOW(250)
COMMON/COMS5/wASTIE(250)

CHECK WASTIE
IF (NeGTe25U) WRITE(Gs4)

FORMAT (' ERROR IN SUBRIUTLINE SEAKENs PROGRAM )

#'MUST BE REDIMENSIONED FOR NH')
IF (NeGT+250) 3TuP

ZERQ OUT THE COUNTERS.
DJ 100 I=1,N
WASTIE(I)=.FALSE.
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CONTINUE
NPLUS = O
NMINUS = O
NCMPT = C
VARTOT = Q.0
INODEX = O
FIXVAR=0.,0
DO EACH 5cASUN.
D3 10 MONTH = 1,NSEAS
NCOMP = O
PICK AN QOBSERVATION,
DO 20 I{START = MUNTHs N=NSEAS» NSEAS
VALID VALUE?
IF (YUJARL»ISTART)eEG.D40) GO TO 20
VALUE 15 ALWNAYS TI1ED wWiTh ITSELF.
NTIE=1
TRY EACH LATER SEASON.
DU 30 IEND = ISTART+NSEAS, N» NSEAS
VALID VALUE?
IF (Y(JAK1,IEND)«EQe040) GO TO 30
COMPARE.
NCOMP = NCOMP + 1
INDEX = INDEX + 1
YY = Y(JAR1,LEND) = Y(JAR1y ISTART)
IF (YYeGTe0eO) NPLUS = NPLUS + 1
IF (YYelT4040) NMINUS = NMINUS ¢+ 1
IF (YY4EQeOou) NTIE=NTIE+]
MARK VALJES THAT ARE TIED.
SAVE AUJUSTED DIFFERENCES.
CONTINUE
UPDATE VARIANCE CORRECTIOM IF TIES QCCUKRED AND TIES WERE
NOT COUNTEU BEFORE.
IF (NTIEeNEeleANDeoNOT WASTIE(ISTART)} FIXVAR=FIXVAR*
NTIE®(NTIE=Ls0)*(2.0%NTIE+5.0)/18.0
CONTINUE
ACCUNULATE THIS SEASON'S RESULTS.
NCMPT = NCMPT + NCOUMP
NMONTH = (1.0 + SQART(1.0 + 840 * NCOMP))/2.0
VARTOT = VARTOT ¢ (167184 )*NRONTH®(NMONTA=140)%(2,0%NMONTH+5,0)
CONTINUE
DONE CUMPARING.
S = NPLUS = NMINUS
WERE THERE ANY VALID COMPARISCNS?
IF (NCMPT.GT+0) G3 TO 40
NO VALID CUMPARISONS == GO HOME EMTPY.
TAU = 0,0
ALPHA = 1,0
50 T0 70
CALCULATE THE STATISTICS.
CONTINUE
VARTOT=VvARTOT=FIXVAR
TAU & S /7 NCMPT
CONTINUITY CORRECTION.
IF (SeGT4Ce0) S = 5 = 1.
IF (SebLTe0s0) S =S5 + 1.
COMPARE TU THE STANDARD NORMAL DISTRIBUTIUN. THE FUNCTION
COFN RETURNS THE CUMULATIVE PROSABILITY AT DEVIATLION Z IN THE

-
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STANDAKD NJRMAL DISTRIBUTION.
I = S / SQRTIVAKTOT)
IF (Z4LEeOsQ) ALPHA = 2,0 * CDFN(Z)
IF (Z2.6T40e0) ALPHA = 2,0 * (1.0 = CDFN(Z))
WRITE(6,666) TAU»ALPHA
FORMAT('CGSEASONAL KENDALL™S TAU TEST FOR TREND '/' TAU = 1,
¥ELl446510Xy» 'SIGNIF (NURMAL APPROX.j; ASSUMES INDEP. DATA) = 1,
*F745)
RETURN
END
SJUBROUTINE SEAREGINsA»BsALPHASR)NSEAS,JARL)
THLIS SUBROJTINE DOtS THE DESEASONALIZING FOR
SEASONAL REGRESSION
REAL XBAR(12), XS3TD(3i2),5(2)
CUOMMON/CUML/Y (55250),FLON(250)
CIMMONZCON3/Xn3LD(250),XT(250)
CUMMON/COME/T(250)
OATA VNUM,VOENOIM/0Qes0./
IF(NsGT,1000) STOP 'DIMENSIUNS TOO SMALL IN SEAREG.!
SUMAVE=Q.0
SUNSD=0.0
VG 10 IM=1,NSEAS
NI=Q
J =0
D0 5 I=IMsNsaNSEAS
Jd = J +1
IF (Y(JARL»[)eEQ.TU.0) G TO 5
NIsNI+l
XTINI) = Y(JARL,[)
TINI) = J
CONTINUE
CALL MUM2(XToNIs$S)
XBAR(1IM) = 5(1)
XSTD(IM) = S5(2)
IF(S(2)4EQeD40) XSTD(IM) = 1.0
CALL MOMZ2(T,NI»S)
VOENOM = VDENOM + NI * (S(2)*%2)
.SJSQ = 0.0
SJK & Q0,0
Dd 6 4 = 1, NI
Td = T(J)
SJSQ = SJSQ + Ty * TJ
DO 7 K = 1, NI
SJK = SJK + TJ *= T(K)
CONTINUEC
SJK = SJK = SJSQ
IF (NI.GT.l) GO TJ 8
RNl = 0,0
GO 13 9
RNl = 1,0/(NI = 1.0)
VNUM = VNUM + S5J5Q = RN1l * SJK
CONTINUE
K =0
DO 20 In=1,12
AVE = XBAR(IM)
SO = XSTD(1IM)
SUMAVE = SUMAVE ¢ AVE
SUMSD = SUM3D + 5D
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DO 15 I = I[MsnNsl2
IFIY(JARLI 1) eEQeVs0) GO T3 15
K = K + 1
XT(K) = (Y({JARL1»I) = AVE)/SD
iy = (I-1)/12
T(K) = 1Y + Q.5
CONTINUE
CANTINUE
IF(VDENOM.GT«040) GO TO 100
R = 0.0
ALPHA = 1.0
A = Q0.0
B = 0.0
60 TO S0
VAR = VNUM 7/ VDENCHM
A = VDENGHM
CALL REGSEA(T»XTsKsAsBsrALPHAPRsVAR)
B = (1e/124) * B * SUMSD
A = (le/12+) * (SUMAVE + A * SUMSD)
WRITE(6Ly»6606) AsBsRsALPHA
FORMAT('OSEASUNAL LINEAR REGKESSICN -t/ INTERCEPT = '5El4.69
X7Xs VSLOPEL = 'sElbebsTXs TABSI{R) = ',FT7.5,7X)
*VSIGNIF(R) (ASSUMES NORMAL ERROR) = Y5FT7e5)
RETURN
END
SUBROUTINE SEARS(lSl’ISZJNXI;NXZ}I:ALPHA)NSEAS:JARI)

SEASONAL RANK SUM TE3T, SEE BRADLEY P 115-117

THE TWU PERLDUS OF RECURD MUST START WITH THE SAME SEASON
INPUT ARKAY IS Y(JAR1,250)

