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(Abstract) 

The problem of petrified wood theft was examined in the Petrified Forest 

National Park. This study accomplished the following 2 objectives: 

1. Perform a complete inventory throughout five high use areas at the 

Petrified Forest National Park 

2. Quantify the petrified wood loss within the five high use areas at the 

Petrified Forest National Park over a one year time period. 

Line intersect sampling was used to sample three size classes of petrified 

wood along with fixed area quadrat samples which sampled two size 

classes. Line intersect sampling units were established in August 1993 and 

revisited during August 1994. Line Intersect sampling results suggest that 

petrified wood displacement within the park does occur but not to the 

extent that Scher (1990) reports. Quadrat sampling results are not 

conclusive with regard to petrified wood displacement due to constraints on 

the sample design. 
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Chapter 1 

Introduction 

Study Area 

The Petrified Forest National Park is located in northwestern Arizona. 

The Park encompasses 147 square miles of fossilized resources 

approximately 230 million years old. The fossilized remains depict an 

ancient ecosystem that represents a significant period in the evolution of 

life, the Triassic period of the Mesozoic era (U.S. N.P.S. Plan, 1993). 

President Theodore Roosevelt first recognized the value of these petrified 

remains and created the Petrified Forest National Monument in 1906. 

Subsequent proclamations and Congressional acts expanded the original 

Park boundaries to current locations. 

Petrified wood is viewed by many as the Petrified Forest National 

Park's most precious resource. Petrified wood comes from a formation 

deposited 220 to 225 million years ago near the end of the Triassic Period 

of the Mesozoic era, known as the Chinle Formation (Ash, 1988). Both 

organic matter (tree boles) and volcanic material was deposited by 

streamflow. While buried, the organic matter of the ancient tree boles was 
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replaced by mineral matter. Many of the resulting fossils retained their 

original form but were endowed with an effulgent array of colors. 

Approximately 35 million years ago the Chinle formation was forced to the 

earth's surface (Ash, 1989). Exposure to wind and rain has gradually 

unearthed the petrified material that lay buried below. 

Justification 

The problem of petrified wood protection has existed from as early as 

1906, when the Petrified National Forest Monument was established. The 

establishment of the Monument terminated commercial mining of petrified 

wood within the Park boundaries, but introduced new problems. The 

Monument attracted tourists wishing to see the petrified wood. 

Unfortunately, many of these tourists also wished to collect a small 

memento in remembrance of their visit. The Park's history is replete with 

programs aimed at minimizing the pilfering of petrified wood by souvenir 

collectors. Regardless of deterrence programs, Park Rangers still report 

numerous cases of petrified wood theft. Until now, relatively little has been 

done to quantify the amount of petrified wood that leaves the Park. Scher 
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(1990) attempted to quantify petrified wood theft using 45 baited plots 

along visitor footpaths. Scher's efforts reported the following. 

(1) 8,129 pounds of petrified wood lost per day 

(2) 1.01 pound of petrified wood stolen per person 

(3) 2.73 pounds of petrified wood stolen per vehicle 

(4) 416 pounds of wood stolen per pound recovered 

Although Scher's "baited plot" study produced provoking numeric 

conclusions, the monitoring may not reflect true amounts of petrified wood 

stolen from the Park. The petrified wood used in these baited plots had 

already been stolen and recovered at vehicle inspection stations during car 

searches or along roadsides before the stations. These pieces of petrified 

wood were probably near gem quality and undoubtedly captured the 

attention of visitors along the trail. Scher's study may make valid 

inferences to irregular pieces of petrified wood along visitor trails, but not 

across the entire Park's petrified wood population. It is also hard to 

determine actual figures that reflect petrified wood stolen versus relocated 

within the Park. A tourist may pick up a piece of petrified wood to examine 

it and return it to the desert floor in a new location. This potential petrified 

wood displacement by tourists further clouds true figures of wood stolen 

each year. An unbiased estimate of the amount of petrified wood stolen 
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from the Park is needed to aid Park Managers in developing theft reduction 

strategies for the Petrified Forest. Park Officials know of the petrified wood 

theft problem but not its magnitude. An inventory of the Parks high use 

areas is needed to estimate actual petrified wood densities in the Park. 

Further, monitoring the high use areas will furnish estimates of how much 

wood is displaced. This project fulfills these demands. 

Objectives 

This study has three objectives. The first objective is to design a 

feasible inventory methodology for sampling all high use regions of the 

Petrified Forest National Park that contain petrified wood. The second 

objective is to establish permanent sampling locations under the design that 

can be revisited in the future. The final objective is to implement the 

inventory design and furnish estimates of the amount of petrified wood 

displaced in the park during a one year time frame (August 1993 - August 

1994). 
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Chapter 2 

Line Intersect Sampling Literature Review 

Introduction 

Line intersect sampling (LIS) was chosen as the sampling tool to 

provide unbiased estimates of the amount of petrified wood displaced 

throughout the Park. This literature review depicts LIS as more time and 

cost efficient than traditional fixed area plots and facile to implement in 

populations with heterogeneous spatial distributions such as the Park's 

petrified wood. 

A plethora of literature is available on the theory and application of 

line intersect sampling. LIS is used in many disciplines as a practical way of 

answering seemingly infeasable sampling questions. Most disciplines build 

unique constraints into the general LIS theory for field specific applications. 

However, a general definition is given by Kaiser (1983). Kaiser states, "Line 

intersect sampling is a method of sampling particles in a region whereby, 

roughly, a particle is sampled if a chosen line segment, called a ‘transect’, 

intersects the particle." This literature review will summarize the history of 
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line intersect sampling with regard to novel statistical contributions and the 

Forest inventory domain. 

Literature Review 

The roots of line intersect sampling can be traced to Buffon's needle 

problem (1777). The problem can be described as follows. Equidistant 

parallel lines are drawn on a piece of paper. A needle of length a is 

randomly located on the paper where a is shorter than a length B between 

two neighboring lines. Buffon established the geometric probability that the 

needle intersects the lines is 

a
l
m
 OL 

*—, [1] 
B 

Buffon's result is fundamental to the theory of the LIS and was also used to 

validate the value of zx. 

Bertil Matérn (1964) used Buffon's result to estimate the total length 

of roads using a line survey. Matérn hypothesized a chain consisting of N 

links each a long. The chain was envisioned on top of equidistant parallel 

lines so that each link in relation to the lines was determined by a random 

procedure. Using Buffon's geometric probability [1], the expected number 

of intersections between the chain and the line-system was 
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where L = N * qa. 

Matérn's next step was to consider the network of roads having the total 

length L. If a set of parallel equidistant lines was placed over the road 

network (with a randomly chosen direction) the expected number of 

intersections would be nfs" Allowing n to equal the number of road 

intersections, the total length of roads could be estimated by 

af 
t 

Y= 

n
l
a
 

where t = 1/8. 

Warren and Olsen (1964) were the first to use and develop line 

intersect sampling in a Forestry setting. These authors have also been 

credited with coining the term "Line Intersect Sampling”. Warren and Olsen 

used LIS to estimate downed woody debris following a harvesting operation. 

An estimator was developed conditional to the orientation between the 

intersection of the line and log. Their conclusions suggested a great 

increase in efficiency of LIS over fixed radius plots when sampling downed 

woody debris. The variation between LIS sampling units was much smaller 

than ordinary fixed area plots, and the sampling time was substantially 

decreased. 
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Howard and Ward (1972) studied line intersect sampling using a 

systematic grid point approach. At this point in LIS history, a sampling unit 

consisted of a line projected across the entire region of study. Naturally, as 

the size of the study increased, the amount of work required to sample each 

line became a burden. Howard and Ward searched for a sampling design to 

solve this problem for logging residue estimates. Fixed length transects 

were located in clear-cut areas using a 4 chain by 4 chain systematic grid. 

Unidirectional, randomly oriented and a uniderectional L shaped pattern at 

each point in the grid were investigated. Shorter, fixed length transects 

were proven more efficient than a transect running the entire length of the 

study. Woward and Ward also discovered a random orientation of lines to 

work best when topography creates orientation patterns and unidirectional 

line orientation when there appears to be no general orientation of logging 

residue. 

De Vries (1973a, 1973b) published two papers compiling line 

intersect sampling theory up to this point in time. These documents also 

addressed variance estimation and bias. The development of a variance for 

any quantified solid attribute per unit area was summarized. De Vries 

assumed sampling on some area with randomly located line intersect 
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samples, and supposed that all possible estimates are distributed about the 

total parameter X so that the VAR(X)=S?. S* may be estimated with the 

traditional estimator 

k 

> (% - x)? 
sf = i=1 [2] 

k-1 

where: x; = estimate of total X of line i 

X = mean total estimate from k line transects. 

De Vries suggested that this estimate of variance should be conditioned on 

the set of lengths chosen for the line samples. These line lengths may or 

may not be equal. The conditional expression for lines of length L; is given 

by 

VAR(X)IL, (i= 1...k) = #1, 

i=1 

De Vries also presented the development of variance estimates for a 

one line sample by analogy to Hdjek's Poisson sampling. Estimators for 

volume per acre, weight per acre, area per acre, density per acre and cover 

per acre were summarized. 

De Vries (1974) developed the theory for multi-stage line intersect 

sampling. Multi-stage LIS was envisioned to be facile and save time and 

money. Each line transect was broken into stages. The first stage selected 
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n elements from a population of N by a randomly located and oriented line. 

The second stage selected n* elements from the n first stage elements. 

Measurements were then taken on the n* elements and more stages could 

be defined if needed. De Vries presents the multi-stage variance with 

assumptions similar to the 1973 documents. 

To investigate bias in line intersect sampling, Brown = and 

Roussopoulos (1974) examined sampling fine fuel volume for fire hazard 

estimation. They found that bias occurs when nonhorizontal particles are 

assumed horizontal and when average diameters are used to calculate 

volume for diameter classes. Bias may be eliminated by using two 

corrective steps. First, the average secant of nonhorizontal particle angles 

with respect to the sampling plane is used as a multiplicative constant. This 

constant adjusts the particle to a horizontal position on the sampling plane. 

Second, the mean quadratic diameter is used for calculations instead of 

average diameter per class. The authors prove the mean quadratic diameter 

is needed for unbiased estimates. The authors offer tabulated values for 

both quadratic means and average secants for branchwood of eight conifers 

and one hardwood species. 
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Lucas and Seber (1977) developed the theory for estimating coverage 

and particle density using line intersect sampling. Unbiased estimators are 

presented for randomly placed transects over any distribution of particles. 

Until this paper, researchers usually assumed some_ generic spatial 

distribution of particles over the sampling area. Lucas and Seber established 

designed based inference for LIS estimators without distributional 

assumptions of particle spatial patterns. 

Pickford and Hazard (1978) conducted intensive Monte Carlo 

simulations with line intersect sampling to determine its precision for 

different population densities and shape distributions. Population shapes 

ranged from cylinders to tapered particles. Uniform to randomly distributed 

particle orientations were examined for each shape. Volume sampling 

simulations revealed the following conclusions: Substantially more sampling 

was required for tapered populations to achieve the same accuracy as with 

cylinders, however tapered pieces did not induce additional bias in the 

estimate. Sample sizes to achieve a fixed degree of accuracy increased 

when sampling from uniform cylinders to tapered particles of different sizes. 

For a fixed total length of sampling line, the population variance decreased 
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with increasing length of individual line transects. It is harder to control 

precision when sampling in randomly oriented populations. 

Meeuwig et. a/. (1978) applied line intersect sampling to estimate 

Pinyon-Juniper cordwood volume. Their efforts were the first attempt to 

adapt LIS to estimate live stand characteristics. A line was randomly 

assigned within a Pinyon-Juniper stand. If a tree’s crown area (projected to 

the ground) was intersected by the line, the tree was included in the 

sample. Traditional measurements such as diameter and height were taken 

on sampled trees. Estimates of total stand volume or basal area could be 

generated using the LIS method. However, the width of each sampled tree 

crown perpendicular to the line transect needs to be measured in the field. 

Seber (1979) studied the concept of random length transects. The 

line transect was envisioned to run across the total length of the study area. 

Seber proved that some commonly used estimators were biased with 

random length lines under certain distributional assumptions. For example, 

consider the density estimator 

where: X = total of some sampled attribute 
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�c�o�n�s�e�r�v�a�t�i�v�e� �c�o�m�p�a�r�e�d� �t�o� �p�r�e�v�i�o�u�s� �a�r�e�a� �m�e�t�h�o�d�s�.� �T�r�u�e� �b�o�u�n�d�a�r�y� �d�e�n�s�i�t�i�e�s� 

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

�t�e�s�t� �w�i�t�h� �a� �=� �.�O�5�.� 

�F�o�x� �a�n�d� �R�a�s�k�o�b� �(�1�9�9�2�)� �e�x�a�m�i�n�e�d� �t�h�e� �e�f�f�i�c�i�e�n�c�y� �o�f� �l�i�n�e� �i�n�t�e�r�s�e�c�t� 

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

�V�o�l�u�m�e� �o�f� �P�i�n�y�o�n�-�J�u�n�i�p�e�r� �w�o�o�d�l�a�n�d�s� �w�a�s� �t�h�e� �t�a�r�g�e�t� �p�a�r�a�m�e�t�e�r� �o�f� �e�a�c�h� 

�s�a�m�p�l�i�n�g� �m�e�t�h�o�d�.� �A� �s�a�m�p�l�e� �s�i�z�e� �o�f� �3�6� �w�a�s� �a�l�l�o�c�a�t�e�d� �i�n� �P�i�n�y�o�n�-�J�u�n�i�p�e�r� 

�w�o�o�d�l�a�n�d� �f�o�r� �0�.�1� �a�c�r�e� �f�i�x�e�d� �r�a�d�i�u�s� �p�l�o�t�,� �1�0� �b�a�s�a�l� �a�r�e�a� �f�a�c�t�o�r� �v�a�r�i�a�b�l�e� �p�o�i�n�t�s� 

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

�C�h�a�p�t�e�r� �2� �L�i�n�e� �I�n�t�e�r�s�e�c�t� �S�a�m�p�l�i�n�g� �L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �1�5



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

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

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

�t�i�m�e� �(�A�v�e�r�y� �a�n�d� �B�u�r�k�h�a�r�t�,� �1�9�8�3�)�.� �T�h�e� �L�I�S� �m�e�t�h�o�d� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �t�h�e� 

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

�G�r�e�g�o�i�r�e� �a�n�d� �M�o�n�k�e�v�i�c�h� �(�1�9�9�3�)� �e�x�a�m�i�n�e�d� �t�h�e� �p�o�s�s�i�b�i�l�i�t�y� �o�f� �u�s�i�n�g� �t�h�e� 

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

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

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

�a�n�d� �b�r�o�u�g�h�t� �b�a�c�k� �i�n�t�o� �t�h�e� �a�r�e�a� �p�a�r�a�l�l�e�l� �t�o� �t�h�e� �i�n�t�e�r�i�o�r� �l�i�n�e�.� �K�a�i�s�e�r� �(�1�9�8�3�)� 

�d�i�s�c�u�s�s�e�s� �t�h�e� �u�n�b�i�a�s�e�d�n�e�s�s� �o�f� �t�h�i�s� �r�e�g�i�m�e�.� �G�r�e�g�o�i�r�e� �a�n�d� �M�o�n�k�e�v�i�c�h� 

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

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

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

�M�o�n�k�e�v�i�c�h� �p�r�o�v�e�d� �t�h�e� �u�n�b�i�a�s�e�d�n�e�s�s� �a�n�d� �p�r�a�c�t�i�c�a�l�i�t�y� �o�f� �t�h�i�s� �p�r�o�c�e�d�u�r�e�.� 
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�C�h�a�p�t�e�r� �3� 

�M�e�t�h�o�d�s� 

�I�n�t�r�o�d�u�c�t�i�o�n� 

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

�F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k�,� �a� �s�u�b�s�t�a�n�t�i�a�l� �s�a�m�p�l�e� �w�i�t�h� �r�e�m�e�a�s�u�r�e�a�b�l�e� �s�a�m�p�l�i�n�g� 

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

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

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

�F�o�r�e�s�t� �i�s� �i�r�r�e�g�u�l�a�r�.� �F�o�r� �e�x�a�m�p�l�e�,� �a� �1�0� �f�o�o�t� �s�q�u�a�r�e� �a�r�e�a� �m�a�y� �c�o�n�t�a�i�n� �s�e�v�e�r�a�l� 

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

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

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

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

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

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

�b�e�t�w�e�e�n� �s�t�o�l�e�n� �a�n�d� �r�e�l�o�c�a�t�e�d� �w�o�o�d�.� �S�t�o�l�e�n� �w�o�o�d� �i�s� �P�e�t�r�i�f�i�e�d� �w�o�o�d� �t�h�a�t� 

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

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

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

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

�t�e�c�h�n�i�c�i�a�n�s� �f�o�r� �t�h�e� �p�r�o�j�e�c�t�.� 

�S�a�m�p�l�i�n�g� �D�e�s�i�g�n� 

�T�h�e� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� �h�a�s� �n�e�v�e�r� �b�e�e�n� �i�n�v�e�n�t�o�r�i�e�d� �t�o� 

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

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

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

�a�n�d� �t�o� �p�r�o�v�i�d�e� �s�e�p�a�r�a�t�e� �e�s�t�i�m�a�t�e�s� �f�o�r� �m�u�l�t�i�p�l�e� �s�i�z�e� �c�l�a�s�s�e�s� �(�n�o�n� �o�v�e�r�l�a�p�p�i�n�g�)� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�d�e�l�i�n�e�a�t�e�d� �a�s� �s�t�r�a�t�a� �u�s�i�n�g� �a�e�r�i�a�l� �p�h�o�t�o�g�r�a�p�h�y� �o�f� �t�h�e� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� 

