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EXECUTIVE SUMMARY
British Columbia’s grasslands are incredibly valuable. The function of these precious ecosystems
has maintained abundant economic and cultural services for hundreds, maybe thousands of
years. This province’s ranching communities are key stewards of these grassland ecosystems,
and their hard work results in grasslands producing a wealth of ecological goods and services
each and every year. The decline or failure of these ranches would have a negative impact on
local economies and lifestyles, and would result in the loss of important Natural Capital
associated with rangelands. Unlike many industries, ranching can work within established
grasslands ecosystems leaving them largely intact. However, the financial contribution of good
land management activities, activities that maintain the productivity and biodiversity on
rangelands, are not recognized by economic markets or individual consumers. Could the
development of a carbon offset program in British Columbia help ranching operations to remain
ecologically and economically viable? We think yes, and this document outlines our plans to
help rancher’s access new economic markets and receive financial support for good land
management practices.

Carbon offsets are credits used in the reduction of greenhouse gas emissions, and can operate
in a way that is similar to stock or bonds. If we can measure and value the activities of ranchers
in terms of carbon sequestration or emissions reduction, credits can be sold on: emission
trading markets like the Pacific Carbon Trust (a BC Crown Corporation); on traditional equity or
bond markets; and to individual companies that are interested in establishing carbon neutrality
or conservation interests in their businesses. Alternatively, carbon offset production could be
financed by government or private incentive programs. There is, however, a large amount of
capital (both financial and institutional) needed to establish a carbon market specifically for
ranchers and this is likely not as simple as developing only a carbon offset market. A truly
Made‐In‐British Columbia approach to grassland carbon management would likely involve a
variety of incentive programs supported by both private and public sectors. Is there enough
potential in grasslands and in ranching practices to develop an offset program?

Harrower et al. 2012

i

Managing Rangelands for Carbon

To examine if a carbon offset market could be economically viable in British Columbia we
developed a spatially explicit mode of carbon stores in on region of the province and estimate
the potential increase in carbon sequestered with estimates derived from a meta‐analysis of
the peer‐reviewed scientific literature. We conservatively estimate that carbon stores would be
at approximately 15 Mg/ha in the Thompson‐Nicola region, and that appropriate grassland
management may increase current carbon pools by 1‐10 Mg/ha over a five year period. One Mg
of carbon is roughly equivalent to one tonne carbon dioxide (CO2e), which could translate to
one carbon offset, or credit. Credits sell from between $4 and $40 per tonne. There are also
gains to be made on the farm or in tame pasture. Changing feed, lowering shipping costs, and
reducing fertilizer inputs can create savings in both methane and carbon dioxide production. A
carbon offset program is not only about top soil, it’s about reducing all carbon inputs and
outputs on a ranch. Thus, there are potential gains to be made in both pasture and paddock.

There is no current comprehensive list outlining what components of the ranching operation
will fall under the carbon offset program. In the language of existing carbon offset programs,
these components would be called protocols and clear measurements would be defined and
applied to determine the efficacy of their carbon storage projects. Until these protocols are
established, it will be very hard to develop effective research questions, raise capital to move
pilot projects forward, or establish the management infrastructure needed to keep this
program working. The development of these initial protocols were supported by the Future
Forest Ecosystems Science Council, the Habitat Conservation Trust Fund and developed by the
Grasslands Conservation Council and Thompson Rivers University, but these protocols need to
be vetted by ranchers and reviewed by outside groups experienced in international carbon
offset protocol development. We outline the basic protocol structure here.

It is necessary to identify, ask, and prioritize the questions that can make a Made‐In‐British
Columbia Carbon Offset Program work. There are some key questions about local grassland
ecology that must be answered, some documentation on local emissions and storage rates by
livestock and grasslands, and some broad questions about how grasslands store carbon
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worldwide. Protocol development will help identify specific areas where we lack information,
but some general areas where we know we need more information to develop markets and
finalize protocols are: a) how different plant communities respond to grazing under different
stocking rates and turnout times; b) the amount of carbon, nitrous oxides, and methane inputs
and emissions that arise from ranching activities both on the range and in the paddock; and c)
the potential impacts to ecosystem function, biodiversity, water and air quality, and wildlife of
managing grasslands purely for carbon storage.

The type of financial model that would work best for a Made‐In‐British Columbia Carbon Offset
Program is still an unanswered question that needs to be addressed. We suggest a market
based offset program, but this program could be assisted by other subsidies and incentives,
marketing programs, and research and development. A financial market for carbon also needs a
number of key infrastructure investments if it is to work. Paying ranchers for storing carbon
could include: one time or yearly government payouts for infrastructure improvements or good
stewardship or conservation; tax incentives to recover money from costs like the provincial
carbon tax, or the use of a purely market‐based approaches like selling offsets on the Pacific
Carbon Exchange, or selling into foreign bond and equity markets. A Made‐In‐British Columbia
approach will likely involve a mixed approach with both government and private capital support
to establish the market and infrastructure for a mostly market‐based program. The Grassland
Carbon Working Group would need to outline the options that could work for the British
Columbia ranching community.

Other infrastructure that needs to be developed to allow ranchers to sell carbon is the
establishment of practices, evaluation of the carbon product, and creation of monitoring
programs. These pieces must be managed by an aggregating organization, either not for profit,
private or government that could serve as a strong ranching advocate. The steps to Carbon
Market Development might include: a) identification of markets to purchase grassland carbon
including emissions trading systems, bonds, single buyers, etc: b) outlines of cost‐benefit curves
showing ranchers losses or benefits of adopting a carbon management scheme; c) market
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framework identifying key middlemen, aggregators, insurance brokers, and accountants with
skills, financial capital, and risk tolerance to make the market work; d) verification, validation,
and monitoring framework that can provide transparent and independent certification of
offsets.

To move forward with Made‐In‐British Columbia Carbon Offset Program the Grasslands
Conservation Council of British Columbia has established the Grassland Carbon Working Group.
Two workshops in Kamloops during the fall and winter of 2012/2013. These workshops will
expand on and address the issues we outline here. In September or October 2012 the first
meeting will establish the working group, outline common goals, review current work, and plan
the way ahead for the working group. In December 2012 or January 2013 a second meeting will
be held to review recommendations and make final policy decisions. Many ranchers already
manage their ranches well, but financial and social pressures can make it difficult to keep land
and families ranching. Carbon sales will not solve all of the ranching industries woes, or fully
address the issues associated with climate change. An offset program could; however, help
ranchers develop more efficient and sustainable ranching practices, reward ranchers for what
they do already, and help ranchers get paid for the Natural Capital they store away for rainy
days (or more specifically, years it doesn’t rain). Not only are droughts, floods, and fires
becoming more prevalent and more severe, but economies are changing. By getting out in front
of these events, ranchers in British Columbia may be better able to weather the storm and
continue as stewards of our precious grassland resource.

There is clearly a large potential to manage and sell carbon in the grasslands of British
Columbia. By compiling data on carbon storage in a variety of carbon pools we have quantify
grassland carbon storage, we then estimate carbon sequestration values in the Thompson‐
Nicola region from a meta‐analysis of the peer‐reviewed literature. We represente these values
by classifying grasslands into 15 different types based on biophysical characteristics and apply
our estimates to each grassland type present in the Thompson‐Nicola regions of south‐central
British Columbia. This provides a spatial model of carbon pools and estimated sequestration
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values across the landscape or this region. From these data we estimate the potential monetary
value of carbon stores and sequestration in the Thompson‐Nicola as an example of how to
achieve a full cost accounting of one type of Natural Capital. We outlined carbon emissions
trading protocols to identify other greenhouse gas emissions that would require quantification
and monitoring in any carbon offset sales program. Finally, we identify new and existing
financial tools that could be used to facilitate the carbon management in British Columbia, and
outlined the key steps in implementing a carbon offset trading scheme. An operating and
independent trading scheme is likely the primary method to assist ranchers to increase
management for greater carbon stores on their lands. Achieving this goal will require the use of
subsidies, incentives, marketing programs, and scientific research to both develop and maintain
such a program.
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1.0

INTRODUCTION

British Columbia’s ranching community is one of the premier industries in the province. It has
provided employment, food, development opportunities, and has shaped the culture of this
province for over a century. However, British Columbia’s ranching community is under
increasing pressure from high fuel and feed costs, urban expansion, and poor commodity prices
and struggles to maintain the current economic and cultural values it has historically provided.
When ranches decline or fail there is a negative impact on local economies and lifestyles, not to
mention the loss of important ecosystem services associated with rangelands such as
biodiversity maintenance and carbon storage. To maintain rangelands and ranches in British
Columbia it is essential to ensure economic viability and maintain biological function of ranches.
Land management activities must maintain the productivity and biodiversity on rangelands in
the face of increased climate variability while still ensuring long‐term revenue sources to
ranchers so that they can remain economically viable. Ranchers are the stewards of much of
British Columbia’s grasslands, and maintaining economically viable ranches is essential in
maintaining British Columbia’s grassland ecosystems. Using carbon trading and offset programs
to develop new revenue sources for ranchers may help alleviate some of the economic
pressures, allow for improved flexible land management practices that adapt and withstand
climate fluctuations, and maintain many of the biological, cultural, and aesthetic values our
grasslands provide for generations to come. However, the road to develop effective and
economically viable carbon offset programs, to maintain cattle grazing opportunities, and
protect biodiversity is neither short nor easy.

In this report we outline our attempts to determine if a carbon offset program in British
Columbia’s grasslands would be possible, and attempt to outline a path to achieving such a
program. These are large questions and there is a substantial amount of uncertainty that we
must accept if we are to estimate the potential of our grasslands to store carbon. However,
without the development of a decision making framework and analysis of key knowledge and
policy gaps we will never begin to develop these markets. The Grasslands Conservation Council
has already began exploring the valuation of natural capital in British Columbia (Wilson 2009),
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but a clear plan of action is needed to provide estimates of natural capital reserves, develop
economic tools to access them, and forage policy recommendations to assist government in
decision making and regulation of grassland natural capital. This report begins that process. In it
we focus on the following objectives:
1) Documenting carbon stores in different grassland types in a key focus on the Thompson‐
Nicola region of southern of British Columbia;
2) Estimating the economic potential for carbon sequestration in the Thompson‐Nicola
using a spatial model classifying grasslands into different types;
3) Drafting an outline of suitable standards or protocols to meet certification requirements
so that consultation on actual methods can begin;
4) Describing what a carbon offset scheme could look like, and outline the policies that
describe different types of capitalization and incentive schemes that may be used to
manage grassland carbon with a Made‐In‐British Columbia approach.
5) Identifying key knowledge gaps of information required to establishing a carbon offset
program.

This report is one component of a larger project aimed at developing a Made‐In‐British
Columbia approach to managing grassland carbon. This report is combined with an information
session at the Grassland Conservation Council, 2012 Annual General Meeting, and two working
group meetings where the Grasslands Conservation Council, ranchers, and Thompson Rivers
University Faculty will come together to help refine the structure of a Made‐In British Columbia
carbon management program accounts for the needs of ranchers. We think that a flexible
carbon offset program developed with rancher input could help British Columbia ranches
remain ecologically and economically sustainable. This report is hopefully the first steps in
assisting ranchers access new economic markets, receive financial support for good land
management, and maintain biodiversity and other ecological values of their private and lease
lands. Specifically, the working group will: (a) help develop and identify key information gaps;
(b) list key components of grassland stewardship that result in increased carbon storage and
reduced emissions; and (c) outline policy and practical options describing the nature of a
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carbon offset program in British Columbia (i.e., key participants and potential sources of capital
and revenue).

Key
Points

Key Values of a Carbon Offset Program:
•

provides additional revenue for good land management

•

rancher driven

•

supports local businesses and families

•

protects ranches and grasslands for future generations

•

ecologically sound, internationally recognized, and
transparent.

2.0

BACKGROUND

2.1

Ranching Climate Change and Carbon Sequestration

Climate change is negatively impacting many grassland ecosystems and the resource based
industries that depend on them, such as ranching. All of us rely on Natural Capital, but ranchers
in particular rely on the abundance of these natural resources. Natural Capital are the services
grasslands provide humans; they are the things humans value about nature. Natural Capital can
be either ecological processes or pools of biological material. Pools of Natural Capital can be
simply the amount of forage provided by grasslands for cattle, the diversity of animal and plant
communities living in an area, or the carbon stored in grassland soils. Natural Capital can be the
services provided by grasslands. Grassland wetlands can provide clean drinking water or store
water for flood control. Grasslands can provide valuable recreational areas, provide places for
spiritual retreat, or they could clean our atmosphere of pollution or carbon dioxide. In short,
Natural Capital is often, but not necessarily, the things people would be willing to pay
grasslands to do.

Ranchers will be impacted by climate change in two ways. First, they will experience changing
climatic conditions that will alter the way they manage their lands. Second, the economic
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environment ranchers are in will change. The markets where ranchers sell their products, the
fertilizer, feed, and supplies ranchers purchase, and the tax and financial costs and incentives
ranchers have will are all shifting. Economic damage and damage to Natural Capital from
climate change can be reduced by:
(1) decreasing the accumulation of greenhouse gas emissions in the atmosphere; and
(2) limiting our susceptibility to negative impact through appropriate management
systems.

Both options can be addressed on the ranch, and we present a way forward that can reduce the
impact of climate change both economically and ecologically on ranchers by assisting and
encourage the continuation and adoption of appropriate land management activities that will
ensure grasslands and ranches can withstand unexpected and adverse weather conditions.

Adverse conditions such as drought, flood, heat waves, or simply increased variability of
seasonal weather patterns may be increasing in prevalence and intensity (Duliere et al. 2011,
Feldl & Roe 2011, Seung‐Ki et al. 2011; Richard & Brian 2008; Alexander et al. 2006). The use of
good land management practices that maintain abundant sources of natural and economic
capital can help ranchers weather these impacts in the future. Increased climate variability may
occur within a single season (e.g., freeze thaw cycles in winter) or across seasons (e.g., reduced
annual rainfall). One prediction is that ecosystems to move north in latitude and up in elevation
(e.g., Chen et al. 2011). Exactly how local grasslands will respond is to climate change is still
highly uncertain, but we might predict that middle and upper grasslands will become more like
the grasslands that inhabit valley bottoms today, and water scarcity may become the norm.

But, uncertainty in climate predictions may pale in comparison to our uncertainty in how
economic and political structures will change in response to global climate change. Fuel and
commodity prices, tax structures, and the availability of equipment and feed may all change
more dramatically than local weather patterns. Regardless of the ecological or economic
predictions, by maintaining rangelands in a condition where they can withstand effects like the
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increased duration, intensity, and frequency of drought, ranchers can maintain the forage
potential for cattle and protect grassland ecosystems. Of any resource industry in British
Columbia, it may be the ranching industry that is best situated to survive and flourish in the
new economic and ecological environments that are emerging.

