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(ABSTRACT) 

Although there remains some controversy as to the 

benefits of individual tree growth and yield prediction models 

over stand level models, individual tree models still have 

wide acceptance. A generalized thinning response variable 

which can account for the intensity of thinning, as well as 

the age of the stand at the time of thinning and the time 

elapsed since thinning, was applied to two existing models for 

loblolly pine (Pinus taeda) in cutover  site-prepared 

plantations. A site index equation for predicting mean total 

height of dominant and codominant trees and a diameter 

increment model were developed to incorporate the thinning 

response variable. New fits of height increment and mortality 

functions to the available data were also completed. Separate 

mortality functions were fit to data from unthinned and 

thinned stands. 

The base models for this analysis were from the 

individual tree growth simulation model PTAEDA2. Evaluations



for predictive ability of these models were done in a reduced 

version of the growth simulator which was modified to accept 

external data. The mean total height model had improved 

predictive ability over the original PTAEDA2 model for this 

variable. The diameter increment model produced no 

Significant improvement in simulation comparisons. Fitting 

the two mortality functions to the multiple observation data 

resulted in reduced predictive ability of the simulator 

compared to the original mortality model from PTAEDA2 which 

was fit to data from unthinned stands only.
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INTRODUCTION 

Much work has been done recently with individual tree 

growth and yield models. Although there remains some 

controversy as to the benefits of individual tree prediction 

over stand level models, individual tree models still have 

wide acceptance. 

In the individual tree growth simulation model PTAEDA2 

(Burkhart et al. 1987), response to thinning was implicit in 

changes in each tree’s competitive status. Amateis et al. 

(1989) developed separate diameter increment models for 

unthinned and thinned stands. A more efficient approach is to 

have one prediction model which can function well in either 

unthinned stands or stands thinned to a wide range of 

Gifferent intensities. 

Recent work in tree and stand response to thinning 

practices has focused on developing a generalized thinning 

response variable which can account for the intensity of 

thinning, as well as the age of the stand at the time of 

thinning and the time elapsed since thinning (Short and 

Burkhart, 1992; Liu et al. in press). These recently- 

published analyses were focused on describing crown growth. 

A thinning response variable which would explain diameter 

growth and tree mortality across time under different 

intensities of thinning has not been developed previously.



In this paper, a thinning response variable developed by 

Liu et al. was applied to a site index equation for predicting 

mean total height and to a DBH (diameter at breast height) 

increment model. The base models for this work were those 

developed in PTAEDA2. The evaluations for predictive ability 

of these models were done in a reduced version of the growth 

Simulator which was modified to accept external data. 

The Data 

The data used in this analysis are from a thinning study 

using permanent plots established by the Loblolly Pine Growth 

and Yield Research Cooperative. The thinning study contains 

186 permanent locations established from 1980 to 1982 in 

plantations on cutover, site-prepared lands spread across 

twelve southeastern states. This area includes most of the 

natural range of loblolly pine. At each location, three 

Similar plots were established, and individual trees were 

tagged and measured. Plots had to be similar in site index, 

Stocking, and basal area. Diameter, total height, and height 

to live crown were measured on volunteer, as well as planted 

loblolly pines, and competing hardwoods. Stem maps were 

generated for each plot at the time of plot establishment. 

One plot at each location was randomly selected as a 

control, one was thinned to about 70 percent residual basal 

area (light thin), and the third plot was thinned to



approximately 50 percent (heavy thin) of the starting basal 

area. The thinning treatments were primarily from below, with 

an occasional row removed for access. An effort was made to 

avoid confounding the thinning with release from competing 

hardwoods by only removing those natural pines and hardwoods 

that would normally by cleared in an operational thinning 

(Burkhart et al. 1987). 

There have been three remeasurements at three-year 

intervals since plot establishment. At each remeasurement, 

mortality was recorded, as well as diameter at breast height, 

total height, and height to the base of the live crown. A 

fourth remeasurement is under way at this time. In this 

remeasurement, one half of the plots are being thinned a 

second time for future analysis of stand response to multiple 

thinnings. 

Only the interior trees in the Coop dataset were used for 

model analysis and development in this project. Interior 

trees are those for which all competitors within a 10 BAF 

(basal area factor) angle gauge sweep are within the measured 

research plot. Thus, only these trees could have valid 

competition indices calculated for them based on actually 

measured competitors. Table 1 provides a detailed description 

of the data used.



Table 1. Mean stand and tree values for interior trees from the Coop thinning study dataset, 

by thinning treatment at plot establishment and the third remeasurement. 

  

  

  

  

  

  

  

Plot Establishment ___|Third Remeasurement 

Un- Light Heavy Un- Light Heavy 
Variables Thinned Thinned Thinned Thinned Thinned Thinned 

Stand 

MTH 41.14 41.33 41.40 56.23 56.60 56.56 

VOLUME 36.00 106.55 81.08 35.94 153.30 107.69 

AGE 15.17 15.17 15.18 24.17 24.17 24.18 

| 1.00 0.73 059  ----- --2-+ ----- 

Tree 

DBH 4.61 5.61 5.85 5.71 7.28 7.76 

HT 32.64 36.10 36.78 46.35 51.33 51.73 

CR 0.44 0.48 0.50 0.31 0.37 0.40 

Cl 1.26 0.64 0.46 1.57 0.95 0.74     
  

All values are for planted loblolly pines only. 

MTH = mean total height of dominant/codominant trees in each plot in feet, VOLUME = 

cubic feet per plot, outside bark, | = intensity of thinning = basal area after thinning / basal 

area before thinning, DBH = diameter at breast height in inches, HT = total height in feet, 

CR = crown ratio, Cl = competition index. 

Page 4



PREVIOUS WORK 

Individual tree growth simulation models have gained much 

acceptance in recent years. Prior models were largely based 

on stand level predictions or distributional analysis (Daniels 

and Burkhart, 1975). Newnham (1964) is credited with the 

first stand model based on individual tree simulation (Daniels 

and Burkhart, 1975). He put forth a diameter increment model 

for Douglas-fir plantations in which individual tree diameter 

growth was estimated as open-grown growth modified by a 

measure of competition. 

Burkhart et al. (1987) developed an individual tree 

growth simulation model for loblolly pine. In this distance- 

dependent model, called PTAEDA2, diameter and height increment 

are predicted on an annual basis, then added to the current 

diameter and height values to be carried forward to the next 

growing season. Mortality is predicted annually, and the 

value of the competition index is calculated for each tree 

dependent on current tree size and the growth or loss of 

competitors. 

PTAEDA2 is the revised version of PTAEDA, originally 

developed by Daniels and Burkhart (1975). The most notable 

improvements were an option to consider hardwood competition 
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in the growth simulation, improved estimates of crown ratio, 

and improved versatility for the user in output volume 

determination. Also, the growth models were refitted to new 

data, and height increment prediction was improved by a new 

Site index equation used to determine the potential height 

increment. 

The core of any growth simulation program is the 

individual prediction models. The height increment model in 

PTAEDA2 predicted height growth as the potential height 

increment modified by a function of crown ratio and 

competition index. The potential height increment is 

calculated within PTEADA2 from a site index equation developed 

by Amateis and Burkhart (1985), and is based on stand age, 

Site index, and the average height of dominant and codominant 

trees. The height increment model with its modifier is shown 

below. 

HIN=PHIN* [B,+B,CR*?*exp (-B,CI-B.CR) ] 

where: HIN predicted height increment 

PHIN potential height increment, computed as 

the first difference in height froma



Site index equation 

CR crown ratio 

CI competition index 

The above model has some good biological properties. 

Crown ratio expresses the tree’s photosynthetic potential. It 

is in the model twice to describe its positive relationship to 

potential height increment, and its negative relationship to 

it when the tree approaches an open-grown condition. 

As with the height increment model, the predicted 

diameter increment is the potential diameter increment 

modified by a function of the tree’s crown ratio and 

competition index. The potential diameter increment was 

developed and fitted in the first version of PTEADA and was 

based on data gathered from 81 open-grown loblolly pines. It 

uses the current height increment of each tree to predict the 

tree’s potential diameter increment. The diameter increment 

model is shown below. 

DIN=PDIN* [B,CR*?#exp (-B,CZ) ] 

where: DIN = predicted diameter increment



PDIN = potential diameter increment, computed 

from an equation fitted to data from 

open-grown trees 

other variables are as described previously 

Potential diameter increment model: 

PDIN=0 .286583 *HIN+0.209472 

where: HIN = observed current height increment 

Mortality prediction is also based on each trees 

competitive stress and vigor expressed in its competition 

index and crown ratio. The mortality equation determines a 

value between 0 and 1, which is then compared to a uniform 

random variate. The tree is considered dead if the calculated 

value is less than the uniform random variate. This survival 

equation is: 

PLIVE=f,CR***xexp (-B,cr**) 

where: PLIVE = probability that a tree remains alive



other variables are as described previously 

The competition index used in PTAEDA2 was applied by 

Daniels and Burkhart in the first version of this program. 

Developed by Hegyi (1974), this compact measure of competition 

has worked well in several applications. The index is a 

summation of the ratios of the diameters of each competitor to 

the subject tree, divided by their separation distance. 

Competitors were determined annually in a 10 BAF angle gauge 

sweep. The competition index is calculated as: 

n 

CI,= » (D,/D;) /DIST,; 
J=1 

where: CI, competition for the it subject tree 

D, = diameter breast height of the i‘ subject tree 

D; = diameter breast height of the j°" competitor 

DIST = distance between the i tree and the j™ 

competitor 

n = number of competitors within a 10 BAF sweep



Final estimates for the models where fit to data from the 

unthinned control plots over the first three year 

remeasurement period of the Coop thinning study dataset. When 

thinned stands in the same study area were used as a semi- 

independent validation data set for the individual models, the 

researchers found only a slight underprediction. 

In these models, response to thinning is incorporated via 

the competition index. Elapsed time since thinning is not 

explicitly included, but rather is implicit in the annual 

change in the trees crown ratio and in its competition index 

due to the growth of it’s competitors. 

In 1989, Amateis, Burkhart, and Walsh developed separate 

distance-independent diameter increment equations for thinned 

and unthinned stands. These models were of the same form as 

the diameter increment model applied in PTAEDA2, but were 

designed for use where stand spatial data were not available. 

The potential diameter increment used in these models was 

identical to that used in PTAEDA2. 

In place of an individual tree competition index, a 

Spatially insensitive analog to it was used. The ratio of 

stand mean quadratic DBH to each tree’s DBH, subtracted from 

one, was used to describe the competitive stress of each tree. 
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The model developed for application in unthinned stands was of 

the form shown below. 

DIN=PDIN* [B,CR*?*exp (-B; (1-D,/D) ) ] 

where: D, = mean quadratic DBH of the stand 

D = diameter breast height 

other variables are as described previously 

A separate model was developed for thinned stands with 

two variables added to the exponential portion. The stand age 

at thinning was added, and the thinning intensity in the stand 

was described by a ratio of stand basal area after thinning to 

the basal area before thinning. In the below model, both B, 

and B, must be negative to ensure the proper response of the 

model. 

DIN=PDIN* [B,CR*?*exp (-B, (1-D,/D) +B,A,+B, (B,/B,) ) ] 

stand age at thinning = oy
 

1) K ty)
 ie + 

M" 

wo
 

» " Stand basal area after thinning 

11



B, = Stand basal area before thinning 

other variables are as described previously 

Amateis et al. (1989) also fit models to describe 

diameter growth in thinned and unthinned stands when the basal 

area of competing hardwoods is considered. For each of these 

four conditions, a distance-independent survival equation was 

fitted. The survival equations were of the same form as the 

PTAEDA2 model. 

The models for unthinned and thinned conditions were 

fitted to the data from unthinned and thinned plots 

respectively from the same Coop data set used for PTAEDA2. 

The researchers used data from the first remeasurement period, 

and all of the second remeasurement data that was available at 

that time. Analysis of the model predictions showed a slight 

increasing underprediction over time. Deviations of .02" at 

the first remeasurement and .06" at the second one were seen 

for both the thinned and unthinned models. 

What was lacking at this point was a thinning response 

variable which would allow individual tree diameter increment 

prediction across a wide range of conditions; i.e., from 

unthinned to heavily thinned stands. Also, an important 

characteristic that is missing from the thinned stand model 

12



above is a term to describe the elapsed time since thinning. 

This factor is necessary to give a more biologically valid 

shape to the growth curve in response to thinning. 

Working with crown height increment models, Short and 

Burkhart (1992) developed a thinning response variable which 

describes thinning intensity and age at thinning. This 

thinning response variable enables prediction of crown 

recession in thinned and unthinned stands using the same 

model. In this work, a distance-dependent, a distance- 

independent, and a stand level model were developed. Also, 

there was an in depth analysis of various model forms and 

associated biases. Below is the multiplicative thinning 

response variable developed. 

_ (Aa) (78) 
BA, 

where: BA a Stand basal area after thinning 

BA, = Stand basal area before thinning 

TA = stand age at thinning 

A = present stand age 

other variables are as described previously 

13



T will equal 1 in unthinned stands since BA, and BA, are 

equal. With the above variable, heavier thinning results in 

a smaller T and thus less crown recession. The negative 

impact of thinning on crown height increment increases as age 

at thinning increases. Also note that the variable T is at 

its minimum immediately after thinning, then slowly returns to 

1 as time since thinning increases. The final form of the 

distance-dependent, individual tree model for predicting crown 

height increment was: 

HLCIN=B ,T**HT*:*exp (B,CR°-5+B,CI+B,A) 

where: HLCIN crown height increment 

HT total tree height 

other variables are as described previously 

When the distance-independent model was fit without T to 

the unthinned data, analysis in thinned stands showed an 

overprediction that increased with thinning intensity. The 

increment model with T showed an overprediction in the 

unthinned stands and a trend towards underprediction as 

thinning intensity was increased. Raising the thinning 

variable to a power greatly improved the fit and reduced these 

14



biases. 

The one failing of this thinning variable is that it is 

monotonically decreasing across time. The thinning response 

variable does not accurately describe the actual relationship 

between thinning and elapsed time since thinning. The 

variable predicts a maximum response to thinning at the time 

of thinning, with response declining thereafter. In reality, 

a trees response is more curvilinear, reaching its maximum at 

some point in time after thinning has occurred and then 

declining. 

Liu et al. (in press) improved upon the thinning response 

variable from Short and Burkhart by incorporating time elapsed 

Since thinning as an actual measure, rather than as a ratio. 

This variable gives a more biologically natural shape to the 

thinning response function. In fitting an allometric model 

for predicting crown ratio (CR), they developed a thinning 

response variable (TRV) that accounts for the age at thinning, 

the thinning intensity, and the elapsed time since thinning. 

This thinning variable is: 

r[-(A,-A,)2+K(A,-A,)] 
  

T= (PAs) a2 

BA, 

15



where: r rate parameter 

A i duration parameter 

A s = current stand age 

A, 

other variables are as described previously 

stand age at thinning 

The "rate" parameter, r, is unitless. It helps to 

describe the shape of the response curve primarily by its 

relationship to K. The closer the estimates for r and K are 

to each other, the more intense the level of modification 

becomes. Parameter K’s units are years, and it determines the 

duration of the thinning response, as well as the year of 

maximum response which is dependent on the relationship 

between K and A,. 

This TRV is designed to neutralize when the elapsed time 

Since thinning equals the duration parameter, thus the value 

of T equals 1 and no modification occurs. The intensity of 

modification is also controlled by the relationship between 

the age at thinning and the elapsed time since thinning. As 

age at thinning is increased, less modification is produced. 

The base ratio, the intensity of thinning, also has control of 

the level of modification. Less intense thinning results in 

less intense modification. 
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The final form of the allometric CR model was: 

CR=1- [T*exp (~ (B,+B,/A,) *D/H) ] 

where: H = total tree height 

other variables are as described previously 

The above allometric model, using the new thinning 

variable, was compared to the increment model developed by 

Short and Burkhart for predicting crown recession. When the 

originally published thinning response variable was retained 

in the increment model, they found that an allometric 

determination of crown ratio, rather than an increment 

approach in predicting crown height, produced less biased 

results. 

To test the general applicability of the new TRV, the 

researchers refit the increment model developed by Short and 

Burkhart, replacing the original TRV with the newly developed 

one. They found little difference between the increment and 

the allometric approach to predicting crown development in 

thinned stands. Thus, they concluded that model selection 

17



could be based on model efficiency and application concerns, 

rather than predictive ability. 

The above analysis demonstrated that the new TRV could be 

applied to a variety of prediction applications in which the 

expected response to a particular treatment would be null 

initially, increase to some maximum over time, then gradually 

return to the null condition. Since the TRV is unitless, it 

is applicable to a variety of silvicultural treatments. 

Imprecise estimates of parameters can result from the 

temporal correlation inherent in repeated observations over 

several remeasurement periods. In Liu et al., the effect of 

this correlation was examined. The researchers used two 

different methods in splitting the data for fitting and 

validation. One dataset was a random split of the entire 

dataset, and a second dataset was generated by randomly 

selecting one remeasurement observation from each tree, 

thereby eliminating the temporal correlation. After fitting 

each of the models they examined to each dataset, they found 

"no substantial differences" in bias or precision. 

Thus, their final recommendation was to use all the data 

in fitting any final models to ensure the most stable 

parameter estimates. This was qualified in their conclusions 
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�u�n�m�e�a�s�u�r�e�d� �t�i�m�e�-�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� �w�a�s� �c�o�n�d�u�c�t�e�d� �b�y� �A�v�i�l�a� �a�n�d� 

�B�u�r�k�h�a�r�t� �(�1�9�9�2�)� �i�n� �t�h�e�i�r� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �d�i�s�t�a�n�c�e�-�d�e�p�e�n�d�e�n�t� �a�n�d� 

�d�i�s�t�a�n�c�e�-�i�n�d�e�p�e�n�d�e�n�t� �m�o�r�t�a�l�i�t�y� �f�u�n�c�t�i�o�n�s� �f�o�r� �l�o�b�l�o�l�l�y� �p�i�n�e�.� 

�T�h�e� �m�o�d�e�l�s� �w�e�r�e� �f�i�t� �t�o� �o�n�e�-�h�a�l�f� �o�f� �a� �r�a�n�d�o�m� �s�p�l�i�t� �d�a�t�a�s�e�t� �a�n�d� 

�v�a�l�i�d�a�t�e�d� �o�n� �t�h�e� �o�t�h�e�r� �h�a�l�f�,� �a�n�d� �t�h�e�y� �w�e�r�e� �f�i�t� �t�o� �t�h�e� �f�i�r�s�t� 

�r�e�m�e�a�s�u�r�e�m�e�n�t� �p�e�r�i�o�d� �a�n�d� �v�a�l�i�d�a�t�e�d� �o�n� �t�h�e� �s�e�c�o�n�d�.� �T�h�e�y� �f�o�u�n�d� 

�"�n�o� �p�r�a�c�t�i�c�a�l� �d�i�f�f�e�r�e�n�c�e�s�"� �i�n� �v�a�l�i�d�a�t�i�o�n� �s�t�a�t�i�s�t�i�c�s� �b�e�t�w�e�e�n� 

�t�h�e� �t�w�o� �d�a�t�a� �s�p�l�i�t�t�i�n�g� �m�e�t�h�o�d�s�.� 

�T�h�e� �d�i�s�t�a�n�c�e�-�d�e�p�e�n�d�e�n�t� �l�o�g�i�s�t�i�c� �m�o�d�e�l� �d�e�v�e�l�o�p�e�d� �f�o�r� 

�p�r�e�d�i�c�t�i�n�g� �s�u�r�v�i�v�a�l� �o�f� �i�n�d�i�v�i�d�u�a�l� �t�r�e�e�s� �w�a�s� �o�f� �t�h�e� �f�o�r�m�:� 

�1� �P�L�I�V�E�=�7� �e�x�p� �[�~�(�B�,�+�B�,�C�R�+�B�,�H�H�-�B�,�C�1�)� �1� 
� � 

�w�h�e�r�e�:� �H�H� �=� �r�a�t�i�o� �o�f� �t�o�t�a�l� �h�e�i�g�h�t� �t�o� �a�v�e�r�a�g�e� �h�e�i�g�h�t� �o�f� 

�d�o�m�i�n�a�n�t� �a�n�d� �c�o�d�o�m�i�n�a�n�t� �t�r�e�e�s� 

�o�t�h�e�r� �v�a�r�i�a�b�l�e�s� �a�r�e� �a�s� �d�e�s�c�r�i�b�e�d� �p�r�e�v�i�o�u�s�l�y� 
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�A�n�a�l�y�s�i�s� �o�f� �t�h�i�s� �m�o�d�e�l� �i�n� �t�h�i�n�n�e�d� �s�t�a�n�d�s� �s�h�o�w�e�d� �t�h�a�t� �n�o� 

�i�m�p�r�o�v�e�m�e�n�t� �i�n� �m�o�d�e�l� �p�e�r�f�o�r�m�a�n�c�e� �w�a�s� �a�c�h�i�e�v�e�d� �b�y� �i�n�c�l�u�d�i�n�g� 

�v�a�r�i�a�b�l�e�s� �t�o� �d�e�s�c�r�i�b�e� �i�n�t�e�n�s�i�t�y� �o�f� �t�h�i�n�n�i�n�g�,� �a�g�e� �a�t� �t�h�i�n�n�i�n�g�,� 

�o�r� �t�i�m�e� �e�l�a�p�s�e�d� �s�i�n�c�e� �t�h�i�n�n�i�n�g�.� �W�h�e�n� �t�h�i�s� �m�o�d�e�l� �w�a�s� �f�i�t� �t�o� 

�d�a�t�a� �f�r�o�m� �u�n�t�h�i�n�n�e�d� �s�t�a�n�d�s� �a�n�d� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �s�u�r�v�i�v�a�l� 

�e�q�u�a�t�i�o�n�s� �p�u�b�l�i�s�h�e�d� �b�y� �B�u�r�k�h�a�r�t� �e�t� �a�l�.� �(�1�9�8�7�)� �a�n�d� �A�m�a�t�e�i�s� �e�t� 

�a�l�.� �(�1�9�8�9�)�,� �o�n�l�y� �m�o�d�e�s�t� �i�m�p�r�o�v�e�m�e�n�t� �w�a�s� �f�o�u�n�d� �f�o�r� �t�h�e� �a�b�o�v�e� 

�e�q�u�a�t�i�o�n�.� 

�2�0



�A�n�a�l�y�s�i�s� 

�A�l�l� �m�o�d�e�l� �f�i�t�t�i�n�g� �f�o�r� �t�h�i�s� �t�h�e�s�i�s� �w�a�s� �d�o�n�e� �u�s�i�n�g� �t�h�e� 

�S�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�i�s� �p�a�c�k�a�g�e� �(�S�A�S�)� �d�e�v�e�l�o�p�e�d� �b�y� �S�A�S� �I�n�s�t�i�t�u�t�e� 

�I�n�c�o�r�p�o�r�a�t�e�d�,� �C�a�r�y�,� �N�C�.� �A�l�l� �n�o�n�-�l�i�n�e�a�r� �r�e�g�r�e�s�s�i�o�n�s� �w�e�r�e� �d�o�n�e� 

�w�i�t�h� �t�h�e� �a�u�t�o�m�a�t�e�d� �r�e�g�r�e�s�s�i�o�n� �m�e�t�h�o�d� �D�U�D�.� 

�S�i�n�c�e� �I� �w�a�s� �u�s�i�n�g� �t�h�e� �m�u�l�t�i�p�l�e� �o�b�s�e�r�v�a�t�i�o�n� �C�o�o�p� �d�a�t�a�s�e�t�,� 

�t�e�m�p�o�r�a�l� �c�o�r�r�e�l�a�t�i�o�n� �w�a�s� �a� �c�o�n�c�e�r�n�.� �H�o�w�e�v�e�r�,� �b�a�s�e�d� �o�n� �t�h�e� 

�r�e�s�u�l�t�s� �o�f� �L�i�u� �e�t� �a�l�.� �(�i�n� �p�r�e�s�s�)� �i�n� �t�h�e�i�r� �a�n�a�l�y�s�i�s� �o�f� �t�e�m�p�o�r�a�l� 

�c�o�r�r�e�l�a�t�i�o�n� �i�n� �t�h�i�s� �d�a�t�a�s�e�t�,� �I� �p�r�o�c�e�e�d�e�d� �a�s� �t�h�o�u�g�h� �t�h�e�r�e� �w�e�r�e� 

�n�o� �t�e�m�p�o�r�a�l� �c�o�r�r�e�l�a�t�i�o�n� �p�r�o�b�l�e�m�.� 

�A�n�o�t�h�e�r� �c�o�n�s�i�d�e�r�a�t�i�o�n� �w�a�s� �t�h�e� �v�a�l�i�d�i�t�y� �o�f� �d�i�v�i�d�i�n�g� �t�h�r�e�e�-� 

�y�e�a�r� �i�n�t�e�r�v�a�l� �o�b�s�e�r�v�a�t�i�o�n�s� �b�y� �t�h�r�e�e� �a�n�d� �u�s�i�n�g� �t�h�o�s�e� �v�a�l�u�e�s� �t�o� 

�f�i�t� �o�n�e�-�y�e�a�r� �i�n�t�e�r�v�a�l� �m�o�d�e�l�s�.� �I�t� �i�s� �a� �c�o�m�m�o�n� �p�r�o�c�e�d�u�r�e� �t�o� �u�s�e� 

�w�h�a�t� �i�s� �k�n�o�w�n� �a�s� �t�h�e� �"�l�i�n�e�a�r� �a�v�e�r�a�g�i�n�g� �m�e�t�h�o�d�"�,� �w�h�i�c�h� �a�s�s�u�m�e�s� 

�l�i�n�e�a�r� �g�r�o�w�t�h� �o�v�e�r� �e�a�c�h� �t�h�r�e�e�-�y�e�a�r� �p�e�r�i�o�d�,� �t�o� �o�b�t�a�i�n� �a�n�n�u�a�l� 

�d�a�t�a� �f�r�o�m� �m�u�l�t�i�-�y�e�a�r� �d�a�t�a�.� �M�c�D�i�l�l� �a�n�d� �A�m�a�t�e�i�s� �(�1�9�9�3�)� 

�c�o�m�p�a�r�e�d� �f�o�u�r� �m�e�t�h�o�d�s� �f�o�r� �f�i�t�t�i�n�g� �d�i�f�f�e�r�e�n�c�e� �e�q�u�a�t�i�o�n�s� �w�h�e�n� 

�t�h�e� �d�e�s�i�r�e�d� �t�i�m�e� �i�n�t�e�r�v�a�l� �i�s� �n�o�t� �t�h�e� �s�a�m�e� �a�s� �t�h�e� �i�n�t�e�r�v�a�l� �a�t� 

�w�h�i�c�h� �t�h�e� �d�a�t�a� �u�s�e�d� �t�o� �f�i�t� �t�h�e� �e�q�u�a�t�i�o�n� �w�e�r�e� �c�o�l�l�e�c�t�e�d�.� �T�h�e�y� 

�f�o�u�n�d� �t�h�a�t� �t�h�e� �l�i�n�e�a�r� �a�v�e�r�a�g�i�n�g� �m�e�t�h�o�d� �w�o�r�k�e�d� �b�e�s�t� �f�o�r� �t�h�e� 

�y�o�u�n�g�e�r� �a�g�e�s�,� �b�u�t� �i�t� �u�n�d�e�r�p�r�e�d�i�c�t�e�d� �f�o�r� �t�h�e� �o�l�d�e�r� �a�g�e�s�.� 

�B�e�c�a�u�s�e� �t�h�e� �l�i�n�e�a�r� �a�v�e�r�a�g�i�n�g� �m�e�t�h�o�d� �h�a�s� �g�e�n�e�r�a�l�l�y� �p�r�o�d�u�c�e�d� 
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�S�a�t�i�s�f�a�c�t�o�r�y� �r�e�s�u�l�t�s� �a�n�d� �b�e�c�a�u�s�e� �i�t� �i�s� �t�h�e� �s�i�m�p�l�e�s�t� �m�e�t�h�o�d� �t�o� 

�a�p�p�l�y�,� �i�t� �w�a�s� �u�s�e�d� �i�n� �t�h�e�s�e� �a�n�a�l�y�s�e�s�.� 

�A�n�a�l�y�s�e�s� �o�f� �m�o�d�e�l� �p�e�r�f�o�r�m�a�n�c�e� �w�e�r�e� �a�l�s�o� �b�a�s�e�d� �o�n� �t�h�e�s�e� 

�o�b�s�e�r�v�e�d� �v�a�l�u�e�s� �d�i�v�i�d�e�d� �b�y� �t�h�r�e�e� �i�n� �o�r�d�e�r� �t�o� �v�a�l�i�d�a�t�e� �t�h�e� 

�m�o�d�e�l�s� �o�n� �a� �o�n�e�-�y�e�a�r� �b�a�s�i�s�.� �T�h�u�s�,� �g�i�v�e�n� �t�h�e� �t�h�r�e�e�-�y�e�a�r� 

�m�e�a�s�u�r�e�m�e�n�t� �i�n�t�e�r�v�a�l� �o�f� �t�h�e� �d�a�t�a�,� �p�r�e�d�i�c�t�i�o�n�s� �c�o�u�l�d� �o�n�l�y� �b�e� 

�m�a�d�e� �a�n�d� �a�n�a�l�y�z�e�d� �f�o�r� �t�h�e� �f�i�r�s�t�,� �f�o�u�r�t�h�,� �a�n�d� �s�e�v�e�n�t�h� �g�r�o�w�i�n�g� 

�s�e�a�s�o�n�s� �f�o�l�l�o�w�i�n�g� �p�l�o�t� �e�s�t�a�b�l�i�s�h�m�e�n�t�.� 

�N�o�t�e� �t�h�a�t� �t�h�r�o�u�g�h�o�u�t� �t�h�i�s� �d�i�s�c�u�s�s�i�o�n�,� �r�e�s�i�d�u�a�l� �o�r� 

�r�e�s�i�d�u�a�l�s� �a�r�e� �d�e�f�i�n�e�d� �a�s� �o�b�s�e�r�v�e�d� �m�i�n�u�s� �p�r�e�d�i�c�t�e�d� �v�a�l�u�e�s�.� 

�T�h�e� �f�i�r�s�t� �s�t�e�p� �w�a�s� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �a� �t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� 

�v�a�r�i�a�b�l�e� �w�a�s� �w�a�r�r�a�n�t�e�d� �i�n� �t�h�e� �d�i�a�m�e�t�e�r� �i�n�c�r�e�m�e�n�t�,� �h�e�i�g�h�t� 

�i�n�c�r�e�m�e�n�t�,� �a�n�d� �m�o�r�t�a�l�i�t�y� �f�u�n�c�t�i�o�n�s�.� �I�f� �n�o� �s�i�g�n�i�f�i�c�a�n�t� 

�d�i�f�f�e�r�e�n�c�e�s� �i�n� �m�o�d�e�l� �p�a�r�a�m�e�t�e�r�s� �a�c�r�o�s�s� �t�h�i�n�n�i�n�g� �r�e�g�i�m�e�s� 

�e�x�i�s�t�e�d�,� �t�h�e�n� �t�h�e� �i�n�c�r�e�a�s�e�d� �c�o�m�p�l�e�x�i�t�y� �o�f� �a�n� �a�d�d�i�t�i�o�n�a�l� 

�v�a�r�i�a�b�l�e� �t�o� �d�e�s�c�r�i�b�e� �t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� �w�o�u�l�d� �n�o�t� �b�e� �n�e�c�e�s�s�a�r�y�.� 

�F�o�r� �e�a�c�h� �o�f� �t�h�e� �t�h�r�e�e� �m�o�d�e�l�s� �u�n�d�e�r� �e�x�a�m�i�n�a�t�i�o�n�,� �s�e�p�a�r�a�t�e� 

�p�a�r�a�m�e�t�e�r�s� �w�e�r�e� �f�i�t� �f�o�r� �t�h�e� �n�o� �t�h�i�n�,� �l�i�g�h�t� �t�h�i�n�,� �a�n�d� �h�e�a�v�y� 

�t�h�i�n� �d�a�t�a�,� �a�n�d� �a�g�a�i�n� �a�c�r�o�s�s� �a�l�l� �o�f� �t�h�e� �d�a�t�a�.� �T�h�e� �s�u�m�s� �o�f� 

�s�q�u�a�r�e�s� �f�o�r� �e�r�r�o�r� �f�r�o�m� �t�h�e�s�e� �f�i�t�s� �w�e�r�e� �u�s�e�d� �i�n� �a� �s�i�m�p�l�e� �F�-�t�e�s�t� 

�a�s� �d�e�s�c�r�i�b�e�d� �b�y� �S�w�i�n�d�e�l� �(�1�9�7�0�)� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �t�h�e�r�e� �w�e�r�e� 
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�S�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �p�a�r�a�m�e�t�e�r�s� �f�i�t� �t�o� 

�d�i�f�f�e�r�e�n�t� �t�h�i�n�n�i�n�g� �i�n�t�e�n�s�i�t�i�e�s�.� 

�F�o�r� �e�x�a�m�p�l�e�,� �w�h�e�n� �t�e�s�t�i�n�g� �t�h�e� �d�i�a�m�e�t�e�r� �i�n�c�r�e�m�e�n�t� �(�D�I�N�)� 

�m�o�d�e�l�,� �w�h�i�c�h� �h�a�s� �t�h�r�e�e� �p�a�r�a�m�e�t�e�r�s�,� �t�h�e� �n�u�l�l� �a�n�d� �a�l�t�e�r�n�a�t�i�v�e� 

�h�y�p�o�t�h�e�s�e�s� �o�f� �t�h�i�s� �F�-�t�e�s�t� �w�e�r�e� �a�s� �f�o�l�l�o�w�s�:� 

�H�o�:� �B�,�,� �=� �B�i�,� �=� �B�y� �a�n�d� 

�H�a�:� �a�t� �l�e�a�s�t� �o�n�e� �o�f� �t�h�e� �a�b�o�v�e� �t�h�r�e�e� �c�o�n�d�i�t�i�o�n�s� �i�s� �f�a�l�s�e� 

�w�h�e�r�e� �B�,�,�,� �B�,�,�,� �a�n�d� �B�,�,� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �f�i�r�s�t� �p�a�r�a�m�e�t�e�r� �i�n� 

�t�h�e� �n�o� �t�h�i�n�,� �l�i�g�h�t� �t�h�i�n�,� �a�n�d� �h�e�a�v�y� �t�h�i�n� �f�i�t�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�;� �B�,�,� 

�t�h�r�o�u�g�h� �B�,�,� �s�y�m�b�o�l�i�z�e�s� �t�h�e� �s�e�c�o�n�d� �p�a�r�a�m�e�t�e�r� �i�n� �e�a�c�h� �o�f� �t�h�e� 

�t�h�r�e�e� �m�o�d�e�l�s�,� �e�t�c�.� �I�n� �t�h�i�s� �t�e�s�t�,� �t�h�e� �f�u�l�l� �m�o�d�e�l� �i�s� �t�h�e� �m�o�d�e�l� 

�i�n� �w�h�i�c�h� �s�e�p�a�r�a�t�e� �p�a�r�a�m�e�t�e�r�s� �h�a�v�e� �b�e�e�n� �f�i�t� �f�o�r� �e�a�c�h� �t�h�i�n�n�i�n�g� 

�r�e�g�i�m�e�,� �t�h�u�s� �t�o�t�a�l�l�i�n�g� �n�i�n�e� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �t�h�e� �D�I�N� �m�o�d�e�l�.� �T�h�e� 

�r�e�d�u�c�e�d� �m�o�d�e�l� �i�s� �t�h�e� �t�h�r�e�e� �p�a�r�a�m�e�t�e�r� �m�o�d�e�l� �f�i�t� �t�o� �t�h�e� �e�n�t�i�r�e� 

�d�a�t�a�s�e�t�.� �T�h�e� �f�o�r�m� �o�f� �t�h�e� �F� �s�t�a�t�i�s�t�i�c� �i�s�:� 

�_�(�S�S�,�-�S�S�,�)� �/� �(�d�£�,�-�d�f� �,�)� 
�~� �S�S�,�/�d�f�,� 
� � 
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�w�h�e�r�e�:� �S�S�,� �=� �s�u�m� �o�f� �s�q�u�a�r�e�s� �f�o�r� �e�r�r�o�r� �o�f� �t�h�e� �r�e�d�u�c�e�d� �m�o�d�e�l� 

�S�S�,� �=� �t�o�t�a�l� �o�f� �t�h�e� �s�u�m�s� �o�f� �s�q�u�a�r�e�s� �f�o�r� �e�r�r�o�r� �o�f� �e�a�c�h� 

�o�f� �t�h�e� �s�e�p�a�r�a�t�e� �f�i�t� �m�o�d�e�l�s� 

�d�f�,� �=� �d�e�g�r�e�e�s� �o�f� �f�r�e�e�d�o�m� �o�f� �t�h�e� �r�e�d�u�c�e�d� �m�o�d�e�l� 

�d�f�.� �=� �s�u�m� �o�f� �t�h�e� �d�e�g�r�e�e�s� �o�f� �f�r�e�e�d�o�m� �o�f� �t�h�e� �s�e�p�a�r�a�t�e� 

�f�i�t� �m�o�d�e�l�s� 

�W�i�t�h�i�n� �t�h�e� �s�i�m�u�l�a�t�o�r�,� �m�e�a�n� �t�o�t�a�l� �h�e�i�g�h�t� �i�s� �c�a�l�c�u�l�a�t�e�d� 

�f�i�r�s�t�.� �T�h�i�s� �i�n� �t�u�r�n� �i�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �a� �p�o�t�e�n�t�i�a�l� �h�e�i�g�h�t� 

�i�n�c�r�e�m�e�n�t� �w�h�i�c�h� �i�s� �u�s�e�d� �i�n� �t�h�e� �h�e�i�g�h�t� �i�n�c�r�e�m�e�n�t� �d�e�t�e�r�m�i�n�a�t�i�o�n�.� 

�T�h�e� �h�e�i�g�h�t� �i�n�c�r�e�m�e�n�t� �r�e�s�u�l�t� �i�s� �t�h�e� �b�a�s�i�s� �o�f� �t�h�e� �p�o�t�e�n�t�i�a�l� 

�d�i�a�m�e�t�e�r� �i�n�c�r�e�m�e�n�t� �c�a�l�c�u�l�a�t�i�o�n�,� �w�h�i�c�h� �i�s� �m�o�d�i�f�i�e�d� �i�n� �t�h�e� �D�I�N� 

�m�o�d�e�l�.� �C�o�n�s�i�d�e�r�i�n�g� �t�h�i�s� �f�l�o�w� �i�n� �t�h�e� �s�i�m�u�l�a�t�o�r�,� �t�h�e� �H�I�N� �m�o�d�e�l� 

�w�a�s� �t�h�e� �f�i�r�s�t� �f�o�c�u�s�.� 

�H�e�i�g�h�t� �I�n�c�r�e�m�e�n�t� �M�o�d�e�l� 

�P�r�e�d�i�c�t�i�o�n� �o�f� �h�e�i�g�h�t� �i�n�c�r�e�m�e�n�t� �(�H�I�N�)� �i�s� �a�c�c�o�m�p�l�i�s�h�e�d� �b�y� 

�t�h�e� �m�o�d�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �p�o�t�e�n�t�i�a�l� �h�e�i�g�h�t� �i�n�c�r�e�m�e�n�t� �w�i�t�h� �a� 

�f�u�n�c�t�i�o�n� �o�f� �c�r�o�w�n� �r�a�t�i�o� �a�n�d� �c�o�m�p�e�t�i�t�i�o�n� �i�n�d�e�x�.� �T�h�e� �p�o�t�e�n�t�i�a�l� 

�h�e�i�g�h�t� �i�n�c�r�e�m�e�n�t� �(�P�H�I�N�)� �i�s� �b�a�s�e�d� �o�n� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� 

�o�b�s�e�r�v�e�d� �m�e�a�n� �t�o�t�a�l� �h�e�i�g�h�t�s� �o�f� �d�o�m�i�n�a�n�t� �a�n�d� �c�o�d�o�m�i�n�a�n�t� �t�r�e�e�s� 

�i�n� �e�a�c�h� �p�l�o�t� �a�t� �t�w�o� �c�o�n�s�e�c�u�t�i�v�e� �r�e�m�e�a�s�u�r�e�m�e�n�t� �p�e�r�i�o�d�s�.� �T�h�e� 

�H�I�N� �m�o�d�e�l� �f�r�o�m� �P�T�A�E�D�A�2� �i�s� �r�e�s�t�a�t�e�d� �h�e�r�e�:� 

�2�4



�H�I�N�=�P�H�I�N�*� �[�B�,�+�B�,�C�R�*�?�+�e�x�p� �(�-�B�,�C�I�-�B�.�C�R�)� �]� 

�F�i�t�t�i�n�g� �t�h�e� �H�I�N� �m�o�d�e�l� �t�o� �t�h�e� �m�u�l�t�i�-�y�e�a�r� �d�a�t�a� �p�r�o�v�e�d� �t�o� 

�h�a�v�e� �s�e�v�e�r�a�l� �p�r�o�b�l�e�m�s�.� �A�t�t�e�m�p�t�s� �w�e�r�e� �f�i�r�s�t� �m�a�d�e� �a�t� �s�e�p�a�r�a�t�e� 

�f�i�t�s� �o�f� �o�n�e�-�y�e�a�r� �i�n�c�r�e�m�e�n�t� �m�o�d�e�l�s� �f�o�r� �e�a�c�h� �t�h�i�n�n�i�n�g� �r�e�g�i�m�e�.� 

�T�h�e�s�e� �w�e�r�e� �n�e�c�e�s�s�a�r�y� �f�o�r� �t�h�e� �F�-�t�e�s�t� �f�o�r� �s�i�g�n�i�f�i�c�a�n�t� 

�d�i�f�f�e�r�e�n�c�e�s�.� �T�h�e� �d�a�t�a� �f�r�o�m� �u�n�t�h�i�n�n�e�d� �p�l�o�t�s� �f�i�t� �w�e�l�l�,� �w�i�t�h� 

�o�n�l�y� �B�,� �b�e�i�n�g� �i�n�s�i�g�n�i�f�i�c�a�n�t� �(�i�n�d�i�c�a�t�e�d� �b�y� �i�t�s� �a�s�y�m�p�t�o�t�i�c� 

�c�o�n�f�i�d�e�n�c�e� �i�n�t�e�r�v�a�l� �i�n�c�l�u�d�i�n�g� �z�e�r�o�)�.� 

�I�t� �w�a�s� �v�e�r�y� �d�i�f�f�i�c�u�l�t� �t�o� �o�b�t�a�i�n� �a� �n�o�n�-�l�i�n�e�a�r� �r�e�g�r�e�s�s�i�o�n� 

�c�o�n�v�e�r�g�e�n�c�e� �w�i�t�h� �d�a�t�a� �f�r�o�m� �e�i�t�h�e�r� �t�h�e� �l�i�g�h�t� �t�h�i�n�n�e�d� �o�r� �h�e�a�v�y� 

�t�h�i�n�n�e�d� �p�l�o�t�s�.� �S�e�v�e�r�a�l� �s�e�t�s� �o�f� �s�t�a�r�t�i�n�g� �p�a�r�a�m�e�t�e�r�s� �w�e�r�e� 

�t�r�i�e�d�.� �W�h�e�n� �c�o�n�v�e�r�g�e�n�c�e� �w�a�s� �a�c�h�i�e�v�e�d�,� �t�h�e� �e�s�t�i�m�a�t�e�s� �f�o�r� �B�,� 

�a�n�d� �B�,� �h�a�d� �n�o� �s�t�a�n�d�a�r�d� �e�r�r�o�r�s� �i�n� �e�a�c�h� �o�f� �t�h�e� �t�h�i�n�n�e�d� �d�a�t�a� 

�f�i�t�s�,� �a�n�d� �S�A�S� �r�e�p�o�r�t�e�d� �"� �t�h�e� �J�a�c�o�b�i�a�n� �i�s� �s�i�n�g�u�l�a�r�"�.� �T�h�i�s� 

�i�n�d�i�c�a�t�e�d� �t�h�a�t� �a�l�l� �i�n�f�o�r�m�a�t�i�o�n� �i�n� �t�h�e�s�e� �t�w�o� �p�a�r�a�m�e�t�e�r�s� �w�a�s� 

�c�o�m�p�l�e�t�e�l�y� �e�x�p�l�a�i�n�e�d� �b�y� �t�h�e� �o�t�h�e�r� �t�h�r�e�e� �p�a�r�a�m�e�t�e�r�s� �i�n� �t�h�e� 

�m�o�d�e�l� �.� �E�s�t�i�m�a�t�e�s� �o�f� �t�h�i�s� �t�y�p�e� �w�i�l�l� �h�e�r�e�a�f�t�e�r� �b�e� �c�a�l�l�e�d� 

�S�i�n�g�u�l�a�r� �e�s�t�i�m�a�t�e�s�.� �T�h�e� �e�s�t�i�m�a�t�e�s� �f�o�r� �B�,�,� �B�,�,� �a�n�d� �B�,� �w�e�r�e� �a�l�l� 

�i�n�s�i�g�n�i�f�i�c�a�n�t�.� �N�o� �s�e�t� �o�f� �s�t�a�r�t�i�n�g� �p�a�r�a�m�e�t�e�r�s� �c�o�u�l�d� �i�m�p�r�o�v�e� 

�u�p�o�n� �t�h�i�s� �r�e�s�u�l�t�.� 
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�I�t� �w�a�s� �d�e�c�i�d�e�d� �t�o� �a�t�t�e�m�p�t� �t�h�r�e�e�-�y�e�a�r� �p�r�e�d�i�c�t�i�o�n� �f�i�t�s� �i�n� 

�t�h�e� �h�o�p�e� �o�f� �g�e�t�t�i�n�g� �v�a�l�i�d� �c�o�n�v�e�r�g�e�n�c�e� �w�i�t�h� �t�h�e� �d�a�t�a� �f�r�o�m� �t�h�e� 

�t�h�i�n�n�e�d� �p�l�o�t�s�.� �C�o�n�v�e�r�g�e�n�c�e� �w�a�s� �m�o�r�e� �s�u�c�c�e�s�s�f�u�l� �u�s�i�n�g� �t�h�r�e�e�-� 

�y�e�a�r� �i�n�c�r�e�m�e�n�t�s� �b�u�t� �a�g�a�i�n� �a�l�l� �e�s�t�i�m�a�t�e�s� �f�o�r� �t�h�e� �f�i�t� �t�o� �h�e�a�v�y� 

�t�h�i�n� �d�a�t�a� �w�e�r�e� �i�n�s�i�g�n�i�f�i�c�a�n�t�,� �a�n�d� �o�n�l�y� �B�,� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t� �i�n� 

