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A water quality index is…

• A single value, from 0 – 100, that represents the chemical health 
of a river

• A composite value, composed of multiple chemical parameters

• A potential tool for public outreach and for estimating project 
effectiveness



Decisions, 
decisions…

1. A focus
2. Parameters
3. Criteria
4. A calculation



Focus: nonpoint pollution



Parameters: 
relevant and regular

• Temperature
• Dissolved oxygen
• pH
• Total suspended solids
• Total nitrogen
• Total phosphorus
• Atrazine
• E. coli (fecal coliforms)



Parameters and criteria
Parameter Stream 

category
Source Dates applicable Criterion

Atrazine NDEQ Title 117 12 µg/l
E. coli NDEQ Title 117 126 cells/100 ml
pH NDEQ Title 117 6.5 – 9.0
Temperature Coldwater NDEQ Title 117 22°C

Warmwater NDEQ Title 117 32°C
Dissolved oxygen Coldwater A NDEQ Title 117 October 1 – May 31 4 mg/l

Coldwater A NDEQ Title 117 June 1 – September 
30

8 mg/l

Coldwater B NDEQ Title 117 July 1 – March 31 4 mg/l
Coldwater B NDEQ Title 117 April 1 – June 30 5 mg/l
Warmwater A NDEQ Title 117 October 1 – May 31 3 mg/l
Warmwater A NDEQ Title 117 June 1 – September 

30
5 mg/l

Warmwater B NDEQ Title 117 October 1 – May 31 3 mg/l
Warmwater B NDEQ Title 117 June 1 – September 

30
5 mg/l

Total suspended solids Professional judgment 150 mg/l
Total nitrogen Moderate land-use model 1518 µg/l
Total phosphorus Moderate land-use model 379 µg/l



Nutrients and land use
1518 µg/L 379 µg/L

Criteria are model-predicted estimates at 33% rowcrop in the basin;
From Heatherly (2014), Ecological Indicators



Calculation
• From the Canadian Council of 

Ministers of the Environment 
(CCME 2001)

• Also adopted by the UN as a 
Global Drinking Water Quality 
Index

• Incorporates scope, frequency, 
and magnitude of criteria 
exceedance

Image result for united nations

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiu--qk5ofQAhUl94MKHRuiDswQjRwIBw&url=https://home.isi.org/useless-united-nations&psig=AFQjCNHAfr338waulhtr21GeVKKKwlSwjg&ust=1478097957474124


 

WQI  = 100 −  
 𝐹1

2 + 𝐹2
2 + 𝐹3

2

1.732
  

 

𝐹1  =    
# 𝑓𝑎𝑖𝑙𝑒𝑑 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠

𝑡𝑜𝑡𝑎𝑙 # 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠
  ×  100 

  

𝐹2  =    
# 𝑓𝑎𝑖𝑙𝑒𝑑 𝑡𝑒𝑠𝑡𝑠

𝑡𝑜𝑡𝑎𝑙 # 𝑡𝑒𝑠𝑡𝑠
  ×  100 

 

𝐹3  =    
𝑛𝑠𝑒

0.01𝑛𝑠𝑒 + 0.01
  

 

𝐸𝑥𝑐𝑢𝑟𝑠𝑖𝑜𝑛  =    
𝑓𝑎𝑖𝑙𝑒𝑑 𝑡𝑒𝑠𝑡 𝑣𝑎𝑙𝑢𝑒

𝑔𝑢𝑖𝑑𝑒𝑙𝑖𝑛𝑒 𝑣𝑎𝑙𝑢𝑒
 − 1 

 

𝑛𝑠𝑒  =    
 𝑒𝑥𝑐𝑢𝑟𝑠𝑖𝑜𝑛

𝑡𝑜𝑡𝑎𝑙 # 𝑡𝑒𝑠𝑡𝑠
  

Scope, how many 
parameters failed

Frequency, how 
often parameters 
failed

Magnitude, how bad 
parameters failed



Date Temp Atrazine DO pH TN TP TSS E.coli

05/06/2003 14.50 0.03 9.00 8.27 1.71 0.25 13.5 248
05/13/2003 14.54 0.03 10.46 8.09 1.44 0.22 18 36

05/20/2003 12.95 0.11 11.13 7.99 1.68 0.17 9.5 166
05/28/2003 16.70 0.03 9.24 8.27 1.56 0.16 6 291
06/03/2003 13.30 0.03 9.39 8.35 1.54 0.20 7.5 194
06/10/2003 13.70 0.03 8.80 8.17 1.47 0.20 5 488.4
06/17/2003 16.80 0.21 9.70 8.14 1.55 0.17 5 157
06/24/2003 16.64 0.03 7.86 8.07 1.48 0.18 5 345

Long Pine Creek at Long Pine SRA
𝑭𝟏 =

𝟐

𝟖
× 𝟏𝟎𝟎 = 25.0

𝐅𝟐 =
𝟏𝟑

𝟓𝟔
× 𝟏𝟎𝟎 = 𝟐𝟑. 𝟐𝟏

𝐸𝑥𝑐𝑢𝑟𝑠𝑖𝑜𝑛 =
1.71

1.518
− 1 = 0.125, etc. 𝑛𝑠𝑒 =

1.292

56
 = 0.023

𝐅𝟑 =
𝟎.𝟎𝟐𝟑

𝟎.𝟎𝟏(𝟎.𝟎𝟐𝟑)+𝟎.𝟎𝟏
 = 2.24

WQI = 100 −
28.572 +23.212 +2.242

1.732
 = 78.71 = GOOD



Assigning quality
Class WQI scores

Excellent 90-100

Good 70-89.99

Fair 50-69.99

Poor 1-49.99



Median NWQI

The NDEE Ambient Stream Monitoring Network





Some spatial 
patterns





If you put in pivots 
and start growing 
corn, the water 
draining your land 
will become worse
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The addition of year-round 
monthly sampling of E. 
coli gave the impression 
of worsening water quality

Some 
temporal 
patterns



The drought appeared 
responsible for our greatest 
increases in water quality 
even without E. coli. These 
stations were also added to 
the ASMP in 2016.



Lincoln Creek 
at Seward



1.518 mg/L



0.379 mg/L



150 mg/L



126 mpn/cfu



8 µg/L



WQI(no E. coli) ~ Discharge + Month + Date 

Parameter No. significant No. positive No. negative
Discharge 73 8 65
Month 81
Date 25 11 14

Always correlated with 
worsening TN, TP, & TSS
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