�P�a�r�k�.� �A�s�i�d�e� �f�r�o�m� �t�h�e�s�e� �f�i�v�e� �h�i�g�h� �u�s�S�e� �a�r�e�a�s�,� �t�h�e� �r�e�m�a�i�n�d�e�r� �o�f� �t�h�e� �P�a�r�k� 

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

�s�t�r�a�t�a� �n�a�m�e�s� �a�r�e� �B�l�u�e� �M�e�s�a�,� �J�a�s�p�e�r� �F�o�r�e�s�t�,� �C�r�y�s�t�a�l� �F�o�r�e�s�t�,� �L�o�n�g� �L�o�g�s� �a�n�d� 
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�G�i�a�n�t� �L�o�g�s�.� �E�a�c�h� �s�t�r�a�t�u�m� �w�a�s� �m�a�p�p�e�d� �o�n� �p�a�p�e�r� �u�s�i�n�g� �a�e�r�i�a�l� �p�h�o�t�o�g�r�a�p�h�y�.� 

�T�h�e� �a�e�r�i�a�l� �p�h�o�t�o�g�r�a�p�h�y� �w�a�s� �f�l�o�w�n� �b�y� �V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� 

�U�n�i�v�e�r�s�i�t�y� �(�M�a�y�,� �1�9�9�3�)� �t�o� �f�u�l�f�i�l�l� �t�h�e� �o�b�j�e�c�t�i�v�e�s� �o�f� �t�h�i�s� �p�r�o�j�e�c�t�.� �T�h�e� �r�e�s�u�l�t�i�n�g� 

�p�a�p�e�r� �m�a�p�s� �h�a�d� �s�c�a�l�e�s� �o�f� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1 �� �=� �9�0 ��.� �F�e�a�t�u�r�e�s� �s�u�c�h� �a�s� �r�o�a�d�s�,� 

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

�i�n�c�l�u�d�e�d� �o�n� �e�a�c�h� �m�a�p�.� �T�h�e� �m�a�p�s� �w�e�r�e� �d�i�g�i�t�i�z�e�d� �w�i�t�h� �A�R�C�I�N�F�O!"� �t�o� �s�t�o�r�e� 

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

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

�W�i�t�h�i�n� �e�a�c�h� �s�t�r�a�t�u�m�,� �3�5� �s�a�m�p�l�i�n�g� �u�n�i�t�s� �w�e�r�e� �s�e�l�e�c�t�e�d�.� �S�a�m�p�l�i�n�g� 

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

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

�t�h�r�o�u�g�h�o�u�t� �e�a�c�h� �s�t�r�a�t�u�m�,� �r�e�s�t�r�i�c�t�e�d� �f�r�o�m� �t�r�a�i�l�s�i�d�e� �a�r�e�a�s�.� �T�h�e� �r�e�m�a�i�n�i�n�g� �1�5� 

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

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

�a�l�l�o�c�a�t�i�o�n� �w�e�r�e� �0� �t�o� �1�5�'�,� �1�5�°� �t�o� �3�0�°� �a�n�d� �3�0�°� �t�o� �4�5�°� �c�o�r�r�i�d�o�r�s� �f�r�o�m� �t�h�e� �t�r�a�i�l� 

�e�d�g�e�.� �F�i�v�e� �o�f� �t�h�e� �1�5� �t�r�a�i�l� �s�a�m�p�l�i�n�g� �u�n�i�t�s� �w�e�r�e� �p�l�a�c�e�d� �i�n� �e�a�c�h� �c�o�r�r�i�d�o�r� �i�n� 

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

�w�i�t�h�i�n� �t�h�e� �f�i�r�s�t� �1�5 �� �t�r�a�i�l� �c�o�r�r�i�d�o�r� �a�n�d� �w�i�t�h� �a� �r�a�n�d�o�m� �a�n�g�l�e� �8�.� �T�h�e� �r�e�m�a�i�n�i�n�g� 

�2� �p�a�r�t�n�e�r�s� �w�e�r�e� �a�l�l�o�c�a�t�e�d� �a� �f�i�x�e�d� �d�i�s�t�a�n�c�e� �(�1�5� �o�r� �3�0� �f�e�e�t�)� �p�e�r�p�e�n�d�i�c�u�l�a�r� �t�o� 

�t�h�e� �t�r�a�i�l� �w�i�t�h� �t�h�e� �s�a�m�e� �o�r�i�e�n�t�a�t�i�o�n� �a�n�g�l�e� �8� �a�n�d� �d�i�s�t�a�n�c�e�.� �F�i�g�u�r�e�s� �1�,� �2�,� �3�,� �4�,� 
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�a�n�d� �5� �d�i�s�p�l�a�y� �s�a�m�p�l�i�n�g� �l�o�c�a�t�i�o�n�s� �f�o�r� �e�a�c�h� �s�t�r�a�t�u�m� �a�n�d� �o�t�h�e�r� �d�a�t�a� �i�n�c�l�u�d�e�d� 

�o�n� �t�h�e� �m�a�p�s�.� 
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�W�h�e�n� �a� �l�i�n�e� �t�r�a�n�s�e�c�t� �c�r�o�s�s�e�d� �a� �t�r�a�i�l�,� �t�h�e� �t�r�a�n�s�e�c�t� �w�a�s� �_� �s�i�m�p�l�y� 

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

�t�h�e� �m�i�r�a�g�e� �m�e�t�h�o�d� �(�G�r�e�g�o�i�r�e� �a�n�d� �M�o�n�k�e�v�i�c�h�,� �1�9�9�4�)� �w�a�s� �u�s�e�d� �t�o� �m�i�r�r�o�r� �t�h�e� 

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

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

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

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

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

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

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

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

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

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

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

�o�r�i�e�n�t�e�d� �5�0�'� �l�i�n�e� �t�r�a�n�s�e�c�t� �a�n�d� �t�w�o� �2�5� �s�q�u�a�r�e� �i�n�c�h� �q�u�a�d�r�a�t� �s�a�m�p�l�e�s�.� �A� 

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

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

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

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

�i�n�c�h�e�s� �i�n� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �a�l�o�n�g� �t�h�e� �l�i�n�e�.� �A�f�t�e�r� �t�h�e� �f�i�r�s�t� �2�5� �i�n�c�h�e�s�,� �o�n�l�y� 
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�p�a�r�t�i�c�l�e�s� �g�r�e�a�t�e�r� �t�h�a�n� �1� �i�n�c�h� �i�n� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �w�e�r�e� �s�a�m�p�l�e�d� �(�L�s�2�)�.� 

�F�o�l�l�o�w�i�n�g� �t�h�e� �8� �f�o�o�t� �m�a�r�k�e�r�,� �p�e�t�r�i�f�i�e�d� �w�o�o�d� �p�a�r�t�i�c�l�e�s� �w�e�r�e� �s�a�m�p�l�e�d� �i�f� 

�g�r�e�a�t�e�r� �t�h�a�n� �5� �i�n�c�h�e�s� �i�n� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �(�L�s�3�)�.� �F�i�g�u�r�e� �6� �d�e�p�i�c�t�s� �a� �l�i�n�e� 

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

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

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

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

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

�w�a�s� �t�a�k�e�n� �o�n� �L�s�1� �d�u�e� �t�o� �d�i�f�f�i�c�u�l�t�y� �o�f� �a�c�h�i�e�v�i�n�g� �a�c�c�u�r�a�t�e� �m�e�a�s�u�r�e�m�e�n�t� �o�n� 

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

�w�a�s� �m�e�a�s�u�r�e�d� �f�o�r� �L�s�2� �a�n�d� �L�s�3� �s�e�g�m�e�n�t�s�.� �T�h�e� �c�i�r�c�u�m�f�e�r�e�n�c�e� �w�a�s� �u�s�e�d� �t�o� 

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

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

�h�o�r�i�z�o�n�t�a�l� �p�l�a�n�e� �(�a�r�o�u�n�d� �t�h�e� �p�a�r�t�i�c�l�e�)� �w�a�s� �a�l�s�o� �t�a�l�l�i�e�d� �f�o�r� �L�s�2� �a�n�d� �L�s�3� 

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

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

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

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

�e�n�d�)�,� �a� �s�q�u�a�r�e� �2�5� �i�n�c�h� �q�u�a�d�r�a�t� �s�a�m�p�l�e� �w�a�s� �t�a�k�e�n� �d�u�r�i�n�g� �t�h�e� �s�u�m�m�e�r� �o�f� 

�1�9�9�3�.� �T�h�e� �s�u�b�s�e�q�u�e�n�t� �1�9�9�4� �i�n�v�e�n�t�o�r�y� �p�o�s�i�t�i�o�n�e�d� �t�h�e� �q�u�a�d�r�a�t� �2�5� �f�e�e�t� 
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�o�p�p�o�s�i�t�e� �t�h�e� �z�e�r�o� �e�n�d� �o�f� �t�h�e� �l�i�n�e�.� �F�i�g�u�r�e�s� �6� �a�n�d� �7� �d�i�s�p�l�a�y�s� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� 

�f�o�r� �t�h�e� �1�9�9�3� �a�n�d� �1�9�9�4� �q�u�a�d�r�a�t�s� �f�o�r� �a� �b�a�c�k�c�o�u�n�t�r�y� �a�n�d� �t�r�a�i�l� �s�a�m�p�l�e� 

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

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

�.�2�5� �i�n�c�h�e�s� �i�n� �l�e�n�g�t�h�.� �T�h�i�s� �s�i�z�e� �c�l�a�s�s� �a�l�l�o�w�e�d� �e�s�t�i�m�a�t�e�s� �f�o�r� �s�m�a�l�l�e�r� �p�a�r�t�i�c�l�e�s� 

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

�.�2�5� �a�n�d� �1� �i�n�c�h� �i�n� �l�e�n�g�t�h�.� �T�h�i�s� �s�i�z�e� �c�l�a�s�s� �a�c�t�s� �a�s� �a� �d�o�u�b�l�e� �s�a�m�p�l�e� �t�o� �t�h�e� �f�i�r�s�t� 

�l�i�n�e� �t�r�a�n�s�e�c�t� �s�e�g�m�e�n�t�.� �I�t� �p�r�o�v�i�d�e�s� �e�s�t�i�m�a�t�e�s� �s�u�c�h� �a�s� �w�e�i�g�h�t� �f�o�r� �t�h�e� �.�2�5�"� �t�o� 

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

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

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

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

�b�o�a�r�d� �d�e�l�i�m�i�t�e�d� �w�i�t�h� �1� �i�n�c�h� �s�q�u�a�r�e� �s�e�c�t�i�o�n�s�.� �A�r�e�a� �m�e�a�s�u�r�e�m�e�n�t� �a�l�l�o�w�e�d� 

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

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

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

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

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

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

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

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

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

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

�w�e�r�e� �u�s�e�d� �m�a�y� �b�e� �f�o�u�n�d� �i�n� �D�a�t�a� �A�n�a�l�y�s�i�s�.� 

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

�f�o�r� �t�h�e� �l�e�n�g�t�h� �o�f� �t�h�e� �t�h�i�r�d� �l�i�n�e� �s�e�g�m�e�n�t�.� �T�h�e� �t�o�t�a�l� �l�e�n�g�t�h� �o�f� �t�h�e� �l�i�n�e� �w�a�s� �2�5� 

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

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

�d�u�r�i�n�g� �t�h�e� �s�u�m�m�e�r� �o�f� �1�9�9�3� �i�n� �e�a�c�h� �s�t�r�a�t�u�m�.� �T�h�e� �l�o�c�a�t�i�o�n� �o�f� �e�a�c�h� �s�a�m�p�l�i�n�g� 

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

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

�s�u�m�m�e�r� �o�f� �1�9�9�4� �t�o� �r�e�c�o�r�d� �i�f� �a�n�y� �p�e�t�r�i�f�i�e�d� �w�o�o�d� �w�a�s� �m�i�s�s�i�n�g� �o�r� �h�a�d� �b�e�e�n� 

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

�D�a�t�a� �M�a�n�a�g�e�m�e�n�t� 

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

�c�o�n�t�a�i�n�s� �c�o�m�p�i�l�e�d� �1�9�9�3� �a�n�d� �1�9�9�4� �l�i�n�e� �i�n�t�e�r�s�e�c�t� �a�n�d� �q�u�a�d�r�a�t� �d�a�t�a�.� �T�h�r�e�e� 

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

�N�a�t�i�o�n�a�l� �P�a�r�k�.� �T�h�e� �p�r�o�g�r�a�m� �P�W�S�A�M�P�.�E�X�E� �(�P�e�t�r�i�f�i�e�d� �w�o�o�d� �S�a�m�p�l�e�)� �w�a�s� 

�c�r�e�a�t�e�d� �f�o�r� �l�i�n�e� �t�r�a�n�s�e�c�t� �a�n�d� �q�u�a�d�r�a�t� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n�.� �P�W�S�A�M�P�.�E�X�E� 

�p�r�o�m�p�t�s� �f�o�r�,� �r�e�c�o�r�d�s� �a�n�d� �e�d�i�t�s� �d�a�t�a� �i�n� �t�h�e� �f�i�e�l�d�.� �P�W�S�A�M�P�.�E�X�E� �w�a�s� �u�s�e�d� �t�o� 

�c�o�l�l�e�c�t� �1�9�9�3� �d�a�t�a� �a�n�d� �r�e�e�d�i�t� �t�h�a�t� �d�a�t�a� �i�n� �1�9�9�4�.� �S�o�u�r�c�e� �c�o�d�e� �f�o�r� 

�P�W�S�A�M�P�.�E�X�E� �m�a�y� �b�e� �f�o�u�n�d� �i�n� �A�p�p�e�n�d�i�x� �B�.� �F�i�e�l�d� �d�a�t�a� �w�e�r�e� �t�h�e�n� 

�d�o�w�n�l�o�a�d�e�d� �t�o� �a� �p�e�r�s�o�n�a�l� �c�o�m�p�u�t�e�r�.� �P�W�C�A�L�C�.�E�X�E� �(�P�e�t�r�i�f�i�e�d� �w�o�o�d� 

�C�a�l�c�u�l�a�t�i�o�n�)� �w�a�s� �w�r�i�t�t�e�n� �t�o� �s�u�m�m�a�r�i�z�e� �a�n�d� �c�o�m�p�i�l�e� �t�h�e� �r�a�w� �d�a�t�a� �c�o�l�l�e�c�t�e�d� 
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�w�i�t�h� �P�W�S�A�M�P�.�E�X�E�.� �P�W�C�A�L�C�.�E�X�E� �o�u�t�p�u�t�s� �e�s�t�i�m�a�t�e�s� �f�o�r� �e�a�c�h� �l�i�n�e� �a�n�d� �t�o�t�a�l� 

�m�e�a�n� �e�s�t�i�m�a�t�e�s� �f�o�r� �b�o�t�h� �t�r�a�i�l� �a�n�d� �b�a�c�k�c�o�u�n�t�r�y� �s�a�m�p�l�e�s�.� �P�W�C�A�L�C� �o�u�t�p�u�t� 
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�w�i�t�h� �a� �r�a�n�d�o�m� �s�a�m�p�l�e� �o�f� �5�0� �P�e�t�r�i�f�i�e�d� �w�o�o�d� �p�a�r�t�i�c�l�e�s� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �P�a�r�k�.� 

�T�h�e� �w�e�i�g�h�t� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �t�o� �b�e� �7�.�1�4�1�2� �x� �1�0�°� �t�o�n�s� �p�e�r� �p�a�r�t�i�c�l�e� �o�n� 

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

�p�a�r�t�i�c�l�e�s� �p�e�r� �a�c�r�e� �t�o� �y�i�e�l�d� �a�n� �a�v�e�r�a�g�e� �w�e�i�g�h�t� �f�o�r� �t�h�e� �Q�1� �q�u�a�d�r�a�t� �s�i�z�e� �c�l�a�s�s�.� 

�T�h�e� �v�o�l�u�m�e� �e�s�t�i�m�a�t�o�r� �u�s�e�d� �f�o�r� �t�h�e� �Q�1� �q�u�a�d�r�a�t� �s�i�z�e� �c�l�a�s�s� �w�a�s� �a� �r�a�t�i�o� 

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

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

�V�o�l�o�,� �=� �R� �x� �P�e�r�c�e�n�t� �C�o�v�o�;� 

�w�h�e�r�e�:� �V�o�l�g�,�;� �=� �v�o�l�u�m�e� �o�f� �Q�1� �s�i�z�e� �c�l�a�s�s� 

�P�e�r�c�e�n�t� �C�o�v�g�,� �=� �p�e�r�c�e�n�t� �c�o�v�e�r� �o�f� �Q�1� �s�i�z�e� �c�l�a�s�s� 

�p�e�r�c�e�n�t� �R� �=� �r�a�t�i�o� �o�f� �Q�1� �p�e�r�c�e�n�t� �c�o�v�e�r� �t�o� �Q�1� �v�o�l�u�m�e� �3� 
�t� 

�E�s�s�e�n�t�i�a�l�l�y� �t�h�e� �v�o�l�u�m�e� �o�f� �Q�1� �p�a�r�t�i�c�l�e�s� �w�a�s� �p�r�e�d�i�c�t�e�d� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� 

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

�r�e�g�r�e�s�s�i�o�n� �w�i�t�h�o�u�t� �a�n� �i�n�t�e�r�c�e�p�t� �s�e�p�a�r�a�t�e�l�y� �f�o�r� �e�a�c�h� �s�t�r�a�t�u�m� �u�s�i�n�g� �t�h�e� �Q�2� 

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

�v�o�l�u�m�e� �a�r�e� �s�i�m�i�l�a�r� �b�e�t�w�e�e�n� �t�h�e� �Q�1� �a�n�d� �Q�2� �q�u�a�d�r�a�t� �s�i�z�e� �c�l�a�s�s�e�s�.� �T�h�e� �f�i�t�t�e�d� 

