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ABSTRACT
Annual data on carbon emissions from fossil-fuel combustion and cement manufacture have been used in studies of the
carbon cycle for the last few decades. However, annual data do not specify carbon emissions on the seasonal timescales
relevant to biospheric uptake and other processes affecting the carbon cycle. Estimates of monthly emissions from
fossil-fuel consumption in the United States (US) have shown that an increasing percentage of the annual emissions are
occurring during the growing season; however, carbon emitted from flaring natural gas at well sites was not accounted
for in those emissions estimates, nor was carbon emitted during cement manufacture. Here we show that emissions
from flaring, which amount to around 0.1 % of all fossil-fuel carbon emissions in the US, have no clear and persistent
annual pattern that can be detected in the data. In contrast, carbon emissions from cement manufacture, which add about
0.7% to carbon emissions from fossil fuels in the US, have a clear and persistent annual pattern including low values
in late winter and early spring. In this paper, we provide a few remarks on carbon emissions from natural-gas flaring
before presenting monthly emissions estimates. We then focus on the methodology for calculating carbon emissions
from cement manufacture before presenting and discussing the monthly emissions estimates.

1. Introduction and overview

Marland et al. (2005) have provided estimates of annual emis-
sions of carbon, as carbon dioxide (CO2), from fossil-fuel com-
bustion (including natural-gas flaring) and from cement manu-
facture, for all countries of the world. These estimates are useful
for tracking emissions at the global scale and for each country, for
measuring progress towards meeting emissions-reduction goals,
and for providing large-scale constraints on the spatial distri-
bution of carbon emissions. However, annual totals provide no
information on the seasonal distribution of emissions, which is
an important consideration in carbon-cycle modelling. Tempera-
ture, daylength, available water and photosynthesis are examples
of seasonally varying influences on biospheric uptake of atmo-
spheric CO2. During the growing season, elevated CO2 concen-
trations near large emissions sources can lead to increased bio-
spheric uptake, as measured by net primary productivity. This
could represent long-term carbon sequestration in the terrestrial
biosphere if the productivity is not manifest in rapid-turnover
products such as leaves and fine roots (IPCC 2001a; Norby et al.,
2002). Because the processes involved occur at small spatial
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and temporal scales, understanding the mechanisms involved
requires finer spatial and temporal resolution of fossil-fuel car-
bon emissions than annual values on a nation-by-nation basis.
Blasing et al. (2005) have begun to increase the temporal resolu-
tion by providing estimates of monthly fossil-fuel carbon emis-
sions for the United States (US); their results indicate that over
the last 25 yr an increasing fraction of the annual emissions has
occurred during the growing season.

This report is intended to supplement the monthly fossil-fuel
carbon emissions presented by Blasing et al. (2005), which did
not include carbon from gas flaring. That paper did include emis-
sions from fossil fuels used in cement manufacture but did not
address the carbon dioxide released from the heating of carbon-
ates in the raw materials during cement production (calcination).
Here, we present estimates of monthly carbon emissions from
flaring of natural gas at well sites, and from calcination during
cement manufacture in the US.

Fossil-fuel consumption in the US accounts for over 1500 ter-
agrams (Tg; 1 Tg = 1012 g) of carbon emissions per year, and
flaring currently increases this total by only 1–2 Tg. Calcining
during cement manufacture currently accounts for about 10–
12 Tg annually. Although CO2 emitted from these sources com-
bined is only around 1% of US fossil-fuel emissions, such small
amounts are nontrivial when setting emissions goals or track-
ing progress toward meeting them. Moreover, as noted above,
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elevated CO2 concentrations near large emissions sources can
affect the local cycling of carbon, including its removal from the
atmosphere. In the following material we first discuss methods
and assumptions involved in estimating carbon emissions from
flaring of natural gas, and present our estimates of monthly val-
ues for the US (Section 2). We then provide a discussion of the
methodology for estimating carbon emissions from cement man-
ufacture (Section 3) and present our monthly estimates (Section
4). Conclusions are given in Section 5.