�t�h�e� �f�i�t� �t�o� �l�i�g�h�t� �t�h�i�n�n�e�d� �d�a�t�a�.� �C�o�r�r�e�l�a�t�i�o�n� �m�a�t�r�i�x� �a�n�a�l�y�s�i�s� 

�i�d�e�n�t�i�f�i�e�d� �p�a�r�t� �o�f� �t�h�e� �c�a�u�s�e� �o�f� �t�h�e�s�e� �p�r�o�b�l�e�m�s�.� �I�n� �b�o�t�h� �o�f� 

�t�h�e� �d�a�t�a�s�e�t�s� �f�r�o�m� �t�h�i�n�n�e�d� �p�l�o�t�s�,� �c�o�r�r�e�l�a�t�i�o�n� �w�a�s� �g�r�e�a�t�e�r� �t�h�a�n� 

�0�.�9�8� �b�e�t�w�e�e�n� �B�,�,� �B�,�,� �a�n�d� �B�,�.� �I�n� �t�h�e� �d�a�t�a� �f�r�o�m� �h�e�a�v�y� �t�h�i�n� 

�p�l�o�t�s�,� �c�o�r�r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �B�,� �a�n�d� �B�,� �e�x�c�e�e�d�e�d� �0�.�9�9�,� �a�n�d� �w�a�s� 

�g�r�e�a�t�e�r� �t�h�a�n� �0�.�9�4� �f�o�r� �t�h�e� �f�i�t� �t�o� �d�a�t�a� �f�r�o�m� �l�i�g�h�t� �t�h�i�n�n�e�d� 

�p�l�o�t�s�.� �C�o�r�r�e�l�a�t�i�o�n�s� �w�e�r�e� �l�o�w� �(�l�e�s�s� �t�h�a�n� �0�.�6�)� �f�o�r� �B�,� �o�r� �B�,� �t�o� 

�B�,�,� �B�,�,� �o�r� �B�,�,� �e�v�e�n� �i�n� �t�h�e� �f�i�t� �t�o� �a�l�l� �o�f� �t�h�e� �d�a�t�a�.� 

�O�r�i�g�i�n�a�l�l�y�,� �t�h�i�s� �m�o�d�e�l� �w�a�s� �f�i�t� �t�o� �d�a�t�a� �f�r�o�m� �u�n�t�h�i�n�n�e�d� 

�p�l�o�t�s� �o�n�l�y� �f�o�r� �P�T�A�E�D�A�2�.� �I�n� �t�h�a�t� �f�i�t�,� �c�o�r�r�e�l�a�t�i�o�n�s� �w�e�r�e� 

�S�i�m�i�l�a�r�l�y� �h�i�g�h�,� �b�u�t� �n�o�t� �n�e�a�r�l�y� �a�s� �h�i�g�h� �a�s� �t�h�e� �c�u�r�r�e�n�t� �f�i�t� �t�o� 

�u�n�t�h�i�n�n�e�d� �d�a�t�a�.� �T�h�e� �o�r�i�g�i�n�a�l� �f�i�t� �w�a�s� �a�c�r�o�s�s� �o�n�l�y� �o�n�e� �t�h�r�e�e�-� 

�y�e�a�r� �i�n�c�r�e�m�e�n�t� �p�e�r�i�o�d� �o�f� �u�n�t�h�i�n�n�e�d� �p�l�o�t� �d�a�t�a�.� �I�n� �t�h�a�t� �f�i�t�,� 

�o�v�e�r� �1�0�,�0�0�0� �o�b�s�e�r�v�a�t�i�o�n�s� �w�e�r�e� �u�s�e�d� �b�y� �t�r�a�n�s�l�a�t�i�n�g� �t�h�e� �p�l�o�t� �s�o� 

�t�h�a�t� �b�o�r�d�e�r� �t�r�e�e�s� �w�o�u�l�d� �h�a�v�e� �c�o�m�p�e�t�i�t�o�r�s� �o�n� �t�h�e� �o�p�p�o�s�i�t�e� �p�l�o�t� 

�e�d�g�e�.� �H�o�w�e�v�e�r�,� �o�n�l�y� �2�,�5�0�0� �o�b�s�e�r�v�a�t�i�o�n�s� �w�e�r�e� �u�s�e�d� �i�n� �t�h�i�s� 

�a�n�a�l�y�s�i�s�,� �d�u�e� �t�o� �o�n�l�y� �i�n�t�e�r�i�o�r� �t�r�e�e�s� �b�e�i�n�g� �u�s�e�d� �i�n� �t�h�e� �c�u�r�r�e�n�t� 

�f�i�t�s�.� �T�h�e�s�e� �a�r�e� �e�x�p�a�n�d�e�d� �t�o� �5�,�7�0�0� �o�b�s�e�r�v�a�t�i�o�n�s� �b�y� �i�n�c�l�u�d�i�n�g� 

�s�e�c�o�n�d� �a�n�d� �t�h�i�r�d� �r�e�m�e�a�s�u�r�e�m�e�n�t� �d�a�t�a�.� 
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�T�o� �t�e�s�t� �w�h�e�t�h�e�r� �t�e�m�p�o�r�a�l� �c�o�r�r�e�l�a�t�i�o�n� �w�a�s� �a�f�f�e�c�t�i�n�g� �t�h�e� 

�f�i�t�s�,� �n�o�n�-�t�e�m�p�o�r�a�l�l�y� �c�o�r�r�e�l�a�t�e�d� �d�a�t�a�s�e�t�s� �w�e�r�e� �g�e�n�e�r�a�t�e�d� �b�y� 

�r�a�n�d�o�m�l�y� �s�e�l�e�c�t�i�n�g� �o�n�e� �o�f� �t�h�e� �t�h�r�e�e� �r�e�m�e�a�s�u�r�e�m�e�n�t� �p�e�r�i�o�d� 

�o�b�s�e�r�v�a�t�i�o�n�s� �f�o�r� �e�a�c�h� �t�r�e�e�.� �T�h�i�s� �r�e�d�u�c�e�d� �t�h�e� �t�o�t�a�l� �a�v�a�i�l�a�b�l�e� 

�d�a�t�a� �b�y� �t�w�o�-�t�h�i�r�d�s�.� �F�i�t�s� �t�o� �d�a�t�a� �f�r�o�m� �u�n�t�h�i�n�n�e�d�,� �l�i�g�h�t�,� �a�n�d� 

�h�e�a�v�y� �t�h�i�n�n�e�d� �p�l�o�t�s� �w�e�r�e� �d�o�n�e� �f�o�r� �o�n�e�-�y�e�a�r� �a�n�d� �t�h�r�e�e�-�y�e�a�r� 

�i�n�c�r�e�m�e�n�t�s�.� 

�U�s�i�n�g� �n�o�n�-�t�e�m�p�o�r�a�l�l�y� �c�o�r�r�e�l�a�t�e�d� �d�a�t�a� �g�a�v�e� �n�o� �r�e�d�u�c�t�i�o�n� �i�n� 

�t�h�e� �c�o�r�r�e�l�a�t�i�o�n�s� �b�e�t�w�e�e�n� �B�,�,� �B�,�,� �a�n�d� �B�,� �f�o�r� �a�n�y� �o�f� �t�h�e� �t�h�i�n�n�i�n�g� 

�r�e�g�i�m�e�s� �o�r� �i�n�c�r�e�m�e�n�t� �l�e�v�e�l�s�.� �T�h�e� �c�o�r�r�e�l�a�t�i�o�n�s� �b�e�t�w�e�e�n� �t�h�e�s�e� 

�e�s�t�i�m�a�t�e�s� �a�n�d� �B�,� �a�n�d� �B�,� �e�i�t�h�e�r� �g�r�e�a�t�l�y� �i�n�c�r�e�a�s�e�d� �o�r� �d�e�c�r�e�a�s�e�d� 

�d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �t�h�i�n�n�i�n�g� �i�n�t�e�n�s�i�t�y� �i�n� �t�h�e� �t�h�r�e�e�-�y�e�a�r� 

�i�n�c�r�e�m�e�n�t� �f�i�t�s�.� �T�h�e�s�e� �c�o�r�r�e�l�a�t�i�o�n�s� �c�o�u�l�d� �n�o�t� �b�e� �c�o�m�p�a�r�e�d� �w�i�t�h� 

�t�e�m�p�o�r�a�l�l�y� �c�o�r�r�e�l�a�t�e�d� �o�n�e�-�y�e�a�r� �i�n�c�r�e�m�e�n�t� �f�i�t�s� �b�e�c�a�u�s�e� �t�h�e�s�e� 

�v�a�l�u�e�s� �w�e�r�e� �n�o�t� �a�v�a�i�l�a�b�l�e� �f�o�r� �t�h�e� �s�i�n�g�u�l�a�r� �e�s�t�i�m�a�t�e�s� �f�o�r� �B�,� 

�a�n�d� �B�,�.� 

�T�h�e� �H�I�N� �f�i�t�s� �w�e�r�e� �n�o�t� �i�m�p�r�o�v�e�d� �u�s�i�n�g� �t�h�e� �n�o�n�-�t�e�m�p�o�r�a�l�l�y� 

�c�o�r�r�e�l�a�t�e�d� �d�a�t�a�.� �A�l�l� �e�s�t�i�m�a�t�e�s� �i�n� �t�h�e� �f�i�t�s� �t�o� �d�a�t�a� �f�r�o�m� 

�t�h�i�n�n�e�d� �p�l�o�t�s� �w�e�r�e� �a�g�a�i�n� �i�n�s�i�g�n�i�f�i�c�a�n�t�,� �a�n�d� �t�h�e� �e�s�t�i�m�a�t�e� �f�o�r� 

�B�,� �w�a�S� �a�g�a�i�n� �s�i�n�g�u�l�a�r� �i�n� �b�o�t�h� �t�h�e� �t�h�r�e�e�-�y�e�a�r� �a�n�d� �o�n�e�-�y�e�a�r� 

�i�n�c�r�e�m�e�n�t� �f�i�t�s� �t�o� �h�e�a�v�y� �t�h�i�n�n�e�d� �d�a�t�a�.� �T�h�e� �s�t�a�n�d�a�r�d� �e�r�r�o�r�s� �f�o�r� 

�e�a�c�h� �e�s�t�i�m�a�t�e� �i�n�c�r�e�a�s�e�d� �d�r�a�m�a�t�i�c�a�l�l�y�,� �p�a�r�t�i�c�u�l�a�r�l�y� �f�o�r� �B�,� �a�n�d� 

�B�,�.� �T�h�e� �f�i�t� �s�t�a�t�i�s�t�i�c�s�,� �s�u�c�h� �a�s� �t�h�e�y� �a�r�e�,� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� 
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�t�a�b�l�e� �2� �f�o�r� �t�h�e� �n�o�n�-�t�e�m�p�o�r�a�l�l�y� �a�n�d� �t�e�m�p�o�r�a�l�l�y� �c�o�r�r�e�l�a�t�e�d� �f�i�t�s�,� 

�f�o�r� �b�o�t�h� �t�h�e� �o�n�e� �a�n�d� �t�h�r�e�e�-�y�e�a�r� �f�i�t�s�.� �T�h�e� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� �t�h�e� 

�e�s�t�i�m�a�t�e�s� �i�s� �a�l�s�o� �g�i�v�e�n�.� 

�T�h�e� �u�n�t�h�i�n�n�e�d� �p�l�o�t� �d�a�t�a� �w�e�r�e� �r�a�n�d�o�m�l�y� �s�p�l�i�t� �a�n�d� �t�h�e� �o�n�e�-� 

�y�e�a�r� �H�I�N� �m�o�d�e�l� �w�a�s� �f�i�t� �a�n�d� �v�a�l�i�d�a�t�e�d�.� �T�h�e� �S�,�,� �f�o�r� �t�h�i�s� �f�i�t� 

�w�a�s� �0�.�6�6�0�4�,� �a�n� �i�m�p�r�o�v�e�m�e�n�t� �o�v�e�r� �b�o�t�h� �o�f� �t�h�e� �o�t�h�e�r� �f�i�t�s� �t�o� 

�u�n�t�h�i�n�n�e�d� �p�l�o�t� �d�a�t�a�.� �V�a�l�i�d�a�t�i�o�n� �r�e�s�i�d�u�a�l�s� �w�e�r�e� �s�i�m�i�l�a�r� �t�o� �t�h�e� 

�f�i�t� �r�e�s�i�d�u�a�l�s�,� �a�n�d� �i�n�d�i�c�a�t�e�d� �n�o� �p�a�r�t�i�c�u�l�a�r� �b�i�a�s�.� 

�W�h�e�n� �h�i�g�h� �c�o�r�r�e�l�a�t�i�o�n�s� �e�x�i�s�t� �b�e�t�w�e�e�n� �p�a�r�a�m�e�t�e�r�s�,� �i�t� 

�u�s�u�a�l�l�y� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �o�n�e� �o�r� �m�o�r�e� �o�f� �t�h�o�s�e� �p�a�r�a�m�e�t�e�r�s� �s�h�o�u�l�d� 

�b�e� �f�i�x�e�d� �a�t� �a� �p�a�r�t�i�c�u�l�a�r� �v�a�l�u�e�,� �r�a�t�h�e�r� �t�h�a�n� �b�e�i�n�g� �f�i�t�t�e�d� 

�t�h�r�o�u�g�h� �i�t�e�r�a�t�i�o�n�s�.� �T�h�i�s� �w�a�s� �t�r�i�e�d� �w�i�t�h� �B�,� �a�n�d� �B�,�.� �W�h�e�n� �B�,� 

�w�a�s� �s�e�t� �t�o� �0�.�1�2�,� �t�h�e� �m�o�d�e�l� �f�a�i�l�e�d� �t�o� �c�o�n�v�e�r�g�e� �w�i�t�h� �s�e�v�e�r�a�l� 

�s�e�t�s� �o�f� �s�t�a�r�t�i�n�g� �p�a�r�a�m�e�t�e�r�s�.� �F�i�x�i�n�g� �B�,� �a�t� �t�h�e� �a�p�p�r�o�x�i�m�a�t�e� 

�v�a�l�u�e� �o�f� �p�r�e�v�i�o�u�s� �f�i�t�s� �g�e�n�e�r�a�t�e�d� �b�e�t�t�e�r� �r�e�s�u�l�t�s�.� 

�T�h�e� �B�,� �p�a�r�a�m�e�t�e�r� �w�a�s� �s�e�t� �t�o� �0�.�5� �f�o�r� �u�n�t�h�i�n�n�e�d�,� �0�.�6� �f�o�r� 

�l�i�g�h�t� �t�h�i�n�n�e�d�,� �a�n�d� �0�.�3� �f�o�r� �h�e�a�v�y� �t�h�i�n�n�e�d� �p�l�o�t� �d�a�t�a�.� �T�h�e� �f�i�t�s� 

�w�e�r�e� �i�m�p�r�o�v�e�d� �f�o�r� �a�l�l� �t�h�r�e�e� �t�h�i�n�n�i�n�g� �r�e�g�i�m�e�s�,� �f�o�r� �b�o�t�h� �o�n�e�-� 

�y�e�a�r� �a�n�d� �t�h�r�e�e�-�y�e�a�r� �i�n�c�r�e�m�e�n�t�s� �o�v�e�r� �p�r�e�v�i�o�u�s� �f�i�t�s� �u�s�i�n�g� �f�i�v�e� 

�p�a�r�a�m�e�t�e�r�s�.� �T�h�e� �i�m�p�r�o�v�e�m�e�n�t�s� �w�e�r�e� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�,� �b�u�t� �s�o�m�e� 

�e�s�t�i�m�a�t�e�s� �w�h�i�c�h� �w�e�r�e� �i�n�s�i�g�n�i�f�i�c�a�n�t� �b�e�c�a�m�e� �s�i�g�n�i�f�i�c�a�n�t� �a�n�d� �n�o� 

�S�i�n�g�u�l�a�r� �e�s�t�i�m�a�t�e�s� �o�c�c�u�r�r�e�d�.� �F�u�t�u�r�e� �a�n�a�l�y�s�i�s� �m�a�y� �p�r�o�v�e� �t�h�i�s� 
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�t�o� �b�e� �a� �b�e�t�t�e�r� �d�e�s�i�g�n� �f�o�r� �t�h�e� �h�e�i�g�h�t� �i�n�c�r�e�m�e�n�t� �m�o�d�e�l�.� �T�h�e� �f�i�t� 

�s�t�a�t�i�s�t�i�c�s� �a�n�d� �s�t�a�t�u�s� �f�o�r� �t�h�e�s�e� �f�i�t�s� �f�o�r� �o�n�e� �a�n�d� �t�h�r�e�e� �y�e�a�r�s� 

�a�r�e� �g�i�v�e�n� �i�n� �t�a�b�l�e� �3�,� �a�n�d� �c�a�n� �b�e� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �t�a�b�l�e� �2� 

�f�i�t�s� �t�o� �t�e�m�p�o�r�a�l�l�y� �c�o�r�r�e�l�a�t�e�d� �d�a�t�a�.� 

�T�o� �g�o� �o�n�e� �s�t�e�p� �f�u�r�t�h�e�r�,� �a�n� �a�t�t�e�m�p�t� �w�a�s� �m�a�d�e� �t�o� �f�i�t� �t�h�e� 

�H�I�N� �m�o�d�e�l� �w�i�t�h� �B�,� �s�e�t� �a�n�d� �t�o� �i�n�c�o�r�p�o�r�a�t�e� �t�h�e� �t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� 

�v�a�r�i�a�b�l�e� �d�e�v�e�l�o�p�e�d� �i�n� �L�i�u� �e�t� �a�l�.� �(�i�n� �p�r�e�s�s�)� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� 

�C�I� �i�n� �t�h�e� �e�x�p�o�n�e�n�t�.� �C�o�n�v�e�r�g�e�n�c�e� �w�a�s� �a�c�h�i�e�v�e�d�,� �b�u�t� �t�h�e� 

�e�s�t�i�m�a�t�e�s� �f�o�r� �R� �a�n�d� �K� �w�e�r�e� �f�o�u�n�d� �t�o� �b�e� �i�n�s�i�g�n�i�f�i�c�a�n�t�.� �T�h�e� 

�p�a�r�a�m�e�t�e�r� �K� �w�a�s� �e�s�t�i�m�a�t�e�d� �a�t� �7�2�5� �w�h�i�c�h� �w�a�s� �o�b�v�i�o�u�s�l�y� �n�o�t� 

�v�a�l�i�d�.� 

�O�t�h�e�r� �v�a�r�i�a�t�i�o�n�s� �o�f� �t�h�i�s� �m�o�d�e�l� �w�e�r�e� �t�r�i�e�d�.� �T�h�e� �e�s�t�i�m�a�t�e� 

�f�o�r� �B�,� �w�a�s� �a�l�w�a�y�s� �i�n�s�i�g�n�i�f�i�c�a�n�t�.� �F�i�t�t�i�n�g� �t�h�e� �m�o�d�e�l� �w�i�t�h�o�u�t� 

�t�h�i�s� �p�a�r�a�m�e�t�e�r� �a�l�l�o�w�e�d� �m�o�r�e� �s�t�a�b�l�e� �e�s�t�i�m�a�t�e�s� �f�o�r� �t�h�e� �o�t�h�e�r� 

�p�a�r�a�m�e�t�e�r�s�,� �b�u�t� �t�h�e�r�e� �w�a�s� �n�o� �i�m�p�r�o�v�e�m�e�n�t� �i�n� �t�h�e� �r�e�s�i�d�u�a�l� 

�a�n�a�l�y�s�i�s� �a�n�d� �n�o� �p�r�a�c�t�i�c�a�l� �g�a�i�n� �w�a�s� �s�e�e�n� �f�r�o�m� �t�h�i�s� �d�e�s�i�g�n�.� 

�W�h�e�n� �t�h�e� �m�o�d�e�l� �w�a�s� �f�i�t� �w�i�t�h�o�u�t� �C�R� �o�r� �i�t�s� �p�a�r�a�m�e�t�e�r� �(�B�,�)� �i�n� �t�h�e� 

�e�x�p�o�n�e�n�t� �o�f� �t�h�e� �m�o�d�e�l�,� �i�t� �r�e�s�u�l�t�e�d� �i�n� �t�h�e� �w�o�r�s�t� �f�i�t� �o�f� �a�n�y� �o�f� 

�t�h�e� �f�o�r�m�s� �t�r�i�e�d�.� 

�S�p�r�e�a�d�s�h�e�e�t� �a�n�a�l�y�s�i�s� �w�a�s� �d�o�n�e� �o�n� �t�h�e� �m�o�d�e�l�s� �f�i�t�t�e�d� �t�o� 

�d�a�t�a� �f�r�o�m� �l�i�g�h�t� �a�n�d� �h�e�a�v�y� �t�h�i�n�n�e�d� �p�l�o�t�s� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� 

�i�m�p�a�c�t� �o�f� �e�a�c�h� �o�f� �t�h�e� �v�a�r�i�a�b�l�e�s� �C�R�,� �C�I�,� �a�n�d� �P�H�I�N� �o�n� �t�h�e� �H�I�N� 
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�T�a�b�l�e� �2�.� �F�i�t� �s�t�a�t�i�s�t�i�c�s� �a�n�d� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� �e�s�t�i�m�a�t�e�s� �f�o�r� �h�e�i�g�h�t� �i�n�c�r�e�m�e�n�t� �m�o�d�e�l�s� �f�i�t� �t�o� 
�t�e�m�p�o�r�a�l�l�y� �a�n�d� �n�o�n�-�t�e�m�p�o�r�a�i�l�y� �c�o�r�r�e�l�a�t�e�d� �d�a�t�a�.� 

� � 

� � 
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�M�o�d�e�l� �S�S�E� �M�S�E� �S�y�.�x� �D�f� �S�i�g�n�i�f�i�c�a�n�c�e� 
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�S�S�E� �=� �s�u�m� �o�f� �s�q�u�a�r�e�s� �f�o�r� �e�r�r�o�r�,� �M�S�E� �=� �m�e�a�n� �s�q�u�a�r�e� �e�r�r�o�r�,� �S�y�.�x� �=� �s�t�a�n�d�a�r�d� 
�e�r�r�o�r� �o�f� �t�h�e� �e�s�t�i�m�a�t�e�,� �D�f� �=� �f�i�t�t�i�n�g� �d�e�g�r�e�e�s� �o�f� �f�r�e�e�d�o�m�.� 
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�p�r�e�d�i�c�t�i�o�n�.� �E�a�c�h� �o�f� �t�h�e�s�e� �v�a�r�i�a�b�l�e�s� �w�a�s� �v�a�r�i�e�d� �a�c�r�o�s�s� �i�t�s� 

�o�b�s�e�r�v�e�d� �r�a�n�g�e� �w�h�i�l�e� �h�o�l�d�i�n�g� �t�h�e� �o�t�h�e�r� �t�w�o� �v�a�r�i�a�b�l�e�s� �c�o�n�s�t�a�n�t� 

�a�t� �t�h�e�i�r� �m�e�a�n�s�,� �a�n�d� �t�h�e� �H�I�N� �p�r�e�d�i�c�t�i�o�n� �w�a�s� �a�n�a�l�y�z�e�d�.� 

�I�t� �w�a�s� �f�o�u�n�d� �t�h�a�t� �H�I�N� �c�h�a�n�g�e�d� �b�y� �l�e�s�s� �t�h�a�n� �a� �f�o�o�t� �a�c�r�o�s�s� 

�t�h�e� �e�n�t�i�r�e� �r�a�n�g�e� �o�f� �e�i�t�h�e�r� �c�o�m�p�e�t�i�t�i�o�n� �i�n�d�e�x� �o�r� �c�r�o�w�n� �r�a�t�i�o�.� 

�T�h�e� �H�I�N� �p�r�e�d�i�c�t�i�o�n� �w�a�s� �a�b�o�u�t� �e�q�u�a�l� �t�o� �P�H�I�N� �a�c�r�o�s�s� �t�h�e� �r�a�n�g�e� �o�f� 

�p�o�t�e�n�t�i�a�l� �h�e�i�g�h�t�s� �(�a�b�o�u�t� �5� �f�e�e�t�)�.� �T�h�i�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �C�R� �a�n�d� 

�C�I� �s�e�e�m�e�d� �t�o� �h�a�v�e� �v�e�r�y� �l�i�t�t�l�e� �p�o�w�e�r� �i�n� �t�h�e� �m�o�d�i�f�i�c�a�t�i�o�n� �o�f� 

�P�H�I�N�,� �t�h�u�s� �t�h�e� �v�a�l�u�e� �o�f� �P�H�I�N� �l�a�r�g�e�l�y� �c�o�n�t�r�o�l�s� �t�h�e� �H�I�N� 

�p�r�e�d�i�c�t�i�o�n�.� �T�h�i�s� �c�o�n�d�i�t�i�o�n� �w�a�s� �m�o�r�e� �p�r�o�m�i�n�e�n�t� �f�o�r� �t�h�e� 

�e�s�t�i�m�a�t�e�s� �f�i�t� �t�o� �d�a�t�a� �f�r�o�m� �h�e�a�v�y� �t�h�i�n� �p�l�o�t�s�.� �T�h�e� �l�a�c�k� �o�f� 

�i�m�p�a�c�t� �o�f� �c�h�a�n�g�e�s� �i�n� �C�R� �o�r� �C�I� �a�s� �t�h�i�n�n�i�n�g� �i�n�t�e�n�s�i�t�y� �i�s� 

�i�n�c�r�e�a�s�e�d� �w�a�s� �a�n�o�t�h�e�r� �p�o�s�s�i�b�l�e� �e�x�p�l�a�n�a�t�i�o�n� �f�o�r� �t�h�e� �d�i�f�f�i�c�u�l�t�y� 

�i�n� �o�b�t�a�i�n�i�n�g� �v�a�l�i�d� �f�i�t�s� �t�o� �t�h�e� �t�h�i�n�n�e�d� �d�a�t�a�.� 

�T�h�e�r�e� �n�o�w� �a�p�p�e�a�r�e�d� �t�o� �b�e� �t�w�o� �p�o�s�s�i�b�l�e� �e�x�p�l�a�n�a�t�i�o�n�s� �f�o�r� 

�t�h�e� �d�i�f�f�i�c�u�l�t�y� �i�n� �f�i�t�t�i�n�g� �t�h�e� �h�e�i�g�h�t� �i�n�c�r�e�m�e�n�t� �m�o�d�e�l� �t�o� �d�a�t�a� 

�f�r�o�m� �t�h�i�n�n�e�d� �p�l�o�t�s�.� �O�n�e� �w�a�s� �t�h�a�t� �t�h�e�r�e� �w�a�s� �n�o� �m�e�a�s�u�r�a�b�l�e� 

�v�a�r�i�a�t�i�o�n� �i�n� �h�e�i�g�h�t� �i�n�c�r�e�m�e�n�t� �r�e�s�p�o�n�s�e� �b�e�t�w�e�e�n� �d�i�f�f�e�r�e�n�t� 

�i�n�t�e�n�s�i�t�i�e�s� �o�f� �t�h�i�n�n�i�n�g�,� �a� �p�o�s�s�i�b�i�l�i�t�y� �s�u�p�p�o�r�t�e�d� �b�y� �m�u�c�h� 

�p�r�e�v�i�o�u�s� �r�e�s�e�a�r�c�h�.� �T�h�i�s� �l�a�c�k� �o�f� �v�a�r�i�a�t�i�o�n�,� �c�o�u�p�l�e�d� �w�i�t�h� �t�h�e� 

�i�n�h�e�r�e�n�t� �e�r�r�o�r� �i�n� �f�i�e�l�d� �m�e�a�s�u�r�e�m�e�n�t�s� �o�f� �h�e�i�g�h�t� �c�o�u�l�d� �e�a�s�i�l�y� 

�e�x�p�l�a�i�n� �t�h�e� �f�i�t�t�i�n�g� �d�i�f�f�i�c�u�l�t�i�e�s�.� 
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�T�h�e� �s�e�c�o�n�d� �p�o�s�s�i�b�i�l�i�t�y� �w�a�s� �t�h�a�t� �t�h�e� �r�e�s�p�o�n�s�e� �i�s� �a�l�r�e�a�d�y� 

�i�n�c�o�r�p�o�r�a�t�e�d� �i�n� �t�h�e� �m�o�d�e�l� �i�n� �t�h�e� �o�b�s�e�r�v�e�d� �p�o�t�e�n�t�i�a�l� �h�e�i�g�h�t� 

�i�n�c�r�e�m�e�n�t�s�.� �T�h�i�s� �s�e�c�o�n�d� �p�o�s�s�i�b�i�l�i�t�y� �w�o�u�l�d� �e�x�p�l�a�i�n� �w�h�y� �i�t� 

�b�e�c�o�m�e�s� �i�n�c�r�e�a�s�i�n�g�l�y� �d�i�f�f�i�c�u�l�t� �t�o� �o�b�t�a�i�n� �v�a�l�i�d� �e�s�t�i�m�a�t�e�s� �f�o�r� 

�t�h�e� �p�a�r�a�m�e�t�e�r�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �C�R� �a�n�d� �C�I� �a�s� �t�h�e� �i�n�t�e�n�s�i�t�y� �o�f� 

�t�h�i�n�n�i�n�g� �i�s� �i�n�c�r�e�a�s�e�d�.� �M�o�d�i�f�i�c�a�t�i�o�n� �o�f� �P�H�I�N� �i�n� �t�h�e� �H�I�N� �m�o�d�e�l� 

�s�e�e�m�s� �t�o� �b�e�c�o�m�e� �i�n�s�i�g�n�i�f�i�c�a�n�t� �a�s� �t�h�i�n�n�i�n�g� �i�n�t�e�n�s�i�t�y� �i�s� 

�i�n�c�r�e�a�s�e�d�.� �T�h�i�s� �w�a�s� �i�n�d�i�c�a�t�e�d� �b�y� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �a�n�a�l�y�s�i�s�.� 

�W�h�e�n� �t�h�e� �o�b�s�e�r�v�e�d� �P�H�I�N ��s� �w�e�r�e� �p�l�o�t�t�e�d�,� �t�h�e� �s�e�c�o�n�d� 

�p�o�s�s�i�b�i�l�i�t�y� �b�e�c�a�m�e� �v�e�r�y� �l�i�k�e�l�y�.� �R�e�f�e�r� �t�o� �f�i�g�u�r�e� �1� �a�n�d� �n�o�t�e� 

�t�h�e� �i�n�v�e�r�s�i�o�n� �o�f� �p�o�t�e�n�t�i�a�l� �g�r�o�w�t�h� �b�e�t�w�e�e�n� �i�n�t�e�n�s�i�t�i�e�s� �a�s� 

�e�l�a�p�s�e�d� �t�i�m�e� �s�i�n�c�e� �t�h�i�n�n�i�n�g� �i�n�c�r�e�a�s�e�s�.� �T�h�e�s�e� �p�l�o�t�s� �s�h�o�w� �t�h�a�t� 

�t�h�i�n�n�i�n�g� �t�h�e� �s�t�a�n�d� �s�l�o�w�s� �t�h�e� �d�e�c�r�e�a�s�e� �i�n� �h�e�i�g�h�t� �g�r�o�w�t�h� �w�i�t�h� 

�i�n�c�r�e�a�s�i�n�g� �a�g�e�,� �a�t� �l�e�a�s�t� �o�n� �a� �m�e�a�n� �a�n�a�l�y�s�i�s� �l�e�v�e�l�.� 

�D�u�r�i�n�g� �a�n�a�l�y�s�i�s� �f�o�r� �t�h�i�s� �t�h�e�s�i�s�,� �f�o�u�r�t�h� �r�e�m�e�a�s�u�r�e�m�e�n�t� 

�d�a�t�a� �f�o�r� �4�4� �o�f� �t�h�e� �1�8�6� �p�l�o�t�s� �b�e�c�a�m�e� �a�v�a�i�l�a�b�l�e�.� �T�h�e� �t�h�r�e�e� 

�r�e�m�e�a�s�u�r�e�m�e�n�t� �d�a�t�a�s�e�t� �i�s� �l�a�b�e�l�e�d� �R�E�M�3�.� �W�h�e�n� �t�h�e� �d�a�t�a� �f�r�o�m� 

�t�h�i�s� �f�o�u�r�t�h� �r�e�m�e�a�s�u�r�e�m�e�n�t� �(�R�E�M�4�)� �w�a�s� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �u�n�t�h�i�n�n�e�d� 

�p�l�o�t� �f�i�t� �o�f� �t�h�e� �H�I�N� �m�o�d�e�l�,� �r�e�s�u�l�t�s� �s�i�m�i�l�a�r� �t�o� �t�h�e� �t�h�r�e�e� 

�r�e�m�e�a�s�u�r�e�m�e�n�t� �f�i�t� �t�o� �R�E�M�3� �d�a�t�a� �w�e�r�e� �o�b�t�a�i�n�e�d�.� �H�o�w�e�v�e�r�,� �w�h�e�n� 

�o�n�l�y� �t�h�r�e�e� �r�e�m�e�a�s�u�r�e�m�e�n�t�s� �f�r�o�m� �t�h�e� �R�E�M�4� �d�a�t�a�s�e�t� �w�e�r�e� �u�s�e�d�,� �f�i�t� 

�s�t�a�t�i�s�t�i�c�s� �w�e�r�e� �s�i�m�i�l�a�r� �b�u�t� �a�l�l� �e�s�t�i�m�a�t�e�s� �w�e�r�e� �i�n�s�i�g�n�i�f�i�c�a�n�t� 

�e�x�c�e�p�t� �B�,�.� 
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�W�h�e�n� �P�H�I�N� �p�l�o�t�s� �w�e�r�e� �g�e�n�e�r�a�t�e�d� �t�o� �i�n�c�l�u�d�e� �t�h�e� �a�v�a�i�l�a�b�l�e� 

�f�o�u�r�t�h� �r�e�m�e�a�s�u�r�e�m�e�n�t� �d�a�t�a�,� �t�h�e� �P�H�I�N ��s� �o�f� �a�l�l� �t�h�r�e�e� �t�h�i�n�n�i�n�g� 

�i�n�t�e�n�s�i�t�i�e�s� �r�o�s�e� �s�h�a�r�p�l�y� �b�e�t�w�e�e�n� �n�i�n�e� �a�n�d� �t�w�e�l�v�e� �y�e�a�r�s� �(�s�e�e� 

�f�i�g�u�r�e� �2�)�.� �S�i�n�c�e� �t�h�e�s�e� �p�l�o�t�s� �a�r�e� �e�s�s�e�n�t�i�a�l�l�y� �c�u�r�r�e�n�t� �a�n�n�u�a�l� 

�i�n�c�r�e�m�e�n�t� �(�C�A�I�)� �p�l�o�t�s� �a�n�d� �l�o�b�l�o�l�l�y� �p�i�n�e� �r�e�a�c�h�e�s� �i�t�s� �p�e�a�k� �C�A�I� 

�a�t� �f�o�u�r� �t�o� �f�i�v�e� �y�e�a�r�s� �o�f� �a�g�e�,� �P�H�I�N� �s�h�o�u�l�d� �n�o�t� �i�n�c�r�e�a�s�e� �a�g�a�i�n�.� 

�A� �c�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� �m�e�a�n� �s�i�t�e� �i�n�d�i�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �4�4� 

�f�o�u�r�t�h� �r�e�m�e�a�s�u�r�e�m�e�n�t� �p�l�o�t�s� �a�n�d� �t�h�e� �t�o�t�a�l� �o�f� �1�8�6� �p�l�o�t�s� �f�o�u�n�d� 

�t�h�e� �m�e�a�n� �v�a�l�u�e�s� �t�o� �b�e� �o�n�l�y� �t�w�o� �f�e�e�t� �h�i�g�h�e�r� �o�n� �t�h�e� �R�E�M�4� �p�l�o�t�s�,� 

�b�u�t� �t�h�e� �m�i�n�i�m�u�m� �s�i�t�e� �i�n�d�i�c�e�s� �w�e�r�e� �a�b�o�u�t� �e�i�g�h�t� �f�e�e�t� �h�i�g�h�e�r� �o�n� 

�t�h�e�s�e� �p�l�o�t�s�.� �T�t� �i�s� �u�n�k�n�o�w�n� �i�f� �t�h�i�s� �c�o�u�l�d� �a�c�c�o�u�n�t� �f�o�r� �t�h�e� 

�d�i�f�f�e�r�e�n�c�e�s� �s�e�e�n� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �P�H�I�N� �p�l�o�t�s�,� �b�u�t� �i�t� �i�s� �o�n�e� 

�p�o�s�s�i�b�l�e� �e�x�p�l�a�n�a�t�i�o�n�.� 

�T�h�u�s�,� �b�a�s�e�d� �o�n� �t�h�i�s� �a�n�a�l�y�s�i�s� �a�n�d� �t�h�e� �H�I�N� �f�i�t�t�i�n�g� �p�r�o�b�l�e�m�s� 

�w�i�t�h� �t�h�r�e�e� �r�e�m�e�a�s�u�r�e�m�e�n�t�s� �f�r�o�m� �R�E�M�4� �d�a�t�a�,� �i�t� �w�a�s� �d�e�c�i�d�e�d� �t�h�a�t� 

�o�n�l�y� �t�h�r�e�e� �r�e�m�e�a�s�u�r�e�m�e�n�t�s� �o�f� �R�E�M�3� �d�a�t�a� �s�h�o�u�l�d� �b�e� �u�s�e�d� �i�n� 

�f�i�t�t�i�n�g� �t�h�e� �H�I�N� �m�o�d�e�l� �t�o� �a�v�o�i�d� �c�o�n�f�o�u�n�d�i�n�g� �t�h�e� �r�e�s�u�l�t�s�,� �a�n�d� 

�t�h�a�t� �i�t� �b�e� �f�i�t� �t�o� �u�n�t�h�i�n�n�e�d� �d�a�t�a� �o�n�l�y�,� �a�s� �w�a�s� �d�o�n�e� �o�r�i�g�i�n�a�l�l�y� 

�f�o�r� �P�T�A�E�D�A�2�.� �T�h�e� �f�i�n�a�l� �e�s�t�i�m�a�t�e�s� �f�r�o�m� �t�h�i�s� �u�n�t�h�i�n�n�e�d� �d�a�t�a� �f�i�t� 

�a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �t�a�b�l�e� �4�.� 

�T�o� �m�a�i�n�t�a�i�n� �c�o�n�s�i�s�t�e�n�c�y� �b�e�t�w�e�e�n� �t�h�e� �d�i�f�f�e�r�e�n�t� �m�o�d�e�l�s� �i�n� 

�t�h�i�s� �p�r�o�j�e�c�t�,� �a�l�l� �o�f� �t�h�e� �m�o�d�e�l�s� �w�e�r�e� �f�i�t� �t�o� �o�n�l�y� �t�h�r�e�e� 
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�S�y�.�x� �=� �s�t�a�n�d�a�r�d� �e�r�r�o�r� �o�f� �t�h�e� �e�s�t�i�m�a�t�e�.� 
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�r�e�m�e�a�s�u�r�e�m�e�n�t�s� �u�S�i�n�g� �t�h�e� �R�E�M�3� �d�a�t�a�s�e�t�.� �T�h�e� �4�4� �p�l�o�t�s� �w�i�t�h� �R�E�M�4� 

�d�a�t�a� �w�e�r�e� �u�s�e�d� �i�n� �c�e�r�t�a�i�n� �v�a�l�i�d�a�t�i�o�n� �a�n�a�l�y�s�e�s� �d�e�s�c�r�i�b�e�d� �l�a�t�e�r�.� 

�T�h�e� �g�o�a�l� �t�h�e�n� �b�e�c�a�m�e� �t�o� �d�e�v�e�l�o�p� �a� �m�o�d�e�l� �i�n�c�o�r�p�o�r�a�t�i�n�g� �a� 

�t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e� �(�T�R�V�)� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� �r�e�s�p�o�n�s�e� �o�f� 

�m�e�a�n� �t�o�t�a�l� �h�e�i�g�h�t� �o�f� �d�o�m�i�n�a�n�t� �a�n�d� �c�o�d�o�m�i�n�a�n�t� �t�r�e�e�s� �t�o� �t�h�i�n�n�i�n�g� 

�i�n�t�e�n�s�i�t�y�.� �T�h�i�s� �m�o�d�e�l� �w�o�u�l�d� �t�h�e�n� �p�r�o�v�i�d�e� �t�h�e� �p�r�e�d�i�c�t�e�d� �P�H�I�N ��s� 

�i�n� �a� �h�e�i�g�h�t� �i�n�c�r�e�m�e�n�t� �m�o�d�e�l� �f�i�t�t�e�d� �t�o� �u�n�t�h�i�n�n�e�d� �p�l�o�t� �d�a�t�a� 

�o�n�l�y�.� �T�h�e� �m�o�d�e�l�e�d� �P�H�I�N� �w�o�u�l�d� �t�h�e�n�,� �i�n� �e�f�f�e�c�t�,� �b�e�c�o�m�e� �t�h�e� 

�m�o�d�i�f�i�e�r� �t�o� �t�h�e� �H�I�N� �p�r�e�d�i�c�t�i�o�n�,� �r�a�t�h�e�r� �t�h�a�n� �t�h�e� �m�o�d�i�f�i�e�d� 

�p�o�r�t�i�o�n� �o�f� �t�h�e� �m�o�d�e�l�.� �I�n� �t�h�i�s� �w�a�y�,� �t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� �w�o�u�l�d� �b�e� 

�i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �t�h�e� �H�I�N� �p�r�e�d�i�c�t�i�o�n�.� 

�M�e�a�n� �D�o�m�i�n�a�n�t� �a�n�d� �C�o�d�o�m�i�n�a�n�t� �H�e�i�g�h�t� �M�o�d�e�l� 

�E�x�a�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �P�H�I�N� �p�l�o�t�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �m�o�d�e�l� 

�s�h�o�u�l�d� �b�e� �c�o�n�d�i�t�i�o�n�e�d� �s�u�c�h� �t�h�a�t� �t�h�e� �m�e�a�n� �d�o�m�i�n�a�n�t�/�c�o�d�o�m�i�n�a�n�t� 

�h�e�i�g�h�t� �a�t� �a�l�l� �t�h�i�n�n�i�n�g� �i�n�t�e�n�s�i�t�i�e�s� �w�o�u�l�d� �b�e� �e�q�u�a�l� �d�i�r�e�c�t�l�y� 

�a�f�t�e�r� �t�h�i�n�n�i�n�g� �a�n�d� �a�t� �s�i�x� �y�e�a�r�s� �a�f�t�e�r� �t�h�i�n�n�i�n�g�.� �T�o� �t�e�s�t� �t�h�i�s� 

�c�o�n�d�i�t�i�o�n�i�n�g�,� �t�h�e� �d�a�t�a� �w�e�r�e� �e�q�u�a�l�l�y� �d�i�v�i�d�e�d� �i�n�t�o� �f�o�u�r� �g�r�o�u�p�s� 

�d�e�f�i�n�e�d� �b�y� �t�h�e� �p�l�o�t� �a�g�e�s� �a�t� �t�h�i�n�n�i�n�g�.� �T�h�e� �g�r�o�u�p�s� �w�e�r�e� �8� �-� �1�2� 

�y�e�a�r�s�,� �1�2� �-� �1�4� �y�e�a�r�s�,� �1�4� �-� �1�8� �y�e�a�r�s�,� �a�n�d� �1�8� �-� �2�5� �y�e�a�r�s� �o�f� �a�g�e� 

�a�t� �t�h�e� �t�i�m�e� �o�f� �t�h�i�n�n�i�n�g�.� �F�i�g�u�r�e� �3� �s�h�o�w�s� �p�l�o�t�s� �o�f� �o�b�s�e�r�v�e�d� 

�P�H�I�N ��s� �i�n� �e�a�c�h� �o�f� �t�h�e�s�e� �f�o�u�r� �g�r�o�u�p�s�.� 
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�M�e�a�n�s� �o�f� �P�o�t�e�n�t�i�a�l� �H�e�i�g�h�t� �I�n�c�r�e�m�e�n�t�s� 
�T�h�i�r�r�i�n�g� �A�g�e�s� �o�f� �&� �-� �1�2� �Y�e�a�r�s� 

� � 

�Q� �3� �3� �1�2� �6� 
�Y�e�a�r�s� �S�i�n�c�e� �T�h�i�n�n�i�n�g� 

� � 
�[�2� �N�e�o�-�T�h�i�n� �+� �L�i�g�h�t�-�T�h�i�n� �-�<�-� �H�e�a�v�y�-�T�h�n� �|� � � 

�M�e�a�n�s� �o�f� �P�o�t�e�n�t�i�a�l� �H�e�i�g�h�t� �I�n�c�r�e�m�e�n�t�s� 
�T�h�i�n�n�i�n�g� �A�g�e�s� �o�f� �1�4� �-� �1�8� �Y�e�a�r�s� 

� � 

�o� �3� �8� �9� �1�2� 
�Y�e�a�r�s� �S�i�n�c�e� �T�h�i�n�n�i�n�g� 

� � 
�|�-�»� �N�e�w� �T�h�a�t� �+� �L�g�h�-�T�h�i�n� �-�o�-� �H�e�a�w�y�=�-�T�h�i�n� �|� � � 

�M�e�a�n�s� �o�f� �P�o�t�e�n�t�i�a�l� �H�e�i�g�h�t� �I�n�c�r�e�m�e�n�t�s� 
�T�h�i�r�r�i�n�g� �A�g�e�s� �o�f� �1�2� �-� �1�4� �Y�e�a�r�s� 

� � 

�a� �3� �8� �9� �1�2� 
�Y�o�a�r�s� �S�i�n�c�e� �T�h�i�n�i�n�g� 

� � 
�[�-�a�e� �N�o�-�T�h�i�n� �+� �L�i�g�h�t�T�h�i�n� �~�o�-� �H�e�a�w�y�-�T�h�i�n� � � 

�M�e�a�n�s� �o�f� �P�o�t�e�n�t�i�a�l� �H�e�i�g�h�t� �i�n�c�r�e�m�e�n�t�s� 
�T�h�i�n�n�i�n�g� �A�g�e�s� �o�f� �1�8� �-� �2�5� �Y�o�a�r�s� 

� � 

�6� �3� �8� �8� �1�2� 
�Y�e�a�r�s� �S�i�n�c�e� �T�h�i�n�n�i�n�g� 

� � 
�[�-�=�-� �N�e�T�a�n� �9� �=� �L�i�g�h�t�T�h�i�n� �<�<� �H�e�e�y�y�-�T�h�i�n� � � 

�F�i�g�u�r�e� �3�.� �P�l�o�t�s� �o�f� �t�h�e� �m�e�a�n�s� �o�f� �o�b�s�e�r�v�e�d� �p�o�t�e�n�t�i�a�l� �h�e�i�g�h�t� �i�n�c�r�e�m�e�n�t�s� �f�o�r� �f�o�u�r� �r�a�n�g�e�s� �o�f� �p�l�o�t� �a�g�e�s� �a�t� 
�t�h�i�n�n�i�n�g�.� �E�a�c�h� �p�l�o�t� �r�e�p�r�e�s�e�n�t�s� �2�5�%� �o�f� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �r�e�s�e�a�r�c�h� �p�l�o�t�s�.



