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Figure 2.6. The maps show projected changes in the annual number of very hot days (maximum 

temperature of 95°F or higher) for North Carolina for two mid-century time periods and two 

climate futures. All projected values are shown as changes compared to the 1996ʹ2015 

average. Panel (a) shows projected changes for 2021ʹ2040 under a higher scenario (RCP8.5). 

Panel (b) depicts projected changes for 2041ʹ2060 under a lower scenario (RCP4.5), and panel 

(c) shows projected changes under the higher scenario for the same time period. Sources: 

NCICS and The University of Edinburgh.  
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This evening …
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• Climate change basics
• What’s happened/what’s expected
• Impacts on nature
• Nature as a (partial) solution
• Wrap up & conversation (Qs anytime in chat)



Basics: Earth energy

• Earth 
gets energy from the 
sun 
loses energy as 
infrared radiation (IR)

• This balance sets 
global temperature 

(as measured by an 
astronomer on Mars)



Basics: greenhouse effect
Greenhouse gases absorb outgoing IR & emit IR 
(Kirchoff’s law) warming Earth’s surface

Gustav 
Kirchhoff



No greenhouse gases

T ~ -2°F T ~ 56°F

Natural greenhouse gases

Basics: the greenhouse effect &
Earth’s temperature

Without greenhouse Earth is too cold for life



Basics: greenhouse gases
• Water vapor

Controlled by weather & climate

• Carbon dioxide

From burning coal, oil, & gas

Clearing forests

• Methane

Livestock

Rice paddies

Shale-gas production

Landfills

• Nitrous oxide

Denitrification (e.g. of fertilizer) 
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Basics: expected warming
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CO2 up nearly 50% since 1800
– burning coal, oil, gas 
– clearing forests & prairies

For 2xCO2 
– expect 3 - 8 °F warming
– Svante Arrhenius (1896)
At current pace, CO2 will double its 

preindustrial level in ~50 years

https://www.esrl.noaa.gov/gmd/ccgg/trends/

“Suki” Manabe
2021 Nobel Prize in Physics

https://www.esrl.noaa.gov/gmd/ccgg/trends/


What’s happened: globally
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• About 1°C (1.8°F) warming since 1900

https://data.giss.nasa.gov/gistemp/

https://data.giss.nasa.gov/gistemp/


11Climate stripes: 1850 to now

https://showyourstripes.info/s/globe


What’s happened: NC
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• Strong warming since 
1960s 

– early 20th Century was 
warm 

NCCSR

Chapter 2: Statewide Changes 

    45 

 
Figure 2.1. The bar graph shows the observed annual average temperature for North Carolina 

for 1895ʹ2018, as averaged over 5-year periods, with the last bar representing a 4-year period 

(2015ʹ2018). Dots show annual values. The horizontal black line shows the long-term average 

of 58.7°F for 1895ʹ2018. Source: Frankson et al. 2017, 2019 update. 

 

 

 

https://ncics.org/programs/nccsr/


What’s happened: 2019 warmest year for NC
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What’s happened: sea level
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https://www.climate.gov/news-features/understanding-climate/climate-change-global-sea-level

https://www.climate.gov/news-features/understanding-climate/climate-change-global-sea-level


What’s happened: NC sea level
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∆ local sea level = ∆ global sea level + ∆ ocean circulation + sinking
coastal flood = local sea level + tide + storm surge

chronic episodic

https://sealevelrise.org/states/north-carolina/


What’s happening: saltwater intrusion
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• Chronic sea-level rise 
drives intrusion into 
aquifers

• Floods bring salt water 
from drainage channels 
over the surface

• Salinization threatens 
natural ecosystems & 
agriculture ht
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Hyde County field flooded by Florence
https://www.wwno.org/post/florences-impact-will-last-years-

farm-crisis-advocate-says

http://ncsu-salt.weebly.com/freshwater-resources.html
https://www.wwno.org/post/florences-impact-will-last-years-farm-crisis-advocate-says


17Alligator River NWR

https://www.flickr.com/photos/150964093@N06/43345822661/


What’s expected: more global warming
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• Continued warming is 
“baked in”: 1°F by 2100

