














Summary conclusions and carbon market
prospects for forestry and agriculture in Florida

Stephen Mulkey

Overview of participation in carbon markets

Forestry

The preceding reports show that Florida is uniquely endowed to become a leader in green-
house gas mitigation through the effective management of forestry, agriculture, and natu-
ral ecosystems. Florida’s unique landscape combining subtropical climate, high precipita-
tion rates, high water table, and nearly flat terrain facilitate carbon storage in soils.
Similarly, due to favorable radiant energy balance year round, afforestation and reforesta-
tion are appropriate climate mitigation strategies. Overall, the state’s huge acreage devoted
to forestry and agriculture represents an untapped potential for the development of cli-
mate mitigation projects and a new source of revenue. Realizing this potential requires
that policy makers consider competing land uses and their potential consequences. Sus-
tainable resource use through land use policy can be driven partly by the economic incen-
tive provided by carbon markets, but for these markets to function effectively there must
be transparent and comprehensive accounting of carbon sequestration, reversal, and leak-
age. Mitigation projects must be designed over spatial and temporal scales consistent with
the goals of GHG mitigation over this century and beyond, with explicit consideration of
market forces in land use decisions. State agencies, especially the Florida Department of
Environmental Protection, could establish appropriate accounting and best-practices pro-
cedures, and provide a mechanism for certification of verifiers. Current projections of ur-
ban population growth within Florida are not consistent with either the goals of sustain-
able development or maximizing the opportunity for climate mitigation through land
management. Appropriate environmental safeguards are essential to insure that the meth-
ods of mitigation maintain or enhance the long-term health of Florida’s ecosystems. To the
extent that enhanced carbon sequestration is consistent with the maintenance of ecosys-
tem services, creation of carbon offsets through appropriate land use is a significant step
toward monetizing these services for inclusion in the human economy.

Gross growth of Florida forests, before deducting for harvest and tree death, is about 9.5
million tonnes of carbon annually. Because virtually none of these forests are managed ex-
plicitly for carbon sequestration, it is clear that more intense management could make
this number significantly higher. New markets related to carbon, bioenergy, and environ-
mental services could stimulate landowners to adopt more intensive management, signif-
icantly increasing timber yield. Examples of management strategies to accomplish this in-
clude planting density, fertilizer application, and thinning. Because timber yield is but one
estimate of carbon sequestration in forested landscapes, it is important to validate man-
agement schemes with direct measures of CO, flux (e.g., Binford et al. 2006), and develop
time-specific landscape carbon budgets including all sources of leakage. Critical to the use
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of forests and woodlot waste for bioenergy for power production is that the frequency and
intensity of harvest be adjusted to maintain soil nutrients and forest productivity. Given
such safeguards, it is likely that managing Florida forests for participation in carbon mar-
kets will result in significant positive environmental co-effects, especially the maintenance
of watershed-based ecosystem services. Innovative forestry practice involving biotech-
nologies and substitution of energy-intensive products with long-lived wood products pro-
vide additional opportunities to maximize the role of forests to achieve greenhouse gas
emissions mitigation. The greatest single threat to carbon sequestration and sustainability
of Florida’s forests comes from the state’s rapid urban development and sprawl. Other sig-
nificant threats include wildfires, hurricanes and pest attacks, which may be more fre-
quent with ensuing anthropogenic climate change.

Substitution of fossil fuels with biofuels holds significant promise for reducing GHG emis-
sions as Florida’s energy demand grows to more than double by 2030. Inventories of for-
est biomass residues, byproducts and waste materials indicate that Florida may have an
additional unutilized supply in excess of 5 million dry tonnes annually. In many cases, de-
livered costs of woody biomass for electric power generation are competitive with coal
and natural gas in Florida. Expansion of biomass power systems will depend upon local
resources and economic conditions, government incentives, and environmental compli-
ance costs. Other significant near-term opportunities include power generation with bio-
gas from farm residues and municipal solid and liquid waste. Total methane resources in
Florida are estimated to be 502,000 tonnes yr'!. Given that there is little or no potential for
reversal, the near-term carbon-offset value of Florida biofuels is high (7.4 Tg) before leak-
age is accounted for. The environmental co-effects associated with biofuel production can
be negative through the effects of such land use on biodiversity. It is important that preser-
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vation of Florida’s critical ecosystems and species be part of management plans as we
move toward a low-carbon economy and biofuel production increases.

