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Background

In January 2009, in Texas, there was a significant change from the December 2008
production estimate. Most of the change was due to the annual update of the sample and
estimation process, not a real change in production. A few months later, it became
apparent that a growing difference between the EIA-914 based production estimates and
estimates publish by the State of Texas had occurred in the latter part of 2008. These two
situations prompted EIA to initiate an outside review of the EIA-914 methodologies. ICF
International was contracted to review the entire EIA-914 program. ICF was directed to
review the areas listed below, identify any problems or concerns, and suggest remedies or
alternatives to address these problems.

e Sampling process, including sample design, reported sample data analysis, frame
construction and maintenance, selection criteria, timing, statistical relevancy,
mergers and acquisitions, property trades

e Estimation process, including estimation methods, calibration data analysis,
quality assurance processes, statistical methods, accuracy, timing, model
development and testing

e Related peripheral processes, workflow, web dissemination, alternative data
sources, software and hardware, system integrity, expansion to add more States
and oil.

Review Results

The major theme that came out of the ICF review was “timing” for both the sampling
and the estimation processes. Both the sampling and estimation calibration periods were
too far in the past and too infrequent. The ICF recommendation included continuing the
cutoff sample with monthly updates and shorter lag times and a mix of two estimation
methodologies; one based on sampled data and one based on non-sampled data.

Sampling Implementation

The previous sampling process had a lag of up to 2 years and was only revised annually.
The new sampling procedure is monthly with lags that vary by State from 6 to 18 months.
This brings the sampling period much closer to the estimation month which reduces the
effects of any changes in the sample companies that occur after the sampling period.
Also, the time between the estimation month and the sampling period is the same
(constant) for every monthly estimate. Another advantage is that the monthly sampling
avoids a significant change in the sample every January, which can contribute to a
disconnect in the production estimates from December to January. Several sampling
methods were considered but, the cutoff sampling process remained the preferred
method. The new sampling methodology is described in detail along with the estimation
methodology in the New Methodology. As before, the HPDI database is used for both
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the sampling and the estimation processes. HPDI collects production data from the States
at the well or lease level, puts it in its own database, and sells it. HPDI data for five of
the smaller producing States is missing or inadequate. For Illinois, Indiana, Kentucky,
Pennsylvania, and Tennessee, annual production data from the EIA-23 survey are used to
supplement the HPDI database. Hereafter, references to HPDI data include supplemental
data from the EIA-23 survey for these five States.

Estimation Implementation

EIA chose the simple ratio method as the new estimation method for the EIA-914. The
simple ratio method is straightforward, and requires the least amount of historical data
making it the most current with the least lag. The previous estimation method was based
on data that was 2 to 7 years old. Because of the long lags, this method did not perform
well when production trends changed rapidly. Also because of annual updating, the
previous method had a disconnect from December to January.

Four new potential estimating methods were tested: the two methods suggested by ICF,
the simple ratio method, and a method based on an average of past non-sampled volumes.
The ICF methods, the testing, and the results of ICF’s testing are described in the ICF
report. The fourth process that uses the non-sampled historical data was expected to
perform better than the simple ratio method when the sampled companies behaved
differently than the non-sampled companies. Louisiana was expected to be a good test
for this method with its rapid development of the Haynesville shale. However, this
method produced results that were similar to the simple ratio method for Louisiana. This
method will continue to be tested. The estimation process for the Other States group of
States remains the same.

The four estimation methods described here are: the Simple Ratio method (SR), and two
methods similar to methods proposed by ICF International (Option 1 (OP1), and Option 2
(OP2)), and the average of the non-sampled volume method (Option 3 (OP3)). The SR
and OP1 methods are based on the historical sample data, and the OP2 and OP3 methods
are based on historical non-sampled data. The actual methods proposed by ICF require
from 12 to 36 vintage data files and past estimates which means they are only applicable
where there is already several years of historical estimates. The OP1 and OP2 methods
described below use the same general concept but do not require the vintage data that the
ICF methods required but as a result will underestimate any bias due to late reporting in
the HPDI data from non-sampled operators. Further analysis of this bias could be used to
improve both the SR and the modified OP1 and OP2 methods without requiring vintage
data files and perhaps allow for the use of shorter lag times than the 18 months used for
Oklahoma and 12 months for the Federal Gulf of Mexico.

