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• Heberling et al. (2015)
• Developed a framework to 

compare costs: 
• Drinking water treatment to 

source water protection
• Examine treatment costs with 

changes in source water quality, 
production, and seasonal 
variables

• Five years daily data for one 
plant in southwest OH

• Presents steps to estimate the 
incentives for source water 
protection vs. treatment on-site

Background
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General Steps for DWTPs
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Step 1: Link changes in source water quality to changes in 
treatment costs
• Develop a cost function using data on raw water quality variables and 

treatment operations

Step 2: Link source water quality to watershed load reductions 
(through land use management)  
• Connect watershed variables (e.g., phosphorus load) to source water 

quality variables governing treatment cost function (e.g., turbidity or 
total organic carbon [TOC])  

• When treatment variables differ from watershed variables a 
“translation” is needed 

Step 3: Estimate costs of the land use management (e.g., cover 
crops) that leads to watershed load reductions

Drinking Water Plant Intake Structure on Lake Harsha



Case Study: Bob McEwen Water 
Treatment Plant (BMWTP) 
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• Period 1 (Heberling et al. 2015)
• Before the period of significant source water quality degradation from 

Harmful Algal Blooms (HABs)
• Clermont County Water Resources Dept. (operator logs, paper 

records, invoices)
• US Army Corps. (reservoir characteristics)
• Time series: 1826 daily observations, 2007-2011

• Period 2 (Preliminary analysis)
• In 2012, BMWTP added a granular activated carbon (GAC) building, a 

significant investment
• GAC used for addressing disinfection-by-products and algal toxins
• Greater reliance on GAC filters might translate to increased costs creating 

need for source protection?
• Same data sources as Period 1
• Time series: 1095 daily observations, 2013-2015



Summary Statistics
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Variable

Period 1
2007-2011

Mean

Period 2
2013-2015

Mean Min Max
FINAL DW produced (MGD) 4.95 3.39 0.001 6.58
POOL Pool elevation (ft) 731.73 731.90 728.90 752.67
GCPOOL Pool minus guide curve 0.72 0.89 -1.85 23.67
pH 7.43 7.53 6.52 9.80
TURB Turbidity (NTU) 11.42 6.72 0.07 73.00
RAWTOC Raw water TOC (mg/L) 6.10 6.25 4.50 8.30
TOTALCOST/1000 Total costs per 1000 gal 0.55 5.51 0.45 5148.82

ChemCost/1000 Chem cost per 1000 gal 0.23 2.27 0.08 2272.19
PumpCost/1000 Pump cost per 1000 gal 0.23 0.79 0.07 636.65
GACCost/1000 GAC cost per 1000 gal 0.10 2.45 0.16 2239.97



Total Cost per 1000 Gallons 
of Final Flow (Dec 2016$)
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• Analyze daily costs using Error Correction Model (ECM)
• Several commonly used time series models ignore the long-run equilibrium 

relationships predicted by economic theory

• Tests for long-run and short-run effects

• Changes in one independent variable can have immediate effect on 
treatment costs, a long-run effect, or both

• Period 2 Model (2013-2015)

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
1000 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝐶𝐶𝑔𝑔𝐶𝐶

= 𝑓𝑓

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹,𝑅𝑅𝐹𝐹𝑅𝑅𝑅𝑅𝑅𝑅𝐶𝐶,𝑅𝑅𝑇𝑇𝑅𝑅𝑇𝑇,𝑝𝑝𝑝𝑝,
𝐺𝐺𝐶𝐶𝐺𝐺𝑅𝑅𝑅𝑅𝐹𝐹,
𝐹𝐹𝐴𝐴𝐶𝐶𝐴𝐴𝑔𝑔𝑔𝑔𝑅𝑅𝑅𝑅𝐶𝐶,

𝑆𝑆𝐺𝐺𝑅𝑅,𝐶𝐶𝐶𝐶13,𝐶𝐶𝐶𝐶𝐶𝐶, 𝐶𝐶𝑡𝑡𝐶𝐶 𝐺𝐺𝑅𝑅𝑅𝑅𝐶𝐶𝑃𝑃𝑆𝑆𝑆𝑆

Time Series Model
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ECM Results, Period 2
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• Preliminary results
• RAWTOC

• 1% decrease in RAWTOC(≈ 0.06 mg/L) leads to an 
immediate 0.13% decrease in treatment cost

• No change over future time
• pH

• 1% decrease in pH (≈ 0.08) leads to no immediate 
effect, but decreases treatment costs by 2.92% over 
future time

• Spring months (April, May, June) associated with higher 
costs



Link Source Water to 
Watershed
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• How does total phosphorus (TP) load effect source (raw) 
water?

• Chose TP load because its linked to:
1. Hillslope erosion (affinity for clay particles-> sediment load->turbidity)
2. Algal blooms (increase TOC and pH)

• Time series analysis (polynomial distributed lag [PDL] model)

• Period 2 Model (2009-2013)

𝐹𝐹𝑅𝑅𝑅𝑅𝑅𝑅𝐶𝐶 = 𝑓𝑓 𝑅𝑅𝐺𝐺𝐹𝐹𝑅𝑅𝐹𝐹𝑇𝑇,𝐺𝐺𝐶𝐶𝐺𝐺𝑅𝑅𝑅𝑅𝐹𝐹, 𝑆𝑆𝐺𝐺𝑅𝑅, 𝑆𝑆𝑇𝑇𝑆𝑆,𝑅𝑅 𝐶𝐶𝐶𝐶𝐶𝐶,𝐶𝐶𝐶𝐶𝐶𝐶,𝐶𝐶𝐶𝐶𝐶𝐶,𝐶𝐶𝐶𝐶𝐶𝐶

• Need better translation among TP load, Algae, and Treatment Process



PDL Results, Period 2
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• Preliminary results (2009-2013)

• 1% reduction in TPLOAD (≈ 10.79 lbs/day) leads to 0.04% decrease in 
RAWTOC over the long-run (from weeks 2-9)

• $0.51 treatment cost savings from 1% annual TP load reduction

• Cost to control 10.79 lbs/day for a year using cover crops = $11815--
$106335 -> Price/lb = $3―$27 (i.e., 10.79*365*price)



Conclusions
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• Framework provides decision support 
for understanding cost drivers
• Period 1: DWTP could reduce treatment 

costs in the short and long-run by 
reduction in source water turbidity from 
2007-2011

• Period 2:  DWTP could reduce treatment 
costs by lowering TOC and pH in source 
water from 2013-2015
• Cost function better linked to algae problem In line Turbidimeter on Raw 

Water Feed at DWTP 



Conclusions (Cont.)
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• Periods 1 and 2 revealed no cost incentive to 
purchase abatement 

• Other DWTPs may have incentive dependent on 
physiographic setting

• Statistical model linking watershed to source WQ does not 
best reflect ecological knowledge

• Limitations:
• DWTP over-treats due to uncertainties in lake 

ecology/water quality; hides the impact
• Not having appropriate data for modeling obscures 

understanding of incentives
• Linkage between watershed loads and drinking water 

treatability requires more consideration
• Waiting for 2017 data to increase time series



Supplementary 
Material
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• Concerns about water quality and drinking water safety, especially 
watershed nutrient loads

• Understanding how treatment costs are affected by changes in 
source water quality is essential to understanding tradeoffs 
between source water protection and treatment on site

• Can provide evidence whether it is less expensive to invest in natural 
infrastructure than to pay for treatment on site

• Important knowledge gap for municipalities and DWTPs (Gartner 
et al. 2013)

Background
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Time Series Model
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• Analyze daily costs using Error Correction Model (ECM).
• Several commonly used time series models ignore the long-run equilibrium 

relationships predicted by economic theory

• Long-run and short-run effects

• Changes in one independent variable can have immediate effect on 
treatment costs, a long-run effect, or both.

