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Lori A. Sprague, U.S. Geological Survey,
and Robert E. Edwards, Susquehanna River
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ABSTRACT

Data from 30 stream sites in nontidal portions
of the Chesapeake Bay Watershed were analyzed
to document annual nutrient and sediment loads
and trends for the period 1985 through 1998 as part
of an annual water-quality update for the Chesa-
peake Bay Program. Annual loads were estimated
by use of the U.S. Geological Survey ESTIMATOR
model and are available upon request. Trends were
estimated by use of either linear regression, Sea-
sonal Kendall, or Kendall-Theil tests. Trends were
reported for monthly-mean flow, monthly load,
flow-adjusted concentration, and flow-weighted
concentration. Mean yields and median concentra-
tions were calculated to help assess current water-
quality status and to facilitate comparisons
between basins. The trend in flow was upward at
12 of the 30 sites. Trends of nutrient and sediment
load were upward at these same 12 sites. Trends in
flow-adjusted and flow-weighted concentrations
varied by species. Trends in flow-weighted concen-
trations were generally upward or not significant
for the nitrogen species and parallel or not signifi-
cant for phosphorus species. Trends in flow-
adjusted concentrations were downward at nearly
all sites for sediment and dissolved solids in the
Susquehanna and Potomac River Basins and gen-
erally were not significant in the Virginia river
basins.

INTRODUCTION

The ecosystem of the Chesapeake Bay has been
adversely affected by nutrient enrichment. The
Chesapeake Bay Program (CBP), a multi-jurisdic-
tional restoration effort, established a goal to
reduce controllable nutrient loads into the estuary
by 40 percent by the year 2000. Results from the
CBP watershed and water-quality models indica-
ted that water quality would be sufficiently
improved to support living resources if the 40-per-
cent nutrient-reduction goal was met. Individual
nutrient-reduction goals and associated strategies
were established for the major rivers delivering
nutrients to the Bay. Progress toward these reduc-
tion goals have been reevaluated by use of the
watershed and water-quality models. Additionally,
water-quality and living-resource data are com-
piled and analyzed to assess the response of the
watershed to nutrient-reduction efforts. The 1998
data-analysis effort is part of an annual effort to
document changes in water quality and living
resources in response to Nutrient Reduction Strate-
gies (NRS) in the Chesapeake Bay Watershed.

Two programs, the River Input Monitoring
and Multi-Agency Nontidal Programs, provide
information about water-quality conditions in the
nontidal areas of the Bay. As part of the River Input
Monitoring Program, water-quality and stream-
flow data are collected at nine stations near the Fall
Line (fig. 1). Through the Multi-Agency Nontidal
Program, water-quality and streamflow data are
collected by several agencies at 21 sites upstream
from the River Input Program sites in the nontidal
watershed (fig. 1). The water-quality and stream-
flow data are used to determine trends in stream-
flow and in concentration and load of nutrients. At
15 of the 21 sites, trend calculations were com-
pleted by the U.S. Geological Survey (USGS) in
cooperation with Maryland Department of Natural
Resources (MdDNR), Virginia Department of Envi-
ronmental Quality (VaDEQ), and Washington,
D.C., Council of Governments (WashCOG); and at
6 sites by the Susquehanna River Basin Commis-
sion (SRBC) as part of the Susquehanna Nutrient
Assessment Program.
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Figure 1. Location and site number for the 30 sites used in this study.



PURPOSE

This report documents the methods used to
estimate trends and status in flow and nutrient and
sediment concentrations and loads and presents
trends in flow and nutrient and sediment water-
quality data from 1985 to 1998 from nontidal sites
in the Chesapeake Bay Watershed. Water-quality
and biological data from the tidal portions of the
Bay will be used to assess changes in water quality
in response to natural conditions and implementa-
tion of nutrient-reduction strategies.

STUDY METHODS

The methods section discusses how the data
sets were constructed and describes the statistical
tests used to interpret trends. Water-quality con-
stituent loads were estimated by use of a multi-
parameter regression model. Trends were esti-
mated by use of both parametric and nonparamet-
ric tests.

Data Set Construction

The following section describes the sources of
the water-quality and flow data, selection of con-
stituents, record length, and estimation of missing
constituents used in calculations of annual loads
and trends.

Water-quality concentration and streamflow
data were retrieved and compiled from the follow-
ing agencies: the USGS, the U.S. Environmental
Protection Agency (USEPA), the Pennsylvania
Department of Environmental Protection (PaDEP),
the MdDNR, the VaDEQ, the SRBC, the Interstate
Commission on the Potomac River Basin (ICPRB),
and the WashCOG. This effort was undertaken to
update the nontidal water-quality database to
include 1997 and 1998 data at the 30 sites. This
database originally consisted of data from 1972
through 1992 (Langland and others, 1995) and was
updated through 1996 (Langland and others, 1998).
The 30 sites analyzed as part of the 1998 Chesa-
peake Bay Program water-quality update are listed
in table 1.