PERIODS OF RECORD COMPARED ARE INTERVALS IS1l, IS1 + NX1

- 1, 1525 1s2 +# NX2 = 1

ABS (NX1 = NX2) HUST BE EVEN MULTIPLE OF NSEAS

COMMOGN/CON1/Y(65250)»FLON(250)
COMMUON/COM3/X1(250)»X2(250)
CUHHONICDH#/Yl(ZSO):YZ(250):YP(Z50):IR(Z50))EXTRA(606)
DIMENSION M(52),8(52)2W{52)
DO 10 I = 1lyNxl
X1(1) = Y(JAR1,I#IS1l=1)
00 11 I = 1lsNX2
X2(I) = Y(JARL,[+IS52-1)
IF(NSEAS +GTe 52) STOP 'NSEAS EXCEEDS 52, REDIMENSION SUBROUTINE S
$EARS!?
DO 1 I s 1,NSEAS
M(I) = O
N(I) = O
W(l) = O
LGOP THRUUGH THE SEASONS
DO 500 IM = 1, NSEAS
LOOP THROUGH YEARS FOR VALUES IN SEASON IM
FIRST PERIQD
NI = O
DO 60 I = IMsNX1sNSEAS
XX = X1(I)
IF{XXeEQe0s0) GO TO 60
NI « NI + 1
YI(NI) = XX
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60 CONTINUE
SKIP THE 3EASON IF NO VALUES
IF(NleEQsU) 50 TO 200
SECSND PERIQD
HI = 0
DO 70 I = Ii4sNX2sNSEAS
XX = x2(I)
IF(XXeEWeDos0) 60 TQ 70
MI = ML + 1
Y2(M1) = XX
70 CONTINUE
SKIP THe SEASON IF NO VALUVES
IF(MI+EQ.0) NI = O
IF(NI.EQ.0) 60 T3 500
MUIN) = Ml
N(IM) = NI
HN = MI + NI
IF(NN.GT+250) STOP 'DIMENSIONS T30 SMaLL IN SEARS!
REASON FOR Twl PASSES OF THE RANKING IS TO DEAL dITH TIES
FIRST PASS AT RANKING AND SUMMING RANKS
00 110 1 = 1» NI
YP(I) = Y1(I1}
IR(I) = 1
110 CONTINUE
DO 120 1 = NI+ls NN
YP(I) = Y2(I=NI)
IR(I) = C
120 CONTINJE
CALL VSRTR(YP,iN»IR)
Iwl sV
DG 130 1 = 1» KN
IWl = Iwi ¢ 1 * IR(D)
130 CONTINUE
SECOND PALS AT RANKING AND SUMMING RANKS
DO 210 1 = 1, MI
YP(1) = Y2(I)
IR(I) = O
210 CONTINULE
00 220 1 = Ml+1l, NN
YPLI) = YI(I-NI)
IR(1I) = 1
220 CUONTINUE
CALL VSRTR(YP,Nhs IR)
Id2 = 0
DO 230 I = 1ls NN
1wz = IwW2 + 1 * 1R(I)
230 CONTINUE
Ww(IM) = (IWl + Iw2}/2.0
500 CONTINuE
SUMMING THE Wd VALUES AND COMPUTING THE MEAN AND VARIANCE OF T
THE TEST STATISTIC IS T» THE SUM OF THE W
T = 0.0 '
ET = 0.0
VT = 0.0
0J 600 IM = 1, NSEAS
T s T + W(IN)
F o= NCIM) * (N(IN) ¢ M(IM) + 1)
ET = ET + (F/2.0)
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VT = VT + (M(1M) * F / 12)
60C CONTINUE
iF(VTJLE.Vs0) GO TO 700
Z s (T = ET) /7 SQRTIVT)
c THE SIGN CHANGE 1S SO POSITIVE Z wiLL INDICATE UP-TREND
1= =
IF(ZoLE«Gs0) ALPHA ® 2,0 * CDFN(Z)
IF(Ze6Te0e0) ALPHA = 2.0 * (1.0 = COFN(Z))
G0 TO 999
700 2 = 0.0
ALPHA = 1.0
999 WRITE(0»666) 151y (ISL4NX1=1)sIS2, {1524NX2=1)sZsALPHA
606 FORMAT('OLEASONAL WILCOXAN TEST FOR DIFFERENCE BETWEEN PERIODS!
#913,0 = 151350 AND '513," = ',13/% GIVES Z STATISTIC = "5sFBots
*10Xs 'SIGNIFICANCE (NORMAL APPROX;ASSUMES LINUEPe DATA) = '9FTe5)
RETURN
END
SUBRUUTINE SKnND(N»TAU» ALPHA»SLOPE,NSEAS,JAR]L)
MODIFIED KcNDALL'S TAU TEST FUR TKEND IN SEASONAL DATA.
VECTGR Y(JARL»250) SHOULD CONTAIN THE N SEASOINS OF DATA.
MISSING DATA CODE MUST BE NONPOSITIVE
TAU IS5 THE RESULTANT STATISTIC EQUIVALENT TJ KENDALL'S TAU.
ALPHA IS TAE SIGNIFICANCE LEVetL OJF TAU.
SLOPE IS THE ESTIMATE OF THE SLOPE OF THE TREND.
COMMON/COM1/Y(55250) 5 FLOAL25C)
COMMCN/COMS5/4ASTIE(250) :
COMMUN/CUM4/YP(10604)
L0GICAL QUD
LOGICAL WASTIE
c CHECK FUR ENOUGH WORK STORAGE IN ARRAY YP TJd HOLD THE DIFFERENCES.
M s 6 % ((N/NSEAS) + 1) * (N/NSEAS)
IF (MaGT.i604) PRINT 4oH
4 FORMAT(' IN SUBROUTINE SKND, THE DIMENSION OF THE ARRAY YP?,
9 MUST BE INCREASED TO '»I5,' FROM 1604.')
IF (MeGTel604) STOP

OOOOOO

C CHECK WASTIE
IF (NeGT4250) PRINT 55N
5 FORMAT(?' IN SUBRJUTINE SKNDs THE DIMENSION OF TAE ARRAY WASTIE"»

*t MUST BE INCREASED TD '»I4,' FROM 250C.')
IF (NeGT4250) STOIP
c ZERQ GUT THE COUNTERS.
D0 100 I=l,N
WASTIE(I)=eFALSE.
160 CONTINUE
NPLUS = O
NMINUS = O
NCMPT = 0O
VARTOT = 0.0
INDEX = O
FIXVAR=0.0
c DJ EACH MUNTH.
DO 10 MUNTH = 1,NSEAS
NCOMP = O
c PICK AN JBSERVATION.
DO 20 ISTART = MUNTHs N-=NSEASs NSEAS
c VALID VALUE?
IF (Y(JAR1,ISTART).EQ.0.0) GO TO 20
C VALUe IS ALWAYS TIEv wWITH ITSELF.
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NTLIE=1

TRY EACH LATER MONTH.
DO 30 iEND = ISTART+NSEAS, N» NSEAS

VALID VALUE?

IF (Y(JARL, IEND)4tQ.Ce0) GO TU 30

COMPARE.
NCOMP = NCUMP + 1
INDEX = INDEX + 1
YY = (YCJARL,IEND) = Y(JARLSISTART))I/((IEND=ISTART)/FLOAT(NSEAS))
IF (YYeGTeU4D) NPLUS = NPLUS + 1
IF (YYelTe0.0) NMINUS = NRMINUS + 1
IF (YYeEQeO040) NTILasNTIE+]

MARK VALUES THAT ARE TIED.
IF (YYeEQe0e0) WASTIE(IEND)=,TRUE,.