• Period 1
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹,𝑅𝑅𝐹𝐹𝑅𝑅𝑅𝑅𝑅𝑅𝐶𝐶,𝑅𝑅𝑇𝑇𝑅𝑅𝑇𝑇,𝑝𝑝𝑝𝑝,

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐺𝐺𝐶𝐶𝐺𝐺𝑅𝑅𝑅𝑅𝐹𝐹,= 𝑓𝑓
1000 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝐶𝐶𝑔𝑔𝐶𝐶 𝑅𝑅𝑃𝑃𝑆𝑆𝐺𝐺,𝐹𝐹𝐴𝐴𝐶𝐶𝐴𝐴𝑔𝑔𝑔𝑔𝑅𝑅𝑅𝑅𝐶𝐶,

𝑆𝑆𝐺𝐺𝑅𝑅𝑆𝑆𝑇𝑇𝑆𝑆,𝐶𝐶𝐶𝐶𝐶𝐶 − 𝐶𝐶𝐶𝐶𝐶𝐶,𝐺𝐺𝑅𝑅𝑅𝑅𝐶𝐶𝑃𝑃𝑆𝑆𝑆𝑆



Total Cost per 1000 Gallons 
of Finished Flow (Aug 2012$)
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ECM Results, Period 1
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• Cost of treating turbid water depends on 
current turbidity and water previously 
treated

• 1% decrease in TURB(≈ 0.11NTU) 
leads to an immediate decrease of 
0.02% in TC/1000 gal. with another 
0.1% decrease over future time.  Total 
effect is 0.11%

• 1% decrease in turbidity, leads to $1120 
annual decrease in treatment costs



Link Water Quality to Load 
Reductions
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• How does total phosphorus (TP) load impact turbidity in source (raw) water?
• Chose TP load because its affinity for natural clay particles and its link to harmful algal blooms
• Ideal: Link daily nutrient/sediment results to daily turbidity (TURB)
• TP load is weekly measurement of daily grab sample

• Period 1: Time series analysis (polynomial distributed lag model)
• TURB=f(TPLOAD, GCPOOL, SPR, CY09, CY10)

• 1% reduction in TPLOAD (≈ 10.74 lbs/day) leads to 0.15% decrease in turbidity 
over the long-run (5 weeks)

• $168 in treatment cost savings from 1% annual reduction in TP load
• Cost to control 10.74 lbs/day for a year using cover crops = $11763--$105867 
• Price/lb = $3―$27;  10.74*365*price
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ECM results, Period 2
GARCH Estimates 

SSE 12.2817467 Observations 1093 
MSE 0.01124 Uncond Var 0.01109977 
Log Likelihood 1313.45428 Total R-Square 0.9213 
SBC -2458.9882 AIC -2578.9086 
MAE 0.05345213 AICC -2577.785 
MAPE 271.364121 HQC -2533.5276 
    Normality Test 7880.6867 
    Pr > ChiSq <.0001 

 
Parameter Estimates 

Variable DF Estimate 
Standard 

Error t Value 
Approx 
Pr > |t| 

Intercept 1 0.4533 0.1704 2.66 0.0078 
l_finaldiff 1 -0.7690 0.0886 -8.68 <.0001 
l_rawtocdiff 1 0.1348 0.0748 1.80 0.0716 
turbdiff 1 -0.000989 0.000429 -2.31 0.0211 
phdiff 1 0.002229 0.0189 0.12 0.9061 
p_sdiff 1 0.001056 0.001985 0.53 0.5948 
tocdumdiff 1 0.001898 0.006447 0.29 0.7684 
AOsep2013diff 1 0.6069 0.2710 2.24 0.0251 
AO2015_2diff 1 0.8774 0.1912 4.59 <.0001 
ll_total1realdiff 1 -0.1886 0.0330 -5.71 <.0001 
ll2_total1real 1 -0.0642 0.0206 -3.12 0.0018 
ll_final 1 -0.0896 0.0262 -3.43 0.0006 
ll_rawtoc 1 0.0362 0.0304 1.19 0.2340 
lag_turb 1 -0.001033 0.000632 -1.64 0.1020 
lag_ph 1 0.0249 0.009419 2.64 0.0083 
lag_ps 1 0.000694 0.000921 0.75 0.4510 
lag_qtr2 1 0.0156 0.006682 2.33 0.0197 
lag_tocdum 1 0.0106 0.009790 1.09 0.2777 
lag_cy13 1 0.009214 0.0132 0.70 0.4842 
lag_cy14 1 -0.004058 0.004439 -0.91 0.3606 
lag_AOsep2013 1 0.4137 0.2155 1.92 0.0549 
lag_AO2015_2 1 1.3004 0.4946 2.63 0.0086 
ARCH0 1 0.003265 0.000645 5.06 <.0001 
ARCH1 1 0.7058 0.3127 2.26 0.0240 
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Estimate of Lag Distribution
Variable Estimate Standard t Value Approx 0 314E-7

Error Pr > |t|
tploadlb(0) 0.00000152 9.26E-06 0.16 0.8698 |** |
tploadlb(1) 0.000008634 8.14E-06 1.06 0.2898 |*********** |
tploadlb(2) 0.000014784 8.74E-06 1.69 0.092 |******************* |
tploadlb(3) 0.000019969 9.73E-06 2.05 0.0413 |************************** |
tploadlb(4) 0.00002419 0.0000103 2.34 0.0203 |******************************** |
tploadlb(5) 0.000027446 0.0000103 2.66 0.0084 |************************************ |
tploadlb(6) 0.000029738 9.69E-06 3.07 0.0024 |*************************************** |
tploadlb(7) 0.000031066 8.73E-06 3.56 0.0004 |*****************************************|
tploadlb(8) 0.000031429 8.29E-06 3.79 0.0002 |*****************************************|
tploadlb(9) 0.000030827 9.68E-06 3.18 0.0016 |**************************************** |

Convert to elasticity RAWTOC
tploadlb(0) 0.00000152 0
tploadlb(1) 0.000008634 0 Cost MGD Cost day Cost year 1% RAWTOC 0.1348% TC
tploadlb(2) 0.000014784 0.002650673 810 2745.9 1002254 1351.038
tploadlb(3) 0.000019969 0.003580309 29270.95 L-R pH cost
tploadlb(4) 0.00002419 0.004337107 1%TPLOAD
tploadlb(5) 0.000027446 0.004920886 0.507353
tploadlb(6) 0.000029738 0.005331826
tploadlb(7) 0.000031066 0.005569928
tploadlb(8) 0.000031429 0.005635011
tploadlb(9) 0.000030827 0.005527077

0.037552817

PDL results, Period 2


COV no t_ph

		Covariance of Parameter Estimates

				Intercept		l_finaldiff		l_RawTOCdiff		l_turbdiff		l_pHdiff		p_sdiff		tocdumdiff		temdumdiff		processdiff		ll_Total1Realdiff		ll2_Total1Realdiff		ll3_total1realdiff		ll4_total1realdiff		ll5_total1realdiff		ll6_total1realdiff		ll7_total1real		ll_final		ll_rawtoc		ll_turbidity		ll_ph		lag_ps		lag_qtr23		lag_tocdum		lag_temdum		lag_cy07		lag_cy08		lag_cy09		lag_cy10		lag_process		ARCH0		ARCH1		GARCH1

		Intercept		0.0201038		0.0002132		0.000031		0.0001168		-0.003946		0.0000211		0.0000673		0.0001669		0.0001984		0.0003206		0.000028		0.0004876		0.0005109		0.0004754		0.0006226		0.000625		-0.000379		0.0002231		7.13E-08		-0.008584		-3.53E-06		-5.35E-06		0.0001345		0.0003001		0.0006034		0.0004524		0.0002911		0.0002983		-0.001533		-9.67E-06		-0.001768		0.0041437

		l_finaldiff		0.0002132		0.0014132		-0.000042		-1.54E-06		-0.000244		1.44E-06		2.92E-06		-2.94E-06		0.0025134		-0.000295		-0.00045		-0.000283		-0.000184		-0.000079		-0.000046		0.0000451		0.000058		-0.000083		0.0000184		-0.000276		-9.55E-07		-0.000016		0.0000128		-0.000025		-0.000027		0.0000161		3.41E-06		-4.19E-06		0.0007644		-7.92E-07		0.0002006		0.0002172

		l_RawTOCdiff		0.000031		-0.000042		0.0011408		0.0000228		-0.000011		4.50E-07		0.00003		4.08E-06		-0.00003		-0.000018		-0.000071		-0.000052		-0.000079		-0.00001		-0.000075		-0.000038		-3.76E-06		0.0000767		-8.78E-06		-0.000072		4.67E-07		-0.000013		0.0000102		3.99E-06		0.0000208		0.0000112		0.0000285		6.28E-06		0.0001028		-2.52E-06		-0.000491		0.0008003

