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Abstract

Urbanization increases runoff, sediment, and nutrient loadings to freshwaters, causing flooding, harmful algal blooms, and
increased costs for drinking water filtration. Most watershed models use runoff quality data from specific land uses; coupled with
a variety of methods for quantifying loads, the most common being Build-up and Wash-off (BUWO) equations for which loading
is a function of antecedent dry period (ADP). However, several studies have shown there is no significant correlation between
urban runoff quality and ADP, suggesting predictions based solely on landuse and ADP are questionable. The objective of this
study is to discover which parameters, climatological or catchment characteristics, are most significant and should be included
in the BUWO relationship. Stormwater quality data was obtained from the National Stormwater Quality Database (NSQD),
which is the largest and most recent database of its type in the U.S. Bayesian Network Structure Learner (BNSL) was used
to assess the relationships between catchment characteristics, climatological information, and runoff quality for each land use.
Given the optimal BN structure, it was determined which parameters affect water quality event mean concentrations the most,
and which the least. The results demonstrated that for some constituents (i.e. particulate nitrogen, particulate phosphorous,
and sediments), other factors (such as rainfall depth and duration, surface slope) exert a more important influence on urban
runoff quality than ADP.
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INTRODUCTION

Urbanization:

 Increased impervious surfaces
e Increased runoff

 Increased transport of nutrients and sediment from urban catchments to downstream water bodies.
Eutrophication and harmful algal blooms:

o As aresult of increased nutrients and sediment concentration in water bodies

Estimation of nutrient and sediment loads:

e Design of stormwater control measures (SCMs) or best management practices (BMPs) is based on
inflow loads from urban catchments.

e Event Mean Concentration (EMC) is a common practice used by practitioners to estimate
stormwater quality from a specific land use (LU).
Pollutants accumulate on surfaces during dry periods, making EMC a function of antecedent dry
period (ADP). An EMC results from wash-off of accumulated pollutants from catchment surface
during runoff events. However, several studies have not found a correlation between constituent
concentrations in stormwater and ADP.

The objective of this study:

e Discover which climatological or catchment characteristics are most significant in affecting
nutrients and sediment EMCs.
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BACKGROUND

The National Stormwater Quality Database (NSQD):

o The largest data repository for stormwater quality in the U.S.

e 5,000 storm events from 308 homogenous urban catchments
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Figure 1. The number of monitoring locations with homogenous urban catchments in the
NSQD.

o Water quality constituents:
o Total Nitrogen (TN)

o Total Kjeldahl Nitrogen (TKN)

o Nitrate (NO3-N) and Nitrite (NO,-N)
o Total Phosphorous (TP)

o Ortho-Phosphorous (Ortho-P)

o Total Suspended Solids (TSS)

e Land uses (LUs):
o Commercial, Freeways, Industrial
Institutional, Open Space, and Residential

e Recoded data for each storm event:
o Catchment size (4)
o Percent imperviousness (Imp)
o LU
o Precipitation depth (P)
o Precipitation duration (D)
o ADP
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METHODOLOGY

(1) Completion of the missing information in the NSQD:

Climatological characteristics:

e P,D,and ADP:

o National Climatic Data Center (NCDC) and United States Geological

Survey (USGS) databases

Catchment characteristics:

Catchment delineation:

o Automated delineation tool within PCSWMM software

o Digital Elevation Models (DEMs) from the U.S. Department of Agriculture (USDA):
Natural Resources Conservation Service (NRCS): Geospatial Data Gateway

Imp:
o National Land use Land Cover database (NLCD)

Slope (5):
o Digital Elevation Models (DEMs)

Soil data:
o Available Water Capacity (AWC)

o Saturated Hydraulic Conductivity (K,

o Web Soil Survey Geographic Database (SSURGO): physical soil properties

X, : Precipitation depth (P)

X, : Precipitation duration (D)
O\ b\ B\\ \B\\ \) X3 :Antecedent dry period (ADP)
(S RNIRNGN

: Catchment size (A)

: Slope ()

: % Imperviousness (/mp)
Catchment  Land use (LU)

: Available water capacity (AWC)

: Saturated hydraulic conductivity (K,,)

) X1 : Water Quality Event Mean Concentration (EMC)
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Figure 2. General overview of the methodology used in this study.

(2) Bayesian Network Structure Learner (BNSL):

Widely used machine learning method.

Freely available within R programming language.

Performs pairwise independence tests among any pair of variables.

