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FIGURE 1. Planted Rice Acreage in California. 1912–20143
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The number of people living in the Sacramento
Valley has also increased twenty-fold since
the beginning of the last century to the three
million people that live here today. With
this population increase has come additional
stresses on the regional environment in terms
of environmental quality, not the least of
which is regional air pollution from all of the
increased emissions sources that come with
more concentrated urban living. Agriculture

700,000

Rice Land Productivity (tons/acre)

During the last century, major changes
occurred in California’s Sacramento Valley,
both in terms of its agricultural productivity and
its urban population. At the beginning of the
1900s, there were only a few hundred thousand
rural residents in the valley as the region’s
farming families were poised to begin what
turned out to be the greatest agrarian productivity transformations in recorded history, the
“green revolution.” Rice production played a
major role in this agricultural transformation,
starting out with about 100,000 acres in the
1920s with almost an acre required to produce
one ton of rice. The industry has grown to over
500,000 acres today, with only one-quarter
acre required to produce one ton of rice —
nearly a four-fold increase in land productivity
and a twenty-fold increase in the total production of this important crop.1 Figures 1 and 2
show the increase in the acreage and improvement in land productivity of the rice crop in
California over the past century of production.

Year

FIGURE 2. California Rice Land Productivity in Tons
per Acre of Production. 1912–2014

now shares the Sacramento Valley with towns
and cities full of people and has had to come
to terms with how to maintain productivity
while minimizing its regional environmental
impacts, particularly air quality.
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FIGURE 3. Population of the Sacramento Metropolitan Area. 1910–20155
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FIGURE 4. Land Use Changes for Farmland and Urban Land
in Sacramento Region. 1985–20156

POPULATION AND AGRICULTURE

Figure 3 shows the urban population increase
in the Sacramento region over the last 100
years over the same time frame as rice has
been produced in the region. As population
increases, the landscape is being converted
with urban acreage steadily increasing by
62 percent or 220,000 acres, and important
farmland decreasing by over 14 percent
(a decline of approximately 420,000 acres)
in the Sacramento Valley Region2 over the
last 30 years as shown in Figure 4. Figure 5
is a map showing the urban acreage relative
to the important farmland of the rice growing
area within the Sacramento Valley region.
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The purpose of this report is to analyze the
air quality impacts associated with rice
production in California’s Central Valley and
examine the performance of various air quality
initiatives and regulations that have changed
the way rice is being produced in order to
improve air quality. First, the report examines
programs to reduce the impact of rice straw
burning including the Smoke Management
Program and the associated rice industry
funded Sacramento Valley Monitoring Network
that is still used today, as well as the implementation of the Rice Straw Burning Reduction
Act passed in the 1990s. Next, the report
examines the regional impact of emissions
from diesel engines used for rice production
and transportation by exploring the relationship between rice production emissions and
regional pollution episodes, along with the
impact of the Diesel Engine Emissions Reduction
Programs of the United States Environmental
Protection Agency (EPA) in reducing the
emissions of the rice production fleet. Finally,
the report looks at the new initiatives to
address impacts, including the implementation
of renewable energy projects at rice facilities
including solar and biomass that reduce the
net emissions and increase the sustainability
of rice production. The following sections
provide analysis of the actual impact of these
programs to date and project their future
expected performance.
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FIGURE 5. Important Farmland and Urban Land in Rice Growing Region of Sacramento Valley7

Primary California
Rice Growing Region

IMPORTANT FARMLAND DEFINITIONS
Prime Farmland
Prime farmland has the best combination of physical
and chemical features able to sustain long-term
agricultural production. This land has the soil quality,
growing season, and moisture supply needed to
produce sustained high yields.

Farmland of Statewide Importance
Farmland of statewide importance is similar to prime
farmland but with minor shortcomings, such as greater
slopes or less ability to store soil moisture.

Unique Farmland
Unique farmland consists of lesser quality soils used
for the production of the state's leading agricultural
crops. This land is usually irrigated.

Farmland of Local Importance
Farmland of local importance is land of importance
to the local agricultural economy as determined by
counties and local advisory committees.

Grazing Land
Grazing land is land on which the existing vegetation
is suited to the grazing of livestock.

Urban and Built-up Land
Urban and built-up land is occupied by structures
with a building density of at least 1 unit to 1.5 Acres,
or approximately 6 structures to a 10-acre parcel.
Examples include residential, industrial, commercial,
institutional facilities, airports, and other urban facilities.

