
Multivariate analysis takes its rightful place in evaluator tool belt
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 Faced with a myriad of 
geological and drilling-and- 
completion (D&C) variables, the 
reserves evaluation sector has 
turned to multivariate analytics 
(MVA) to measure the effect of 
parameters on well performance.  
Multiple linear regression, one of 
many MVA tools, helps evaluators 
identify which completion vari-
ables have the highest impact 
on production and estimated 
ultimate recoveries (EURs) in 
unconventional plays.
 When needed, statistical 
analysis helps bolster an evalu-
ator’s professional judgement.  
For Ryder Scott, the goal is to 
determine a best-fit production 
decline curve after statistically 
analyzing the play.  The end 
game is an optimized field 
development plan to maximize 
the value of a producing asset.   
 “Really, any of you could 
be concentrating on any one 
particular variable to optimize 
your design, but if you only look 

Multivariate regression analysis (MRA)
 Firestone showed bi-variate relationships between D&C parameters and the engineer’s 
EUR on separate charts as shown below.  

Not all it seems
 The goal of MVA is to understand the relationships of 
inputs to outcomes to better identify inputs with the most 
impact on a particular outcome.  
 Firestone showed a slide with three operators — A, B and 
C — to introduce an example of variables in D&C technology 
and geology that determine EURs.  See the slide below.
 “Initially, we would think the operator with the best geology 
would have the most success, but, of course, the other oper-
ators have their own ideas about how to create completion 
designs to extract the most value,” he said.
 On a lateral-foot basis, Operator A may be in the core 
geologic zone, but isn’t doing any better than Operator C, 
which has relatively poor geology and acreage position. 
 “We are not sure what is going on here, and that is where 
multivariate analysis can help provide insights,” said Firestone.

at one variable, then you might 
be missing the bigger picture,” 
said Joshua J. A. Firestone, an 
economist at Ryder Scott.  
 Firestone’s remarks were part 
of his presentation at the Ryder 
Scott reserves conference in 
Houston four months ago.
 Continuing, he said, “We have 
all these completion designs 
and they’re changing rapidly.  
We’re trying to absorb this infor-
mation to improve our insights 
and make better decisions.”

 Joshua J. A. Firestone
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Determination of Categorical Differences

•  Completion designs are changing rapidly

Reserves BBL/LatFT 61 72 60

•  Considering all factors, can an operator create a 
    better development plan to maximize value of 
    future wells?
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 He then “visualized” the combining of these variables in a 
multivariate relationship, where predicted oil EUR is plotted 
against engineering forecasts of oil EUR.  See chart as follows:  

 Examination of the errors — also called residuals or 
deviations from the best-fit line to the observed values — 
enables the evaluator to investigate the validity of assuming 
a linear relationship.  In Firestone’s example, the difference 
between engineering and statistical estimates is the residual.  
 The goal of the equation is to minimize those  residuals.  
“We are trying to explain as much of the variation as reason-
ably possible,” said Firestone. 

 “Other relationships, such as a logarithmic fit, imply a 
diminishing return in reserves or production for each 
additional foot drilled,” said Firestone.  

 A summary of regression basics, including method of 
least squares, is at http://faculty.cas.usf.edu/mbrannick/
regression/regbas.html.  Least squares is the most common 
technique for fitting a linear regression line. 

Industry applications of regression analysis
 Firestone showed a chart of regression analysis with 
engineering-estimated EUR as the DV on the Y axis and 
MRA-predicted EUR of 800,000 barrels on the X axis. 

 Please see as follows: 

 If an engineer determines 
a logarithmic or other form of 
fit better describes the under-
lying aspects of the geology 
or completion, the variable 
can be “transformed” by taking 
the natural log of the variable 
before including it in the linear 
regression equation to better 
capture the curvilinear relation-
ship between variables.

 “MRA allows us to better understand aspects of these 
fields,” said Firestone.  “For instance, if the operator sees that 
the lease is not in the core geologic zone, then the company 
can explore alternative ways to complete the wells.”
 “What are the impacts of each of the individual variables? 
If I drill longer laterals, or include more proppant, how is 
that going to impact my reserves value?  The solution is to 
combine those sensitivities or individual variables to analyze 
the completion design as a whole,” said Firestone. 

Regression basics
 A simple linear regression equation is based on the 
slope-intercept formula, y = mx+b, where x is the indepen-
dent variable (IV) and is assumed to be causing a change in 
y, which is the dependent variable (DV). The slope is equal 
to the change in y divided by the change in x.  The slope, 
designated as m, measures the rate of observed change in 
variable y as a function of changes in variable x.  
 Finally, the y-intercept is b, i.e., the value of y when x = 0.  
This well-understood function applies to the relationship 
between only one IV and DV.  In multiple linear regression, 
the equation changes slightly, but the underlying mechanics 
of the formula remain the same. The new equation for the 
predicted value is y = m1x1 + m2x2 + … + mixi + b.
 “One of linear regression’s important assumptions is in the 
name, linearity, thus implying a constant rate of change in the 
DV when the IV changes,” said Firestone.  “For example, consid-
er the impacts of drilling an incremental lateral foot and the 
expected change in reserves or production.”
 A linear-relationship implies that an incremental foot drilled 
at the heel of the well will yield the same expected reserves or 
production as an incremental foot drilled at the toe.  “This may 
not be the case, but since it is an assumption of the methodology, 
it is important to keep in mind,” Firestone remarked. 

