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Al QuantTy, ENERGY & SUSTAINABILITY

LiDAR & Solar PV Suitability: Atlantic City, New Jersey

Anthony Bevacgua MJDEP Bureau of Energy & Sustainability

Municipality-Wide Insights from DS5M

Local Solar Suitability Models

Solar Radiation

Abstract

The purpass of this work is to gresent afernative methods for
-'"i'.; saler photovoltmics. The oument methods for most
:\'\:|I=|.—: inducies time cansuming in situ messurements of
mvailedle space, solas :h::ln-' “and roof conditicns. The
reseanch shown here '||-" |-"11:- trem Fc‘.z'ﬂ: sl for the use of
remote ::n_:in; bec-.'l'qJﬂ thet utiize Light Detection end
Fe=ri ng |.:¢.R: =rd Obligue "'|:==r.- 1o -un sitime
information remeseky. When this dets is svsiakle, assassmment
time mnd costs are drasticsly reduced. This information can be
s in praject Flrm"ug snd :Iu'__:r_ 8 well ms palicy
ceuslaoment.

Methods

First, date was collecked including the municipal boundery, the
e :irE Pootorints, the comaressed LAT files, snd 2047 CEF
megery. The LIDAR oollection tile index was used to select tiles
thet canteined building Soatprints. From this, & stugy sres wide
|5': Surfsce '-u'l-ccel I:l.s'd was rested. Fram t';_rr-o-ce,
siops mnafysis, shedo w eral-.;s end fiood enehysis was
parformed aoross the municipality, The nest st-:- wies o
Igentify commercial buildings that ‘coukd suppan FY syztems
BrEE =noush to sarticizase in net mehering, Erid 5J:|:|I. or
cammun by sdur programs. Onoe these three locad sites wane
imantifieg, selar ragimtion sns ysis was performed to idemtify
optimal locatians far FW technoiogy. Finsily, the Py NGHTTE
astimste of system size =nd en.elll:\-e space was used fo
estimate t e-p:r!ntels:se F spstem that could be sdapmbed

Results

Thie results: of this reseanch include & muricipslity-wide aralysis
of Zoiar P Suitability. The remate sensing dats of magzery and
(A0 yielded fina nesoiution spatial cas that can be sed 1o
identify suitanie aress for FY adoption. Adcitionsily, three
ccatians were igentified of varying potentia

Discussion

Optimal Array Location & System Size Estimate
Approx. Square  PVWATTS System

Usable Space

Metars DC Estimata
1,000 m2 16,000 KW
3,700 m? 502 KW
21,000 m? 3,360 KW

Remate sznsing affers significzmn sdvantzges to siting larze
sczle P projects, Winen e in !:\o'_l.'-ct o'_wrt' -:ﬂh_:r fools
zxch =5 the MIDEF Ioler Sibng Anabysis, end in sty
msasuremants, the s'?ir'E angl gesizn process for solse FY can
b= made more eficisnt b.dn:l'.i:r'ul'r, this typ= of high
resolubon erel:.':-s can be used in clesn znermy :-o'cr
cyslooment.
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Harnessing Geospatial Intelligence to Quantify Community Solar Opportunities:
Atlantic County, New Jersey

Purpose Anthony BEevacqua Montclair CESAC

Study Area: Atlantic County, NJ
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Using Index Mapping to Prioritize Marsh Restoration Projects
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National Hydrography Dataset - Land Use / Land Cover
2015 Integration Project
Update the National Hydrography Data (NHD) layers for NJ to 2015 Imagery

Update Waterbody’s (polygons) to 2015 imagery Update Streams (lines) to 2015 imagery

Transfer NHD attributes to new waterbody's Utilize LIDAR generated DEM to create drainage lines
Integrate Geographic Names (GNIS) attributes to verify & add streams

Integrate Marine Water attributes Set and Store FlowDirection on all streams

Replace 2012 WATER in Land Use/Land Cover 2015 layer Transfer attributes to new streams

Prepare for conflation with USGS NHD Prepare for conflation with USGS NHD

NHD Flowlines
(Streams)

NHDWaterbody's
| Lake/Pond

[ ] Resenvoir. ~ Coastine
I sveamRiver ——— StreamRiver
I soiway (TR
| Inundation Area == Connector
Canal/Ditch Canal/Ditch
[ esuay — Pipeline.
I sear0cean [ weous

[ |wepHus

-,

Utilize LIDAR generated DEM to create drainage lines

Integrate Geographic Names (GNIS) attributes to verify & add streams

Integrate Marine Water atributes

2015 Land Use/Land Cover
(in production 2019)

Integrate the data and NHD attributes
into the Land Use/Land Cover "WATER"

Create Geometric Network for tracing Up/Down stream
Set and Store Flow Direction on all streams
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Proposed Bicycle Network
Brick Township, New Jersey
Bicycle and Pedestrian Master Plan

NjDcA
! Community

oxistingiBicycleinfrasthuctune

Anelyts

IPropased Higydls Netwerk

i plementationyilan

Short-Term

Short-term recommendations focus on implementing infrastructure improvements that are highest priority, lowest cost, and align with

Brick Township currently lacks a comprehensive bicycle network.
within

Bicycle infrastructure exists along a few roads and
protected nature areas, but it is generally difficult for a bicyclist
to safely travel within the Township. Local Planning Services partnered
with Brick Township to create a proposed bicycle network as part of
a Bicycle and Pedestrian Master Plan. This plan is driven by the
vision of making Brick a place where bicycling is safe, enjoyable
and convenient for people of all ages and abilities.

