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1 SUMMARY OF PROJECT BENEFITS 
 

This Project Implementation Report is prepared for the Restoring a Legacy at Mingo National Wildlife Refuge 
project to meet the verification standards of the Climate, Community, and Biodiversity Alliance and 
document monitoring activities that have taken place over the previous five years. All projects seeking 
approval under the CCB Standards must be validated to determine that the project design conforms to the 
Standards, and must subsequently be verified every five years to determine that the project has been 
successfully implemented, generating net positive climate, social, and biodiversity benefits in accordance 
with its design. The Project was last verified on March 23, 2015, by SCS Global Services (Certificate #SCS-
GHG-0032). 

 
The Project was validated at the Gold Level on May 12, 2010, under the First Edition of the CCB Standards. 
This project was designed to decrease the effects of climate change via carbon sequestration, restore 
Missouri’s bottomland hardwood forest and wetland ecosystem and create long-term community benefits 
in the form of recreational lands under the management of the US Fish and Wildlife Service – hunting, 
fishing, wildlife photography, wildlife observation, environmental education and environmental 
interpretation. The project presented a unique opportunity to restore native bottomland hardwood forests 
that benefit fish and wildlife, enhance water quality along surrounding waterways, create new areas for 
public recreation, and trap carbon dioxide. 

 
On behalf of the US Fish and Wildlife Service, The Conservation Fund used donations from its Go Zero® 

program to restore approximately 367 acres of marginal land within the boundary of the Mingo National 
Wildlife Refuge located in southeastern Missouri. The newly restored native bottomland hardwood forest is 
managed by the Service to ensure its long-term protection and stewardship. All carbon accrued from this 
project is withheld from the carbon market and cannot be sold or banked for future offset purposes. Since 
2005, the Fund’s Go Zero program has engaged Fortune 500 companies, their customers and employees, 
as well as other organizations and individuals seeking a positive response to two of our nation’s most 
pressing environmental challenges: habitat loss and climate change. In a time when public financing for 
land conservation and habitat restoration is stretched thin, voluntary contributions are providing new private 
capital to further the Fund’s mission to conserve and restore our nation’s land and water legacy for current 
and future generations. From these Go Zero projects, the nation derives—and will continue to receive for 
many years into the future—significant public benefits, including cleaner air and water, restored wildlife 
habitat and enhanced areas for public recreation. 
 
All of the Fund’s reforestation-based carbon sequestration activities are conducted with state and federal 
natural resource agencies, including the US Fish and Wildlife Service. These organizations employ some 
of the world’s top wildlife biologists, foresters and environmental professionals who serve as long-term 
stewards of the forests once they are restored. In March of 2007, the Fund and the US Fish and Wildlife 
Service entered into a Memorandum of Understanding that allowed all 553 of the Service’s National Wildlife 
Refuges to benefit from the Fund’s restoration program, building upon nearly a decade of partnership 
between the Fund and the US Fish and Wildlife Service to advance the science of carbon sequestration 
through 



  MONITORING REPORT: 
                                                                                                                          CCB Version 2  

 

CCB v2.0 4 

reforestation. 
 

The National Wildlife Refuge System Improvement Act of 1997 requires each refuge to 
develop a Comprehensive Conservation Plan for achieving refuge objectives consistent with 
sound principles of fish and wildlife management, conservation, legal mandates, and Fish 
and Wildlife Service policies. Our Project Design Document (PDD) expanded upon many of 
the stewardship and management activities prescribed in the Mingo National Wildlife Refuge 
Comprehensive Conservation Plan and our monitoring plans described in our Project 
Implementation Reports follow the monitoring protocols prescribed by the US Fish and 
Wildlife Service. 
 
 
MONITORING SUMMARY 
 
Carbon Sequestration 
 
Planted trees on the original parcels are now generally 10 years old.  Survival of planted 
stock has been monitored beginning the first field season after planting. In October of 2019, 
Conservation Fund staff also established five permanent monitoring plots across the planted 
areas. The restored areas are currently estimated to sequester 91.07 metric tons (MT) 
CO2e/acre within the standing live trees, dead trees, litter, and soil carbon pools. Over the 
367 acres of the first phase of the project, that totals 33,421 MT CO2e.  As the trees grow, 
the project will continue to sequester more carbon.   
 
Biodiversity 
 
USFWS staff monitor the biodiversity benefits of the project using bird surveys, typically 
conducted in the spring. As the trees on the planted tracts mature, the bird community is 
expected to transition to a species complex dominated by birds that are attracted to mature 
forest and forest edge habitats.  During the current monitoring period, bird surveys projected 
to be completed in the Spring of 2019, however high flooding events in the Spring and 
Summer prevented refuge staff from completing the survey. A survey is planned for the 
Spring of 2020, and results will be included in the next reporting period.  
 
Community Benefits 
 
Refuge staff monitor public use of the Mingo NWR and pass by the reforestation tracts 
regular. A popular auto-tour route passes a number of the restoration tracts, and refuge staff 
monitor the public use of this scenic route on an annual basis. In 2018, 17,310 visitors drove 
over the counter at the beginning of the auto tour (assuming 2 person vehicle occupancy). 
An additional entrance by Rabbit Ridge recorded 9,016 visitors. As the trees grow  larger, 
and forest conditions develop, public use of the reforestation tracts is expected to increase. 

 

1.1 Unique Project Benefits 
The project achieved Gold Level validation by satisfying the Exceptional Biodiversity Benefits criteria set 
out in GL3.1. One globally threatened species – the Indiana bat –occurs within the Project Zone. An 
Indiana bat maternity colony was found on the edge of one of the Go Zero Tracts within Mingo NWR. The 
Go Zero project has increased forest connectivity at Mingo NWR and improved and expanded Indiana 
bat habitat by increasing the amount of continuous vegetation in riparian zones. 



  MONITORING REPORT: 
                                                                                                                          CCB Version 2  

 

CCB v2.0 5 

 
 
Outcome or Impact 

 
Achievements during 

the 
Monitoring Period Se

ct
io

n 
R

ef
er

en
ce

  

Achievements during the 
Project Lifetime 

1) Adaptive management Lessons learned from 
monitoring at Mingo have 
been used in adaptive 
management applied to 
other restoration projects 
within the National Wildlife 
Refuge system 

G7 Lessons learned from the 
Mingo restoration effort will 
inform adaptive 
management initiatives 
within the US Fish and 
Wildlife Service and The 
Conservation Fund 

2) Knowledge dissemination Lessons learned regarding 
planting success and 
monitoring methods have 
been disseminated to US 
Fish and Wildlife Service 
staff at other refuges and 
within The Conservation 
Fund 

G8 Over the project lifetime, 
information collected 
regarding the Mingo 
restoration effort will be 
disseminated in technical 
papers, through training 
programs within the US Fish 
and Wildlife Services, within 
The Conservation Fund, and 
to the public via websites 
(www.conservationfund.org). 

3) Water and soil benefits Planted stock continue to 
increase in size and 
expanding root systems 
prevent soil erosion and 
improve water quality 

B5 As planted stock continues 
to grow, soils will improve 
from their previously 
compacted condition into 
healthy soil profiles 
associated with forested 
areas; water quality will 
continue to improve as 
forest conditions develop 

 
  



  MONITORING REPORT: 
                                                                                                                          CCB Version 2  

 

CCB v2.0 6 

1.2 Standardized Benefit Metrics 
 
 
Category 

 
 

Metric 

 
Achievements 

during the 
Monitoring Period Se

ct
io

n 
R

ef
er

en
ce

  
Achievements 

during the 
Project Lifetime 

 
G

H
G

 e
m

is
si

on
 re

du
ct

io
ns

 
& 

re
m

ov
al

s 

Net estimated emission removals in 
the project area, measured against 
the without-project scenario 

Not applicable N/A Not applicable 

Net estimated emission reductions 
in the project area, measured 
against the without-project scenario 

91.07 metric tons 
CO2e/acre; 
33,421 metric tons 
CO2e over the entire 
project area 

3.1.1 361 short 
tons/327.5 metric 
tons of carbon 
dioxide equivalent 
per acre over 100 
years 

 

Fo
re

st
1 
co

ve
r 

For REDD2 projects: Number of 
hectares of reduced forest loss in 
the project area measured against 
the without-project scenario 

Not applicable N/A Not applicable 

For ARR3 projects: Number of 
hectares of forest cover increased in 
the project area measured against 
the without-project scenario 

148.5 ha (367 acres) 2.1.4 148.5 ha (367 
acres) 

 
Im

pr
ov

ed
 la

nd
 

m
an

ag
em

en
t 

Number of hectares of existing 
production forest land in which IFM4 

practices have occurred as a result 
of the project’s activities, measured 
against the without-project scenario 

Not applicable N/A Not applicable 

Number of hectares of non-forest 
land in which improved land 
management has occurred as a 
result of the project’s activities, 

 

Not applicable N/A Not applicable 
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Category 

 
 

Metric 

 
Achievements 

during the 
Monitoring Period Se

ct
io

n 
R

ef
er

en
ce

  
Achievements 

during the 
Project Lifetime 

 measured against the without- 
project scenario 

   

 

Tr
ai

ni
ng

 

Total number of community 
members who have improved skills 
and/or knowledge resulting from 
training provided as part of project 
activities 

Not applicable N/A Not applicable 

Number of female community 
members who have improved skills 
and/or knowledge resulting from 
training provided as part of project 
activities of project activities 

Not applicable N/A Not applicable 

 

Em
pl

oy
m

en
t 

Total number of people employed in 
of project activities,5 expressed as 
number of full time employees6 

Please refer to Project 
Design Document 

PDD Please refer to 
Project Design 
Document 

Number of women employed in 
project activities, expressed as 
number of full time employees 

4 4.4 4 

 

Li
ve

lih
oo

ds
 

Total number of people with 
improved livelihoods7 or income 
generated as a result of project 
activities 

Please refer to Project 
Design Document 

PDD Please refer to 
Project Design 
Document 

Number of women with improved 
livelihoods or income generated as 
a result of project activities 

Please refer to Project 
Design Document 

PDD Please refer to 
Project Design 
Document 

 
H

e 
al

th
 Total number of people for whom 

health services were improved as a 
Not applicable N/A Not applicable 
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Category 

 
 

Metric 

 
Achievements 

during the 
Monitoring Period Se

ct
io

n 
R

ef
er

en
ce

  
Achievements 

during the 
Project Lifetime 

 result of project activities, measured 
against the without-project scenario 

   

Number of women for whom health 
services were improved as a result 
of project activities, measured 
against the without-project scenario 

Not applicable N/A Not applicable 

 

Ed
uc

at
io

n 

Total number of people for whom 
access to, or quality of, education 
was improved as a result of project 
activities, measured against the 
without-project scenario 

Not applicable N/A Not applicable 

Number of women and girls for 
whom access to, or quality of, 
education was improved as a result 
of project activities, measured 
against the without-project scenario 

Not applicable N/A Not applicable 

 

W
at

er
 

Total number of people who 
experienced increased water quality 
and/or improved access to drinking 
water as a result of project activities, 
measured against the without- 
project scenario 

Not applicable N/A Not applicable 

Number of women who experienced 
increased water quality and/or 
improved access to drinking water 
as a result of project activities, 
measured against the without- 
project scenario 

Not applicable N/A Not applicable 

 W
el

l-b
ei

ng
 Total number of community 

members whose well-being8 was 
improved as a result of project 
activities 

Not applicable N/A Not applicable 
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Category 

 
 

Metric 

 
Achievements 

during the 
Monitoring Period Se

ct
io

n 
R

ef
er

en
ce

  
Achievements 

during the 
Project Lifetime 

 Number of women whose well-being 
was improved as a result of project 
activities 

Not applicable N/A Not applicable 

 

Bi
od

iv
er

si
ty

 c
on

se
rv

at
io

n 

Change in the number of hectares 
significantly better managed by the 
project for biodiversity 
conservation,9 measured against 
the without-project scenario 

148.5 ha (367 acres) 2.1.4 148.5 ha (367 
acres) 

Number of globally Critically 
Endangered or Endangered 
species10 benefiting from reduced 
threats as a result of project 
activities,11 measured against the 
without-project scenario 

Not applicable N/A Not applicable 

 

2 GENERAL 

2.1 Project Design and Goals 

2.1.1 Implementation Schedule (G3.4) 

The project has been implemented according to the timeline outlined in the Project Design 
Document (PDD). US Fish and Wildlife staff monitor the national wildlife refuge on a continuous 
basis, in and around the project area to make sure the general public has safe access to utilize 
the project area and refuge for recreation. Recreational use is monitored using vehicle counter 
strips, placed on roads that pass by the project area. The data from these strips are summarized 
annually. Bird surveys are conducted on a 5 year basis to evaluate biodiversity impact, however 
the bird survey that was scheduled for the spring of 2019 was delayed until the spring of 2020 
due to flooding events. Per the project monitoring report, fixed radius plots are were measured to 
evaluate the climate impact of the project in October of 2019. 

 

Date Milestone(s) in the project’s development and implementation 
January 2010 First phase of property planted 

5 May 2010 Project validation date 

March 23 2015 Project verification date 
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Spring 2019 Bird survey canceled due to high flooding events 

October 3-4 2019 Project Monitoring (field plot data collection) 

October 30 2019 2018 recreational use summary reported to TCF by Fish and Wildlife staff 

2.1.2 Minor Changes to Project Design (Rules 3.5.6) 

There have been minor changes in plot allocation for monitoring survival and growth of planted 
stock, but these are not material changes and were anticipated in the original PDD. Additionally, 
trees that are less than one inch DBH are no longer measured as part of the continuous forest 
inventory. Year five variable radius plot measurements have been replaced with fixed radius plot 
measurements.  

