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Part I: What is Climate? 



The difference between weather and climate:



The Earth's Climate

• The climate includes many components of the Earth's 
system and interactions between them.



New Jersey’s Climate



Average Daily Temperatures in NJ



Plant Hardiness Zone Map



NJ Average Precipitation







Part II: Causes of Climate Change



Natural Climate Change



The Sun (obviously)



Volcanoes



Anthropogenic Factors



The Greenhouse Effect



NJclimate.org

Greenhouse Effect



Greenhouse Gas Emissions



The Carbon Cycle



Greenhouse Gas Emissions



Human Footprints







Heat Storage

Nuccitelli et al., 2012



Feedback Loops



NJclimate.org

Courtesy of L. Thompson

Peruvian Terminus Retreat
(Slide from a presentation created by the brilliant David Robinson)



Feedback Loops



Feedback Loops



Warming Over Time

NASA Goddard Spaceflight Center



Part III: 
Climate Change in New Jersey



Increasing Excessive Temperature Days



Changing Hardiness Zones



From State of the Climate – New Jersey 2021



From State of the Climate – New Jersey 2021



From State of the Climate – New Jersey 2021



NJclimate.org

A change in extremes?

17 September 1999

16 April 2007

14 March 2010

28 August 2011

Manville
# 2 crest 21.0’ (nearby Blackwells Mills: 1921-present)

# 3 crest 19.2’

# 6 crest 16.2’   (1 May 2014 #7 crest 15.9’)

# 1 crest 21.2’

(Slide from a presentation created by the brilliant David Robinson)



Precipitation Increase



New Jersey Extreme Precipitation Projection Tool
https://njprojectedprecipitationchanges.com/

https://njprojectedprecipitationchanges.com/


New Jersey Extreme Precipitation Projection Tool
https://njprojectedprecipitationchanges.com/

44% Higher

Current = 8.21 in

https://njprojectedprecipitationchanges.com/


Underlying Science – Inland Flood Protection Rule
https://dep.nj.gov/inland-flood-protection-rule/underlying-science/

https://dep.nj.gov/inland-flood-protection-rule/underlying-science/


NJ Flood Mapper
https://www.njfloodmapper.org/

This is where you’ll find the 
options to add data. 

https://www.njfloodmapper.org/


NJ Flood Mapper
https://www.njfloodmapper.org/

https://www.njfloodmapper.org/


NJ Flood Mapper
https://www.njfloodmapper.org/

https://www.njfloodmapper.org/


NJ Flood Mapper
https://www.njfloodmapper.org/

https://www.njfloodmapper.org/


Manville Example
https://www.njfloodmapper.org/

Step one: Select an area of study. 
You can zoom in and out using the mouse wheel. 
Click and hold the left mouse button to drag the map view. 

https://www.njfloodmapper.org/


Manville Example
https://www.njfloodmapper.org/

Step two: select data from the boxes on 
the left panel. 
Note: hitting the + Details box gives 
additional information about the data.

You can adjust the 
transparency of the 
data, turn off the data, 
or remove the added 
data here. 

https://www.njfloodmapper.org/


Manville Example
https://www.njfloodmapper.org/

Step three: Click the Legend on the 
side panel to reveal the meaning of 
the data. 

https://www.njfloodmapper.org/


Manville Example
https://www.njfloodmapper.org/

Additional feature: Adding a Basemap.

https://www.njfloodmapper.org/


Manville Example
https://www.njfloodmapper.org/

Sharing your data: Select the Save/Share/Print box.
Selecting the first option creates a link you can 
share that will show your data selection/view. 

https://www.njfloodmapper.org/


Manville Example
https://www.njfloodmapper.org/

If you select the “Print” option, it will download a view of the map 
with the data. It will also print the legend on a separate page. 
From there you can download as a PDF or send it to a printer. 

https://www.njfloodmapper.org/


Part IV: Establishing Green 
Infrastructure as a Method to 
Promote Climate Resiliency



IPCC Annual Report 6 Working Group II

• “Green Infrastructure” is mentioned 155 times in the report.