SAVE ALJUSTED OIFFERENCES.
YPUINDEX) = YY

30 CONTINUE

UPDATE VARIANCE CORRECTION IF TIES DOCCURED AND TIES WERE NOT COUNTED
BEFORE.
aF (NTIEoNEeleANDeoeNGToWASTIE(ISTART)) FIXVARSFIXVAR+
& NTIE*(NTIE=L140)*%(2,0*NTIE+5.,0)/18,0

20 CONTINUE

1c

40

ACCUMULATE THIS MONTH'S RESULTS.
NCMPT = NCMPT + NCUMP
NMONTH = (1,0 + SQRT(1le0 ¢ 8,0 * NCOMP))/2.0
VARTOT = VARTOT + (14/184)*NMCNTH*(NMONTH=140)#(2,0%NMONTH+5.0)
CONTINUE
DONE COMPARING.
S = NPLUS = NMIRNUS
WERE THERE ANY VALID COMPARISONS?
IF (NCMPT«GT40) GO TOD 40
NO VALIO CJOMPAKISONS == GO HOME EMTPY.
TAU = Q,0
ALPHA = 1,0
SLCPE = 0.0
GO0 TO 665
CALCULATE THE STATISTICS.
CONTINUE
VARTOT=VARTUT=FIXVAR
TAU = 3 / NCNPT
CONTINUITY CUORRECTION.
IF (SeGT4040) S =5 = 1,
IF (SelTeGs0) S = S + 1.
COMPARE TU THE STANDARD NORMAL DISTRIBUTION. THE FUNCTION
COFN RETURNS THE CUMULATIVE PROBABILITY AT DEVIATION Z IN THE
STANGARD NIRMAL DISTRIBUTION.
Z = S / SQRT(VARTUT)
IF (Z.LE«040) ALPHA = 2,0 * CDFN(Z)
IF (Z4GTeGeO) ALPHA = 2,0 * (1e0 = CDFN(2))
SUBROUTINE PDQSRT SORTS THE VECTOR YP OF LENGTH INDEX IN
ASCENDING ORUEK IN PLACE.
CALL PULQSRT(INDEX)
PICK MEDIAN,
J0D = MOC(INDEXs2)eEQel
IF (ODD) YMEOD = YP((INDEX+1)/2)
IF (JNUT.DODD) YMED = 0.5 * (YP(INDEX/2) + YP((INDEX/2)+1))
SLOPE = YMED
IF (SLOPL.NECCeDJ) GATD 665
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ADJUST FJIk THE FACT THAT TAU AND ALPHA MAY SAY THERE IS A
SIGNIFICANT TREND BUT THE ESTIMATE OF THE SLUPE L[S ZEROD
DUE TO & TIE

IF (NMINUSeGTeNPLUS) SLOPE = =1.0E=30

IF (NMINUSLT«NPLUS) SLOPE = 1.0E=30

665 WRITE(6,606) TAU»ALPHA»SLCPE

666 FORMAT('GC KENDALL™S TREND TEST WITH SLOPE ESTIMATCR'/

®0 TAU = 'HE14,0,! SIGNIF = ',F7.557XsISLUPE = '5E14.5)

RETURKH

END

OO0
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Impervicus Area Estimates Derived From Puget Sound Council of

The estimates of impervious area given below were calculated using
the same method as described by Harper and Owes (1981), i.e., attributing
a fractional impervious area to each land use type (ASCE, 1969), then

summing the products of acreage in each -land use and fractional
impervious area.

In most cases,

subbasins correspond to existing Metro
however in some cases one PSCOG subbasin includes multiple

Metro water quality stations; in these cases the areas were disaggregated
to arrive at the values given in Appendix D-2,

1980 2000
Primary Equiv. Equiv.
Basin Metro Per cent Imprv. Per cent Imprv.
No. PSCOG Descriptor Station(s) Impervious Acres  Impervious Acres
1 Swamp Cr 1 o470 18.3 302 26.8 yy3
1 Swamp Cr 2 BU470 23.0 3017 33.9 uu36
2 North Cr 1 ou74 17.3 175 26,1 264
2 North Cr 2 DUTY 13.9 2479 22.6 L4os1
3 Bear Cr 1 o478 14,4 283 19.0 373
3 Bear Cr 2 BU4TS8 5.6 usé 9.7 793
y McAleer Cr 1 Al432 35.5 671 38.6 731
uy McAleer Cr 2 EU432 46.6 1773 47.8 1820
5 Lyon Cr 1 0430 30.8 335 36.7 399
5 Lyon Cr 2 E430 33.6 519 39.3 608
- Lake Washington none 38.4 14701 42.3 16201
6 Juanita Cr 1 Cchu6 21.6 uy3 25.5 525
6 Juanita Cr 2 o446 18.9 172 22.8 207
6 Juanita Cr 3 DLUu6 23.2 245 27.6 292
7 Sammamish R 0450, 0uU80, 0u86 17.3 2764 23.2 3718
8 Evans Cr 1 NugY 9.1 937 13.8 1427
8 Evans Cr 2 Jugy 7.1 uy7 10.1 637
8 Evans Cr 3 G484, Ccugy 8.7 515 11.7 690
8 Evans Cr 4 ou8u 13.1 238 16.1 293
8 Evans Cr 5 BU48Y 7.9 435 10.8 592
8 Evans Cr 6 R48Y 6.4 137 10.3 220
9 Thornton Cr 0434, K434, Tu3Y 43.7 3562 43.8 3569
- Lake Union none 61.1 5553 60.3 5482
10 Coal Cr 1 ouu2 38.3 476 41.7 517
10 Coal Cr 2 chu2 8.7 180 21.0 432
10 Coal Cr 3 vuy2 4.9 113 7.3 166
11 May Cr 1 o440 13.2 290 16.3 359
11 May Cr 2 K440 11.3 338 15.6 u69
11 May Cr 3 X440 6.6 198 9.4 281
12 Mercer Slough 1 ouyy us.4 958 46.9 991
12 Mercer Slough 2 cuuy 32.6 904 38.8 1078
12 Mercer Slough 3 Dusy 33.9 1488 41.6 1824
- Lk Sammamish 1 none 14.7 3484 17.6 4153
- Lk Sammamish 2 none 14.0 123 15.0 132



Issaquah Cr
Issaquah Cr
Issaquah Cr
Issaquah Cr
Issaquah Cr
Issaquah Cr
Issaquah Cr
Issaquah Cr
Lower Green

Black
Lower
Upper

R
Cedar
Cedar

Big Soos Cr
Big Soos Cr
Big Soos Cr
Big So¢oos Cr
Big Socs Cr
Big Soos Cr
Big Soos Cr
Middle Green R A319, B319, 0321
Newaukum Cr
Newaukum Cr

Puget
Puget
Puget
Puget
Puget
Puget
Puget

Sound
Sound
Sound
Scund
Sound
Sound
Sound

1
2
3
i
5
6
7
8
R

~NOoOuUlEw N o

SOV EFEWN N

0631, A631
A632
0633
0634
A660
H631
A640
A650
3106,0311,0315,A315
0317
0438, A438
HU438
F320
G320
none
D320
B320
0320
€320

0322
F322, T322
none
none
none
none
none
none
nene
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132
174
390
252
93
306
97
257
8440
4393
5678
276
767
1108
394
974
651
327
1479
2181
191
810
2892
2151
1933
1971
4210
8937
3465
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APPENDIX D. Routine Monitoring Network Review Data

