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Flow-Adjusted Trends 
 
 Flow-Adjusted Concentration (FAC) trend 
analyses of water quality and flow data collected 
at Danville, Lewisburg, Newport, and Conestoga 
were completed for the period January 1985 
through December 2010.  Both Marietta and 
Towanda began later and their respective trend 
periods are 1987-2010 and 1989-2010.  Trends 
were estimated based on the USGS water year, 
October 1 to September 30, using the USGS 7-
parameter, log-linear regression model 
(ESTIMATOR) developed by Cohn and others 
(1989) and described in Langland and others 
(1999).  ESTIMATOR relates the constituent 
concentration to water discharge, seasonal 
effects, and long-term trends, and computes the 
best-fit regression equation.  These tests were 
used to estimate the direction and magnitude of 
trends for discharge, SS, TOC, and several 
forms of nitrogen and phosphorus.  Slope, p-
value, and sigma (error) values are taken directly 
from ESTIMATOR output.  These values are 
then used to calculate flow-adjusted trends using 
the following equations: 
 
Trend =  
100*(exp(Slope *(end yr – begin yr)) – 1) 
 
Trend minimum =  
100*(exp((Slope – (1.96*sigma)) *(end yr – begin yr)) – 1) 
 
Trend maximum =  
100*(exp((Slope + (1.96*sigma)) *(end yr – begin yr)) – 1) 
 
 The computer program S-Plus with the 
USGS ESTREND library addition was used to 
conduct Seasonal Kendall trend analysis on 
flows (Schertz and others, 1991).  Trend results 
were reported for monthly mean discharge 
(FLOW) and individual parameter FACs.  
Trends in FLOW indicate any natural changes in 
hydrology.  Changes in flow and the cumulative 
sources of flow (base flow and overland runoff) 
affect the observed concentrations and the 
estimated loads of nutrients and SS.  The FAC is 
the concentration after the effects of flow are 
removed from the concentration time series.  
Trends in FAC indicate that changes have 
occurred in the processes that deliver 
constituents to the stream system.  After the 

effects of flow are removed, this is the 
concentration that relates to the effects of 
nutrient-reduction activities and other actions 
taking place in the watershed.  A description of 
the methodology is included in Langland and 
others (1999).   
 

INDIVIDUAL SITES 
 
Towanda 
 
 2010 annual discharge at Towanda was 94 
percent of the LTM with above LTM values 
during the winter and fall months.  Seasonal 
values ranged from 55 percent of LTM during 
summer to 145 percent of LTM during fall.  All 
annual nutrient and sediment loads were below 
LTM except DOP.  Annual load for DOP was 
117 percent of the LTM and annual calculated 
concentration was 124 percent of the LTM.  TN, 
TP, and SS load ratios were lower than the 
discharge ratios during all flows including the 
four high flow event months.   
 
 2010 yields for TN, TP, and SS were below 
all baseline comparisons.  The actual 2010 TN 
yield was 3.61, while the prediction of the first 
half baseline was 6.17 and the second half 
baseline was 4.16.  In addition to the 2010 value 
being lower than both predictions, this lower 
prediction of the second half baseline versus the 
first half baseline suggests a reduction between 
the two distinct time frames.   
 
 Initial five-year seasonal baseline 
comparisons support the idea that 2010 TN, TP, 
and SS yields have been reduced.  The only 
exception existed during winter for TP and SS 
but could be due to the poor predictive ability of 
the regression shown by the low R2 values.  
2010 trend values continue to be downward for 
TOC, SS, and all nitrogen parameters except 
DNH3.  Phosphorus values were split between 
upward trends found for DOP and no trends 
found for TP and DP.   
 
 Figure 4 shows a plot of annual discharge 
ratios and annual mean concentrations of TN, 
TP, and SS for the entire dataset at Towanda 
1989-2010.  The TN plot shows a continual 
decrease throughout the dataset while the TP and 
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SS ratios fluctuate more with the discharge ratio.  
Two exceptions were found during 2003 and 
2005.  The annual discharge ratio for 2003 was 
the second highest of the dataset while the TP 
and SS concentration ratios remained relatively 
low.  Additionally, during 2005 when the 
discharge ratio dipped down, the TP and SS 
ratios continued to be higher.  Figure 5 shows 
the annual discharge ratio, the SS ratio, and the 
LTM ratio for the year’s highest daily flow as 
compared to the annual peak value for other 
years.  The highest daily flow ratio shows which 
years were influenced by individual high flow 
events versus years that had continual above 
average flows.  All peaks in SS ratio correlate 
precisely with high daily flow ratio events.  2003 