Data for a total of 38 physical, biological, and
chemical water-quality constituents (table 2) were
retrieved, if available, and updated for the 30 sites
in table 1. These constituents include 14 nutrient
species, suspended sediment, and total suspended
solids. Continuous daily streamflow data were
retrieved from the USGS National Water Informa-
tion System (NWIS) database. The updated water-
quality database and the USGS streamflow data-

base provided the input data files to estimate
annual loads and trends. Constituent concentra-
tion data were quality assured by use of a statisti-
cal program that identified suspect remark codes
(such as less than detection or greater-than values),
missing dates and /or missing times associated
with the sample before they were added to the
database. Additionally, the raw and residual data
were visually examined before their use in the var-
ious trend and load analysis programs.

The following nitrogen, phosphorus, and sedi-
ment/solids species were tested for trend and have
estimated annual loads where applicable. Because
of analytical differences between SED and TSS
determinations, SED concentrations tend to be
higher and more variable than TSS concentrations
(Kammerer and others, 1998). Therefore, caution
should be used when comparing the two.

Nitrogen species:
Total nitrogen TN
Dissolved Kjeldahl nitrogen DKN
Total Kjeldahl nitrogen TKN
Total ammonia TNH4
Dissolved ammonia DNH3

Total or dissolved nitrate, or total or ~ NOx
dissolved nitrite plus nitrate

Phosph cies:
Total phosphorus TP
Dissolved phosphorus DP
Dissolved inorganic phosphorus DIP
Suspended sediment SED
Total suspended solids TSS

In some data sets, water-quality records were
missing for some constituents. Where possible, the
concentration of missing constituents was calcu-
lated from the reported species of the constituent.
For example, if the concentration of total nitrogen
was missing, an estimated value was obtained by
adding total Kjeldahl (total organic nitrogen plus
total ammonia) and total nitrite plus nitrate. If total
nitrite plus nitrate was missing, the sum of the
total nitrite and total nitrate was used if available.
If more than one of the nitrogen species used in
calculating total nitrogen was below the detection
limit, the estimated value was not determined or
reported as less than the combined minimum
reporting limit. In some data sets, total nitrogen
and total phosphorus are calculated as the sum of
the particulate and dissolved constituents. The
concentration of missing constituents was esti-
mated ONLY for input data files used to calculate
loads and trends. Missing values in the statistical
database were not populated.



Table 1. Streamflow and water-quality station numbers for the 9 River Input Program and 21 Multi-Agency Nontidal
Program sites

Streamflow  Water-quality

Map Drainage area

station station Latitude Longitude ID  (square miles) Station name
River Input Program Sites
01491000 01491000 385950 754710 9 118 Choptank River near Greensboro, Md.
01578310 01578310 383928 761029 8 27,100 Susquehanna River at Conowingo, Md.
01594440 01594440 385721 764136 11 348 Patuxent River near Bowie, Md.
01646580 PRO1 385546 770701 22 11,600 Potomac River at Chain Bridge, Md.
01668000 01668000 381920 773105 24 1,596 Rappahannock River near Fredericksburg, Va.
01673000 01673000 374603 771957 25 1,081 Pamunkey River near Hanover, Va.
01674500 01674500 375316 770948 27 601 Mattaponi River near Beulahville, Va.
02035000 02035000 374015 780510 29 6,257 James River at Cartersville, Va.
02041650 02041650 371330 772832 30 1,344 Appomattox River at Matoaca, Va.
Multi-Agency Nonfidal Program Sites

01531500 01531500 414555 762628 1 7,797 Susquehanna River at Towanda, Pa.
01540500 01540500 405729 763710 2 11,220 Susquehanna River at Danville, Pa.
01553500 01553500 405803 765236 3 6,859 West Branch Susquehanna River at Lewisburg, Pa.
01567000 01567000 402842 770746 4 3,354 Juniata River at Newport, Pa.
01570000 01570000 401508 770117 5 470 Conodoguinet Creek near Hogestown, Pa.
01576000 01576000 400316 763152 6 25,990 Susquehanna River at Marietta, Pa.
01576754 01576754 395647 762205 7 470 Conestoga River at Conestoga, Pa.
01586000 NPA0O165 393000 765300 12 56.6  North Branch Patapsco River at Cederhurst, Md.
01592500 PXT0809 390700 765231 10 132 Patuxent River at Laurel, Md.
01599000 GEO0009 392936 790242 13 47 Georges Creek near Franklin, Md.
01601500 WIL0O013 393941 784650 14 247 Wills Creek near Cumberland, Md.
01610000 POT2766 393218 782717 15 3,109 Potomac River at Paw Paw, W. Va.
01613000 POT2386 394149 781036 16 4,073 Potomac River at Hancock, Md.
01614500 CONO0180 394256 774931 17 501 Conococheague Creek at Fairview, Md.
01643000 MONO155 392313 772158 18 817 Monocacy River at Reels Mill Road, Md.
01638500 POT1595 391624 773238 19 9,651 Potomac River at Point of Rocks, Md.
01631000 1BSSF003.56 385449 781240 20 1,642 South Fork Shenandoah River at Front Royal, Va.
01634000 1BNFS010.34 385836 782011 21 768 North Fork Shenandoah River near Strasburg, Va.
01666500 3-ROB001.90 381930 780545 23 179 Robinson River near Locust Dale, Va.
01671020 8-NAR005.42 375100 772541 26 463 North Anna River at Hart Corner near Doswell, Va.
02013100 2-JKS023.61 374719 800003 28 614 Jackson River below Dunlap Creek at Covington, Va.




