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ABSTRACT 

Carbon sequestration is the process by which plants pull carbon from the atmosphere and 
store it on the surface of the earth. Understanding that process is important to be able to use land 
to mitigate the worst impacts of human-caused climate change. We know the rates at which 
individual plant species can sequester carbon and the rates at which different biomes can 
sequester carbon. However, we lack a clear understanding of how different ecological 
community and land cover types differ in their carbon sequestration capabilities within a biome; 
therefore, I compared the productivity of ecosystem community types and land cover types on 
the Rensselaer Plateau in New York, USA. I used MOD17 satellite carbon sequestration 
modeling to compare the proportions of ecosystem community types and land cover types 
present in notably productive and notably unproductive areas. This comparison should have 
yielded ecological community types and land cover types that are over- and underrepresented in 
highly productive or unproductive areas. Instead, I demonstrate that the resolution of available 
topical satellite data is insufficient to draw conclusions about fine-scale differences in carbon 
sequestration potentials of different types of land within a biome. The mismatched resolutions of 
the carbon sequestration modeling and the ecological community type and land cover 
classification data introduce too much inaccuracy to draw meaningful conclusions. This data gap 
must be closed so policymakers and land conservation entities can proactively and efficiently 
maximize the carbon sequestration potential climate change mitigation projects and initiatives. 

Sterling, Tracy
Abstracts are a single paragraph

Peterson, Robert
Rewrite. The “data...of the data...and data introduce too much data…” 
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CHAPTER ONE 

INTRODUCTION 

Background 

The primary human cause of climate change is the release of greenhouse gases into the 

atmosphere, especially CO2, CH4, and N2O. Therefore, efforts to mitigate climate change should 

focus on reducing future emissions and lowering the levels of these gases in our atmosphere. 

Carbon sequestration captures atmospheric carbon – mainly in the form of CO2 – and stores it on 

the Earth’s surface for the long term. This process will be important not just for directly reducing 

the levels of greenhouse gases in the atmosphere but also for offsetting future emissions caused 

by human activity. 

Notably, carbon exchange between land and the atmosphere is constant and was 

happening well before the industrial revolution. Respiration is the chemical reaction in which 

energy is released with water and carbon dioxide by combining glucose and oxygen: C6H12O6 + 

6 O2 → 6 CO2 + 6 H2O. It is by far the most common method of energy acquisition used by 

multicellular life and is the most important biological source of carbon emissions. Conversely, 

photosynthesis is the chemical reaction in which light energy is converted into chemical energy 

by combining carbon dioxide and water into glucose, releasing oxygen as a byproduct: 6 CO2 + 6 

H2O → C6H12O6+ 6 O2, the primary biological mechanism for carbon sequestration. Once the 

atmospheric carbon has been converted from carbon dioxide into glucose, it can be used by the 

plant for more than just respiration; glucose molecules can be chained together to create a 

polymer called cellulose, for example, which is used as a structural component in most plants. In 

Sterling, Tracy
Subscript throughout
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this way, carbon is pulled from the atmosphere and converted into plant biomass, where it can be 

stored for lengthy periods of time. The rate at which carbon is assimilated into biomass from the 

atmosphere is called primary productivity, and the sum of all primary productivity in an 

ecosystem is called gross primary productivity (GPP) (Running et al., 2000). Of course, while 

carbon is moving from the atmosphere into an ecosystem’s biomass, it is also moving in the 

opposite direction due to respiration and decomposition. Net primary productivity (NPP) is the 

difference between the rate at which carbon enters the ecosystem from the atmosphere and the 

rate at which carbon leaves the ecosystem (Running et al., 2000). NPP is positive in carbon sinks 

and negative in carbon sources. 

NPP is influenced by a variety of factors including ecosystem type, latitude, climatic 

variables, and ecological succession. For example, the Amazon rainforest has historically been a 

huge carbon sink, with abundant precipitation and warm temperatures year-round due to 

proximity to the equator allowing for a massive GPP. Consistent precipitation and minimal 

disturbance largely prevented wildfires and the large carbon emissions they cause. Recently, 

however, climate change has led to an intensification of the dry season, which, combined with 

deforestation, has stressed the ecosystem. That stress has led to both a reduction in GPP and an 

increase in the frequency and intensity of fires. This change has turned the Amazon from a net 

carbon sink to a net carbon source (Gatti et al., 2021). 

Ecological succession also plays a major role in determining NPP; an early successional 

forest may have less carbon stored than an old-growth forest, but is in a period of rapid growth, 

and is thus sequestering carbon more rapidly than an old-growth forest (Tian et al., 2024). Early 
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successional forests have also had less time to accumulate dead biomass on the forest floor and 

in the soil, so carbon emissions due to decomposition are lower than in more mature forests. 

In addition to successional stage, NPP also varies by ecosystem type. Tropical forests, 

wetlands, and swamps tend to have the highest NPP, while deserts and tundra have the lowest 

(Knapp et al., 2014). These differences in NPP between ecosystem types demonstrate the 

importance of water availability for carbon sequestration. Ecosystems with a scarcity of water or 

low water activity due to temperature have significantly lower GPP and NPP than ecosystems 

with a surplus of water available. 

Researchers have several ways to measure, model, and estimate NPP in different 

environments. Eddy Covariance (EC) Flux Towers measure gas exchange between land and 

atmosphere and can be used to track carbon flowing from an ecosystem to the atmosphere and 

vice versa. This method is expensive and limits measurements to a small geographic area, but it 

is a direct measure of carbon flux and, therefore, has high local accuracy. 

