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Value of real-time continuous data

Direct measurements of water-quality (specific conductance, turbidity, dissolved
oxygen, pH, water temperature, and others)

® Instant information
* Better characterization of variability — hourly, daily, monthly, annually

* Improved scientific understanding

SC and chloride samples, plus computed chloride with 90% PI and criteria Little Arkansas River, KS
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As surrogate for constituents of particular interest that cannot easily be measured
directly (sediment, dissolved solids, nutrients, indicator bacteria)
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Turbidity and suspended sediment surrogate methods

Rasmussen and others, 2009

®* Methods for using continuous in-stream
turbidity and streamflow to compute
continuous suspended sediment
concentrations (SSCs) and loads

® Guidelines for collecting data and
developing regression models

Landers and others, in press

®* Methods for using acoustic indices
from acoustic Doppler velocity meters
(ADVMs) backscatter data to compute
SSCs and loads

* Extends utility of ADVMs used for
streamflow velocity; higher temporal

resolution
From Wood and Teasdale, 2013



Examples of water-quality surrogates

Surrogate Water-quality constituent

Total suspended solids,
total nitrogen, organic

Turbidity nitrogen, total phosphorus,
total organic carbon,
iIndicator bacteria

Dissolved solids, alkalinity,
chloride, calcium,

Specific conductance magnesium, sodium,
potassium,
orthophosphate, atrazine

Baldwin and others, 2012; Chanat and others, 2013; Christensen and others, 2000;
Galloway, 2014; Miller and others, 2007; Miller and others, 2013; Rasmussen and
others, 2005; Ryberg, 2006; Schaepe and others, 2014; Stone and others, 2013;
Stone and Graham, 2014; Wood and Etheridge, 2011.



Effort is underway to publish USGS methods report and
release policy guidance for water-quality surrogates

Purpose
® Provide consistent approach to model development
® Describe documentation and archiving requirements

®* Meet Fundamental Science Practices without an interpretive report

Benefits to USGS and others
® Consistent, clear, and streamlined approach
®* Documentation of methods

* Better characterization of variability for important water-quality
constituents

®* Make models and data easily available to the public

®* More timely release of information because publication not needed
if methods are followed
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Sounds easy enough, but...

®* How many samples are needed?

®* Over what period of time, and at what frequency should samples be
collected?

* During what hydrologic conditions should samples be collected?

®* What surrogates might be important for the constituent of interest?
® Is it okay to collect multiple samples during 1 runoff event?

®* Where to start when building a model?

®* How should non-detects be handled?

®* How should outliers be treated?

®* How to choose between the 2 best models?

®* What statistical tests and plots are best for evaluating models?

* Is it okay to estimate values outside the model calibration range?

®* How should an existing model be evaluated for performance?

®* How should an existing model be updated as new samples are collected?



USGS Techniques and methods report

Applications:

 Linear (and log-linear) regression models using instantaneous-value
surrogate data to compute instantaneous-value water-quality
concentration data

 Waters for which methods have been published for continuous
(surrogate) data collection - rivers, streams, beaches

Does not apply when:

* Non-linear or non-parametric statistical approaches are used

e Standard methods for data collection have not been published
e Data sets include more than 5% non-detections



Methods — collection of continuous (surrogate) data

1. Follow published methods including
* USGS National Field Manual - field methods
 Wagner and others — multiparameter monitors
* Pellerin and others — optical sensors

2. Follow requirements for timely review of data

3. Document operating range of sensors



Methods — collection of discrete data

1. Follow field methods described in USGS
VEWLHEIREE LR ERQTEL

2. Minimum of 48 samples recommended
for model with 2 explanatory variables;
more samples needed for additional
explanatory variables

 Half fixed interval, half runoff (or
targeting other source of variability)

* Sample collection over 3 years
preferred; 2-6 years okay

 Sample range of conditions

3. Ensure data meet quality assurance
objectives



Methods — regression model development

1. Use linear regression analysis; understand the basic assumptions
* Samples representative of population

* Residual errors have constant variance and are normally
distributed

2. Use recommended statistical diagnostics and
graphs to evaluate models

* Residual plots, time series, boxplots, model
standard percentage error (MSPE), prediction
error sum of squares (PRESS), Mallow’s C,
others

