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¥ Introduction

The impending depletion of Australia’s oil reserves will have importart
consequences for the real value of the doliar and its flow-through to the
domestic economy.! Predictions of the rate of depletion depend, in part, upon
econometric models of oil demand andlor estimates of long-run price 'and jncome
elasticities,

Thers are no well-known cconometric models for aggregate oil demand in
Australin and inter-fuel substitution models tend to be too industry and
region specific to draw  general conclusions, The data requircments and
specification  problems of building a  complete industricl/regional system of
energy cquations for Australia are immense. Indeed, the effects of the 1970's
oil price shocks mske even a single cquation enalysis  difficult. Folic and
Ulph (1979), faced with datr only up to 1977, chose to imposs rather than

estimate regression coefficients.

This paper is concerned with modeling aggregate oil demand. The single-
equation model allows for asymmetric price responses and contains a lagged
dependent variable, Recently Bowley and Ficbig (1990) demonstratod that the
long-run implications from all such dynsmic models are quite complex. Long-rua
parsmeter estimators have distributions that are not symmetric and have fat
tails, Given the limited Monte Carlo evidence available on the megnituds of
this problem, this paper alto provides additional dusight into the general

' Rccem studies by Nnugluen, Ho?m and Jones (1989) and Hogen and Naughten
(1989) ‘have anal feations of Australis’s rapidly declining ol
rescrves. ‘They -have arsucd tbat Australia's level of self sufficieacy in oil
izhkcl todeclinefmmamand%%cumnuyiopcrbawuzowuzs by the
year 2 This decline is predicted to have a ‘base case of a 3% declinc in
the rexl cxsh:ngc rate.
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econométric issue by bootstrapping the estimates to obtain their approximate
small sample distributions,

Given the trending nature of the dats, cstimation of the oil demand equation
could also be put in Engle and Granger's (1987) cointegration framework. This
amounts to estimating the preferred model without the fagged dependent
variable. The propertics of the two approaches sre compared.

The model is developed in Section H and the long-run equation is estimated
using the transformation suggested in Bewlsy (1979). This method also provides
asymptotic  standard errors and these are compared to the small sample
bootstrapped  distributions in Section NI The cointegrating relationships are
developed in Section IV. Coaclusions are drawn in Section V.

I The Model

Owing 1o the high cost of converting from oms cnergy source to another, a
farge oil price increase would typically be necded to induce switching from
oil while minor price incrcsses may encoursge ®  greater degree  of
conservation, Furthermore, pricy falls may have a differential effect from
price rises of the same magnitude. Because oil is only sn intcrmediate good, a
small price fall would mot induce mew fuel-efficient technology to be retired
pur small price rites might induce an ecvem greater degree of conservation
through improved work practices and accelerated replacement investment,

The basic model used in this analysis is derived from Wolffram's (1971)
asymmetric  price  dscomposition  model. Wolffram argued symmotric  price

e g
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responses, which assume  roversibility, can lead to serious  problems in
estimating demand and supply functions in general but applications of his
transformation are typically associated with models of habit persistence.”

Since there have oaly been two major price shocks, in 1973 and 1979, large
price changes can sdequately be modeled with dummy varisbles, Interestingly,
the sccond shock effect was insignificant and so is omitted from the
expositioa for clarity. The model, in 2 partial stock adjustment (PAM)
framework, is given by

Q =a + a‘PRI‘ + azmz. + anFl‘ + a‘l’m‘ + asY‘
o+ aD +aQ +y m

whers Q is tho log per capita quantity, ¥ is log per capita GDP, P is the log

ol price relative to the GDP deflator, D is 2 dummy varisble such that D = 1
gfter 1973 snd D = O otherwise, o is a white nolse disturbance term,

PR, = ‘z l‘t(pl'Pl-i)

61 = 1, if Pi > PH
0, otherwise

E

PR = P.- PR,

PRl' - PR‘(l-D‘); PM" - PR‘D‘; PFI' = 'PF‘(I-D"}; and PFZ. = !'FID‘. Thus, PR
is the cumulative sum of price riscs and PF is the cumolative sum of price