Appendices D-1 - D-U4 contain the data used in the network review
reported in Chapter III. Included are both the raw data for the existing
network, and estimated values corresponding to sequential reductions in
the number of stations within each basin. In all cases, the final row
for each basin (maximum number of stations, p) corresponds to the
existing network. The upper entry is the station number and the lower
entry is the value of the particular variable (drainage area, impervious
area change, summer geometric mean coliform count, or stream walk index).
For smaller values of p, the stations listed are those that would be
retained, and the value listed under each is the estimated variable
value. In the case of drainage area and impervious area change, areas
are simply aggregated according to the particular monitoring
configuration. For coliform counts, the recorded average at each station
is used (no weighting is given to values for stations eliminated). For
the stream walk index, a stream length weighted average, described in
Chapter III, is wused. As an example, consider the drainage area
hierarchy for Evans Creek (Appendix D-1). Evans Creek is basin number 8.
Currently, there are p = 7 stations in Evans Creek, including numbers
o484, BLBU, N4S8Y4, JuU8Y4, RLUSYU, GUBYU, and CUBL. Drainage areas for these
stations are 1816, 5471, 10351, 6327, 2138, 3000, and 2897 acres,
respectively., For option p = 4 (which is the allocation of stations to
Evans Creek in the revised, 30-station network given in Table 2) the

stations retained would be 0484, BU4SYH, NU484, and JU84, with 7713, 7609,
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10351, and 6327 acres, respectively, drained by each. It should be noted
that while areas are listed to the nearest acre, the accuracy of the
subbasin areas is probably not much greater than +100 acres. The total
area for the primary basins (sum over the subbasins) is considerably more

accurate, however.
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Appendix D-1. Drainage Area (acres)

Basin/Name p = 1 2 3

1 Swamp Creek 0470

2 North Creek ouT7h
ou74 DUTL
1012 17893
3 Bear Creek Q478
0478 BuUT78
1966 8209
4 McAleer Creek AU32
A432 EU32
1891 3804
5 Lyon Creek 0430
0430 EU430
1087 1546
6 Juanita Creek o4u6
0446 CUUb
1964 2055

0446 CUU6 DAUAG
909 2055 1055

7 Sammamish Cr Qu50

0450 0480
5337 10671

0450 0480 0486
5337 9000 1671




8 Evans Creek

9 Thornton Creek

10 Coal Creek

11 May Creek

12 Mercer Slough

Nug4
10351

B48Y

193

N48Y

7609
B4SY

10351

N484

Jh8Y

7609

B4g8Y

10351

N48h

6327
J484

R48Y

5471

B48Y

10351

N4g4

6327

J484

2138

RUSY

GUSY

5471

B484

10351

N48Y

6327
Jusl

2138

RUSY

3000

Gu8y

cugu

5471

K434
800

K434

10351

T43Y

800

U442
2280

uyu2

800

chy2

2280

Xi4o
2999

X440

2063

K440

2999

3006

6327

2138

3000

2897



13 Issaquah Creek

14 Lower Green R

15 Black River

16 Lower Cedar R

17 Upper Cedar R

o4uy

D44y

194

chuy

2111

0631
34721

0631
19633

0631

4384

H631
15088

H631

2775

0634

16287

0631

15088

H631

3346
0634

0633

10536
0631

15088

H631

3346
0634

5751
0633

A632

7364
0631

15088
H631

3346
0634

5751
0633

3172

A632

A631

2000

0631

15088
H631

3346
0634

5751
0633

3172
A632

5364
A631

A650

2000

0631

10337
H631

3346
0634

5751
0633

3172
A632

5364
4631

4751

A650

A660

2000

0631

10337
H631

3346
0634

5751
0633

3172

A632

1942

A631

4751

A650

3422

A660

A640

2000

5963

0315
9600

0315

3346

A315

3600

0315

6000

A315

5751

0311

3600

AL38
21320

6000

13205

3172

1942

4751

3422

4374



18 Big Soos Creek

19 Middle Green R

20 Newaukum Creek

0320
42007

0320
32924

0320

G320
9083

G320
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F320

30040

0320

9083
G320

2884

F320

B320

26267

0320

9083

G320

2884

F320

3773

B320

€320

11779

0320

9083

G320

2884

F320

3773

B320

14488

€320 D320

2135

A319
45120

A319
30120

A319

9083

B319
15000

B319

2884

0321

24120

0322
17606

0322
3692

0322

15000

F322
13914

F322

6000

T322

3692

12414

1500

3773

14488 9644
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Appendix D-2. Projected Impervious Area Increase 1980-2000 (acres)

Basin/Name p = 1 2 3 4 5 6 7 8
1 Swamp Creek 0470
1560
0470 B4T0
141 1419
2 North Creek o474
1661
o474 D4TY
89 1572
3 Bear Creek 0478
427
Q478 BUTS8
90 337
4 McAleer Creek AlL32
107
Al432 E432
60 47
5 Lyon Creek 0430
153
Q430 EU30
64 89
6 Juanita Creek ouL6
164
ouu6 CLUub
82 82

OuU46 CuL6 Dui6
35 82 u7

7 Sammamish Cr Qus50

O
U
=

(@]
=
()]
o

0480

w
=
(o]
(o)
W
(o)}



8 Evans Creek

9 Thornton Creek

10 Coal Creek

11 May Creek

12 Mercer Slough

197

0450 0UB0 0486
318 600 _ 36
0484
1151
048l NUSY
661 1490
0484 BUBY NUBA
421 240 490
0484 BUBY NUSH JugY
231 240 490 190
0484 BA4BY N484 JUBY RUSY
231 157 490 190 83
0484 BuBY N4SH Ju84 RUSH GASY
143 157 490 190 83 88
0484 BUBL NUS4 JuSH RUSYH GUBL CUSH
55 157 490 190 83 88 88
043y
7
0434 K43y
3 m
0434 K434 TU3Y
2 g 1
on42
316
ou42  yiy2
293 53
o442 yss2  Ccuu2
41 53 252
0440
283
0440 X440
200 83
0440  XUUO KUY4O
69 83 131
ou4y

543



13 Issaquah Creek

14 Lower Green R

15 Black River

16 Lower Cedar R

198

044y  DuuY
207 336
0444  DLUY Cclly
33 336 174
0631
354
0631 H631
204 150
0631 H631 0634
126 150 78
0631 H631 0634 0633
82 150 78 4y
0631 H631 0634 0633 A632
52 150 78 4y 30
0631 H631 0634 0633 A632 A631
18 150 78 4y 30 34
0631 H631 0634 0633 A632 A631 A650
18 96 78 4y 30 34 54
0631 H631 0634 0633 A632 A631 A650 A660
18 96 78 4y 30 18 54 16
0631 H631 0634 0633 A632 A631 A650 A660 A640
18 77 78 4y 30 18 5 16 19
3106
1383
3106 0315
851 552
3106 0315 A315
831 207 345
3106 0315 A315 0311
69 207 345 762
0317
1041
0438
898
0438 A438
450  4u8



17 Upper Cedar R

18 Big Soos Creek

19 Middle Green R

20 Newaukum Creek

199

H438
59
0320
1043
0320 G320
681 362
0320 G320 F320
b77 362 204
0320 G320 F320 B320
317 362 204 160
0320 G320 'F320 B320 (€320
155 362 204 160 162
0320 G320 F320 B320 €320 D320
21 362 204 160 162 134
A319
283
A319 B319
198 85
A319 B319 0321
156 85 42
0322
122
0322 F322
21 101
0322 F322 T322
21 86 15
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Appendix D-3. Geometric Mean Fecal Coliform Counts, 1979-81