• Large range due to 
unknown future 
emissions

https://www.ipcc.ch/report/ar5/wg1/

https://www.ipcc.ch/report/ar5/wg1/


What’s expected: NC

19
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Figure 2.3. These time series show the simulated historical and projected annual average 

temperature for North Carolina from the LOCA data and the observed climatological value 

averaged for the period 1970ʹ2013 (black line). Historical simulations (gray shading) are shown 

for 1970ʹ2005. Projected changes for 2006ʹ2100 are shown for a higher scenario (RCP8.5; red 

shading) and a lower scenario (RCP4.5; green shading). The shaded ranges indicate the 10% to 

90% confidence intervals of 20-year running averages from the set of climate models. Sources: 

NCICS and The University of Edinburgh. 

2.2.2 Extremes 

The frequency of very hot days (maximum temperature of 95°F or higher; Figure 2.4) was 
highest in the 1930s through early 1950s. This was followed by a period of very low occurrences 
in the 1960s and early 1970s. Since the late 1970s, the number has fluctuated around the long-
term (1900±2018) average of 10 days per year with no trend. By contrast, the number of very 
warm nights (minimum temperature of 75°F or higher) has been well above average since 2005, 
with 2010 setting a record with a statewide average of 14 (Figure 2.5). The number of very warm 
nights during 2008±2017 is higher than during any other consecutive 10-year period. 

 

NCCSR

https://ncics.org/programs/nccsr/


What’s expected: NC sea level
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https://sealevelrise.org/states/north-carolina/

Front St., Beaufort
November 2021

https://sealevelrise.org/states/north-carolina/


Impacts on nature
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Digression: what is natural?
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• NC never “pristine”
• Indigenous peoples here for ~12,000 years

Burned landscape to improve hunting & facilitate 
travel
Since 1,500 BP for cultivation (cf. Barden*)

• Implications for wildfire on unmanaged 
landscapes

With accelerated drying & prolonged drying season
*Barden, Lawrence S., 1997: Historic Prairies in the Piedmont 
of North and South Carolina, USA. Natural Areas Journal, 17, 
149-152



Species viability – 3 R’s

23

• Representation
breadth of genetic and environmental diversity within and 
among populations 

• Resiliency
ability to withstand stochastic disturbance; increases with 
population size, growth rate, & connectivity among 
populations 

• Redundancy
ability to withstand catastrophic events by spreading risk 
among multiple populations or across a large area 

Smith et al. 2017

https://www.fwspubs.org/doi/pdf/10.3996/052017-JFWM-041


Climate change & the 3 R’s
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• Representation
Reduced genetic diversity – subpopulations poorly adapted to new 
conditions removed

Reduced environmental diversity as some habitats cross thresholds 
(temperature, etc.) of viability

• Resiliency
More frequent & severe extreme events increase strengths of 
stochastic disturbances 

• Redundancy
Reduced, if range contracts

Exacerbated by other human influences: habitat destruction, 
introduction of invasive species, pollution, etc.
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Range shifts & local extinctions reduce redundancy

26

Climate-Related Local Extinctions 
Are Already Widespread among 

Plant and Animal Species
Wiens, 2016

which species have (and have not) undergone local extinctions potentially related to climate
change. These data are particularly useful because published papers on range shifts need not
be strongly biased towards documenting warm-edge contractions, given that many studies
that included data on warm edges also surveyed the cool edge. Thus, even though studies that
failed to find any range shifts might go unpublished (a potential source of bias), studies that
documented an overall range shift need not show a warm-edge contraction.

Here, I analyze the extensive data on range shifts to examine the prevalence of local extinc-
tions related to modern climate change. I also provide a synthesis of inferred local extinction
across habitats, climatic zones, and taxonomic groups. I systematically searched the literature
for studies that examined shifts in species’ ranges at their warm edges, shifts that were consid-
ered (in the original studies) to be related to current climate change. Hundreds of examples of
local extinctions were found across diverse climatic zones, habitats, and taxonomic groups.
Not all species exhibiting range shifts showed warm-edge contractions, but ~50% of the species
surveyed had local extinctions inferred to be related to climate change. These results suggest
that even the relatively small changes in climate that have already occurred are sufficient to
cause widespread local extinctions and that many species may be unable respond to climate
change fast enough to avoid extinction as global climate warms even further.

