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» Statistical Programming Language |

* Free and Open Source

« Over 10,000 packages for both
general-purpose statistical libraries
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What is R Studio?

R Studio is an Integrated Development
Environment (IDE).

An IDE is software where you can write lines of
code, execute them in R*, and see the results.

R Studio also develops its own libraries for
specific functions for data science purposes.

Both R and R Studio are free.




Geospatial data

* R has many packages
available to manipulate and
create geospatial data

* Plotting and mapping with
mapview, leaflet, ggplot2

» ESRI integration




R - ArcGIS Bridge

« Connects the two software packages

« Seamlessly convert and transfer data between R
and ArcGIS

Project - .
Current Settings Allow S write existing datasets
Units i layers that reference data overwritten by rocessing te
Tasl Add output datasets to an open map
Application Display disabled parameters
General Enable Undo ed on by default
Map and Scene Display data paths as shortened names
1 M M M I \nalyze script and mc GIS Pro compatibility
¢ R p a C ka g e a rC g I S b I n d I n g Open mes: s window automatically after running a
2

Script Editor

Logging
| Write ge

erations to dataset metadata
R-ArcGIS Support

Detected R home directories
= . . Display —
(arcgisbinding) - gram Fie

arﬁ.chéck_prnduct{}l

ey stalled 'arcgisbinding’ packag

Text and Graphics




— Streamline Wor

= o B0

Valua of rejocts ascigrad o Strahechar  $418,03847

YNNI L

. Ader o1 P2 .

B 2107
[T

[T
chont s (0A]
Bestgate Pd HMA PR 2

are.Feature_ingl
41 variab

ing with the

wien you have r

pr. 0pUL <~ read]ine(prospt - “Fassword:")




Shiny is a library, developed by R Studio

 Shiny allows you to build interactive web/desktop/mobile
apps using R.

 Shiny works using two scripts, one controlling the
interface, and one controlling the back end processes. The
two scripts react to each other.

shinyapps.io

ui.R

Tibrary(shiny)

# Define UI for application that draws a
histogram
ui=fluidPage(

# Application title
titlePanel("New BWPR App"),

# Sidebar with a slider input for year
selection
sidebarLayout(
sidebarPanel (
sliderInput("Year",
"Select Year(s):",
min = 2014,
max = 2021,
value = 2021)
),

# Show a plot of the generated
distribution
mainPanel (
plotOutput("ImperviousRestored")

)
)

server.R

Tibrary(shiny)
Tload("BWPRRestoration.RData")

# Define server logic required to draw
a plot
server <- function(input, output,
session) {

output$distPlot <- renderPlot({

# select data based on
input$Year from ui.R
<- BWPRRestoration
df.select <- BWPRRestoration
%>% select(year = input$Year)

# plot selected data
plot(df.select$year,
df.select$restoration, col =
'darkgray')
1))

}



What kind of applications?



Web Form - Credit Calculator

% ANNE ARUNDEL el
w COUNTY
s> MARYLAND GOVERNMENT DEPARTMENTS SERVICES & PROGRAMS OPENARUNDEL BUSINESS

Departments Department of Public Wo_rk; Bureau of Watershed Protection and Restoration BMP.;ed'l Calculator

 Standardized interpretation of T e L
reg u I a ti O n S BWPR's credit calculator was developed to assist NGOs and others to estimate potential impervious restoration

Anne Arundel County
credit and TMDL reductions from their project. Please select the relevant tab to enter data and estimate the Bureau of Watershed
credit and reductions Protection

& Restoration

Note: this tool is provided ‘as is' without warranty of any kind, ither expressed, implied, or statutory. The user assumes the entire risk as to quality and performance of the data from this tool

« Updates can be pushed centrally,
m e a n I n g t h e | a te St Ve rS I O n W I | | == Stream Restoration © Outfall Stabilization or SPSC & Shoreline Restoration 4 Land Cover Conversion A Soil Compaction
a |Wa yS b e O n | i n e . A Alternative Surfaces “\ Non-Structural BMP #2 Land River Segment Map % Shoreline Erosion Map

Input values: Impervious and TMDL credit

BMP type: ) Impervious surface restored (ack

* Popup boxes give help and prompt :
the user, meaning that the tool is rarge s 200 —
self-explanatory.
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WO (ac/ft: B €3 practice eligible for GSI? Total suspended sediment reduction (Ibsk

Land river segment [}

https://www.aacounty.org/departments/public-works/wprp/bmp-credit-calculator



Web Form - Geospatial Component
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credit and reductions
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Click on the land river segment in the location of the proposed BMP. Land River Segment ID will show in popup when clicking on
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Summarizing existing data

 Existing impervious treatment in a
new BMP’s drainage area needs to
be accounted for when
determining eligible credit.