R
A ¢ ¥ %

Bicylit s on “poatpal e oFumafe
siding conditions within sighs

are_primarly, if not solely. accessible by vehicle
Existing Bicycle
Wall Townshi 3 wail
® | frastructure = Bicycle Boulevard Tmprovemeats
Bicycle Lane Bicycle Lane BicsleLane
Buffered Bicycle Lane / Advisory
. Lane
yele La
Howell Bicycle Lane Howell
Township. Off-Road Path Township _ ;‘,am: Diet & Bicycle
ane
Road Diet & Bicycle
"™ Lane
Buffered Bicycle Lane
Lane Diet & Buffered
e T Bicycle Lane
akewoo: akewoo .
T WoEH) Township Road Diet & Buffered
= §, Bicycle Lane
38 Off-Road Path
a % Paved Shoulder
s — Sidepath
Sharrow
i == Lane Dict & Sharrow
o
Point B Point
Pleasant Bay r Pleasant Bay.
Borough Sources: Brick Township, 48 Soues: ik Townlip, Bick Poie 4 Borough S RN, Soues Bk Tovasi. ;
JDOT, NJDCA_NIOGT Department, NIDOT.NID Borough) ¢ o NIDOT.NIDC
Public Input Level of Traffic Stress Long-Term
“The public was asked to contibute local knowledge of bicycling | | Bicyele Level of Traffic Sress evaluates the” bikeabilty* of roads| Long-term secommendations fther consolidate the network esfablshed ia the short-term and medium-term i order to conneet almost
conditons in Brick. Resideats shared where they would ke to see| [ bascd on what type of bicyclist wil fee] comfortable. Factors cvery Township nighborh s include: (1) Connect north and souh Brick (2) Connect cast and west sides of Brick Boulevard
bicycle infrastructore and which roads ae perccived as dangerous.| | include vebicle speed. number of vehicle lanes. and traffic volus ) Comect stghboshondsaacent t ChambrsBridye Road () Expad s o
the isolated Ramtown an 00ds ncighborhoods (6) Fil
Whereare Levelof Trattic
‘places that Stress. Lon
Tmprovements
frequently d
< o £
S IS4
s | g
3 5
g 3 oneae s
H H
& &
Toms River. Toms River
Township Township.
0 1 0 1
Sources: Brick Township. Sources: Brick Township. ——  E— £
Miles Sourees: Brick Township, Sources: Brick Towaship, Mincta Transportation Miles Sovrees: Brick Towaship, Sources: Brick Towaship, «
RIS BT KR NIDOT. NJDCA. NJOGIS Institute, NJDOT, NJDCA. NJO £ COREL B MR NIDOT. NJDCA. NJOGIS NIDOT. NIDCA, NJOG:

Road Conditions

‘The road layout follows the gcographic contours of the Township|

ncighborhoods have high posted speed limits.

‘Thete are 368 miles of roads in Brick. The Township maintains
nearly 300 miles. Most local roads are found within residential

The County and State control the only arterial and collector roads

Road Jurisdiction

Sources: Brick Tovmship,
UDOT, NIDCA; NIOGT:

Sources: Brick Township,

Jurisdiction

IDOT, NDCA, NTOG:

Land Use Attractors
The most frequently visited types of land uses are spread through-
out the Township. Many of the land usc afractors prescaed here

1

200

Crashes

31 pedestrion and 95 bi
to Tuly 2017.

Local Planning Services created a proposed bicycle network that
seeks to connect every neighborhood within the Township. The
type of infrastructure recommended is adapted from the New Jersey
Department of Transportation’s Complete Streets Design Guide to
realistically match local conditions. This establishes nearly 90 miles
of bicycle facilities that include dedicated bicycle lanes, bicycle
boulevards within residential neighborhoods, and off-road trails.
Implementation is broken into three phases to prioritize roads with
higher demand for bicycle facilities and recognize logistical constraints
of infrastructure construction.

.ﬂ.*‘H

‘ e
T

15" minJ
Sorelened 5

4" without curb)

& without curb)

Standard Bicycle Lane Buffered Bicycle Lane Shared-use Path

/llr«)mmﬂuled Tnfrastruc

iad improvement plans. Objectives of this ph
rick Barrier Island ncighborhood via Mantoloking Road (3) Begin the transition to buffered bicyele lanes on Princeton Avene
borhood.

(4) Create an alternative network to Brick Boulevard within the Lake Riviera neig!

Stort Term ‘Short-Term
Tmprovements Objectives

— Do | Obiecive1

Byl Lane LI bl

| objecives

W cviccives

Sources: Brick Township,

Sources: Brick Towmship,
NIDOT. NIDCA, NIOG:

OT. NIDCA. NJOG

Medium-Term
(1) Spread the network into northern

cm. Ob
me(d ons (3) Provide access to Point Pleasant Borough
short-ter

stablish key east-
Riviera Beach and North Lin gaps to

Medium-Term




Land-Use/Land-Cover Changes in Riparian Buffer Zones from 1986 to 2015

Objective

To quantify the Land-Use/Land-Cover (LULC) changes

in riparian buffer zones from 1986 to 2015

Calculated LULC

e o Created buffer i = areas and percent

Created freshwater layers Clipped LULC maps Ao
streams layer o

- Removed all SE,
SC, and duel
classified streams
from “Surface
Water Quality
Standards” layer

Introduction

Regulatory changes to riparian buffer widths
could resultin increased development near
streams, thus impairing sensitive waterbodies

Riparian buffers provide many benefits to the
environment including:

Reducing the inputs of excessive nutrients,
sediment, organic matter, and other pollutants
to surface waters

Shading the streams to moderate temperature
and retain more dissolved oxygen to support
aquatic flora and fauna

Providing natural organic matter and large
woody debris as food and habitat for aquatic
organisms

Reducing stream bank erosion and
sedimentation

Changes in riparian areas through time were
assessed on selected riparian buffer widths and
LULC data

Geospatial Method

- Used the
Summary
Statistics tool to
sum areas based
on LULC type for
each of the four
buffered LULC

- Buffered the
freshwater
streams line layer
to create two new
layers:

- Clipped the
1986 and 2015
LULC maps using
two buffer layers
to create four new
layers:

1.) 150 ft buffer

- Clipped the layer 1.) 150 ft buffer, layers
resulting layer 1986 LULC
using the 2.) 300 ft buffer - Calculated

“Municipalities layer
clipped to coast”

2.) 150 ft buffer,
2015 LULC

percent change in
LULC over time

layer

3.) 300 ft buffer,
1986 LULC

4.) 300 ft buffer,
2015 LULC

Lori A. Lester & Nicholas A. Procopio
NJDEP Division of Science and Research

Results

4 Kilometers A

Land-Use Type
[ ] AGRICULTURE
[ ] BARREN LAND
I FoResT
I UREAN

I WATER

[ | wETLANDS

Fig. 1. Land-use/Land-cover changes in the Mulhockaway Creek between 1986 (A) and 2015 (B).
Freshwater streams are depicted by blue lines, 150 ft buffer by yellow lines, and 300 ft buffer by red lines.

Table 1. Land-use/Land-cover changesin a 150 ft buffer of freshwater streams in NJ from 1986 to 2015.