• “As green infrastructure is increasingly being used for 
stormwater absorption in cities (McPhillips et al., 2020), rain 
gardens, wetlands, or engineered infiltration ponds and 
bioswales are the nature-based solutions most likely to promote 
recharge, reduce evapotranspiration, and contribute to water 
provisioning.” – 6.3.4.5 Riverine Flood Impact Reduction (Pg. 1137) 

• “Urban green infrastructure including urban gardens, can bring 
benefits to social cohesion, mental health and wellbeing and 
reduce the health impacts of heatwaves by decreasing 
temperatures, thus reducing inequities in exposure to heat 
stress for low income, marginalized groups (Hoffman et al., 
2020) – 7.4.6.6 Adopting Mitigation Policies and Technologies that have Significant Health Co-benefits 
(Pg. 1408)



IPCC Annual Report 6 Working Group II



IPCC Annual Report 6 Working Group II



IPCC Annual Report 6 Working Group III



From State of New Jersey Climate Resilience Strategy - 2021



From State of New Jersey Climate Resilience Strategy - 2021



Table 7.5 Carbon Sequestration Programmatic Recommendations

New Jersey Global Warming Response Act
80x50 Report



New Jersey PACT
Protecting Against Climate Threats



NJPACT REAL Webinar 12/15/2022
https://dep.nj.gov/wp-content/uploads/njpact/docs/real-webinar-12.15.22.pdf

https://dep.nj.gov/wp-content/uploads/njpact/docs/real-webinar-12.15.22.pdf


NJPACT REAL Webinar 12/15/2022
https://dep.nj.gov/wp-content/uploads/njpact/docs/real-webinar-12.15.22.pdf

https://dep.nj.gov/wp-content/uploads/njpact/docs/real-webinar-12.15.22.pdf


In Conclusion: 

Green Infrastructure is frequently cited as a mitigation and 
adaptation strategy for addressing climate change

Well-Established Co-Benefits of Green Infrastructure: 



NJclimate.org

So what did 
we learn?



NJclimate.org

Climate change … 
it’s real, it’s 
happening now, 
and it’s affecting 
New Jersey.



NJclimate.org

Climate Change in New 
Jersey
• More warm extremes and 

fewer cold extremes
• Heavy rains become 

more intense
• More intense dry spells
• Rising sea level with 

increased frequency and 
intensity of coastal 
flooding



NJclimate.org

What do we do now?
• Reduce carbon emissions
• Convert to alternative sustainable fuels (solar 

and wind)
• Pray
• Manage stormwater runoff more effectively using 

sustainable practices
• Work together – only through cooperative and 

collaborative partnership will be successful



NJclimate.org

Climate Change in New 
Jersey
• More warm extremes and 

fewer cold extremes
• Heavy rains become 

more intense
• More intense dry spells
• Rising sea level with 

increased frequency and 
intensity of coastal 
flooding



NJclimate.org



NJclimate.org

Rainwater Harvesting - Functions
• Collecting, filtering and storing water from roof tops, 

paved and unpaved areas for multiple uses.
• Harvested water can be used for nonpotable or potable 

purposes after testing and treatment.
• Surplus water after usage can be used for recharging 

groundwater.
• Systems can range in size from a simple PVC tank or 

cistern to a contractor designed and built tank/sump 
with water treatment facilities.



NJclimate.org

Rainwater Harvesting – Components



NJclimate.org



NJclimate.org

Sizing
• The rule of thumb is 600 gallons of water per inch of 

rain per thousand square feet of catchment area.
• Not all the rain that falls can actually be collected.  

Efficiency is usually presumed to be 75% depending 
on system design and capacity.