2. Natural gas flaring

Natural gas typically occurs in association with oil deposits and
oil wells. At well sites, this gas is sometimes reinjected into the
ground for storage if later recovery appears economically ad-
vantageous, and/or to increase well pressure as an aid to pump-
ing. Typically, however, it is released at the well sites. In the
US this is usually done by flaring (combustion in an open flame)
rather than by venting (releasing uncombusted natural gas). Con-
trolled flaring prevents the gas from remaining near the site in
sufficiently high concentrations that it could potentially ignite,
leading to uncontrolled burning. It also oxidizes chemicals that
may lead to asphyxiation if allowed to remain unoxidized in
the high concentrations that occur near their sources. On much
larger spatial scales, the flaring of natural gas has implications for
global change. The Intergovernmental Panel on Climate Change
(IPCC) lists methane (CH4), the main component of natural gas,
as about 62 times more effective than CO2 as a greenhouse gas
on a 20 yr timescale (IPCC, 2001b). Although CH4 is eventually
destroyed as the carbon goes into CO2, the atmospheric life-
time of CH4 is around 10 yr (depending on whether feedbacks
are considered, IPCC, 2001b); flaring transforms the methane
immediately.

Only the total amounts of natural gas released at the well sites
are reported. Fractions combusted to CO2, released as uncom-
busted CH4, and released as soot have not been well charac-
terized in the literature. These fractions are important because
CO2, CH4, and soot have substantially different impacts on the
environment. As noted above, CH4 is a more effective green-
house gas than CO2 and soot particles can lead to atmospheric
cooling rather than warming. Barns and Edmonds (1990) gave
an estimate of 13.3% of the total flared/vented gas that was ‘ac-
tually vented’ and assumed that around 92% of the carbon in
the remaining gas was oxidized to CO2 (or to carbon monoxide,
CO, which is converted directly to CO2 by the hydroxyl radi-
cal) given the flaring technologies at the time. Additional reg-
ulations against flaring and improved technologies have prob-
ably increased the percentage of carbon converted to CO2 in
flared/vented gas over the last 15 yr, but little light has been shed
on this subject over that period, and considerable uncertainty and
resulting controversy still remain.

The US Environmental Protection Agency (EPA, 2006) dis-
tinguishes between ‘onshore’ and ‘offshore’ flaring/venting, and

gives rather low percentages (e.g. 26% in 2004) for the amount
that is flared offshore. Their estimated offshore amounts of car-
bon emitted as CO2 would add around 3% to our total carbon
emissions from flaring, which only include ‘onshore’ activities.
Of course, these percentages would be vastly different when ac-
counting for carbon emitted as CH4.

Incomplete or inconsistent reporting may result in some artifi-
cial variability being added to the data, or to some actual variabil-
ity being smoothed out, or both. Increases in reporting frequency
tend to reduce the need for estimation, including smoothing;
decreases in reporting frequency have the opposite effect. Addi-
tionally, some consistent over-reporting identified by EIA (2001)
has only been corrected back through 1998.

The percentage of input carbon that is oxidized by a flare is
also controversial, and terms like ‘flaring efficiency’ are often
used without a complete definition. EPA (1995) stated that the
combustion efficiency for a ‘properly operated’ flare is at least
98%. A ‘flaring efficiency’ value of 98% appeared in a paper cited
by IPCC (2000, page 2.87, footnote e). It is not clear what factors
were included in the determination of that ‘flaring efficiency’ but
the 98% figure is higher than the 92% figure assumed by Barns
and Edmonds (1990) which allowed for incomplete combustion
and periods of flare extinction.

In view of the uncertainties involved in determining the
amount of reported flared/vented gas that is actually flared, and
the lack of precision for the large percentage of carbon that is
oxidized in a flare, we take an approach used by EPA (2006),
and present full-combustion values for all reported flared/vented
(onshore) natural gas. Full-combustion values are the amounts
of emitted CO2 if all flared/vented carbon is flared, all flared
carbon actually enters a flame and is immediately converted to
CO2, and volumes are reported precisely (there are no missing
values and no ‘over-reporting’ has occurred due to such things
as inadvertent double counting).

This approach is simply a convenient default methodology,
which is used because of the large number of unknown factors
involved. Our values do not include offshore flaring in the Gulf
of Mexico. One may multiply our (‘onshore’) estimates by a fac-
tor representing some combination of influences not included in
our approach, and such a factor does not necessarily have to be
less than 1.0 if it can be argued that emissions have been system-
atically under-reported. Our objective here was to examine the
emissions estimates for any clear and repetitive annual pattern
of higher values during some calendar months and lower values
during others.