1986 LULC 1986 % of 2015 LULC
(acres) 150ft Buffer (acres)
culture 34,064.9 7.3 24,197.3
1,920.4 0.4 1,121.6
113,876.5 24.3 113,361.9
Urban 52,1085 114 65,281.5
34,510.9 74 38,969.0
233,031.7 49.6 226,581.6
469,513.0 469,513.0

- 1986 LULC 1986 % of 2015 LULC
(acres) 150ft Buffer (acres)
93,811.4 10.6 67,767.4
4,651.9 0.5 31013

253,035.0 28.7 247,565.0

129,077.7 14.6 167,747.6

46,939.7 58 52,426.7

Wetlands 354,073.1 40.2 342,985.4

Total Acres 881,589.0 881,593.4

2015 % of
150ft Buffer
5.2
0.2
241
139
8.3
48.3

2015 % of
150ft Buffer
T
0.4
28.1
19.0
518
38.9

Change (acres)
1986 to 2015
-9,867.6
-798.8
-514.6
15:173:0
4,458.1
-6,450.2

Change (acres)
1986 to 2015
-26,044.0
-1,550.6
-5,470.0
38,669.9
5,486.9
-11,087.8

% Change
1986 to 2015
-29.0
-41.6
-0.5
25:3:
12.9
-2.8

Table 2. Land-use/Land-cover changes in a 300 ft buffer of freshwater streams in NJ from 1986 to 2015.

% Change
1986 to 2015
-27.8
-33.3
2.2
30.0
11.7
-31

Results Continued

» LULC changes were summarized in Tables 1 & 2

- Agricultural lands decreased over time

- Urban/developed lands increased in both
riparian zones

- Barren areas decreased since 1986
- Water increased over time

- Wetland area decreased by 2.8% (150 ft) and
3.1% (300 ft)

- Forest area decreased by 0.5% (150 ft) and
2.2% (300 ft)

= Wetland and forest combined made up 72.4%

(150 ft) and 67.0% (300 ft) of area in 2015

* Combined wetland and forest area decreased

2.0% (150 ft) and 2.7% (300 ft) since 1986
Discussion
LULC classification was more accurate in 2015

- Minimum mapping unit decreased from 2.5
acres (1986) to 1 acre (2015)

- Resolution of aerial photograph improved

 Loss of natural cover occurred in riparian zones

- Caution must be taken when evaluating small
changes in percent cover

- Only changes greater than 5% should be
considered significant®

- Although natural cover loss was less than 5%
statewide, further analysis on areas of
concern would likely show greater changes in
natural cover

* Future studies should:

- Assess change in areas of concern based on
water classification or antidegradation status

- Quantify the transition of riparian areas
between LULC categories over time

Works Cited

1.) Hasse, J. and R. Lathrop. 2010. Changing Landscapes in the Garden
State: Urban Growth and Open Space Loss in NJ 1986 thru 2007. 26 pp.



Montclair State University

CESAC

Clean Energy and Sustainability Analytics Center

Using ArcGIS as a Data Preparation and Analysis Tool in Modeling:
A Case of the Emerald Ash Borer (Agrilus plannipensis)

Erik Lyttek, Montclair State University CESAC

Step 1: Layered Original Data Set

Introduction:

By exporting spatial elements from ArcGIS
into Tractable Point Features, analysis
methods not commonly available in ArcGIS
can be performed.

Here we see:

A reaction diffusion PDE equation making
use of GIS data and knowledge of the spread
and habits of EAB.

*This model is relatively simple currently.

*EAB at a predetermined origin grow and
spread outwards at a rate dependent on
experimental natural spread results.

« Current plans are to integrate roadways (in
progress) as well as topography among other
factors.

*This method is very easy to iterate on and
additional columns for computed variables are
simple to make and populate.

y Municipal Bour
x Courty Municipal Bounds
- Raster

N

A

Step 2: Layered Point cloud

Estimated Ash

Basal Area in

Square Meters
<1.0

¢+ <25

.+ <50

+ <100

.+ <150

.+ £200

. <340

20 Miles,
I

18.8 Miles
I

&

50 100 150 200 250
X (22.5km)

i

50 100 150 200 250
X (22.5km)

Process Flow:
Shown here we have a progression from raw data (Step 1).

To a layered Point cloud containing all necessary information including
boundary conditions (Step 2).

Compute using Raster to MultiPoint, Multipart to Singlepart and
Intersection. Shown Used Raster to Point. Use Raster to ASCII to export.
Followed by an external Model run, in this case a MATLAB script (Step 3).

External code not discussed here.,
Finally, the output can be reimported to ArcMap and transformed into
new data layers using Point to Raster (Step 4).

Step 4: Import Back to Raster

50 100 150 200 250
X (22.5km)

50 100 150 200 250
X (22.5km)

The Figure Above shows the development of an EAB infestation Across 20
years time from a single point source excluding the impacts of human

mediated transport.
1a: Initial Condition
1b: 5 Years Progress

1c: 10 Years Progress
1d 20 Years Progress

Ash Development After 20
Years

Value

EZl

Summary:

Using ArcGIS you are not limited
to prebuilt and plug-in tools. It is a
relatively simple process to export,
process and reimport data.

This has implications for not only
the spread of invasive pests, as
shown, but other time dependent
models.

333 [ 133 Wiles
L ' |




ACCESSING THE IMPACT OF SOCIOECONOMIC FACTORS TO PUBLIC ELECTRIC e
VEHICLE CHARGING STATION (EVS) IN NEW JERSEY CESAC

Gia Nguyen, Pankaj Lal Ph.D., Anthony Bevaccqua, CESAC -Montclair State University

Background Result

Marw Jersey will spand 532 million o build 827 elacine vehicle charging outlats
acrass the state fo mosing forward or S13LE°E commiment o clean trarsportation
(MJDEFR, 2018). It ia mportant o daline where are suilable aeas o place (hase
cherging stamons, In this study, we would 1l o access the impect of Bocescanamic
factors induding local populatian, irafic densiy, par capta income, and distancas
fram the point of irserest t locafing EVs. To achisve ihe chjective, spatial
regressian analysis s applied 1o aenily correlations of independen! paramelerns o
EVS location. The indapendent paramesns wil be tha vakuas of the socicaconomic
Tactors. Tha ragression model woulkd ba in e dormat as

= Intercep+IK+ B A0, +TX, + & where ¥ is number of Evs wihin MJ counties,
X, is the local population densily, X; is te per capita incame, X, @& number of painis.
al wleredl, X, is rumber of eleciic vehicles ragislered, and £ @ a residue of tha
ragrassion modal, By using ecisting Evs Incations in New Jarsay countias and
racan] socicRpOnOmic candrions at the county keval as input, tha arakysis woulkd
weriify coefficierts ircluding @, B, v, and 3 o evaluate patential impacs of factors,
Pogulatioer danaily (2010, par capila income (2010-Z016), and number of regalanad
aleciric vehicles ara avarage valuas of Naw Jersay coundes where the Evie neated,
[Distancas o tha point of interest will ba astimasad by using Service-Araa algonithm
n Mebwork Analyst to caloulate serice ragion of a charging station within 15-mirwse
drivireg dislance based on [ha faal slisel nelwork. |7 daing thal we aim 1o idenlify
apfimal locations For Siting new changing slaions.

