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Surrogates for suspended sediment
TM3C4 – Rasmussen and 
others, 2009, Continuous 
turbidity and streamflow to 
compute SSC



Surrogates for suspended sediment
TM3C5 – Landers and others, 
2016, Acoustic indices from 
ADVM backscatter data to 
compute SSC



Policy for suspended-sediment 
surrogates

Tech memo 9/2016 –
policy and guidance 
for SSC surrogates



General regression model approach
▪ Install water-quality monitors at streamflow gages 

and transmit data in real time
▪ Collect water samples 
▪ Develop regression models using samples and 

monitor data
▪ Display computed data on the Web
▪ Continue sampling to verify models



Policy for suspended sediment 
surrogates
(1) Surrogate data and 
calibration samples are 
collected using 
consistent USGS-
approved methods 



Sensor data collection
▪ Don’t “over calibrate” 

optical sensors
▪ New wipers are more 

robust
▪ Sensor stays clean in 

velocity



Policy for suspended-sediment 
surrogates
(2) Computed data are 
derived from linear, log-
linear, or log-log statistical 
models developed according 
to Ordinary Least Squares 
(OLS) regression methods



Policy for suspended-sediment 
surrogates
▪ 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



Policy for suspended-sediment 
surrogates
▪ Exclude outliers only 

when shown to be errors 
(or rare circumstance)

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

▪ Include transformation 
bias correction



Policy for suspended-sediment 
surrogates
(3) Each model is 
documented in an 
electronic model archive 
summary (MAS)



Policy for suspended-sediment 
surrogates
(3) Each model is 
documented in an 
electronic model archive 
summary (MAS)



Policy for suspended-sediment 
surrogates
(4) Once the MAS has been 
approved and publicly 
released, the computed 
suspended-sediment
data may be disseminated 
to the public



Policy for suspended-sediment 
surrogates
(5) Continued sampling 
is required after model 
development to validate 
model performance if
models are used to 
estimate suspended-
sediment 
concentrations or loads 

New Data
Calibration data set

log(SSC) = 1.03 log(turb) – 0.0636

Turbidity reading from continuous 
in-stream monitor, in FNU



Policy for suspended-sediment 
surrogates
(6) Data interpolation defined 
as estimation between 
measured unit values and 
extrapolation defined as 
computation beyond the 
range of the model 
calibration dataset are 
permitted to a limited extent 

No more than 10%

Turbidity reading from continuous 
in-stream monitor, in FNU



Policy for suspended-sediment 
surrogates
(7) Surrogate regression models as described in this 
memorandum are used to compute
suspended-sediment concentration or load on the 
basis of observed explanatory variable(s) and
cannot be used alone to predict future suspended-
sediment concentration



Policy for suspended-sediment 
surrogates
(8) Surrogate models 
and applications of this 
policy are reviewed 
during triennial 
technical reviews



Policy for suspended-sediment 
surrogates
(9) This policy describes the standard approach for 
surrogate regression models for suspended
sediment. Models documented in interpretive reports 
published previous to this memorandum may 
continue to be used if validation sampling and 
ongoing model evaluation are completed as 
described in this memorandum



Policy for suspended-sediment 
surrogates
(10) A Bureau-approved interpretive report is required 
when conditions described in this memorandum are 
not met. This includes using alternative methods for 
collection of continuous and discrete data, sensor 
technologies, laboratory analyses, statistical model-
building, and data computation



Examples of other published water-
quality surrogates



Questions?

Patrick Rasmussen   USGS, Kansas
pras@usgs.gov
http://pubs.usgs.gov/tm/tm3c4/
http://water.usgs.gov/osw/suspended_sediment/time_series.html
http://waterwatch.usgs.gov/wqwatch/
http://nrtwq.usgs.gov


