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t is clear  that global cl imate change 
w i l l  continue to have major  human 
and environmental impacts. Reducing 

greenhouse gas emissions is necessar y to 
slow  or  mitigate the most catastrophic of 
these impacts. Lands around the wor ld 
play a vi tal role in slow ing the effects of 
cl imate change by stor ing and 
sequester ing atmospher ic carbon dioxide 
(CO2). As federal ly-led effor ts to curb 
cl imate change have been ineffective to 
date, sub-national effor ts are becoming 
increasingly impor tant. This r epor t 
quanti f ies the carbon stored in Colorado?s 
lands at the state level and examines 

policy oppor tuni ties to increase the 
amount of carbon stored through 
improved land management. We found 
that Colorado?s lands cur rently hold 3,334 
MMT CO2eq , compared to the US total of 
48,382 MMT CO2eq.1 In addition, 
Colorado?s lands can be managed to make 
a signi f icant contr ibution toward 
Governor  Hickenlooper?s state cl imate goal 
of r educing statew ide greenhouse gas 
emissions by more than 26% by the year  
2025, compared to 2005 levels (or  a 
cumulative decrease of roughly 39 MMT 
CO2eq greenhouse gas emissions from the 
cur rent level of 130 MMT CO2eq).

Execut ive Sum m ar y

I

1 MMT CO2eq refer s to mi l l ion metr ic tons of carbon dioxide equivalent

© Harold E Malde
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Key Findings
Carbon in Colorado?s Lands

Over  the next 40 years, statew ide carbon stocks are expected to decl ine as Colorado?s lands 
change. More fr equent and intense forest f i r es are a major  dr iver  of this change, which are 
typical ly character ized by a dramatic loss in forest carbon. Another  dr iver  is increased 
urbanization, and in turn developed land, as Colorado?s population continues to boom. 
These tr ends point to land management practices as impor tant pathways to maintaining 
and increasing the abi l i ty of Colorado?s lands to store carbon.

- Forests and woodlands together  hold 68% of 
the carbon stored in Colorado?s lands. Total 
r eforestation of al l  existing major  burn 
scars in the state would increase the amount 
of carbon stored in forests up to 160 MMT 
CO2eq . This r epresents m or e than four  
t im es the state?s cumulative emissions 
r eductions goal of 39 MMT CO2eq by 2025. 
Whether  or  not this cei l ing is ful ly 
achievable, i t is clear  that r eforestation can 
have a meaningful impact on carbon stocks 
in Colorado.

Carbon Policy Recommendations for Colorado

To combat global cl imate change, pol icies should be put in place to incentivize practices that 
have been demonstrated to improve carbon storage, such as those detai led above. We 
recommend the immediate pursui t of the fol low ing four  carbon policies and practices 
w ithin the state of Colorado. They have been selected from a larger  l ist of potential pol icies 
based upon their  pol i tical feasibi l i ty and relative impact on carbon sequestration. 

- Avoiding al l  projected conversion of 
wetlands and grasslands in Colorado 
through 2051 would increase the carbon 
stored in those lands by 68 MMT CO2eq . By 
2025, this avoided conversion could 
contr ibute to 31% of  Color ado?s cl im ate 
goals. 

- Whi le avoiding conversion of forests can be  
more impactful than avoiding conversion of 
wetlands or  grasslands in a carbon context, 
much of the anticipated forest conversion 
through 2051 w i l l  be due to natural dr iver s 
l ike forest f i r es. The net carbon impact of 
preventative f i r e mitigation is sti l l  being 
debated in academic cir cles. © The Nature Conser vancy (Audrey Wolk) 
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- Car bon Task  For ce: We recommend convening a government task for ce to study the 
role that land management can play in meeting the cl imate targets established by the 
Governor 's r ecent Executive Order. This task for ce could be created through 
legislative or  executive author i ty and should have the power  to make formal 
r ecommendations to the Colorado General Assembly, as well  as to federal land 
management and agr icultural agencies.

- Pur sue Car bon Of f sets: Carbon offset projects produce ver i f ied carbon benefi ts and 
can yield f inancial r eturns from the sale of offset credi ts. Other  chapter s of The 
Nature Conser vancy (TNC) and many other  organizations cur rently pur sue land use 
offset projects using tools such as conser vation easements. Reforestation and 
improved forest management projects hold the greatest potential in Colorado. TNC 
Colorado could conduct offset projects and use the proceeds to protect more land from 
conversion, fur ther  increasing carbon stocks w ithin the state.

- Incent iv i ze Refor estat i on of  Pr ivate Lands: We recommend the passage of a bi l l  that 
establishes a Carbon Incentives Program to incentivize post-w i ldf i r e r eforestation on 
pr ivate lands through dir ect f inancial aid, tax credi ts or  technical assistance for  
r eforestation projects. The bi l l  could be modeled after  the Mar yland Forest 
Preser vation Act of 2013, which includes a Reforestation Fund for  pr ivate landow ners. 
Stakeholder  engagement w i l l  l ikely be r equir ed to ensure adequate levels of funding 
for  the Carbon Incentives Program.

- Pass a State Level  Em issions Reduct ions Bi l l : We recommend the passage of a bi l l  
that would mandate statew ide emissions r eductions and recognize the potential for  
improving the abi l i ty of Colorado?s lands to store carbon. I t could establish a pr ice on 
carbon using a cap-and-tr ade program or  a carbon tax. Although cur rent pol i tical 
feasibi l i ty may be low , there is oppor tuni ty in Colorado?s near  future to pass a 
successful cl imate bi l l  l ike Cali fornia?s Global Warming Solutions Act of 2006.

Our  f indings indicate that improving management of Colorado?s lands can have a large 
impact on the amount of carbon stored in the state. Cer tain practices, such as r eforestation 
of burn scars, have the potential to make a signi f icant contr ibution towards Governor  
Hickenlooper?s state cl imate goals. Policy decisions can provide the necessar y incentives to 
increase carbon storage through improved land management. Although slow ing global 
cl imate change can at times seem an insurmountable task, sub-national effor ts are both 
necessar y and effective.

© The Nature Conser vancy (Audrey Wolk) 
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Int r oduct i on
Climate
Climate scientists have unequivocally 
established that the Ear th?s cl imate is 
warming and that human activi ty is having 
a signi f icant impact on the cl imate system 
(Cook et al., 2016; Hansen et al., 2013; 
Stocker  et al., 2015). I t is clear  that global 
cl imate change w i l l  continue to have major  
human and environmental impacts. 
Reducing anthropogenic greenhouse gas 
emissions is necessar y to slow  or  mitigate 
the most catastrophic of these impacts 
(Hansen et al., 2013; Depar tment of Defense, 
2015). Many of the obser ved cl imatic 
changes since the 1950s have been largely 
unprecedented, including the increased 
concentration of greenhouse gases in Ear th?s 
atmosphere. Global atmospher ic CO2 
concentrations have increased by 40% from 
preindustr ial times (Stocker  et al., 2015). 
Though there is debate around the precise 
amount of carbon stored in Ear th?s lands, 
scientists agree that the global ter r estr ial 
carbon sink is large in the context of the 
carbon cycle (Pan et al., 2011; Scur lock & 
Hall , 1998; Ussir i  & Lal, 2017). Although the 
burning of fossi l  fuels has been the main 
dr iver  of greenhouse gas emissions, land-use 
change is the second largest contr ibutor  of 
emissions (Stocker  et al., 2015).  Nor th 
Amer ica has been show n to be a net carbon 
sink, which emphasizes the impor tance of 
examining land management impacts on 

carbon in di f ferent geographic r egions 
w ithin the continent (Houghton & Nassikas, 
2017; King et al., 2015).

Land Management
Land management decisions have high 
potential to impact atmospher ic 
concentrations of carbon. Dif ferent land use 
practices contr ibute to ei ther  greenhouse 
gas emissions or  carbon sequestration 
(Smith et al., 2014). Some land use practices, 
such as deforestation and the conversion of 
native grassland to agr iculture, cause lands 
to emit CO2 into the atmosphere. Avoiding 
the conversion of di f ferent carbon-r ich land 
cover  types can have a signi f icant impact on 
maintaining carbon stocks (Guo & Gifford, 
2002). The two categor ies of conversion that 
typical ly occur  are anthropogenic and 
natural. Anthropogenic conversion, such as 
urban expansion into native lands, can often 
be avoided through land protection tools 
l ike conser vation easements. Natural 
conversion, including diseases, pests, and 
f i r es, is sometimes unavoidable despite 
human inter vention. 

Research on land management suggests that 
sw itching from carbon-emitting practices to 
carbon-sequester ing practices can have 
meaningful mitigation benefi ts in the 
context of anthropogenic cl imate change 
(Conant et al., 2017; Fai ley & Di l l ing,

© Alec Brazeau

4



2010; Pan et al., 2011; Paustian et al., 2006; 
Ussir i  & Lal, 2017). Know ledge of cur rent 
carbon stocks in di f ferent land cover  types 
and the impacts of land management 
practices on carbon sequestration is 
cr i tical ly impor tant to land use 
decision-making (Ellenwood et al., 2012; 
Fai ley & Di l l ing, 2010; Hawken, 2017; 
Janow iak et al., 2017; Lal, 2008). 
Understanding land cover  change tr ends 
and projecting those into the future can also 
help guide future land use decision-making.

Carbon Policy

Policies at many jur isdictional levels 
inf luence the abi l i ty of US lands to 
sequester  carbon. Because mitigation 
potential var ies w idely across geographic 
r egions and land cover  type, i t is impor tant 
to look at carbon sequestration at a 
sub-national level (Smith et al., 2014). There 
are few  US federal land management 
pol icies that identi fy carbon sequestration 
as a pr imar y goal, however  many indir ectly 
affect carbon stocks. Whi le some policies 
focus on a speci f ic land type, such as the 
Nor th Amer ican Wetlands Conser vation 
Act, other s are broader  in scope and 
inf luence a w ide r ange of lands. For  
example, the Agr icultural Act of 2014 (i .e., 
Farm Bi l l) includes programs that r egulate 
land use for  several land cover  types (e.g., 
grasslands and wetlands). The Agr icultural 
Conser vation Easement Program (ACEP) 
concentrates on agr icultural lands, whi le 
the Wetland Reser ve Program (WRP) 
focuses exclusively on wetlands. Many 
policies that indir ectly impact carbon 
stocks could be altered to explici tly address 
the role of lands in cl imate change 
mitigation. A strong know ledge of carbon 
sequestration is crucial to informing those 
alterations. Therefore, understanding 
existing carbon stocks and the r esulting 
effects of var ious management practices is 
key to crafting effective carbon policies at 
al l  jur isdictional levels (Lu, 2015).

Colorado Lands

With the r ecent US w ithdrawal from the 
Par is Agreement and the abandonment of 
accompanying Intended Nationally 
Determined Contr ibution (INDC) emissions 
r eductions targets, there is a r enewed focus 
on pursuing state-level oppor tuni ties for  
cl imate mitigation (U.S.A., 2015). In an era 
of US federal gr idlock on cl imate policy, 
identi fying policy options that could 
improve carbon sequestration at di f ferent 
jur isdictional levels w ithin Colorado is a 
promising bottom-up approach to cl imate 
change mitigation. Whi le 35% of Colorado?s 
lands are federal ly ow ned, many land use 
decisions are made at the state, county, or  
local levels (El lenwood et al., 2012; Vincent 
et al., 2017). However , the potential to 
leverage better  management of Colorado?s 
federal lands through multiple pol icy 
avenues remains high. Due to their  
carbon-r ich nature, i t is especial ly cr i tical 
to improve management for  the large 
percentage of Colorado?s forests that are 
federal ly ow ned (68%) (Colorado Land 
Ow nership, 2017). Oppor tuni ties also exist 
for  non-governmental organizations 

© The Nature Conser vancy (Chr is Pague)
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(NGOs), such as The Nature Conser vancy 
(TNC), to inf luence land management on 
both public and pr ivate lands in the state. 

The impacts of cl imate change in Colorado 
are contr ibuting to increased landscape 
vulnerabi l i ty to insect pests and extr eme 
events, including forest f i r es and f looding. 
In addition, increasing r ates of urbanization 
and population grow th are putting high 
levels of pressure on native ecosystems 
(Gordon & Ojima, 2015). As these changes 
continue to occur , Colorado?s lands have 
potential to be managed to improve carbon 
sequestration and avoid emissions. 
Cur rently, that potential is not being ful ly 
r eal ized.

A 2007 repor t by Conant and co-authors, 
commissioned by the Colorado State 
Legislature examined Colorado?s statew ide 
carbon stocks and evaluated the 
sequestration potential of several 
management options. The researchers 
found that Colorado?s lands are a net sink, 
sequester ing 13 MMT CO2 annually, and that 
the carbon f lux of Colorado?s agr icultural 
lands could be improved by 3-4 MMT CO2 
annually through the implementation of 
di f ferent management practices (Conant et 
al., 2007). There have been no 
comprehensive assessments of Colorado?s 
working and natural lands' abi l i ty to store 
carbon and/or  avoid emissions since this 
2007 repor t. This study bui lds on their  work 
and the work of other s to provide an 
updated assessment of carbon stocks in 

Colorado, a projection of land cover  change 
into the future, and an examination of 
several land use scenar ios. In addition, i t 
includes an in-depth assessment of carbon 
policies and identi f ies the top policy 
oppor tuni ties to improve carbon 
sequestration in Colorado. The results of this 
study contr ibute to an improved 
understanding of the role of Colorado?s 
working and natural lands in sequester ing 
carbon, which is key to r eal izing their  
cl imate mitigation benefi ts.