In addition to an increased capacity to withstand the impacts of climate change on the ranch,
these types of management actions might also allow ranches to enter carbon trading markets.
Perhaps the most likely way that ranchers will be able to weather the effects of climate change
and participate in emerging carbon based economies is by maintaining and enhancing storage
and sequestration of carbon on their private lands and public lease holdings. These activities
could form the basis for a carbon trading program, through the development of carbon offsets.
Carbon trading programs purchase and sell carbon offsets. Offsets are the increase in carbon
stored by plants in grassland soils as a result of changed land management practices. The sale
of offsets (i.e., increased carbon stores) could provide a much needed revenue stream to
ranchers, but this will only be viable if these benefits out way any costs incurred with altered.
2.2

Grazing and Carbon Storage in Grasslands

Carbon storage in grasslands is intimately linked with grazing by large vertebrate herbivores
(Mack and Thompson 1982). Traditionally, these were wild species like deer, elk, or bison, but
most of these wildlife populations have been supplanted by cattle grazing in British Columbia.
There is some grazing by wild sheep, goat, elk, and bison in British Columbia, but we will focus
on grazing by cattle as it is currently the most abundant vertebrate grazer in the province.
Moderate grazing is a critical component of grassland health and will likely serve as the
foundation for a successful carbon offset program on rangelands (Gibson 2009).

Carbon storage in grasslands is high relative to other ecosystem types, and primary productivity
is sequestered into relatively stable soil stocks (Six et al. 2002). Ecological theory (Detling 1988,
Dyer et al. 1982, Milchunas and Lauenroth 1993) predicts that production of grass by grasslands
should be greatest at some intermediate level of grazing in grasslands: a) with low productivity
(e.g., 150‐700 mm of growing season precipitation like British Columbia grasslands); b) when
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the nutrients from dead plant material (litter or mulch) are not effectively incorporated into the
soil; and c) when herbivores bring large amount of nutrients into the system from distant
locations (Gibson 2011, pg 199‐200). Likewise, the diversity of plant species in grasslands may
be maintained at some optimal level by a low to moderate grazing intensity (Milchunas et al.
1988, Gibson 2011 pg. 198). There is both theoretical support and empirical evidence to
suggest that grazing at low to moderate intensities can have a positive impact on grassland
productivity and diversity; a fact not lost on most ranchers and farmers for generations.

Limited grazing increases growth by allowing more light to penetrate to the soil, warming the
soil, and allowing compensatory growth (Gibson 2011, pg. 135). Increases in the production of
forage in grasslands should be directly linked to additional carbon storage as soil organic carbon
and other activities that increase forage should also increase carbon sequestration to less
stable pools such as litter and above ground biomass (e.g., herbaceous biomass). Any measures
that enhance or protect soil should increase carbon storage, and some native grassland
restoration programs for working farms resulted in forage production, carbon storage, and
native plant diversity values close to native prairie (Baer et al. 2002). The primary goal of any
carbon offset program in British Columbia’s rangelands should be to maximize increase soil
organic carbon while reducing any other carbon emissions.

When we are thinking about optimizing carbon sequestration in grasslands we need to consider
not only how grass growth impacts cattle, but how cattle impact grass growth (and ultimate
sequestration). There are number of models of how grazing impacts plants (see Crawley 1998,
Chapter 13; Gibson 2009 Chapter 9 for review of herbivore impacts on plants), but a common
model, and one that could be used to predict the impact of grazing at different levels of
grassland productivity, is the Herbivore Optimization Hypothesis (Fig. 1; McNaughton 1979, and
Dyer 1975). In this model, there are three different situations that could occur as grazing
intensity is increased. In British Columbia, it may be that different grassland types, or
productivity levels, will relate to a different situation described by the Herbivore Optimization
Hypothesis. Grazing intensity is a combination of stocking rates and turnout times and could be
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estimated with Animal Unit Months (AUMs); where AUMs are the forage required by one
animal (standardized) turned out on a one hectare pasture for a period of 30 days.

The first situation occurs when forage production falls as grazing pressure is increased. This
could occur in grasslands or desert systems with very low productivity, or high rate of
disturbance, that is extremely sensitive to disturbance. The second situation occurs when plants
compensate for low grazing intensities until a level is reached (Fig. 1, Gmax) where increases in
grazing intensity result in declines in biomass production. A possible mechanism for this
scenario is when some low level of grazing promotes plant growth by reducing litter levels and
disturbing litter layers thereby enhancing plant growth. The third scenario demonstrates an
increase in plant growth at low levels of grazing crossing some optimum (Fig. 1, Gopt) where
further increases in intensity result in declines. Declines continue with increases in intensity
until (Gmax) all gains achieved by overcompensation are erased. Since increased plant growth
can translate directly into increased carbon storage (in above or below ground carbon pools), it
is likely that the forage or biomass production to grazing relationship described by Dyer (1975)
and McNaughton (1979) could be equivalent to a direct relationship between higher carbon
sequestration and ideal grazing intensity. This may be especially true where increase biomass
production, compensation, or overcompensation occurs below ground. Thus, this model may
be more appropriate for carbon sequestration than above ground production.

Theoretical models are useful as a modeling exercise, but what does this mean to the average
rancher trying to increase carbon sequestration with the lowest impact to beef production, and
still protect wildlife and plant forage species on their grazing land? By using this relationship to
define grazing intensities realistic to individual ranches, we can estimate what type of increase
or decrease we are likely to see in carbon sequestration.
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Fig. 1 Hypothetical model of how changes in grazing intensity (turnout times, and stocking densities)
can impact forage production or carbon sequestration. Adapted from (Crawley 1997,McCaughton
1979, and Dyer 1975). Three scenarios: (a) decline with grazing; (b) compensation at low grazing
intensity; (c) overcompensation at low grazing intensities.

The Alberta government (1998; Wroe 1983) has published numbers for how stocking rates can
change with precipitation amounts (pasture quality or high, med, and lower grasslands) and
pasture condition class (Table 1). Additionally, there are estimates of how declines in pasture
quality may occur with increase stocking rates. Willms et al. (1985) describe and experiment in
the Rough Fescue grasslands in the Alberta foothills where pasture plant species composition
change with increased grazing intensity (1.6 AUM) and eventually the grassland quality became
severely degraded (4.6 AUM). Likewise, Willms et al. (2002) found that 70 years of no grazing
on a mixed prairie plant community of the northern Great Plains resulted in reduced forage
production and increased litter accumulation on Chernozemic soils similar to British Columbia
soils. This supports Scenario (C) (Fig. 1) at least in systems with moderate amounts of
precipitation (~>250 mm during the growing season). These results show that a net benefit to
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soil carbon at low grazing transitioning to a net loss of soil carbon at high grazing intensities are
not unheard of (see He et al. 2011 among others).

3.0

DOCUMENTING THE SIZE AND DISTRIBUTION OF CARBON POOLS

To document the amount of carbon stored in the grasslands of the Thompson‐Nicola, the
potential for increased carbon sequestration from altered grazing practices, and the
underpinnings for a carbon offset program, we developed a spatially explicit, but static
simulation estimating the size of carbon pools and sequestration rates in the grasslands of the
Thompson‐Nicola. This allowed us to create inventories of the pools of Natural Capital, such as
carbon or nitrogen, by grassland types and then investigate how those pools might change with
increases or decreases in grazing intensity. Although these static models are not as detailed as
process‐based simulation models, their simplicity allows us to develop rough estimates of the
size of carbon pools, how carbon is spatially distributed across wide area, and then estimate
how the size of these regional carbon pools might change when we alter grazing. These results
can then be used to explore the viability of carbon offset schemes, guide future data collection
activities, test the generality of past research results, and/or guide the development of more
detailed scenarios. Our work provides the first estimates of carbon stores in British Columbia
grasslands, and gives a basic framework to estimate how it might change with altered land
management.
3.1

Spatially Explicit Estimates of Carbon Pools

We developed spatially explicit estimates of the amount of carbon residing in the grasslands
areas of the Thompson‐Nicola Region. The process of developing spatially explicit estimates of
carbon pools involved three steps:
a) compiling local data sources on the size of carbon pools;
b) land cover mapping to define different grassland types; and
c) linking local carbon pool estimates to land cover mapping.

We estimated the size of four different carbon pools in 15 different grassland land cover types
across the Thompson‐Nicola. This resulted in 60 categories of grassland type and soil pool
Harrower et al. 2012
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combinations. To get estimates of the size of the four carbon pools in different grassland types
we compiled data from a number of existing and ongoing research projects at Thompson‐Rivers
University and the University of British Columbia. We then classified grassland types based on
elevation and topography, and linked carbon pool estimates to land cover classes using a
Geographic Information System (GIS) and a freely available GIS mapping tool called InVEST.
InVEST tools were developed by the Natural Capital Project; a partnership of Stanford
University’s, Woods Institute for the Environment, University of Minnesota’s Institute of the
Environment, the Nature Conservancy, and the World Wildlife Fund. InVEST is a series of GIS
tools designed to map and value the goods and services ecosystems provide 1 . These tools were
designed to enable land managers to predict the results of different land management
decisions on ecosystems before they happen and thus improve their ability to manage their
lands effectively. For ranchers in British Columbia, this means that we can determine how much
carbon is on the landscape in different places and then estimate how different grazing practices
will alter the amount of carbon storage in grassland types.

Major
Carbon
Pools

There are number of means of documenting carbon pools in ecosystem, but the major
carbon pools we examined that could be impacted by grazing and grassland
management are:
a)
b)
c)
d)

Woody vegetation
Above ground live plant biomass
Above ground dead plant material (litter)
Below ground organic carbon (roots and soil)

Above ground biomass consists of the living woody plant biomass. Below ground
biomass consists of the root systems of plants. The soil pool consists of the soil organic
matter. Dead organic matter includes both litter and dead wood.

In addition to estimating carbon pool size over regional areas, InVEST allows us to apply our
predictions of how different grazing intensities may change the size of carbon pools over time.
We used the CARBON module of InVEST to estimate carbon pools and determine the monetary
values of each carbon pool at a single time period and single grazing intensity. Unlike some of
1

http://www.naturalcapitalproject.org/toolbox.html
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the more sophisticated tools in InVEST, the CARBON module is not a process‐based model; it
applies no equations to alter the rate of carbon sequestration based on yearly conditions, or
management practice. The InVEST model simply applies a single number to recalculate the size
of a carbon pool by land cover class (in this case grassland type). This tool has remained simple
as there are few data to estimate how the rate of carbon sequestration would change with
these factors. As a better understanding of carbon cycling in British Columbia grasslands (and
beyond) emerges, the complexity of the InVEST CARBON tool can be improved to account for
non‐linear rates of carbon sequestration into different pools, applied to specific grassland
types, and used to generate specific scenarios for grazing at varying intensities.
3.2

Current Land Cover Mapping of Different Grassland Types

One of the major factors determining carbon storage and sequestration globally is the land use
or land cover type (i.e., forest, grassland, urban, rangeland, and cropland). Within grasslands,
carbon storage and sequestration should also vary by elevation, topography, and plant type.
We chose to focus solely on the grassland portions of rangeland in the Thompson‐Nicola so to
not overlap with other work on carbon accounting currently underway in forested ecosystems
(Greig and Bull 2011; BC Ministry of Environment 2010; Greig and Bull 2009,) and because we
did not have adequate estimates of carbon pools in forests. We chose the Thompson‐Nicola
region as a test area because it represented a large geographic area for us to model grassland
carbon stores using our local data, and then hopefully testing this larger regional model with
subsequent data. And we chose to classify grasslands by elevation and topography because this
should provide the most unbiased indicator of soil carbon, independent of grazing or land use
history.

The grassland areas of the Thompson‐Nicola have complex topography and large elevation
changes, and thus we developed fine‐scale classification maps based on biophysical
characteristics. Carbon storage in grasslands is dependent on biophysical characteristics of the
landscape including: soil type, elevation, precipitation and temperature (Lal 2001, 2004, Derner
and Schuman 2007, Svejcar et al. 2008). In the Thompson‐Nicola region, regional topography
creates strong gradients in soil type, precipitation and temperature with elevation (Van Ryswyk
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1966) this has resulted in a mosaic of different plant communities (Grassland Conservation
Council 2009; Wikeem 2004). Within this gradient, fine‐scale topography plays an important
role in determining both vegetation types and soil characteristics; characteristics such as soil
moisture and nutrient regimes as well as soil carbon (Sigua and Coleman 2010, Lee 2011).

Because we did not have fine scale mapping of grassland types (e.g., leading species or
projected climax species) or grazing histories, we used biophysical characteristics to account for
variation in the level carbon sequestration to each pool by site. We subdivided grasslands first
by elevation, then by landform (topography) and aspect to achieve 15 land cover classes. To do
this we obtained a Digital Elevation Model (DEM) of the Thompson‐Nicola region from the
British Columbia Government Geographic Data Warehouse to delineate three elevation classes.
Elevation classes were based on previously established differences in soil type and moisture
regimes along the elevation gradient (van Ryswyk et al. 1966; Table 1). These elevation classes
roughly capture the temperature and precipitation gradient of the area.

Within each elevation class, we further subdivided the landscape by classifying topography and
aspect. In Lac du Bois and likely beyond, topography and aspect have a strong impact on plant
community type (Lee 2011). We calculated a topographic position index (TPI; Jenness et al.
2011) and divided the landscape into three landforms: lower slopes and valleys, gentle mid‐
slopes (<25% slope), and upper slopes and ridges (Fig. 2). Topographic position index gives the
relative elevation of a site in relation to the average elevation of its surrounding area; in this
case we used a surrounding area of 100 m. The gentle mid‐slopes and the upper slopes and
ridges were further divided by aspect into north‐facing (285 – 360°, 0 – 135°) and south‐facing
(135 ‐ 285°). We did not classify the slope of lower slopes and ridges because these areas were
relatively flat.
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Fig. 2 Distribution of sample points used to estimate soil pools and distribution of land cover types in
Lac du Bois Protected Grasslands. Estimates are only provided for grasslands with forests shown by
imagery in background.

3.3

Estimating Carbon Pools on Current Landscapes

In order to estimate regional carbon pools we required local baseline data to apply to each
grassland type. These data came from a variety of existing research projects and data sets all of
which were performed in Lac du Bois Protected Grasslands and were distributed across Lac du
Bois Grasslands Protected area near Kamloops (Fig. 2). A list of the five data sources is provided
below:
1. CNC_mites: This data was collected to examine the relationship between plant and soil mite
communities in the summer of 2008. Three plant communities were targeted across the
elevation gradient in Lac du Bois: Bluebunch wheatgrass, Rough fescue and Kentucky Bluegrass.
AGB and Litter were collected from 1 m2 quadrats. Some plots were sampled for soil C:N, bulk
density was collected in each plot.
2. CNC_chrono: This data was collected to examine change in plant communities over time once
grazing had been removed using exclosures. For each ungrazed site there is a paired grazed
location which was located ~20 m from the ungrazed plots. The plots outside of the exclosure
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were selected to maintain, as near as possible, the same slope and aspect as the exclosure.
Grazed and ungrazed points will share GPS locations. Data for each site are from the means of
four samples. Ungrazed sites were not used in the parameterization of the InVest model.
Vegetation data was collected in 2006 and soil data was collected in 2007.
3. CNC_root: This data was collected to measure root biomass and root growth. Soil cores were
taken in October 2008 and roots were sieved out, dried and weighed from 4 in diameter, 15 cm
high cores. These data are means from six cores at each location. Coordinates are for the site.
These should come close to overlapping with six sites from the CNC_chrono data set. They could
be put together as the data are site means and individual points are not paired with each other.
4. WH_grid This data is from Bill Harrower’s 96 sampling points spread out across Lac du Bois. This
data was used only for sagebrush and shrub cover. Data is converted from percent cover
estimated by a single observer in 20 m diameter plots. We converted percent cover to Mg C/
hectare using the method outlined below.
5. RL_ldb: This data was collected by Robbie Lee as part of his MSc project and was funded by
FFESC. He collected soil data at 31 points in Lac du Bois Park. His soil cores were 7.5 cm deep as
were his bulk density measurements.