Results

The Web of Science was searched repeatedly between December 2014 and March 2016 using
keywords related to climate change, range shifts, and local extinctions (see Materials and

Fig 1. Hypothetical example illustrating the two components of a geographic range shift associated with climate change. The large open circle
indicates the species’ overall geographic range. Small dark blue circles indicate populations before climate change. After climate change, the overall
geographic range is shifted northward (large open circle), both through the range expansion (new populations; small light blue circles) added at the
northern, “cold” edge of the species range and range contraction (local extinction of original populations; small red circles) at the southern, “warm” edge
of the species range. Similar patterns occur for range shifts along an elevational gradient. Modified from Cahill et al. [12].

doi:10.1371/journal.pbio.2001104.g001

Climate Change and Extinction

PLOS Biology | DOI:10.1371/journal.pbio.2001104 December 8, 2016 3 / 18

Results were generally similar using both general linear models (GLMs; see below) and gen-
eral linear mixed models (GLMMs; see next paragraph). GLM results are given in full in S2
Appendix and are summarized here. Simultaneously including all 976 species and most vari-
ables (habitat [terrestrial versus freshwater versus marine], climatic regions [tropical versus
temperate], taxonomic group [plants versus animals], survey type [latitudinal versus eleva-
tional], and study dates [start date, end date, and duration in between]) showed that most

Fig 2. The frequency of local extinctions related to climate change across different climatic regions,
habitats, and gradients. (A) Species are categorized as temperate or tropical (based on the location of the
study), and the percentage of species with one or more local extinctions is shown, along with the sample sizes
of species in each region. (B) Species are categorized as terrestrial, freshwater, or marine, and the frequency
of species with local extinctions is shown (along with total species per habitat). (C) Species are categorized
based on whether they were surveyed along elevational or latitudinal transects. Vertical lines indicate 95%
confidence intervals on the estimated frequency of species with local extinctions.

doi:10.1371/journal.pbio.2001104.g002

Climate Change and Extinction

PLOS Biology | DOI:10.1371/journal.pbio.2001104 December 8, 2016 7 / 18

variables had significant effects on the frequency of extinction, except for the study dates.
There were strong effects of habitat and climate (p< 0.00001) but weaker effects of taxonomic
group (p = 0.0246). Results were similar when excluding study dates and taxonomic group.
Including geographic regions showed that most regions had no significant effect (except for
Madagascar and South America). Given that Madagascar and South America were represented
by one study each, these region effects were not considered further. Furthermore, the effects of
climatic region, habitat, taxonomic group, and survey type remained significant when geo-
graphic regions were included. Comparing species only on terrestrial elevational gradients
(805 species in total) further confirmed the significant effects of climate and taxonomic group.
Similarly, considering plants only (260 species) also confirmed the significant effects of cli-
matic region. Considering only terrestrial animals on elevational gradients (545 species)
showed a significant effect of climate (p = 0.0023) after removing study dates, which had no
significant effect. Considering birds alone (233 species) and including climatic region, survey
type, and study dates showed that climatic region, survey type, start date, and end date had sig-
nificant effects. For insects (271 species), when including climatic region, study dates, and sur-
vey type, no variables were significant. For fish (69 species), a model including habitat
(freshwater versus marine), study dates, and survey type showed that no variables were signifi-
cant. However, habitat was significant if other variables were removed. Similarly, for temperate
animals (367 species), a model including habitat, survey type, and study dates showed that
only habitat and survey type were significant. Comparison of plants and animals on terrestrial
elevational gradients (including study dates) showed that extinction is significantly different
between temperate plants and animals (more common in animals), but not between tropical
ones. Across animals, the effects of taxonomic group were limited and depended on the other
variables included. If only taxonomic groups and study dates were included, then annelids,
fish, and insects showed significantly more extinction (p = 0.03–0.05). Including habitat and
survey type (and removing study dates) showed stronger effects in fish and annelids (as well as
in crustaceans and molluscs), but not in insects.