Please see Multivariate Analysis on page 6  
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fit, but it’s okay.  We’re explaining 32 percent of the variation.”
 When Firestone factored in additional variables, such as 
the longer drilled laterals and changes in spacing and 
location over the period of study, he said he got a much 
better fit, moving from an R2 value of 0.32 to 0.65.  Please 

see the chart on key variable impact.
 “Lateral length, well location, GOR and well spacing are 
highly impactful, yet somehow they were just overlooked as 
being significant because the client was not looking at all of 
the variables together,” he said.  “Since we have better iden-
tified the key variables, the odds that we are overestimating 
the impact of an individual variable has been diminished.”
 Firestone also introduced a case for determining categor-
ical differences. “We have two different completion types.  

Multivariate Analysis  – Cont. from page 5  

 Calculating an R2 value shows the amount of variation in 
the DV explained by the IVs.  “In this case, it’s 0.81, meaning 
81 percent of the variation in the reserves of these wells has 
been explained by our variable list,” said Firestone.
 MRA predictions for each of the IVs — lateral length, 
proppant LBS/FT, well spacing, stage length and STOOIP 
(MMBLs) — are combined to generate an equation, which 
is a series of weightings.  Also included in the weightings is 
the intercept — the y value of the point where the 
regression line intersects the y-axis.  Firestone multiplied the 
weightings by each individual well value and summed the 
results.
 The MRA generated an example well with an EUR of 
498,000 barrels of oil, indicated with a star on the regression 
line in the chart as shown on the prior page.  
 “The MRA indicates this is what the well will produce,” 
said Firestone.  “We will check that number against the 
engineer’s estimate and gauge how well the equation 
worked,”   he said. 
Changing completions and estimates over time
 The importance of individual variables may change 
depending on the maturity of the well and geological 
characteristics.  Early-time completion variables have more 
impact during early production – the same period of time 
which dictates much of the net present value (NPV).  
 Conversely, EURs are more dependent on geologic and 
well-spacing variables.  Firestone mentioned that the types 
of IVs a company may want to investigate most closely 
depend on whether the company is looking at the econom-
ics or reserves of a well.  Certain variables have differing 
degrees of impact depending on which of those analyses is 
done. 
 The greater the number of changing parameters for a 
completion design, the greater the complexity of forecast-
ing production profiles.  As an example, Firestone said a 
client changed stage length, fluid quantity and proppant 
weights over three generations of wells and indicated that 
those changes caused IP rates to almost double during the 
period.
 “Our first question as reserve evaluators should be,  ‘Are 
these variables actually causing a change in reserves,’” he 
said.  “So, in the MRA, we entered only those three variables 
and generated a plot with an R2 value of 0.32 — not a great 
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Key Variable Impact
 •   With completion designs changing, how should reserves
       volumes be estimated?
 •   Are these variables actually causing a change in reserves?
 •   Are there additional variables that should be considered?
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 For simplicity, Firestone included a relative variable 
importance table in the slide below to highlight the variables 
the client initially said were causing the change in reserves.
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We want to analyze the differences, taking into account all 
the other relevant differences in the completions or geology.”
 Please see the following chart of Completion Type 1 vs. 

individual variable.  He showed passing and failing results of 
a sensitivity test in a chart of D&C parameters and in-place 

hydrocarbon volumes.  Please see the following chart.
 Sensitivity testing seeks to measure the extent of a single 
IV’s impact.  
 “This helps sanity check an equation,” Firestone said. 
 He looked at how a 10-percent change in a particular 
variable affected the reserves estimate.  The 10-percent 
increase in the lateral length of a ‘median type well’ caused a 
7.9-percent change in reserves, as can be seen in the passing 
results on the left side of the chart above.  
 “This could be a little low, but it is certainly not unreason-
able – there may be some kind of diminishing effectiveness 
of extracting the reserves as this well becomes longer,” said 
Firestone.
 The equation for the right side of the chart, however, has 
an unreasonable sensitivity to lateral length.  Increasing a 
well’s lateral by only 10 percent when holding all other fac-
tors constant, should not yield a change in reserves greater 
than 10 percent.  
 “If this was the case, we would drill the well for miles and 
miles,” he said.

Really independent?
 IVs are not always truly independent because, in the real 
world, there are dependencies between them.  The contri-
butions of lateral lengths, pounds of proppant, number of 
stages, etc. are related and not mutually exclusive.  Sensitivity 
testing helps decipher the degree of IVs impact.  
 “Multivariate analysis aids in our understanding of 
which D&C parameters contribute the most to increases in 
reserves,” said Firestone.  “However MVA is just a tool.  