�R�'�s� �m�a�y� �b�e� �f�o�u�n�d� �i�n� �T�a�b�l�e� �1�.� 

�C�h�a�p�t�e�r� �3� �M�e�t�h�o�d�s� �3�9



�T�a�b�l�e� �1�.� �F�i�t�t�e�d� �& ��s� �(�r�a�t�i�o� �c�o�e�f�f�i�c�i�e�n�t�s�)� �f�o�r� �Q�1� �V�o�l�u�m�e� �E�s�t�i�m�a�t�i�o�n� �a�t� �P�e�t�r�i�f�i�e�d� 
�F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 
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�S�t�r�a�t�u�m� �R� 

�B�l�u�e� �M�e�s�a� �2�1�.�4� 

�C�r�y�s�t�a�l� �F�o�r�e�s�t� �3�0�.�0� 

�G�i�a�n�t� �L�o�g�s� �1�8�.�5� 

�J�a�s�p�e�r� �F�o�r�e�s�t� �1�9�.�5� 

�L�o�n�g� �L�o�g�s� �1�9�.�6� � � � � � � 

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

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

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

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

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

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

�a�c�r�e� �e�s�t�i�m�a�t�e�s� �t�o� �t�o�t�a�l�s� �f�o�r� �e�a�c�h� �s�t�r�a�t�u�m�.� �T�a�b�l�e� �2� �s�u�m�m�a�r�i�z�e�s� �t�h�e� �a�r�e�a�s� 

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

�C�h�a�p�t�e�r� �3� �M�e�t�h�o�d�s� �4�0



�T�a�b�l�e� �2�.� �A�c�r�e�a�g�e� �S�a�m�p�l�e�d� �i�n� �e�a�c�h� �S�t�r�a�t�u�m� �a�t� �t�h�e� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� 
�P�a�r�k� 
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�S�t�r�a�t�u�m� �T�o�t�a�l� �A�c�r�e�a�g�e� �|� �C�o�r�r�i�d�o�r� �1� �C�o�r�r�i�d�o�r� �2� �C�o�r�r�i�d�o�r� �3� 

�S�a�m�p�l�e�d� �A�r�e�a� �A�r�e�a� �A�r�e�a� 

�B�l�u�e� �M�e�s�a� �1�3�9�.�6�4� �1�.�2�9� �1�.�3�5� �1�.�4�6� 

�J�a�s�p�e�r� �F�o�r�e�s�t� �9�5�.�5�6� �8�1� �.�8�6� �1�.�0�1� 

�C�r�y�s�t�a�l� �F�o�r�e�s�t� �5�6�.�2�1� �.�9�6� �2�.�2�6� �1�.�4�7� 

�L�o�n�g� �L�o�g�s� �8�9�.�9�6� �1�.�6�8� �1�.�8�3� �2�.�4�2� 

�G�i�a�n�t� �L�o�g�s� �7�5�.�6�8� �4�4� �.�7�6� �.�6�6� � � � � � � � � � � � � 

�B�a�c�k�c�o�u�n�t�r�y� �S�a�m�p�l�i�n�g� �U�n�i�t� �V�a�r�i�a�n�c�e� �E�s�t�i�m�a�t�i�o�n� 

�M�u�c�h� �d�e�b�a�t�e� �h�a�s� �t�a�k�e�n� �p�l�a�c�e� �o�v�e�r� �t�h�e� �e�s�t�i�m�a�t�i�o�n� �o�f� �v�a�r�i�a�n�c�e� �f�o�r� �L�I�S� 

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

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

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

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

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

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

�(�1�9�7�3�)�.� �T�h�e� �D�e� �V�r�i�e�s� �e�s�t�i�m�a�t�o�r� �a�s�s�u�m�e�s� �i�n�d�e�p�e�n�d�e�n�c�e� �a�m�o�n�g� �t�h�e� �s�a�m�p�l�i�n�g� 

�C�h�a�p�t�e�r� �3� �M�e�t�h�o�d�s� �4�1



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

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

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

�e�s�t�i�m�a�t�o�r� �x�;� �i�s� 

�S�?� �=� �&�1�_�_�_�_�_�,� �[�3�]� 

�w�h�e�r�e� �j� �i�n�d�e�x�e�s� �t�h�e� �p�a�r�t�i�c�l�e� �s�i�z�e� �c�l�a�s�s� �(�s�e�e� �F�i�g�u�r�e�s� �5� �a�n�d� �6�)�.� �T�h�i�s� �e�s�t�i�m�a�t�o�r� 

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

�T�r�a�i�l� �S�a�m�p�l�i�n�g� �U�n�i�t� �V�a�r�i�a�n�c�e� �E�s�t�i�m�a�t�i�o�n� 

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

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

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

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

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

�s�a�m�p�l�e� �x� �w�i�t�h� �m� �g�r�o�u�p�s�,� �c�o�r�r�i�d�o�r� �i� �=� �1�,�2�,�3�,� �g�r�o�u�p� �n�u�m�b�e�r� �k� �=� �1�,�2�,�3�,�4�,�5�,� 

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

�1�  �� �X�e� �+� �X�a �� �+� �X�a�~� �3�2� �4� �m�i�m� �a� �2�a� �2� �x�)� �[�4�]� � � 

�C�h�a�p�t�e�r� �3� �M�e�t�h�o�d�s� �4�2



�w�h�e�r�e� �n� �i�s� �t�h�e� �n�u�m�b�e�r� �o�f� �a�v�a�i�l�a�b�l�e� �o�b�s�e�r�v�a�t�i�o�n�s� �w�i�t�h�i�n� �a� �g�r�o�u�p� �(�n� �<� �3�)�.� 
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�v�a�n�|� �S�a�x� �=� �)�\�a�°�V�A�R�(�X�)� �[�5�]� 

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

�a� �=� �s�o�m�e� �c�o�n�s�t�a�n�t�.� 

�C�o�n�f�i�d�e�n�c�e� �I�n�t�e�r�v�a�l� �E�s�t�i�m�a�t�i�o�n� 

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

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

�C�h�a�p�t�e�r� �3� �M�e�t�h�o�d�s� �4�3



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

�t�r�a�i�l� �a�n�d� �t�o�t�a�l� �e�s�t�i�m�a�t�e�s� �o�f� �t�h�e� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �d�a�t�a�,� 

�T�+�t�t� � �,�x�v�V�A�R� �[�6�]� 
�(�a�-�N�A�-�>� 

�w�h�e�r�e�:� �T� �=� �s�o�m�e� �e�s�t�i�m�a�t�e� �o�f� �i�n�t�e�r�e�s�t� 

�t�i�n�-�1�)�,� �W�S� �=� �t�-�d�i�s�t�r�i�b�u�t�i�o�n� �q�u�a�n�t�i�l�e� 
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�o�f� �p�e�t�r�i�f�i�e�d� �w�o�o�d� �s�a�m�p�l�e�d� �a�s� �a� �p�e�r�c�e�n�t�a�g�e�,� �E�q�u�a�t�i�o�n� �7� �w�a�s� �u�s�e�d� �a�s� �f�o�l�l�o�w�s�:� 

�1�3�1�)� �4�0�0� �=� �2�0�9�6�.� �6�2�5� 

�C�h�a�p�t�e�r� �4� �P�e�r�c�e�n�t� �C�o�v�e�r� �R�e�s�u�l�t�s� �4�7



�T�h�e� �q�u�a�d�r�a�t� �p�e�r�c�e�n�t� �g�r�o�u�n�d� �c�o�v�e�r� �w�a�s� �a�l�s�o� �e�x�p�r�e�s�s�e�d� �a�s� �a� �p�e�r�c�e�n�t�a�g�e� �o�f� 

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

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

�S�t�r�a�t�a�.� 

�B�a�c�k�c�o�u�n�t�r�y� �T�o�t�a�l� �a�n�d� �V�a�r�i�a�n�c�e� �E�s�t�i�m�a�t�i�o�n� 

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

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

�(�E�q�u�a�t�i�o�n�s� �6� �a�n�d� �7� �r�e�s�p�e�c�t�i�v�e�l�y�)� �a�n�d� �a�v�e�r�a�g�e�d�.� �T�a�b�l�e� �4� �l�i�s�t�s� �t�h�e� 

�b�a�c�k�c�o�u�n�t�r�y� �l�i�n�e� �i�n�t�e�r�s�e�c�t� �1�9�9�3� �d�a�t�a� �f�o�r� �G�i�a�n�t� �L�o�g�s�,� �s�i�z�e� �c�l�a�s�s� �1� �c�o�l�l�e�c�t�e�d� 

�a�t� �t�h�e� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� �a�s� �a�n� �e�x�a�m�p�l�e�.� 

�T�a�b�l�e� �4�.� �1�9�9�3� �B�a�c�k�c�o�u�n�t�r�y� �L�i�n�e� �I�n�t�e�r�s�e�c�t� �P�e�r�c�e�n�t� �C�o�v�e�r� �D�a�t�a� �f�o�r� �t�h�e� �G�i�a�n�t� 
�L�o�g�s� �S�t�r�a�t�u�m�,� �S�i�z�e� �C�l�a�s�s� �1� �a�t� �t�h�e� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 
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�L�i�n�e� �#� �%� �C�o�v� �L�i�n�e� �#� �%� �C�o�v� 
�1�6� �0�.�0� �2�6� �0�.�0� 
�1�7� �3�.�8� �2�7� �8�.�8� 
�1�8� �3�.�1� �2�8� �0�.�0� 
�1�9� �0�.�0� �2�9� �3�.�0� 
�2�0� �0�.�0� �3�0� �1�4�.�8� 
�2�1� �1�7�.�6� �3�1� �0�.�0� 
�2�2� �0�.�0� �3�2� �0�.�0� 
�2�3� �6�.�0� �3�3� �0�.�0� 
�2�4� �0�.�0� �3�4� �0�.�0� 
�2�5� �0�.�0� �3�5� �0�.�0� � � � � � � � � � � 

�C�h�a�p�t�e�r� �4� �P�e�r�c�e�n�t� �C�o�v�e�r� �R�e�s�u�l�t�s� �4�8



�T�o� �a�r�r�i�v�e� �a�t� �a� �t�o�t�a�l� �l�i�n�e� �i�n�t�e�r�c�e�p�t� �p�e�r�c�e�n�t� �c�o�v�e�r� �e�s�t�i�m�a�t�e� �f�o�r� �G�i�a�n�t� �L�o�g�s� �s�i�z�e� 

�c�l�a�s�s� �1�,� �t�h�e� �d�a�t�a� �i�n� �T�a�b�l�e� �4� �w�o�u�l�d� �b�e� �m�a�n�i�p�u�l�a�t�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �w�a�y�:� 

�0�0�4�+� �3�.�8�+�3�.�1�+�-�-�-�+�0�0�+� �0�0� 

�2�0� 
�=� �2�8�6�.� � � 

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

�e�s�t�i�m�a�t�e� �a�b�o�v�e� �t�h�e� �D�e� �V�r�i�e�s� �E�q�u�a�t�i�o�n� �3� �w�a�s� �u�s�e�d�.� �U�s�i�n�g� �t�h�e� �d�a�t�a� �i�n� �T�a�b�l�e� 

�4� �a�n�d� �E�q�u�a�t�i�o�n� �3� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n� �b�e�c�o�m�e�s�:� 

�(�0�.�0� �-� �2�.�8�6�)�?� 

�+� �(�3�.�8� �-� �2�.�8�6�)�?� 

�+� �(�0�.�0� �-� �2�.�8�6�)�?� 

�+� �(�0�.�0� �-� �2�.�8�6�)�?� 

�=� �5�1�1�.�2�8�,� 

�d�i�v�i�d�i�n�g� �b�y� �t�h�e� �s�a�m�p�l�e� �s�i�z�e� �y�i�e�l�d�s�:� 

�5�1�1�2�8� �V�A�R�(�%�C�.� �~� �O�t�o� �_�4� 
�(�L�O�V�s�e�1�)� �=� �9�1�9�0� 

�T�o� �a�f�f�i�x� �a� �l�e�v�e�l� �o�f� �c�o�n�f�i�d�e�n�c�e� �t�o� �p�e�r�c�e�n�t� �c�o�v�e�r� �e�s�t�i�m�a�t�e�s�,� �E�q�u�a�t�i�o�n� �6� 

�w�a�s� �u�s�e�d�.� �A� �t�w�o� �s�i�d�e�d� �9�5� �p�e�r�c�e�n�t� �c�o�n�f�i�d�e�n�c�e� �i�n�t�e�r�v�a�l� �a�s�s�u�m�i�n�g� �n�o�r�m�a�l�i�t�y� 

�f�o�r� �t�h�e� �G�i�a�n�t� �L�o�g�s� �l�i�n�e� �i�n�t�e�r�c�e�p�t� �s�i�z�e� �c�l�a�s�s� �1� �p�e�r�c�e�n�t� �c�o�v�e�r� �e�s�t�i�m�a�t�e� �i�s�:� 

�2�.�8�6� �+� �t�y� �9�)�,�.�9�7�5� �x�v� �1�.�3�5� 

�C�h�a�p�t�e�r� �4� �P�e�r�c�e�n�t� �C�o�v�e�r� �R�e�s�u�l�t�s� �4�9



�=� �2�8�6�+� �2�0�9�3� �x� �1�1�6� 

�=� �2�8�6�4� �2�4�3� 

�=� �(�4�3�,� �5�.�2�9�)�.� 

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

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

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

�S�u�m�m�a�r�y� �o�f� �B�a�c�k�c�o�u�n�t�r�y� �P�e�r�c�e�n�t� �C�o�v�e�r� �E�s�t�i�m�a�t�e�s� 

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

�b�a�c�k�c�o�u�n�t�r�y� �s�a�m�p�l�i�n�g� �u�n�i�t�s�,� �t�h�e�r�e�f�o�r�e� �t�h�e� �1�9�9�3� �a�n�d� �1�9�9�4� �b�a�c�k�c�o�u�n�t�r�y� �l�i�n�e� 

�i�n�t�e�r�s�e�c�t� �e�s�t�i�m�a�t�e�s� �a�r�e� �i�d�e�n�t�i�c�a�l�.� �T�a�b�l�e� �5� �s�u�m�m�a�r�i�z�e�s� �t�h�e� �b�a�c�k�c�o�u�n�t�r�y� �l�i�n�e� 

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

�R�e�c�a�l�l� �t�h�a�t� �t�h�e� �q�u�a�d�r�a�t� �s�a�m�p�l�e�s� �w�e�r�e� �d�i�s�t�i�n�c�t� �d�u�r�i�n�g� �t�h�e� �1�9�9�3� �a�n�d� 

�1�9�9�4� �i�n�v�e�n�t�o�r�i�e�s� �(�F�i�g�u�r�e� �6�)�.� �K�e�e�p� �i�n� �m�i�n�d� �t�h�a�t� �t�h�e� �p�e�r�c�e�n�t� �c�o�v�e�r� �e�s�t�i�m�a�t�e�s� 

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

�p�e�t�r�i�f�i�e�d� �w�o�o�d� �d�i�s�p�l�a�c�e�m�e�n�t� �a�s� �t�h�e� �l�i�n�e� �i�n�t�e�r�s�e�c�t� �e�s�t�i�m�a�t�e�s�.� �T�a�b�l�e�s� �6� �a�n�d� �7� 

�s�u�m�m�a�r�i�z�e� �t�h�e� �b�a�c�k�c�o�u�n�t�r�y� �q�u�a�d�r�a�t� �p�e�r�c�e�n�t� �c�o�v�e�r� �d�a�t�a� �f�o�r� �e�a�c�h� �s�t�r�a�t�u�m� �f�o�r� 

�1�9�9�3� �a�n�d� �1�9�9�4� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�C�h�a�p�t�e�r� �4� �P�e�r�c�e�n�t� �C�o�v�e�r� �R�e�s�u�l�t�s� �5�0
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�T�a�b�l�e� �5�.� �1�9�9�3� �a�n�d� �1�9�9�4� �B�a�c�k�c�o�u�n�t�r�y� �P�e�r�c�e�n�t� �C�o�v�e�r� �L�i�n�e� �I�n�t�e�r�s�e�c�t� �D�a�t�a� 
�S�u�m�m�a�r�y� �a�t� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 

�B�l�u�e� �M�e�s�a� 

�S�i�z�e� �C�l�a�s�s� �1� �S�i�z�e� �C�l�a�s�s� �2� �S�i�z�e� �C�l�a�s�s� �3� 
�A�v�e�r�a�g�e� �1�.�4�5� �1�.�7�5� �2�.�2�7� 

�S�t�a�n�d�a�r�d� �E�r�r�o�r� �0�.�7�3� �0�.�6�0� �1�.�4�2� 
�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� �2�0� 
�9�5�%� �C�.� �|�.� �(�-�0�.�0�9�,� �2�.�9�9�)� �(�0�.�4�9�,� �3�.�0�2�)� �(�-�0�.�7�0�,� �5�.�2�5�)� 

�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �3�.�0�1� �1�.�1�5� �1�.�6�9� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �1�.�4�7� �0�.�6�9� �0�.�5�7� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� �2�0� 
�9�5�%� �C�.� �|�.� �(�-�O�0�.�0�6�,� �6�.�0�8�)� �(�0�.�7�1�,� �3�.�5�9�)� �(�0�.�5�0�,� �2�.�8�8�)� 

�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �2�.�8�5� �3�.�5�5� �1�.�6�1� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �1�.�1�6� �1�.�7�2� �0�.�7�3� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� �2�0� 
�9�5�%� �C�.� �|�.� �(�0�.�4�2�,� �5�.�2�8�)� �(�-�0�.�0�5�,� �7�.�1�5�)� �(�0�.�0�8�,� �3�.�1�5�)� 

�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �4�.�3�6� �3�.�2�5� �3�.�0�2� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �1�.�5�8� �1�.�1�1� �1�.�1�3� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� �2�0� 
�9�5�%� �C�.� �|�.� �(�1�.�0�6�,� �7�.�6�7�)� �(�0�.�9�2�,� �5�.�5�8�)� �(�0�.�6�6�,� �5�.�3�9�)� 

�L�o�n�g� �L�o�g�s� 

�A�v�e�r�a�g�e� �2�.�5�1� �2�.�5�3� �2�.�3�5� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �0�.�9�2� �0�.�7�3� �0�.�7�8� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� �2�0� 
�9�5�%� �C�.� �|�.� �(�0�.�5�9�,� �4�.�4�4�)� �(�0�.�9�9�,� �4�.�0�6�)� �(�0�.�7�1�,� �3�.�9�9�)� 

�S�i�z�e� �C�l�a�s�s� �1� �=� �.�2�5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �1 �� 
�S�i�z�e� �C�l�a�s�s� �2� �=� �1 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �5 �� 
�S�i�z�e� �C�l�a�s�s� �3� �=� �5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� 
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�B�l�u�e� �M�e�s�a� 

�S�i�z�e� �C�l�a�s�s� �O� �S�i�z�e� �C�l�a�s�s� �1� 
�A�v�e�r�a�g�e� �0�.�2�4� �3�.�2�6� 

�S�t�a�n�d�a�r�d� �E�r�r�o�r� �0�.�1�6� �1�.�5�9� 
�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� 

�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�-�0�.�0�9�,� �0�.�5�8�)� �(�-�0�.�0�7�,� �6�.�6�0�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �0�.�3�1� �6�.�8�7� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �0�.�1�0� �2�.�1�6� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� 
�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�0�.�0�9�,� �0�.�5�2�)� �(�2�.�3�5�,� �1�1�.�3�9�)� 

�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �0�.�1�1� �3�.�8�2� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �0�.�0�4� �1�.�6�3� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� 
�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�0�.�0�3�,� �0�.�1�9�)� �(�0�.�4�0�,� �7�.�2�3�)� 

�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �0�.�2�9� �4�.�9�3� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �0�.�2�2� �2�.�2�6� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� 
�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�-�0�.�1�8�,� �0�.�7�6�)� �(�0�.�1�9�,� �9�.�6�6�)� 

�L�o�n�g� �L�o�g�s� 

�A�v�e�r�a�g�e� �0�.�0�9� �3�.�7�9� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �0�.�1�3� �1�.�8�3� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� 
�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�0�.�0�3�,� �0�.�1�5�)� �(�1�.�0�1�,� �6�.�5�7�)� � � � � � � � � 

�S�i�z�e� �C�l�a�s�s� �O� �=� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �.�2�5 �� 
�S�i�z�e� �C�l�a�s�s� �1� �=� �.�2�5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �1 �� 
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�B�l�u�e� �M�e�s�a� 

�S�i�z�e� �C�l�a�s�s� �O� �S�i�z�e� �C�l�a�s�s� �1� 
�A�v�e�r�a�g�e� �0�.�1�9� �2�.�1�3� 

�S�t�a�n�d�a�r�d� �E�r�r�o�r� �0�.�1�6� �1�.�1�6� 
�S�a�m�p�l�e� �S�i�z�e� �2�-� �2�0� 

�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�-�0�.�1�4�,� �0�.�5�2�)� �(�-�0�.�3�0�,� �4�.�5�6�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �0�.�2�6� �5�.�5�8� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �0�.�1�6� �1�.�6�4� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� 
�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�-�0�.�0�7�,� �0�.�5�9�)� �(�2�.�1�3�,� �9�.�0�2�)� 

�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �0�.�0�4� �3�.�3�8� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �0�.�0�1� �1�.�5�5� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� 
�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�0�.�0�1�,� �0�.�0�7�)� �(�0�.�1�2�,� �6�.�6�3�)� 

�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �0�.�0�4� �1�.�6�5� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �0�.�0�2� �1�.�5�5� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� 

�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�0�.�0�1�,� �0�.�0�7�)� �(�0�.�3�8�,� �2�.�9�1�)� 
�L�o�n�g� �L�o�g�s� 

�A�v�e�r�a�g�e� �0�.�0�7� �3�.�6�0� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �0�.�0�2� �1�.�2�0� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� 
�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�0�.�0�2�,� �0�.�1�0�)� �(�1�.�0�7�,� �6�.�1�2�)� � � � � � � 

�S�i�z�e� �C�l�a�s�s� �O� �=� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �.�2�5 �� 
�S�i�z�e� �C�l�a�s�s� �1� �=� �.�2�5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �1 �� 

�C�h�a�p�t�e�r� �4� �P�e�r�c�e�n�t� �C�o�v�e�r� �R�e�s�u�l�t�s� �5�3� 
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�T�r�a�i�l� �C�o�r�r�i�d�o�r� �A�v�e�r�a�g�e� �a�n�d� �V�a�r�i�a�n�c�e� �E�s�t�i�m�a�t�i�o�n� 

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

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

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

�a�v�e�r�a�g�e�s� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d�.� �R�e�c�a�l�l� �t�h�a�t� �c�o�r�r�i�d�o�r� �1� �i�s� �O� �t�o� �1�5� �f�e�e�t� �o�n� �b�o�t�h� 

�s�i�d�e�s� �o�f� �t�h�e� �t�r�a�i�l�,� �c�o�r�r�i�d�o�r� �2� �i�s� �1�5� �t�o� �3�0� �f�e�e�t� �o�n� �b�o�t�h� �s�i�d�e�s� �o�f� �t�h�e� �t�r�a�i�l� �a�n�d� 

�c�o�r�r�i�d�o�r� �3� �i�s� �3�0� �t�o� �4�5� �f�e�e�t� �o�n� �b�o�t�h� �s�i�d�e�s� �o�f� �t�h�e� �t�r�a�i�l�.� �T�h�e�s�e� �c�o�r�r�i�d�o�r� 

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

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

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

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

�T�a�b�l�e� �8� �l�i�s�t�s� �J�a�s�p�e�r� �F�o�r�e�s�t� �l�i�n�e� �i�n�t�e�r�s�e�c�t� �d�a�t�a� �f�o�r� �s�i�z�e� �c�l�a�s�s� �1�,� �c�o�l�l�e�c�t�e�d� �a�t� 

�t�h�e� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� �d�u�r�i�n�g� �t�h�e� �1�9�9�4� �i�n�v�e�n�t�o�r�y�.� 

�T�a�b�l�e� �8�.� �T�r�a�i�l� �P�e�r�c�e�n�t� �C�o�v�e�r� �D�a�t�a� �f�o�r� �t�h�e� �J�a�s�p�e�r� �F�o�r�e�s�t� �S�t�r�a�t�u�m�,� �S�i�z�e� �C�l�a�s�s� 
�1� �a�t� �t�h�e� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 

�l�i�n�e� �n�u�m�b�e�r� �c�o�r�r�i�d�o�r� �#� �%� �C�o�v�e�r� 
�1� �m�i�s�s�i�n�g� �9�4� 

�m�i�s�s�i�n�g� �9�4� 
�m�i�s�s�i�n�g� �9�4� 

�6�.�5� 
�m�i�s�s�i�n�g� �9�4� 

�1�1�.�8� 
�2�.�5� 

�2�0�.�6� 
�1�0�.�8� 
�8�.�8� 
�5�.�5� 

�0� 
�7�.�2� 
�8�.�5� 
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�R�e�c�a�l�l� �t�h�a�t� �s�o�m�e� �t�r�a�i�l� �s�a�m�p�l�i�n�g� �u�n�i�t�s� �w�e�r�e� �d�e�s�t�r�o�y�e�d� �b�e�t�w�e�e�n� 

�i�n�v�e�n�t�o�r�i�e�s�.� �I�f� �a� �s�a�m�p�l�i�n�g� �u�n�i�t�s� �w�a�s� �d�e�s�t�r�o�y�e�d� �d�u�r�i�n�g� �t�h�e� �1�9�9�4� �i�n�v�e�n�t�o�r�y�,� 

�t�h�e� �1�9�9�3� �d�a�t�a� �w�a�s� �n�o�t� �u�s�e�d� �i�n� �a�n�y� �c�a�l�c�u�l�a�t�i�o�n�s� �(�c�o�d�e�d� �m�i�s�s�i�n�g� �9�4�)�.� 

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

�s�i�m�p�l�y� �a�v�e�r�a�g�e�d� �a�s� �f�o�l�l�o�w�s�:� 

� � 

�C�o�r�r�i�d�o�r� �1�:� �c�a�e� �=� �6�.�2�5� 

�C�o�r�r�i�d�o�r� �2�:�  ��e�n�e� �=� �1�1�5�3� 

�C�o�r�r�i�d�o�r� �3�:� �1�1�8�+� �a�a� �0�.�0�+� �2�0�.�9� �~� �1�0�8�7�.� 

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

�E�q�u�a�t�i�o�n� �3�.� �F�o�r� �e�x�a�m�p�l�e�,� �f�o�r� �t�h�e� �C�o�r�r�i�d�o�r� �2� �p�e�r�c�e�n�t� �c�o�v�e�r� �e�s�t�i�m�a�t�e�,� �t�h�e� 

�c�a�l�c�u�l�a�t�i�o�n� �f�o�r� �v�a�r�i�a�n�c�e� �w�o�u�l�d� �b�e�:� 

�_� 
�2�(�3�)� �[�(�2�0�.�6�-� �1�1�5�3�)�?� �+� �(�5�.�5� �-� �1�1�5�3�)�?� �+�(�8�5�-�1�1�5�3�)�?�]� �=� �2�1�.�3�0�.� 

�T�o� �a�f�f�i�x� �a� �l�e�v�e�l� �o�f� �c�o�n�f�i�d�e�n�c�e� �t�o� �c�o�r�r�i�d�o�r� �e�s�t�i�m�a�t�e�s�,� �E�q�u�a�t�i�o�n� �6� �w�a�s� 

�u�s�e�d� �w�i�t�h� �a� �=� �.�0�5� �a�n�d� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �d�e�g�r�e�e�s� �o�f� �f�r�e�e�d�o�m� �f�o�r� �e�a�c�h� 

�c�o�r�r�i�d�o�r�.� 

�S�u�m�m�a�r�y� �o�f� �T�r�a�i�l� �C�o�r�r�i�d�o�r� �P�e�r�c�e�n�t� �C�o�v�e�r� �E�s�t�i�m�a�t�e�s� 

�T�a�b�l�e�s� �9�,� �1�0�,� �1�1�,� �1�2�,� �1�3�,� �a�n�d� �1�4� �s�u�m�m�a�r�i�z�e� �t�h�e� �l�i�n�e� �i�n�t�e�r�s�e�c�t� �p�e�r�c�e�n�t� 

�c�o�v�e�r� �e�s�t�i�m�a�t�e�s� �b�y� �c�o�r�r�i�d�o�r�s� �a�n�d� �p�e�t�r�i�f�i�e�d� �w�o�o�d� �s�i�z�e� �c�l�a�s�s�e�s� �f�o�r� �t�h�e� �1�9�9�3� 

�a�n�d� �1�9�9�4� �i�n�v�e�n�t�o�r�i�e�s�.� �T�a�b�l�e�s� �1�5�,� �1�6�,� �1�7�,� �a�n�d� �1�8� �s�u�m�m�a�r�i�z�e� �t�h�e� �q�u�a�d�r�a�t� 

�C�h�a�p�t�e�r� �4� �P�e�r�c�e�n�t� �C�o�v�e�r� �R�e�s�u�l�t�s� �5�5



�p�e�r�c�e�n�t� �c�o�v�e�r� �d�a�t�a� �b�y� �s�i�z�e� �c�l�a�s�s�e�s� �a�n�d� �c�o�r�r�i�d�o�r�s� �f�o�r� �t�h�e� �1�9�9�3� �a�n�d� �1�9�9�4� 

�i�n�v�e�n�t�o�r�i�e�s�.� 

�T�h�e� �c�h�a�n�g�e� �o�f� �p�e�t�r�i�f�i�e�d� �w�o�o�d� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �(�1�9�9�3� �e�s�t�i�m�a�t�e� �-� �1�9�9�4� 

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

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

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

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

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

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

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

�e�a�c�h� �s�t�r�a�t�u�m� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�C�h�a�p�t�e�r� �4� �P�e�r�c�e�n�t� �C�o�v�e�r� �R�e�s�u�l�t�s� �5�6



�1�9�9�3� �S�i�z�e� �C�l�a�s�s� �1� �P�e�r�c�e�n�t� �C�o�v�e�r� �L�i�n�e� �I�n�t�e�r�s�e�c�t� �T�r�a�i�l� �C�o�r�r�i�d�o�r� �D�a�t�a� 
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�C�h�a�p�t�e�r� �4� �P�e�r�c�e�n�t� �C�o�v�e�r� �R�e�s�u�l�t�s� 

�T�a�b�l�e� �9�.� 
�C�o�l�l�e�c�t�e�d� �a�t� �t�h�e� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 

�B�l�u�e� �M�e�s�a� 

�C�o�r�r�i�d�o�r� �1� �C�o�r�r�i�d�o�r� �2� �C�o�r�r�i�d�o�r� �3� 
�A�v�e�r�a�g�e� �3�.�2�6� �2�.�7�5� �9�.�0�3� 

�S�t�a�n�d�a�r�d� �E�r�r�.� �1�.�8�2� �1�.�9�0� �3�.�0�4� 
�n� �3� �-� �4� �4� 

�9�5� �%�C�.�l�.� �(�-�4�.�5�5�,� �1�1�.�0�9�)� �(�-�3�.�2�8�,� �8�.�7�9�)� �(�-�0�.�6�4�,� �1�8�.�7�0�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �6�.�9�0� �4�.�1�8� �4�.�2�7� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �6�.�9�0� �0�.�9�9� �2�.�3�3� 

�n� �2� �4� �3� 
�9�5�%� �C�.�l�.� �(�-�8�0�.�7�7�,� �9�4�.�5�7�)� �(�1�.�0�3�,� �7�.�3�2�)� �(�-�5�.�7�8�,� �1�4�.�3�1�)� 

�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �6�.�7�6� �0�.�0� �1�.�2�5� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �u�n�d�e�f�i�n�e�d� �0�.�0� �1�.�2�5� 

�n� �1� �3� �3� 

�9�5� �%� �C�.�I�.� �N�/�A� �N�/�A� �(�-�4�.�1�4�,� �6�.�6�5�)� 
�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �6�.�3� �1�1�.�5�6� �1�0�.�9�1� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �1�.�3�5� �4�.�6�2� �4�.�2�9� 

�n� �4� �3� �4� 

�9�5�%� �C�.�l�.� �(�1�.�9�9�,� �1�0�.�6�0�)� �(�-�8�.�3�4�,� �3�1�.�4�4�)� �(�-�2�.�7�5�,� �2�4�.�5�6�)� 
�L�o�n�g� �L�o�g�s� 

�A�v�e�r�a�g�e� �1�.�9�2� �2�.�1�0� �4�.�2�5� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �1�.�9�2� �2�.�1�0� �1�.�6�4� 

�n� �4� 

�9�5�%� �C�.�l�.� �(�-�6�.�3�4�,� �1�0�.�1�8�)� �(�-�4�.�5�8�,� �8�.�7�8�)� �(�-�2�.�8�4�,� �1�1�.�3�4�)� 
�S�i�z�e� �C�l�a�s�s� �1� �=� �.�2�5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �1 �� 

�5�7
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�T�a�b�l�e� �1�0�.� �1�9�9�4� �S�i�z�e� �C�l�a�s�s� �1� �P�e�r�c�e�n�t� �C�o�v�e�r� �L�i�n�e� �I�n�t�e�r�s�e�c�t� �T�r�a�i�l� �C�o�r�r�i�d�o�r� 
�D�a�t�a� �C�o�l�l�e�c�t�e�d� �a�t� �t�h�e� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 

�B�l�u�e� �M�e�s�a� 

�C�o�r�r�i�d�o�r� �1� �C�o�r�r�i�d�o�r� �2� �C�o�r�r�i�d�o�r� �3� 
�A�v�e�r�a�g�e� �3�.�2�6� �4�.�3�9� �9�.�0�3� 

�S�t�a�n�d�a�r�d� �E�r�r�.� �1�.�8�2� �3�.�4�6� �3�.�0�4� 
�n� �3� �4� �4� 

�9�5� �%�C�.�l�.� �(�-�4�.�5�5�,� �1�1�.�0�9�)� �(�-�6�.�6�3�,� �1�5�.�4�1�)� �(�-�O�.�6�4�,� �1�8�.�7�0�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �6�.�9�0� �3�.�7�7� �4�.�2�7� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �6�.�9�0� �1�.�0�1� �2�.�3�3� 

�n� �2� �4� �3� 
�9�5� �%� �C�.�I�.� �(�-�8�0�.�7�7�,� �9�4�.�5�7�)� �(�0�.�5�5�,� �6�.�9�8�)� �(�-�5�.�7�8�,� �1�4�.�3�1�)� 

�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �3�.�7�6� �0�.�0� �1�.�2�5� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �u�n�d�e�f�i�n�e�d� �0�.�0� �1�.�2�5� 

�n� �1� �3� �3� 

�9�5� �%� �C�.�l�.� �N�/�A� �N�/�A� �(�-�4�.�1�4�,� �6�.�6�5�)� 
�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �5�.�9�2� �1�0�.�6�0� �1�0�.�9�1� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �1�.�3�8� �5�.�0�2� �4�.�2�9� 

