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Climate has regularly changed since the Earth
was formed. However, many members of the
scientific community attribute current climate
changes to increasing atmospheric concentrations of
greenhouse gases (GHGS), caused by human
activities. In the last half of the 20th century, carbon
dioxide (COZ) was the first GHG conclusively
demonstrated to be increasing in the atmosphere. At
the current rate of emission, atmospheric CO, is
projected to double by the end of the 21st century.
Climate change mitigation will require reducing GHG
emissions, as well as removing CO, from the
atmosphere and sequestering it in different reserves.
This document addresses some basic questions
regarding the prospects of carbon (C) sequestration
in forest and agricultural lands in the United Statesin
general and Floridain particular. Specifically, it
examines the C sequestration potential of different
land management practices that could play arolein
GHG mitigation strategies.

What is greenhouse gas?

Greenhouse gas is a collective name given to
atmospheric gases that are mostly of natural origin,
including water (H 2O) vapor, COZ, carbon monoxide
(CO), methane (CH,,), nitrous oxide (N,O), nitrogen
oxide (NO), nitrogen dioxide (NOZ), and ozone
(03). GHGs produced by human activities include
compounds of hydrofluorocarbons, perfluorocarbons,
and sulfur hexafluoride.

What is the greenhouse effect?

Energy from the sun drives the earth 's climate.
Atmospheric GHGs trap some of this energy, creating
anatural greenhouse effect. The temperaturein a
greenhouse is warmer than ambient temperature
because the glass that covers the greenhouse does not
allow long-wave radiation to be emitted outward.
Greenhouse gases in the atmosphere, especially water
vapor, COZ, 03, and CH4, act liketheglassina
greenhouse to trap infrared radiation in asimilar
manner. The extent to which atmospheric temperature
is elevated depends on the concentration of GHGsin
the atmosphere (Lal et al., 1999). Water vapor,
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followed by CO,,, is the most abundant GHG in the

atmosphere. However, changes in water vapor
concentration are al'so considered to be aresult of

climate response related to the warming of the
atmosphere rather than a direct result of
industrialization. Methane, NO, 03, and several other
gases present in the atmosphere in small amounts also
contribute to the greenhouse effect (IPCC 2007).

Several human-induced (anthropogenic)
activities increase atmospheric concentrations of
GHGs, particularly COz‘ Atmospheric 002
concentration increased from 280 ppm (parts per
million) in the 1950s to 379 ppm in 2005. The annual
rate of increase was higher over the past 10 years
(1995 — 2005 average: 1.9 ppm per year) than it has
been since the beginning of continuous direct
atmospheric measurements (1960 — 2005: 1.4 ppm)
(IPCC 2007).

From approximately 1850-1899 to 2001-2005,
total temperature increased an average of 1.37°F,
with arange between 1.03°F and 1.71°F (IPCC
2007). While the resulting increase in heat-trapping
ability for agiven concentration of GHGs can be
predicted with precision, the ultimate impact on
climate can not. Projections of climate change are
based on complex models that describe the
circulation of air and ocean currents, as well as how
energy istransported within the climate system.
Recent model simulations suggest that global surface
temperature could increase an average of 1.0-6.4°F
by 2100 (IPCC, 2007). The ranges of temperature
projections are larger because model simulations
increasingly depend on specific emissions scenarios.
Between 2000 and 2030, the global GHG emissions
are projected to increase by 25 to 90% (1PCC 2000b).

What is carbon sequestration?

It iswidely believed that reducing the
atmospheric concentration of CO, could reduce
future climate-related damage and would be more
beneficia than costly. Options for achieving this goal
include reducing future emissions as well as
sequestering 002 that has already accumulated.
Carbon sequestration involves "removing C from the
atmosphere and depositing it in areservoir"
(UNFCCC 2006).

Carbon can be sequestered in two major ways:
biological and geological. Geological sequestration,
which has afairly large technological potential, has
not yet been demonstrated on a scale anticipated to
mitigate CO,, emissions. It is also more costly. Thus
current discussions are focused on biological methods
for sequestering C.

What is biological carbon
sequestration?