Water
Perennial water bodies with an extent of at least 40 acres.
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RICE STRAW BURNING

Approximately 500,000 acres of land devoted
to rice production in California’s Sacramento
Valley also produce three to four tons of rice
straw per acre that remain standing in the field
after the grain has been harvested. Historically,
much of this residue was disposed of by open
field burning. Many crops like rice benefit from
burning because it is an efficient, effective, and
inexpensive method to remove crop residue
and is also an effective means of controlling
disease and pest problems. The benefits of rice
straw burning include:
• Control of the fungal diseases of rice, stem
rot (Sclerotium oryzae) and aggregate
sheath spot (Rhizocronia oryzae sativae)
• Disposal of rice straw
• Facilitation of soil tillage and seedbed
preparation
4

IMPACTS OF BURNING

The disadvantages of agricultural burning are
primarily related to air quality and the generation of air pollutants and irritants that can
impact human health at high concentrations.
These pollutants include:
• Nitrogen oxides (NOx) – precursor to
ozone and particulate matter formation
• Volatile Organic Compounds – precursor
to ozone and particulate matter formation
• Particulates – directly emitted particles
and smoke that can include some air toxics
• Carbon monoxide (CO) – gas impacting
human breathing at high concentration
• Sulfur dioxide (SO2) – precursor to
particulate matter formation

CALIFORNIA RICE COMMISSION

MINIMIZING IMPACTS

To address concerns about smoke impact on
the growing population in the Sacramento
Valley, the Sacramento Valley Basinwide Air
Pollution Control Council now implements
the Smoke Management Program under the
Sacramento Valley Agricultural Burn Plan (Burn
Plan) in strong coordination with the California
Air Resources Board. The Burn Plan, initially
adopted in 1981 and renewed annually, requires
that certain air quality and meteorological data
be collected and evaluated on a daily basis.
Assembled data includes presence of haze,
surface and upper air winds, temperature and
rainfall. The data are evaluated for anticipated
rate of smoke dispersion, and the results dictate
how many acres within the Sacramento Valley
are allocated for burning on a given day and
where those acres may be burned.
Because the Burn Plan only allows limited
burning during periods of favorable metero–
logical conditions, it has significantly reduced
the effects on the residents living in urban
centers throughout the Central Valley.
Complaints lodged against burning declined
substantially in the 1980s under the Burn Plan,
and the percentage of smoky hours measured
at monitoring stations during the agricultural
burn season dropped by 80 percent.8

Sacramento Valley
Weather Station Network
The California Rice Commission owns and operates
fourteen automated weather stations in the Sacramento
Valley. These weather stations have been used for the
Smoke Management Program since its inception in 1981.
The weather stations were installed and have been
maintained by the team of physical scientists and
meteorologists since the early 1980s. Over the years
the stations have been upgraded as needed. The
stations are strategically located in the Sacramento
Valley rice growing regions to provide important wind,
temperature, humidity and rainfall.
The county air pollution control offices in the Sacramento
Valley and the California Air Resources Board use the
data from the weather stations to manage agricultural
burning to minimize the intrusion of smoke in urban
areas and across roadways. The data from the weather
stations are also used to verify the daily weather
forecasts for the Smoke Management Program and
the near real-time data are used throughout the day
for smoke management decisions.

The Smoke Management Program would
not work without the participation and collaboration of the rice industry and individual rice
growers. The rice industry purchased the
original network of weather monitoring stations
in the Sacramento Valley and continues
to maintain and operate that network that
provides local air districts and ARB with
critical weather information for making air
quality decisions (right).
AIR QUALITY REPORT
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STRAW BURNING REDUCED

qualifying levels of crop disease to continue
to burn up to 25 percent of their planted
acreage. This level of burning is allowed as
a control measure for the diseases stem rot
and aggregate sheath spot. Both pathogens
overwinter in the straw residue, but they can
be destroyed, primarily by burning.9 This
very limited amount of disease-control rice
straw burning (currently less than 10 percent
per year) is still managed by the Smoke
Management Program.

Nonetheless, public concern over air quality
continued even after the establishment of
the Smoke Management Program in the
1980s. The Rice Straw Burning Reduction Act
(Assembly Bill 1378) was passed in 1991 with
input and cooperation from the rice industry.
This legislation mandated an effective cessation
of large-scale rice straw burning by the year
2000. The scheduled phase-down was based
on a percentage of acreage planted each year.
It began in 1992 with a 10 percent reduction
in the total acreage each farmer could burn.
The acreage base for a given farmer is the
number of acres planted to rice. The allowable
burn acreage decreased incrementally each
year until the year 2000 when burning was
phased down to 25 percent.