		l_turbdiff		0.0001168		-1.54E-06		0.0000228		0.0000312		-0.000016		-2.52E-07		-6.11E-07		2.28E-06		-4.81E-06		0.0000234		1.32E-06		0.000027		0.0000159		0.0000136		6.88E-06		-5.32E-08		-4.21E-06		3.70E-06		5.60E-07		-0.000045		-7.95E-08		-1.09E-07		-3.69E-06		-1.77E-06		4.57E-06		2.71E-06		2.88E-06		3.68E-06		-0.000026		-1.64E-07		-0.000198		0.0001646

		l_pHdiff		-0.003946		-0.000244		-0.000011		-0.000016		0.0039277		-8.72E-06		-0.000045		-0.000022		-0.000303		0.0001054		0.0000957		-2.23E-06		0.000061		-0.000019		-0.000157		-0.000254		-0.000063		0.0000202		5.73E-06		0.0021304		1.73E-06		0.0000618		-0.000043		0.0000244		-0.00004		-0.000103		-0.000027		-0.000036		-0.000321		-2.14E-07		0.0019205		-0.000855

		p_sdiff		0.0000211		1.44E-06		4.50E-07		-2.52E-07		-8.72E-06		1.22E-06		-4.90E-07		1.18E-07		4.95E-06		-1.24E-06		-2.11E-06		-2.47E-06		-2.52E-06		-3.34E-06		-9.39E-07		-2.49E-06		-3.56E-07		1.05E-06		1.06E-07		-0.000011		9.92E-09		3.34E-07		-6.88E-07		3.25E-07		9.29E-07		3.38E-07		1.58E-06		5.58E-07		2.28E-06		-5.39E-08		-0.000013		0.0000187

		tocdumdiff		0.0000673		2.92E-06		0.00003		-6.11E-07		-0.000045		-4.90E-07		0.0000318		6.09E-07		0.0000185		-0.000016		-4.01E-06		-3.77E-06		-9.01E-06		0.0000101		3.33E-06		0.0000135		2.02E-06		7.82E-07		-3.26E-06		-0.000036		5.47E-08		-4.24E-06		0.0000325		1.08E-06		4.07E-07		7.06E-06		-1.66E-06		-8.91E-07		0.0000525		-1.53E-07		-0.000134		0.000097

		temdumdiff		0.0001669		-2.94E-06		4.08E-06		2.28E-06		-0.000022		1.18E-07		6.09E-07		0.0000487		-2.77E-06		-7.94E-06		-0.000015		-0.000012		-0.00001		-0.000015		-0.000018		-0.000023		-0.000011		0.0000197		-1.04E-06		-0.000064		6.72E-08		-2.07E-06		1.66E-06		0.0000235		0.0000195		9.95E-06		0.0000166		8.96E-06		-2.48E-06		-1.76E-07		0.0000131		0.0000639

		processdiff		0.0001984		0.0025134		-0.00003		-4.81E-06		-0.000303		4.95E-06		0.0000185		-2.77E-06		0.0046822		-0.000884		-0.001083		-0.000791		-0.000597		-0.000364		-0.000227		0.0000265		0.0001381		-0.000159		0.0000343		-0.000559		-1.84E-06		-0.000045		0.0000197		-0.000031		-0.000038		0.0000465		0.0000495		-4.75E-06		0.0022548		-1.97E-06		0.0005004		0.0004741

		ll_Total1Realdiff		0.0003206		-0.000295		-0.000018		0.0000234		0.0001054		-1.24E-06		-0.000016		-7.94E-06		-0.000884		0.0010436		0.000832		0.0008723		0.0007786		0.0006521		0.0004296		0.000155		-0.000025		0.0000351		-0.000025		1.24E-06		1.71E-06		-5.06E-06		-0.000027		-0.000022		-4.31E-06		-0.000017		-0.000086		-8.85E-06		-0.00216		-7.76E-07		-0.000741		0.0004282

		ll2_Total1Realdiff		0.000028		-0.00045		-0.000071		1.32E-06		0.0000957		-2.11E-06		-4.01E-06		-0.000015		-0.001083		0.000832		0.0012749		0.0008779		0.0008009		0.0006645		0.0004532		0.0002194		-8.51E-07		-0.000011		-0.000027		0.0001181		1.54E-06		-0.000015		6.64E-06		-0.000038		-0.000035		-0.000022		-0.000115		-0.000028		-0.001898		2.34E-06		-0.000355		-0.000683

		ll3_total1realdiff		0.0004876		-0.000283		-0.000052		0.000027		-2.23E-06		-2.47E-06		-3.77E-06		-0.000012		-0.000791		0.0008723		0.0008779		0.0011348		0.0010006		0.0008484		0.0005969		0.0002636		-6.01E-07		-1.33E-06		-0.000026		-0.000104		1.74E-06		-0.000026		-9.74E-06		-0.000037		-0.000025		-0.000017		-0.000119		-0.00003		-0.001812		-2.19E-07		-0.000816		0.000262

		ll4_total1realdiff		0.0005109		-0.000184		-0.000079		0.0000159		0.000061		-2.52E-06		-9.01E-06		-0.00001		-0.000597		0.0007786		0.0008009		0.0010006		0.0011515		0.0009471		0.0007166		0.0003246		0.0000124		-0.000036		-0.000015		-0.000128		1.30E-06		-0.000023		-4.36E-07		-0.000042		-0.000044		-0.000027		-0.000142		-0.000045		-0.001622		7.97E-07		-0.000194		-0.000252

		ll5_total1realdiff		0.0004754		-0.000079		-0.00001		0.0000136		-0.000019		-3.34E-06		0.0000101		-0.000015		-0.000364		0.0006521		0.0006645		0.0008484		0.0009471		0.0010398		0.0007393		0.0003502		0.0000284		-0.00006		-0.000011		-0.00015		9.66E-07		-0.000026		0.0000129		-0.00005		-0.000061		-0.000027		-0.000148		-0.000055		-0.001304		1.05E-07		-0.000181		-0.000097

		ll6_total1realdiff		0.0006226		-0.000046		-0.000075		6.88E-06		-0.000157		-9.39E-07		3.33E-06		-0.000018		-0.000227		0.0004296		0.0004532		0.0005969		0.0007166		0.0007393		0.0008407		0.0003823		0.0000342		-0.000087		-5.19E-06		-0.000216		4.39E-07		-0.000023		9.09E-06		-0.000058		-0.000078		-0.000031		-0.000155		-0.000064		-0.00083		7.28E-07		-0.000433		-0.000166

		ll7_total1real		0.000625		0.0000451		-0.000038		-5.32E-08		-0.000254		-2.49E-06		0.0000135		-0.000023		0.0000265		0.000155		0.0002194		0.0002636		0.0003246		0.0003502		0.0003823		0.0004533		0.0000477		-0.000117		-8.36E-07		-0.000225		4.89E-07		-0.000023		0.0000272		-0.000069		-0.000105		-0.000034		-0.000173		-0.000075		-0.000223		1.89E-06		-0.000347		-0.000467

		ll_final		-0.000379		0.000058		-3.76E-06		-4.21E-06		-0.000063		-3.56E-07		2.02E-06		-0.000011		0.0001381		-0.000025		-8.51E-07		-6.01E-07		0.0000124		0.0000284		0.0000342		0.0000477		0.0000673		-0.000052		5.39E-06		-0.000026		-4.70E-08		-0.000021		-3.05E-07		-0.000025		-0.00004		-0.000011		-0.000012		-0.000023		0.0002192		4.32E-07		0.0002403		-0.00023

		ll_rawtoc		0.0002231		-0.000083		0.0000767		3.70E-06		0.0000202		1.05E-06		7.82E-07		0.0000197		-0.000159		0.0000351		-0.000011		-1.33E-06		-0.000036		-0.00006		-0.000087		-0.000117		-0.000052		0.0001727		-0.000016		-0.000079		2.68E-07		-6.13E-06		-3.25E-06		0.0000414		0.0000647		0.0000228		0.0000458		0.0000327		-0.000172		-1.35E-06		-0.000492		0.0005876

		ll_turbidity		7.13E-08		0.0000184		-8.78E-06		5.60E-07		5.73E-06		1.06E-07		-3.26E-06		-1.04E-06		0.0000343		-0.000025		-0.000027		-0.000026		-0.000015		-0.000011		-5.19E-06		-8.36E-07		5.39E-06		-0.000016		7.02E-06		-0.000017		-2.78E-07		3.10E-06		-1.86E-06		-1.40E-06		-5.98E-06		-3.91E-06		3.83E-06		-9.44E-07		0.0000489		7.32E-08		0.0002114		-0.000089