�E�a�c�h� �P�H�I�N� �p�l�o�t� �s�h�o�w�s� �a� �v�a�r�i�a�t�i�o�n� �i�n� �m�e�a�n� �d�o�m�i�n�a�n�t�/� 

�c�o�d�o�m�i�n�a�n�t� �h�e�i�g�h�t� �b�e�t�w�e�e�n� �t�h�i�n�n�i�n�g� �i�n�t�e�n�s�i�t�i�e�s� �o�v�e�r� �t�i�m�e�,� 

�i�n�d�i�c�a�t�i�n�g� �t�h�e� �n�e�e�d� �f�o�r� �a� �m�o�d�e�l� �t�o� �d�e�s�c�r�i�b�e� �t�h�e�s�e� �v�a�r�i�a�t�i�o�n�s�.� 

�H�o�w�e�v�e�r�,� �t�h�e�y� �s�h�o�w� �v�e�r�y� �d�i�f�f�e�r�e�n�t� �p�a�t�t�e�r�n�s� �f�o�r� �t�h�e� �y�o�u�n�g�e�s�t� 

�a�n�d� �o�l�d�e�s�t� �p�l�o�t�s� �t�h�a�n� �w�a�s� �i�n�d�i�c�a�t�e�d� �b�y� �t�h�e� �p�l�o�t�s� �o�f� �a�l�l� �t�h�e� 

�d�a�t�a�.� �T�h�u�s�,� �t�h�e� �i�d�e�a� �o�f� �c�o�n�d�i�t�i�o�n�i�n�g� �t�h�e� �m�o�d�e�l� �w�a�s� �d�i�s�c�a�r�d�e�d�.� 

�A�n�o�t�h�e�r� �c�o�n�s�i�d�e�r�a�t�i�o�n� �w�a�s� �t�h�a�t� �t�h�e� �d�e�f�i�n�i�t�i�o�n� �o�f� �m�e�a�n� 

�t�o�t�a�l� �h�e�i�g�h�t� �(�M�T�H�)� �w�a�s� �a�t� �t�h�e� �c�o�r�e� �o�f� �t�h�e� �o�b�s�e�r�v�e�d� �v�a�r�i�a�t�i�o�n�.� 

�I�n� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s�,� �M�T�H� �i�s� �d�e�f�i�n�e�d� �a�s� �t�h�e� �m�e�a�n� �t�o�t�a�l� �h�e�i�g�h�t� 

�o�f� �t�h�e� �d�o�m�i�n�a�n�t� �a�n�d� �c�o�d�o�m�i�n�a�n�t� �t�r�e�e�s� �o�o�n� �a�e� �p�l�o�t�.� 

�I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e�s�e� �t�r�e�e�s� �i�s� �a�l�w�a�y�s� �s�u�b�j�e�c�t�i�v�e�,� �d�e�p�e�n�d�i�n�g� 

�o�n� �t�h�e� �c�r�u�i�s�e�r ��s� �s�k�i�l�l� �a�n�d� �e�x�p�e�r�i�e�n�c�e�.� �I�f� �v�a�r�i�a�t�i�o�n� �i�n� �M�T�H� 

�b�e�t�w�e�e�n� �t�h�i�n�n�i�n�g� �i�n�t�e�n�s�i�t�i�e�s� �p�r�o�v�e�d� �t�o� �b�e� �a�b�s�e�n�t� �u�n�d�e�r� �a� 

�d�i�f�f�e�r�e�n�t� �d�e�f�i�n�i�t�i�o�n� �o�f� �M�T�H�,� �t�h�e�n� �t�h�i�s� �c�o�u�l�d� �p�r�o�v�i�d�e� �a�n� 

�a�l�t�e�r�n�a�t�e� �p�a�t�h� �o�f� �a�n�a�l�y�s�i�s� �f�o�r� �t�h�e� �t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� �m�o�d�e�l�i�n�g�.� 

�T�w�o� �o�t�h�e�r� �d�e�f�i�n�i�t�i�o�n�s� �f�o�r� �m�e�a�n� �t�o�t�a�l� �h�e�i�g�h�t� �w�e�r�e� �e�x�a�m�i�n�e�d�.� 

�M�T�H� �d�e�f�i�n�e�d� �a�s� �t�h�e� �m�e�a�n� �t�o�t�a�l� �h�e�i�g�h�t� �o�f� �t�h�e� �t�a�l�l�e�s�t� �1�0�0� �t�r�e�e�s� 

�p�e�r� �h�e�c�t�a�r�e� �(�4�0� �t�r�e�e�s� �p�e�r� �a�c�r�e�)�,� �a�s� �i�s� �c�o�m�m�o�n� �p�r�a�c�t�i�c�e� �i�n� �m�a�n�y� 

�E�u�r�o�p�e�a�n� �c�o�u�n�t�r�i�e�s�,� �a�n�d� �t�h�e� �m�e�a�n� �t�o�t�a�l� �h�e�i�g�h�t� �o�f� �o�n�l�y� �t�h�e� 

�d�o�m�i�n�a�n�t� �t�r�e�e�s� �o�n� �e�a�c�h� �p�l�o�t�.� 

�T�h�e� �p�l�o�t�s� �o�f� �o�b�s�e�r�v�e�d� �P�H�I�N ��s� �u�n�d�e�r� �e�a�c�h� �o�f� �t�h�e�s�e� 

�d�e�f�i�n�i�t�i�o�n�s� �s�h�o�w�n� �i�n� �f�i�g�u�r�e� �4�,� �d�e�m�o�n�s�t�r�a�t�e� �a� �s�i�m�i�l�a�r� �v�a�r�i�a�t�i�o�n� 

�i�n� �M�T�H� �b�e�t�w�e�e�n� �t�h�i�n�n�i�n�g� �i�n�t�e�n�s�i�t�i�e�s� �o�v�e�r� �t�i�m�e� �a�s� �w�a�s� �o�b�s�e�r�v�e�d� 
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�O�b�s�e�r�v�e�d� �P�H�I�N�'�s� �b�y� �M�T�H� �S�u�b�t�r�a�c�t�i�o�n� 
�M�T�H� �D�e�f�i�n�e�d� �b�y� �t�h�e� �T�a�l�l�e�s�t� �4�0� �T�P�A� 

�6�.�8� 

�M
�e

�a
�n

� 
�V

�a
�l�

u�
e�

s�
 

�(�f
�e�

e�t
�)� 

�a�o
� 

�o�n
� 

�o�a
� 

�2
� 

�@
� 

�n�o�
n� 

�>�»� 
�9

� 
�B�

W�
 

�&�®
�&� 

�&
� 

�w�
m� 

�»
� 

� � 
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�|� �-�-� �N�o�-�T�h�i�n�  ��+� �L�i�g�h�t�-�T�h�i�n� �-�<�-� �H�e�a�v�y�-�T�h�i�n� 
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�Y�e�a�r�s� �S�i�n�c�e� �T�h�i�n�n�i�n�g� 

� � 

�-�@�-� �N�o�-�T�h�i�n� �- ��-�-� �L�i�g�h�t�-�T�h�i�n� �~�O�-� �H�e�a�v�y�-�T�h�i�n� 

�F�i�g�u�r�e� �4�.� �O�b�s�e�r�v�e�d� �m�e�a�n�s� �o�f� �p�o�t�e�n�t�i�a�l� �h�e�i�g�h�t� �i�n�c�r�e�m�e�n�t�s� �c�a�l�c�u�l�a�t�e�d� �b�y� 
�s�u�b�t�r�a�c�t�i�o�n� �o�f� �c�o�n�s�e�c�u�t�i�v�e� �m�e�a�n� �t�o�t�a�l� �h�e�i�g�h�t�s� �u�n�d�e�r� �t�w�o� �d�e�f�i�n�i�t�i�o�n�s� �o�f� �M�T�H�.� 

�P�a�g�e� �4�0



�u�n�d�e�r� �t�h�e� �t�r�a�d�i�t�i�o�n�a�l� �d�e�f�i�n�i�t�i�o�n�.� �T�h�e� �v�a�r�i�a�t�i�o�n�s� �o�f� �c�o�u�r�s�e� 

�d�i�f�f�e�r�e�d� �b�e�t�w�e�e�n� �d�e�f�i�n�i�t�i�o�n�s�,� �b�u�t� �t�h�e�y� �s�t�i�l�l� �e�x�i�s�t�e�d�,� �t�h�u�s� 

�t�h�i�s� �p�a�t�h� �o�f� �a�n�a�l�y�s�i�s� �w�a�s� �a�b�a�n�d�o�n�e�d�.� 

�D�e�v�e�l�o�p�m�e�n�t� �o�f� �a� �m�o�d�e�l� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� �v�a�r�i�a�t�i�o�n�s� �b�e�t�w�e�e�n� 

�t�h�i�n�n�i�n�g� �i�n�t�e�n�s�i�t�i�e�s� �i�n� �m�e�a�n� �d�o�m�i�n�a�n�t�/�c�o�d�o�m�i�n�a�n�t� �h�e�i�g�h�t� 

�p�r�o�c�e�e�d�e�d� �u�n�d�e�r� �t�h�e� �t�r�a�d�i�t�i�o�n�a�l� �d�e�f�i�n�i�t�i�o�n� �o�f� �M�T�H� �d�e�s�c�r�i�b�e�d� 

�a�b�o�v�e�.� �T�h�i�s� �m�o�d�e�l� �i�s� �h�e�r�e�a�f�t�e�r� �r�e�f�e�r�r�e�d� �t�o� �a�s� �t�h�e� �M�T�H� �m�o�d�e�l�.� 

�T�h�e� �c�a�n�d�i�d�a�t�e� �m�o�d�e�l�s� �f�o�r� �p�r�e�d�i�c�t�i�n�g� �M�T�H� �w�e�r�e� �v�a�r�i�a�t�i�o�n�s� �o�n� 

�S�i�t�e� �i�n�d�e�x� �e�q�u�a�t�i�o�n�s�.� �T�h�e� �g�e�n�e�r�a�l� �f�o�r�m� �o�f� �t�h�e� �m�o�d�e�l� �i�s� 

�M�T�H�=�f� �(�a�g�e�)� �*�T� 

�w�h�e�r�e� �f�(�a�g�e�)� �i�s� �a� �s�i�t�e� �i�n�d�e�x� �e�q�u�a�t�i�o�n� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� 

�a�g�e�/�h�e�i�g�h�t� �r�e�l�a�t�i�o�n�s�h�i�p�,� �a�n�d� �T� �i�s� �a� �t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� 

�v�a�r�i�a�b�l�e�.� 

�T�h�e� �t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e� �a�p�p�l�i�e�d� �i�n� �a�l�l� �f�o�l�l�o�w�i�n�g� 

�a�n�a�l�y�s�e�s� �o�f� �t�h�e� �M�T�H� �m�o�d�e�l� �w�a�s� �t�h�a�t� �d�e�v�e�l�o�p�e�d� �b�y� �L�i�u� �e�t� �a�l�.� �f�o�r� 

�t�h�e�i�r� �c�r�o�w�n� �r�a�t�i�o� �m�o�d�e�l�.� �T�h�i�s� �p�r�e�v�i�o�u�s�l�y� �d�e�s�c�r�i�b�e�d� �T�R�V� �i�s� 

�r�e�s�t�a�t�e�d� �b�e�l�o�w�.� 

�r�[�-�(�A�,�-�A�,�)�?�2�+�K�(�A�,�-�A�,�)� �]� 
� � 

�T�=� �(�=�=�)� �A�s� 
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�T�h�e� �f�i�r�s�t� �s�t�e�p� �w�a�s� �t�o� �s�e�l�e�c�t� �p�o�t�e�n�t�i�a�l� �s�i�t�e� �i�n�d�e�x� 

�e�q�u�a�t�i�o�n�s� �f�o�r� �t�h�e� �M�T�H� �m�o�d�e�l�.� �O�n�e� �c�o�n�s�i�d�e�r�a�t�i�o�n� �i�n� �m�o�d�e�l� 

�s�e�l�e�c�t�i�o�n� �w�a�s� �t�h�e� �n�u�m�b�e�r� �o�f� �p�a�r�a�m�e�t�e�r�s� �i�n�v�o�l�v�e�d�.� �P�l�o�t�s� �o�f� �t�h�e� 

�m�e�a�n� �t�o�t�a�l� �h�e�i�g�h�t�s� �o�v�e�r� �t�i�m�e� �i�n�d�i�c�a�t�e�d� �v�e�r�y� �l�i�t�t�l�e� �v�a�r�i�a�t�i�o�n� 

�b�e�t�w�e�e�n� �t�h�i�n�n�i�n�g� �i�n�t�e�n�s�i�t�i�e�s�.� �T�h�u�s�,� �t�h�e� �n�u�m�b�e�r� �o�f� �p�a�r�a�m�e�t�e�r�s� 

�t�o� �b�e� �e�s�t�i�m�a�t�e�d� �w�o�u�l�d� �h�a�v�e� �t�o� �b�e� �l�i�m�i�t�e�d� �t�o� �a�v�o�i�d� �d�i�f�f�i�c�u�l�t�y� 

�i�n� �f�i�t�t�i�n�g�.� 

�S�e�v�e�r�a�l� �s�i�t�e� �i�n�d�e�x� �e�q�u�a�t�i�o�n�s� �w�e�r�e� �e�x�a�m�i�n�e�d� �(�C�l�u�t�t�e�r� �e�t� 

�a�l�.�,� �1�9�8�3�,� �A�m�a�t�e�i�s� �a�n�d� �B�u�r�k�h�a�r�t�,� �1�9�8�5�)�.� �A� �p�a�p�e�r� �b�y� �C�a�o� �(�1�9�9�3�)� 

�p�r�o�v�i�d�e�d� �t�h�e� �b�e�s�t� �s�o�u�r�c�e� �o�f� �c�a�n�d�i�d�a�t�e� �m�o�d�e�l�s�.� �I�n� �t�h�i�s� �p�a�p�e�r�,� 

�t�h�e� �a�u�t�h�o�r� �f�i�t� �d�i�f�f�e�r�e�n�t� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�s� �o�f� �s�e�v�e�r�a�l� �s�i�t�e� �i�n�d�e�x� 

�m�o�d�e�l�s� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �b�e�s�t� �f�o�r�m� �o�f� �e�a�c�h� �e�q�u�a�t�i�o�n� �i�n� �t�e�r�m�s� �o�f� 

�F�i�t� �s�t�a�t�i�s�t�i�c�s�.� �T�h�e� �a�u�t�h�o�r� �l�a�b�e�l�e�d� �t�h�e�s�e� �d�i�f�f�e�r�e�n�t� �m�o�d�e�l� 

�f�o�r�m�s� �a�s� �M�e�t�h�o�d� �A�,� �M�e�t�h�o�d� �B�,� �e�t�c�.�,� �a�n�d� �t�h�e�y� �w�i�l�l� �h�e�r�e�a�f�t�e�r� �b�e� 

�r�e�f�e�r�r�e�d� �t�o� �i�n� �t�h�e� �s�a�m�e� �m�a�n�n�e�r�.� �T�h�e� �m�o�d�e�l�s� �e�x�a�m�i�n�e�d� �w�e�r�e� �f�r�o�m� 

�S�c�h�u�m�a�c�h�e�r� �(�1�9�3�9�)�,� �B�a�i�l�e�y� �a�n�d� �C�l�u�t�t�e�r� �(�1�9�7�4�)�,� �a�n�d� �A�m�a�t�e�i�s� �a�n�d� 

�B�u�r�k�h�a�r�t� �(�1�9�8�5�)�.� �T�h�e� �f�i�v�e� �m�o�d�e�l�s� �s�e�l�e�c�t�e�d� �a�r�e� �s�h�o�w�n� �b�e�l�o�w�.� 

�S�c�h�u�m�a�c�h�e�r�,� �M�e�t�h�o�d� �A�:� 

�1�n� �(�M�T�R�)� �=�[�B�,�+�B�,�/�a�g�e�l�]� �*�T� 
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�S�c�h�u�m�a�c�h�e�r�,� �M�e�t�h�o�d� �C�:� 

�M�T�H�2�=� �[�M�T�H�1�+�*�e�x�p� �(�B�,�*� �(�1�/�a�g�e�2�-�1�/�a�g�e�1�)�)�]�*�T� 

�B�a�i�l�e�y� �a�n�d� �C�l�u�t�t�e�r�,� �M�e�t�h�o�d� �C�:� 

�M�T�H�2�=� �[�e�x�p� �(�B�,�+� �(�1�n� �(�M�T�H�1�)� �-�B�,�)�)� �*� �(�a�g�e�2�/�a�g�e�1�)� �°�2�]� �«�T� 

�A�m�a�t�e�i�s� �a�n�d� �B�u�r�k�h�a�r�t�,� �M�e�t�h�o�d� �B�:� 

�1�n� �(�M�T�H�2�)� �=� �[�1�n� �(�M�T�H�1�)� �*� �(�a�g�e�1�/�a�g�e�2�)� �*�*�*�e�x�p� �(�B�,�*� �(�1�/�a�g�e�2�-�1�/�a�g�e�l�)�)�]�*�T� 

�A�m�a�t�e�i�s� �a�n�d� �B�u�r�k�h�a�r�t�,� �M�e�t�h�o�d� �C�:� 

�M�T�H�2�=� �[�e�x�p� �(�1�n�(�M�T�H�1�)� �*� �(�a�g�e�1�/�a�g�e�2�)� �*�+�*�e�x�p� �(�B�,�*� �(�1�/�a�g�e�2�-�1�/�a�g�e�l�1�)�)�)�]�*� 

�w�h�e�r�e�:� �M�T�H�1� �i�s� �t�h�e� �m�e�a�n� �t�o�t�a�l� �h�e�i�g�h�t� �a�t� �t�h�e� �s�t�a�r�t� �o�f� �a� 

�p�r�e�d�i�c�t�i�o�n� �p�e�r�i�o�d� 

�M�T�H�2� �i�s� �t�h�e� �m�e�a�n� �t�o�t�a�l� �h�e�i�g�h�t� �a�t� �t�h�e� �e�n�d� �o�f� �a� 
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�p�r�e�d�i�c�t�i�o�n� �p�e�r�i�o�d� 

�a�g�e�l� �i�s� �t�h�e� �p�l�o�t� �a�g�e� �a�t� �t�h�e� �s�t�a�r�t� �o�f� �a� �p�r�e�d�i�c�t�i�o�n� 

�p�e�r�i�o�d� 

�a�g�e�2� �i�s� �t�h�e� �p�l�o�t� �a�g�e� �a�t� �t�h�e� �e�n�d� �o�f� �a� �p�r�e�d�i�c�t�i�o�n� 

�p�e�r�i�o�d� 

�E�a�c�h� �o�f� �t�h�e�s�e� �m�o�d�e�l�s� �w�a�s� �f�i�t�t�e�d� �t�o� �t�h�e� �e�n�t�i�r�e� �d�a�t�a�s�e�t�.� 

�T�h�e� �f�i�t�s� �w�e�r�e� �c�o�m�p�a�r�e�d� �o�n� �t�h�e� �b�a�s�i�s� �o�f� �r�e�s�i�d�u�a�l�s� �(�o�b�s�e�r�v�e�d� �-� 

�p�r�e�d�i�c�t�e�d�)� �a�n�d� �o�n� �t�h�e� �p�l�o�t�s� �o�f� �t�h�e� �p�r�e�d�i�c�t�e�d� �P�H�I�N ��s� �c�a�l�c�u�l�a�t�e�d� 

�b�y� �s�u�b�t�r�a�c�t�i�o�n�.� �T�h�e� �S�c�h�u�m�a�c�h�e�r�,� �m�e�t�h�o�d� �A� �h�a�d� �a�n� �e�n�t�i�r�e�l�y� 

�d�i�f�f�e�r�e�n�t� �p�a�t�t�e�r�n� �o�f� �r�e�s�i�d�u�a�l�s� �w�h�e�n� �p�l�o�t�t�e�d� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� 

�o�t�h�e�r� �f�o�u�r� �m�o�d�e�l�s�.� �T�h�i�s� �c�o�u�l�d� �h�a�v�e� �b�e�e�n� �d�u�e� �t�o� �t�h�i�s� �m�o�d�e�l� 

�b�e�i�n�g� �s�t�r�i�c�t�l�y� �a�n�a�m�o�r�p�h�i�c�.� �I�t� �w�a�s� �d�e�c�i�d�e�d� �t�h�a�t� �a� �m�o�r�e� 

�p�o�l�y�m�o�r�p�h�i�c� �m�o�d�e�l� �w�a�s� �n�e�e�d�e�d� �f�o�r� �t�h�i�s� �a�p�p�l�i�c�a�t�i�o�n�.� �T�h�u�s�,� �t�h�e� 

�n�o�n�-�d�i�f�f�e�r�e�n�t�i�a�l� �S�c�h�u�m�a�c�h�e�r�,� �m�e�t�h�o�d� �A� �w�a�s� �e�l�i�m�i�n�a�t�e�d�.� 

�T�h�e�r�e� �w�a�s� �l�i�t�t�l�e� �v�a�r�i�a�t�i�o�n� �i�n� �f�i�t� �s�t�a�t�i�s�t�i�c�s� �b�e�t�w�e�e�n� �t�h�e� 

�f�o�u�r� �d�i�f�f�e�r�e�n�t�i�a�l� �m�o�d�e�l�s� �(�s�e�e� �t�a�b�l�e� �5�)�.� �A�l�l� �e�s�t�i�m�a�t�e�s� �w�e�r�e� 

�S�i�g�n�i�f�i�c�a�n�t� �w�i�t�h� �t�h�e� �e�x�c�e�p�t�i�o�n� �o�f� �B�,� �i�n� �t�h�e� �A�m�a�t�e�i�s� �a�n�d� 

�B�u�r�k�h�a�r�t�,� �m�e�t�h�o�d� �B� �f�i�t�.� �S�i�n�c�e� �t�h�e� �A�m�a�t�e�i�s� �a�n�d� �B�u�r�k�h�a�r�t�,� 

�m�e�t�h�o�d� �B� �c�o�u�l�d� �n�o�t� �b�e� �d�i�r�e�c�t�l�y� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �o�t�h�e�r� �m�o�d�e�l�s�,� 

�t�h�e� �s�e�l�e�c�t�i�o�n� �c�r�i�t�e�r�i�a� �b�e�c�a�m�e� �t�h�e� �r�e�s�i�d�u�a�l� �a�n�d� �P�H�I�N� �p�l�o�t�s�.� 

�A�l�l� �f�o�u�r� �r�e�s�i�d�u�a�l� �p�l�o�t�s� �s�h�o�w�e�d� �a� �c�h�a�n�g�e� �t�o� �a�n� �u�n�d�e�r�p�r�e�d�i�c�t�i�o�n� 

�f�r�o�m� �t�h�r�e�e� �t�o� �s�i�x� �y�e�a�r�s� �w�i�t�h� �t�h�e� �S�c�h�u�m�a�c�h�e�r�,� �m�e�t�h�o�d� �C� �b�e�i�n�g� 

�t�h�e� �w�o�r�s�t� �o�f� �t�h�e�s�e� �(�s�e�e� �f�i�g�u�r�e� �5�)�.� �F�r�o�m� �s�i�x� �t�o� �n�i�n�e� �y�e�a�r�s�,� 
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�v�a�r�i�a�t�i�o�n� �i�n� �m�e�a�n� �f�i�t� �r�e�s�i�d�u�a�l�s� �b�e�t�w�e�e�n� �t�h�i�n�n�i�n�g� �i�n�t�e�n�s�i�t�i�e�s� 

�i�n�c�r�e�a�s�e�d� �f�o�r� �a�l�l� �f�o�u�r� �m�o�d�e�l�s�.� �T�h�e� �B�a�i�l�e�y� �a�n�d� �C�l�u�t�t�e�r�,� �m�e�t�h�o�d� 

�C� �m�o�d�e�l� �h�a�d� �t�h�e� �b�e�s�t� �r�e�s�i�d�u�a�l�s�,� �v�a�r�y�i�n�g� �l�e�s�s� �t�h�a�n� �0�.�2� �f�r�o�m� 

�z�e�r�o�.� �T�h�e� �S�c�h�u�m�a�c�h�e�r�,� �m�e�t�h�o�d� �C� �m�o�d�e�l� �h�a�d� �f�a�r� �w�o�r�s�e� �r�e�s�i�d�u�a�l�s� 

�i�n� �t�h�i�s� �t�h�i�r�d� �r�e�m�e�a�s�u�r�e�m�e�n�t� �p�e�r�i�o�d� �t�h�a�n� �t�h�e� �o�t�h�e�r� �t�h�r�e�e� 

�m�o�d�e�l�s�.� 

�T�h�e� �P�H�I�N� �p�l�o�t�s� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �f�o�u�r� �m�o�d�e�l�s� �w�e�r�e� �s�i�m�i�l�a�r� 

�t�o� �o�n�e� �a�n�o�t�h�e�r�,� �a�n�d� �w�e�r�e� �s�i�m�i�l�a�r� �t�o� �t�h�e� �o�b�s�e�r�v�e�d� �d�a�t�a� �f�o�r� �t�h�e� 

�f�i�r�s�t� �s�i�x� �y�e�a�r�s� �a�f�t�e�r� �t�h�i�n�n�i�n�g�.� �T�h�e�s�e� �p�l�o�t�s� �a�r�e� �s�h�o�w�n� �i�n� 

�f�i�g�u�r�e� �6�.� �F�r�o�m� �t�h�e� �s�e�c�o�n�d� �t�o� �t�h�e� �t�h�i�r�d� �r�e�m�e�a�s�u�r�e�m�e�n�t� �(�6� �t�o� �9� 

�y�e�a�r�s�)�,� �t�h�e� �p�r�e�d�i�c�t�e�d� �P�H�I�N ��s� �f�o�r� �t�h�e� �t�h�i�n�n�e�d� �p�l�o�t�s� �i�n�c�r�e�a�s�e�d� 

�i�n� �a�l�l� �c�a�s�e�s�.� �A�s� �w�a�s� �d�i�s�c�u�s�s�e�d� �e�a�r�l�i�e�r�,� �P�H�I�N� �v�a�l�u�e�s� �s�h�o�u�l�d� 

�n�o�t� �i�n�c�r�e�a�s�e� �a�g�a�i�n�.� �T�h�e� �S�c�h�u�m�a�c�h�e�r�,� �m�e�t�h�o�d� �C� �w�a�s� �a�g�a�i�n� �t�h�e� 

�w�o�r�s�t� �o�f� �t�h�e�s�e� �p�l�o�t�s�.� 

�T�o� �d�e�t�e�r�m�i�n�e� �i�f� �t�h�i�s� �t�h�i�r�d� �r�e�m�e�a�s�u�r�e�m�e�n�t� �v�a�r�i�a�t�i�o�n� �w�a�s� 

�r�e�s�u�l�t�i�n�g� �f�r�o�m� �t�h�e� �T�R�V�,� �s�p�r�e�a�d�s�h�e�e�t� �p�l�o�t�s� �o�f� �t�h�e� �f�i�t�t�e�d� �T�R�V ��s� 

�f�o�r� �e�a�c�h� �m�o�d�e�l� �w�e�r�e� �g�e�n�e�r�a�t�e�d� �f�o�r� �e�a�c�h� �o�f� �f�o�u�r� �a�g�e�s� �a�t� 

�t�h�i�n�n�i�n�g� �(�8�,� �1�2�,� �1�8�,� �a�n�d� �2�5�)�.� �T�h�e� �p�l�o�t�s� �s�h�o�w�n� �i�n� �f�i�g�u�r�e� �7� �f�o�r� 

�a� �t�h�i�n�n�i�n�g� �a�g�e� �o�f� �8� �d�e�m�o�n�s�t�r�a�t�e� �t�h�a�t� �t�h�i�s� �T�R�V� �h�a�s� �a�l�l� �o�f� �t�h�e� 

�r�e�q�u�i�r�e�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� �M�o�d�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �M�T�H� �p�r�e�d�i�c�t�i�o�n� 

�d�e�c�r�e�a�s�e�s� �a�s� �a�g�e� �a�t� �t�h�i�n�n�i�n�g� �i�n�c�r�e�a�s�e�s� �(�i�n�d�i�c�a�t�e�d� �b�y� �t�h�e� �o�t�h�e�r� 

�a�g�e� �a�t� �t�h�i�n�n�i�n�g� �p�l�o�t�s� �n�o�t� �d�i�s�p�l�a�y�e�d�)�,� �a�n�d� �i�n�c�r�e�a�s�e�s� �w�i�t�h� �t�h�e� 

�i�n�t�e�n�s�i�t�y� �o�f� �t�h�i�n�n�i�n�g�.� �H�o�w�e�v�e�r�,� �t�h�e�s�e� �p�l�o�t�s� �a�l�l� �c�o�n�t�i�n�u�e� �t�o� 
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�r�i�s�e� �a�f�t�e�r� �t�h�e� �d�u�r�a�t�i�o�n� �p�a�r�a�m�e�t�e�r� �K� �i�s� �r�e�a�c�h�e�d� �a�n�d� �s�h�o�w� �n�o� 

�i�n�d�i�c�a�t�i�o�n� �o�f� �r�e�t�u�r�n�i�n�g� �t�o� �1� �e�v�e�n� �1�8� �y�e�a�r�s� �a�f�t�e�r� �t�h�i�n�n�i�n�g�.� 

�A�f�t�e�r� �t�h�e� �T�R�V� �e�x�c�e�e�d�e�d� �1�,� �i�t� �w�a�s� �h�o�p�e�d� �t�h�a�t� �i�t� �w�o�u�l�d� �r�e�t�u�r�n� �t�o� 

�1� �a�t� �s�o�m�e� �p�o�i�n�t�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �t�h�e� �e�f�f�e�c�t� �o�f� �t�h�i�n�n�i�n�g� �w�a�s� 

�e�v�e�n�t�u�a�l�l�y� �n�e�g�a�t�e�d�.� 

�I�t� �i�s� �q�u�i�t�e� �p�o�s�s�i�b�l�e� �t�h�a�t� �t�h�i�s� �c�o�n�t�i�n�u�o�u�s� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� 

�T�R�V� �a�b�o�v�e� �1� �a�f�t�e�r� �K� �i�s� �r�e�a�c�h�e�d� �i�s� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� 

�i�n�c�r�e�a�s�i�n�g� �P�H�I�N ��s� �d�u�r�i�n�g� �t�h�e� �t�h�i�r�d� �r�e�m�e�a�s�u�r�e�m�e�n�t�.� �I�f� �s�o�,� 

�t�h�e�r�e� �w�e�r�e� �o�n�l�y� �t�w�o� �c�h�o�i�c�e�s�,� �r�e�d�e�s�i�g�n� �t�h�e� �T�R�V� �t�o� �r�e�t�u�r�n� �t�o� �1� 

�a�f�t�e�r� �a� �c�e�r�t�a�i�n� �p�e�r�i�o�d� �h�a�s� �e�l�a�p�s�e�d�,� �o�r� �s�i�m�p�l�y� �t�r�u�n�c�a�t�e� �t�h�e� �T�R�V� 

�a�t� �1� �i�n� �a�p�p�l�i�c�a�t�i�o�n� �a�n�d� �a�n�a�l�y�z�e� �t�h�e� �M�T�H� �m�o�d�e�l� �p�e�r�f�o�r�m�a�n�c�e�.� 

�T�h�e� �p�l�o�t�s� �o�f� �t�h�e� �T�R�V ��s� �(�f�i�g�u�r�e� �7�)� �r�e�v�e�a�l�e�d� �t�h�a�t� �o�n�c�e� 

�a�g�a�i�n� �t�h�e� �S�c�h�u�m�a�c�h�e�r�,� �m�e�t�h�o�d� �C� �w�a�s� �t�h�e� �m�o�s�t� �e�x�t�r�e�m�e� �c�a�s�e�.� �I�t�s� 

�r�i�s�e� �a�b�o�v�e� �1� �f�a�r� �e�x�c�e�e�d�e�d� �t�h�e� �o�t�h�e�r� �t�h�r�e�e� �m�o�d�e�l�s�.� �C�o�n�s�i�d�e�r�i�n�g� 

�t�h�i�s�,� �a�n�d� �t�h�e� �p�o�o�r� �r�e�s�i�d�u�a�l� �a�n�d� �P�H�I�N� �p�l�o�t�s� �f�o�r� �t�h�i�s� �m�o�d�e�l�,� �t�h�e� 

�S�c�h�u�m�a�c�h�e�r�,� �m�e�t�h�o�d� �C� �w�a�s� �d�r�o�p�p�e�d� �f�r�o�m� �f�u�r�t�h�e�r� �a�n�a�l�y�s�i�s�.� 

�A� �v�i�t�a�l� �r�e�q�u�i�r�e�m�e�n�t� �o�f� �a�n�y� �p�r�e�d�i�c�t�i�o�n� �m�o�d�e�l� �l�i�e�s� �i�n� �t�h�e� 

�p�a�t�h� �i�n�v�a�r�i�a�n�c�e� �p�r�o�p�e�r�t�y�.� �A� �p�r�e�d�i�c�t�i�v�e� �m�o�d�e�l� �s�h�o�u�l�d� �b�e� �a�b�l�e� 

�t�o� �g�e�n�e�r�a�t�e� �t�h�e� �s�a�m�e� �r�e�s�u�l�t� �r�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� �l�e�n�g�t�h� �o�f� �t�h�e� 

�p�r�e�d�i�c�t�i�o�n� �p�e�r�i�o�d�.� �T�h�a�t� �i�s�,� �p�e�r�f�o�r�m�i�n�g� �t�w�o� �f�i�v�e� �y�e�a�r� 

�p�r�e�d�i�c�t�i�o�n�s�,� �u�s�i�n�g� �t�h�e� �f�i�r�s�t� �r�e�s�u�l�t� �a�s� �i�n�p�u�t� �t�o� �t�h�e� �s�e�c�o�n�d�,� 

�s�h�o�u�l�d� �g�e�n�e�r�a�t�e� �t�h�e� �s�a�m�e� �r�e�s�u�l�t� �a�s� �o�n�e� �t�e�n� �y�e�a�r� �p�r�e�d�i�c�t�i�o�n�.� 
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�S�S�E� �=� �s�u�m� �o�f� �s�q�u�a�r�e�s� �f�o�r� �e�r�r�o�r�,� �M�S�E� �=� �m�e�a�n� �s�q�u�a�r�e� �e�r�r�o�r�,� �S�y�.�x� �=� �s�t�a�n�d�a�r�d� 
�e�r�r�o�r� �o�f� �t�h�e� �e�s�t�i�m�a�t�e�.� �R� �a�n�d� �K� �a�r�e� �e�s�t�i�m�a�t�e�d� �p�a�r�a�m�e�t�e�r�s� �i�n� �t�h�e� �T�R�V�'�s�.� 

�M�o�d�e�l�s�:� 
�S�c�h�u�m�a�c�h�e�r�,� �M�e�t�h�o�d� �C� �w�i�t�h� �1� �T�R�V� 
�B�a�i�l�e�y� �a�n�d� �C�l�u�t�t�e�r�,� �M�e�t�h�o�d� �C� �w�i�t�h� �1� �T�R�V� 
�A�m�a�t�e�i�s� �a�n�d� �B�u�r�k�h�a�r�t�,� �M�e�t�h�o�d� �B� �w�i�t�h� �1� �T�R�V� 
�A�m�a�t�e�i�s� �a�n�d� �B�u�r�k�h�a�r�t�,� �M�e�t�h�o�d� �C� �w�i�t�h� �1� �T�R�V� 
�B�a�i�l�e�y� �a�n�d� �C�l�u�t�t�e�r�,� �M�e�t�h�o�d� �C� �w�t�h� �2� �T�R�V�'�s� 
�A�m�a�t�e�i�s� �a�n�d� �B�u�r�k�h�a�r�t�,� �M�e�t�h�o�d� �B� �w�t�h� �2� �T�R�V�'�s� 
�A�m�a�t�e�i�s� �a�n�d� �B�u�r�k�h�a�r�t�,� �M�e�t�h�o�d� �B� �w�i�t�h� �4� �T�R�V�'�s� 
�A�m�a�t�e�i�s� �a�n�d� �B�u�r�k�h�a�r�t�,� �M�e�t�h�o�d� �C� �w�i�t�h� �2� �T�R�V�'�s� 
�A�m�a�t�e�i�s� �a�n�d� �B�u�r�k�h�a�r�t�,� �M�e�t�h�o�d� �C� �w�i�t�h� �4� �T�R�V�'�s� 
�S�p�l�i�t� �d�a�t�a� �a�n�a�l�y�s�i�s� �o�f� �A�m�a�t�e�i�s� �a�n�d� �B�u�r�k�h�a�r�t�,� �M�e�t�h�o�d� �B� �w�i�t�h� �2� �T�R�V�'�s� 
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�v�a�l�u�e� �i�n� �t�h�e� �s�i�n�g�l�e� �T�R�V� �f�i�t� �m�a�k�e�s� �t�h�i�s� �m�o�d�e�l� �q�u�e�s�t�i�o�n�a�b�l�e�.� 

�T�h�e�s�e� �f�i�v�e� �f�i�t�t�e�d� �m�o�d�e�l�s� �w�e�r�e� �t�h�e�n� �a�n�a�l�y�z�e�d� �f�o�r� �p�a�t�h� 

�i�n�v�a�r�i�a�n�c�e�.� �O�n�l�y� �t�h�e� �A�m�a�t�e�i�s� �a�n�d� �B�u�r�k�h�a�r�t� �m�o�d�e�l�s� �u�s�i�n�g� �T�R�V ��s� 

�m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �a�g�e�s� �w�e�r�e� �p�a�t�h� �i�n�v�a�r�i�a�n�t�.� 

�T�h�e� �t�h�r�e�e� �m�o�d�e�l�s� �i�n� �w�h�i�c�h� �t�h�e� �r�a�t�i�o� �a�g�e�s� �w�e�r�e� �m�u�l�t�i�p�l�i�e�d� 

�f�a�i�l�e�d� �t�h�e� �t�e�s�t�.� �T�h�i�s� �e�l�i�m�i�n�a�t�e�d� �t�h�e� �B�a�i�l�e�y� �a�n�d� �C�l�u�t�t�e�r�,� 

�m�e�t�h�o�d� �C� �m�o�d�e�l� �f�r�o�m� �f�u�r�t�h�e�r� �a�n�a�l�y�s�i�s� �a�n�d� �r�e�d�u�c�e�d� �t�h�e� �s�e�l�e�c�t�i�o�n� 

�p�r�o�c�e�s�s� �t�o� �t�w�o� �m�o�d�e�l�s�.� �T�h�e�s�e� �t�w�o� �a�r�e� �s�h�o�w�n� �b�e�l�o�w�.� 

�A�m�a�t�e�i�s� �a�n�d� �B�u�r�k�h�a�r�t�,� �M�e�t�h�o�d� �B�:� 
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�L�n� �(�M�T�H�2�)� �=�1�n� �(�M�T�H�1�)� �*� �(�a�g�e�1�/�a�g�e�2�)� �*�+�x�e�x�p� �(�B�,�*� �(�T�R�V�2�/�a�g�e�2�-�T�R�V�1�/�a�g�e�l� 

�A�m�a�t�e�i�s� �a�n�d� �B�u�r�k�h�a�r�t�,� �M�e�t�h�o�d� �C�:� 

�M�T�H�2�=�e�x�p� �(�1�n� �(�M�T�H�1�)� �*� �(�a�g�e�1�/�a�g�e�2�)� �*�+�+�e�x�p� �(�B�,�*� �(�T�R�V�2�/�a�g�e�2�-�T�R�V�1�/�a�g�e�l� 

�w�h�e�r�e�:� �T�R�V�1� �i�s� �t�h�e� �p�r�e�v�i�o�u�s�l�y� �d�e�s�c�r�i�b�e�d� �T�R�V� �w�i�t�h� �a�g�e�l� �i�n� 

�t�h�e� �d�e�n�o�m�i�n�a�t�o�r� �o�f� �t�h�e� �e�x�p�o�n�e�n�t�,� �a�n�d� �e�l�a�p�s� �=� 

�a�g�e�l� �-� �a�g�e� �a�t� �t�h�i�n�n�i�n�g�.� 

�T�R�V�2� �i�s� �t�h�e� �p�r�e�v�i�o�u�s�l�y� �d�e�s�c�r�i�b�e�d� �T�R�V� �w�i�t�h� �a�g�e�2� �i�n� 

�t�h�e� �d�e�n�o�m�i�n�a�t�o�r� �o�f� �t�h�e� �e�x�p�o�n�e�n�t�,� �a�n�d� �e�l�a�p�s� �=� �a�g�e�2� �-� 

�a�g�e� �a�t� �t�h�i�n�n�i�n�g�.� 

�A�g�a�i�n�,� �f�i�t� �s�t�a�t�i�s�t�i�c�s� �c�o�u�l�d� �n�o�t� �b�e� �u�s�e�d� �f�o�r� �m�o�d�e�l� 

�c�o�m�p�a�r�i�s�o�n�,� �t�h�u�s� �s�e�l�e�c�t�i�o�n� �w�a�s� �b�a�s�e�d� �o�n� �r�e�s�i�d�u�a�l� �a�n�d� �P�H�I�N� 

�p�l�o�t�s�.� �T�h�e� �m�e�t�h�o�d� �C� �r�e�s�i�d�u�a�l� �p�l�o�t� �s�h�o�w�e�d� �c�o�n�s�i�d�e�r�a�b�l�y� �l�e�s�s� 

�b�i�a�s� �t�h�a�n� �t�h�e� �m�e�t�h�o�d� �B� �p�l�o�t� �(�s�e�e� �f�i�g�u�r�e� �8�)�.� �T�h�e�r�e� �w�a�s� �l�i�t�t�l�e� 

�d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �m�e�a�n� �p�r�e�d�i�c�t�e�d� �P�H�I�N� �p�l�o�t�s� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� 

�m�o�d�e�l�s� �s�h�o�w�n� �i�n� �f�i�g�u�r�e� �9�.� �T�h�e� �m�e�t�h�o�d� �B� �p�l�o�t�s� �h�a�d� �a� �s�l�i�g�h�t�l�y� 

�s�t�e�e�p�e�r� �d�e�c�l�i�n�e� �o�v�e�r� �t�i�m�e� �t�h�a�n� �t�h�e� �m�e�t�h�o�d� �C� �m�o�d�e�l�,� �b�u�t� �i�t� �w�a�s� 

�n�o�t� �k�n�o�w�n� �i�f� �t�h�i�s� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t� �f�o�r� �c�o�m�p�a�r�i�s�o�n�.� �B�o�t�h� �p�l�o�t�s� 
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�h�a�d� �d�e�c�l�i�n�i�n�g� �m�e�a�n� �P�H�I�N ��s� �t�h�r�o�u�g�h� �n�i�n�e� �y�e�a�r�s� �a�f�t�e�r� �t�h�i�n�n�i�n�g�,� 

�w�h�i�c�h� �w�a�s� �t�h�e� �d�e�s�i�r�e�d� �c�o�n�d�i�t�i�o�n�.� 

�T�h�e� �d�a�t�a� �w�e�r�e� �r�a�n�d�o�m�l�y� �s�p�l�i�t� �a�n�d� �t�h�e� �t�w�o� �m�o�d�e�l�s� �w�e�r�e� �f�i�t� 

�t�o� �o�n�e� �h�a�l�f� �o�f� �t�h�e� �d�a�t�a� �a�n�d� �v�a�l�i�d�a�t�e�d� �o�n� �t�h�e� �o�t�h�e�r� �h�a�l�f�.� 

�F�i�g�u�r�e� �1�0� �c�o�m�p�a�r�e�s� �t�h�e� �r�e�s�i�d�u�a�l�s� �f�r�o�m� �t�h�e�s�e� �t�w�o� �v�a�l�i�d�a�t�i�o�n�s�.� 

�F�r�o�m� �t�h�e�s�e� �p�l�o�t�s�,� �i�t� �i�s� �d�i�f�f�i�c�u�l�t� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�i�c�h� �m�o�d�e�l� �i�s� 

�l�e�s�s� �b�i�a�s�e�d�,� �b�u�t� �t�h�e� �m�e�t�h�o�d� �C� �p�l�o�t� �a�p�p�e�a�r�s� �s�l�i�g�h�t�l�y� �b�e�t�t�e�r�.� 

�O�n�c�e� �a�g�a�i�n�,� �f�i�t� �s�t�a�t�i�s�t�i�c�s� �f�o�r� �t�h�e�s�e� �f�i�t�s� �c�a�n� �n�o�t� �b�e� �d�i�r�e�c�t�l�y� 

�c�o�m�p�a�r�e�d�.� �B�o�t�h� �h�a�d� �s�o�m�e�w�h�a�t� �b�e�t�t�e�r� �S�,�, ��s� �t�h�a�n� �t�h�e�i�r� �f�u�l�l� �d�a�t�a� 

�c�o�u�n�t�e�r�p�a�r�t�s�.� �T�h�e�s�e� �s�t�a�t�i�s�t�i�c�s� �a�r�e� �i�n�c�l�u�d�e�d� �i�n� �t�a�b�l�e� �5�.� 

�T�h�e� �o�n�l�y� �o�t�h�e�r� �f�a�c�t�o�r� �t�o� �c�o�n�s�i�d�e�r� �w�a�s� �t�h�e� �v�a�l�u�e� �o�f� �t�h�e� 

�d�u�r�a�t�i�o�n� �p�a�r�a�m�e�t�e�r� �f�o�r� �e�a�c�h� �f�i�t�.� �K� �w�a�s� �9�.�6�3� �f�o�r� �m�e�t�h�o�d� �B� �a�n�d� 

�1�0�.�7�7� �f�o�r� �m�e�t�h�o�d� �C�.� �E�i�t�h�e�r� �v�a�l�u�e� �s�e�e�m�s� �r�e�a�s�o�n�a�b�l�e�,� �b�u�t� �i�t� �w�a�s� 

�t�h�o�u�g�h�t� �t�h�a�t� �a� �l�a�r�g�e�r� �K� �w�a�s� �m�o�r�e� �a�p�p�r�o�p�r�i�a�t�e� �f�o�r� �t�h�i�s� 

�a�p�p�l�i�c�a�t�i�o�n�.� �B�a�s�e�d� �o�n� �t�h�i�s�,� �t�h�e� �b�e�t�t�e�r� �r�e�s�i�d�u�a�l� �p�l�o�t�s�,� �a�n�d� 