In order to provide data points in all of the elevation topography combination we were
required to estimate some values. The details of how we developed an estimate of each carbon
pool are given below.
1.

Litter (Mg / hectare): Litter was collected from 0.25 m2 or 1 m2 plots. Carbon was measured in a
subset of these samples. The mean value for percent carbon was 38.7% ± 0.36 for litter; this
mean was used to estimate carbon content of all other litter samples.

2.

Soil carbon (g/ m): Soil samples were collected in each of the vegetation plots using a ~2 cm
diameter soil corer. Four cores were taken to a depth of 15 cm then pooled. Litter was removed
from the soil surface before the soil sample was taken. All soil samples were air dried and soil
carbon was measured with an Exceter CE440 Elemental Analyzer. Data was then standardized
to grams of carbon/litre by multiplying the percentage of carbon by bulk density. In most cases,
bulk density was collected from plots using a single soil core from the center of each sample
plot.

3.

Above ground woody vegetation (Mg /hectare): Woody vegetation is often cited in grassland
carbon storage protocols as an important carbon storage reservoir because it is relatively stable
and the removal of woody vegetation, including trees and shrubs, can liberate large amounts of
carbon to the atmosphere (VCS 2008). In the grasslands of the Thompson‐Nicola sagebrush
(Artemisia tridentata) is a significant carbon storage reservoir and could not be ignored. We
have no local data on sagebrush carbon so we found values reported in the peer‐reviewed
scientific literature to convert the sagebrush percent cover data to above ground carbon stores.
These methods are reasonable because the relationships between the amounts of carbon
stored in different densities of sagebrush are robust across a range of values (Cleary et al.
2008). We used data from Shrestha and Stalhl (2008) and Cleary et al. (2010) to construct a
simple linear relationship of percent cover to estimate soil carbon (Fig. 3).
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Fig. 3 The relationship between the above and below ground biomass used to estimate the size of
the root carbon pool.
4.

Root biomass (Mg /hectare): Because no estimates of root biomass existed we estimated
below ground root biomass from aboveground biomass estimates. We assumed a direct, linear
relationship between above and below ground growth (Fig. 4). This assumption may not hold
heavily grazed areas but is suitable for our purposes (Derner and Schuman 2007). At the
CNC_mites and CNC_root sites we separated roots from soil and developed simple linear
relationships between root carbon, soil carbon, and above ground biomass. We used these
relationships to estimate below ground carbon pools at all other sites by measuring above
ground measurements there by estimating above ground biomass and applying our linear
relationships.

Fig. 4 The relationship between above ground biomass and soil carbon values used to estimate
missing soil carbon values.

Although 7.5 ‐ 15 cm soil depths do not represent the entire quantity of carbon in
grassland soils, the majority of soil organic carbon found in the first 1 m of soil is typically
contained in the top 10‐20 cm (Torn et al. 1997; Jabbogy and Jackson 2000), and roots
may be even more predominate in the first 20 cm of soil as grasses often have shallow
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rooting profiles (Jackson et al. 1996). Additionally, soil organic carbon pools become
increasingly more stable with depth and thus grazing management likely only impacts soil
carbon pools near the surface (Jabbogy and Jackson 2000).
3.4

How Much Carbon Do Grasslands Store?

The final carbon data set represents measured values and estimated values complied using the
methods outlined above (Table1; Fig. 5 and 6). Values for the amount of carbon in each of four
carbon pools and the total carbon stored for each of the five land classification in each of the
three elevation levels are provided below.

Table 1. Carbon pool estimated developed for each of 15 land cover types from sample data collected
in Lac du Bois protected areas. These data were subsequently applied to land cover maps for the
entire Thompson‐Nicola Region.
Elevation
Upper
(>810m)

Land class

Aboveground C
(Mg/ha)
3.050

Root C
(Mg/ha)
1.006

Soil C
(Mg/ha)
10.726

Lower Slope and Valley
S‐facing Ridge and Upper
4.347*
0.804
9.899
Slope
N‐facing Ridge and
7.553
1.198
5.694
Upper Slope
S‐facing Gentle Mid‐
4.532
1.016
7.649
slope
N‐facing Gentle Mid‐
3.928
1.007
8.544
slope
Middle
Lower Slope and Valley
5.423
0.873
7.508
630 – 810 m
S‐facing Ridge and Upper
6.101
0.858
12.860
Slope
N‐facing Ridge and
3.277
0.723
9.423
Upper Slope
S‐facing Gentle Mid‐
3.540
0.678
5.364
slope
N‐facing Gentle Mid‐
2.169
0.756
6.186
slope
Lower
Lower Slope and Valley
7.271
0.657*
7.207*
(< 630m
S‐facing Ridge and Upper
8.425
0.648
5.215
Slope
N‐facing Ridge and
10.632
0.657*
16.241
Upper Slope
S‐facing Gentle Mid‐
11.330
0.674
6.574
slope
N‐facing Gentle Mid‐
9.761
0.615
6.474
slope
* Estimate based on the mean value of the particular carbon pool for the elevation class.
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Litter C
(Mg/ha)
0.738

Total C
(Mg/ha)
15.520

0.827

15.877

0.447

14.892

0.831

14.028

0.646

14.310

0.664

14.468

0.477

20.296

0.530

13.953

0.606

10.188

0.485

9.596

0.386*

15.521

0.366

14.654

0.386*

27.916

0.423

19.001

0.336

17.186
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The grasslands of the Thompson‐Nicola contain, on average, 15.79 Mg of elemental carbon per
hectare (C/ha). Lower grasslands hold 18.84 Mg C/ha, more than both the upper and middle
grasslands (Fig. 6). Though upper grasslands hold less C/ha than lower grasslands, they
constitute approximately 60% of grasslands, and represent 55% of total carbon stored in all
grasslands of the region. Middle grasslands store as much carbon per hectare as upper and
lower grasslands but due to their restricted area the total carbon stored in middle grasslands is
less than in the upper and lower grasslands.

Fig. 5 Distribution of the current estimated current stored across the Thompson‐Nicola region of
south‐central British Columbia. Estimates are only provided for grasslands with forests shown by
imagery in background.
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Differences in carbon storage between low, middle, and upper elevation grassland are due to
differences in the four carbon pools. Upper elevation grasslands hold the most root, soil and
litter carbon compared to middle and lower grasslands. Yet, high abundances of sagebrush in
the lower grasslands make for large stores of aboveground carbon, making carbon storage in
the lower grasslands higher than both middle and upper elevation sites. The grasslands of the
Thompson‐Nicola store large amounts of carbon, and the differences in storage between
different grassland types and different carbon pools is important. Upper elevations store
carbon in the soil and lower elevations store carbon in woody vegetation. Any management
action aimed at conserving or increase carbon storage needs to account for the differenced in
storage between upper and lower grasslands and between different carbon pools.
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Mg C/ha
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Total C (Mg) 2000000

10 Mg C/ha
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6
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Total

Upper

Middle
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Grassland Elevation

Fig. 6 Current total carbon amounts and amount of carbon per hectare for each grassland elevation
class and total carbon stored in the Thompson‐Nicola region.

3.5

How does the Thompson‐Nicola compare to grasslands globally

In order to determine if there is potential to increase carbon stores in the grasslands of the
Thompson‐Nicola, we compared our estimates to other published values of carbon storage
from around the world. Lower than average values may indicate that there is a potential to
increase carbon storage in the Thompson‐Nicola. In general, the mean carbon sequestered in
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the four carbon pools in Lac du Bois Protected Grasslands are less than global averages (Table
2). Soil carbon increases with elevation in Lac du Bois, but is still lower than global means for
soil carbon pools in grasslands. (Fig. 7A). Carbon in litter also increases with elevation; litter
carbon in the upper grassland of Lac du Bois Protected Area is almost as high as global averages
(Fig. 7B). Root carbon is very low compared to global averages, this pattern may be true but the
sample data for Lac du Bois were only collected in the top 15 cm of soil, compared to deeper
samples taken in most other studies. This likely lowered our estimates of size of soil carbon
pools, especially in the upper grasslands (Fig. 7C). The carbon stored in above ground live wood
in the lower grasslands of Lac du Bois is well within the ranges found globally, but may be
overestimates of local amounts in some locations (Fig. 7D). Better estimates of carbon storage
in above ground woody vegetation are required.

Fig. 7 Comparison of the four carbon pools A) Soil, B) Litter, C) Roots, and D) Above Ground in the
three grassland elevation zones of Lac du Bois to global grassland data compiled from peer‐reviewed
scientific literature.
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Despite some inaccuracies and biases in our estimates of the size of soil pools, our estimates
are well within the range of global estimates for similar grasslands around the world and we
think conservative. Although the grasslands of the Thompson‐Nicola may simply store less
carbon than similar grasslands around the world, our low estimate are encouraging. Factors
that change soil carbon storage that ranchers control, like grazing, can be manipulated to
improve carbon storage, and there is likely the potential to increase the size of carbon pools on
many sites within the Thompson‐Nicola. This potential is likely greatest in root and soil carbon
pools and greatest in lower and middle grasslands. These are the pools and the sites with the
largest differences from global estimates.

Table 2 Estimates of the size of four major carbon pools in different grassland types in the Thompson‐
Nicola region of south‐central British Columbia.
Elevation
Category
Upper

Middle

Lower

Landcover
Class

Aboveground
(Mg)

Root
(Mg)

Soil
(Mg)

Litter
(Mg)

Total
(Mg)

Lower Slope and Valley

3.050

1.006

10.726

0.738

15.520

S‐facing Ridge and Upper‐slope

4.347

0.804

9.899

0.827

15.877

N‐facing Ridge and Upper‐slope

7.553

1.198

5.694

0.447

14.892

S‐facing Gentle Mid‐slope

4.532

1.016

7.649

0.831

14.028

N‐facing Gentle Mid‐slope

3.928

1.007

8.544

0.646

14.310

Lower Slope and Valley

5.423

0.873

7.508

0.664

14.468

S‐facing Ridge and Upper‐slope

6.101

0.858

12.860

0.477

20.296

N‐facing Ridge and Upper‐slope

3.277

0.723

9.423

0.530

13.953

S‐facing Gentle Mid‐slope

3.540

0.678

5.364

0.606

10.188

N‐facing Gentle Mid‐slope

2.169

0.756

6.186

0.485

9.596

Lower Slope and Valley

7.271

0.657

7.207

0.386

15.521

S‐facing Ridge and Upper‐slope

8.425

0.648

5.215

0.366

14.654

N‐facing Ridge and Upper‐slope

10.632

0.657

16.241

0.386

27.916

S‐facing Gentle Mid‐slope

11.330

0.674

6.574

0.423

19.001

N‐facing Gentle Mid‐slope

9.761

0.615

6.474

0.336

17.186
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4.0

INCREASING CARBON SEQUESTRATION AND STORAGE

There are two ways to sell soil carbon: stopping the release of carbon, and increasing the
storage of carbon. You can stop the release of carbon in grasslands by protecting grassland
from development. Mining, urban expansion, recreational development, and tillage all result in
the release of carbon from grassland soils. Developing long‐term plans to stop these types of
land use change could be one method of storing and potentially selling carbon, but these
activates must demonstrate that they are long term and they provide an additional benefit over
current practices. Currently, groups like The Land Conservancy and the Nature Conservancy of
Canada purchase land for conservation and may be able to demonstrate addtionality (see
Section 5.1 for a definition) and long term benefit. Ranchers may be able to access these types
of carbon sales through the placement of covenants or other types of long‐term protections on
their private lands; however, they would likely have to demonstrate a imminent threat of
conversion of their property to some other land use.

Grazing
Intensity

Grazing Intensity is determined by many things (stocking rates, season of use, frequency
of use, kind or mix of animals, animal selectivity) but two components in particular are
important here:
A) Stocking Rates
Are determined by calculating the number of Animal Unit Months (AUM) applied
to one hectare of pasture for one year. A standard Animal Unit (AU) is considered
to be one mature 454 kg (1000 lb) cow with or without a calf (12 kg or 26 lbs of
daily consumption of plant material once dried). We know very little about how
different stocking rates impact carbon sequestration in different types of British
Columbia grasslands.
B) Turnout Times
This is when grazing is applied to the pasture. There are large differences between
the impacts of grazing in spring vs. the impact of fall grazing. Late season grazing
may simply remove material destine to become litter, or it may remove too much
material and not allow enough time for the grass to develop sufficient stores to
overwinter. Regardless, we know little of how Turnout Times impact carbon
sequestration in British Columbia grasslands. More research is needed to
determine how different Turnout Times impact various grassland types.
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The second way to sell carbon would be to show that a ranch operation is storing carbon than it
is releasing. The net carbon emissions of the entire ranching operation must be negative. First,
a ranch must show that it is reducing carbon emissions during its operation in the paddock,
tame pasture, and range. These carbon emissions must be lower than the carbon being stored
on the range in soil. To sell these negative carbon emission, i.e., carbon stores, these values
must be additional to current operations. Rancher must change their practices to show that
they are doing something new to store more carbon. It is entirely possible that a ranch is
currently storing large amounts of carbon through good pasture management, and the benefit
they will receive through this program is by reducing carbon inputs to fertilizer, trucking, and
methane emissions in the paddock and we will discuss that later, here we discuss how changing
grazing management could result in the reduction in net carbon emissions through increases in
soil carbon pools. This may be the largest single carbon pool with which ranchers can alter
carbon sequestration and storage. We will discuss incorporation of carbon emission on the
farm later, but they have also been the focus of sister project 2 supported by the Future Forest
Ecosystems Science Council of British Columbia (FFESC) 3
4.1

Theoretical Responses of Grasslands to Grazing

Ecological theory (i.e., The Herbivore Optimization Hypotheses; McNaughton 1979 and Dyer
1975) predicts grasslands could respond with a increase, decrease, or not respond at all to
changes in grazing pressure (Fig. 1, Section 2.2). Therefore, three things could occur with a
change in grazing management on grasslands. These scenarios could relate directly to real life
situations. Scenario (A) could occur when degradation of grasslands due to over grazing has
been occurring and a reduction in grazing will increase sequestration. Scenario (B) is the
Business‐as‐Usual situation where low to moderate grazing pressure is occurring and there is no
change in carbon pools with changes in grazing because plants compensate for the shift in
grazing pressure. In this scenario it is difficult to make sequestration change with grazing
management. Scenario (C) is where adding grazing will stimulate plants, reduce overdominance
by particular species, and increase both plant growth and carbon sequestration.
2
3

http://climatechangeandbcrange.net/
http://www.for.gov.bc.ca/hfp/future_forests/council/
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Scenario (A): Reduced Grazing Results in Increased Sequestration: In this scenario, we would
assumed that overgrazing has caused a reduction in carbon storage over time and a reduction
in grazing could increase carbon storage. We searched the peer‐reviewed literature for studies
that investigated different grazing regimes, and used this information to estimate changes in
soil pools due to reductions in grazing. We limited our search to studies conducted in semi‐arid
grasslands (annual precipitation <1000 mm). We looked for data that compared grassland
management activities and reported the response of at least one of the carbon pools. By far the
largest amount of information existed in the peer‐reviewed literature on the decline in carbon
sequestration with grazing (Appendix I), and thus when grazing was stopped plant growth and
carbon sequestration increased.