�n� �3� �4� 

�9�5� �%� �C�.�I�.� �(�1�.�5�2�,� �1�0�.�3�3�)� �(�-�1�1�.�0�0�,� �3�2�.�2�0�)� �(�-�2�.�7�5�,� �2�4�.�5�6�)� 
�L�o�n�g� �L�o�g�s� 

�A�v�e�r�a�g�e� �1�.�9�2� �2�.�1�0� �4�.�2�5� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �1�.�9�2� �2�.�1�0� �1�.�6�4� 

�n� �4� 
�9�5� �%� �C�.�I�.� �(�-�6�.�3�4�,� �1�0�.�1�8�)� �(�-�4�.�5�8�,� �8�.�7�8�)� �(�-�2�.�8�4�,� �1�1�.�3�4�)� 

�S�i�z�e� �C�l�a�s�s� �1� �=� �.�2�5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �1 �� 

�C�h�a�p�t�e�r� �4� �P�e�r�c�e�n�t� �C�o�v�e�r� �R�e�s�u�l�t�s� �5�8� 

� 



�T�a�b�l�e� �1�1�.� 
�D�a�t�a� �C�o�l�l�e�c�t�e�d� �a�t� �t�h�e� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 

�1�9�9�3� �S�i�z�e� �C�l�a�s�s� �2� �P�e�r�c�e�n�t� �C�o�v�e�r� �L�i�n�e� �I�n�t�e�r�s�e�c�t� �T�r�a�i�l� �C�o�r�r�i�d�o�r� 
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�B�l�u�e� �M�e�s�a� 

�C�o�r�r�i�d�o�r� �1� �C�o�r�r�i�d�o�r� �2� �C�o�r�r�i�d�o�r� �3� 
�A�v�e�r�a�g�e� �7�.�9�1� �8�.�4�6� �2�.�7�1� 

�S�t�a�n�d�a�r�d� �E�r�r�.� �1�.�4�9� �5�.�4�7� �1�.�5�9� 
�n� �3� �4� �4� 

�9�5� �%� �C�.�l�.� �(�1�.�5�1�,� �1�4�.�3�0�)� �(�-�8�.�9�5�,� �2�5�.�8�7�)� �(�-�2�.�3�5�,� �7�.�7�8�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �1�.�1�3� �0�.�6�6� �8�.�0�7� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �1�.�1�3� �0�.�3�9� �5�.�1�0� 

�n� �2� �4� �3� 
�9�5� �%� �C�.�l�.� �(�-�1�3�.�2�3�,� �1�5�.�4�9�)� �(�-�0�.�5�6�,� �1�.�8�9�)� �(�-�1�3�.�8�6�,� �3�0�.�0�0�)� 

�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �4�.�6�8� �0�.�4�3� �2�.�0�9� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �u�n�d�e�f�i�n�e�d� �0�.�4�3� �2�.�0�9� 

�n� �1� �3� �3� 
�9�5� �%�C�.�l�.� �N�/�A� �(�-�1�.�4�3�,� �2�.�3�0�)� �(�-�6�.�8�9�,� �1�1�.�0�7�)� 

�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �1�.�5�5� �0�.�0� �1�.�1�7� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �1�.�0�4� �0�.�0� �0�.�7�1� 

�n� �4� �3� �4� 

�9�5� �%� �C�l�l�.� �(�-�1�.�7�5�,� �4�.�8�3�)� �N�/�A� �(�-�1�.�0�8�,� �3�.�4�3�)� 
�L�o�n�g� �L�o�g�s� 

�A�v�e�r�a�g�e� �1�.�4�1� �3�.�2�6� �0�.�4�1� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �0�.�7�4� �2�.�6�8� �0�.�4�1� 
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�B�l�u�e� �M�e�s�a� 

�C�o�r�r�i�d�o�r� �1� �C�o�r�r�i�d�o�r� �2� �C�o�r�r�i�d�o�r� �3� 
�A�v�e�r�a�g�e� �7�.�9�1� �8�.�4�6� �2�.�7�1� 

�S�t�a�n�d�a�r�d� �E�r�r�.� �1�.�4�9� �5�.�4�7� �1�.�5�9� 
�n� �3� �4� �4� 

�9�5� �%�C�.�1�.� �(�1�.�5�1�,� �1�4�.�3�0�)� �(�-�8�.�9�5�,� �2�5�.�8�7�)� �(�-�2�.�3�5�,� �7�.�7�8�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �1�.�1�3� �0�.�6�6� �8�.�0�7� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �1�.�1�3� �0�.�3�9� �5�.�1�0� 

�n� �2� �4� �3� 
�9�5�%� �C�.�l�.� �(�-�1�3�.�2�3�,� �1�5�.�4�9�)� �{�-�0�.�5�6�,� �1�.�8�9�)� �(�-�1�3�.�8�6�,� �3�0�.�0�0�)� 

�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �4�.�6�8� �0�.�4�3� �2�.�0�9� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �u�n�d�e�f�i�n�e�d� �0�.�4�3� �2�.�0�9� 

�n� �1� �3� �3� 

�9�5� �%�C�.�)�.� �N�/�A� �(�-�1�.�4�3�,� �2�.�3�0�)� �(�-�6�.�8�9�,� �1�1�.�0�7�)� 
�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �2�.�2�7� �0�.�0� �0�.�7�1� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �1�.�3�1� �0�.�0� �0�.�7�1� 

�n� �4� �3� �4� 
�9�5� �%� �C�.�l�.� �(�-�1�.�9�0�,� �6�.�4�3�)� �N�/�A� �(�-�1�.�5�6�,� �2�.�9�9�)� 

�L�o�n�g� �L�o�g�s� 

�A�v�e�r�a�g�e� �1�.�4�1� �3�.�2�6� �0�.�4�1� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �0�.�7�4� �2�.�6�8� �0�.�4�1� 

�n� �3� �4� �3� 

�9�5� �%�C�.�I�.� �(�-�1�.�7�9�,� �4�.�6�0�)� �(�-�5�.�2�8�,� �1�1�.�7�9�)� �(�-�1�.�3�4�,� �2�.�1�5�)� 
�S�i�z�e� �C�l�a�s�s� �2� �=� �1 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �5 �� 
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�B�l�u�e� �M�e�s�a� 

�C�o�r�r�i�d�o�r� �1� �C�o�r�r�i�d�o�r� �2� �C�o�r�r�i�d�o�r� �3� 
�A�v�e�r�a�g�e� �1�.�0�3� �4�.�5�4� �1�.�1�9� 

�S�t�a�n�d�a�r�d� �E�r�r�.� �1�.�0�3� �2�.�3�2� �1�.�1�9� 
�n� �3� �4� �4� 

�9�5� �%� �C�l�l�.� �(�-�3�.�3�9�,� �5�.�4�5�)� �(�-�2�.�8�3�,� �1�1�.�9�2�)� �(�-�2�.�5�9�,� �4�.�9�7�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �0�.�0� �1�.�7�5� �0�.�0� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �0�.�0� �1�.�0�6� �0�.�0� 

�n� �2� �4� �3� 
�9�5� �%� �C�.�I�.� �N�/�A� �(�-�1�.�6�1�,� �5�.�1�1�)� �N�/�A� 

�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �3�.�4�2� �0�.�0� �8�.�5�6� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �u�n�d�e�f�i�n�e�d� �0�.�0� �5�4�.�9�3� 

�n� �1� �3� �3� 
�9�5�%� �C�.�l�.� �N�/�A� �N�/�A� �(�-�9�.�8�6�,� �2�6�.�9�7�)� 

�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �1�.�3�7� �9�.�2�1� �4�.�7�0� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �1�.�3�7� �0�.�7�6� �2�.�1�4� 

�n� �4� �3� �4� 

�9�5�%� �C�l�.� �(�-�2�.�9�8�,� �5�.�7�1�)� �(�5�.�9�4�,� �1�2�.�4�8�)� �(�-�2�.�1�1�,� �1�1�.�5�1�)� 
�L�o�n�g� �L�o�g�s� 

�A�v�e�r�a�g�e� �8�.�1�1� �8�.�8�1� �1�.�2�2� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �7�.�1�3� �1�.�8�9� �4�.�4�8� 

�n� �3� �3� 
�9�5� �%� �C�.�l�.� �(�-�2�2�.�5�9�,� �3�8�.�8�1�)� �(�2�.�7�7�,� �1�4�.�8�4�)� �(�-�4�.�0�4�,� �6�.�4�8�)� 

�S�i�z�e� �C�l�a�s�s� �3� �=� �5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� 
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�B�l�u�e� �M�e�s�a� 

�C�o�r�r�i�d�o�r� �1� �C�o�r�r�i�d�o�r� �2� �C�o�r�r�i�d�o�r� �3� 
�A�v�e�r�a�g�e� �1�.�0�3� �4�.�5�4� �0�.�4�6� 

�S�t�a�n�d�a�r�d� �E�r�r�.� �1�.�0�3� �2�.�3�2� �0�.�4�6� 
�n� �3� �4� �4� 

�9�5�%� �C�.�l�.� �(�-�3�.�3�9�,� �5�.�4�5�)� �(�-�2�.�8�3�,� �1�1�.�9�2�)� �(�-�1�.�0�0�,� �1�.�9�2�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �0�.�0� �1�.�7�5� �0�.�0� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �0�.�0� �1�.�0�6� �0�.�0� 

�n� �2� �4� �3� 

�9�5�%� �C�.�l�.� �N�/�A� �(�-�1�.�6�1�,� �5�.�1�1�)� �N�/�A� 
�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �3�.�4�2� �0�.�0� �8�.�5�6� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �u�n�d�e�f�i�n�e�d� �0�.�0� �5�4�.�9�3� 

�n� �1� �3� �3� 

�9�5� �%� �C�.�l�.� �N�/�A� �N�/�A� �(�-�9�.�8�6�,� �2�6�.�9�7�)� 
�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �1�.�3�7� �9�.�2�1� �4�.�7�0� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �1�.�3�7� �0�.�7�6� �2�.�1�4� 

�n� �4� �3� �4� 
�9�5� �%� �C�.�l�.� �(�-�2�.�9�8�,� �5�.�7�1�)� �(�5�.�9�4�,� �1�2�.�4�8�)� �(�-�2�.�1�1�,� �1�1�.�5�1�)� 

�L�o�n�g� �L�o�g�s� 

�A�v�e�r�a�g�e� �8�.�1�1� �8�.�3�1� �1�.�2�2� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �7�.�1�3� �2�.�3�2� �4�.�4�8� 

�n� �3� �4� �3� 
�9�5�%� �C�.�l�.� �(�-�2�2�.�5�9�,� �3�8�.�8�1�)� �(�0�.�9�3�,� �1�5�.�6�8�)� �(�-�4�.�0�4�,� �6�.�4�8�)� 
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�B�l�u�e� �M�e�s�a� 

�C�o�r�r�i�d�o�r� �1� �C�o�r�r�i�d�o�r� �2� �C�o�r�r�i�d�o�r� �3� 
�A�v�e�r�a�g�e� �0�.�0�8� �0�.�0�7� �0�.�0�9� 

�S�t�a�n�d�a�r�d� �E�r�r�.� �0�.�0�8� �0�.�0�6� �0�.�0�8� 
�n� �3� �4� �4� 

�9�5� �%�C�.�I�.� �(�-�0�.�0�8�,� �0�.�2�3�)� �(�-�0�.�1�1�,� �0�.�2�5�)� �(�-�0�.�1�5�,� �0�.�3�3�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �0�.�8�6� �0�.�0�5� �0�.�2�1� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �0�.�4�1� �0�.�0�3� �0�.�0�5� 

�n� �2� �4� �3� 

�9�5� �%�C�.�l�.� �(�-�4�.�4�7�,� �6�.�2�0�)� �(�-�0�.�0�3�,� �0�.�1�4�)� �(�0�.�0�0�6�,� �0�.�4�2�)� 
�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �0�.�0�8� �0�.�0�8� �0�.�1�0� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �u�n�d�e�f�i�n�e�d� �0�.�0�3� �0�.�0�2� 

�n� �1� �3� �3� 
�9�5� �%� �C�l�.� �N�/�A� �(�-�0�.�0�3�,� �0�.�1�8�)� �(�-�0�.�0�3�,� �0�.�2�3�)� 

�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �0�.�3�0� �1�.�0�0� �0�.�4�6� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �0�.�1�1� �0�.�5�0� �0�.�2�5� 

�n� �4� �3� �4� 
�9�5� �%�C�.�l�.� �(�-�0�.�0�6�,� �0�.�6�5�)� �(�-�1�.�1�7�,� �3�.�1�6�)� �(�-�0�.�2�4�,� �1�.�2�6�)� 

�L�o�n�g� �L�o�g�s� 

�A�v�e�r�a�g�e� �0�.�5�0� �0�.�1�1� �0�.�0�8� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �0�.�5�0� �0�.�0�4� �0�.�0�0�1� 

�n� �3� �4� �3� 
�9�5� �%�C�.�I�.� �(�-�1�.�5�4�,� �2�.�5�3�)� �(�-�0�.�0�3�,� �0�.�2�5�)� �(�-�0�.�0�0�7�,� �0�.�1�7�)� 

�S�i�z�e� �C�l�a�s�s� �O� �=� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �.�2�5 �� 

�C�h�a�p�t�e�r� �4� �P�e�r�c�e�n�t� �C�o�v�e�r� �R�e�s�u�l�t�s� �6�3� 
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�S�i�z�e� �C�l�a�s�s� �1� 

�-�3�{�_�_�_�e� 
�C�o�n�d�o�r� 

�1� 
�C�o�r�r�i�d�o�r� �C�o�r�n�i�d�o�r� �A�v�e�r�a�g�e� 

�3� 

�F�i�g�u�r�e� �1�1�.� �C�h�a�n�g�e� �i�n� �P�e�r�c�e�n�t� �C�o�v�e�r� �i�n� �t�h�e� �T�r�a�i�l� 
�S�t�r�a�t�a� �A�s� �E�s�t�i�m�a�t�e�d� �F�r�o�m� �Q�u�a�d�r�a�t� �D�a�t�a� 

�C�h�a�p�t�e�r� �4� �P�e�r�c�e�n�t� �C�o�v�e�r� �R�e�s�u�l�t�s



�T�r�a�i�l� �T�o�t�a�l� �a�n�d� �V�a�r�i�a�n�c�e� �E�s�t�i�m�a�t�i�o�n� 

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

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

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

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

�s�i�z�e� �c�l�a�s�s� �1� �d�a�t�a� �(�T�a�b�l�e� �8�)� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n� �i�s�:� 

�|� �$�8� �1�1�8� 
�4�l� �2� 

�2�.�5�+� �2�0�.�6� �+� �1�0�.�8� 
�3� 

�8�.�8� �+� �5�.�5� �+� �0�.�0� 

�3� 

�7�.�2�+� �8�5�+� �2�0�8�)� 
�3� 

�=� �9�.�3�5� 

�T�o� �e�s�t�i�m�a�t�e� �t�h�e� �v�a�r�i�a�n�c�e� �o�f� �t�h�i�s� �e�s�t�i�m�a�t�e�,� �E�q�u�a�t�i�o�n� �4� �w�a�s� 

�i�m�p�l�e�m�e�n�t�e�d�.� �A�g�a�i�n� �u�s�i�n�g� �t�h�e� �J�a�s�p�e�r� �F�o�r�e�s�t� �s�i�z�e� �c�l�a�s�s� �1� �d�a�t�a� �(�T�a�b�l�e� �8�)� �a�n�d� 

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

�t�h�e� �c�a�l�c�u�l�a�t�i�o�n� �o�f� �v�a�r�i�a�n�c�e� �t�s�:� 

�2� �(� �6�.�5� �1� �i�8�)� �_� �2�2�5�]� 

�C�h�a�p�t�e�r� �4� �P�e�r�c�e�n�t� �C�o�v�e�r� �R�e�s�u�l�t�s� �6�9



�2� �1� �(� �2�.�5� �+� �2�0�8�.� �1�0�8�)� �_� �2�2�5�]� 

�2� 
�+� �(� �8�.�8� �+� �e�e� �+� �o�)� �_� �2�2�5�]� 

�2� �1� �(� �7�.�2�+� �a�6� �+� �2�0�8�)� �_� �2�2�5�]� 

�=� �3�3�.�0�3� 

�D�i�v�i�d�i�n�g� �b�y� �t�h�e� �s�a�m�p�l�e� �s�i�z�e�:� 

�3�3�.�0�3� 
�=�  � �� �=� �2�7�5�.� �o�t�)� �3�(�4�)� �V�A�R�(�%�C�o�v�,� 

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

�s�a�m�p�l�e� �i�n� �t�h�e� �J�a�s�p�e�r� �F�o�r�e�s�t� �t�r�a�i�l� �d�a�t�a� �w�e�r�e� �a�v�a�i�l�a�b�l�e� �i�n� �1�9�9�4�,� �t�h�u�s� �t�h�e� �d�a�t�a� 

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

�t�h�i�s� �d�e�c�r�e�a�s�e�d� �t�h�e� �s�a�m�p�l�e� �s�i�z�e� �f�r�o�m� �f�i�v�e� �t�o� �4�.� �T�h�e� �s�e�c�o�n�d� �c�o�r�r�i�d�o�r� 

�m�e�a�s�u�r�e�m�e�n�t� �w�a�s� �m�i�s�s�i�n�g� �i�n� �1�9�9�4� �f�o�r� �t�h�e� �s�e�c�o�n�d� �J�a�s�p�e�r� �F�o�r�e�s�t� �T�r�a�i�l� 