Simple Ratio Method (SR)

This method uses a ratio of the total production to the current sample’s production at
some point in history. This ratio is then applied to the current reported sample volume to
estimate the current total production volume. The ratio is a 6-month average ratio



calculated at some lag time that varies by State. Lag times vary from 6 to 18 months.
Lags are necessary because the HPDI data are incomplete in current months. Some
States require a longer lag than others to get back to a time when the data are complete to
calculate the 6-month average ratio. Currently a 6-month lag is used for Wyoming, New
Mexico, and Louisiana, 9-months for Texas, 12-months for the Federal Gulf of Mexico,
and 18 months for Oklahoma. At these lag times the reported production in the HPDI
files should be less than 0.5 percent different than the final reported production. Recent
changes in HPDI’s data collection in Oklahoma may allow a shorter lag time in the
future. The equations for the simple ratio method are as follows:

TPest,=S,* Avg SR, ,

where:
Avg SR = Simple Ratio, 6-month average
TP = Total Production, from HPDI
SP = Sample Production, current sampled group of companies historical
production, from HPDI
L =  Lag time in months
TPest; = Total Production estimate for the current month
S; = Sampled production for the current month
i = Current or estimation month.

Option 1 Method (OP1)

Option 1 differs from the SR method in that it attempts to capture and account for a trend
in the ratio of total production to the historical sample production. This method assumes
that the ratio is not constant over time, but may grow or decrease with time. The trend is
captured by using two average ratios separated in time by the same lag used to get back
to complete data. Each ratio is a 12-month average ratio. The first average ratio begins
at the lag time of the given State. The second average ratio begins further back in time
by adding another lag time interval. The ratio of the first average ratio to the second
average ratio is applied to the first lagged ratio as in the equations below to calculate an
estimate of the non-sampled volume which is added to the sample volume. This method
assumes that the trend is constant and does not change. It also depends on data further
back in time (longer lag). This differs from the similar ICF option in that the ICF method
was attempting to account for an error bias due to incomplete data, while this modified
version (OP1) assumes that the lag eliminates errors from incomplete data, and therefore,
attempts to account for any trend in the ratio. The equations are as follows:
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where:
Avg R1 = Simple Ratio, 12-month average
Avg R2 =  Simple Ratio, 12-month average back another lag period
TP = Total Production, form HPDI
SP = Sample Production, current sampled group of companies historical
production, from HPDI
L =  Lag time in months
TPest; =  Total Production estimate for the current month
Si = Sampled production for the current month
i = Current or estimation month.

Option 2 Method (OP2)

The Option 2 method also tries to capture and account for a trend in the data. However,
OP2 captures the trend in the non-sampled data. If the non-sampled companies behave
differently than the sampled companies, then OP2 may have an advantage over OP1.
Like OP1, it uses two 12-month intervals separated by the lag time for the given State.
OP2 uses a ratio of the twol2-month sums of the non-sampled data to account for a trend
in the non-sampled data. The non-sampled data are calculated by subtracting the sample
production data from the total data. The ratio of the non-sampled sums is applied to the
lagged non-sampled volume which is then added to the current sample to yield the
current estimate of total production. The equations are as follows:
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> NSI = Non-sampled production, 12-month sum
X NS2 = Non-sampled production, 12-month sum back another lag period
NS, =  Non-sampled production at the lagged time
TP = Total Production, form HPDI
SP = Sample Production, current sampled group of companies historical
production, from HPDI
L =  Lag time in months
TPest; =  Total Production estimate for the current month
Si = Sampled production for the current month
i = Current or estimation month.