Scenario (B): Plants Compensate for Changes in Grazing Management: Scenario B is the case
where no change in carbon sequestration occurs despite changes in grazing pressure. There is
some evidence, especially under low to moderate grazing regimes in moderate productivity
grasslands, that plants may compensate for grazing with little or no impact on above or below
ground biomass (Milchunas and Lauenroth 1993). Under these assumptions, addition or
removal of grazing may have little impact on carbon pools as plant adjust the allocation of
carbon and their growth depending on grazing pressure. We would predict that carbon pools
remain at their current levels with any moderate change in grazing management. This scenario
could also be thought of as the conservation only, or Business‐As‐Usual scenario where the
additionality of offsets would result from continued ranching on lands and not converting it to
urban or industrial development. It would be difficult to publish a study showing no change in
the scientific literature.
Scenario (C): Grazing Stimulates Carbon Sequestration: In some cases, grazing can increase
plant growth and even carbon sequestration (see Willms et al. 1988, and Milchunas and
Lauenroth 1993 for discussion). Perhaps the best local evidence we have for this scenario is
from rough fescue grasslands in Alberta (Willms et al. 1988). Under a number of different
grazing intensities, long‐term treatments had first an increase in plant cover, followed by a
Harrower et al. 2012
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change in plant community composition, reduction in forage quality, and then severe decline in
forage production. This could be a very likely scenario in the moderate‐high productivity
grasslands of southern British Columbia (i.e., upper grasslands) that have a history of limited
grazing. Once we have more information on how local grasslands might respond to a variety of
grazing intensities we will know better how this condition may apply across the landscape;
however, in some areas ranchers may be able to increase grazing from some current low values
and get increased carbon sequestration. But before grazing begins on these sites we need to
know if this process is more than hypothetical.
Grazing management, carbon sequestration, and grassland ecology are complicated topics that
often depend on the specific context of an individual land parcel. Ranchers know this and have
been applying this knowledge to manage grasslands for hundreds of years. These three
scenarios will not occur consistently across all grassland types. When detailed local data
become available it is very likely that we will see increases or decreases in carbon sequestration
with management differ in particular circumstances. How grasslands will respond to changes in
grazing pressure will depend on the characteristics of the site, its grazing history, and how large
a change in grazing management is made, and how long this change occurs for. We cannot
provide detailed information on how grassland carbon pools will change with altered grazing
intensity because of the paucity of information available on when and where grassland
ecosystems sequester carbon (Derner and Schuman 2001). However, we can speculate on what
might happen based on the limited understanding of how grasslands respond to grazing
management we reviewed above. It may be that middle to upper grasslands, or grasslands on
particular slope and aspects that have a long history of moderate grazing may not respond to
changes increased grazing intensity. We might increase or reduce the grazing intensity on these
lands and see no change in sequestration. This might occur because the long history of
moderate grazing encouraged particular soil process that facilitate the rapid turnover of carbon
in the soil rather than converting carbon into soil pools (Six et al. 2002). These sites may have
developed plant communities and soil processes that make them robust to changes in grazing
intensity and it may take large disturbances over many years (e.g., severe drought or high rain,
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heavy or no grazing pressure, fertilizer application, or widespread fire) to make these systems
shift their rates of carbon sequestration (likely through changes in plant community
composition and soil flora and fauna communities over long periods of time). Currently, we do
not know which grassland types are more robust than others

These theoretical scenarios could represent real life situations. Scenario (A) is increased
sequestration with reductions in grazing. It could occur following a periods where ranches are
expanding and increasing the number of cattle on the range in response to high cattle prices, or
it could result when sales are restricted (e.g., due Bovine spongiform encephalopathy or hoof‐
and‐ mouth disease) and a larger than normal number of heifers or steers are put out to
pasture. In could also occur following prolonged drought. Scenario (B) likely results from good
pasture management focusing on moderate production of cattle over the long term. In this
situation low to moderate grazing and rotational grazing regimes has resulted in the stimulation
of plants, and an appropriate plant community exits on the site. The species composition of
plants approaches a climax community, but grazing increases diversity and stimulated
dominant grasses to store more energy below ground. In this case small changes in grazing
manage result in no change in carbon sequestration. Scenario (B) approaches Scenario (A) when
a shift in plant communities occur toward plants of less forage value (Willms 1988), and poor
forage species like Pussy‐toes (Antennaria ssp.) become more common. Scenario (C ) is
increased carbon sequestration in response to increased grazing. There are presumably areas
where limited grazing in the past has resulted in dominance of one plant and a reduction in
sequestration. These areas would benefit from increased grazing that would reduce litter loads,
stimulate plant growth, and increase carbon sequestration. Any number of land use issues
could have resulted in an under‐utilization of grazing land, where adding grazing resulting in
increased sequestration. These scenarios attempt to describe how different grazing intensities,
applied to different grassland types will produce varying responses. It might be that lower
grasslands would respond as Scenario (A), and upper grasslands more similar to Scenario (B).
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Key
Points

Grassland carbon sequestration can increase, decrease, or stay the same with changes
in grazing management
Whether you need to increase or reduce grazing pressure to increase carbon
sequestration depending on the grassland type, grazing history, and moisture
availability of the site
It may take significant changes in grazing management to cause a change in carbon
sequestration and these changes might not be permanent

4.2

Estimated Changes in Carbon Storage in the Thompson‐Nicola

We wanted to investigate how shifts in grazing management could bring about change in
grassland carbon pools so that we could determine how altered grazing regimes would result in
changes in carbon storage and subsequently income to ranchers. However, there are few data
available on how changing grazing practices can impact carbon storage in grasslands; this is
especially true in British Columbia. But, we need some estimate of the financial potential of
carbon offset sales in order to determine if we should invest in developing this market. It will
take a significant capital investment in both infrastructure and management systems to make a
carbon offset program a reality, and we would not want to undertake this process unless there
was some significant benefit expected. For example, in developing the Darkwoods Carbon
Offset sales in southeastern British Columbia the Nature Conservancy of Canada spent
approximately $1,000,000.00 and three years of effort, leading up to the 2011 sales. Developing
carbon offset sales is expensive, and we need preliminary estimates to determine if carbon
offset sales from the grasslands of British Columbia were even remotely possible.
We documented changes in carbon pools reported in the peer review literature and compiled
these into plausible changes. We then applied these changes (i.e., changes in carbon
sequestration expected over 5 years) to our estimates of current carbon pools (from Table 2
above) to estimate plausible shifts in carbon pools across the Thompson‐Nicola. Literature data
sets came in two forms. First, some data was reported as a change over time. For these data
sets a rate of change was calculated. The second type of study reported comparisons with no
reference to time. In these cases we only had a snapshot of the differences in pools resulting
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from a change in management, typically a cessation of grazing. In many studies the
management comparison was often between a grazed pasture and an exclosure (no grazing).
Very few studies reported data on the impact of different grazing intensities; only studies that
examined grazing (larger herbivores) or mowing were included; studies examining the impact of
small mammals or insect were ignored. Many studies that investigate grazing impacts are a
comparison of the different carbon pools measured at the same time in different places (i.e.,
chronosequence data).
During our search we found that in most cases a reduction or cessation of grazing resulted in
increases in plant growth and carbon sequestration (see the list of papers in Appendix I).
However, the situations described in our theoretical scenarios above are not unknown. Willms
et al. (1985) investigated the impact of different grazing intensities on plant growth and
community composition on pastures grazed between 1949 and 1981, found that light grazing
had relatively no effect on range condition. However, a 38% increase in grazing intensity
resulted in a 57% reduction in Rough Fescue (Festuca ssp.) cover; the primary forage grass in
the area. Stocking rates above 1.6 AUM/ha resulted changes in plant species composition and a
marked decline in range quality, and forage production. Stocking rates of 4.8 AUM/ha resulted
in continued and heavy degradation of range quality. Although these stocking rates are not
representative of all grasslands especially in British Columbia, they do represent bunchgrass
systems receiving ~350 mm of growing season rainfall with similar species compositions to
middle to upper grasslands in southern British Columbia. Similar, numbers are provide in
recommended grazing regimes for Albertan seeded tame pasture in good condition with similar
rainfall amounts (Wroe 1983; Table 3). Changes in carbon sequestration by plants to below
ground soil carbon may be even more extensive than the increases in plant production
described by Willms et al. (1988), and even remain high at heavy grazing intensities as plants
allocated growth to below ground sources (Reeder and Schuman 2002).

To estimate how carbon pools might change due to grazing in the Thompson‐Nicola, we applied
a change due to grazing estimated for each carbon pool estimated from published data and
applied this to all grassland types across the landscape. This simple scheme provided new
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values for the four different carbon pools we estimated with our field data(Table 4) and a map
of the size of different carbon stores across the landscape (Fig. 8). We used InVEST tools to
apply our estimates to each grassland type and summarized this information.

Table 3. Stocking rates for seeded tame patures in Alberta in AUMs/acre (adapted from Alberta
Government 1998, and Wroe 1983). These stocking rates assume continous grazing. The next higher
precipitation zone can be used with rotational grazing. One AUM is one mature cow with or without
calf turned out on a pasture for one month.
Annual Precipitation (mm)
250‐350
350‐450
450‐550
550‐650

Excellent
1.25
2.00
3.30
7.50

Pasture Condition Class
Good
Fair
0.80
0.60
1.40
1.10
2.20
1.60
5.00
3.75

Poor
0.40
0.70
1.10
2.50

To develop our estimates of how carbon sequestration may change with time, we constrained
our data to fall within quartiles (25th to 75th percentile) of the information we collected from
peer‐reviewed literature. Additionally, we split our data into three groups according to the level
of precipitation that corresponds to the three grassland types in south‐central British Columbia.
For each of the lower, middle, and upper grassland we used literature data for which we had
precipitation information to estimate the percentage difference in carbon sequestration for
each different grazing management activities and for each grassland type. We selected only
data that had precipitation values close to that of precipitation values in the Thompson‐Nicola.
We used the 50 year coefficient of variation (CV) on annual precipitation for Kamloops (CV =
0.2) to approximate the range of precipitation values. We gave lower grasslands a range of 300
± 100 mm, middle grassland 400 ± 100 mm, upper grassland 500 ± 100 mm (there was not
enough data for the upper grasslands so we included estimates from all studies with more than
400 mm of precipitation as well).
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Fig. 8 Distribution of carbon sequestered from current to future amounts across the Thompson‐Nicola
region following an increase in carbon sequestration due to altered management for a five year
period. Estimates are only provided for grasslands with forests shown by imagery in background.

The lower grasslands showed the most potential for carbon sequestration per hectare (Table 4).
Yet, we know that the greatest absolute amount of sequestered carbon per hectare is found in
the upper grasslands. This is likely due to the large area they cover, and even small increases in
the carbon sequestration in upper grasslands might result in large increases to the soil organic
carbon pool. The largest increases in carbon sequestration with topography were also seen.
Lower slopes and valley land cover classes showed large increases in sequestration at all
elevations, where north ridges and upper slopes had high sequestration only in the lower
grasslands. Lower slopes and valley bottoms are likely the most productive combination of
slope and aspect at all elevations because water collects in these areas and they remain
relatively sheltered from wind and other disturbances. In the lower grasslands it maybe that the
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extremely dry conditions and high heat results in north facing slopes being more productive, or
at least having higher soil development. In the upper grasslands, the cold temperatures and
higher levels of evaporation due to wind and slope position on these north‐facing upper slopes
likely result in reduced productivity and lower soil development. The approximate
sequestration of ~140 000 Mg of carbon in the upper grasslands with altered grazing intensity
represent a large increase in carbon storage.

Table 4. The amount of land area, current storage, and amount of new carbon sequestered in each
grassland type
Elevation
Category
Upper

Middle

Lower

Landcover
Class

Area
(ha)

Current Carbon
Storage (Mg/ha)

Additional Carbon
Sequestered (Mg/ha)

Lower Slope and Valley

14 300

15.52

4.12

S‐facing Ridge and Upper‐slope

18 575

15.84

2.40

N‐facing Ridge and Upper‐slope

16 800

14.88

‐3.64

S‐facing Gentle Mid‐slope

45 750

14.00

0.68

N‐facing Gentle Mid‐slope

41 325

14.12

1.84

Total

136 750

14.87

1.08

Lower Slope and Valley

4 300

14.44

1.36

S‐facing Ridge and Upper‐slope

6 675

20.28

1.80

N‐facing Ridge and Upper‐slope

8 300

13.92

1.48

S‐facing Gentle Mid‐slope

10 025

10.16

1.08

N‐facing Gentle Mid‐slope

14 800

9.56

1.08

Total

44 100

13.67

1.36

Lower Slope and Valley

5 400

15.52

1.32

S‐facing Ridge and Upper‐slope

11 475

14.64

1.04

N‐facing Ridge and Upper‐slope

14 900

27.88

2.40

S‐facing Gentle Mid‐slope

10 850

19.00

1.28

N‐facing Gentle Mid‐slope

10 975

17.16

1.16

Total

53 600

18.84

1.44

234 450

15.79

1.29

Total
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From our survey of the peer‐reviewed scientific literature, litter showed the largest increase of
any carbon pool with altered grazing management. Soil carbon and roots were slightly positive
and woody carbon pools decreased slightly (Fig. 9A). When applied across the elevation
categories in the Thompson‐Nicola all pools varied by grassland elevation class (Fig. 9B). Woody
carbon pools are predicted to reduce in middle and upper elevation grasslands. Litter generally
has the highest increase. Root growth is most constant across the gradient, and soil carbon has
a large increase in the upper grasslands compared to the lower elevation grassland types.
There were also relative differences in how the various carbon pools responded to a reduction
in grazing. We saw the greatest increase in the litter pool when grazing increased carbon
sequestration, but positive results were seen in soil and root pools as well. The greatest
increases were seen in the upper grasslands. Increases in the litter pool were greatest at lower
elevations and quite variable in upper grasslands. This variability likely results from changing
sequestration with slope and aspect in the upper grasslands. Additionally, we estimated the
changes in the size of these pools with cessation of grazing and these might be overestimates of
additions to the litter pool with increase sequestration under increased grazing intensities (e.g.,
Scenario C). Increases in soil and root pools are positive with the largest increases in these two
stable pools seen in the upper grasslands. The upper grasslands including lower slopes and
valley bottoms (Table 4) will like show the largest potential for increases in carbon
sequestration. The fact that litter pools in upper grassland are not as stable of carbon pools as
soil and root pools meant that our estimate of ~140 000 Mg of potential sequestration in the
upper grassland might overestimate the potential sales. However, increases in soil and root
pools in upper grasslands still represent a large increase in carbon storage and potential sales.
Increased litter pools might also closely associate with increases in the soil pool, and this
relationship needs to be better quantified.
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Fig. 9 Percentage change in the size of carbon pools with altered management: (A) mean percentage
change in carbon pools due to management change (estimated from published data); (B) estimated
percent change in each pool in the three grassland types of Lac du Bois Protected Grassland data set (S
= soil carbon, L = litter, R = roots, W = woody). Note: the range for litter ranged to ~400, but the graph
has been cropped to make the other pools more readable.