�t�h�e� �f�a�c�t� �t�h�a�t� �B�,� �w�a�s� �i�n�s�i�g�n�i�f�i�c�a�n�t� �i�n� �t�h�e� �m�e�t�h�o�d� �B� �f�i�t�s�,� �t�h�e� 

�A�m�a�t�e�i�s� �a�n�d� �B�u�r�k�h�a�r�t�,� �m�e�t�h�o�d� �C� �m�o�d�e�l� �w�i�t�h� �t�w�o� �T�R�V ��s� �w�a�s� 

�s�e�l�e�c�t�e�d�.� 

�F�i�g�u�r�e� �9� �a�l�s�o� �c�o�n�t�a�i�n�s� �a� �p�l�o�t� �o�f� �p�r�e�d�i�c�t�e�d� �P�H�I�N ��s� �f�r�o�m� 

�t�h�e� �M�T�H� �m�o�d�e�l� �f�i�t� �w�i�t�h�o�u�t� �T�R�V ��s�.� �F�i�t� �s�t�a�t�i�s�t�i�c�s� �w�e�r�e� 

�c�o�n�s�i�d�e�r�a�b�l�y� �w�o�r�s�e� �f�o�r� �t�h�i�s� �f�i�t�,� �a�n�d� �a�s� �c�a�n� �b�e� �s�e�e�n�,� �P�H�I�N� 

�p�r�e�d�i�c�t�i�o�n� �i�s� �g�r�e�a�t�l�y� �c�o�m�p�r�o�m�i�s�e�d� �w�i�t�h�o�u�t� �t�h�e� �T�R�V ��s� 
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�P�r�e�d�i�c�t�e�d� �P�H�I�N�'�s� �b�y� �M�T�H� �S�u�b�t�r�a�c�t�i�o�n� 
�A�m�a�t�e�i�s� �a�n�d� �B�u�r�k�h�a�r�t�,� �M�e�t�h�o�d� �B� 
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�P�r�e�d�i�c�t�e�d� �P�H�I�N�'�s� �b�y� �M�T�H� �S�u�b�t�r�a�c�t�i�o�n� 
�A�m�a�t�e�i�s� �a�n�d� �B�u�r�k�h�a�r�t�,� �M�e�t�h�o�d� �C� 
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�a� �3� �8� �9� �t�2� 
�Y�e�e�r�s� �S�i�n�c�e� �T�h�i�n�n�i�n�g� 

� � 
�-�@�-� �N�o�-�T�h�i�n� �3�  ��+ �� �L�i�g�h�t�-�T�h�i�n� �~�-� �H�e�a�v�y� �T�h�i�n� �|� � � 

�P�r�e�d�i�c�t�e�d� �P�H�I�N�'�s� �b�y� �M�T�H� �S�u�b�t�r�a�c�t�i�o�n� 
�A�m�a�t�e�i�s� �&� �B�u�r�k�h�a�r�t�,� �M�e�t�h�o�d� �C�,� �N�o� �T�R�V�'�s� 

� � 

�o�O� �3� �8� �9� �1�2� 
�Y�e�a�r�s� �S�i�n�c�e� �T�h�i�n�n�i�n�g� 

� � 
�|�-�a�-�N�o�-�T�h�i�n� �  ��+� �L�i�g�h�t�-�T�h�i�n� �-�o�-� �H�e�e�w�y�-�T�h�i�n� �|� � � 

�F�i�g�u�r�e� �9�.� �P�r�e�d�i�c�t�e�d� �P�H�I�N�'�s� �f�o�r� �t�h�e� �f�i�n�a�l� �t�w�o� �m�e�a�n� �t�o�t�a�l� �h�e�i�g�h�t� �m�o�d�e�l�s�,� 
�a�n�d� �f�o�r� �t�h�e� �M�T�H� �m�o�d�e�l� �f�i�t� �w�i�t�h�o�u�t� �a� �t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e�.� 
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�A�m�a�t�e�i�s� �&� �B�u�r�k�h�a�r�t� �M�T�H� �M�o�d�e�l� �w�i�t�h� �2� �T�'�s� 
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�|� �N�o�-�T�h�i�n�  ��+� �L�i�g�h�t�-�T�h�i�n� �-�o�-� �H�e�a�v�y�-�T�h�i�n� �|� 
� � 

�F�i�g�u�r�e� �1�0�.� �V�a�l�i�d�a�t�i�o�n� �r�e�s�i�d�u�a�l�s� �f�r�o�m� �s�p�l�i�t�-�d�a�t�a� �f�i�t�/�v�a�l�i�d�a�t�i�o�n� �a�n�a�l�y�s�i�s� �o�n� �t�h�e� �f�i�n�a�l� 
�m�e�a�n� �t�o�t�a�l� �h�e�i�g�h�t� �m�o�d�e�l� �c�h�o�i�c�e�s�.� 
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�T�h�e� �f�i�n�a�l� �e�s�t�i�m�a�t�e�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �t�a�b�l�e� �4�.� �T�h�e�s�e� 

�e�s�t�i�m�a�t�e�s� �w�e�r�e� �u�s�e�d� �t�o� �g�e�n�e�r�a�t�e� �s�i�t�e� �i�n�d�e�x� �c�u�r�v�e�s� �f�o�r� �s�i�t�e� 

�i�n�d�i�c�e�s� �o�f� �5�0�,� �6�0�,� �a�n�d� �7�0�.� �T�h�r�e�e� �s�e�t�s� �o�f� �c�u�r�v�e�s� �w�e�r�e� 

�g�e�n�e�r�a�t�e�d� �f�o�r� �t�h�r�e�e� �a�g�e�s� �a�t� �t�h�i�n�n�i�n�g�,� �1�2�,� �2�5� �a�n�d� �3�0� �y�e�a�r�s�.� 

�C�u�r�v�e�s� �f�o�r� �u�n�t�h�i�n�n�e�d� �s�t�a�n�d�s� �a�n�d� �s�t�a�n�d�s� �t�h�i�n�n�e�d� �b�y� �f�i�f�t�y� 

�p�e�r�c�e�n�t� �h�a�v�e� �b�e�e�n� �s�u�p�e�r�i�m�p�o�s�e�d�.� �T�h�e�y� �a�r�e� �d�i�s�p�l�a�y�e�d� �i�n� �f�i�g�u�r�e�s� 

�1�1�,� �1�2�,� �a�n�d� �1�3�.� 

�N�o�t�e� �p�a�r�t�i�c�u�l�a�r�l�y� �i�n� �t�h�e� �c�u�r�v�e�s� �f�o�r� �a�n� �a�g�e� �a�t� �t�h�i�n�n�i�n�g� �o�f� 

�1�2� �t�h�a�t� �t�h�e� �c�u�r�v�e�s� �f�o�r� �u�n�t�h�i�n�n�e�d� �s�t�a�n�d�s� �i�n�i�t�i�a�l�l�y� �e�x�c�e�e�d� �t�h�e� 

�t�h�i�n�n�e�d� �s�t�a�n�d� �p�r�o�j�e�c�t�e�d� �g�r�o�w�t�h�,� �b�u�t� �l�a�t�e�r� �f�a�l�l� �b�e�l�o�w� �t�h�e� 

�t�h�i�n�n�e�d� �s�t�a�n�d�s�.� �A�l�s�o� �n�o�t�e� �a� �g�r�e�a�t�e�r� �s�e�p�a�r�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� 

�g�r�o�w�t�h� �o�f� �t�h�i�n�n�e�d� �a�n�d� �u�n�t�h�i�n�n�e�d� �s�t�a�n�d�s� �f�o�r� �h�i�g�h�e�r� �s�i�t�e� �i�n�d�i�c�e�s� 

�a�t� �a� �p�l�o�t� �a�g�e� �o�f� �t�h�i�r�t�y�-�f�i�v�e� �y�e�a�r�s�.� �F�i�n�a�l�l�y�,� �m�e�a�n� �t�o�t�a�l� 

�h�e�i�g�h�t� �i�s� �e�q�u�a�l� �t�o� �t�h�e� �c�o�r�r�e�c�t� �s�i�t�e� �i�n�d�e�x� �a�t� �t�h�e� �b�a�s�e� �a�g�e� �o�f� 

�2�5�.� �T�h�e�s�e� �c�u�r�v�e�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �d�e�s�i�r�e�d� �r�e�l�a�t�i�o�n�s�h�i�p� 

�b�e�t�w�e�e�n� �t�h�i�n�n�e�d� �a�n�d� �u�n�t�h�i�n�n�e�d� �s�t�a�n�d�s� �h�a�s� �b�e�e�n� �c�o�r�r�e�c�t�l�y� 

�m�o�d�e�l�e�d�.� 

�5�8



�M
�e

�a
�n

� 
�T

�o�
t�a

�l� �
H

�e
�i�

g�
h�

t� �(�f
�e�

e�t
�)� 

�1�0�0� 

�r�e� �©
� 

�o
� 

�o
� 

�f�h
�.� 

�O
�o

� 
�N

� 
�o�

O�
 

�S�i�t�e� �I�n�d�e�x� �C�u�r�v�e�s� �f�o�r� �t�h�e� �M�T�H� �M�o�d�e�l� 
�A�g�e� �a�t� �T�h�i�n�n�i�n�g� �=� �1�2�,� �I�n�t�e�n�s�i�t�y� �=� �0�.�5� 

� � 

�o�e� 
� � 

�n�s� 
� � �o�s� 
� � 

�B�E� 
� � 

� � � � 
�0� �1�0� �2�0� �3�0� 

�P�l�o�t� �A�g�e� �(�y�e�a�r�s�)� 

� � 

� � 
�-�s �� �T�h�i�n�n�e�d�  �� �U�n�t�h�i�n�n�e�d� 

� � � � 

�F�i�g�u�r�e� �1�1�.� �S�i�t�e� �i�n�d�e�x� �c�u�r�v�e�s� �f�o�r� �a�n� �a�g�e� �a�t� �t�h�i�n�n�i�n�g� �o�f� �1�2�.� 

�P�a�g�e� �5�9� 

� � 
�4�0



�M
�e

�a
�n

� 
�T

�o�
t�a

�l� �
H�

e�
i�g

�h
�t�

 
�(�f

�e�
e�t

�)� 

�S�i�t� �I�n�d�e�x� �C�u�r�v�e�s� �f�o�r� �t�h�e� �M�T�H� �M�o�d�e�l� 
�A�g�e� �a�t� �T�h�i�n�n�i�n�g� �=� �2�5�,� �I�n�t�e�n�s�i�t�y� �=� �0�.�5� 

� � 

� � 

� � 

� � 

� � � � � � � � 
� � 

�1�0�0� 

�8�0� �e�e�.� 

�.� �e�e� 
 �� 

�i� 

�;� �B�E� 

�0� 

�0� �1�0� �2�0� �3�0� �4�0� 
�P�l�o�t� �A�g�e� �(�y�e�a�r�s�)� 

 ��=� �T�h�i�n�n�e�d�  �� �U�n�t�h�i�n�n�e�d� 
� � � � 

�F�i�g�u�r�e� �1�2�.� �S�i�t�e� �i�n�d�e�x� �c�u�r�v�e�s� �f�o�r� �a�n� �a�g�e� �a�t� �t�h�i�n�n�i�n�g� �o�f� �2�5�.� 

�P�a�g�e� �6�0



�M
�e

�a
�n

� 
�T

�o
�t�

a�
l� �H

�e
�i�

g�
h�

t� �(�
f�e

�e
�t�)

� 

�S�i�t�e� �I�n�d�e�x� �C�u�r�v�e�s� �f�o�r� �t�h�e� �M�T�H� �M�o�d�e�l� 
�A�g�e� �a�t� �T�h�i�n�n�i�n�g� �=� �3�0�,� �I�n�t�e�n�s�i�t�y� �=� �0�.�5� 

� � 

� � 

� � 

� � 

� � � � � � � � 
� � 

�1�0�0� 

�6�0� �e�e� �o�r�e� 
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�P�l�o�t� �A�g�e� �(�y�e�a�r�s�)� 

 ��=� �T�h�i�n�n�e�d�  ��-� �U�n�t�h�i�n�n�e�d� 
� � � � 

�F�i�g�u�r�e� �1�3�.� �S�i�t�e� �i�n�d�e�x� �c�u�r�v�e�s� �f�o�r� �a�n� �a�g�e� �a�t� �t�h�i�n�n�i�n�g� �o�f� �3�0�.� 
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�D�i�a�m�e�t�e�r� �I�n�c�r�e�m�e�n�t� �M�o�d�e�l� 

�T�r�e�e� �d�i�a�m�e�t�e�r� �i�s� �c�o�m�m�o�n�l�y� �k�n�o�w�n� �t�o� �h�a�v�e� �a� �l�a�r�g�e� �r�e�s�p�o�n�s�e� 

�t�o� �c�h�a�n�g�e�s� �i�n� �s�t�a�n�d� �d�e�n�s�i�t�y�.� �T�h�e�r�e�f�o�r�e�,� �t�h�i�n�n�i�n�g� �s�h�o�u�l�d� �h�a�v�e� 

�t�h�e� �s�t�r�o�n�g�e�s�t� �i�m�p�a�c�t� �o�n� �g�r�o�w�t�h� �s�i�m�u�l�a�t�i�o�n� �t�h�r�o�u�g�h� �c�h�a�n�g�e�s� �i�n� 

�t�r�e�e� �d�i�a�m�e�t�e�r� �a�n�d� �t�h�e� �r�e�s�u�l�t�i�n�g� �c�h�a�n�g�e�s� �i�n� �c�o�m�p�e�t�i�t�i�o�n� �i�n�d�e�x�,� 

�w�h�i�c�h� �i�m�p�a�c�t�s� �t�h�e� �o�t�h�e�r� �m�o�d�e�l�s�.� �A� �t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e� 

�w�h�i�c�h� �d�e�s�c�r�i�b�e�s� �t�h�e�s�e� �c�h�a�n�g�e�s� �s�h�o�u�l�d� �b�e� �o�f� �m�o�s�t� �v�a�l�u�e� �i�n� �t�h�e� 

�d�i�a�m�e�t�e�r� �i�n�c�r�e�m�e�n�t� �m�o�d�e�l�.� 

�T�h�e� �p�r�e�d�i�c�t�e�d� �d�i�a�m�e�t�e�r� �i�n�c�r�e�m�e�n�t� �i�s� �t�h�e� �p�o�t�e�n�t�i�a�l� 

�d�i�a�m�e�t�e�r� �i�n�c�r�e�m�e�n�t� �m�o�d�i�f�i�e�d� �b�y� �a� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �t�r�e�e ��s� �c�r�o�w�n� 

�r�a�t�i�o� �a�n�d� �c�o�m�p�e�t�i�t�i�o�n� �i�n�d�e�x�.� �F�o�r� �a�l�l� �m�o�d�e�l� �f�i�t�t�i�n�g�,� �P�D�I�N� �w�a�s� 

�d�e�r�i�v�e�d� �f�r�o�m� �t�h�e� �p�r�e�v�i�o�u�s�l�y� �d�e�s�c�r�i�b�e�d� �m�o�d�e�l� �(�D�a�n�i�e�l�s� �a�n�d� 

�B�u�r�k�h�a�r�t�,� �1�9�7�5�)� �b�a�s�e�d� �o�n� �o�p�e�n� �g�r�o�w�n� �t�r�e�e�s� �a�n�d� �u�s�i�n�g� �o�b�s�e�r�v�e�d� 

�h�e�i�g�h�t� �i�n�c�r�e�m�e�n�t�s�.� �D�u�r�i�n�g� �a�p�p�l�i�c�a�t�i�o�n� �i�n� �t�h�e� �g�r�o�w�t�h� 

�S�i�m�u�l�a�t�o�r�,� �P�D�I�N� �i�s� �d�e�r�i�v�e�d� �b�y� �s�u�b�t�r�a�c�t�i�o�n� �o�f� �t�h�e� �p�r�e�v�i�o�u�s� �m�e�a�n� 

�t�o�t�a�l� �h�e�i�g�h�t� �f�r�o�m� �t�h�e� �c�u�r�r�e�n�t� �o�n�e�.� �T�h�e� �d�i�a�m�e�t�e�r� �i�n�c�r�e�m�e�n�t� 

�m�o�d�e�l� �f�r�o�m� �P�T�A�E�D�A�2� �i�s� �r�e�s�t�a�t�e�d� �h�e�r�e�.� 

�D�I�N�=�P�D�I�N�*� �(�B�,�C�R�®�?�*�e�x�p� �(�-�B�,�C�Z�)� �]� 
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�S�e�p�a�r�a�t�e� �f�i�t�s� �o�f� �t�h�e� �D�I�N� �m�o�d�e�l� �a�c�r�o�s�s� �a�l�l� �o�f� �t�h�e� �d�a�t�a� �i�n� 

�e�a�c�h� �t�h�i�n�n�i�n�g� �r�e�g�i�m�e� �a�n�d� �a�c�r�o�s�s� �a�l�l� �o�f� �t�h�e� �d�a�t�a� �w�e�r�e� �f�i�r�s�t� 

�d�o�n�e� �f�o�r� �c�a�l�c�u�l�a�t�i�o�n� �o�f� �t�h�e� �F� �s�t�a�t�i�s�t�i�c�.� �T�h�e� �s�t�a�t�i�s�t�i�c�s� �f�r�o�m� 

�t�h�e�s�e� �f�o�u�r� �f�i�t�s� �a�r�e� �s�h�o�w�n� �i�n� �t�a�b�l�e� �6�.� �A�n�a�l�y�s�i�s� �o�f� �t�h�e�s�e� �f�i�t� 

�r�e�s�i�d�u�a�l�s� �s�h�o�w�e�d� �a� �l�a�r�g�e� �u�n�d�e�r�p�r�e�d�i�c�t�i�o�n� �(�0�.�0�1� �t�o� �0�.�0�2�5�)� �a�t� 

�t�h�e� �f�i�r�s�t� �r�e�m�e�a�s�u�r�e�m�e�n�t� �w�h�i�c�h� �i�n�c�r�e�a�s�e�d� �w�i�t�h� �t�h�i�n�n�i�n�g� 

�i�n�t�e�n�s�i�t�y�.� �R�e�s�i�d�u�a�l�s� �w�e�r�e� �l�e�s�s� �t�h�a�n� �0�.�0�0�5� �a�t� �t�h�e� �s�e�c�o�n�d� �a�n�d� 

�t�h�i�r�d� �r�e�m�e�a�s�u�r�e�m�e�n�t�.� 

�T�h�i�s� �a�n�a�l�y�s�i�s� �a�l�s�o� �s�h�o�w�e�d� �t�h�e� �r�e�s�i�d�u�a�l�s� �f�r�o�m� �t�h�e� �f�i�t� �t�o� 

�l�i�g�h�t� �t�h�i�n� �d�a�t�a� �t�o� �b�e� �n�e�a�r�l�y� �i�d�e�n�t�i�c�a�l� �t�o� �t�h�e� �a�l�l� �d�a�t�a� �f�i�t� 

�r�e�s�i�d�u�a�l�s�.� �T�h�i�s� �w�a�s� �n�o�t� �s�u�r�p�r�i�s�i�n�g� �s�i�n�c�e� �t�h�e� �l�i�g�h�t� �t�h�i�n�n�e�d� 

�d�a�t�a� �c�o�m�p�r�i�s�e�s� �a�b�o�u�t� �f�i�f�t�y� �p�e�r�c�e�n�t� �o�f� �a�l�l� �t�h�e� �a�v�a�i�l�a�b�l�e� �d�a�t�a�,� 

�b�u�t� �i�t� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �a� �m�o�d�e�l� �f�i�t� �t�o� �a�l�l� �o�f� �t�h�e� �d�a�t�a� �w�o�u�l�d� 

�u�n�d�e�r�p�r�e�d�i�c�t� �D�I�N� �i�n� �h�e�a�v�i�l�y� �t�h�i�n�n�e�d� �s�t�a�n�d�s� �a�n�d� �o�v�e�r�p�r�e�d�i�c�t� �i�t� 

�i�n� �u�n�t�h�i�n�n�e�d� �s�t�a�n�d�s�.� 

�T�h�e� �f�i�r�s�t� �f�i�t�s� �o�f� �t�h�e� �D�I�N� �m�o�d�e�l� �i�n�c�o�r�p�o�r�a�t�i�n�g� �a� �T�R�V� �w�e�r�e� 

�o�f� �t�h�e� �f�o�r�m� �s�h�o�w�n� �b�e�l�o�w� �u�s�i�n�g� �t�h�e� �p�r�e�v�i�o�u�s�l�y� �d�e�s�c�r�i�b�e�d� �T�R�V� 

�d�e�v�e�l�o�p�e�d� �b�y� �L�i�u� �e�t� �a�l�.� 

�D�I�N�=�P�D�I�N�*� �T�*� �[�B�,�C�R ��?�*�e�x�p� �(�-�B�,�C�Z�)� �]� 
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�w�h�e�r�e�:� �T� �=� �t�h�e� �L�i�u� �e�t� �a�l�.� �t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e� 

�T�h�e� �s�e�p�a�r�a�t�e� �f�i�t�s� �o�f� �t�h�i�s� �m�o�d�e�l� �w�e�r�e� �i�m�p�r�o�v�e�d� �i�n� �a�l�l� 

�c�a�s�e�s� �o�v�e�r� �t�h�e� �f�i�t�s� �w�i�t�h�o�u�t� �a� �T�R�V�,� �w�i�t�h� �t�h�e� �e�x�c�e�p�t�i�o�n� �o�f� �t�h�e� 

�f�i�t� �t�o� �t�h�e� �u�n�t�h�i�n�n�e�d� �d�a�t�a� �o�f� �c�o�u�r�s�e�,� �s�i�n�c�e� �t�h�e� �T�R�V ��s�S� �v�a�l�u�e� �i�s� 

�1� �i�n� �u�n�t�h�i�n�n�e�d� �s�t�a�n�d�s� �(�s�e�e� �t�a�b�l�e� �6�)�.� �T�h�e� �m�e�a�n� �r�e�s�i�d�u�a�l�s� �w�e�r�e� 

�i�m�p�r�o�v�e�d� �a�t� �t�h�e� �f�i�r�s�t� �r�e�m�e�a�s�u�r�e�m�e�n�t�,� �h�o�w�e�v�e�r�,� �t�h�e�y� �w�e�r�e� �m�a�d�e� 

�c�o�n�s�i�d�e�r�a�b�l�y� �w�o�r�s�e� �a�t� �t�h�e� �t�h�i�r�d� �r�e�m�e�a�s�u�r�e�m�e�n�t�.� 

�A�l�t�h�o�u�g�h� �m�e�a�n� �r�e�s�i�d�u�a�l�s� �w�e�r�e� �i�m�p�r�o�v�e�d� �a�t� �t�h�e� �f�i�r�s�t� 

�r�e�m�e�a�s�u�r�e�m�e�n�t� �b�y� �m�u�l�t�i�p�l�y�i�n�g� �t�h�e� �D�I�N� �m�o�d�e�l� �b�y� �t�h�e� �T�R�V�,� �i�t� �i�s� 

�t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� �m�o�d�e�l� �o�v�e�r� �t�i�m�e� �t�h�a�t� �i�s� �t�h�e� �m�a�j�o�r� 

�c�o�n�c�e�r�n�.� �S�t�a�n�d� �t�h�i�n�n�i�n�g� �r�e�s�u�l�t�s� �i�n� �s�u�d�d�e�n� �c�h�a�n�g�e�s� �i�n� �t�h�e� 

�c�a�l�c�u�l�a�t�e�d� �c�o�m�p�e�t�i�t�i�o�n� �i�n�d�e�x� �w�h�i�c�h� �c�a�n� �s�o�m�e�t�i�m�e�s� �b�e� �q�u�i�t�e� 

�l�a�r�g�e�.� �L�a�r�g�e� �l�e�v�e�l�s� �o�f� �m�o�r�t�a�l�i�t�y� �c�a�n� �a�l�s�o� �r�e�s�u�l�t� �i�n� �s�u�d�d�e�n� 

�c�h�a�n�g�e�s� �i�n� �C�I� �i�n� �s�u�b�s�e�q�u�e�n�t� �r�e�m�e�a�s�u�r�e�m�e�n�t�s�.� 

�N�a�t�u�r�a�l� �s�y�s�t�e�m�s� �s�u�c�h� �a�s� �t�r�e�e�s� �t�a�k�e� �t�i�m�e� �t�o� �r�e�s�p�o�n�d� �t�o� 

�c�h�a�n�g�e�s� �i�n� �c�o�m�p�e�t�i�t�i�o�n�.� �T�h�e� �D�I�N� �m�o�d�e�l� �a�s�s�u�m�e�s� �a�n� �i�n�s�t�a�n�t� 

�r�e�s�p�o�n�s�e� �t�o� �t�h�e�s�e� �c�h�a�n�g�e�s� �a�n�d� �s�i�n�c�e� �o�n�e�-�y�e�a�r� �p�r�e�d�i�c�t�i�o�n�s� �a�r�e� 

�b�e�i�n�g� �m�o�d�e�l�e�d�,� �t�h�i�s� �d�i�s�c�r�e�p�a�n�c�y� �c�o�u�l�d� �r�e�s�u�l�t� �i�n� �e�r�r�o�n�e�o�u�s� 

�p�r�e�d�i�c�t�i�o�n�s�.� �T�h�e�s�e� �c�h�a�n�g�e�s� �i�n� �C�I� �m�a�y� �n�o�t� �b�e� �s�e�v�e�r�e� �i�n� �a�n� 

�a�n�n�u�a�l� �s�i�m�u�l�a�t�o�r�,� �b�u�t� �w�h�e�n� �u�s�i�n�g� �t�h�r�e�e�-�y�e�a�r� �d�a�t�a�,� �t�h�e�y� �c�a�n� 

�p�o�s�s�i�b�l�y� �h�a�v�e� �a� �l�a�r�g�e� �i�m�p�a�c�t� �o�n� �t�h�e� �f�i�t�t�e�d� �e�s�t�i�m�a�t�e�s�.� 
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�i�m�p�a�c�t� �t�h�e� �p�r�e�d�i�c�t�i�o�n� �w�o�u�l�d� �b�e� �m�o�r�e� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� 

�n�a�t�u�r�a�l� �s�y�s�t�e�m�.� �O�n�e� �w�a�y� �t�o� �a�c�c�o�m�p�l�i�s�h� �t�h�i�s� �i�s� �t�o� �m�u�l�t�i�p�l�y� �t�h�e� 

�T�R�V� �t�i�m�e�s� �C�I� �d�i�r�e�c�t�l�y� �i�n� �t�h�e� �e�x�p�o�n�e�n�t� �o�f� �t�h�e� �D�I�N� �m�o�d�e�l�,� �r�a�t�h�e�r� 

�t�h�a�n� �m�u�l�t�i�p�l�y�i�n�g� �i�t� �t�i�m�e�s� �t�h�e� �e�n�t�i�r�e� �m�o�d�e�l�.� �T�h�e� �f�o�l�l�o�w�i�n�g� 

�m�o�d�e�l� �f�o�r�m�u�l�a�t�i�o�n� �w�a�s� �f�i�t�t�e�d� �t�o� �e�a�c�h� �t�h�i�n�n�i�n�g� �r�e�g�i�m�e� �t�o� 

�p�a�r�a�l�l�e�l� �t�h�e� �a�n�a�l�y�s�i�s� �w�i�t�h� �t�h�e� �T�R�V� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �t�h�e� 

�e�n�t�i�r�e� �m�o�d�e�l�.� 
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�T�h�e� �s�t�a�t�i�s�t�i�c�s� �f�o�r� �t�h�e�s�e� �m�o�d�e�l� �f�i�t�s� �a�r�e� �a�l�s�o� �d�i�s�p�l�a�y�e�d� �i�n� 

�t�a�b�l�e� �6� �f�o�r� �c�o�m�p�a�r�i�s�o�n� �t�o� �t�h�e� �p�r�e�v�i�o�u�s� �T�R�V� �f�i�t�s� �a�n�d� �t�o� �t�h�e� 

�f�i�t�s� �w�i�t�h�o�u�t� �a� �T�R�V�.� �T�h�e� �t�a�b�l�e� �s�h�o�w�s� �t�h�a�t� �u�s�i�n�g� �t�h�e� �T�R�V� �i�n� �t�h�e� 

�e�x�p�o�n�e�n�t�i�a�l� �p�o�s�i�t�i�o�n� �r�e�s�u�l�t�s� �i�n� �p�o�o�r�e�r� �f�i�t�s� �f�o�r� �a�l�l� �r�e�g�i�m�e�s� 

�t�h�a�n� �m�u�l�t�i�p�l�y�i�n�g� �t�h�e� �T�R�V� �a�g�a�i�n�s�t� �t�h�e� �e�n�t�i�r�e� �m�o�d�e�l�.� �T�h�e�s�e� �f�i�t�s� 

�a�r�e� �h�o�w�e�v�e�r� �s�t�i�l�l� �b�e�t�t�e�r� �t�h�a�n� �t�h�e� �f�i�t�s� �w�i�t�h�o�u�t� �a� �T�R�V�.� �T�h�e� �f�i�t� 

�r�e�s�i�d�u�a�l� �p�l�o�t�s� �a�l�s�o� �c�o�n�f�i�r�m� �t�h�e� �p�o�o�r�e�r� �f�i�t�s� �w�i�t�h� �t�h�e� �T�R�V� �i�n� 

�t�h�e� �e�x�p�o�n�e�n�t�.� �M�e�a�n� �f�i�t� �r�e�s�i�d�u�a�l�s� �w�e�r�e� �s�l�i�g�h�t�l�y� �w�o�r�s�e� �i�n� �a�l�l� 

�t�h�r�e�e� �r�e�m�e�a�s�u�r�e�m�e�n�t�s�.� �F�i�g�u�r�e� �1�4� �c�o�m�p�a�r�e�s� �t�h�e� �f�i�t� �r�e�s�i�d�u�a�l� 
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�e�n�t�i�r�e� �m�o�d�e�l� �s�e�e�m�e�d� �s�o�u�n�d�,� �e�v�e�n� �t�h�o�u�g�h� �p�r�e�l�i�m�i�n�a�r�y� �a�n�a�l�y�s�i�s� 

�w�a�s� �d�i�s�s�a�t�i�s�f�y�i�n�g�.� �I�t� �w�a�s� �d�e�c�i�d�e�d� �t�o� �t�r�y� �s�o�m�e� �o�t�h�e�r� �f�o�r�m�s� �o�f� 

�t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e�s�.� 

�I�t� �w�a�s� �b�e�l�i�e�v�e�d� �t�h�a�t� �i�n� �o�r�d�e�r� �f�o�r� �a�n� �i�n�d�i�v�i�d�u�a�l� �t�r�e�e ��s� 

�r�e�s�p�o�n�s�e� �t�o� �t�h�i�n�n�i�n�g� �b�e� �a�c�c�u�r�a�t�e�l�y� �m�o�d�e�l�e�d�,� �a�n� �e�x�p�r�e�s�s�i�o�n� �o�f� 

�t�h�e� �c�h�a�n�g�e� �i�n� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �t�r�e�e ��s� �c�o�m�p�e�t�i�t�i�v�e� �s�t�a�t�u�s� �m�u�s�t� �b�e� 

�i�n�c�l�u�d�e�d�.� �N�o�t�e� �t�h�a�t� �t�h�e� �p�r�e�v�i�o�u�s�l�y� �d�i�s�c�u�s�s�e�d� �T�R�V ��s� �a�r�e� �s�t�a�n�d� 

�l�e�v�e�l� �v�a�r�i�a�b�l�e�s�.� �T�h�e�i�r� �b�a�s�e� �i�s� �a� �r�a�t�i�o� �o�f� �a�f�t�e�r� �t�h�i�n�n�i�n�g� 

�b�a�s�a�l� �a�r�e�a� �t�o� �b�a�s�a�l� �a�r�e�a� �b�e�f�o�r�e� �t�h�i�n�n�i�n�g�,� �t�h�u�s� �t�h�e� �T�R�V ��s� �v�a�l�u�e� 

�i�s� �t�h�e� �s�a�m�e� �f�o�r� �e�v�e�r�y� �t�r�e�e� �i�n� �e�a�c�h� �p�a�r�t�i�c�u�l�a�r� �s�t�a�n�d�.� �A� �t�r�e�e� 

�l�e�v�e�l� �T�R�V� �w�a�s� �d�e�v�e�l�o�p�e�d� �w�h�i�c�h� �i�s� �b�a�s�e�d� �o�n� �a� �r�a�t�i�o� �o�f� �e�a�c�h� 

�t�r�e�e�s� �c�o�m�p�e�t�i�t�i�o�n� �i�n�d�e�x� �a�f�t�e�r� �t�o� �c�o�m�p�e�t�i�t�i�o�n� �i�n�d�e�x� �b�e�f�o�r�e� 

�t�h�i�n�n�i�n�g�,� �r�a�t�h�e�r� �t�h�a�n� �t�h�e� �r�e�s�i�d�u�a�l� �b�a�s�a�l� �a�r�e�a� �r�a�t�i�o� �p�r�e�v�i�o�u�s�l�y� 

�u�s�e�d�.� �T�h�i�s� �T�R�V� �d�e�s�i�g�n� �i�s� �s�h�o�w�n� �b�e�l�o�w�.� 

�r�[�-�(�A�,�-�A�,�)�?�+�K�(�A�,�-�A�,�)�]� 

�_� �C�I�A� �A�S� 
� � 

�w�h�e�r�e�:� �C�I�A� �=� �t�h�e� �t�r�e�e�s� �c�o�m�p�e�t�i�t�i�o�n� �i�n�d�e�x� �a�f�t�e�r� �t�h�i�n�n�i�n�g� 

�a�t� �p�l�o�t� �e�s�t�a�b�l�i�s�h�m�e�n�t� 

�C�I�B� �=� �t�h�e� �t�r�e�e�s� �c�o�m�p�e�t�i�t�i�o�n� �i�n�d�e�x� �c�a�l�c�u�l�a�t�e�d� �f�o�r� 
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�b�e�f�o�r�e� �t�h�i�n�n�i�n�g� �c�o�m�p�e�t�i�t�i�v�e� �s�t�a�t�u�s� 

�o�t�h�e�r� �p�a�r�a�m�e�t�e�r�s� �a�n�d� �v�a�r�i�a�b�l�e�s� �a�r�e� �a�s� �d�e�s�c�r�i�b�e�d� 

�p�r�e�v�i�o�u�s�l�y� �f�o�r� �t�h�e� �t�r�e�e� �l�e�v�e�l� �T�R�V� 

�T�h�e� �m�o�d�e�l� �w�a�s� �f�i�t� �a�s� �b�e�f�o�r�e� �w�i�t�h� �t�h�e� �n�e�w� �T�R�V� �m�u�l�t�i�p�l�i�e�d� 

�a�g�a�i�n�s�t� �t�h�e� �e�n�t�i�r�e� �m�o�d�e�l� �a�n�d� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �C�I� �i�n� �t�h�e� 

�e�x�p�o�n�e�n�t�.� �T�h�e� �T�R�V� �d�e�v�e�l�o�p�e�d� �i�n� �S�h�o�r�t� �a�n�d� �B�u�r�k�h�a�r�t� �(�1�9�9�2�)� �w�a�s� 

�a�l�s�o� �a�n�a�l�y�z�e�d� �i�n� �t�h�i�s� �f�a�s�h�i�o�n� �u�s�i�n�g� �t�h�e� �b�a�s�a�l� �a�r�e�a� �r�a�t�i�o� �b�a�s�e�d� 

�a�n�d� �C�I� �r�a�t�i�o� �b�a�s�e�d� �T�R�V ��s�.� �T�a�b�l�e� �7� �p�r�o�v�i�d�e�s� �a� �c�o�m�p�a�r�i�s�o�n� �o�f� 

�t�h�e�s�e� �s�i�x� �m�o�d�e�l�s� �w�h�i�c�h� �i�n�c�l�u�d�e� �a� �T�R�V�.� �F�o�r� �s�i�m�p�l�i�c�i�t�y�,� �t�h�e� 

�f�i�t�s� �t�o� �u�n�t�h�i�n�n�e�d� �d�a�t�a� �h�a�v�e� �n�o�t� �b�e�e�n� �i�n�c�l�u�d�e�d� �i�n� �t�h�i�s� �t�a�b�l�e�,� 

�S�i�n�c�e� �t�h�e�y� �a�r�e� �n�o�t� �a�l�t�e�r�e�d� �b�y� �d�i�f�f�e�r�e�n�t� �a�p�p�r�o�a�c�h�e�s� �t�o� 

�i�n�c�l�u�d�i�n�g� �a� �T�R�V�.� 

�A�s� �c�a�n� �b�e� �s�e�e�n� �i�n� �t�h�i�s� �t�a�b�l�e� �w�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �t�a�b�l�e� �6�,� 

�n�o�t� �o�n�e� �o�f� �t�h�e�s�e� �T�R�V� �d�e�s�i�g�n�s� �i�m�p�r�o�v�e�d� �u�p�o�n� �t�h�e� �L�i�u� �T�R�V� 

�m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �t�h�e� �e�n�t�i�r�e� �m�o�d�e�l�.� �T�h�e� �s�a�m�e� �i�s� �t�r�u�e� �f�o�r� �t�h�e� 

�o�r�i�g�i�n�a�l� �L�i�u� �T�R�V� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �C�I�,� �w�i�t�h� �t�h�e� �e�x�c�e�p�t�i�o�n� �o�f� 

�t�h�e� �d�e�s�i�g�n� �u�s�i�n�g� �t�h�e� �L�i�u� �T�R�V� �w�i�t�h� �a� �C�I� �r�a�t�i�o� �b�a�s�e� �m�u�l�t�i�p�l�i�e�d� 

�a�g�a�i�n�s�t� �t�h�e� �e�n�t�i�r�e� �m�o�d�e�l� �(�m�o�d�e�l�s� �2� �a�n�d� �3� �i�n� �t�a�b�l�e� �7� �)�.� �T�h�e� 

�f�i�t� �t�o� �l�i�g�h�t� �t�h�i�n�n�e�d� �d�a�t�a� �d�i�d� �n�o�t� �p�e�r�f�o�r�m� �a�s� �w�e�l�l� �a�s� �t�h�e� �b�a�s�a�l� 

�a�r�e�a� �r�a�t�i�o� �b�a�s�e�d� �T�R�V� �i�n� �t�h�e� �e�x�p�o�n�e�n�t�,� �b�u�t� �t�h�e� �f�i�t�s� �t�o� �h�e�a�v�y� 

�t�h�i�n�n�e�d� �d�a�t�a� �a�n�d� �t�o� �a�l�l� �t�h�e� �d�a�t�a� �a�r�e� �s�o�m�e�w�h�a�t� �i�m�p�r�o�v�e�d� �w�h�e�n� 

�c�o�m�p�a�r�e�d� �t�o� �m�o�d�e�l�s� �1�1� �a�n�d� �1�2� �i�n� �t�a�b�l�e� �6�.� 
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�T�a�b�l�e� �7�.� �F�i�t� �s�t�a�t�i�s�t�i�c�s� �f�o�r� �d�i�a�m�e�t�e�r� �i�n�c�r�e�m�e�n�t� �m�o�d�e�l�s� �f�i�t� �t�o� �a�l�l� �o�f� �t�h�e� �d�a�t�a�,� 
�u�s�i�n�g� �v�a�r�i�o�u�s� �t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e�s�.� 
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� � 
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�M�o�d�e�l� �S�S�E� �M�S�E� �S�y�.�x� �D�f� 
�1� �1�0�2�.�9�0�5�0� �0�.�0�0�7�9�5�6� �0�.�0�8�9�2� �1�2�9�3�5� 
�2� �8�7�.�8�9�3�7� �0�.�0�0�9�9�2�4� �0�.�0�9�9�6� �8�8�5�7� 
�3� �2�1�9�.�7�9�3�7� �0�.�0�0�8�0�1�7� �0�.�0�8�9�5� �2�7�4�1�5� 
�4� �1�0�3�.�0�5�7�0� �0�.�0�0�7�9�6�7� �0�.�0�8�9�3� �1�2�9�3�5� 
�5� �8�8�.�9�2�7�8� �0�.�0�1�0�0�4�0� �0�.�1�0�0�2� �8�8�5�7� 
�6� �2�2�1�.�6�1�3�8� �0�.�0�0�8�0�8�4� �0�.�0�8�9�9� �2�7�4�1�5� 
�7� �1�1�0�.�1�8�9�8� �0�.�0�0�8�5�1�7� �0�.�0�9�2�3� �1�2�9�3�7� 
�8� �1�0�0�.�9�3�0�2� �0�.�0�1�1�3�9�3� �0�.�1�0�6�7� �8�8�5�9� 
�9� �2�6�4�.�9�2�1�3� �0�.�0�0�9�6�6�3� �0�.�0�9�8�3� �2�7�4�1�7� 

�1�0� �1�0�3�.�6�1�6�9� �0�.�0�0�8�0�0�9� �0�.�0�8�9�5� �1�2�9�3�7� 
�1�1� �8�9�.�3�0�9�3� �0�.�0�1�0�0�8�1� �0�.�1�0�0�4� �8�8�5�9� 
�1�2� �2�2�4�.�9�9�2�6� �0�.�0�0�8�2�0�6� �0�.�0�9�0�6� �2�7�4�1�7� 
�1�3� �1�3�7�.�5�6�5�3� �0�.�0�1�0�6�3�3� �0�.�1�0�3�1� �1�2�9�3�7� 
�1�4� �1�4�5�.�2�1�8�0� �0�.�0�2�6�3�9�2� �0�.�1�6�2�5� �8�8�5�9� 
�1�5� �3�3�8�.�2�9�3�5� �0�.�0�1�2�3�3�9� �0�.�1�1�1�1� �2�7�4�1�7� 
�1�6� �1�0�4�.�7�9�6�5� �0�.�0�0�8�1�0�1� �0�.�0�9�0�0� �1�2�9�3�7� 
�1�7� �9�0�.�6�6�2�8� �0�.�0�1�0�2�3�4� �0�.�1�0�1�2� �8�8�5�9� 
�1�8� �2�2�5�.�9�6�5�7� �0�.�0�0�8�2�4�2� �0�.�0�9�0�8� �2�7�4�1�7� � � � � � � 

�S�S�E� �=� �s�u�m� �o�f� �s�q�u�a�r�e�s� �f�o�r� �e�r�r�o�r�,� �M�S�E� �=� �m�e�a�n� �s�q�u�a�r�e� �e�r�r�o�r�,� �S�y�.�x� �=� �s�t�a�n�d�a�r�d� 
�e�r�r�o�r� �o�f� �t�h�e� �e�s�t�i�m�a�t�e�,� �D�f� �=� �d�e�g�r�e�e�s� �o�f� �f�r�e�e�d�o�m�.� 

�M�o�d�e�l�s�:� 
�F�i�t� �t�o� �l�i�g�h�t� �t�h�i�n�n�e�d� �d�a�t�a� �u�s�i�n�g� �a� �C�l� �r�a�t�i�o� �T�R�V� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �m�o�d�e�l� 
�F�i�t� �t�o� �h�e�a�v�y� �t�h�i�n�n�e�d� �d�a�t�a� �u�s�i�n�g� �a� �C�l� �r�a�t�i�o� �T�R�V� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �m�o�d�e�l� 
�F�i�t� �t�o� �a�l�l� �t�h�e� �d�a�t�a� �u�s�i�n�g� �a� �C�l� �r�a�t�i�o� �T�R�V� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �m�o�d�e�l� 
�F�i�t� �t�o� �l�i�g�h�t� �t�h�i�n�n�e�d� �d�a�t�a� �u�s�i�n�g� �a� �C�i� �r�a�t�i�o� �T�R�V� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �C�l� 
�F�i�t� �t�o� �h�e�a�v�y� �t�h�i�n�n�e�d� �d�a�t�a� �u�s�i�n�g� �a� �C�l� �r�a�t�i�o� �T�R�V� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �C�l� 
�F�i�t� �t�o� �a�l�l� �t�h�e� �d�a�t�a� �u�s�i�n�g� �a� �C�l� �r�a�t�i�o� �T�R�V� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �C�l� 
�L�i�g�h�t� �t�h�i�n�n�e�d� �f�i�t� �w�i�t�h� �A�.� �S�h�o�r�t� �B�/�A� �r�a�t�i�o� �T�R�V� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �m�o�d�e�l� 
�H�e�a�v�y� �t�h�i�n�n�e�d� �f�i�t� �w�i�t�h� �A�.� �S�h�o�r�t� �B�/�A� �r�a�t�i�o� �T�R�V� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �m�o�d�e�l� 
�A�i�l� �d�a�t�a� �f�i�t� �w�i�t�h� �A�.� �S�h�o�r�t� �B�/�A� �r�a�t�i�o� �T�R�V� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �m�o�d�e�l� 
�L�i�g�h�t� �t�h�i�n�n�e�d� �f�i�t� �w�i�t�h� �A�.� �S�h�o�r�t� �B�/�A� �r�a�t�i�o� �T�R�V� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �C�l� 
�H�e�a�v�y� �t�h�i�n�n�e�d� �f�i�t� �w�i�t�h� �A�.� �S�h�o�r�t� �B�/�A� �r�a�t�i�o� �T�R�V� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �C�l� 
�A�l�l� �d�a�t�a� �f�i�t� �w�i�t�h� �A�.� �S�h�o�r�t� �B�/�A� �r�a�t�i�o� �T�R�V� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �C�l� 
�L�i�g�h�t� �t�h�i�n�n�e�d� �f�i�t� �w�i�t�h� �A�.� �S�h�o�r�t� �C�l� �r�a�t�i�o� �T�R�V� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �m�o�d�e�l� 
�H�e�a�v�y� �t�h�i�n�n�e�d� �f�i�t� �w�i�t�h� �A�.� �S�h�o�r�t� �C�l� �r�a�t�i�o� �T�R�V� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �m�o�d�e�l� 
�A�l�l� �d�a�t�a� �f�i�t� �w�i�t�h� �A�.� �S�h�o�r�t� �C�l� �r�a�t�i�o� �T�R�V� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �m�o�d�e�l� 
�L�i�g�h�t� �t�h�i�n�n�e�d� �f�i�t� �w�i�t�h� �A�.� �S�h�o�r�t� �C�l� �r�a�t�i�o� �T�R�V� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �C�l� 
�H�e�a�v�y� �t�h�i�n�n�e�d� �f�i�t� �w�i�t�h� �A�.� �S�h�o�r�t� �C�i� �r�a�t�i�o� �T�R�V� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �C�l� 
�A�l�l� �d�a�t�a� �f�i�t� �w�i�t�h� �A�.� �S�h�o�r�t� �C�l� �r�a�t�i�o� �T�R�V� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �C�l� 
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�T�h�e� �S�h�o�r�t� �a�n�d� �B�u�r�k�h�a�r�t� �T�R�V� �w�i�t�h� �a� �C�I� �r�a�t�i�o� �b�a�s�e� �p�e�r�f�o�r�m�e�d� 