		ll_ph		-0.008584		-0.000276		-0.000072		-0.000045		0.0021304		-0.000011		-0.000036		-0.000064		-0.000559		1.24E-06		0.0001181		-0.000104		-0.000128		-0.00015		-0.000216		-0.000225		-0.000026		-0.000079		-0.000017		0.0044685		2.18E-06		0.000079		-0.000053		-0.000116		-0.000238		-0.000216		-0.000218		-0.000118		-0.000127		4.98E-06		-0.000099		-0.001732

		lag_ps		-3.53E-06		-9.55E-07		4.67E-07		-7.95E-08		1.73E-06		9.92E-09		5.47E-08		6.72E-08		-1.84E-06		1.71E-06		1.54E-06		1.74E-06		1.30E-06		9.66E-07		4.39E-07		4.89E-07		-4.70E-08		2.68E-07		-2.78E-07		2.18E-06		5.70E-08		-2.70E-07		-1.31E-07		1.73E-07		4.82E-07		1.17E-07		-1.95E-07		9.64E-08		-2.97E-06		-1.37E-08		-6.32E-06		5.10E-06

		lag_qtr23		-5.35E-06		-0.000016		-0.000013		-1.09E-07		0.0000618		3.34E-07		-4.24E-06		-2.07E-06		-0.000045		-5.06E-06		-0.000015		-0.000026		-0.000023		-0.000026		-0.000023		-0.000023		-0.000021		-6.13E-06		3.10E-06		0.000079		-2.70E-07		0.0000229		-3.80E-06		-1.78E-06		-9.82E-07		-5.25E-06		-1.27E-06		4.54E-06		-0.000062		2.45E-07		0.0000809		-0.000099

		lag_tocdum		0.0001345		0.0000128		0.0000102		-3.69E-06		-0.000043		-6.88E-07		0.0000325		1.66E-06		0.0000197		-0.000027		6.64E-06		-9.74E-06		-4.36E-07		0.0000129		9.09E-06		0.0000272		-3.05E-07		-3.25E-06		-1.86E-06		-0.000053		-1.31E-07		-3.80E-06		0.0000537		2.68E-06		-3.15E-06		6.53E-06		-4.54E-06		-3.15E-06		0.0000425		4.63E-07		-4.86E-06		-0.00009

		lag_temdum		0.0003001		-0.000025		3.99E-06		-1.77E-06		0.0000244		3.25E-07		1.08E-06		0.0000235		-0.000031		-0.000022		-0.000038		-0.000037		-0.000042		-0.00005		-0.000058		-0.000069		-0.000025		0.0000414		-1.40E-06		-0.000116		1.73E-07		-1.78E-06		2.68E-06		0.0000603		0.0000448		0.0000224		0.0000444		0.0000226		1.44E-06		-8.08E-07		0.0001662		0.0001952

		lag_cy07		0.0006034		-0.000027		0.0000208		4.57E-06		-0.00004		9.29E-07		4.07E-07		0.0000195		-0.000038		-4.31E-06		-0.000035		-0.000025		-0.000044		-0.000061		-0.000078		-0.000105		-0.00004		0.0000647		-5.98E-06		-0.000238		4.82E-07		-9.82E-07		-3.15E-06		0.0000448		0.000084		0.0000385		0.0000664		0.0000436		-0.000053		-1.36E-06		-0.00009		0.00046

		lag_cy08		0.0004524		0.0000161		0.0000112		2.71E-06		-0.000103		3.38E-07		7.06E-06		9.95E-06		0.0000465		-0.000017		-0.000022		-0.000017		-0.000027		-0.000027		-0.000031		-0.000034		-0.000011		0.0000228		-3.91E-06		-0.000216		1.17E-07		-5.25E-06		6.53E-06		0.0000224		0.0000385		0.0000385		0.0000345		0.0000225		0.0000379		-6.01E-07		-0.00008		0.0002272

		lag_cy09		0.0002911		3.41E-06		0.0000285		2.88E-06		-0.000027		1.58E-06		-1.66E-06		0.0000166		0.0000495		-0.000086		-0.000115		-0.000119		-0.000142		-0.000148		-0.000155		-0.000173		-0.000012		0.0000458		3.83E-06		-0.000218		-1.95E-07		-1.27E-06		-4.54E-06		0.0000444		0.0000664		0.0000345		0.000108		0.0000448		0.0001733		-1.37E-06		0.0003324		0.0003227

		lag_cy10		0.0002983		-4.19E-06		6.28E-06		3.68E-06		-0.000036		5.58E-07		-8.91E-07		8.96E-06		-4.75E-06		-8.85E-06		-0.000028		-0.00003		-0.000045		-0.000055		-0.000064		-0.000075		-0.000023		0.0000327		-9.44E-07		-0.000118		9.64E-08		4.54E-06		-3.15E-06		0.0000226		0.0000436		0.0000225		0.0000448		0.0000364		-0.000022		-6.18E-07		-2.27E-06		0.0002061

		lag_process		-0.001533		0.0007644		0.0001028		-0.000026		-0.000321		2.28E-06		0.0000525		-2.48E-06		0.0022548		-0.00216		-0.001898		-0.001812		-0.001622		-0.001304		-0.00083		-0.000223		0.0002192		-0.000172		0.0000489		-0.000127		-2.97E-06		-0.000062		0.0000425		1.44E-06		-0.000053		0.0000379		0.0001733		-0.000022		0.0051164		6.82E-07		0.0014338		-0.000607

		ARCH0		-9.67E-06		-7.92E-07		-2.52E-06		-1.64E-07		-2.14E-07		-5.39E-08		-1.53E-07		-1.76E-07		-1.97E-06		-7.76E-07		2.34E-06		-2.19E-07		7.97E-07		1.05E-07		7.28E-07		1.89E-06		4.32E-07		-1.35E-06		7.32E-08		4.98E-06		-1.37E-08		2.45E-07		4.63E-07		-8.08E-07		-1.36E-06		-6.01E-07		-1.37E-06		-6.18E-07		6.82E-07		1.40E-07		-2.23E-06		-0.000035

		ARCH1		-0.001768		0.0002006		-0.000491		-0.000198		0.0019205		-0.000013		-0.000134		0.0000131		0.0005004		-0.000741		-0.000355		-0.000816		-0.000194		-0.000181		-0.000433		-0.000347		0.0002403		-0.000492		0.0002114		-0.000099		-6.32E-06		0.0000809		-4.86E-06		0.0001662		-0.00009		-0.00008		0.0003324		-2.27E-06		0.0014338		-2.23E-06		0.0188446		-0.006785

		GARCH1		0.0041437		0.0002172		0.0008003		0.0001646		-0.000855		0.0000187		0.000097		0.0000639		0.0004741		0.0004282		-0.000683		0.000262		-0.000252		-0.000097		-0.000166		-0.000467		-0.00023		0.0005876		-0.000089		-0.001732		5.10E-06		-0.000099		-0.00009		0.0001952		0.00046		0.0002272		0.0003227		0.0002061		-0.000607		-0.000035		-0.006785		0.0127583





COV GARCH

		Covariance of Parameter Estimates

				Intercept		l_finaldiff		l_rawtocdiff		turbdiff		phdiff		p_sdiff		tocdumdiff		AOsep2013diff		AO2015_2diff		ll_total1realdiff		ll2_total1real		ll_final		ll_rawtoc		lag_turb		lag_ph		lag_ps		lag_qtr2		lag_tocdum		lag_cy13		lag_cy14		lag_AOsep2013		lag_AO2015_2		ARCH0		ARCH1