Table 2. List of constituents in U.S. Geological Survey Chesapeake Bay nontidal water-quality database

[ft3/s, cubic feet per second; mg/L, milligrams per liter; ug/L, micrograms per liter; N, nitrogen; P, phosphorus;

C, carbon; CaCOQg, calcium carbonate; g/mz, grams per square meter]

Constituent Data description Gonsiifent Data description
code code
STAID Station number 00618 Dissolved nitrate as N, in mg/L
SNAME Station name 00620 Total nitrate as N, in mg/L
AGENCY  Collection agency code 00623 Dissolved ammonia plus organic nitrogen as N, in mg/L
DATE Date of sample collection 00625 Total ammonia plus organic nitrogen as N, in mg/L
TIME Time of sample collection 00630 Total nitrate plus nitrite as N, in mg/L
LAT Latitude 00631 Dissolved nitrate plus nitrite as N, in mg/L
LONG Longitude 00665 Total phosphorus as P, in mg/L
HUC Hydrologic unit code 00671 Dissolved inorganic phosphorus as P, in mg/L
00010 Water temperature, in degrees Celsius 00680 Total organic carbon as C, in mg/L
00060 Daily mean discharge, in ft3/s 00681 Dissolved organic carbon as C, in mg/L
00061 instantaneous discharge, in ft%/s 00900 Hardness as CaCQs, in mg/L
00065 Stream stage, in feet 00915 Dissolved calcium as Ca, in mg/L
00076 Turbidity, in NTU 00925 Dissolved magnesium as Mg, in mg/L
00095 Specific conductance, in microsiemens per centimeter 00930 Dissolved sodium as Na, in mg/L
00300 Dissolved oxygen, in mg/L 00935 Dissolved potassium as K, in mg/L
00400 pH, in pH units 00940 Dissolved chlorine as Cl, in mg/L
00410 Total alkalinity as CaCOg, in mg/L 00945 Dissolved sulfate as SO, in mg/L
00530 Total suspended solids at 105 degrees Celsius, inmg/L 00955 Dissolved silica as SiO,, in mg/L
00600 Total nitrogen as N, in mg/L 32211 Chlorophyil a, in pg/L
00608 Dissolved ammonia as N, in mg/L 32231 Chlorophyll b, in pg/L
00610 Total ammonia as N, in mg/L 32232 Chlorophyll ¢, in pg/L
00613 Dissolved nitrite as N, in mg/L 49954 Periphyton algai dry mass, in g/m?
00615 Total nitrite as N, in mg/L 80154 Total suspended sediment, in mg/L




For trend results to be most useful for the
1998 water-quality update, the time series would
ideally begin in January 1985 and end in December
1998. Shorter time-series data are acceptable, how-
ever, if they meet certain criteria. For both the
ESTIMATOR model and any trend test, the data set
must contain a minimum of 10 years and 100
“monthly” samples, or a mixture of monthly and
quarterly data with at least 10 years and 75 sam-
ples with no date gaps greater than 3 months.
Loads and trends were estimated on data sets for
any time periods of 10 years or greater starting
between January 1985 and January 1989 and con-
tinuing through December 1998.

Data Analysis

A brief description of the model used to esti-
mate loads (ESTIMATOR), the statistical tests used
to compute trends (linear regression, Seasonal
Kendall, and Kendall-Theil), and procedures used
with censored data are presented below.

ESTIMATOR Model

The loads of nutrients, suspended sediment,
and total solids were estimated by use of the USGS
7-para-meter, log-linear regression model (ESTI-
MATOR) developed by Cohn and others (1989).
The model uses the Minimum Variance Unbiased
Estimator (MVUE) developed by Bradu and
Mundlak (1970) to correct for retransformation
bias associated with log-linear regression. The
adjusted maximum likelihood estimator (AMLE)
(Cohn, 1988) is used to assign concentrations to
censored data, which are data below a detectable
limit. The model is of the form:

In[C] = B, +ByIN[Q/Q]+B,{IN[Q/Q1}2
+Bg[T=T1+B,[T-T1?
+Bssin[2nT]+B6cos[2nT]+s,

where /n is the natural logarithm function;
Cis measured concentration, in milligrams
per liter;
Qis measured streamflow, in cubic feet per
second;
B _Tis time, measured in decimal years;
Q and T are centering variables for streamflow
and time;
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B, are parameters estimated by ordinary least
squares (non-censored data) and minimum
variance (censored data); and

Bo is a constant;

By and B, describe the relation between
concentration and flow;

Bg and B4 describe the trend in concentration data;

Bs and Bg describe seasonal variation in
concentration data; and

€ is combined independent random error,
assumed to be normally distributed with
zero mean and variance Gg .