Fig 3. The frequency of local extinctions related to climate change across different taxonomic groups. The percentage of species with
one or more local extinctions in each taxonomic group is shown, along with the total sample size of species surveyed in that group. For ease of
presentation, four different groups of marine invertebrates (annelids, crustaceans, molluscs, and echinoderms) are shown together. Frequencies
for these four groups were averaged to obtain a single value, and sample sizes of species across groups were summed. Squamate reptiles
include lizards and snakes. Vertical lines indicate 95% confidence intervals on the estimated frequency of species with local extinctions.

doi:10.1371/journal.pbio.2001104.g003

Climate Change and Extinction

PLOS Biology | DOI:10.1371/journal.pbio.2001104 December 8, 2016 8 / 18

https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.2001104


Range expansion may be blocked 
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• “Escalator to extinction”

Development & agriculture can block northward 
& upward range expansions

https://e360.yale.edu/features/escalator-to-extinction-can-mountain-species-adapt-to-climate-change


Phenology

28

• Advance of spring

• But “rate of phenological 
change varies across 
trophic levels”

• Migratory species at risk 
if they arrive at the 
“wrong” time

NCA

1981-2010

https://nca2018.globalchange.gov/chapter/7/


Extremes (disturbances) increase with 
climate change

29

• New temperature extremes
• New hydrologic extremes (wet & dry)
These changes arise from fundamental statistics & 

physics



Dice metaphor
• Think of the weather on a day as a roll of dice

• Dice “weather”: the number from a single roll

• Dice “climate”: the statistics accumulated over many rolls
– Average roll = 7

Chances of rolls:



Greenhouse dice
(Courtesy Jim Hansen)
• “Greenhouse dice”: add a dot to the 6 on one die
• Average climate changes a little (7 to 7.17)
• But … 13s!



Real-world greenhouse dice

32

Northern Hemisphere summer temperatures (land stations)
• Once a century (or rarer) summer heat now once a decade

Hansen et al. 2013

https://www.pnas.org/content/110/7/E547


13s
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• As Earth heats up, hottest temperatures, heaviest 
rains, driest droughts worse than we’ve ever seen

• Happening now

British Columbia mudslides – 11/14/2021

2021 Pacific NW heatwave

38°C = 100.4°F

45.8°C = 114.4°F

Pilot Mtn NC fire – 11/29/2021



Climate variations over Earth history
• Today’s ecosystems 

developed during 10,000 
years of stable climate

• Not ready for 13s



Hydrologic extremes

35

Water saturation vapor pressure rises 
exponentially with temperature

• nearly 7% for 1 °C warming
What does this mean?

• Air “holds” more water vapor at higher 
temperatures

Heavier rains

• Air “demands” more water at higher 
temperature
Increased potential evapotranspiration 

Faster, more intense drought

Rudolf Clausius
1822-1888

Benoit Clapeyron
1799-1864



More intense rain - observed
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US Southeast – change 
(%) in amount of rain in top 

1% of rain events

https://nca2014.globalchange.gov/

https://nca2014.globalchange.gov/


More frequent heavy rain

37

US Southeast – days with rain above 3”



More rain from hurricanes

38

• Biggest US storms in volume of rain since 1949:
#1: Harvey in 2017
#2: Florence in 2018

• Flooding events threaten aquatic/riparian species
– Scouring; bank failure & erosion
– Periods of high turbidity
– Pollutants flushed into streams & rivers (hog waste)

• Intervening low-flow periods also more intense ht
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Ken Kunkel NC State/NCICS

https://ncics.org/cics-news/putting-hurricane-florence-into-historical-perspective/


“Everyday” cloudbursts are bigger

39

July 2016 Raleigh rainstorm
– Unexceptional summer storm
– Crabtree Creek rose 14’ in minutes
–12X increase in discharge

Gage

Rain

• Developed watershed
• Scouring
• Damage to greenway

Floodplain greenways are not 
sustainable under climate change



Dry November (la niña)