Colorado Policy

In 2017, Colorado?s Governor  Hickenlooper  
set emissions r eductions targets of 26% 
below  2005 emission levels by 2025, in 
accordance w ith the former  US INDC to the 
Par is Agreement (Executive Order  D 
2017-15). The 2014 Colorado Greenhouse 
Gas Inventor y found that Colorado?s GHG 
emissions totaled 130 MMT CO2eq in 2010, 
w ith the electr ici ty and tr anspor tation 
sector s contr ibuting more than half  of al l  
emissions. The same repor t concluded that 
lands, land use change, and forestr y 
together  sequestered roughly 9 MMT CO2eq 
in that same year  (Arnold et al., 2014). To 

  © John Fielder
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r each the targets set by the Executive Order , 
annual emissions must be cumulatively 
r educed by roughly 39 MMT CO2eq by the 
year  2025. Projections cur rently indicate 
that emissions w i l l  increase by 5 MMT 
CO2eq over  that same per iod, suggesting that 
even fur ther  emissions r eductions may be 
requir ed (Arnold et al., 2014). 

Governor  Hickenlooper?s administr ation 
has also established cl imate change 
mitigation and adaptation pr ior i ties for  the 
state in the Colorado Climate Plan, which 
w i l l  be updated to r ef lect this new  goal 
(Colorado Water  Conser vation Board, 2015). 
Unlike Cali fornia, where the state legislature 
passed the Cali fornia Global Warming 
Solutions Act of 2006 (AB32) and set 
aggressive emissions r eductions mandates, 
Colorado?s cl imate goals are cur rently 
voluntar y. However , the Governor?s r ecent 
commitments have the potential to dr ive 
policies that r ecognize the role of Colorado?s 
lands in achieving these goals. Effor ts by 
non-governmental conser vation 
organizations, such as TNC, to suppor t 
carbon-related policies are especial ly 
impor tant in Colorado?s cur rent state policy 
context.

The Nature Conservancy

As a global leader  in conser vation and 
under  CEO Mark Tercek?s leadership, TNC is 
increasing i ts focus on ways the 
organization can contr ibute to cl imate 
change mitigation (Tercek, 2016). Tackl ing 
cl imate change (through both mitigation 
and adaptation str ategies) is one of TNC?s 
top eight global challenges, and TNC 
Colorado?s 2015-2020 Strategic Plan includes 
cl imate change as a high pr ior i ty for  the 
chapter  (The Nature Conser vancy, 2015). 
Each TNC state chapter  is bui lding a str ategy 
to address emission r eductions w ithin their  
state as par t of the 50 State Climate Ini tiative 
("Climate Change: Bui lding Collective 
Action," 2017). 

This r epor t is intended to inform TNC 
Colorado of the greatest oppor tuni ties for  
improving carbon sequestration w ithin the 
state and to help bolster  the state chapter?s 
contr ibution to the 50 State Climate 
Ini tiative.

© John Fielder
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Methods
Our  analysis includes: an updated carbon 
sequestration assessment of Colorado?s 
lands, projections of Colorado?s land cover  
and carbon stock change over  time, models 
of land management scenar io implications 
for  Colorado?s land cover  and carbon stocks, 
a r eview  of existing policies affecting carbon 
sequestration in Colorado, and an 
identi f ication of 11 policies or  programs that 
can increase carbon stock and sequestration 
in the state. To conduct this analysis, we 
completed a l i terature r eview , spatial ly 
analyzed land cover  data using Geographic 
Information Systems (GIS), and evaluated 
policy options (see Appendix B). 

Below  are the r esearch questions that guided 
our  spatial and policy analyses:

How much total carbon is currently 
sequestered in each land cover type 
category in Colorado? How much carbon 
might be sequestered in the future?

What programs, policies and tools exist 
to influence actions (either directly or 
indirectly) to provide incentives for 
increasing carbon sequestration in 
Colorado? 

What programs, policies, and tools 
within Colorado have the greatest 
impact on improving carbon 
sequestration rates?

© The Nature Conser vancy (Kate Shor rock)

Literature Review
An extensive l i terature r eview  of published 
studies and repor ts on carbon sequestration 
informed the baseline assessment. The 
purpose of the r eview  was to col lect carbon 
stock and f lux data for  the nine major  land 
cover  types we selected to r epresent 
Colorado and for  a var iety of land 
management practices. The nine land cover  
types are: Open Water , Forest, Grassland, 
Shrubland, Woodland, Agr iculture, Wetland, 
Other  Land (which includes snow , ice, and 
bar ren areas), and Developed. We chose 
these land cover  types because they al ign 
closely w ith land cover  categor ies in 
previous carbon sequestration studies  
(Conant et al., 2007; Fai ley and Di l l ing, 2010; 
U.S. Environmental Protection Agency, 2017; 
Zhu & Reed., 2012) and also r epresent the 
existing major  land categor ies in Colorado 
(U.S. Geological Sur vey, 2016). These land 
cover  types also al igned closely w ith the 
National Land Cover  Dataset (NLCD) used 
for  the spatial analysis (Homer  et al., 2007; 
Homer  et al., 2015). We did not seek data for  
Open Water , as i t r epresents less than 1% of 
Colorado?s land cover.

The col lected data were r epresented in a 
Mitigation Action Summar y Table (MAST). 
Data were organized by land cover  type and 
detai led by: land cover  subtypes, geographic 
area, management action, sequestration 
value and uni ts, area of estimate and area 
uni ts, source, and year  of study (see 
Appendix B). We chose to use negative f lux 
values to r epresent carbon sequestered in 
the landscape and posi tive values to 

8



r epresent carbon emissions, consistent w ith 
standard r epor ting measures in the 
l i terature (e.g., U.S. Environmental 
Protection Agency, 2017). These estimates do 
not include data from emissions r elated to 
energy use on the lands in question. 

We reviewed 133 studies conducted in 2002 
or  later , of which 41 contained data sui table 
for  use in our  spatial analysis. Within these 
41 studies, we identi f ied 156 stock and 373 
f lux data points. We conver ted al l  stock and 
f lux values to the same units (MT 
CO2eq/ha/yr  for  f lux and MT CO2eq/ha for  
stock).

Spatial Analysis
We needed to understand the cur rent state 
of Colorado?s land cover  and how  land cover  
might change in the future in order  to assess 
ter r estr ial carbon stocks in the state. We 
evaluated how  projected changes would be 
impacted by di f ferent land management 
scenar ios: 1) increasing amount of land 
placed under  protection, 2) avoiding 
conversion of cer tain land cover  types, and 
3) r eforestating of burned areas. Final ly, we 
evaluated the carbon stock impacts 
associated w ith these land cover  changes in 
order  to suppor t the policy analysis and 
evaluations (see Appendix B). To do this, we 
examined a 10-year  per iod of land cover  
change in Colorado, projected those changes 
out to 2051, and altered those projections 
based on the aforementioned scenar ios. 
Draw ing from our  l i terature r eview , we 
applied carbon data to each of these steps of 
the spatial analysis. 

Stock  and Flux  Value Conver sions

The f i r st step in our  spatial analysis was to 
apply the carbon data to Colorado. Since 
carbon stocks and f luxes var y signi f icantly 
by geographic location w ithin a land cover  
type, the data we col lected in our  l i terature 
r eview  were not always immediately 
applicable to Colorado. The ini tial step in 
standardizing the data to Colorado was to 
examine major  carbon sequestration 

dr iver s. We concluded that Net and Gross 
Pr imar y Productivi ty are two impor tant 
measures of an ecosystem?s abi l i ty to 
increase and maintain carbon stocks. 
Research shows that precipi tation is a 
signi f icant dr iver  of annual Net and Gross 
Pr imar y Productivi ty in ter r estr ial 
ecosystems (Beer  et al., 2010; Fensholt et al., 
2013; Gi lgen & Buchmann, 2009; Hicke et al., 
2002; Sala et al., 1988) and is a better  
indicator  than temperature (Del Grosso et 
al., 2008). We therefore chose to standardize 
our  data based on precipi tation and created 
a conversion factor  unique to each region to 
apply to the stock and f lux values. We used 
30-year  normal precipi tation data for  the 
continental US from the PRISM Climate 
Group at Oregon State Univer si ty to create a 
propor tion that would yield a conversion 
factor  for  each state or  r egion (Daly et al., 
2008). We f i r st averaged precipi tation data 
across the study r egions from our  l i terature 
r eview  and applied i t to the fol low ing 
propor tion: 

We used shapefi les of Level I I I  Ecoregions 
from the US EPA and state boundar ies to 
create r egions that r epresented the 
geographic study areas from the MASTs. 
This al lowed us to average precipi tation 
r egionally. In si tuations where the study 
r egions did not al ign w ith a predefined 
Ecoregion or  state boundar ies, the r egions 
were manually digi tized using images 
dir ectly from the sources. This propor tion 
provided us w ith the standardized stock and 
f lux values that we used in our  assessment 
going for ward. 

Mapping Land Cover  Types

Next, we needed to categor ize al l  of 
Colorado's lands into broad classes in order  
to quanti fy their  areas and analyze how  
they change over  time. We analyzed
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land cover  change to form the basis for  
assessing statew ide carbon stocks. We 
uti l ized NLCD and the Landscape Fir e and 
Resource Management Planning Tools 
(LANDFIRE) dataset (Homer  et al., 2007; 
Homer  et al., 2015; LANDFIRE, 2013). We 
reclassi f ied NLCD land cover  classes into 
nine land cover  types based on simi lar  
studies and Colorado?s existing land cover  as 
mentioned above, as well  as TNC staff  
consultation (see Appendix B). Whi le these 
nine classes are broad, these classes or  other  
simi lar  classes have been used for  large 
scale carbon stock assessments (Conant et 
al., 2007; U.S. Environmental Protection 
Agency, 2017; Fai ley & Di l l ing, 2010). 

In order  to project land cover  and carbon 
stocks, we needed to examine changes in 
land cover  over  time. We used NLCD 2001 
and 2011 to calculate decadal tr ends in land 
cover. This al lowed for  a decadal 
compar ison that captured tr ends that were 
consistent w ith our  understanding of land 
cover  change in Colorado. Due to 
inconsistencies in EVT classi f ications 
between LANDFIRE vintages, we chose to 
use NLCD instead of LANDFIRE. However , 
NLCD did not feature a Woodland cover  
class, which was identi f ied as one of our  
nine land cover  types. After  r eclassi fying 
NLCD into the nine broad cover  classes, a 
conditional i f /else evaluation was used to 
incorporate Woodland areas from 
LANDFIRE datasets in both vintages of 
NLCD. If  Woodland from the LANDFIRE 
dataset over lapped w ith the Forest areas in 
the NLCD dataset, they were r eclassi f ied as 
Woodland in NLCD.

Then we quanti f ied land cover  tr ends 
between 2001 and 2011. Assuming these 
tr ends r emain constant in the future, we 
projected future areas for  our  nine land 
cover  classes at 10-year  inter vals from 2021 
to 2051. We used a Markov Chain to 
accomplish those projections. The projected 
areas of each land cover  type were then 
modif ied based on the fol low ing scenar ios.

Scenar io Pr oject i ons of  
Land Cover  Types

COMaP/Protected Areas Scenar io

For  our  f i r st scenar io, we examined how  the 
protection of 750,000 additional acres by 
2020 would impact state carbon stocks. This 
r ef lects a stated conser vation objective of 
TNC Colorado?s 2015-2020 Strategic Plan. We 
f i r st r eclassi f ied the Colorado Ow nership, 
Management and Protection dataset 
(COMaP) into four  broad classes (Colorado 
Natural Her i tage Program and the 
Geospatial Centroid, 2011). These 
designations were chosen to r epresent land 
that is protected under  di f ferent types of 
ow nership and land use. 

We chose to use ver sion 9 of COMaP for  this 
r eclassi f ication because i t r epresented 
ow nership in 2011, which matches the 2011 
NLCD dataset. Upon staff  consultation, we 
found that COMaP did not accurately 
r epresent the cur rent state of TNC lands. We 
altered COMaP accordingly by adding 
up-to-date layers containing TNC Fee and 
Conser vation Easement lands to COMaP, 
which were then adjusted to r epresent land 
protection in 2011. Once COMaP was 
reclassi f ied from uniquely ow ned lands to 
our  four  broad ow nership/protection 
categor ies, we combined the COMaP layer  
w ith NLCD 2001 and 2011 to examine the 
area changes in each land cover  type w ithin 
our  four  designations. Assuming these  
tr ends would r emain constant, we projected 
them into the future. Based on the 
propor tion of each land cover  class w ithin 
the ow nership categor ies, 750,000 acres 
were moved from the Pr ivate Unprotected 
categor y to the Pr ivate Protected categor y. 
The resulting land areas are a 
r epresentation of how  Colorado?s lands 
might look i f  TNC Colorado met their  
organizational targets.
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Avoided Conversion Scenar ios

Next, we ran three scenar ios to determine 
the impact of avoided conversion of the 
Grassland, Wetland, and Forest cover  types. 
We examined these cover  types pr imar i ly 
because they are carbon dense and face 
potential conversion threats. We simulated 
complete avoided loss of each cover  type 
and projected land cover  change tr ends 
accordingly. 

Fir e Restoration Scenar io

For  our  f inal scenar io we simulated instant 
and total r eforestation of major  burned 
areas in Colorado in order  to better  
understand the extent to which 
r eforestation could impact Forest area and 
carbon stocks. We used the Monitor ing 
Trends in Burn Sever i ty (MTBS) Burned 
Areas Boundar ies dataset (MTBS Data 
Access, 2017). The MTBS Burned Areas 
Boundar ies dataset consists of the 
per imeter s of major  f i r es (f i r es w ith an area 
greater  than or  equal to 1,000 acres). Within 
the per imeter s of al l  MTBS burned areas, we 
changed al l  pixels classi f ied as Grassland, 
Shrubland, or  Woodland to Forest. In order  
to examine the impact of forest f i r es on land 
cover  change, we analyzed the percentage of 
Forest that tr ansi tioned to Shrubland w ithin 
major  burned areas.

Applying Car bon Stock  and Flux  
Values

The f inal step in our  spatial analysis was to 
apply the carbon data we had col lected to 
Colorado?s lands. We f i r st applied the 
carbon data from our  l i terature r eview  to 
the ini tial land cover  area change 
projections. To do this, we created an 
equation that calculates carbon stock values 
at 10-year  inter vals (Figure 1).