Linear Regression

Linear regression is a parametric test that
approximates the relation between two continuous
variables. A linear trend is estimated by regressing
a response variable (for example, flow or load) as a
function of an explanatory variable (such as time).
Itis important that residual plots meet the assump-
tions of normality, constant variance, linearity, and
independence. In most cases, data must be log-
transformed in order to improve linearity. If this
transformation is used, the residual plots again
must be checked for normality, constant variance,
linearity, and independence. When the assump-
tions are met, a null hypothesis of zero slope over
time is tested. If the slope is significantly greater
than zero, the null hypothesis is rejected, and the
conclusion is that a linear trend over time has
occurred. Because the regression model does not
account for the error and dependence in the esti-
mates, a conservative p-value of 0.01 or less was
considered significant. The magnitude (percentage
change over time) was estimated from the equa-
tion |:c“"”~'i] *100 where b is the slope and t is the
time, in years. The upper and lower bounds, repre-
senting the 95-percent confidence interval around
the magnitude, also were calculated. Helsel and
Hirsch (1992) provide additional discussion for
applying regression techniques to surface-water
data.

Seasonal Kendall Test

The Seasonal Kendall (SK) test (Hirsch and
others, 1982) is a nonparametric test for a mono-
tonic linear trend that is resistant to outliers and is
not dependent on the normality of the data set. By
comparing only the data from similar seasons
(monthly data used in the study), the test also
reduces seasonal effects on concentrations when
testing for trend. If the later value in time is larger,
then a plus is recorded; if the later value in time is

il o Tl Collcthe by [ ) ity



smaller, then a minus is recorded. The test statistic
is computed as the difference between the total
number of pluses (increases in time) and the num-
ber of minuses (decreases in time). If the test statis-
tic is 0, then there is no change (no trend) in time.
As the test statistic increases or decreases from 0,
the probability of a seasonal trend also increases. A
p-value of 0.05 or less was considered significant.

Kendall-Theil Trend Analysis

The Kendall-Theil (KT) analysis is also a non-
parametric test for a monotonic linear trend by use
of pairwise comparison and a Kendall’s tau test for
significance, similar to the SK test. The KT analysis
differs from the SK test, however, in how it adjusts
for seasonality. The SK test accounts for seasonality
by calculating pairwise slopes on data within the
same season; the overall trend slope is computed
from the median of these seasonal slopes. The KT
analysis accounts for seasonality by first obtaining
residuals from an MVUE regression that includes
seasonality terms. The trend slope is then deter-
mined by calculating pairwise slopes on the resid-
ual data for the entire period of study and
computing the overall median of these slopes
(Helsel and Hirsch, 1992). This approach allows
increased power in the slope estimate for the KT
test over the SK test. Flow-adjusted and season-
adjusted residuals from the ESTIMATOR model
(with date terms B; and B, removed) were used as
input to the KT analysis to estimate an adjusted
trend in concentration. For censored data, a range
in slope and magnitude was defined by twice com-
puting the median slope—first, with censored data
equal to zero, and second, with censored data
equal to the maximum detection limit (Helsel and
Hirsch, 1992). The magnitude was computed from
the formula [bn/C-(bn/2)], where b is the slope, n
is the number of data points, and C is the intercept
(predicted concentration at center of flow) (Cohn
and others, 1989). The upper and lower error
bounds were calculated from the ranked slopes
that correspond to the 95-percent confidence level.
A p-value of 0.05 or less was considered signifi-
cant.

Detection and Trend Reporting
of Censored Data

The presence of a large number of censored
values (values reported below the detection limit)
in a data set can adversely affect the estimation of
load and trend slope by not allowing for correc-
tions because of variations in streamflow. In the
ESTIMATOR model, values were assigned to the
censored data by use of the AMLE (Cohn and oth-
ers, 1989).

The following decisions were presented to the
Data Analysis Work Group (DAWG), a workgroup
of the Monitoring Subcommittee of the Chesa-
peake Bay Program, and approved for use with the
tests for trend. These decisions are based on cur-
rent USGS computer program analysis (Shertz and
others, 1991) and work by Helsel and Hirsch
(1992).

e <5 percent censored data — censored values
will be assigned one half of the detection limit.
For all trend tests, the p-value, the slope
estimate, and the magnitude (percentage
change over time) will be reported.