Although it cannot be measured over large areas, NPP can be estimated using spectral 

imagery from satellites; these estimates are based on several assumptions: primarily that NPP is 

directly related to absorbed solar energy and that satellite spectral imagery of vegetated areas is 

affected predictably by the amount of absorbed solar energy. With hydration and nutrition needs 

met, plant NPP can be assumed to be directly related to absorbed photosynthetically active 

radiation (APAR). APAR cannot be measured directly by satellite, but normalized difference 

vegetation index (NDVI) can be. NDVI is the ratio of red and near-infrared light reflected from 

the earth’s surface; vegetation absorbs most visible light and reflects most infrared light. Lush, 

heavily vegetated areas return high NDVI values. NDVI has a simple linear relationship with the 
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fraction of incident photosynthetically active radiation (FPAR) absorbed by the surface (Myneni 

& Williams, 1994). FPAR equals APAR divided by total photosynthetically active radiation 

(PAR). Since PAR data are collected by some meteorological organizations, APAR can be 

derived from NDVI measurements. Plants cannot convert APAR to NPP with perfect efficiency, 

and different ecological communities and climates convert APAR to NPP with different 

efficiencies (Running et al., 2015). That efficiency variable, ε, is quantified for various biome 

types and applied to APAR estimates to produce estimates of NPP across large geographic spans 

(Running et al., 2015). This method is much less accurate but much cheaper than flux towers and 

allows for estimates across much larger geographic areas. 

Satellite spectral imagery is the method of NPP estimation most used to model ecosystem 

carbon flux, where flux towers are not practicable at the large spatial scale. Because of this, 

generalizations can be made about the carbon sequestration characteristics of different biome 

types, land cover types, latitudes, elevations, and ecosystems. Still, the impact of smaller-scale 

variables like ecological community, forest age class, and basal area are difficult to accurately 

quantify. Flux tower data fill in some of those gaps, and metabolic data about individual plant 

species help as well. Still, there simply are not enough flux towers in enough places to have data 

about every ecological community type at every latitude, elevation, age class, and density from 

which to draw meaningful conclusions. 

Here, I will use existing NPP modeling to identify which land cover classifications and 

ecosystem community types on the Rensselaer Plateau in New York State are the most important 

for carbon sequestration. This case study will show that existing NPP modeling data are 

insufficient to draw conclusions about carbon fluxes in different ecological community types at 

Peterson, Robert
Don’t forget data is a plural noun.

William Kleindl
Much of what you are writing is common knowledge, but when you tough on methods use by others, it may be worth a ref. In general, though this is well written, is walking the edge of being under referenced. Always better to lean toward more references than less. 
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finer scales. Therefore, there is a need to develop new technologies for measuring, modeling, and 

estimating carbon flux at those scales. I will start with a review of the currently available data 

and the methods behind the modeling that produces those data. I will then apply that modeling to 

the Rensselaer Plateau and show that the coarse resolution of the current modeling requires 

making assumptions about landscape homogeneity that are incorrect and result in inaccuracies. A 

brief discussion of the potential policy and regulatory implications of those inaccuracies will 

follow, together with some proposed solutions and recommendations for future research. 

Literature Review 

Carbon sequestration is the process of removing carbon from the atmosphere and storing 

it somewhere. The most prominent mechanism for carbon sequestration is photosynthesis, where 

organisms convert atmospheric carbon from CO2 to organic carbon in the form of glucose. Once 

the atmospheric carbon is sequestered in biomass, it can remain there for extended periods of 

time or be stored in the soil for many years when the biomass decomposes. 

Given that trees are some of the most massive and longest-lived organisms on the planet, 

it is no surprise that forests as a land cover type sequester and store a lot of carbon (Kafy et al., 

2023). The carbon sequestration potential of forests is nearly double that of agricultural land 

(Ituen and Hu, 2024). Even among natural land cover types, forests sequester carbon at a higher 

rate than grasslands - including silvopasture, which incorporates trees on pastureland (Lal et al., 

2018). 

Of course, not all forests are the same; carbon stocks are higher in natural forests than 

planted ones, and forest age and canopy density are positively correlated with carbon stocks (Xu 

et al., 2018). This gradient carbon stocks along forest age and density makes logical sense, as an 

Sterling, Tracy
To what does ‘this’ refer?
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older forest has had more time to pull carbon from the atmosphere, and a denser canopy 

represents a higher biomass density in each area. It is important to distinguish carbon 

sequestration – pulling carbon from the atmosphere and storing it on the earth’s surface – and 

carbon stocks – the carbon that has been sequestered and is currently stored. Carbon 

sequestration and carbon stocks are usually inversely proportional in forests since the growth rate 

is fastest in a young forest and slows with age (Tang et al., 2014). 