Total monthly values of ‘vented and flared’ natural gas in the
US for years 1980–2004 were obtained from the Energy Infor-
mation Administration (EIA) of the US Department of Energy.
However, monthly values through 1997 have not been corrected
for an over-reporting problem noted by EIA (2001), so we only
report results for 1998–2004 in this paper. The volumes are given
in cubic feet (ft3), where 1 ft3 = 0.0283 m3. Recent values (in
109 ft3) are published monthly, by EIA, in Table 4.2 of Monthly
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Fig. 1. Estimates of monthly US carbon emissions from gas flaring,
scaled to an equal number of days in each month.

Fig. 2. Seven-year (1998–2004) average US carbon emissions from
gas flaring for each calendar month, scaled to an equal number of days
in each month.

Energy Review. These volumes of natural gas were converted to
estimates of carbon emissions using the formula:

C = G • 1106 • 14.92,

where C is the carbon (Tg) emitted as CO2; G is the amount of
natural gas flared (in 1015 ft3); 1106 is the thermal conversion
factor, in Btu/ft3, where 1 Btu = 1055 joules, and 14.92 is the
carbon coefficient for 100% oxidation to CO2, in Tg-C/1015 Btu.
The thermal conversion factor (1106) and the carbon coefficient
(14.92) were obtained from EIA (2005a).

Monthly estimates of US carbon emissions from flaring of
natural gas for January 1998 to December 2004 are shown in
Fig. 1. These data were scaled so each calendar month repre-
sents an equal number of days. There is an interesting decrease
in variance during the later years (2003–2004), which could re-
sult from any of a number of factors, including an increased
need for smoothing if the reporting frequency of monthly values
decreased.

Seven-year 1998–2004 averages of the estimated emissions,
for each calendar month, are shown in Fig. 2. These data were
also scaled to an equal number of days in each month. The av-
erages indicate a tendency for lower values during 3 successive
months at the end of the calendar year, when increasing demand

may tend to make it more profitable to market the gas rather than
to flare it. However, 7 yr averages calculated from such highly
variable data may well be artefacts, even when three successive
months stand out clearly as being below the annual mean. Be-
cause much of the variance of the time-series (Fig. 1) is in the
lower frequencies, the variance clearly changes with time and
only seven data points are included in each monthly average in
Fig. 2, the value of significance testing is questionable. We will
simply state that no clear and persistent annual pattern is evident
in the data shown in Fig. 1, and uncertainties involved in esti-
mating the amount of natural gas flared each month may tend to
obscure any such pattern that might exist.

3. Cement manufacture

Cement is made from limestone and other carbonates that have
been crushed and burned. The generic technique was known
to the Romans, who mixed the crushed, burned limestone with
volcanic ashes. The volcanic ash came from Pozzouli; hence, the
name pozzolan is still used for any substance containing silicon
that develops cementing properties when mixed with lime and
water.

Today, limestone, clay, sand, fly ash, slag and other substances
are mixed and heated in a kiln to temperatures of around 1500 ◦C
to form a substance called clinker. After the clinker has cooled,
it is finely ground and mixed with a small amount of gypsum
(about 5% of the mass of the clinker) to prevent the cement
from hardening too rapidly. The final product was patented by
Joseph Aspdin in 1824. He called it Portland cement because it
resembled stone quarried from the Isle of Portland, off the south
coast of England.

The mixture of materials that goes into clinker includes,
among other things, calcium carbonate (CaCO3) and magne-
sium carbonate (MgCO3). During the heating process, carbon
dioxide (CO2) is produced as the following reactions take place:

CaCO3 + heat → CaO + CO2, (1)

MgCO3 + heat → MgO + CO2. (2)

These equations describe the sources of CO2 released from
carbonates in the raw materials during the process known as
calcination. Other carbonates or bicarbonates (e.g. sodium bi-
carbonate) may be present in the raw materials, but only in trace
amounts. The CO2 originating from CaCO3 accounts for almost
all the CO2 emitted during calcination. The MgCO3 may con-
tribute a small amount, and there is still some controversy about
whether or not to include it in emissions inventories. The cal-
culation of the CO2 emitted during calcination is based on the
amount of the resulting oxides (CaO or MgO) in the clinker and
the assumption that all of these oxides originated from carbon-
ates in the raw materials. Because small amounts of these oxides
are likely to be present in the raw materials before calcination, the
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assumption that they all originated from CO2 emissions during
calcination leads to a high bias in the resulting CO2 emissions
estimates. That bias would be augmented, rather than compen-
sated, by including CO2 from MgCO3. For that reason, and be-
cause amounts of MgCO3 in the raw materials are small and
not well characterized, we follow the convention of IPCC (1997,
2000), and do not include the MgCO3 source in our calculations.
However, we provide the necessary stoichiometric calculations
below for those who wish to include it.