3 Ses Young (1982, 1983) for & étitm to discontinuous habit persistence
models of coffee :and cigarette dcxmn?u



4
falls, The price data arc plotted in Figure 1.
¥
‘Bitimates of a (i = 0,...,6) produce short-run elasticities while

b= a/(l-a), i=20,..,6 (2)
are lo_ag—m responies and
¢ = a,l(l-a.,) 3)

is the mesn leg. Comsistent estimates of (2) and (3) can be derived from the
OLS estimates of oquation (1) or directly, using the transformation suggested
in Béwley (1979), hereafter the BT estimator, by two stage least squares
(25LS) applicd to®

Q = 8, + BPRI + BPR2 + BPFI + LPF2 + Y,
w ¥ BD, + BAQ +V, O]

where ¢ = -,

Although the relationship between derived long-run clasticitics and those from
-oquation (4) Is exact, the wse of 2SLS on the exactly identificd equation (4)
bighlights a general problem of anslyzing long-run  responscs. Bewley and
Ficbig (1990) used Monts Carlo methods to show that the distribution of p can
be beavily skewed and the vnon-existcnoc of moments can yield outliers with a
much higher frequency than from normal or t-distributioas.

1‘*

* Sec Hylleberg and Mizon (1989) for a comparison of tho BT with other
estimators.
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Table 1: Symmetric Price Models

Short-Run Equations Long-Run Equatioas

Varisble ) @ ()] ) ) ©
Coastant 0.183 0745 1965 6336
©.41)  (0.99) ©37 (097
P 0,050 -0.041 0133 0330 -0.443 -1.134
3.949) (1.30) (2.10) (1.48)

P.D 0,083 ¢.70°
€0.80) €0.88,
Y 0150 0070 0046 1000 0752 G394
(0.95)  (0.58) 1.35)  (0.25)
D -0.118 -1,005
(0.64) (0.69)
Q(t-1) ot 4Q 0.850 0907 0882 -5.667 973 -7.503
20.01) (16.69) (1.86) (1.96)

DW 2166  2.354

Note: Abiclute asymplovic t-ratios are givea in parcathescs.

Since distributional assumptions sre crucisl is testing hypothescs about the
asymmetry of the price response and, isdeed, for providiag coafidenco
intervals for the long-rum respomscs, the cmpirical distributions zre
bootstrapped in the mext section.' In order to shed furher light on the
extest of these distributional problems in  estimating long-rum  cocfficicats,
the coaventional method is followed in this section to provide = basis for

comparisos.

4 Note, however, unlike Marquez and McNeilly {1988) who bootstrap the long-run
cozfficients wsing the derived method, 'we do mot wmpmammmd
standard errocs of these distributions since the mdarly{ %tpnametcu ;

cxiniaﬂaimumplesuddammveﬂmedmuof kxmoch
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he imposed estimates of Folic and Ulph (1979) are proseated in columa (1) of
fable 1 =ad on estimated verslom of it, using the full data set, is givea In
oliimy (2). This model i sugmented with aa imtercept and slopo dummy oa the
swice varishle in columa (3) to asllow for the first oll shock.

While Folis and Ulph's imposod parameter values arc reasomably close to the
OLS estimates fa columa (2), the sizs asd sigaificance of the lagged dependent
varisble cocfficient causes some comcern, On the basis of a Dickey-Fuller
(1979) test, a value of waity cansot bo rejocted® This implics that the
u%n%?ggr,éung&og&&%n&auw.ﬂ%ngr
circumstances, g@!&:%%%ugié
gﬁﬁ%%ﬁngsggggw
tn the ol domand for comstant Jevels of peice asd GDP.

ﬂg,gmﬂonnggk,&sa 1973 does mot rectify the
situation. Isdood, fhe results given im columa (3) demomstrate that the oaly
significant varisble I the lagged dopeadont varisble. However, whea tho
coulficients on price aro allowed to have as asymmotric offect, 25 in column
() of Table 2, several coofficicats sre sigaificantly differcst  from zero0
uilsg the ssympiotic tratios aad, importaatly, the coefficleat oa ibo lagged
depsadent varisble falls from arowad 0.9 to 0.5. & Dickey-Faller tust implies
ikt a valuo of waity os the lagged dopesdont vasisblo coeffizicat cam cuslly
bo rejocted which a tura implics that 2 equilibrium relationship between ths
fevels of demand, prico, and GDP exists.