Conservation efforts frequently emphasize conserving and promoting biodiversity, and 

indeed, biodiversity has a positive relationship with many ecosystem functions (Zhang et al., 

2022). In forests, however, species richness (a measure of biodiversity) has little or no impact on 

aboveground carbon stock and sequestration rates (Fotis et al., 2017). Tall and large-seeded trees 

sequester and store carbon at higher rates than other species, even in monoculture (Fotis et al., 

2017). Species richness may influence stem density and tree size diversity - two factors that do 

have a positive direct relationship with aboveground biomass – but does not have a direct 

relationship itself (Fotis et al., 2017). Species richness also directly relates to canopy-packing, 

another factor directly related to aboveground biomass (Jucker et al., 2015). Species richness 

increases canopy-packing, which results in a higher geographic density of aboveground biomass 

(Figure 1). 
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Figure 1. Phenotypic mechanisms affecting canopy-packing in mixed-species forests (Jucker et 
al., 2015). Note how the different canopy shape phenotypes of the red tree species and blue tree 
species allow for fewer and smaller gaps in the canopy, resulting in a denser forest than a 
monoculture could provide. 

William Kleindl
There is no callout for this figure and you need that! Not sure how it fits in with the text above? 
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CHAPTER THREE 

METHODOLOGY 

Study Area 

The Rensselaer Plateau is a 420 square kilometer plateau with elevations between 1000 

and 1800 feet above sea level, located in central Rensselaer County, New York, between the 

Hudson River in the west and the Little Hoosic River in the east (Bryce et al., 2010) (Figure 2). 

The plateau is clearly defined by a perimeter escarpment, and dominated by forest (Bryce et al., 

2010). Wetlands are abundant, as are ponds and streams, and the vegetation is more similar to 

that found in the Adirondacks to the north than the surrounding areas (Bryce et al., 2010). The 

Rensselaer Plateau was chosen for this case study because of the high rate of land conservation 

activity happening there in recent years; with this rapid land conservation, it is important to 

understand which land cover types are the most important to the area’s overall carbon 

sequestration potential. 

Sterling, Tracy
Why was this site chosen; maybe it is explained somewhere in the paper?

Peterson, Robert
Use metric units.
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Figure 2. The geographic context of the Rensselaer Plateau within New York State and the 
surrounding states. 

There are 75 unique ecological community types on the Rensselaer Plateau, as identified 

by the Comprehensive Ecological Community Map (Hunt, 2013). Of these, 13 are entirely 

human made. The two most abundant ecological community types, Hemlock-Northern 

Peterson, Robert
If I’m color blind, can I see the red mark on the map?

Peterson, Robert
Figures don’t need headers. That’s what the figure caption is for.
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Hardwood Forest and Beech-Maple Mesic Forest together make up slightly more than 55% of 

the plateau’s total area. The 43 least abundant ecological community types combine to make up 

just under 1% of the plateau’s total area (Table 1; Figure 3). 

Table 1. Ecosystem Community Types on the Rensselaer Plateau. 

Ecosystem Community Type Hectares Percent of Total Rensselaer 
Plateau Land Area 

Hemlock-Northern Hardwood Forest 18993.5018 32.44 
Beech-Maple Mesic Forest 13597.5558 23.22 
Successional Northern Hardwoods 4616.08914 7.88 
Appalachian Oak-Pine Forest 4321.50801 7.38 
Maple-Basswood Rich Mesic Forest 3229.7124 5.52 
Residential/Cleared Land Complex 2345.15151 4.00 
Appalachian Oak-Hickory Forest 1897.31859 3.24 
Spruce-Northern Hardwood Forest 1431.54531 2.44 
Spruce Flats 1002.70496 1.71 
Successional Shrubland 817.995828 1.40 
Hemlock-Hardwood Swamp 804.980676 1.37 
Conifer Plantation, evergreen 640.381092 1.09 
Successional Old Field 621.870114 1.06 
Spruce-Fir Swamp 535.559745 0.91 
Red Maple-Hardwood Swamp 419.010192 0.72 
Shrub Swamp 353.732082 0.60 
Shallow Emergent Marsh 347.479467 0.59 
Sedge Meadow 241.32261 0.41 
Successional Southern Hardwoods 222.095313 0.38 
Reservoir/Artificial Impoundment 193.818924 0.33 
Chestnut Oak Forest 169.735227 0.29 
Pine-Northern Hardwood Forest 166.675695 0.28 
Oligotrophic Dimictic Lake 162.44658 0.28 
Oligotrophic Pond 158.998536 0.27 
Balsam Flats 141.337428 0.24 
Powerline 102.619779 0.18 
Rocky Headwater Stream 99.936618 0.17 
Dwarf Shrub Bog 91.773819 0.16 
Deep Emergent Marsh 80.264151 0.14 
Mines & Quarries 74.375766 0.13 