Some fine-grained material produced in the kiln is left behind
as cement kiln dust (CKD), and is not reported as clinker pro-
duced. The CKD can amount to several per cent of the clinker
produced, but in modern plants it is largely recovered using elec-
trostatic precipitators and/or filtration, so that lost, or fugitive,
CKD is only around 2% of the reported clinker produced. For
the calculation of CO2 emissions from clinker production, IPCC
good practice guidance (IPCC, 2000) recommends adding 2%
to the reported clinker-production value. This recommendation
is followed by EPA (2006).

According to IPCC (1997) and EPA (2006), the average CaO
content of clinker is 64.6%. EPA (1995) gave a figure of around
63.5% for cement, which is about 95% clinker. That same figure
(63.5% of cement) is given by Griffin (1987) in a study cited
by Andres et al. (2000), and used by Marland et al. (2005).
Distinctions between cement and clinker are important because
only cement data are available for many countries, but the use of
clinker data, if available, yields more precise values because the
amount of added gypsum does not have to be approximated by
an estimated average. We used the 64.6 percentage for clinker,
rather than the percentage given earlier for cement, so assuming
that cement is 95% clinker, our results correspond to a value of
64.6 × 0.95 = 61.4% as the percentage of cement that is CaO.
This is lower than the previously used value (63.5%) for cement.
The amount of added gypsum would have to be around 1.7% for
the 63.5% figure for cement to agree with the 64.6 in clinker.

We do not include imported clinker in our calculations be-
cause the associated CO2 emissions occurred in other countries,
and emissions are conventionally assigned to the country where
they occur. This convention is useful for purposes of setting and
maintaining international protocols to reduce emissions, and for
global carbon-cycle models in which locations of the actual CO2

sources are important. However, some political entities could re-
duce their CO2 emissions by transferring emissions-intensive
activities outside their boundaries while continuing to purchase
the products of those activities. Such practice would transfer the
emissions burden but would not necessarily reduce the global
source term.

Because Marland et al. (2005) use the higher percentage (63.5)
for the amount of CaO in cement, they obtain higher values than
will result from this study. Additionally, Marland et al. (2005)
use figures for cement production from Table 23 of Minerals
Yearbook published annually by the United States Geological
Survey (USGS). The advantage of using these figures is that they

provide uniform estimates of cement manufacture for over 150
countries. However, for the US, the figure includes cement made
from imported clinker. Additionally, the Minerals Yearbook data
combine Portland and masonry cement, whereas we treat those
types of cement separately, below. Marland et al. (2005) do sub-
tract cement made in Puerto Rico from the US total; otherwise
their result would be even higher. The imported clinker adds
a small percentage, which varies from year to year, to the to-
tal (Minerals Yearbook, Table 1). Over the 5 yr (1998–2002)
common to this study and Marland et al. (2005), the average
percentage added by imported clinker was 3.9. The inclusion
of masonry cement according to the methodology of Marland
et al. (2005) added another 5.2%, but the production of masonry
cement contributes only negligibly to atmospheric carbon emis-
sions, as shown below. Thus, the totals given by Marland et al.
(2005) would be expected to be about 63.5/61.4 × 1.039 × 1.052
(=1.131) times the results obtained by our methodology if only
CO2 emissions from reported clinker production were included,
and about 1.13/1.020 (=1.109) times the results obtained by our
methodology if 2% is added to our clinker totals to account for
CKD. Because the last decimal place was included only to pre-
vent the accumulation of round-off error, we conclude that the
results of Marland et al. (2005) are expected to be around 10–
11 percent higher than those calculated in this study. As noted
by Blasing et al. (2005), the figures presented by Marland et al.
(2005) are appropriate to comparing one country to another, be-
cause data for all countries are derived using the same assump-
tions. However, more detailed data allow more precise estimates
for the US, so we believe our results are a more precise indicator
of carbon emissions from cement manufacture in the US.

In the following material we present our methodology in some
detail so that differences in carbon emissions estimates arrived at
by various accounting strategies may be more easily reconciled.

3.1. Overview of methodology

Our basic data is clinker production, taken from Table 4a of
Mineral Industry Surveys, published monthly by the USGS. We
subtracted the production from Puerto Rico to arrive at a monthly
total clinker production from the US.