Biologica C sequestration transfers C (from
COZ) in the atmosphere to biomass through
photosynthesis and ultimately storesit in plants
(foliage, wood, and roots) and soils. Biological
Sequestration encompasses various ways of using
agricultural and forest land to enhance the natural
storage of atmospheric CO,. Examplesinclude
planting or preserving trees, altering crop production
practices, planting vegetation in areas prone to soil
erosion, and changing the way grazing lands are
managed. When forests, croplands, and grazing lands
sequester C, they arereferred to as C “sinks'.

Forest and agricultural lands have received
considerable attention as potential C sinks. In most
cases, atmospheric 002 removal through C
sequestration exceeds CO, emissions from these
land-use types, particularly from forests. According
to the U.S. GHG Inventory 2006 (EPA 2008), land
use, land-use change, and forestry activities comprise
anet sequestration of 883.7 million metric tons
(mmt) of CO,-Eq. This represents an offset of
approximately 14.8 percent of total U.S. CO,
emissions, or 12.5% of total greenhouse gas
emissions. Over 84% of this net sink occurs on forest
|ands. Between 1990 and 2006, total land use,
land-use change, and forestry net C flux resulted in a
20% increasein CO, sequestration, primarily dueto
an increase in the rate of net C accumulation in forest
C stocks, particularly in aboveground and
belowground tree biomass. In contrast, the
agriculture sector is anet emitter of GHGs (EPA
2008). In 2006, CH 4 and N,O were the primary
greenhouse gases emitted by agricultural activities.
M ethane emissions from enteric fermentation and
manure management represented about 23% and 7%
of total CH 4 emissions from anthropogenic activities,
respectively.
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The use of biomass and biofuels to replace Co,
emitting petroleum based fuels as energy sources has
great potential for mitigating GHG emissionsin the
southeastern United States (EPA 2005). Over the
coming decades, Florida forestry and agriculture
could significantly offset and reduce the projected
emission increasesin the state. Florida's forest
cover declined 36% between 1945 and 2002
(although it still covers 43% of the 34.3 million land
acres); during the same period, crop and pasture lands
increased by 22% (USDA/ERS, 2006). Improved
management of forests and agricultural lands could
provide an effective tool to help stabilize atmospheric
GHGs.

What are the major pools of
sequestered carbon in agricultural
and forest lands?

In aforest ecosystem, C sequestration occursin
four components of the system: soil, trees, forest
floor, and understory vegetation. The total amount
sequestered in each part varies greatly depending on
the region, type and age of the forest, the quality of
the site, and land use history. On average, the soil and
above-ground parts of trees hold the major portions,
roughly 60% and 30% respectively, of thetotal C
stored in aforest; the rest is mostly in forest litter
(9%) and understory vegetation (1%) (Birdsey,
1992).

According to the IPCC (2000), potential
increases in C storage may occur in agricultural and
forest lands via (1) improved management within a
land use, (2) conversion to aland use with higher C
stocks, or (3) increased C storage in harvested
products. Achieving those increases will vary
according to the new land use and management
practices, net emissions of GHGs associated with
additional management activities, and land use
policies. The scientific literature to evaluate diverse
scenarios for increasing C storage is currently
limited. However, one such scenario, presented in
Table 1, illustrates the potential range for C stock
increases through some broadly defined activities. It
provides data and information on C stock changes for
some candidate activities for the year 2010. The
greatest potential for C sequestration occurs when
land-use becomes more sustainable, with the largest

dividend estimated when arable land is changed to
agroforestry (Table 1).

Integrated production systems like silvopastoral
agroforestry systems, where trees were integrated
into pasture animal production, can increase net C
storage. When both the tree and grass components are
well-managed, an increase in net C storage compared
with pasture or forest alone can be achieved. Sharrow
and Ismail (2004) reported from their studiesin
Oregon that the silvopastoral system accumulated
approximately 299 kg acre™yr! more C than forests
and 210 kg acre’ yr'! more C than pastures. The
agroforests were silvopastures of 11-yr-old Douglas
fir (Pseudotsuga menziesii) with perennial ryegrass
(Lolium perenne) and clover (Trifolium sp.) pasture.
The combination of pasture and trees also stored 214
kg acre’* more N aboveground than the forest, and
the pasture stored 486 kg N acre more N
aboveground than the forest. More efficient sharing
of site resources between tree and pasture plants and
microclimate modification by trees may increase
overall net production of phytomass available for
storage (Table 2).