2.1.3 Project Description Deviations (Rules 3.5.7 – 3.5.10) 
         None. 

2.1.4 Risks to the Project (G3.5) 

For each Go Zero project, the Fund works with the nation’s leading public natural resource 
agencies and non-governmental organizations to ensure that trees are planted in protected areas 
that have long-term management plans to ensure accuracy and certainty of carbon sequestration 
and reduce any risks to the expected climate, community and biodiversity benefits of a project. 
Project areas with high risk of loss, such as from fire or drought, often do not qualify. 

Careful risk assessments were made before choosing to restore the Go Zero Tracts at Mingo; this 
land was selected for restoration for several reasons. The Tracts are located in a relatively wet 
area, which reduces risk of drought and also minimizes risk of fire. The risk of damage from 
storms is also fairly low. Although strong storms do occur in southeastern Missouri, they happen 
rarely and their impact on forests is usually limited. By planting Tracts scattered throughout the 
Refuge, the Go Zero project design has dispersed the risk of damage, and large numbers of trees 
are unlikely to be affected should a storm occur. 

2.1.5 Enhancement of High Conservation Values (G3.6) 

The National Wildlife Refuge System Improvement Act of 1997 requires each refuge to develop a 
Comprehensive Conservation Plan (“CCP”) for achieving refuge objectives consistent with sound 
principles of fish and wildlife management, conservation, legal mandates, and USFWS policies. 
Management activities are then selected based on their efficacy in accomplishing refuge 
objectives. CCPs are reviewed annually, and management activities are modified whenever the 
annual review or other monitoring indicates that the CCP needs changing to achieve the goals or 
purpose of the Refuge. The CCP process is designed to generate reliable feedback to help guide 
management decisions on the Go Zero Tracts and maintain the high conservation values that 
exist within the Project Zone. 

The Mingo NWR CCP specifically lists increasing the bottomland hardwood acreage on the 
Refuge as part of its overall forest management plan and describes the Refuge’s intent to more 
actively manage bottomland forest habitat to benefit forest-dependent wildlife, especially 
migratory waterfowl, neotropical migratory birds and mammals.13 In order to accomplish this, 
Mingo NWR engages in careful and comprehensive conservation planning using the guidance 
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provided by migratory bird conservation initiatives that have developed around the region, 
including the Lower Mississippi Valley Joint Venture, which strives to increase populations of 
waterfowl and other wildlife by protecting, restoring and enhancing habitats within the Joint 
Venture Region. 

2.1.6 Benefit Permanence (G3.7) 

For each Go Zero project, the Fund works with the nation’s leading public natural resource 
agencies, such as USFWS, to ensure that trees are planted in protected areas that have long- 
term management plans to ensure accuracy and certainty of carbon sequestration. Under a 
Memorandum of Understanding (“MOU”) (see Exhibit A) between USFWS and the Fund, the 
Service has agreed to provide long-term protection and management of Go Zero projects under 
natural conditions and according to best wildlife and habitat management practices. The MOU is 
strengthened by the Service’s commitment to incorporate the Go Zero Tracts into Mingo NWR’s 
CCP, as stated in a letter from Thomas Melius, the (then) USFWS Midwest Regional Director 
(see Exhibit B), which will outline long-term management plans for the Tracts. To help 
supplement long term management activities, the Fund makes a one-time payment to the 
USFWS for each Go Zero acre it restores. These funds ensure the Service will have the ability to 
steward the project over time.  

2.2 Stakeholder Engagement 

2.2.1 Community Consultation (G3.8) 

For each Go Zero project, the Fund works with an array of public and private partners to engage 
project donors, select and evaluate a project location, conduct site preparation, secure and plant 
the appropriate seedlings, monitor and measure the carbon accrued over time and facilitate the 
long-term use of the property (for the community and for wildlife). 

The Mingo NWR Restoration Initiative defined these partners, or stakeholders, as those parties 
who 1) own the Go Zero Tracts (“the landowner”), 2) currently own property near the Go Zero 
Tracts (“the neighbor”), 3) were using the land prior to its restoration (“the leaseholder”), 4) were 
directly involved with site selection, acquisition, planting, biological monitoring, carbon monitoring 
or long-term management (“project implementers”), 5) donated to support the project (the 
“donors”) and/or 6) are members of local groups who use Mingo NWR (“community members”). 

The Fund is managing the restoration. The restoration of the land was made possible, in part, by 
the Fund’s donors. The trees will be planted by ESI, and ESI will monitor their survival. 

USFWS owns the Tracts and is the entity responsible for the long-term management of the 
forestland. The Duck Creek Conservation Area, managed by the Missouri Department of 
Conservation, is directly adjacent to the Refuge and coordinates habitat management strategy 
with Mingo NWR. Foresters from the Missouri Department of Conservation consulted with Refuge 
staff on which trees should be planted on the Go Zero Tracts. The farmers who were leasing land 
on the Tracts prior to the restoration are also listed as stakeholders because they will be 
impacted by the project in that they will be assigned different parcels on the Refuge to farm. The 
Mingo Swamp Friends Group supports habitat management work on the Refuge and its volunteer 
program supports all aspects of Refuge operations including studies, habitat management, 
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wildlife management, visitor services, infrastructure maintenance and improvements, and 
outreach. 

These stakeholders have various roles in project development and implementation. For example, 
the Service is involved in all decision making, including species selection, site preparation and 
long-term management decisions for the Go Zero Tracts. ESI is actively involved in decision-
making, and has offered guidance to the Fund and USFWS on planting methodology and timing. 
USFWS, ESI, and the Fund have been in frequent contact to discuss all aspects of the project. 
Discussions were also held with the tenant farmers in advance of the restoration to allow them 
time to plan for the following growing season. Both the Duck Creek Conservation Area and the 
Mingo Friends group have been engaged by the Refuge and given a description of the project 
and its intended impacts. Both groups have expressed full support of the Mingo NWR Restoration 
Initiative. The table below illustrates the list of stakeholders and their roles.  

 

Name Company / Entity Contact Information Responsibility 
Ben Mense USFWS ben_mense@fws.gov 573-

222-3589 Ext. 113 
Project Monitoring 

Michael Thompson CES, Inc. mthompson@cesincusa.com 
(207) 989-4824 

Technical Assistance 

N/A Environmental 
Synergy, Inc. 

N/A; company closed 2011 Planting Supervision 
and Project Monitoring 

Kevin Harnish The Conservation 
Fund 

kharnish@conservationfund.org Project 
Monitoring/Management 

Jena Thompson Meredith The Conservation 
Fund 

jthompson@conservationfund.org 
(512) 423-5086 

Project Management 

Neighboring 
landowner/previous 
landowner 

Previous landowner; 
Neighbor 

Confidential Directly involved with 
original land transaction; 
neighboring land 
parcels, including water 
rights affected the 
restoration 

Duck Creek 
Conservation Area 
(Missouri Dept of 
Conservation) 

Neighbor Duck Creek 
Conservation Area 
Biologist 
573-222-3337 

Project 
Implementation 

Mingo Swamp 
Friends 

Local Community 
Organization 

Mingo Swamp 
Friends President 
573-837-8567 

Project Implementation 

David Shoch Terra Carbon LLC David.shoch@terracarbon.com 
(309) 693-9303 

Project Development 

In addition to the groups listed above, there were additional opportunities for community members 
to voice their opinions on the restoration of the Go Zero Tracts. Local residents were active 

mailto:ben_mense@fws.gov
mailto:mthompson@cesincusa.com
mailto:kharnish@conservationfund.org
mailto:jthompson@conservationfund.org
mailto:David.shoch@terracarbon.com
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participants in the CCP process, which specifically listed bottomland hardwood forest restoration 
as a Refuge priority. 

As the project evolves over time, the project proponents will continue to engage these 
stakeholder groups. Once the Go Zero Tracts are planted, the Fund will engage in public relations 
activities targeting local news outlets to help increase project awareness. Celebration and 
dedication ceremonies with stakeholders will be conducted after the planting. ESI, in conjunction 
with Refuge staff, will conduct survival checks of the trees at year one and again five years after 
planting. The Refuge will continue to work with the Duck Creek Management Area and the 
Friends group to develop and support habitat management and conservation strategies on the 
Refuge. They will also have continued contact with the impacted farmers, who will continue 
farming elsewhere on the Refuge. 

2.2.2 Public Comment Period Publicity (G3.9) 

USFWS and the Fund will take numerous steps to communicate and publicize the Climate, 
Community and Biodiversity Alliance (“CCBA”) project during the public comment period. This 
Project Implementation Report (“PIR”) will be made available on the CCBA website and is open to 
comments from the public. The PIR will also be available on the Conservation Fund’s website and 
in hard copy through the Mingo NWR visitor center, ensuring that project documentation is 
available near the project site and available to local residents who do not have access to the 
Internet. 

2.2.3 Distribution of Project Information (G3.9) 

The PIR will also be available on The Conservation Fund’s website and in hard copy through the 
Mingo NWR visitor center, ensuring that project documentation is available near the project site 
and available to local residents who do not have access to the Internet.  

2.2.4 Conflicts and Grievances (G3.10) 

All grievances related to project planning and implementation must be filtered through the Mingo 
NWR staff because the project is being implemented on federally-owned land. The Refuge has a 
detailed appeals process that can be utilized by anyone who is adversely affected by any 
decision of the Refuge manager. If an individual disagrees with a Refuge decision, he or she has 
thirty days to appeal to the area manager, and shall be notified in writing within 30 days of the 
area manager’s decision to further appeal in writing to the appropriate regional director. The 
regional director’s decision will be considered the final decision, and the appellant shall be 
provided an opportunity for oral presentation before the area manager or regional director within 
the respective thirty day appeal periods. In this way, the area manager and regional manager will 
function as mediators to resolve any conflicts. 

Because the land is already owned by the federal government and the project is implementing 
actions already approved in the CCP, grievances are not anticipated. Local community members, 
including local citizens, non-governmental conservation organizations and employees of tribal, 
state and local agencies, have already been engaged in the CCP process. 
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2.3 Management Capacity and Best Practices 

2.3.1 Required Technical Skills and Expertise (G4.2) 

The scale of the Mingo Restoration Initiative is well within the management capacity of the Fund, 
and the USFWS. All of these organizations have a great deal of previous experience managing 
and monitoring forest carbon projects. The Fund, and the USFWS previously worked together 
and successfully implemented several projects of this kind, including projects at Red River NWR 
and Marais des Cygnes NWR, and have the skills necessary to carry out the Mingo NWR 
Restoration Initiative. 

The Fund is a national leader in developing and implementing forest carbon projects. The Fund’s 
carbon sequestration programs, including, but not limited to Go Zero, have helped to restore tens 
of thousands of acres. In addition, the Fund owns nearly 74,000 acres of redwoods and Douglas 
fir forests in Mendocino County, CA and manages these forests as sustainable working forests, 
benefiting both the environment and the local economy. Those lands were registered with the 
California Air Resources Board and produce verified carbon emission reductions. The Fund is 
dedicated to the development of forest carbon partnerships and long-term oversight of projects. 

The USFWS team possesses the skills needed for biodiversity monitoring and long term habitat 
monitoring and the ability to maintain the Tracts as forestland. In addition, USFWS has the skill 
set needed to monitor certain community variables such as public use of the Refuge. 

2.3.2 Worker Training (G4.3) 

This project will increase knowledge transfer across the public and private sectors regarding the 
science of carbon sequestration via reforestation. USFWS employees at both the regional and 
national levels are increasingly interested in leveraging the private dollars that result from these 
carbon sequestration projects as a way to facilitate acquisition and restoration of public lands. 
USFWS employees have started exchanging lessons learned and best management practices for 
carbon sequestration projects, allowing for the successful replication of projects in other 
communities. Members of the Go Zero project team have been, and will continue to be, 
instrumental in this information exchange. 

2.3.3 Community Employment Opportunities (G4.4) 

The Mingo NWR Restoration Initiative was not designed to create new long-term employment 
opportunities. The Go Zero Tracts are within the Refuge and managed by existing Refuge staff. 
The Service will be in charge of managing the lands as forestland according to the provisions set 
forth by the MOU. If new employment positions are created through this project, they will be 
within USFWS. As a federal agency, USFWS must comply with all federal Equal Employment 
Opportunity laws. Individuals will not be denied opportunities in employment because of their 
race, sex, age, religion, color, national origin, physical or mental disability or any other factors not 
properly relevant to employment. 

The Mingo NWR Restoration Initiative will create short-term employment opportunities – primarily 
during the planting and restoration phases. The Conservation fund uses independent contractors 
to provide tree planting services for the project. The Fund does not discriminate with respect to 
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race, creed or gender in employment or contractor opportunity and specifies employee benefits in 
written employment agreements. 

2.3.4 Relevant Laws and Regulations Related to Worker’s Rights (G4.5) 

Employees of USFWS are protected by federal labor and employment laws. Fund employees are 
also protected by applicable state and federal laws, and by the rights and policies described in 
the Fund Employee Manual.  

 

2.3.5 Occupational Safety Assessment (G4.6) 

The long-term management of the Go Zero project presents few, if any, worker safety risks. The 
main requirements of TCF staff and carbon monitoring contractors with respect to field safety are: 

The Occupational Safety and Health Administration (OSHA) and the Service require health and 
safety training for all USFWS employees. USFWS safety policy is designed to minimize any risks 
to worker safety, including requiring Refuge personnel to undertake an ATV safety course. 

 

2.3.6 Financial Health of Implementing Organization(s) (G4.7) 

USFWS is a financially stable agency within the United States government, funded through 
federal appropriations, and does not pose a financial risk to the longevity of the Mingo NWR 
Restoration Initiative. 

