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Introduction: 

 

Climate change has the potential to change our environment drastically.  One major 

contributor to climate change is the accumulation of CO2 in the atmosphere.  The accumulation 

of atmospheric CO2 has been aided by continued deforestation around the globe. Since the 

industrial revolution there has been a 40% increase of CO2 in the atmosphere [1].  We could see 

a 30% increase in energy demand by 2040 [2] contributing even more CO2 into the atmosphere. 

Wind turbines and solar panels are being built all around the globe to attempt to lower 

CO2 emissions.  They are not free from CO2 emissions, but are considerably lower than the 

burning of fossil fuels [3].  However; these low density power sources are notably difficult and 

expensive to recycle at the end of their life-cycles [4]. With continued advancements in carbon 

capture technology and high density energy production, considerably lower CO2 emissions can 

be seen from more dense power sources than with wind and solar power production.  There is 

a land usage cost to all power production as well.  Low density power production such as wind 

turbines and solar panels use a considerably larger footprint than high density energy sources 

such as nuclear and fossil fuels [1].  There is a secondary issue with renewable energy sources, 

approximately 5% of global warming is caused by heat islands, usually urban areas where the 

land attributes have changed and absorb more heat from solar rays [5].  Urban populations may 

grow as much as 70% by 2050 and will increase this affect [5].  Growing land attribute changes 

for solar and wind energy may also be contributing to the heat island affect [6,7].  By using 

more dense power production, when wind turbine and solar panel power plants are 
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decommissioned at the end of their life-cycles the land use could be converted back to forests 

with reforestation and afforestation. 

This research discusses the potential to remove CO2 from the atmosphere and continue 

to lower CO2 emission.  Reforestation and afforestation can remove atmospheric CO2.  Above 

and in the ground surface plants and microbes bind carbon from CO2 [8].  Temperate Forests, 

like those in the United States, sequester more CO2 than any other carbon sink [8].  The annual 

rise in atmospheric CO2 is 3 billion metric tons less than what is released, due to large natural 

carbon sinks [9].  One acre of temperate forest can hold more than 5000 trees [10] and grow a 

healthy stand of 900 mature trees [11].  A mature, approximately 20 to 30-year-old, temperate 

forest tree can sequester on average 21.77 kg of CO2 per year [12].  An examination of a single 

temperate forest stand from 2006 indicated that from that stand 53.3 – 70.7 metric tons of 

carbon can be sequestered above ground per year [13].  In 2017 the United Kingdom’s 

Committee on Climate Changes determined that to meet their CO2 goals they would need to 

return 20% of their farmland back to historic forest stands [14].  According to a United States’ 

agriculture census, from 2012 to 2017 approximately 14.3 million acres of farmland was retired 

and could be potential reforested land [15]. 

The reforestation or afforestation of historically forested areas in the Northeast United 

States can theoretically remove a considerable amount of the domestic CO2 emissions.  Adding 

in the reforestation of the land from low density power plants as they reach the end of their 

life-cycles could substantially increase that CO2 reduction.  Geographic information systems 

were used with the United States Geological Survey’s land use data and the United States 
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Energy Information Administration’s energy production maps to determine where temperate 

forest trees could be planted and to quantify the potential CO2 uptake.   

 

Research Design: 

Energy density and CO2 uptake may be the key to reducing climate change.  The focus of 

efforts can be shifted from just lowering emissions with solar and wind power to low emissions, 

high density energy with added reforestation and afforestation.  Land cover and area maps 

from the United States Department of the Interior, USDI, [16, 17] were used to isolate marginal 

land within the estimated historically forested areas of pre-colonial North America.  Using the 

Energy Information Administration’s, EIA, energy production maps [18], the location of solar 

panel and wind turbine power production plants were identified.  These locations are where 

trees can potentially be planted.  The potential CO2 uptake can then be estimated. 

 The following outline is the process that was followed to develop the analysis, all image 

processing was performed using ArcGIS Pro: 

1. The map shape files were downloaded from their specific internet locations. 

a. Area map, USDI [16] 

b. Land cover map, USDI [17] 

c. Solar panel power map, EIA [18] 

d. Wind turbine power map, EIA [18] 

2. An Image of the estimated forests of precolonial era, year 1620 was downloaded 

a. A shape file of the precolonial forests was developed by georeferencing the 

image to the ESRI charted territories base map 
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b. A feature class was created for the areas historic forest shape file 

c. The forest area was traced into the feature class  

d. Figure 1 illustrates the created 

shape file       

3. Analysis development 

a. The area map was used to 

define the area of interest, the 

North Atlantic and Great Lakes States, indicated by the black outline in the 

following figures. 

b. The land cover, solar panel power, and wind turbine power shape files were 

clipped to the historic forest map, the clipped wind turbine power map is seen in 

Figure 2a, and the clipped solar panel power map is seen in Figure 2b.  

c. The clipped land cover map was used to isolate the marginal lands from all other 

land types, i.e. open water, residential, agricultural, developed, etc., seen in 

Figure 3. 