		Intercept		0.0290292		-0.003721		0.0001888		-0.000022		-0.000917		0.000047		-0.000104		-0.012357		-0.005094		-0.000778		0.0001942		-0.004046		0.0002424		-0.000047		0.0003975		0.0000668		0.0006012		0.0001166		0.0011992		0.0000585		-0.014925		-0.021308		-0.000043		0.0231925

		l_finaldiff		-0.003721		0.0078483		0.0030945		-0.000018		0.0003081		0.0000357		-0.000126		0.0232556		0.0141506		-0.001167		0.0005999		0.000391		0.0012345		-0.000021		-0.000194		0.0000222		8.61E-06		0.0000539		0.0000509		-0.000104		0.0113201		0.0372738		7.93E-06		0.0050795

		l_rawtocdiff		0.0001888		0.0030945		0.0056001		-0.000011		-0.000019		0.0000319		-0.000156		0.0091041		0.0055472		-0.000477		0.0003498		-0.00004		0.0008811		-0.000019		-0.000175		0.0000123		0.000016		-0.000052		0.0002054		-0.000091		0.0035913		0.0150429		-6.30E-06		0.0071954

		turbdiff		-0.000022		-0.000018		-0.000011		1.84E-07		2.39E-06		-2.00E-07		6.83E-07		-0.000051		-0.000036		3.11E-06		-3.93E-06		4.27E-06		-6.71E-06		2.18E-07		-2.01E-07		-2.54E-07		-1.13E-06		-7.57E-07		-3.10E-06		2.94E-07		-6.05E-06		-0.000081		6.07E-08		-0.000079

		phdiff		-0.000917		0.0003081		-0.000019		2.39E-06		0.0003568		-4.66E-06		0.0000181		0.0009598		0.0004783		-0.000135		-0.000113		0.0001453		-0.000121		4.83E-06		-8.30E-06		-4.25E-06		-8.04E-06		-0.000017		-0.000136		-3.21E-06		0.0015083		0.0016535		4.55E-06		-0.002835

		p_sdiff		0.000047		0.0000357		0.0000319		-2.00E-07		-4.66E-06		3.94E-06		-1.47E-06		0.0000994		0.0000717		5.01E-06		0.0000153		-0.000012		0.000022		-4.41E-07		1.48E-06		6.88E-07		1.23E-06		3.11E-06		9.71E-06		-9.39E-07		-0.000047		0.0001318		-3.00E-07		0.0002459

		tocdumdiff		-0.000104		-0.000126		-0.000156		6.83E-07		0.0000181		-1.47E-06		0.0000416		-0.000367		-0.000188		0.0000215		-0.000019		0.000016		-0.000039		8.82E-07		5.09E-06		-8.65E-07		-2.96E-06		0.0000343		-0.000024		3.90E-06		-0.000074		-0.000646		1.17E-06		-0.000578

		AOsep2013diff		-0.012357		0.0232556		0.0091041		-0.000051		0.0009598		0.0000994		-0.000367		0.0734317		0.0419032		-0.003457		0.0016616		0.0013865		0.0035611		-0.000058		-0.000619		0.0000607		-0.000014		0.000128		0.0000561		-0.000302		0.0347865		0.1108518		0.0000265		0.0130205

		AO2015_2diff		-0.005094		0.0141506		0.0055472		-0.000036		0.0004783		0.0000717		-0.000188		0.0419032		0.0365621		-0.002327		0.0008829		0.0004843		0.0021837		-0.000046		-0.000322		0.0000479		0.0000536		0.000061		0.0001209		-0.00014		0.0204178		0.0564931		0.0000191		0.007469

		ll_total1realdiff		-0.000778		-0.001167		-0.000477		3.11E-06		-0.000135		5.01E-06		0.0000215		-0.003457		-0.002327		0.0010921		0.0002264		0.000136		-0.000173		1.88E-06		4.59E-06		-3.38E-06		-0.00002		0.0000718		0.0000756		5.52E-06		-0.005025		-0.007159		-6.59E-06		0.0016773

		ll2_total1real		0.0001942		0.0005999		0.0003498		-3.93E-06		-0.000113		0.0000153		-0.000019		0.0016616		0.0008829		0.0002264		0.0004238		-0.000073		0.0002542		-6.99E-06		2.97E-06		7.92E-06		0.0000319		0.0000843		0.0001637		-0.000023		-0.000897		0.0023879		-5.58E-06		0.0044506

		ll_final		-0.004046		0.000391		-0.00004		4.27E-06		0.0001453		-0.000012		0.000016		0.0013865		0.0004843		0.000136		-0.000073		0.0006839		-0.000237		8.59E-06		-0.000135		-0.000013		-0.000098		-0.000048		-0.000227		5.61E-06		0.0023514		0.0025365		6.45E-06		-0.004584

		ll_rawtoc		0.0002424		0.0012345		0.0008811		-6.71E-06		-0.000121		0.000022		-0.000039		0.0035611		0.0021837		-0.000173		0.0002542		-0.000237		0.0009252		-0.000011		8.34E-06		0.0000131		-0.000011		0.0000692		0.0001709		-0.000036		0.0005935		0.0054691		-7.19E-07		0.004592

		lag_turb		-0.000047		-0.000021		-0.000019		2.18E-07		4.83E-06		-4.41E-07		8.82E-07		-0.000058		-0.000046		1.88E-06		-6.99E-06		8.59E-06		-0.000011		3.99E-07		-6.50E-07		-4.29E-07		-2.09E-06		-1.66E-06		-6.06E-06		4.50E-07		0.0000161		-0.000086		1.60E-07		-0.000151

		lag_ph		0.0003975		-0.000194		-0.000175		-2.01E-07		-8.30E-06		1.48E-06		5.09E-06		-0.000619		-0.000322		4.59E-06		2.97E-06		-0.000135		8.34E-06		-6.50E-07		0.0000887		2.05E-06		0.000028		0.0000204		0.0000461		-6.46E-06		-0.000676		-0.001078		-1.15E-06		0.0008291

		lag_ps		0.0000668		0.0000222		0.0000123		-2.54E-07		-4.25E-06		6.88E-07		-8.65E-07		0.0000607		0.0000479		-3.38E-06		7.92E-06		-0.000013		0.0000131		-4.29E-07		2.05E-06		8.48E-07		2.74E-06		2.44E-06		7.25E-06		2.25E-08		-0.000024		0.0000903		-1.69E-07		0.0001754

		lag_qtr2		0.0006012		8.61E-06		0.000016		-1.13E-06		-8.04E-06		1.23E-06		-2.96E-06		-0.000014		0.0000536		-0.00002		0.0000319		-0.000098		-0.000011		-2.09E-06		0.000028		2.74E-06		0.0000446		8.72E-06		0.0000353		-4.65E-06		-0.000291		-0.000053		-1.10E-06		0.0008696

		lag_tocdum		0.0001166		0.0000539		-0.000052		-7.57E-07		-0.000017		3.11E-06		0.0000343		0.000128		0.000061		0.0000718		0.0000843		-0.000048		0.0000692		-1.66E-06		0.0000204		2.44E-06		8.72E-06		0.0000958		0.0000349		-5.10E-06		-0.000438		0.00006		-3.17E-07		0.0009333

		lag_cy13		0.0011992		0.0000509		0.0002054		-3.10E-06		-0.000136		9.71E-06		-0.000024		0.0000561		0.0001209		0.0000756		0.0001637		-0.000227		0.0001709		-6.06E-06		0.0000461		7.25E-06		0.0000353		0.0000349		0.0001735		-5.29E-06		-0.001292		-0.000092		-5.74E-06		0.003613

		lag_cy14		0.0000585		-0.000104		-0.000091		2.94E-07		-3.21E-06		-9.39E-07		3.90E-06		-0.000302		-0.00014		5.52E-06		-0.000023		5.61E-06		-0.000036		4.50E-07		-6.46E-06		2.25E-08		-4.65E-06		-5.10E-06		-5.29E-06		0.0000197		-0.000064		-0.000485		1.20E-07		-0.000378

		lag_AOsep2013		-0.014925		0.0113201		0.0035913		-6.05E-06		0.0015083		-0.000047		-0.000074		0.0347865		0.0204178		-0.005025		-0.000897		0.0023514		0.0005935		0.0000161		-0.000676		-0.000024		-0.000291		-0.000438		-0.001292		-0.000064		0.0464281		0.0635459		0.0000637		-0.024095

		lag_AO2015_2		-0.021308		0.0372738		0.0150429		-0.000081		0.0016535		0.0001318		-0.000646		0.1108518		0.0564931		-0.007159		0.0023879		0.0025365		0.0054691		-0.000086		-0.001078		0.0000903		-0.000053		0.00006		-0.000092		-0.000485		0.0635459		0.2446355		0.0000432		0.0207766

		ARCH0		-0.000043		7.93E-06		-6.30E-06		6.07E-08		4.55E-06		-3.00E-07		1.17E-06		0.0000265		0.0000191		-6.59E-06		-5.58E-06		6.45E-06		-7.19E-07		1.60E-07		-1.15E-06		-1.69E-07		-1.10E-06		-3.17E-07		-5.74E-06		1.20E-07		0.0000637		0.0000432		4.16E-07		-0.00014

		ARCH1		0.0231925		0.0050795		0.0071954		-0.000079		-0.002835		0.0002459		-0.000578		0.0130205		0.007469		0.0016773		0.0044506		-0.004584		0.004592		-0.000151		0.0008291		0.0001754		0.0008696		0.0009333		0.003613		-0.000378		-0.024095		0.0207766		-0.00014		0.0977754