The Fund leverages conservation dollars from our public and private partners, saving taxpayers 
more than $1 billion in land purchase costs to date on lands valued in excess of $3.6 billion. The 
Fund puts an average of 97 percent of its budget directly into conservation programs and just 1 
percent into fundraising. The Fund is recognized annually as one of the nation’s top 
environmental organizations by two charity watchdog organizations, American Institute of 
Philanthropy and Charity Navigator. 

The Fund’s work is made possible with generous support from individuals, foundations, 
corporations and government agencies. Its commitment to accountability and donor transparency 
remains a cornerstone of its operations. 

2.4 Legal Status and Property Rights 

2.4.1 National and Local Laws (G5.1) 

A full list of federal laws and compliance requirements is included in the Mingo NWR CCP as 
Appendix E  

Migratory Bird Treaty Act of 1918 
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Mingo NWR was established in 1944 under the authority of the Migratory Bird Treaty Act , which 
designated the protection of migratory birds as a federal responsibility. The Migratory Bird Treaty 
Act provided for regulations to control the taking of migratory species, and enabled other 
regulations, including the closing of areas, federal or non-federal, to the hunting of migratory 
birds. 

National Wildlife Refuge System Improvement Act 

In 1997, the National Wildlife Refuge System Improvement Act established a clear legislative 
mission of wildlife conservation for the refuge system and actions were initiated that same year to 
comply with the directive of this new legislation. This Act required CCPs to be completed for all 
refuges, with full public involvement, to help guide the management of each refuge. 

Memorandum of Understanding 

On March 30, 2007, the Fund and USFWS signed a MOU (see Exhibit A) pursuant to the Fish 
and Wildlife Coordination Act, 16 U.S.C. §§ 661-667e and the Fish and Wildlife Act of 1956, 16 

U.S.C. §§ 742a – 742j. The Coordination Act authorizes the Service to “provide assistance to, 
and cooperate with, Federal, State, and public or private agencies and organizations in the 
development, protection, rearing, and stocking of all species of wildlife, resources thereof, and 
their habitat . . ..” 16 U.S.C. § 661.  The goal of the MOU is to create private/public partnerships 
as a way to generate support for the restoration and conservation of native habitats. Under the 
MOU, the Fund agrees to—among other things—seek donations from individuals, corporations 
and other organizations to support Go Zero habitat restoration projects on National Wildlife 
Refuges across the country. USFWS agrees to—among other things—be responsible for 
oversight and approval of habitat restoration activities on the ground and provide long-term 
management of these lands under natural conditions, and according to best wildlife and habitat 
management practices. 

Wilderness Act (1964), as amended 

The Wilderness Act directed the Secretary of the Interior to review every roadless area of 5,000 
or more acres within the National Wildlife Refuge and National Park Systems and to recommend 
to the President the suitability of each such area or island for inclusion in the National Wilderness 
Preservation System, with final decisions made by Congress. 

In 1976, Congress designated 7,730 acres within the Refuge as the Mingo Wilderness Area. This 
is the most pristine environment on the refuge. Visitors are welcome to walk, canoe, photograph, 
fish, and study nature in the Wilderness Area but, but according to federal laws, no motorized 
vehicles or boats are allowed in order to keep the area as natural as possible. 

National Environmental Policy Act 

The National Environmental Policy Act (“NEPA”) requires the disclosure of the environmental 
impacts of any major federal action significantly affecting the quality of the human environment. 
NEPA requires each CCP to examine a full range of alternative approaches to refuge 
management and to involve the public in selecting the approach best suited to each refuge's 
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purposes. Actions recommended in the CCP must be vetted under the NEPA process, which 
includes review of environmental and historical impacts (per the National Historic Preservation 
Act). Because restoration of bottomland hardwoods is a recommended action in the CCP, it has 
already been approved under the NEPA process. The Refuge will also file a categorical exclusion 
for the planting; an action may be categorically excluded from a detailed environmental analysis 
under NEPA if it meets certain criteria which a federal agency has previously determined as 
having no significant environmental impact. Because the planting was already vetted under NEPA 
during the CCP process, it does not need to be evaluated again. 

Labor Law 

Our contracts indicate that our partners, including ESI, have complied with national, state and 
local labor laws. 

2.4.2 Free, Prior and Informed Consent (G5.3) 

The Go Zero Project will not encroach uninvited on government property, private property or 
community property. All of the project lands are already owned by the federal government as part 
of the National Wildlife Refuge System, and the MOU between USFWS and the Fund allows Go 
Zero projects to take place on any Refuge within the United Sates. 

2.4.3 Property Rights Protection (G5.4) 

The Mingo NWR Restoration Initiative does not require the involuntary relocation of people or 
activities. The Service owns all of the Tracts being restored as part of the Mingo NWR 
Restoration Initiative. Some of the Tracts were leased to individual farmers for agricultural use 
because the Refuge did not have the funding necessary to restore the Tracts to bottomland 
hardwoods per the Refuge’s CCP. The leases change annually and the farmers sign new 
contracts every year. The farmer who had been leasing most of the Go Zero Tracts stopped 
farming and two new farmers started working on these lands beginning in 2009. 

When these farmers started working on the Tracts, each of them was informed by the Refuge that 
some of their lands were going to be planted with bottomland hardwood trees in 2010. The 
Refuge offered the farmers new opportunities for farming on some of Mingo’s moist soil units and 
in other areas of the Refuge. The farmers are expected to continue farming other parcels on the 
Refuge and will not clear any new land for farming. 

2.4.4 Identification of Illegal Activity (G5.5) 

There are no anticipated illegal activities that could affect the project. The project is being 
implemented in a National Wildlife Refuge, which is protected and patrolled by Refuge law 
enforcement staff. Activities on the Refuge must comply with all federal laws. While there is 
always a small but potential possibility of illegal activity such as unlawful hunting or logging or 
reckless destruction, the low population density in the area directly surrounding the Tracts, as 
well as law enforcement vigilance by the Refuge, makes this unlikely. 
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3 CLIMATE 

3.1 Net Positive Climate Impacts 

3.1.1 Net Impact (CL1.4, CL2.3, CL2.4) 

The global climate change benefits of reforestation projects are widely recognized. Land use 
change—especially deforestation—is a significant component of increasing atmospheric CO2 
levels and a cause of global warming12. Thus, restoring forestland represents a natural way to 
reduce these effects and combat climate change. The climate and soil conditions in the Lower 
Mississippi River Valley contribute to carbon sequestration rates that are among the highest in 
the United States. 

In order to quantify the carbon sequestration for the project, the Fund uses a sampling design that 
conforms to the methodologies of the Intergovernmental Panel on Climate Change’s Good 
Practice Guidance (IPCC GPG). This sampling plan measures carbon stocks using both fixed 
radius and variable radius plot designs. Planted trees are now generally10 years old. In October 
of 2019, USFWS staff and Conservation Fund staff established five permanent monitoring plots 
across the planted area. The restored area is estimated to sequester 91.07 metric tons (MT) 
CO2e/acre within the standing live trees, dead trees, litter, and soil. Over the 367- acre project, 
that totals 33,421 MT CO2e. As the trees grow, the project will continue to sequester more 
carbon. The carbon impact of the Project is estimated at 361 short tons/327.5 metric tons of 
carbon dioxide equivalent per acre over one hundred years13. 

 Estimation of Net Changes in Carbon Stocks  

The original estimation of net changes in carbon stocks for the Project was drawn from ESI’s 
experience over ten years in measuring carbon accumulation in the Lower Mississippi Valley. ESI 
was initially contracted by the Fund to plant the project area, to measure the baseline conditions, 
and to monitor the Project’s ongoing carbon gains. In 2007, The Nature Conservancy led an 
extensive research effort to build upon earlier predictive models of carbon sequestration in this 
region. The 2007 initiative involved a consortium of leaders in forest science and carbon project 
development, drawing on expertise from representatives of ESI, Winrock, The Nature 
Conservancy, the Yale School of Forestry and Environmental Studies, the USDA Forest Service 
Center for Bottomland Hardwoods Research in Stoneville, Mississippi, and the U.S. Geological 
Survey. The team amassed the most comprehensive dataset of bottomland hardwood stands yet 
assembled for the region, drawing on 540 biomass plot measurements, and produced the most 
reliable predictive model to date. 

The model, using the new empirical biomass data together with forest inventory data represented 
in USDOE 1605(b) tabular estimates for minor pools (e.g., dead wood, understory and soil 
carbon), predicts 259 metric tons of CO2 equivalent per acre (i.e., 286 short tons per acre) at 
year 50, and 327.5 metric tons of CO2 equivalent per acre (i.e., 361 short tons per acre) at year 
100. The annualized average for the first 50 years is 5.2 metric tons of CO2 equivalent per acre 
per year (i.e., 5.7 short tons of CO2 equivalent per acre per year). The results were vetted 
through a rigorous internal peer review process and were published in the journal Wetlands. 
Table 2 illustrates the results of this research. 
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Table 2: Tabular data of projected carbon curve over 100 year period of LMV bottomland 
hardwood forest. (courtesy David Shoch, TerraCarbon LLC) 

Measured USDOE tables  (metric) (short tons) 
 
 
Stand age 

Above- and 
below ground 
live tree tC/ha 

 
 

Soil 

 
Dead Wood 
and Litter 

 
 

TOTAL 

 
 

t CO2-e/ac 

 
 

t CO2-e/ac 
0 0.8 0 0.0 0.8 1 1.4 
5 4.8 0.1 1.9 6.8 10 11.2 

10 14.4 0.5 5.0 19.9 30 32.6 
15 29.8 1.1 7.6 38.5 57 63.0 
20 49.3 1.9 9.4 60.6 90 99.0 
25 70.4 2.9 10.9 84.2 125 137.6 
30 90.9 4 12.1 107.0 159 175.0 
35 109.6 5.1 13.3 128.0 190 209.3 
40 125.7 6.2 14.6 146.5 217 239.5 
45 139.1 7.3 15.5 161.9 240 264.7 
50 149.9 8.3 16.6 174.8 259 285.8 
55 158.5 9.2 17.6 185.3 275 302.9 
60 165.2 10.1 18.4 193.7 287 316.7 
65 170.3 10.7 19.4 200.4 297 327.8 
70 174.3 11.3 20.2 205.8 305 336.6 
75 177.4 11.8 21.0 210.2 312 343.7 
80 179.7 12.2 21.6 213.5 317 349.1 
85 181.4 12.4 22.4 216.2 321 353.5 
90 182.7 12.7 23.2 218.6 324 357.5 
95 183.7 13 23.2 219.9 326 359.6 
100 184.5 13.3 23.2 221.0 328 361.3 

 

The results of this model show the expected accrual of carbon stocks in bottomland forests in the 
same region as the Mingo CCBA project. Actual carbon stocks for the project will be measured 
over time using field measurements for live tree biomass and default values for soil, dead wood, 
and litter (see section CL3 for a discussion of the monitoring plan).  

Pre-project Carbon Stocks 

As noted in Section G1.3, the assumption for pre-project carbon stocks (i.e., on the agricultural 
lands prior to reforestation) was that woody biomass carbon stocks were zero. The only baseline 
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carbon stock was the soil carbon. Future soil monitoring will use default estimates taken from 
USDOE 1605(b) tables. 

Non-CO2 Greenhouse Gases  

Please refer to this section in the Project Design Document and the 2015 Project Implementation 
Report. 

Net Climate Impact (CL1.4) 

As noted above, the climate model predicts 259 metric tons of CO2 equivalent per acre (i.e., 286 

  

short tons per acre) at year 50, and 327.5 metric tons of CO2 equivalent per acre (i.e., 361 short 
tons per acre) at year 100. The annualized average for the first 50 years is 5.2 metric tons of CO2 
equivalent per acre per year (i.e., 5.7 short tons of CO2 equivalent per acre per year). 

Net Effect of Climate Impacts (CL 2.3) 

The Fund does not expect any leakage to occur; therefore, no adjustment was made to the Net 
Climate Impact figures seen in CL1.4 

Non-CO2 GHGs (CL 2.4) 

The Fund does not expect there to be any non-CO2 offsite effects. 

3.1.2 Double Counting (CL1.5) 

All of the carbon benefits generated by the Mingo NWR Restoration Initiative will be withheld from 
regulated greenhouse gas markets and will be retired upon their sale. The Fund uses an online 
database system to track all offset tons and their disbursement to buyers. Once tons have been 
allocated to a particular site, they are retired and made unavailable for sale to other buyers. This 
system is kept on secure servers at Fund headquarters. In addition, all Go Zero contracts and 
marketing materials state that all carbon accrued by Go Zero projects is withheld from the carbon 
market and cannot be banked for future offset purposes, traded, or sold by Go Zero donors in the 
future. 

3.2 Offsite Climate Impacts (Leakage)  

3.2.1 Leakage Mitigation (CL2.2) 

Because no offsite impacts attributable to project leakage are anticipated, no direct actions will be 
necessary to mitigate their effects. 
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3.3 Climate Impact Monitoring  

3.3.1 Climate Impact Monitoring Plan (CL3.2) 

Please see refer to Appendix 1. 

3.3.2 Climate Impact Monitoring Results (CL3.1) 

In October of 2019, Conservation Fund staff also established 5 permanent monitoring plots 
across the planted areas. The restored areas are currently estimated to sequester 91.07 metric 
tons (MT) CO2e/acre within the standing live trees, dead trees, litter, and soil carbon pools. Over 
the 367 acres of the first phase of the project, that totals 33,421 MT CO2e.  As the trees grow, the 
project will continue to sequester more carbon.   

3.3.3 Dissemination of Monitoring Plan and Results (CL3.2) 

A summary of the monitoring results is posted on the Fund’s website, as well as at the Mingo 
visitor center.  

