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T-probe deployment at station SFM 



 

Typical record of a couple of storm events;  some data cleanup was needed.  

Explain TTS.   
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With the regression you can convert turbidity to SSC. Here they are represented with 

one curve and two scales.  The load is the sum of products of discharge and SSC for 

each 10-min interval.   
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The annual load is estimated by adding the storm loads and the interstorm loads.  The 

interstorm loads are estimated using an annual regression of SSC on turbidity 
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For interstorm periods when the turbidity is messed up and too difficult to reconstruct, 

we use a regression of SSC on discharge, ie. a standard sediment rating curve 
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Trend Detection 

Multiple regression and scatterplots 
Â Explain as much variation as possible, then evaluate trend 

Responses 
Â Storm event peaks 

Â Storm event loads 

Â Storm event mean SSC = load ù flow 

Â Instantaneous SSC 

Predictors 
Â Same response at another watershed (preferably unmanaged) 

Â Another related response at same watershed 

Â Rainfall totals and decaying indexes (API)  

Â Time: use scatterplots to assess linearity 

 



Models for Storm Peak Flow 

Response 

Â Logarithm of 6-hr maximum flow 

Predictors 

Â Rainfall in the 6, 12, 18, or 24 hrs before peak 

Â APIk,i = k APIk,i-1 + Pi : hourly, daily 

Half-lives from 1.4 hours to 32 days 

Â Up to 5 predictors from all possible subsets 

Variation explained: SFM 51%, KRW 49% 
 

 



Variable Decay rate Half-life (days) 

D61 0.6125 1.41 

D71 0.7071 2.00 

D78 0.7827 2.83 

D84 0.8409 4.00 

D88 0.8847 5.66 

D92 0.9170 8.00 

D94 0.9406 11.3 

D96 0.9576 16.0 

D97 0.9698 22.6 

D98 0.9786 32.0 

Daily API variables 

There is an analogous set of variables at an hourly time scale 
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These show each individuals incremental contribution to a multivariate model after 

accounting for the influence of the other variables 
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No trend.  Good news or bad?  Current management is not reducing peaks 

by growing more forest  Nor is it increasing them. 
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Paired watershed models 

for storm peaks 

Limited utility without a control 

watershed for the period of record 

Best pairings were KRW:SFM and 

FTR:HHB 

No significant trends identified 
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Exercise: Mixed-effects Model  

for Annual Event Load 

Like a regression model, but predictors are classified as 
fixed or random effects 
Â No coefficients for random effects, only a variance 

Â Appropriate for grouped data when youôre not interested in the 
specific effects of each group 

Response 
Â Logarithm of annual load 

Fixed effects 
Â Logarithm of annual peak flow 

Â Time 

Random effects 
Â Watershed 
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Water Year

S
ta

n
d

a
rd

iz
e

d
 r

e
s
id

u
a

ls

-1

0

1

2004 2006 2008 2010 2012

ftr hhb

krw

2004 2006 2008 2010 2012

-1

0

1

sfm



Water year

S
ta

n
d

a
rd

iz
e

d
 r

e
s
id

u
a

ls

-1

0

1

2004 2006 2008 2010 2012

Model: log(load) ~ log(peak); but maybe this trend can be explained by 

another variable that is not management-related 
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Predicted log(load)
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Regression Models  

for Storm Event Load 

Response 

Â Logarithm of storm event load 

Predictors 

Â Storm event flow volume (log or sqrt) 

Â Storm event peak flow (log or sqrt) 

Residuals are not quite independent 

Â Serial autocorrelation must be modeled 
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Shows that the influence of log(flow) and log(peak) are almost linear 
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R2=0.88 
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R2=0.87 
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Significance tests for trend in 

storm event load 

Station Years Flow 

variable 

Peak 

variable 

Adjusted 

R2 

Error 

model 

Trend  

p-value 

SFM 2003-2013 Log(flow) Log(peak) 0.869 AR(2) 0.2045 

2006-2008 Log(flow) Log(peak) 0.884 CAR(1) 0.3569 

2008-2013 Log(flow) Log(peak) 0.881 IID 0.0027++ 

KRW 2003-2013 flow0.5 peak0.5 0.877 AR(3) 0.6798 

2006-2008 flow0.5 peak0.5 0.958 IID 0.0004-- 

2008-2013 flow0.5 peak0.5 0.920 IID 0.0071+ 

These r2 are before time was added to the models. 
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Mixed-effects Model  

for Storm Event Load 

Response 

Â Logarithm of annual load 

Fixed effects 

Â Logarithm of annual peak flow 

Â Logarithm of annual flow volume 

Â Time 

Random effects 

Â Watershed 

 