NJclimate.org

Sizing Formula

Here is the basic formula for calculating the potential 
amount that can be collected:

(Catchment area) x (inches of rain) x (600 gallons) x (.75)

1,000 square feet



NJclimate.org

Design Example

The sample roof shown below has a catchment area that is 
40 feet wide and 30 feet long. Hence, it has a 1,200 
square feet roof (40 feet wide x 30 feet long). Assume that 
it rains 2 inches. We can now plug this information into 
our general formula (see equation above).

Catchment Area = 1,200 square feet
Amount of Rain = 2 inches
Gallons of water collected per inch of rain per 1,000 square feet = 600 gallons
Percent Efficiency = 75% or 0.75

(1,200 square feet) x (2 inches of rain) x (600 gallons) x (.75)
---------------------------------------------------------------------------------- = 1,080 gallons

1,000 square feet



NJclimate.org

First Flush Diverter or Roof Washer

• A one foot length of 6 inch diameter PVC pipe holds 1.5 gallons. 
• A one foot length of 4 inch diameter PVC pipe holds 0.66 gallons.

The rule of thumb is 
one to two gallons of 
roof washer capacity 
for every 100 square 

feet of catchment area. 



NJclimate.org

Construction
• The most stable place to position the cistern is against a 

stable wall on level ground as close to the downspout as 
possible.

• Gravity moves water downhill. Be sure there is available 
space for a downward pitch in all pipes.

• The cistern on its platform is the highest point of the 
garden but the lowest point of the system.

• The overflow pipe should be directed toward a rain 
garden not toward pathways or structures.

• The overflow pipe should flow from the cistern’s highest 
point.

• The spigot should be at the cistern’s lowest point.



NJclimate.org

Climate Change in New 
Jersey
• More warm extremes and 

fewer cold extremes
• Heavy rains become 

more intense
• More frequent dry spells
• Rising sea level with 

increased frequency and 
intensity of coastal 
flooding



NJclimate.org

Current Water Quality Design Storm:
1.25 inches of rain over two-hours 
90% of New Jersey rainfall events come in storms of 
less than 1.25 inches of rain

Future Water Quality Design Storm: Unknown

Let’s apply the “Future Precipitation Change 
Factors” for the 2-year storm from the proposed 
inland flood rule.



NJclimate.org

KNOWN: The New Jersey Water Quality Design 
Storm is 1.25 inches of rain over two-hours and 90% 
of New Jersey rainfall events come in storms of less 
than 1.25 inches of rain

UNKNOWN: If “heavy rains become more intense” 
due to climate change in New Jersey, how much will 
the New Jersey Water Quality Design Storm 
increase?



NJclimate.org

Future Precipitation 
Change Factors:

Source: https://www.nj.gov/dep/rules/proposals/proposal-20221205b.pdf

Current Water Quality Design Storm: 1.25 inches

Change factor for Somerset County 2-Year 
Design Storm: 1.19

1.25 inches x 1.19 = 1.49 inches 

Fun Fact: Rutgers WRP already designs many 
of their rain gardens for a 1.5 inch storm event

And frequently, they target the current 2-year 
storm event.

https://www.nj.gov/dep/rules/proposals/proposal-20221205b.pdf


NJclimate.org

Conservative Planning:

Rather than design for the anticipated future Water 
Quality Storm, we can design a garden to the 
current 2-year storm event. 

Current Somerset County 2-year storm event: 
3.3 inches over 24 hours

(this is more than double the anticipated future 
water quality design storm)

Climate 
Conscious 
Designers



NJclimate.org

Parameters Two-hour 
design storm

24-hour design 
storm

Rainfall total 1.25 inches 3.3 inches

Drainage area 1,000 sq.ft. 1,000 sq.ft.