William Kleindl
captions are always above tables and below figures

Peterson, Robert
Tables should not be grids. See the many examples in journal articles.
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Acidic Talus Slope Woodland 64.602261 
Calcareous Talus Slope Woodland 63.550041 
Inland Poor Fen 59.725626 
Dense Residential Complex 45.338541 
Cliff Community 44.824572 
Bog Lake 44.144676 0.08 
Black Spruce-Tamarack Bog 43.816869 0.07 
Mesotrophic Dimictic Lake 35.362686 0.06 
Eutrophic Pond 33.816732 0.06 
Pond, unspecified 23.084088 0.04 
Floodplain Forest 21.898317 0.04 
Marsh Headwater Stream 21.594792 0.04 
Paved Land 21.36816 0.04 
Farm Pond/Artificial Pond 20.239047 0.03 
Intermittent Stream 17.394006 0.03 
Industrial Land Complex 16.491525 0.03 
Highbush Blueberry Bog Thicket 15.168156 0.03 
Pitch Pine-Oak-Heath Rocky Summit 11.829381 0.02 
Vernal Pool 11.602749 0.02 
Successional Red Cedar Woodland 8.446089 0.01 
Successional Northern Sandplain Grassland 8.243739 0.01 
Reedgrass Marsh 6.67755 0.01 
Conifer Plantation, larch 5.111361 0.01 
Calcareous Cliff Community 4.160316 0.01 
Inland Non-Calcareous Lakeshore 4.002483 0.01 
Confined River 3.484467 0.01 
Spring 2.687208 0.00 
Quarry Pond 2.488905 0.00 
Terrestrial Cave Community 1.954701 0.00 
Rocky Summit Grassland 1.829244 0.00 
Red Cedar Rocky Summit 1.813056 0.00 
Artificial Beach 1.772586 0.00 
Talus Cave Community 1.566189 0.00 
Successional Wetland 1.396215 0.00 
Successional Fern Meadow 1.29504 0.00 
Limestone Woodland 1.210053 0.00 
Backwater Slough 0.857964 0.00 
Cobble Shore 0.509922 0.00 
Medium Fen 0.505875 0.00 
Riverside Sand/Gravel Bar 0.28329 0.00 
Shoreline Outcrop 0.275196 0.00 
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Ice Cave Talus Community 0.230679 
Oxbow Lake 0.084987 0.00 
Aquatic Cave Community 0.052611 
Sinkhole Wetland 0.04047 



 

 

 
 

 

2.5 5 10 Miles T 
Legend 

Ecologica l Calcareous - Floodplain Maple- • Pond, • Rocky Summit Successional 

Community • Talus Slope Forest Basswood Rich unspecified Grassland Northern 
Woodland Hemlock- Mesic Forest • Powerline • Sedge Meadow Hardwcxxls 

Type 0 Chestnut Oak • Hardwood Marsh • Quarry Pond Shallow Successional 
Acidic Talus Forest Swamp • Headwater 

• Red Cedar • Emergent • Northern 
• stope - Cliff Hemlock- Stream Marsh Sandplain 

Woodland • Northern • Medium Fen 
Rocky Summit Grassland Community Red Maple- • Shoreline 

Appalachian - Cobble Shore Hardwood CJ M.e~trophic • Hardwood Outcrop Successional 
- Oak-Hickory CJ Confined River Forest D1m1c1t1c Lake Swamp • Shrub Swamp • Red Cedar 

Forest Highbush Mines & Wood land 

D Appalachian 
Conifer • Blueberry Bog Reedgrass - Sinkhole Succession al 

• Plantation, Quarries Marsh Wetland 
Oak-Pine Forest Thicket 

• O~ig?trophic 
• Southern evergreen 

- Ice Cave Talus 
Reservoir/ • spring Hardwoods • Aquatic Cave Conifer D1m1ctic Lake • Artificial • Spruce Flats Community Plantation, Community 

• Oligotrophic Impoundment • Successional 

Artificial Beach larch Industrial Land • Spruce-Fir Wetland Pond Residential/ 
• Backwater Deep Emergent Com;plex • oxbow Lake Cleared Land 

Swamp 0 Talus Cave 

Slough Marsh Inland Non-
Paved Land Complex Spruce- Community 

• Calcareous • Northern • Terrestrial Cave • Balsam Flats Dense Lakeshore Pine-Northern • Riverside Sand/ Hardwood Community 
- Beech-Maple Residential • Hardwood Gravel Bar Forest 

Complex • Inland Poor Fen 
0 Riverside/ • Vernal Pool Mesic Forest Forest CJ Succesional 

0 Black Spruce- - Dwarf Shrub • Intermittent 
- Pitch Pine-Oak Lakeside Bluff Fern Meadow • <all other 

Stream values> Tamarack Bog Bog Forest Rocky • Succesional Old 
- Bog Lake • Eutrophic Pond Limestone Pitch Pine-Oak- Headwater Rensselaer 

Wood land Field c::J Plateau 
• Farm Pond/ Heath Rocky Stream • Calcareous Cliff c:::J Succesional Boundary 

Community Artificial Pond Summit Shrubland 

18 

Figure 3. The geographic extent of each ecological community type on the Rensselaer Plateau. 
(Hunt, 2013). 
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Data Sources 

The NPP data used in this analysis is the MODIS/Terra Net Primary Production Gap-

Filled Yearly L4 Global 500 m product for 2023, downloaded from earthdata.nasa.gov. At a high 

level, this 500-m resolution product combines and uses land cover data from another MODIS 

product, which classifies land cover into one of 14 land cover types. Each of these land cover 

types is assigned 12 different physiological parameters used in conjunction with meteorological 

data from NASA to calculate NPP for each pixel (Running et al., 2015) (Figure 4). 

Peterson, Robert
Not a sentence.

https://earthdata.nasa.gov


 

 

 
 

 

  

    

CJ 
2023 Annualized Net Primary Productivity 
Value 

32766 

5199 

20 

Figure 4. Annualized MOD17 net primary productivity data for 2023 within the boundary of the 
Rensselaer Plateau. 

The land cover data used in this analysis are the 2023 Numerical Terradynamic 

Simulation Group (NTSG) Land Cover for CONUS. This 30-m resolution product from the 
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USGS includes 16 possible land cover classifications. The data are based on Landsat leaf-on and 

leaf-off imagery, deep learning, and post-classification to reduce error and produce the final 

raster (Brown & Zanter, 2024) (Figure 5). 
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Figure 5. Numerical Terradynamic Simulation Group (NTSG) land cover classifications on the 
Rensselaer Plateau. 