40

• Warming amplifies drying during 
droughts

Increases fire danger



Vulnerable NC ecosystems

41NCCRARP
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Chapter 5F: Ecosystems   

North Carolina Climate Risk Assessment and Resilience Plan June 2020 

 

State-Owned Ecosystem Assets at Greatest Risk 

We assessed the risks to state-owned lands by reviewing the climate-related stressors and hazards 

associated with each of 45 biological themes (broad ecosystem types) 8  and then we used maps of the 

themes and state-owned protected areas9 to determine which state conservation lands are most vulnerable 

(Figure 5F–5). Based on this data-driven approach, the assessment showed that four of the five state-
owned conservation lands with the highest number of stressors and hazards are in the Coastal Plain 

region of the state.  These areas illustrate the breadth of potential impacts and the scope of concern.   

Of the five sites, four are near the coast: Bertie County Game Land is composed of 3,880 acres of 

swamps, floodplains, and bottomlands along the Cashie River near Windsor. The Emily and Richardson 
Preyer Buckridge Coastal Reserve covers 28,766 acres along the Alligator River in Tyrell and Hyde 

counties.  Neuse River Game Land is located in Craven and Pamlico Counties, in multiple patches north 

and south of New Bern, totaling 4,898 acres. Roanoke River Wetlands Game Land occupies 20,541 

acres in Bertie, Halifax, Martin, and Northampton counties between Weldon and Williamston.  These 

areas top the list of state-owned sites with multiple climate stressors and threats because they occur far 

enough inland to contain river floodplains, nonalluvial wetlands, and even some uplands, and extend 

down to sea level.  Hazards unique to sea level areas include inundation due to steady sea level rise, tidal 

flooding, and storm surge during severe storms.  Intrusion of saltwater, harmful or fatal to most of the 

freshwater plants and animals that occupy these lands, is associated with all of these hazards.  The same 

waters that caused widely reported damage along the Neuse River in New Bern in recent hurricanes 

brought major disturbance to the natural systems in the Neuse River Game Land.  In the meantime, ghost 

forests of dead trees where there once were dense swamp forests attest to effects of gradually rising sea 

level and increased penetration of normal tides.  

                                                      
8 North Carolina Ecosystem Response to Climate Change: DENR Assessment of Effects and Adaptation Measures. (2010). 

Department of Environment and Natural Resources, Raleigh, NC. 
9 North Carolina Natural Heritage Program. (2020). Geographic Information System (GIS) data. NCDNCR, Raleigh, NC.  

Available at www.ncnhp.org. (Accessed: January 2020). 

Figure 5F–5: Most vulnerable ecosystems identified by Ecosystem Risk Assessment Committee. 

 

https://deq.nc.gov/energy-climate/climate-change/nc-climate-change-interagency-council/climate-change-clean-energy-17
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Coastal Plain 
Floodplains 

*  *  *   * * * *   * 

Coastal Plain Large 
River Communities 

   * *   *  * * *   

Coastal Plain 
Nonalluvial Mineral 
Wetlands 

       *  * *  *  

Coastal Plain 
Stream/Swamp 
Communities 

  * * *   *  * * *   

Estuarine Communities * *    *  *  * *    

Freshwater Tidal 
Wetlands 

* *    *  *  * *    

High Elevation Forests 
and Outcrops 

*   *     *   * * * 

Maritime Grasslands * *  *  *  *  * * *   

Maritime Upland 
Forests 

 *        * *   * 

Maritime Wetland 
Forests 

 *    *  *  * *   * 

Mountain Streams *  * * *  *     * *  

Mountain Bogs and 
Fens 

*   * *       *   

Piedmont Streams and 
Small Rivers 

  * * *       *   

Shell Bottom (estuarine) *     *  *  * *    

Soft Bottom (estuarine) *     *  *  * *    

 Submerged Aquatic 
Vegetation (Seagrass) 