One challenge w ith our  input data was that 
there is high var iabi l i ty in the r epor ted 
values for  carbon stock and f lux. The 
var iation in methodology and repor ting of 
values created w ide r anges for  several of the 
land cover  types. We used a Monte Car lo 
simulation1 in order  to account for  the 
uncer tainty associated w ith the w ide r ange 
in carbon stock and f lux values. Using al l  
business-as-usual values2 from the f lux and 
stock MASTs, we ran the Monte Car lo 
simulation assuming a uni form distr ibution. 
Stock values were used to evaluate carbon 
sequestered in 2011, whi le f lux values were 
applied to the projections for  2021-2051. 
When avai lable, only Colorado speci f ic 
values were draw n. When unavai lable, the 
Monte Car lo simulation drew  from all  
standardized stock and f lux 
business-as-usual values. The Monte Car lo 
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Figur e 1: Carbon Stock Projection Equation

1 Monte Car lo methods provide r epeated random samplings of a set of values to obtain numer ical r esults.
2 Business-as-usual values r efer  to no change in cur rent land management. This di f fer s from no 
management, under  which native landscapes have no human inter vention.

Inser t pic here
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simulation was set up the same for  each 
scenar io. We analyzed the Monte Car lo 
r esults by examining means, medians, and 
extr emes. 

 

Policy Analysis

Pol i cy Resear ch

We conducted a policy r eview  to identi fy 
existing carbon-related policies at the 
federal, state, and local levels that impact 
sequestration in Colorado. We researched 
policies by land cover  type and conducted 
inter views w ith professionals special izing in 
each. The policy r eview  included policies 
that dir ectly focus on ter r estr ial carbon as 
well  as ones that have indir ect carbon 
sequestration impacts. We met w ith 20 
exper ts over  the course of six months to 
inform our  general understanding of carbon 
policies and their  potential in Colorado, as 
well  as bar r ier s to their  implementation. 
These exper ts included: scientists from 
Colorado State Univer si ty?s Natural Resource 
Ecology Laborator y, Colorado Natural 
Her i tage Program, Univer si ty of Colorado 
Boulder , Univer si ty of Colorado Boulder  
Law  School, Western Water  Assessment, and 
U.S. Forest Ser vice; staff  from TNC Colorado, 
TNC Ar izona, and TNC?s Wor ldw ide Off ice; 
government staff  from the Colorado 
Depar tment of Natural Resources, Colorado 
Depar tment of Public Health and the 
Environment, and the City of Boulder ; as 
well  as several pr ivate consultants. These 
conversations helped to guide our  pol icy 
r eview  and to identi fy r esearch gaps.

Pol i cy Evaluat i on 

We evaluated 11 key carbon policies 
identi f ied in our  r esearch using methods 
that drew  from both Bardach (2009) and 
Clark?s (2002) approaches to policy analysis. 
Both Bardach and Clark advocate for  clear ly 
identi fying the policy problem at hand. 
Research shows that lands around the wor ld 
have the potential to improve carbon stocks 
through management (see Introduction). 
Based on this f inding, we defined the policy 
problem as:

We then engaged in a systematic analysis of 
potential pol icy pathways to address that 
problem. We analyzed existing data and 
conditions that may affect the policy 
problem (e.g., pol i tical cl imate, land use 
pressures), and identi f ied policy 
alternatives. In this case, those included 
policies that impact carbon stocks and 
f luxes in Colorado. 

?Colorado?s lands are not currently 
meeting their full potential to mitigate 
climate change through carbon 
sequestration and/or avoided emissions.? 

© John Fielder
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To better  compare the selected policy 
alternatives, we identi f ied the fol low ing 
cr i ter ia for  evaluation: Carbon 
Sequestration Impact, Poli tical Feasibi l i ty, 
Cost Effectiveness, and Stakeholder  Equity 
(Table 1). We scored each policy alternative 
quali tatively as ?low ,? ?medium,? or  ?high? 
for  each of the four  cr i ter ia based on their  
potential outcomes. We uti l ized an 
outcomes matr ix, as descr ibed by Bardach 
(2009) to evaluate and rank the selected 
alternatives according to the evaluation 
cr i ter ia. 

We ranked the 11 alternatives according to 
their  r elative Carbon Sequestration Impact 
score because that evaluation metr ic 
dir ectly addresses the defined policy 

problem. The other  cr i ter ia were useful in 
evaluating each alternative but were not 
used to r ank the policies because they do 
not address the policy problem dir ectly. 
Where applicable, carbon impact 
quanti f ications from the spatial analysis 
helped inform this r anking. Some 
alternatives could not be quanti f ied in a 
meaningful way due to their  broad-reaching 
and uncer tain nature. Those were r anked 
quali tatively based upon what we perceived 
as their  r elative impact compared to the 
other  alternatives. Simi lar  ?matr ix? or  
?scorecard? approaches have been 
well-established as effective policy 
evaluation tools (Clark, 2002; Walker , 2000).

Evaluat i on Cr i ter i a Def in i t i on

Carbon Sequestration Impact
The potential of a pol icy to increase 
carbon stocks in Colorado. Higher  
r ankings indicate greater  potential.

Poli tical Feasibi l i ty
The potential of a pol icy to be passed, 
enacted, or  implemented. Higher  
r ankings indicate greater  potential.

Administr ative Cost
The potential cost to the implementing 
organization or  enti ty. Lower  r ankings 
indicate lower  cost.

Stakeholder  Equity

The distr ibution of potential impacts 
(both posi tive and negative) across r elated 
stakeholder  groups. Higher  r ankings 
indicate more evenly distr ibuted impacts.

Table 1: Policy Evaluation Cr i ter ia and Defini tions
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Spat ial  Resul t s and Discussion

14

Land Cover Change and Area Projections
The nine major  land cover  types across the state of Colorado are depicted below  (Figure 2). 
The major i ty of the state?s agr icultural land is in eastern Colorado and the San Luis Valley. 
Other  Land occurs at high elevations, and is general ly sur rounded by Forest. Shrubland is 
found mostly on the western half  of the state and Woodland often occurs as a tr ansi tion 
land cover  between Shrubland and Forest. Much of the Developed land is in the Front Range 
at the inter section of the plains and the mountains. Developed lands consist of major  ci ties 
such as Denver  and Colorado Spr ings and their  sur rounding municipal i ties (e.g., Boulder , 
Golden, Lakewood, Li ttleton). 

Our  spatial analysis found that Colorado?s lands cur rently hold 3,334 MMT CO2eq , 
compared to the US total of 48,382 MMT CO2eq  (Zhu & Bouchard, 2011; Zhu & Reed, 2012; 
Zhu & Reed, 2014). Three key f indings are:

1. Carbon stocks are largest for  the Forest land cover  type in the 2011 carbon 
assessment, w i th an estimated median of 1,490 MMT CO2eq .

2. Avoided conversion of the Forest, Grassland and Wetland cover  types have 
w ide-ranging impacts on carbon stocks, r esulting in an increase in their  r espective 
stocks of 1,053 MMT CO2eq  (77% increase), 32 MMT CO2eq  (7% increase), and 36 
MMT CO2eq  (37% increase) r espectively. 

3. Reforestation of previously burned areas would increase Forest median carbon 
stocks to 1,650 MMT CO2eq , which is 160 MMT CO2eq  (11%) higher  than the median 
carbon stock w ithout r eforestation (1,490 MMT CO2eq).

I t is clear  that land management actions can contr ibute to Colorado?s emissions r eduction 
goals (by 2025, cumulative statew ide emissions must be 39 MMT CO2eq lower  than 2017 
levels). For  example, avoiding al l  projected conversion in the Wetland and Grassland cover  
types through 2051 would increase the carbon stored in those lands by 68 MMT CO2eq. By 
2025, this avoided conversion could contr ibute to 31% of  Color ado?s cl im ate goals 
(roughly 12 MMT). Whi le the scenar ios we ran r epresent the highest potential cei l ing for  
carbon sequestration in Colorado?s lands, the r esults sti l l  indicate that Colorado?s lands can 
play a meaningful role in mitigating cl imate change.

© Raul Touzon Photography



Figur e 2: Land Cover  Type Map: Land cover  types across the state of Colorado in 2011. Land cover  types were aggregated into nine general 
types from NLCD 2011. The Woodland class is from LANDFIRE 2012.
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The major  land cover  types in Colorado 
di f fer  in area between 2011 and 2051 
(Figure 3). Grassland is projected to 
decrease in area from  32% to 31%, whi le 
Shrubland increases from 19% to 24%. 
Forest and Woodland are both projected to 
decrease, from 14% to 12% and 10%, 
r espectively. Developed is projected to 
increase from 3% to 5%. Agr iculture, 
Wetland, Open Water  and Other  Land are 
projected to stay approximately the same. 

Land Cover  Change Dr iver s

Forest f i r es typical ly r esult in a tr ansi tion 
from Forest to Shrubland, which is know n 
as secondar y succession (Bow man et al., 
2009). According to Henr y Horn?s ?The 
Ecology of Secondar y Succession,? 
?[s]uccession is a pattern of changes in 
speci f ic composition of a community after  a 
r adical disturbance? (Horn, 1974). 
Secondar y succession di f fer s from pr imar y 
succession because i t occurs after  a 
disturbance event. After  a f i r e passes 
through, ear ly-stage successional species 
such as var ious grasses and shrubs ini tial ly 
dominate the forest ecosystem. High 
sever i ty f i r es lead to hydrophobic soi l  
conditions, which slow  natural r eforestation 

(Debano, 2000). In these cases, manual tr ee 
planting is often r equir ed for  ful l  forest 
r egrow th.

Fir e fr equency and intensi ty is expected to 
increase in Colorado due to increased spr ing 
and summer  temperatures as well  as an 
ear l ier  snow melt (Gordon & Ojima, 2015; 
Wester l ing et al., 2006). In 2002, the Hayman 
Fir e burned over  138,000 acres of the South 
Platte Water shed in the Pike-San Isabel 
National Forest (Graham, 2003). Major  f i r es 
l ike the Hayman Fir e had signi f icant 
impacts on land cover  type composition by 
causing a large tr ansi tion from Forest to 
Shrubland and Woodland. Our  analysis 
showed that 32% of the total of this 
tr ansi tion occurs in major  burn scars 
(which r epresent 1.9% of al l  Forest area). 
This tr ansi tion was captured in our  ten-year  
study per iod (2001-2011), and the tr end was 
assumed to be constant in our  land cover  
class projections out to 2051. Therefore, we 
conclude that the Hayman Fir e and others 
that occur red dur ing this ten-year  study 
per iod are major  dr iver s of the large 
projected increase in the Shrubland cover  
type. 

Colorado has exper ienced considerable

Figur e 3: Land Cover  Area Change Pie Char ts:  (a) Percent area of each land cover  type in Colorado for  the 
year  2011. (b) Projected percent area of each land cover  type in Colorado for  the year  2051.
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population grow th since the star t of the 
21st centur y. The state?s population 
increased from 4,302,261 residents in 2000 
to 5,540,545 in 2016, r epresenting a total 
population gain of 29%. Cur rently, Colorado 
is the thir d fastest grow ing state in the US, 
behind Nor th Dakota and Utah (US Census 
Bureau, 2016).

This has r esulted in r apid urban expansion, 
which is especial ly prevalent throughout 
the Front Range. Our  projections show  that 
Developed land has the second largest 
increase in per cent area of al l  land cover  
types. Of the land cover  types being 
conver ted to Developed land, Wetland is in 
the most danger  of being conver ted. 
Although wetlands only make up a small 
por tion of Colorado at 1.5% of state area 
(roughly 415,000 ha), they are carbon dense 
(147 MT CO2eq/ha) and their  projected 
conversion could r esult in an extensive loss 
of their  carbon stocks.

Carbon Stock Analysis

Within each land cover  type, the carbon 
values produced by the Monte Car lo 
simulation var y (Figure 4). The box plot 
shows the interquar ti le r ange (IQR) of 
potential carbon stock values of the nine 
land cover  types. The whiskers of each box 
r epresent values that fal l  outside of the IQR. 
The largest spread is in Forest, fol lowed by 
Woodland and Shrubland. 

Forest holds the l ar gest  carbon stock in 
Colorado, fol lowed by Woodland and 
Grassland. We draw  this conclusion 
because the IQR of the Forest box is higher  
than and does not over lap w ith the IQR of 
any other  land cover  type except 
Woodland. In contrast, the sm al lest  carbon 
stocks are in Other  Land, Wetland and 
Developed. The IQR of the Grassland box is 
noticeably higher  than the IQR of the 
Agr iculture box. In addition, Forest and 
Woodland stocks are noticeably higher  
than Shrubland stocks. 
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Land Cover  
Type

Median Car bon 
Stock
(MT CO2eq)

Other  Land 13,185,509

Wetland 61,627,277

Developed 82,274,769

Agr iculture 130,618,113

Shrubland 331,455,693

Grassland 450,932,348

Woodland 773,948,397

Forest 1,489,913,146

Figur e 4: 2011 Carbon Stocks by Land Cover  Type Box Plot: Colorado carbon stock estimates by land cover  type in 2011 based on the 
cor responding Monte Car lo simulation (left) and Median carbon stocks per  land cover  type in 2011 (r ight).
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The densi ty of carbon in each land cover  type 
does not dir ectly cor relate w ith the size of i ts 
total carbon stocks (Table 2). For  example, 
although statew ide Wetland carbon stocks are 
low , Wetland is the thir d most carbon dense land 
cover  type. I t is impor tant to note that Forest and 
Woodland are the most carbon dense land cover  
types, l ikely due to their  high biomass content. In 
contrast, Agr iculture, Grassland, and Shrubland 
are much less carbon dense.

Land Cover  Type Car bon Stock  per  ha 
(MT CO2eq/ha) 

Forest 409.3

Woodland 249.5

Wetland 229.3

Developed 128.7

Shrubland 82.7

Grassland 52.1

Agr iculture 33.4

Other  Land 17.9

Previous r esearch suggests that urbanization and 
f i r es are key dr iver s of both the land cover  
change and carbon stock tr ends we see (Canadell  
& Raupach, 2008; Pataki  et al., 2006; Schimel et 
al., 2002; Zhang et al., 2012). Our  analysis 
confi rms that forest f i r es are a major  dr iver  of 
the tr ansi tion from Forest areas to Shrubland 
areas.  This cor relates closely w ith obser ved 
carbon stock changes in these categor ies. 