3.4 Optional Criterion: Climate Change Adaptation Benefits 

Not applicable  

3.4.1 Activities and/or Processes Implemented for Adaptation (GL1.4) 

Not applicable 

4 COMMUNITY 

4.1 Net Positive Community Impacts 

4.1.1 Community Impacts (CM1.1) 

The Go Zero Tracts were agricultural lands with minimal public recreation value. However, now 
that these lands are restored with native forest, they can be enjoyed by the entire public and 
especially residents in the surrounding communities. Over 100,000 visits occur annually to Mingo 
NWR and the restored Tracts will improve the quality of recreational opportunities available 
including hunting, wildlife photography and observation, environmental education and 
interpretation, biking, hiking, jogging, berry and mushroom gathering and picnicking. The majority 
of recreational uses at the Refuge are oriented toward hunting and birding. Several of the Go 
Zero Tracts are located in the Refuge’s general hunt area, and are commonly used for deer 
hunting and archery.  Once these parcels are restored with bottomland forests, the quality of the 
hunting in these areas will be greatly improved. In addition, each January the Refuge hosts a 
special deer hunt for hunters using primitive weapons, such as muzzle-loading rifles. This hunt, 
which is coordinated with the Missouri Department of Conservation and requires an advance 
application, takes place within the Mingo Wilderness Area; it will now also be able to take place 
on the Go Zero Tracts that neighbor the Wilderness Area. 
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Environmental education opportunities will also be improved. Each year the Refuge hosts 
numerous community educational events such as Eagle Days and Ecology Days. During Eagle 
Days, hosted in conjunction with the Missouri Department of Conservation and Mingo Friends 
Group, over 2,000 individuals, including many school groups, visit the Refuge and the 
neighboring Duck Creek Conservation Area for live eagle presentations, guided viewing tours of 
bald and golden eagles and their nests, and informational sessions. The quality of these 
experiences on the Refuge will be improved due to the Tracts’ restoration, which will lead to 
improved forest and habitat conditions. 

The Go Zero project’s positive community impact will be measured by monitoring the community use of 
the Go Zero Tracts over time. The surrounding community will be able to use the land for a variety of 
activities like those described above, including hunting, hiking, bird watching and the special activity days. 
Although increase in use will likely be modest at first, it is anticipated that visitor use days will be positively 
correlated with the Tracts’ stand development. As the stands develop into mature bottomland hardwood 
forest, activities such as hiking, bird watching, photography and hunting are expected to increase, and a 
rise in activity levels should lead to corresponding increases in overall fitness, health and wellbeing 
amongst community members. Figure 10 below illustrates the predicted increase in community use that 
can be expected as a result of the Go Zero project. 

Figure 10: Anticipated Project vs. Baseline Community Use Over Time 

 

 

4.1.2 Net Positive Community Well-Being Impacts (CM1.1) 

As illustrated by Figure 10, the Mingo NWR Restoration Initiative is expected to generate an 
increasingly positive community impact over time. In the absence of the project, the land would 
have remained as agricultural land and not well suited to recreational activities such as hiking, 
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birding, or hunting. Therefore, the net community impact of the project can be considered 
positive. 

4.1.3 Protection of High Conservation Values (CM1.2) 

The Mingo NWR Restoration Initiative should have only positive effects on the High Conservation 
Values described in G1.8. The bottomland hardwoods at the Refuge provide important ecosystem 
functions for the surrounding area including flood water storage and conveyance, filtration, and 
cycling of essential nutrients and minerals. Planting more bottomland hardwoods throughout the 
Refuge will only enhance these functions. Also, the Restoration Initiative will highlight the 
Refuge’s role in the community as a place for local residents to appreciate their natural 
surroundings and celebrate the outdoors through events like Eagle Days and Ecology Days. 

4.2 Offsite Stakeholder Impacts 

4.2.1 Mitigation of Negative Impacts on Other Stakeholders (CM2.2) 

There are no anticipated negative impacts caused by the restoration of the Go Zero Tracts. As 
stated above, each farmer will be able to continue farming on other property. The Refuge will also 
offer new opportunities on its moist soil units. Therefore, no jobs will be lost due to the project. 

4.2.2 Net Impacts on Other Stakeholders (CM2.3) 

As stated above in CM2.1, there are no anticipated negative stakeholder impacts caused by the 
restoration of the Go Zero Tracts. Restoring the Tracts to native forest confers many benefits on 
the surrounding community and community stakeholders (such as the Friends group), as 
described in CM1.1. Thus, the net effect on the community is positive. 

4.3 Community Impact Monitoring 

4.3.1 Community Impact Monitoring Plan (CM3.3) 

Mingo NWR staff monitor the community benefits generated by the Mingo NWR Restoration 
Initiative with specific attention paid to the anticipated rise in community use of the Go Zero 
Tracts. As the seedlings develop into a mature bottomland hardwood forest, public activity on the 
Tracts, including hunting, birding, environmental education and celebratory events. All of the Go 
Zero Tracts are open to hunting at some point during the year, and hunting conditions will be 
especially improved once the lands are restored. Community use of the Tracts (and the entire 
Refuge) for public education and enjoyment is a significant benefit of the Go Zero project and, 
therefore, an appropriate variable for community impact monitoring. Car counters are used to 
monitor the number of recreational users frequently the scenic car tour that passes by several of 
the Go Zero tracts 

Community Monitoring Results (CM3.1, CM3.2, GL2.5) 

Car counters are used to estimate the number of visitors frequenting the scenic auto tour route 
that passes several of the Go Zero tracts. Visitor counts from the counter at the beginning of the 
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auto tour are reported to The Conservation Fund every 5 years. In 2018, the Ozark Highlands 
Auto Tour Route counter at the beginning of the tour recorded 17,310 visitors.  

4.3.2 Dissemination of Monitoring Plan and Results (CM3.3) 

A summary of the monitoring results is posted on the Fund’s website, as well as at the Mingo 
visitor center.  

4.4 Optional Criterion: Exceptional Community Benefits 

Not applicable.  

4.4.1 Barriers to Benefits (GL2.3) 

Not applicable.  

4.4.2 Protections for Poorer and More Vulnerable Households and Individuals (GL2.4) 

Not applicable.  

5 BIODIVERSITY 

5.1 Net Positive Biodiversity Impacts  

5.1.1 Biodiversity Changes (B1.1) 

In our PDD, we noted that the Mingo Restoration Initiative restored key parcels within the 
boundary of Mingo NWR and will have significant positive effects on biodiversity and the wildlife 
that depend on bottomland hardwood forests. Mingo NWR was established to protect migratory 
birds but the agricultural tracts could not support a large variety of birdlife; many bird species 
require habitat that includes complex vertical and horizontal structure for nesting or foraging. 
Because land cover at Mingo NWR was primarily mature forest or grasslands, birds that 
depended on early and mid-successional forests were particularly in need of new habitat area. 

As noted in our PDD, research on avian colonization has shown that bird species richness rises 
as bottomland hardwood forests age due to an increase in this structural complexity. 1The newly 
planted forests will provide the complex habitat necessary for successful breeding, nesting, and 
overall survival. The new forests will also minimize the threats to many species posed by the 
brown-headed cowbird—a brood parasite which thrives in open habitat—by reducing forest 
fragmentation. Habitat fragmentation negatively impacts species migration, breeding and overall 
survival rates; fragmentation due to land conversion has led to the decline of many avian 
species.2 

 
1 Wilson, R.R. and D.J. Twedt. 2005. Bottomland Hardwood Establishment and Avian Colonization of Reforested 
Sites in the Mississippi Alluvial Valley. Pages 341‐352 in L.H. Frederickson, S.L. King and R.M. Kaminski, editors, 
Ecology and Management of Bottomland Hardwood Systems: The State of Our Understanding. University of 
Missouri‐Columbia. Gaylord Memorial Laboratory Special Publication No. 10, Puxico. 
2 Twedt, D.J., R. R. Wilson, Management of Bottomland Hardwood Forests for Birds. Proceedings of 2007 Louisiana 
Natural Resources Symposium, available at: http://www.lmvjv.org/research.htm 
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The figure below illustrates the anticipated increase in bird species richness as a result of the Go 
Zero project. Changes are expected to be modest at first, but eventually a shift in the overall bird 
community from early successional species to forest interior species is anticipated. During this 
first phase, species such as prairie warblers, indigo buntings, American redstart, common 
yellowthroat and Eastern kingbird will all benefit - or are currently benefitting - from the new early 
successional forestland habitat. 

 

5.1.2 High Conservation Value Protection (B1.2) 

High Conservation Values have not been negatively affected by the Mingo NWR Restoration 
Initiative. To the contrary, the project has had only positive effects on the High Conservation 
Values identified in Section G1.8 of the Project Design Document. For example, the new forests 
are providing important new habitat for the endangered Indiana bat and for the many migratory 
birds that depend on habitat in the Mingo Basin. Demonstrate that that no High Conservation 
Values related to biodiversity identified in the validated project design were negatively affected by 
the project during the monitoring period. 

5.1.3 Invasive Species (B1.3) 

The Go Zero Tracts were planted with native bottomland hardwood forest species carefully 
chosen by USFWS staff and designed to restore the fully functioning natural systems of Mingo 
NWR. Tree species include black walnut, northern red oak, white oak, shellbark hickory, nuttall 
oak, willow oak, pin oak, blackgum, bald cypress, pecan, bur oak, black cherry, swamp chestnut 
oak, cherrybark oak, overcup oak, persimmon and water tupelo. No significant increase in 
invasive species have been documented within the project area as a consequence of the forest 
restoration. 

5.1.4 Impacts of Non-native Species (B1.4) 

In accordance with Go Zero’s planting principles, only native species will be used for the Mingo 
NWR Restoration Initiative. 
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5.1.5 GMO Exclusion (B1.5) 

The Conservation Fund contracted with Environmental Synergy Inc. (ESI) to coordinate the tree 
planting for the Mingo project and ESI’s foresters worked with Bradshaw Tree Inc., a professional 
tree planting service, to order the appropriate seedlings, package and store the seedlings, and 
plant the seedlings on the Go Zero Tracts. The seedlings used for the Mingo NWR Restoration 
Initiative were ordered from two separate nurseries: SuperTree Seedlings in Arkansas and the 
Morgan County Nursery in 

Kentucky. Both nurseries confirmed in writing that no genetically altered seedlings were sold to 
Mr. Bradshaw for use in the Go Zero project. 

5.2 Offsite Biodiversity Impacts 

5.2.1 Negative Offsite Biodiversity Impact Mitigation (B2.2) 

No negative offsite biodiversity impacts were estimated to take place as a result of the project. No 
mitigation was undertaken as no negative impacts were predicted or recorded. 

5.2.2 Net Offsite Biodiversity Benefits (B2.3) 

The net effect of the restoration of the Go Zero Tracts on biodiversity will be highly positive on 
both the Go Zero Tracts and Mingo NWR as a whole. Please refer to section 5.1.1 of this report.  

5.3 Biodiversity Impact Monitoring 

5.3.1 Biodiversity Impact Monitoring Plan (B3.3) 

Not Applicable.  

5.3.2 Biodiversity Monitoring Results (B3.1, B3.2) 

As predicted in the PDD, in the 2014 bird surveys, the Go Zero Tracts had significant species 
diversity. Eleven species were detected (across 63 total detections) including the Baltimore oriole, 
the blue-grey gnatcatcher, the common yellowthroat, house wren, great crested flycatcher, 
mockingbird, northern cardinal, ruby-throated hummingbird, red-winged blackbird, yellow warbler 
and indigo bunting. Notably absent from the list of species is the brown-headed cowbird. Refuge 
staff noted that, over the past year, the species diversity on the Tracts noticeably began to shift 
towards young tree successional species, signaled by the presence of the Baltimore oriole and 
the great crested flycatcher. 

A survey was scheduled for the Spring of 2019, however due to unprecedented flooding the 
survey was not completed. The survey is scheduled to be completed in the Spring of 2020.  

As noted in our PDD, biodiversity within Mingo NWR is actively studied and monitored by USFWS 
staff. Refuge management issues an annual report containing updates and information on fish 
and wildlife on the Refuge, including the results of waterfowl surveys and bird breeding surveys. 
As noted in section B1.1, the Project is expected to have a significant positive impact on the 
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richness and variety of bird species found on the Tracts due to the increased habitat area and 
greater habitat complexity provided by the newly planted bottomland hardwood forest. 

Other High Conservation Values have been managed and maintained according to the plans 
specified by the Refuge’s CCP. 

5.3.3 Dissemination of Monitoring Plan and Results (B3.3) 

A summary of the monitoring results is posted on the Fund’s website, as well as at the Mingo 
visitor center.  

6 ADDITIONAL PROJECT IMPLEMENTATION INFORMATION 

N/A 

7 ADDITIONAL PROJECT IMPACT INFORMATION 

N/A  
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1.0 
Background 

 
 

1.1 Reforestation of bottomland hardwood forests 
 

The Conservation Fund’s Go Zero program has engaged in restoring bottomland hardwood forests at 
several locations, generally within or in close proximity to the Lower Mississippi Valley. Through this 
program, lands used for agriculture have been reforested by planting trees at several US Fish and Wildlife 
Service (USFWS) National Wildlife Refuges (NWR) in Kansas, Louisiana, Missouri, and Texas. All planted 
sites contain similar bottomland hardwood forest conditions including species composition, soils, and 
management regimes. 

 
The total acres to be planted (as of spring 2018) is 6,550 acres (2,651.1 ha). Table 1.1, below, summarizes the 
planted area. Appendix A contains a complete list of all planted fields/parcels. 