�e�x�t�r�e�m�e�l�y� �p�o�o�r�l�y� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �o�t�h�e�r� �d�e�s�i�g�n�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� 

�w�h�e�n� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �t�h�e� �e�n�t�i�r�e� �m�o�d�e�l�.� �A�l�t�h�o�u�g�h� �f�i�t�t�i�n�g� �o�f� 

�m�o�d�e�l�s� �u�t�i�l�i�z�i�n�g� �t�h�e� �S�h�o�r�t� �a�n�d� �B�u�r�k�h�a�r�t� �T�R�V� �i�s� �e�a�s�i�e�r� �d�u�e� �t�o� 

�f�e�w�e�r� �p�a�r�a�m�e�t�e�r�s�,� �i�t� �s�e�e�m�s� �o�b�v�i�o�u�s� �t�h�a�t� �t�h�e� �e�x�p�o�n�e�n�t� �o�f� �t�h�i�s� 

�T�R�V� �i�s� �n�o�t� �d�e�s�c�r�i�p�t�i�v�e� �e�n�o�u�g�h� �t�o� �u�t�i�l�i�z�e� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �i�n�a� 

�C�I� �r�a�t�i�o� �b�a�s�e�.� �R�e�s�i�d�u�a�l� �p�l�o�t�s� �s�i�m�i�l�a�r�l�y� �i�n�d�i�c�a�t�e�d� �p�o�o�r�e�r� 

�p�r�e�d�i�c�t�i�v�e� �a�b�i�l�i�t�y� �f�o�r� �t�h�e� �T�R�V� �b�a�s�e�d� �o�n� �a� �r�a�t�i�o� �o�f� �C�I� �v�a�l�u�e�s�.� 

�I�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� �i�n� �a�l�l� �o�f� �t�h�e� �a�b�o�v�e� �d�e�s�c�r�i�b�e�d� 

�f�i�t�s�,� �a�l�l� �p�a�r�a�m�e�t�e�r� �e�s�t�i�m�a�t�e�s� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�.� �T�h�e� �D�I�N� 

�m�o�d�e�l�s� �d�i�d� �n�o�t� �h�a�v�e� �a�n�y� �o�f� �t�h�e� �f�i�t�t�i�n�g� �p�r�o�b�l�e�m�s� �f�o�u�n�d� �w�i�t�h� �t�h�e� 

�H�I�N� �m�o�d�e�l�,� �p�r�o�b�a�b�l�y� �b�e�c�a�u�s�e� �t�h�e�r�e� �i�s� �m�u�c�h� �m�o�r�e� �v�a�r�i�a�t�i�o�n� �i�n� 

�t�h�e� �d�i�a�m�e�t�e�r� �d�a�t�a�,� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �h�e�i�g�h�t� �d�a�t�a�,� �a�n�d� �m�u�c�h� �l�e�s�s� 

�i�n�h�e�r�e�n�t� �m�e�a�s�u�r�e�m�e�n�t� �e�r�r�o�r�.� 

�B�a�s�e�d� �o�n� �t�h�e�s�e� �r�e�s�u�l�t�s� �a�n�d� �t�o� �r�e�m�a�i�n� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� 

�o�t�h�e�r� �m�o�d�e�l�s� �i�n� �t�h�e� �s�i�m�u�l�a�t�o�r�,� �i�t� �w�a�s� �d�e�c�i�d�e�d� �t�o� �l�i�m�i�t� �f�u�r�t�h�e�r� 

�a�n�a�l�y�s�i�s� �t�o� �t�h�e� �L�i�u� �T�R�V� �u�s�i�n�g� �t�h�e� �b�a�s�a�l� �a�r�e�a� �r�a�t�i�o� �b�a�s�e�.� �T�h�i�s� 

�T�R�V� �h�a�s� �b�e�e�n� �s�h�o�w�n� �i�n� �t�h�e� �M�T�H� �a�n�a�l�y�s�i�s� �a�b�o�v�e� �a�n�d� �i�n� �L�I�U� �e�t� �a�l�.� 

�t�o� �h�a�v�e� �b�e�t�t�e�r� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �f�o�r� �d�e�s�c�r�i�b�i�n�g� �b�i�o�l�o�g�i�c�a�l� 

�s�y�s�t�e�m�s� �t�h�a�n� �p�r�e�v�i�o�u�s� �v�a�r�i�a�b�l�e�s�.� �T�h�u�s�,� �a�n�a�l�y�s�i�s� �w�a�s� �f�o�c�u�s�e�d� 

�o�n� �t�h�e� �c�o�n�f�i�g�u�r�a�t�i�o�n� �o�f� �t�h�e� �T�R�V� �i�n� �t�h�e� �m�o�d�e�l�.� 
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�T�h�e� �d�a�t�a� �w�e�r�e� �r�a�n�d�o�m�l�y� �s�p�l�i�t�,� �u�s�i�n�g� �o�n�e�-�h�a�l�f� �a�s� �t�h�e� 

�f�i�t�t�i�n�g� �d�a�t�a�s�e�t� �a�n�d� �o�n�e�-�h�a�l�f� �f�o�r� �v�a�l�i�d�a�t�i�o�n�.� �E�a�c�h� �o�f� �t�h�e� �t�w�o� 

�m�o�d�e�l� �f�o�r�m�s�,� �t�h�e� �T�R�V� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �t�h�e� �e�n�t�i�r�e� �m�o�d�e�l�,� 

�h�e�r�e�a�f�t�e�r� �c�a�l�l�e�d� �t�h�e� �m�u�l�t�i�p�l�i�c�a�t�i�v�e� �m�o�d�e�l�,� �a�n�d� �m�u�l�t�i�p�l�y�i�n�g� �C�I� 

�i�n� �t�h�e� �e�x�p�o�n�e�n�t� �b�y� �t�h�e� �T�R�V�,� �c�a�l�l�e�d� �t�h�e� �e�x�p�o�n�e�n�t�i�a�l� �m�o�d�e�l�,� �w�e�r�e� 

�f�i�t� �a�n�d� �v�a�l�i�d�a�t�e�d�.� �T�h�e�s�e� �s�p�l�i�t�-�d�a�t�a� �f�i�t� �s�t�a�t�i�s�t�i�c�s� �a�r�e� �s�h�o�w�n� 

�i�n� �t�a�b�l�e� �8�.� �I�n� �t�h�e�s�e� �f�i�t�s�,� �a�s� �b�e�f�o�r�e�,� �t�h�e� �m�u�l�t�i�p�l�i�c�a�t�i�v�e� 

�m�o�d�e�l� �h�a�d� �s�l�i�g�h�t�l�y� �b�e�t�t�e�r� �s�t�a�t�i�s�t�i�c�s� �t�h�a�n� �t�h�e� �e�x�p�o�n�e�n�t�i�a�l� 

�m�o�d�e�l�.� �H�o�w�e�v�e�r�,� �i�n� �t�h�e� �r�e�s�i�d�u�a�l� �p�l�o�t�s�,� �v�a�l�i�d�a�t�i�o�n� �w�a�s� �m�u�c�h� 

�b�e�t�t�e�r� �f�o�r� �t�h�e� �e�x�p�o�n�e�n�t�i�a�l� �m�o�d�e�l� �(�s�e�e� �f�i�g�u�r�e� �1�5�)�.� 

�T�h�e� �t�w�o� �m�o�d�e�l�s� �w�e�r�e� �a�g�a�i�n� �f�i�t� �t�o� �a�l�l� �o�f� �t�h�e� �d�a�t�a�,� �t�h�e�n� 

�v�a�l�i�d�a�t�i�o�n� �r�e�s�i�d�u�a�l�s� �w�e�r�e� �g�e�n�e�r�a�t�e�d� �f�o�r� �e�a�c�h� �t�h�i�n�n�i�n�g� �r�e�g�i�m�e� 

�u�s�i�n�g� �t�h�e� �f�i�t�t�e�d� �e�s�t�i�m�a�t�e�s�.� �T�h�e�s�e� �f�i�t� �s�t�a�t�i�s�t�i�c�s� �a�r�e� �a�l�s�o� 

�s�h�o�w�n� �i�n� �t�a�b�l�e� �8�.� �F�i�g�u�r�e� �1�6� �s�h�o�w�s� �t�h�e� �v�a�l�i�d�a�t�i�o�n� �o�f� �t�h�e�s�e� �t�w�o� 

�m�o�d�e�l�s� �o�n� �e�a�c�h� �t�h�i�n�n�i�n�g� �i�n�t�e�n�s�i�t�y�.� �A�l�t�h�o�u�g�h� �t�h�i�s� �v�a�l�i�d�a�t�i�o�n� 

�i�s� �n�o�t� �o�n� �a�n� �i�n�d�e�p�e�n�d�e�n�t� �d�a�t�a�s�e�t�,� �i�t� �d�e�m�o�n�s�t�r�a�t�e�s� �h�o�w� �w�e�l�l� �o�r� 

�p�o�o�r�l�y� �t�h�e� �t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e� �i�s� �p�e�r�f�o�r�m�i�n�g�.� �T�h�e� 

�e�x�p�o�n�e�n�t�i�a�l� �m�o�d�e�l� �a�g�a�i�n� �h�a�d� �s�l�i�g�h�t�l�y� �w�o�r�s�e� �f�i�t� �s�t�a�t�i�s�t�i�c�s�,� �a�s� 

�e�a�r�l�i�e�r� �a�n�a�l�y�s�i�s� �f�o�u�n�d�,� �b�u�t� �t�h�e� �v�a�l�i�d�a�t�i�o�n� �s�h�o�w�s� �a� �m�u�c�h� 

�t�i�g�h�t�e�r� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �i�n�t�e�n�s�i�t�i�e�s�.� �T�h�e�r�e� �w�a�s� �v�e�r�y� 

�l�i�t�t�l�e� �b�i�a�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �m�u�l�t�i�p�l�i�c�a�t�i�v�e� �m�o�d�e�l�.� 
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�T�a�b�l�e� �8�.� �F�i�t� �s�t�a�t�i�s�t�i�c�s� �a�n�d� �e�s�t�i�m�a�t�e�s� �f�o�r� �K� �a�n�d� �R� �i�n� �t�h�e� �t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e� 
�f�o�r� �d�i�a�m�e�t�e�r� �i�n�c�r�e�m�e�n�t� �m�o�d�e�l�s� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �e�l�a�p�s�/�a�g�e� �c�o�n�f�i�g�u�r�a�t�i�o�n�s� �i�n� �t�h�e� 
�t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e�.� 

� � 

� � 

� � 

�M�o�d�e�l� �S�S�E� �M�S�E� �S�y�.�x� �K� �R� 
�1� �1�0�5�.�6�9�6�7� �0�.�0�0�7�7�7�6� �0�.�0�8�8�2� �-�4�.�4�5� �7�.�4�7� 
�2� �1�0�7�.�6�4�5�5� �0�.�0�0�7�9�2�0� �0�.�0�8�9�0� �9�.�0�1� �7�.�6�9� 
�3� �2�1�6�.�1�0�7�5� �0�.�0�0�7�8�8�3� �0�.�0�8�8�8� �-�4�.�5�9� �7�.�5�1� 
�4� �2�2�0�.�7�0�5�5� �0�.�0�0�8�0�5�1� �0�.�0�8�9�7� �9�.�1�6� �7�.�6�6� 
�5� �1�1�0�.�1�5�5�2� �0�.�0�0�8�1�0�4� �0�.�0�9�0�0� �-�0�.�2�8� �9�.�5�7� 
�6� �1�0�8�.�6�4�4�1� �0�.�0�0�7�9�9�3� �0�.�0�8�9�4� �8�.�3�8� �5�.�0�1� 
�7� �2�1�9�.�3�5�6�8� �0�.�0�0�8�0�0�1� �0�.�0�8�9�4� �-�6�.�2�0� �4�.�9�6� 
�8� �2�2�2�.�7�5�1�1� �0�.�0�0�8�1�2�5� �0�.�0�9�0�1� �8�.�8�7� �5�.�0�3� 
�9� �2�1�6�.�0�3�1�9� �0�.�0�0�7�8�8�0� �0�.�0�8�8�8� �-�6�.�0�7� �7�.�4�6� 

�1�0� �2�1�8�.�7�1�3�8� �0�.�0�0�7�9�7�8� �0�.�0�8�9�3� �-�8�.�9�1� �5�.�0�0� � � � � � � � � � � � � � � 

�S�S�E� �=� �s�u�m� �o�f� �s�q�u�a�r�e�s� �f�o�r� �e�r�r�o�r�,� �M�S�E� �=� �m�e�a�n� �s�q�u�a�r�e� �e�r�r�o�r�,� �S�y�.�x� �=� �s�t�a�n�d�a�r�d� 
�e�r�r�o�r� �o�f� �t�h�e� �e�s�t�i�m�a�t�e�.� �R� �a�n�d� �K� �a�r�e� �e�s�t�i�m�a�t�e�d� �p�a�r�a�m�e�t�e�r�s� �i�n� �t�h�e� �T�R�V�'�s�.� 
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� �S�p�l�i�t�-�d�a�t�a� �f�i�t� �w�t�h� �T�R�V� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �e�n�t�i�r�e� �m�o�d�e�l� 
�S�p�l�i�t�-�d�a�t�a� �f�i�t� �w�t�h� �T�R�V� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �C�l� 
�A�l�l� �d�a�t�a� �f�i�t� �w�t�h� �T�R�V� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �e�n�t�i�r�e� �m�o�d�e�l� 
�A�l�l� �d�a�t�a� �f�i�t� �w�t�h� �T�R�V� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �C�l� 
�S�p�l�i�t�-�d�a�t�a� �f�i�t� �w�t�h� �T�R�V� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �e�n�t�i�r�e� �m�o�d�e�l� �(�1� �y�e�a�r� �e�l�a�p�s�)� 
�S�p�l�i�t�-�d�a�t�a� �f�i�t� �w�t�h� �T�R�V� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �C�l� �(�1� �y�e�a�r� �e�l�a�p�s�)� 
�A�l�l� �d�a�t�a� �f�i�t� �w�t�h� �T�R�V� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �e�n�t�i�r�e� �m�o�d�e�l� �(�1� �y�e�a�r� �e�l�a�p�s�)� 
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�A�t� �t�h�i�s� �t�i�m�e�,� �t�h�e� �s�t�r�u�c�t�u�r�e� �o�f� �t�h�e� �v�a�r�i�a�b�l�e�s� �i�n� �t�h�e� �T�R�V� 

�c�a�m�e� �i�n�t�o� �q�u�e�s�t�i�o�n�.� �U�p� �t�o� �t�h�i�s� �p�o�i�n�t� �i�n� �t�h�e� �a�n�a�l�y�s�i�s�,� �t�h�e� 

�e�l�a�p�s�e�d� �t�i�m�e� �(�a�g�e� �m�i�n�u�s� �a�g�e� �a�t� �t�h�i�n�n�i�n�g�)�,� �t�e�r�m�e�d� �e�l�a�p�s�,� �u�s�e�d� 

�i�n� �t�h�e� �T�R�V� �w�a�s� �3� �y�e�a�r�s�,� �6� �y�e�a�r�s�,� �a�n�d� �9� �y�e�a�r�s�.� �T�h�i�s� �w�a�s� �a�l�s�o� 

�t�r�u�e� �o�f� �t�h�e� �a�g�e� �f�a�c�t�o�r� �i�n� �t�h�e� �d�e�n�o�m�i�n�a�t�o�r� �o�f� �t�h�e� �e�x�p�o�n�e�n�t� �o�f� 

�t�h�e� �T�R�V�.� �S�i�n�c�e� �t�h�e�s�e� �a�r�e� �o�n�e�-�y�e�a�r� �m�o�d�e�l�s�,� �i�t� �s�e�e�m�s� �l�o�g�i�c�a�l� 

�t�h�a�t� �t�h�e� �e�l�a�p�s�e�d� �t�i�m�e� �t�h�e� �T�R�V� �i�s� �p�r�e�d�i�c�t�i�n�g� �a�c�r�o�s�s� �s�h�o�u�l�d� �a�l�s�o� 

�b�e� �o�n�e� �y�e�a�r�.� 

�S�p�l�i�t�-�d�a�t�a� �a�n�a�l�y�s�e�s� �w�e�r�e� �a�g�a�i�n� �r�u�n� �o�n� �t�h�e� �t�w�o� �m�o�d�e�l�s�.� 

�T�h�i�s� �t�i�m�e�,� �t�h�e� �v�a�l�u�e�s� �f�o�r� �e�l�a�p�s� �u�s�e�d� �i�n� �t�h�e� �T�R�V� �w�e�r�e� �1�,� �4�,� �a�n�d� 

�7�.� �A�l�s�o�,� �t�h�e� �a�g�e� �f�a�c�t�o�r� �i�n� �t�h�e� �d�e�n�o�m�i�n�a�t�o�r� �w�a�s� �s�e�t� �t�o� �a�g�e� �a�t� 

�t�h�i�n�n�i�n�g� �p�l�u�s� �1�,� �p�l�u�s� �4�,� �a�n�d� �p�l�u�s� �7�.� �T�h�i�s� �a�g�e� �f�a�c�t�o�r� �m�u�s�t� �b�e� 

�t�h�e� �s�a�m�e� �a�s� �t�h�e� �a�g�e� �u�s�e�d� �t�o� �c�a�l�c�u�l�a�t�e� �e�l�a�p�s�.� �I�n� �t�h�i�s� 

�c�o�n�f�i�g�u�r�a�t�i�o�n�,� �t�h�e� �e�x�p�o�n�e�n�t�i�a�l� �m�o�d�e�l� �p�e�r�f�o�r�m�e�d� �s�l�i�g�h�t�l�y� �b�e�t�t�e�r� 

�t�h�a�n� �t�h�e� �m�u�l�t�i�p�l�i�c�a�t�i�v�e� �m�o�d�e�l�;� �h�o�w�e�v�e�r�,� �t�h�e�r�e� �w�a�s� �v�e�r�y� �l�i�t�t�l�e� 

�d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �v�a�l�i�d�a�t�i�o�n� �r�e�s�i�d�u�a�l�s� �f�o�r� �t�h�e� �t�w�o� �f�i�t�s� �(�s�e�e� 

�f�i�g�u�r�e� �1�7�)�.� �T�h�e� �e�x�p�o�n�e�n�t�i�a�l� �m�o�d�e�l� �w�a�s� �b�e�t�t�e�r� �a�t� �t�h�e� �s�e�c�o�n�d� 

�r�e�m�e�a�s�u�r�e�m�e�n�t� �a�n�d� �t�h�e� �m�u�l�t�i�p�l�i�c�a�t�i�v�e� �w�a�s� �b�e�t�t�e�r� �a�t� �t�h�e� �t�h�i�r�d�.� 

�E�a�c�h� �m�o�d�e�l� �w�a�s� �r�e�f�i�t� �t�o� �a�l�l� �o�f� �t�h�e� �d�a�t�a� �u�s�i�n�g� �t�h�e� �n�e�w� 

�e�l�a�p�s�/�a�g�e� �c�o�n�f�i�g�u�r�a�t�i�o�n�.� �T�h�e� �f�i�t� �s�t�a�t�i�s�t�i�c�s� �f�o�r� �t�h�i�s� �a�n�d� �t�h�e� 

�s�p�l�i�t�-�d�a�t�a� �f�i�t�s� �a�r�e� �a�l�s�o� �i�n� �t�a�b�l�e� �8� �f�o�r� �c�o�m�p�a�r�i�s�o�n� �t�o� �t�h�e� 

�t�h�r�e�e�-�y�e�a�r� �e�l�a�p�s� �f�i�t�s�.� �O�n�c�e� �a�g�a�i�n�,� �t�h�e� �m�u�l�t�i�p�l�i�c�a�t�i�v�e� �m�o�d�e�l� 

�h�a�d� �a� �h�i�g�h�e�r� �q�u�a�l�i�t�y� �f�i�t�.� �B�u�t� �a�g�a�i�n�,� �i�n� �t�h�e� �v�a�l�i�d�a�t�i�o�n� �p�l�o�t�s� 

�7�6



�o�f� �t�h�e�s�e� �e�s�t�i�m�a�t�e�s� �o�n� �e�a�c�h� �r�e�g�i�m�e� �s�h�o�w�n� �i�n� �f�i�g�u�r�e� �1�8�,� �t�h�e� 

�e�x�p�o�n�e�n�t�i�a�l� �m�o�d�e�l� �p�e�r�f�o�r�m�e�d� �b�e�t�t�e�r� �t�h�a�n� �t�h�e� �m�u�l�t�i�p�l�i�c�a�t�i�v�e� 

�d�e�s�i�g�n�.� �I�n�c�l�u�d�e�d� �i�n� �f�i�g�u�r�e� �1�8� �i�s� �a� �v�a�l�i�d�a�t�i�o�n� �o�f� �e�s�t�i�m�a�t�e�s� 

�f�i�t� �w�i�t�h�o�u�t� �a� �T�R�V� �f�o�r� �c�o�m�p�a�r�i�s�o�n� �t�o� �t�h�e� �T�R�V� �p�l�o�t�s�.� 

�I�n� �e�v�e�r�y� �c�a�s�e� �u�s�i�n�g� �t�h�e� �o�n�e�-�y�e�a�r� �e�l�a�p�s�/�a�g�e� �c�o�n�f�i�g�u�r�a�t�i�o�n�,� 

�f�i�t� �s�t�a�t�i�s�t�i�c�s� �w�e�r�e� �s�l�i�g�h�t�l�y� �w�o�r�s�e� �t�h�a�n� �t�h�e� �s�i�m�i�l�a�r� �f�i�t� �w�i�t�h� 

�t�h�e� �o�r�i�g�i�n�a�l� �c�o�n�f�i�g�u�r�a�t�i�o�n�.� �I�t� �i�s� �d�i�f�f�i�c�u�l�t� �t�o� �e�x�p�l�a�i�n� �w�h�y� 

�t�h�e� �f�i�t� �s�t�a�t�i�s�t�i�c�s� �w�e�r�e� �w�o�r�s�e�n�e�d� �b�y� �u�s�i�n�g� �t�h�e� �i�n�t�u�i�t�i�v�e�l�y� 

�c�o�r�r�e�c�t� �o�n�e�-�y�e�a�r� �c�o�n�f�i�g�u�r�a�t�i�o�n�.� �H�o�w�e�v�e�r�,� �t�h�e� �c�h�a�n�g�e� �r�e�s�u�l�t�e�d� 

�i�n� �a� �s�u�b�s�t�a�n�t�i�a�l� �i�m�p�r�o�v�e�m�e�n�t� �i�n� �t�h�e� �v�a�l�i�d�a�t�i�o�n� �p�l�o�t�s� �f�o�r� �t�h�e� 

�m�u�l�t�i�p�l�i�c�a�t�i�v�e� �m�o�d�e�l�,� �w�h�e�n� �f�i�g�u�r�e�s� �1�6� �a�n�d� �1�8� �a�r�e� �c�o�m�p�a�r�e�d�.� 

�T�h�e� �e�x�p�o�n�e�n�t�i�a�l� �m�o�d�e�l� �s�h�o�w�s� �l�i�t�t�l�e� �c�h�a�n�g�e� �i�n� �t�h�i�s� �c�o�m�p�a�r�i�s�o�n�.� 

�A�n�o�t�h�e�r� �f�a�c�t�o�r� �w�h�i�c�h� �s�e�e�m�e�d� �t�o� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� 

�e�x�p�o�n�e�n�t�i�a�l� �m�o�d�e�l� �d�e�s�i�g�n� �w�a�s� �s�u�p�e�r�i�o�r� �w�e�r�e� �t�h�e� �e�s�t�i�m�a�t�e�s� �f�o�r� 

�K�.� �I�n� �a�i�l� �o�f� �t�h�e� �f�i�t�s�,� �b�o�t�h� �t�h�r�e�e�-�y�e�a�r� �a�n�d� �o�n�e�-�y�e�a�r�,� �i�n� �w�h�i�c�h� 

�t�h�e� �T�R�V� �w�a�s� �m�u�l�t�i�p�l�i�e�d� �d�i�r�e�c�t�l�y� �a�g�a�i�n�s�t� �C�I�,� �t�h�i�s� �e�s�t�i�m�a�t�e� �w�a�s� 

�a�l�w�a�y�s� �b�e�t�w�e�e�n� �8�.�8� �a�n�d� �9�.�2� �(�s�e�e� �t�a�b�l�e� �8�)�.� �E�v�e�n� �t�h�e� �s�p�l�i�t�-�d�a�t�a� 

�f�i�t�s� �f�e�l�l� �i�n� �t�h�i�s� �r�a�n�g�e�.� �T�h�i�s� �e�s�t�i�m�a�t�e� �f�o�r� �t�h�e� �m�u�l�t�i�p�l�i�c�a�t�i�v�e� 
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�m�o�d�e�l�s� �g�e�n�e�r�a�t�e�d� �f�i�t� �s�t�a�t�i�s�t�i�c�s� �w�h�i�c�h� �w�e�r�e� �b�e�t�t�e�r� �t�h�a�n� �t�h�e� 

�t�h�r�e�e�-�y�e�a�r� �e�l�a�p�s�/�a�g�e� �c�o�n�f�i�g�u�r�a�t�i�o�n� �f�i�t�s� �p�r�e�v�i�o�u�s�l�y� �d�i�s�c�u�s�s�e�d�.� 

�T�w�o� �m�o�r�e� �f�i�t�s� �w�e�r�e� �d�o�n�e� �t�o� �a�n�a�l�y�z�e� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� 

�D�I�N� �m�o�d�e�l� �i�n�c�o�r�p�o�r�a�t�i�n�g� �t�w�o� �T�R�V ��s�,� �o�n�e� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �t�h�e� 

�e�n�t�i�r�e� �m�o�d�e�l� �a�n�d� �o�n�e� �m�u�l�t�i�p�l�i�e�d� �a�g�a�i�n�s�t� �C�I�.� �T�h�i�s� �f�i�t� �w�a�s� �d�o�n�e� 

�f�o�r� �e�a�c�h� �o�f� �t�h�e� �t�w�o� �e�l�a�p�s�/�a�g�e� �c�o�n�f�i�g�u�r�a�t�i�o�n�s�.� �T�h�e�s�e� 

�S�t�a�t�i�s�t�i�c�s� �a�r�e� �t�h�e� �l�a�s�t� �t�w�o� �e�n�t�r�i�e�s� �i�n� �t�a�b�l�e� �8�.� �U�s�i�n�g� �t�w�o� 

�T�R�V ��s� �r�e�s�u�l�t�e�d� �i�n� �s�l�i�g�h�t�l�y� �i�m�p�r�o�v�e�d� �f�i�t� �s�t�a�t�i�s�t�i�c�s�,� �b�u�t� �a� 

�v�a�l�i�d�a�t�i�o�n� �o�f� �t�h�e�s�e� �e�s�t�i�m�a�t�e�s� �o�n� �e�a�c�h� �r�e�g�i�m�e� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�e� 

�w�o�r�s�t� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �a�n�y� �o�f� �t�h�e� �m�o�d�e�l�s� �e�x�a�m�i�n�e�d�.� 

�T�h�e� �e�x�p�o�n�e�n�t�i�a�l� �m�o�d�e�l� �h�a�d� �s�l�i�g�h�t�l�y� �w�o�r�s�e� �f�i�t� �s�t�a�t�i�s�t�i�c�s� 

�t�h�a�n� �t�h�e� �m�u�l�t�i�p�l�i�c�a�t�i�v�e� �m�o�d�e�l�,� �b�u�t� �a�p�p�e�a�r�e�d� �t�o� �p�e�r�f�o�r�m� 

�c�o�n�s�i�d�e�r�a�b�l�y� �b�e�t�t�e�r�.� �T�h�e� �i�d�e�a� �o�f� �m�o�d�i�f�y�i�n�g� �C�I� �d�i�r�e�c�t�l�y� �s�t�i�l�l� 

�s�e�e�m�e�d� �s�o�u�n�d�.� �U�s�i�n�g� �a� �o�n�e�-�y�e�a�r� �e�l�a�p�s�/�a�g�e� �c�o�n�f�i�g�u�r�a�t�i�o�n� �a�l�s�o� 

�g�e�n�e�r�a�t�e�d� �p�o�o�r�e�r� �s�t�a�t�i�s�t�i�c�s� �b�u�t� �b�e�t�t�e�r� �p�e�r�f�o�r�m�a�n�c�e�.� �T�h�i�s� 

�c�o�n�f�i�g�u�r�a�t�i�o�n� �s�t�i�l�l� �s�e�e�m�e�d� �i�n�t�u�i�t�i�v�e�l�y� �c�o�r�r�e�c�t�.� �B�a�s�e�d� �o�n� 

�t�h�e�s�e� �r�e�s�u�l�t�s� �a�n�d� �t�h�e� �g�o�a�l� �o�f� �s�o�u�n�d�,� �l�o�n�g�-�t�e�r�m� �p�r�e�d�i�c�t�i�o�n� 

�S�t�a�b�i�l�i�t�y�,� �t�h�e� �D�I�N� �m�o�d�e�l� �f�o�r�m� �i�n� �w�h�i�c�h� �t�h�e� �T�R�V� �i�s� �m�u�l�t�i�p�l�i�e�d� 

�d�i�r�e�c�t�l�y� �a�g�a�i�n�s�t� �C�I� �i�n� �t�h�e� �e�x�p�o�n�e�n�t� �u�s�i�n�g� �a� �o�n�e�-�y�e�a�r� �e�l�a�p�s�/�a�g�e� 

�c�o�n�f�i�g�u�r�a�t�i�o�n� �w�a�s� �s�e�l�e�c�t�e�d� �a�s� �t�h�e� �b�e�s�t� �c�h�o�i�c�e�.� �T�h�e� �f�i�n�a�l� 

�e�s�t�i�m�a�t�e�s� �a�r�e� �g�i�v�e�n� �i�n� �t�a�b�l�e� �4�.� 
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�S�p�r�e�a�d�s�h�e�e�t� �p�l�o�t�s� �w�e�r�e� �g�e�n�e�r�a�t�e�d� �t�o� �e�x�a�m�i�n�e� �t�h�e� �T�R�V� 

�b�e�h�a�v�i�o�r� �i�n� �t�h�i�s� �f�i�t�t�e�d� �m�o�d�e�l�.� �P�l�o�t�s� �w�e�r�e� �g�e�n�e�r�a�t�e�d� �f�o�r� �a�g�e�s� 

�a�t� �t�h�i�n�n�i�n�g� �o�f� �8� �a�n�d� �2�5�.� �T�h�e�s�e� �a�r�e� �s�h�o�w�n� �i�n� �f�i�g�u�r�e� �1�9�.� �T�h�i�s� 

�T�R�V� �b�e�h�a�v�e�s� �v�e�r�y� �s�i�m�i�l�a�r� �t�o� �t�h�e� �T�R�V� �i�n� �t�h�e� �M�T�H� �m�o�d�e�l�.� �A�f�t�e�r� 

�K� �i�s� �e�x�c�e�e�d�e�d�,� �t�h�e� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e� �i�n�c�r�e�a�s�e�s� �w�i�t�h�o�u�t� �b�o�u�n�d� 

�f�o�r� �2�0� �y�e�a�r�s� �(�t�h�e� �r�a�n�g�e� �o�f� �t�h�e� �g�r�a�p�h�)�.� �T�h�e� �b�o�t�t�o�m� �p�l�o�t� �i�s� �o�n� 

�a�n� �e�x�p�a�n�d�e�d� �s�c�a�l�e� �t�o� �m�o�r�e� �c�l�o�s�e�l�y� �d�i�s�p�l�a�y� �t�h�e� �t�h�i�n�n�i�n�g� 

�r�e�s�p�o�n�s�e� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �8� �y�e�a�r�s� �a�f�t�e�r� �t�h�i�n�n�i�n�g� �f�o�r� �a� 

�t�h�i�n�n�i�n�g� �a�g�e� �o�f� �8�.� 

�T�h�e� �p�l�o�t�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�i�s� �T�R�V� �w�o�u�l�d� �p�r�o�b�a�b�l�y� �h�a�v�e� �t�o� 

�b�e� �t�r�u�n�c�a�t�e�d� �a�t� �1� �i�n� �a�p�p�l�i�c�a�t�i�o�n� �s�i�m�i�l�a�r� �t�o� �t�h�e� �T�R�V� �i�n� �t�h�e� �M�T�H� 
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�M�o�r�t�a�l�i�t�y� �F�u�n�c�t�i�o�n� 

�T�h�e� �m�o�r�t�a�l�i�t�y� �f�u�n�c�t�i�o�n� �e�s�t�i�m�a�t�e�s� �v�a�l�u�e�s� �b�e�t�w�e�e�n� �0� �a�n�d� 

�a�b�o�u�t� �1�.� �T�h�e� �h�i�g�h� �e�n�d� �o�f� �t�h�i�s� �r�a�n�g�e� �i�s� �f�i�x�e�d� �b�y� �t�h�e� �B�,� 

�e�s�t�i�m�a�t�e�,� �w�h�i�c�h� �i�n� �p�a�s�t� �a�p�p�l�i�c�a�t�i�o�n�s� �h�a�s� �b�e�e�n� �n�e�a�r� �1�.�0�.� �T�h�e� 

�r�e�s�u�l�t�i�n�g� �v�a�l�u�e�s� �a�r�e� �t�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �a� �u�n�i�f�o�r�m� �r�a�n�d�o�m� 

�v�a�r�i�a�t�e�.� �T�h�e� �t�r�e�e� �i�s� �c�o�n�s�i�d�e�r�e�d� �d�e�a�d� �i�f� �t�h�e� �c�a�l�c�u�l�a�t�e�d� �v�a�l�u�e� 

�i�s� �l�e�s�s� �t�h�a�n� �t�h�e� �u�n�i�f�o�r�m� �r�a�n�d�o�m� �v�a�r�i�a�t�e�.� �T�h�i�s� �f�u�n�c�t�i�o�n� �i�s� 

�r�e�s�t�a�t�e�d� �h�e�r�e�:� 

�P�L�I�V�E�=�,�C�R�*�?�*�e�x�p� �(�-�B�,�C�r�*�+�)� 

�w�h�e�r�e�:� �P�L�I�V�E� �=� �p�r�o�b�a�b�i�l�i�t�y� �t�h�a�t� �a� �t�r�e�e� �r�e�m�a�i�n�s� �a�l�i�v�e� 

�o�t�h�e�r� �v�a�r�i�a�b�l�e�s� �a�r�e� �a�s� �d�e�s�c�r�i�b�e�d� �p�r�e�v�i�o�u�s�l�y� 

�S�e�v�e�r�a�l� �c�h�a�n�g�e�s� �h�a�d� �t�o� �b�e� �m�a�d�e� �t�o� �t�h�e� �d�a�t�a�s�e�t� �p�r�i�o�r� �t�o� 

�f�i�t�t�i�n�g� �a�n�d� �a�n�a�l�y�s�i�s� �f�o�r� �t�h�i�s� �m�o�d�e�l�.� �S�e�v�e�r�a�l� �o�f� �t�h�e� �p�l�o�t�s� 

�h�a�v�e� �b�e�e�n� �d�a�m�a�g�e�d� �b�y� �s�e�v�e�r�e� �s�t�o�r�m�s� �a�n�d� �s�o�u�t�h�e�r�n� �p�i�n�e� �b�e�e�t�l�e� 

�i�n�f�e�s�t�a�t�i�o�n� �s�i�n�c�e� �p�l�o�t� �e�s�t�a�b�l�i�s�h�m�e�n�t�.� �M�a�n�y� �o�f� �t�h�e�s�e� �w�e�r�e� 

�c�o�m�p�l�e�t�e�l�y� �d�e�s�t�r�o�y�e�d�.� �A�n� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �p�e�r�c�e�n�t� �m�o�r�t�a�l�i�t�y� �i�n� 

�e�a�c�h� �p�l�o�t� �a�t� �e�a�c�h� �r�e�m�e�a�s�u�r�e�m�e�n�t� �w�a�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�i�c�h� 

�o�b�s�e�r�v�a�t�i�o�n�s� �w�e�r�e� �s�u�s�p�e�c�t�.� �T�o� �a�v�o�i�d� �c�o�n�f�o�u�n�d�i�n�g� �t�h�e� �m�o�d�e�l� 

�f�i�t�s� �w�i�t�h� �l�a�r�g�e� �l�e�v�e�l�s� �o�f� �c�a�t�a�s�t�r�o�p�h�i�c� �m�o�r�t�a�l�i�t�y�,� �a�l�l� �p�l�o�t�s� 
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�w�h�i�c�h� �h�a�d� �b�e�e�n� �c�o�m�p�l�e�t�e�l�y� �d�e�s�t�r�o�y�e�d� �s�i�n�c�e� �t�h�e� �p�r�e�v�i�o�u�s� 

�r�e�m�e�a�s�u�r�e�m�e�n�t� �h�a�v�e� �h�a�d� �a�l�l� �o�b�s�e�r�v�a�t�i�o�n�s� �f�o�r� �t�h�a�t� �a�n�d� �a�l�l� 

�s�u�b�s�e�q�u�e�n�t� �r�e�m�e�a�s�u�r�e�m�e�n�t�s� �d�e�l�e�t�e�d�.� 

�A�l�s�o�,� �s�i�n�c�e� �t�h�i�s� �i�s� �a� �o�n�e�-�y�e�a�r� �p�r�e�d�i�c�t�i�o�n� �m�o�d�e�l�,� �o�n�l�y� 

�M�o�r�t�a�l�i�t�y� �w�h�i�c�h� �o�c�c�u�r�r�e�d� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �y�e�a�r� �o�f� �e�a�c�h� 

�r�e�m�e�a�s�u�r�e�m�e�n�t� �p�e�r�i�o�d� �w�a�s� �r�e�t�a�i�n�e�d�.� �A�l�l� �o�b�s�e�r�v�a�t�i�o�n�s� �i�n� �w�h�i�c�h� 

�t�h�e� �e�s�t�i�m�a�t�e�d� �y�e�a�r� �o�f� �d�e�a�t�h� �w�a�s� �t�h�e� �s�e�c�o�n�d� �o�r� �t�h�i�r�d� �y�e�a�r� �o�f� �a� 

�r�e�m�e�a�s�u�r�e�m�e�n�t� �p�e�r�i�o�d� �w�e�r�e� �d�e�l�e�t�e�d�.� �T�h�e�s�e� �c�o�m�b�i�n�e�d� �d�e�l�e�t�i�o�n�s� 

�r�e�s�u�l�t�e�d� �i�n� �a�b�o�u�t� �a� �1�5�%� �r�e�d�u�c�t�i�o�n� �i�n� �t�h�e� �t�o�t�a�l� �a�m�o�u�n�t� �o�f� �d�a�t�a� 

�a�v�a�i�l�a�b�l�e� �f�o�r� �f�i�t�t�i�n�g�.� 

�T�h�e� �f�i�r�s�t� �f�i�t�s� �o�f� �t�h�i�s� �m�o�d�e�l� �t�o� �e�a�c�h� �t�h�i�n�n�i�n�g� �r�e�g�i�m�e� �w�e�r�e� 

�c�o�m�p�l�e�t�e�d� �f�o�r� �c�a�l�c�u�l�a�t�i�o�n� �o�f� �t�h�e� �F� �s�t�a�t�i�s�t�i�c�.� �T�h�e� �f�i�t� 

�s�t�a�t�i�s�t�i�c�s� �a�r�e� �s�h�o�w�n� �i�n� �t�a�b�l�e� �9�.� �T�h�e� �e�s�t�i�m�a�t�e� �f�o�r� �B�,� �w�a�s� 

�i�n�s�i�g�n�i�f�i�c�a�n�t� �i�n� �t�h�e� �f�i�t� �t�o� �l�i�g�h�t� �t�h�i�n�n�e�d� �d�a�t�a�.� �B�o�t�h� 

�e�s�t�i�m�a�t�e�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �c�o�m�p�e�t�i�t�i�o�n� �i�n�d�e�x� �(�B�,� �a�n�d� �B�,�)� �w�e�r�e� 

�i�n�s�i�g�n�i�f�i�c�a�n�t� �i�n� �t�h�e� �f�i�t� �t�o� �h�e�a�v�y� �t�h�i�n�n�e�d� �d�a�t�a�.� �T�h�e� �f�i�t� �t�o� 

�a�l�l� �o�f� �t�h�e� �d�a�t�a� �c�o�n�v�e�r�g�e�d� �i�n� �f�o�u�r� �i�t�e�r�a�t�i�o�n�s� �a�n�d� �a�l�l� �e�s�t�i�m�a�t�e�s� 

�w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�.� �T�h�e� �t�h�i�n�n�e�d� �d�a�t�a� �f�i�t� �r�e�s�u�l�t�s� �s�e�e�m�e�d� �t�o� 

�i�n�d�i�c�a�t�e� �t�h�a�t� �C�I� �b�e�c�o�m�e�s� �l�e�s�s� �i�m�p�o�r�t�a�n�t� �i�n� �p�r�e�d�i�c�t�i�n�g� 

�m�o�r�t�a�l�i�t�y� �a�s� �t�h�i�n�n�i�n�g� �i�n�t�e�n�s�i�t�y� �i�n�c�r�e�a�s�e�s�.� 

�T�h�e� �c�a�l�c�u�l�a�t�e�d� �F� �s�t�a�t�i�s�t�i�c� �f�o�r� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� 

�b�e�t�w�e�e�n� �t�h�i�n�n�i�n�g� �i�n�t�e�n�s�i�t�i�e�s� �w�a�s� �2�4�.�7�.� �T�h�i�s� �i�n�d�i�c�a�t�e�s� �t�h�a�t� 
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�m�o�r�t�a�l�i�t�y� �p�r�e�d�i�c�t�i�o�n� �c�o�u�l�d� �b�e�n�e�f�i�t� �f�r�o�m� �e�i�t�h�e�r� �s�e�p�a�r�a�t�e� �m�o�d�e�l�s� 

�f�o�r� �d�i�f�f�e�r�e�n�t� �t�h�i�n�n�i�n�g� �i�n�t�e�n�s�i�t�i�e�s� �o�r� �a� �s�i�n�g�l�e� �m�o�d�e�l� 

�i�n�c�o�r�p�o�r�a�t�i�n�g� �s�o�m�e� �f�o�r�m� �o�f� �t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e�.� 

�P�r�e�v�i�o�u�s� �r�e�s�e�a�r�c�h� �h�a�s� �s�h�o�w�n� �t�h�a�t� �t�h�e�r�e� �a�r�e� �s�i�g�n�i�f�i�c�a�n�t� 

�d�i�f�f�e�r�e�n�c�e�s� �i�n� �m�o�r�t�a�l�i�t�y� �r�e�s�p�o�n�s�e� �b�e�t�w�e�e�n� �u�n�t�h�i�n�n�e�d� �a�n�d� 

�t�h�i�n�n�e�d� �s�t�a�n�d�s� �(�A�v�i�l�a� �a�n�d� �B�u�r�k�h�a�r�t�,� �1�9�9�2�)�.� �T�h�e�r�e� �r�e�m�a�i�n�e�d� �a� 

�q�u�e�s�t�i�o�n� �a�s� �t�o� �h�o�w� �m�u�c�h� �d�i�f�f�e�r�e�n�c�e� �i�n� �r�e�s�p�o�n�s�e� �t�h�e�r�e� �w�a�s� 

�b�e�t�w�e�e�n� �d�i�f�f�e�r�e�n�t� �i�n�t�e�n�s�i�t�i�e�s� �i�n� �t�h�i�n�n�e�d� �s�t�a�n�d�s�.� �I�f� �t�h�e�s�e� 

�d�i�f�f�e�r�e�n�c�e�s� �a�r�e� �n�o�t� �S�i�g�n�i�f�i�c�a�n�t�,� �t�h�e�n� �a� �t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� 

�v�a�r�i�a�b�l�e� �w�o�u�l�d� �b�e� �o�f� �n�o� �v�a�l�u�e� �t�o� �t�h�e� �m�o�d�e�l�.� 

�T�h�e� �m�o�d�e�l� �w�a�s� �f�i�t� �t�o� �a�l�l� �o�f� �t�h�e� �t�h�i�n�n�e�d� �p�l�o�t� �d�a�t�a�.� �T�h�e� 

�e�s�t�i�m�a�t�e� �f�o�r� �B�,� �w�a�s� �i�n�s�i�g�n�i�f�i�c�a�n�t� �i�n� �t�h�i�s� �f�i�t�.� �T�h�e� �S�w�i�n�d�e�l� �F�-� 

�t�e�s�t� �w�a�s� �a�p�p�l�i�e�d� �t�o� �t�h�e� �t�w�o� �f�i�t�s� �t�o� �t�h�i�n�n�e�d� �p�l�o�t� �d�a�t�a�,� 

�t�r�e�a�t�i�n�g� �t�h�e�m� �a�s� �t�h�e� �f�u�l�l� �m�o�d�e�l�,� �w�h�i�l�e� �t�h�e� �r�e�d�u�c�e�d� �m�o�d�e�l� �w�a�s� 

�t�h�a�t� �f�i�t� �t�o� �a�l�l� �t�h�i�n�n�e�d� �p�l�o�t� �d�a�t�a�.� �T�h�i�s� �F� �s�t�a�t�i�s�t�i�c� �w�a�s� �5�.�3�6�,� 

�m�u�c�h� �l�o�w�e�r� �t�h�a�n� �t�h�e� �s�t�a�t�i�s�t�i�c� �i�n�v�o�l�v�i�n�g� �u�n�t�h�i�n�n�e�d� �p�l�o�t� �d�a�t�a�.� 

�T�h�i�s� �F� �v�a�l�u�e� �i�n�d�i�c�a�t�e�d� �a� �m�u�c�h� �s�m�a�l�l�e�r� �v�a�r�i�a�t�i�o�n� �i�n� �p�a�r�a�m�e�t�e�r� 

�e�s�t�i�m�a�t�e�s� �t�h�a�n� �b�e�t�w�e�e�n� �t�h�e� �t�h�r�e�e� �t�h�i�n�n�i�n�g� �r�e�g�i�m�e�s�.� 

�T�h�i�s� �F� �s�t�a�t�i�s�t�i�c� �d�o�e�s� �n�o�t� �p�r�o�v�i�d�e� �a� �l�o�t� �o�f� �p�o�w�e�r� �f�o�r� 