flows consisted of sustained above LTM flows 
but did not contain a substantial high flow event 
as did years 1993, 1996, and 2005.  Thus, 
although the 2003 annual flow had the second 
highest discharge ratio due to sustained high 
flows, it did not have a single high event 
resulting in dramatic increases in SS 
concentrations.  In contrast, 2005 had a lower 
annual discharge ratio that contained a single 
high flow event.  This high flow event results in 
a peak in sediment concentrations for the year.  
The individual high energy event seemed to 
have more impact on the annual sediment load 
than did the sustained flow levels that were 
above the LTM.   
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Figure 4. Annual Discharge and Calculated Annual TN, TP, and SS Concentrations Expressed as
 LTM Ratio 
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Figure 5. Annual Discharge and Annual Daily Mean High Discharge and Calculated Annual SS 
 Concentration Expressed as LTM Ratio 
 
Danville 
 
 2010 precipitation and flow distribution at 
Danville was comparable to Towanda.  Highest 
precipitation amounts occurred during the fall 
months resulting in flow values of 142 percent 
of the LTM for the time period.  2010 annual 
flow was 94 percent of the LTM due to low 
flows during the spring and summer.  Similarly 
to Towanda, Danville had below LTM flows 
leading to below LTM loads of TOC, SS, and all 
nutrients except DOP, which was 126 percent of 
the LTM for load and 134 percent of the LTM 
for average concentration.  Monthly 
comparisons to LTMs suggest that TN has been 
reduced while, unlike Towanda, TP and SS were 
higher than LTM values during January and 
December and during October for SS only.   
 
 2010 yield comparisons for TN, TP, and SS 
showed similar changes as found at Towanda in 
that the initial five-year baselines had the highest 
predictions for 2010 followed by the first half 
baseline and the second half baseline, 
respectively.  This change suggested that the rate 
of reduction had changed somewhere along the 
timeline.  SS at Danville showed the biggest 
change when comparing the initial five-year 

baseline with the first half baseline.  The initial 
baseline predicted the 2010 SS yield to be 907 
lbs/acre/yr.  With the addition of the next eight 
years of data into the baseline regression, the 
prediction was reduced to 356 lbs/acre/yr, 
implying that the following eight years had 
lower yield values, which lowered the regression 
line.  This comparison showed similar results for 
both TN and TP at Danville.   
 
 2010 trends were downward for all nitrogen 
parameters except DHN3 due to greater than 20 
percent of the values being below the method 
detection limit (BMDL).  Phosphorus trends 
were split, with downward trends for TP, no 
trends for DP, and no trends for DOP due to 
BMDL.  TOC and SS both had downward trends 
including a 42-60 percent reduction in flow-
adjusted sediment concentrations over the entire 
time period.   
 
 Annual mean concentrations also showed a 
pattern of continual TN decreases and varying 
TP and SS concentrations based more on flow 
regime.  Comparison of the 2003 values in 
Figures 6 and 7 again showed that individual 
peak flow events were more influential than high 
annual flow values.   
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Figure 6. Annual Discharge and Calculated Annual TN, TP, and SS Concentrations Expressed as
 LTM Ratio 
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Figure 7. Annual Discharge and Annual Daily Mean High Discharge and Calculated Annual SS
 Concentration Expressed as LTM Ratio 
 
Marietta 
 
 Although 2010 precipitation values for 
Marietta were similar to Towanda and Danville, 
there were differences in seasonal discharge.  
Differences in discharge during the fall months 
were due to storm event location.  Specifically, 
October’s event brought less rainfall and 
subsequent lower flows to Newport and 
Lewisburg while having very high flows at 
Conestoga.  In contrast, December’s storm was 

the top discharge event at Lewisburg and the 
second highest event at Newport.  Annual load 
LTM ratios at Marietta were below the discharge 
ratio for all parameters except SS.  Closer 
analysis of monthly loads showed that January 
and February accounted for nearly half of the 
annual sediment load, while December 
accounted for an additional third, making it the 
highest sediment load month of the year at 
Marietta.  Although the October load LTM ratio 
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for SS was above the discharge ratio, the total 
load was less than 8 percent of the annual load. 
 