Models dependencies among random variables.
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RESULTS

Optimal Bayesian Network (BN) structures for nutrients and sediment:

3259 events a 3217 events |E|

547 events c 3321 events

Figure 3. The optimal BN structures for a) TSS, b) TN, ¢) Ortho-P, and d) TP.

o Both climatological and catchment characteristics affected nutrients and sediment EMCs.
e P and D were related and affected TN, TP, and TSS.

e Among catchment characteristics, LU was the most influential factor.

o LU affected AWC, K, and Imp.

o Compared to other factors, the effect of ADP on TSS was negligible.

o S affected TSS and Ortho-P, a dissolved form of TP.
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o TSS affected the particulate form of TP.
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DISCUSSION

Effect of Climatological and Catchment Characteristics on Nutrients and sediment EMCs:

LU and ADP were not the only factors affecting nutrients and sediment EMCs.
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Figure 4. Synthesis figure informing relationships between climatological characteristics,
catchment characteristics, and nutrients and sediment EMCs.
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ABSTRACT

Urbanization increases runoff, sediment, and nutrient loadings to freshwaters, causing flooding, harmful algal blooms, and
increased costs for drinking water filtration. Most watershed models use runoff quality data from specific land uses; coupled
with a variety of methods for quantifying loads, the most common being Build-up and Wash-off (BUWO) equations for
which loading is a function of antecedent dry period (ADP). However, several studies have shown there is no significant
correlation between urban runoff quality and ADP, suggesting predictions based solely on landuse and ADP are questionable.
The objective of this study is to discover which parameters, climatological or catchment characteristics, are most significant
and should be included in the BUWO relationship.

Stormwater quality data was obtained from the National Stormwater Quality Database (NSQD), which is the largest and most
recent database of its type in the U.S. Bayesian Network Structure Learner (BNSL) was used to assess the relationships
between catchment characteristics, climatological information, and runoff quality for each land use. Given the optimal BN
structure, it was determined which parameters affect water quality event mean concentrations the most, and which the least.
The results demonstrated that for some constituents (i.e. particulate nitrogen, particulate phosphorous, and sediments), other

factors (such as rainfall depth and duration, surface slope) exert a more important influence on urban runoff quality than
ADP.

e . X, : Rainfall depth
v £ “'\_35(2 : Rainfall duration |
T R
BY B\ B b \B YA BN\ X5 - Antecedent dry period |
DD h O b D
( Xl \I |"X3 \\
X5 : Slope Bayesian. eyl 7 X i
. Network » - LW
.o : FLY = 5 i o / 55
Catchment Xg : % Imperviousness Structure Ty I (Xg )
IIII X5 : Land use Tearner L X \E &
Xg : Soil characteristics/’ (BNSL) N T/
(M- .’,.»—- ‘:
(- ‘:;\Xg /_,'
7 Xy : Water Quality Event The optimal Bayesian Network structure
e o Mean Concentration (EMC)
—— s

(https://agu.confex.com/data/abstract/agu/fm21/2/7/Paper 917772 abstract 873607 _0.jpg)

15/24


https://agu.confex.com/data/abstract/agu/fm21/2/7/Paper_917772_abstract_873607_0.jpg

12/7/21, 8:52 PM AGU - iPosterSessions.com (agu-vm-0)

CHAT SETTINGS

How it works
(https://ipostersessions.com/Schedule_chat_instructions_ AGUFM/)

Choose Date & Time Edit Chatroom Message

Hello
Your Timezone [ v ] My chat will be starting at the time listed below. If the chat isn’t open, it means I'm not here yet - so please contact me using
the Contact Author button at the bottom of my iPoster.
Time From [ )
Important: Participants will only be able to join your chat during the assigned time and when you have clicked the "Start Chat" button,
oo = )
Date Cmom7ddlyyyy

)

Please nofe: Afier setting up or changing your session time, it may take up to an hour for the change to be displayed on the Gallery screen

SAVE SETTINGS  CANCEL START CHAT

https://agu2021fallmeeting-agu.ipostersessions.com/Default.aspx?s=78-0E-CC-40-D9-8E-0C-DD-8D-F7-3D-19-B3-FF-51-DA&pdfprint=true&guestv... 16/24


https://ipostersessions.com/Schedule_chat_instructions_AGUFM/

12/7/21, 8:52 PM AGU - iPosterSessions.com (agu-vm-0)