* R package will be available

3. Exclude outliers only when shown to be errors
(or rare circumstance)

4. If more than 2-5% of data are non-detects, use
different approach (Tobit)

5. Include transformation bias correction



Methods — model documentation

1. Model Archive Summary (MAS) includes:
* Description of model and model-building decisions
* Model diagnostics and graphs
* Link to dataset

2. MAS is submitted to 2 qualified (experienced in regression models)
colleague reviewers

3. After approval, model is archived in an official data repository

4. R package available to produce standard MAS



Model Formula Number of Standard R2 Adjusted Lo PRESS VIF MSPE
Variables Error R2

logs5 ~ 1logTURE 1 @.1595 92.76 92.65 21.86 1.884 <NA> % 3B

loghs ~ TURE 1 9.3693 6l.18 68.62 484.9 18.44 <NA> x 9g

log55 ~ logQ 1 2.4443 43,82 43.81 615.9 14.44 <NA> = 128

logS5 ~ logTURE + logSC 2 @.1548 93.28 03.88 16.69 1.882 1.742 + 36

log55 ~ logTURE + SC 2 @.1548 03.28 03.88 16.75 1.843 2.888 <+ 36

log&5 ~ TURE + logTURE 2 8.156 93,17 92.97 17.98 1.875 2.449 =+ 37

logs5% ~ logTURE + logQ + logsc 3 2.1434 04, 32 094,87 6.846 1.541 1.947 =+ 34

logs5 ~ logTURE + logQ + SC 3 @.1491 93.86 93.58 11.68 1.786 2.268 + 35

logs5 ~ logTURE + Q@ + logSC 3 @.1519 93.62 83,34 14.55 1.736 1.886 =+ 36

loghs ~ TURE + logTURE + logQ + logsC 4 2.1481 94.66 894,33 3.944 1.589 2.55%8 =+ 33

log55 ~ 1logTURE + logQ + SC + logsC 4 9.1441 94,35 94 7.743 1l.61 2.43 + 34

log55 ~ logTURE + Q@ + logQ + logsC 4 2.1443 04,33 893.99 F.877 1.573 2.757 + 34

log55 ~ TURE + logTURE + lopQ + 5C + lopgsSC 5 2.1482 94,73 894,33 5.844 1.563 2.6852 + 33

logh5 ~ TURE + logTURE + Q + logQ + logSC 5 @.1411 94.66 84,25 5.8096 1.541 2.582 <+ 33

logss ~ logTURE + Q + logQ + SC + logsC 5 9.1452 94,35 G3.01 9.7 1.639 2.889 =+ 34