Methods and Materials

[ ——

Summary of OLS Results - Model Variabies

ai
i et ant ] Siefnw  blisihie Orobabdip (B Fobus S Bt i B b (b Wi
TECREl aEhE EPEL LR EER ] D1 L EREEL ] FREENDE DoELBRESS -— =
PR b BAaLEF Ak A amaran BT 0 BaELEh FRYiLEG X 1L LABIINE
B RN DAMISE  OOSAIM 1MIE3 DOTIIRE DEGMEM A1IMEY DERMAT AITME us
PER R 10 DLMIZL  DOMML  RAMIT? I GEMEET  ESME  LALMRS L4l
OB LONRL DML LMD DORTE BS4IES LISHIES  DIMOR 1136437 r
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Fair Winds and Following Seas:
Threats to New Jersey’s Coastal Heritage

Introduction

New Jersey is home to 58 National Historic Landmarks and
thousands of historic buildings and archaeological sites. Coastal
areas were important to both prehistoric and historic people, so it
is no surprise that many of these sites are located near our shores,
bays, and rivers.

Historic preservation efforts have protected many of them from
deterioration, destruction, and redevelopment, but sea level rise
threatens all historic and archaeological sites in its path. It is not
only inundation from sea level rise that is a concern. Superstorm
Sandy 2012 showed that many more historic properties are at risk
of destruction from stormwater surges, flooding, and erosion.

Thanks to many years of work by culture resource professionals,
we can use inventories of significant historic properties to
estimate the effect that sea level rise and storm surges will have
on historic properties in New Jersey.

ea Level Rise and Storm Surges

New Jersey Relative Sea Level Change Scenarios

Gauge: 85316800, Sandy ook N

—noas High

usaceigh

USACE I NORAIntow,
USACE Low/NOAA ow

RelavesesLevl s, L)

RvTGERS Low

Sea Level Rise

On the East Coast, sea level has been rising by one inch
every three years (sealevelrise.org). According to the
Army Corps of Engineers’ 2015 North Atlantic Coast
Comprehensive Study, the sea level in New Jersey is
projected to rise between 0.5 and 2.5 feet by 2050. For
simplicity, we use a 1-foot sea level rise.

Current 30-year storm surge,
according to New Jersey’s
Coastal Community
Vulnerability Assessment and
Mapping Protocol

Potential conditions in 2050: a
1 foot sea level rise (blue)
with the 30-year storm tidal
surge added (red)

A

Salem City historic properties (white dots),
along with current 30-year storm surge
region (red), 1 foot sea level rise (blue), and
30-year storm surge after 1 foot sea level
rise (green).

The 1704/1724 George Abbott House in Salem
County. Based on forecasts, by 2050, its outbuildings
will be inundated by sea level rise and the house
itself will be surrounded by water.

Results

4 ¢
. Historic properties
7. currently at risk of

.

.0
4

A
(4
4

flooding from storm
surges

Properties that will be
affected by a 1-foot
sea level rise

m.ﬁ

4
<> Properties that will be
4. threatened by storm

f surges by 2050

Motels in the Wildwoods Shore Historic
District are historically significant for their
distinctive Doo Wop style of architecture.
Many were demolished for redevelopment
projects, and the surviving resorts remain
vulnerable to flooding. By 2050, all of the
properties within the historic district will be at
risk from storm surges.

National Register Listed and Eligible Properties at risk today: 16,548

Properties at risk by 2050: 18,918

Properties inundated by 1-foot sea level rise: 528

Conclusions

Historic sites in New Jersey are already threatened by water damage. Ongoing sea level rise will
increase the risk. Sites that now face intermittent or seasonal risk may, by 2050, be permanently
under water. This is not the only danger, as coastal storms bring erosion and wind damage that
destroy buildings and archaeological sites. If sea level rise is greater than the conservative
estimate we use in this study, even more historic properties will be affected.

In the wake of Superstorm Sandy, NJ DEP and affected municipalities have been working to
mitigate the impact that storms have on our communities. Planning for stormwater resiliency and
resistance must take New Jersey’s cultural resourcesinto account. These initiatives can decrease
damage from flooding and also help protect New Jersey’s cultural resources.

j;m

3
i
l." f . Archaeologically
3 ,';- sensitive areas
G e currently at risk of
flooding from storm
Archaeological excavations at Fort Hancock in surges
Sandy Hook have revealed artifacts and
foundations from the site’s rich history. This
includes the former foundations of the Life
Saving Service Station (precursor to the Coast
Guard) and the Western Union Marine
Observatory, shown here. These buildings
were moved several times over the years.

Areas that will be
affected by a 1-foot
sea level rise

Areas that will be
threatened by storm
surges by 2050

Stone tool cache from Abbott Farm NHL.
Thousands of archaeological sites have been
identified throughout New Jersey. Most of these
sites haven’t been studied, and many of them

P : face flooding and erosion due to climate change.
Abbott Farm, a National Historic Landmark, is

2,000 year old prehistoric site complex on
the Delaware River. Low-lying portions of the
complex are especially vulnerable to flooding.