 

Table 1.1a. Planted area (acres) by refuge/stratum and planting year. 
 
 

          

Stratum Land 
Manager 

Area (ac) 
Planted 
in 2008 

Area (ac) 
Planted 
in 2009 

Area (ac) 
Planted in 

2010 

Area (ac) 
Planted in 

2011 

Area (ac) 
Planted 
in 2017 

Area (ac) 
Planted 
in 2018 

Total 
Area by 
Stratum 

State 

Grand Cote and Lake Ophelia 
National Wildlife Refuge USFWS 0 0 796.6 0 0 0          

796.6  
LA 

Marias des Cygnes National 
Wildlife Refuge USFWS 776.3 0 0 0 243.3 430.2       

1,449.8  
KS 

Mingo National Wildlife 
Refuge USFWS 0 0 367 0 0 0          

367.0  
MO 

Red River National Wildlife 
Refuge USFWS 0 921.6 250.5 0 0 0       

1,172.1  
LA 

Trinity River National Wildlife 
Refuge USFWS 158.1 0 0 0 0 0          

158.1  
TX 

Upper Ouachita National 
Wildlife Refuge USFWS 0 0 0 2,606.20 0 0       

2,606.2  
LA 

Total Area by Planting Year   934.6 921.6 1,414.10 2,606.20 243.3 430.2       
6,550.0  
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This forest carbon measurement and monitoring plan uses a stratified random sampling design to 
generate estimates of carbon sequestration. This plan provides a range of sampling intensities for 
consideration to produce estimates of forest carbon for a range of precision targets at the 95% 
confidence level in accord with IPCC guidance1 referenced in the Climate, Community and Biodiversity 
Alliance (CCBA) standard2 and (see Section 1.2 for more detail on reporting goals). The contents of this 
plan further detail the monitoring approach, standard operating procedures to complete the forest 
inventory, guidance on estimating biomass and carbon stocks, and procedures for quality control and 
data archiving. Results of the forest inventory will be used to quantify aboveground and belowground 
live tree biomass and provide estimates of carbon sequestered in dead wood, litter and soil of the above 
(and future) Go Zero reforestation projects, which are sufficient to meet CCBA’s periodic verification 
requirements. 

1.2 Objective 
 

This monitoring plan has been developed, for current and Go Zero projects, in accordance with the CCB 
Project Design Standards. This plan fulfills the requirement, found in Section CL3 on Climate Impact 
Monitoring, that a “fully developed” monitoring plan be established following the “initial monitoring 
plan” as outlined in the project design documents: 

 
• The Conservation Fund. 2009. Restoring a Forest Legacy at Marais des Cygnes National Wildlife 

Refuge. Climate, Community & Biodiversity Alliance, Arlington, VA; 
 

• The Conservation Fund. 2009. Restoring a Legacy at Red River National Wildlife Refuge. Climate, 
Community & Biodiversity Alliance, Arlington, VA; 

 
• The Conservation Fund. 2010. Restoring a Forest Legacy at Grand Cote and Lake Ophelia 

National Wildlife Refuges. Climate, Community & Biodiversity Alliance, Arlington, VA; and 
 

• The Conservation Fund. 2010. Restoring a Forest Legacy at Mingo National Wildlife Refuge. 
Climate, Community & Biodiversity Alliance, Arlington, VA. 

 
• The Conservation Fund. 2011. Restoring a Forest Legacy at Upper Ouachita National Wildlife 

Refuge. Climate, Community & Biodiversity Alliance, Arlington, VA. 
 

This plan replaces the initial monitoring plan published in the original CCB documents listed for all of the 
projects listed above. This plan fulfills the CCB requirements for monitoring climate impacts by 
stipulating the carbon pools, types of measurements, the sampling method, and the frequency of 
measurement. To fulfill the above requirement, the monitoring plan follows general principles of carbon 
accounting provided in Chapter 4 of the IPCC 2006 Guidelines for National Greenhouse Gas Inventories. 

 
1Intergovernmental Panel on Climate Change (IPCC). 2006. In: Eggleston, H.S., Buendia, L., Miwa, K., Ngara, T., 
Tanabe, K. (Eds.), 2006 IPCC Guidelines for National Greenhouse Gas Inventories: Volume 4, Agriculture, 
Forestry and Other Land-use. Prepared by the National Greenhouse Gas Inventories Programme. IGES, Japan 
IPCC. 
2CCBA. 2008. Climate, Community & Biodiversity Project Design Standards Second Edition. CCBA, Arlington, 
VA, USA. 



4 

 
Appendix 1 
 
 

 

 

 
The CCB project design standard states that 

 
“…carbon stocks within the project area(s) [must be inventoried], using stratification by land-use 
or vegetation type and methods of carbon calculation (such as biomass plots, formulae, default 
values) from the Intergovernmental Panel on Climate Change’s 2006 Guidelines for National  
GHG Inventories for Agriculture, Forestry and Other Land Use (IPCC 2006 GL for AFOLU) or a 
more robust and detailed methodology.” 

 
For this plan we reference the former, IPCC 2006 Guidelines, due to their greater flexibility as compared 
with CDM Afforestation/Reforestation methodologies. 

 
The IPCC 2006 Guidelines present three general approaches for estimating emissions/removals of 
greenhouse gases, known as “Tiers” ranging from 1 to 3 representing increasing levels of data 
requirements and analytical complexity. 

 
Tier 1 is the least rigorous, requiring no new data collection, instead relying on default values for key 
forest biomass parameters corresponding to broad continental forest types provided in the IPCC 
Emission Factor Data Base (EFDB). While acceptable for gross accounting at continental scales, the Tier 1 
approach does not capture the sub-national and regional-level distributions of forest biomass. Tier 2 
addresses this issue by using country and/or region specific data. 

 
The IPCC recommends that it is good practice to use higher Tiers for the measurement of significant 
sources/sinks. The CCB Project Design Standards provides further guidance: 

 
“Direct field measurements using scientifically robust sampling must be used to measure more 
significant elements of the project’s carbon stocks. Other data must be suitable to the project 
site and specific forest type”. 

 
As such, over the life of the reforestation projects, aboveground and belowground live tree carbon stocks 
and stock change estimates will be derived from direct measurements on permanent plots and thus 
satisfy the IPCC Tier 3 highest level of accuracy criteria. Dead wood, forest floor litter, and soil carbon 
stock changes, which represent a smaller proportion of forest biomass, will be estimated on the basis of 
U.S. South Central region oak-gum-cypress afforestation default estimates of accrual, (Smith et al. 20063, 
Table B49), also used by the U.S. D.O.E. 1605(b) voluntary reporting program, and conforming with IPCC 
Tier 2 level reporting. 

 
Further in conformance with IPCC guidance, the monitoring plan is designed to quantify and control for 
uncertainty in estimates by employing sufficient sampling intensity and unbiased allocation of 
measurement plots such that uncertainty can be quantified at the 95% confidence level. 

 
Per IPCC 2006GL guidance, the monitoring plan includes a Quality Assurance/Quality Control (QA/QC) 
plan to control for errors in measurement and data analysis. Application of the QA/QC plan will provide 

 
3Smith, J.E., L.S. Heath, K.E. Skog, and R.A. Birdsey. 2006. Methods for calculating forest ecosystem and 
harvested carbon with standard estimates for forest types of the United States. USDA Forest Service, 
Northeastern Research Station. Newtown Square, PA, USA. General Technical Report NE-343. 
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documentation and consistency in data archiving to permit efficient third-party auditing and evaluation 
against measurement and quantification standards over the life of monitoring. 

 
In addition to the onsite monitoring of carbon pools, part of the monitoring of the climate impacts will 
involve assessing the offsite impacts (i.e. – leakage) associated with these projects. To monitor for offsite 
leakage and conform with the CCBA standards, the farmers of the land before the project activity began 
will be interviewed annually to assess if there are negative offsite climate impacts for the first five years  
of the projects
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2.0 
Monitoring approach 

 
 

2.1 Carbon pools 
 

Project monitoring will measure and quantify carbon stocks in aboveground and belowground live tree 
biomass. Dead wood, litter and soil carbon stocks will not be monitored; changes in these pools will be 
determined using default values (see Section 4.2). As the planted areas mature, the trees will shed litter 
and create dead wood resulting in increases in these pools and the slow increase in soil carbon accretion. 

 
Non-CO2 greenhouse gases (GHGs) and non-biological emissions associated with the project will also not 
be monitored as it is conservative to ignore these pools and these pools will make up less than 5% of the 
impact of the project.  It is conservative to ignore these pools because if these tracts were still actively 
farmed, the use of farm equipment and fertilizer would generate more non-CO2 gases than the “with- 
project” case. In the with-project case, there will be fewer entries to the planted areas and no fertilizer 
used. In the unlikely case that future non-CO2 GHG emissions are not less than 5% of the monitored 
carbon pools, these pools will be monitored by tracking the fuel used to manage these plantings. Offsite 
negative climate impacts will also be monitored (as discussed above). If it is deemed that there are 
negative offsite climate impacts greater than 5% of the project’s climate impact as a direct result of this 
project, these impacts will also be monitored. At this time, there are no negative offsite climate impacts. 

2.2 Definition and delineation of strata 
 

Stratification reduces overall variability and improves precision, and also permits estimates to be 
produced for specific strata (while not at overall precision levels). The project monitoring plan stratifies 
the Go Zero projects by planting location and planted date (or grouped plantings); thus each CCB project 
is its own stratum and can be evaluated independently. Other sources of variability in biomass growth, 
including species composition, topography, and flood regime, for example, are more difficult to map and 
will not be delineated. Sample size calculations in this report reference data from across a range of site 
conditions and inherently take these sources of variability into account. The six strata include: Lake 
Ophelia NWR/Grand Cote NWR (Central Louisiana NWR Complex), Marias des Cygnes NWR, Mingo NWR, 
Red River NWR, Trinity River NWR (not a registered CCB project), and Upper Ouachita NWR. 

2.3 Measurement frequency and type 
 

In conformance with the CCB Standards Rules, released in June 2010, The Conservation Fund’s Go Zero 
plantings will be monitored every 5 years.   Measurement of all properties will occur as near to five years 
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after the planting date as is possible given logistic constraints.  The initial monitoring measurements in 
year five will be stem count survival check plots as many of the trees will be too small to generate 
accurate measurements for carbon estimation purposes. These initial survival plots will assess the 
survivorship of all live and dead seedlings tallied within 1/10th acre plots. Seedlings will be tallied by 
species and live/dead status. . Survivor plot locations will be established on a 14 by 14 chain grid 
(approximately 1 plot per 30 acres of forestland). 

 
 

In year 10, full 1/10th acre plots will be measured using the design described below.  
All trees on the 1/10th acre plots will be remeasured on a 5 year cycle. Results of the measurements will 
be disseminated on both the Conservation Fund’s website and the Refuge website. 

 

2.4 Sampling Design 
 

2.4.1 Plot size and configuration 
 

The sampled population is the entire planted area totaling 6,550 acres (2,651.1 ha). The planted area 
broken down by stratum is listed in Table 1.1. 

 

The project employs stratified random sampling using permanent fixed area 1/10th acre (37.24 ft radius) 
circular (fixed area) plots for live tree biomass (≥ 5 in dbh). Trees less than 5 inches dbh and greater than 
or equal to 1.0 in dbh will be measured in a 1/100th acre (11.78 ft radius) regeneration plot.  This is a 
versatile plot size that has proved efficient across a range of stand ages and is appropriate for permanent 
plots. Over the life of monitoring, sample unit type, size and/or configuration may be revised in the 
future to ensure efficient deployment in changing stand conditions. 

 
2.4.2 Optimal sampling intensity 

 
Calculations of required sample size referenced data from 10-meter radius plots measured in 
representative bottomland hardwood plantings spanning a range of ages at similar locations in the 
region (TerraCarbon data unpublished). 

 

While IPCC guidance, referenced by the CCB standard, is clear that uncertainty must be quantified at the 
95% confidence level, it does not provide firm rules on minimum precision levels, nor on how uncertainty 
should be treated (beyond being quantified and reported). Hence, it is expected that the precision of this 
sample will change over time, while maintaining reporting at a fixed 95% confidence level.  Based on 
analysis of the reference data available, initial sample size was calculated to produce an estimate of  
mean biomass with a precision of +/-10% of the mean with 95% confidence at age 20 years and beyond. 
This approach, basing sample size on variability of older, more stable stands, acknowledges that  
achieving high precision is seldom cost effective when inventorying young, highly variable, stands4,5, and 

 
 

4Hohl, A., Niccolai, A. and C. Oliver. Unpublished. Applying the Forest Decision Support Tools to bottomland hardwood 
forests in the Lower Mississippi Alluvial Delta. Yale School of Forestry and Environmental Studies, New Haven, Connecticut, 
USA 



8 

 
Appendix 1 
 
 

 

h 

2 

2 

t 

 

 
that while initial uncertainty around estimates will be high, precision will steadily improve over time. The 
monitoring plan retains the flexibility to adjust sampling intensity in the future in response to changing 
expectations regarding reporting and treatment of uncertainty, as well as observed variability on the 
ground.  The estimates below apply to the precision estimates of the fixed-area plots measured every 10 
years. 

 
Required sampling intensity was determined using the equation below for stratified random sampling 
with Neyman allocation (Avery and Burkhart, 19946), 
 

 
 

 L  
 ∑ N h sh  

n =    h=1    
N 2 E 2 L Equation 2.1 

2 + ∑ N h sh 
h=1 

 
 

where n is the required number of plots, E is the allowable error (i.e. desired half-width of the confidence 
interval), t is the sample statistic from the t-distribution for the 95% confidence level (set conservatively  
at 2.0), L is the number of strata, N is the number of sampling units in the population and Nh is the 
number of units in strata h, s represents the standard deviation and sh represents the standard deviation 
in strata h, s2 represents the variance and s2

 represents the variance in strata h. Allowable (sampling) 

error was reduced by 3% to account for measurement error as another source of overall error, hence, for 
example, to achieve ± 10% precision, sample size calculations referenced a desired sampling error of 7%. 
Final sample sizes as allocated among strata are rounded up to the nearest integer. 