YOUR CHAT SESSION SCHEDULE

Add new session
DateStart End Time zone Actions

https://agu2021fallmeeting-agu.ipostersessions.com/Default.aspx?s=78-0E-CC-40-D9-8E-0C-DD-8D-F7-3D-19-B3-FF-51-DA&pdfprint=true&guestv... 17/24



12/7/21, 8:52 PM AGU - iPosterSessions.com (agu-vm-0)

CHAT INFORMATION

https://agu2021fallmeeting-agu.ipostersessions.com/Default.aspx?s=78-0E-CC-40-D9-8E-0C-DD-8D-F7-3D-19-B3-FF-51-DA&pdfprint=true&guestv... 18/24



12/7/21, 8:52 PM

IN PERSON POSTER HALL SESSION SETTINGS

(https://ipostersessions.com/poster_hall_presentation_session_instructions/)

Choose Date & Time

AGU - iPosterSessions.com (agu-vm-0)

How it works

Edit Session Message

To 1 - -

Your Timezone [
Time From [
Date Cmm/dalyyyy

Session - Board Number

Session - Board Number

(

)

Please note: Afier setting up or changing your session time, it may take up to an hour for the change to be displayed on the Gallery screen

SAVE SETTINGS  CANCEL

https://agu2021fallmeeting-agu.ipostersessions.com/Default.aspx?s=78-0E-CC-40-D9-8E-0C-DD-8D-F7-3D-19-B3-FF-51-DA&pdfprint=true&guestv...

19/24


https://ipostersessions.com/poster_hall_presentation_session_instructions/

12/7/21, 8:52 PM AGU - iPosterSessions.com (agu-vm-0)

YOUR IN PERSON POSTER HALL SESSION SCHEDULE

Add new session
Date Start End Time zone Actions

https://agu2021fallmeeting-agu.ipostersessions.com/Default.aspx?s=78-0E-CC-40-D9-8E-0C-DD-8D-F7-3D-19-B3-FF-51-DA&pdfprint=true&guestv... 20/24



12/7/21, 8:52 PM AGU - iPosterSessions.com (agu-vm-0)

SHARE POSTER

SHARE LINK:

https://agu2021fallmeeting-agu.ipostersessions.com/Default.aspx?s=78-0E-CC-40-D9-8E-0C-DD-8D-F7-3D-19-B3-FF-51-DA&pdfprint=true&guestv... 21/24


https://twitter.com/intent/tweet?original_referer=https%3A%2F%2Fagu2021fallmeeting-agu.ipostersessions.com%2F&ref_src=twsrc%5Etfw%7Ctwcamp%5Ebuttonembed%7Ctwterm%5Eshare%7Ctwgr%5E&text=AGU%20-%20iPosterSessions.com%20(agu-vm-0)&url=https%3A%2F%2Fipostersessions.com%2F
https://www.facebook.com/sharer/sharer.php?kid_directed_site=0&sdk=joey&u=https%3A%2F%2Fagu2021fallmeeting-agu.ipostersessions.com%2FDefault.aspx%3Fs%3D78-0E-CC-40-D9-8E-0C-DD-8D-F7-3D-19-B3-FF-51-DA%26pdfprint%3Dtrue%26guestview%3Dtrue&display=popup&ref=plugin&src=share_button

12/7/21, 8:52 PM AGU - iPosterSessions.com (agu-vm-0)

JOIN CHAT

In order to join Chat, please enter your name and email address

JOIN CHAT

https://agu2021fallmeeting-agu.ipostersessions.com/Default.aspx?s=78-0E-CC-40-D9-8E-0C-DD-8D-F7-3D-19-B3-FF-51-DA&pdfprint=true&guestv... 22/24



12/7/21, 8:52 PM AGU - iPosterSessions.com (agu-vm-0)

AT MY POSTER

https://agu2021fallmeeting-agu.ipostersessions.com/Default.aspx?s=78-0E-CC-40-D9-8E-0C-DD-8D-F7-3D-19-B3-FF-51-DA&pdfprint=true&guestv... 23/24



12/7/21, 8:52 PM AGU - iPosterSessions.com (agu-vm-0)

REVIEWER SURVEY

2. Upload new

https://agu2021fallmeeting-agu.ipostersessions.com/Default.aspx?s=78-0E-CC-40-D9-8E-0C-DD-8D-F7-3D-19-B3-FF-51-DA&pdfprint=true&guestv... 24/24