Results

Archaeologically sensitive areas at risk today: 229,120 acres
Sensitive areas at risk by 2050: 233,760 acres

Area inundated by 1-foot sea level rise: 190,240 acres

National Oceanic and Atmospheric Administration Sea Level Rise and
Coastal Flooding Impacts Viewer https://www.coast.noaa.gov/slt
US Army Corps of Engineers North Atlantic Coast Comprehensive Study
Report https: d army.mil, tud
New Jersey’s Coastal Community Vulnerability Assessment and Mapping
Protocol, 2011, Office of Coastal Management, NJ DEP
Historic Properties of New Jersey, NJDEP/NJHPO (NJ-Geoweb)

« Archaeological Site Grid of New Jersey, NJDEP/NJHPO (NJ-Geoweb)

This poster was developed using New Jersey Department of Environmental
Protection Geographic Information System digital data, but this secondary
product has not been verified by NJDEP and is not state-authorized or
endorsed.
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New Jersey Firearms and Public Health: Framework for a Life Cycle Assessment Approach

Introduction

This project explores the impact of firearms on

New Jersey public health,
characteristics
A Life Cycle Assessment

and downstream
production and use.

by describing upstream
of firearms

Framework is considered as a way to open up
paths of policy, intervention and regulation from a

variety of actors, with the
health.

goal of promoting public

Data

NJ SHAD, Vital Statistics, 2000-2017:

e Deaths from Firearm

Injuries:

* Firearm Homicides
e Firearm Suicides
e Accidental Injury and Undetermined

Causes

* County death rates and total deaths

* Municipality death
2004-2017

rates and total deaths,

Conclusions

This exploratory study seeks to visualize a life
cycle assessment approach to firearms. Through
this process additional questions are raised:
Should guns be considered a form of pollution?
How are the costs and benefits of firearms
distributed spatially and demographically?
Which governing and non-profit bodies are
able to advocate for non-gun owners rights?

4 N [ N N\ [ N N
: . Consumption: Disposal:
Design — daaterial xtra.c Hm Manufacturf: and —{ Distribution and Retail [~ Use, Supportand | Decommissioning and
and Production Construction . .
Maintenance Material Recovery
N\ VRN AN J L J

K Interventions exist to Iimh

harmful designs (e.g.
plastic guns, micro guns,
3D printed guns, ammo
size)

* New regulations could
consider interventions to

K design flaws. /

K Some materials are \

currently prohibited from
use in firearms
manufacture, and other
materials could be
considered.

¢ Extraction and production

/

Quality control, occupational
health, and proper handling
of materials is important to
any industry, but especially
firearms.

k costs could be quantified/

L5

\

&

of firearms dealers
*  Waiting periods
e Background checks
¢ Limit to quantity of
purchases
¢ Limits to firearms

K advertising

Firearms Dealers and Manufacturers, and Gun Ownership

Firearms Dealers and Manufacturers in New Jersey,
2017

Listing from AT @

A

i@

Fasian oy °

Allentown o
2 &

About the author:
Lisa Jordan is Director of the Spatial Data Center at
Drew University. Her website is lisajordan.net.

Firearms
dealers out-
number
McDonald’s
in New -y
Jersey 3:2. J\
But, New
Jersey ranks
46% in the
number of
dealers by

o — s

2

o —
Percent Gun Ownership, CDC BRFSS, 2001

Distribution of Causes of Death by Firearms in New Jersey

Accidental
0%

Firearms Dealers and Manufacturers by State, 2017

Licensing and regulation\

/

Licenses for owners
Safe storage: locks,
unloaded

Physician intervention
Health interventions:
before, during, after
injury event

/

* Several police
departments have
expressed concern about
sales of confiscated
weapons; reuse is
problematic, so is disposal

\

o
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Deaths by Firearm Injury: Homicides and Suicides

NJ-SHAD

Age Distribution of Deaths by Firearms, 2000-2017
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Interested in mapping NJ-SHAD health data?

Visit bit.ly/NJSHAD-

GIS for a how-to-guide.

Deaths from Firearms in New Jersey, 2000-2017

Homicide Deaths by Firearms in New Jersey, 2000-2017
NJ-SHAD

Suicide

Deaths by Firearms in New Jersey, 2000-2017




First Step: Metadata Creation

Every GIS layer published by NJDEP needs metadata
that formally documents the “who, what, why, where,
when, and how"” of the data.

At BGIS we receive this information from the GIS
layer’s data steward and compile a rough draft of the
metadata in Federal Geographic Data Committee Content
Standard For Digital Geospatial Metadata (FGDC CSDGM)
format.

Once the information is finalized the metadata is
then upgraded to ArcGIS metadata for compatibility with
the ArcCatalog metadata editor. An HTML copy of the
metadata is created using the USGS Translator tool in
ArcCatalog. If the GIS layer will be available on NIDEP's
Open Data site, a special copy of the ArcGIS metadata is
created with a hyperlink to the layer's zipped
geodatabase download and an adjusted title.

At this stage we have four files per GIS layer: the
HTML document, the FGDC metadata (_fzdc), the ArcGIS

(_ago).

€ Envim on_gw_CEA html
| Envr_mon_gw_CEA_ago.aml
.| Envr_mon_gw_CEA_arcgisxml

| Envr_mon_gw_CEA_fgdcaml

Second Step: Metadata Distribution

The metadata is now ready to be imported across
NJDEP’s GIS enterprise environment. This environment is
comprised of two SDE databases, four file geodatabases
located at 401 E. State Street, and five file geodatabases
located at NIDEP field offices (see map).

This is done by first using the Metadata Importer
(Conversion) tool to import the source _arcgis metadata
file to its feature class in our development SDE database.
After that initial import, our custom Metadata Sync script
is run to import the metadata. The script uses the same
Metadata Importer tool but iterates across our 11 internal
destinations.

Couatund Mgzl 2009 by Drar Db (BGES, WIDER fex th 20013 NICEF Bligyeing Cotest

NJDEP Field Offices

The field offices shown above utilize on-site NJDEP GIS

[ Rt

NJDEP Metadata Creation and Publication

Third Step: Metadata Publication

We maintain a central directory and an archive of every
metadata file for each of our enterprise feature classes. Once the
publication metadata files for a new or updated feature class are
created they must be sent to the central directory and their out of
date counterparts archived.

At this point the GIS layer is served out on our external ArcGIS
Server REST endpeints. That REST URL is then used in NJ-GeoWeb
and ArcGIS Online. The ArcGIS Online Item that is created from the
REST URL is then shared to an Open Data accessible group so it
appears on our download page. The _ago metadata file is imported
on to this ArcGIS Online Item. The unigue zipped gecdatabase
download link is accessible in the Download drop down on Open
Data as an Additional Resource (shown below). The publication
process is now complete.

Enterprise data and metadata. Every data layer and associated

metadata file must be synchronized with their servers.