 
Table 2.1 details optimum allocation of sampling units among component strata for the target precision 
level of ± 10% of the mean with 95% confidence at 20+ years. 

 

Table 2.1 Required sample size calculations to achieve ± 10% of the mean with 95% confidence at 20 years, 
using 10-meter radius circular plots. 
 

  

 

Parameters for estimating 
sampling size

Lake Ophelia NWR & 
Grand Cote NWR 

Marias des Cygnes 
NWR (phase 1)

Mingo NWR Red River NWR Trinity River NWR 

Area (hectares) 322.5                                314.3                                  148.6            474.6                   64.0                           
Expected mean live tree 
biomass C (t C/ha) 41 49 41 41 49
Estimated variance 151                                   216                                     151                151                       216                            
Estimated standard 12.30 14.70 12.30 12.30 14.70
Estimated coefficient of 
variation 30% 30% 30% 30% 30%
Sample size (stratified with 
optimum allocation among 
strata) 8.6                                    10.0                                    3.9                 12.6                     2.0                             
rounded up to nearest 
integer (held constant if 
sample size calculated in 10 12 5 15 3
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5Pearson, T. 2009. Report on the variability in young bottomland hardwood stands in the Lower Mississippi Valley. 
Winrock International report to Environmental Synergy Inc. 
6Avery, T.E. and H.E. Burkhart. 1994. Forest Measurements. Fourth Edition. McGraw Hill, Boston, Massachusetts, USA. 408 

Parameters for estimating 
sampling size

Upper 
Ouachita NWR 

Marias des Cygnes 
NWR (phase 2)

Marias des Cygnes 
NWR (phase 3)

Total

Area (hectares) 1,060.8              98.4                            174.1                          2,657      
Expected mean live tree 
biomass C (t C/ha) 37 53 49
Estimated variance 123                     253                              216                              
Estimated standard 
deviation 11.10 15.90 14.70
Estimated coefficient of 
variation 30% 30% 30%
Sample size (stratified with 
optimum allocation among 
strata) 25.4                    3.4                               5.5                               71.5         
rounded up to nearest 
integer (held constant if 
sample size calculated in 
2014) 29 4 6 84
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The sample size to achieve an estimate with precision of ± 10% of the mean with 95% confidence at 20+ 
years is 84 tenth acre plots. Using the same sampling intensity, expected precision of estimates for 5-year 
monitoring events through year 20, beyond which results are expected to be stable, are presented in 
Table 2.2 below. 

 

Table 2.2 Demonstration of improved precision over time using a fixed sampling intensity of n = 74 10-meter 
radius circular plots. 

Stand age (years) 5 10 15 20 
mean live tree biomass 
(t C/ha) 

5 15 30 50 

variance 56 225 225 225 
standard deviation 7.5 15 15 15 

CV 150% 100% 50% 30% 
N 74 74 74 74 
Precision as % of mean at 
95% confidence 

38% 26% 15% 10% 

 
 

Strata less than 5 years old will not be inventoried and assumed to be zero, thus leading to a conservative 
overall estimate of forest biomass. Kennedy (1993)7 supports this conclusion in finding that reduced 
diameter growth is typical of newly established oak stands in bottomland hardwood forests. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7 Kennedy, H. 1993. Artificial regeneration of bottomland oaks. in Loftis and McGee eds. Oak Regeneration: 
Serious Problems Practical Recommendations (Symposium Proceedings). USDA Forest Service General 
Technical Report SE-84. Pp. 241-249. 
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2.4.3 Allocation of sample plots 
 

The sample plots were allocated at random within each stratum using the ArcGIS tool “Create Random 
Points”. The location of each monitoring plot is detailed in Table 2.3 below. 

 

Table 2.3. GPS coordinates and location of permanent sampling plots. 
Plot ID Location Latitude Longitude County State 

LOGC-001 Lake Ophelia NWR 31.2249 -91.9309 Avoyelles Parish Louisiana 

LOGC-002 Lake Ophelia NWR 31.2289 -91.9173 Avoyelles Parish Louisiana 

LOGC-003 Grand Cote NWR 31.0912 -92.1753 Avoyelles Parish Louisiana 

LOGC-004 Lake Ophelia NWR 31.2235 -91.9188 Avoyelles Parish Louisiana 

LOGC-005 Grand Cote NWR 31.0908 -92.1716 Avoyelles Parish Louisiana 

LOGC-006 Grand Cote NWR 31.102 -92.1685 Avoyelles Parish Louisiana 

LOGC-007 Lake Ophelia NWR 31.227 -91.9082 Avoyelles Parish Louisiana 

LOGC-008 Grand Cote NWR 31.1025 -92.1676 Avoyelles Parish Louisiana 

LOGC-009 Grand Cote NWR 31.102 -92.1715 Avoyelles Parish Louisiana 

LOGC-010 Lake Ophelia NWR 31.226 -91.9102 Avoyelles Parish Louisiana 

MDC1-001 Marias des Cygnes NWR 38.2357 -94.6796 Linn County Kansas 

MDC1-002 Marias des Cygnes NWR 38.2435 -94.6835 Linn County Kansas 

MDC1-003 Marias des Cygnes NWR 38.2385 -94.6826 Linn County Kansas 

MDC1-004 Marias des Cygnes NWR 38.2278 -94.6365 Linn County Kansas 

MDC1-005 Marias des Cygnes NWR 38.237 -94.6825 Linn County Kansas 

MDC1-006 Marias des Cygnes NWR 38.2298 -94.6131 Linn County Kansas 

MDC1-007 Marias des Cygnes NWR 38.2258 -94.6321 Linn County Kansas 

MDC1-008 Marias des Cygnes NWR 38.1904 -94.6364 Linn County Kansas 

MDC1-009 Marias des Cygnes NWR 38.1933 -94.6357 Linn County Kansas 

MDC1-010 Marias des Cygnes NWR 38.2351 -94.6699 Linn County Kansas 

MDC1-011 Marias des Cygnes NWR 38.2302 -94.6695 Linn County Kansas 

MDC1-012 Marias des Cygnes NWR 38.2156 -94.6206 Linn County Kansas 

MDC2-001 Marias des Cygnes NWR 38.2472 -94.662 Linn County Kansas 

MDC2-002 Marias des Cygnes NWR 38.2434 -94.656 Linn County Kansas 

MDC2-003 Marias des Cygnes NWR 38.2136 -94.6192 Linn County Kansas 

MDC2-004 Marias des Cygnes NWR 38.2468 -94.667 Linn County Kansas 

MDC3-001 Marias des Cygnes NWR 38.2389 -94.6735 Linn County Kansas 

MDC3-002 Marias des Cygnes NWR 38.2087 -94.6212 Linn County Kansas 

MDC3-003 Marias des Cygnes NWR 38.2094 -94.6168 Linn County Kansas 

MDC3-004 Marias des Cygnes NWR 38.2411 -94.6649 Linn County Kansas 

MDC3-005 Marias des Cygnes NWR 38.1903 -94.6503 Linn County Kansas 

MDC3-006 Marias des Cygnes NWR 38.196 -94.6543 Linn County Kansas 

Mingo-001 Mingo NWR 37.0192 -90.1972 Wayne County Missouri 

Mingo-002 Mingo NWR 37.0174 -90.1984 Wayne County Missouri 

Mingo-003 Mingo NWR 37.0411 -90.163 Wayne County Missouri 

Mingo-004 Mingo NWR 37.0412 -90.1344 Wayne County Missouri 
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Plot ID Location Latitude Longitude County State 

Mingo-005 Mingo NWR 37.0219 -90.1946 Wayne County Missouri 

RR-001 Red River NWR 31.5682 -92.7903 Natchitoches Parish Louisiana 

RR-002 Red River NWR 31.538 -92.8096 Natchitoches Parish Louisiana 

RR-003 Red River NWR 31.526 -92.8195 Natchitoches Parish Louisiana 

RR-004 Red River NWR 31.5368 -92.8131 Natchitoches Parish Louisiana 

RR-005 Red River NWR 31.5266 -92.821 Natchitoches Parish Louisiana 

RR-006 Red River NWR 31.5389 -92.8104 Natchitoches Parish Louisiana 

RR-007 Red River NWR 31.5547 -92.8058 Natchitoches Parish Louisiana 

RR-008 Red River NWR 31.5403 -92.8127 Natchitoches Parish Louisiana 

RR-009 Red River NWR 31.5451 -92.8122 Natchitoches Parish Louisiana 

RR-010 Red River NWR 31.5608 -92.7765 Natchitoches Parish Louisiana 

RR-011 Red River NWR 31.5631 -92.8054 Natchitoches Parish Louisiana 

RR-012 Red River NWR 31.5199 -92.8172 Natchitoches Parish Louisiana 

RR-013 Red River NWR 31.5604 -92.8025 Natchitoches Parish Louisiana 

RR-014 Red River NWR 31.5134 -92.8279 Natchitoches Parish Louisiana 

RR-015 Red River NWR 31.5224 -92.8174 Natchitoches Parish Louisiana 

TR-001 Trinity River NWR 30.1335 -94.7861 Liberty County Texas 

TR-002 Trinity River NWR 30.1342 -94.7805 Liberty County Texas 

TR-003 Trinity River NWR 30.1365 -94.7755 Liberty County Texas 

UO-001 Upper Ouachita NWR 32.8835 -92.0348 Morehouse Parish Louisiana 

UO-002 Upper Ouachita NWR 32.9404 -92.0396 Morehouse Parish Louisiana 

UO-003 Upper Ouachita NWR 32.8748 -92.0481 Morehouse Parish Louisiana 

UO-004 Upper Ouachita NWR 32.9405 -92.0335 Morehouse Parish Louisiana 

UO-005 Upper Ouachita NWR 32.8838 -92.0303 Morehouse Parish Louisiana 

UO-006 Upper Ouachita NWR 32.8777 -92.0401 Morehouse Parish Louisiana 

UO-007 Upper Ouachita NWR 32.8865 -92.0488 Morehouse Parish Louisiana 

UO-008 Upper Ouachita NWR 32.9414 -92.0325 Morehouse Parish Louisiana 

UO-009 Upper Ouachita NWR 32.8814 -92.0515 Morehouse Parish Louisiana 

UO-010 Upper Ouachita NWR 32.9521 -92.034 Morehouse Parish Louisiana 

UO-011 Upper Ouachita NWR 32.8812 -92.0204 Morehouse Parish Louisiana 

UO-012 Upper Ouachita NWR 32.9418 -92.0385 Morehouse Parish Louisiana 

UO-013 Upper Ouachita NWR 32.9354 -92.0398 Morehouse Parish Louisiana 

UO-014 Upper Ouachita NWR 32.8739 -92.0466 Morehouse Parish Louisiana 

UO-015 Upper Ouachita NWR 32.9585 -92.0204 Morehouse Parish Louisiana 

UO-016 Upper Ouachita NWR 32.8815 -92.0518 Morehouse Parish Louisiana 

UO-017 Upper Ouachita NWR 32.8799 -92.03 Morehouse Parish Louisiana 

UO-018 Upper Ouachita NWR 32.886 -92.048 Morehouse Parish Louisiana 

UO-019 Upper Ouachita NWR 32.8695 -92.0208 Morehouse Parish Louisiana 
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Plot ID Location Latitude Longitude County State 

UO-020 Upper Ouachita NWR 32.8489 -92.0445 Morehouse Parish Louisiana 

UO-021 Upper Ouachita NWR 32.8866 -92.0521 Morehouse Parish Louisiana 

UO-022 Upper Ouachita NWR 32.8623 -92.0246 Morehouse Parish Louisiana 

UO-023 Upper Ouachita NWR 32.9562 -92.0384 Morehouse Parish Louisiana 

UO-024 Upper Ouachita NWR 32.9504 -92.0201 Morehouse Parish Louisiana 

UO-025 Upper Ouachita NWR 32.9498 -92.0318 Morehouse Parish Louisiana 

UO-026 Upper Ouachita NWR 32.8797 -92.0452 Morehouse Parish Louisiana 

UO-027 Upper Ouachita NWR 32.8833 -92.0468 Morehouse Parish Louisiana 

UO-028 Upper Ouachita NWR 32.955 -92.0334 Morehouse Parish Louisiana 

UO-029 Upper Ouachita NWR 32.9398 -92.0335 Morehouse Parish Louisiana 
 

 
Sample plots will be permanently monumented at the first monitoring event to serve if needed as 
Continuous Forest Inventory (CFI) plots on which change in stocks can be directly tracked via future re- 
measurement. Establishing permanent plot markers is recommended to allow for a variety of monitoring 
options in the future, of particular value considering the rapid evolution of carbon accounting standards, 
as well as facilitate on-site audits at verification. 

 
2.4.4 Future plantings 

 
The Go Zero program anticipates continuing to add new tree plantings to their portfolio of reforestation 
projects, and therefore the overall population size will increase over time. Prior to each five year 
monitoring event, any new projects established since the last monitoring event will be incorporated into 
the monitoring population as new strata. The new strata will be delineated and new plots allocated to 
each based on the size of the strata and the expected variability of the strata. The Neyman Allocation will 
be used to determine the number of new plots that will be added to the new strata, plots that were 
included in the previous allocation calculation will remain in the sample. 
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3.0 
Standard operating procedures 

 
 

Measurement protocols to be used in the measurement and monitoring plan employ standard forest 
biometric practices and were developed referencing Avery and Burkhart (1994). 