Ugwéﬁ tosts  specifically allow for tbe distributions!  problems
&ga& catlier,
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Table 2: Asymmetric Price Models

Short-Run Equations  Long-Run Equstions

Vasisble 50 @ 0 @ e ©
PRI 0167 <0140 -0.148 -0321 -0,308 -0.3%0

(1.48) (4.16) (441 (133) (456) (9.85)
PR2 0155 -0.140 -0,148 -0.298 -0308 -0.390

425 (4.16) (@41 (479) 456 (9.85)
PF1 0335 0402 -0,148 -0.644 -0.883 -0.350

(134) (L81) (d41) (156 (241 (9.89)
PR2 0.043 0.082

117 (1.26)
Y 0.565 0367 0500 1.086 0.806 1,220

2289 (222 (16 (225 @04 (149
D 035 0.347 0678 0.76¢ 0.611

Qs (2.89) 429 (574 (6.40)
Couastant 4315 0006 -1,727 2526 -0.014 4559

(0.61) (0.01) (252) (0.59) (0.0D) (3.28)

Q- or AQ 0480 0545 0621 0922 -1.196 ~1.639
386 (29 (79 .01) (24D (2.95)

DwW 2231 2166 2.058
Note: Absolute asymptotic t-ratios aro given in parenthesss.

Given the number of observatioéu in each segime, and the number of price
chapges in a givem direction within esch regime, the use of four price
cocfficieats might Ge doemed somewhat excessive. If the price tiss effect is
assumod to have boes unaffocted by the prico shock, but that the pott-shock
pﬂ&fmcllmhmowiagtonmwawuowcfmmmmmm
reccat imtroductlon of relatively nower fuel-efficient techaology, ‘a‘ = a,
m%-ﬂ.klwofthhhypomnsispmdmduobmedmueofﬁw
approximate F-test oqual to 0.8 which can bo compared to a 5% critical value
of F(2,19) = 3.52% Ths restricted cstimates are prescated in columa (2) of

® Hocause of the distributions) problems, a Monte Carlo test procedure was
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Tabls 2, bereafter, the preferred model, The BT estimates of cquation (4) and
the restricted version zre also presented in Table 2. &

The short-run estimstes suggest that the price rise coefficieat i3 well-
detorminod but that the price-fall cocfficient is oaly just significant at the
8% level with a ono sided test. Indosd, an asymptotic t-test falled to reject
cquality of thess two clasticities with a valve of LIS, Colsmns (3) and (6)
of Table 2 show the estimatss for this restricted model.”

The three sets of loag-run cocfficionts presonted la columns (4), (5), and (6)

display a wids raage of cluticities for key variables. In particuler, the GDP
elasticity varles from 081 to 1.32 zad that on PFI from -0.39 to -0.48. While
these coefficients aro im broad agroement with Folie and Ulph's long-run
¢lasticities, the estimates of the spocd of adjustmeat coaflict. The mean lag
coofficicats () vary boiween 09 yoars and 16 years and  substantlally
differ from Folie asd Ulph's imposed valno of 5.7 years. It is alio worth
soting that the asymplotic t-ratics rise dramatically whea a = a ls also
imppwd'wflthmlhemt‘wmmnmhmm fails an important

the Foratio using the mcthod discusted im Bewley and Theil (198,
pm‘b»tea!u o! 0.574 was. found, confirming the cosclusions of the spproximate

'simxm:aqmn& hem ed in advance of the
testing the model gz ol le 2 is rotained an the
prefesred model to avoid further pre-esting b also Section IV,
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HI Bootstrapped Distributions .

I of the 1ests of sigeificance, with the exception of the Monte-Carlo
“test, have osly asymptotic justification, The prosence of the lagged
¢pendent vasiable in the preferred model

Q = w, + aPR + afFl + a¥+aD +aQ, +9 [6))

roduces biased but coamsistent QLS estimates that are not t-distributed; the
stimates are, however, ssymprotically normal.