* Between 5 and 20 percent censored data — three
separate trend analysis tests of the data will be
performed. First, on the raw data file with
censored data set to half the detection limit
(both KT and SK); second, all censored data set
to 0 (KT only); and third, all censored data set
to the detection limit (KT only). In these
instances, the highest p-value, the range in
slope estimate, and a range in the magnitude
of the trend will be reported.

e >20 percent censored data — trend results will
not be reported.



TRENDS IN FLOW AND WATER-QUALITY
CONDITIONS

Trends in water quality were estimated by use
of parametric and nonparametric statistical tests
described earlier in this report. The parametric test
involved a regression of nontransformed and
transformed data with time. Nonparametric tests
used nontransformed data and included the SK
and KT. The SK test was used to estimate trends in
streamflow and loads and was used to compare
with linear regression trends. Analysis for trend
was performed on the following;:

¢ monthly-mean flow

* monthly load

¢ flow-weighted concentrations (FWC), and
* flow-adjusted concentrations (FAC)

Each of the above trends provide a unique per-
spective on the changes in water quality within the
Chesapeake Bay Watershed. These trends can be
used to help document water-quality changes as a
result of both natural and human-induced influ-
ences and can be used as indicators of improve-
ment or lack of improvement of that quality within
the Bay Watershed.

Monthly-Mean Streamflow

Trends in monthly-mean flows indicate the
changes in hydrology (streamflow) over time. Fluc-
tuations in streamflow affect the observed concen-
trations of nutrients and the average loads and
concentrations of these constituents delivered to
the tidal estuaries. Changes in streamflow also
affect water quality and living-resource responses
in the estuary. The trend in flow was calculated by
use of a regression (log flow) with time. Trends
were reported only for those sites where the resid-
uals of the model met the assumptions of normal-
ity, constant variance, linearity, and independence.

Significant upward trends in streamflow (fig. 2
and Appendix 1) occurred at 12 sites. The sites are
concentrated in the middle and lower areas of the
Potomac River Basin, where significant flooding
occurred in 3 of the last 4 years. None of the 30
sites in the basin showed a downward trend in
streamflow. For comparison, the SK test (monthly)
also was performed at all sites, and where trends
were significant by use of the SK, trends also were
significant by use of the regression model. How-
ever, because parametric tests tend to have more
power to detect trends than do nonparametric

tests, some sites had not-significant trends by use
of SK where the parametric test indicated a signifi-
cant trend. In no cases did the results indicate
trends in opposing directions.

Monthly Load

The constituent load is highly related to and
dependent on flow. The load represents the
amount of a given constituent transported and
delivered downstream, eventually reaching the
tidal estuaries. A trend in load will aid in explain-
ing water-quality and living-resource changes in
the tidal estuaries and assessing the effectiveness
of Nutrient Reduction Strategies. Linear regression
of log-transformed monthly loads from ESTIMA-
TOR as a function of time was used to test for
trend. In most cases, the regression produced nor-
mally distributed residuals.

For nearly all constituents, load increased with
flow. Where flow increased significantly, signifi-
cant upward trends in TN load occurred at 6 of the
12 sites (fig. 3) and NOx load trends were upward
at 7 of the 12 sites (Appendix 1). The only down-
ward trends in TN and NOx loads occurred at the
Patuxent River Input site (site 11 on fig. 1). Signifi-
cant upward trends in TP load occurred at 4 of the
12 sites having upward trends in flow and, similar
to the nitrogen, a downward trend in TP load
occurred at the Patuxent River Input site (fig. 3).
Results for DP loads, however, indicate downward
trends at seven of the eight Susquehanna River
sites (Appendix 1). In general, loads for TN and TP
entering the Bay from the River Input Monitoring
sites have increased from 1985 to 1998.

In an average flow year, the three largest rivers
draining to the Bay (the Susquehanna, the Poto-
mac, and the James) deliver about 87 percent of the
streamflow and about 96 percent of the nitrogen,
91 percent of the phosphorus, and 93 percent of the
suspended sediment or total solids loads into the
Chesapeake Bay (Langland and others, 1995). Dur-
ing the period of study, flow for 3 of the last 4 years
has exceeded the long-term average flow at the
three largest rivers (fig. 4).

Flow-Weighted Concentrations

A trend in monthly flow-weighted concentra-
tions represents a trend that is NOT adjusted for
the effects of streamflow. This approach can be use-
ful in comparing trends from nontidal sites to sites
in the tidal tributaries and mainstem of the Bay.
Monthly flow-weighted concentrations are calcu-
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Figure 2. Trends in streamflow, 1985-98,
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lated by dividing the total monthly load (from
ESTIMATOR) by the monthly streamflow. Because
ESTIMATOR uses the daily streamflow record, a
daily concentration can be estimated and summed
between sampling dates, and used to represent a
“flow-weighted” monthly concentration, which
may be more representative of the true monthly
mean concentration. For example, in figure 5, the
observed concentration of total nitrogen is