Figure 1 

Fig. 1 ArcGIS Map of Historic Forests of the Northeast United States, Wikipedia 
[19] 
 

Fig 2a. ArcGIS Map of wind turbine locations in the historically forested area 
of the Northeast United States, Energy Information Administration [23] 

 

Fig.2b ArcGIS Map of solar panel locations in the historically forested area 
of the Northeast United States, Energy Information Administration [23] 

 

Figure 2 Figure 3 
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i. Marginal lands were considered to be any grassland, or brushland within 

the historic forested lands, 

because it was assumed 

that these lands were 

stripped of trees for 

primitive agriculture during 

colonization and the expansion west. 

d. The marginal lands clipped map was converted to a raster. 

e. An attribute table was extrapolated for the raster. 

f. Summation was used on the attribute table to determine the count of 30 m 

raster cells that were marginal land. 

g. Summation was used to determine the megawatts, MW, of power production 

for the solar panels and wind turbines within their clipped maps 

4. Calculations 

a. The land needed for each power source was estimated from the literature, 0.75 

acres per MW of wind turbine power production [20], and between 5 and 10 

acres per MW of solar power production [21]  

b. Convert 30 m cells to acres, 30 m2/0.000247105 acres = 0.0074 acres per cell 

c. Potential CO2 uptake, n acres * 900 mature trees/acre * 22.17 kg CO2/tree 

 

 

 

Figure 4 

Fig. 3 ArcGIS Map of North Atlantic and Great Lakes States’ 
potential reforestation, United States Department of the Interior 

[16,17] 
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Results: 

 The ArcGIS preliminary analysis found 15.7 million acres of marginal land in the area. 

This equates to a potential of over 341 million metric tons of CO2 uptake annually, 

approximately half of Texas’s, all of California’s or twice New York State’s yearly emission [22].  

The analysis determined that there is 13,351 MW of wind energy production in the area. 

With the estimated need of 0.75 acres of land per MW of wind turbine power [20] there is 

potentially over 10,000 acres of land for reforestation when these wind turbines are 

decommissioned.  This land could potentially sequester an additional 218,000 metric tons of 

CO2 per year.  There is only 4,901 MW of solar energy production in the area, although the 

construction of solar farms is growing [21].  With the estimated need between 5 and 10 acres of 

land per MW of solar power [21] there is potentially 24,500 to 49,000 acres of land for 

reforestation.  This land could potentially uptake an additional 533,000 to 1.066 million metric 

tons of CO2 per year.  These preliminary findings in the Northeast United States illustrate a 

potential sequestration of approximately 7% of the United States’ yearly CO2 emissions if this 

marginal land were converted back to its historic forested state. 

 

Discussion: 

 Recent energy advancements in nuclear energy would allow higher production with less 

impact to the land and air. These advancements could allow for a shift in focus, from low 

density, low emissions energy sources to high density, low emissions energy sources with the 

addition of CO2 sequestration plans.  The development of carbon capture technology allows for 

the production of energy by the burning of fossil fuels with up to 90% lower emissions of CO2 
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[23].  The captured CO2 can be used in the production of fuels, building materials and much 

more or injected back into the ground to be stored out of the atmosphere [23].  Recently, there 

have been major gains in the development of a net gain self-sustaining fusion reactors.  The 

MIT aided in the production of a 20 tesla magnet that has reached the strength needed to 

sustain a fusion reaction [24].  At the National Ignition Facility, NIF, at Lawrence Livermore 

National Laboratory in California a team of physicists have produced the ignition of burning 

plasma [25] the piece of the puzzle that was needed to produce a sustainable reaction.  The 

recent development by NIF has moved the original timeline for sustainable fusion ahead.  It was 

expected that the International Thermonuclear Experimental Reactor in France was going to 

create the first plasma reaction and net energy gain but it is still being built and will not be 

completed until 2025 and would not produce the reaction until likely 2032 [26].  These recent 

and rapid scientific gains illustrate that the projections by The United Kingdom’s Atomic Energy 