What practices could be used as
strategies for enhancing carbon
sequestration?

Forestry practices:

Afforestation/reforestation of marginal
cropland and pasture.

Planting trees on land previously used for other
purposes could result in substantial gainsin C storage
in biomass and soils. Estimates show that afforested
lands raise annual C sequestration by the equivalent
of 2.2 to 9.5 metric tons of COJ2 acre* for 120 years,
(Birdsey, 1996). For reforestation (planting trees on
land recently devoted to forestry, such as severely
burned areas), theincreaseis smaller (4 to 28 metric
tons acre’! COZ-eq sequestration for the same time
frame).

Improved forest management.

Carbon storage can also be improved by
changing silvicultural practices. Since these practices
are usually developed and applied for purposes other
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Table 1. Global estimates of potential net change in carbon storage through improved management within land-use and
change in land-use activities. Values shown are average rates during this period of accumulation.

Additional Activities Total area Area under Net annual change Estimated net
(20 ° acre) activity 2 (Metric tons of CO2 change in 2010 (10 °
(%) acre™yr) Metric tons of CO2

-1

yr)

Improved management within land use

Cropland % 3212 30 0.4 385

Forest land = 10008 10 0.6 600

Grazing land < 8401 10 1 840
Agroforestry area < 988 20 0.4 79
Urban land " 247 5 0.4 5

Change in land use

Agroforestry & 1557 20 4.6 1432
Grassland L 3707 3 1.2 133
Wetland restoration - 568 5 0.6 17

Table 2. Estimates of carbon dioxide sequestered in three different land-use systems in Oregon, USA

Compartment Metric tons of 002 acre™

Pasture Agroforests Plantation
Tree 0 18 10
Understory 1 2 3
Soil (0-45 cm) 152 142 137
Total 154 162 150

than C sequestration, it may be difficult to quantify
the magnitude of increased total C storage when
practices change. For instance, increasing timber
growth will not necessarily increase biomass growth
and soil C storage. Nevertheless, estimates of such
increases range from 2.1 to 3.1 metric tons of
CO,—eqg acre™ yr*. Twenty to 45% of the Cinthe
salable portion of harvested timber is sequestered in
wood and paper products during their usable lives and
afterwards in landfills (Gorte, 2007). Thus, increases
in C from timber management do not have a fixed
time horizon.

Reduced conversion of forest land to
non-forest use (Avoid deforestation).

Conversion of forest land to non-forest use
usually means permanent loss of all or a substantial
part of live biomass and reduction of organic matter
in soilsand in the forest floor. Some C may be
sequestered in wood productsiif the harvested
biomassis utilized. Carbon dioxide and other GHGs
are emitted when the remaining biomass and organic
matter is burned or decomposed. Protecting and
conserving forests should maintain or increase C
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poolsin the short term. Carbon in wood and paper
products remains sequestered and is emitted to
varying degrees depending on how products are
made, used, and disposed. Sequestration in products
and uses can be increased by altered processing
methods, shiftsin products used, end-use durability,
and landfill management. Sequestration in forests and
products can be maximized by coordinated
understanding of forest ecosystems and product
utilization.

Agricultural and grassland practices

Compared with forests, above-ground biomass
stocksin agricultural and grassland ecosystems are
fairly small (typicaly lessthan 15 metric tons of
CO.-eq acre'l). Prospects for C sequestration in
agricultural and grassland ecosystems are largely
centered on the soil. Hence, strategies for increasing
C stocksin these systems revolve around maximizing
the amount of C that can be delivered to the soil and
maximizing its residence time in the soil. Carbon
sequestration in agricultural and grass lands can be
enhanced by intensifying prime agricultural lands,
land conservation, and restorations. These options
include avariety of land use practices that could be
adapted as best management practices by landowners.

Prospects for C sequestration in grasslands
include (1) optimizing grazing intensity, because C
accrual on optimally grazed lands is often greater than
on non-grazed or over-grazed lands (Liebig et al.
2005); (2) increasing grass productivity through
increased fertilization and improved soil quality; and
(3) introducing grass species that are more
productive or have higher C alocation to the roots.