Peterson, Robert
All headers should be removed.

Peterson, Robert
Figures must stand on their own. All abbreviations need to be defined.
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The ecological community type data come from the Comprehensive Ecological 

Community Map for the Rensselaer Plateau (Hunt, 2013) (Figure 3). These data are based on 

high-resolution aerial photography, and synthesizes data from the New York Natural Heritage 

Program, New York Department of Environmental Conservation, United States Geological 

Survey, and Rensselaer-Taconic Land Conservancy. The vector layer contains more than 16,000 

individual patches and was extensively ground-truthed. 

Calculations 

To determine which ecological community types and land cover types sequester carbon at 

the highest rates on the Rensselaer Plateau, MODIS17 NPP data from NTSG was clipped to the 

Rensselaer Plateau and converted from a raster layer to a polygon vector layer. Each 500m x 

500m pixel became its own polygon. Areas with values further than one standard deviation 

above the median value were clipped into a layer, “High NPP.” Likewise, areas with values 

further than one standard deviation below the median value were clipped into another layer. 

“Low NPP.” 

The ecosystem community type layer was clipped to the boundaries of the High NPP 

layer. The acreage of each ecosystem community type within that High NPP area was then 

calculated. The percentage of the total High NPP area that each community type made up was 

compared to the percentage of the total Rensselaer Plateau area it made up, yielding a percentage 

difference. The percentage difference indicates over- or under-representation in the experimental 

groups compared to the control. Ecological community types that made up less than 0.5% of the 

total High NPP land area were left out of this analysis. 

William Kleindl
See, I just found out that Rensselaer Plateau is in NY...
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Standard deviation among the group of percent differences was calculated, and values 

further than one standard deviation from the median were kept. This yielded a list of all 

ecological community types that exhibited a notable difference in the proportion of total land 

area they made up between the entire Rensselaer Plateau and the High NPP and Low NPP areas. 

The same process was repeated with the Low NPP area NTSG Land Cover data were converted 

from the raster layer to the polygon vector layer and clipped by the High and Low NPP layers. 

Differences in land area proportion were calculated like the ecological community type data, 

yielding all land cover classes that exhibited a difference in the proportion of total land area 

between the total Plateau land area and the land areas that were not within a standard deviation 

of the median difference. The difference in the proportion of land area classified as “Natural” vs 

“Cultural” was calculated using the same method. 

William Kleindl
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CHAPTER FOUR 

RESULTS 

Six ecological community types covered a higher percentage of land in the High NPP 

area than the whole Rensselaer Plateau, as did one NTSG land cover classification (Table 2). The 

same land cover classification covered a lower percentage of land in the Low NPP area than the 

whole Rensselaer Plateau. There were no ecological community types that were over- or 

underrepresented in the Low NPP area. 

Table 2. Percentage difference in the proportion of total land area of ecological community types 
and land cover classifications between the whole Rensselaer Plateau and the High and Low Net 
Primary Productivity (NPP) areas. Note that the percentages of area and percent difference are 
calculated from raw acreages and rounded to two decimal places. 

High NPP 
Ecological Community Type % of Total Rensselaer % of High % Difference 

Plateau Area NPP Area 
Oligotrophic Dimictic Lake 0.28 0.88 217.70 
Mines & Quarries 0.13 0.34 169.71 
Calcareous Talus Slope 0.11 0.23 109.76 
Woodland 
Eutrophic Pond 0.06 0.16 168.79 
Floodplain Forest 0.04 0.12 224.04 
Reedgrass Marsh 0.01 0.06 453.02 
Land Cover Classification 
Barren Land 
(Rock/Sand/Clay) 

0.20 0.70 243.44 

Low NPP 
Ecological Community Type 

No Data 

% of Total Rensselaer 
Plateau Area 

No Data 

% of Low 
NPP Area 
No Data 

% Difference 

No Data 

Peterson, Robert
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Land Cover Classification % of Total Rensselaer % of Low % Difference 
Plateau Area NPP Area 

Barren Land 0.20 0.04 -80.71 
(Rock/Sand/Clay) 

Naturalness 

In addition to ecosystem community type and land cover classification, I also examined 

the impact of naturalness on net primary productivity. For the purposes of this project, any land 

area that was not created by humans is considered natural; >94% of land area regardless of 

experimental area is natural (Table 3). 

Table 3. Percentage of natural land cover on the Rensselaer Plateau and in each experimental 
group. 

Area Percentage of Total 
Area Classified as 

“Natural” 
Whole Plateau 94.06 

High NPP 94.78 
Low NPP 95.37 

Both the High NPP and Low NPP areas had a higher proportion of natural land than the 

Rensselaer Plateau overall, although neither difference is notable enough to draw conclusions. 

The entire area is so dominated by natural land cover that the cultural land cover areas do not 

have a measurable impact on net primary productivity. 
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Descriptive Statistics 

It is difficult to draw conclusions from the raw proportions of land cover types because 

only a small number of ecological community types and land cover classifications dominate the 

landscape. Most community types and cover classifications make up a very small proportion of 

the total Rensselaer Plateau land area (Figures 6 and 7). 
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Figure 6. Distribution of the proportion of Rensselaer Plateau land area covered by each 
ecological community type. 
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Figure 7. Distribution of the proportion of total Rensselaer Plateau land area covered by each 
Numerical Terradynamic Simulation Group (NTSG) land cover classification. 