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

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

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

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

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

�i�n�t�e�r�s�e�c�t� �a�n�d� �q�u�a�d�r�a�t� �d�a�t�a�.� 

�C�h�a�p�t�e�r� �4� �P�e�r�c�e�n�t� �C�o�v�e�r� �R�e�s�u�l�t�s� �7�0



�T�o� �a�f�f�i�x� �a� �l�e�v�e�l� �o�f� �c�o�n�f�i�d�e�n�c�e� �t�o� �t�h�e�s�e� �e�s�t�i�m�a�t�e�d� �t�r�a�i�l� �t�o�t�a�l�s�,� �E�q�u�a�t�i�o�n� 

�6� �w�a�s� �u�s�e�d� �w�i�t�h� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �d�e�g�r�e�e�s� �o�f� �f�r�e�e�d�o�m� �a�n�d� �a� �=� �.�O�5�.� 

�S�u�m�m�a�r�y� �o�f� �T�r�a�i�l� �T�o�t�a�l� �P�e�r�c�e�n�t� �C�o�v�e�r� �E�s�t�i�m�a�t�e�s� 

�T�a�b�l�e�s� �1�9� �a�n�d� �2�0� �s�u�m�m�a�r�i�z�e� �t�h�e� �t�r�a�d� �l�i�n�e� �i�n�t�e�r�s�e�c�t� �p�e�r�c�e�n�t� �c�o�v�e�r� �t�o�t�a�l� 

�e�s�t�i�m�a�t�e�s� �f�o�r� �1�9�9�3� �a�n�d� �1�9�9�4� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�a�b�l�e�s� �2�1� �a�n�d� �2�2� �s�u�m�m�a�r�i�z�e� 

�t�h�e� �t�r�a�i�l� �q�u�a�d�r�a�t� �p�e�r�c�e�n�t� �c�o�v�e�r� �t�o�t�a�l� �e�s�t�i�m�a�t�e�s� �f�o�r� �1�9�9�3� �a�n�d� �1�9�9�4� 

�i�n�v�e�n�t�o�r�i�e�s� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�C�h�a�p�t�e�r� �4� �P�e�r�c�e�n�t� �C�o�v�e�r� �R�e�s�u�l�t�s� �7�1



� � 

� � 

� � 

� � 

� � 

� � � � � � � � 
� � 

� � 

� � 

� � 

� � � � � � � � 
� � 

� � 

� � 

� � 

� � � � � � � � 
� � 

� � 

� � 

� � 

� � � � � � � � 
� � 

� � 

� � 

� � 

� � � � � � � � � � 
� � 

�T�a�b�l�e� �1�9�.� �1�9�9�3� �T�r�a�i�l� �P�e�r�c�e�n�t� �C�o�v�e�r� �L�i�n�e� �I�n�t�e�r�s�e�c�t� �D�a�t�a� �S�u�m�m�a�r�y� �a�t� 
�P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 

�B�l�u�e� �M�e�s�a� 

�S�i�z�e� �C�l�a�s�s� �1� �S�i�z�e� �C�l�a�s�s� �2� �S�i�z�e� �C�l�a�s�s� �3� 
�A�v�e�r�a�g�e� �5�.�1�6� �5�.�9�8� �2�.�2�8� 

�S�t�a�n�d�a�r�d� �E�r�r�o�r� �1�.�0�0� �3�.�6�7� �0�.�9�7� 
�n� �4� �4� �4� 

�9�5�%� �C�.� �|�.� �(�1�.�9�9�,� �8�.�3�4�)� �(�-�0�.�1�1�,� �1�2�.�0�8�)� �(�-�0�.�8�0�,� �5�.�3�6�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �4�.�7�0� �4�.�7�6� �1�.�9�5� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �1�.�1�4� �1�.�9�9� �0�.�8�5� 

�n� �4� �4� �4� 
�9�5�%� �C�.� �|�.� �(�1�.�0�7�,� �8�.�3�4�)� �(�-�1�.�5�8�,� �1�1�.�0�9�)� �(�-�0�.�7�6�,� �4�.�6�7�)� 

�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �1�.�6�7� �1�.�7�8� �4�.�6�6� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �1�.�6�7� �1�.�1�0� �1�.�7�6� 

�n� �3� �3� 
�9�5�%� �C�.� �|�.� �(�-�3�.�8�6�,� �6�.�1�7�)� �(�-�2�.�9�5�,� �6�.�4�9�)� �(�-�2�.�9�1�,� �1�2�.�2�3�)� 

�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �9�.�3�9� �1�.�0�3� �4�.�7�5� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �1�.�6�6� �0�.�2�5� �0�.�8�1� 

�n� �4� �4� 

�9�5�%� �C�.� �I�.� �(�4�.�1�1�,� �1�4�.�6�7�)� �(�0�.�2�6�,� �1�.�7�9�)� �(�2�.�1�8�,� �7�.�3�4�)� 
�L�o�n�g� �L�o�g�s� 

�A�v�e�r�a�g�e� �3�.�6�4� �3�.�4�1� �7�.�4�7� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �1�.�6�3� �2�.�6�0� �2�.�4�8� 

�n� �4� �4� �4� 

�9�5�%� �C�.� �|�.� �(�-�1�.�5�4�,� �8�.�8�3�)� �(�-�4�.�8�7�,� �1�1�.�6�9�)� �(�-�0�.�4�1�,� �1�5�.�3�6�)� 
�S�i�z�e� �C�l�a�s�s� �1� �=� �.�2�5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �1 �� 
�S�i�z�e� �C�l�a�s�s� �2� �=� �1 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �5 �� 
�S�i�z�e� �C�l�a�s�s� �3� �=� �5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� 

�C�h�a�p�t�e�r� �4� �P�e�r�c�e�n�t� �C�o�v�e�r� �R�e�s�u�l�t�s� �7�2� 
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�T�a�b�l�e� �2�0�.� �1�9�9�4� �T�r�a�i�l� �P�e�r�c�e�n�t� �C�o�v�e�r� �L�i�n�e� �I�n�t�e�r�s�e�c�t� �D�a�t�a� �S�u�m�m�a�r�y� �a�t� 
�P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 

�B�l�u�e� �M�e�s�a� 

�S�i�z�e� �C�l�a�s�s� �1� �S�i�z�e� �C�l�a�s�s� �2� �S�i�z�e� �C�l�a�s�s� �3� 
�A�v�e�r�a�g�e� �5�.�7�1� �5�.�9�8� �2�.�0�4� 

�S�t�a�n�d�a�r�d� �E�r�r�o�r� �1�.�0�8� �1�.�9�1� �0�.�8�4� 
�n� �4� �4� �4� 

�9�5�%� �C�.� �|�.� �(�2�.�2�8�,� �9�.�1�3�)� �(�-�0�.�1�1�,� �1�2�.�0�8�)� �(�-�O�.�6�2�,� �4�.�7�0�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �4�.�4�9� �1�.�9�5� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �1�.�0�5� �1�.�9�9� �0�.�8�5� 

�n� �4� �4� 
�9�5�%� �C�.� �|�.� �(�1�.�1�5�,� �7�.�8�4�)� �(�-�1�.�5�8�,� �1�1�.�0�9�)� �(�-�0�O�.�7�6�,� �4�.�4�7�)� 

�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �0�.�8�4� �1�.�7�8� �.� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �0�.�4�8� �1�.�1�0� �1�.�7�6� 

�n� �3� �3� 
�9�5�%� �C�.� �|�.� �(�-�1�.�1�3�,� �2�.�8�0�)� �(�-�2�.�9�5�,� �6�.�4�9�)� �(�-�2�.�9�1�,� �1�2�.�2�3�)� 

�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �,� �1�.�1�1� �4�.�7�5� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �1�.�5�4� �0�.�3�7� �0�.�8�1� 

�n� �4� �4� 

�9�5�%� �C�.� �|�.� �(�4�.�0�5�,� �1�3�.�8�7�)� �(�-�0�.�0�7�,� �2�.�3�0�)� �(�2�.�1�8�,� �7�.�3�4�)� 
�L�o�n�g� �L�o�g�s� 

�A�v�e�r�a�g�e� �3�.�6�4� �3�.�4�1� �7�.�3�1� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �1�.�6�3� �2�.�6�0� �2�.�5�7� 

�n� �4� �4� �4� 
�9�5�%� �C�.� �|�.� �(�-�1�.�5�4�,� �8�.�8�3�)� �(�-�4�.�8�7�,� �1�1�.�6�9�)� �(�-�0�.�8�9�,� �1�5�.�5�0�)� 

�S�i�z�e� �C�l�a�s�s� �1� �=� �.�2�5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �1 �� 
�S�i�z�e� �C�l�a�s�s� �2� �=� �1 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �5 �� 
�S�i�z�e� �C�l�a�s�s� �3� �=� �5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� 

�C�h�a�p�t�e�r� �4� �P�e�r�c�e�n�t� �C�o�v�e�r� �R�e�s�u�l�t�s� �7�3� 

� 



�T�a�b�l�e� �2�1�.� �1�9�9�3� �T�r�a�i�l� �P�e�r�c�e�n�t� �C�o�v�e�r� �Q�u�a�d�r�a�t� �D�a�t�a� 
�F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 

�S�u�m�m�a�r�y� �a�t� �P�e�t�r�i�f�i�e�d� 

� � 

� � 

� � 

� � 

� � 

� � � � � � 
� � 

� � 

� � 

� � 

� � � � � � 
� � 

� � 

� � 

� � 

� � 
� � � � � � 
� � 

� � 

� � 

� � 

� � � � � � 
� � 

� � 

� � 

� � 

� � 

�B�l�u�e� �M�e�s�a� 

�S�i�z�e� �C�l�a�s�s� �O� �s�i�z�e� �C�l�a�s�s� �1� 
�A�v�e�r�a�g�e� �0�.�0�8� �2�.�1�7� 

�S�t�a�n�d�a�r�d� �E�r�r�o�r� �0�.�4� �1�.�2�2� 
�S�a�m�p�l�e� �S�i�z�e� �4� �4� 

�9�5�%� �C�.� �I�.� �(�-�0�.�0�5�,� �0�.�2�0�)� �(�-�1�.�7�1�,� �6�.�0�7�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �0�.�2�5� �5�.�1�8� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �0�.�1�0� �1�.�6�0� 

�S�a�m�p�l�e� �S�i�z�e� �4� �4� 
�9�5� �%�C�.� �|�.� �(�-�0�.�0�6�,� �0�.�5�6�)� �(�0�.�0�8�,� �1�0�.�2�8�)� 

�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �0�.�0�9� �0�.�8�4� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �0�.�0�2� �0�.�2�6� 

�S�a�m�p�l�e� �S�i�z�e� �3� �3� 
�9�5� �%�C�.�I�1�.� �(�-�0�.�0�0�6�,� �0�.�1�8�)� �(�-�O�.�2�8�,� �1�.�9�6�)� 

�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �0�.�5�2� �9�.�0�9� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �0�.�2�6� �2�.�3�7� 

�S�a�m�p�l�e� �S�i�z�e� �4� �4� 
�9�5� �%�C�.� �|�.� �(�-�0�.�2�3�,� �1�.�2�7�)� �(�1�.�5�6�,� �1�6�.�6�4�)� 

�L�o�n�g� �L�o�g�s� 

�A�v�e�r�a�g�e� �0�.�1�9� �4�.�1�5� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �0�.�2�2� �3�.�9�4� 

�S�a�m�p�l�e� �S�i�z�e� �4� �4� 
�9�5�%� �C�.� �|�.� �(�-�0�.�5�0�,� �0�.�8�9�)� �(�-�8�.�3�9�,� �1�6�.�7�0�)� � � � � 
� � 

�S�i�z�e� �C�l�a�s�s� �O� �=� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �.�2�5 �� 
�S�i�z�e� �C�l�a�s�s� �1� �=� �.�2�5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �1 �� 

�C�h�a�p�t�e�r� �4� �P�e�r�c�e�n�t� �C�o�v�e�r� �R�e�s�u�l�t�s� �7�4� 

� 



�T�a�b�l�e� �2�2�.� 

�F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 
�1�9�9�4� �T�r�a�i�l� �P�e�r�c�e�n�t� �C�o�v�e�r� �Q�u�a�d�r�a�t� �D�a�t�a� �S�u�m�m�a�r�y� �a�t� �P�e�t�r�i�f�i�e�d� 

� � 

� � 

� � 

� � 

� � 

� � � � � � � � 

� � 

� � 

� � 

� � � � � � � � 

� � 

� � 

� � 

� � � � � � � � 

� � 

� � 

� � 

� � � � � � 
� � 

� � 

� � 

� � 

� � � � � � � � � � 

�B�l�u�e� �M�e�s�a� 

�S�i�z�e� �C�l�a�s�s� �O� �S�i�z�e� �C�l�a�s�s� �1� 
�A�v�e�r�a�g�e� �0�.�1�9� �5�.�6�3� 

�S�t�a�n�d�a�r�d� �E�r�r�o�r� �0�.�1�4� �2�.�7�4� 
�S�a�m�p�l�e� �S�i�z�e� �4� �4� 
�9�5� �%�C�.�I�1�.� �(�-�0�.�2�4�,� �0�.�6�3�)� �(�-�3�.�1�3�,� �1�4�.�3�9�)� 

�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �0�.�2�1� �3�.�8�8� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �0�.�1�4� �2�.�1�2� 

�S�a�m�p�l�e� �S�i�z�e� �4� �4� 
�9�5� �%�C�.�I�.� �(�-�0�.�2�2�,� �0�.�6�4�)� �(�-�2�.�8�7�,� �1�0�.�6�3�)� 

�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �0�.�0�8� �1�.�4�6� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �0�.�0�5� �0�.�6�6� 

�S�a�m�p�l�e� �S�i�z�e� �3� �3� 
�9�5� �%�C�.� �|�.� �(�-�0�.�1�6�,� �0�.�3�2�)� �(�-�1�.�4�0�,� �4�.�3�2�)� 

�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �0�.�1�7� �1�.�3�7� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �0�.�1�2� �0�.�8�0� 

�S�a�m�p�l�e� �S�i�z�e� �4� �4� 
�9�5� �%�C�.� �I�.� �(�-�0�.�1�9�,� �0�.�5�4�)� �(�-�1�.�1�7�,� �3�.�9�1�)� 

�L�o�n�g� �L�o�g�s� 

�A�v�e�r�a�g�e� �0�.�6�5� �7�.�7�5� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �1�.�1�1� �1�0�.�0�5� 

�S�a�m�p�l�e� �S�i�z�e� �4� �4� 
�9�5� �%�C�.� �|�.� �(�-�2�.�8�9�,� �4�.�1�9�)� �(�-�2�4�.�2�4�,� �3�9�.�7�4�)� 

�S�i�z�e� �C�l�a�s�s� �O� �=� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �.�2�5 �� 
�S�i�z�e� �C�l�a�s�s� �1� �=� �.�2�5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �1 �� 

�C�h�a�p�t�e�r� �4� �P�e�r�c�e�n�t� �C�o�v�e�r� �R�e�s�u�l�t�s� �7�5� 

� 



�T�o�t�a�l� �P�e�r�c�e�n�t� �C�o�v�e�r� �S�u�m�m�a�r�y� 

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

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

�t�h�e�s�e� �t�o�t�a�l�s� �w�a�s� �e�s�t�i�m�a�t�e�d� �b�y� �u�s�i�n�g� �E�q�u�a�t�i�o�n� �5� �a�n�d� �c�o�n�f�i�d�e�n�c�e� �i�n�t�e�r�v�a�l�s� 

�w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �u�s�i�n�g� �E�q�u�a�t�i�o�n� �6�.� �A�s� �a�n� �e�x�a�m�p�l�e�,� �T�a�b�l�e� �2�3� �l�i�s�t�s� �t�r�a�i�l� �a�n�d� 

�b�a�c�k�c�o�u�n�t�r�y� �t�o�t�a�l�s� �f�o�r� �J�a�s�p�e�r� �F�o�r�e�s�t� �1�9�9�3� �l�i�n�e� �i�n�t�e�r�s�e�c�t� �p�e�r�c�e�n�t� �c�o�v�e�r�,� �s�i�z�e� 

�c�l�a�s�s� �2�.� 

�T�a�b�l�e� �2�3�.� �T�r�a�i�l� �a�n�d� �B�a�c�k�c�o�u�n�t�r�y� �P�e�r�c�e�n�t� �C�o�v�e�r� �L�i�n�e� �I�n�t�e�r�s�e�c�t� �T�o�t�a�l� 
�E�s�t�i�m�a�t�e�s� �f�o�r� �J�a�s�p�e�r� �F�o�r�e�s�t� �s�i�z�e� �C�l�a�s�s� �2� 
� � 

� � 

� � 

� � 

�S�a�m�p�l�i�n�g� �T�y�p�e� �T�o�t�a�l� �V�a�r�i�a�n�c�e� 

�T�r�a�i�l� �1�.�0�3� �0�.�0�6� 
�B�a�c�k�c�o�u�n�t�r�y� �3�.�2�5� �1�.�2�3� � � � � � � 

�T�h�e� �t�o�t�a�l� �1�9�9�3� �l�i�n�e� �i�n�t�e�r�s�e�c�t� �p�e�r�c�e�n�t� �c�o�v�e�r� �e�s�t�i�m�a�t�e� �f�o�r� �J�a�s�p�e�r� �F�o�r�e�s�t� �s�i�z�e� 

�c�l�a�s�s� �2� �w�o�u�l�d� �b�e�:� 

�3�.�2�5� �+� �1�.�0�3� �=� �4�.�2�8�.� 

�U�s�i�n�g� �E�q�u�a�t�i�o�n� �5� �t�o� �e�s�t�i�m�a�t�e� �t�h�e� �v�a�r�i�a�n�c�e� �o�f� �t�h�e� �a�b�o�v�e� �t�o�t�a�l� �w�o�u�l�d� �s�u�g�g�e�s�t�:� 