Statew ide carbon stocks are projected to 
i ncr ease unt i l  2031 and then 
decr ease over  the nex t  two 
decades (Figure 5). We believe 
this estimate to be conser vative 
because the land cover  
tr ansi tions that we projected 
from 2011-2051 are typical ly 
associated w ith larger  carbon 
stock losses, such as biomass 
carbon losses dur ing the 
tr ansi tion from Forest to 
Shrubland in the event of a 
forest f i r e. This could be due to 
the w ide r ange in our  col lected 
f lux data, perhaps representing 
subtype heterogeneity and 
geographic di f ferences that are 
not adequately captured in this 
approach. Therefore, the overal l  
statew ide decline may be 
greater  than por tr ayed in this 
study. Nonetheless, this 
statew ide decrease emphasizes 
the need to inter vene w ith 
meaningful pol icies that can ei ther  maintain or  
increase Colorado?s total carbon stock over  time.

Table 2: 2011 Carbon Stock Density by Land 
Cover  Type

Figur e 5: Statew ide Carbon Stock 
Projections Box Plot; From 2011 to 2051 
based on the cor responding Monte Car lo 
simulation
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A more robust understanding of cur rent and future statew ide carbon tr ends is needed to 
help inform policies and land use decisions. Our  r esearch highl ights the need for  r egular  
Colorado-speci f ic carbon accounting in order  to accurately identi fy best practices and 
related policy incentives.

Protected Areas Scenario
Colorado?s lands were r eclassi f ied based on four  di f ferent ow nership/protection categor ies 
(Table 3; Figure 6). These categor ies are Public Restr icted Use, Public Multi -Use, Pr ivate 
Unprotected and Pr ivate Protected. 

Categor y Def in i t i on Exam ple 

Public Multi -Use
Publicly ow ned land w ith 
r estr ictions on use Wilderness Area

Public Restr icted Use
Publicly ow ned land w ith 
multiple designated uses BLM grazing land

Pr ivate Unprotected Use
Pr ivately ow ned land w ith 
no protection status Pr ivate agr iculture

Pr ivate Protected Use
Pr ivately ow ned land w ith 
protection status

Land tr ust lands, 
conser vation easements

20

Table 3: Ow nership and Protection Categor ies for  the Protected Area Scenar io

TNC Colorado?s Strategic Plan established 
the goal of protecting 750,000 acres of land 
w ith signi f icant conser vation or  
biodiver si ty values between 2015 and 2020 
(TNC, 2015). This is in addition to the 
762,000 acres of land that TNC Colorado has 
dir ectly conser ved over  the past 50 years. 
This scenar io takes the ini tial steps towards 
quanti fying the carbon impact of TNC 
reaching that goal.

The simulation indicated that protecting an 
additional 750,000 acres does not have a 
meaningful impact on statew ide carbon 
stocks. A contr ibuting factor  to this r esult is 
that 750,000 acres r epresents less than 1% 
of the state?s total area (roughly 66 mi l l ion 
acres). Therefore, i t is not surpr ising that 
protecting an additional 750,000 acres is 
not enough to change the tr ajector y of 
statew ide carbon stocks over  a 40-year  

per iod. Another  impor tant element of this 
scenar io is that protecting land does not 
completely prevent future land conversion. 
Whi le anthropogenic conversion, such as 
development or  conversion to agr iculture, 
is largely avoided, natural conversion, such 
as forest f i r es and insect pests, can be 
inevi table even when protection status is 
given. In addition, this scenar io simulated 
propor tional land protection based upon 
the land cover  types present in existing 
conser vation easements, the major i ty of 
which is grasslands. Overal l , a shi f t towards 
protecting more carbon-r ich lands, such as 
forests, could potential ly r esult in a larger  
impact on statew ide carbon stocks. This 
scenar io established a fr amework that can 
be fur ther  r ef ined (see Further 
Recommendations).

I t is impor tant to note that protecting



Figur e 6: Colorado Protected Lands Map: Map of protected lands across Colorado by ow nership categor y, based on the r eclassi f ication of 
COMaP version 9
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Figur e 7: Avoided Conversion Line Char t: Compar ison of the projected baseline and avoided conversion 
carbon stocks for  the Forest, Grassland, and Wetland cover  types 

750,000 acres has other  co-benefi ts in 
addition to carbon. There are many other  
conser vation benefi ts associated w ith land 
protection, such as biodiver si ty, water  
quali ty, species r ichness, and w i ldl i fe 
habitat (Mi les & Kapos, 2008). Although this 
scenar io indicates that land protection 
needs to r each a cer tain scale before 
impacting statew ide carbon stocks, 
protecting land remains one of the best 
ways to preser ve Colorado?s ecosystems.

Avoided Conversion Scenarios
Projecting 100% avoided conversion for  the 
Forest, Grassland, and Wetland land cover  
types has var ying impacts on carbon stocks 
(Figure 7). Avoiding the conversion of each 
land cover  type results in carbon stock 
increases when compared to the 
business-as-usual scenar io. These increases 
are 1,053 MMT CO2eq for  Forest (77% 
above baseline), 32 MMT CO2eq for  

Grassland (7% above baseline), and 36 
MMT CO2eq  for  Wetland (37% above 
baseline).  
Forests have signi f icant potential to 
preser ve carbon stocks through avoided 
conversion. However , as discussed ear l ier , 
much of the anticipated conversion w i l l  
di r ectly r esult from forest f i r es, not from 
development. The long-term net carbon 
impacts of f i r e mitigation are debated in 
the l i terature, largely because f i r e 
mitigation general ly r esults in shor t-term 
carbon losses or  emissions. Whi le several 
studies suggest potential for  a long-term net 
carbon benefi t (Hur teau & Nor th, 2010; 
Nor th & Hur teau 2010; Volkova et al., 2014), 
other s conclude long-term net negative 
impacts on carbon stocks (Campbell & Ager , 
2012; Campbell et al., 2012; Mitchell  et al., 
2009). Others r emain undecided about the 
carbon impacts of f i r e mitigation 
tr eatments (Reinhardt & Holsinger , 2010). 
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Despite l inger ing uncer tainty about their  
carbon implications, f i r e mitigation effor ts 
have other  demonstrable benefi ts, 
including preser ving water  quali ty and 
reducing the probabi l i ty of future 
catastrophic f i r es (Matocha et al., 2012). In 
a str ictly carbon context, however , 
r eforestation has better -established carbon 
benefi ts than f i r e mitigation. As such, 
post-burn r eforestation may be a more 
viable approach to improving long-term 
carbon stocks. 

In contrast, the carbon benefi ts of avoiding 
conversion of grasslands and wetlands may 
be more dir ectly achievable. Histor ical ly, 
grasslands have been conver ted by 
expanding agr icultural operations in 
Colorado (Conant et al., 2001). Simi lar ly, 
wetlands have faced development pressure 
from agr iculture, both dir ectly from 
conversion and indir ectly from f loodplain 
disconnection, as well  as from urban 
expansion. In the 2001-2011 time per iod we 
examined, these tr ansi tions may have been 
less prevalent than in previous decades. 
Created wetlands store 80-90% less carbon 
than natural wetlands, and restoration of 
wetlands is less effective for  preser ving 
carbon stocks than avoiding conversion in 
the f i r st place (Hossler  et al., 2011). 
Likew ise, r estoration of grasslands has 

fewer  carbon benefi ts than avoiding ini tial 
conversion (Conant et al., 2001). Whi le 
federal wetland protections exist under  the 
Clean Water  Act, fur ther  protections are 
sti l l  needed at al l  jur isdictional levels. 
Protecting grasslands and wetlands w ith 
conser vation easements can ensure that 
conversion is avoided for  the duration of 
the easement.

One assumption placed on this simulation 
is that i t is possible to avoid both 
anthropogenic land conversion and 
natural ly occur r ing land conversion. 
Conversion due to natural processes such 
as ecological succession or  disturbances 
l ike forest f i r es is often unavoidable despite 
human inter vention. The simulation 
models a 100% avoided loss for  each land 
cover  type, which is unl ikely to occur. In 
addition, land protection r arely occurs in a 
single land cover  type so modeling 
complete avoided conversion of one land 
cover  type at a time is not ful ly r eal istic. 
Although these l imitations exist, the 
simulation i l lustr ates the cei l ing of 
potential carbon benefi ts.

© The Nature Conser vancy (Ter r i  Schulz)

© The Nature Conser vancy
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Reforestation Scenario

Statew ide forest carbon stocks under  the r eforestation scenar io are noticeably higher  than 
the baseline forest carbon stocks (Table 4). This simulation also showed that statew ide 
carbon stocks are largely dependent on the total acreage of forests w ithin the state. 

Ar ea (m i l l i on ha) For est  C Stock  (MMT CO2eq)

Wi th Refor estat i on 4.21 1,649.8

Wi thout  Refor estat i on 3.80 1,489.9

Di f fer ence 0.41 159.9 (11% Increase)

Total r eforestation of al l  existing major  burn scars in the state would increase the amount 
of carbon stored in forests up to 160 MMT CO2eq .  This r epresents more than four  t im es 
the state?s cumulative emissions r eductions goal of 39 MMT CO2eq by 2025. However , the 
simulation unrealistical ly assumes instant and total r eforestation and ignores the time 
tr ees take to ful ly mature. Despite the l imitations of this simulation, the r esults are 
meaningful because they explore the highest potential gains of this speci f ic management 
action.

Table 4: Impact of Reforestation Scenar io on Statew ide Carbon Stocks
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Pol i cy Resul t s and Discussion
This section detai ls and evaluates the top 11 carbon policies identi f ied. The f indings of the 
spatial analysis indicated that avoided conversion of grasslands, wetlands, and forests as 
well  as r eforestation of burned areas can have large posi tive impacts on carbon stocks in 
Colorado. We chose to consider  only management options that were suppor ted by our  
l i terature r eview  as being beneficial to carbon stocks, leading to the exclusion of f i r e 
mitigation and grazing practices from our  pol icy analysis. 

Based on the spatial analysis r esults and the f indings of our  pol icy r eview , we developed a 
l ist of 35 key policies w ith the potential to increase ter r estr ial carbon stocks in Colorado. 
Some were adapted from existing policies, whi le other s were crafted to meet needs not yet 
addressed. Fur ther  r eview  and consultation w ith TNC staff  helped us nar row  the l ist of 
pol icies dow n to 11. The policies that were not selected for  evaluation are included in 
Further Policy Recommendations. 

Top Carbon Policy Recommendations
The evaluation matr ix (Table 5) provides a summar y of the scor ing of the 11 r ecommended 
policies. Each policy is explored and evaluated below , and several are accompanied by case 
studies that ser ve as r eal wor ld examples. 
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Pol i cy Al ter nat ive Car bon Sequest r at i on 
Im pact

Pol i t i cal  Feasibi l i t y Adm in i st r at ive Cost

Pass an Emissions 
Reductions Bi l l  
through the State 
Legislature

High
Has high potential i f  
designed to emphasize 
ter r estr ial carbon 
sequestration

Low
Unlikely to pass in a 
divided state legislature

High
Signif icant r esources 
r equir ed for  
implementation and 
enfor cement

Pass a Statew ide 
Post-Wildf i r e Carbon 
Incentives Program 
Bi l l

High
Has high potential to 
r eforest pr ivately-ow ned 
burn areas across the state

Medium
Incentive-based program 
would l ikely have suppor t, 
though establishing new  
funding mechanisms may 
be more di f f icult

High
Signif icant r esources are 
r equir ed for  
implementation and 
enfor cement

Create a Carbon Task 
Force Via Legislative 
Author ization

Medium  to High
Has potential to guide (not 
mandate) future statew ide 
cl imate policy

Medium
Non-controversial and 
relevant given the r ecent 
Executive Order

Low to Medium
Few  additional r esources 
r equir ed for  r esearch

Stakeholder  Equi t y

Medium
Impacts and benefi ts w i l l  
be l ikely unevenly 
distr ibuted across 
stakeholder  groups

High
Incentive-based: few  
dir ect impacts to 
stakeholders and 
par ticipation is voluntar y

High
Few  dir ect impacts to 
stakeholders

Conduct Carbon Offset 
Projects

Medium  to High
Has potential to avoid 
conversion of pr ivate lands 
in Colorado, though impact 
var ies based upon level of  
landow ner  engagement

High
Passage of new  policies is 
not r equir ed for  this 
option

Medium
TNC would need to pay for  
ini tial ver i f ication, but 
f inancial r eturns are 
l ikely for  many projects

High
Few  dir ect negative 
impacts to stakeholders, 
and posi tive potential 
impacts for  par ticipating 
landow ners

Implement or  Improve 
Wetland Protection 
Plans

Medium
Has potential to avoid 
conversion of wetlands 
w ithin ci ty l imits, though 
impact w i l l  var y based on 
adoption r ates

Low to High
Var ies signi f icantly based 
on public and poli tical w i l l  
and prevalence of 
wetlands

Low to Medium
Administr ative cost of 
adoption is low , but 
mitigation and monitor ing 
may requir e additional 
capaci ty

Medium  to High
Pr ivate landow ners w ith 
wetland areas on their  
proper ty w i l l  l ikely be 
more impacted than those 
w ithout

Continue to Preser ve 
CRP-Enrol led Lands As 
Contracts Expir e

Medium
Has potential to continue 
restoration of croplands to 
grasslands and preser ve 
those restored grasslands 
and their  carbon stocks

Medium
Due to the numerous 
coali tions involved, 
r eal locating funding 
w ithin Farm Bi l l  programs 
may be contentious

Medium
Would r equir e more ACEP 
funding

High
Enrollment in longer  
contracts is voluntar y
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Pol i cy Al ter nat ive Car bon Sequest r at i on 
Im pact