3.1 Establishment of measurement plots 
 

Once a plot center location is reached, the plot will be marked by hammering a 1 cm diameter metal 
rebar into the ground. The metal rebar should be approximately five feet in length with about 24” of 
rebar (or until secure) going into the ground. A 4-foot length of PVC pipe (with internal diameter > 1 cm) 
should be placed over the rebar and hammered into the ground. An aluminum tag, labeled with a unique 
monitoring plot identification name, should be placed inside the PVC pipe for all permanent sampling 
plots. Finally, a PVC end cap should be placed on top end of the PVC pipe. 

 
Coordinates of each permanent sample plot will be recorded, when altered from original (i.e. allocated) 
location, with GPS to facilitate future relocation. 

3.2 Layout of measurement plots 
 

The slope of each monitoring plot (both permanent and temporary plots) should be taken and recorded. 
The slope will be recorded so the plot radii in the direction of the slope can later be adjusted to calculate 
the equivalent horizontal area. 

3.3 Measurement of live trees 
 

Within each sampling plot all stems > 5 in dbh will be measured in the tenth acre area. Trees between 1.0 
and 4.9 inches dbh will be measured if they fall within a 1/100th acre nested circular plot.  Diameter of all 
trees will be measured at breast height (4.27 ft or 1.3 m above ground level, see Figure 3.1). Diameter of 
trees with buttresses (e.g. baldcypress, water tupelo) will be measured directly above the point of 
termination of the buttress. 

 
To avoid either missed trees or double recording, the point of initiation of measurement will be due 
north and will be marked. The first tree should be flagged and measurement should proceed in a 
consistent clockwise or counter-clockwise fashion. 

 

Figure 3.1. Point of measurement of diameter at breast height (from Pancel8, 1993). 
 

8 Pancel, L., ed. 1993. Tropical forestry handbook. Berlin, Germany, Springer-Verlag. Volume 1, 738 pp. 
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3.4 Measuring distance 
 

If sonic measuring equipment, such as Haglof DMEs, is to be used in the field (to check plot radii and 
borderline trees) they will be calibrated before each use and allowed 10+ minutes prior to use to 
equilibrate the unit to ambient conditions. 

3.5 Boundary Issues 
 

It is expected that boundary issues will be encountered at some plots in the field. Plots that overlap the 
project boundary (“boundary overlap”) will be corrected using the mirage method9, 10 , illustrated in 
Figure 3.2 below. The solid-lined circle is the actual plot border. The portion of the circle above the 
horizontal line is outside of the forest strata being sampled. After sampling all the trees within the 
sampling circle within the forest strata (e.g. below the line), the trees within the grey shaded area will 
then be registered twice on the data sheet to account for the same area which is above the horizontal 
line and outside the plot. For this method to be effective, it is important that field crews have fine scale 

 
 

9Avery, T.E. and H.E. Burkhart. 1994. Forest Measurements. Fourth Edition. McGraw Hill, Boston, 
Massachusetts, USA. 408 pp. 
10Ducey, M.J., J.H. Gove, and H.T. Valentine. 2004. A Walkthrough Solution to the Boundary Overlap Problem. 
Forest Science, 50: 427-435. 
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parcel maps, and an understanding of how parcel bounds are drawn, so that they can precisely delineate 
parcel boundaries (and areas of plot overlap) in the field. 

 
Figure 3.2. Diagram of mirage method (Avery and Burkhart, 1994). 
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4.0 
Estimates of biomass and carbon 

 
 

Field measurements will be used to estimate biomass stocks in live above and belowground trees. 
Aboveground and belowground live tree biomass will be estimated from dbh and species group applying 
equations derived by Jenkins et al.11, or other more robust allometric models that may become available 
in the future. 

 
Smith et al., (2006) provides default estimates of carbon sequestered in dead wood, litter and soil. 

 

4.1 Live tree biomass 
 

Field data (see datasheet, Appendix C), including the diameter at breast height and common name 
(referable to species or genus level) of trees, will be used to generate estimates of aboveground biomass 
and belowground biomass and ultimately carbon stocks using allometric equations developed by Jenkins 
et al. 2003. Tables 4.2 and 4.3 lists the species group assignment for each common name (for all species 
likely to be identified throughout the course of fieldwork in the LMV) and corresponding species-group 
parameters for Jenkins’ equations, respectively. 

 
As mentioned in Table 4.1, the aboveground biomass equations used are in the form: 

 
bm = Exp(β0 + β1 *ln(dbh)). Equation 4.1 

 
Similarly, the equation used to generate a coarse root: aboveground biomass ratio, is in the form: R = 
EXP[αo + (α1/dbh)]. Equation 4.2 

 
Belowground biomass is calculated by multiplying the coarse root ratio by the aboveground biomass. 
Terms in the above equations are defined in Table 4.1. Biomass estimates will be converted to carbon 
stocks using a carbon fraction of 0.47, as stipulated in IPCC GL 2006. 

 
The area of each sample plot needs to be corrected when the slope is >10%, prior to calculating the stock 
of live aboveground biomass per unit area. The adjusted radius is calculated using the formula: 

 
Ls = L / cos (S) 

 
 
 
 
 
 

11 Jenkins, J. C., Chojnacky, D. C., Heath, L. S. and R. A. Birdsey. 2003. National-scale biomass estimators for 
United States tree species. Forest Science 49:12-35. 
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Where L is the desired horizontal plot radius, Ls is the adjusted radius measured in the field along the 
slope, S is the slope in degrees or percent (which must be converted to radians), and cos is the cosine of 
the angle. 

 

Table 4.1. Data and parameters used for monitoring and reporting project activity. 
 

 
 

Parameter 

  
 

Data 

  
 
Data unit 

Measured, 

calculated, 

default, other 

Measurement 

frequency (if 

measured) 

 
 

Source of data 

Dbh Diameter at breast height of tree Inches 

(converted to 

cm for 

calculations) 

Measured Every 5 years Directly 

measured in 

permanent 

sample plots 

bm total aboveground biomass for trees, bm = 

Exp(β0 + β1 *ln(dbh)) 

kg  Calculated  Jenkins et al. 

2003 

β0 parameter  dimensionless Default  Jenkins et al. 

2003 

β1 parameter  dimensionless Default  Jenkins et al. 

2003 

R root to shoot ratio, R = EXP[αo + (α1/dbh)] t C t-1 C Calculated  Jenkins et al. 

2003 

αo parameter  dimensionless Default  Jenkins et al. 

2003 

α1 parameter  dimensionless Default  Jenkins et al. 

2003 

Jenkins, J. C., Chojnacky, D. C., Heath, L. S. and R. A. Birdsey. 2003. National-scale biomass estimators for United States tree species. Forest 

Science 49:12-35. 
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Class 
Species Group Parameter β0 Parameters β1 Parameter α0 Param 

Hardwood Aspen/alder/cottonwood/willow -2.2094 2.3867 -1.6911 0.8160 

 Hard maple/oak/hickory/beech -2.0127 2.4342 -1.6911 0.8160 

 Mixed hardwood -2.48 2.4835 -1.6911 0.8160 

 Soft maple/birch -1.9123 2.3651 -1.6911 0.8160 

 
Softwood 

 
Cedar/larch 

 
-2.0336 

 
2.2592 

 
-1.5619 

 
0.6614 

 Pine -2.5356 2.4349 -1.5619 0.6614 

 

 
Table 4.2. Common names of LMV bottomland hardwood and associated tree species. 

 

Common Name 
(as identified in 

  inventory)   

 

 
Species Name 

 
Species Group/Equation (Jenkins et al 

2003) 

Ash Fraxinus spp. Mixed hardwood 
Baldcypress Taxodium distichum Cedar/larch 
Box Elder Acer negundo Soft maple/birch 
Bitter Pecan Carya aquatica Hard maple/oak/hickory/beech 
Black cherry Prunus serotina Mixed hardwood 
Cottonwood Populus deltoides Aspen/alder/cottonwood/willow 
Elm Ulmus spp. Mixed hardwood 
Hackberry Celtis spp. Mixed hardwood 
Hawthorne Crataegus spp. Mixed hardwood 
Honey Locust Gleditsia triacanthos Mixed hardwood 
Maple Acer spp. Soft maple/birch 
Oak Quercus spp. Hard maple/oak/hickory/beech 
Pecan Carya illinoinensis Hard maple/oak/hickory/beech 
Persimmon Diospyros virginiana Mixed hardwood 
Pine Pinus spp. Pine 
Red Cedar Juniperus virginiana Cedar/larch 
Sumac Rhus spp. Mixed hardwood 
Sweetgum Liquidambar styraciflua Mixed hardwood 
Sycamore Platanus occidentalis Mixed hardwood 
Tupelo Nyssa spp Mixed hardwood 

   Willow   Salix spp.   Aspen/alder/cottonwood/willow   
 
 

  Table 4.3. Parameters for use in allometric equations (adapted from Jenkins et al. 2003).   
Species 

eters α1 
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4.2 Estimates of dead wood, litter, and soil carbon 
 

Default estimates of forest biomass and soil carbon are listed in Table 4.4, below, based on a region, 
ecosystem, and establishment practice specific growth and yield model (Smith et al., 2006). These 
estimates are applied for all parcels of a certain age. Values for each forest carbon pool for ages not 
listed in the table will be interpolated as a linear function between listed ages. Table B49 refers to the 
Oak/Gum/Cypress US Forest Service Forest Type Group. This table is used because the forest types that 
make up this group match well with the trees planted in the Go Zero projects12. This group is made up of six 
forest types:  Swamp Chestnut Oak/Cherrybark Oak, Sweetgum/Nuttall Oak/Willow Oak, Overcup 
Oak/Water Hickory, Atlantic White-cedar, Baldcypress/Water Tupelo, Sweetbay/Swamp, Tupelo/Red 
Maple13. 

 
Table 4.4. Regional estimates of carbon stocks for oak-gum-cypress stands with afforestation of land in the 

South Central US (adapted from Table B49; Smith et al., 200614). 
 

Age (yr) Standing dead 
tree (t C/ha) 

Down dead 
wood (t C/ha) 

Forest floor 
litter (t C/ha) 

Soil organic 
carbon (t C/ha) 

0 0.0 0.0 0.0 39.6 
5 0.5 0.3 1.1 39.7 

10 1.8 1.1 2.1 40.1 
15 2.8 1.8 3.0 40.7 
20 3.2 2.5 3.7 41.5 
25 3.4 3.1 4.4 42.5 
30 3.5 3.6 5.0 43.6 
35 3.6 4.2 5.5 44.7 
40 3.7 4.9 6.0 45.8 
45 3.7 5.4 6.4 46.9 
50 3.8 6.0 6.8 47.9 
55 3.9 6.5 7.2 48.8 
60 3.9 7.0 7.5 49.7 
65 4.0 7.6 7.8 50.3 
70 4.0 8.1 8.1 50.9 
75 4.1 8.5 8.4 51.4 
80 4.1 8.9 8.6 51.8 
85 4.1 9.4 8.9 52.0 
90 4.2 9.9 9.1 52.3 

 

 
 
 
 
 
 

12 See the CCBA Project Design Documents referenced in the beginning of this document for a complete list of 
the species planted. 
13 B. Ruefenacht et al., “Conterminous U.S. and Alaska Forest Type Mapping Using Forest Inventory and 
Analysis Data,” Photogrammetric Engineering & Remote Sensing 74, no. 11 (November 2008): 1379-1388. 
14Smith, J.E., L.S. Heath, K.E. Skog, and R.A. Birdsey. 2006. Methods for calculating forest ecosystem and 
harvested carbon with standard estimates for forest types of the United States. USDA Forest Service, 
Northeastern Research Station. Newtown Square, PA, USA. General Technical Report NE-343. 
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5.0 
Quality control and data archiving 

 
 

Implementation of the monitoring plan will apply QA/QC procedures as outlined here to minimize errors in 
measurement and data analysis, and to provide documentation and consistency in data archiving. This 
section covers procedures for: (1) collecting reliable field measurements, (2) documenting data entry and 
analysis techniques and (3) data maintenance and archiving. 

5.1 Field measurements 
 

Field crews will be fully trained in all aspects of the field data collection and adhere to field measurement 
protocols. Field crew leaders will be responsible for ensuring that field protocols are followed to ensure 
accurate and consistent measurement. Pilot sample plots shall be measured before the initiation of 
formal measurements to appraise field crews and identify and correct any errors in field measurements. 
To ensure accurate measurements, the height of diameter at breast height (4.26 ft or 1.3 m) will be 
periodically re-assessed by personnel during the course of the inventory. Rangefinders will be calibrated 
before each use. Field crews will have fine scale parcel maps for use in the field to precisely interpret 
parcel boundaries and identify potential areas of plot overlap. 

 
Throughout field monitoring events, a consistency check of an opportunistic sample of 5-10 plots shall be 
re-measured to identify and correct any field measurement issues which arise during implementation of 
the monitoring plan. Re-measurement for this purpose shall be done by different field personnel. These 
internal check cruises will also serve to quantify measurement error. Measurement error will be assessed 
as 1/2 of the mean (absolute) percent difference between re-measured plot level biomass estimates (a 
valid assumption where teams are equally experienced and there are no systematic errors in 
measurement, which will also be appraised from the re-measurement results). Target measurement  
error is < 3-5%. 

 

During monitoring events, copies of field data sheets from previous inventories should accompany field 
teams so that they can verify new trees that have grown into the plots (in-growth), existing trees, and 
any mortality that has occurred. 