1.0 mg/L, not weighted for flow. This is based on
the one sample collected per month. When
weighted for streamflow, however, the concentra-
tion (from ESTIMATOR) increases to 2.2 mg/L. It
is important to account for the flow variability
because the volume of flow occurring in short
periods between sample intervals is likely to have
a more pronounced and long-lived effect on aver-
age concentrations in the tidal estuaries and other
mixed receiving areas. Therefore, a flow-weighted
concentration should provide a more accurate esti-
mate of the monthly mean concentration and may
correlate better with trends in estuarine concentra-
tions. Monthly flow-weighted concentrations were

tested for trend by use of linear regressions. In
most cases, the regression produced normally dis-
tributed residuals. In some cases, the trend was
significant, with non-normal residuals. This pre-
cludes the use of linear regression. In these cases,
the KT test was used (“Test” column in Appendix
2).

Trends for flow-weighted TN concentrations
were downward at 13 sites distributed in nearly all
10 major drainage basins (fig. 6 and Appendix 2).
Trends for flow-weighted NOx concentrations
were downward at five sites and were upward at
six sites (Appendix 2). At only one of the six NOx
sites with upward trends was the TN trend also
upward. Trends in flow-weighted TP concentra-
tions were downward at 16 sites (fig. 6). Data for
one site, on the North Fork Shenandoah River,
indicated an upward trend in TP. For TSS or SED,
trends were upward at only two sites, one in the
Patuxent River Basin, the other in the Potomac
River Basin (Appendix 2).
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Figure 5. Comparison between observed monthly concentration and a flow-weighted

monthly concentration of total nitrogen.
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Flow-Adjusted Concentrations

Concentrations of water-quality constituents
are commonly correlated with streamflow. The
cause of this relation varies between the
constituent and the individual basin. For example,
in point-source dominated basins, the input of
many constituents is relatively constant. Increases
in basin streamflow will most likely result in
decreasing concentrations of these constituents as
a result of dilution. In contrast, in nonpoint-source
dominated basins, constituent concentrations
entering the stream from overland flow will most
likely increase as streamflow increases (Shertz and
others, 1991). This flow-related variability must be
removed to obtain flow independent water-quality
concentrations that allow for examination of
changes in water quality resulting from human
activities. Flow-adjusted trends are the best
indicator of human-induced changes affecting
water quality within a watershed. To determine
the trend in flow-adjusted concentration, observed
concentration data were adjusted for season and
streamflow by use of a 5-parameter ESTIMATOR
model. This model is identical to the 7-parameter
load model except the date and date-squared terms
are removed. Values for multiple samples collected
on the same day were averaged, and the resulting
residual data set was input into the KT test.

Results from the KT test indicate trends in TN
and NOx concentration adjusted for flow were
downward at 19 and 12 of the 30 sites, respectively,
occurring in nearly all major Chesapeake Bay
drainage basins (fig. 7 and Appendix 3). While
only two sites had upward trends in TN, seven
sites had upward trends in NOx. Trends in flow-
adjusted TP concentrations were downward at 21
of the sites, with only 1 site showing an increase.
The only significant upward trend for TSS or SED
was in the Patuxent River Basin; trends were
downward at five sites in Maryland and Virginia.
As a result of flow and adjustment, an additional
five TN and six TP sites indicated significant
trends in concentration.

In investigations from previous years (Lang-
land and others, 1998), trends in flow-adjusted
concentration were estimated by use of the date
coefficient from the 7-parameter ESTIMATOR
model. This method has been questioned because
of perceived log-transformation bias. As a result of
testing and comparing to other methods, the ESTI-
MATOR does appear to be valid for quantifying
trends (although trend results from ESTIMATOR

were not used in this report). The percentage dif-
ferences between statistically significant trend
magnitudes by use of the ESTIMATOR and KT are
shown in figure 8. The median difference (absolute
values) is about 7 percent for TN, 21 percent for
NO¥x, 20 percent for TP, 12 percent for DP, and

25 percent for SED/TSS. A total of 126 trend results
were compared; 114 agreed in both significance
and direction. There were no cases of opposing sig-
nificant trends.

STATUS OF FLOW
AND WATER-QUALITY CONDITIONS

Status is a measure of current water-quality
conditions. In order to help facilitate comparison of
current water-quality conditions among basins in
the Chesapeake Bay Watershed, a mean annual
yield (based on annual loads from ESTIMATOR
divided by the drainage area) and a median flow-
weighted concentration were calculated at each of
the 30 stations presented in this report.