("5 Metadata Heiper =B &
Dt Upeate
M;rd(nun-. Updater

FGDCIoHTML]
wmalmuummnuml
Metadsta Importer (FODC)
Upgrade to ArclGlS Metadsta
Field Office Layer File Editoe |

Fiehd Crffice: New Layer File Copier
Matadats Syme
Metadats rchives |
A0 liem Metadata Updater
HTML Metsdats Copier to Liberty
TP Creator
Liegacy Metadats Updater

AGD Metadats Prepper

17 Mietadta Heiper Lo e i

Metadata Python Scripts

We use a variety of custom Python scripts (shown to the left)
to perform tasks for routine metadata updates and new
metadata submittals. Most tasks are capable of batch processing.
These scripts can:
= Adjust dates and record counts
= Convert FGDC metadata to HTML
= Import Metadata from its development folder to our main SDE
database

= Upgrade metadata from FGDC to ArcGIS format

= Synchronize metadata across our enterprise

= Archive metadata

= Update ArcGIS Online Item metadata

= Copy HTML metadata to our publicly accessible file server for
use in NJ-GeoWeb

= Create zipped geodatabase feature classes with metadata for
public download

* Update legacy metadata with current email and web domains
as well as our new Use Constraint language

= Adjust newly created ArcGIS Online formatted metadata to
remove unwanted tags and elements.
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Sourland Conservancy

Protecting New Jersey’s Sourland Mountain Since 1986
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| Fish and Wildlife
- Parks and Forestry
|__ ! Matural Lands Trust
- County Open Space
ﬁ County Open Space (Unencumberad)
' I Municipal Open Space

| Municipal Open Space (Unencumberad)

D Monprofit Lands
: | Nonprofit Lands (Unencumbered)
B Regional Lands

, ' Regional Lands (Unencumberad)
- Hational Paks Service / Palisades
US Fish and Wildlife Service Lands
- Water Supply Management Areas
- Delaware Bay Estuary Lands




Comparing Methods of Mapping Impervious Surface

Impervious surface data has long been incorporated into the Land
Use/Land Cover (LULC) dataset as an additional attribute based on each
individual LU Code polygon. Normally, this would be done with
approximate measurements across the state, and take many hours to
complete. With the update of LULC 2015 coming, an automated method
of mapping impervious surface (IS) data was developed to incorporate s
into the LULC, as well provide a standalone layer.

The Impervious Surface layer is divided into three categories:
Buildings, Roads, and Other Impervious. “Other Impervious” features
include any paved area (cement, brick, asphalt, etc.). Based on this
criteria, | manually digitized the impervious surface features (Manual 15)
of a neighborheod in Toms River, New Jersey.

Both Manual IS and Auto IS statistics were joined to the Land
Use/Land Cover 2012 layer, respectively, to provide an update to the
impervious surface information within each feature.

Location: Toms River, New lersey
Study Area Size: Approximately 106 Acres
Data: Land Use/Land Cover 2012, Auto 15, Manual IS, 2015 Imagery

Data was provided by the NJDEP and OIT
Map Production By William Smith, NJDEP-BGIS
2019 Mapping Contest, Map Series

Land Usa/Land Cover 2012 with Aute IS integrated into LU12 Features

Difference Between Auto and Manual Methods
No IS Found Within Feature

T“INegligible Difference - Higher % Manual IS

___| Slight Difference - Higher % Auto IS

~IModerate Difference - Higher % Auto 1S

I Significant Difference - Higher % Auto IS

¢
1in=418ft

Auto & Manual - Percent IS

No IS Found
>0.0 to10.0%
>10.0 to 20.0%
>20.0 to 30.0%
>30.0 to 40.0%
>40.0 to 50.0%
=50.0 to 60.0%
>60.0 to70.0%
>70.0 to 80.0%
>80.0 to 87.900864%

Land Use/Land Cover 2012 with Manual IS integrated into LU12 Features]
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New Jersey's Opioid Crisis: Is There Hope?

0.819 - 0.932

[

I 0050518
I os03-0.705
[ 0479-0592

0.365 - 0.478

N Residents
A per Death
T T T 17 T T 1]

0 10 20 40 Miles

Sources: Overdose Death, Naloxone, and Prescription information from njcares.gov
Annual Estimates of the Resident Population: April 1, 2010 to July 1, 2017
from U.S. Census Bureau
State data from US Census Bureau and naturalearthdata.com

Prescriptions
per Resident

Naloxone (Narcan)
Administrations

per Death

Purpose: The purpose of this map is to display opioid-related statistics for the state of New Jersey from

2017 ,including opioid related deaths, prescriptions per resident, naloxone administrations per death,
and population of a county per death.

Nicholas Leusner
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Water Control Structures

within the New Jersey Meadowlands District
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Toms River, New Jersey

DUI Arrests and Predictive Zones

Abstract

DUI arrest locations from the first six months of 2017
and 2018 were used to generate Thiessen polygons. The
arrest coordinates were converted from addresses
provided by the Toms River Police Department to gps
points. These Thiessen polygons are areas where any
spot inside it is closer to the included DUI arrest than
any other DUI arrest location. Areas where the
polygons are smaller indicate an area with high DUI
acrivity. ‘These maps show which areas are hotspots for
DUI arrests and which are outliers so that local law
enforcement can identify problem areas and better
allocate resources to combart the issue.

Introduction

Toms River, the county seat of Ocean County, is a

New Jersey township with a populaton o
approximately 95,000 and a police department of about
160. About a quarter of all faral crashes in New Jersey
were caused by a drunk driver, yet many still continue
to risk the lives of themselves and others by driving
under the influence.

Methodology

Esri’s ArcMap 10.7 software was used for this project.
The Thiessen polygon tool and clip tool were the main
tools used in this analysis. Toms River is shown as a
salmon colored polygon. Roads are grey lines and major
roads are indicared as black lines. 2017 DUI arrests
(Figure 1) and their polygons are red. 2018 DUI arrests
(Figure 2) and their polygons are shown in blue. The
half mile perimeter around a location wih a liquor
license is shown in green (Figure 3), The same six
months were used from both years to account for any
seasonal fluctuations. These maps are set to the same
scale,

Maria Dreher

Figure 1: All DUT arrests made in Toms River, New Jersey during the
first six months of 2017.