 2010 TN yields were below baseline 
predictions for initial, first half, and second half 
baselines, suggesting continued reductions in 
load throughout the entire dataset, with biggest 
improvements apparent when compared with the 
initial five-year baseline.  Although 2010 TP 
yields were below all annual baseline 
comparisons, seasonal comparisons with the 
five-year baselines were above prediction for 
winter.  The 2010 annual SS yield value was 
above all baseline predictions.  Looking at the 
initial five-year seasonal baselines showed that 
both winter and fall were the reason for annual 
SS to be higher than predicted, with the winter 
prediction being 91 lbs/acre and the actual 2010 
yield being 205 lbs/acre.  The baseline 
prediction for fall was 150 lbs/acre and the 
actual yield was 184 lbs/acre.  All parameters 
except DOP and DHN had downward trends for 
the time period from 1987 to 2010.   
 

The annual concentration ratios in Figures 8 
and 9 again show the continual decrease of TN 
ratios through the duration of the dataset 

alongside less consistent changes for TP and SS.  
Figure 9 shows the same 2003 relationship 
between high annual flow with no significant 
high flow event and subsequent low SS 
concentrations.  1996 was a year that had both a 
very high peak event in January followed by 
high flows throughout the rest of the year.  This 
high volume of water overall lowered the 
average annual calculated concentration below 
the discharge ratio for the peak flow event, 
which did not happen for most years.  
Comparisons between the two highest peak flow 
events for the dataset can be made between 1996 
and 2004.  1996 annual discharge was 63,558 
cfs and peak flow event was 601,000 cfs 
compared to 56,023 and 557,000 for 2004.  
Although both the higher annual flow and the 
peak event flow event occurred during 1996, the 
resultant SS loads were higher during 2004 at 
19.79 billion pounds versus 16.5 billions pounds 
for 1996.  This difference may be due to the 
timing of the peak flow events:  the 1996 peak 
flow event occurred during January, while the 
2004 peak flow event occurred during 
September.  Another factor was the 2004 SS 
input from Newport which was the highest 
annual SS load of the entire time period there.   
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Figure 8. Annual Discharge and Calculated Annual TN, TP, and SS Concentrations Expressed as
 LTM Ratio 
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Figure 9. Annual Discharge and Annual Daily Mean High Discharge and Calculated Annual SS 
 Concentration Expressed as LTM Ratio 
 
Lewisburg 
 
 2010 precipitation at Lewisburg was less 
than an inch above normal with 3 inches above 
the LTM during the fall months.  This was due 
to a large storm event during December.  
Discharge ratios ranged from 35 percent of the 
LTM during summer to 130 percent of the LTM 
during fall with an annual average that was 92 
percent of LTM.  Specifically, December had 
the highest discharge ratio at 172 percent of the 
LTM.  Monthly load ratios were lower than the 
discharge ratio for TN, TP, and SS during 
January, March, and October.  The December 
TN load ratio was lower than the discharge ratio 
while TP was slightly above and SS was more 
than double and accounted for nearly 50 percent 
of the annual sediment load.    
 

Baseline comparisons showed the same 
tendencies with the initial baseline showing the 
biggest improvements with a TN yield 
prediction that was 167 percent of the actual 
2010 yield of 3.63 lbs/acre.  The second half 
baseline predicted the 2010 discharge ratio to 
have a yield that was 120 percent of the actual 
value.  All four baseline comparisons predicted 
lower SS yields than were actually found for 

2010 suggesting worsened conditions.  Seasonal 
baselines for SS show that the primary cause 
was the fall season and specifically, the high 
flow event that occurred during December that 
had a yield that was 227 percent of the predicted 
value.   
 
 Trends at Lewisburg were downward for 
most parameters, with TNH, DNH, DP, and 
DOP having no trends due to BMDL.  TOC 
showed no trends while TON and DON showed 
the highest reductions over the time period, 
ranging from 48-62 percent for DON and 56-69 
percent for TON.   
 
 Average annual concentrations showed 
distinct variations between 1993, 1996, and 
2004.  Both 1993 and 1996 had high annual 
flows and an individual high flow event that 
both resulted in substantially high SS annual 
concentrations.  2004 had both high annual flow 
and the highest peak event for the entire time 
frame, yet had much lower SS annual 
concentrations.  This could be due to timing of 
peak flow events which occurred during April 
for 1993, January for 1996, and September for 
2004. 
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Figure 10. Annual Discharge and Calculated Annual TN, TP, and SS Concentrations Expressed as
 LTM Ratio 
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Figure 11. Annual Discharge and Annual Daily Mean High Discharge and Calculated Annual SS
 Concentration Expressed as LTM Ratio 
 
 
Newport 
 
 Precipitation and discharge at Newport were 
very similar to Lewisburg during 2010.  Above 
LTM precipitation occurred during all seasons 
except spring, while above LTM flow occurred 
during winter and fall.  Similar to Lewisburg, 
monthly TN load ratios were below monthly 
discharge ratios for all months.  Unlike 
Lewisburg, both TP and SS were above the 

discharge ratios during March and December at 
Newport, accounting for 54 percent and 68 
percent of the 2010 annual TP and SS load, 
respectively.  TN and TP yields were below all 
baseline predictions while SS yields were only 
lower than the initial five-year baseline.   
 

