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What is        ?

R is an advanced set of 

tools for data analysis.   



Clean Water Act Assessment

• The Assessment takes raw water quality data and determines if 
standards are being met

• Running the assessment took us over 9 months (that is with a tool to 
help us do the math!)

• In 2018, the tool we had stopped working



Breakthrough – CWA Assessment

• I wrote R code that reduced the time it took to do the math of the 
assessment from 9 months to 12 minutes

• Arizona was the first state to completely automate the assessment

• Timely data allows directed monitoring
• Delisted 56 impairments since 2018

• Reduced inconclusives from a static 66% to 34% (and dropping)
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9 Months 

to

12 Minutes

56 Delists
27 due to remediation

Fewer 

Inconclusives
reduced from 66% to 34%

101 waters support all uses
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Why        ?

• Free 

• Sharable

• Reproducible

• Large Community 



Source: 2020 Survey from www.RexerAnalytics.com

Survey Says!



Training Program
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Data Science

+
Projec

t=
Results 



Zac White

Environmental Scientist

Water Quality Division

Surface Water Quality Improvement Section

Sampling and Source Identification Unit

9



Exploring relationships between pollutant discharges

Question

What % of all pollutant discharges 

identified in Arizona Total Maximum Daily 

Load (TMDL) reports are Point Source (PS) 

vs Nonpoint Sources (NPS)?

10



Exploring relationships between pollutant discharges

TMDL = ∑ WLA + ∑ LA + MOS

- TMDL = Allowable Total Maximum Daily 
Load

- WLA = Point Source load allocation
- LA = Nonpoint Source load allocation

- MOS = Margin of Safety

11https://www.bcwater.org/threats/



Exploring relationships between pollutant discharges

Challenges faced during the project:

- New R user 

- New dataset / data exploration

- Trial and error in analysis 

- Intervals of hitting  walls
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Exploring relationships between pollutant discharges

Evolution of project phases:

1. Imported datasets from ADEQ and EPA 

1. Data quality control

1. Joined data into one dataframe

1. Filtered NA and duplicate data

1. Standardized units

1. Totaled LA and WLA data

1. Visualized results w/ graphs 13



Exploring relationships between pollutant discharges

-Specialized data 
science package

- Comprehensive 
vignette explaining 
commands used in 
package

14https://hbctraining.github.io/Intro-to-R/lessons/08_intro_tidyverse.html



Exploring relationships between pollutant discharges

- Compare internal ADEQ 
database to EPA database

- table joins (anti / inner)
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Exploring relationships between pollutant discharges

filter( ) 

distinct( ) 
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26,000 rows raw 
data

2,500 rows of usable 
data



Exploring relationships between pollutant discharges
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Totals for WLA and LA :

-sum( ) WLA and LA columns

% WLA = WLA/ LA *100 

% LA = 100 - %WLA

Standardize results w/ units 
package:

- E. coli CFUs → G-CFUs
- “X”-grams –>Kg 



Exploring relationships between pollutant discharges

Visualize results

-

- flexible graphing tool

- easy to use, hard to master
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Exploring relationships between pollutant discharges

Question

What % of all TMDL loads are 

Point Source vs Nonpoint 

Sources?

Results

- 96 % Nonpoint Source loading

- Data driven decisions

- Permits and NPS teams

- address data gaps
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Valeria Bocanegra

Environmental Scientist

Water Quality Division

Surface Water Quality Improvement Section

Sampling and Source Identification Unit
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Statistical Analysis of Copper Content in Water Bodies

Questions

1. Is there a difference between storm samples and baseflow 
samples?

a. To answer this question I used the Wilcoxon Rank sum test to test for 
significant difference.

2. Does sampling during stormflow conditions increase the chances of 
an exceedance?

a. To answer this question I used the Chi-squared test of independence.
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R  Packages Leveraged for Analysis

• Collection of 
functions for 
pulling data 
from USGS and 
EPA water 
quality and 
hydrology data 
from the Water 
Quality Portal.
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• Package that 
provides a 
consistent set of 
verbs for data 
manipulation. 

• A package that 
allows you to 
create graphics 
based on the data 
provided and 
aesthetics you 
choose.

dplyr ggplot2dataRetrieval



Retrieve Water Quality Data

• dataRetrieval 
• readWQPdata

• dplyr
• select()
• mutate()
• filter()
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Wilcoxon Rank Sum Test for Significant Difference

• p-values < 0.05

• “true location shift is 
not equal to 0. “

• Sample sets are 
significantly 
different.
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Visualizing Results

25



Chi-squared test of independence

• p-values < 0.05

• Variables are 
dependent.
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Categorical variables: 
Exceedance and Flow



Analyze Results

More storm samples exceed than 
base flow samples. 
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> 50% storm samples exceed the 
standard



Outcomes

Analysis

1. Significant difference in copper content between storm and 
baseflow samples.

2. Exceedances are not independent of flow.
3. Storm events introduce bias to the data and are not representative 

of normal conditions.
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Mackenzie Moore

Environmental Scientist

Water Quality Division

Surface Water Quality Improvement Section

Standards and Assessment Unit
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Measuring EJ Considerations in TMDLs

Question

• Was there a bias in how ADEQ has historically chosen which 

impairments to complete Total Maximum Daily Load (TMDL) reports 

for?