BURNING ALTERNATIVES

The Rice Straw Burning Reduction Act left rice
growers to find alternative ways to manage the
rice straw that remains after harvest. Three
primary ways of managing rice straw since the
phase-down of burning are: (1) incorporation
of the straw into the soil coupled with active
winter flooding, (2) straw incorporation into
the soil without active winter flooding, or
(3) harvesting the rice straw by bailing and
removal for use in other industries. Figure 6

DISEASE BURNING
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FIGURE 6. Straw Management Practices in California Rice. 1980–201410

CALIFORNIA RICE COMMISSION

6000

5000

Act left rice growers to find
alternative ways to manage the rice
straw that remains after harvest.

NOx Emissions (tons)

The Rice Straw Burning Reduction

4000

3000

2000

1000

2

4
20
1

0

8

20
1

20
1

6

20
0

20
0

2

4
20
0

0

20
0

98

20
0

96

19

19

92

94
19

19

88

90
19

86

19

19

82

84

5000

VOC Emissions (tons)

4000

3000

2000

1000

14
20
20

12
20
20
12

10
20

08
20

06
20

04
20

02

00

20

20

98
19

96
19

94
19

92
19

90
19

88

86

19

19

82

84
19

19

80

0
19

AIR QUALITY REPORT

19

Year

FIGURE 7. NOx Emissions from Rice Straw Burning
in Sacramento Valley. 1980–201411

REDUCED EMISSIONS
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FIGURE 8. VOC Emissions from Rice Straw Burning
in Sacramento Valley. 1980–201412

7000

6000

5000

4000

3000

2000

1000

14

10
20

08
20

06
20

04
20

02

00

20

20

98
19

96
19

94
19

92
19

19
90

88

86

19

19

82

84
19

19

80

0
19

PM Emissions (tons)

Due to industry compliance with the state
mandate, regional air pollution from rice straw
burning was significantly reduced from 1980
to 2014. Figures 7 through 9 show the overall
reduction levels for major pollutants including
NOx (oxides of nitrogen, ozone and particulate
precursor), VOC (volatile organic compounds,
ozone precursor), and PM (particulate matter,
direct pollutant) over the 30-year time period.
The effort to curtail rice burning has reduced
all of these pollutants by 80 to 90 percent in
that time span. The remaining burn emissions
are managed in a way to cause minimal public
impact. This program is a great example of
collaboration of agriculture with the public and
demonstrates the commitment of California
rice growers to clean air.

19

19

80

0

shows the percentage reduction in burned
acres and increase in the use of other practices
that occurred between 1990 and 2000,
primarily driven by the phase-down legislation.
While there was substantial effort from 1970
to 2000 to develop off-field alternatives for
rice straw, not many uses were economically
successful. It can be seen that the majority is
currently managed through on-field methods
of soil incorporation, at an added per acre
expense to the rice producer. The added
expense for the non-burning alternatives is
estimated to be approximately $30 per acre
or about $13 million industry-wide.

Year

FIGURE 9. PM Emissions from Rice Straw Burning
in Sacramento Valley. 1980–201413
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ENGINE EMISSIONS
The other main source of regional pollutant
emissions from rice production is the emissions
from the engine equipment used for preparing
the fields for planting, seeding the fields,
spreading fertilizer and herbicide, harvesting
the crop, carrying the paddy rice to the processing facility, and processing the rice including
drying. This equipment is primarily heavy-duty

Starting in the 1980s, the U.S.
EPA began implementing several
programs to reduce emissions
from on-road and off-road
mobile engines.

8

diesel powered equipment, but also includes
a small amount of equipment using gasoline,
aviation fuel, and natural gas.
CLEANER ENGINES

Starting in the 1980s, the U.S. EPA began
implementing several programs to reduce
emissions from on-road and off-road mobile
engines. These programs were initiated to
reduce regional air pollution, primarily NOx,
and also reduce diesel particulate matter that
had been shown to contain harmful chemicals.
The programs are focused on engine manufacturing standards and require manufacturers
to design engine systems that can be certified
to meet specific “Tier” standards before they
can be issued for sale. These standards have
slowly ratcheted up between 1982 and 2013
from Tier 0 to Tier 4 (right).
Like any long-term enterprise, the rice industry
has to continually invest in new equipment
to maintain its fleet and upgrade to better
performing technology. Consequently, the net
result of these EPA programs is that, over
time, rice growers and the industry as a whole
will continue to improve their fleet average
emissions and are paying for this through new
equipment investments. Between 1980 and
2013, emissions improved substantially by the
fact that each year the overall rice production
fleet has more of the higher “Tier” engines that