Pol i t i cal  Feasibi l i t y Adm in i st r at ive Cost

Include Carbon 
Sequestration in the 
Amended Colorado 
Climate Plan

Low to Medium
Has potential to guide 
future statew ide cl imate 
policy. However , the 
Climate Plan does sti l l  only 
provide r ecommendations 
and not mandates

High
Relatively non-
controversial and 
relevant given the r ecent 
Executive Order

Low
Few  additional r esources 
r equir ed for  ini tial 
inclusion

Inf luence the NRCS 
Colorado State 
Technical Committee 
to Consider  Carbon in  
CRP Recommended 
Practice List

Low to Medium
Has potential to alter  
management practices on 
CRP lands, though carbon 
impact w i l l  var y based on 
adoption r ates

Medium
Engaging w ith the State 
Technical Committee is a 
viable option for  many 
stakeholders, but the 
Farm Ser vice Agency may 
be resistant to change

Low
Few  additional r esources 
r equir ed

Improve Farm Bi l l  
Programs for  Carbon 
Sequestration

Low to Medium
Var ies depending on 
program

High
No funding mechanisms 
need to be identi f ied, and 
the program changes 
suggested are not 
signi f icant overhauls

Low
Few  additional r esources 
r equir ed

Stakeholder  Equi t y

High
Few  dir ect impacts to 
stakeholders

High
Few  dir ect impacts to 
stakeholders

Medium  to High
Var ies depending on 
which program is altered

Increase ACEP 
Enrol lment in 
Colorado

Low
Has potential to protect 
additional native 
grasslands, but cur rent 
enrol lment covers a low  
percentage of the state's 
total grasslands

Medium
Due to the numerous 
coali tions involved, 
r eal locating funding 
w ithin Farm Bi l l  
programs may be 
contentious

Medium
Would r equir e additional 
funding in Farm Bi l l , but 
would sti l l  r epresent a 
small per cent of Farm Bi l l  
spending

High
Improve stakeholder  
access to easement funds

Develop a Carbon 
Accounting Tool to 
Incorporate Carbon in 
Great Outdoors 
Colorado (GOCO) 
Grant Applications

Low to Medium
Has l imited potential for  
additional carbon benefi ts 
from future GOCO projects, 
but a carbon tool could be 
scaled and applied more 
broadly

Low to High
The di f ferent 
implementation options 
var y w idely in their  
pol i tical feasibi l i ty.

Medium
Development of the 
carbon tool w i l l  r equir e 
r esearch and development 
funding

High
Few  dir ect impacts to 
stakeholders
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1. Pass an Em issions Reduct ions Bi l l  
Thr ough the State Legislatur e: 

Governor  Hickenlooper?s r ecent Executive 
Order  (D 2017-015) commits Colorado to the 
United States? former  emissions r eductions 
targets under  the Par is Agreement (26% 
below  2005 GHG emission levels by 2025). 
The Colorado General Assembly could pass 
a bi l l  that would mandate those emissions 
r eductions be achieved by 2025, ensur ing 
that Colorado plays a signi f icant role in 
mitigating global cl imate change. The bi l l  
should acknow ledge the cur rent capaci ty of 

Colorado?s lands to sequester  carbon and 
recognize the potential to improve 
ter r estr ial carbon sequestration w ithin the 
state. I t would r equir e the establishment of 
a pr ice on carbon using a cap-and-tr ade 
program, a cap-and-dividend program or  a 
carbon tax. Whatever  the instr ument, we 
recommend including speci f ic mechanisms 
to incorporate ter r estr ial carbon stocks, 
such as carbon offset projects (see Case 
Study 1).

Case Study 1: Cal i for n ia Global  War m ing Solut i ons Act  of  2006 (AB32)

Cali fornia?s State Legislature passed AB32 in 2006, which established an economy-w ide 
em issions r educt i on m andate for  the state. The bi l l  r equir ed Cali fornia to r educe i ts 
GHG emissions to 1990 levels by the year  2020, roughly 15% below  expected emissions 
from a Business-As-Usual scenar io (Cali fornia Air  Resources Board, 2014). The Cali fornia 
Air  Resources Board (ARB) chose to uti l ize a cap-and-tr ade program to achieve the 
necessar y emissions r eductions. Cali fornia?s cap-and-tr ade program covers 85% of total 
GHG emissions w ithin the state, r egulates multiple gases, and focuses on key 
GHG-emitting sector s (Cali fornia Air  Resources Board, 2014; Environmental Defense 
Fund, 2012). Proceeds from the auctions of emissions al lowances go to a Greenhouse Gas 
Reduction Fund, which contr ibutes to funding a var iety of environmental programs 
including the Healthy Soi ls Ini tiative (?Cali fornia Climate Investments,? 2017).

One key feature of the cap-and-tr ade program is car bon of f sets. Carbon offset projects 
improve carbon stocks and quanti fy the emissions r eductions benefi ts which generate 
offset credi ts. The ARB allows regulated enti ties to offset up to 8% of their  compliance 
obligation through several categor ies of offset projects. Voluntar y carbon standard 
organizations develop protocols for  each project type, which are then assessed and 
adopted by the ARB for  use. The ARB assesses individual projects to ensure that their  
emissions r eductions benefi ts are r eal, permanent, quanti f iable, ver i f iable, enfor ceable, 
and additional (Table 6) (?Assembly Bi l l  32 Over view ,? 2014; Environmental Defense 
Fund, 2012). Whi le Cali fornia?s offset projects are geographical ly r estr icted to Nor th 
Amer ica, r egulated enti ties can purchase offset credi ts from projects conducted in other  
states across the US. 

AB32 ser ves as a useful example of state-l evel  leadership on cl imate change mitigation. 
The cap-and-tr ade program also highl ights the impor tance of managing lands for  
ter r estr ial carbon. The Cali fornia State Legislature r ecently r enewed the cap-and-tr ade 
program through 2030 in a bi l l  (AB 398) that sol idi f ied the program and reduced 
long-term uncer tainty. A new  Compliance Offsets Protocol Task Force was convened as 
par t of the bi l l  for  the purpose of helping develop offset protocols that focus on dir ect 
benefi ts to communities in Cali fornia (Assembly Bi l l  No. 398, 2017). 

Details and Evaluation
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Evaluat i on: The passage of an emissions 
r eductions bi l l  has the potential to have a 
large impact on Colorado?s ter r estr ial 
carbon stocks. That potential would be 
maximized i f  the bi l l  was designed to 
speci f ical ly emphasize ter r estr ial carbon 
sequestration. Although the chance of such 
a bi l l  passing through Colorado?s state 
legislature in the immediate future is 
cur rently low , there is potential for  passage 
by future state Assemblies. The 
administr ative cost of an emissions 
r eductions bi l l  is l ikely high due to the 
necessar y r esources r equir ed for  designing 
and implementing a robust carbon 
reduction instr ument. In terms of 
stakeholder  equity, such a bi l l  would place 
additional f inancial and compliance 
burdens on extr active and manufactur ing 
industr ies, fuel impor ter s, and other  
pol luter s. However , the benefi ts to public 
health and the environment would l ikely be 
substantial. Overal l , this pol icy could have 
the largest carbon impact for  the state, but 
may be one of the most di f f icult to pass and 
implement effectively.

2. Pass a Statew ide Post-Wi ldf i r e 
Car bon Incent ives Pr ogr am  Bi l l : 

Forest f i r es in Colorado are expected to 
intensi fy and increase in coming decades 
(Gordon & Ojima, 2015; Schoennagal et al., 
2017). Forests may natural ly r egenerate 
after  f i r es, but r egeneration can be slow  
and many burn scars r equir e manual 
r eplanting due to hydrophobic soi l  
conditions after  high intensi ty f i r es 
(Debano, 2000). In Colorado, forests w ith 
major  burn scars compr ise 1,243,101 acres. 
Of these burn scars, 30% are located on 
pr ivately-ow ned lands (MTBS Project, 
2017). Our  r eforestation scenar io indicated 
that r eforesting these pr ivately-ow ned 
burned scars could yield an increase in 
carbon stocks of roughly 53 MMT CO2eq. 
This increase would surpass Colorado?s 
statew ide cumulative emissions r eduction 
r equir ements of 39 MMT CO2eq (although

Case Study 2: Mar yland For est  
Pr eser vat i on Act  of  2013 (HB706)

Mar yland?s State Legislature passed the 
Mar yland Forest Preser vation Act of 2013, 
which established the statew ide 
requir ement of ?no net  l oss of  for ests? 
going for ward (House Bi l l  706, 2013). The 
Forest Preser vation Act bui lds upon 
Mar yland's 1991 Forest Conser vation Act, 
and aims to improve i ts compliance 
(Mar yland Depar tment of Natural 
Resources, 2017). The bi l l  expanded the 
purpose and author ized uses of an existing 
Refor estat i on Fund , in order  to 
incentivize r eforestation effor ts across the 
state through tax benefi ts and credi ts to 
pr ivate landow ners. I t also includes tools 
such as disincentives for  r edevelopment 
projects on imper vious sur faces, the 
creation of a statew ide forest r esource 
inventor y (to be updated ever y f ive years), 
and increased penalties for  intentionally 
star ting forest f i r es.

Because the Forest Preser vation Act is an 
incentive-based law , forest loss in 
Mar yland hasn?t completely halted. 
Law makers in Mar yland are cur rently 
consider ing adopting a more r egulator y 
appr oach , w i th a r equir ement for  
developers to r eforest areas equivalent to 
those cleared for  development. In 
addition, a ?no net loss? policy for  Western 
states would have to take into account the 
complexi ties of unpredictable w i ldf i r e 
r egimes. Nonetheless, the Mar yland Forest 
Preser vation Act of 2013 ser ves as a useful 
case for  how  reforestation effor ts can be 
successful ly incentivized at a statew ide 
level. 
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it is impor tant to note that this may or  may 
not be achievable by the year  2025). 

The Colorado General Assembly could pass 
a law  that establishes a ?Reforestation 
Incentives Program? to incentivize 
post-w i ldf i r e r eforestation on pr ivate lands. 
The bi l l  could be modeled after  the 
introduced Forest Incentives Program Act 
of 2015 (SB 1733, 2015). Incentives could 
include dir ect f inancial aid, tax credi ts, or  
technical assistance for  conducting 
r eforestation projects. This bi l l  could also 
establish funding for  ongoing monitor ing 
effor ts to identi fy post-burn si tes in need of 
r eforestation. Replanting effor ts would 
need to be sustainably managed to avoid 
creating more dense, f i r e-prone forests (see 
Case Study 2).

Evaluat i on : This policy could have a large 
impact on carbon stocks by providing 
incentives to pr ivate landow ners for  
r eforestation of burn scars. I t is unl ikely 
that state funds w i l l  be appropr iated for  
r eforestation on federal lands but they 
could be used to fund effor ts on pr ivate and 
state lands. The most di f f icult pol i tical 
aspects would be establishing adequate 
funding sources and secur ing continuous 
funding for  the administr ative costs of 
implementation. Par ticipation would be 
voluntar y so a r eforestation bi l l  would have 
high levels of equity among stakeholders.

3. Cr eat ing a Car bon Task  For ce Via 
Legislat ive Author i zat i on: 

Shor t of creating and passing a binding 
emissions r eductions mandate, the 
Colorado General Assembly could convene 
a task for ce for  the purpose of studying the 
role of Colorado?s lands in achieving the 
goals of Executive Order  D 2017-015. The 
task for ce would identi fy speci f ic 
conser vation, r estoration, and management 
practices that improve carbon stocks and 
f luxes in Colorado. I t would also suggest 
incentive mechanisms to land managers for  
adopting these best practices. To maximize 
impact, the task for ce would make formal 
r ecommendations to the Colorado General 
Assembly as well  as to federal land 
management and agr icultural agencies (see 
Case Study 3).

Evaluat i on: Passing cl imate-related 
legislation through a divided state 
legislature typical ly has low  poli tical 
feasibi l i ty, but creating a task for ce is l ikely 
to be less controversial due to i ts pr imar y 
focus on r esearch and recommendations. A 
carbon task for ce has the potential to have 
a medium to high impact on Colorado?s 
carbon stocks, though i ts eff icacy depends 
greatly on adequate funding and the 
w i l l ingness of land managers to adopt 
r ecommended practices.

Case Study 3: Hawai i?s Car bon Far m ing Task  For ce (HB 1578)

Hawai i?s State Legislature passed HB 1578 in June 2017, which established the Carbon 
Farming Task Force w ithin the Off ice of Planning (Hawai i  House Bi l l  1578, 2017). The 
Task Force focuses on identi fying key agr icultural and aquacultural practices to both 
im pr ove soi l  heal th  and car bon sequest r at i on  on farming operations w ithin the state. 
The Task Force is charged w ith making r ecommendations to the governor  and the 
legislature based on their  f indings and is given deference to develop funding 
mechanisms for  incentivizing adoption of identi f ied practices. These could include 
loans, tax credi ts, grants, educational mater ials, technical assistance, or  r esearch 
(Hawai i  House Bi l l  1578, 2017).

The Carbon Farming Task Force may have a signi f icant impact on ter r estr ial carbon 
sequestration in Hawai i  and could play a large role in shi f ting conventional agr icultural 
and aquacultural practices towards those that improve carbon sequestration.
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4. Conduct  Car bon Of f set  Pr ojects: 

TNC Colorado could consider  the potential 
for  generating carbon offset credi ts when 
negotiating conser vation easements. Offset 
projects produce ver i f ied carbon benefi ts 
and can yield f inancial gains. There are 
both compliance-based and voluntar y 
markets cur rently operating in the US. 
Compliance-based offset credi ts are used in 
Cali fornia?s cap-and-tr ade market, ver i f ied 
by the Cali fornia Air  Resources Board 
(ARB), and cur rently are tr ading above the 
pr ice f loor  of $13.57/credi t (Air  Resources 
Board, 2017). Voluntar y offset credi ts can 
be sold more broadly into existing 
voluntar y markets and are ver i f ied by 
carbon offset standard organizations 
including the Amer ican Carbon Registr y, 
the Ver i f ied Carbon Standard, and the 
Climate Action Reser ve. Voluntar y credi t 
pr ices r ange w idely from $0.50/credi t to 
over  $50/credi t, but the average pr ice 
($3/credi t) is lower  than the compliance 
market?s f loor  pr ice. I t is wor th noting that 
Forestr y and Land Use accounts for  the 
second highest volume of credi ts tr aded by 
categor y, and has a higher  average pr ice 
than the total voluntar y market, at 
$5.10/credi t3 (Hamr ick & Gallant, 2017) (see 
Table 6 and Table 7).