Authority of having a functioning on grid fusion reactor by 2040 might be feasible and could be 

sooner.  If the advancements in nuclear fusion do produce sustainable fusion reactors, historic 

challenges with energy production could become a problem of the past.  In the meantime 

added carbon capture to high density fossil fuel energy production would lessen the emissions 

of CO2 while supporting the still growing energy demands of the world.  The growing possibility 

of fusion’s high density energy production with low emissions coming in the next few decades 

makes the possibility of reforestation where solar panels and wind turbines will be reaching the 

end of their life-cycles more feasible.   
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Further analysis would need to be completed before rendering an adaptive 

management plan.  There are questions about the land’s value, does it have a high economic 

value in its current state?  Is the land aesthetically valuable to the landowner, or environmental 

valuable due to an endangered species that lives there?  The current climate would need to be 

considered as well.  Has it changed considerably and become unsuited for reforestation?  These 

questions and economic considerations would need to be addressed, among others, before 

reforestation could commence.  Local biologists and ecologists would need to be consulted 

about the species and ecosystems in these areas to determine if reforestation can be 

permitted.  Silviculturists, meteorologists and climatologists would be able to determine if the 

current climate and weather would be able to sustain forest stands in the proposed areas.  The 

monetary cost of the endeavor could also be prohibitive funding would need to be procured.  

There could be a possibility for government subsidies as they are used for farming and energy 

production already.  The forest stands once mature could also sustain the harvesting of wood 

products to recover some of the monetary loses or losses in value incurred by the land by the 

landowners.   

 

 

 

       

 
 
 
 
 
 



 13 

References 
[1] V. K.M. Cheng, G. P. Hammond. "Life-Cycle Energy Densities and Land-Take Requirements of 
Various Power Generators: A UK Perspective." Journal of the Energy Institute 90 (2017): 201-13. 
 
[2] A. Narayanan, K. Mets, M. Strobbe, C. Develder. "Feasibility of 100% Renewable Energy-
Based Electricity Production for Cities with Storage and Flexibility." Renewable Energy 134 
(2019): 698-709. 
 
[3] I. Tesio. "Carbon Dioxide Emissions from Energy Consumption in the United States from 
1975 to 2020." Statista.com, 2021, accessed 09/15/, 2021, 
https://www.statista.com/statistics/183943/us-carbon-dioxide-emissions-from-1999/. 
 
[4] C. Martin. "Wind Turbine Blades Can’t Be Recycled So They’re Piling up in Landfills." 
Bloomberg Green, 2020, accessed 09/17/, 2021, 
https://www.bloomberg.com/news/features/2020-02-05/wind-turbine-blades-can-t-be-
recycled-so-they-re-piling-up-in-landfills  
 
[5] R. Emmanuel, E. Krüger. "Urban Heat Island and Its Impact on Climate Change Resilience in a 
Shrinking City: The Case of Glasgow, Uk." Building and Environment 53 (2012): 137-49. 
 
[6] G. A. Barron-Gafford, R. L. Minor, N. A. Allen, A. D. Cronin, A. E. Brooks, M. A. Pavao-
Zuckerman. "The Photovoltaic Heat Island Effect: Larger Solar Power Plants Increase Local 
Temperatures." Scientific Reports 6 (2016). 
 
[7] L. Zhou, Y. Tian, S. B. Roy, C. Thorncroft, L. F. Bosart, Y. Hu. "Impacts of Wind Farms on Land 
Surface Temperature." Nature Climate Change, no. 2 (2012): 539-43. 
 
[8] R. A. Buttler. "Temperate Forests Store More Carbon Than Tropical Forests, Finds Study." 
Mongabay, 2009, accessed 09/12/2021, 2021, 
https://news.mongabay.com/2009/07/temperate-forests-store-more-carbon-than-tropical- 
forests-finds-study/. 
 
[9] P. B. Woodbury, J. E. Smith, L. S. Heath. "Carbon Sequestration in the U.S. Forest Sector from 
1990 to 2010." Forest Ecology and Management 241 (2007): 14-27. 
 
[10] R. T. Brooks, T. S. Frieswyk, D. M. Griffith, E. Cooter, L. Smith. The  New  England  Forest: 
Baseline for  New  England Forest Health Monitoring, 1992. 
 