In the case of croplands, C sequestration
strategies include (1) improved agronomic practices
that increase yield and generate higher crop residue;
and (2) improved tillage and residue management
such as reduced tillage, or no-till, that reduces soil
disturbance, consequently reducing C losses through
enhanced decomposition or soil erosion. Table 3 lists
the various strategies that can be used for C
sequestration in U.S. croplands. Lal et al. (1999)
estimated that 302 to 763 mmt CO,-eq yr™ could be
sequestered in arable lands of the United States by
adopting these improved practices, of which about
50% is due to conservation tillage and residue

management, 6% to supplemental irrigation and
water table management, and 25% to adoption of
cropping systems.

The practices listed above, if adopted by
Florida's agricultural and forestry sectors hold
great potential to increase the rate of C sequestration
in the state. However, further advances in developing
cost-effective ways to monitor and quantify the
amount of C sequestered in agricultural and forest
lands s required. In addition, developing C best
management practices (BMPs) that provide
incentives for adopting strategies to enhance C
sequestration is crucial. Eventually, these combined
with the growing C market can lead to an increased
contribution of agricultural and forest sectorsto the
mitigation of climate change.
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Table 3. Strategies for increasing carbon (C) sequestration using different land-management practices in croplands of the

United States.

Mitigation option

Management practice

Estimated potential
(m mtfcoz-eq yrh

A. Intensification of croplands

Conservation tillage, and residue management

a. Conservation tillage

b. Crop residue, and other
biomass management

Irrigation/water management
a. Supplemental

b. Sub-irrigation on poorly
drained soils

Improved cropping systems
a. Fertilizer management

b. Organic measures, and

by-products
c. Rotation winter cover crops

d. Summer fallow elimination

e. Management of rice straw

f. Idle land conversion to
biofuel production

Use no-till, minimum: till, ridge till, or sod till on crop
land to decrease C loss due to soil erosion and net
mineralization, and to increase soil aggregation.
Select crops that produce sufficient quantities of
residue, plant a cover crop, and/or leave crop
residues on the soil surface.

Supplement with irrigation to increase biomass
production, especially in dry areas; an increase of 2
to 5 times in biomass production could be attained.

Recycle drainage water during summer to improve
moisture content and biomass yield.

Maintain soil fertility by adding manure and inorganic
fertilizer when needed.

Apply organic manure or compost to increase soil C
content.

Plant cover crops after harvesting. Examples in the
Southeast include crimson clover, hairy vetch,
common vetch, crown vetch, alfalfa, lupines, arrow
leaf clover, and red clover.

Replace summer fallow system with intensive
cropping system to increase soil organic C.
Improve management of rice straw through compost,
and mulch farming rather than burning.

Use available idle lands, and marginal croplands to
produce biofuel.

88-147

40-246

7-22

11-18

22-66

11-33

18-67

4-11

2-6

11-18

B. Land conversion and restoration

Land-use conversion

a. Conservation reserve
program (CRP), as a provision
of the 1985 and 1990 Farm
Bills.

Conversion buffers

c. Wetland reserve program
(WRP)

Land/ soil restoration

a. Eroded land

Convert highly erodible (erosion rate 19.1 tons acre™
or more) land from active crop production to

permanent vegetative cover for a 10-year period (e.g.

tree plantation, growing cover crops).

Install vegetative strips, ranging from 5 to 50 m wide,
along streams and agricultural lands to minimize soil
erosion and the risk of transporting non-point source
pollutants into the stream.

Restore, enhance, and protect wetlands through
WRP to accumulate peat.

Restore moderately eroded crop lands (erosion rate
5 to 19.1 tons/acre™).

18-40

1-3

33-73
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Table 3. Strategies for increasing carbon (C) sequestration using different land-management practices in croplands of the
United States.

b. Mine land Reclaim mine-spoil lands by re-vegetating with 2-7
legumes, grasses, and woody plants; selection of
species depends on climate. Application of an
organic amendment is recommended for a long-term
source of N.

c. Salt affected soils Use amendments (e.g., gypsum, organic matter, and 4-11
green manure), leach salts out of the root zone, and
choose crops with high salinity tolerance to improve
above and below-ground biomass.

Total potential 302-763

mmt = million metric tons
Source: Lal et al. (1999)