When TNC protects land in Colorado via a 
conser vation easement, a 
cost-benefi t-analysis (CBA) for  offset credi t 
generation could be conducted before the 
easement is w r i tten. In par ticular , Avoided 
Conversion offset projects al ign closely w ith 
the existing organizational approach to 
land acquisi tion. However , in order  to be 
el igible for  Avoided Conversion offset 
credi ts, TNC would have to prove 
additionali ty (Table 7) and would need to 
show  an imminent threat of conversion for  
the proper ty. Much of the forest conversion 
in Colorado is expected to r esult from forest 
f i r es r ather  than from development. As 
such, Improved Forest Management (IFM) 
and Reforestation projects should be 
considered. IFM and Reforestation credi ts 
sel l  at the highest average pr ices by project 
type w ithin the voluntar y market, at 
$9.50/credi t and $8.10/credi t r espectively 
(Hamr ick & Gallant, 2017). I f  the CBA 
indicates a net f inancial benefi t from 
generating and sel l ing offset credi ts, TNC 
could use the proceeds to protect more land 
and fur ther  improve carbon stocks in 
Colorado. In addition, TNC could encourage 
public-pr ivate par tner ships on offset 
projects in order  to inf luence carbon stocks 
on public lands (see Case Study 4).

Evaluat i on : Much of Colorado?s pr ivate 
lands may be el igible for  carbon offset 
projects. Depending on the level of 
engagement by landow ners and 
organizations, offsets have a large potential 
to impact Colorado?s carbon stocks and 
produce ver i f ied carbon credi ts. For  
example, our  spatial analysis shows that 
avoided conversion of the Grassland cover  
type has the potential to increase 
Colorado?s carbon stocks by 40.2 MMT 
CO2eq by 2051. Avoided conversion of 
forests has even greater  potential, though 
much of the conversion w i l l  be dr iven by 
(continued on Page 34) 

3 These averages include international offset projects, which typical ly produce cheaper  credi ts than 
projects in Nor th Amer ica. 
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Case Study 4: USFS San Juan Nat ional  For est  Car bon Of f set  Pr oject

In 2002, the Missionar y Ridge forest f i r e severely burned por tions of San Juan National 
Forest. Four teen years later , Disney was working towards i ts goal of net zero emissions 
from i ts amusement parks and approached the USFS about conducting a 
r efor estat i on car bon of f set  pr oject  ("Carbon Demonstration Project San Juan 
National Forest," 2016). Disney channeled i ts funds through the National Forest 
Foundation, enabling the USFS to r eforest 760 acres of the burned area. The 
reforestation effor t has been ver i f ied by the Amer ican Carbon Registr y, cur rently the 
only r egistr y that w i l l  ver i fy projects on federal lands, and is generating voluntar y 
carbon offset credi ts (National Forest Foundation, 2016). Whi le the USFS is federal ly 
charged w ith r eforesting burned si tes l ike Missionar y Ridge, budgetar y constr aints 
have consistently l imited their  abi l i ty to address al l  r eforestation needs on their  lands. 
Thus, this carbon offset project has been show n to have ?additionali ty? (Table 6) and is 
therefore el igible for  generating ver i f i ed car bon cr edi t s.

The Missionar y Ridge project r epresents an innovative approach to leveraging pr ivate 
funding for  r estor at i on of  feder al  l ands. Over  the past 20 years, the USFS?s spending 
towards managing and maintaining the National Forest System has decreased from 
58% of i ts total budget in 1995 to 20% in 2005 (USFS, 2015). Spending for  w i ldland f i r e 
management has increased from 16% to 52% over  the same timeframe. With a bleak 
outlook for  public funding for  r estoration, public-pr ivate par tner ships are an 
increasingly effective str ategy for  enabling cr i tical r estoration effor ts and improving 
carbon stocks across the West.

Ter m Def in i t i on1

Additionali ty Additional carbon removals are those that would not have occur red in the 
absence of an offset project

Permanence Occurs when carbon removals due to offset projects w i l l  r emain f ixed for  the 
long term

Leakage Occurs when conducting an offset project causes an increase in emissions in an 
area outside the geographic boundar y of the project

Offset Credi t A credi t generated from an offset project, typical ly equivalent to the r emoval of 
1 MT CO2eq from the atmosphere

Ver i f ication 
Offset projects generate ver i f ied offset credi ts which r esult from a ver i f ication 
process conducted by standard organizations. This process includes per iodic 
greenhouse gas monitor ing and repor ting by thir d par ties

Table 6: Key Terms and Defini tions for  Carbon Markets
 

1 (?Markets and Standards,? 2017)
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1 Only land use based offsets protocols included here
2 Only project types that are applicable to Colorado included here
3 (?Auction Notice?, 2017)
4 (?Cali fornia Cap and Trade Program?, 2017)
5 (Hamr ick & Gallant, 2017)

Table 7: Carbon Market Offsets Over view  
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Mar ket  
Type

Or ganizat i on
Of fset  

Pr otocols1 Of fset  Pr oject  Type2

Compliance
Cali fornia Air  

Resources Board

Forests

Reforestation

Improved Forest Management

Avoided Conversion

Of fset  
pr i ce/ton

Floor  Pr ice: 
$13.57/credi t³ 

324,731,247 
al lowances 
sold in 2016 

Urban 
Forests

Tree Planting

Urban Forest Maintenance

Voluntar y

Amer ican 
Carbon Registr y

Forests

Afforestation & Reforestation of Degraded 
Lands

Avg. pr ice 
for  Forestr y 

and Land 
Use offset 
credi ts: 

$5.10/credi t 

$67 mi l l ion 
offset credi ts 
sold in 2016 

=13.1 
MMTCO?eq?

Improved Management for  Non-Federal 
Forestlands

Improved Forest Management for  U.S. 
Timber lands

REDD - Avoiding Planned Deforestation

Grasslands

Avoided Conversion of Grasslands and 
Shrublands to Crop Production

Compost Additions to Grazed Grasslands 

Climate Action 
Reser ve

Forests

Reforestation

Improved Forest Management

Avoided Conversion

Grasslands Avoided Conversion of Grasslands and 
Shrublands

Urban 
Forests

Tree Planting

Urban Forest Management

Ver i f ied Carbon 
Standard

Agr iculture Agr icultural Land Management

Forests

Afforestation, Reforestation and Revegetation

Improved Forest Management (IFM) for  U.S. 
Timber lands

REDD

Grasslands Avoided Conversion of Grasslands and 
Shrublands

Wetlands Wetlands Restoration and Conser vation
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forest f i r es and may be unavoidable. The 
costs of engaging in the existing carbon 
markets var y, although the ini tial 
ver i f ication fee can be cost-prohibi tive i f  
the carbon benefi ts from the project are too 
small. 

Forest offset projects are l ikely to be the 
most feasible in a Colorado context. 
Reforestation and Improved Forest 
Management protocols are most attr active, 
for  the r easons discussed above. More 
r esearch should be done and existing pi lot 
projects, such as the Environmental 
Defense Fund?s ongoing grassland offset 
pi lot project, should be monitored to 
evaluate the feasibi l i ty of Avoided 
Conversion grassland projects in a Colorado 
context (Haynes, 2016). Offset projects can 
dir ectly benefi t involved stakeholders w ith 
l i ttle or  no detr imental effects to the w ider  
population, and investments in offset 
projects can have multipl icative carbon 
benefi ts. In addition, offsets r epresent a 
unique pathway to enhancing carbon 
stocks because they can result in dir ect 
f inancial gains that can be used to fund 
fur ther  conser vation effor ts.

5. Im plem ent  or  Im pr ove Wet land 
Pr otect i on Plans: 

I f  a native wetland is conver ted, 80-90% of 
the carbon lost in the conversion cannot be 
r egained via r estoration effor ts (Hossler  et 
al., 2011). As such, wetland protection, not 
r estoration, should be the focus of pol icies 
seeking to preser ve wetland carbon stocks. 
Wetlands enjoy some federal protection 
under  Section 404 of the Clean Water  Act 
(CWA). However , due in par t to the lack of 
coverage provided by the CWA?s defini tion 
of wetlands, wetlands sti l l  often face 
conversion pressure (40 CFR §404). This 
provides oppor tuni ty for  additional 
wetland protections to be developed at the 
subnational levels. Ci ties across Colorado 
could enact pol icies mandating greater  
wetland protection standards than federal 
minimums. Robust wetland protection 
policies should have regulator y for ce, 
include mandator y buffer  areas, r ecognize 
smaller  wetland areas, and mandate 
stronger  mitigation r equir ements. There is 
signi f icant potential for  adoption of 
str ingent wetland policies by municipal i ties 
across the state (see Case Study 5).

Case Study 5: Ci t y of  Boulder  Wet land Pol i cies

The City of Boulder  has adopted str ingent wetland policies that r egulate development 
on and near  wetlands w ithin the ci ty l imits. These policies, detai led in Chapter  9-3-9 of 
the Boulder  Revised Code, go above and beyond feder al  wet land def i n i t i ons and 
r egulat i ons in terms of inclusivi ty, protection, and mitigation (Boulder  Revised Code 
9-3-9, 2009). The City of Boulder?s wetland regulations apply to wetlands of 400 sq. f t. or  
larger  and requir e both 25-50 ft. buffer  zones and regular  functional evaluations of  
mitigation work. They also have higher  mitigation r equir ements than the federal 
minimum of a 1:1 r atio, mandating up to a 2.5:1 r atio for  r equir ed creation of r are or  
hard-to-create wetlands (Boulder  Revised Code 9-3-9, 2009). Boulder  r emains one of the 
only ci ties in Colorado to have enacted str ict wetland policies w ith r egulator y for ce.

Without such policies, wetlands that are not protected under  Section 404 of the Clean 
Water  Act are in danger  of dredging, draining, f i l l ing, and excavation. Boulder 's pol icies 
r equir e any project l ikely to impact wetlands apply for  a Str eam, Wetland, or  Water  
Body Conditional Use or  Standard Permit (in addition to the CWA Section 404 Permit 
Program).  Boulder?s robust wetland policies can ser ve as a m odel  for  adopt ion  by 
other  ci ties around Colorado.



35

Evaluat i on: As descr ibed above, avoiding 
wetland conversion is the most effective 
way to preser ve their  carbon stocks. 
Wetland Protection Plans would play a 
large role in protecting existing wetlands. 
According to our  spatial analysis, avoided 
conversion of al l  wetlands in Colorado 
through 2051 would increase wetland 
carbon stocks by 37%. However , i t is 
unl ikely that these plans w i l l  be univer sal ly 
adopted. Poli tical feasibi l i ty of adoption 
var ies by ci ty, based on public and poli tical 
w i l l  as well  as administr ative capaci ty. The 
mitigation and monitor ing aspects of this 
option may requir e additional funding and 
staff . I t is also l ikely that pr ivate 
landow ners w ith wetland areas on their  
proper ty w i l l  be the most impacted 
stakeholders due to r estr ictions on 
management and development.

6. Cont inue to Pr eser ve Conser vat i on 
Reser ve Pr ogr am  (CRP)-Enr ol l ed 
Lands As Cont r acts Ex pi r e: 

Our  spatial analysis shows that in 2011, 
there were 9.5 mi l l ion acres of agr icultural 
land in Colorado. Roughly 1.8 mi l l ion of 
these acres are enrol led in CRP as of May 
2017, w ith 1.4 mi l l ion acres set to come out 
of contract in the next f ive years 
(?Conser vation Reser ve Program Monthly 
Summar y,? 2017). The Farm Bi l l  could create 
more options for  CRP contract lengths (e.g. 
15 years, 30 years, or  permanent) w i th 
tiered incentive options that pr ior i tize 
longer -term contracts, since carbon 
sequestration in Colorado happens over  
long temporal per iods. The Agr icultural 
Conser vation Easement Program (ACEP) 
project r anking process could also be 
changed so that lands that have CRP 
contracts expir ing w ithin a year  r eceive a 
higher  score than the 15/200 points 
cur rently given. In addition, the National 
Resource Conser vation Ser vice (NRCS) could 
consider  distr ibuting payments year  by year  
r ather  than in lump sums. 

Evaluat i on: Depending on which approved 
practices are implemented, carbon stocks 
and f luxes on CRP lands w i l l  var y. Whi le i t is 
di f f icult to quanti fy the exact carbon 
benefi t, tr ansi tioning expir ing acres to ACEP 
could r esult in a medium carbon impact. 
Due to the numerous stakeholders involved 
in Farm Bi l l  del iberations, the poli tical 
feasibi l i ty of implementing this pol icy is 
moderate. For  this tr ansi tion to be 
successful, Farm Bi l l  funding for  ACEP 
would need to be increased. Enrol l ing in 
longer  contracts or  tr ansi tioning to ACEP 
would stay voluntar y yet become better  
incentivized, so stakeholder  equity would 
r emain high.

7. Include Car bon Sequest r at i on i n  
the Am ended Color ado Cl im ate Plan:

In addition to setting emissions r eductions 
goals, Executive Order  D 2017-015 cal ls for  
the incorporation of those goals into the 
2015 Colorado Climate Plan. Governor  
Hickenlooper?s Executive Order  also cal ls 
for  the sol ici tation of stakeholder  input on 
additional measures or  str ategies to advance 
those goals. A draft of the new  plan w i l l  be 
open for  a 30-day public comment per iod on 
October  2, 2017. Carbon sequestration 
should be included in the Climate Plan and 
the mitigation potential of Colorado?s lands 
should be explici tly r ecognized. 
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Evaluat i on: As the process of amending 
the Colorado Climate Plan is alr eady in 
motion, the poli tical feasibi l i ty of this 
r ecommendation is high. Avenues for  
stakeholder  input are alr eady established, 
so the addition of language that r ecognizes 
the carbon sequestration potential of 
Colorado?s lands is r elatively low  cost and 
str aightfor ward. Whi le the Colorado 
Climate Plan may guide future statew ide 
cl imate policy, i t only provides 
r ecommendations, l imiting the potential for  
associated carbon benefi ts. However , 
including carbon sequestration in the 
Climate Plan is an impor tant step in 
Colorado?s effor ts to r educe GHG emissions, 
despite i ts lack of r egulator y for ce.