2 the case of the loag-run estimates derived from the BT,
Q=4 + BFR + BPFI + pY+ BD + BAQ + v, 6

0. coefficients are comsistent and asymptoticelly mormal but the small sample
roperties are such that the population mean and varisnce of the distributions
0 pot oxist. The Moate Culo cvideace ia Bewley and Fichig (1990) oaly
wsiderad samples of size 40 but concluded that incidencs of outliers in both
juilibrium  and meas respoases  increascs  with autocorrelation in  the
gressors and that biss incresses with the size of ths lsgged deopesdent
prishle cosfficient,

iven the pasticolar importance of providing relisble estimates of price and
come elasticitiss for loag-run forocasting of demand, and bocauss of limitsd
videncs om  the gesersl eccomometric nature of the problem, bootstrapped
stributions sre croerated.
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Table 3: Bootstrapped Distributions

Coefficients
LA LA 8, 8, 8, 8,

Bewley Transformation .
2SLS estimute  -0.014 -0.308 -0.883 0.805 0.764  -1.196
2SLS s.¢. 3,506 0.068 0.366 0.394 0.133 0.497
. Fixed Regressors
#lean bias 0.026 082 -0.056 <0030 0077 0404
s.0.(stand.) 0,508 922 0.8%0 0.903 0.874 0.785
Skewness -0.150 244 0,186  0.195 -0.197 -L107
Kurtosis 3,241 3,161 3294 3,247 3.359 5.820
Jarque-Bera 84.8 110.1 93,7 $9.1 1183 53553
Lower 2.5% size 1.81 1.80 1.21 1.10 1.46 0.99
Upper 2.5% sizz  LI3 L35 1.68 .78 1.2¢ 0

1(1) GbP
Mean bias 0.164 0.285 -0.143 -0.165 0.062 0.542
s.c.(stand.) 0875 1250 0588 0870 0.664 0.876
Skewness 0608 -0723 0776 0623 -023 -1.400
Kurtosis 5. 710 6,207 7,251 5.721 4.365 7.443
Jurque-Bera 3675.6 5156.6 8673.5 3731 867.2 11490.8
Lower 2.5% sizo  1.67 4.30 0.12 1.31 0.38 1.70
Upper 2.5% size 133 7.29 048 1.65 0.33 1.63
Cointegrating Equation
OLS cstimate 3,252 240 1,266 0431 0921
OLS s.c. 2.19 042 0.224 0.246 0.07%

Fixed Regressors
Mean -0.824 566 0818 0825 -0.814
3.0, 0.9%+¢ 05 0967 0993 1032
Skewness -0.053 111 0018 0053 0057
Kurtosls 2.493 854 2874 2893 2900
Jarque-Bera 2.3 29.4 7.1 9.4 9,6
Lower 2.5% size 13.09 1077 0.16 019 13.26
Upper 2.5% size  0.19 0.75 11.87 1312 0.39

I{l} GDP
Mean -0.061 772 0556 0071 -1.532
i.c. 1.002 402 0713 0994 065
Skewncss -0.141 071 0061 0.145 -0.062
Kurtosis 3,733 153 3989 3740 3289
Jarqus-Bera 2570 182 4140 2631 40.2
Lower 2.5% size  3.16 233 0.15 206 3348
Upper 2.5% sizs  2.21 19.47 2,34 313 0.11

Note: The distributions are
half of the table zod the OLS estimates
., the mesan and s.c.(stand.) arc with respect

the
That
standardized distributions.

standardized by the 2SLS estimates in

in the lower.
to the relevant
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The dynamic version of the model, given by equation (5) was ostimated and the
OLS ecitimates of the parameters and residuals were used as the basis for the
experiment, The bootstrapping was performed by sampling with replacement from
the u vector using & uniform random numbzr gemerator and creating synthetic
depesident variables as in a dynamic stochasiic simulation with PR, PFl, V¥, and
D assumed to fixed in tepeated trials, Bguation (6) was estimated on cach of
10,000 replicaticos and esch coefficient estimste from cach replication was
standardized with the BT cosfficient estimate and asymptotic standard error.

Bocsuse Bowley and Ficblg emphasized the role of sutocorrelated regressors, &
second get of 10,000 replications was conducted with Y also being bootstrapped
from s random walk model with drift. Owing to the large changs in price and
the OPEC agrecment, it was decided to hold PR and PF! fixed over replications
a5 no simple time scries model could rearonsbly be expected to adequately
model the dsta. Thus, Y, which is X(1) in Granger's (1981) terminology bocause
of the differencing operator implied in a random walk, is the only generated
rograssor in the second experiment.’

Since nons of the dimibuﬁ;xm have moments, the computstion and
interpretation of sampls moments should bo treated with caution, Nevertheless,
certain  characteristics of the cocfficient distributions are presented  in
Table 3.