« Determining the extent of existing
treatment in an area of interest or a
watershed can be laborious
process.
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ummarizing existing data

Restoration Summarizer Tool

. . BWPR's restoration summarizer tool was developed to assist BWPR and others to explore implemented .
¢ M d p S dare In te I'a Ct Ve an d d d ta can restoration n Anne Arundel County. Please selett the relevant tab o dlick on fealures and summarize the credi f\"“le["“'"de'c‘:'""’
be selected by drawing bounding s tesioroion
Note: this ool is provided @s s without warranly of any kind, either expressed, d, or statutory. The user assumes the entire risk as fo quality and performance of the data from this fool.
boxes on the map.
i Summay & Restoration BMPs

i S h a pefi IeS Ca n be u p I Oa d ed to Guidance Reset all selections | & Download Report

The tool enables a user to summarize existing or planned impervious restoration credit Credit by BMP Type
and nutrient and sediment reductions across the County. Selecting a tab will load a

summarize existin g treatment e e e

summarize existing credit for an area, the user can zoom in and click the drawing tool
bar on the left, draw a bounding shape to select features. The bounding shape can be

. . ]
WI t h I n a d ra I n a g e a re a drawn as a polygon, square, or circle. Selected features will turn yellow with a green
°

outline and be added to a summary table below the map

The total credit from all selected BMPs will be displayed on this page to the right,
together with a graph that breaks down the credit by practice. This tool provides credit
summaries to assist with data exploration.

o Restoration BMPs
() S e | e Ct I O n S a re a d d e d to a The Restoration BMPs tab contains all restoration BMPs that have been implemented
in the County since the 2014 baseline year. The geometry of the BMPs in this tab are
displayed as point features for ease of use. An option to select BMPs by upload a

summary table below the map,

Development BMPs

a n d a d d ed to a | Ot a n d ta b | e O n The Development BMPs tab contains all BMPs that have implementied and are in the
County's current inventory as of the end of fiscal year 2021. Some older stormwater

BMPs may not be captured in this dataset due to incomplete County records. Likewise,

t h e S u m m a ry pa g e recently implemented BMPs may not yet be refelected in this inventory.
L]

Implemented Project Credit Summary

» Reports are generated with
Rmarkdown and LaTex.



Decision support tools

» Stormwater Best Management Practice
iImplementation is typically reactive and
opportunistic

 Decision support tools help find cost-
effective opportunities to restore
degraded watersheds and meet water
quality goals

* Allowing the user to explore modeled data
means that restoration opportunities can
be scoped without waders



ecision support tools

Restoration Estimator Tool

BWPR's restoration estimator tool was developed to assist NGOs and others to explore restoration opportunities,
and estimate potential impervious restoration credit and TMDL reductions resulting from project implementation.

Anne Arundel County
Bureau of Watershec

L] L] L] €
Re Sto ra tl O n O O rt u n Itl e S Ca n b e Please select the relevant tab to click on features and estimate the credit and reductions. Protection
& Restoration
. . AARivers.org
eX p | O re d by C | I C kl n g fe a t u re S Note: this tool is provided 'as is' without warranty of any kind, either Wied, ar statutory. The user assumes the entire fisk as to quality and performance of the data from this toal.
L]
& Contact
i Summary £ Riparian Planting 4@ Shoreline Restoratior & Upland Retrofits &* Floating
Selecti dded t
Guidance Reset all selections & Download Report
S u I I I I I l a ry ta b | e b e I OW th e I I Ia p The potential credit from different restoration measures were modeled across the
! County. Each of these practices has its own tab. Selecting a tab will load a map and Credit by BMP Type
table. To estimate potential credit for an area, the user can zoom in and click to select
a n a e to a Ot a n ta e O n features. ©Once data are selected, the chart below displays the relative proportions of impervious
acres restored, and the total nitrogen, total phosphorus, and total suspended solid
Features can be selected by clicking directly on the feature or by selecting the Site ID reductions by BMP type.
t h e S u m m a r a e from the dropdown box below the map. Selected features will tumn red and be added to a
y p g . summary table below the map. To deselect features, simply re-click or delete Site 1D
from the dropdown box.
The user can progressively work through the tabs to select potential restoration practices
in their project area. The total credit from all BMPs will be displayed on this page to the
right, together with a graph that breaks down the credit by practice. This tool provides
estimates to assist with site selection, but field assessments must be conducted for
official crediting. To reset all selections, click the 'Reset all selections' button to the nght.

Reports are generated with
Rmarkdown and LaTex. Report
sections are conditional on
feature selections.

Stream Restoration

The stream restoration tab contains modeled credit available for ~200-ft segments of
non-tidal streams across the County. The model uses LIDAR data collected in 2017 and
2020 and computes the volume changes in a 40-ft buffer around the stream network

TSS was calculated by converting the annual volume less by a bulk density value of 87.5
Ib per cu ft. Restoration efficiency was assumed to be 50%, and therefore, the amount of
TSS credit was halved. TN and TP credit were calculated by multiplying the TSS credit,
at 50% efficiency, by default rates outlined in the Chesapeake Bay Expert Panel
guidance. These values were 2.28 and 1.05 Ibs per ton for TN and TP, respectively.

Only projects with Equivalent Impervious Area (EIA) treatment above 0.02 ac per linear
foot for each 200-t segment are displayed, as these are likely to be in need of
restoration. Credit estimates only use Protocol 1. Projects with Protocol 2, 3, and 4 will
likely have a higher total credit

i : Summary Credit Table
Riparian Planting

The riparian planting tab contains modeled credit for riparian areas within 100-ft of a
perennial stream. Areas within the 100-ft buffer were selected if they were either owned
by Anne Arundel County or its affiliates, within 100-year FEMA floodplain, or already
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