Basin/Name p = 1 2 3 4 5 6 7

1 Swamp Creek 0470

2 North Creek ouTH

3 Bear Creek 0478

4 McAleer Creek Al432
Al432 EHU32
5 Lyon Creek 0430
0430 EU30
687.3 1532.7
6 Juanita Creek ou46
o4L6 CLUb
467.4 U4s8.7

Q446 CuUub6 DUU6
467.4 458.7 200.6

7 Sammamish Cr 0u450
0450 04u80
242.3 113.1

Q450 0480 0486
242.3 113.1 23.7
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8 Evans Creek ou8y
QU84 NULUSL
700.8 346.2

o484 BHBU NA4BY
700.8 325.6 346.2

0484 B48Y4 NuB4 Jugly
700.8 325.6 346.2 113.2

0484 B4BY4 NuB4 Jugs RUBYU
700.8 325.6 346.2 113.2 111.0

0484 B4BH NUBH JuBU RHBU GUBY
700.8 325.6 346.2 113.2 111.0 365.6

0484 B4BY N4UBU Ju84 RUBH GUBH Cu8Y
700.8 325.6 346.2 113.2 111.0 365.6 413.4

9 Thornton Creek o434

0434 K43l
500.0 539.2

0434 K434  TH3Y
500.0 539.2 122.3

10 Coal Creek o442

o442 U442 chu2
116.5 10.6 31.7

11 May Creek o440

0440 Xuuo
132.1 196.3

0440 X440 Ku40
132.1 196.3 292.2

12 Mercer Slough 044y

OB4Y4 DALY
349.4 331.5



13 Issaquah Creek

14 Lower Green R

15 Black River

16 Lower Cedar R

17 Upper Cedar R

D444

202

Cu4y

331.5

5754

0634

696.5
0634 0633

696.5 154.4
0634 0633

A632

696.5 154.4
0634 0633

231.9
A632

A631

696.5 154.4

0634 0633

231.9

A632

101.4

A631

A650

696.5 154.4

0634 0633

231.9
A632

101.4

A631

50.4

A650

A660

0631

696.5 154.4

0634 0633

231.9
A632

101.4

A631

0.4

A650

28.9

A660 A640

165.7

3106
117.2

3106
117.2

3106

0315

134.7
0315

696.5 154.4

A315

117.2

3106

134.7
0315

954.0

A315 0311

117.2

0317
1201.

0438
52.8

0438
52.8

H438
12.7

134.7

954.0 133.2

231.9

101.4

50.4

28.9 58.3
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18 Big Soos Creek 0320

0320 G320
126.6 861.4

0320 G320 F320
126.6 861.4 79.2

0320 G320 F320 B320
126.6 861.4 79.2 139.0

0320 G320 F320 B320 C320
126.6 861.4 79.2 139.0 u46.7

0320 G320 F320 B320 €320 D320
126.6 861.4 79.2 139.0 46.7 68.1

19 Middle Green R A319
3
19 B319

A319 B319 0321
43.3 19.1 50.5

20 Newaukum Creek 0322

0322 F322
344.1 787.7

0322 F322 T322
44,1 787.7 34.7
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Appendix D-4., 1979 Streambed Evaluation

Basin/Name p = 1 2 3
1 Swamp Creek 0470
64.7)
OUT70 B4TO
64.7 (64.7)
2 North Creek 47y
(58.5)
0474 DUuTYH
58.5 58.5)
3 Bear Creek 0478
(70.4)
0478 BUTS8
70.4 (70.4)
4 McAleer Creek A432
79.6
A432 EAU32
80.4 179.0
5 Lyon Creek 0430
7.5
0430 EUuU30
78.1 77.0
6 Juanita Creek ouu6
89.2
ou46 Cuus
89.1 89.4

Q446 CUL6 DuLU6
89.0 89.4 (89.2)

7 Sammamish Cr QU450

0450 0480

0450 0u80 0u8s6




8 Evans Creek

9 Thornton Creek

10 Coal Creek

11 May Creek

12 Mercer Slough

NU8Y
74.0

BugY
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N484

7.2
BUSY

T4.0

N48Y

Jugy

77.2

B48Y

74.0

N4SY

66.1

Jugy

R484

79.2

B4SY

T74.0

N48U

66.1

J48y

74.0

R48Y

Gugy

79.2

B484

74.0

N4gH

66.1

Jugh

74.0

RUSY

69.3

G48s  Ccugh

ou3y

79.2

K434
89.4

K434

(74.0)

T434

75.6

o442
68.4

0442
68.4

ouu2

89.4

uss2
68.4

y4y2

72.7

cuy2

60.8 (68.4) T4.3

0440

69.8

0440
71.1

0440

X440
68.0

X440

Ku40

67.8

ou4Y
(82.0)

ouluY

68.0

DULY

73.9

(82.0)(82.0)

66.1 (74.0) 69.3 75.5



13 Issaquah Creek

14 Lower Green R

15 Black River

16 Lower Cedar R

17 Upper Cedar R

ouLY

PLLL

206

Chuy

(82.0) 82.0

0631
64.4

0631
63.0

0631

H631
66.0

H631

(82.0)

0634

62.4

0631

66.0

H631

64,2

0634

0633

64.3
0631

66.0

H631

64.2

0634

59.9
0633

A632

66.6

0631

66.0

H631

64.2

0634

59.9
0633

60.8

A632

4631

69.9

0631

66.0

H631

64.2

0634

59.9
0633

60.8

A632

64.6

A631

A650

69.9
0631

62.4

H631

64.2

0634

59.9

0633

60.8

A632

64.6

A631

71.2

A650 A660

69.9
0631

62.4

H631

64.2

0634

59.9
0633

60.8

A632

65.1

A631

71.2 64.2

A650 A660 A640

69.9
3106
3106

3106

(64.2)(64.2)

0315

0315

A315

3106

0315

A315

59.9

0311

0317
66.5
ou38

0438

H438

A438

84.0

60.8

65.1

71.2 (64.2) 60.2



18 Big Soos Creek

19 Middle Green R

20 Newaukum Creek

207

F320

59.5

F320

B320

59.5
F320

69.7

B320

€320

G320

59.5

F320

69.7

B320

66.9

€320 D320

A319

62.4

B319

B319

59.5

0321

0322

0322
68.0

0322

67‘0

T322

68.0

66.9

69.7

66.9 59.2
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APPENDIX E. Network Optimization Program Listing

The program listed in this appendix performs the dynamic programming
optimization of station allocations using the scoring scheme discussed in
Chapter III. Documentation is provided in the comment cards at the
beginning of the listing. The input data used to derive the results
summarized in Table 2 are alsc included. Copies of the program can be
obtained from the first author,
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PROGRAM HAIN(INDUT,OUTPUT’TApEE'INFUI)TADEG‘UUTDUT)

DIMENSIUN XINDL(209999)5XIND2{20, QG XIND3(c 059590,

sXIN04(20;9:9)pJST£(23);X“(4);XSD(6),YINn(¢O:0,0)

DYNAMIC PROGRAM T) DETERAINE OPTIMAL NMAYX STATION

NETWURKS CONSISTING NF SUSSCTS OF M=TRU S EXISTING

64 STATION RIVERS ArD STnEAM, TOUND NETWIRK, TYE

20 EXISTING PRIMAZY BASINS COMSINERSN AND EXISTING

NUMBERS OF STATIONS PP BASIN ARE:

1 SWAMP CR (2: P47038470)

2 NOFTH CR (21 14743 DaT4)

3 braR Ck (21 Ne?e; 0475)

4 MCALzFR CR (ct A432; E432)

5 LYON CR (2: 0«30; E432)

6 JUANITA Ck (31 Ce453 04463 N4ay)

6 SAMMAMISH R (3% 04%0; 04053 0686)

8 EVAMS CR (71 N&F4; J4a3q: G4Bej Ca243 N4B4; R4B4;: PoR4)

9 THORNTUN CR (3: {4134; Ka34; T436)

10 CUal CR (31 Paa2; Coa23 Uas2)

11 MAY CR ({31 064y Us4U; Xa40)

12 MERCER SLOUGH (3: 7444; 444 Niga)

13 ISSAQUAH Ck (9t C631s A€31:t A4 325 NA333 NK343 AKEDI S Ha2l

AS4u; ARHQ)