Similar distributions of proportions are found in the High NPP and Low NPP areas, 

making a simple comparison of raw differences in acreages fairly pointless. Instead, calculating a 

percentage difference in the proportion of land area covered by each ecological community type 

and land cover classification between the whole Rensselaer Plateau and the two experimental 

areas is more valuable (Figures 8-11). When looking at differences in proportion instead of 

differences in area, the distributions become roughly normal. Each of these data sets is right-

tailed by at least one outlier, but the normal distribution shape lends some confidence that 

conclusions can be drawn from the data. 
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Figure 8. Distribution of the difference in the proportion of land covered by each ecological 
community type between the whole Rensselaer Plateau and the High Net Primary Productivity 
area. 
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Figure 9. Distribution of the difference in the proportion of land covered by each Numerical 
Terradynamic Simulation Group (NTSG) land cover classification between the whole Rensselaer 
Plateau and the High Net Primary Productivity area. 



 

 

 
   

 

 

 
     
   

    

 
 

 
 

I- -N' fi' (,,> N' ;::;, w 0) ..., r,; "v <:::> Cb <o ,,, ..., ,.,. ...,. ep· q,· ~- 9,· 0-,· ". 0;· ". "f) 'J, ..., <o 0) ::;, ,,,, 
~' !-'>' ~' 0-,' ...,, 0-,' ..., r,; "v <:::> ...,, <:::>' ~' " 0) ...,. <o· q,· ~- 9,· Cb <o ,,, ~- ,.,. -:E 0-,· f\• 0;· :t -!!: ::;, 

'-! '-! 

30 

Nu
m

be
r o

iE
cl

og
ic

al
 C

om
m

un
ity

 Ty
pe

s 18 

16 

14 

12 

10 

8 

6 

4 

2 

0 

17 

8 
9 

7 
6 

5 
4 4 

2 2 2 
1 

0 0 0 0 
1 1 1 

0 

[-9
9.

99
, -

78
.2

1]
 

(-7
8.

21
, -

56
.4

2]
 

(-5
6.

42
, -

34
.6

4]
 

(-3
4.

64
, -

12
.8

6]
 

(-1
2.

86
, 8

.9
3]

 

(8
.9

3,
 3

0.
71

] 

(3
0.

71
, 5

2.
49

] 

(5
2.

49
, 7

4.
28

] 

(7
4.

28
, 9

6.
06

] 

(9
6.

06
, 1

17
.8

4]
 

(1
17

.8
4,

 1
39

.6
3]

 

(1
39

.6
3,

 1
61

.4
1]

 

(1
61

.4
1,

 1
83

.1
9]

 

(1
83

.1
9,

 2
04

.9
8]

 

(2
04

.9
8,

 2
26

.7
6]

 

(2
26

.7
6,

 2
48

.5
4]

 

(2
48

.5
4,

 2
70

.3
3]

 

(2
70

.3
3,

 2
92

.1
1]

 

(2
92

.1
1,

 3
13

.8
9]

 

(3
13

.8
9,

 3
35

.6
8]

 

Percent Difference 

Figure 10. Distribution of the difference in the proportion of land covered by each ecological 
community type between the Rensselaer Plateau and the Low Net Primary Productivity area. 
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Figure 11. Distribution of the difference in the proportion of land covered by each Numerical 
Terradynamic Simulation Group (NTSG) land cover classification between the whole Rensselaer 
Plateau and the High Net Primary Productivity area. 
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CHAPTER FIVE 

DISCUSSION  

Using the currently available data, it is not possible to identify which land cover 

classifications and ecosystem community types on the Rensselaer Plateau are the most important 

for carbon sequestration. The methods used in this analysis produce results that are at times 

inexplicable and at times incongruous with each other. Below is a discussion of each result, 

followed by a discussion of the validity of these results. 

High NPP Area 

The High NPP area had six ecological community types that were notably 

overrepresented compared to their representations on the Rensselaer Plateau as a whole. Each of 

these community types comprised at least 0.5% of the High NPP area, and the percentage 

difference was outside of one standard deviation from the median percentage difference among 

all community types. 

Notably, two of the six overrepresented ecological community types are wetlands 

(Floodplain Forest and Reedgrass Marsh), and wetlands are known to be some of the best carbon 

sinks on the planet (Nahlik & Fennessy, 2016). This would certainly explain their 

overrepresentation in the High NPP area. 

Similarly, eutrophic ponds are defined by their high primary productivity due to an 

abundance of bioavailable critical nutrients like phosphorus and nitrogen (Edinger et al., 2014). 

William Kleindl
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Eutrophic ponds may be found adjacent to or in close proximity to either or both of the two 

wetland community types discussed above. 

Calcareous talus slope woodlands are a broad ecological community type, defined as a 

woodland found on a talus slope (a pile of decomposed rock at the base of a mountain or cliff) 

between 20 and 45 degrees, with calcium-rich soils (Edinger et al., 2014). These woodlands can 

contain a variety of tree species, present in a variety of densities (Edinger et al., 2014). As a 

result, it is difficult to generalize about the productivity of this ecological community type, as 

some calcareous talus slope woodlands will likely have much higher productivity than others. 

