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Appendix 16. Field Comparison between YSI EXO and YSI 
6136 Turbidity Sensors at Mill Creek at Johnson Drive, 
Shawnee, Kansas (U.S. Geological Survey [USGS] Station 
Number 06892513), August 16 to August 31, 2017 

Comparison Description 

Station name: Mill Creek at Johnson Drive, Shawnee, Kansas (U.S. Geological Survey [USGS] 
station number 06892513). 

Equipment: A Yellow Springs Instrument (YSI) EXO water-quality monitor equipped with a YSI 
EXO turbidity sensor and a YSI 6 series equipped with a YSI 6136 turbidity sensor were deployed 
at the site for comparison between the sensors. The monitors were set to log data every 15 
minutes. The monitors were suspended in the stream in pipes that were attached to each 
other. No datum corrections were applied to either dataset. 

Calibration standard used: Hach StablCal standard. 

Side-by-side comparison data period: August 16 to August 31, 2017. 

Datasets 

All data were collected using USGS protocols (U.S. Geological Survey, variously dated) and are 
published in King (2021). Data were analyzed in three ways: (1) the entire dataset (0–1,000 
formazin nephelometric units [FNU]) with only clearly erroneous data edited out, (2) 0–99 FNU 
with the rising limbs removed, and (3) 100–1,000 FNU with the rising limbs removed. Rising 
limbs were removed (on the basis of visual inspection, when the hydrograph became vertical to 
near vertical) to eliminate the effect of the highly variable turbidity readings commonly 
observed during this part of the hydrograph. 
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Time Series 

 

YSI EXO Turbidity Sensor: 
Number: 1,409 
Minimum: 0.06 FNU 
Maximum: 972 FNU 
Median: 8 FNU 
Mean: 36 FNU 
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Statistical Analyses – All Data 
Slope comparison 

The following is a summary of final regression analysis for sensor-measured turbidity from a YSI 
EXO turbidity sensor and a YSI 6136 turbidity sensor at Mill Creek at Johnson Drive, Shawnee, 
Kansas, August 16 to August 31, 2017. 

y = 0.98x + 9.82 

where 

 y = turbidity measured with YSI 6136 turbidity sensor (FNU) 

 x = turbidity measured with YSI EXO turbidity sensor (FNU). 
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Wilcoxon Signed-Rank Test for All Data 

SigmaPlot Statistical Output: 

Normality Test (Shapiro-Wilk):  Failed (P < 0.050) 
 
Group          N  Missing  Median    25%      75%     
YSI EXO   1068 0 7.905 6.473 11.122  
YSI 6136   1068 0 13.700 8.725 27.275  
       
W= 521739.000  T+ = 546292.500  T-= -24553.500 
 
Z-Statistic (based on positive ranks) = 25.873 
 
(P = <0.001) 
 
The change that occurred with the treatment is greater than would be expected by chance; there is a statistically 
significant difference (P = <0.001). 
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R Statistical Output: 

Wilcoxon Signed-Rank test with continuity correction 
 
data:  YSI 6136 and YSI EXO 
V = 546292.5, p-value < 2.2e-16 
alternative hypothesis: true location shift is not equal to 0 
95 percent confidence interval: 
 5.335063 6.619960 
sample estimates: 
(pseudo)median  
      5.919943  

 

 

Summary of Results 

There is a strong linear association between measurements made with the two sensors (R = 
0.88). Forty-seven percent of the time, the relative percentage difference in turbidity values 
measured with the two sensors was greater than 30 percent. The data did not pass the Shapiro-
Wilk test for normality (P<0.05); therefore, a Wilcoxon signed-rank test was performed. The 
difference between median values for the YSI EXO and YSI 6136 turbidity sensors was 
statistically significant (P<0.05). 

Statistical Analyses - Low-Turbidity Conditions (0 to 99 FNU) 

The data from the side-by-side comparison were separated into low- and high-turbidity 
conditions. These statistical analyses are for low-turbidity conditions between 0 and 99 FNU. 

