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Dr. Amy Knisley
Environmental Studies
Warren Wilson College

Leadership North Carolina Class XXIX 
06 April 2022, Asheville NC

North Carolina: Environment 101



Land and Water

Air and Climate

but first, a little context…



~500 miles E to W

53,821 miles2

90.5% land, 9.5% water
28th in land area

Mt. Mitchell 6,684’

River Miles:
⬥ RI 1400 ⬥ SC 
29,900

⬥ NC 37,800
⬥ AK 365,000 ⬥ VA 
49,300 

Persons/square mile in 2020:
1-NJ (1263) 14-VA 
(219)

15-NC (215)
50-AK (1.3) 19-SC 
(170)

0’ 
☺

⬥ 301 miles of coastline (=VA + SC)
⬥ 7th of 23 coastal states (TX=6th, OR=8th)
⬥ 6% of U.S. shoreline (excl. AK)

http://upload.wikimedia.org/wikipedia/commons/5/58/USA_North_Carolina_relief_map_cut.jpg
https://en.wikipedia.org/wiki/List_of_U.S._states_by_coastline

http://upload.wikimedia.org/wikipedia/commons/5/58/USA_North_Carolina_relief_map_cut.jpg
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River Miles:
⬥ RI 1400 ⬥ SC 
29,900

⬥ NC 37,800
⬥ AK 365,000 ⬥ VA 
49,300 

http://upload.wikimedia.org/wikipedia/commons/5/58/USA_North_Carolina_relief_map_cut.jpg



NC Geological Survey, 1991

Birth of the Mountains: The Geologic Story of the Southern 
Appalachian Mountains, US Geological Survey, c. 1998.

“The rocks at the core of the Appalachian Mountains formed 
more than a billion years ago. At that time, all of the 
continents were joined together in a single supercontinent 
surrounded by a single ocean…”.

https://deq.nc.gov/about/divisions/energy-mineral-and-land-resources/nc-geological-survey
https://pubs.usgs.gov/gip/birth/birth.pdf


NC Geological Survey, 1991

https://deq.nc.gov/about/divisions/energy-mineral-and-land-resources/nc-geological-survey




Land and Water

Air and Climate



Diversity of underlying geology…leads to diversity of soils…

…with diversity in elevation and terrain … rainfall … temperate conditions…

Bobcat 
(Lynx rufus)

Great Blue Heron 
(Egretta thula)

Eastern Hellbender 
(Cryptobranchus a. 
alleganiensis

Diamondback Terrapin 
(Malaclemys terrapin)

Eastern Cougar 
(Felis concolor)

“Cougars were extirpated from North Carolina in the late 1800s, and since then, 
there has been no substantiated evidence of wild cougars living anywhere in 
the state. However, the NCWRC still periodically receives reports from the 
public about sightings of cougars or cougar tracks. Investigations into these 
sightings by NCWRC biologists reveal that they are nearly always 
misidentifications of both domestic and wild animals.”

extinct



Discuss: How do you feel about 
the cougar’s extinction in N.C., 
and why do you feel that way?



NC Wildlife Resources Commission, 2022
NC Wildlife Commission, species lists, 2022
Protected Wildlife Species, NC WRC 2021

Of 1111 species total in these groups, 246 (22%) are either Endangered, 
Threatened, or of Special Concern

Migrations in Motion.

https://www.ncwildlife.org/
https://www.ncwildlife.org/Learning/Species
https://www.ncwildlife.org/Portals/0/Conserving/documents/Protected-Wildlife-Species-of-NC.pdf
https://maps.tnc.org/migrations-in-motion/#4/19.00/-78.00


Biodiversity Hotspots 
Conservation Priorities

1. Blue Ridge Mountains, “...a major priority for amphibians, mainly due to 
salamanders, as well as for fish and trees.”
2. Sierra Nevada Mountains
3. California Coast Ranges
4. Tennessee, Alabama, northern Georgia watersheds, “...mainly due to its 
exceptional fish diversity, for which it is globally significant. There is also substantial 
reptile and amphibian diversity…”.
5. Florida panhandle
6. Florida Keys
7. Klamath Mountains 
8. South-Central Texas around Austin and San Antonio
9. Channel Islands of California
Data from “U.S. protected lands mismatch biodiversity priorities,” C.N. Jenkins et al., Proceedings of the National 
Academy of Sciences (April 6, 2015)

Biodiversity Mapping.org, Clinton Jenkins of FL International Univ., 2022

https://biodiversitymapping.org/


U.S. Department of Agriculture. 2018. Summary Report: 2017 National Resources Inventory.
Excludes Alaska

Developed land 1982-2017

VA +76%
U.S. +61% NC 
+108%

SC  +100%

Land Use

Rate of Land Development, 1982 - 2017

https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/technical/nra/nri/results/


What is the single best way to 
protect a species?