�V�A�R�(�1�9�9�3� �%� �C�o�v�)� �=� �0�.�0�6� �+�1�2�3� �=� �1�2�9�.� 

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

�c�l�a�s�s�.� �T�a�b�l�e�s� �2�4� �a�n�d� �2�5� �s�u�m�m�a�r�i�z�e� �l�i�n�e� �i�n�t�e�r�s�e�c�t� �t�o�t�a�l� �e�s�t�i�m�a�t�e�s� �f�o�r� �1�9�9�3� 

�a�n�d� �1�9�9�4� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�a�b�l�e�s� �2�6� �a�n�d� �2�7� �s�u�m�m�a�r�i�z�e� �q�u�a�d�r�a�t� �t�o�t�a�l� 

�e�s�t�i�m�a�t�e�s� �f�o�r� �1�9�9�3� �a�n�d� �1�9�9�4� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�T�h�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �p�e�r�c�e�n�t� �c�o�v�e�r� �e�s�t�i�m�a�t�e�s� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �(�1�9�9�3� �-� 

�1�9�9�4�)� �f�o�r� �e�a�c�h� �s�i�z�e� �c�l�a�s�s� �i�n� �e�a�c�h� �s�t�r�a�t�u�m�.� �F�i�g�u�r�e�s� �1�2� �a�n�d� �1�3� �d�e�p�i�c�t� �t�h�e�s�e� 

�C�h�a�p�t�e�r� �4� �P�e�r�c�e�n�t� �C�o�v�e�r� �R�e�s�u�l�t�s� �7�6� 

� 



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

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

�s�u�g�g�e�s�t�s� �a� �l�o�s�s�.� 
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�w�h�e�r�e�:� �c�n�t�,� �=� �n�u�m�b�e�r� �o�f� �p�a�r�t�i�c�l�e�s� �i�n� �i� �q�u�a�d�r�a�t�.� 

�A�s� �a�n� �e�x�a�m�p�l�e�,� �t�h�e� �1�9�9�3� �G�i�a�n�t� �L�o�g�s� �l�i�n�e� �3� �c�o�u�n�t� �o�f� �p�e�t�r�i�f�i�e�d� �w�o�o�d� 

�p�a�r�t�i�c�l�e�s� �i�n� �s�i�z�e� �c�l�a�s�s� �1� �w�a�s� �2�7�.� �T�o� �e�x�p�r�e�s�s� �t�h�e� �2�7� �p�a�r�t�i�c�l�e�s� �o�n� �a� �p�e�r� �a�c�r�e� 

�b�a�s�i�s�,� �E�q�u�a�t�i�o�n� �9� �w�a�s� �u�s�e�d� �a�s� �f�o�l�l�o�w�s�:� 

�1�0�0�3�6� �x� �2�7� �=� �2�7�0�9�7�2�.� 

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

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

�T�a�b�l�e� �2�,� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n� �i�s�:� 

�C�h�a�p�t�e�r� �5� �D�e�n�s�i�t�y� �R�e�s�u�l�t�s� �8�6



�2�7�0�9�7�2� �x� �0�.�6�6� �=� �1�7�8�8�4�2�.� 

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

�s�i�z�e� �c�l�a�s�s�e�s� �f�o�r� �a�l�l� �s�t�r�a�t�a�.� 

�B�a�c�k�c�o�u�n�t�r�y� �T�o�t�a�l� �a�n�d� �V�a�r�i�a�n�c�e� �E�s�t�i�m�a�t�i�o�n� 

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

�i�n�d�i�v�i�d�u�a�l� �l�i�n�e� �t�r�a�n�s�e�c�t� �a�n�d� �q�u�a�d�r�a�t� �e�s�t�i�m�a�t�e�s� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �(�E�q�u�a�t�i�o�n� �8� 

�a�n�d� �9� �r�e�s�p�e�c�t�i�v�e�l�y�)� �a�n�d� �a�v�e�r�a�g�e�d�.� �T�h�e� �a�v�e�r�a�g�e�s� �w�e�r�e� �t�h�e�n� �m�u�l�t�i�p�l�i�e�d� �b�y� �t�h�e� 

�b�a�c�k�c�o�u�n�t�r�y� �a�r�e�a� �s�a�m�p�l�e�d�.� �T�a�b�l�e� �2�9� �l�i�s�t�s� �t�h�e� �1�9�9�3� �b�a�c�k�c�o�u�n�t�r�y� �l�i�n�e� 

�i�n�t�e�r�s�e�c�t� �d�e�n�s�i�t�y� �p�e�r� �a�c�r�e� �e�s�t�i�m�a�t�e�s� �f�o�r� �G�i�a�n�t� �L�o�g�s�,� �s�i�z�e� �c�l�a�s�s� �2� �c�o�l�l�e�c�t�e�d� �a�t� 

�t�h�e� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� �a�s� �a�n� �e�x�a�m�p�l�e�.� �N�o�t�e� �t�h�a�t� �|� �h�a�v�e� �r�e�p�o�r�t�e�d� 

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

�T�a�b�l�e� �2�9�.� �1�9�9�3� �B�a�c�k�c�o�u�n�t�r�y� �D�e�n�s�i�t�y� �D�a�t�a� �f�o�r� �t�h�e� �G�i�a�n�t� �L�o�g�s� �S�t�r�a�t�u�m�,� �S�i�z�e� 
�C�l�a�s�s� �2� �a�t� �t�h�e� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 
� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � � � 

�L�i�n�e� �#� �D�e�n�s�i�t�y� �/� �A�c�r�e� �L�i�n�e� �#� �D�e�n�s�i�t�y� �/� �A�c�r�e� 
�1�6� �2�0�5�9�9� �2�6� �0� 
�1�7� �2�9�4�7�8� �2�7� �3�1�6�6�2� 
�1�8� �4�3�3�1�4� �2�8� �0� 
�1�9� �0� �2�9� �5�6�6�0�4� 
�2�0� �0� �3�0� �1�6�5�6�5�0� 
�2�1� �3�9�0�6�2�3� �3�1� �0� 
�2�2� �0� �3�2� �0� 
�2�3� �0� �3�3� �0� 
�2�4� �0� �3�4� �0� 
�2�5� �0� �3�5� �0� � � � � � � 
� � 

�C�h�a�p�t�e�r� �5� �D�e�n�s�i�t�y� �R�e�s�u�l�t�s� �8�7� 

� 



�T�o� �a�r�r�i�v�e� �a�t� �a� �t�o�t�a�l� �l�i�n�e� �i�n�t�e�r�s�e�c�t� �d�e�n�s�i�t�y� �e�s�t�i�m�a�t�e� �f�o�r� �G�i�a�n�t� �L�o�g�s� �s�i�z�e� �c�l�a�s�s� �2�,� 

�t�h�e� �d�a�t�a� �i�n� �T�a�b�l�e� �2�9� �w�o�u�l�d� �b�e� �m�a�n�i�p�u�l�a�t�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �w�a�y�:� 

� � 

�7�5�6�9� �2�0�5�9�9� �B�o�e�r�e�e�n� �0�+� �0� 
�|�=� �2�7�9�2�3�2�7�,� 

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

�a�b�o�v�e�,� �t�h�e� �D�e� �V�r�i�e�s� �E�q�u�a�t�i�o�n� �3� �w�a�s� �u�s�e�d�.� �U�s�i�n�g� �t�h�e� �d�a�t�a� �i�n� �T�a�b�l�e� �2�9�,� 

�E�q�u�a�t�i�o�n� �3�,� �a�n�d� �m�u�l�t�i�p�l�y�i�n�g� �b�y� �t�h�e� �t�o�t�a�l� �a�c�r�e�a�g�e� �s�a�m�p�l�e�d� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n� 

�b�e�c�o�m�e�s�:� 

�7�5�.�6�8�"�|�(�2�0�5�9�9�  �� �3�6�8�9�7�)�?� 

�+� �(�2�9�4�7�8�  �� �3�6�8�9�7�)�?� 

�+� 

�+� 

�+� �(�0�-� �3�6�8�9�7�)�?� 

�+� �(�O�-� �3�6�8�9�7�)�"�|� 

�9�1�7�4�x� �1�0�"�,� 

�d�i�v�i�d�i�n�g� �b�y� �t�h�e� �s�a�m�p�l�e� �s�i�z�e� �y�i�e�l�d�s�:� 

�9�.�1�7�4�x�1�0�'�4� �=� �2�4�1�2�x�1�0�!�?�.� 
�(�1�9�)�2�0� 

�V�A�R�(�D�e�n�,�,�.�)� �=� 

�T�o� �a�f�f�i�x� �a� �l�e�v�e�l� �o�f� �c�o�n�f�i�d�e�n�c�e� �t�o� �b�a�c�k�c�o�u�n�t�r�y� �d�e�n�s�i�t�y� �e�s�t�i�m�a�t�e�s�,� 

�E�q�u�a�t�i�o�n� �6� �w�a�s� �u�s�e�d�.� �A� �t�w�o� �s�i�d�e�d� �9�5� �p�e�r�c�e�n�t� �c�o�n�f�i�d�e�n�c�e� �i�n�t�e�r�v�a�l� �a�s�s�u�m�i�n�g� 

�n�o�r�m�a�l�i�t�y� �f�o�r� �t�h�e� �G�i�a�n�t� �L�o�g�s� �s�i�z�e� �c�l�a�s�s� �2� �d�e�n�s�i�t�y� �e�s�t�i�m�a�t�e� �i�s�:� 

�C�h�a�p�t�e�r� �5� �D�e�n�s�i�t�y� �R�e�s�u�l�t�s� �8�8



�2�,�7�9�2�,�3�2�7� �+� �t�r�i�o�)�,� �9�7�5� �X� �V�2�4�1�2�x� �1�0�"� 

�2�,�7�9�2�,�3�2�7� �+� �2�.�0�9�3� �x� �1�5�5�3�,�7�7�3� 

�2�,�7�9�2�,�3�2�7� �+� �3�,�2�5�2�,�0�4�7� 

�(�-�4�5�9�,�7�2�0�,� �6�,�0�4�4�,�3�7�4�)�.� 

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

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

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

�S�u�m�m�a�r�y� �o�f� �B�a�c�k�c�o�u�n�t�r�y� �D�e�n�s�i�t�y� �E�s�t�i�m�a�t�e�s� 

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

�b�a�c�k�c�o�u�n�t�r�y� �s�a�m�p�l�i�n�g� �u�n�i�t�s�,� �t�h�e�r�e�f�o�r�e� �t�h�e� �1�9�9�3� �a�n�d� �1�9�9�4� �b�a�c�k�c�o�u�n�t�r�y� �l�i�n�e� 

�i�n�t�e�r�s�e�c�t� �e�s�t�i�m�a�t�e�s� �a�r�e� �i�d�e�n�t�i�c�a�l�.� �T�a�b�l�e� �3�0� �s�u�m�m�a�r�i�z�e�s� �t�h�e� �b�a�c�k�c�o�u�n�t�r�y� �l�i�n�e� 

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

�T�h�e� �q�u�a�d�r�a�t� �s�a�m�p�l�e�s� �a�r�e� �n�o�t� �i�d�e�n�t�i�c�a�l� �b�e�t�w�e�e�n� �1�9�9�3� �a�n�d� �1�9�9�4�.� 

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

�i�n�v�e�n�t�o�r�y� �(�F�i�g�u�r�e� �6�)�.� �T�a�b�l�e�s� �3�1� �a�n�d� �3�2� �s�u�m�m�a�r�i�z�e� �t�h�e� �b�a�c�k�c�o�u�n�t�r�y� �q�u�a�d�r�a�t� 

�d�e�n�s�i�t�y� �d�a�t�a� �f�o�r� �e�a�c�h� �s�t�r�a�t�u�m� �f�o�r� �1�9�9�3� �a�n�d� �1�9�9�4� �i�n�v�e�n�t�o�r�i�e�s� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�C�h�a�p�t�e�r� �5� �D�e�n�s�i�t�y� �R�e�s�u�l�t�s� �8�9
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�T�a�b�l�e� �3�0�.� �1�9�9�3� �a�n�d� �1�9�9�4� �B�a�c�k�c�o�u�n�t�r�y� �D�e�n�s�i�t�y� �L�i�n�e� �I�n�t�e�r�s�e�c�t� �D�a�t�a� 
�S�u�m�m�a�r�y� �a�t� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 

�B�l�u�e� �M�e�s�a� 
�S�i�z�e� �C�l�a�s�s� �1� �S�i�z�e� �C�l�a�s�s� �2� �S�i�z�e� �C�l�a�s�s� �3� 

�A�v�e�r�a�g�e� �4�3�,�9�2�5�,�9�8�8� �2�,�6�5�0�,�3�2�1� �1�3�1�,�5�3�3� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �2�6�,�6�1�8�,�9�8�7� �9�0�3�,�9�8�8� �5�9�,�3�0�8� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� �2�0� 
�9�5�%� �C�.� �|�.� �(�-�1�1�,�7�8�7�,�5�5�2�,�.� �(�7�5�8�,�2�7�4�,� �(�7�4�0�1�,� �2�5�5�,�6�6�5�)� 

�9�9�,�6�3�9�,�5�2�8�)� �4�,�5�4�2�,�3�6�8�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �3�0�,�4�1�4�,�8�9�1� �3�,�1�4�7�,�3�2�2� �4�9�,�1�3�9� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �1�7�,�2�9�2�,�2�5�5� �9�9�7�,�0�5�3� �1�3�,�7�1�2� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� �2�0� 
�9�5�%� �C�.� �|�.� �(�-�5�,�7�7�7�,�7�9�6�,� �(�1�,�0�6�0�,�4�9�0�,� �(�2�0�,�3�1�4�,� �7�7�,�9�6�4�)� 

�6�6�,�6�0�7�,�5�8�1�)� �5�,�2�3�4�,�1�5�4�)� 
�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �2�5�,�4�4�5�,�7�2�8� �2�,�7�9�2�,�3�3�1� �3�6�,�3�6�5� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �1�0�,�3�1�7�,�7�3�3� �1�,�5�5�3�,�7�7�2� �1�5�,�6�8�2� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� �2�0� 
�9�5�%� �C�.�.� �|�.� �(�2�,�5�7�3�,�7�2�3�,� �(�-�4�5�9�,�7�1�2�,� �(�3�,�5�4�2�,� �6�9�,�1�8�9�)� 

�4�8�,�3�1�7�,�7�3�3�)� �6�,�0�4�4�,�3�7�6�)� 
�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �8�0�,�8�7�2�,�1�7�4� �2�,�9�7�4�,�3�2�7� �1�0�8�,�0�8�2� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �3�0�,�2�4�7�,�3�2�8� �1�,�2�8�3�,�8�6�4� �3�0�,�7�0�0� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� �2�0� 
�9�5�%� �C�.�.� �|�.� �(�1�7�,�5�6�4�,�5�1�5�,� �(�2�8�7�,�1�9�9�,� �(�3�,�5�4�2�,� �6�9�,�1�8�9�)� 

�1�4�4�,�1�7�9�,�8�3�4�)� �5�,�6�6�1�,�4�5�4�)� 
�L�o�n�g� �L�o�g�s� 

�A�v�e�r�a�g�e� �4�5�,�9�9�6�,�0�1�6� �3�,�1�9�9�,�0�9�6� �7�1�,�6�0�5� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �1�6�,�5�3�1�,�3�5�3� �9�2�4�,�1�3�8� �2�3�,�7�3�2� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� �2�0� 
�9�5�%� �C�.� �|�.� �(�1�1�,�3�9�5�,�8�9�3�,� �(�1�,�2�6�4�,�8�7�6�,� �(�2�1�,�9�3�5�,� 

�8�0�,�5�9�6�,�1�3�8�)� �5�,�1�3�3�,�3�1�6�)� �1�2�1�,�2�7�6�)� 
�S�i�z�e� �C�l�a�s�s� �1� �=� �.�2�5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �1 �� 
�S�i�z�e� �C�l�a�s�s� �2� �=� �1 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �5 �� 
�S�i�z�e� �C�l�a�s�s� �3� �=� �5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� 

�C�h�a�p�t�e�r� �5� �D�e�n�s�i�t�y� �R�e�s�u�l�t�s� �9�0� 

� 



�T�a�b�l�e� �3�1�.� 

�F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 

�1�9�9�3� �B�a�c�k�c�o�u�n�t�r�y� �D�e�n�s�i�t�y� �Q�u�a�d�r�a�t� �D�a�t�a� �S�u�m�m�a�r�y� �a�t� �P�e�t�r�i�f�i�e�d� 
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� � 

� � 
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�B�l�u�e� �M�e�s�a� 
�S�i�z�e� �C�l�a�s�s� �O� �S�i�z�e� �C�l�a�s�s� �1� 

�A�v�e�r�a�g�e� �2�5�,�5�7�6�,�0�4�3� �3�7�,�4�8�8�,�1�7�3� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �1�7�,�0�6�1�,�1�8�0� �1�4�,�7�4�0�,�3�8�3� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� 
�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�-�1�0�,�1�3�3�,�0�0�5� �(�6�,�6�3�6�,�5�5�3� 

�6�1�,�2�8�5�,�0�9�2�)� �6�8�,�3�3�9�,�7�9�4�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �1�6�,�0�7�7�,�5�2�1� �5�5�,�7�9�1�,�8�2�0� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �5�,�5�9�0�,�9�0�8� �1�6�,�3�8�1�,�4�7�3� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� 
�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�4�,�3�7�5�,�7�5�1�,� �(�2�1�,�5�0�5�,�3�9�7�,� 