The presence of oligotrophic dimictic lakes on this list is puzzling, since they are – by definition 

– low in nutrients and primary productivity (Edinger, 2024). Even though this community type 

saw a large increase in representation in the High NPP area, the High NPP area likely sequesters 

carbon at a high rate despite, not because of, the higher concentration of oligotrophic dimictic 

lakes. 

Mines and quarries being more common in the High NPP area than the Rensselaer 

Plateau as a whole creates more questions than answers. Active mines and quarries have very 

low NPP due to the removal of all surface vegetation to provide access to the mineral resources, 

and that negative effect on NPP can last for decades as a result of soil disturbance and 

degradation (Yang et al., 2024). On the Rensselaer Plateau, the most economically important 

mineral is greywacke, a type of sandstone made mostly from quartzite, which is quarried and 

crushed for use in road construction (Bryce et al., 2010). Graywacke underlays most of the 

plateau, with thin soils above (Bryce et al., 2010). It is possible that areas where greywacke is 

closest to the surface are prioritized by mining and quarrying operations and also support 

William Kleindl
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ecosystems with high primary productivity, resulting in a surprising correlation between mines 

and quarries and high NPP. At this point that possibility is pure conjecture, with the data 

examined here insufficient to support such a claim. 

The High NPP area had just one NTSG land cover classification that was overrepresented 

compared to their representations on the Rensselaer Plateau as a whole – barren land. Barren 

land is perhaps the land cover type with the lowest NPP, lower even than most developed land 

cover, so its overrepresentation in the High NPP area is not easily explainable. 

Low NPP Area 

The Low NPP area exhibited no community types comprising at least 0.5% of the Low 

NPP area with the percentage difference outside of one standard deviation from the median 

percent difference among all community types. This is mostly because of the large standard 

deviation of these data set: 125.44%. Nine ecological community types had a percentage 

difference further than one standard deviation from the median, but none made up more than 

0.04% of the Low NPP area, with most coming in far below the 0.05% cutoff. 

The only NTSG land cover classification or ecosystem community type to be noticeably 

underrepresented in either experimental group versus the Rensselaer Plateau as a whole is barren 

land. It is incongruous that a land cover known to have such a low NPP is overrepresented in the 

High NPP experimental area, and that incongruity continues with its underrepresentation in the 

Low NPP experimental area. This is exactly opposite of what logic dictates should be expected. 
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Validity of Results 

Looking more closely at a cartographical representation of these data is illuminating. 

Kendall Pond and the area surrounding it is a very small feature on the Rensselaer Plateau, 

making up just a tiny fragment of the total plateau land area (Figure 11). Despite being so small, 

the Kendall Pond area is ecologically diverse, and has many ecological community types mapped 

to a fine resolution (Figure 12). Looking closely at the area, the fine detail of the ecological 

community type and NTSG land cover data data contrasts sharply with the coarse resolution of 

the 500m MOD17 net primary productivity data. The discrepancy in data resolution is such that 

some individual pixels of NPP data contain as many as seven different ecological community 

type polygons. By comparing datasets of such different resolutions, significant false accuracy is 

introduced. This false accuracy is hard to quantify, and, as a result, it is difficult to know how 

much confidence can be placed in these results. The false accuracy introduced by the 

mismatched data resolution reduces confidence in the results enough that the results should be 

discounted. Although the 2023 MOD17 500 m NPP data is the most current, the resolution is so 

poorly suited for analysis like this one that older, higher resolution data should be used in its 

stead – a product like the NTSG NPP modeling based on Landsat imagery would be more 

appropriate, even if it is less current (Robinson et al., 2018). 

William Kleindl
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In the intro, you state that “A brief discussion of the potential policy and regulatory implications of those inaccuracies will follow, together with some proposed solutions and recommendations for future research.” Where is that? 



 

 

 
 

 

o.__.__2 ..... s _ _._ __ s.___.___.___..__~10 Miles T 

35 

Figure 12. Geographic context of Kendall Pond (shown in Figure 13) within the Rensselaer 
Plateau. 
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Figure 13. The ecological community types around Kendall Pond, overlain with 2023 net 
primary productivity data. Each large rectangle is one pixel of Net Primary Productivity data. 
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Other Considerations 

Given the highly forested and rural nature of the Rensselaer Plateau, the main land 

conversion threat is from forest to residential/cleared land (Bryce et al., 2010). Being an artificial 

ecosystem, it might reasonably be expected that this community type has low productivity. 

However, Rensselaer County – especially the Rensselaer Plateau – is quite rural, and most homes 

are on large parcels with substantial lawns. Managed lawns can be more productive than the 

average temperate grassland (Falk, 1980). Although this is better news than might be expected 

for the future of climate change mitigation, it would still represent a loss of NPP potential; 

forests generally have higher NPP than grasslands, by about 22% (Krause et al., 2022). 

Another notable characteristic of the Rensselaer Plateau is the plethora of small wetlands 

(Bryce et al., 2010). This complicates NPP estimation because wetlands can be net carbon sinks 

or net carbon emitters depending on a variety of complex factors. Healthy wetlands are among 

the most productive ecosystems in the world, while wetlands that are relatively young or 

disturbed are often net carbon emitters until they reach maturity (Mitsch et al., 2012, Nahlik & 

Fennessy, 2016). Examples of both can be found on the Rensselaer Plateau. 