5.2 Data entry 
 

Data will be recorded on field sheets and then transcribed to electronic media. To minimize errors in data 
entry, where they are not the same, personnel involved in data entry and analysis will consult with 
personnel involved in measurement to clarify any anomalous values or ambiguities in transcription. A 
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subset of the field sheets will be checked to ensure that data transcribed to electronic media is 
consistent with data on the field sheets. Database searches will be made following data entry to identify 
any anomalous values that require clarification or correction. 

5.3 Data archiving 
 

Because of the long-term objective of the monitoring plan, data archiving is essential. Field measurement 
data will be recorded on field sheets, which shall be duplicated and archived. Field data will be entered in 
an electronic database; data entry shall work with photocopies, not originals, to avoid loss of data.   
Copies of all raw data, reports of analysis and supporting spreadsheets will be stored in a dedicated long- 
term electronic archive. The electronic database will also archive GIS coverages detailing parcel 
boundaries and plot locations. 

 
Given the extended timeframe and the pace of production of updated versions of software and new 
hardware for storing data, electronic files will be updated periodically or converted to a format accessible 
to future software applications. Adherence to these procedures will also ensure smooth transitions and 
maintain “institutional memory” in the event of changes in personnel responsible for the monitoring  
plan. 
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Appendices 
 
 

Appendix A. List of all planted parcels. 
 

Unique Identifier Location County State Planting 
Year 

Area 
(ha) 

Area 
(acres) 

TCF-001 Grand Cote NWR Avoyelles Parish LA 2010 12.8 31.6 

TCF-002 Grand Cote NWR Avoyelles Parish LA 2010 18.1 44.7 

TCF-003 Grand Cote NWR Avoyelles Parish LA 2010 31.2 77.0 

TCF-004 Grand Cote NWR Avoyelles Parish LA 2010 44.5 110.0 

TCF-005 Grand Cote NWR Avoyelles Parish LA 2010 65.2 161.1 

TCF-006 Lake Ophelia NWR Avoyelles Parish LA 2010 0.9 2.1 

TCF-007 Lake Ophelia NWR Avoyelles Parish LA 2010 0.9 2.3 

TCF-008 Lake Ophelia NWR Avoyelles Parish LA 2010 1.2 2.9 

TCF-009 Lake Ophelia NWR Avoyelles Parish LA 2010 1.5 3.8 

TCF-010 Lake Ophelia NWR Avoyelles Parish LA 2010 2.1 5.1 

TCF-011 Lake Ophelia NWR Avoyelles Parish LA 2010 2.6 6.5 

TCF-012 Lake Ophelia NWR Avoyelles Parish LA 2010 8.3 20.6 

TCF-013 Lake Ophelia NWR Avoyelles Parish LA 2010 19.7 48.6 

TCF-014 Lake Ophelia NWR Avoyelles Parish LA 2010 113.5 280.5 

TCF-015 Marias des Cygnes NWR Linn County KS 2008 1.3 3.3 

TCF-016 Marias des Cygnes NWR Linn County KS 2008 1.7 4.2 

TCF-017 Marias des Cygnes NWR Linn County KS 2008 1.9 4.6 

TCF-018 Marias des Cygnes NWR Linn County KS 2008 2.0 5.0 

TCF-019 Marias des Cygnes NWR Linn County KS 2008 2.2 5.4 

TCF-020 Marias des Cygnes NWR Linn County KS 2008 2.3 5.6 

TCF-021 Marias des Cygnes NWR Linn County KS 2008 2.8 6.8 

TCF-022 Marias des Cygnes NWR Linn County KS 2008 2.8 6.9 

TCF-023 Marias des Cygnes NWR Linn County KS 2008 3.0 7.3 

TCF-024 Marias des Cygnes NWR Linn County KS 2008 3.0 7.4 

TCF-025 Marias des Cygnes NWR Linn County KS 2008 3.7 9.1 

TCF-026 Marias des Cygnes NWR Linn County KS 2008 3.7 9.1 

TCF-027 Marias des Cygnes NWR Linn County KS 2008 3.8 9.3 

TCF-028 Marias des Cygnes NWR Linn County KS 2008 4.0 9.8 

TCF-029 Marias des Cygnes NWR Linn County KS 2008 4.0 9.9 

TCF-030 Marias des Cygnes NWR Linn County KS 2008 4.3 10.5 

TCF-031 Marias des Cygnes NWR Linn County KS 2008 4.3 10.6 

TCF-032 Marias des Cygnes NWR Linn County KS 2008 4.6 11.3 

TCF-033 Marias des Cygnes NWR Bates County MO 2008 4.7 11.6 

TCF-034 Marias des Cygnes NWR Linn County KS 2008 5.2 12.9 

TCF-035 Marias des Cygnes NWR Linn County KS 2008 5.7 14.0 

TCF-036 Marias des Cygnes NWR Linn County KS 2008 6.1 15.1 
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Unique Identifier Location County State Planting 

Year 
Area 
(ha) 

Area 
(acres) 

TCF-037 Marias des Cygnes NWR Linn County KS 2008 6.3 15.6 

TCF-038 Marias des Cygnes NWR Linn County KS 2008 7.1 17.6 

TCF-039 Marias des Cygnes NWR Linn County KS 2008 7.8 19.2 

TCF-040 Marias des Cygnes NWR Linn County KS 2008 7.8 19.2 

TCF-041 Marias des Cygnes NWR Bates County MO 2008 8.0 19.7 

TCF-042 Marias des Cygnes NWR Linn County KS 2008 8.7 21.4 

TCF-043 Marias des Cygnes NWR Bates County MO 2008 10.7 26.4 

TCF-044 Marias des Cygnes NWR Linn County KS 2008 13.0 32.1 

TCF-045 Marias des Cygnes NWR Linn County KS 2008 16.8 41.4 

TCF-046 Marias des Cygnes NWR Linn County KS 2008 17.1 42.4 

TCF-047 Marias des Cygnes NWR Linn County KS 2008 17.3 42.7 

TCF-048 Marias des Cygnes NWR Linn County KS 2008 20.6 51.0 

TCF-049 Marias des Cygnes NWR Linn County KS 2008 24.4 60.3 

TCF-050 Marias des Cygnes NWR Linn County KS 2008 26.6 65.8 

TCF-051 Marias des Cygnes NWR Linn County KS 2008 45.4 112.3 

TCF-052 Mingo NWR Wayne County MO 2010 0.3 0.7 

TCF-053 Mingo NWR Wayne County MO 2010 1.3 3.3 

TCF-054 Mingo NWR Wayne County MO 2010 2.3 5.6 

TCF-055 Mingo NWR Wayne County MO 2010 2.5 6.1 

TCF-056 Mingo NWR Stoddard County MO 2010 2.6 6.5 

TCF-057 Mingo NWR Stoddard County MO 2010 4.1 10.2 

TCF-058 Mingo NWR Wayne County MO 2010 4.5 11.2 

TCF-059 Mingo NWR Wayne County MO 2010 4.6 11.4 

TCF-060 Mingo NWR Stoddard County MO 2010 4.9 12.0 

TCF-061 Mingo NWR Wayne County MO 2010 4.9 12.2 

TCF-062 Mingo NWR Stoddard County MO 2010 5.1 12.5 

TCF-063 Mingo NWR Wayne County MO 2010 5.5 13.5 

TCF-064 Mingo NWR Wayne County MO 2010 6.2 15.4 

TCF-065 Mingo NWR Wayne County MO 2010 9.7 23.9 

TCF-066 Mingo NWR Wayne County MO 2010 9.7 24.1 

TCF-067 Mingo NWR Wayne County MO 2010 10.6 26.2 

TCF-068 Mingo NWR Wayne County MO 2010 11.5 28.4 

TCF-069 Mingo NWR Wayne County MO 2010 12.2 30.1 

TCF-070 Mingo NWR Wayne County MO 2010 12.8 31.7 

TCF-071 Mingo NWR Stoddard County MO 2010 16.0 39.7 

TCF-072 Mingo NWR Wayne County MO 2010 17.2 42.5 

TCF-073 Red River NWR Natchitoches Parish LA 2009 8.6 21.2 

TCF-074 Red River NWR Natchitoches Parish LA 2009 16.4 40.6 

TCF-075 Red River NWR Natchitoches Parish LA 2009 30.4 75.0 

TCF-076 Red River NWR Natchitoches Parish LA 2009 33.3 82.4 

TCF-077 Red River NWR Natchitoches Parish LA 2009 38.6 95.4 
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Unique Identifier Location County State Planting 

Year 
Area 
(ha) 

Area 
(acres) 

TCF-078 Red River NWR Natchitoches Parish LA 2009 39.3 97.0 

TCF-079 Red River NWR Natchitoches Parish LA 2009 43.0 106.3 

TCF-080 Red River NWR Natchitoches Parish LA 2009 45.1 111.4 

TCF-081 Red River NWR Natchitoches Parish LA 2009 50.6 125.1 

TCF-082 Red River NWR Natchitoches Parish LA 2009 67.8 167.6 

TCF-083 Red River NWR Natchitoches Parish LA 2010 23.3 57.6 

TCF-084 Red River NWR Natchitoches Parish LA 2010 24.6 60.8 

TCF-085 Red River NWR Natchitoches Parish LA 2010 25.1 62.0 

TCF-086 Red River NWR Natchitoches Parish LA 2010 28.4 70.3 

TCF-087 Trinity River NWR Liberty County TX 2008 8.2 20.4 

TCF-088 Trinity River NWR Liberty County TX 2008 23.4 57.9 

TCF-089 Trinity River NWR Liberty County TX 2008 32.3 79.9 

TCF-090 Upper Ouachita NWR Morehouse Parish LA 2011 15.1 37.3 

TCF-091 Upper Ouachita NWR Morehouse Parish LA 2011 20.9 51.6 

TCF-092 Upper Ouachita NWR Morehouse Parish LA 2011 21.1 52.2 

TCF-093 Upper Ouachita NWR Morehouse Parish LA 2011 22.4 55.5 

TCF-094 Upper Ouachita NWR Morehouse Parish LA 2011 22.7 56.2 

TCF-095 Upper Ouachita NWR Morehouse Parish LA 2011 26.3 65.1 

TCF-096 Upper Ouachita NWR Morehouse Parish LA 2011 27.2 67.2 

TCF-097 Upper Ouachita NWR Morehouse Parish LA 2011 27.5 67.9 

TCF-098 Upper Ouachita NWR Morehouse Parish LA 2011 27.6 68.1 

TCF-099 Upper Ouachita NWR Morehouse Parish LA 2011 29.6 73.1 

TCF-100 Upper Ouachita NWR Morehouse Parish LA 2011 29.7 73.3 

TCF-101 Upper Ouachita NWR Morehouse Parish LA 2011 29.6 73.3 

TCF-102 Upper Ouachita NWR Morehouse Parish LA 2011 30.0 74.1 

TCF-103 Upper Ouachita NWR Morehouse Parish LA 2011 31.2 77.0 

TCF-104 Upper Ouachita NWR Morehouse Parish LA 2011 33.1 81.8 

TCF-105 Upper Ouachita NWR Morehouse Parish LA 2011 33.3 82.4 

TCF-106 Upper Ouachita NWR Morehouse Parish LA 2011 34.2 84.5 

TCF-107 Upper Ouachita NWR Morehouse Parish LA 2011 35.6 88.0 

TCF-108 Upper Ouachita NWR Morehouse Parish LA 2011 36.3 89.8 

TCF-109 Upper Ouachita NWR Morehouse Parish LA 2011 40.3 99.7 

TCF-110 Upper Ouachita NWR Morehouse Parish LA 2011 48.0 118.7 

TCF-111 Upper Ouachita NWR Morehouse Parish LA 2011 48.1 118.9 

TCF-112 Upper Ouachita NWR Morehouse Parish LA 2011 58.0 143.3 

TCF-113 Upper Ouachita NWR Morehouse Parish LA 2011 58.3 144.0 

TCF-114 Upper Ouachita NWR Morehouse Parish LA 2011 60.7 150.0 

TCF-115 Upper Ouachita NWR Morehouse Parish LA 2011 62.7 155.0 

TCF-116 Upper Ouachita NWR Morehouse Parish LA 2011 58.7 145.0 

TCF-117 Upper Ouachita NWR Morehouse Parish LA 2011 86.3 213.2 
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Unique Identifier Location County State Planting 

Year 
Area 
(ha) 

Area 
(acres) 

TCF-118   Marias des Cygnes NWR Linn County KS 2017 6.6 16.4 

TCF-119   Marias des Cygnes NWR Linn County KS 2018 9 22.2 

TCF-120   Marias des Cygnes NWR Linn County KS 2018 10.5 25.9 

TCF-121   Marias des Cygnes NWR Linn County KS 2018 10.7 26.5 

TCF-122   Marias des Cygnes NWR Linn County KS 2018 14.1 34.8 

TCF-123   Marias des Cygnes NWR Linn County KS 2017 14.1 34.9 

TCF-124   Marias des Cygnes NWR Linn County KS 2018 22.7 56 

TCF-125   Marias des Cygnes NWR Linn County KS 2017 25.7 63.6 

TCF-126   Marias des Cygnes NWR Linn County KS 2018 35.2 86.9 

TCF-127   Marias des Cygnes NWR Linn County KS 2017 52 128.4 

TCF-128   Marias des Cygnes NWR Linn County KS 2018 72 177.8 

TCF-118  Marias des Cygnes NWR 
 

Linn County KS 2017 6.6 16.4 
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Species DBH (in) 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 

 
Appendix B. Field data sheet for the Go Zero forest inventory. 

 
Plot ID:  Location:   Data collected by:    
Date: Latitude:  Longitude:            
GPS Accuracy:   (m) 
Site Notes:   

 
 

Plot Slope % 
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