Slope comparison 

The following is a summary of final regression analysis for sensor-measured turbidity from a YSI 
EXO turbidity sensor and a YSI 6136 turbidity sensor at low-turbidity conditions (0 to 99 FNU) at 
Mill Creek at Johnson Drive, Shawnee, Kansas, August 16 to August 31, 2017. 

y = 1.06x + 6.90 

where 

 y = turbidity measured with YSI 6136 turbidity sensor (FNU) 

 x = turbidity measured with YSI EXO turbidity sensor (FNU). 
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Wilcoxon Signed-Rank Test for Low-Turbidity Data 

SigmaPlot Statistical Output: 

Normality Test (Shapiro-Wilk):  Failed (P < 0.050) 
 
Group        N  Missing  Median    25%      75%     
YSI EXO  995 0 7.750 6.360 9.890  
YSI 6136  995 0 12.800 8.600 23.800  
       
W= 482655.000  T+ = 489082.500  T-= -6427.500 
 
Z-Statistic (based on positive ranks) = 26.616 
 
(P = <0.001) 
 
The change that occurred with the treatment is greater than would be expected by chance; there is a statistically 
significant difference (P = <0.001). 
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R Statistical Output: 

Wilcoxon Signed-Rank test with continuity correction 
 
data:  YSI 6136 and YSI EXO 
V = 489082.5, p-value < 2.2e-16 
alternative hypothesis: true location shift is not equal to 0 
95 percent confidence interval: 
 4.91003 5.90499 
sample estimates: 
(pseudo)median  
      5.375002 

 

Summary of Results 

There is a strong linear association between measurements made with the two sensors (R = 
0.71). Forty-six percent of the time, the relative percentage difference in turbidity values 
measured with the two sensors was greater than 30 percent. The data did not pass the Shapiro-
Wilk test for normality (P<0.05); therefore, a Wilcoxon signed-rank test was performed. The 
difference between median values for the YSI EXO and YSI 6136 turbidity sensors was 
statistically significant (P<0.05). 

Statistical Analyses - High-Turbidity Conditions (100 to 1,000 FNU) 

The data from the side-by-side comparison were separated into low- and high-turbidity 
conditions. These statistical analyses are for high-turbidity conditions between 100 and 1,000 
FNU. 

Slope comparison 

The following is a summary of final regression analysis for sensor-measured turbidity from a YSI 
EXO turbidity sensor and a YSI 6136 turbidity sensor at high-turbidity conditions (100 to 1,000 
FNU) at Mill Creek at Johnson Drive, Shawnee, Kansas, August 16 to August 31, 2017. 

y = 0.91x + 82.72 

where 

 y = turbidity measured with YSI 6136 turbidity sensor (FNU) 

 x = turbidity measured with YSI EXO turbidity sensor (FNU). 
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Wilcoxon Signed-Rank Test for High-Turbidity Data 

SigmaPlot Statistical Output: 

Normality Test (Shapiro-Wilk):  Failed (P < 0.050) 
 
Group       N  Missing  Median    25%      75%     
YSI EXO  63 0 215.700 137.750 272.510  
YSI 6136  63 0 275.100 192.600 326.600  
       
 
W= 1510.000  T+ = 1763.000  T-= -253.000 
Z-Statistic (based on positive ranks) = 5.169 
(P = <0.001) 
 
The change that occurred with the treatment is greater than would be expected by chance; there is a statistically 
significant difference (P = <0.001). 
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R Statistical Output: 

data:  YSI 6136 and YSI EXO 
V = 1763, p-value = 2.399e-07 
alternative hypothesis: true location shift is not equal to 0 
95 percent confidence interval: 
 51.67496 78.74001 
sample estimates: 
(pseudo)median  
       65.6452 

 

 

Summary of Results 

There is a strong linear association between measurements made with the two sensors (R = 
0.81). Sixty-five percent of the time, the relative percentage difference in turbidity values 
measured with the two sensors was greater than 30 percent. The data did not pass the Shapiro-
Wilk test for normality (P<0.05); therefore, a Wilcoxon signed-rank test was performed. The 
difference between median values for the YSI EXO and YSI 6136 turbidity sensors was 
statistically significant (P<0.05). 
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