Mean Yield

The “status” of current yields was assessed by
station and constituent at the 30 sites in this study.
As requested by DAWG, this “status” assessment
was based on a 3-year mean of annual yield for the
years 1996, 1997, and 1998 (if not available, then
the last 3 years of record) and was determined as
follows:

1. Compile the 3-year yield data by station and
constituent,

2. Determine the 5™ and 95!"-percentile for each
constituent by use of available data from the
30 sites,

3. Subtract the 95®-percentile value from each
status yield for each constituent,

4. Subtract the 5 and 95th—percentile values for
each constituent, and

5. Divide the result from (3) by the result from (4)
and multiply by 100.

The above procedure transforms the status
yields of each constituent at the 30 sites into per-
centages between 0 and 100. The percentages were
subtracted from 100 to allow a simple comparison
between basins, because the lower the percentage,
the lower the yield. Status yields and percentage
for the 30 sites are presented in Appendix 1. As
previously reported (Langland, 1995), the areas



EXPLANATION

RIVER BASINS

SUSQUEHANNA

CHOPTANK

WESTERN SHORE

PATUXENT

POTOMAC

RAPPAHANNOCK

MATTAPONI NEW YORK

—_—

PAMUNKEY PENNSYLVANIA
JAMES :

APPOMATTOX

——— STREAMS Lo : D =

DIRECTION OF TREND Ly _ [T h 5
FLOW-ADJUSTED TOTAL NITROGEN B o ] - : '

CONCENTRATION

A upPwarD

Y DOWNWARD

FLOW-ADJUSTED TOTAL PHOSPHORUS
CONCENTRATION

A UPWARD
Y DOWNWARD
@ NOT SIGNIFICANT

CONGCOCORAEEA

20 40 60 80 100MILES

"

b Ll Ll T

L}
0 20 40 60 80 100 KILOMETERS

?
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with the highest nitrogen yields also contain
higher percentages of land in agriculture with
some association to carbonate rock type; lower
yields coincide with higher percentages of forest
land.

Median Concentration

The “status” of current water-quality concen-
trations was determined by station and constituent
at the 30 sites. This status was based on the median
concentration for the period 1996-98 or the last
3 years of record. The same procedure discussed
above for status yields was used to compare
median concentration. The status of the concentra-
tions and percentages for the 30 sites are presented
in Appendixes 2 and 3. Similar to the yields, the
areas having the highest nitrogen concentrations
also have higher percentages of land in agriculture;
lower concentrations coincide with higher percent-
ages of forest land.

SUMMARY

Nutrient and sediment data from 30 stream
sites in nontidal portions of the Chesapeake Bay
Watershed were analyzed to document annual
loads and trends for the period 1985 through 1998,
as part of an annual water-quality assessment for
the Chesapeake Bay Program. Annual loads were
estimated by use of the USGS ESTIMATOR model.
Trends were estimated by use of log-transformed

16

regressions, the Seasonal Kendall, or Kendall-Theil
tests. Trends were reported for monthly-mean
flow, monthly load, flow-weighted concentration,
and flow-adjusted concentration. Mean yields and
median flow-weighted concentrations based on the
last 3 years of record were calculated to determine
the status of recent water-quality conditions and
help facilitate comparisons between basins. A sig-
nificant upward trend in flow occurred at 12 of the
30 sites. Increases in some nutrient and sediment
loads and trends occurred at these same 12 sites.
Throughout the Bay watershed, trends in flow-
adjusted and flow-weighted concentrations were
generally downward or not significant for total
nitrogen, not significant for nitrite plus nitrate
nitrogen, and downward or not significant for
phosphorus species. Flow-adjusted trends in con-
centration were downward at nearly all sites for
sediment and dissolved solids in the Susquehanna
and Potomac River Basins and were generally not
significant in the Virginia river basins.



REFERENCES CITED

Bradu, D., and Mundlak, Y., 1970, Estimation in
log-normal linear models: Journal of the
American Statistical Association, v. 65, no. 329,
p- 198-211.

Cohn, T.A., 1988, Adjusted maximum likelihood
estimation of the moments of lognormal
populations from type 1 censored samples:
U S. Geological Survey Open-File Report 88-
350, 34 p.

Cohn, T.A., DeLong, L.L., Gilroy, E.J., Hirsch, RM.,
and Wells, RM., 1989, Estimating constituent
loads: Water Resources Research, v. 25, no. 5,
p. 937-942.

Helsel, D.R., and Hirsch, R.M., 1992, Statistical
methods in water resources: Amsterdam,
Netherlands, Elsevier Science Publishers,
Studies in Environmental Science, v. 49, 1992,
522 p.

Hirsch, R.M,, Slack, J.R., and Smith, R.A., 1982,
Techniques of trend analysis for monthly
water-quality data: Water Resources Research,
v. 18, no. 1, p. 107-121.

Kammerer, P.A., Garn, H.S., Rasmussen, PW., and
Ball, J.R., 1998, A comparison of water-quality
sample collection methods used by the U.S.

17

Geological Survey and the Wisconsin
Department of Natural Resources in
Proceedings of the National Water-Quality
Monitoring Council, National Conference on
Monitoring, July 7-9, 1998, Reno, Nev.:
Washington, D.C., U.S. Environmental
Protection Agency, p. 111-259-269.

Langland, M.J., Lietman, P.L., and Hoffman, S.A.,
1995, A synthesis of nutrient and sediment
data from watersheds within the Chesapeake
Bay drainage basin: U.S. Geological Survey
Water-Resources Investigations Report 95-
4233,127 p.