�r�e�j�e�c�t�i�n�g� �t�h�e� �n�u�l�l� �h�y�p�o�t�h�e�s�i�s� �,� �c�o�n�s�i�d�e�r�i�n�g� �t�h�e� �l�a�r�g�e� �n�u�m�b�e�r� 

�o�f� �d�e�g�r�e�e�s� �o�f� �f�r�e�e�d�o�m�.� �I�t� �c�o�u�l�d� �n�o�t� �b�e� �s�a�i�d� �f�o�r� �c�e�r�t�a�i�n� �t�h�a�t� 

�t�h�e�r�e� �a�r�e� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �p�a�r�a�m�e�t�e�r� �e�s�t�i�m�a�t�e�s�.� 

�C�o�n�s�i�d�e�r�i�n�g� �t�h�e� �o�t�h�e�r� �c�o�n�t�r�o�l�s� �o�n� �t�h�i�n�n�i�n�g� �i�n�t�e�n�s�i�t�y� �r�e�s�p�o�n�s�e� 
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�i�n� �t�h�e� �r�e�d�u�c�e�d� �s�i�m�u�l�a�t�o�r�,� �p�a�r�t�i�c�u�l�a�r�l�y� �t�h�e� �M�T�H� �a�n�d� �D�I�N� �m�o�d�e�l�s�,� 

�a�n� �a�d�d�i�t�i�o�n�a�l� �t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e� �i�n� �t�h�e� �P�L�I�V�E� �f�u�n�c�t�i�o�n� 

�c�o�u�l�d� �p�o�s�s�i�b�l�y� �o�v�e�r�c�o�m�p�e�n�s�a�t�e� �f�o�r� �w�h�a�t� �a�p�p�e�a�r�s� �t�o� �b�e� �o�n�l�y� 

�s�l�i�g�h�t� �v�a�r�i�a�t�i�o�n�s� �i�n� �m�o�r�t�a�l�i�t�y� �r�e�s�p�o�n�s�e� �b�e�t�w�e�e�n� �t�h�i�n�n�i�n�g� 

�i�n�t�e�n�s�i�t�i�e�s�.� 

�T�h�e� �d�a�t�a� �w�e�r�e� �r�a�n�d�o�m�l�y� �s�p�l�i�t� �i�n�t�o� �f�i�t�t�i�n�g� �a�n�d� �v�a�l�i�d�a�t�i�o�n� 

�d�a�t�a�s�e�t�s�.� �M�o�d�e�l�s� �w�e�r�e� �f�i�t� �t�o� �d�a�t�a� �f�r�o�m� �u�n�t�h�i�n�n�e�d� �a�n�d� �t�h�i�n�n�e�d� 

�p�l�o�t�s�,� �a�n�d� �t�o� �a�l�l� �o�f� �t�h�e� �d�a�t�a�.� �S�t�a�n�d�a�r�d� �e�r�r�o�r�s� �o�f� �t�h�e� 

�e�s�t�i�m�a�t�e� �w�e�r�e� �b�e�t�t�e�r� �f�o�r� �t�h�e� �f�i�t�s� �t�o� �a�l�l� �t�h�e� �d�a�t�a� �a�n�d� �t�o� 

�u�n�t�h�i�n�n�e�d� �p�l�o�t�s� �t�h�a�n� �f�o�r� �t�h�e�i�r� �a�l�l� �d�a�t�a� �c�o�u�n�t�e�r�p�a�r�t�s� �(�s�e�e� 

�t�a�b�l�e� �9�)�.� �H�o�w�e�v�e�r�,� �t�h�e� �s�p�l�i�t�-�d�a�t�a� �f�i�t� �t�o� �t�h�i�n�n�e�d� �p�l�o�t� �d�a�t�a� 

�r�e�q�u�i�r�e�d� �m�a�n�y� �m�o�r�e� �i�t�e�r�a�t�i�o�n�s� �t�h�a�n� �w�h�e�n� �a�l�l� �o�f� �t�h�e� �t�h�i�n�n�e�d� 

�p�l�o�t� �d�a�t�a� �w�a�s� �u�s�e�d�,� �a�n�d� �t�h�e� �e�s�t�i�m�a�t�e�s� �f�o�r� �B�,� �a�n�d� �B�,� �w�e�r�e� �b�o�t�h� 

�h�i�g�h�l�y� �i�n�s�i�g�n�i�f�i�c�a�n�t�.� �A�p�p�a�r�e�n�t�l�y�,� �r�e�d�u�c�i�n�g� �t�h�e� �a�m�o�u�n�t� �o�f� �d�a�t�a� 

�b�y� �o�n�e�-�h�a�l�f� �g�r�e�a�t�l�y� �i�m�p�a�c�t�e�d� �t�h�e� �f�i�t� �t�o� �t�h�i�n�n�e�d� �p�l�o�t� �d�a�t�a�.� 

�T�h�e� �p�l�o�t�s� �o�f� �f�i�t� �a�n�d� �v�a�l�i�d�a�t�i�o�n� �r�e�s�i�d�u�a�l�s� �f�o�r� �t�h�e�s�e� 

�s�p�l�i�t�-�d�a�t�a� �f�i�t�s� �i�n�d�i�c�a�t�e�d� �f�a�i�r�l�y� �g�o�o�d� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� 

�f�i�t�t�e�d� �e�s�t�i�m�a�t�e�s� �o�n� �s�e�m�i�-�i�n�d�e�p�e�n�d�e�n�t� �d�a�t�a�s�e�t�s� �f�o�r� �t�h�e� �f�i�t�s� �o�n� 

�t�h�i�n�n�e�d� �p�l�o�t� �d�a�t�a� �a�n�d� �o�n� �a�l�l� �t�h�e� �d�a�t�a�.� �H�o�w�e�v�e�r�,� �t�h�e� 

�v�a�l�i�d�a�t�i�o�n� �o�f� �t�h�e� �s�p�l�i�t�-�d�a�t�a� �f�i�t� �t�o� �u�n�t�h�i�n�n�e�d� �p�l�o�t� �d�a�t�a� �w�a�s� 

�n�o�t� �a�s� �g�o�o�d�.� �T�h�e�s�e� �t�h�r�e�e� �p�l�o�t�s� �a�r�e� �d�i�s�p�l�a�y�e�d� �i�n� �f�i�g�u�r�e� �2�0�.� 
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�T�a�b�l�e� �9�.� �F�i�t� �s�t�a�t�i�s�t�i�c�s� �a�n�d� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� �e�s�t�i�m�a�t�e�s� �f�o�r� �t�h�e� �m�o�r�t�a�l�i�t�y� �f�u�n�c�t�i�o�n�.� 
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� � � � � � � � � � � � 

�M�o�d�e�l� �S�S�E� �M�S�E� �S�y�.�x�.� �D�f� �S�i�g�n�i�f�i�c�a�n�c�e� 
�1� �1�0�3�.�7�1�9�5� �0�.�0�1�7�7�0�0� �0�.�1�3�3�0� �5�8�6�0� �|�A�l�l� �s�i�g�n�i�f�i�c�a�n�t� 
�2� �7�0�.�1�9�7�2� �0�.�0�0�5�3�4�0� �0�.�0�7�3�1� �1�3�1�4�6� �|�B�3� �i�n�s�i�g�n�i�f�i�c�a�n�t� 
�3� �5�7�.�2�6�3�8� �0�.�0�0�6�3�6�5� �0�.�0�7�9�8� �8�9�9�7� �|�B�3� �&� �B�4� �i�n�s�i�g�n�i�f�i�c�a�n�t� 
�4� �1�2�7�.�5�8�4�5� �0�.�0�0�5�7�6�1� �0�.�0�7�5�9� �2�2�1�4�7� �|�B�3� �i�n�s�i�g�n�i�f�i�c�a�n�t� 
�5� �2�3�2�.�8�1�1�9� �0�.�0�0�8�3�1�1� �0�.�0�9�1�2� �2�8�0�1�1� �{�A�l�l� �s�i�g�n�i�f�i�c�a�n�t� 
�6� �5�1�.�2�6�1�2� �0�.�0�1�7�4�0�6� �0�.�1�3�1�9� �2�9�4�5� �|�A�l�l� �s�i�g�n�i�f�i�c�a�n�t� 
�7� �7�1�.�2�3�5�6� �0�.�0�0�6�4�4�3� �0�.�0�8�0�3� �1�1�0�5�6� �|�B�3� �&� �B�4� �i�n�s�i�g�n�i�f�i�c�a�n�t� 
�8� �1�1�4�.�5�1�9�7� �0�.�0�0�8�1�7�4� �0�.�0�9�0�4� �1�4�0�1�1� �{�A�l�l� �s�i�g�n�i�f�i�c�a�n�t� 
� � 

�S�S�E� �=� �s�u�m� �o�f� �s�q�u�a�r�e�s� �f�o�r� �e�r�r�o�r�,� �M�S�E� �=� �m�e�a�n� �s�q�u�a�r�e� �e�r�r�o�r�,� �S�y�.�x� �=� �s�t�a�n�d�a�r�d� 
�e�r�r�o�r� �o�f� �t�h�e� �e�s�t�i�m�a�t�e�,� �D�f� �=� �f�i�t�t�i�n�g� �d�e�g�r�e�e�s� �o�f� �f�r�e�e�d�o�m�.� 
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�F�i�t� �t�o� �a�l�l� �t�h�e� �d�a�t�a� 
�S�p�l�i�t�-�d�a�t�a� �f�i�t�/�v�a�l�i�d�a�t�i�o�n� �o�n� �u�n�t�h�i�n�n�e�d� �d�a�t�a� 
�S�p�l�i�t�-�d�a�t�a� �f�i�t�/�v�a�l�i�d�a�t�i�o�n� �o�n� �t�h�i�n�n�e�d� �d�a�t�a� 
�S�p�l�i�t�-�d�a�t�a� �f�i�t�/�v�a�l�i�d�a�t�i�o�n� �o�n� �a�l�l� �t�h�e� �d�a�t�a� 
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�S�p�l�i�t�-�D�a�t�a� �F�i�t� �o�f� �M�o�r�t�a�l�i�t�y� �F�u�n�c�t�i�o�n� 
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�S�p�l�i�t�-�D�a�t�a� �F�i�t� �o�f� �M�o�r�t�a�l�i�t�y� �F�u�n�c�t�i�o�n� 
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�S�p�l�i�t�-�D�a�t�a� �F�i�t� �o�f� �M�o�r�t�a�l�i�t�y� �F�u�n�c�t�i�o�n� 
�F�i�t� �a�n�d� �V�a�i�l�d�a�t�i�o�n� �o�n� �A�l�l� �t�h�e� �D�a�t�a� 
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�Y�e�a�r�s� �S�i�n�c�e� �T�h�i�n�n�i�n�g� 

�-�@� �1�2�2� �D�e�t�a� �F�t�  ��-� �V�a�t�i�d�a�t�i�o�n� 

�F�i�g�u�r�e� �2�0�.� �R�e�s�i�d�u�a�l�s� �f�r�o�m� �s�p�l�i�t�-�d�a�t�a� �f�i�t�/�v�a�l�i�d�a�t�i�o�n� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �m�o�r�t�a�l�i�t�y� 
�f�u�n�c�t�i�o�n� �o�n� �u�n�t�h�i�n�n�e�d�,� �t�h�i�n�n�e�d�,� �a�n�d� �a�l�l� �o�f� �t�h�e� �d�a�t�a�.� 
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�I�t� �w�a�s� �d�e�c�i�d�e�d� �t�o� �f�i�t� �t�w�o� �P�L�I�V�E� �m�o�d�e�l�s�,� �o�n�e� �t�o� �d�a�t�a� �f�r�o�m� 

�u�n�t�h�i�n�n�e�d� �p�l�o�t�s� �a�n�d� �o�n�e� �t�o� �d�a�t�a� �f�r�o�m� �t�h�i�n�n�e�d� �p�l�o�t�s�,� �t�h�e�n� 

�a�n�a�l�y�z�e� �t�h�e�i�r� �p�e�r�f�o�r�m�a�n�c�e� �i�n� �t�h�e� �r�e�d�u�c�e�d� �s�i�m�u�l�a�t�o�r� �b�e�f�o�r�e� 

�m�a�k�i�n�g� �a� �d�e�c�i�s�i�o�n� �a�b�o�u�t� �i�n�c�o�r�p�o�r�a�t�i�n�g� �a� �T�R�V�.� �A�l�l� �o�f� �t�h�e� �d�a�t�a� 

�w�a�s� �u�s�e�d� �i�n� �t�h�e�s�e� �t�w�o� �f�i�n�a�l� �f�i�t�s�.� �T�h�e�s�e� �e�s�t�i�m�a�t�e�s� �a�r�e� 

�p�r�e�s�e�n�t�e�d� �i�n� �t�a�b�l�e� �4�.� 

�I�t� �w�a�s� �d�i�s�c�o�v�e�r�e�d� �t�h�a�t� �t�h�e� �e�s�t�i�m�a�t�e� �f�o�r� �B�,�,� �B�,�,� �a�n�d� �B�,� 

�v�a�r�i�e�d� �v�e�r�y� �l�i�t�t�l�e� �b�e�t�w�e�e�n� �t�h�e� �d�i�f�f�e�r�e�n�t� �i�n�t�e�n�s�i�t�y� �f�i�t�s�.� 

�H�o�w�e�v�e�r�,� �B�,� �c�h�a�n�g�e�d� �g�r�e�a�t�l�y�.� �I�t�s� �v�a�l�u�e� �w�a�s� �2�.�5� �f�o�r� �u�n�t�h�i�n�n�e�d� 

�p�l�o�t� �d�a�t�a� �a�n�d� �5�.�7�5� �f�o�r� �t�h�e� �f�i�t� �t�o� �l�i�g�h�t� �t�h�i�n�n�e�d� �d�a�t�a�.� 

�C�o�r�r�e�l�a�t�i�o�n�s� �b�e�t�w�e�e�n� �t�h�e� �p�a�r�a�m�e�t�e�r�s� �w�e�r�e� �e�x�a�m�i�n�e�d�.� 

�C�o�r�r�e�l�a�t�i�o�n�s� �w�e�r�e� �l�o�w� �i�n� �m�o�s�t� �c�a�s�e�s�,� �b�u�t� �B�,� �a�n�d� �B�,� �h�a�d� 

�c�o�r�r�e�l�a�t�i�o�n�s� �b�e�t�w�e�e�n� �o�n�e� �a�n�o�t�h�e�r� �o�f� �g�r�e�a�t�e�r� �t�h�a�n� �0�.�9�7� �i�n� �a�l�l� 

�t�h�r�e�e� �t�h�i�n�n�i�n�g� �r�e�g�i�m�e�s�.� 

�T�o� �d�e�t�e�r�m�i�n�e� �i�f� �t�h�e� �f�i�t�s� �c�o�u�l�d� �b�e� �i�m�p�r�o�v�e�d� �b�y� �s�t�a�b�i�l�i�z�i�n�g� 

�t�h�e� �v�a�l�u�e� �o�f� �B�,�,� �e�a�c�h� �i�n�t�e�n�s�i�t�y� �w�a�s� �r�e�f�i�t� �w�i�t�h� �B�,� �f�i�x�e�d�.� �T�h�r�e�e� 

�v�a�l�u�e�s� �f�o�r� �B�,�,� �2�.�5�,� �3�.�0�,� �a�n�d� �3�.�5� �w�e�r�e� �t�r�i�e�d� �f�o�r� �e�a�c�h� �o�f� �t�h�e� 

�t�h�r�e�e� �t�h�i�n�n�i�n�g� �i�n�t�e�n�s�i�t�i�e�s�.� �T�h�e�r�e� �w�a�s� �a� �v�e�r�y� �s�l�i�g�h�t� 

�i�m�p�r�o�v�e�m�e�n�t� �i�n� �t�h�e� �f�i�t� �t�o� �d�a�t�a� �f�r�o�m� �u�n�t�h�i�n�n�e�d� �p�l�o�t�s� �w�h�e�n� �B�,� 

�w�a�s� �s�e�t� �a�t� �2�.�5� �(�s�e�e� �t�a�b�l�e� �1�0�)�.� �F�o�r� �t�h�e� �s�i�x� �f�i�t�s� �o�n� �t�h�e� 

�t�h�i�n�n�e�d� �p�l�o�t� �d�a�t�a�,� �w�h�i�l�e� �t�h�e� �s�u�m�s� �o�f� �s�q�u�a�r�e�s� �f�o�r� �e�r�r�o�r� 

�i�m�p�r�o�v�e�d�,� �t�h�e� �M�S�E� �w�a�s� �i�n�c�r�e�a�s�e�d� �i�n� �a�l�l� �c�a�s�e�s�.� �I�m�p�r�o�v�e�m�e�n�t� �w�a�s� 

�s�e�e�n�,� �h�o�w�e�v�e�r�,� �i�n� �t�h�e� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� �t�h�e� �e�s�t�i�m�a�t�e�s�.� �A�l�l� 
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�e�s�t�i�m�a�t�e�s� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t� �i�n� �t�h�e�s�e� �f�i�t�s� �e�x�c�e�p�t� �B�,� �i�n� �t�h�e� �f�i�t�s� 

�t�o� �d�a�t�a� �f�r�o�m� �h�e�a�v�y� �t�h�i�n�n�e�d� �p�l�o�t�s�.� �T�h�i�s� �m�o�d�e�l� �f�o�r�m� �w�a�s� �a�l�s�o� 

�f�i�t� �a�c�r�o�s�s� �a�l�l� �t�h�i�n�n�e�d� �p�l�o�t� �d�a�t�a�.� 

�I�s�o�l�a�t�e�d� �s�i�m�u�l�a�t�i�o�n�s� �w�e�r�e� �r�u�n� �o�n� �t�h�e�s�e� �m�o�d�e�l�s� �t�o� 

�d�e�t�e�r�m�i�n�e� �i�f� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �p�e�r�f�o�r�m�a�n�c�e� �e�x�i�s�t�e�d� �b�e�t�w�e�e�n� �a� 

�m�o�d�e�l� �f�i�t� �t�o� �a�l�l� �t�h�i�n�n�e�d� �p�l�o�t� �d�a�t�a� �a�n�d� �m�o�d�e�l�s� �f�i�t� �t�o� �e�a�c�h� 

�t�h�i�n�n�i�n�g� �i�n�t�e�n�s�i�t�y�.� �O�f� �c�o�u�r�s�e�,� �s�e�p�a�r�a�t�e� �m�o�d�e�l�s� �f�o�r� �e�a�c�h� 

�t�h�i�n�n�i�n�g� �i�n�t�e�n�s�i�t�y� �a�r�e� �n�o�t� �p�r�a�c�t�i�c�a�l�,� �b�u�t� �t�h�e� �a�n�a�l�y�s�i�s� �s�h�o�w�e�d� 

�w�h�e�t�h�e�r� �a� �T�R�V� �f�o�r� �t�h�e� �P�L�I�V�E� �m�o�d�e�l� �w�a�s� �n�e�e�d�e�d� �a�n�d� �s�h�o�u�l�d� �b�e� 

�p�u�r�s�u�e�d�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �a�r�e� �d�e�s�c�r�i�b�e�d� �l�a�t�e�r�.� 
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�T�a�b�l�e� �1�0�.� �F�i�t� �s�t�a�t�i�s�t�i�c�s� �a�n�d� �s�t�a�t�u�s� �o�f� �e�s�t�i�m�a�t�e�s� �f�o�r� �m�o�r�t�a�l�i�t�y� �f�u�n�c�t�i�o�n�s� �w�t�h� �p�a�r�a�m�e�t�e�r� �B�4� 
�f�i�x�e�d� �a�t� �2�.�5�,� �3�.�0�,� �a�n�d� �3�.�5�.� 
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�M�o�d�e�l� �S�S�E� �M�S�E� �S�y�.�x� �D�f� �S�t�a�t�u�s� 
�1� �1�0�3�.�7�1�9�3� �0�.�0�1�7�6�9�0� �0�.�1�3�3�0� �5�8�6�1� �|�A�l�l� �s�i�g�n�i�f�i�c�a�n�t� 
�2� �1�0�3�.�8�8�1�9� �0�.�0�1�7�7�2�4� �0�.�1�3�3�1� �5�8�6�1�  ��|�A�l�l� �s�i�g�n�i�f�i�c�a�n�t� 
�3� �1�0�4�.�2�6�4�7� �0�.�0�1�7�7�9�0� �0�.�1�3�3�4� �5�8�6�1�  ��|�A�l�l� �s�i�g�n�i�f�i�c�a�n�t� 
�4� �7�0�.�5�8�0�4� �0�.�0�0�5�3�6�9� �0�.�0�7�3�3� �1�3�1�4�7� �|�A�l�l� �s�i�g�n�i�f�i�c�a�n�t� 
�5� �7�0�.�4�4�2�4� �0�.�0�0�5�3�5�8� �0�.�0�7�3�2� �1�3�1�4�7� �|�A�l�l� �s�i�g�n�i�f�i�c�a�n�t� 
�6� �7�0�.�3�3�3�4� �0�.�0�0�5�3�5�0� �0�.�0�7�3�1� �1�3�1�4�7� �|�A�l�l� �s�i�g�n�i�f�i�c�a�n�t� 
�7� �5�7�.�2�6�4�5� �0�.�0�0�6�3�6�4� �0�.�0�7�9�8� �8�9�9�8� �/�|�B�3� �i�n�s�i�g�n�i�f�i�c�a�n�t� 
�8� �5�7�.�2�6�3�3� �0�.�0�0�6�3�6�4� �0�.�0�7�9�8� �8�9�9�8� �|�B�3� �i�n�s�i�g�n�i�f�i�c�a�n�t� 
�9� �5�7�.�2�6�3�3� �0�.�0�0�6�3�6�4� �0�.�0�7�9�8� �8�9�9�8� �/�B�3� �i�n�s�i�g�n�i�f�i�c�a�n�t� 

�1�0� �1�2�7�.�9�9�6�5� �0�.�0�0�5�7�7�9� �0�.�0�7�6�0� �2�2�1�4�8� �|�A�l�l� �s�i�g�n�i�f�i�c�a�n�t� 
�1�1� �1�2�7�.�8�4�4�0� �0�.�0�0�5�7�7�2� �0�.�0�7�6�0� �2�2�1�4�8� �|�A�l�l� �s�i�g�n�i�f�i�c�a�n�t� 
�1�2� �1�2�7�.�7�1�9�9� �0�.�0�0�5�7�6�7� �0�.�0�7�5�9� �2�2�1�4�8� �|�A�l�l� �s�i�g�n�i�f�i�c�a�n�t� � � � � 
� � 

� � 
�S�S�E� �=� �s�u�m� �o�f� �s�q�u�a�r�e�s� �f�o�r� �e�r�r�o�r�,� �M�S�E� �=� �m�e�a�n� �s�q�u�a�r�e� �e�r�r�o�r�,� �S�y�.�x� �=� �s�t�a�n�d�a�r�d� 
�e�r�r�o�r� �o�f� �t�h�e� �e�s�t�i�m�a�t�e�,� �D�f� �=� �f�i�t�t�i�n�g� �d�e�g�r�e�e�s� �o�f� �f�r�e�e�d�o�m�.� 

�M�o�d�e�l�s�:� 

�U�n�t�h�i�n�n�e�d� �d�a�t�a� �f�i�t� �w�i�t�h� �B�4� �s�e�t� �t�o� �2�.�5� 
�U�n�t�h�i�n�n�e�d� �d�a�t�a� �f�i�t� �w�t�h� �B�4� �s�e�t� �t�o� �3�.�0� 
�U�n�t�h�i�n�n�e�d� �d�a�t�a� �f�i�t� �w�i�t�h� �B�4� �s�e�t� �t�o� �3�.�5� 
�L�i�g�h�t� �t�h�i�n�n�e�d� �d�a�t�a� �f�i�t� �w�i�t�h� �B�4� �s�e�t� �t�o� �2�.�5� 
�L�i�g�h�t� �t�h�i�n�n�e�d� �d�a�t�a� �f�i�t� �w�i�t�h� �B�4� �s�e�t� �t�o� �3�.�0� 
�L�i�g�h�t� �t�h�i�n�n�e�d� �d�a�t�a� �f�i�t� �w�i�t�h� �B�4� �s�e�t� �t�o� �3�.�5� 
�H�e�a�v�y� �t�h�i�n�n�e�d� �d�a�t�a� �f�i�t� �w�i�t�h� �B�4� �s�e�t� �t�o� �2�.�5� 
�H�e�a�v�y� �t�h�i�n�n�e�d� �d�a�t�a� �f�i�t� �w�i�t�h� �B�4� �s�e�t� �t�o� �3�.�0� 
�H�e�a�v�y� �t�h�i�n�n�e�d� �d�a�t�a� �f�i�t� �w�i�t�h� �B�4� �s�e�t� �t�o� �3�.�5� 
�T�h�i�n�n�e�d� �d�a�t�a� �f�i�t� �w�i�t�h� �B�4� �s�e�t� �t�o� �2�.�5� 
�T�h�i�n�n�e�d� �d�a�t�a� �f�i�t� �w�i�t�h� �B�4� �s�e�t� �t�o� �3�.�0� 
�T�h�i�n�n�e�d� �d�a�t�a� �f�i�t� �w�i�t�h� �B�4� �s�e�t� �t�o� �3�.�5� 
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�T�h�e� �R�e�d�u�c�e�d� �S�i�m�u�l�a�t�o�r� 

�T�h�e� �u�l�t�i�m�a�t�e� �t�e�s�t� �o�f� �i�n�d�i�v�i�d�u�a�l� �m�o�d�e�l� �p�e�r�f�o�r�m�a�n�c�e� �i�s� �i�n� 

�a� �g�r�o�w�t�h� �s�i�m�u�l�a�t�o�r�.� �T�h�e� �s�i�m�u�l�a�t�o�r� �u�s�e�d� �f�o�r� �t�h�i�s� �a�n�a�l�y�s�i�s� �w�a�s� 

�a� �r�e�d�u�c�e�d� �v�e�r�s�i�o�n� �o�f� �P�T�A�E�D�A�2�.� �T�h�e� �m�a�j�o�r�i�t�y� �o�f� �t�h�e� �s�u�b�r�o�u�t�i�n�e�s� 

�i�n� �P�T�A�E�D�A�2� �a�r�e� �f�o�r� �u�s�e�r� �i�n�t�e�r�f�a�c�e� �o�r� �i�n�i�t�i�a�l�i�z�i�n�g� �t�h�e� �j�u�v�e�n�i�l�e� 

�s�t�a�n�d�.� �T�h�e�s�e� �i�n�c�l�u�d�e� �t�h�e� �I�N�P�U�T�,� �P�L�A�N�T�,� �J�U�V�,� �a�n�d� �O�U�T�P�U�T� 

�S�u�b�r�o�u�t�i�n�e�s�,� �a�s� �w�e�l�l� �a�s� �t�h�e� �m�a�n�a�g�e�m�e�n�t� �s�u�b�r�o�u�t�i�n�e�s� �T�H�I�N� �a�n�d� 

�F�E�R�T�.� �I�f� �e�x�t�e�r�n�a�l� �d�a�t�a� �f�r�o�m� �e�x�i�s�t�i�n�g� �s�t�a�n�d�s� �i�s� �u�s�e�d�,� �t�h�e�n� 

�n�o�n�e� �o�f� �t�h�e�s�e� �a�r�e� �r�e�q�u�i�r�e�d� �f�o�r� �P�T�A�E�R�D�A�2� �t�o� �p�e�r�f�o�r�m� �i�t�s� �b�a�s�i�c� 

�f�u�n�c�t�i�o�n� �o�f� �s�i�m�u�l�a�t�i�n�g� �s�t�a�n�d� �d�e�v�e�l�o�p�m�e�n�t�.� �T�h�e� �o�n�l�y� 

�S�u�b�r�o�u�t�i�n�e�s� �t�h�a�t� �w�e�r�e� �r�e�t�a�i�n�e�d� �f�r�o�m� �P�T�A�E�D�A�2� �w�e�r�e� �t�h�e� 

�i�n�i�t�i�a�l�i�z�a�t�i�o�n�,� �c�o�m�p�e�t�i�t�i�o�n�,� �a�n�d� �g�r�o�w�t�h� �s�u�b�r�o�u�t�i�n�e�s� �(�I�N�I�T�1�,� 

�I�N�I�T�2�,� �C�O�M�P�1�,� �a�n�d� �G�R�O�W�2�)�.� �T�w�o� �n�e�w� �s�u�b�r�o�u�t�i�n�e�s� �w�e�r�e� �w�r�i�t�t�e�n�,� 

�S�I� �a�n�d� �S�T�A�N�D�A�R�D�.� 

�S�i�t�e� �i�n�d�e�x� �i�s� �a� �u�s�e�r� �i�n�p�u�t� �t�o� �P�T�A�E�D�A�2�,� �a�n�d� �t�h�i�s� �v�a�l�u�e� �f�o�r� 

�e�a�c�h� �s�t�a�n�d� �i�s� �n�o�t� �a�v�a�i�l�a�b�l�e� �i�n� �t�h�e� �C�o�o�p� �t�h�i�n�n�i�n�g� �s�t�u�d�y� �d�a�t�a�.� 

�I�n� �t�h�e� �s�u�b�r�o�u�t�i�n�e� �S�I�,� �t�h�e� �s�i�t�e� �i�n�d�e�x� �o�f� �e�a�c�h� �s�t�a�n�d� �w�a�s� 

�c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �t�h�e� �s�t�a�n�d� �a�g�e� �a�n�d� �t�h�e� �a�v�e�r�a�g�e� �h�e�i�g�h�t� �o�f� 

�d�o�m�i�n�a�n�t� �a�n�d� �c�o�d�o�m�i�n�a�n�t� �t�r�e�e�s� �i�n� �t�h�e� �s�t�a�n�d�.� �S�i�n�c�e� �t�h�e�r�e� �a�r�e� 

�f�o�u�r� �o�b�s�e�r�v�a�t�i�o�n�s� �o�f� �d�o�m�i�n�a�n�t� �h�e�i�g�h�t� �i�n� �e�a�c�h� �s�t�a�n�d�,� �t�h�e� 

�s�u�b�r�o�u�t�i�n�e� �w�a�s� �d�e�s�i�g�n�e�d� �t�o� �s�e�l�e�c�t� �t�h�e� �d�o�m�i�n�a�n�t� �h�e�i�g�h�t� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �s�t�a�n�d� �a�g�e� �w�h�i�c�h� �i�s� �c�l�o�s�e�s�t� �t�o� �t�h�e� �s�i�t�e� 

�i�n�d�e�x� �b�a�s�e� �a�g�e� �o�f� �t�w�e�n�t�y�-�f�i�v�e� �y�e�a�r�s�.� 
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�T�h�e� �c�o�m�p�e�t�i�t�i�o�n� �s�u�b�r�o�u�t�i�n�e� �i�n� �P�T�A�E�D�A�2� �w�a�s� �w�r�i�t�t�e�n� �t�o� 

�p�r�o�c�e�s�s� �r�e�c�t�a�n�g�u�l�a�r� �p�l�o�t�s�,� �i�.�e�.� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �t�r�e�e�s� �m�u�s�t� 

�h�a�v�e� �a� �w�h�o�l�e� �n�u�m�b�e�r� �s�q�u�a�r�e� �r�o�o�t�.� �T�h�i�s� �c�o�n�d�i�t�i�o�n� �i�s� �i�n�h�e�r�e�n�t� 

�i�n� �t�h�e� �p�l�o�t�s� �g�e�n�e�r�a�t�e�d� �i�n� �t�h�e� �j�u�v�e�n�i�l�e� �s�u�b�r�o�u�t�i�n�e� �i�n� �t�h�a�t� 

�S�i�m�u�l�a�t�o�r�,� �b�u�t� �i�t� �i�s� �n�o�t� �t�h�e� �c�a�s�e� �f�o�r� �t�h�e� �n�a�t�u�r�a�l� �p�l�o�t�s� �u�s�e�d� 

�a�s� �i�n�p�u�t� �i�n� �t�h�e� �c�u�r�r�e�n�t� �a�n�a�l�y�s�i�s�.� �T�h�u�s�,� �t�h�e� �s�u�b�r�o�u�t�i�n�e� 

�S�T�A�N�D�A�R�D� �g�e�n�e�r�a�t�e�s� �d�u�m�m�y� �t�r�e�e�s� �u�p� �t�o� �t�h�e� �n�e�c�e�s�s�a�r�y� �c�o�u�n�t�,� �a�n�d� 

�a�d�d�s� �t�h�e�s�e� �t�o� �t�h�e� �e�x�i�s�t�i�n�g� �t�r�e�e�s� �i�n� �t�h�e� �s�t�a�n�d�.� �T�h�e�s�e� �t�r�e�e�s� 

�a�r�e� �e�n�t�e�r�e�d� �a�s� �d�e�a�d�,� �s�o� �t�h�e�i�r� �p�r�e�s�e�n�c�e� �h�a�s� �n�o� �i�m�p�a�c�t� �o�n� 

�c�o�m�p�e�t�i�t�i�o�n� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�r� �g�r�o�w�t�h� �p�r�e�d�i�c�t�i�o�n� �o�f� �t�h�e� �e�x�i�s�t�i�n�g� 

�t�r�e�e�s�.� 

�T�h�e� �r�e�d�u�c�e�d� �s�i�m�u�l�a�t�o�r� �w�a�s� �d�e�s�i�g�n�e�d� �t�o� �g�e�n�e�r�a�t�e� �o�u�t�p�u�t�s� �o�f� 

�p�r�e�d�i�c�t�e�d� �g�r�o�w�t�h� �a�f�t�e�r� �t�h�r�e�e�,� �s�i�x�,� �a�n�d� �n�i�n�e� �y�e�a�r�s� �o�f� 

�s�i�m�u�l�a�t�i�o�n�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �w�e�r�e� �t�h�e�n� �u�p�l�o�a�d�e�d� �t�o� �S�A�S� �a�n�d� 

�c�o�m�p�a�r�e�d� �t�o� �t�h�e� �a�s�s�o�c�i�a�t�e�d� �o�b�s�e�r�v�e�d� �d�a�t�a� �a�t� �t�h�e� �f�i�r�s�t�,� �s�e�c�o�n�d�,� 

�a�n�d� �t�h�i�r�d� �r�e�m�e�a�s�u�r�e�m�e�n�t�s�.� �T�h�e� �a�n�a�l�y�s�i�s� �o�f� �m�o�d�e�l� �p�e�r�f�o�r�m�a�n�c�e� 

�w�a�s� �b�a�s�e�d� �o�n� �p�l�o�t�s� �o�f� �m�e�a�n� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �o�b�s�e�r�v�e�d� 

�a�n�d� �p�r�e�d�i�c�t�e�d� �v�a�l�u�e�s� �o�f� �h�e�i�g�h�t�,� �m�e�a�n� �t�o�t�a�l� �h�e�i�g�h�t�,� �a�n�d� 

�d�i�a�m�e�t�e�r� �a�t� �b�r�e�a�s�t� �h�e�i�g�h�t�.� �D�i�f�f�e�r�e�n�c�e�s� �e�q�u�a�l�e�d� �o�b�s�e�r�v�e�d� �m�i�n�u�s� 

�p�r�e�d�i�c�t�e�d� �v�a�l�u�e�s� �f�o�r� �t�h�i�s� �a�n�a�l�y�s�i�s�.� 

�C�o�m�p�a�r�i�s�o�n� �o�f� �m�o�r�t�a�l�i�t�y� �w�a�s� �d�o�n�e� �b�y� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �t�o�t�a�l� 

�n�u�m�b�e�r� �o�f� �s�u�r�v�i�v�i�n�g� �t�r�e�e�s� �f�o�r� �e�a�c�h� �p�l�o�t� �a�t� �e�a�c�h� �r�e�m�e�a�s�u�r�e�m�e�n�t� 

�p�e�r�i�o�d� �o�f� �t�h�e� �o�b�s�e�r�v�e�d� �d�a�t�a� �a�n�d� �s�u�b�t�r�a�c�t�i�n�g� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� 
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�o�f� �l�i�v�e� �t�r�e�e�s� �i�n� �e�a�c�h� �p�l�o�t� �a�t� �e�a�c�h� �t�h�r�e�e�-�y�e�a�r� �p�r�e�d�i�c�t�i�o�n� 

�o�u�t�p�u�t�.� �A�l�l� �o�f� �t�h�e� �p�l�o�t�s� �a�n�d� �r�e�m�e�a�s�u�r�e�m�e�n�t�s� �d�e�l�e�t�e�d� �f�r�o�m� �t�h�e� 

�o�b�s�e�r�v�e�d� �d�a�t�a� �f�o�r� �t�h�e� �f�i�t�t�i�n�g� �o�f� �t�h�e� �P�L�I�V�E� �e�q�u�a�t�i�o�n�s� �w�e�r�e� �a�l�s�o� 

�d�e�l�e�t�e�d� �f�r�o�m� �t�h�e� �o�b�s�e�r�v�e�d� �d�a�t�a� �u�s�e�d� �f�o�r� �t�h�e� �c�o�m�p�a�r�i�s�o�n�.� 

�T�h�e�r�e� �w�a�s� �s�o�m�e� �i�n�d�e�c�i�s�i�o�n� �a�s� �t�o� �w�h�e�t�h�e�r� �t�h�e� �m�o�r�t�a�l�i�t�y� 

�a�n�a�l�y�s�i�s� �s�h�o�u�l�d� �b�e� �d�o�n�e� �o�n� �t�h�e� �b�a�s�i�s� �o�f� �d�e�a�d� �t�r�e�e�s� �o�r� 

�s�u�r�v�i�v�i�n�g� �t�r�e�e�s�.� �S�i�n�c�e� �t�h�e� �n�u�m�b�e�r�s� �a�r�e� �m�u�c�h� �l�a�r�g�e�r� �f�o�r� �l�i�v�i�n�g� 

�t�r�e�e�s�,� �i�t� �w�a�s� �d�e�c�i�d�e�d� �t�o� �b�a�s�e� �t�h�e� �a�n�a�l�y�s�i�s� �o�n� �t�h�e� �s�u�r�v�i�v�i�n�g� 

�t�r�e�e�s� �t�o� �a�v�o�i�d� �a�n�y� �e�r�r�o�n�e�o�u�s� �r�e�s�u�l�t�s� �f�r�o�m� �s�m�a�l�l� �d�e�a�d� �t�r�e�e� 

�c�o�u�n�t�s�.� 

�A� �v�a�r�i�e�t�y� �o�f� �s�i�m�u�l�a�t�i�o�n�s� �w�e�r�e� �r�u�n� �i�n�c�o�r�p�o�r�a�t�i�n�g� �t�h�e� �n�e�w�l�y� 

�d�e�v�e�l�o�p�e�d� �m�o�d�e�l�s�.� �S�o�m�e� �o�f� �t�h�e� �s�i�m�u�l�a�t�i�o�n�s� �i�n�v�o�l�v�e�d� �a�l�l� �o�f� �t�h�e� 

�m�o�d�e�l�s�,� �w�h�i�l�e� �o�t�h�e�r�s� �i�s�o�l�a�t�e�d� �a� �p�a�r�t�i�c�u�l�a�r� �m�o�d�e�l� �w�h�i�l�e� 

�r�e�t�a�i�n�i�n�g� �t�h�e� �o�t�h�e�r� �m�o�d�e�l�s� �i�n� �t�h�e�i�r� �o�r�i�g�i�n�a�l� �P�T�A�E�D�A�2� �f�o�r�m�.� 

�T�h�e� �g�o�a�l� �w�a�s� �t�o� �d�r�a�w� �s�p�e�c�i�f�i�c� �c�o�n�c�l�u�s�i�o�n�s� �a�s� �t�o� �t�h�e� 

�p�e�r�f�o�r�m�a�n�c�e� �o�f� �e�a�c�h� �m�o�d�e�l� �s�e�p�a�r�a�t�e�l�y� �a�n�d� �t�o�g�e�t�h�e�r� �a�s� �a� �u�n�i�t�.� 

�E�a�c�h� �s�i�m�u�l�a�t�i�o�n� �d�i�s�c�u�s�s�e�d� �i�s� �a�c�t�u�a�l�l�y� �a� �b�l�o�c�k� �o�f� �t�h�r�e�e� 

�S�i�m�u�l�a�t�i�o�n�s�.� �F�o�r� �e�a�c�h� �s�i�m�u�l�a�t�o�r� �c�o�n�f�i�g�u�r�a�t�i�o�n�,� �s�e�p�a�r�a�t�e� 

�s�i�m�u�l�a�t�i�o�n�s� �w�e�r�e� �r�u�n� �f�o�r� �e�a�c�h� �t�h�i�n�n�i�n�g� �i�n�t�e�n�s�i�t�y�,� �u�n�t�h�i�n�n�e�d�,� 

�l�i�g�h�t� �a�n�d� �h�e�a�v�y� �t�h�i�n�n�e�d�.� �T�h�e� �c�o�m�p�a�r�i�s�o�n�s� �i�n� �S�A�S� �w�e�r�e� �a�l�s�o� 

�d�o�n�e� �i�n� �t�h�e�s�e� �b�l�o�c�k�s� �o�f� �t�h�r�e�e�.� �T�h�i�s� �a�l�l�o�w�e�d� �m�e�a�n� �d�i�f�f�e�r�e�n�c�e� 

�a�n�a�l�y�s�i�s� �b�y� �t�h�i�n�n�i�n�g� �i�n�t�e�n�s�i�t�y� �a�s� �w�e�l�l� �a�s� �b�y� �r�e�m�e�a�s�u�r�e�m�e�n�t� 
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�p�e�r�i�o�d�.� �I�t� �a�l�s�o� �k�e�p�t� �t�h�e� �a�m�o�u�n�t� �o�f� �a�n�a�l�y�s�i�s� �d�a�t�a� �a�t� 

�m�a�n�a�g�e�a�b�l�e� �l�e�v�e�l�s�.� 

�I�s�o�l�a�t�e�d� �s�i�m�u�l�a�t�i�o�n�s� �w�e�r�e� �d�o�n�e� �o�n� �t�h�e� �M�T�H� �m�o�d�e�l� �f�i�t�t�e�d� 

�w�i�t�h� �a�n�d� �w�i�t�h�o�u�t� �t�h�e� �n�e�w� �T�R�V ��s�.� �T�h�e�s�e� �w�e�r�e� �d�o�n�e� �t�o� �d�e�t�e�r�m�i�n�e� 

�i�f� �t�h�e� �T�R�V ��s� �b�e�n�e�f�i�t�t�e�d� �t�h�e� �p�r�e�d�i�c�t�i�o�n� �o�r� �i�n� �f�a�c�t�,� �w�e�r�e� �n�o�t� 

�n�e�e�d�e�d�.� �I�n� �t�h�e�s�e� �s�i�m�u�l�a�t�i�o�n�s�,� �a�n�d� �i�n� �a�l�l� �s�i�m�u�l�a�t�i�o�n�s� �w�h�i�c�h� 

�i�n�c�o�r�p�o�r�a�t�e�d� �t�h�e� �n�e�w� �M�T�H� �m�o�d�e�l�,� �t�h�e� �s�i�t�e� �i�n�d�e�x� �m�o�d�e�l� �i�n� �t�h�e� 

�s�u�b�r�o�u�t�i�n�e� �S�I� �w�a�s� �a�l�s�o� �o�f� �t�h�e� �n�e�w� �m�o�d�e�l� �f�i�t� �a�n�d� �f�o�r�m�,� �w�i�t�h� �o�r� 

�w�i�t�h�o�u�t� �t�h�e� �T�R�V ��s�.� 

�S�i�m�i�l�a�r�,� �i�s�o�l�a�t�e�d� �s�i�m�u�l�a�t�i�o�n�s� �w�e�r�e� �r�u�n� �o�n� �t�h�e� �D�I�N� �m�o�d�e�l� 

�f�i�t�t�e�d� �w�i�t�h� �a�n�d� �w�i�t�h�o�u�t� �i�t�s� �T�R�V�.� �S�e�p�a�r�a�t�e� �s�i�m�u�l�a�t�i�o�n�s� �w�e�r�e� 

�a�l�s�o� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �v�a�l�i�d�i�t�y� �o�f� �t�r�u�n�c�a�t�i�n�g� �t�h�e� �T�R�V� �i�n� 

�t�h�i�s� �m�o�d�e�l� �a�t� �l�e�s�s� �t�h�a�n� �o�r� �e�q�u�a�l� �t�o� �1�.� �T�h�e�s�e� �c�o�m�p�a�r�i�s�o�n�s� �w�e�r�e� 

�a�l�s�o� �d�o�n�e� �f�o�r� �t�h�e� �T�R�V ��s� �i�n� �t�h�e� �M�T�H� �m�o�d�e�l�.� 

�I�s�o�l�a�t�e�d� �s�i�m�u�l�a�t�i�o�n�s� �w�e�r�e� �r�u�n� �f�o�r� �t�h�e� �P�L�I�V�E� �f�i�t�s� �i�n� �w�h�i�c�h� 

�B�,� �w�a�s� �s�e�t� �t�o� �a� �p�a�r�t�i�c�u�l�a�r� �v�a�l�u�e�.� �T�h�e�s�e� �t�w�o� �s�i�m�u�l�a�t�i�o�n�s� 

�c�o�m�p�a�r�e�d� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�r�e�e� �s�e�p�a�r�a�t�e� �m�o�d�e�l�s �� �f�o�r� 

�p�r�e�d�i�c�t�i�n�g� �m�o�r�t�a�l�i�t�y� �t�o� �t�h�e� �o�r�i�g�i�n�a�l� �d�e�s�i�g�n� �o�f� �t�w�o� �m�o�d�e�l�s�,� �o�n�e� 

�f�o�r� �u�n�t�h�i�n�n�e�d� �p�l�o�t�s� �a�n�d� �o�n�e� �f�o�r� �t�h�i�n�n�e�d� �p�l�o�t�s�.� 

�N�o� �i�s�o�l�a�t�e�d� �s�i�m�u�l�a�t�i�o�n�s� �w�e�r�e� �c�o�m�p�l�e�t�e�d� �f�o�r� �t�h�e� �n�e�w� �f�i�t� �o�f� 

�t�h�e� �H�I�N� �m�o�d�e�l� �s�i�n�c�e� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�i�s� �m�o�d�e�l� �i�n� �t�h�i�n�n�e�d� 
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�s�t�a�n�d�s� �i�s� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� 

�i�t� �v�i�a� �t�h�e� �n�e�w� �M�T�H� �m�o�d�e�l�.� �T�h�u�s�,� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �n�e�w� �H�I�N� �f�i�t� 

�w�a�s� �o�n�l�y� �a�c�c�o�m�p�l�i�s�h�e�d� �d�u�r�i�n�g� �s�i�m�u�l�a�t�i�o�n�s� �i�n�v�o�l�v�i�n�g� �a�l�l� �o�f� �t�h�e� 