In our calculations below, we have chosen to neglect CO2

from masonry cement and from magnesium carbonate. We do
not recommend trying to incorporate masonry cement because:
(1) for many accounting purposes, that CO2 is already accounted
for under lime manufacture and (2) in any case, as we show in
Section 3.3, below, it is typically too small an amount to affect
the final result to the third decimal place. For those who wish to
include it, the calculations are given below.

3.2. Stoichiometry

The chemical reactions leading to CO2 release during clinker
formation are given below, followed in the next line by equations
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giving the molecular weights of the compounds involved, from
the periodic table of the elements.

CaCO3 → CaO + CO2 MgCO3 → MgO + CO2

100.09 = 56.08 + 44.01 84.32 = 40.31 + 44.01.

These equations show that 44.01 g of CO2 are produced for every
56.08 g of CaO, and for every 40.31 g of MgO, in the clinker
and CKD.

Using 64.6 as the percentage of clinker that is CaO (IPCC,
1997, EPA 2006) and x as the percentage of clinker that is MgO,
we can estimate the amount of CO2 released from each gram of
clinker produced.

From calcium carbonate:

0.646 × (44.01/56.08)

= 0.507 grams of CO2 per gram of clinker produced.

From magnesium carbonate:

x/100 × (44.01/40.31)

= 0.011xgrams of CO2 per gram of clinker produced.

Multiplying by 12.01/44.01 (= 0.273) to convert CO2 to car-
bon, we obtain:

0.507 × 0.273 = 0.138 grams of carbon per gram of

reported clinker from calcium carbonate, and

0.011x × 0.273 = 0.003x grams of carbon per gram of

reported clinker from magnesium carbonate.

Combining these results to estimate the carbon emitted (C)
from CaCO3 and MgCO3 in the raw materials, we obtain:

C = (0.138 + 0.003x)(mass of clinker). (3)

Accounting for CKD, we multiply carbon emissions per gram
of clinker 0.138 + 0.003x by 1.02 to obtain:

C = (0.138 + 0.003x)(1.02)(mass of clinker),

or, rounding to the third significant figure,

C = (0.141 + 0.003x)(mass of clinker). (4)

Thus, if we neglect MgCO3 in the raw materials, x becomes
zero in equation 4, and we can estimate the carbon emissions
from cement manufacture as:

C = 0.141(mass of clinker).

If, for example, we assume that 2% of the clinker is MgO
originating from MgCO3 in the raw materials, then the carbon
emissions estimate becomes (0.141 + 0.006) = 0.147 times the
mass of the clinker produced.

3.3. Contribution of masonry cement

Because additional lime (CaO) is used in masonry cement,
CO2 emitted during production of this lime may be included
in the emissions totals. This may result in double counting if
the same CO2 is included in a separate ‘lime production’ cate-
gory. In any case, inclusion of this CO2 adds only a very small
percentage to the amount obtained by excluding it, as shown
below.

According to the year-end summary in the monthly publica-
tion, Mineral Industry Surveys, in 2004 (the latest year for which
annual data were available), 5.114 Tg of masonry cement were
produced in the US (none was produced in Puerto Rico). This
includes some cement made from imported clinker. According
to EPA (2006), 2.86% of this amount was additional lime not
counted in clinker. Assuming this additional lime is all CaO then,
from the stoichiometry, (12.01/56.08) = 0.214 g of carbon (as
CO2) are produced for each gram of CaO. Multiplying 0.0286 ×
0.214 = 0.00612, and multiplying 0.00612 by the amount of ma-
sonry cement produced (5.114 Tg) gives 0.031 Tg as the amount
of carbon emitted as CO2.

Another way to estimate this emitted carbon is to use the
formula given by IPCC (1997). In this formulation, the amount
of carbon, C, as CO2, attributable to lime used in masonry cement
is:

C = [1 − 1/(1 + b)](c)(0.214)(amount of

masonry cement produced)

where C is the mass of carbon produced; b is the decimal fraction
of mass added to masonry cement by non-plasticizer additives
such as lime, slag, and shale; and c is the decimal fraction of
mass of non-plasticizer additives that is lime. Central values for
b and c are, respectively, 0.04 and 0.7 (IPCC, 1997). Substituting
these values, the amount of carbon, as CO2, from the production
of the lime used in masonry cement is:

[1 − 1/(1 + 0.04)](0.7)(0.214)(5.114Tg) = 0.029Tg,

which compares well with 0.031 Tg, derived above.
In addition, EIA (2005b) gives 0.1 Tg as the amount of CO2

emitted from US production of masonry cement for recent years;
this translates to around 0.03 Tg of carbon. Therefore, we use
0.03 Tg as the carbon emissions from production of additional
lime added to masonry cement. As will be shown later, this is less
than 0.3% of the total national carbon emissions from cement
manufacture in 2004. Also, it is often reported under a separate
category for lime manufacture (e.g. IPCC Source Category 2A2);
it should not be double-counted in such cases.