Comparison of baseline predictions to each 
other for TN and TP show improvements 
between the initial five-year baseline and the 
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first half baseline but showed relatively no 
change between the predictions of first half, 
second half, and full dataset baseline 
predictions.  Since adding additional years to the 
baseline regression does not change the 2010 
prediction, it can be inferred that improvements 
that may have occurred early in the data period 
have not continued through the rest of the time 
period.  Seasonal baseline predictions showed 
improvement for TN, TP, and SS for all seasons 
except SS during fall due to the high flow event 
in December.   
 
 Significant trends at Newport included 
downward trends for all TN species except 
TNH3 and DHN3, which had no trends due to 
BMDL.  TP and DP both showed downward 

trends while DOP had increasing trends.  TOC 
and SS had downward trends through 2010.   
 
 The TN downward trend was between 10 
and 19 percent over the time frame.  Figure 12 
shows a similar small reduction in TN annual 
concentration from 1985 to 2010.  Figure 13 
shows a similar pattern for peak high flows in 
1996 and 2004 as compared to Marietta in 
Figure 9 and in contrast to Lewisburg in Figure 
11.  Although annual flow and peak flows were 
comparable between the two years, there was a 
dramatic difference in SS concentration with 
2004 being much higher.  The 2004 increase in 
SS load was a larger contributor to the sediment 
levels at Marietta during 2004 as compared to 
1996.   
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Figure 12. Annual Discharge and Calculated Annual TN, TP, and SS Concentrations Expressed as
 LTM Ratio 
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Figure 13. Annual Discharge and Annual Daily Mean High Discharge and Calculated Annual SS
 Concentration Expressed as LTM Ratio 
 
Conestoga 
 
 Annual flow at Conestoga was 96 percent of 
the LTM with seasonal flow ranging from 73 
percent of the LTM during summer to 108 
percent of the LTM during winter.  Two 
significant events occurred during the year, the 
first during March, which was 127 percent of the 
LTM and the second during October, which was 
195 percent of the LTM.  TN, TP, and SS were 
below their respective LTMs during March.  
Only TN was below LTM during October while 
TP was 329 percent of the LTM and SS was 705 
percent of the LTM and accounted for 39 and 59 
percent of the TP and SS annual load, 
respectively.  Although the majority of the flow 
and transported TP and SS occurred during 
October, the storm actually began on September 
30, which led to load ratios for TP and SS to be 
above the 70 percent discharge ratio for the 
month.    
 
 All baseline comparisons showed 
improvements for TN, TP, and SS except for the 
second half of the baseline for SS.  The biggest 
reason for this was the fall SS yields due to the 
October flow event.  The initial baseline 
predicted the 2010 yield to be 189 lbs/acre with 
the actual value being 629.  Reductions in other 
seasons, like spring with the actual 2010 value 
being 73 compared with the prediction of 321, 
offset the fall values.   

 
 All trends were downward at Conestoga 
except TNOx and DNOx, which had no trends.  
The most significant reductions occurred for 
TNH3 and DNH3, with between 73-80 and 74-81 
percent, respectively.  There was a distinct 
difference between TON and DON reductions 
with the former being 50-62 percent and the 
latter 6-27 percent.  Reductions of around 50 
percent were also found for SS, TOC, TP, and 
DP.   
 
 Annual mean concentrations at Conestoga 
are shown in Figures 14 and 15.  TN shows a 
discernable reduction in average concentration 
through the time period.  Although both TP and 
SS trends show more ups and downs, they also 
seem to show reducing concentrations through 
the time period with very low values during 
several recent years from 2007 through 2009.  
There were many distinctions from other sites 
when looking at annual peak flow and annual 
flow versus SS concentrations.  1999 and 2000 
had below LTM annual flows and at least one 
significant event, which led to the highest annual 
concentrations for the entire time period.  This 
suggests that the single events were the highest 
contributor.  Actual annual load values for the 
dataset were highest during 1996 then 1993 and 
2000. 