8. In f l uence the NRCS Color ado State 
Technical  Com m i t tee to Consider  
Car bon in  CRP Recom m ended 
Pr act i ces: 

The NRCS Colorado State Technical 
Committee could add a metr ic detai l ing the 
carbon impacts of each management 
practice when forming i ts CRP 
Recommended Practices l ist. Proposals 
should be weighed based on that carbon 
metr ic in addition to existing conser vation 
metr ics. We recommend that NRCS also 
strongly consider  the r emoval of practices 
that are found to decrease carbon stocks 
from the Recommended Practices l ist.

Evaluat i on: This pol icy?s impact on 
carbon stocks var ies from low  to medium, 
depending on which practices are selected 
and the r ate of adoption by producers. 
Oppor tuni ties exist to engage w ith the State 
Resource Conser vationist, who makes 
recommendations to the State Technical 
Committee. The State Technical Committee 
then submits r ecommendations for  
approval to the Farm Ser vice Agency (FSA) 
State Committee. This option has moderate 
poli tical feasibi l i ty because the FSA may be 
resistant to change. Few  additional 
r esources would be r equir ed to pur sue this 
option. Some stakeholders may be 
negatively impacted by the r emoval of less 
carbon beneficial practices from the 
CRP-Recommended Practices l ist.

9. Im pr ove Far m  Bi l l  Pr ogr am s for  
Car bon Sequest r at i on: 

The fol low ing Farm Bi l l  programs can be 
modif ied to incentivize land management 
for  carbon sequestration:

a. The Environmental Quali ty Incentive 
Program (EQIP) should maintain biological 
carbon storage and sequestration as a 
national pr ior i ty (?EQIP,? 2017). 

b. NRCS could el iminate EQIP incentive 
payments for  landow ners conver ting native 
grassland to ?organic crop production.? 

c. The CRP could add carbon sequestration 
to the Environmental Benefi ts Index used to 
r ank lands for  CRP awards. 

d. The Conser vation Reser ve Easement 
Program (CREP) could el iminate or  
disincentivize 10-year  contract easements 
and incentivize longer  term or  permanent 
contracts. 

e. The Conser vation Stewardship Program 
(CSP) could include ter r estr ial carbon 
storage as a targeted r esource concern. We 
also r ecommend that CSP increase contract 
length options beyond the cur rent 5-year  
standard to include perpetual or  permanent 
options.
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Evaluat i on: Depending on which 
programs are improved, carbon benefi ts 
could r ange from low  to medium. Poli tical 
feasibi l i ty of al l  r ecommended 
improvements is general ly high, since no 
new  funding mechanisms need to be 
identi f ied and the changes are not 
signi f icant overhauls of any program. 
Stakeholder  equity of this pol icy option 
would var y depending on which programs 
are targeted. Of the r ecommended 
improvements, the EQIP program 
alterations would l ikely have the most 
negative impacts for  the small group of 
stakeholders who cur rently engage in 
practices that conver t native grasslands. 

10. Incr ease ACEP Enr ol lm ent  i n  
Color ado: 

Colorado-al located ACEP funding could be 
increased to expand the total area of lands 
protected by easements in Colorado. 
Cur rently, Colorado demand for  ACEP 
enrol lment exceeds al located funding, 
which for ces Colorado to tap into excess 
funds from other  states to meet demand. 
ACEP also cur rently offer s both 30-year  
and permanent easements. By making al l  

conser vation easements permanent, carbon 
stock benefi ts would be maintained in 
perpetui ty. In order  to incentivize 
permanent easements, ACEP could also 
model payment str uctures after  CREP, 
where payments are continuous over  a set 
per iod of time rather  than lump sum.

Evaluat i on: There are cur rently only 
6,185 ACEP-enrol led acres in Colorado 
(?Agr icultural Conser vation Easement 
Program,? 2017). However , applications 
exceed state al locations of ACEP funding. 
Whi le ACEP only covers a small per centage 
of total state land area, the program funds 
the protection of carbon-r ich lands. As 
demand for  this program is larger  than 
cur rent funding al locations, increased 
ACEP funding would l ikely yield carbon 
benefi ts through avoided conversion. 
However , the effect on carbon stocks w i l l  
l ikely be minimal due to the small amount 
of acreage cur rently enrol led. Poli tical 
feasibi l i ty is moderate as i t would r equir e 
r eal location of Farm Bi l l  funds. Stakeholder  
equity is high as more agr icultural 
producers would have access to this 
program.
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11. Develop a Car bon Account ing Tool  
to Incor por ate Car bon in  Gr eat  
Outdoor s Color ado (GOCO) Gr ant  
Appl i cat i ons: 

GOCO has funded the protection of over  
one mi l l ion acres in Colorado since 1992 
and continues to play a large role in 
conser vation effor ts around the state 
(?About Us,? 2017). A carbon metr ic could 
be incorporated into grant applications to 
supplement existing conser vation cr i ter ia. 
In order  for  applicants to easi ly estimate 
the carbon implications of a project, a 
user -fr iendly carbon accounting tool would 
l ikely need to be developed. Such a tool 
could be closely modeled after  
COMET-Farm, an online tool that al lows 
producers to quanti fy the carbon impacts of 
var ious agr icultural practices 
(COMET-Farm, 2017). Adding a carbon 
metr ic would be especial ly applicable to 
GOCO?s Land Conser vation Grants, 
including the Conser vation Easement 
Transaction Costs Grants and the Open 
Space Grants. This pol icy could be 
implemented ei ther  as par t of a 
r eauthor izing legislation package or  by 
lobbying GOCO to include a carbon metr ic, 
as well  as this tool, as par t of i ts grant 
applications.

Evaluat i on: I t is l ikely that GOCO?s 
protection effor ts alr eady have carbon 
benefi ts due to impacts from avoided 
conversion. Additional carbon benefi ts that 
accrue from the explici t consideration of 
carbon may be l imited. Nonetheless, a 
carbon accounting tool could have broader  
applications and may inf luence 
decision-making of other  phi lanthropic 
organizations. The development of such a 
tool would have high poli tical feasibi l i ty, 
but would r equir e funding for  r esearch and 
development. Incorporating carbon as a 
decision-making metr ic into r eauthor izing 
legislation for  GOCO may be poli tical ly 
challenging, whereas working w ith GOCO 
dir ectly to encourage them to use a carbon 
metr ic would l ikely be more feasible. In 
ei ther  scenar io, the development of a 
r eadi ly-implementable carbon accounting 
tool would make a carbon metr ic more 
attr active to GOCO staff  and legislator s. To 
minimize negative stakeholder  impacts, the 
inclusion of a carbon metr ic would need to 
be careful ly designed as to avoid 
unintended consequences. For  example, the 
carbon metr ic should not over ly 
disincentivize activi ties w ith ver i f iable 
conser vation benefi ts such as invasive 
species r emoval.

© The Nature Conser vancy (Laur yn Wachs)
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Recom m ended Pol i cies for  TNC Color ado Engagem ent  

In order  to better  impact carbon sequestration in Colorado, we recommend that TNC 
Colorado consider  engaging w ith several of the policies we evaluated. These are the top 
four  pol icies we recommend that TNC Colorado pursue. These are also policies that have 
been identi f ied to have a high potential impact on Colorado?s carbon stocks in our  matr ix 
analysis.

1. Help Pass a State-Level  Em issions Reduct ions Bi l l : Whi le cur rent pol i tical 
feasibi l i ty for  this option is low , there is cer tainly future potential for  i ts passage. We 
recommend that TNC Colorado engage w ith legislator s when appropr iate to 
emphasize the need for  including ter r estr ial carbon in such a bi l l .  In addition, there 
may be oppor tuni ties after  i ts passage to advocate for  proceeds from carbon 
al lowance auctions or  a carbon tax to be distr ibuted towards conser vation programs.

2. Car bon Task  For ce: We recommend convening a government task for ce to study the 
role that land management can play in meeting the cl imate targets established by the 
Governor 's r ecent Executive Order.  The task for ce should have the power  to make 
formal r ecommendations to the Colorado General Assembly, as well  as to federal land 
management and agr icultural agencies. TNC Colorado could advocate for  the creation 
of a carbon task for ce through legislative or  executive author i ty. 

3. Incent iv i ze Refor estat i on of  Pr ivate Lands: We recommend the passage of a bi l l  that 
establishes a Carbon Incentives Program to incentivize post-w i ldf i r e r eforestation on 
pr ivate lands through dir ect f inancial aid, tax credi ts or  technical assistance for  
r eforestation projects. The bi l l  could be modeled after  the Mar yland Forest 
Preser vation Act of 2013, which includes a Reforestation Fund for  pr ivate landow ners. 
TNC Colorado could help establish a Carbon Incentives Program by advocating for  the 
passage of such a bi l l .

4. Pur sue Car bon Of f sets: Carbon offsets al ign closely w ith TNC Colorado?s protection 
and conser vation effor ts. Engaging in carbon markets r equir es no poli tical 
inter ventions and therefore is highly feasible. Carbon offset projects could help fund 
future conser vation effor ts and generate r eturns for  both TNC Colorado and 
par ticipating landow ners. We recommend that TNC Colorado consider  adding 
language to new  conser vation easements that al lows for  offset generation. In 
addition, consideration of the potential to generate offset credi ts should be 
implemented into TNC Colorado?s land acquisi tion decision-making cr i ter ia.
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Included here are additional pol icies that would increase ter r estr ial carbon sequestration 
in Colorado. They were not explored ful ly in this pol icy evaluation analysis due to time 
and resource constr aints. However , we identi f ied these policies as having r eal potential to 
improve carbon stocks in Colorado, and we recommend pursuing them.

- Reauthor ize GOCO through legislation to ensure funding for  future conser vation 
purchases.

- Incorporate carbon metr ics into Colorado Conser vation Exchange?s optimization 
models, so as to include consideration of carbon sequestration into project area 
selection.

- Submit public comments on federal agency plans and programs, including BLM and 
USFS, urging the agencies to engage in mitigation effor ts in order  to offset impacts 
from federal land use decisions.

- Engage w ith county-level land use planning to integrate carbon benefi ts into 
decision-making.

- Maintain, increase, and improve the Colorado Conser vation Easement Tax Credit.

- Purchase (or  faci l i tate the purchase of ) in-str eam f lows to protect and preser ve 
native wetlands that r ely on seasonal f looding.

- Consider  carbon sequestration impact as a metr ic in land protection decisions and  
include best land management practices for  sequester ing carbon in future 
conser vation easement agreements.

- Ensure that adequate funding is avai lable for  conser vation and restoration through 
the USFS. This could be accomplished through establishing a separate USFS fund for  
emergency f i r e management to avoid the necessi ty of f i r e bor row ing (e.g. the 
proposed National Wi ldf i r e Disaster  Funding Act) (HR 167, 2015).

- Fully fund the Land and Water  Conser vation Fund (LWCF) and consider  carbon 
sequestration in pur chasing decisions.

- Create a Colorado state GHG reduction fund (?Cali fornia Climate Investments,? 
2017).

Fur ther  Pol i cy Recom m endat ions
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Conclusion
Colorado?s lands cur rently play an impor tant role in mitigating anthropogenic cl imate 
change. There is signi f icant potential to improve Colorado?s carbon stocks through 
di f ferent management practices and policies. Policy options exist at multiple jur isdictional 
levels that, i f  altered or  adopted, w i l l  help preser ve and increase those stocks. Of the major  
land cover  types in Colorado, Forest cur rently holds the largest carbon stock. I t is l ikely 
that in coming years, this stock w i l l  be threatened by increased w i ldf i r e. Reforestation 
after  w i ldf i r es and avoiding conversion of carbon-r ich land cover  types are both key to 
maintaining and/or  improving Colorado?s carbon stocks. Managing lands to improve 
carbon sequestration can contr ibute to meeting cl imate goals. For  example, complete 
r eforestation of al l  cur rent burn scars in Colorado could contr ibute up to 72% of 
Colorado?s cumulative emissions r eductions target of 39 MMT CO2eq (Arnold et al. 2014; 
Executive Order  No. D 2017-015). Organizations l ike TNC have many oppor tuni ties to 
actively engage policymakers and stakeholders to encourage better  management of 
Colorado?s natural and working lands in the context of cl imate change.

Understanding Colorado?s ter r estr ial carbon resources is key to making informed land 
management decisions. This work can ser ve as a model for  other  state-level carbon 
analyses and can be applied at larger  or  smaller  scales. The study also ser ves as an 
example of how  spatial analysis can be used to inform land management decisions in a 
carbon sequestration context. 
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Recom m endat ions for  Fur ther  Resear ch

Several oppor tuni ties exist to fur ther  r ef ine this analysis. The var iance w ithin land cover  
types could be r educed by conducting pr imar y carbon data col lection, analyzing land 
cover  types by subtype (e.g., breaking the Forest cover  type into aspen, spruce-f i r , 
ponderosa pine etc.), and including exclusively state-speci f ic data. In addition, di f ferent 
cl imate scenar ios could be applied to al l  projections in order  to more r ealistical ly model 
land and carbon stock changes in Colorado. The land protection scenar io could also be 
modif ied to incorporate actual land acquisi tion plans, simulate r ecur r ing land protection, 
and model the carbon impacts of avoided conversion from land protection.

There are also several distinct pr ior i ties for  fur ther  r esearch. Using the methods 
established in this analysis, more speci f ic management simulations could be conducted to 
better  understand the effects of land management on carbon stocks. We have identi f ied a 
need for  comprehensive, long-term studies to examine the net carbon impacts of grazing 
practices and f i r e mitigation, including separate studies for  prescr ibed burns and fuel 
tr eatments. Final ly, simi lar  studies should be conducted across the US to help inform local, 
state, and federal pol icies.