*     *  *  * *    

Table 5F–1: Exposure matrix listing the most vulnerable NC ecosystems (taking into account sensitivity to 
threats and adaptive capacity) and climate hazards that affect them.1 
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Roan Mountain bluet (Houstonia montana), Heller’s blazing star (Liatris helleri), spreading avens (Geum 
radiatum), rock gnome lichen (Gymnoderna lineare), and Blue Ridge goldenrod (Solidago spithamaea) – 
state and federally Threatened or Endangered plants – occur at high elevation rock outcrops (Figure 5F–
9). If conditions become too warm and dry for these species, they are unlikely to migrate north because of 
the limited habitat available for migration corridors (mountaintops are effectively isolated from one 
another, making migration difficult or impossible for species with limited dispersal capabilities). Endemic 
species should be monitored closely for declines in the near future, and intervention may be required to 
prevent extinction. 

Resilience Strategies 

Protection from Wildfire 

Fire suppression is one of the most important actions that can be taken to save the remnants of these 
communities.  Fire suppression is probably already the policy of all current land managers, but 
suppression may take increased vigilance and effort if conditions become drier.  Spruce-fir forests are not 
very flammable under the current climate but may become more so in the future. Increased prescribed 
burning in fire-prone lower elevation oak and pine forests, in addition to benefiting those forests, should 
make it easier to control wildfires and prevent them from spreading into the high elevation forests.   

Conservation and Restoration 

Historical timber harvest and slash fires have greatly reduced the extent of several large spruce-fir patches 
and broken them into fragments that may not be well connected.  Restoration of spruce and fir canopy in 
these areas, especially in the higher elevation portions, would allow the species pool to expand back 
through a larger area, producing larger, more robust, and better distributed populations that would be 
better able to survive the future loss of lower elevation portions.  Reintroduction of rare species to patches 
or mountain ranges where they have been lost, as well as to restored areas, would improve their prospects 
for survival in the future climate.  The Great Balsam Mountains, Black Mountains, and portions of the 
Great Smoky Mountains are the places with the greatest potential to benefit from this kind of restoration. 
 
 

Figure 5F–9: Spruce-Fir Forest and High Elevation Rocky Summit natural 
communities at Grandfather Mountain (left) (photo credit: Wade Stubbs); 

Threatened Heller’s Blazing Star (Liatris helleri) (photo credit: James Padgett). 
 Most impacts are 

from extreme 
events

https://deq.nc.gov/energy-climate/climate-change/nc-climate-change-interagency-council/climate-change-clean-energy-17
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North Carolina Natural & Working Lands Action Plan 

https://files.nc.gov/ncdeq/climate-change/resilience-plan/Appendix-B-NWL-Action-Plan-FINAL.pdf


NC matters!
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• NC annual emissions: 150 Mt CO2e                                                                                
https://deq.nc.gov/energy-climate/climate-change/greenhouse-gas-
inventory

• Global annual emissions: 36.6 Gt CO2e             
https://www.globalcarbonproject.org/carbonbudget/19/highlights.htm

NC produces 1 part in 244 of global emissions
• With 1 in 738 of Earth’s people

https://deq.nc.gov/energy-climate/climate-change/greenhouse-gas-inventory
https://www.globalcarbonproject.org/carbonbudget/19/highlights.htm


NC greenhouse gas emissions
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Land already mitigates 23% of NC emissions

NWL Action Plan

https://files.nc.gov/ncdeq/climate-change/resilience-plan/Appendix-B-NWL-Action-Plan-FINAL.pdf


NC: land of (mitigation) opportunity

46

Plenty of undeveloped land, mostly private
=> mitigation must be incentivized NWL Action Plan

https://files.nc.gov/ncdeq/climate-change/resilience-plan/Appendix-B-NWL-Action-Plan-FINAL.pdf
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levels within the historic range of variation and enables managed 
forests and plantations to transition to longer harvest rotations (see 
the Supplementary Materials). We assume that extensive natural 
forests on private lands can all undergo harvest extension, with 
the temporary loss of timber supply replaced by reforestation and 
thinning for fire risk reduction (12) or with thinning or select har-
vest practices that still provide timber but maintain carbon levels 
(Supplementary Materials) (13, 14). We further constrain our analy-
sis to avoid impacts on biodiversity. This biodiversity constraint pre-
cludes both the conversion of natural habitat to energy crops and 
the afforestation of native grasslands.