Option 3 Method (OP3)

Because of the rapid development and production increases in the Haynesville shale, the
SR method described above was expected to over estimate the production in Louisiana.
A variation of the SR method that estimates the non-sampled volume instead of the total
volume was developed for this situation. This process assumes that the non-sampled
volume has no trend. Since the lag time in Louisiana is only 6 months and any trend in
the non-sampled data would likely be minimal, it was assumed that it would perform
better than the SR method in Louisiana. The equations for the OP3 method follow.
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where:
Avg NS =  Non-Sampled volume, 6-month average
TP = Total Production, from HPDI
SP = Sample Production, current sampled group of companies historical
production, from HPDI
L = Lag time in months
TPest; =  Total Production estimate for the current month
Si = Sampled production for the current month

i = Current or estimation month.



Comparison of Method Results

The proposed methods described above were tested with vintage HPDI files. These
vintage HPDI files at the time have the mergers and property sales known at that time.
Although these same vintage files are used to test these new methods, an exact or
absolute comparison between the current estimates and the new proposed estimates is not
possible. However, a relative comparison between the new proposed methods is
possible.

Because these vintage files were not specifically labeled with the date of the production
month, an exact match up is not guaranteed. Sometimes the current data needed for the
new methods was not included in the vintaged files, so a similar file was chosen. This
means that the timing of the vintage HPDI data files could be a little off. Results from
the first 2 years (2005 and 2006) are suspect due to changes that were made in the files
because of re-estimating every month many times at that time. Errors due to incomplete
reporting are still possible especially in areas requiring longer lag times, like Oklahoma
and the Gulf of Mexico. One note on the OP2 method is that it does not perform well
during events resulting in constrained production such as a hurricane.

The following table and graphs show a comparison of the estimate volumes and a
comparison of the percent differences from 2007 forward using the HPDI data as the
standard. Percent differences for the lower 48 are generally with in 2 percent. Some
States have had 6 percent or 8 percent difference. Some of the larger differences may be
due to sampling issues (mergers and property sales) more than estimating issues.

Because of the lag in complete and correct State reported data from HPDI, a valid percent
difference can not be calculated for the last few months where the vintaged data are
actually good enough to perform such a calculation.

Future Work

Improvements to the EIA-914 will not end with this review. EIA continues to look for
ways to better handle the company mergers and acquisitions, property trades, and
phenomenon like the fast developing shale plays. Other suggestions for production
estimates and alternative sampling that we intend to investigate as resources permit
include:

Increasing the sample coverage, by increasing the number of respondents
Using the bottom of the sample to estimate the non-sampled companies
Cluster analysis

Estimates based on an equivalent rank sample

Sampling by State rather than a Lower 48 sample

Estimate more States individually (Other States group would be smaller)
Supply elasticities by stratum



e Using month to month changes in the sample data from complete State data to the
estimation month
e Separating shale gas production from the rest.



The table below shows the annual average absolute percent differences of all the estimate
methods using the HPDI data as the standard. The numbers in red are the lowest percent
differences of the four estimation methods tested and described above. The following
graphs show a history of production volumes estimated by the four methods, the sampled
volumes, the total production volume, and the percent difference for all the estimation
methods.

Average Absolute Percent Difference

SR OP1 OoP2 OP3
% Diff % Diff % Diff % Diff

Lower 48 States

2007 0.47 0.48 0.56 0.62
2008 0.59 0.64 0.86 0.94
2009*
Texas(9)
2007 0.97 1.02 1.24 1.46
2008 1.26 1.69 1.91 2.35
2009* 0.67 0.86 0.92 0.95
Gulf of Mexico(12)
2007 2.16 2.15 2.51 2.05
2008 1.77 1.59 3.15 2.73
2009* 1.10 0.84 0.78 0.95
Wyoming(6)
2007 0.53 0.63 0.60 0.60
2008 0.44 0.49 0.58 0.37
2009* 0.99 1.04 1.19 0.89
Oklahoma(18)
2007 1.14 1.33 1.64 1.92
2008 3.13 3.63 4.37 4.22
2009 2.01 2.90 3.65 2.90

Louisiana(6)

2007 3.77 4.12 2.79 3.15

2008 3.84 3.13 3.31 3.67

2009 2.76 2,75 3.43 3.33
New Mexico(6)

2007 1.07 0.86 0.74 0.76

2008 1.41 1.74 1.51 1.77

2009* 1.49 1.85 1.98 1.81

* 2009 January through August only.
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