Figure 2: All DUT arrests made in Toms River, New Jersey during the
first six months of 2018,

Figure 3: DUT arrests tnade in Toms River, New Jersey during the firse
six months of 2017 and 2018 with all of the locations with lquor
licenses surrounded by a green half mile perimeter,

Conclusion

The hotspots of DUI activity are commonly centered
around State Route 37 and Fischer boulevard.
Although there were less DUI arrests made in 2018, the
locations of common DUT arrest arcas remained similar
on the east side of town while there was an increase in
DUI activity in the southwestern corner of town.
Almost 25% of all DUT arrests are made within half a
mile of a location with a liquor license. These maps
show that certain roads and sections of town have more

DUT activity

ﬂckmwledynents
Thanks to the Toms River River Police Dcparlmnt and their

employees: Officer Adam Koeppen and Chris Raia.




Pinelands and Fire Fuel Hazard with Potential Human Impact in New Jersey

Erin Foreman
Marine Academy of Technology and Environmental Science
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The Sedge Island Marine Conservation Zone (SIMCZ) located in Barnegat Bay in Ocean
County. NJ. was the first marine conservation zone established in the state. intended to
protect natural habitat and promote species growth. Due to the protection provided by
the SIMCZ. species within the zone are allowed to flourish. migrating and breeding
without hindrance by anthropogenic or naturally arising threats. The three habitats
found within the SIMCZ exist in ecological patches and include submerged aquatic
vegetation (SAV) beds, mixed macroalgae. and bare bottom substrates.

The Sedge Island Marine Conservation Zone (SIMCZ) is located in the Barnegat
Bay on the western side of Island Beach State park, New Jersey.
As a result of it being a conservation zone, it receives very low commercial
boating traffic and prohibits PWC traffic.

Many of these species are important for fisheries and have experienced decline
in total populations in recent years
The SIMCZ has many different habitats that facilitate species diversity including
SAV. macro-algae substrates. and bare-bottom substrates. (figure1)
Submerged aquatic vegetation (SAV) habitats provide shelter for species,
foster populations, and provide refuge from predators.

= Commonly composed of eelgrass (Zostera maring).

Mixed macroalgae habitats provide necessary resources for species and non
disrupted bare bottom habitats provide safe migration routes.

= Mainly consists of sea lettuce (Ulva lactuca). tangleweed (Sphaerotrichia

divaricata). and false agardhiella (Gracilaria verrucosa)

Bare bottom substrates have no algae and are usually areas of high flow rates.
In order to ensure the success of the conservation zones, biological surveys
have been conducted comparing the biodiversity of the conservation zones to
the surrounding areas outside the zone

Figure 1:Images of the three habitat types taken during the 2018 SIMCZ sampling period
inand around the SIMCZ, Island Beach State Park, NJ. Habitats are pictured from left to
right: mixed-algae substrate, submerged aquatic vegetation, and bare-bottom
substrate. (Imagestaken by Rory Hogan and Mr. Kelsey)

* GPS coordinates collected from the SIMCZ biodiversity studies conducted in
the summers of 2017 and 2018 were converted from Decimal Degrees Minutes
to Decimal Degrees

« The world imagery base map was generated in ArcMap 10.22 and the
coordinates were inputted

* Polygons surrounding clustered habitat sites and outlining the SIMCZ were
created using the editor tool

< Acompass rose and scale (in nautical miles) were inserted to provide spatial
orientation

« Average length and area and total length and area were calculated using the
summary statistic tool

[ siMcz boundary

Habitat, Year
MIXED, 2017
BARE, 2017
SAV, 2017
MIXED, 2018
BARE, 2018

SAV, 2018 ,
o5 035 0.7 Nautical Mios DighaiBieis, G acEys, EanitueDa, USDA, Usa,

Figure 2: Map of the 2017 and 2018 SIMCZ biodiversity study sites inside and around the SIMCZ in Island Beach
State Park. NJ, organized by year and then habitat type.

[ simcz boundary

Habitat Patch
[Jeare
[ mixeo

SAV.

07 Noutical Mies

Figure 3: Map of the 2017 and 2018 SIMCZ biodiversity study sites estimated habitat patches in and around the
SIMCZinIsland Beach State Park, NJ. Patches were created by drawing polygons around clusters of similar
habitat sites

120 Sites were sampled from over the 2017-2018 SIMCZ sampling periods,
40 were SAV, 40 were Mixed-Algae, and 40 were Bare bottom (figure 2)

The average area of a Bare-bottom patch was approximately 54.000 ft*
with an average perimeter of around 3.000 ft. (table1)

The average area of a mixed-algae patch was around 87,000 ft* with an
average perimeter of around 1,000 ft. (table 1)

The average area of a SAV patch was 192.000 ft*, with an average
perimeterof 1,600 ft. (table1)

The SIMCZ and the areas around it were not dominantly one type of habitat

but the SIMCZ contained smaller. more concentrated patches (figure 3)

Of the surveyed area and estimated patches. 3% of the was mixed algae.
25% was bare and 72% was SAV

Table 1: Estimated average and total area of bare-bottom substrate, mixed-algae
substrate, and submerged aquatic vegetation habitat patches. Patches were
created by surrounding study sites of the same habitat with a polygon, which were
then measured for area (ft*). Sample sites vary from June of 2017 to August of 2018
and were recorded during the Save Barnegat Bay Student Grant Program SIMCZ

biodiversity collection periods.
Avg. Area (ft) |Total Length (ft) Avg. Length (ft)

Habitat Total Area (ft’

* Most of the survey area in and around the SIMCZ are SAV beds and bare-
bottom substrates

« Smaller ecological patches are found within the SIMCZ while larger patches
were observed outside of the zone

This map can be used for future SIMCZ sampling for aid in locating certain
habitat areas

Sedge/Island Beach State Park attendants can use this map when kayaking to
avoid going through difficult areas such as eelgrass

| would like to thank Mr. Kelsey for providing me the ?
GIS knowledge. assistance. and equipment necessary

for making these maps. | would also like to thank the I r
SIMCZ team members from both 2017 and 2018. Alaina =

Perdon. Rory Hogan, Nick DeGennaro, Samantha ,
Orndorff, Victoria Pobok for going out and collecting
data on the SIMCZ habitat sites. | would also like to
thank Mr Kelsey. Karen Byrne. Sadie Wolfarth. Darren
Dorris, and members of the 2018 Sedge Research
Camp for assisting in the sampling and recording of
said sites.
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New Jersey's Railroads
Then and Now

Purpose: The purpose of this map is to evaluate the
change in railroads between 1882 and 2017 and
calculate the population per mile to determine if
there has been proportional increase.