RESULTS
We find a maximum additional NCS mitigation potential of 1.2 Pg 
CO2e year−1 [95% confidence interval (CI), 0.9 to 1.6 Pg CO2e year−1] 
in the year 2025 (Fig. 1 and table S1). This is 21% of the 5794.5 Tg 
CO2e of net emissions in 2016 (15). The majority (63%) of this po-
tential comes from increased carbon sequestration in plant bio-
mass, with 29% coming from increased carbon sequestration in soil 
and 7% coming from avoided emissions of CH4 and N2O. At the 
USD 10, 50, and 100 price points, 25, 76, and 91%, respectively, of 

the maximum mitigation would be achieved. This means that 1.1 Pg 
CO2e year−1 are available at USD 100 per Mg CO2e, which equals 
the emission reductions needed to meet the U.S. NDC under the 
Paris Agreement (see the Supplementary Materials). If NCS were 
pursued in combination with additional mitigation in the energy 
sector, then it would therefore enable the United States to exceed its 
current NDC ambition. This is important because, globally, current 
NDCs (7 to 9 Pg CO2e year−1) would need to be dramatically in-
creased (by an additional 10 to 16 Pg CO2e year−1) to limit warming 
below 2°C (16).

This estimate of maximum NCS potential is similar to or higher 
than several previous syntheses of mitigation opportunities in the 
land sector. For example, the United States Mid-Century Strategy 
for Deep Decarbonization estimated a potential land sink of 912 Tg 
CO2e year−1, 30% lower than our estimate (5). While other efforts 
have focused on the forest sector (7) or the agricultural sector (6), 
this analysis presents a comprehensive and up-to-date synthesis of 
NCS opportunities in the United States. For example, this analysis 
considers potential additional mitigation from tidal wetlands and 
seagrass (“blue carbon”), which has been comprehensively analyzed 
for its current status in the United States (17), but not its potential 
for additional mitigation.

Fig. 1. Climate mitigation potential of 21 NCS in the United States. Black lines indicate the 95% CI or reported range (see table S1). Ecosystem service benefits linked 
with each NCS are indicated by colored bars for air (filtration), biodiversity (habitat protection or restoration), soil (enrichment), and water (filtration and flood control). 
See the Supplementary Materials for detailed findings and sources.
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https://advances.sciencemag.org/content/4/11/eaat1869

Total US emissions: 6,500 Tg CO2e/year

https://advances.sciencemag.org/content/4/11/eaat1869


Growing interest in “blue” carbon
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• C captured & 
stored by 
coastal 
ecosystems

• Now included 
in US green-
house gas 
inventories
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https://www.nature.com/articles/s41467-019-11693-w


49NWL Action Plan

Protection of extant 
forests

Possible reforestation

Forest C sequestration: collateral benefits

https://files.nc.gov/ncdeq/climate-change/resilience-plan/Appendix-B-NWL-Action-Plan-FINAL.pdf


Pocosins
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• Peatland pocosins sequester C

• Accreting – keeping up with rising sea level

• Threatened by salt-water intrusion

Peat depth (m)



Degraded pocosins can (will) burn
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• Release copious amounts of stored C

2008 Evans Road fire in Pocosin Lakes 
NWR



Double edged sword
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• Ecosystems with potential to mitigate emissions 
become sources when mismanaged or abused

https://cleanaircarolina.org/2019/06/our-clear-cut-problem/

NC clear cut

https://cleanaircarolina.org/2019/06/our-clear-cut-problem/
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Global warming is …

• expected from basic physics

• happening as expected

NC nature is vulnerable to climate change

• Mostly from extremes: heat, drought, floods …

Natural systems must be part of the solution

• NC is rich in such opportunities

• Thriving ecosystems store Carbon
& bring collateral benefits,
but they can be squandered

Wrapping up
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Questions/Conversation?
https://indyweek.com/news/wake/neuse-river-waterdog-under-threat-from-development/

https://indyweek.com/news/wake/neuse-river-waterdog-under-threat-from-development/

