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Two Part Talk

• Risk approach to 30-day mean and 
umbrella criterion for 7-day mean.

• Risk approach to 30 or 7-day mean as 
umbrella for instantaneous minimum.



Estimating the standard deviation 
that creates an umbrella.



Chebyshev's inequality 

• A one-tailed variant with k > 0, is

• X-u = difference between 7-day and 30-day mean 

• 1/(1+k2) = 0.10 => k = 3
• k = 1 => =1/3
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Standard Deviation Estimates 

0.78050.843930-day mean DO < 8.0

0.78050.9649all data

Umbrella SDEstimated 
SD

Data Used



Risk of 7-day failure | 30-day

0.03770.06005.5
0.04860.07345.4
0.06170.08895.3
0.07750.10685.2
0.09620.12715.1
0.11800.15005.0

Prob(|sd=0.8439)Prob(|sd=0.9649)30-day mean DO



Risk approach to Umbrella for 
Instantaneous Minimum Criterion

• Issue:
– High degree of autocorrelation
– Difficult to analytically obtain marginal EDF.
– Use  simulation



Simulation Set Up

• Parse Buoy data into 1-week (or less) time 
series.

• Fit time series model to each 
location/week (n=251)

• Estimate mean and V/C matrix for time-
series parameter vectors.



2 step simulation

• First - simulate Vector of time-series 
parameters – based on mean and V/C 
matrix.

• Second – simulate a one-week time-series 
based on Vector from step 1.



Time-Series Model – 7 parameters

b_Int - the intercept,
b_cday - linear trend term,
b_sin, b_cos - diel trend coefficients 
b_ar1,b_ar2 - autoregressive terms 
mse - residual mean square error



MANOVA of Time-Series Vectors –
Just CB4

(b_int,b_cday,b_sin,b_cos,b_AR1,b_AR2,mse)

<.00010.5022SampDep
<.00010.6465TotDep
<.00011.9229month  
Pr > FPillai's TraceSource 



Vector Mean for DO > 5.0

610000100

SensorDepthWaterDepthOctSepAugJulJunMay

0.3164-0.03190.9333-0.0527-0.4072-0.04935.0058
mseb_AR2b_AR1b_cosb_sinb_cdayb_Int



Adjusting mean DO

0.6008-0.02430.93200.1335-0.7198-0.04437.00823
0.5060-0.02680.93240.0714-0.6156-0.04606.34084
0.4112-0.02940.93280.0094-0.5114-0.04765.67335
0.3164-0.03190.9333-0.0527-0.4072-0.04935.00586

mseb_AR2b_AR1b_cosb_sinb_cdayb_IntSensor
Depth



1.000       -0.074
0.6084

-0.073
0.612

-0.129
0.369

-0.137
0.3408

0.034
0.814

-0.066
0.644

MSE    

-0.074
0.6084

1.000        -0.900
<.0001

0.171
0.233

0.120
0.406

-0.087
0.546

0.267
0.060

b_AR2  

-0.073
0.6129

-0.90
<.0001

1.000        -0.100
0.486

-0.228
0.109

0.113
0.434

-0.166
0.248

b_AR1  

-0.129
0.3694

0.171
0.2330

-0.109
0.486

1.000      0.061
0.673

0.447
0.001

0.259
0.068

b_cos

-0.137
0.3408

0.120
0.4064

-0.228
0.109

0.061
0.673

1.000        0.168
0.242

0.021
0.884

b_sin

0.034
0.8144

-0.087
0.5467

0.113
0.434

0.447
0.001

0.168
0.242

1.000        -0.023
0.872

b_cday

-0.066
0.6443

0.267
0.0602

-0.166
0.248

0.259
0.068

0.021
0.884

-0.023
0.87

1.00        b_Int

MSEb_AR2        b_AR1        b_cosb_sinb_cdayb_IntDF = 
49

Partial Correlation Matrix



1000  
100%

177  
100%

823  
100%

column
marginal 

449  
44.9 %

168  
94.9 %

281  
34.14 %

failure 
Instantaneous 

minimum > 10%

551  
55.1 %

9  
5.08 %

542  
65.86 %

failure 
Instantaneous 

minimum < 10%

Table 10a. 
Sensor Depth = 6  
mean DO = 5.0058

row
marginal 

7-day 
mean 
< 4.0  

7-day 
mean 
>= 4.0  



1000  
100%

55  
100%

945  
100%

column
marginal

343  
34.3 %

54  
98.2 %

289  
30.58 %

failure 
Instantaneous 

minimum > 10%

657  
65.7 %

1  
1.8 %

656  
69.42 %

failure 
Instantaneous 

minimum < 10%

Table 10b. 
Sensor Depth = 5  
mean DO = 5.6733

row
marginal 

7-day 
mean 
< 4.0  

7-day 
mean 
>= 4.0  



1000  
100%

2  
100%

998  
100%

column
marginal

166  
16.6 %

2  
100 %

164  
16.4 %

failure 
Instantaneous 

minimum > 10%

834  
83.4 %

0  
0 %

834  
83.6 %

failure 
Instantaneous 

minimum < 10%

Table 10d. 
Sensor Depth = 3  
mean DO = 7.0082

row
marginal 

7-day 
mean 
< 4.0  

7-day 
mean 
>= 4.0  