14 LOWER GREEN R (4: 21uts 33113 1213%; A31S5)

15 BLACK R (1t N3:7)

16 LNWEK CeDAR © (o2 4355 A43T)

17 UPPEP CEDAP P (1: H433)

18 BIG SOCS CR (7: F320% G2y, D220: R3203 03203 C32nM)

19 MIDDLe GWEEM R (3t 43.9; 23193 "321)

20 NeWAUKI'™ €R (03225 Fazes T32¢2

DP TREATS BASIN> AL STAGE:S® STAIcS AT STAGE K ARC: NUMofpg arf

STATINNS ALLPCATED TD 34S(NS K = 20, DRJECTIVE FUNCTTON

IS MAXIMIZATION NF NeTWIRK RATIMNGs WHFRL RATING AT £ACH

STATICN IS AVEPAGF UF FJUe INDICATOR:
100*L0G NDRMAL CUMULATiIv: PR™RAS,LITY OF STATINN nepAInAnE
AREA KELATIVE TN 7TH5x STATIONT Id SFLECTEN NZTWARK
100*L0G NURMAL CUMULATIVE PRC3ILAILITY OF PROJECTED CHANGE
AN IMPERVIQUS aRtA FOR ca(CH STATI N, 1980=2un
100%L0G NURMAL CHMULAT.VI °PDE82:LITY OF STATION AVEDAGT
FECAL COLIFORM POUNT, 29772-%1 (T"ELLTIVE [N NETWARK SFLECTEM)
100*NORMAL CUMULATIVE PRUIASILLITY 2F 1979 STREAM waAlLWwW
INDEX (NJT CPUNTZL FR2 RIVER STATI{INS)

WITHIN FACH LASIie uPTINYS WiTH LoSS THAM ZXISTInG NiMasg

JF STATIONS ARc SPuCLFITD 45 TNPUT, SAScD ON AD HOr 0P

TIMIZATION CONSTDER.NA STRLAN OKDER NUMRFRS AND PRNJFCTEN

IMPERVIOUS AREA CAAMNG=S, SINGLE STATION JPTINN ALWAYS

USES EXISTING STATINN NFAP-ST MuliTH. STREAM WALK INRLCES

ARz WEIGHTED RY SOUART °00T NF DRAINAGE SUBARLEAS WHEW

INDICES MUST Bt AGGKEGATED

NRASIN = NUMAEP 0OF 3ASING (20)

NMaX = NUMBER UF STATINNS TJ Re TN NITWORK

JSTA(J)»d = 1,NpASIN = NUMESR OF STATIONS CURRENTLY IN-
CLUDED IN BASIMN J

COOXINDLCAsJdsKYy I ® 1yNRASTi)pd = 15J5TACI))s K = 1,4) =
TOTAL ARcA FOR STATION Js oaSIN I, WHEN K STATIONS APF
ALLDCATED TD BASIN I



210

XINbZ(I»J:K) = PPNJCCTED CHANGL IN IMOFPVIDUS ARER, 1980-2n00
XIND3{1,J,K) = CEIMFTRIC MEAN SUMMZ® FECAL COLIFORM COUNT, 1977-81

'

2

OO0

10

N

20

41
40

21
22

31

23
32

24
33

25
99

XIND4(IsJdsK) = 1979 STREAM WALK IND:C
READ(5,1) NBASIN, NMAX,IBUC

READ(Z52) (JSTA(J)»Jm1,NBASIN)

00 L0 I = 1,NRASIN

MAX = JSTA(I)

D3 10 J s 1,MAY

READ(5,2) (XANDI (X2 JsK) o XIND2(IsJdsK)sXTNDI(IsJdsK)s
SXINDG (I5JsK)sK=1,4)

FORMAT(1615)

FORMAT(8F1049)

IF(IBUG «NEe 0) GJ TN 90

WRITE(6520)

FORMAT(1H1,10%Xs*RAW DATA, CRAINAG:. AREZA#*,//)
NAME e« TFHSTATINN

FORMAT (/)

FORMAT(//)

DO 21 I =1,NBASIN

WRITE(6541)

MAX = JSTA(I)

WRITE(6530) I, (JrJ=1,sMAY)

FORMAT (12X, *BASIN®,73,9110)

WRITE(6,40)

D3 21 J = 1,MAX .

WRITE(6522) Js NAME, (XINDI(I,JsK)sK2lsd)
FORMAT (10X, 12,1XsA759Fi001)

WRITE(£,31)

FORMAT (/7/510Xs *R:W DATA» IMP_RVIDUS AREA CHANGE*,//)
DO 23 [ = 1,NRASIY

WRITE(6s41)

Max = JSTa(l)

WRITc(6530) 1o (Jsdml,MAX)

WRITE(6,40)

D0 23 J = 1,MAY

WRATE(65c2) Jp WAME, (XINNZ2(1,JpK)pKaiyrd)
WPITE(6,32)

FORMAT(///510Xs *RAW DATA, GCOMETRIC MEAN SUMMER EECAL*
$s% COLIFORM COUNT*,77/)

DO 24 i = 1,NRASIN

WRITE(6,41)

MAX = JSTA(I)

WRITE(6,30) I, (Jyd=l,MaX)

WRITE(65,40)

DO 24 J = 1,MAY

WRITE(6522) Jp NAMF, (XIND3(I,JdsK)ysKal,nd)
WRITE(6,33)

FORMAT(///51CXs*RAY DuTAs STKRTAM WJALK INDEX®%,//7)
DI ¢5 1 = 1,NRASIN

WRITE (6541)

MAX = JSTA(I)

WRITE(6530) I, (JyJ=1,MAX)

WRITE(6540)

DO 25 J = 1,MAX -
ARITE(6522) Js NAME, (XiND&(I,J,K)sKnl,d)
CALL STAT(JSTA»XaNPL)XInD2, XIND3, YIHNGy XMy XED)
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38

39
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42
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CALL TRANS(JSTALXINDL,XIND2sXIND3,XIND&,XMyXSD, YIND)
IF{IBLG o«NE. 0) Gy TO 98

WRITE(6,34)

FORMAT(//791uXs*SCNRPZ, DRAINAGE ARFA*,//)
DN 26 1 = 1,NBASIN

WRITE(6541)

MAX » JSTA(I)

WR1ITE(6530) 1, (JsJ=l,sMAX)

WRITE(6s 40)

DN 26 J = 1,MAY

WRITE(or2Z) Js NAMZ, (XTNDL(IsJsK)sK=l,J))
WRITE(&,3L)

FORMAT(/7/7s10X,#SCOREy PROJ:zCTFD IMP=PVIOUS AREA CHANAREx,//)
DO 27 1 = 1,MBASIM

WRITE(6,41)

MAX = JSTA(1)

WRITE(6530) Is (JyJzl,MAX)

WRLTE(6540)

DN 27 J = 1,MAY

ARITE(6522) Js NAMEs (XIND?2(isJsK)sK=l,J)
WRITE(6s36)

FORMAT(//77510Xs*SCNREY GESUPETRIC MEAN SUMMER COLIFNRM%, /7))
VD 28 1 = 1,N3ASIM

WRITF (6,41)

MAX = JSTA(I)

WRITE(6530) I, (JrJdmlsMaX)

WRITE (6540C)

DO 28 J = 1lyMAX

WRITE(6522) Js» NAMZ, (XIND2{I,JdsW}yX=1l,J)
WRITE(6,37)