Analysis

• Environmental Justice Parameters: Percent Low Income & Percent 

Minority

• Assessed Categories: Impaired with TMDL, Impaired without TMDL, 

Assessed – Not Impaired (Attaining or Inconclusive)
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How We Leveraged R for the TMDL & EJ 
Analysis
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leaflet

● Map the assessed 

waterbodies with percent 

low income and percent 

minority data shown 

spatially

tidyverse

● Match EJ parameters 

from distinct HUC12s to 

ADEQ’s assessment 

units

ggplot

● Create boxplots for 

analysis of EJ 

parameters to waters 

with completed TMDLs 



Comparing Assessment Decisions to EJ Data
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But where are these reaches?

There must be a better way to 
visualize this data… 



Mapping EJ Parameters and Assessments in R
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Leaflet - Coding a Custom Map 

34

The leaflet map allows viewers to see 
each assessed waterbody’s location, the 
assessment decision, and the EJ 
parameters all at once

Colors representing each 
assessment decision:

Intensity of color based on the EJ 
parameter percentage:



Outcomes

• Determined that there was not a bias
for or against communities with low 
income or high percent minority in 
selecting which impaired waters to 
complete TMDLS for 

• Created a product to easily visualize
where impairments are in relation to EJ 
populations

• Environmental Justice is included in 
TMDL Prioritization Tool as a weighted 
category for intentional consideration

35



Matthew Robinson

Environmental Scientist

Water Quality Division

Surface Water Quality Improvement Section

Standards and Assessment Unit
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Assigning flow regimes

• Standards and Assessment Unit –
Environmental Scientist

• My role: Classify the flow regimes of 
Arizona’s water bodies

• Knowing a flow regime is essential to 
making water quality standards and 
regulatory decisions
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• However, 82% of streams have no 
assigned flow regime



Assigning flow regimes
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How can we use R to 
assign flow regimes?



Assigning flow regimes
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Weight of 
Evidence Approach 



Assigning flow regimes
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What does this have to do with R?

Wet Data Points – Level 6
Has THOUSANDS of records!

What are Wet Data Points?

Individual observations of 
flow on a single day



Assigning flow regimes
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Wet Data Points

Ephemeral: “A surface water or portion of 
surface water that flows or pools only in 
direct response to precipitation.”

Flow observations must be paired with 
precipitation data to make a determination

0.4 inches of rain within a 48-hour period to 
be the precipitation magnitude that results 
in streamflow

Use wet data points that are NOT stormflow 
events to summarize flow over seasons and 
years: “At Least Intermittent”

+
coordinates from mid-reach



Assigning flow regimes
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Wet Data Points R Process

1) Download + Clean WQX 
data

2)     Pull in precipitation data

3)    Combine (loop)

4)    Summarize

5)    Assign a flow regime



Assigning flow regimes
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Only uses 1 package!

Set up some waterbody specific 
information…

Read in the WQX data…

Select() and mutate() remove all 
unwanted columns and changes 
the date format…

Filter() removes all types of 
locations we are not interested in

Distinct() gives us all unique 
sample dates per site 
& mutate creates a “season” field

1) “Clean” WQX data 



Assigning flow regimes
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We don’t just need 1 
date, we need the 

antecedent 48-hours of 
precipitation…

How do we do this?

R!

2) Pull in precipitation data



Assigning flow regimes
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= 0.05 inches = “precip_48_total”

0.05

0.00

1.54

0.00

0.15

3) Combine (using a loop!)



Assigning flow regimes
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0.05

0.00

1.54

0.00

0.15

Summarize the flow observations by season

Use “ifelse” statements to answer how often flow 
is observed

Filter() retains only precip less than 0.4 inches

Count() the number of seasons

4) Summarize



Assigning flow regimes
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+ +

Analysis: based on wet data point observations, there was at 
least 1 season with greater than 3 years of record after 

excluding all storm influenced flow events (precipitation 
threshold of 0.4inches of rain within 48-hours)

5) Assign Flow Regime!

Recap:

=

Flow Regime Result: At Least Intermittent



Questions?

Jason Jones
Jones.Jason@azdeq.gov
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mailto:Jones.Jason@azdeq.gov
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