4.3

Monetary value of potential carbon pools

We summarized the monetary value of carbon sequestered in the Thompson‐Nicola region
(Table 5). The value of the sequestered carbon is based on global carbon markets. Typically, the
price of carbon in markets is given in carbon dioxide equivalents (CO2e), where prices range
from $2.00 US to $15.00 US per Mg of CO2e. The lowest values were from the Chicago Carbon
Exchange just prior to its conversion to an offset program; the higher values are from European
and Australian carbon markets. InVEST uses elemental carbon values so we converted from
CO2e to elemental carbon by multiplying the prices by 3.67. The price range of elemental
carbon we used to estimate the monetary values of carbon stores was $7 ‐ $55 /Mg. These
prices were developed from current carbon sales worldwide in the fall of 2011. Typical
estimates range from $5 ‐ $15 per Mg of CO2e. The potential sales of $50/ha of carbon
represents ~$14 million in added monetary benefit across the Thompson‐Nicola.
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The costs and time for development of carbon offset standards and sales structure for British
Columbia should be more than offset by these large potential sales. Better estimates of just
how much sales potential exist will come with the development of standards and reductions in
these sequestration numbers when fossil fuel, methane (CH4), and nitrous oxide (N2O)
emissions are removed from the entire ranching operation, but the amount of greenhouse gas
emission reductions associate with ranching may also be reduced with altered grazing
management. These relationships should be investigated, simply because of the large potential
for increased carbon sequestration in the British Columbia grasslands, and the fact that these
emissions will count against any carbon sequestered.

Table 5. Monetary value of Thompson‐Nicola carbon stores if a 5% increase in sequestration occurred
with a change in grazing management.
Grassland Type
Upper Grasslands
Middle Grasslands
Lower Grassland
Total Value

Total Carbon (million $)
1.1 ‐ 8.3
0.4 ‐ 3.2
0.6 ‐ 4.5
2.0 ‐ 16.1

Carbon/ha ($)
7.64 – 60.12
9.65 – 75.92
10.22 – 80.35
9.17 – 72.13

There is potential to sequester more carbon than currently resides in the grasslands of the
Thompson‐Nicola, and to sell carbon offsets either through increased carbon sequestration or
conservation of ranching lands. We were able to accomplish our goal of developing spatially
explicit estimates carbon pools for the Thompson‐Nicola region, creating plausible estimates of
how carbon pools might change with grazing management, and providing dollar values to these
amounts. However, in this process we identified a number of data gaps, and identified areas
where our management scenarios were unrealistic and overly simplistic. Despite these pitfalls,
the low carbon storage of grasslands (<40 Mg of C/ha), and conservative dollar values for
carbon ($7 per Mg of C), over the scales of a typical ranch (i.e. thousands of hectares) there
may be an opportunity for alternative income. With an aggregator combining the sales from
individual ranches, the sequestration of carbon in the grasslands of the Thompson‐Nicola could
be significant.
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We provide only a simple and preliminary examination of the possibility for carbon
sequestration in the grasslands and ranches of the Thompson‐Nicola. We currently have many
data gaps especially in how grazing management will impact local grassland carbon
sequestration. The response of carbon pools to changes in grazing is likely multifaceted with
lower, middle, and upper grasslands responding differently. There will undoubtedly be trade‐
offs on individual ranches between sequestration in one location and another; these trade‐offs
will need to be explored by ranchers.

There is a large potential for carbon sales in the grasslands of the Thompson‐Nicola
representing ~ 240 000 Mg of carbon across all grassland types and pools

Key
Points

The upper grasslands have the highest potential for carbon sequestration especially on
lower slopes and valley bottoms. This could represent offset sales as high at
$50/ha in gross sales
Grazing management plans aimed at increase carbon sequestration and storage in
grasslands must incorporate how different grassland types respond to changes in
grazing management

5.0

ESTABLISHING A CARBON OFFSET PROGRAM IN BRITISH COLUMBIA

What is needed to develop an offset program in British Columbia? The development of an
Made‐In‐British Columbia approach to carbon offsets requires rancher support and will follow a
three step process. To establish a carbon offset program in British Columbia we need:
•

the establishment of protocols for assessment and monitoring of offset
programs;

•

scientific research into how grasslands respond to grazing and how to curb
emissions on the farm and in the paddock;

•

carbon market development to establish a method and systems to create a
Made‐In‐British Columbia approach to marketing carbon stores.
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Protocol Development: There is no current comprehensive list outlining what components of
the ranching operation will fall under the carbon offset program. In the language of existing
carbon offset programs, these components would be called protocols and clear measurements
would be defined and applied to determine the efficacy of their carbon storage. Until these
protocols are established, it will be very hard to develop effective research questions, raise
capital to move pilot projects forward, or establish the management infrastructure needed to
keep this program working. The initial protocol outlines were supported by the Future Forest
Ecosystems Science Council, the Habitat Conservation Trust Fund and developed by the
Grasslands Conservation Council and Thompson Rivers University, but these protocols need to
be vetted by ranchers and reviewed by outside groups experienced in international carbon
offset protocol development.

Scientific Research: There are also some key questions about local grassland ecology that must
be answered before a carbon program could move ahead. Some of these questions provide
documentation on local emissions and storage rates by livestock and grasslands, and some
broad questions about how grasslands store carbon. Protocol development will help identify
specific areas where we lack information, but some general areas where we need more
information to develop markets and finalize protocols are:
•

How different plant communities respond to grazing under different stocking rates
and turnout times

•

The amount of carbon, nitrous oxides, and methane inputs and emissions that arise
from ranching activities both on the range and in the paddock

Market Development: Perhaps largest step in the development of a Made‐In‐British Columbia
approach is determining the type of financial model that would work best for ranchers.
Additionally, a financial market for carbon needs a number of key infrastructure investments if
it is to work. Paying ranchers for storing carbon could include: one time or yearly government
payouts for infrastructure improvements or good stewardship or conservation; tax incentives to
recover money from costs like the provincial carbon tax, or the use of a purely market‐based
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approaches like selling offsets on the Pacific Carbon Exchange, or selling into foreign bond and
equity markets. A Made‐In‐British Columbia approach will likely involve a mixed approach with
both government and private capital support to establish the market and infrastructure for a
mostly market‐based program. We need to outline the options that could work for the British
Columbia ranching community because each ranch is different and using an approach that is
flexible and rancher driven will provide the largest participation in and benefits to ranchers.
Other infrastructure that needs to be developed to allow ranchers to sell carbon is the
establishment of practices, evaluation of the carbon product, and creation of monitoring
programs. These pieces must be managed by an aggregating organization, either a not‐for‐
profit, private, or government organization that could serve as a strong ranching advocate and
can take on much of the administrative work of a carbon offset program. This organization
could also act as a clearing house, compiling many of the programs we describe below under a
single roof so that they could be used together to support individual ranches.

The steps to carbon market development might follow a similar path to markets for forested
systems (see Greig and Bull 2011) and include:
•

Identification of markets to purchase grassland carbon including emissions trading
systems, bonds, single buyers, etc.

•

Market framework identifying key middlemen, aggregators, insurance brokers, and
accountants with skills, financial capital, and risk tolerance to make the market
work.

•

Verification, validation, and monitoring framework that can provide transparent
and independent certification of offsets.

Many ranchers already manage their ranches well, but financial and social pressures can make
it difficult to keep land and families ranching. Carbon sales will not solve all of the ranching
industries woes, or fully address the issues associated with climate change. An offset program
could; however, help ranchers develop more efficient and sustainable ranching practices,
reward ranchers for what they do already, and help ranchers get paid for a little for the Natural
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Capital they store away for rainy days (or more specifically, years it doesn’t rain). Not only are
droughts, floods, and fires becoming more prevalent and more severe, but economies are
changing. By getting out in front of these events, ranchers in British Columbia may be better
able to weather the storm and continue as stewards of our precious grassland resource. This
may also allow the combination of multi‐faceted sustainable ranching and marketing initiatives
to be combined under a single banner.

In the remaining portions of this document we expand on the three requirements we need to
establish a Made‐In‐British Columbia carbon offset program:
•

Through the outlining of our draft carbon certification protocols we will provide
government with a framework for full cost accounting of the ecological goods and
service grasslands provide.

•

These protocols will identify key knowledge gaps and research needs that must be
addressed to both establish a offset scheme and to monitor its effectiveness. and

•

In identify what a Made‐In‐British Columbia carbon offset scheme would look like
we will provide key policy recommendations to support a financially viable and
ecologically sustainable ranching industry in British Columbia.

As we have discussed previously, any such offset program needs to be rancher driven, and thus
their inclusion in the establishment of this program is essential. Protecting grasslands is not
only about protecting the biological value of grasslands, but also about conserving the
abundant economic and cultural values grasslands provide. British Columbia’s ranching
community is one of the premier industries in the province, and if ranches decline or fail there
will be a negative impact on local economies and lifestyles; not to mention the loss of
important Natural Capital associated with rangelands. Land management activities must
maintain productivity and biodiversity on rangelands in the face of increased intensity and
frequency of droughts and storms while ensuring long‐term revenue sources to ranchers so
that these ranches and our grasslands remain ecologically and economically viable. To this end,
the Grasslands Conservation Council has established the Grassland Carbon Working Group with
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two workshops held in Kamloops during the fall of 2012. These workshops will expand on and
address the issues we outline here and provide key rancher input to the development of this
program. In September or October 2012 a first meeting will be held to establish working group,
common goals, review current work, and outline the way ahead for the working group. In
December2012 or January 2013 a second meeting to progress and review recommendations.
Decide on key items and people that will continue to move this program forward.
5.1

Establishing Carbon Certification and Monitoring Protocols

Establishing certification and monitoring protocols is simply outlining what items we will
measure in order to provide a full cost accounting of the ecological goods and service
grasslands provide. these are the rules a carbon offset scheme would follow and thus be
accountable to. They must be independently reviewed, fully transparent, and internationally
recognized. There are now a series of almost universal principles upon which a carbon trading
scheme must be based (Table 6). In order for a offset trading system to be accepted it must
follow these principles 4 .

The majority of methods to estimate carbon sequestration in renewable resource industries
similar to ranching (e.g., agriculture for crop or hay, forestry, etc.) have been developed for
forested ecosystems. This is the case globally as well as locally in British Columbia (Greig & Bull
2011; B.C. Government 2010, Greig & Bull 2009). There are many Verified Carbon Standard
(VCS) methods for estimating carbon pools and developing offset programs for forests. For
example, one is currently under development for VCS by the Pacific Carbon Trust 5 . It focuses on
enhancing carbon sequestration by forest and reducing carbon emission from forestry
operations. The government of British Columbia has also investigated carbon offset schemes
for forests, and there are examples of private programs such as the Nature Conservancy of
Canada’s (NCC) Darkwoods purchase (see Section 8.3 below). Despite the lack of existing
specific methods to establish emission reductions in rangelands, there are examples of past
4

For example, in order to participate in the Pacific Carbon Trust, projects must follow well defined
process (Fig 11). See http://www.pacificcarbontrust.com/propose-a-project/our-process/ for more details.
5
http://v-c-s.org/British_Columbia_forest_carbon_offsets_protocol
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programs and proposed methods that could be used as the basis for the development of such
methods.
Table 6: Key guiding principles of offset programs

Principles

Descriptions

Real and Unique
Additional and Measureable

Permanent

No Leakage

Conservatively Estimated, Socially
and Environmentally sound.

Independently verified

Traceable and Transparent

Project must have definable boundaries. It must be clear who
legally owns the offsets. This ensures only a single organization
can claim the offset.
Project must not have happened without the incentive offered
by the offset, and the benefits have to be clearly measurable.
Offsets need to have a lasting benefit. Any projects resulting
from management or stored reserves (e.g., ranching) have the
possibility of releasing the carbon in future. Legal mechanisms
(e.g., land covenants) must be used to ensure permanence for
~100+ years.
Leakage is where offsets in one area create emission elsewhere.
You cannot shift grazing or feed production to another area
(either within or beyond the same ranch) and still claim offsets.
Any leakage is subtracted from the amount of the original
offset.
Carbon offset programs should comply with all existing social
and environmental regulations, as well as be estimated carbon
sequestration rates/amounts conservatively. For example, the
biodiversity Project Design Standards promote sustainable
projects that look beyond simply a carbon footprint
Third‐party verification is the core of any offset program, and
ensures that projects are meeting their targets
Offsets must be registered on a publically accessible database
and be removed from this list when sold to ensure they are not
sold twice and that they can be found and traces by outside
organizations.

The Chicago Climate Exchange Offsets Registry has used protocols for Best Management
Practices for Sustainable Managed Rangeland Soil Carbon Sequestration Offsets Projects in the
past that were last updated in August 2009 (CCX 2009); these protocols provide a description of
how an offset program could work for rangelands in British Columbia. Projects would submit
formalized grazing plans for private and leased land that would outline three management
considerations for each pasture:
1) planned forage utilization via livestock and wildlife of not greater than 50% of the
current year’s growth;
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2) a grazing schedule to address timing of turnout for livestock that addresses
distribution of grazing and activities to address areas sensitive to erosion, trampling,
or overgrazing;
3) a contingency plan to deal with management under drought conditions.

This three part grazing plan describing stocking rates, turnout times, and drought management
would be submitted and held by the aggregator who would arrange verification of the plan. The
grazing plan should cover the entire area under the control of the individual rancher including
private and lease land. It is uncertain how community pasture would enter into these
arrangements. Grazing plans would likely cover five to ten year periods after which another
project could be undertaken. During that time ranchers could measure the amount of carbon
sequestered on their land and amend their offset and grazing practices accordingly.

As of August 2012, there are three organizations working to develop VCS methodologies for
grazing management; Food and Agriculture Organization of the United Nations 6 , GreenCollar
Climate Solutions 7 , and Soils for the Future and Jadora International 8 . Although these protocols
for verification are much more comprehensive than the program structure outlined above, they
do not outline what the structure of specific projects would look like and that should be
decided with ranchers prior to the certification of offset project methods. Protocols simply
outline the structure of the accounting program that carbon offset programs will be held to. A
Made‐In‐British Columbia carbon offset scheme could involve many more financial tools than
simply a carbon trading program, and will require the development of significant management
and research infrastructure. Financial tools could include initial infrastructure investments,
onetime grants or no interest loans to ranchers, and tax incentives. We expand on these
financial and management tool below; protocol development is the first step in the accounting
of carbon on ranches. Verification methods do describe in detail the issues that would need to
6

http://v-c-s.org/methodologies/methodology-sustainable-grassland-management-sgm
http://v-c-s.org/methodologies/methodology-agricultural-land-management-improved-grasslandmanagement
8
http://v-c-s.org/methodologies/alm-adoption-sustainable-grassland-management-through-adjustmentfire-and-grazing
7

Harrower et al. 2012

40

Managing Rangelands for Carbon

be addressed for verification of the grazing management plant we have supplied above. The
combination of these two methods (i.e., development of a grazing management plan that
would outline grazing schedules, stocking rates and drought management plans that address
the detailed items needed for a VSC protocol) will form the basis of these protocols.
5.2

Certification Protocols for British Columbia Grasslands

Here, we propose an outline of what verification methods would look like for British Columbia.
We outline methods by summarizing established methods from other projects to provide a
simple picture of what we think a set of British Columbia rangeland specific protocols would
look like. We are not attempting to produce a comprehensive set of protocols, simply outline
what protocols would look like prior to our working group meetings with the Grassland Carbon
Working Group and other ranchers. Carbon offset protocols would need to account for:

a) Project Eligibility and Aggregation
In order to be eligible projects must demonstrate a number of criteria that would
include but are not exclusive to:
a. Land is used for grazing at the start of the project, no future clearing of native
ecosystems (such as forest or wetlands),
b. There is no widespread use of fertilizer in the project, and no significant change
in nitrous oxide emissions outside the project boundaries
c. There is no clearing of land, and existing woody perennials are not removed.
d. No displacement of manure outside project boundary
e. Landowner must provide legal rights of tenure or lease,
f. All activities must be consistent with all provincial and federal environmental
legislation.
b) Project Boundary
Projects must clearly define project boundaries in a number of categories:
a. Geographic boundaries;
b. Temporal boundaries;
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c. Carbon Pools;
d. Greenhouse gasses

c) Determining Baselines and Demonstrating Additionality
Projects must quantify a number of emissions sources to determine baseline condition
and demonstrate how altered land management of conservation actions will provide
additional benefits in these pools.
a. Fertilizer use
b. N‐fixing species
c. Burning or removal of biomass
d. Methane emissions
e. Manure deposition during grazing
f. CO2 from fossil fuel use
g. Removals of existing woody vegetation
h. Changes in soil organic carbon
i.