Infiltration during 
the storm None 0.5 to 1.0 in/hr

Cost basis Surface area Surface area



NJclimate.org

350 sq.ft.
0.5 in/hr

2-YR STORM
3.3” over 24-hr

Climate Resilient Rain Garden
200 sq.ft.
0.0 in/hr

$3,500

$2,000

$2,600

Depth =
6.0 INCHES

WATER QUALITY STORM
1.25” over 2-hr

260 sq.ft.
1.0 in/hr

2-YR STORM
3.3” over 24-hr

Drainage area = 1,000 sq.ft.



NJclimate.org

Climate Resilient Rain Garden

260 sq.ft.
0.5 in/hr

$2,600

Depth =
6.0 INCHES

2-YR STORM
3.3” over 24-hrDepth =

9.0 INCHES

260 sq.ft.
1.0 in/hr

2-YR STORM
3.3” over 24-hr



NJclimate.org

Rain 
Garden 
Surface 

Area
(sq. ft.)

Rain 
Garden 
Depth
(in.)

Rain 
Garden 
Storage 
Volume
(cu. ft.)

Rain 
Garden 
Capacity 
for 2-hr 
Rainfall

(in.)

Cost
($)

200 6 100 1.25 2,000

260 6 130 1.56 2,600

350 6 175 2.10 3,500

260 9 195 2.34 2,600

Results
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What if we combined roadside 
rain gardens with street trees?



NJclimate.org
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Climate Change in New 
Jersey
• More warm extremes and 

fewer cold extremes
• Heavy rains become 

more intense
• More frequent dry spells
• Rising sea level with 

increased frequency and 
intensity of coastal 
flooding



NJclimate.org

Examples of Measures
Under Consideration

NEW JERSEY BACK BAYS
COASTAL STORM RISK MANAGEMENT

INTERIM FEASIBILITY STUDY AND
ENVIRONMENTAL SCOPING DOCUMENT

1 March 2019



NJclimate.org

Structural Measures
• Inlet Storm Surge Barriers
• Interior Bay Closures
• Raised Roads and Rails
• Levees
• Floodwalls (Permanent)
• Deployable Floodwalls
• Crown Walls
• Beach Restoration/Groins/Breakwaters
• Bulkheads
• Seawalls
• Revetments
• Stormwater System Drainage Improvements



NJclimate.org

Natural and Nature-Based Features

• Living Shorelines
• Reefs
• Wetland Restoration
• Submerged Aquatic Vegetation (SAV) Restoration
• Green Stormwater Management



NJclimate.org

https://www.nj.gov/dep/climatechange/docs/nj-climate-resilience-strategy-2021.pdf#page=78

https://www.nj.gov/dep/climatechange/docs/nj-climate-resilience-strategy-2021.pdf#page=78
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Structural Example:



NJclimate.org

Structural Example:



NJclimate.org
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Nature-Based Example:



NJclimate.org



NJclimate.org



NJclimate.org



NJclimate.org



NJclimate.org



WE ARE DONE!
Congratulations!

Christopher C. Obropta, Ph.D., P.E.
Extension Specialist in Water Resources

Rutgers Cooperative Extension
obropta@envsci.rutgers.edu

www.water.rutgers.edu

mailto:obropta@envsci.rutgers.edu
http://www.water.rutgers.edu/


https://oceanfundays.org

https://oceanfundays.org/


Green Infrastructure Champion 
Continuing Education Opportunities
• September 14, 2023 from noon to 1 pm:  Pocket Wetlands for 

Homeowners (Dr. Roy Messaros)

• September 28, 2023 from noon to 1 pm:  Native Plants for Green 
Infrastructure Projects (Susan Tarr)

• October 12, 2023 from noon to 1 pm:  Floating Wetlands Island:  
Community-Based Crandon Lake Restoration Project (Nathaniel 
Sajdak)

• October 19, 2023 from noon to 1 pm:  Living Shorelines for New 
Jersey (Dr. Thomas Herrington)



https://njclimateresourcecenter.rutgers.edu/symposium-2023-welcome/

https://njclimateresourcecenter.rutgers.edu/symposium-2023-welcome/
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