CALIFORNIA RICE COMMISSION

US EPA Nonroad Diesel Standards
These standards have probably had the most significant impact on
the emissions from agricultural production in the Sacramento Valley.
Since 1995. this program has required that diesel engines used in
off-road equipment like agricultural implements meet specific
standards for NOx, CO, VOC, and PM. These emissions “Tiers” have
slowly increased over time as follows:
TIER 0 – Prior to 1996: All Diesel Engines NOx + VOC > 9.5 g/bhp-hr
TIER 1 – 1996-1998: Adopted for Engines used in Rice Equipment
NOx + VOC < 9.2 g/bhp-hr
TIER 2 – 2001-2003: Adopted for Engines used in Rice Equipment
NOx + VOC < 6.6 g/bhp-hr

The effect of this program is a
nearly 20-fold reduction in the
emissions from diesel engines.
The cost of this program is spread
out on the agricultural industry
in their investments in new
equipment from the engine
and equipment manufacturers.

TIER 3 – 2006-2007: Adopted for Engines used in Rice Equipment
NOx + VOC < 4.0 g/bhp-hr
TIER 4 – 2011-2014: Adopted for Engines used in Rice Equipment —
Requires Ultra-low Sulfur Diesel with Catalyst System
NOx + VOC < 0.59 g/bhp-hr
bhp-hr: brake horsepower-hour

AIR QUALITY REPORT
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SEASONAL ACTIVITIES

have reduced emissions (Figures 10–12).
It is estimated that the 2013 emissions were
reduced by 72 percent from 1980 levels for
NOx, 50 percent for VOC, and 74 percent
for Diesel PM. This program will continue to
reduce emissions for years to come as the
fleet is upgraded every year. Figures 10–12
also show the projected emissions from rice
production as Tier 4 diesel engines continue
to enter the current fleet, assuming rice
acreage is maintained at 2013 levels until 2030.
The 2030 emissions would be a 96 percent
reduction in NOx and a 98 percent reduction
in diesel PM over the 1980 emissions levels.

It is also important to consider the time of year
when emissions from rice equipment occur.
This is because air quality problems are not
equal throughout the year in the Sacramento
Valley as climate episodes during the summer
and winter play a key role in the formation of
smog and particulate pollution, respectively.
There are two periods of intensive equipment
activity on the rice production crop calendar.
The first is in the spring, between late-March
to early-May, as fields are prepared, fertilized,
and seeded. The second is between the middle
of September to the beginning of November
as rice is harvested, hauled, and dried and
the straw is incorporated for the winter. The
remainder of the year, including the summer
and winter months, are fairly inactive in terms
of heavy equipment use because either the
crop is growing (summertime) or the fields
are fallowed (wintertime).

It is estimated that the 2013
emissions were reduced by
72 percent from 1980 levels for
NOx, 50 percent for VOC, and
74 percent for Diesel PM.
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FIGURE 10. NOx Emissions from Rice Equipment in
Sacramento Valley. 1980–203014
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FIGURE 11. VOC Emissions from Rice Equipment in
Sacramento Valley. 1980–203015
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FIGURE 12. Diesel PM Emissions from Rice Equipment in
Sacramento Valley. 1980–203016
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MILL #1
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Percent of Harvest by Day
Normal Curve Fit

In order to estimate the daily emissions from
harvest and hauling, several rice drying and
processing facilities provided five years (2009–
2013) of load receipt data which documented
the date of harvest and hauling of rice. It was
observed that this data fit a normal distribution
(Figure 13) with almost the same mean receipt
date (October 10 or 12) and standard deviation
(11 – 14 days). It is very likely that all farming
operations in rice including field preparation,
planting, fertilizer and herbicide application,
etc. have similar temporal distributions.