Conclusion: Based on population data from the map
as well as the Census Bureau and NJDOT, there were
621 residents per mile of rail in 1882 and 3,099
residents per mile of rail in 2017, however, when the
abandoned rail is removed from the 2017 figure, there

were 4,357 residents per mile of rail, a 40.59% increase.

The total precentage of change of rail from 1882 to
2017 is an increase of 57.29% with the abandoned rail.

Without rail abandoned in 2017, the precentage of
change of active rail from 1882 to 2017 is an
increase of 11.87%, a signifigantly smaller precentage.

1882 Rail Lines (Digitzied)

Milage of Railway in 1882: h

1823.709 Miles

Milage of Active Rail in 2017
2040.272 Miles

Milage of Abandoned Rail in 2017
828.210 Miles )

Data Sources: United States Census Bureau
New Jersey Department of Transportation GIS

Type of Railway
——— 1882 Railway

——— 2017 Active Rail
——+-+ 2017 Abandoned Rail

2017 Rail Lines

Railroad and County Map of New Jersey by George F Cram 1882

Nicholas Leusner
Projection: Transverse Mercator
Coordinate System: NAD 1983 StatePlane New Jersey FIPS 2900 Feet
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Story Maps: Green Book Establishments in Atlantic City, NJ

Introduction

From 1936 to 1966, Victor Hugo Green published
The Negro Motorist Green Book, a travel guide for
African Americans listing the locations of
establishments that wouldn’t discriminate against
black customers. The first edition was limited to
New York City, but later editions would cover most
of North America.

My initial project was to create a series of maps of
New Jersey establishments listed in the Green
Book series, and see what patterns/trends
emerged as the years went by. However, |
narrowed the scope to due a more thorough
examination of Atlantic City after noticing that it
had a high amount of listed businesses throughout
the various editions and after further research
showed it was a notable part of African American
history in New Jersey in general.

My aim with this project is to map out locations in
Atlantic City listed in the Green Book and observe
any patterns appear over the years, as well as
explore how it fits in with the history of African
Americans and New Jersey.

Methods

The first step in this project was finding the Atlantic City
locations in each of the Green Book editions, and then
entering that data into separate Google Sheet documents
(through a combination of copy/paste and typing out
text). | then took the sheets and uploaded them to ArcGlIS,
made necessary edits (legend, colors, etc), and added
them to a story map.

For the Northside boundary, | used the “map notes”
function in ArcGIS to trace the boundary, save it as a layer,
and later combined it with previously made maps

Data

My geographic area of focus is on Atlantic City, New Jersey.
| used locations from the 1931, 1948, and 1956 editions of
the Green Book. These (and other) editions of the Green
Book were made available online through the New York
Public Library.

Atiaptic City

Results

As | was mapping out the businesses, | began to notice
that they were clustered in the same general area, to the
point of almost forming a sort of border. It wasn’t until |
learned about the redlining of the Northside district and
actually mapped it out with the listed businesses did |
begin to fully grasp the significance. Even Atlantic City,
which has such a key role in the history of black NJ history,
existed (and still exists) in the shadow of Segregation.

Bibliography
Bryant Simon. Boardwalk of Dreams: Atlantic City and the Fate of Urban America. New
York: Oxford University Press. 2004.

The Green Book, 1936-1966. The New York Public Library. Digital Collections. New York
City, NY.
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(2009).
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Figure 1: Map showing Atlantic
City businesses listed in the 1948
edition of the Green Book. The
green border represents the
“Northside” boundary.

Legend

1948 Atlantic City -

Conclusions

While the very existence of the Green Book helps
illustrate one of the more less visible aspects of
Jim Crow, that something like a traveling wasn’t
always easy for African Americans and how
limited their options were, there is more that can
be done to illustrate this. A juxtaposition of hotels
listed in the Green Book compared to all hotels
would likely highlight this.

It’s the aspect of redlining that may interest me
the most. Victor Hugo wrote in the first edition of
his book that he hoped there would be a time
when this book was no longer needed. Sure
enough, the Green Book ceased publication
shortly after the Civil Rights Act passed. However,
the impact of redlining persisted and still
continues to this day. Perhaps most unsettling is
that Atlantic City isn’t an isolated case, but one of
many cities that continues to feel the impact of
this near invisible form of racism.

Nick Coffin - GIS 05/04/18
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New Jersey Community Solar PV:5iting &
Tool

Higher Siting Preference:

Other Helpful Data Layers:

Low to Moderate Income Population by Census
Block Group

NIDEP Solar Siting Analysis

Londfill Sites over 35 Acres

Brownfield Development Areas in New Jersey
Areas of Historic Fill

Known Contaminated Site List for New Jersey
Deed Notice Aregs in New Jersey

Medium Siting Preference:

Areas in Need of Redevelopment

Designated Centers of the NJ State Development
and Redevelopment Plan

Impervious Surface of New Jersey (via 2012 LULC)

Not Preferred / “No Points™:

Low to Moderate Income Population by Census
Block Group

New Jersey Counties

New Jersey Municipalities

Parcels and MOD-IV Composite of New Jersey
Preserved farmland *Not Eligible*®

New Jersey Electric Utility Territories

New Jersey Highlands Preservation and Planning
Areas

New lersey Pinelands Management Areas
Solar PV Grid Supply Installations

Solar PV at Public Facilities

New Jersey Smart Growth Areas

EDC Solar Hosting Capacity (in Development):

Forests & Wetlands (via 2012 LULC)
Agricultural Lands (via Parcels MOD-IV)

State, Local and Nonprofit Open Space in New
Jersey

Preserved Farmiand *Not Eligible*

Atlantic City Electric Hosting Capacity

Jersey Centrol Power & Light Hosting Capacity
(Pending)

Public Service Electric & Gas Hosting Capacity
(Pending)

Orange & Rockland Hosting Capacity (Pending)
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Sediment Survey of Lower Raritan River (Metals)

Sediment Sampling Points Arsenic (As) Interpolation

Mercury (Hg) Interpolation:

This map uses an inverse distance weighted (IDW) interpolation to show the predicted values of
the concentration, in milligrams per kilogram (mg/kg), of mercury (Hg) in the study area where

sediment samples were taken.

The location of the highest concentrations of mercury are shown in red and the lowest are shown
in green. The corresponding values for the highest and lowest concentrations of mercury are
shown in the legend.
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