You guessed it: Protect its home.
Makes sense doesn’t it.



USGS Protected Areas Data Portal (2017): https://gapanalysis.usgs.gov/padus/data/statistics/
USGS Protected Areas Database/Viewer: https://maps.usgs.gov/padus/

AK 55% (35%)

NV 80% (15%) VA 10% (4%)

NC 9% (4%)

SC 8% (4%)

MN 23% (7%)

ME 11% (5%)

“...15-30% of the land in any state or ecoregion will need to be 
[protected] in order for our native biodiversity to be effectively 

conserved.” Conservation in America: A Status Report. Defenders of Wildlife (2002)

TX 3% (2%)

Protected Land, 2017

https://gapanalysis.usgs.gov/padus/data/statistics/
https://maps.usgs.gov/padus/


2018 NC land conservation trust fund awards:
❖Clean Water Management ($24.6m; $65m req. FY19)
❖Parks and Recreation ($28.3m (FY17))
❖Agricultural Dev. & Farmland Preservation ($4.6m)

NC Natl Wild and Scenic Rivers: 
❖New, Chattooga, Lumber, and 
Horsepasture
❖Over 100 eligible rivers.
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In FY 2008 the trust funds had $289 million available. Funding levels crashed until FY 2013, 
which saw modest increases. Total FY 2018 funding for the the three trust funds was 
about $42.5 million, and FY 2019 funding is $32.5m.   Conservation Trust for NC, 2018.

What is “land conservation”?

http://www.cwmtf.net/#home.html
http://www.ncparks.gov/more-about-us/parks-recreation-trust-fund
http://www.ncadfp.org/
http://www.conservationtool.nc.gov/web/cpt
http://www.ctnc.org/assist/advocacy/state-funding-tax-incentives/
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Land and Water



N
C 

DE
N

R,
 S

ta
te

 o
f t

he
 E

nv
iro

nm
en

t R
ep

or
t 2

01
1,

 p
35

Water quality is managed under the framework of the 1972 Clean Water Act

Duke Power Asheville Plant NPDES permit (2006)
re “Outfall 001” (Ash Pond Treatment System)

Key pollutants:
Sediment, Nutrients, Metals, Oil and 
Grease, Toxins, Pathogens

Key sources:
Land disturbance; Agriculture; 
Impermeable surfaces; Waste water

Point source program: 
National Pollution Discharge 
Elimination System permits.

Ambient program: 
Ambient water quality standards, 
based on use classification.

http://deq.nc.gov/about/divisions/water-resources/planning/classification-standards/classifications#Whataresurfacewaterclassification


USGS Southern Atlantic Water Science Center, 2020

North Carolina water use by category, 2015

https://www.usgs.gov/media/images/animation-2015-north-carolina-water-use-category


US EPA National Rivers and Streams Assessment, 2013-2014.

EPA National Rivers and Streams Assessment, 2013-2014

https://www.epa.gov/system/files/documents/2021-10/nrsa_13-14_report_508_ci_2021-10-15.pdf


NC DEQ Division of Water Resources, Ambient Groundwater Quality Monitoring Network (2022)
US Geological Survey National Water Dashboard.

NB: NC DEQ 25 March 2022 Press 
Release re: Groundwater 
contamination from Chemours plant.

And then there’s groundwater. 
14% of NC residents drink from public supply wells; 36% from domestic wells.

https://ncdenr.maps.arcgis.com/apps/webappviewer/index.html?id=6a0293762cf249ed92b657bd9b7465cf
https://dashboard.waterdata.usgs.gov/app/nwd/?region=lower48&aoi=default
https://deq.nc.gov/news/press-releases/2022/03/25/state-accepting-public-comments-draft-permit-address-chemours-groundwater-contamination


NC DEQ Division of Water Resources, Animal Feeding Operations Map
(2022)
NC DEQ Division of Water Resources, Data, Statistics and Maps

Concentrated Animal Feeding Operations stress streams in the east.

https://ncdenr.maps.arcgis.com/apps/webappviewer/index.html?id=85ae6392d0e94010a305eedf06e3f288
https://deq.nc.gov/about/divisions/water-resources/water-resources-data-statistics-and-maps


NC DEQ DWR monitors surface water quality. About 13,700 “Assessment Units” (stream segments, lakes, 
etc.) are sampled on a rolling basis. According to the latest data, approximately 3,750 AUs are “impaired.” 