Determining Total Emissions

d) Leakage
Leakage occurs when there are increases in carbon emissions in one area due to
reductions in a second part of the ranch. Producers cannot have leakage associated with
shifting activities to either other parcels of land under their own control or to other
market components outside their project boundary. For example, producers cannot sell
offsets from reducing grazing on spring pasture when then have increase fertilizer inputs
to grow feed for livestock held in the paddock. The principle of leakage requires we
account for all carbon emissions and sequestration resulting from ranch operations.
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e) Project Monitoring
A detailed monitoring program must be in place on each project in order to ensure that
management activities are taking place as specified and to ensure management
activities are having the intended results.
a. Scope of monitoring plan
b. Data Inputs to soil organic carbon models
c. Disturbance
d. Precautionary Principles and dealing with uncertainty in estimates of
sequestration, storage, monitoring, or weather.

Any offset project will need to balance additions of carbon resulting from their altered actions
with negative impacts of operating a ranch. These positive and negative impacts can be divided
into a number of pools (Table 7). Soil organic carbon is the primary, stable pool by which
grasslands sequester carbon. You could use either modeling or measurement approaches to
determine soil organic carbon pools to define baseline conditions and changes due to
management. Modeling estimates of carbon pools over large areas (similar to our approach
above) by grassland type is an acceptable to monitor changes in carbon pools. However,
extensive local data should be collected on individual ranches or adjacent ranches to
parameterize these model estimates with local data on soil carbon by grassland type, soil type,
or productivity level. Baseline soil organic carbon pools can be developed either through
modeling or measurement but measuring the change in these pools as the result of altered land
management may be difficult, especially in low productivity systems were live plant biomass is
covered to soil very slowly. The Canadian Council of Forest Ministers (2009) provides a detailed
description of baseline development. In these cases, it may be beneficial to measure changes in
respiration rather than changes in soil pools. Accounting for these increases in carbon pools will
be essential in the ultimate accounting of inputs versus outputs of emissions.

There are a number of key negative impacts to emissions that are subtracted from the
increased sequestration. Manure deposition is a key way of fertilizing fields to improve above
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or below ground growth and subsequently carbon sequestration. However, this may simply be
a way of moving carbon from one location to another (i.e., leakage). Feeding cattle during the
winter and allowing them to graze on pastures, provides the fertilization input transferred by
cattle to pastures, but ultimately this may provide no net benefit in carbon storage. For
example, our modeling approach examined only increases in soil carbon pools as the result of
shifting grazing, these activities could change fossil fuels emissions, fertilizer use, or methane
pools either within or outside the project boundaries (i.e., placing cattle in feedlots and
importing silage from Alberta to reduce turnout times). These activities could increase soil
organic carbon but a more dramatic increase in methane, fossil fuels, and fertilizer use result in
net increase in carbon emissions. These emissions from cattle must also be accounted for in any
offset plan.

Finally, these protocols should be combined with a grazing management plan similar to those
outlined by the Chicago carbon exchange. This would include a five to ten year grazing
management plan, a drought identification and response plan, and a documentation of the size
of carbon pools at the start of the plan and a projects of the size of these pools at its
completion. Grazing plans from individual ranches would be submitted to a project aggregator
who would combine plans from many ranches, determine if they meet eligibility criterion,
submit the additional carbon benefit for sale, monitor the efficacy and implementation of the
plan, provide transparent and accessible public access to project descriptions, and distribution
the financial benefit to ranchers. This is no small task, and is likely best performed by a not‐for‐
profit ranching advocate organization. However, establishing specific methods to account for
each of the items will provide a full cost accounting of carbon, nitrogen and methane emissions
from ranching.
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Table 7. Selected Carbon Pools and Emissions (adapted from AFOLU and ALM protocols)

Carbon Pools or Emission Source

Description

Above ground

Herbaceous grass and other plants

Below ground

This is the primary carbon pool that will hold additions in carbon
sequestration for the long term and includes both roots and soil
organic carbon Below-ground biomass stock is expected to either
show no change or increase due to the implementation grazing
management.
Dead wood and above ground woody vegetation both tree and
non-tree biomass.
Grazing management may either increase (fire suppression,
animal density reductions) or decrease (increased grazing) the
amount of litter
Emissions from enteric fermentation by grazing animals must
be subtracted from carbon sequestration values.
Grazing-induced changes the biomass of nitrogen fixing
plants and may change N2O emissions; however, baseline
values for N2O emissions from dung in open range grazing
need to be compared to other sources to see how inputs from
grazing animals and nitrogen fixing plants compare and
change.
CO2, CH4, and N2O emissions from the burning of biomass by
wildfire, in biomass removal, or as biofuel need to be
quantified as baselines and as changes over time and either
added or subtracted from additions due to plant responses.

Woody vegetation
Litter

Methane (CH4)
Nitrous Oxides (N2O)

Burning of biomass

6.0

FINANCIAL TOOLS AND POLICY RECOMMENDATIONS

The process of developing a carbon offset market must be spearheaded by ranchers and
ranching advocates. Managing individual ranches has always been done by ranchers and the
diversity of ecosystems and ranching operations in British Columbia results in each ranch having
different opportunities for increasing carbon sequestration and decreasing methane, nitrous
oxide, and carbon emissions. There are two key groups that are currently in the position to help
develop and coordinate the creation of a Made‐In‐British Columbia approach to grassland
carbon management; these groups are British Columbia Cattleman’s Association and the
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Grassland Conservation Council. The Grasslands Conservation Council, with support from
Future Forest Ecosystems Science Council and Habitat Conservation Trust Fund, has included
the British Columbia Cattleman's Association, individual ranchers, faculty from Thompson
Rivers University, and Grasslands Conservation Council staff in a Grassland Carbon Working
Group they are holding two meetings to review our proposals and develop rancher supported
grassland carbon management options. Through this report we were able to provide valuable
new information to help assess the viability and guide the development of a carbon offset sales
program for British Columbia. The following section outlines what new and existing financial
tools are available to support sustainable grassland management and carbon management in
the grasslands of British Columbia, and attempts to forge policy recommendations to support a
carbon management and support the financial viability of the ranching industry in British
Columbia.
6.1

Development of an Offset Program

There are a number of useful documents that will help guide offset development for grasslands.
The Canadian Council of Forest Ministers (2009) has produced a lengthy document outlining
key issues in the development of carbon offset protocols. They provide a more comprehensive
outline of baseline development and additionality, permanence, measurement, leakage,
verification, and crediting that we could provide here. The Pacific Carbon Trust has also
published a number of documents to help groups develop emissions offsets programs 9 . In
particular the guide to determining additionality would be extremely useful in developing
effective management alternatives that could be implemented by ranchers to achieve offsets.
The Pacific Carbon Trust also identifies Key Learnings or issues that are often not addressed or
misinterpreted by offset program developers. These include:

A. Documenting Evidence of Additionality ‐ where data and management plans directly
support the rational for baselines and how benefits will be achieved by altered
management activities (see CCFM 2009).

9

http://www.pacificcarbontrust.com/documents-and-forms/guidance-documents/
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B. Establishing Data Management Infrastructure – data quality assurance and
transparency are the backbone of offset programs and thus data management
infrastructure is an important component of offset programs and should be developed
early in project development.
C. Using The Appropriate Emissions Factors – so that not every project needs to monitor
emissions from the use of different fuel types, fertilizer application, methane production
etc. a variety of emission factors have been developed and the careful consideration
and choice of these factors is extremely important since it is these factors that will
generally quantify the reduction in additional benefits are received from increased
sequestration.

Finally, the Verified Carbon Standard program guide provides a detailed example of how a
verification and validation program works and The Pacific Carbon Trust provides a list of
conditions a developer might expect from a verification and validation process and an alternate
list of verification and validation bodies other that the Verified Carbon Standard. We cannot
underestimate the need for the developer of a carbon offset program to secure the services of
individuals or companies experienced in the development of standards and offset programs to
assist in this complicated and lengthy process.
Currently, we are very early in the stage of project development for an offset market for carbon
sequestered in the grasslands of British Columbia, but we are progressing (see Fig. 10). The next
steps of this process are to design and document a project that includes a determination of
what structure would be used for baseline scenarios, how additionality would be achieved, who
would aggregate, monitor, and document the offsets, and where credits will be sold. Key to this
process is a number of information needs that are required for offset development about how
carbon is sequestered in grasslands. These projects should occur simultaneously with the
design and documentation of the offset project, both to reduce the time it will take to develop
the project and so that the appropriate information is collected. There is a potential market for
carbon sequestered in the grasslands of British Columbia, but we are very early on in the
development of such a project. Defining additionality, developing the infrastructure to
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aggregate, quantify, and monitor individual projects, summarizing the impacts of sources
(sequestration amounts) and sinks (Emissions Factors) of carbon are essential next steps in the
development of this project.

Fig. 10: Steps Of A Carbon Offset Project Design. Currently We Are In The Project Design And
Documentation Phase For The Development Of A Carbon Offset Market For The Grasslands Of British
Columbia.
6.2

Additional Financial Tools for Ranchers

The Intergovernmental Panel on Climate Change lists a number of methods for people and
organizations to mitigate the impact of climate change (Gupta et al. 2007). These include:
regulations and standards, taxes and charges, tradable permits (aka offsets), voluntary
agreements, subsidies and incentives, information instruments, and research and development
activities. Regulations and standards impose the use of technology or set minimum emissions
requirement; taxes and charges impose a levy; tradable permits (i.e., marketable permits, cap‐
and ‐trade, or offset programs) established limits and allows emitters to trade permitted
emissions; voluntary agreements are generally good will agreements for emissions reductions
but can be associated with penalties or rewards; subsidies or incentives are direct payments,
tax reductions, price supports from governments to emitters; information instruments require
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public disclosures on labeling or certification systems generally designed to inform consumers;
and research and development activities involve direct funding and investment by governments
aimed at developing innovative approaches to mitigation and emissions reductions. Perhaps
the most amenable and practical of these financial tools for the British Columbia ranching
industry are: tradable permits, subsidies and incentives, information instruments, and research
and development.

Paying ranchers for storing carbon could include using tradable permit system in a purely
market‐based approaches to sell offsets on markets like the Pacific Carbon Exchange or selling
into foreign bond and equity markets. Subsidies or Incentives payouts from government to
rancher could come as one time or yearly government payouts for infrastructure improvements
or good stewardship or conservation. Subsidies and Incentives could also come as tax incentives
to recover money from costs like the provincial carbon tax. Information Instruments could be
associated with product labels, suggesting that beef products come sustainable sources or
carbon friendly ranches. Labeling could be voluntary market‐based or it could be required
through federal programs. Research and Development activities could provide ranchers you
participate in the development, refinement, and monitoring of carbon offset programs with
extra incentives.

A Made‐In‐British Columbia approach will likely involve a mixed approach with both
government and private capital support to establish the market and infrastructure for a mostly
market‐based program. However, government support in research and development and in the
establishment of the initial infrastructure to run such programs will likely be extensive. Key to
longevity, transparency, and accountability of this program (principles required by ranchers, the
public, and international organizations) is the creation of some new group or groups to
coordinate the funding and administration of this carbon research and management in
grassland of British Columbia. Past programs (e.g., British Columbia Species‐At‐Risk
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management/legislation) have been criticised 10 for trying to accomplish large goals by using
existing tools. Although the goal of achieving efficiency by not duplicating management
infrastructure is admirable, it would be difficult to a complicated program such as the one we
propose here in a transparent and accountable fashion without separate government funding
programs and either government, non‐government, or private aggregating and monitoring
programs. The Grassland Carbon Working Group would need to outline the options that could
work for the British Columbia ranching community and present these to policy decision makers.
Below we outline some possible mechanisms where incentives or trading programs could be
used to transfer money to ranchers for good land management.

Tradable Permits (aka carbon offset programs): may provide a financial or tax tool that will
release ranchers from some of these tax impediments. We have discussed the development of
this option above, but ranchers who undergo the process to become part of an offset project
may be allowed exemptions and deductions for the development costs associated with the
program. These incentives will help maintain and promote ranching in British Columbia, and
would help provide further incentives for participation in offset projects. In this way, ranchers
would be compensated for their ongoing stewardship of the land, and only ranchers practicing
sustainable practices would be remunerated.

To review steps to Carbon Market Development might follow a similar path to markets for
forested systems (Greig and Bond 2011) and include:
•

Identification of markets to purchase grassland carbon including emissions trading
systems, bonds, single buyers, etc.

•

Outlines of cost‐benefit curves showing ranchers losses or benefits of adopting a
carbon management scheme.

•

Market framework identifying key middlemen, aggregators, insurance brokers, and
accountants with skills, financial capital, and risk tolerance to make the market
work.

10

http://www.davidsuzuki.org/cgi-bin/mt1/mtsearch.cgi?IncludeBlogs=18&tag=Species%20at%20Risk%20Act&limit=10
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•

Verification, validation, and monitoring framework that can provide transparent

Subsidies and Incentives: These could come to ranchers as one time or yearly government
payouts as grants or no‐interest loans for good stewardship and conservation programs. There
are similar programs already operating in Canada, and this may be an opportunity where British
Columbia ranchers could quickly take advantage of existing programs to assist meeting long‐
term goals. Alternative Land Use Services 11 (ALUS) is a program design to pay farmers for
protecting a series of environmental services and operates mostly on the Prairies and in
Ontario. These services are not simply carbon sequestration but also include wildlife and
biodiversity values, plant pollinator habitat, improved water quality and clean air and carbon
sequestration. the programs begins in the late 1990's as a collaboration of Manitoba's Keystone
Agricultural Producers and the Delta Waterfowl Foundation and now there are programs in four
provinces. ALUS projects are supported by the Delta Waterfowl Foundation and work to
transfer funds from supporting partners to farmers. Supporting partners include provincial and
federal governments, private foundations, hunting and fishing groups and environmental
organizations. What is unique about ALUS is that is voluntary, integrated to link projects in with
existing programs, targeted to sensitive environmental lands, flexible so that farmers can
deliver service over a 3‐year period and the farmer can opt out after that period.

Taxes and Charges: Ranchers and ranching communities have been hard hit by a number of
recent tax policies, and a carbon offset program may help alleviate this burden. The addition of
the provincial carbon‐tax and the removal of the British Columbia Harmonized Sales Tax has
had detrimental effects on ranchers. Ranchers feel the carbon‐tax places an unfair burden on
them because they not only produce food but sequester carbon with their activities; activities
that use a large amount of fuel and occur in rural locations. The removal of the Harmonized
Sales Tax could reduce the amount ranchers can claim as deductions, and this will continue if
the previous Provincial Sales Tax tax structure is adopted. The BC government also awarded 7.6

11

http://alus.ca/#
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million as a one‐time grant to greenhouse growers 12 administered by the BC Greenhouse
Growers Association and United Flower Growers Cooperative Association for costs associated
with the British Columbia carbon tax. Could a similar program be adopted for British Columbia
ranchers?