FORMAT(//7/7510Xs*5CNRE, 197G STRTAM VALK INDEX*,//)
DD 29 I = 1,NRASIN

WRITE(6s41)

MAX = JSTA(I}

WRITE(6,3C) T, (JsJd=li,HMaX)

WRLTE (6540)

DO <9 J = 1, MAX

WRITE(R 22) Jp MAVE, (XIND&(T,JdsK)yKel,y)
WPITE(bs30)

FORMAT(/7751CXs®xSCNREy OVERALL*,//)

DD 39 I = 1,NBASIN

WRITE(6,541)

MAX = JSTALIL)

WRITE(6530) I, (Jyd=2,MAX)

WRITE (65 40)

D0 39 J = 1,MAX

WRITE(6522) Js NAMF, (YIND(T,sJsK)sK=1,J)
CALL O°PTSTA(YLIND,NMAX,JSTA)

WRITE(b6s42)

FORMAT(iH1)

END

SURROUTINE OPTSTACYIND,NMAX,JSTA)
DIMENSION YIND(20,9,9),JSTA(2L)»ILDIP(65563)s NEWNPLAS,AS ),
SISTAK(20565)sLaTal65)sMSTa(20)MAXR(20)
REAL NEWUP

ISUM = r
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41
40
43

35

44
30

101

201

203
202
200
102

212

DD 101 = 1,20

IR = 2n =1 + 1

ISUM = ISUM ¢ JSTa(iR)

MAXR({1) = ISUM

IF(MAYR(T) o4GTe N¥AX) MaXk(I) = NMAX

PRINT*, "MAXR"y (MaXu(i)sI=1,20)

D0 2v I = 1,3

+STAK(151) = 1

DO <1 4 = 1,1

ULDUP(IsJ) = YINLI20,15J)
PRINT#*,"I,0LNOP (s )" Iy (GLNDLP(Isd)sJd=1,1)
CONTiANUE

00 30 K = ¢»<0

ITMAX = MAXR({K)

DN 35 I = 1, IMAY

SURBROUTINE UPCN™y FINDS JPTIMaAl STATIUON ALLOCATION AT STAGE
K FDK L STATIOMS FZMaALNIVC

CALL GPCOMB(KyTsJLDUPINKsNKM1,JSTA,YINUYMAXR)
PRINT#*, "Ky T s RN yNKM "

PRINT*, Kk, ToNKyNKM]

IF(NKM1 LEQe 0) D T7 &3

DU 41 J = 1,LKM]

NEWOP(Llpd) = DLNMO(NKAL, J)

NM = NKM]1 + 1

IFINK oEQs Q) GO TO 42

DO 43 J = NM,1

NEWOP(I,J) = YIND(20=K+1sNK, J=NM+1)
ISTAK(K,I) = NK

CONT INUE

PRINT*,"iSTAK", (1STAK(KsT)si=1yiMAX)

DO &4 I = 1,1MAX

00 4«6 J s 1,7

OLDCP(IsJ) = NEWOAP(I,J)

CONTINUE

WRITE(6s101) (I»I=1,22)

FORMAT(IHL, /730X, *LrTimal STATIAh ALLOCATIONS*,//5F0X,

S*BASIN®, /9% NO, STNS*520I%,% SCOkE*,/)
DO 200 I = 1,NMAX
SUM = 0,

BN 201 J = 1,1

SUM = SUM + NZW0OP(1,J)

SUM = SUM/T

ISUM = MSTA(Y) = [STAK(27,1)

DO 202 K = 2,20

IND = 20=K+l

JIND = | = ISUM

PRINT#*,"IND, JiND,ISTAK(IND S JIMG)", IND,JIND, IS TAK(IND, JIND)
IF(JAND oEQe 0) GJ TN LC3

MSTA(K) = ISTAK(INU,JTHD)

ISUM = ISUM + MSTA(K)

GO TO 202

nSTA(K) = O

CONTINUE

WRITE(65,102) Ts (MSTA(K)sK=1,2C)ySUM
FORMAT(1H »110,201%,Fidel)

RETURN
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END

SUBRUUTINF OPCCHMCUK, Ty QLUDF)NKNKY 1, STA,YIND,YAYCR)
DIMENSLION OLNOP(65,56: ) JSTAC2U)YINN(20295Q),MAXAR(20)
K IS BASIN NUMRER
4 IS NUMBER OF STATIULNS FR{4 RASIN K:2C
NK IS NUMBER IN OPTIMAL SeT UF [ AT BASIN K
TRY ALL COMBINATIINS SeTe MK 4 NKM3 = ¥
START WITH NK = n
KK = 20=K+}
X<iMm = 0o,
IMAX = T
IF(IMAY oGTe MAXCR (K=1)) TMAX = MLXCR(K=1)
D3 10 J = 1,IMaX
XSUM = XSUM + ALLID(TMAYX, )
IM = [ = IMAX
IF(IMAY oFQse T) R3] TN 1%
DO 18 J = 1,1IM
XSUM = XYSUM ¢ YIMD(KK, T,0)
PRINT*,xSUV™, YSUM
NK = TM
NKMAX s
ICINKMAY 6T JSTatKKY) NKMAXY = JSTA(KK)
NKMIN = ] & MAYPQR(K=1)
IF(NKMIN oLFe 1) NKNMTH =2 1
DN 20 NK1 s NKMTN, NWMAY
SU™ = 0,
N 25 J = 1,NK1
SUM = SIM & YINR(KK,NK1,J)
IF(NK]1 +EPe 1) G7 T7 29
IMNK = T « NK]
DN 26 J = 1, ITMKK
SUM = SUM & QDLNOO( IMNW, J)
IF(SUY (LT, XSUMY AT TN 21
NK = NX1
XSUM = SUM
CAONTINUF
PRINT*,"NK,SUM, XSUMY, NK,SUM, XU
CANTINUF
NKM]l = J = N¥
RETURM
END
SURROVTINF TPRAMS(ISTA,XINDI, Y NL2, Y"UP2, YINDGLy XM, YD, YINN)
DIMENSION XIMNLTI20,959) s Y ND2(20,59,57),XINRY(20,0,0),
SXIND4G (2050, ) s XML ), XTD(4)s YIND(20,G,9), STA(20)
DN 20 I = 1,20
JMAX ® JISTA(])
D3 20 J = 1,JMaAX
N0 20 ¥ = 1,J
Tl = (ALOGUYTMDI(I,J,K))=X¥(1))/XSN(1)
a XINNI(IsJsK) = PTPANNITLII*100.
= (ALOGEXINN2 (I 5d,K))=x¥(2)}/XSN(2)
T2 = XINN2(1,JsK) = DTPANCS(T?)*10y,
= (ALOGIXTHDNI(T,0,K))=XM(3V)/XSD(3)
T3 = YIND2(T,JpK) = PTOAMNT(TI)R]INC,
IF(XIND&L(I»JsK) «F Q¢ 0O,) #C TN 2°€
Téh = ('INDGL(I1,JpK)=XM(4))/XSDN(4)



2%
20

15
10
18

21
20

22

100

/ENS
20
2
1

21k

T4 = XIND4(I,»JyK) = PTRANZ(TS)I*1C0,

YIND(I,dsW) = (T14T24T3+T4) /4,

Gn TN 20

YINP(I»JsK) = (T] + T2 ¢+ T2)/3,

CONTINUE

RETURN

END

FUNCTINN PTRANS(T)

INTEGER FLAG

FLAG = 1

IF(T oLlTe 0¢) FLAG = =2

T = ARS(T)