Completion Type 2 with an R2 value of 0.626 for the comparison. 
 “We see the green wells look a little bit better, but it’s 
still inconclusive,” said Firestone.  He conducted an MRA and 
found that Completion Type 2 wells were actually producing, 
on average, an additional 35,000 barrels of oil in the first 
two years after normalizing lateral length, proppant, stage 
length and even geology. 
 Firestone said other categorical differences can be deter-
mined by applying this type of analysis to better understand 
whether reservoirs act similarly to completions when limited
geology is available or whether operators in overlapping 
areas achieve similar results.
 Benchmarking operators in overlapping acreage can be 
done through MRA.  “It will show relative performances taking 
into account relevant differences between the completion 
designs of the two operators,” said Firestone.   
 He remarked, “Such benchmarking really cannot always 
be adequately accomplished without multivariate analysis.  If 
an engineer looks at the company’s wells versus competitors, 
he or she could come to a quick conclusion that because 
there is a difference in the proppant pounds per foot and 
fluid barrels per foot, that could be the cause of the difference 
in observed production.”  
 If the engineer places all variables thought to be relevant 
into a multivariate analysis, and the equation delivers a 
statistically significant categorical variable showing a 
difference between his company and competitors, then a 
more reliable conclusion replaces the quick one. 
 “Certainly the proppant and fluid may be part of the 
story, but there has to be something else the engineer had 
not previously considered,” said Firestone.
 He recommended that analysts perform a sensitivity 
test of the MRA equation to calculate the impact of each 

Estimating Variable Impact

Variable List
• Effective Lateral Length
• Proppant LBS/FT
• Stage Length
• Well Spacing
• Fluid Properties
• Completion Type

Determination of Categorical Differences
 •    Is there a difference in completion type performance?
          Completion Type 2 wells produce 35,000 additional bbls in  
          the first two years of production

Please see Editor’s Note on page 8  
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Other industries seem to have bridged this gap, but in talking 
to experts in the broader technology industry, the oil industry is 
seen as a no man’s land….”
 With no slight to the assertions of Farris, six years is a life-
time in the fast moving world of business and technical metrics.  
The upstream industry has been driven by data analysis and 
strong collaboration with geologists, petrophysicists, geophys-
icists, operations, etc., for decades. The sector is no stranger 
to predictive, interactive multivariate statistical models that 
predict geologic sweet spots and compare completion practices 

Engineering and geology judgement still apply.”
 Editor’s Note: Six years ago, Adam Farris, in Analytics 
magazine, wrote that “the idea of a ‘data scientist’ was new, 
and should be considered alongside the petrophysical, 
geophysical and engineering scientists.”
 He asked, “How does the industry bridge the vocabulary 
and cultural gap between data scientists and technical petro-
leum professionals? Ideas, applications and solutions generated 
outside the oil and gas industry rarely find their way inside. 

Price history of benchmark oil and gas in U.S. dollars 

Published, monthly-average, cash market prices for WTI crude at Cushing (NYMEX), Brent crude and Henry Hub and AECO gas.
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Editor’s Note   – Cont. from page 7  

modern technology.
      “Every day with Bill was a teaching 
moment,” said Nina Roberts, a technical 
analyst who joined Ryder Scott in 1981. 
“You had better ‘buckle up’ and be ready 
when you entered his office.  He was an 
expert extraordinaire at organization and 
expected the same from me and everyone.”
      Fickert’s management style was different 
from most.  Roberts said, “He taught me 
the finesse of directing people without 
making them feel less than equal.  He 
was the ultimate team player.”

      In the mid-1970s, Ryder Scott wasn’t 
organized into groups, so younger 
engineers were exposed to and learned 
from senior engineers with varying back-
grounds.
      “Bill took me under his wing,”  Ziehe 
said. “I sure learned the importance of 
having a process to generate repeatable 
results and to explain the reasoning I 
used to estimate reserves.” 
      Organized, methodical, detail-oriented, 
a fast eater and walker, friend and mentor 

Early leader at Ryder Scott, creator of “Fickert sheet” dies 
—  Katherine Wauters, contributing writer

  William “Bill” Eugene Fickert, who 
began working at Ryder Scott in Wichita 
Falls in 1958, died Nov. 20.  He was 94.  
One of his contributions to the firm was 
the “Fickert sheet,” created to establish 
and maintain historical records from 
previous studies. 
      Fred Ziehe, advising senior vice pres-
ident who joined Ryder Scott in 1976, 
said, as a new employee, he began using 
the sheet.    
 “I reviewed work from other consulting 
firms,” Ziehe said, “And none of them had 

a process in place to 
track their historical 
reserves estimates 
over time.  This was 
before the ‘modern 
PC days.’”
      The Fickert sheet 

is still in use 
today in a 
modified PC 
format using
 

Please see Early Leader on page 10  

William “Bill” 
Eugene Fickert