Information Instruments: Grass‐fed Beef, Suitable beef, and BC Beef are all labels suggestive of
livestock razed in a suitable fashion. Groups like the British Columbia Cattleman's' Association
and the Grasslands Conservation Council are already investigating these marketing options.
Some other local examples include Wild Salmon 13 by the BC Salmon Marketing Council and
Sustainable Agriculture 14 by the BC Greenhouse Grower's Association. Marketing sustainable
products may be one method to increase revenue for ranchers, but again these policies will
require some capital input to develop.

Research and Development: There are many scientific questions that need to be answered in
order to develop and maintain a carbon offset program. We will elaborate on which question
need answering below, but doing so will require collaboration between universities, ranchers,
and government. Ranchers have traditionally been hesitate to work directly with researchers
because this would mean a loss of income and independence in their activities. Research
activities on ranches would likely result in a altered grazing regimes, increased accounting and
monitoring, and likely reduced income. Research activates need to continue to fruition despite
these reduced income, and this is often imposable making rancher‐research collaborations
difficult. Ranchers who are willing to work with researchers (and vise versa) to develop better
grazing systems (e.g., stocking rates and turnout times designed to maximize biodiversity and
carbon sequestration in various grassland types) should be compensated for this work. These
programs would not necessarily have to take over entire ranches, but either monitoring existing
grazing practices or experimentation with new grazing practices would provide great benefits to
all ranchers, and the ranches that participate in these programs should be compensated.
12

reported by Vancouver Sun in "Update: Carbon Tax Rebated to B.C.'s greenhouse growers" 03 April 2012
http://www.bcsalmon.ca/Sustain/Sustain.html
14
http://www.bcgreenhouse.ca/sustainable_agriculture.htm
13
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Key
Financial
Tools

Perhaps the most amenable and practical of the financial tools for the British Columbia
ranching industry are: Tradable Permits, Subsidies and Incentives, Information
Instruments, and Research and Development
Initial capital investments into research, market development and management
infrastructure by government, non‐government, and private organizations are
required to move a carbon management program forward.
The input of ranchers should be integral to the development of these programs and
institutions.

7.0

RESEARCH NEEDS IN GRASLAND ECOLOGY AND MANAGEMENT

There are a number of key ecological research needs that must be undertaken in order to
establish baseline values and quantify additionality of offset projects. Without this knowledge it
will be exceedingly difficult to develop carbon offset schemes. It will also be extremely difficult
to perform this research without the participation of ranchers.
7.1

Knowledge Gaps in the Pasture

We require a detailed and extensive quantification of carbon pools in different grassland types
across British Columbia. To accomplish this we need representative grassland sites across the
province (e.g., Okanagan, Thompson/Nicola, Fraser Canyon, Rocky Mountain Trench, Cariboo,
Chilcotin and Peace) where we can extensive baseline surveys and long‐term monitoring. These
sites could be similar to former Ministry of Forest grazing exclosures, but should cover a much
wider variety of grassland types. We used abiotic conditions like elevation (broad temperature
and precipitation patterns) and local aspects and slope position to delineate our grassland
types. Other schemes use climax vegetation type or new schemes incorporate the principles of
the Biogeoclimatic Systems use mostly in forestry. Regardless of the choices made to classify
grassland type, the resolution or patch size of these sites needs to be relatively small to account
for local difference in the ecology of these sites due soil moisture regimes, nutrient regimes,
and site history (grazing, disturbance, and soil development). Upper, middle, and lower
grasslands are to broad a classification scheme on which to base management.
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We need data to verify carbon sequestration rates in the different grassland types across and
under different grazing regimes (i.e., stocking rates and turnout times) across British Columbia.
These trials need to be developed and performed with ranchers and include a number of long‐
term (i.e., >5 years) sites because carbon sequestration is thought to decline with time (Derner
and Schuman 2007; Franzlubers 2000), and documenting this point of decline is crutial. Testing
a variety of stocking rates may be more important than determining seasonal grazing patterns.
It is debatable whether the greatest allocation to roots occurs with late summer or fall grazing,
but there is little debate that moderate to heavy grazing will cause declines in grassland quality
and ultimately reductions in carbon sequestration (Gibson 2009). We need to find these
thresholds for a number of grassland types. Data on how what grazing intensities are
appropriate to different grassland types is essential and could be refined later with changes to
seasonal grazing patterns.

British
There are two methods of classifying grasslands commonly used in British Columbia:
Columbia
A) Elevation/Precipitation Amount
Grassland
This is a method primarily used in southern interior grasslands, and outlined by
Types
van Ryswyk et al. 1966 and even earlier by Tisdale 1947. The Tisdale (1947) and
van Ryswyk et al. (1966) schemes resulted in three vegetation zones determined
primarily by temperature and precipitation changes occurring on elevation
gradients. This resulted in Upper, Middle, and Lower grasslands each representing
a dominant plant and soil community but each with a variety of plant
communities in each.
B) Climax Vegetation Types
This is a method borrowing heavily on the Biogeoclimatic Vegetation
Classification (BEC) system developed by Krajina (1959, 1965), and adapted by the
British Columbia Government (Meidinger and Pojar 1991). Three BEC zones occur
in grassland Bunchgrass, Ponderosa Pine and Interior Douglas‐fir. Each of these
zones are further broken in subzones and variants based the climax vegetation
that would occur on a site (e.g., PPxh2 is the North Thompson plateau variant of
the Ponderosa Pine dry hot subzone).
In this project we developed a system to identify different grassland types base on a
combination of these types (see below)
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7.2

Knowledge Gaps in the Paddock

We require data on how methane (CH4) and nitrous oxide (N2O) emission might counteract
sequestration in different grassland types. As methane has 23 times the potential of carbon
dioxide (CO2) as a greenhouse gas, small increases in methane emissions can quickly overwhelm
carbon storage gains. Cattle produce more methane when fed lower quality feed, and knowing
the methane production on different plant community types, and methane production when
grazing in different seasons could help determine how methane offsets carbon storage. The
relationship between nitrogen and carbon sequestration is complex. Fertilization of pasture
with animal feces can produce increases in plant production, but there is a substantial cost to
carbon storage especially if commercial fertilizers are used. Likewise, fertilization of hay fields
and irrigation of these sites may increase emissions of nitrous oxides or other emissions from
internal sources or from leakage over project boundaries. More detailed local accounting needs
to be completed on these emission sources.
7.3

Impacts of Drought and Storms

Carbon sequestration in substantially impacted by water availability since this impacts both
plant productively and decomposition. Increase in decomposition and nutrient cycling can
sometimes result in lower rates of carbon storage (Derner and Schuman 2007; Franzluebbers
2000). Understanding how drought and water shortage impact carbon storage in different
grassland types across the province would be extremely useful. We can gather some knowledge
of these processes from assessing carbon storage in widespread observational plots, but the
timing and intensity of rainfall events and snowmelt will likely change dramatically in upcoming
years and without some data from experiments anticipating these changes it may be difficult to
predict the consequences of grazing pastures under continually changing moisture regimes.
7.4

Ranching Carbon Sequestration and the Conservation of Biodiversity

Protecting and enhancing the diversity of native plants and animals on rangelands has many
benefits, among them increased carbon storage. Enhancing biodiversity values should be a key
component of any grassland land management system. In addition to maintaining cultural and
economic values, maintaining ranching on British Columbia rangelands maintains valuable
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ecosystems. Managing rangelands for carbon could also enhance these biodiversity and wildlife
values of these areas, further increasing the value on individual ranches and the surround areas
for wildlife viewing, biodiversity protection, hunting and trapping, among many other values.
Ranchers should not be penalized for providing or enhancing habitat for Species‐At‐Risk on the
lands they control. This should be celebrated and programs like ALUS may help this happen.
Maintaining economic variable ranches with healthy ecosystems has many values beyond just
carbon and livestock. The Grassland Conservation Council's Priority Grasslands Mapping
Initiative could provide a key tool to incorporate biodiversity needs into a carbon offset
baseline, management, and monitoring programs. As carbon offset programs should
demonstrate a net positive benefit to biodiversity and mitigate any impacts outside the project
area. However, assessing and accounting for biodiversity is a difficult process.

To conclude this section, there are always many research needs. Ask any scientist what is
required and you get a predictable response "more research", but we have outlined key
questions that need answering to move a carbon management program forward and
summarize some of these points here. First, estimates of carbon pools and sequestration rates
need to be obtained across the region under a variety of current grazing regimes (stocking rates
and turnout times), land cover types (our 15 biophysical categories), and for a variety of grazing
histories (low, medium, and high use). This will give us an immediate starting point to know
what stocking rates and turnout times will impact grasslands. Second, changes in the carbon
pools and sequestration rates need to be monitored over time under new grazing management
regimes. This experiment will not only provide verification of sequestration required by offset
programs, but will verify our ideas on the interaction between livestock grazing and carbon
sequestration. Specifically, how to optimize grazing – carbon tradeoffs across our 15 land cover
types. Third, we need to quantify how changes in grazing and carbon management will impact
the diversity of grasslands. Changes in plant community composition, insect communities, or
native vertebrates (song birds, small mammals, sheep, deer, and elk) will likely occur with shifts
in grassland management and ensuring these are positive changes will be essential not only in
protecting species, but also to ensure that grasslands are robust to environmental fluctuations
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and sequestration and grazing are sustainable. Carbon pools change slowly, but measurements
of changing sequestration rates may provide indications of the size of future carbon pools.

Key
Research
Needs

We cannot manage grassland for carbon without data, the following data are required
in order of decreasing importance:
1) What is the size of different carbon pools in different grassland types across the
province?
2) How do different grassland types sequester carbon under different grazing
intensities, and less importantly different seasonal grazing regimes?
3) What is the extent of nitrous oxide emissions from cattle on pasture and winter
feed operations, and how much methane do cows produce on different types
and conditions of pasture?
4) How do different timing and intensity of rain and differing moisture regimes
from changes in snowmelt impact site productivity and carbon sequestration
grazed pasture?
Points 1‐3 above will likely be required in the development of offset verification and
validation protocols.

8.0

STRUCTURE OF A CARBON OFFSET SCHEME

Carbon offsets can arise from two types of projects: 1) projects that increase carbon stores; 2)
projects that conserve current carbon stores. Carbon storage is the mass of carbon in a given
ecosystem at any single point in time. These stores can be increased through biological
processes, like soil development, through sequestration. Sequestration is the change over time
in the storage of carbon in a given ecosystem. To develop sequestration offsets, ranchers could
also change their management practices to increase carbon storage on their lands. This
increased sequestration is perhaps the easiest way to demonstrate permanence and additively
in a carbon offset program; a principle key to offset development. To develop conservation
offsets, ranchers can either continue with current land management practices but ensure that
these practices will continue in perpetuity, or stop the destruction of soil carbon pools through
activities like agriculture, urban development, mining and/or poor grazing management.
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8.1

Where Offsets Would Be Sold And Who Would Sell Them?

Carbon offsets can be loosely defined as credits for reductions in greenhouse gas emissions.
Credits can be sold to exchanges like the British Columbia Pacific Carbon Trust, or individual
companies that are interested in establishing carbon neutrality in their business operations.
Offset projects are developed and sold either directly or through a registered offset aggregator.
Aggregators serve as administrators, bringing multiple small project owners together in order
to minimize administration effort; they may help arrange independent verification, manage
documentation, sell offsets, and distribute proceeds back to individual projects. An aggregator
can be for‐profit, cooperatives, government bodies or non‐profit organizations. Before
aggregators could sell offsets, an independent validation and verification project must occur to
make sure the carbon offset program meets established international standards. Project
developers write protocols, or ways to account for all greenhouse gas emission inputs and
outputs from a project, and submit these too groups like the Verified Carbon Standard for
accreditation. These protocols also outline criteria that projects must meet to fulfill leakage and
additionality (see definitions in Table 6) requirement of accreditation and sales bodies. Ideally,
in the case of carbon offsets on ranches, the protocols would be written in such a way to
minimize the demands on ranchers, an aggregator would assist ranchers in developing a range
use plan, drought identification and monitoring plan, and carbon accounting and monitoring
program that would take little additional effort from the rancher (see protocol development in
Section 5.2). the aggregator, not the rancher would then pull together offsets from many
projects and sell them on exchanges like, but not restricted to, the Pacific Carbon Exchange.

To achieve a successful and robust grasslands carbon offset program in British Columbia, it is
critical that ranchers and/or ranching advocates are involved in both the program development
and ongoing administration. Use of an advocate and involvement of ranchers will keep the
program flexible, responsive, and accountable to the ranching industry, and will keep the
benefits of such a program flowing either to ranchers or to the development of the program
itself. Perhaps, the most likely scenario for rangeland carbon aggregator in British Columbia
would be groups like the British Columbia Cattleman’s Association or the Grassland
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Conservation Council. These groups are run by ranchers or ranching advocates and are likely
candidates to do both project development and aggregate offset project from individual
ranches or local ranching associations (e.g., Tranquille Livestock Association, or Peace River
Stockman’s Association). The British Columbia and Canadian governments have progressively
taken a decreasing role in these types of management and extension operations and thus it
might be left to non‐government organizations like the Grassland Conservation Council or
British Columbia Cattleman’s Association to do this work. The Grassland Conservation Council
or British Columbia Cattleman’s Association could take the lead role developing and
administering the sale of carbon to the Pacific Carbon Trust, or other carbon buyer, thereby
coordinating offset activities across the province and reducing administrative and certification
requirement on individual ranches. An alternative would be to have an outside private
aggregator work to bundle projects from individual ranches or local cattleman’s associations;
however, this would relinquish control over offset programs to organizations not working
exclusively for the British Columbia ranching community. There would need to be a substantial
input of capital into either of the Grassland Conservation Council or British Columbia
Cattleman’s Association to support the infrastructure and hire the expertise to complete these
tasks. This capital investment would likely only come from government. However, having
groups like the Grassland Conservation Council or British Columbia Cattleman’s Association
manage this program, rather than government or a for profit company, would likely increase
the appearance of transparency and creditability of this program as a valid carbon reduction
program.
8.2

Certifying the Quality of Carbon Offset Programs

Offsets have a series of standards that are commonly used to judge their quality to ensure an
offset scheme is sound (Table 6). There are many organizations that assess the validity of
carbon offset programs and much of this information can be found either online 15 or in
15

http://www.cdmgoldstandard.org/
http://v-c-s.org/
http://www.wwf.de/fileadmin/fm-wwf/PublikationenPDF/A_Comparison_of_Carbon_Offset_Standards_lang.pdf;
http://carbonoffsetsolutions.climatechangecentral.com/offset-protocols/alberta-protocol-developmentprocess
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published documents (e.g., Geig and Bull 2011, CCFM 2009). We simply compile this
information here and attempt to related it to the British Columbia ranching industry.