Annual Report to the NC G.A. Environmental Review Commission, Basinwide Water Resource Management Plans, July 2019 to June 2020. NC Envtl Mngmt Cmsn, 2020
Environmental Review Commission of the NC General Assembly, 2020.

https://deq.nc.gov/media/17085/download
https://www.ncleg.gov/Committees/CommitteeInfo/NonStanding/140#Documents


Enter: A WWC hope squad!



Land and Water

Air and Climate

But first: break time!



National Ambient Air Quality Standards: Six “Criteria Pollutants” 

Hazardous Air Pollutants

187 Federally-listed:
⬥Metals, such as cadmium, mercury, 
chromium, and lead compounds.
⬥Solvents, such as trichloroethylene, hexane, 
and methylene chloride.
⬥Others, such as benzene, dioxin, asbestos, 
and toluene.

NC has added 21, including acetic, nitric and 
sulfuric acids; ammonia; bromine.

Air quality is managed under the framework of the 1970 Clean Air Act





Live track NC AQ monitors here.

Locations of NC 
Ambient Air Quality 
Monitors

Urban Air Toxics (7)

Particulate Matter 10.0 (13)

Particulate Matter 2.5 (22)

Ozone (O3) (33)
Nitrogen Oxides (NOy) (2)

Nitrogen Dioxide (NO2) (8)

Carbon Monoxide (CO) (4)

O3 + NOy + S (EPA CASTNET)

Sulfur Dioxide (SO2) (10)

https://airquality.climate.ncsu.edu/air/


National Emissions Inventory Report, US EPA (2017)

National Air Emissions, 1990-2017, in 1000 tons
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https://www.epa.gov/air-emissions-inventories/reports-and-summaries


Our Nation’s Air: Trends Through 2020, US EPA (2021)

National Trends Against NAAQS Standards, 1990-2020

Standard 
under CAA

National Ambient Air 
Quality Standards

https://gispub.epa.gov/air/trendsreport/2021/#home


Air Quality Trends in NC, NC DEQ (2018)

NC Clean Smokestacks Act of 2002

https://files.nc.gov/ncdeq/Air%20Quality/Air_Quality_Trends_in_North_Carolina_122118.pdf


Daily Air Quality 
Index Values, 

2000-2022

Mecklenburg County, NC

Buncombe County, NC



Hazardous Air Pollutants

187 Federally-listed:
⬥Metals, such as cadmium, mercury, 
chromium, and lead compounds.
⬥Solvents, such as trichloroethylene, hexane, 
and methylene chloride.
⬥Others, such as benzene, dioxin, asbestos, 
and toluene.

NC has added 21, including acetic, nitric and 
sulfuric acids; ammonia; bromine.

Looks like Blue Skies!! Yes but remember the …



EPA 2017 National Air Toxics Cancer Risk Assessment

Using health benchmarks available  ~140 air toxics, EPA estimates “excess” cancer cases 
attributable to those pollutants. Assumes daily exposure over a 70 year lifetime. Calculated by 

 t t

U.S. 25.6

NC 26.0 VA 27.4 SC 28.9

LA 38.6

WY 11.1

76,726 census tracts assessed for “excess” cancers caused by air toxics.
National average = 25.6 excess cancers per million people (pmp).

54.3% of NC census tracts have risk above the national average; 
50.4% of VA tracts, and 82.5% of SC tracts.

Risks are not evenly distributed.
➜ Of the 1000 riskiest tracts, 26% are in PA; 17% in LA
➜ 10 tracts in TX and 7 in LA have risks above 200 pmp, up to 986.

“Results indicate that Hispanics' ethnic status 
interacts with class, gender and age status to 
amplify disproportionate risk. In contrast, results 
indicate that non-Hispanic whiteness attenuates 
cancer risk disparities associated with class, gender 
and age status.” From a 2010 study in El Paso TX.

“In Maryland…[c]ensus tracts in the quartile [with the 
highest proportion] of African-American residents 
were three times more likely to be high risk than those 
in the lowest quartile…. We observed substantial risk 
disparities for on-road and area sources [of air toxics]  
by race.” From a 2004 study in Maryland.

“Our findings indicate that … race 
and ethnicity are significantly 
related to cancer risks in Florida…” 
From a 2011 study in Florida.



Air Quality Trends in NC, NC DEQ (2018)

NC Air Toxics Emissions, 1993-2016

Good news! Toxic air 
emissions are declining.

Bad news! They’re still being 
emitted by the literal ton.