COEF no t_ph

		Parameter Estimates

		Variable		DF		Estimate		Standard		t Value		Approx

								Error				Pr > |t|

		Intercept		1		0.0384		0.1418		0.27		0.7866

		l_finaldiff		1		-0.3856		0.0376		-10.26		<.0001

		l_RawTOCdiff		1		-0.0399		0.0338		-1.18		0.2379

		l_turbdiff		1		0.017		0.005586		3.04		0.0023

		l_pHdiff		1		-0.009879		0.0627		-0.16		0.8747

		p_sdiff		1		0.000169		0.001105		0.15		0.8787

		tocdumdiff		1		0.001553		0.005637		0.28		0.7829

		temdumdiff		1		0.015		0.006979		2.15		0.0319

		processdiff		1		0.8573		0.0684		12.53		<.0001

		ll_Total1Realdiff		1		-0.4013		0.0323		-12.42		<.0001

		ll2_Total1Realdiff		1		-0.3881		0.0357		-10.87		<.0001

		ll3_total1realdiff		1		-0.3336		0.0337		-9.9		<.0001

		ll4_total1realdiff		1		-0.2519		0.0339		-7.42		<.0001

		ll5_total1realdiff		1		-0.21		0.0322		-6.51		<.0001

		ll6_total1realdiff		1		-0.1689		0.029		-5.82		<.0001

		ll7_total1real		1		-0.0735		0.0213		-3.45		0.0006

		ll_final		1		-0.0151		0.008203		-1.85		0.0649

		ll_rawtoc		1		0.006759		0.0131		0.51		0.6071

		ll_turbidity		1		0.007055		0.00265		2.66		0.0078

		ll_ph		1		-0.002642		0.0668		-0.04		0.9685

		lag_ps		1		-0.000752		0.000239		-3.15		0.0016

		lag_qtr23		1		0.0111		0.004784		2.32		0.0202

		lag_tocdum		1		0.0143		0.00733		1.94		0.0519

		lag_temdum		1		0.0126		0.007763		1.62		0.1052

		lag_cy07		1		0.0156		0.009163		1.71		0.0879

		lag_cy08		1		0.0127		0.006204		2.05		0.04

		lag_cy09		1		0.0317		0.0104		3.05		0.0023

		lag_cy10		1		0.0127		0.006033		2.1		0.036

		lag_process		1		0.4185		0.0715		5.85		<.0001

		ARCH0		1		0.001638		0.000374		4.38		<.0001

		ARCH1		1		0.4645		0.1373		3.38		0.0007

		GARCH1		1		0.1694		0.113		1.5		0.1337





COEF GARCH

		Parameter Estimates

		Variable		DF		Estimate		Standard		t Value		Approx

								Error				Pr > |t|

		Intercept		1		0.4533		0.1704		2.66		0.0078

		l_finaldiff		1		-0.769		0.0886		-8.68		<.0001

		l_rawtocdiff		1		0.1348		0.0748		1.8		0.0716

		turbdiff		1		-0.000989		0.000429		-2.31		0.0211

		phdiff		1		0.002229		0.0189		0.12		0.9061

		p_sdiff		1		0.001056		0.001985		0.53		0.5948

		tocdumdiff		1		0.001898		0.006447		0.29		0.7684

		AOsep2013diff		1		0.6069		0.271		2.24		0.0251

		AO2015_2diff		1		0.8774		0.1912		4.59		<.0001

		ll_total1realdiff		1		-0.1886		0.033		-5.71		<.0001

		ll2_total1real		1		-0.0642		0.0206		-3.12		0.0018

		ll_final		1		-0.0896		0.0262		-3.43		0.0006

		ll_rawtoc		1		0.0362		0.0304		1.19		0.234

		lag_turb		1		-0.001033		0.000632		-1.64		0.102

		lag_ph		1		0.0249		0.009419		2.64		0.0083

		lag_ps		1		0.000694		0.000921		0.75		0.451

		lag_qtr2		1		0.0156		0.006682		2.33		0.0197

		lag_tocdum		1		0.0106		0.00979		1.09		0.2777

		lag_cy13		1		0.009214		0.0132		0.7		0.4842

		lag_cy14		1		-0.004058		0.004439		-0.91		0.3606

		lag_AOsep2013		1		0.4137		0.2155		1.92		0.0549

		lag_AO2015_2		1		1.3004		0.4946		2.63		0.0086

		ARCH0		1		0.003265		0.000645		5.06		<.0001

		ARCH1		1		0.7058		0.3127		2.26		0.024







VAR no t_ph

		Variable		Variance		SE		LMR		t-stat		Dummy		Var of Dummy		t-stat

		FINAL		0.01237133		0.1112264805		-0.2054421769		-1.8470617416

		TURB		2.04E-03		0.0452010702		0.0959863946		2.1235425213

		POOLGC		8.98E-06		0.0029964715		-0.0073307211		-2.4464511277

		SPRSUM										1.1150255836		0.2341326075		2.3043788535

		TOCDUM										1.4375497767		0.5525354226		1.933939255

		PROCESS										51.579764688		117.2563601809		4.7633352856

		TEMDUMDIFF										1.5088346914		0.5017947006		2.1299952043

		PROCESSDIFF										234.1277741074		258.2506929881		14.5690820259





VAR GARCH

		Variable		Variance		SE		LMR		t-stat		Dummy		Var of Dummy		t-stat

		FINAL		4.16E-01		0.6447062748		-1.3956386293		-2.1647666293

		TURB		1.78E-04		0.0133408372		-0.0160903427		-1.2060969234

		RAWTOC		2.69E-01		0.5183346934		0.5638629283		1.0878355926

		PH		3.75E-02		0.1937691197		2.9205140187		15.0721333873

												S-R Coeff Turb

												-0.000989

												S-R Elas Turb 

												-0.00664608

												-6.646080E-05

												-6.661057E+01





VAR test

		Variable		Variance		SE		LMR		t-stat		Dummy		Var of Dummy		t-stat

		FINAL		0.01237133		0.1112264805		-0.2054421769		-1.8470617416

		TURB		2.04E-03		0.0452010702		0.0959863946		2.1235425213

		POOLGC		8.98E-06		0.0029964715		-0.0073307211		-2.4464511277

		SPRSUM

		TOCDUM

		PROCESS

		TEMDUMDIFF

		PROCESSDIFF





Judge et al_Opt. Lags

		Date		Del Obs		Lags		SBC		AIC

		27-Apr		17		0		731.394378		710.853061

		20-Apr		16		1		736.031083		712.555292

		13-Apr		15		2		737.889524		711.479258

		6-Apr		14		3		742.376261		713.031522

		30-Mar		13		4		735.481028		703.201815

		23-Mar		12		5		736.730676		701.516989

		16-Mar		11		6		741.662304		703.514143

		9-Mar		10		7		746.304254		705.221619

		2-Mar		9		8		750.955175		706.938066

		23-Feb		8		9		753.850925		706.899342

		16-Feb		7		10		757.946012		708.059955

		9-Feb		6		11		762.355472		709.534941

		2-Feb		5		12		766.607811		710.852806

		26-Jan		4		13		769.660899		710.97142

		19-Jan		3		14		774.054224		712.430271

		12-Jan		2		15		778.987876		714.429449

		5-Jan		1		16		783.724282		716.231382

				0		17		784.029993		713.602619





PDL_TP_lbLags

		Estimate of Lag Distribution

		Variable		Estimate		Standard		t Value		Approx		0 0.0003

						Error				Pr > |t|

		tploadlb(0)		0.000082813		0.0000689		1.2		0.2313		|*********** |

		tploadlb(1)		0.000226		0.0000658		3.44		0.0008		|***************************** |

		tploadlb(2)		0.000304		0.000074		4.11		<.0001		|*************************************** |

		tploadlb(3)		0.000316		0.0000734		4.31		<.0001		|*****************************************|

		tploadlb(4)		0.000263		0.0000648		4.06		<.0001		|********************************** |