© The Nature Conser vancy (Audrey Wolk)
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Addi t i onal i t y: Additional carbon removals are those that would not have occur red in the 
absence of an offset project

Adm in ist r at ive cost : The potential cost to the implementing organization or  enti ty for  a 
given policy alternative

Af for estat i on : The planting of tr ees in areas that were not previously forested

Business-as-usual : Business-as-usual values r efer  to no change in cur rent management. 
This di f fer s from no management, under  which native landscapes have no human 
inter vention

Car bon diox ide: A greenhouse gas produced by burning carbon and organic compounds 
and by plant r espir ation

Car bon f l ux : Annual change in carbon stock (MT CO2eq/yr  or  MT CO2eq/ha/yr )

Car bon sequest r at i on : Process by which atmospher ic carbon dioxide is taken up by 
plants through photosynthesis and stored as carbon in biomass and soi ls

Car bon sequest r at i on im pact : The potential of a pol icy to increase carbon stocks in 
Colorado

Car bon stock : Amount of carbon stored in a landscape (MT CO2eq or  MT CO2eq/ha)

Cl im ate change m i t i gat i on : Effor ts to r educe or  prevent greenhouse gas emissions

Gr eenhouse gas: Gases that store heat in the atmosphere

Inter quar t i l e Range: The di f ference between the f i r st and thir d quar ti les in a statistical 
distr ibution

Land cover  t ype: One of nine broad land cover  classi f ications found in Colorado: 
Agr iculture, Developed, Forest, Grassland, Open Water  Other  Land, Shrubland, Wetland, 
Woodland (see Appendix B)

Leakage: Occurs when conducting an offset project. Causes an increase in emissions in an 
area outside the geographic boundar y of the project

Mar kov Chain : A statistical method for  producing tr ansi tion probabi l i t ies to predict 
future states based on previous states (Gr instead & Snell , 2009)

Monte Car lo sim ulat i on : A method that computes output statistics (means, var iances) by 
r epeating simulations w ith r andom sampling of input var iables and model parameter s (Li  
& Wu, 2006)

Of fset  cr edi t : A credi t generated from an offset project, typical ly equivalent to the 
r emoval of 1 MT CO2eq from the atmosphere

Glossar y
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Per m anence: Occurs when carbon removals due to offset projects w i l l  r emain f ixed for  
the long term 

Pol i cy al ter nat ive: Policy options that address a policy problem

Pol i cy pr oblem : The defini tion of the key problem or  issue used when selecting 
alternatives in a policy evaluation analysis

Pol i t i cal  feasibi l i t y: The potential of a pol icy to be passed, enacted, or  implemented

Refor estat i on: The planting of tr ees in areas that were previously forested

Stakeholder  equi t y: The distr ibution of potential impacts (both posi tive and negative) 
across r elated stakeholder  groups. Higher  r ankings indicate more evenly distr ibuted 
impacts

Subtype: Land cover  classi f ications w ith more speci f ici ty than land cover  type. For  
example, aspen, bir ch, and spruce-f i r  are subtypes of the Forest land cover  type

Tr ansi t i on : The process by which one land cover  type becomes another

Ver i f i cat i on : Offset projects generate ver i f ied offset credi ts which r esult from a 
ver i f ication process conducted by standard organizations. This process includes per iodic 
greenhouse gas monitor ing and repor ting by thir d par ties

Glossar y
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Appendix  A - MAST Sum m ar y Tables

Stock Flux

Open Water 0 0

For est 49 34

Gr assland 4 7

Shr ubland 4 4

Woodland 5 1

Agr i cu l tur e 10 12

Wet land 6 15

Other  Land 4 3

Developed 7 24

Total 89 100

A-1

Table A1: MAST Summar y Table 1: Number  of data points used in the cur rent carbon stock 
analysis and projections

Stock Flux

For est 76 86

Gr assland 14 61

Agr i cu l tur e 25 110

Wet land 9 39

Other  Land 3 31

Developed 8 44

Total 162 371

Table A2: MAST Summar y Table 2: Number  of data points col lected in the l i terature r eview  
before r eclassi f ication



This section gives fur ther  detai ls into the Li terature Review  and Spatial Analysis methods. 
Additionally, i t provides justi f ications for  several of the methods used in the spatial and 
statistical analyses.

Li ter atur e Review

Research studies pr imar i ly expressed Forest and Developed data in aboveground and 
belowground carbon, so only studies that included both measures were considered in the 
Forest and Developed stock and f lux data we col lected. In contrast, Wetland, Grassland, 
and Agr iculture data were expressed pr imar i ly in soi l  carbon. We did not exclude studies 
that included aboveground carbon due to l imited avai lable data.

We constrained the temporal scope to studies published in 2002 or  later  in an effor t to 
capture the most r ecent and relevant data avai lable and to provide an updated assessment 
of Colorado?s carbon stocks. This constr aint was also imposed due to the scope and 
timeline of this study. Papers that provided general conclusions about carbon 
sequestration impacts from cer tain management actions or  land types but did not include 
any speci f ic quanti tative estimates of stocks or  f luxes were omitted from the l i terature 
r eview. We focused on data speci f ic to Colorado when avai lable. When Colorado data were 
not avai lable, we col lected data speci f ic to western states or  to the US more broadly.

Spat ial  Analysi s

Ecoregions and Conversion Factor

The USGS repor t on Carbon Sequestration in the Western US and the Great Plains r egions 
modif ied the US EPA?s Level I I I  ecoregions from 1999 (Zhu et al., 2012). This modif ication 
created some discrepancies in the ecoregion boundar ies, speci f ical ly in Montana and New  
Mexico. Since the PRISM precipi tation data was averaged over  each region, these 
discrepancies accounted for  only a small amount of er ror , which we recognize as a fault 
w i th the data. 

Climates are var ied across the given study r egions from our  l i terature r eview. Since they 
are often di f ferent from the cl imate in Colorado, we needed to scale our  data. Net and 
Gross Pr imar y Productivi ty are two impor tant measures of an ecosystem?s abi l i ty to grow  
and sequester  carbon, r espectively. Research has show n that precipi tation is a signi f icant 
dr iver  of annual Net and Gross Pr imar y Productivi ty in ter r estr ial ecosystems (Sala et al., 
1988; Hick et al., 2002; Gi lgen & Buchmann, 2009; Beer  et al., 2010; Fensholt et al., 2013) 
and is a better  indicator  than temperature (Del Grosso et al., 2008). Therefore, we chose to 
use 30-year  normal precipi tation data from PRISM to scale our  carbon stock and f lux data 
to Colorado.

LANDFIRE vs. NLCD

We chose to use the NLCD dataset over  the LANDFIRE dataset for  our  study due to 
classi f ication changes between LANDFIRE 2001 and 2014, making a compar ison across the 
two vintages di f f icult.

Appendix  B - Supplem ental  Spat ial  
Methods and Just i f i cat i ons
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Land Cover Classifications

Because NLCD does not have a classi f ication categor y for  Woodland, we reclassi f ied 
LANDFIRE 2012 where any EVT w ith Woodland in the classi f ication and an open tr ee 
canopy cover  as Woodland, w ith ever ything else as not Woodland. We repeated this for  
LANDFIRE 2001. Raster  calculator  was then used to input a conditional statement to 
incorporate the Woodland data from LANDFIRE 2012 into NLCD 2011, as well  as Woodland 
data from LANDFIRE 2001 into NLCD 2001. 

Uncertainty

Where avai lable, we held constant Colorado speci f ic values for  the nine land cover  classes. 
In addition, we ran standard deviation and var iance calculations for  the uni form 
distr ibution simulation to identi fy the largest source of the uncer tainty.

Land Cover  Type Classi f i cat i on Descr ipt i on Dataset  (value)

Open Water Open Water NLCD (11)

Forest Deciduous Forest, Evergreen Forest, 
Mixed Forest

NLCD (41, 42, 43)

Grassland Grassland/herbaceous NLCD (71)

Shrubland Shrub/scrub NLCD (52)

Woodland Reclassi f ied LANDFIRE 2012 where any 
EVT w ith Woodland in the 
classi f ication and an open tr ee canopy 
cover  as Woodland. Anywhere that the 
LANDFIRE Woodland layer  over lapped 
w ith NLCD Forests was classi f ied as 
Woodlands in NLCD.

LANDFIRE

Agr iculture Pasture/hay, cultivated crops NLCD (81, 82)

Wetland Woody wetlands, emergent herbaceous 
wetlands

NLCD (90, 95)

Other  Land Perennial Ice/Snow , Bar ren Land 
(Rock/Sand/Clay) 

NLCD (12, 31)

Developed Developed, Open Space, Developed, 
Low  Intensi ty, Developed, Medium 
Intensi ty, Developed, High Intensi ty 

NLCD (21, 22, 23, 24)

B-2

Table B1: Land Cover  Class Reclassi f ications



COMaP Classifications

We used COMaP versions 9 and 10 in our  analysis of Protected Areas. We used COMaP 
version 9 in order  to calculate land cover  class tr ansi tion probabi l i t ies as i t is from 2011, 
which cor responds dir ectly to NLCD 2011. COMaP version 10 was used as the star ting point 
for  the land cover  area projections because ver sion 10 r epresents the most updated and
accurate por tr ayal of land ow nership across the state. The f i r st step was to r eclassi fy COMaP 
versions 9 and 10. When we compared the two reclassi f ications, there were di f ferences in 
the cel l  counts between the two ver sions. This di f ference is l ikely due to the changes in 
classi f ications between the two ver sions, as COMaP version 9 was more detai led and had 
more speci f ic classi f ications than ver sion 10. In order  to standardize the two ver sions to 
make them comparable and more accurate, we reassigned 355,000 cel ls to Pr ivate Protected 
from Pr ivate Unprotected in COMaP version 10, as those two categor ies had the most 
prominent di f ferences in cel l  counts. Based on the percent of land cover  classes in the 
Pr ivate Unprotected ow nership categor y, the same percent of the 355,000 cel ls was taken 
from those land cover  classes in Pr ivate Unprotected and reassigned to the cor responding 
land cover  class in Pr ivate Protected. For  example, i f  the Pr ivate Protected categor y was 40% 
Grassland, 40% of the 355,000 cel ls would be added to Grassland. Simi lar ly, i f  40% of the 
Pr ivate Unprotected categor y was Grassland, 40% of the 355,000 cel ls would be subtracted 
from the Pr ivate Unprotected Grassland cel l  count total.

Avoided Conversion

To simulate land cover  change from avoiding conversion we manually altered the ini tial 
tr ansi tion probabi l i t ies from the Markov Chain. This al lowed us to accurately r epresent the 
area of each land cover  under  complete avoided loss. The new  tr ansi tion probabi l i t ies 
r ef lected an avoided loss scenar io, meaning that the probabi l i ty of the cover  class in 
question r emaining the same was set to one whi le the probabi l i ty of conver ting to other  
land cover  classes was set to zero. These new  tr ansi tion probabi l i t ies produced an area for  
each cover  class out to 2051.
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Spat ial  Analysi s Resear ch Quest ions

How  much total carbon is cur rently sequestered in each land cover  type categor y in 
Colorado? How  much carbon might be sequestered in the future?

a. What are the cur rent carbon stocks for  land cover  classes w ithin Colorado?  What is 
the total carbon stock for  the state? 

b. Assuming that cur rent land cover  change tr ends continue, what w i l l  be the carbon 
stocks for  land cover  classes in Colorado by 2051?  What w i l l  be the 2051 carbon stock 
for  the state?

c. Assuming that no losses occur  for  the Forest, Grassland, or  Wetland cover  types, how  
much carbon w i l l  be stocked in these three cover  classes by 2051?

d. How  much carbon stock would be gained i f  we were able to r eforest al l  large w i ldf i r e 
burn scars (>1,000 acres) in the state?

e. I f  an additional 750,000 acres of conser vation easements were protected, how  would 
tr ends for  carbon stock change between 2011 and 2051?

Pol i cy Analysi s Resear ch Quest ions

What programs, pol icies and tools exist to inf luence actions (ei ther  dir ectly or  indir ectly) to 
provide incentives for  increasing carbon sequestration in Colorado? 

a. Where have counties, states, and NGOs successful ly enacted policies and tools that 
promote carbon sequestration? 

b. What incentives or  pol icies cur rently exist as bar r ier s to improving carbon 
sequestration in Colorado?

c. How  do these policies nest under  or  contr ibute to Colorado?s state cl imate goals?

d. What programs, pol icies, and tools w ithin Colorado have the greatest impact on 
improving carbon sequestration r ates?

Which programs, pol icies, and tools are most pol i tical ly and economically feasible w ithin 
the cur rent pol i tical landscape in Colorado?

a. Consider ing these policies, how  can TNC Colorado best improve carbon sequestration 
in Colorado? 

Appendix  C - Resear ch Quest ions
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Appendix  D - Car bon Stock  Range Table
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Table D1: Range of Estimated Carbon Stocks by Land Cover  Type (Units: MT CO2eq) 

Land Cover  Type 2011 2021 2031

For est 2,996,072,733 3,000,309,704 2,976,303,769 

Gr assland 900,962,860 899,217,199 895,910,115 

Shr ubland 670,977,956 728,804,053 810,417,576 

2041 2051 Stock  n= Flux  n=

2,888,629,624 2,722,011,253 12 6

890,633,569 883,062,664 3 7

913,922,363 1,035,947,765 5 6

Woodland 1,543,359,975 1,561,485,979 1,528,068,580 1,454,898,924 1,358,247,635 4 1

Agr i cu l tur e 260,454,972 260,630,536 261,410,627 262,867,589 264,934,531 4 15

Wet land 122,515,504 138,913,347 156,624,228 174,303,301 191,237,628 7 3

Other  Land 26,447,543 26,441,057 26,660,349 26,989,977 27,397,554 5 6

Developed 164,674,829 182,015,092 211,802,522 255,092,173 313,418,712 5 8