[11] Land Owner Resource Centre. Planning for Tree Planting. Ontario Ministry of Natural 
Resources, 1995. 
[12] Keystone Ten Million Trees Partnership. "All About Trees." Chesapeake Bay Foundation, 
2018, accessed 09/14/2021, 2021, http://www.tenmilliontrees.org/trees/. 
 



 14 

[13] S. H. Roxburgh, S. W. Wood, B. G. Mackey, G. Woldendorp, P. Gibbons. "Assessing the 
Carbon Sequesteration Potential of Managed Forests: A Case Study from Temperate Australia." 
Journal of Applied Ecology, no. 43 (2006): 1149 - 59. https://doi.org/10.1111/j.1365-
2664.2006.01221. 
 
[14] J. Gabbatiss. (2021, April 7). CCC: One fifth of UK farmland must be used to tackle climate 
change. Carbon Brief. Retrieved December 8, 2021, from https://www.carbonbrief.org/ccc-one-
fifth-of-uk-farmland-must-be-used-to-tackle-climate-change  
 
[15] J. Daniels. "Census of Agriculture Shows Continued Decline in Number of Us Farms." CNBC, 
2019, accessed 09/12/2021, 2021, https://www.cnbc.com/2019/04/11/census-of-agriculture-
shows-continued-decline-in-number-of-us-farms.html. 
 
[16] United States Department of the Interior. (2019, November 26). Unified interior regional 
boundaries. Retrieved March 4, 2021, from https://www.doi.gov/employees/reorg/unified-
regional-boundaries  
 
[17] United States Department of the Interior. (2011). Land cover data download. Retrieved 
March 4, 2021, from https://www.usgs.gov/core-science-systems/science-analytics-and-
synthesis/gap/science/land-cover-data-download?qt-science_center_objects=0#qt-
science_center_objects 
 
[18] U. S. Energy Information Administration. (n.d.). U.S. Energy Information Administration - 
EIA - independent statistics and analysis. Maps - U.S. Energy Information Administration (EIA). 
Retrieved December 9, 2021, from https://www.eia.gov/maps/  
 
[19] Wikipedia. (2021, October 6). Deforestation in the United States. Wikipedia. Retrieved 
December 16, 2021, from https://en.wikipedia.org/wiki/Deforestation_in_the_United_States  
 
[20] R. Gaughan. (2019, March 2). How much land is needed for wind turbines? Sciencing. 
Retrieved December 9, 2021, from https://sciencing.com/much-land-needed-wind-turbines-
12304634.html  
 
[21] Solar Energy Industries Association. (2022). Siting, permitting & land use for utility-scale 
solar. SEIA. Retrieved December 9, 2021, from https://www.seia.org/initiatives/siting-
permitting-land-use-utility-scale-solar  
 
[22] Wikipedia. (2021, December 21). List of U.S. states and territories by carbon dioxide 
emissions. Wikipedia. Retrieved January 16, 2022, from 
https://en.wikipedia.org/wiki/List_of_U.S._states_and_territories_by_carbon_dioxide_emissio
ns 
 



 15 

[23] Center for Climate and Energy Solutions. (2021, May 27). Carbon capture. Center for 
Climate and Energy Solutions. Retrieved March 26, 2022, from 
https://www.c2es.org/content/carbon-capture/ 
 
[24] D. Chandler. (2021, September 8). MIT-designed project achieves major advance toward 
Fusion Energy. MIT News | Massachusetts Institute of Technology. Retrieved March 26, 2022, 
from https://news.mit.edu/2021/MIT-CFS-major-advance-toward-fusion-energy-0908 
 
[25] A. B. Zylstra, O. A. Hurricane, D. A. Callahan, A. L. Kritcher,  J. E. Ralph, H. F. Robey, J. S. 
Ross, C. V. Young, K. L. Baker, D. T. Casey, T. Döppner, L. Divol, M. Hohenberger, S. Le Pape, A. 
Pak, P. K. Patel, R. Tommasini, S. J. Ali, P. A. Amendt, … G. B. Zimmerman. (2022, January 26). 
Burning plasma achieved in Inertial Fusion. Nature News. Retrieved March 26, 2022, from 
https://www.nature.com/articles/s41586-021-04281-w 
 
[26] C. Daniel. (2020, December 2). U.K. seeks site for world's first fusion power station. Science. 
Retrieved March 26, 2022, from https://www.science.org/content/article/uk-seeks-site-world-
s-first-fusion-power-station 
 

 

 
 