Technological and market forces are significant obstacles to realizing the carbon offset
potential for ethanol production. Although Florida has the resources to produce significant
quantities of ethanol from sugarcane, current U.S. sugar policy supporting higher prices for
domestic sugar makes this an unlikely source of biofuel. Lifecycle analysis of GHG emis-
sions shows that ethanol derived from sugar is superior to ethanol derived from corn, es-
pecially for milling operations integrated with cogeneration plants that utilize sugarcane
fiber to produce heat and electricity. Corn, sorghum and citrus byproducts are produced in
small quantities or have competing uses in Florida, and thus are limited near-term oppor-
tunities for ethanol production. Combined, these sources of carbohydrate-derived ethanol
could offset about 3.5% of Florida’s demand for gasoline (2006 data), assuming they are
produced at maximum potential. Although biodiesel has a better net energy balance than
ethanol, these crops have very limited potential in Florida. Cellulosic ethanol produced in
Florida could meet a significant portion of Florida’s transportation needs, but development
of the technology and infrastructure for mass production is likely 10 years away. Until a
demonstration plant is in operation, we feel that any estimate of production capacity would
be specious. Regardless of the feedstock for production of ethanol, lifecycle analysis of
GHG emissions is the crucial determinant of the viability of ethanol as a substitute for fos-
sil fuel. Where indicated, lifecycle assessment must include agriculturally produced N,O
emissions and emissions associated with land conversion.

Livestock waste

Soils

Manure management is a primary tool for methane mitigation through the agricultural
sector, and in Florida the greatest opportunities occur in concentrated dairy and poultry
operations. The estimated methane emissions from manure management of confined an-
imal populations in Florida total 24,900 tonnes CH, yr'!, which is equivalent to a global
warming potential of 0.523 Tg CO, yr!. Use of this methane as biogas for power genera-
tion has three advantages through (1) avoided direct emissions of methane from livestock
waste, (2) displacing fossil natural gas used for power generation, and (3) income from the
sale of this gas to the natural gas market. In addition to these advantages, the sale of car-
bon credits offers an additional revenue stream to help finance biogas installations.

While highly heterogeneous, on average Florida soils have the highest organic carbon con-
tent in the conterminous U.S. Climate mitigation through soil management is a long-term
and complex ecological problem because soil has a long response time for carbon storage
and multiple interacting landscape factors affect soil carbon storage. With the state’s high
precipitation, carbon tends to be sequestered in lower horizons through leaching, leaving
the upper horizon capable of receiving additional carbon. Significantly, organic carbon
deposited in the subsoil of Florida Spodosols and Histosols is sequestered for long periods
and is less prone to reversal. Over several decades, hydrologic modifications such as wet-
land creation and raised water tables hold potential for increasing subsoil carbon seques-
tration. Note that wetlands naturally produce methane, which decrements the GHG miti-
gation potential of these soils.
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In the near term, modified crop cultivation can enhance topsoil organic carbon reten-
tion while reducing N,O emissions associated with agriculture. Specific recommendations
for such practice include conservation tillage (low-till or no-till), fertilization with soil
amendments derived from compost, manures, biosolids and other organic wastes, and op-
timized crop rotations to improve nutrient retention. Land use policy to maximize carbon
retention should look to increase the acreage of forest and wetlands, and match land use
to local water table conditions so as to minimize drainage in sandy or muck soils. Addi-
tional land management activities that sequester carbon include creating residential and
recreation areas that sequester carbon (e.g., wetland meadows and forested wetlands),
maintenance of wetlands, and enlarging riparian buffers. Important positive environmen-
tal co-effects of climate mitigation through soil management include improved soil nutri-
ent content and greater soil biodiversity.

Potential market value

Data from these reports show that the near-term potential sequestration of carbon and
avoided emissions for selected components of forestry and agriculture could offset 16.98
Tg CO,eq yr! (Table 13). Biofuels, biomass, and energy crops represent the largest poten-
tial of the components considered in this report. While this is only about 7% of Florida
CO, emissions (255.4 Tg CO,, based on 2004 data), it more than offsets the projected an-
nual rate of CO, emissions increase, which may be as high as 2% under high rates of eco-
nomic growth. The preceding reports have used a low value of $4 Mg! CO,eq, which has
been typical of the U.S. voluntary market. In contrast, Figure 17 shows that these compo-
nents would be valued at about $340 million annually under realistic carbon market prices
of $20 Mg'! CO,eq. Based on values seen in the European market, once meaningful feder-
ally mandated caps are in place, it is reasonable to expect values of $20 to $45 Mg! CO,eq.
A market price of $30 Mg! CO,eq would increase the near-term annual value of these
components to $510 million.

Properly defining additionality for a given activity ensures that the net impact on the
global atmosphere is one of reduction of GHGs for a specified length of time. If deemed
appropriate to count total gross carbon sequestration, then pine forestry would be valued
according to the accounting in Table 5 of this report. A more conservative interpretation
would use only new carbon acquired due to shifts in management practice, as shown in
Table 13. The additional carbon acquired from medium and high intensity management
represents an effective reduction of GHGs for the length of the rotation, 25 years.