�n�e�w� �m�o�d�e�l�s�.� 

�O�n�e� �s�i�m�u�l�a�t�i�o�n� �w�a�s� �r�u�n� �i�n� �w�h�i�c�h� �a�l�l� �o�f� �t�h�e� �o�r�i�g�i�n�a�l� 

�P�T�A�E�D�A�2� �m�o�d�e�l�s� �w�e�r�e� �r�e�t�a�i�n�e�d�.� �T�h�i�s� �s�i�m�u�l�a�t�i�o�n� �p�r�o�v�i�d�e�d� �a� 

�b�a�s�e�l�i�n�e� �f�o�r� �c�o�m�p�a�r�i�s�o�n�.� �C�o�m�p�a�r�i�s�o�n�s� �w�e�r�e� �v�i�s�u�a�l�l�y� �d�r�a�w�n� 

�b�e�t�w�e�e�n� �e�a�c�h� �n�e�w� �m�o�d�e�l� �s�i�m�u�l�a�t�i�o�n� �a�n�d� �t�h�i�s� �b�a�s�e�l�i�n�e� �i�n� �o�r�d�e�r� 

�t�o� �d�e�t�e�r�m�i�n�e� �i�f� �i�m�p�r�o�v�e�m�e�n�t� �w�a�s� �r�e�a�l�i�z�e�d� �b�y� �f�i�t�t�i�n�g� �t�h�e� �m�o�d�e�l�s� 

�t�o� �m�u�l�t�i�p�l�e� �r�e�m�e�a�s�u�r�e�m�e�n�t� �d�a�t�a�,� �o�r� �b�y� �t�h�e� �i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� 

�t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e�s�.� 

�T�h�e� �u�l�t�i�m�a�t�e� �g�o�a�l� �o�f� �g�r�o�w�t�h� �s�i�m�u�l�a�t�i�o�n� �i�s� �s�o�m�e� �f�o�r�m� �o�f� 

�v�o�l�u�m�e� �p�r�e�d�i�c�t�i�o�n�.� �A� �t�o�t�a�l� �v�o�l�u�m�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� �b�y� �p�l�o�t� �w�a�s� 

�d�o�n�e� �i�n� �t�h�e� �c�o�m�p�a�r�i�s�o�n� �p�h�a�s�e� �i�n� �S�A�S� �f�o�r� �a�_� �s�i�m�u�l�a�t�o�r� 

�c�o�n�f�i�g�u�r�a�t�i�o�n� �i�s�o�l�a�t�i�n�g� �t�h�e� �n�e�w� �M�T�H� �m�o�d�e�l�.� �A� �s�i�m�i�l�a�r� 

�c�a�l�c�u�l�a�t�i�o�n� �w�a�s� �c�o�m�p�l�e�t�e�d� �f�o�r� �a� �s�i�m�u�l�a�t�i�o�n� �i�n�c�o�r�p�o�r�a�t�i�n�g� �a�l�l� 

�o�f� �t�h�e� �n�e�w� �m�o�d�e�l�s�.� �T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e�s�e� �t�w�o� �d�e�t�e�r�m�i�n�a�t�i�o�n�s� 

�w�e�r�e� �v�i�s�u�a�l�l�y� �c�o�m�p�a�r�e�d�.� �T�h�e� �q�u�e�s�t�i�o�n� �h�e�r�e� �w�a�s� �w�h�e�t�h�e�r� �t�h�e� �n�e�w� 

�M�T�H� �m�o�d�e�l�,� �w�h�i�c�h� �d�i�r�e�c�t�l�y� �i�m�p�a�c�t�s� �t�h�e� �H�I�N� �a�n�d� �D�I�N� �p�r�e�d�i�c�t�i�o�n�s� 

�i�n� �t�h�e� �s�i�m�u�l�a�t�o�r�,� �d�o�e�s� �a� �b�e�t�t�e�r� �j�o�b� �o�f� �p�r�e�d�i�c�t�i�n�g� �t�o�t�a�l� �v�o�l�u�m�e� 

�w�o�r�k�i�n�g� �a�l�o�n�e� �t�h�a�n� �a�l�l� �o�f� �t�h�e� �n�e�w� �m�o�d�e�l�s� �w�o�r�k�i�n�g� �a�s� �a� �u�n�i�t�.� 

�A�s� �d�i�s�c�u�s�s�e�d� �i�n� �t�h�e� �P�L�I�V�E� �a�n�a�l�y�s�i�s�,� �i�t� �i�s� �p�o�s�s�i�b�l�e� �t�h�a�t� 

�m�u�l�t�i�p�l�e� �T�R�V ��s� �a�n�d� �m�o�d�e�l� �c�h�a�n�g�e�s� �m�a�y� �o�v�e�r�c�o�m�p�e�n�s�a�t�e� �f�o�r� �t�h�e� 
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�r�e�s�p�o�n�s�e� �t�o� �t�h�i�n�n�i�n�g� �i�n� �a� �s�t�a�n�d�.� 

�I�t� �w�o�u�l�d� �h�a�v�e� �b�e�e�n� �h�i�g�h�l�y� �d�e�s�i�r�a�b�l�e� �t�o� �a�n�a�l�y�z�e� �v�o�l�u�m�e� �a�n�d� 

�m�o�r�t�a�l�i�t�y� �o�n� �a� �p�e�r� �a�c�r�e� �b�a�s�i�s�.� �H�o�w�e�v�e�r�,� �t�h�i�s� �w�a�s� �n�o�t� �p�o�s�s�i�b�l�e� 

�b�e�c�a�u�s�e� �o�n�l�y� �i�n�t�e�r�i�o�r� �t�r�e�e�s� �w�e�r�e� �a�n�a�l�y�z�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� �T�h�e� 

�S�i�z�e� �o�f� �e�a�c�h� �p�l�o�t� �i�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �m�a�x�i�m�u�m� �X� �a�n�d� �Y� 

�c�o�o�r�d�i�n�a�t�e�s� �o�f� �t�h�e� �t�r�e�e�s� �o�n� �t�h�a�t� �p�l�o�t�.� �S�i�n�c�e� �o�n�l�y� �i�n�t�e�r�i�o�r� 

�t�r�e�e�s� �w�e�r�e� �e�x�a�m�i�n�e�d�,� �t�h�e� �a�n�a�l�y�s�i�s� �p�l�o�t�s� �w�e�r�e� �s�m�a�l�l�e�r� �t�h�a�n� �t�h�e� 

�o�r�i�g�i�n�a�l� �r�e�s�e�a�r�c�h� �p�l�o�t�s�.� �T�h�e� �o�r�i�g�i�n�a�l� �p�l�o�t� �a�r�e�a�s� �w�e�r�e� �t�h�e� 

�o�n�l�y� �v�a�l�u�e�s� �a�v�a�i�l�a�b�l�e� �f�o�r� �c�a�l�c�u�l�a�t�i�n�g� �p�e�r�-�a�c�r�e� �v�o�l�u�m�e� �a�n�d� 

�m�o�r�t�a�l�i�t�y�,� �t�h�u�s� �t�h�e� �e�x�p�a�n�s�i�o�n� �o�f� �t�h�e� �c�o�m�p�a�r�i�s�o�n� �r�e�s�u�l�t�s� �t�o�a� 

�p�e�r� �a�c�r�e� �b�a�s�i�s� �w�o�u�l�d� �n�o�t� �h�a�v�e� �b�e�e�n� �v�a�l�i�d�.� 

�C�r�o�w�n� �r�a�t�i�o� �i�s� �a�n� �i�m�p�o�r�t�a�n�t� �c�o�m�p�o�n�e�n�t� �o�f� �t�h�e� �H�I�N�,� �D�I�N�,� 

�a�n�d� �P�L�I�V�E� �m�o�d�e�l�s�.� �C�r�o�w�n� �r�a�t�i�o� �i�s� �c�a�l�c�u�l�a�t�e�d� �w�i�t�h�i�n� �t�h�e� 

�S�i�m�u�l�a�t�o�r� �f�r�o�m� �a�n� �e�q�u�a�t�i�o�n� �b�y� �D�y�e�r� �a�n�d� �B�u�r�k�h�a�r�t� �(�1�9�8�6�)�.� �T�o� 

�d�e�t�e�r�m�i�n�e� �i�f� �s�i�m�u�l�a�t�o�r� �p�e�r�f�o�r�m�a�n�c�e� �c�o�u�l�d� �b�e� �i�m�p�r�o�v�e�d�,� �t�h�e� 

�c�r�o�w�n� �r�a�t�i�o� �m�o�d�e�l� �i�n�c�o�r�p�o�r�a�t�i�n�g� �t�h�e� �g�e�n�e�r�a�l� �t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� 

�v�a�r�i�a�b�l�e� �d�e�v�e�l�o�p�e�d� �i�n� �L�i�u� �e�t� �a�l�.� �(�i�n� �p�r�e�s�s�)� �w�a�s� �i�n�c�l�u�d�e�d� �i�n� 

�d�u�p�l�i�c�a�t�i�o�n�s� �o�f� �s�o�m�e� �o�f� �t�h�e� �a�b�o�v�e� �d�e�s�c�r�i�b�e�d� �s�i�m�u�l�a�t�i�o�n�s�.� 

�L�a�s�t�l�y�,� �a� �s�i�m�u�l�a�t�i�o�n� �w�a�s� �c�o�m�p�l�e�t�e�d� �o�n� �t�h�e� �f�o�r�t�y�-�f�o�u�r� 

�p�l�o�t�s� �w�h�i�c�h� �n�o�w� �h�a�v�e� �d�a�t�a� �a�v�a�i�l�a�b�l�e� �f�o�r� �t�h�e� �f�o�u�r�t�h� 

�r�e�m�e�a�s�u�r�e�m�e�n�t�.� �T�h�e�s�e� �s�i�m�u�l�a�t�i�o�n�s� �w�e�r�e� �r�u�n� �o�n�l�y� �o�n� �t�h�e� 

�S�i�m�u�l�a�t�o�r� �c�o�n�f�i�g�u�r�a�t�i�o�n� �w�i�t�h� �a�l�l� �n�e�w� �m�o�d�e�l�s�.� 
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�A� �c�o�m�p�l�e�t�e� �l�i�s�t�i�n�g� �o�f� �t�h�e� �s�o�u�r�c�e� �c�o�d�e� �f�o�r� �t�h�e� �r�e�d�u�c�e�d� 

�S�i�m�u�l�a�t�o�r� �i�s� �p�r�o�v�i�d�e�d� �i�n� �a�p�p�e�n�d�i�x� �A�.� 
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�R�e�s�u�l�t�s� �a�n�d� �C�o�n�c�l�u�s�i�o�n�s� 

�R�e�s�u�l�t�s� 

�T�h�e� �F�-�t�e�s�t�s� �f�o�r� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �p�a�r�a�m�e�t�e�r� 

�e�s�t�i�m�a�t�e�s� �b�e�t�w�e�e�n� �t�h�i�n�n�i�n�g� �i�n�t�e�n�s�i�t�i�e�s� �y�i�e�l�d�e�d� �v�a�r�i�e�d� �r�e�s�u�l�t�s�.� 

�T�h�e� �F� �v�a�l�u�e� �f�o�r� �t�h�e� �D�I�N� �m�o�d�e�l� �w�a�s� �3�6�.�5�.� �T�h�i�s� �v�a�l�u�e� �c�l�e�a�r�l�y� 

�i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e� �p�r�e�d�i�c�t�i�v�e� �a�b�i�l�i�t�y� �o�f� �t�h�e� �D�I�N� �m�o�d�e�l� �s�h�o�u�l�d� 

�b�e�n�e�f�i�t� �f�r�o�m� �a� �t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e� �t�h�a�t� �c�a�n� �d�e�s�c�r�i�b�e� 

�t�h�e�s�e� �d�i�f�f�e�r�e�n�c�e�s�.� �T�h�e� �F�-� �t�e�s�t�s� �f�o�r� �t�h�e� �m�o�r�t�a�l�i�t�y� �f�u�n�c�t�i�o�n� 

�w�e�r�e� �d�i�s�c�u�s�s�e�d� �i�n� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �t�h�a�t� �m�o�d�e�l�.� �T�h�e� �t�h�r�e�e�-�y�e�a�r� 

�t�h�i�n�n�e�d� �d�a�t�a� �f�i�t�s� �o�f� �t�h�e� �H�I�N� �m�o�d�e�l� �w�i�t�h� �s�e�v�e�r�a�l� �i�n�s�i�g�n�i�f�i�c�a�n�t� 

�e�s�t�i�m�a�t�e�s� �w�e�r�e� �t�h�e� �o�n�l�y� �o�n�e�s� �a�v�a�i�l�a�b�l�e� �f�o�r� �c�a�l�c�u�l�a�t�i�o�n� �o�f� �t�h�e� 

�F� �s�t�a�t�i�s�t�i�c�.� �T�h�i�s� �b�r�i�n�g�s� �i�n�t�o� �q�u�e�s�t�i�o�n� �t�h�e� �v�a�l�i�d�i�t�y� �o�f� �t�h�e� �F�-� 

�t�e�s�t� �r�e�s�u�l�t� �f�o�r� �t�h�i�s� �m�o�d�e�l�.� 

�T�h�e� �F�-�t�e�s�t� �f�o�r� �t�h�e� �H�I�N� �m�o�d�e�l� �r�e�s�u�l�t�e�d� �i�n� �a� �n�e�g�a�t�i�v�e� �v�a�l�u�e� 

�(�-�3�.�0�3�)�.� �T�h�i�s� �o�c�c�u�r�r�e�d� �b�e�c�a�u�s�e� �t�h�e� �r�e�d�u�c�e�d� �m�o�d�e�l� �h�a�d� �a� �l�o�w�e�r� 

�s�u�m� �o�f� �s�q�u�a�r�e�s� �f�o�r� �e�r�r�o�r� �t�h�a�n� �t�h�e� �f�u�l�l� �m�o�d�e�l�.� �D�i�f�f�i�c�u�l�t�i�e�s� 

�w�i�t�h� �s�e�p�a�r�a�t�e� �f�i�t�s� �t�o� �t�h�e� �l�i�g�h�t� �t�h�i�n�n�e�d� �a�n�d� �h�e�a�v�y� �t�h�i�n�n�e�d� �d�a�t�a� 

�r�e�s�u�l�t�e�d� �i�n� �s�u�c�h� �p�o�o�r� �s�t�a�t�i�s�t�i�c�s� �t�h�a�t� �t�h�e� �f�u�l�l� �m�o�d�e�l� �h�a�d� �a� 

�h�i�g�h�e�r� �s�u�m� �o�f� �s�q�u�a�r�e�s� �f�o�r� �e�r�r�o�r� �t�h�a�n� �t�h�e� �r�e�d�u�c�e�d� �m�o�d�e�l�.� 

�T�h�e� �s�u�m� �o�f� �s�q�u�a�r�e�s� �f�o�r� �e�r�r�o�r� �f�o�r� �t�h�e� �r�e�d�u�c�e�d� �m�o�d�e�l� �m�u�s�t� 

�b�e� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �f�u�l�l� �m�o�d�e�l� �b�e�c�a�u�s�e� �f�e�w�e�r� �p�a�r�a�m�e�t�e�r�s� �a�r�e� 
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�b�e�i�n�g� �e�s�t�i�m�a�t�e�d�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �i�n�v�a�l�i�d�a�t�e�d� �t�h�e� �F�-�t�e�s�t� �f�o�r� �t�h�e� 

�H�I�N� �m�o�d�e�l�,� �a�n�d� �b�e�c�a�m�e� �o�n�e� �m�o�r�e� �f�a�c�t�o�r� �i�n� �t�h�e� �d�e�c�i�s�i�o�n� �t�o� �f�i�t� 

�t�h�e� �m�o�d�e�l� �t�o� �d�a�t�a� �f�r�o�m� �u�n�t�h�i�n�n�e�d� �p�l�o�t�s� �w�i�t�h�o�u�t� �a� �T�R�V�.� 

�T�h�e� �f�i�r�s�t� �s�i�m�u�l�a�t�i�o�n� �w�a�s� �p�e�r�f�o�r�m�e�d� �o�n� �t�h�e� �o�r�i�g�i�n�a�l� 

�u�n�a�l�t�e�r�e�d� �P�T�A�E�D�A�2� �m�o�d�e�l�s�.� �T�h�i�s� �p�r�o�v�i�d�e�d� �t�h�e� �p�r�e�v�i�o�u�s�l�y� 

�d�i�s�c�u�s�s�e�d� �b�a�s�e�l�i�n�e� �f�o�r� �c�o�m�p�a�r�i�s�o�n� �i�n� �s�u�b�s�e�q�u�e�n�t� �a�n�a�l�y�s�e�s�.� 

�P�l�o�t�s� �o�f� �m�e�a�n� �d�i�f�f�e�r�e�n�c�e�s� �f�o�r� �t�h�e� �c�o�m�p�a�r�i�s�o�n� �o�f� �o�b�s�e�r�v�e�d� �t�o� 

�p�r�e�d�i�c�t�e�d� �v�a�l�u�e�s� �f�o�r� �t�h�e� �M�T�H�,� �H�I�N�,� �D�I�N�,� �a�n�d� �P�L�I�V�E� �m�o�d�e�l�s� �a�r�e� 

�s�h�o�w�n� �i�n� �f�i�g�u�r�e� �2�1�.� �T�h�e� �p�l�o�t�s� �f�o�r� �t�h�e� �H�I�N�,� �D�I�N�,� �a�n�d� �P�L�I�V�E� 

�m�o�d�e�l�s� �a�l�l� �i�n�d�i�c�a�t�e� �a� �t�r�e�n�d� �t�o�w�a�r�d�s� �a�n� �i�n�c�r�e�a�s�i�n�g� 

�u�n�d�e�r�p�r�e�d�i�c�t�i�o�n� �o�v�e�r� �t�i�m�e�.� �T�h�e� �o�r�i�g�i�n�a�l� �M�T�H� �m�o�d�e�l� �s�t�a�r�t�s� �w�i�t�h� 

�a�n� �o�v�e�r�p�r�e�d�i�c�t�i�o�n� �a�t� �t�h�e� �f�i�r�s�t� �r�e�m�e�a�s�u�r�e�m�e�n�t�,� �t�h�e�n� �s�h�o�w�s� �a� 

�t�r�e�n�d� �s�i�m�i�l�a�r� �t�o� �t�h�e� �o�t�h�e�r� �m�o�d�e�l�s� �t�h�a�t� �r�e�s�u�l�t�s� �i�n� �a� �l�a�r�g�e� 

�r�e�d�u�c�t�i�o�n� �i�n� �m�e�a�n� �d�i�f�f�e�r�e�n�c�e�s� �b�y� �t�h�e� �t�h�i�r�d� �r�e�m�e�a�s�u�r�e�m�e�n�t�.� 

�S�e�v�e�r�a�l� �p�r�e�l�i�m�i�n�a�r�y� �i�s�o�l�a�t�e�d� �s�i�m�u�l�a�t�i�o�n�s� �w�e�r�e� �c�o�m�p�l�e�t�e�d� 

�f�o�r� �t�h�e� �M�T�H� �a�n�d� �D�I�N� �m�o�d�e�l�s� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �v�a�l�i�d�i�t�y� �o�f� 

�t�r�u�n�c�a�t�i�n�g� �t�h�e� �T�R�V ��s� �i�n� �t�h�e�s�e� �m�o�d�e�l�s�.� �T�h�e�s�e� �w�e�r�e� �n�e�c�e�s�s�a�r�y� �i�n� 

�o�r�d�e�r� �t�o� �o�b�t�a�i�n� �t�h�e� �b�e�s�t� �s�i�m�u�l�a�t�o�r� �c�o�n�f�i�g�u�r�a�t�i�o�n� �f�o�r� 

�s�u�b�s�e�q�u�e�n�t� �a�n�a�l�y�s�e�s�.� 

�S�i�m�u�l�a�t�i�o�n� �o�f� �t�h�e� �D�I�N� �m�o�d�e�l� �w�i�t�h�o�u�t� �i�t�s� �T�R�V� �t�r�u�n�c�a�t�e�d� �t�o� 

�1� �r�e�s�u�l�t�e�d� �i�n� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �t�r�e�n�d� �t�o�w�a�r�d�s� �u�n�d�e�r�p�r�e�d�i�c�t�i�o�n� 

�o�v�e�r� �t�i�m�e�.� �T�h�e� �c�h�a�n�g�e� �w�a�s� �n�o�t� �g�r�e�a�t�,� �b�u�t� �t�h�i�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� 
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�S�i�m�u�l�a�t�i�o�n� �P�e�r�f�o�r�m�a�n�c�e� �o�f� �M�T�H� �M�o�d�e�l� 
�S�i�m�u�a�t�o�r� �w�i�t�h� �O�r�i�g�i�n�a�l� �P�T�A�E�D�A�2� �M�o�d�e�l�s� 
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�Y�e�a�r�s� �S�i�n�c�e� �P�i�e�t� �E�s�t�a�b�k�s�h�m�e�n�t� 

� � 

�[�=�e� �N�o�T�a�n� �+� �U�g�h�t� �T�h�i�n� �-�2�-� �H�e�e� �T�h�i�n� 

�F�i�g�u�r�e� �2�1�.� �S�i�m�u�l�a�t�i�o�n� �c�o�m�p�a�r�i�s�o�n� �f�o�r� �t�h�e� �f�o�u�r� �o�r�i�g�i�n�a�l� �P�T�A�E�D�A�2� �m�o�d�e�l�s�.� �C�o�m�p�a�r�i�s�o�n� �i�s� �o�b�s�e�r�v�e�d� 
�v�a�l�u�e�s� �m�i�n�u�s� �s�i�m�u�l�a�t�o�r� �p�r�e�d�i�c�t�e�d� �v�a�l�u�e�s� �a�t� �t�h�e� �f�i�r�s�t�,� �s�e�c�o�n�d�,� �a�n�d� �t�h�i�r�d� �r�e�m�e�a�s�u�r�e�m�e�n�t�s�.



�t�h�e� �u�n�b�o�u�n�d�e�d� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �T�R�V� �a�f�t�e�r� �K� �w�a�s� �e�x�c�e�e�d�e�d� �w�a�s� 

�d�e�t�r�i�m�e�n�t�a�l� �t�o� �t�h�e� �p�r�e�d�i�c�t�i�o�n�.� �T�h�u�s�,� �i�n� �a�p�p�l�i�c�a�t�i�o�n�,� �t�h�e� 

�t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e� �f�o�r� �t�h�e� �D�I�N� �m�o�d�e�l� �s�h�o�u�l�d� �b�e� 

�t�r�u�n�c�a�t�e�d� �t�o� �l�e�s�s� �t�h�a�n� �o�r� �e�q�u�a�l� �t�o� �1�.� 

�T�h�e�r�e� �w�a�s� �l�i�t�t�l�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� �M�T�H� 

�m�o�d�e�l� �w�i�t�h� �o�r� �w�i�t�h�o�u�t� �t�r�u�n�c�a�t�i�o�n� �o�f� �T�R�V�1�.� �T�h�i�s� �T�R�V� �i�s� �f�i�x�e�d� 

�a�t� �a� �c�o�n�s�t�a�n�t� �v�a�l�u�e� �f�o�r� �e�a�c�h� �p�l�o�t�,� �w�h�i�c�h� �m�a�y� �b�e� �l�e�s�s� �t�h�a�n� �o�r� 

�g�r�e�a�t�e�r� �t�h�a�n� �1�,� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �a�g�e� �a�t� �t�h�i�n�n�i�n�g� �o�f� �t�h�e� �p�l�o�t�.� 

�T�h�u�s�,� �t�r�u�n�c�a�t�i�o�n� �o�f� �t�h�i�s� �T�R�V� �o�f�f�e�r�s� �n�o� �p�r�a�c�t�i�c�a�l� �g�a�i�n� �a�n�d� 

�w�o�u�l�d� �p�r�o�b�a�b�l�y� �b�e� �d�e�t�r�i�m�e�n�t�a�l� �t�o� �t�h�e� �m�o�d�e�l�.� 

�S�i�m�u�l�a�t�i�o�n� �w�i�t�h�o�u�t� �t�h�e� �v�a�r�y�i�n�g� �T�R�V� �(�T�R�V�2�)� �t�r�u�n�c�a�t�e�d� �i�n� 

�t�h�e� �M�T�H� �m�o�d�e�l� �r�e�s�u�l�t�e�d� �i�n� �a� �l�a�r�g�e� �c�h�a�n�g�e� �i�n� �t�h�e� �c�o�m�p�a�r�i�s�o�n�.� 

�F�i�g�u�r�e� �2�2� �c�o�m�p�a�r�e�s� �t�h�e�s�e� �t�w�o� �s�i�m�u�l�a�t�i�o�n�s�.� �T�h�e� �v�e�r�t�i�c�a�l� �s�c�a�l�e� 

�o�f� �t�h�e�s�e� �t�w�o� �p�l�o�t�s� �h�a�s� �b�e�e�n� �s�h�i�f�t�e�d�,� �b�u�t� �t�h�e� �r�a�n�g�e� �i�s� 

�i�d�e�n�t�i�c�a�l�.� �T�h�e� �c�o�m�p�a�r�i�s�o�n� �f�o�r� �u�n�t�h�i�n�n�e�d� �s�t�a�n�d�s� �i�s� �u�n�c�h�a�n�g�e�d�.� 

�H�o�w�e�v�e�r�,� �t�h�e� �c�o�m�p�a�r�i�s�o�n�s� �f�o�r� �t�h�i�n�n�e�d� �s�t�a�n�d�s� �a�r�e� �s�h�i�f�t�e�d� �t�o� �a�n� 

�u�n�d�e�r�p�r�e�d�i�c�t�i�o�n�,� �a�n�d� �t�h�e�y� �a�r�e� �m�u�c�h� �m�o�r�e� �s�e�p�a�r�a�t�e�d� �w�i�t�h�o�u�t� �T�R�V� 

�t�r�u�n�c�a�t�i�o�n�,� �i�n�d�i�c�a�t�i�n�g� �i�n�c�r�e�a�s�e�d� �b�i�a�s� �i�n� �t�h�e� �p�r�e�d�i�c�t�i�o�n� �a�c�r�o�s�s� 

�t�h�i�n�n�i�n�g� �i�n�t�e�n�s�i�t�i�e�s�.� 

�T�h�e� �s�h�i�f�t� �r�e�s�u�l�t�e�d� �i�n� �a�n� �i�m�p�r�o�v�e�m�e�n�t� �f�o�r� �t�h�e� �l�i�g�h�t� 

�t�h�i�n�n�e�d� �d�a�t�a� �c�o�m�p�a�r�i�s�o�n� �i�n� �t�h�e� �f�i�r�s�t� �t�h�r�e�e� �y�e�a�r�s� �o�f� 

�p�r�e�d�i�c�t�i�o�n�.� �H�o�w�e�v�e�r�,� �w�h�e�n� �t�h�i�s� �a�n�a�l�y�s�i�s� �w�a�s� �r�e�p�e�a�t�e�d� �w�i�t�h� �t�h�e� 
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�S�i�m�u�l�a�t�i�o�n� �P�e�r�f�o�r�m�a�n�c�e� �o�f� �M�T�H� �M�o�d�e�l� 
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�Y�e�a�r�s� �S�i�n�c�e� �P�l�o�t� �E�s�t�a�b�l�i�s�h�m�e�n�t� 

� � 

�-�@� �N�o�T�h�i�n� �-�+� �L�i�g�h�t�T�h�i�n� �-�@� �H�e�a�v�y� �T�h�i�n� 

�F�i�g�u�r�e� �2�2�.� �S�i�m�u�l�a�t�i�o�n� �c�o�m�p�a�r�i�s�o�n� �o�n� �t�h�e� �m�e�a�n� �t�o�t�a�l� �h�e�i�g�h�t� �m�o�d�e�l� �w�i�t�h� �a�n�d� 
�w�i�t�h�o�u�t� �T�R�V�2� �t�r�u�n�c�a�t�e�d� �t�o� �l�e�s�s� �t�h�a�n� �o�r� �e�q�u�a�l� �t�o� �1�.� 

�P�a�g�e� �1�0�3



�n�e�w� �H�I�N� �m�o�d�e�l� �i�n� �t�h�e� �s�i�m�u�l�a�t�o�r�,� �t�h�e� �H�I�N� �p�r�e�d�i�c�t�i�o�n� �b�e�c�a�m�e� 

�c�o�n�s�i�d�e�r�a�b�l�y� �m�o�r�e� �b�i�a�s�e�d� �(�a�b�o�u�t� �o�n�e�-�h�a�l�f� �f�o�o�t�)� �t�o�w�a�r�d�s� 

�u�n�d�e�r�p�r�e�d�i�c�t�i�o�n�.� �T�h�u�s�,� �c�o�n�s�i�d�e�r�i�n�g� �t�h�e� �p�r�o�g�r�e�s�s�i�o�n� �o�f� �t�h�e� 

�g�r�o�w�t�h� �s�i�m�u�l�a�t�o�r� �f�r�o�m� �M�T�H� �t�o� �H�I�N� �t�o� �D�I�N�,� �a�n�d� �t�h�e� �a�p�p�a�r�e�n�t� 

�i�n�c�r�e�a�s�e� �i�n� �b�i�a�s� �i�n� �t�h�e� �M�T�H� �c�o�m�p�a�r�i�s�o�n� �w�i�t�h�o�u�t� �t�r�u�n�c�a�t�i�o�n�,� 

�T�R�V�2� �w�a�s� �t�r�u�n�c�a�t�e�d� �i�n� �a�l�l� �s�u�b�s�e�q�u�e�n�t� �s�i�m�u�l�a�t�i�o�n�s�.� 

�I�t� �w�a�s� �e�x�p�e�c�t�e�d� �t�h�a�t� �s�i�n�c�e� �d�i�a�m�e�t�e�r� �g�r�o�w�t�h� �i�s� �h�i�g�h�l�y� 

�s�e�n�s�i�t�i�v�e� �t�o� �c�h�a�n�g�e�s� �i�n� �s�t�a�n�d� �d�e�n�s�i�t�y�,� �a� �l�a�r�g�e� �i�m�p�r�o�v�e�m�e�n�t� 

�w�o�u�l�d� �b�e� �r�e�a�l�i�z�e�d� �b�y� �i�n�c�o�r�p�o�r�a�t�i�n�g� �a� �t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� 

�v�a�r�i�a�b�l�e�.� �S�i�m�u�l�a�t�i�o�n� �a�n�a�l�y�s�i�s� �p�r�o�v�e�d� �o�t�h�e�r�w�i�s�e�.� �T�h�e� �i�s�o�l�a�t�e�d� 

�S�i�m�u�l�a�t�i�o�n�s� �o�f� �t�h�e� �d�i�a�m�e�t�e�r� �i�n�c�r�e�m�e�n�t� �m�o�d�e�l� �f�i�t�t�e�d� �w�i�t�h� �a�n�d� 

�w�i�t�h�o�u�t� �a� �T�R�V� �s�h�o�w�e�d� �v�i�r�t�u�a�l�l�y� �n�o� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� 

�p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� �s�i�m�u�l�a�t�o�r�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�i�s� �m�o�d�e�l� �f�i�t� �t�o� 

�t�h�r�e�e� �r�e�m�e�a�s�u�r�e�m�e�n�t� �p�e�r�i�o�d�s� �a�n�d� �u�s�i�n�g� �a� �T�R�V� �p�e�r�f�o�r�m�e�d� �s�l�i�g�h�t�l�y� 

�m�o�r�e� �p�o�o�r�l�y� �(�0�.�0�5� �t�o� �0�.�1� �i�n�c�h�e�s�)� �t�h�a�n� �t�h�e� �o�r�i�g�i�n�a�l� �P�T�A�E�D�A�2� �D�I�N� 

�m�o�d�e�l� �w�h�i�c�h� �w�a�s� �f�i�t� �t�o� �o�n�l�y� �o�n�e� �r�e�m�e�a�s�u�r�e�m�e�n�t� �p�e�r�i�o�d� �a�n�d� �t�o� 

�u�n�t�h�i�n�n�e�d� �d�a�t�a� �o�n�l�y�.� 

�T�h�e� �n�e�w� �M�T�H� �m�o�d�e�l�,� �t�h�e� �"�f�r�o�n�t� �e�n�d�"� �o�f� �t�h�e� �s�i�m�u�l�a�t�o�r�,� �w�a�s� 

�r�u�n� �w�i�t�h� �a�n�d� �w�i�t�h�o�u�t� �i�t�s� �T�R�V ��s�.� �T�h�e� �s�i�t�e� �i�n�d�e�x� �e�q�u�a�t�i�o�n� �i�n� 

�t�h�e� �s�u�b�r�o�u�t�i�n�e� �S�I� �w�a�s� �a�l�s�o� �f�i�t�t�e�d� �a�n�d� �r�u�n� �w�i�t�h� �a�n�d� �w�i�t�h�o�u�t� 

�T�R�V ��s� �c�o�i�n�c�i�d�e�n�t� �w�i�t�h� �t�h�e� �a�b�o�v�e� �t�w�o� �s�i�m�u�l�a�t�i�o�n�s�.� �T�h�i�s� 

�a�n�a�l�y�s�i�s� �s�h�o�w�e�d� �a� �s�l�i�g�h�t� �i�m�p�r�o�v�e�m�e�n�t� �i�n� �t�h�e� �c�o�m�p�a�r�i�s�o�n� �p�l�o�t�s� 

�w�h�e�n� �t�h�e� �T�R�V ��s� �w�e�r�e� �i�n�c�l�u�d�e�d�.� �T�h�e� �d�e�c�r�e�a�s�e� �i�n� �o�v�e�r�p�r�e�d�i�c�t�i�o�n� 
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�w�a�s� �0�.�0�5� �f�e�e�t� �a�t� �t�h�e� �f�i�r�s�t� �r�e�m�e�a�s�u�r�e�m�e�n�t� �f�o�r� �a�l�l� �t�h�i�n�n�i�n�g� 

�i�n�t�e�n�s�i�t�i�e�s�.� �T�h�i�s� �s�i�m�u�l�a�t�o�r� �c�o�n�f�i�g�u�r�a�t�i�o�n� �a�l�s�o� �p�e�r�f�o�r�m�e�d� 

�b�e�t�t�e�r� �t�h�a�n� �w�i�t�h� �t�h�e� �o�r�i�g�i�n�a�l� �P�T�E�A�D�A�2� �M�T�H� �m�o�d�e�l�,� �w�i�t�h� �o�r� 

�w�i�t�h�o�u�t� �T�R�V ��s� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �n�e�w� �m�o�d�e�l� �(�a�b�o�u�t� �0�.�2� �f�e�e�t� �a�t� �t�h�e� 

�f�i�r�s�t� �r�e�m�e�a�s�u�r�e�m�e�n�t� �f�o�r� �a�l�l� �t�h�i�n�n�i�n�g� �i�n�t�e�n�s�i�t�i�e�s�)�.� 

�T�h�e� �f�i�t�s� �o�f� �t�h�e� �P�L�I�V�E� �m�o�d�e�l� �i�n� �w�h�i�c�h� �B�,� �w�a�s� �f�i�x�e�d� �a�t� �a� 

�p�a�r�t�i�c�u�l�a�r� �v�a�l�u�e� �w�e�r�e� �u�s�e�d� �i�n� �a� �p�a�i�r� �o�f� �s�i�m�u�l�a�t�i�o�n�s� �t�o� 

�d�e�t�e�r�m�i�n�e� �i�f� �s�e�p�a�r�a�t�e� �m�o�d�e�l�s� �f�o�r� �u�n�t�h�i�n�n�e�d� �a�n�d� �t�h�i�n�n�e�d� �s�t�a�n�d�s� 

�w�e�r�e� �s�u�f�f�i�c�i�e�n�t� �f�o�r� �m�o�r�t�a�l�i�t�y� �p�r�e�d�i�c�t�i�o�n�.� �T�h�e� �a�l�t�e�r�n�a�t�i�v�e� �i�s� 

�t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �a� �s�i�n�g�l�e� �f�u�n�c�t�i�o�n� �w�h�i�c�h� �i�n�c�l�u�d�e�s� �a� �T�R�V� �f�o�r� 

�p�r�e�d�i�c�t�i�o�n� �o�f� �m�o�r�t�a�l�i�t�y� �a�c�r�o�s�s� �a�l�l� �i�n�t�e�n�s�i�t�i�e�s� �o�f� �t�h�i�n�n�i�n�g�.� 

�O�n�e� �s�i�m�u�l�a�t�i�o�n� �u�s�e�d� �t�w�o� �m�o�r�t�a�l�i�t�y� �f�u�n�c�t�i�o�n�s�,� �o�n�e� �f�o�r� �u�n�t�h�i�n�n�e�d� 

�d�a�t�a� �a�n�d� �a�n�o�t�h�e�r� �f�o�r� �t�h�i�n�n�e�d� �d�a�t�a�.� �T�h�e� �s�e�c�o�n�d� �s�i�m�u�l�a�t�i�o�n� �u�s�e�d� 

�t�h�r�e�e� �f�u�n�c�t�i�o�n�s�,� �o�n�e� �f�o�r� �e�a�c�h� �t�h�i�n�n�i�n�g� �i�n�t�e�n�s�i�t�y�.� 

�T�h�e� �c�o�m�p�a�r�i�s�o�n� �o�f� �m�e�a�n� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �s�u�r�v�i�v�i�n�g� �t�r�e�e� 

�c�o�u�n�t�s� �o�n� �a� �p�e�r� �p�l�o�t� �b�a�s�i�s� �s�h�o�w�e�d� �t�h�a�t� �u�s�i�n�g� �s�e�p�a�r�a�t�e� �m�o�d�e�l�s� 

�p�r�o�d�u�c�e�d� �a� �s�l�i�g�h�t� �i�m�p�r�o�v�e�m�e�n�t� �i�n� �t�h�e� �m�o�r�t�a�l�i�t�y� �p�r�e�d�i�c�t�i�o�n� �f�o�r� 

�l�i�g�h�t� �t�h�i�n�n�e�d� �p�l�o�t�s� �(�l�e�s�s� �t�h�a�n� �0�.�5� �t�r�e�e�s� �p�e�r� �p�l�o�t�)�.� �T�h�e� 

�p�r�e�d�i�c�t�i�o�n� �a�c�r�o�s�s� �h�e�a�v�y� �t�h�i�n�n�e�d� �p�l�o�t�s� �h�o�w�e�v�e�r�,� �s�u�f�f�e�r�e�d� �a� �o�n�e� 

�t�r�e�e� �l�o�s�s� �i�n� �t�h�e� �m�e�a�n� �d�i�f�f�e�r�e�n�c�e� �a�n�a�l�y�s�i�s� �a�t� �a�l�l� �t�h�r�e�e� 

�r�e�m�e�a�s�u�r�e�m�e�n�t�s� �(�s�e�e� �f�i�g�u�r�e� �2�3�)�.� �T�h�e� �c�o�m�p�a�r�i�s�o�n� �f�o�r� �u�n�t�h�i�n�n�e�d� 

�p�l�o�t�s� �w�a�s� �u�n�c�h�a�n�g�e�d� �b�e�c�a�u�s�e� �t�h�e� �s�a�m�e� �m�o�d�e�l� �w�a�s� �u�s�e�d� �i�n� �b�o�t�h� 

�S�i�m�u�l�a�t�i�o�n�s�.� 
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�T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �a�b�o�v�e� �P�L�I�V�E� �a�n�a�l�y�s�i�s� �p�r�o�v�i�d�e�d� �e�v�i�d�e�n�c�e� 

�t�h�a�t� �t�h�e� �l�i�g�h�t� �t�h�i�n�n�e�d� �p�l�o�t�s� �h�a�v�e� �a� �s�i�g�n�i�f�i�c�a�n�t� �i�m�p�a�c�t� �o�n�a� 

�m�o�d�e�l� �f�i�t� �a�c�r�o�s�s� �a�l�l� �t�h�i�n�n�i�n�g� �i�n�t�e�n�s�i�t�i�e�s�.� �T�h�e� �a�n�a�l�y�s�i�s� �a�l�s�o� 

�s�h�o�w�e�d� �t�h�a�t� �a� �t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e� �f�o�r� �t�h�i�s� �m�o�d�e�l� �s�h�o�u�l�d� 

�b�e� �i�n�v�e�s�t�i�g�a�t�e�d�.� �H�o�w�e�v�e�r�,� �t�h�e� �r�e�s�u�l�t�s� �d�o� �n�o�t� �c�l�e�a�r�l�y� �i�n�d�i�c�a�t�e� 

�a�n� �o�b�v�i�o�u�s� �n�e�e�d� �f�o�r� �a� �T�R�V�,� �t�h�e� �g�o�a�l� �o�f� �t�h�i�s� �p�a�t�h� �o�f� �a�n�a�l�y�s�i�s�.� 

�S�e�v�e�r�a�l� �s�i�m�u�l�a�t�i�o�n�s� �u�s�i�n�g� �a�l�l� �o�f� �t�h�e� �n�e�w� �m�o�d�e�l�s� �w�e�r�e� 

�c�o�m�p�l�e�t�e�d�.� �I�n� �t�h�e�s�e� �s�i�m�u�l�a�t�i�o�n�s�,� �t�h�e� �P�L�I�V�E� �m�o�d�e�l�s� �w�e�r�e� �t�h�e� 

�f�i�n�a�l� �f�i�t� �m�o�d�e�l�s� �p�r�e�v�i�o�u�s�l�y� �d�e�s�c�r�i�b�e�d� �w�i�t�h� �f�o�u�r� �e�s�t�i�m�a�t�e�d� 

�p�a�r�a�m�e�t�e�r�s�.� �A� �l�o�s�s� �i�n� �p�r�e�d�i�c�t�i�v�e� �a�c�c�u�r�a�c�y� �(�a�b�o�u�t� �o�n�e�-�h�a�l�f� 

�t�r�e�e� �p�e�r� �p�l�o�t�)� �w�a�s� �r�e�a�l�i�z�e�d� �f�o�r� �t�h�e� �m�o�r�t�a�l�i�t�y� �c�o�n�f�i�g�u�r�a�t�i�o�n� 

�u�s�i�n�g� �t�w�o� �P�L�I�V�E� �m�o�d�e�l�s� �o�v�e�r� �t�h�e� �o�r�i�g�i�n�a�l� �P�T�A�E�D�A�2� �m�o�d�e�l� �f�i�t� �t�o� 

�o�n�e� �r�e�m�e�a�s�u�r�e�m�e�n�t� �o�f� �u�n�t�h�i�n�n�e�d� �p�l�o�t� �d�a�t�a�.� �T�h�i�s� �l�o�s�s� �w�a�s� �q�u�i�t�e� 

�c�o�n�s�i�d�e�r�a�b�l�e� �(�b�e�t�t�e�r� �t�h�a�n� �t�w�o� �t�r�e�e�s� �p�e�r� �p�l�o�t�)� �f�o�r� �t�h�e� 

�c�o�m�p�a�r�i�s�o�n� �a�c�r�o�s�s� �l�i�g�h�t� �t�h�i�n�n�e�d� �p�l�o�t�s� �(�s�e�e� �f�i�g�u�r�e� �2�4�)�.� 

�I�t� �i�s� �q�u�i�t�e� �p�o�s�s�i�b�l�e� �t�h�a�t� �t�h�e� �s�t�r�o�n�g� �b�i�a�s� �e�x�h�i�b�i�t�e�d� �b�y� 

�t�h�e� �m�o�r�t�a�l�i�t�y� �c�o�m�p�a�r�i�s�o�n� �a�c�r�o�s�s� �l�i�g�h�t� �t�h�i�n�n�e�d� �p�l�o�t�s� �w�o�u�l�d� �n�o�t� 

�b�e� �s�o� �a�p�p�a�r�e�n�t� �i�f� �m�o�r�t�a�l�i�t�y� �p�r�e�d�i�c�t�i�o�n� �w�e�r�e� �a�n�a�l�y�z�e�d� �o�n� �a� �p�e�r� 

�a�c�r�e� �b�a�s�i�s�.� �T�h�e� �o�r�i�g�i�n�a�l� �r�e�s�e�a�r�c�h� �p�l�o�t�s� �t�h�a�t� �w�e�r�e� �l�i�g�h�t�l�y� 

�t�h�i�n�n�e�d� �a�r�e� �o�n� �a�v�e�r�a�g�e� �t�w�i�c�e� �t�h�e� �s�i�z�e� �o�f� �t�h�e� �u�n�t�h�i�n�n�e�d� �p�l�o�t�s�,� 

�t�h�u�s� �t�h�e�y� �i�n�c�l�u�d�e� �m�a�n�y� �m�o�r�e� �t�r�e�e�s� �r�e�s�u�l�t�i�n�g� �i�n� �l�a�r�g�e�r� 

�p�r�e�d�i�c�t�i�o�n� �v�a�r�i�a�t�i�o�n�s�.� �T�h�e� �p�l�o�t�s� �w�h�i�c�h� �w�e�r�e� �h�e�a�v�i�l�y� �t�h�i�n�n�e�d� 

�a�r�e� �S�i�m�i�l�a�r� �i�n� �s�i�z�e� �t�o� �t�h�e� �l�i�g�h�t� �t�h�i�n�n�e�d� �p�l�o�t�s�,� �b�u�t� �m�o�r�e� �t�r�e�e�s� 
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�w�e�r�e� �r�e�m�o�v�e�d� �f�r�o�m� �t�h�e�s�e� �p�l�o�t�s�.� �E�x�a�m�i�n�i�n�g� �a�l�l� �t�h�i�n�n�i�n�g� 

�i�n�t�e�n�s�i�t�i�e�s� �o�n� �a� �p�e�r� �a�c�r�e� �b�a�s�i�s� �c�o�u�l�d� �n�e�u�t�r�a�l�i�z�e� �t�h�i�s� 

�d�i�s�c�r�e�p�a�n�c�y� �i�n� �p�l�o�t� �s�i�z�e� �a�n�d� �p�r�o�v�i�d�e� �a� �m�o�r�e� �b�a�l�a�n�c�e�d� 

�c�o�m�p�a�r�i�s�o�n�.� 

�T�h�e� �c�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� �D�I�N� �p�e�r�f�o�r�m�a�n�c�e� �b�e�t�w�e�e�n� �a� 

�S�i�m�u�l�a�t�i�o�n� �w�i�t�h� �a�l�l� �n�e�w� �m�o�d�e�l�s� �a�n�d� �o�n�e� �w�i�t�h� �t�h�e� �o�r�i�g�i�n�a�l� 

�P�T�E�A�D�A�2� �m�o�d�e�l� �h�a�d� �v�a�r�i�e�d� �r�e�s�u�l�t�s�.� �F�i�g�u�r�e� �2�5� �s�h�o�w�s� �a� �v�e�r�y� 