		tploadlb(5)		0.000144		0.0000707		2.04		0.0428		|******************* |

		Convert to elasticity				8.99TURB		11.42TURB

		tpload(0)		0.000082813		0		0

		tpload(1)		0.000226		0.0270022342		0.0212665703

		tpload(2)		0.000304		0.0363215894		0.0286063601

		tpload(3)		0.000316		0.0377553363		0.0297355585

		tpload(4)		0.000263		0.031422954		0.0247482654

		tpload(5)		0.000144		0.0172049634		0.0135503811

						0.1497070773		0.1179071353





PDL_MeanTPlb

		Variable		N		Mean		Std Dev		Minimum		Maximum

		tploadlb		156		1074.15		3688.74		0.5924746		26940.18

		turbidity		156		8.9902894		6.4939938		0.8		34.1

		p_s		156		1.3372436		5.5055105		-6.68		35.31

		spr		156		0.25		0.4344073		0		1

		cy09		156		0.3333333		0.4729227		0		1

		cy10		156		0.3333333		0.4729227		0		1





PDL_rawtoc_TPlblags

		Estimate of Lag Distribution

		Variable		Estimate		Standard		t Value		Approx		0 314E-7

						Error				Pr > |t|

		tploadlb(0)		0.00000152		9.26E-06		0.16		0.8698		|** |

		tploadlb(1)		0.000008634		8.14E-06		1.06		0.2898		|*********** |

		tploadlb(2)		0.000014784		8.74E-06		1.69		0.092		|******************* |

		tploadlb(3)		0.000019969		9.73E-06		2.05		0.0413		|************************** |

		tploadlb(4)		0.00002419		0.0000103		2.34		0.0203		|******************************** |

		tploadlb(5)		0.000027446		0.0000103		2.66		0.0084		|************************************ |

		tploadlb(6)		0.000029738		9.69E-06		3.07		0.0024		|*************************************** |

		tploadlb(7)		0.000031066		8.73E-06		3.56		0.0004		|*****************************************|

		tploadlb(8)		0.000031429		8.29E-06		3.79		0.0002		|*****************************************|

		tploadlb(9)		0.000030827		9.68E-06		3.18		0.0016		|**************************************** |

		Convert to elasticity				RAWTOC

		tploadlb(0)		0.00000152		0

		tploadlb(1)		0.000008634		0								Cost MGD		Cost day		Cost year		1% RAWTOC 0.1348% TC

		tploadlb(2)		0.000014784		0.0026506732								810		2745.9		1002253.5		1351.037718

		tploadlb(3)		0.000019969		0.0035803093														29270.9539703271		L-R pH cost

		tploadlb(4)		0.00002419		0.0043371066														1%TPLOAD

		tploadlb(5)		0.000027446		0.0049208858														0.5073527192

		tploadlb(6)		0.000029738		0.0053318262

		tploadlb(7)		0.000031066		0.0055699278

		tploadlb(8)		0.000031429		0.0056350113

		tploadlb(9)		0.000030827		0.0055270767

						0.0375528168





PDL_rawtocTNlblags

		Estimate of Lag Distribution

		Variable		Estimate		Standard		t Value		Approx		-12E-7 832E-8

						Error				Pr > |t|

		tnloadlb(0)		-0.000001204		2.70E-06		-0.45		0.6555		|****| |

		tnloadlb(1)		0.000001481		2.12E-06		0.7		0.4846		| |******* |

		tnloadlb(2)		0.000003725		1.97E-06		1.89		0.0601		| |**************** |

		tnloadlb(3)		0.000005527		2.05E-06		2.7		0.0075		| |************************ |

		tnloadlb(4)		0.000006887		2.13E-06		3.23		0.0014		| |****************************** |

		tnloadlb(5)		0.000007806		2.12E-06		3.68		0.0003		| |********************************** |

		tnloadlb(6)		0.000008283		2.00E-06		4.14		<.0001		| |************************************|

		tnloadlb(7)		0.000008318		1.87E-06		4.45		<.0001		| |************************************|

		tnloadlb(8)		0.000007912		1.94E-06		4.07		<.0001		| |********************************** |

		tnloadlb(9)		0.000007063		2.47E-06		2.86		0.0047		| |******************************* |

		Convert to elasticity				RAWTOC

		tnloadlb(0)		-0.000001204		0

		tnloadlb(1)		0.000001481		0

		tnloadlb(2)		0.000003725		0.002979844

		tnloadlb(3)		0.000005527		0.0044213686

		tnloadlb(4)		0.000006887		0.0055093116

		tnloadlb(5)		0.000007806		0.0062444732

		tnloadlb(6)		0.000008283		0.0066260532

		tnloadlb(7)		0.000008318		0.0066540517

		tnloadlb(8)		0.000007912		0.0063292687

		tnloadlb(9)		0.000007063		0.0056501043

						0.0444144753





PDL_rawtocmeanTPlb

		Variable		N		Mean		Std Dev		Minimum		Maximum

		tploadlb		255		1079.1		3546.92		0.4320167		26940.18

		tnloadlb		255		4814.65		13619.37		2.2156898		100891.62

		RawTOC		255		6.0186275		0.8628757		4.1		8.3

		p_s		255		0.873		4.4648443		-6.68		35.31

		spr		255		0.254902		0.4366631		0		1

		summ		255		0.2588235		0.4388498		0		1

		cy09		255		0.2039216		0.4037037		0		1

		cy10		255		0.2039216		0.4037037		0		1

		cy11		255		0.2039216		0.4037037		0		1

		cy12		255		0.2039216		0.4037037		0		1

		Variable		N		Mean		Std Dev		Minimum		Maximum

		tploadlb		255		1079.1		3546.92		0.4320167		26940.18

		tnloadlb		255		4814.65		13619.37		2.2156898		100891.62

		RawTOC		255		6.0186275		0.8628757		4.1		8.3

		p_s		255		0.873		4.4648443		-6.68		35.31

		spr		255		0.254902		0.4366631		0		1

		summ		255		0.2588235		0.4388498		0		1

		cy09		255		0.2039216		0.4037037		0		1

		cy10		255		0.2039216		0.4037037		0		1

		cy11		255		0.2039216		0.4037037		0		1

		cy12		255		0.2039216		0.4037037		0		1





PDL_TPLags

		Estimate of Lag Distribution

		Variable		Estimate		Standard		t Value		Approx		0 0.0007

						Error				Pr > |t|

		tpload(0)		0.000183		0.000152		1.2		0.2313		|*********** |

		tpload(1)		0.000498		0.000145		3.44		0.0008		|***************************** |

		tpload(2)		0.00067		0.000163		4.11		<.0001		|*************************************** |

		tpload(3)		0.000697		0.000162		4.31		<.0001		|*****************************************|

		tpload(4)		0.00058		0.000143		4.06		<.0001		|********************************** |

		tpload(5)		0.000318		0.000156		2.04		0.0428		|******************* |

		Convert to elasticity				8.99TURB		11.42TURB

		tpload(0)		0.000183		0		0

		tpload(1)		0.000498		0.0269890824		0.0212562121

		tpload(2)		0.00067		0.0363106129		0.0285977151

		tpload(3)		0.000697		0.0377738764		0.0297501604

		tpload(4)		0.00058		0.0314330679		0.024756231

		tpload(5)		0.000318		0.0172339924		0.0135732439

						0.149740632		0.1179335626





PDL_MeanTP

		Variable		N		Mean		Std Dev		Minimum		Maximum

		tpload		156		487.2282363		1673.19		0.2687423		12219.87

		turbidity		156		8.9902894		6.4939938		0.8		34.1

		p_s		156		1.3372436		5.5055105		-6.68		35.31

		spr		156		0.25		0.4344073		0		1

		cy09		156		0.3333333		0.4729227		0		1

		cy10		156		0.3333333		0.4729227		0		1





Change in costs

		Variable		Variance		SE		LMR		t-stat		Dummy		Var of Dummy		t-stat

		FINAL		0.01237133		0.1112264805		-0.2054421769		-1.8470617416

		TURB		2.04E-03		0.0452010702		0.0959863946		2.1235425213

		POOLGC		8.98E-06		0.0029964715		-0.0073307211		-2.4464511277

		SPRSUM										1.1150255836		0.2341326075		2.3043788535

		TOCDUM										1.4375497767		0.5525354226		1.933939255

		PROCESS										51.579764688		117.2563601809		4.7633352856

		TEMDUMDIFF										1.5088346914		0.5017947006		2.1299952043

		PROCESSDIFF										234.1277741074		258.2506929881		14.5690820259

				S-R		L-R

		FINAL		-0.3856		-0.2054421769				-5873.2599918367

		TURB		0.017		0.0959863946				1122.7599260204

		POOLGC		0		-0.0073307211				-72.8462917959

		SPRSUM				1.1150255836				11080.1486021573

		TOCDUM				1.4375497767				14285.1118251943

		PROCESS		234.1277741074		51.579764688				2839111.52645234

		TEMDUM		1.5088346914						41.0780244721

		C/1000 gallons		0.55

		C/Day		2722.5

		C/Year		993712.5





TURB and TP

				day0		day1		day2		day3		day4		day5

		10.74		0		0.0270022342		0.0363215894		0.0377553363		0.031422954		0.0172049634				0.1497070773		0.0139976117		0.0790453368		0.4605625952		168.1053472588