logs5 ~ TURE + logTURE + Q + logQ + SC + logsSc & 2.1412 94.74 a4, 24 7 1.592 2,752 % 33
Date lopS5 logTURE logQ 55 TURE Q Computed Computed Residusl MNormal Censored
a logss 55 Quantiles  Values
1 20@84-87-26 2.489 2.381 3.8 388 288 6318 2.608 434 -8.119 -8.083 --
2 2985-91-28 1.94 1.886 1.828 87 64 &67.25 2.12 141 -8.18 -1.64 ==
3 2085-93-25 2.417 2.204 2.B42 26l lea 696 2.403 333.3 -9.9767 -8.597 --
4 2985-85-11 1.914 1.622 1.494 82 42 25.33 1.948 05.27 -8.8357 -8.186 --
5 2885-85-26 3.161 2.568 2.B22 1454 i7a 664 2.804 688.9 a.358 1.79 --
6 20@85-96-a7 2.55 2.255 2.694 355 184 493.9 2.532 i64.4 a.al1s8l 2.436 --
7 2985-86-14 2.433 2.879 3,587 271 128 3863 2.411 276 a.8215 8.475 ==
8 2007-91-14 1 @.8l95 @.7317 12 6.6 5.392 1.241 18.63 -8.241 -1.74 --
o 2087-83-12 1.813 1.632 1l.841 65 42.96 11 1.946 o4, 48 -8.133 -1.17 --
1la 2897-83-21 2.3@3 2.111 1.14e 281 129.1 14 2.357 243.8 -9.8543 -8.436 --
11 2087-83-27 2.489 2.38 1.8%6 398 248 78.75 2.6812 438.3 -8.124 -1.1 ==
12 2007-84-82 2.819 2.477 3.43 659 398 2699 2.746 596.4 a.8729 9.824 ==
13 2007-84-18 2.380 2.146 2.611 245 148 488.7 2.436 202.2 -9.247 -8.213 --
14 2097-85-88 2.450 2.391 3.719 288 298 5238 2.685 431.3 -8.146 -1.32 --
15 2@@7-85-1a 2.114 2.879 3.6B6 13a 128 4852 2.415 278.1 -8.381 -2.81 --
16 2097-85-24 2.6890 2.419 3,938 496 262.5 B63T7 2.713 553.1 -9.185 -8.824 ==
17 2007-85-25 2.486 2.204 4,837 306 led 12908 2.533 365.2 -9.8474 -8.249 --
18 2007-87-11 2.623 2.294 3,129 424 led 1345 2.583 348.7 a.12 2.983 --
19 2897-88-13 1.716 1.477 1.g99 52 3a 5@ 1.835 73.11 -8.119 -8.874 --
28 2097-89-85 1.785 1.431 1.284 6l 27 16 1.779 64.34 @.89634 @.249 ==
21 2097-12-12 2.789 2.322 3,219 512 218  leke 2.607 432.7 a.183 @.027 ==
22 2005-83-84 3.276 2.982 3.489 18054 0p@ 2566 3.177 1688 a.ao0a7 2.874 --
23 2098-84-14 2.52 2.362 2.476 331 234 299 2.616 441.8 -@.8959 -8.683 --
74 FAAR-AG-70 7 3 77 & 7 AT R -A AGR -7 34 --

2 1% 7 3AF 165 13L 7 1463 ? EIF
-. Iy — LU LPJ.U.J.L}" LI 1O rIndlny IJ.EIJIJ.EJ.UIIIELI IS LLINILS Ll" ™ UJ. -.



Methods — data computation and dissemination

1. Via NRTWQ, project and other websites, reports

2. Compute load by multiplying computed unit-value concentration by the
concurrent unit-value of streamflow, and summing over desired time period

3. No interpolation and limited extrapolation

NRTWQ page
displays water-
quality
concentrations
and loads from
surrogates in
19 states

http://nrtwg.usgs.gov
Example: Difficult Run near Fairfax, VA

InTP =-4.813+0.547InTURB+0.107InQ
Jastram, 2014



Methods — reviewing and updating established models

1. Ongoing sample collection needed to verify model performance as
long as model is being used

2. Minimum of 8 samples/year (4 fixed interval, 4 targeting
variability)

2. Annual model review and documentation
3. Update model at least every 3 years
4. Timely evaluation of new data

5. Recommendations for evaluating values that fall outside model
uncertainty bands

* Evaluate samples with residuals of more than 2-3 sigmas;
investigate cause, collect extra samples

* Stop predictions if model not representing data



Plan for water-quality surrogates

Publish USGS T&M report to describe standard surrogate methods for water-
quality constituents

Simultaneously release USGS technical memo describing policy

e Data computed following methods described in the T&M are considered
non-interpretive data and can be disseminated without publishing a report

e Models must be documented and archived in accordance with
requirements for model archiving

 Models and data must meet requirements for scientific data release (IM
0sQl 2015-03)

Until these documents are released, published reports are required for using
surrogate models other than suspended sediment (if published methods
were followed).
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Questions?

Teresa Rasmussen

USGS Kansas Water Science Center
Lawrence, Kansas
rasmuss@usgs.gov

785-832-3576
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