The mean biss under the fixed regressor assumption is less than 0.1 asymptotic
standard errors, except for that associated with the lagged depeadent variablo
cocfficient which is still fairly small. From Bewley and Ficbig,- this result

s Of course, the lagg dent varisble is generated in both experiments.
Furthermore, from Slock (l 87), the inclution of an I(I) regressor gives rise
to even asymptotic non-pormality.
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is uot uncxpected a5 the ocoefficicot on the lagged dependent varieble is only
sround C.5 and highly significantly different from umity. Tie bias in the I(1)
‘regressor experiment is a livle larger.

From the sow murked s.c.(stand) it can bo noted thdt the sample standard
crror is of the urder of 90% of the asymprotic valss but there is far wore
disparity in the I(1) vegressor experiment. The Jarque-Bera (1987) test for
normality. whith should be compared to a criticel walue of 599 at ihe 5%
lavel, aod the value of kurosis, which is 3.0 fc. @ ponnal distribution,
highlight the nature of the problem. If it can be assumed that «he fegrassors
are trily fixed in repeated trisls, the empirical distrsations are somewhat
disacod but not sufficiently to cauwse too much of =z problem 0 applied
workers, The sizs statistics soggest o reascnable degres of symmetsy and 2
slight over-repoiting of the widike of confidencs intervalr. Or tho other
hand, integratd data csuse skewoess of o izdetesminate sign and 8 low
probability of purticularly lage coefficien. estimates, The possibility of
producing extreme values raises the Auestion of whether or mot the base values
given in Table 2 are represcntativs or mot. It should be emphasized that this
problem is oot cavsed by the estimation procedure; an identical result would
have been found if the lopg-run estimates had been derived from the dynamic
.equation (5) estimated by OLS.
. P -

The prescace of intograted data implics that the recemsly introduced
cointegration framework of Engle and Granger (1987) could be exploited in this
context, In essence, if Y Is I(D) md the other regressors are €xogenous
(deterministic ‘time trends), Q must also be 1(1), sbout a deterministic trend.
The simplest ‘variant of testing for cointegration is to perform the regression
without the lagged dependent variable and test the residuals for stationarity,
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that iz being 1(0)” Engle and Granger recommend a Dicksy-Fu.er. (DF) test
with & critical valus of 3.17. The cointegrating cquivaleats of columns (4),
{5) and (6) in Teble 2 wre produced in Teble 4.

Table 4: Cointegrating Equations

Varishle m 2) 6}
PRI 0135 -024C -0.381
089 (575 (13.44)
PR2 0242 0240 -0.38)
6.42) (5.75) (13.44)
PRI 0891 1266 -0.381
G3  (5.6N (13.449)
P2 0,096
(2.18)
Y 079 0431 1375
(255 (L75) (16.80)
D 092 0921 0.685
(71.93) (1L67) (10.32)
Constant D017 3252 -5.146
0.01) (1.48) (5.84)
DW 1450 1525 0.754
DF 3950 4220 2081

Note: Absolute asymptotic \-ratios ave given in parentheses.

® Multivariate versions can be found in Jobansen (1988) and Bewicy, Fisher
aud Parry (1988). The w&tctenca of complex deterministic time trends, such as
those ; tlonal problems and sre mot pursucd here, Banerjee,
Dolsdo” , Hendry, aod Smith’ (1986) consider a dynamic version of &
cointegrating ﬁuazim which is implicitly ecquivalent to "that prescated in the
BT with the AQ variable excluded after estimation. See also Bewley and Elliptt
(1988) for a discussion of this ‘variant.
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It is of some importence to note that the DE test for the most restricted
model fails to reject the presence of a uait root o the residuals. This
implies that aa equilibrium solution does not exist and the PAM versiou should
ot be pursued. To some cxtent, the higher value of the lagged dependent
varisble coefficient compensates for the lack of stationasity in the
residuals.

In the following scction, the conventional method of specification is compared
to that of cointegration for the purpose of assessing the implicit bias
induced by omitting AQ from the BT." Since an I(1) regressor would gencratc an
K1) regressand, AQ Is necessarily I(0). Given that an I(0) is likely to
minimally correlated with any I(1) varisble in a reasonzbly sized sample, the
bias in the cointegrating equation from omitted (orthogonal) regressors is
also relatively small, In Siock's termimology, the estimates in the CB are
*super-consistent’ as the estimato rapidly approaches its probability limit."