It is important to note that the data in Figure 17 do not include the value of these com-
ponents associated with more traditional markets. For example, the market value of bio-

Table 13. Summary emissions offset potential from components of Florida forestry and agriculture

Activity Near-term carbon offset potential (Tg CO2eq yr-1)
Biofuels, biomass, and energy crops 7.36

Agricultural biogas 0.96

Conservation tillage on 50% of aglands 1.72

Shifts to medium and high intensity pine management® 5.8

Afforestation of 5% of range and pastureland 1.14

Total 16.98
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Figure 17. Annual carbon market value for the components
of Table 1.

gas as a replacement for fossil natural gas would
amount to an additional $62.7 million annually
(Table 11). Similarly, sale of crop and logging
residues as fuel would be worth $49 million per
year at $10 per dry ton. Additionally, reduced fuel
costs from implementation of conservation tillage
would be a savings of $14 million per year. In-
cluding these values with the numbers in Figure
17, the total annual value of these components of
forestry and agriculture is about $465 million.
The components shown above represent near-
term, feasible amendments that could be imple-
mented within the next 5 years. The data shown
in Table 13 considerably understate the potential

for participation of Florida forestry and agriculture in a low carbon economy. For exam-
ple, pine forestry is only one component of industrial and managed forestlands in Florida.
Management of other forest types and inclusion of long-term sequestration in new forest
products, assuming that these products displace products produced with fossil fuels,
would provide additional value. Similarly, when cellulosic ethanol becomes feasible, this
would add a major economic component to the agricultural sector. Land use shifts and hy-
drologic manipulations have significant potential to improve soil carbon stocks in Florida.
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Notes

1. According to IPCC protocol, all gases are converted to
a common metric known as CO, equivalents (CO,eq), ex-
pressed in teragrams (Tg or million tonnes) or mega-
grams (Mg).

2. A recent report notes that growing tree plantations to
remove carbon dioxide from the atmosphere to mitigate
global warming could trigger environmental changes that
outweigh some of the benefits. Those effects include wa-
ter and nutrient depletion and increased soil salinity and
acidity, said the researchers (Jackson et al. 2005).

3. A teragram (Tg) is equal to one million metric tons
(tonne). A petagram (Pg) is equal to one billion metric
tons (tonnes). There is 1 Tg of carbon in ~130 x 1 million
cubic ft of wood or 2.2 x 1 billion board ft of softwood
lumber.

4. Although carbon stored in forest products can be sig-
nificant, it is not currently qualified for market transac-
tion. Some argue that carbon in wood products is a flow
of wood and is expected to continue to be produced in
the absence of markets for greenhouse gas (GHG) emis-
sion credits. In other words, carbon in wood products is
baseline, and not additional, and does not count as an
offset. However, carbon stored in wood products and
credits associated with displacement of fossil fuels and
steel with forest products can be considered as societal
benefits.

5. U.S. EPA (2007) noted that total emissions of the U.S.
in 2005 equal to about 1978 Tg of carbon. One tonne of
carbon is equal to 3.67 tonnes of carbon dioxide.

6. Johnson et al. (2005) use data from North Carolina
Tree Nutrition Cooperative. We assume that growth and
yield data from North Carolina reflect Florida’s situation
and used in this to estimate carbon accumulation.

7. The net impact of carbon sequestration through high-
intensity management may not be this high because of
the carbon emissions associated with fertilizers and thin-
ning practices during high-intensity management. If ni-

trogen fertilizer use is increased, nitrous oxide emissions
will increase. Nitrous oxide is a potent greenhouse gas
and the warming effect of the increased nitrous oxide
emissions should be subtracted from the benefit of in-
creasing carbon sequestration. Using the Intergovern-
mental Panel on Climate Change (IPCC) 2006 default
rate that 1% of nitrogen in fertilizer is directly emitted as
nitrous oxide, assuming 385 pounds of urea applied per
fertilization, and urea being 46.4% nitrogen by weight,
this would mean 1.76 pounds of nitrogen would be di-
rectly emitted as nitrous oxide per acre, per fertilization.
One pound of nitrogen makes about 1.57 pounds of ni-
trous oxide, and a pound of nitrous oxide has 296 times
the warming effect of a pound of carbon dioxide Convert-
ing to metric tons, each application of fertilizer could re-
sult in direct nitrous oxide emissions of 0.3775 metric
tons carbon dioxide equivalent per acre. (Source: Gordon
Smith, EDC Feb. 14, 2008)

8. In the U.S. South, the average annual tree mortality
due to Southern Pine Beetle was estimated to be about
100 million board feet of sawtimber and 20 million cubic
feet of growing stock.

9. The value for medium and high intensity management
of pine plantations is derived from data in the preceding
report on forestry, and represents a conservative interpre-
tation of the additionality provided by this practice. This
is obtained from shifting 1.85 million acres to medium
intensity from low intensity management, and switching
2.9 million acres to high intensity management from
medium intensity. This results in annual increases in on-
site carbon stocks of 0.25 and 0.39 tonnes carbon per
acre on medium and high intensity management, respec-
tively. The total carbon sequestration value of these shifts
in management intensity would be $116.8 million per
year for 25 years at a market value of $20 Mg! CO,eq.
Note that this estimate does not include decrements due
to use of fossil derived fertilizer and other sources of
leakage associated with management practice.
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