Successful offsets are real and unique and rely on conservative estimates of success. They are
real in that they actual reductions in the number of carbon molecules being released into the
atmosphere, and they are unique in that they are only counted as a reduction once. They are
also firmly rooted within existing environmentally and socially sound policy and practices such
as Verified Carbon Standard protocols. Offsets should also be rigorously and regularly evaluated
to ensure their efficacy. The framework for assessment should include evaluating: additionality,
measurability, permanence, independent verification, leakage and transparency. The principle
of additionally helps ensure that the offset is the result of a new practice and not from simply
continuing an old practice. It also helps ensure the same offset is not counted twice. In
grasslands, this would mean a new land management activity must be undertaken; you could
not simply continue current grazing practices, you would need to undertake a different grazing
strategy to increase sequestration. Verification of offsets is accomplished with third party
independent assurance of the effectiveness of the offset. Offsets must be permanent so there
is some assurance that activities on the identified land are not changed for some specified time
period. Leakage is the intended change or movement of greenhouse gas emission from one are
to another. In ranching this could mean that offset sought for lands use change in one area are
not negated by increased grazing in another. Land management plans must show real
reductions in carbon usages. Independent verification, requires certification from groups like
the verified carbon standard, who will certify protocols, review plans, and audit the results.
Finally, transparency requires that there is public disclosure and documentation of the offset
project to ensure that the sale of these offsets occurs to only one buyer. To be effective, most
offset programs also have to be voluntary and conservative. They cannot result from legal
requirements, and it should not be overly optimistic about the amount of carbon that will be
sequestered. The amount of carbon that grazing management plans suggest will be
sequestered must be in a range of acceptable values and must account for some error in
estimating stores, implementing plans, and losses due to accidental emissions.
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Due to the importance of each of the above listed criteria and characteristics of a rigorous
carbon offset program, a defensible carbon offset scheme for rangelands in British Columbia,
must be based on established methods that assess the performance of changes in management
actions. Perhaps the top standard used to assess the quality of offset schemes is the Verified
Carbon Standard (http://www.v‐c‐s.org/, 31 August 2012). There are other offset verification
programs including: Gold Standard, CDM, Climate Action Reserve, Green‐e Climate Protocol for
Renewable Energy etc.); however, for simplicity we will discuss only the Verified Carbon
Standard offset program here.

The program was founded in 2005 in order to develop a quality assurance program for
voluntary carbon markets. Currently, it operates as an American not for profit organization.
Verified Carbon Standard develops a series of standards or methods that list the scientific and
economic criteria for quantifying emission reductions in this area. New methods are proposed
and reviewed by a independent panel of experts before they are adopted a standard protocols
for ensuring an offset program is actually reducing emissions. The Verified Carbon Standard
also uses independent third‐party validation and verification to ensure individual projects are
conforming to accepted norms.

The Verified Carbon Standard program has four components and covers a wide range of sectors
including: renewable and non‐renewable energy projects, manufacturing, construction and
transportation, mining, waste handling and disposal, agricultural and forestry systems, and
most importantly livestock and manure management. The four components of the Verified
Carbon Standard system are: standards, methodologies, verification and validation, and
registry. Standards lay out the fundamental principles associated to ensure offsets are real;
they are described above. Methodologies outline ways in with emission reductions are
established by individual ranchers; these could be considered Best Management Practices.
Verification and validation are programs to independently verify offsets so that projects meet
standards and are using methods appropriately. A registry is a system to track Verified Carbon
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Units. Verified Carbon Units are unique and can be tracked to monitor project lifetime and
performance. The first step in developing a carbon offset program in British Columbia is to
define and accepted set of methods to achieve carbon emission reductions.

British Columbia ranchers and ranching advocates need to take a lead role in developing
and certifying protocols for offset projects and aggregating or administrating offset
sales

Key
Points

After aggregation, carbon offset would be sold to: the Pacific Carbon Trust; on
international markets; or to private companies, agencies, or institutions
Verified Carbon Standard certification of the methods should be used to establish
baselines, reductions, and reporting of carbon offset programs and must be developed
prior to offset sales

8.3

Other Carbon Management and Natural Capital Programs

As we described above, there are two ways to get paid for carbon management: 1) preventing
the release of carbon (and other emissions), and 2) increasing the storage of carbon. Here we
provide a number of brief examples of conservation and sequestration programs already
underway.

The Nature Conservancy of Canada (NCC) undertook the Darkwoods Forest Carbon pilot
project 16 . In 2008, the NCC purchased Darkwoods, a 55,000 hectare property in the West
Kootenay Region of south‐east British Columbia that operated as a sustainable forestry
operation since 1967. It is the largest single package of private land purchased for conservation
in Canada. The property was purchased to protect it from development or heavy logging and
will be managed for biodiversity conservation. However, this type of land management was
only made possible with carbon offset sales, satisfying the principle of additionality. The project
went through extensive feasibility, development, and verification processes with both German
and Canadian environmental groups. The project was finally certified to VCS standard in 2011.
16

http://www.natureconservancy.ca/en/where-we-work/british-columbia/featuredprojects/darkwoods/dw_carbon.html
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Carbon credits were sold to the Pacific Carbon Trust of British Columbia and Forest Carbon
Group of Germany. Five key groups were involved in the development of this project: The
Nature Conservancy of Canada, Pacific Carbon Trust, Ecosystem Restoration Associates, Forest
Carbon Group, and 3GreenTree Ecosystem Services. The initial sale involved over 700,000
tonnes of carbon worth over $4,000,000.

The Nature Conservancy (TNC) in the United States recently announced the Tensas River Basin
Project 17 . This project protects a large track of forest and floodplain in the Lower Mississippi
River Valley. The Nature Conservancy predicts that the 164 ha will sequester 122,925 tons of
carbon dioxide over the next 70 years; however, problems with leakage and impermanence will
reduce the offsets available for sale from this amount. Impermanence in this context will
include any natural hazards or human‐caused events outside the control of The Nature
Conservancy. They must also account leakage from shifting emissions to agricultural production
elsewhere. To ensure that their estimates are conservative The Nature Conservancy also
reserved 65,150 tonnes of carbon dioxide from sale until verification and validation of the
offsets is complete. Thus, this project provided an initial sale of 57,775 tonnes of carbon
dioxide. At the current typical price of $15/tonne that would provide The Nature Conservancy
with a sale equalling ~$866, 625.
Alberta already has a Agricultural Carbon Offsets Program 18 In 2007, Alberta created a market
of carbon trading between regulated emitter and farmers. They used protocols the
International Standards Organization (ISO) 14064‐2 process, and the first series of
Quantification Protocols were develop from previous work by federal, provincial and territorial
governments. This resulted in a technical guidance document 19 to help program developers
establish specific offset protocols. Three beef production options are available: Feeding edible
oils to reduce methane emissions, reducing the age at harvest to reduce methane and nitrous
oxide emissions, and redacting the days on feed to reduce the methane and nitrous oxide
17

http://www.nature.org/ourinitiatives/urgentissues/climatechange/placesweprotect/the-tensas-riverbasin-project.xml
18
http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/cl11618
19
http://environment.gov.ab.ca/info/library/8525.pdf
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emissions in feed lots. Alberta also has options for tillage agriculture, but it appears that little
development has occurred that links emission reductions in the paddock with carbon
sequestration in the pasture.
The Australian Carbon Farming Initiative 20 in Australia is an initiative of the Australian
government that allows farmers and land managers to earn carbon credits. It also supports
sustainable farming. Legislation to allow the trading of carbon credits received royal assent in
September of 2011. Participation in the program is voluntary. Agricultural emissions, typically of
methane or nitrous oxide are covered along with projects that sequester carbon from the
atmosphere as soil or other organic carbon sources. Projects must follow government approved
methods. Methods for manure management, methane and livestock emissions and soil carbon
and biochar (soil amending charcoal) development are currently under development by
government. In addition to this management and legislative infrastructure developed by the
Australian government, Australia has also made large capital investments into research hand
development of these programs. For example, 'Carbon Farming' in Australia was supported by
the Commonwealth Scientific and Industrial Research Organization's (CSIRO) $20 million
Australian Soil Carbon Research Program 21 and the Australian Governments $46 million
Australian Carbon Farming Initiative 22 . Although not complete, Australia has clearly committed
to a carbon trading scheme for ranchers.

9.0

CONCLUSION

Establishing a carbon offset program in British Columbia is a long and difficult task. The good
news is that these programs can and should be implemented simultaneously so that income is
generated for ranchers as the begun to participate in market development. Previous programs
to manage Natural Capital and to manage biodiversity on rangelands, in forests, and on the
farm have developed a wealth of knowledge in the develop programs to pay ranchers to

20

http://www.climatechange.gov.au/en/government/initiatives/carbon-farming-initiative.aspx
http://www.csiro.au/science/Soil-Carbon-Research-Program
22
http://www.climatechange.gov.au/cfi/
21
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manage Natural Capital. We should take full advantage of these programs to begin benefiting
from good practices already in place, and from easy changes in land management. The
expertise in the ALUS program should be taken advantage of, hopefully implementing a
program here in British Columbia to manage Natural Capital, including Carbon and Biodiversity
value, on ranch lands. This program access existing programs and funds and could quickly
benefit range management. However, development of the infrastructure and research to run a
carbon offset programs should be begun immediately. The Nature Conservancy of Canada, and
their associates, recently developed a strong program for their Darkwoods property, and the
Pacific Carbon Trust will work with groups to develop offset protocols. The current knowledge
and expertise in these groups should be accessed quickly, before it fades. Finally, the
opportunities begun with Future Forest Ecosystems Science Council initiatives to document
grassland ecosystem function, and account for carbon emissions from cattle on rangelands
should be continued. Both the scientific and management expertise currently available in
British Columbia represents a wealth of knowledge currently available to develop a grassland
carbon offset program. The development of such a program is a long and difficult task, and
without this knowledge base it would be even more difficult.

Without rancher participation and support any grassland management program in British
Columbia will be a failure. A carbon management and sales program in British Columbia will
require a holistic approach, including all activities associated with ranching, and the
development of such a program should e rancher driven since ranchers are the individuals with
a direct connection to and control of land management practices. Additional holders of large
grassland properties , like the Nature Conservancy of Canada, will also both benefit from a
trading scheme and assist in it development. British Columbia’s grasslands are incredibly
valuable. The function of these precious ecosystems has maintained abundant economic and
cultural services for hundreds, maybe thousands of years. The province’s ranching communities
are key stewards of these grassland ecosystems, and their hard work results in grasslands
producing a wealth of ecological goods and services each and every year. The decline or failure
of these ranches would have a negative impact on local economies and lifestyles, and would
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result in the loss of important Natural Capital associated with rangelands. Unlike many
industries, ranching can work within established grasslands ecosystems leaving them largely
intact. However, the financial contribution of good land management activities, activities that
maintain the productivity and biodiversity on rangelands, are not recognized by economic
markets or individual consumers. Could the development of a carbon offset program in British
Columbia help ranching operations to remain ecologically and economically viable? We think
yes, and this document has outlined our plans to help rancher’s and other large landowners
access new economic markets and receive financial support for good land management
practices.

One result of this document has been the identification key questions that need to be
answered by ranchers, scientists, and non‐government groups to define what a Made‐In‐British
Columbia Carbon Offset Program could look like. To this end, a working group, struck by the
Grasslands Conservation Council of British Columbia and made up of key stakeholders will: (1)
help develop and identify key information gaps; (2) list key components of grassland
stewardship that result in increased carbon storage and reduced emissions; and (3) outline
policy and practical options describing the nature of a carbon offset program in British
Columbia (i.e., key participants and potential sources of capital and revenue). The results of
these meetings will be compiled in a Grasslands Conservation Council article that will include
key recommendations.
When we have discussed our ideas with ranchers, there some important questions raised by
ranchers when we discuss carbon management programs. One key stumbling block when
discussing offset programs is the concept of additionality. Ranchers often ask: “I’m managing
my land well already, how can I gain benefit from an offset program?” Some argued that
ranchers managing their land poorly can gain a considerable benefit by their participation in
carbon offset program because changing poor grazing practices to good ones can result in a
larger proportional gain in soil carbon. For those doing a good job already, selling offsets is not
simply about storing soil carbon, but about accounting for all the storage and emissions sources
from the ranching operation. We still do not know what types of grazing on what types of
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grasslands will produce the largest permanent soil carbon gains, or how long this type of
storage can go on for. Cutting methane emissions in winter through supplements and feed
changes, reducing fertilizer and trucking inputs in feed, and developing pasture management
options could all benefit both the rancher’s carbon balance sheet and ultimately the ranch’s
bottom line. Until now rancher’s have not be paid for good management.

Another important question ranchers ask is: “I’m busy enough already, won’t all this carbon
stuff be more work than it’s worth?” Through the establishment of the Grassland Carbon
Working Group we hope to find a system that can simplify the accounting and monitoring of
carbon on ranches. Any carbon offset program needs to be flexible enough to be adopted on
any ranch, and easy enough to not add excessive work onto already overburdened ranchers. By
including ranchers in the planning process, we hope to develop effective actions using data to
monitor the effectiveness of changes, and establish programs that improve both carbon
sequestration and storage, and benefit other aspects of biodiversity and sustainability on
ranches.

The last big question we hear from ranchers is: “Who owns carbon, and who gets paid?” Right
now ranchers own carbon on their private lands, and presumably the emissions from their
cows. But, ownership of carbon on grazing leases is less certain. The benefits in soil carbon
gained by good ranching practices are the result of the rancher’s activities, but the soil carbon
resources likely resides with the province of British Columbia. Determining who owns carbon on
grazing leases is an important component of a Made‐In‐British Columbia Carbon Offset
Program. There are large gains to be made on private lands and in other parts of the production
cycle that ranchers own already. Providing ranchers with ownership of soil carbon on grazing
leases may be a key way the province of British Columbia could support these ranching industry
initiatives.

There is clearly a large potential to manage and sell carbon in the grasslands of British
Columbia. By compiling data on carbon storage in a variety of carbon pools we have quantified
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grassland carbon storage, we then estimated carbon sequestration values in the Thompson‐
Nicola region from a meta‐analysis of the peer‐reviewed literature. We represented these
values by classifying grasslands into 15 different types based on biophysical characteristics and
apply our estimates to each grassland type present in the Thompson‐Nicola regions of south‐
central British Columbia. This provided a spatial model of carbon pools and estimated
sequestration values across the landscape or this region. From these data we estimated the
potential monetary value of carbon stores and sequestration in the Thompson‐Nicola as an
example of how to achieve a full cost accounting of one type of Natural Capital. Following this
we outlined carbon emissions trading protocols to identify other greenhouse gas emissions that
would require quantification and monitoring in any carbon offset sales program. Finally, we
identified new and existing financial tools that could be used to facilitate the carbon
management in British Columbia, and outlined the key steps in implementing a carbon offset
trading scheme. An operating and independent trading scheme is likely the primary method to
assist ranchers to increase management for greater carbon stores on their lands. Achieving this
goal will require the use of subsidies, incentives, marketing programs, and scientific research to
both develop and maintain such a program.

Many ranchers already manage their ranches well, but financial and social pressures can make
it difficult to keep land and families ranching. Carbon sales will not solve all of the ranching
industries woes, or fully address the issues associated with climate change. An offset program
could; however, help ranchers develop more efficient and sustainable ranching practices,
reward ranchers for what they do already, and help ranchers get paid for a little for the Natural
Capital they store away for rainy days (or more specifically, years it doesn’t rain). Not only are
droughts, floods, and fires becoming more prevalent and more severe, but economies are
changing. By getting out in front of these events, ranchers in British Columbia may be better
able to weather the storm and continue as stewards of our precious grassland resource.
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