3.00%
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0.00%
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MILL #2
4.00%

Taking into account the crop activity calendar
establishing the mean dates for each farming
activity, the specific types of equipment used
for each farming activity, the activity factor
in terms of amount of usage required per acre,17
and the fleet average emissions for this equipment,18 a temporal calendar of rice equipment
emissions was developed as shown in Figure 14.
This includes the following activities in rice:
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6. Post harvest straw management
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7. Daily farm operations
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Even if these rice-related emissions
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were eliminated from the Valley, it
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is unlikely that this would have any
effect on peak periods of poor air
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quality in the region.
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FIGURE 13. Normal Distribution Applied to Rice Harvesting
Data from Three Sacramento Valley Rice Mills
(5-year Average Percentage of Harvest by Date)
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SEASONAL EMISSIONS

The resulting estimated annual emissions
calendar for NOx emissions from rice farming
is shown in Figure 14. Both VOC and PM 2.5
follow a similar temporal trend but the levels
are adjusted lower due to relatively lower
mass emissions factors for these compounds
from diesel equipment. This data shows that
the majority of emissions occur in two time
periods, during preparation of the fields in
the late-March, April, early-May timeframe for
planting and the late September, October,
early-November time frame for harvest and
post-harvest activities. The remainder of the
year has relatively low daily emissions.
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FIGURE 14. Emissions of NOx (tons/day) from Rice Farming Activities in the Sacramento Valley
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AIR QUALITY INDEX

From an air quality perspective for the
Sacramento Valley, it is important to compare
when emissions occur relative to episodes of
poor air quality in the region.

The seasonal
use of rice
equipment does
not coincide
with the
problematic
times for air
quality.

The formation of ozone and particulate matter
which impact human health on any given day
of the year is influenced by emissions from
vehicles, equipment, stationary sources and
other activities and by uncontrolled factors due
to climate. Air quality regulators use a quantitative metric called Air Quality Index (AQI) to
indicate when the levels of ozone and particulate matter can be hazardous to public health.
The charts on page 15 show the AQI categories
from Good to Very Unhealthy related to the
measured AQI. The goal of regional air quality
regulators is to reduce emissions to the point
where AQI does not exceed unhealthy levels
in the Sacramento Valley.
The maximum recorded Ozone AQI for the
past five calendar years (2009-2013) for all of
the Sacramento Valley is shown in Figure 15.
The unhealthy readings in the past five years
occurred from June to September. Also
transposed on Figure 15 are the scaled
(x10 tons/day) emissions from rice production
for comparison with ozone exceedences. It
can be seen that the largest concentrations

14

of emissions from rice production are on the
edges of the summer ozone season and do not
occur during the peak measured exceedances.
The maximum recorded particulate matter
AQI in the Sacramento Valley over the past five
years is shown in Figure 16. Air quality standards
for fine particulate matter were primarily
exceeded in late-November through earlyFebruary, but some high measurements did
occur during summer months, primarily due
to wildland and forest fires near monitoring
stations. Again, the scaled (x10 tons/day)
emissions of NOx from rice production are
shown for comparison with the maximum levels
of particulate matter AQI. It can be seen that
the largest concentrations of emissions from
rice production occur outside of the winter and
the associated peak particulate matter levels.
Maintaining a healthful AQI in the Sacramento
Valley Region is an important objective. Generally
speaking, the air quality challenges are driven
mostly by activities in the population centers
of the region and the continual growth of these
areas.19 The seasonal use of rice equipment
does not coincide with the problematic times for
air quality. Even if these rice-related emissions
were eliminated from the Valley, it is unlikely
that this would have any effect on peak periods
of poor air quality in the region.
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FIGURE 15. Five Year Maximum Daily Ozone AQI Readings for the Sacramento
Valley Transposed with Daily Emissions of NOx from Rice Farming
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Air Quality Index – Particulate Matter
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FIGURE 16. Five Year Maximum Daily Particulate Matter AQI Readings for the Sacramento
Valley Transposed with Daily Emissions of NOx from Rice Farming
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ENERGY & EMISSIONS

(Above) The Wadham
Energy Plant, near Williams,
creates renewable energy
from about half of the rice
hulls produced in California.

Emissions of pollutants are closely tied to
energy usage, so it is useful to look at the
performance of rice in terms of fossil energy
used for production. Energy use per unit of rice
production has also been reduced over the last
30 years. In 1981, a study of California agriculture performed a detailed analysis of the amount
of energy required to produce California rice
and determined that it requires about 15 million
BTU of energy to grow and process an acre of
rice, which included the diesel fuel, gasoline,
aviation fuel, natural gas, electricity, and the
energy embodied in the fertilizer and other
chemicals.21 This represents a primary energy
ratio of 29 percent for an acre of rice produced
in 1980. In other words, it took 29 units of
primary energy (fuel and electricity) to produce
100 units of food energy in the form of rice
or an energy gain of 71 units.
INCREASED EFFICIENCY