By far the most common land cover type on the Rensselaer Plateau is forests (Bryce et 

al., 2010, Hunt 2013). Therefore, it is noteworthy that apart from floodplain forests and 

calcareous talus slope woodlands, forests are entirely absent from the results. In fact, no 

ecological community type or land cover classification that made up even 1% of the land area of 

the experimental areas appears in the results. This absence of community types and cover 

classifications in the results is likely because the calculations for standard deviation among the 

percent differences did not weight the data by abundance. For example, in the Low NPP group, 

William Kleindl
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the percentage difference in cover by hemlock-hardwood forest was given equal weight as the 

percent difference in sinkhole wetlands, despite sinkhole wetlands covering just 0.04047 hectares 

and hemlock-hardwood forests covering more than 3480 hectares. Rare ecosystem community 

types that cover very little land have very high variation in the percentage difference in cover 

between different areas, and that high variation led to a high threshold for inclusion in the results. 

Common community types covering the majority of the land vary far less in the percentage 

difference in cover between different areas but were held to the same high threshold for inclusion 

in the results. The large variation in the rare community types could be obscuring real differences 

in proportion of land covered by more common community types between the whole Rensselaer 

Plateau and the experimental areas. 
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CHAPTER SIX 

CONCLUSIONS 

Conclusions for the Rensselaer Plateau 

If these results produced a higher confidence level, I would recommend they be used to 

prioritize the conservation of certain ecological community types and land cover classifications 

that contribute the most to carbon sequestration. The Rensselaer Plateau is currently the subject 

of aggressive land conservation efforts, with more than 6,800 hectares conserved in the last 15 

years, and the conservation community increasingly prioritizes climate change mitigation 

potential when choosing new targets for conservation. Data about which areas are sequestering 

carbon at the highest rates would allow local conservation entities to write stronger grants and 

attract more donor money. It would also ensure that conservation projects are as efficient as 

possible at protecting the carbon sequestration capabilities of the Rensselaer Plateau. 

For example, forests are often correctly generalized as great at sequestering carbon, not 

all forest types sequester carbons at equal rates. If this project produced reliable results, decision-

makers could use them to conserve the more productive forests first and place a lower 

conservation priority on the less productive forests. 

Recommendations for Future Study 

Many fine-scale datasets about land cover, habitat, and ecology exist, but consistent net 

primary productivity data are currently much coarser. Annual NPP data (500m resolution) are 

available every year from MODIS, but the MOD17 algorithm used to produce these data can be 

applied to Landsat data to produce the same product at resolutions as fine as 30m (Robinson et 
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al., 2018). Unfortunately, this finer scale data are only available from 1986 to 2016, and only in 

the conterminous United States. Land cover changes above that scale happen too quickly to risk 

relying on old data and with fine-scale NPP data becoming increasingly important, researchers 

should be spending resources to produce fine-scale annual NPP data that reflect current 

conditions as soon as the underlying data is available, and since the United States Geological 

Survey made Landsat data publicly available in 2008, there is no reason that 30-m resolution 

annual NPP data cannot be produced every year. 

In the absence of that more current, finer-scaled dataset, the analysis presented in my 

paper should be repeated using the 2016 30-m annual NPP data to minimize the impact of the 

inaccuracies introduced by using mismatched-resolution data. The researcher performing this 

analysis should consider leaving any ecosystem community type or land cover classification with 

a total size below the size of a single NPP pixel out of the analysis, and weighting percentage 

differences by abundance to reduce the impact of the high variation introduced by rare cover 

types. A more robust statistical analysis may yield more useful results. 

Policy Implications 

Policymakers globally are setting ambitious targets for bringing society closer to carbon 

neutrality to slow climate change and prevent the most catastrophic outcomes, and the carbon 

sequestration capability of our land is one of the best tools we have for reaching those targets. 

Carbon markets are heating up for the same reasons, and landowners can often make money 

selling carbon credits. However, calculating the sequestration potential of a property to estimate 

the value of those credits is currently either an approximate science or a labor and field-work-

intensive one. As a result, two comparable properties may be able to sell carbon credits for vastly 
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different values depending on who is evaluating the carbon sequestration potential of the land. 

Having a standardized and fine-scale method of estimating a property’s carbon sequestration 

potential is in the best interest of both landowners and carbon credit purchasers to avoid bad 

deals. 

New York’s Climate Leadership and Community Protection Act mandates a 40% 

statewide reduction in fossil fuel emissions by 2030 and an 85% reduction by 2050 (compared to 

1990 levels) (NY Senate Bill S6599). To reach those standards, the Department of 

Environmental Conservation is creating a statewide Reforestation Plan, which targets 1.7 million 

new acres (700,000 hectares) of forest and 25 million new trees planted by 2033. To maximize 

the climate impact of that effort, foresters and policymakers need to know not just which tree 

species are the most productive, but also the ecological communities that are the most 

productive. Having fine-scale NPP data across the whole state, particularly in heavily forested 

areas like the Rensselaer Plateau, would enable conclusions about what ecological community 

types foresters should strive to create to make the most inroads on statewide carbon sequestration 

goals. 

As similar efforts increase globally, more detailed NPP data will become increasingly 

critical in ensuring that time, money, and effort are spent as efficiently as possible to maximize 

the climate impact these efforts can make. 

William Kleindl
Great, but I would love to see more thoughtful text about the implications of your work. Seems a bit incomplete at this point. 
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