																										168.414

				Week 0		Week 1		Week 2		Week 3		Week 4		Week 5

				0		0.1890156395		0.2542511257		0.2642873543		0.2199606778		0.1204347437

																								1.047949541		1176.5958266298





Week Elast

		Day/Week		Sun		Mon		Tues		Wed		Thu		Fri		Sat

		0		0		0		0		0		0		0		0

		1		0.02		0.02		0.02		0.02		0.02		0.02		0.02

		2		0.04		0.04		0.04		0.04		0.04		0.04		0.04

		3		0.04		0.04		0.04		0.04		0.04		0.04		0.04

		4		0.03		0.03		0.03		0.03		0.03		0.03		0.03

		5		0.02		0.02		0.02		0.02		0.02		0.02		0.02

		L-R Elast		0.15		0.15		0.15		0.15		0.15		0.15		0.15		1.05





TP credit cost

		UEFW: TP credit, no-till						1% TP Load (lbs)						Cost

								1074.15

		3.02		3				10.7415		3920.6475				11840.35545		11761.9425

		27.43		27						3921				107543.360925		105857.4825

														11841.42		11763

														107553.03		105867





Inter_LOAD_SAS

		Estimate of Lag Distribution

		Variable		Estimate		Standard		t Value		Approx		0 0.0001

						Error				Pr > |t|

		tpload(0)		0.000127		0.0000496		2.57		0.0103		|*************************************** |

		tpload(1)		0.000126		0.0000441		2.85		0.0044		|************************************** |

		tpload(2)		0.000124		0.0000391		3.18		0.0015		|************************************** |

		tpload(3)		0.000123		0.0000347		3.54		0.0004		|************************************* |

		tpload(4)		0.000122		0.0000309		3.93		<.0001		|************************************* |

		tpload(5)		0.00012		0.0000277		4.35		<.0001		|************************************ |

		tpload(6)		0.000119		0.0000252		4.74		<.0001		|************************************ |

		tpload(7)		0.000118		0.0000233		5.07		<.0001		|************************************ |

		tpload(8)		0.000117		0.0000221		5.31		<.0001		|*********************************** |

		tpload(9)		0.000117		0.0000215		5.43		<.0001		|*********************************** |

		tpload(10)		0.000116		0.0000213		5.44		<.0001		|*********************************** |

		tpload(11)		0.000115		0.0000215		5.37		<.0001		|*********************************** |

		tpload(12)		0.000115		0.0000218		5.26		<.0001		|*********************************** |

		tpload(13)		0.000115		0.0000223		5.14		<.0001		|*********************************** |

		tpload(14)		0.000114		0.0000227		5.04		<.0001		|*********************************** |

		tpload(15)		0.000114		0.000023		4.96		<.0001		|*********************************** |

		tpload(16)		0.000114		0.0000233		4.91		<.0001		|*********************************** |

		tpload(17)		0.000114		0.0000233		4.91		<.0001		|*********************************** |

		tpload(18)		0.000115		0.0000232		4.94		<.0001		|*********************************** |

		tpload(19)		0.000115		0.000023		5.01		<.0001		|*********************************** |

		tpload(20)		0.000116		0.0000226		5.12		<.0001		|*********************************** |

		tpload(21)		0.000116		0.0000221		5.26		<.0001		|*********************************** |

		tpload(22)		0.000117		0.0000215		5.43		<.0001		|*********************************** |

		tpload(23)		0.000118		0.0000209		5.62		<.0001		|************************************ |

		tpload(24)		0.000118		0.0000205		5.78		<.0001		|************************************ |

		tpload(25)		0.000119		0.0000203		5.88		<.0001		|************************************ |

		tpload(26)		0.000121		0.0000205		5.87		<.0001		|************************************ |

		tpload(27)		0.000122		0.0000213		5.72		<.0001		|************************************* |

		tpload(28)		0.000123		0.0000227		5.42		<.0001		|************************************* |

		tpload(29)		0.000125		0.0000249		5.01		<.0001		|************************************** |

		tpload(30)		0.000126		0.0000277		4.55		<.0001		|************************************** |

		tpload(31)		0.000128		0.0000313		4.09		<.0001		|*************************************** |

		tpload(32)		0.00013		0.0000354		3.66		0.0003		|*************************************** |

		tpload(33)		0.000132		0.0000401		3.28		0.0011		|**************************************** |

		tpload(34)		0.000134		0.0000454		2.94		0.0033		|**************************************** |

		tpload(35)		0.000136		0.0000511		2.65		0.0081		|*****************************************|

				0.004341		0.2170678266





Inter_CONC_SAS

		Estimate of Lag Distribution

		Variable		Estimate		Standard		t Value		Approx		0 0.0004

						Error				Pr > |t|

		tpload(0)		0.000339		0.0000913		3.71		0.0002		|*************************************** |

		tpload(1)		0.000342		0.0000834		4.1		<.0001		|**************************************** |

		tpload(2)		0.000345		0.0000764		4.51		<.0001		|**************************************** |

		tpload(3)		0.000347		0.0000703		4.94		<.0001		|**************************************** |

		tpload(4)		0.000349		0.000065		5.37		<.0001		|*****************************************|

		tpload(5)		0.000351		0.0000606		5.78		<.0001		|*****************************************|

		tpload(6)		0.000352		0.0000571		6.16		<.0001		|*****************************************|

		tpload(7)		0.000352		0.0000543		6.48		<.0001		|*****************************************|

		tpload(8)		0.000352		0.0000523		6.73		<.0001		|*****************************************|

		tpload(9)		0.000352		0.0000509		6.91		<.0001		|*****************************************|

		tpload(10)		0.000351		0.0000499		7.03		<.0001		|*****************************************|

		tpload(11)		0.00035		0.0000493		7.09		<.0001		|*****************************************|

		tpload(12)		0.000348		0.0000489		7.11		<.0001		|*****************************************|

		tpload(13)		0.000346		0.0000486		7.11		<.0001		|**************************************** |

		tpload(14)		0.000343		0.0000483		7.1		<.0001		|**************************************** |

		tpload(15)		0.00034		0.0000479		7.09		<.0001		|**************************************** |

		tpload(16)		0.000336		0.0000474		7.1		<.0001		|*************************************** |

		tpload(17)		0.000332		0.0000467		7.12		<.0001		|*************************************** |

		tpload(18)		0.000328		0.0000458		7.16		<.0001		|************************************** |

		tpload(19)		0.000323		0.0000447		7.23		<.0001		|************************************** |

		tpload(20)		0.000318		0.0000434		7.32		<.0001		|************************************* |

		tpload(21)		0.000312		0.0000419		7.43		<.0001		|************************************ |

		tpload(22)		0.000306		0.0000404		7.56		<.0001		|************************************ |

		tpload(23)		0.000299		0.0000389		7.69		<.0001		|*********************************** |

		tpload(24)		0.000292		0.0000375		7.77		<.0001		|********************************** |

		tpload(25)		0.000284		0.0000365		7.77		<.0001		|********************************* |

		tpload(26)		0.000276		0.0000361		7.63		<.0001		|******************************** |

		tpload(27)		0.000267		0.0000366		7.3		<.0001		|******************************* |

		tpload(28)		0.000258		0.0000381		6.77		<.0001		|****************************** |

		tpload(29)		0.000249		0.0000409		6.08		<.0001		|***************************** |

		tpload(30)		0.000239		0.0000449		5.32		<.0001		|**************************** |

		tpload(31)		0.000228		0.0000501		4.56		<.0001		|*************************** |

		tpload(32)		0.000218		0.0000565		3.85		0.0001		|************************* |

		tpload(33)		0.000206		0.0000638		3.23		0.0013		|************************ |

		tpload(34)		0.000195		0.0000721		2.7		0.0071		|*********************** |

		tpload(35)		0.000182		0.0000812		2.25		0.0249		|********************* |

				0.011007		0.3932791712
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