�s�l�i�g�h�t� �l�o�s�s� �i�n� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� �n�e�w� �m�o�d�e�l� �o�n� �d�a�t�a� �f�r�o�m� �l�i�g�h�t� 

�t�h�i�n�n�e�d� �p�l�o�t�s� �a�n�d� �a� �s�l�i�g�h�t� �l�o�s�s� �o�n� �u�n�t�h�i�n�n�e�d� �p�l�o�t�s� �(�a�b�o�u�t� �0�.�0�5� 

�i�n�c�h�e�s�)�.� �P�e�r�f�o�r�m�a�n�c�e� �i�m�p�r�o�v�e�d� �s�l�i�g�h�t�l�y� �f�o�r� �t�h�e� �h�e�a�v�y� �t�h�i�n�n�e�d� 

�p�l�o�t� �c�o�m�p�a�r�i�s�o�n�,� �w�i�t�h� �t�h�e� �t�o�t�a�l� �b�i�a�s� �a�f�t�e�r� �n�i�n�e� �y�e�a�r�s� 

�d�e�c�r�e�a�s�e�d� �f�r�o�m� �0�.�9�5� �i�n�c�h�e�s� �w�i�t�h� �t�h�e� �o�r�i�g�i�n�a�l� �m�o�d�e�l� �t�o� �0�.�9�2� 

�i�n�c�h�e�s� �f�o�r� �t�h�e� �n�e�w� �m�o�d�e�l� �w�i�t�h� �a� �T�R�V�.� 

�T�h�e� �M�T�H� �m�o�d�e�l� �h�a�d� �m�e�a�s�u�r�a�b�l�e� �i�m�p�r�o�v�e�m�e�n�t� �i�n� �p�r�e�d�i�c�t�i�o�n� 

�o�v�e�r� �t�h�e� �o�r�i�g�i�n�a�l� �P�T�A�E�D�A�2� �m�o�d�e�l�.� �T�h�e� �o�v�e�r�p�r�e�d�i�c�t�i�o�n� �a�t� �t�h�e� 

�e�a�r�l�y� �r�e�m�e�a�s�u�r�e�m�e�n�t�s� �w�a�s� �n�o�t�i�c�e�a�b�l�y� �r�e�d�u�c�e�d�,� �w�h�i�l�e� �t�h�e� �t�h�i�r�d� 

�r�e�m�e�a�s�u�r�e�m�e�n�t� �w�a�s� �u�n�a�f�f�e�c�t�e�d�.� �T�h�e� �r�e�d�u�c�t�i�o�n� �i�n� �b�i�a�s� �w�a�s� �a�b�o�u�t� 

�1�.�8� �f�e�e�t� �a�t� �t�h�e� �f�i�r�s�t� �r�e�m�e�a�s�u�r�e�m�e�n�t� �f�o�r� �a�l�l� �t�h�r�e�e� �t�h�i�n�n�i�n�g� 

�i�n�t�e�n�s�i�t�i�e�s� �u�s�i�n�g� �t�h�e� �n�e�w� �m�o�d�e�l�.� �T�h�i�s� �c�o�m�p�a�r�i�s�o�n� �i�s� �d�i�s�p�l�a�y�e�d� 

�i�n� �f�i�g�u�r�e� �2�6�.� �T�h�u�s�,� �i�n�c�l�u�d�i�n�g� �t�h�e� �T�R�V ��s� �i�n� �t�h�e� �M�T�H� �m�o�d�e�l� 

�i�m�p�r�o�v�e�d� �t�h�e� �e�a�r�l�y� �p�r�e�d�i�c�t�i�o�n� �a�b�i�l�i�t�y� �w�i�t�h�o�u�t� �i�m�p�a�c�t�i�n�g� �t�h�e� 

�n�i�n�e� �y�e�a�r� �p�r�e�d�i�c�t�i�o�n�.� 

�1�0�9



�S�i�m�u�l�a�t�i�o�n� �P�e�r�f�o�r�m�a�n�c�e� �o�f� �D�I�N� �M�o�d�e�l� 
�S�i�m�u�l�a�t�o�r� �w�i�t�h� �O�r�i�g�i�n�a�l� �P�T�E�A�D�A�2� �M�o�d�e�l�s� 

�0�.�9� 
�0�.�8� 

�o�e� 

�$�0�7� 
�w�o� 

�¥� �0�.�6� 

�£�0�5� 
�$�0�.�4� 
�£�0�3� 
�S�0�2� 

�0�.�1� 

� � 

�0� �3� �6� �9� �1�2� 
�Y�e�a�r�s� �S�i�n�c�e� �P�l�o�t� �E�s�t�a�b�l�i�s�h�m�e�n�t� 

� � 

�- �� �N�o�T�h�i�n� �- ��+�-� �U�g�h�t� �T�h�i�n� �-�<�-� �H�e�a�v�y� �T�h�i�n� 
� � 

�S�i�m�u�l�a�t�i�o�n� �P�e�r�f�o�r�m�a�n�c�e� �o�f� �N�e�w� �D�I�N� �M�o�d�e�l� 
�G�r�o�w�t�h� �S�i�m�u�l�a�t�o�r� �w�i�t�h� �A�l�l� �N�e�w� �M�o�d�e�l�s� 

�S
� 

�a
�o

�n
�w

� �o
�o

� 
�o�m

� 

�M
�e

�a
�n

� 
�D

�i�
f�f

�e
�r�

e�
n�

c�
e�

s�
 

�(�
i�n

�c
�h

�e
�s

�)�
 

�a
� 

�
e
�
e
�
s
�
e
�
a
�
s
�
 

�g
�o

�s
� �9
� 

�/
� 

�b�y
� 

� � 

�Q� �3� �6� �9� �1�2� 
�Y�e�a�r�s� �S�i�n�c�e� �P�l�o�t� �E�s�t�a�b�l�i�s�h�m�e�n�t� 

� � 

�-�@� �N�o�T�h�i�n� �-�+�-� �L�i�g�h�t�T�h�i�n� �-�<�-� �H�e�a�v�y� �T�h�i�n� �|� 
� � 

�F�i�g�u�r�e� �2�5�.� �S�i�m�u�l�a�t�i�o�n� �c�o�m�p�a�r�i�s�o�n� �b�e�t�w�e�e�n� �t�h�e� �o�r�i�g�i�n�a�l� �P�T�A�E�D�A�2� �d�i�a�m�e�t�e�r� 
�i�n�c�r�e�m�e�n�t� �m�o�d�e�l� �a�n�d� �t�h�e� �n�e�w� �m�o�d�e�l� �w�i�t�h� �a� �t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e�.� 

�P�a�g�e� �1�1�0



�S�i�m�u�l�a�t�i�o�n� �P�e�r�f�o�r�m�a�n�c�e� �o�f� �M�T�H� �M�o�d�e�l� 
�S�i�m�u�l�a�t�o�r� �w�i�t�h� �O�r�i�g�i�n�a�l� �P�T�A�E�D�A�2� �M�o�d�e�l�s� 

�M
�e

�a
�n

� 
�D

�i�
f�f

�e
�r�

e�
n�

c�
e�

s�
 

�(�f
�e�

e�t
�)� 

� � 

�a� �3� �8� �9� �1�2� 
�Y�e�a�r�s� �S�i�n�c�e� �P�l�o�t� �E�s�t�a�b�l�i�s�h�m�e�n�t� 

� � 

�- ��@� �N�o�T�h�i�n� �- ��+� �L�i�g�h�t� �T�h�i�n� �-�<�-� �H�e�a�v�y� �T�h�i�n� 
� � 

�S�i�m�u�l�a�t�i�o�n� �P�e�r�f�o�r�m�a�n�c�e� �o�f� �N�e�w� �M�T�H� �M�o�d�e�l� 
�G�r�o�w�t�h� �S�i�m�u�l�a�t�o�r� �w�i�t�h� �A�l�l� �N�e�w� �M�o�d�e�l�s� 

�M
�e

�a
�n

� 
�D

�i�
f�f

�e
�r�

e�
n�

c�
e�

s�
 

�(�f
�e�

e�t
�)� 

� � 

�0� �3� �6� �9� �1�2� 
�Y�e�a�r�s� �S�i�n�c�e� �P�l�o�t� �E�s�t�a�b�l�i�s�h�m�e�n�t� 

� � 

�[�=� �N�o� �T�h�i�n�  ��+� �L�i�g�h�t� �T�h�i�n� �-�o�-� �H�e�a�v�y� �T�h�i�n� �|� 
� � 

�F�i�g�u�r�e� �2�6�.� �S�i�m�u�l�a�t�i�o�n� �c�o�m�p�a�r�i�s�o�n� �b�e�t�w�e�e�n� �t�h�e� �o�r�i�g�i�n�a�l� �P�T�A�E�D�A�2� �m�e�a�n� �t�o�t�a�l� 
�h�e�i�g�h�t� �m�o�d�e�l� �a�n�d� �t�h�e� �n�e�w� �m�o�d�e�l� �w�i�t�h� �t�w�o� �t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e�s�.� 

�P�a�g�e� �1�1�1



�T�h�i�s� �i�m�p�r�o�v�e�m�e�n�t�,� �h�o�w�e�v�e�r�,� �w�a�s� �n�o�t� �r�e�f�l�e�c�t�e�d� �i�n� �t�h�e� �H�I�N� 

�p�r�e�d�i�c�t�i�o�n�.� �M�e�a�n� �d�i�f�f�e�r�e�n�c�e� �c�o�m�p�a�r�i�s�o�n� �o�f� �t�h�i�s� �m�o�d�e�l ��s� 

�p�r�e�d�i�c�t�i�o�n� �w�i�t�h� �t�h�e� �o�r�i�g�i�n�a�l� �P�T�A�E�D�A�2� �m�o�d�e�l� �p�e�r�f�o�r�m�a�n�c�e� �s�h�o�w�s� 

�n�o� �c�h�a�n�g�e� �i�n� �t�h�e� �b�i�a�s� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�i�n�n�i�n�g� 

�i�n�t�e�n�s�i�t�i�e�s�,� �b�u�t� �t�h�e� �e�n�t�i�r�e� �p�a�t�t�e�r�n� �o�f� �c�o�m�p�a�r�i�s�o�n� �r�e�s�u�l�t�s� �w�a�s� 

�s�h�i�f�t�e�d� �u�p�w�a�r�d�s� �t�o� �a� �g�r�e�a�t�e�r� �u�n�d�e�r�p�r�e�d�i�c�t�i�o�n�.� �O�n�l�y� �p�r�e�d�i�c�t�i�o�n� 

�f�o�r� �h�e�a�v�y� �t�h�i�n�n�e�d� �p�l�o�t�s� �a�t� �t�h�r�e�e� �y�e�a�r�s� �a�f�t�e�r� �t�h�i�n�n�i�n�g� �c�o�u�l�d� �b�e� 

�S�a�i�d� �t�o� �h�a�v�e� �i�m�p�r�o�v�e�d� �(�s�e�e� �f�i�g�u�r�e� �2�7�)�.� 

�T�o�t�a�l� �v�o�l�u�m�e� �o�u�t�s�i�d�e� �b�a�r�k� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �o�n� �a� �p�e�r� �p�l�o�t� 

�b�a�s�i�s� �f�o�r� �f�o�u�r� �d�i�f�f�e�r�e�n�t� �s�i�m�u�l�a�t�i�o�n�s�;� �t�h�e� �o�r�i�g�i�n�a�l� �P�T�A�E�D�A�2� 

�S�i�m�u�l�a�t�o�r� �c�o�n�f�i�g�u�r�a�t�i�o�n�,� �a� �s�i�m�u�l�a�t�i�o�n� �w�i�t�h� �t�h�e� �n�e�w� �M�T�H� �m�o�d�e�l� 

�i�s�o�l�a�t�e�d�,� �a� �s�i�m�u�l�a�t�i�o�n� �w�i�t�h� �a�l�l� �n�e�w� �m�o�d�e�l�s�,� �a�n�d� �o�n�e� �i�n� �w�h�i�c�h� 

�t�h�e� �o�r�i�g�i�n�a�l� �c�r�o�w�n� �r�a�t�i�o� �m�o�d�e�l� �w�a�s� �r�e�p�l�a�c�e�d� �b�y� �t�h�e� �C�R� �m�o�d�e�l� 

�i�n�c�l�u�d�i�n�g� �a� �T�R�V� �d�e�v�e�l�o�p�e�d� �b�y� �L�i�u� �e�t� �a�l�.� 

�T�h�e� �c�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �w�i�t�h� �t�h�e� �n�e�w� �M�T�H� �m�o�d�e�l� 

�i�s�o�l�a�t�e�d� �t�o� �t�h�a�t� �i�n� �w�h�i�c�h� �a�l�l� �m�o�d�e�l�s� �w�e�r�e� �n�e�w� �f�o�u�n�d� �t�h�e� �f�o�r�m�e�r� 

�t�o� �b�e� �s�u�p�e�r�i�o�r� �i�n� �p�r�e�d�i�c�t�i�v�e� �e�f�f�i�c�i�e�n�c�y�.� �T�h�e� �n�e�w� �M�T�H� �m�o�d�e�l� 

�w�o�r�k�i�n�g� �w�i�t�h� �t�h�e� �o�t�h�e�r� �o�r�i�g�i�n�a�l� �P�T�A�E�D�A�2� �m�o�d�e�l�s� �h�a�d� �b�e�t�t�e�r� �m�e�a�n� 

�d�i�f�f�e�r�e�n�c�e�s� �(�5� �t�o� �1�0� �c�u�b�i�c� �f�e�e�t� �p�e�r� �p�l�o�t�)� �f�o�r� �u�n�t�h�i�n�n�e�d� �a�n�d� 

�l�i�g�h�t� �t�h�i�n�n�e�d� �p�l�o�t�s�.� �T�h�e�r�e� �w�a�s� �a� �v�e�r�y� �l�i�t�t�l�e� �c�h�a�n�g�e� �i�n� �v�o�l�u�m�e� 

�p�r�e�d�i�c�t�i�o�n� �f�o�r� �h�e�a�v�y� �t�h�i�n�n�e�d� �p�l�o�t�s�.� �T�h�i�s� �c�o�m�p�a�r�i�s�o�n� �i�s� �s�h�o�w�n� 

�i�n� �f�i�g�u�r�e� �2�8�.� 
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�T�h�e� �a�b�o�v�e� �r�e�s�u�l�t� �r�e�i�n�f�o�r�c�e�s� �t�h�e� �t�h�e�o�r�y� �d�i�s�c�u�s�s�e�d� �i�n� �t�h�e� 

�a�n�a�l�y�s�i�s� �o�f� �t�h�e� �P�L�I�V�E� �m�o�d�e�l� �t�h�a�t� �m�u�l�t�i�p�l�e� �m�o�d�e�l� �c�h�a�n�g�e�s� �w�i�t�h� 

�s�e�v�e�r�a�l� �T�R�V ��s� �c�a�n� �o�v�e�r�c�o�m�p�e�n�s�a�t�e� �i�n� �t�h�e� �e�x�p�l�a�n�a�t�i�o�n� �o�f� �t�h�e� 

�r�e�s�p�o�n�s�e� �t�o� �t�h�i�n�n�i�n�g�,� �a�n�d� �t�h�u�s� �r�e�s�u�l�t� �i�n� �a� �p�o�o�r�e�r� �p�r�e�d�i�c�t�i�o�n�.� 

�W�h�e�n� �t�h�i�s� �i�s�o�l�a�t�e�d� �M�T�H� �s�i�m�u�l�a�t�i�o�n� �w�a�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �o�r�i�g�i�n�a�l� 

�P�T�A�E�D�A�2� �m�o�d�e�l� �f�o�r� �p�r�e�d�i�c�t�i�n�g� �M�T�H�,� �v�i�r�t�u�a�l�l�y� �n�o� �d�i�f�f�e�r�e�n�c�e� �w�a�s� 

�f�o�u�n�d�.� �T�h�a�t� �i�s�,� �n�o� �i�m�p�r�o�v�e�m�e�n�t� �w�a�s� �r�e�a�l�i�z�e�d� �i�n� �v�o�l�u�m�e� 

�p�r�e�d�i�c�t�i�o�n� �b�y� �i�n�c�l�u�d�i�n�g� �a� �t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e� �i�n� �t�h�e� 

�m�o�d�e�l� �f�o�r� �p�r�e�d�i�c�t�i�n�g� �m�e�a�n� �t�o�t�a�l� �h�e�i�g�h�t� �o�f� �d�o�m�i�n�a�n�t� �a�n�d� 

�c�o�d�o�m�i�n�a�n�t� �t�r�e�e�s�.� 

�T�h�e� �s�i�m�u�l�a�t�i�o�n� �i�n� �w�h�i�c�h� �a�l�l� �n�e�w� �m�o�d�e�l�s� �w�e�r�e� �u�s�e�d� �w�a�s� 

�r�e�p�e�a�t�e�d� �w�i�t�h� �t�h�e� �o�r�i�g�i�n�a�l� �C�R� �m�o�d�e�l� �r�e�p�l�a�c�e�d� �b�y� �t�h�e� �C�R� �m�o�d�e�l� 

�i�n�c�l�u�d�i�n�g� �t�h�e� �T�R�V� �d�e�v�e�l�o�p�e�d� �b�y� �L�i�u� �e�t� �a�l�.� �A�l�l� �o�f� �t�h�e� �m�o�d�e�l�s� 

�w�h�i�c�h� �u�t�i�l�i�z�e� �C�R� �i�n� �t�h�e�i�r� �p�r�e�d�i�c�t�i�o�n� �w�e�r�e� �s�l�i�g�h�t�l�y� �i�m�p�r�o�v�e�d� �b�y� 

�i�n�c�o�r�p�o�r�a�t�i�n�g� �t�h�e� �n�e�w� �c�r�o�w�n� �r�a�t�i�o� �m�o�d�e�l� �i�n� �t�h�e� �s�i�m�u�l�a�t�i�o�n�.� 

�T�h�e� �H�I�N�,� �D�I�N�,� �a�n�d� �P�L�I�V�E� �m�o�d�e�l�s� �a�l�l� �p�e�r�f�o�r�m�e�d� �s�l�i�g�h�t�l�y� �b�e�t�t�e�r�.� 

�T�h�e� �M�T�H� �m�o�d�e�l� �d�o�e�s� �n�o�t� �u�s�e� �C�R� �i�n� �i�t�s� �p�r�e�d�i�c�t�i�o�n� �a�n�d� �t�h�i�s� �m�o�d�e�l� 

�s�h�o�w�e�d� �n�o� �c�h�a�n�g�e� �w�i�t�h� �t�h�e� �n�e�w� �C�R� �m�o�d�e�l� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� 

�o�r�i�g�i�n�a�l� �o�n�e�.� �V�o�l�u�m�e� �p�r�e�d�i�c�t�i�o�n� �a�l�s�o� �s�h�o�w�e�d� �a� �s�l�i�g�h�t� 

�i�m�p�r�o�v�e�m�e�n�t� �w�i�t�h� �t�h�e� �n�e�w� �C�R� �m�o�d�e�l�.� �A�l�l� �o�f� �t�h�e� �a�b�o�v�e� 

�i�m�p�r�o�v�e�m�e�n�t�s� �s�e�e�n� �w�e�r�e� �f�o�r� �t�h�i�n�n�e�d� �p�l�o�t�s�.� �T�h�e� �n�e�w� �C�R� �m�o�d�e�l� 

�s�e�e�m�e�d� �t�o� �h�a�v�e� �n�o� �i�m�p�a�c�t� �o�n� �t�h�e� �u�n�t�h�i�n�n�e�d� �d�a�t�a� �s�i�m�u�l�a�t�i�o�n�s�.� 
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�T�h�e� �f�o�r�t�y�-�f�o�u�r� �p�l�o�t�s� �w�i�t�h� �f�o�u�r�t�h� �r�e�m�e�a�s�u�r�e�m�e�n�t� �d�a�t�a� 

�a�v�a�i�l�a�b�l�e� �w�e�r�e� �u�s�e�d� �i�n� �a� �p�a�i�r� �o�f� �s�i�m�u�l�a�t�i�o�n�s� �i�n�c�l�u�d�i�n�g� �a�l�l� �o�f� 

�t�h�e� �n�e�w� �m�o�d�e�l�s�.� �O�n�e� �s�i�m�u�l�a�t�i�o�n� �u�t�i�l�i�z�e�d� �t�h�e� �o�r�i�g�i�n�a�l� �P�T�A�E�D�A�2� 

�C�R� �m�o�d�e�l� �w�h�i�l�e� �a� �s�e�c�o�n�d� �u�s�e�d� �t�h�e� �C�R� �m�o�d�e�l� �d�e�v�e�l�o�p�e�d� �b�y� �L�i�u� �e�t� 

�a�l�.� �T�h�e� �m�e�a�n� �d�i�f�f�e�r�e�n�c�e� �c�o�m�p�a�r�i�s�o�n�s� �f�o�r� �t�h�e� �M�T�H�,� �H�I�N�,� �a�n�d� �D�I�N� 

�m�o�d�e�l�s�,� �a�s� �w�e�l�l� �a�s� �v�o�l�u�m�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� �a�r�e� �s�h�o�w�n� �i�n� �f�i�g�u�r�e� 

�2�9�.� �M�o�r�t�a�l�i�t�y� �w�a�s� �n�o�t� �a�n�a�l�y�z�e�d� �f�o�r� �t�h�e� �R�E�M�4� �s�i�m�u�l�a�t�i�o�n�s�.� 

�T�h�e� �H�I�N� �a�n�d� �D�I�N� �m�o�d�e�l� �c�o�m�p�a�r�i�s�o�n�s� �a�c�r�o�s�s �� �f�o�u�r� 

�r�e�m�e�a�s�u�r�e�m�e�n�t�s� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�e� �s�a�m�e� �i�n�c�r�e�a�s�i�n�g� 

�u�n�d�e�r�p�r�e�d�i�c�t�i�o�n� �o�v�e�r� �t�i�m�e� �f�o�u�n�d� �i�n� �t�h�e� �a�n�a�l�y�s�e�s� �o�f� �s�i�m�u�l�a�t�i�o�n�s� 

�o�n� �t�h�r�e�e� �r�e�m�e�a�s�u�r�e�m�e�n�t�s�;� �h�o�w�e�v�e�r�,� �n�o� �s�u�d�d�e�n� �i�n�c�r�e�a�s�e�s� �w�e�r�e� 

�s�e�e�n� �i�n� �t�h�e�s�e� �t�r�e�n�d�s�.� �T�h�e� �M�T�H� �m�o�d�e�l� �p�e�r�f�o�r�m�e�d� �q�u�i�t�e� 

�d�i�f�f�e�r�e�n�t�l�y� �i�n� �t�h�e� �f�o�u�r�t�h� �t�h�r�e�e�-�y�e�a�r� �p�r�e�d�i�c�t�i�o�n� �p�e�r�i�o�d� �t�h�a�n� �i�n� 

�t�h�e� �f�i�r�s�t� �t�h�r�e�e� �p�e�r�i�o�d�s�.� �A�s� �w�a�s� �i�n�d�i�c�a�t�e�d� �b�y� �t�h�e� �o�r�i�g�i�n�a�l� 

�a�n�a�l�y�s�i�s� �o�f� �P�H�I�N ��s� �i�n� �t�h�i�s� �f�o�u�r�t�h� �p�e�r�i�o�d� �(�f�i�g�u�r�e� �2�)�,� �t�h�e�r�e� �w�a�s� 

�a� �l�a�r�g�e� �c�h�a�n�g�e� �i�n� �b�i�a�s� �f�r�o�m� �t�h�e� �t�h�i�r�d� �t�o� �t�h�e� �f�o�u�r�t�h� 

�r�e�m�e�a�s�u�r�e�m�e�n�t� �(�a�b�o�u�t� �1� �f�o�o�t�)�.� �M�T�H� �p�r�e�d�i�c�t�i�o�n� �o�n� �t�h�e�s�e� �f�o�r�t�y�-� 

�f�o�u�r� �p�l�o�t�s� �c�h�a�n�g�e�d� �f�r�o�m� �a� �c�o�n�s�i�s�t�e�n�t� �o�v�e�r�p�r�e�d�i�c�t�i�o�n� �t�o� �a�n� 

�u�n�d�e�r�p�r�e�d�i�c�t�i�o�n� �a�t� �t�h�e� �f�o�u�r�t�h� �r�e�m�e�a�s�u�r�e�m�e�n�t�.� 

�T�h�e�r�e� �w�a�s� �a�l�s�o� �a� �c�h�a�n�g�e� �i�n� �v�o�l�u�m�e� �p�r�e�d�i�c�t�i�o�n� �d�u�r�i�n�g� �t�h�i�s� 

�F�o�u�r�t�h� �p�e�r�i�o�d�.� �T�h�e� �i�n�c�r�e�a�s�i�n�g� �b�i�a�s� �v�i�r�t�u�a�l�l�y� �s�t�a�l�l�e�d� �f�o�r� �t�h�e� 

�c�o�m�p�a�r�i�s�o�n� �a�c�r�o�s�s� �l�i�g�h�t� �t�h�i�n�n�e�d� �p�l�o�t�s� �a�n�d� �a�c�t�u�a�l�l�y� �r�e�d�u�c�e�d� �f�o�r� 

�t�h�e� �h�e�a�v�y� �t�h�i�n�n�e�d� �p�l�o�t�s�.� �I�n�c�o�r�p�o�r�a�t�i�n�g� �t�h�e� �n�e�w� �C�R� �m�o�d�e�l� �i�n� 
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�F�i�g�u�r�e� �2�9�.� �S�i�m�u�l�a�t�i�o�n� �c�o�m�p�a�r�i�s�o�n� �f�o�r� �t�h�r�e�e� �o�f� �t�h�e� �n�e�w� �m�o�d�e�l�s� �a�n�d� �f�o�r� �v�o�l�u�m�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� �a�c�r�o�s�s� 
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�t�h�e� �s�i�m�u�l�a�t�i�o�n� �r�e�s�u�l�t�e�d� �i�n� �a� �v�e�r�y� �s�l�i�g�h�t� �i�m�p�r�o�v�e�m�e�n�t� �i�n� �a�l�l� 

�c�a�s�e�s� �w�i�t�h� �t�h�e� �e�x�c�e�p�t�i�o�n� �o�f� �t�h�e� �M�T�H� �m�o�d�e�l� �w�h�i�c�h� �w�a�s� �u�n�c�h�a�n�g�e�d�.� 

�C�o�n�c�l�u�s�i�o�n�s� 

�T�h�e� �m�e�a�n� �t�o�t�a�l� �h�e�i�g�h�t� �p�r�e�d�i�c�t�i�o�n� �w�a�s� �i�m�p�r�o�v�e�d� �u�s�i�n�g� �a� 

�m�o�d�e�l� �w�h�i�c�h� �i�n�c�l�u�d�e�d� �a� �t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e� �o�v�e�r� �t�h�e� 

�o�r�i�g�i�n�a�l� �P�T�A�E�D�A�2� �d�e�s�i�g�n� �o�f� �t�h�i�s� �m�o�d�e�l�.� �T�h�i�s� �i�m�p�r�o�v�e�m�e�n�t�,� 

�h�o�w�e�v�e�r�,� �d�i�d� �n�o�t� �h�a�v�e� �a� �p�o�s�i�t�i�v�e� �i�m�p�a�c�t� �o�n� �t�h�e� �h�e�i�g�h�t� 

�i�n�c�r�e�m�e�n�t� �p�r�e�d�i�c�t�i�o�n�.� �T�h�e� �H�I�N� �m�o�d�e�l� �p�e�r�f�o�r�m�a�n�c�e� �w�a�s� 

�d�e�t�e�r�i�o�r�a�t�e�d� �s�o�m�e�w�h�a�t� �f�o�r� �a�l�l� �t�h�i�n�n�i�n�g� �i�n�t�e�n�s�i�t�i�e�s�.� �I�t� �i�s� 

�a�p�p�a�r�e�n�t� �t�h�a�t� �a�l�t�h�o�u�g�h� �t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� �w�a�s� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� 

�t�h�e� �H�I�N� �p�r�e�d�i�c�t�i�o�n�,� �i�t� �d�i�d� �n�o�t� �p�r�o�d�u�c�e� �t�h�e� �d�e�s�i�r�e�d� �r�e�d�u�c�t�i�o�n� 

�i�n� �b�i�a�s�.� �F�u�r�t�h�e�r� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e�s�e� 

�t�w�o� �m�o�d�e�l�s� �i�s� �r�e�c�o�m�m�e�n�d�e�d�.� 

�T�h�e�r�e� �w�a�s� �l�i�t�t�l�e� �v�a�r�i�a�t�i�o�n� �b�e�t�w�e�e�n� �a�n�y� �o�f� �t�h�e� �a�n�a�l�y�s�e�s� �o�f� 

�t�h�e� �D�I�N� �m�o�d�e�l� �p�e�r�f�o�r�m�a�n�c�e�.� �T�h�i�s� �w�a�s� �t�r�u�e� �o�f� �t�h�e� �i�s�o�l�a�t�e�d� 

�a�n�a�l�y�s�e�s� �a�s� �w�e�l�l� �a�s� �s�i�m�u�l�a�t�i�o�n�s� �i�n� �w�h�i�c�h� �a�l�l� �m�o�d�e�l�s� �w�e�r�e� �n�e�w�.� 

�N�o� �m�o�d�e�l� �o�r� �s�i�m�u�l�a�t�o�r� �c�o�n�f�i�g�u�r�a�t�i�o�n� �c�h�a�n�g�e�s� �s�e�e�m�e�d� �t�o� �h�a�v�e� �a�n�y� 

�g�r�e�a�t� �i�m�p�a�c�t� �o�n� �t�h�e� �D�I�N� �p�r�e�d�i�c�t�i�o�n�,� �e�x�c�e�p�t� �t�o� �d�e�t�e�r�i�o�r�a�t�e� �i�t� 

�f�r�o�m� �t�h�e� �o�r�i�g�i�n�a�l� �P�T�A�E�D�A�2� �m�o�d�e�l� �p�e�r�f�o�r�m�a�n�c�e�.� 

�M�o�r�t�a�l�i�t�y� �p�r�e�d�i�c�t�i�o�n� �w�a�s� �d�e�t�e�r�i�o�r�a�t�e�d� �b�y� �t�h�e� �r�e�f�i�t�s� �o�f� 

�t�h�e� �P�L�I�V�E� �f�u�n�c�t�i�o�n�.� �A� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �d�o�e�s� �e�x�i�s�t� 
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�b�e�t�w�e�e�n� �m�o�r�t�a�l�i�t�y� �i�n� �u�n�t�h�i�n�n�e�d� �a�n�d� �t�h�i�n�n�e�d� �s�t�a�n�d�s�;� �h�o�w�e�v�e�r�,� 

�f�i�t�t�i�n�g� �s�e�p�a�r�a�t�e� �m�o�d�e�l�s� �t�o� �t�h�e�s�e� �t�w�o� �c�o�n�d�i�t�i�o�n�s� �d�i�d� �n�o�t� 

�i�m�p�r�o�v�e� �t�h�e� �p�r�e�d�i�c�t�i�o�n�.� �T�h�e� �F� �s�t�a�t�i�s�t�i�c� �c�o�m�p�a�r�i�n�g� �e�s�t�i�m�a�t�e�s� 

�i�n� �f�i�t�s� �t�o� �l�i�g�h�t� �t�h�i�n�n�e�d� �a�n�d� �h�e�a�v�y� �t�h�i�n�n�e�d� �d�a�t�a� �w�a�s� �5�.�3�6�,� �a�n�d� 

�d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� �s�e�e�n� �i�n� �s�i�m�u�l�a�t�i�o�n� �c�o�m�p�a�r�i�s�o�n�s� �b�e�t�w�e�e�n� �u�s�i�n�g� 

�s�e�p�a�r�a�t�e� �m�o�d�e�l�s� �a�n�d� �o�n�e� �m�o�d�e�l� �f�o�r� �t�h�i�n�n�e�d� �s�t�a�n�d� �p�r�e�d�i�c�t�i�o�n�.� 

�T�h�u�s�,� �t�h�e�r�e� �i�s� �s�u�f�f�i�c�i�e�n�t� �e�v�i�d�e�n�c�e� �t�o� �s�u�g�g�e�s�t� �t�h�a�t� �a� �t�h�i�n�n�i�n�g� 

�r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e� �m�a�y� �b�e�n�e�f�i�t� �t�h�e� �m�o�r�t�a�l�i�t�y� �p�r�e�d�i�c�t�i�o�n� �a�n�d� �i�t� 

�i�s� �r�e�c�o�m�m�e�n�d�e�d� �t�h�a�t� �a� �m�o�d�e�l� �i�n�c�o�r�p�o�r�a�t�i�n�g� �a� �T�R�V� �b�e� 

�i�n�v�e�s�t�i�g�a�t�e�d�.� 

�T�o�t�a�l� �v�o�l�u�m�e� �p�r�e�d�i�c�t�i�o�n� �o�n� �a� �p�e�r� �p�l�o�t� �b�a�s�i�s� �w�a�s� �n�o�t� 

�c�h�a�n�g�e�d� �b�y� �i�n�c�l�u�d�i�n�g� �a� �T�R�V� �i�n� �t�h�e� �M�T�H� �m�o�d�e�l�.� �T�o�t�a�l� �v�o�l�u�m�e� 

�p�r�e�d�i�c�t�i�o�n� �w�a�s� �d�e�t�e�r�i�o�r�a�t�e�d� �b�y� �c�h�a�n�g�i�n�g� �s�e�v�e�r�a�l� �m�o�d�e�l�s� �i�n� �t�h�e� 

�S�i�m�u�l�a�t�o�r�.� �A�c�t�u�a�l� �v�o�l�u�m�e� �p�r�e�d�i�c�t�i�o�n� �s�h�o�u�l�d� �b�e� �a�n�a�l�y�z�e�d� �o�n�a� 

�p�e�r� �a�c�r�e� �b�a�s�i�s� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �p�e�r�f�o�r�m�a�n�c�e� �c�a�n� �b�e� �i�m�p�r�o�v�e�d� 

�u�s�i�n�g� �t�h�e� �n�e�w� �M�T�H� �m�o�d�e�l� �w�i�t�h� �i�t�s� �T�R�V ��s�.� 

�T�h�e� �a�n�a�l�y�s�i�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �m�e�a�n� �t�o�t�a�l� �h�e�i�g�h�t� �p�r�e�d�i�c�t�i�o�n� 

�c�a�n� �b�e� �i�m�p�r�o�v�e�d� �b�y� �i�n�c�l�u�d�i�n�g� �a� �T�R�V� �i�n� �a� �m�e�a�n� �t�o�t�a�l� �h�e�i�g�h�t� 

�m�o�d�e�l�.� �T�h�u�s�,� �i�t� �i�s� �r�e�c�o�m�m�e�n�d�e�d� �t�h�a�t� �f�u�t�u�r�e� �v�e�r�s�i�o�n�s� �o�f� �t�h�e� 

�P�T�A�E�D�A� �s�i�m�u�l�a�t�o�r� �i�n�c�o�r�p�o�r�a�t�e� �t�h�i�s� �m�o�d�e�l� �c�h�a�n�g�e�.� 

�C�r�o�w�n� �r�a�t�i�o� �i�s� �a� �b�a�s�i�c� �c�o�m�p�o�n�e�n�t� �o�f� �t�h�e� �H�I�N�,� �D�I�N�,� �a�n�d� 

�P�L�I�V�E� �m�o�d�e�l�s�.� �I�n�c�l�u�d�i�n�g� �t�h�e� �C�R� �m�o�d�e�l� �w�i�t�h� �a� �T�R�V� �d�e�v�e�l�o�p�e�d� �b�y� 
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�L�i�u� �e�t� �a�l�.� �i�m�p�r�o�v�e�d� �e�a�c�h� �o�f� �t�h�e�s�e� �m�o�d�e�l�s� �o�v�e�r� �t�h�e� �o�r�i�g�i�n�a�l� 

�P�T�A�E�D�A�2� �C�R� �m�o�d�e�l� �i�n� �s�i�m�u�l�a�t�i�o�n� �c�o�m�p�a�r�i�s�o�n�s�.� �V�o�l�u�m�e� �p�r�e�d�i�c�t�i�o�n� 

�a�l�s�o� �b�e�n�e�f�i�t�t�e�d� �f�r�o�m� �t�h�i�s� �n�e�w� �m�o�d�e�l�.� �A�n�y� �n�e�w� �v�e�r�s�i�o�n�s� �o�f� �t�h�e� 

�P�T�A�E�D�A� �g�r�o�w�t�h� �s�i�m�u�l�a�t�o�r� �s�h�o�u�l�d� �i�n�c�l�u�d�e� �t�h�i�s� �n�e�w� �m�o�d�e�l�.� 
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�L�i�t�e�r�a�t�u�r�e� �C�i�t�e�d� 

�A�m�a�t�e�i�s�,� �R�.�L�.�,� �H�.�E�.� �B�u�r�k�h�a�r�t�,� �a�n�d� �T�.�A�.� �W�a�l�s�h�.� �1�9�8�9�.� �D�i�a�m�e�t�e�r� 
�i�n�c�r�e�m�e�n�t� �a�n�d� �s�u�r�v�i�v�a�l� �e�q�u�a�t�i�o�n�s� �f�o�r� �l�o�b�l�o�l�l�y� �p�i�n�e� �t�r�e�e�s� 
�g�r�o�w�i�n�g� �i�n� �t�h�i�n�n�e�d� �a�n�d� �u�n�t�h�i�n�n�e�d� �p�l�a�n�t�a�t�i�o�n�s� �o�n� �c�u�t�o�v�e�r�,� 
�S�i�t�e�-�p�r�e�p�a�r�e�d� �l�a�n�d�s�.� �S�o�u�t�h�e�r�n� �J�o�u�r�n�a�l� �o�o�f� �A�p�p�l�i�e�d� 
�F�o�r�e�s�t�r�y�.� �1�3�:�1�7�0�-�1�7�4�.� 

�A�m�a�t�e�i�s�,� �R�.�L�.�,� �a�n�d� �H�.�E�.� �B�u�r�k�h�a�r�t�.� �1�9�8�5�.� �S�i�t�e� �i�n�d�e�x� �c�u�r�v�e�s� �f�o�r� 
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�H�e�g�y�i�,� �F�.� �1�9�7�4�.� �A� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �f�o�r� �m�a�n�a�g�i�n�g� �j�a�c�k� �p�i�n�e� 
�s�t�a�n�d�s�.� �I�n�:� �G�r�o�w�t�h� �M�o�d�e�l�s� �f�o�r� �T�r�e�e� �a�n�d� �S�t�a�n�d� �S�i�m�u�l�a�t�i�o�n�.� 
�R�o�y�a�l� �C�o�l�l�e�g�e� �o�f� �F�o�r�e�s�t�r�y�.� �S�t�o�c�k�h�o�l�m�,� �S�w�e�d�e�n�.� �p�p�.� �7�4�-�9�0�.� 

�L�i�u�,� �J�.�,� �H�.�E�.� �B�u�r�k�h�a�r�t�,� �a�n�d� �R�.�L�.� �A�m�a�t�e�i�s�.� �P�r�o�j�e�c�t�i�n�g� �c�r�o�w�n� 
�m�e�a�s�u�r�e�s� �f�o�r� �l�o�b�l�o�l�l�y� �p�i�n�e� �t�r�e�e�s� �u�s�i�n�g� �a� �g�e�n�e�r�a�l�i�z�e�d� 
�t�h�i�n�n�i�n�g� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e�.� �F�o�r�e�s�t� �S�c�i�e�n�c�e�.� �(�i�n� �p�r�e�s�s�)�.� 

�M�c�D�i�l�l�,� �M�.�E�.�,� �a�n�d� �R�.�L�.� �A�m�a�t�e�i�s�.� �1�9�9�3�.� �F�i�t�t�i�n�g� �d�i�s�c�r�e�t�e�-�t�i�m�e� 
�d�y�n�a�m�i�c� �m�o�d�e�l�s� �h�a�v�i�n�g� �a�n�y� �t�i�m�e� �i�n�t�e�r�v�a�l�.� �F�o�r�e�s�t� �S�c�i�e�n�c�e�.� 
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�h�e�i�g�h�t� �i�n�c�r�e�m�e�n�t� �f�o�r� �t�h�i�n�n�e�d� �a�n�d� �u�n�t�h�i�n�n�e�d� �l�o�b�l�o�l�l�y� �p�i�n�e� 
�p�l�a�n�t�a�t�i�o�n�s�.� �F�o�r�e�s�t� �S�c�i�e�n�c�e�.� �3�8�:�5�9�4�-�6�1�0�.� 
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�c�o�n�d�i�t�i�o�n�a�l� �e�r�r�o�r�.� �U�S�D�A� �F�o�r�e�s�t� �S�e�r�v�i�c�e� �R�e�s�e�a�r�c�h� �P�a�p�e�r�.� 
�S�E�-�5�9�.� �4�8� �p�.� 
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�A�p�p�e�n�d�i�x� �A�.� �S�o�u�r�c�e� �C�o�d�e� �F�o�r� �t�h�e� �R�e�d�u�c�e�d� �G�r�o�w�t�h� �S�i�m�u�l�a�t�o�r� 
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�T�H�I�S� �P�R�O�G�R�A�M� �D�O�E�S� �N�I�N�E� �Y�E�A�R�S� �O�F� �P�R�E�D�I�C�T�I�O�N�,� �U�S�I�N�G� �E�X�T�E�R�N�A�L� �D�A�T�A� 
�O�B�S�E�R�V�E�D� �O�N� �1�8�6� �S�I�T�E�S� �I�N� �T�H�E� �C�O�A�S�T�A�L� �P�L�A�I�N�S� �A�N�D� �P�I�E�D�M�O�N�T� �A�R�E�A�S� �O�F� �T�H�E� 
�S�O�U�T�H�E�A�S�T�.� �I�T� �G�E�N�E�R�A�T�E�S� �A�N� �O�U�T�P�U�T� �T�O� �A�N� �A�S�C�C�I� �D�A�T�A�S�E�T� �E�V�E�R�Y� �T�H�R�E�E� �Y�E�A�R�S� 
�F�O�R� �E�A�C�H� �P�L�O�T�.� �T�H�E� �P�R�O�G�R�A�M� �U�S�E�S� �E�X�C�E�R�P�T�S� �F�R�O�M� �T�H�E� �G�R�O�W�T�H� �S�I�M�U�L�A�T�I�O�N� 
�M�O�D�E�L� �P�T�A�E�D�A�2�.� �T�H�E� �P�U�R�P�O�S�E� �O�F� �T�H�I�S� �P�R�O�G�R�A�M� �I�S� �T�O� �D�E�T�E�R�M�I�N�E� �T�H�E� �V�A�L�I�D�I�T�Y� 
�O�F� �T�H�E� �H�E�I�G�H�T� �A�N�D� �D�I�A�M�E�T�E�R� �I�N�C�R�E�M�E�N�T� �M�O�D�E�L�S� �I�N� �P�T�A�E�D�A�2�,� �A�S� �W�E�L�L� �A�S� �T�H�E� 
�M�O�R�T�A�L�I�T�Y� �F�U�N�C�T�I�O�N�,� �B�Y� �C�O�M�P�A�R�I�N�G� �T�H�E� �P�R�E�D�I�C�T�E�D� �O�U�T�P�U�T� �T�O� �T�H�E� �O�B�S�E�R�V�E�D� 
�D�A�T�A� �O�V�E�R� �T�H�E� �N�I�N�E� �Y�E�A�R� �P�E�R�I�O�D�.� �T�H�E� �P�R�O�G�R�A�M� �A�L�S�O� �H�A�S� �M�O�D�E�L�S� �W�H�I�C�H� �C�A�N� 
�B�E� �S�E�L�E�C�T�E�D� �T�H�A�T� �A�R�E� �M�O�D�I�F�I�E�D� �T�O� �I�N�C�L�U�D�E� �A� �T�H�I�N�N�I�N�G� �R�E�S�P�O�N�S�E� �V�A�R�I�A�B�L�E� 
�D�E�S�I�G�N�E�D� �T�O� �I�M�P�R�O�V�E� �P�R�E�D�I�C�T�I�O�N�.� 

�V�A�R�I�A�B�E�E�S�:� 

�O�D�E�A�D� 
�O�A�L�I�V�E� 

�1� �C�O�D�E� �F�O�R� �T�R�E�E� �S�T�A�T�U�S� �O�F� �D�E�A�D� 
�2� �C�O�D�E� �F�O�R� �T�R�E�E� �S�T�A�T�U�S� �O�F� �A�L�I�V�E� 

�C�O�M�M�O�N� �B�L�O�C�K� �1� 

�X�,� �Y�,� �D�,� �H�,� �C�L�,� �C�I�P�,� �L�M�O�R�T�,� �K�M�O�R�T�,� �T�A�G�,� �L�V�I�G�R�(�M�T�R�E�E�S�)� �=� 
�A�R�R�A�Y�S� �O�F� �T�H�E�S�E� �V�A�R�I�A�B�L�E�S� �F�R�O�M� �1� �T�O� �M�T�R�E�E�S�.� 

�A�C�R�E�S� �=� �P�L�O�T� �S�I�Z�E� �(�f�r�o�m� �P�L�O�T� �D�A�T�A�)� 
�I�D� �=� �C�O�M�P�A�N�Y�/�L�O�C�A�T�I�O�N� �C�O�D�E� 
�P�L�O�T� �=� �1�,� �2�,� �O�R� �3�.� �I�N�D�I�C�A�T�E�S� �N�O�,� �L�I�G�H�T�,� �O�R� �H�E�A�V�Y� �T�H�I�N�N�E�D� 
�P�E�R�C�E�N�T� �=� �%� �O�F� �T�O�T�A�L� �B�A�S�A�L� �A�R�E�A� �I�F� �Q�F�E�R�T� �T�R�U�E� �(�f�r�o�m� �I�N�I�T�1�)� 
�H�D� �=� �A�V�E�R�A�G�E� �H�E�I�G�H�T� �O�F� �D�O�M�I�N�A�N�T� �A�N�D� �C�O�D�O�M�I�N�A�N�T� �T�R�E�E�S� �(�f�r�o�m� �P�L�O�T� �D�A�T�A�)� 
�I�X� �=� �A� �R�A�N�D�O�M� �N�U�M�B�E�R� �(�f�r�o�m� �I�N�I�T�1�)� 
�N� �=� �N�R�O�W�S�*�N�R�O�W�S� �(�f�r�o�m� �S�T�A�N�D�A�R�D�)� 
�K� �=� �P�R�E�S�E�N�T� �S�T�A�N�D� �A�G�E� �&� �C�U�R�R�E�N�T� �G�R�O�W�I�N�G� �S�E�A�S�O�N� �(�f�r�o�m� �P�L�O�T� �D�A�T�A�)� 
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