TERM = 1, + 196854*T + ,11516G4%T*T + ,00034L*T*T+T 4+
$e019527#THT*TxT

PTPANS » 14= 5 /TFpM/TERM/TERIM/TEDN

TF(FLAG +EQe =1) OTRANS = 3 ,=PTRANS

RETUPN

END

SUAPAUTINF STATUUISTA,YIMDL,XTHNP2 3 X 503, YINDG, XYM, XEN)

NIMENSION JSTA(PD) s XINUL(PL5Q,G),YiNA2(2059,Q),XINP3(20,09.0)

S XINDAL(205959)y XM(GY,X5D(4) X (54)
NJ 100 KK = 1,46

IC =0

0N 17 T = 1,20

JMAX = JSTA(]D)

DO 10 J = 1, J“aX

IC = YC + ]

GO TN (1s25354)9KX
X{IC) = XINDYI(I,J¥AaX,.0)
GQ 10 1n

XCIC) = YIND2(7Y, JMAX,d)
G0 70 10

X(IC) = XINU3(I,JdMAX,J)
G0 T2 1n
IFIXINDG(TyIMEXpJY (i2Qs 0L) R TN 14
X(IC) = XYIND&(I,JMAX,.1)
GO TO 1n

IC = JC =1

CONTINUE

CONT INUE

IF(KK +FQs 4) GO TN 20
DD 211 = 1,IC

X(I) = ALNG(X(T))

SUM = SyMy = 9,

DO 22 I = 1,7C

SUM = SUM & X(T1)

SUMV = SUMV + X([Y*X(T)
XM{KK) = SUM/TF

XSD(KK) = SQRTISUMV/IT=YM({KK)*XM(KK]))
CNMT INUE

RETURN

END
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APPENDIX G. Metro Data Tape Format and File Index

To facilitate analysis of Metro's water quality data with the
program TREND documented in Appendix A, it was necessary to create a
magnetic tape of the data compatible with the program input structure.
The essential element of this structure is that the data be sequential in
time. A retrieval of all Metro's streams and river water quality data
was made by Metro personnel. This tape was sequential by station and
date, however, no file deleters were present between stations. As a
result, retrieval of the data became a tedious and time consuming
process. To streamline the data retrieval process, a new tape was
created in University of Washington CDC Cyber internal format with the
end of file markers between each ¢of the stations. An index to the
stations in the existing routine monitoring network is given in Table
E-1. Within each file, the data are formatted in 284 column records,
with 80 column card images (i.e., each record consists of four card
images). The data fields include alphameric indicators as follows:

> greater than

< less than

E estimated

N
Because alphameric indicators are included throughout the record, it is
best to read the data as alphameric fields, then to search for the
various indicators. This is the approach used in the DATIN subroutine of
TREND. The variable fields in each record, and units of the data, are
given in Table F-2. The master copy of the tape is held by the first
author,
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Table G-1., Index to Active Routine Streams and Rivers Stations on Data

Tape

Metro Tape Primary
No. PSCOG Description File No. Basin No.
0470 Swamp Cr #1 144 1
B470 Swamp Cr #2 132 1
o4TY North Cr #1 160 2
D4TY North Cr #2 148 2
o478 Bear Cr #1 174 3
B478 Bear Cr #2 162 3
AlU32 McAleer Cr #1 69 y
E432 McAleer Cr #2 72 y
0430 Lyon Cr #1 68 5
E430 Lyon Cr #2 65 5
cus6 Juanita Cr #1 124 6
ouué Juanita Cr #2 127 6
Duu6 Juanita Cr #3 125 6
0450 Sammamish R 128 7
0480 Sammamish R 175 7
ou86 Sammamish R 194 7
N4g4 Evans Cr #1 188 8
Jugly Evans Cr #2 185 8
Gusy Evans Cr #3 182 8
cusuy Evans Cr #3 178 8
o484 Evans Cr #4 192 8
BU8Y Evans Cr #5 177 8
R48Y Evans Cr #6 190 8
o434y Thornton Cr 97 9
K434 Thornton Cr 93 9
TU43Y Thornton Cr 99 9
ouu2 Coal Cr #1 119 10
cuy2 Coal Cr #2 117 10
ysy2 Coal Cr #3 118 10
ou40 May Cr #1 116 11
K440 May Cr #2 112 11
Xu40 May Cr #3 114 11
ouuy Mercer S1 #1 122 12
c4uy Mercer S1 #2 120 12
Duyy Mercer Sl #3 121 12
0631 Issaquah Cr #1 226 13
A631 Issaquah Cr #1 223 13
A632 Issaquah Cr #2 227 13
0633 Issaquah Cr #3 229 13
0634 Issaquah Cr #4 23 13
A660 Issaquah Cr #5 234 13
H631 Issaquah Cr #6 225 13
A640 Issaquah Cr #7 232 13
A650 Issaquah Cr #8 233 13
3106 Lower Green R 5 14
0311 Lower Green R 26 14
0315 Lower Green R 31 14
A315 Lower Green R 29 14



0317
0438
A438
H438
F320
6320
D320
B320
0320
c320
A319
B319
0321
0322
F322
T322

Black R

Lower Cedar R
Lower Cedar R
Upper Cedar R

Big Soos
Big Soos
Big Scos
Big Soos
Big Socos
Big Scos

Cr
Cr
Cr
Cr
Cr
Cr

#1
#2
#4
#5
#6
#7

Middle Green R
Middle Green R

Middle Green R -

Newaukum Cr #1
Newaukum Cr #2
Newaukum Cr #2
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36
110
102
109

46

u7

4

42

52

43

37

38

53

59

56

58

15
16
16
17
18
18
18
18
18
18
19
19
19
20
20
20

~
~
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Table G-2. Variable Fields for Data Type

Variable Columns Units Comments

Stream number 1-3 - ignore

Station number 4.8 - Metro identifier used
throughout this re-
port

Date 9-14 - year-month-day

Transverse distance 15-17 meters not relevant for small
streams

Depth 18-22 meters not relevant for small
streams

Temperature 23~26 °c

DO 27-31 mg/1l

BOD 32-36 mg/1

pH 37-40 -

Total Coliform 41-48 counts/100 ml

Fecal coliform 49-56 counts/100 ml

Fecal strep 57-64 counts/100 ml

Flow 65-71 efs instantanecus - see
Chapter III

Suspended solids 72-78 mg/1

NH3—N 79-84 mg/1

NOZ-N 85-90 mg/l

Oréhophosphate—? 91-96 mg/1

Total P 97-102 mg/1

Total Kjeldahl N 103-107 mg/1

Turbidity 108-114 JTU

Time 115-118 minutes 24 hour - 0000 =
midnight

Setteable solids 119-125 mg/1l

Conductivity 126-130

Organic N 131-135 mg/1

0il & grease 136-140 mg/1l

Cd 141-148 mg/1

Cr 149-156 mg/1

Cu 157-164 mg/l

Hg 165-172 mg/1

Ni 173-180 mg/1

Pb 181-188 mg/1

in 189-196 mg/l

Pesticides 197-201

PCB's 202-206 mg/l

Chlorophyll A 207-212 mg/1l

Fe 213-219 mg/1

Transparency 220-223 meters

Hydrolyzable P 224-228 mg/1l

Alkalinity 229-233 mg CECO3/1

Periphyton C 234-238 mg/m2

Periphyton P 239-243 mg/m

Cloud cover 244-246 per cent

Wind direction

247-248



Wind speed

Chlorine residual
Salinity

Solar radiation

DO per cent saturation
Chlorinity

249-253
254-257
258-263
264-269
270-273
274-280
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MPH

mg/1

parts per thousand
langleys/day

per cent

mg/l