4. Results for cement manufacture

Estimates of US carbon emissions from cement manufacture,
for each month from 1998 to 2004, are shown in Fig. 3. A
clear and persistent annual pattern is evident. These data were
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Fig. 3. Estimates of monthly US carbon emissions from cement
manufacture, scaled to an equal number of days in each month.

Fig. 4. Seven-year (1998–2004) average US carbon emissions from
cement manufacture for each calendar month, scaled to an equal
number of days in each month.

scaled so each calendar month represents an equal number of
days; therefore the tendency for low values for February is not
an artefact of the data processing. Total carbon emissions from
cement manufacture in the US during 2004 were estimated as
12.206 Tg.

Marland et al. (2005) give carbon emissions from cement
manufacture in the US for years 1928 to 2002. For the 5 yr
(1998–2002) of their data in common with ours, their results
average 8.4% higher. From the introductory material in Section
3, this percentage would be expected to be around 10.9%. Dif-
ferences between Minerals Yearbook and the annual totals given
in Mineral Industry Surveys (our source) regarding the amount
of clinker production reported account for only 0.2% percent
of the difference, suggesting that an unknown factor, which ac-
counts for around 2–2.5% of one or the other set of values, is
involved.

Figure 4 shows the 7 yr average carbon emissions estimates
for each calendar month. Monthly averages are lowest dur-
ing January to March; April is a transition month and the
monthly averages are relatively equal from May to Decem-
ber. Lowest values during the late winter and spring seasons
may be related to unfavourable weather conditions for out-
door construction activities. The high values extending into
the beginning of winter may be due to stockpiling or other
factors.

5. Conclusions

We have estimated monthly US carbon emissions from gas flar-
ing and from chemical processes involved in cement production.
This work supplements our earlier calculations of monthly US
carbon emissions from fossil fuel combustion (Blasing et al.,
2005), which did not include gas flaring but did include emis-
sions from fossil-fuel combustion during cement production.

No clear repetitive annual pattern of monthly carbon emis-
sions from gas flaring appears in our results. Observed multi-
year trends may result from economic considerations of supply
and demand, but further analysis is necessary to explain these
variations. Reporting problems may be involved, but their rela-
tionship to the longer-term variations is not clear. Incomplete or
inconsistent reporting and failure to distinguish between flaring
and venting can either add variance to the data that is unrelated
to flaring or smooth out variance that is due to flaring. Consistent
under-reporting is possible, and inadvertent over reporting has
been noted above. Such problems may be at least partly respon-
sible for our failure to identify any annually repetitive pattern in
the monthly data.

Emissions from cement production show a clear repetitive
annual pattern, with lowest values in late winter and early spring.
Suitability of weather conditions for the initiation of outdoor
construction activity may be involved. Such repetitive annual
sequences are important in the larger framework of carbon-cycle
modelling; for example, the fraction of emitted CO2 sequestered
by the terrestrial biosphere is likely to differ from one season to
the next.

Whether or not an annual pattern of high values in some sea-
sons and low values in others is present, monthly totals can serve
as constraints on emissions estimates integrated over finer tem-
poral scales. Such estimates can be based on daily and weekly
patterns of traffic, gas usage in residential and commercial build-
ings etc. Such fine-scale carbon emissions estimates are impor-
tant because carbon-cycling processes also depend on factors
exhibiting daily cycles, such as temperature, and, during the
growing season, on photosynthetic activity. Because these fac-
tors are likely to be most important near large emissions sources,
where resulting CO2 concentrations are highest, increasing
the spatial resolution of carbon emissions inventories is also
important.

Data presented here, and updates thereof, are available from
the Carbon Dioxide Information Analysis Center at Oak Ridge
National Laboratory. Because these data may be used for many
purposes, some of which may involve only one calendar month,
these data have not been adjusted for the varying number of days
from one calendar month to the next.
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