Langland, M.J., Edwards, R.E., and Darrell, L.C.,
1998, Status yields and trends of nutrient and
sediment and methods of analysis for the
nontidal data-collection programs,
Chesapeake Bay Watershed 1985-96: U.S.
Geological Survey Water-Resources
Investigations Report 98-17, 60 p.

Schertz, T.L., Alexander, R.B., and Ohe, D.]., 1991,
The Computer Program Estimate Trend
(ESTREND), A system for the detection of
trends in water-quality data: U.S. Geological
Survey Water-Resources Investigations Report
91-4040, 63 p.



APPENDIX 1—TRENDS IN STREAMFLOW AND LOAD DATA
FOR 9 RIVER INPUT MONITORING PROGRAM SITES AND
21 MuLTI-AGENCY NONTIDAL PROGRAM SITES IN THE

CHESAPEAKE BAY WATERSHED

Parameters: Q, streamflow: TN, total nitrogen; DNH, dissolved ammonia; TNH, total ammonia; NOx, total or
dissolved nitrate, or, nitrite plus nitrate; DKN, dissolved ammonia plus organic nitrogen; TKN, total ammonia plus
organic nitrogen; TP, total phosphorus; DP, dissolved phosphorus; DIP, dissolved inorganic phosphorus; TSS, total
suspended solids; SED, suspended sediment.

Station: flow, USGS streamflow site number; WQ, water-quality site number.

Statistics: POR, time period used in test; test, regression (Reg), Kendall Theil (KT); log transformed; yes (Y) or no
(N); p-value, measure of significance of regressor at 0.01; slope, regression slope; base median, median of first
2 years of record; status median, median of last 3 years of record; magnitude, minimum (min) and maximum
(max) percentage change in trend for indicated period of record; tend direction, UP, down (DN), or not significant
(NS); relative rank, each individual status yield (pound per acre) compared to all others of the same parameter;
shaded areas are significant at 99-percent confidence level; —, not applicable or insufficient data.
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APPENDIX 2—TRENDS IN FLOW-WEIGHTED CONCENTRATION
DATA FOR 9 RIVER INPUT MONITORING PROGRAM SITES AND
21 MuLTI-AGENCY NONTIDAL PROGRAM SITES IN THE
CHESAPEAKE BAY WATERSHED

Parameters: TN, total nitrogen; DNH, dissolved ammonia; TNH, total ammonia; NOx, total or dissolved nitrate, or,
nitrite plus nitrate; DKN, dissolved ammonia plus organic nitrogen; TKN, total ammonia plus organic nitrogen; TR,
total phosphorus; DP, dissolved phosphorus; DIP, dissolved inorganic phosphorus; TSS, total suspended solids;
SED, suspended sediment.

Station: flow, USGS discharge site number; WQ, water-quality site number.

Statistics: POR, time period used in test; test, regression (Reg), Kendall Theil (KT); log transformed; yes (Y) or no
(N); p-value, measure of significance of regressor at 0.01; slope, regression slope; base median, median of first
2 years of record; status median, median of last 3 years of record; magnitude, minimum (min) and maximum
(max) percentage change in trend for indicated period of record; tend direction, UP, down (DN), or not significant
(NS); relative rank, each individual status concentration (milligrams per liter) compared to all others of the same
parameter; shaded areas are significant at 99-percent confidence level; —, not applicable or insufficient data.
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APPENDIX 3—TRENDS IN FLOW-ADJUSTED CONCENTRATION
DATA FOR 9 RIVER INPUT MONITORING PROGRAM SITES AND
21 MuLTI-AGENCY NONTIDAL PROGRAM SITES
IN THE CHESAPEAKE BAY WATERSHED

Parameters: TN, total nitrogen; DNH, dissolved ammonia; TNH, total ammonia; NOx, total or dissolved nitrate, or,
nitrite plus nitrate; DKN, dissolved ammonia plus organic nitrogen; TKN, total ammonia plus organic nitrogen;
TP, total phosphorus; DP, dissolved phosphorus; DIP, dissolved inorganic phosphorus; TSS, total suspended
solids; SED, suspended sediment.

Station: flow, USGS discharge site number; WQ, water-quality site number.

Statistics: POR, time period used in test; percentage less than detect, percentage of samples reported at less than
the detection limit; test, regression (Reg), Kendall Theil (KT); log transformed; yes (Y) or no (N); p-value, measure
of significance of regressor at 0.05; slope, regression slope; base median, median of first 2 years of record; status
median, median of last 3 years of record; magnitude, minimum (min) and maximum (max) percentage change in
trend for indicated period of record; tend direction, UP, down (DN), or not significant (NS); relative rank, each
individual status concentration (milligrams per liter) compared to all others of the same parameter; shaded areas
are significant at 95-percent confidence level; —, not applicable or insufficient data.
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