IV Cointegrating Equations
If the cocfficients in the cointegrating equation (CE)
Q= ﬁo + ﬁIPR‘ + p,PFl‘ + ﬁ,Y.-i» ﬂ‘D‘ + W, )]

4

were to be bootstrapped assuming that both the model specification was correct
and the regressors were fixed, the distributions  should be symmetric and

© This assumes that the PAM s the correct l:?ecsﬁuuon. Co!‘nt:gnting
‘equstions have the advantago that any sumber of 1(0) variables can be omitted.

W Siock also discosses the an error comection method of estimating the
colntegrating vector.
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possibly approximately t-distributed. However on-nofnality in r;v‘ and/or
autocorrelation due to omitted variables cowlc ause significant departures
from: the typlcal OLS situation.

Por the purpose of the following experiments, it is assumed that equation (5)
is still the true model and the specification (8) is known to be am
approximation. For tho purpose of long-mn forecasting, where AQ becomes
relatively unimportant in equilibrium, it is ressomable to question whether
there are any gains in estimating the dynsmic model. Furthermote, the
distributional problems of the BT discussed abovc suggests that the simplicity
of the static equation has positive features.

Tho bootstrapping experiments were repeated for cquation (7) and the results
are preseated in the lower half of Table 3. Note that the distributions are
standardized by the cstimate and standard error from the cointegrating
‘equation in column (2) of Table 4.

In cach case, ths asymptotic standard error reported in the base regression is
spproximately 62% lower for the cointegrating cquation. There is no consistent
pattern for the difference in the two sets of coefficicats. For the purposes
of policy, however, it matters whether the long-run GDP elasticity is 0.431,
*as in the CE, or 0,806, a3 in the BT. Even the diffcrence between -0.240 and
0,308 for the coefficients vn PR causss a little concern.

The coefficients in the CB, fixed regrescor .case are much better spproximated
by a oormal distribution with no cvidence of fat-tails, However, the lateral
shift in the distribution is sufficient to csuse vary large sizs crross on one
sids of the distribution, The I(I) generated GDP results, however, again
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reveal important departurcs from mon-normality but none of the kurtosis
measures is greater than four, compared to nothing less than four for the BT,
The ompirical sizz estimates sre mixed with some coefficients  being
well-approximsted by the asymptotic normal distribution and in three of the
five cases, the asymptotic standard error is very closs to the bootstrapped

There would appear to be advumtages to both the BT and CE cstimators, In
Figure 2, dymamic simulations of both models reveal that both estimators
produced scceptable results from a long-run forecasting  perspective.  Some
residusl autocorrelation is apparent with the CB estimator but both cope well
with the dramatic slowdown in the growth of oil consumption. On the other
hand, distributional aspocts, preseated in Figure 3, reveal some interesting

differences,

The normal distribution curves in Figure 3 represent the asymptotic normality
of the BT cstimstor whils BT and CE refer to the bootstrapped small sample
distributioas based on a stochastic GDP variable. In cach case the bias in the
CE is grester than, and in the same direction as, ths bias i the BT. This
suggests that & combined estimator, along the lines suggested in Sawa (1973)
might cofrect for the biss in small semples,

The disparity of the cstimates from the BT is quite apparcnt. In the 10,000
replications of the PR eoefﬁciclm. one estimate had an asymptotic t-ratio of
.13.6 and amother was cqual to -9.5 befors the the distribution started to
build from -6.8. The mgjor problem from a bootstrapping perspective s whether
the base cstimate is, indeed, an outlier from the truc distribution.

i e s i E e e Al

Lt e
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V Conclusions

The results peesented bere suggest that whenever oquations are estimated  with
lagged dopemdemt varisbles and tronding data, serious consideration should be
gives to the distribution of the estimates befors any policy coaclusions or
foag-tesm forecasts are gonerated. This is true whether or mot simple OLS is
spplicd to the dynamic equation or direct estimators arc employed.

The implication of the bootstrapping performed on the demand for ofl cquation
waggests that the olasticity for a price rise is -031 with a 95% confidence
foterval of [-0.46, -0.14} end zero for a price fall. The GDP clasticity is
0.81 with & 95% isterval of [0.13, 1.57). M the colategration biss could be
reduced, however, there would appesr to be some scope for reducing the widih
of the confidence iuterval. In particular, outliers &re for less prevalent ia
the CB framework,
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Figure 1: Log Raiative Price
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Figure 2 : Dynamic Simulations
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Figure 3 : Bootstrapped Distributions
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