Over the last 30 years, efficiency improvements in equipment and changes in other rice
specific practices have had a beneficial impact
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on the amount of energy required for rice
production. Some of the major energy impacts
include the following:22
• Improved grain yield per acre of rice
production by 30 percent
• Improved diesel engine and equipment
efficiency in farm equipment and trucking
has reduced diesel fuel consumption
• Reduced the number of aircraft passes
for product applications
• Use of fewer, larger airplanes has reduced
aviation fuel consumption
• Use of stripper headers on some rice acres
has increased harvest speed and reduced
fuel consumption
• Reduced grain moisture at harvest from
early maturing varieties has reduced the
amount of energy required for drying
• The location of mills is now closer to where
rice is grown, which reduces the trucking
of rough rice
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FIGURE 17. Primary Energy Required for Rice Production in California. 1980–2015

LESS ENERGY USE

RENEWABLE FUELS

Taking into account these changes, Figure 17
shows the change in the estimated primary
energy used for rice production from 1980
to 2010. It can be seen that the primary
energy ratio for rice has been reduced from
29 percent to 22 percent over the last 30
years, a 22 percent reduction. Diesel fuel,
fertilizer, pesticides and electricity are the
largest primary energy components in rice
production and each has been reduced by
about 20 percent over the last 30 years.
Aviation fuel and natural gas usage have
achieved even greater reductions —
60 percent and 30 percent, respectively
over the last 30 years. However, they do
not account for a very large portion of the
overall energy input.

Another energy and sustainability development that occurred in the last 30 years has
been the advancement of renewable energy
facilities associated with rice production.
The first rice-based energy plant was the
Wadham Energy facility in Williams, California
that uses rice hulls from the region as a
renewable biomass fuel to produce electricity.
The plant was constructed in 1989 and is
rated at 26.5 Megawatts producing over 200
million kilowatt-hours per year from 200,000
tons per year of rice hulls.23 This plant uses
about 50 percent of the rice hulls produced
by the rice industry to produce an equivalent
amount of electricity to that required for all
of rice production operations. This form of
biomass power is an example of how agriculture can improve its energy footprint by using
byproducts for energy production. In the
future, there is the potential for additional
rice hulls or rice straw to be used for energy
production in California.
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FIGURE 18. Renewable Energy Production in California Rice, 1990–2015

SOLAR ENERGY

More recently, several rice drying and milling
operations in California have installed or plan
to install solar energy projects to generate
energy on-site. This trend has resulted in 16
projects installed on nearly 100 acres of land
adjacent to rice facilities. By the end of 2015,
the total installed capacity of these solar
projects was about 12 Mega- watts, capable
of generating about 24 million kilowatt-hours
of solar power annually.24 This is equivalent
to about 70 percent of the electricity used
for drying and milling of California rice25 and
is enough power to meet the needs of nearly
13.4 million households.26

By the end of 2015, the total
installed capacity of these solar
projects was about 12 Megawatts
capable of generating about
24 million kilowatt-hours of
solar power annually.

Figure 18 shows the total renewable energy
production from rice, including rice hulls and
solar power over the last 25 years. This is
a trend that will likely continue to increase
over the next decade. The use of solar energy
and energy from rice hulls and straw could
lead to rice becoming a net-energy producer
in the future.
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DISCUSSION &
CONCLUSION
Air quality performance has been improved
substantially as indicated by reductions in overall
emissions for the three major criteria pollutants:
NOx, VOC, and PM. This decrease is due to state
regulations requiring the reductions in the practice
of open-burning of rice straw and from improvement
of equipment emissions from fleet turnover to cleaner
burning EPA Tier certified engines. In addition, the
temporal profile of rice emissions shows that the vast
majority of current emissions occurring during spring
field preparation and fall harvest are outside of the
windows when peak measurements of ozone and
particulate matter occur in the Sacramento Valley.
These results indicate that efforts to further reduce
in these emissions will not help reduce periods of
unhealthful air quality in the Region.
Improved rice yield and energy use efficiency are
also indicators that the impact of rice on the environment is being reduced. Energy use has been
reduced by 22 percent over the last 30 years as
indicated by the energy requirements to produce
a unit of rice. Since fossil energy use is closely related
to emissions, this also indicates a reduced impact
on emissions. The rice industry also supports a
number of renewable energy projects including a
major biomass facility that uses rice hulls for fuel
and a number of solar energy projects at rice drying
and milling facilities. There is the potential to
implement more renewable energy projects in the
future including solar projects on rice properties
or biomass energy projects utilizing the hull and
straw byproducts, giving the rice industry the
potential to be net-energy producers.
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