Discuss: How do you think through the 
trade-off between the benefits of industry 

and manufacturing, and the threat to 
health of toxic airborne pollutants?

https://files.nc.gov/ncdeq/Air%20Quality/Air_Quality_Trends_in_North_Carolina_122118.pdf




U.S. Energy Information Administration, 2022

https://www.eia.gov/energyexplained/us-energy-facts/


U.S. Energy Consumption, Quadrillion Btus, 1949-2021
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U.S. Energy Information Administration, annual consumption data, 2022

https://www.eia.gov/totalenergy/data/annual/index.php


N.C. Energy Consumption, Trillion Btus, 1960-2019
by
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U.S. EIA, State Energy Data System, 2022

https://www.eia.gov/state/seds/


U.S. Energy Consumption PER CAPITA, Million Btus, 1949-2015
by
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From 1980 and 2021 the total per capita primary consumption 
in the U.S. averaged 326 million Btu/Person/Year.

During that 41 year span, the greatest variances were +7.2% in 
1996, and (-7.8%) in 2017

In 2019, the world average consumption of primary energy 
was ~79 million Btu/Person/Year, up from ~71 in 2015.



2019 Energy Use
mBtu/Capita

U.S. EIA (2018)

WY 932 (1)

RI 180 (51)

SC 316 (25)

NC 253 (27)

VA 283 (21)CA 198 (50)

2018 Energy-Related 
CO2 emission

metric tons/Capita

WY 109.9 (1)
NY 9.0 (50)

SC 14.4 (22)

NC 12.7 (16)

VA 12.5 (38)

CA 9.2 (2)



Per capita energy-related CO2 emissions by state, (2000–2018)

U.S. EIA, 2022

An average decline of 22%!

https://www.eia.gov/environment/emissions/state/


U.S. RENEWABLE Energy as % of total consumption, 1970-2021

VA 7.0%

NC 10.4%

SC 10.2%

US EIA, State Energy Data, 2022

Renewables as % of total state 
energy use, 2019

ME 40.3%

OR 43.1

SD 41.5%

LA 3.5%

AK 3.8%

NJ 4.0%

https://www.eia.gov/beta/states/overview


In 2015 “the United States had 71 
waste-to-energy (WTE) plants that 
generated electricity in 20 U.S. 
states….  WTE plants provided …  
about 0.4% of total U.S. electricity 
generation in 2015.”

“In 2015] Florida's Palm Beach Renewable Energy Facility 
Number 2 became the first new WTE plant to come 
online since 1995 and the largest single WTE electricity 
generator in the United States.”

U.S. EIA, 2022

Maybe we should burn our trash for electricity?!?

https://www.eia.gov/todayinenergy/detail.php?id=25732


Energy trends, especially in electricity, are favorable for renewables. 
But policy makes a big difference.



American Council for an Energy Efficient Economy. State Policy Scorecard program.
Utilities: Policies requiring utilities to make the energy mix green and efficient; financial 
incentives to support this; disclosure rules for utilities and public access to information; 
strong compliance.
Transportation: Tailpipe emissions rules and compliance; mass transit funding and 
provision.
Building Energy Efficiency: Building efficiency codes and compliance with them.
Appliance Standards: Efficiency standards and compliance, from microwaves to furnaces.
State Government-Led Initiatives: Financial incentives e.g. tax credits for efficient 
homes/renovations; credits for renewable energy production; zoning incentivizing wind and 
solar; state fleet efficiency.
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Renewables are grand. But how about our old friend 
efficiency?  “Energy Efficiency Can Cut Energy Use and 

Greenhouse Gas Emissions in Half by 2050.” AEEE, Sept 2019.

https://www.aceee.org/state-policy/scorecard
https://www.aceee.org/research-report/u1907


American Council for an 
Energy-Efficient 
Economy, 2022

https://www.aceee.org/state-policy/scorecard


And forested hills do more than dazzle the eye…

Air Quality Trends in NC, NC DEQ 
(2018)

Net Carbon Emissions, North Carolina, (MMT CO2e).

In million metric tons of carbon dioxide equivalent emissions (MMT CO2e).

https://files.nc.gov/ncdeq/Air%20Quality/Air_Quality_Trends_in_North_Carolina_122118.pdf


Policy has successfully driven market 
forces in the direction of renewables.

And it can do more!!

Look into solarizing your house!
Buy a used electric vehicle!

…plant a tree…



Dr. Amy Knisley
Environmental Studies
Warren Wilson College
aknisley@warren-wilson.edu

…and that’s all folks!

A challenge: When I see you at Warren Wilson 
tomorrow, tell me something you’re doing, or 
an idea you have, to combat GHG emissions 

and build climate resilience in your 
community.

link to extra slides

https://docs.google.com/presentation/d/1M9_1ka5H5cZPAXWy17jSEXansoPuqjwYXzonz_xS41I/edit?usp=sharing



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51