�2�7�,�7�7�9�,�2�9�2�)� �9�0�,�0�7�8�,�2�4�3�)� 
�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �7�,�1�0�1�,�5�5�4� �3�5�,�5�4�5�,�7�4�6� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �2�,�8�2�5�,�4�2�0� �1�3�,�3�9�5�,�6�7�5� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� 
�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�1�,�1�8�7�,�9�5�0�,� �(�7�,�5�0�8�,�5�9�8�,� 

�1�3�,�0�1�5�,�1�5�7�)� �6�3�,�5�8�2�,�8�9�3�)� 
�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �2�1�,�9�1�4�,�0�6�8� �5�6�,�7�2�7�,�2�2�5� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �1�6�,�1�3�4�,�1�9�4� �3�1�,�0�8�9�,�5�5�6� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� 
�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�-�1�1�,�8�5�4�,�8�0�0�,� �(�-�8�,�3�4�3�,�2�1�6�,� 

�5�5�,�6�8�2�,�9�3�6�)� �1�.�2�2�x�1�0�°�)� 
�L�o�n�g� �L�o�g�s� 

�A�v�e�r�a�g�e� �7�,�9�4�4�,�9�7�9� �4�7�,�3�5�3�,�8�8�2� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �2�,�5�9�2�,�4�6�2� �1�6�,�4�0�4�,�9�9�3� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� 
�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�2�,�5�1�8�,�9�5�7�,� �(�1�3�,�0�1�8�,�2�3�2�,� 

�1�3�,�3�7�1�,�0�0�2�)� �8�1�,�6�8�9�,�5�3�3�)� � � � � 
� � 

�S�i�z�e� �C�l�a�s�s� �0� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �.�2�5 �� 
�S�i�z�e� �C�l�a�s�s� �1� �=� �.�2�5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �1 �� 

�C�h�a�p�t�e�r� �5� �D�e�n�s�i�t�y� �R�e�s�u�l�t�s� 

� 



�T�a�b�l�e� �3�2�.� 
�F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 

�1�9�9�4� �B�a�c�k�c�o�u�n�t�r�y� �D�e�n�s�i�t�y� �Q�u�a�d�r�a�t� �D�a�t�a� �S�u�m�m�a�r�y� �a�t� �P�e�t�r�i�f�i�e�d� 
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�B�l�u�e� �M�e�s�a� 
�S�i�z�e� �C�l�a�s�s� �O� �S�i�z�e� �C�l�a�s�s� �1� 

�A�v�e�r�a�g�e� �1�2�,�4�7�2�,�7�0�0� �3�5�,�5�2�6�,�1�7�5� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �8�,�8�5�4�,�5�9�3� �2�2�,�6�6�3�,�3�9�7� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� 
�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�-�6�,�0�5�9�,�9�6�3�,� �(�-�1�1�,�9�0�8�,�3�1�6�,� 

�3�1�,�0�0�5�,�3�6�4�)� �8�2�,�9�6�0�,�6�6�7�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �8�,�6�3�1�,�0�9�0� �4�3�,�0�9�9�,�0�3�9� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �4�,�5�9�4�,�6�5�9� �1�3�,�2�1�4�,�7�5�7� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� 
�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�-�9�8�5�,�5�3�2�,� �(�1�5�,�4�4�0�,�5�5�1�,� 

�1�8�,�2�4�7�,�7�1�3�)� �7�0�,�7�5�7�,�5�2�8�)� 
�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �2�,�3�5�4�,�5�2�6� �4�1�,�7�3�5�,�8�7�0� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �7�9�4�,�4�9�7� �1�8�,�7�2�3�,�1�8�6� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� 
�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�6�9�1�,�6�4�3�,� �(�2�,�5�4�8�,�2�4�0�,� 

�4�,�0�1�7�,�4�0�7�)� �8�0�,�9�2�3�,�4�9�9�)� 
�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �2�,�8�1�0�,�3�2�0� �1�7�,�5�8�8�,�7�3�2� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �8�5�1�,�8�4�5� �6�,�3�3�3�,�0�5�7� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� 
�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�1�,�0�2�7�,�4�0�8�,� �(�4�,�3�3�3�,�6�4�2�,� 

�4�,�5�9�3�,�2�3�3�)� �3�0�,�8�4�3�,�8�2�2�)� 
�L�o�n�g� �L�o�g�s� 

�A�v�e�r�a�g�e� �4�,�5�5�9�,�3�3�4� �4�2�,�2�0�7�,�7�0�3� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �1�,�4�0�8�,�5�6�7� �1�4�,�0�4�4�,�0�8�9� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� 
�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�1�,�6�1�1�,�2�0�4�,� �(�1�2�,�8�1�3�,�4�2�4�,� 

�7�,�5�0�7�,�4�6�5�)� �7�1�,�6�0�1�,�9�8�1�)� � � � � � � 
� � 

�S�i�z�e� �C�l�a�s�s� �O� �=� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �.�2�5 �� 
�S�i�z�e� �C�l�a�s�s� �1� �.�2�5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �1 �� 

�C�h�a�p�t�e�r� �5� �D�e�n�s�i�t�y� �R�e�s�u�l�t�s� �9�2



�T�r�a�i�l� �C�o�r�r�i�d�o�r� �A�v�e�r�a�g�e� �a�n�d� �V�a�r�i�a�n�c�e� �E�s�t�i�m�a�t�i�o�n� 

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

�t�h�a�n� �w�e�r�e� �t�h�e� �b�a�c�k�c�o�u�n�t�r�y� �e�s�t�i�m�a�t�e�s�.� �A�g�a�i�n�,� �t�h�i�s� �i�s� �d�u�e� �t�o� �t�h�e� �f�a�c�t� �t�h�a�t� 

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

�i�n�d�i�v�i�d�u�a�l� �c�o�r�r�i�d�o�r� �a�v�e�r�a�g�e�s� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d�.� �R�e�c�a�l�l� �t�h�a�t� �c�o�r�r�i�d�o�r� �1� �i�s� �O� �t�o� 

�1�5� �f�e�e�t� �o�n� �b�o�t�h� �s�i�d�e�s� �o�f� �t�h�e� �t�r�a�i�l�,� �c�o�r�r�i�d�o�r� �2� �i�s� �1�5� �t�o� �3�0� �f�e�e�t� �o�n� �b�o�t�h� �s�i�d�e�s� 

�o�f� �t�h�e� �t�r�a�i�l� �a�n�d� �c�o�r�r�i�d�o�r� �3� �i�s� �3�0� �t�o� �4�5� �f�e�e�t� �o�n� �b�o�t�h� �s�i�d�e�s� �o�f� �t�h�e� �t�r�a�i�l�.� 

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

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

�t�r�a�i�l� �c�a�l�c�u�l�a�t�i�o�n�s� �w�e�r�e� �d�o�n�e�,� �T�a�b�l�e� �3�3� �l�i�s�t�s� �L�o�n�g� �L�o�g�s� �q�u�a�d�r�a�t� �d�a�t�a� �f�o�r� �s�i�z�e� 

�c�l�a�s�s� �O�,� �c�o�l�l�e�c�t�e�d� �a�t� �t�h�e� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� �d�u�r�i�n�g� �t�h�e� �1�9�9�3� 

�i�n�v�e�n�t�o�r�y�.� �A� �r�e�m�i�n�d�e�r� �t�h�a�t� �t�r�a�i�l� �s�a�m�p�l�i�n�g� �u�n�i�t�s� �n�o�t� �f�o�u�n�d� �d�u�r�i�n�g� �t�h�e� �1�9�9�4� 

�i�n�v�e�n�t�o�r�y� �w�e�r�e� �n�o�t� �u�s�e�d�,� �e�v�e�n� �t�h�o�u�g�h� �t�h�e�r�e� �i�s� �d�a�t�a� �f�r�o�m� �t�h�e� �1�9�9�3� 

�i�n�v�e�n�t�o�r�y�.� 

�C�h�a�p�t�e�r� �5� �D�e�n�s�i�t�y� �R�e�s�u�l�t�s� �9�3



�T�a�b�l�e� �3�3�.� �T�r�a�i�l� �Q�u�a�d�r�a�t� �D�e�n�s�i�t�y� �D�a�t�a� �f�o�r� �t�h�e� �L�o�n�g� �L�o�g�s� �S�t�r�a�t�u�m�,� �S�i�z�e� �C�l�a�s�s� 
�O� �a�t� �t�h�e� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 

� � 

�l�i�n�e� �n�u�m�b�e�r� �c�o�r�r�i�d�o�r� �#� �d�e�n�s�i�t�y� �/� �a�c�r�e� 
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�m�i�s�s�i�n�g� �9�4� 
� � 

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

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

�f�o�l�l�o�w�s�:� 

�C�o�r�r�i�d�o�r� �1�:� 

�C�o�r�r�i�d�o�r� �2�:� 

�C�o�r�r�i�d�o�r� �3�:� 

�1�,�1�6�4�,�1�7�6� �+� �3�0�,�1�0�8�+�0� 
�3� 

� � �1�.�6�8� �x� �|� �=� �6�6�8�,�7�9�9� 

�8�0�,�2�8�8� �+� �0�+� �1�6�0�,�5�7�6� �+� �7�0�,�2�5�2� 
�4� 

� � �1�.�8�3� �x� �=� �1�4�2�,�3�3�6� 

�5�0�,�1�8�0� �+� �1�0�0�,�3�6�0�+� �6�0�,�2�1�6� 
�3� 

� � �2�4�2�%� �|�-� �1�7�0�0�1�0� 

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

�E�q�u�a�t�i�o�n� �3�.� �N�o�t�e� �t�h�a�t� �|� �h�a�v�e� �c�h�o�s�e�n� �t�o� �c�a�l�c�u�l�a�t�e� �t�h�e� �v�a�r�i�a�n�c�e� �o�n� �a� �p�e�r� �a�c�r�e� 

�C�h�a�p�t�e�r� �5� �D�e�n�s�i�t�y� �R�e�s�u�l�t�s� �9�4



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

�e�x�a�m�p�l�e�,� �f�o�r� �t�h�e� �C�o�r�r�i�d�o�r� �1� �d�e�n�s�i�t�y� �e�s�t�i�m�a�t�e�,� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n� �f�o�r� �v�a�r�i�a�n�c�e� �i�s�:� 

�1�6�8�7� 
�2�(�3�)� 
� � �[�c�a�t� �6�4�,�1�7�6�  �� �3�9�8�,�0�9�5�)�?� �+� �(�3�0�,�1�0�8�  �� �3�9�8�,�0�9�5�)�?� �+� �(�0�-� �3�9�8�,�0�9�5�)�7�|� �=� �4�1�4�,�3�1�6�.�1�6�4�,�7�4�9�.� 

�T�o� �a�f�f�i�x� �a� �l�e�v�e�l� �o�f� �c�o�n�f�i�d�e�n�c�e� �t�o� �c�o�r�r�i�d�o�r� �e�s�t�i�m�a�t�e�s�,� �E�q�u�a�t�i�o�n� �6� �w�a�s� 

�u�s�e�d� �w�i�t�h� �a� �.�O�5� �a�n�d� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �d�e�g�r�e�e�s� �o�f� �f�r�e�e�d�o�m� �f�o�r� �e�a�c�h� 

�c�o�r�r�i�d�o�r�.� 

�S�u�m�m�a�r�y� �o�f� �T�r�a�i�l� �C�o�r�r�i�d�o�r� �D�e�n�s�i�t�y� �E�s�t�i�m�a�t�e�s� 

�T�a�b�l�e�s� �3�4�,� �3�5�,� �3�6�,� �3�7�,� �3�8�,� �a�n�d� �3�9� �s�u�m�m�a�r�i�z�e� �t�h�e� �l�i�n�e� �i�n�t�e�r�s�e�c�t� 

�d�e�n�s�i�t�y� �d�a�t�a� �b�y� �c�o�r�r�i�d�o�r�s� �a�n�d� �p�e�t�r�i�f�i�e�d� �w�o�o�d� �s�i�z�e� �c�l�a�s�s�e�s� �f�o�r� �t�h�e� �1�9�9�3� �a�n�d� 

�1�9�9�4� �i�n�v�e�n�t�o�r�i�e�s�.� �T�a�b�l�e�s� �4�0�,� �4�1�,� �4�2�,� �a�n�d� �4�3� �s�u�m�m�a�r�i�z�e� �t�h�e� �q�u�a�d�r�a�t� 

�d�e�n�s�i�t�y� �d�a�t�a� �b�y� �s�i�z�e� �c�l�a�s�s�e�s� �a�n�d� �c�o�r�r�i�d�o�r�s� �f�o�r� �t�h�e� �1�9�9�3� �a�n�d� �1�9�9�4� 

�i�n�v�e�n�t�o�r�i�e�s�.� 

�T�h�e� �d�e�n�s�i�t�y� �c�h�a�n�g�e� �o�f� �p�e�t�r�i�f�i�e�d� �w�o�o�d� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �(�1�9�9�3� �e�s�t�i�m�a�t�e� �-� 

�1�9�9�4� �e�s�t�i�m�a�t�e�)� �f�o�r� �e�a�c�h� �c�o�r�r�i�d�o�r� �i�n� �e�a�c�h� �s�t�r�a�t�u�m�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �f�i�g�u�r�e�s� 

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

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

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

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

�l�i�n�e� �i�n�t�e�r�s�e�c�t� �d�a�t�a� �i�n� �e�a�c�h� �s�t�r�a�t�u�m�.� �F�i�g�u�r�e� �1�5� �d�e�p�i�c�t�s� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� 

�C�h�a�p�t�e�r� �5� �D�e�n�s�i�t�y� �R�e�s�u�l�t�s� �9�5



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

�e�a�c�h� �s�t�r�a�t�u�m�.� 

�C�h�a�p�t�e�r� �5� �D�e�n�s�i�t�y� �R�e�s�u�l�t�s� �9�6
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�T�a�b�l�e� �3�4�.� �1�9�9�3� �S�i�z�e� �C�l�a�s�s� �1� �D�e�n�s�i�t�y� �L�i�n�e� �I�n�t�e�r�s�e�c�t� �T�r�a�i�l� �C�o�r�r�i�d�o�r� �D�a�t�a� 
�C�o�l�l�e�c�t�e�d� �a�t� �t�h�e� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 

�B�l�u�e� �M�e�s�a� 
�C�o�r�r�i�d�o�r� �1� �C�o�r�r�i�d�o�r� �2� �C�o�r�r�i�d�o�r� �3� 

�A�v�e�r�a�g�e� �4�0�8�,�6�3�0� �5�1�2�,�9�1�0� �2�,�2�4�4�,�3�0�4� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �2�4�8�,�5�4�8� �3�7�7�,�6�7�9� �9�3�0�,�4�0�9� 

�n� �3� �;� �4� �4� 
�9�5� �%� �C�.�l�.� �(�-�6�6�0�,�9�7�1�,� �(�-�6�8�8�,�8�6�5�,� �(�-�7�1�6�,�2�5�9�,� 

�1�,�4�7�8�,�1�3�2�)� �1�,�7�1�4�,�6�8�5�)� �5�,�2�0�4�,�8�6�9�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �1�,�8�4�5�,�4�7�8� �1�,�8�6�2�,�1�7�0� �9�9�5�,�4�3�6� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �1�,�8�4�5�,�4�7�8� �2�1�3�,�4�0�6� �5�1�8�,�0�7�6� 

�n� �2� �4� �3� 
�9�5� �%� �C�.�l�.� �(�-�2�1�,�6�0�3�,�1�6�3�,� �(�1�,�1�8�3�,�1�1�1�,� �(�-�1�,�2�3�3�,�8�4�9�,� 

�2�5�,�2�9�4�,�1�1�9�)� �2�,�5�4�1�,�2�2�9�)� �3�,�2�2�4�,�7�2�1�)� 
�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �2�6�4�,�6�4�3� �0� �5�8�,�7�2�2� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �u�n�d�e�f�i�n�e�d� �0� �5�8�,�7�2�2� 

�n� �1� �3� �3� 
�9�5�%� �C�.�l�.� �N�/�A� �N�/�A� �(�-�1�9�3�,�9�6�1�,� 

�3�1�1�,�4�0�5�)� 
�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �1�,�0�8�8�,�1�5�3� �2�,�3�3�1�,�7�7�3� �2�,�4�2�4�,�4�1�5�,� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �2�8�6�,�9�1�9� �8�7�7�,�5�9�8� �9�0�9�,�5�3�1� 

�n� �4� �3� �4� 

�9�5� �%�C�.�l�.� �(�1�7�5�,�1�7�5�,� �(�-�1�,�4�4�4�,�5�3�1�,� �(�4�6�9�,�7�1�2�,� 
�2�,�0�0�1�,�1�2�9�)� �6�,�1�0�8�,�0�7�9�)� �5�,�3�1�8�,�5�4�4�)� 

�L�o�n�g� �L�o�g�s� 
�A�v�e�r�a�g�e� �4�3�0�,�4�9�0� �5�2�0�,�9�0�5� �1�,�6�2�7�,�2�0�9� 

�S�t�a�n�d�a�r�d� �E�r�r�.� �4�3�0�,�4�9�0� �5�2�0�,�9�0�5� �6�8�4�,�8�8�5� 
�n� �3� �4� �3� 

�9�5� �%� �C�.�l�.� �(�-�1�,�4�2�1�,�9�0�8�,� �(�-�1�,�1�3�6�,�6�1�5�,� �(�-�1�,�3�1�9�,�8�5�1�,� 
�2�,�2�8�2�,�8�8�8�)� �2�.�1�7�8�,�4�2�5�)� �4�,�5�7�4�,�2�6�9�)� 

�S�i�z�e� �C�l�a�s�s� �1� �=� �.�2�5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �1 �� 

�C�h�a�p�t�e�r� �5� �D�e�n�s�i�t�y� �R�e�s�u�l�t�s� �9�7� 
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�T�a�b�l�e� �3�5�.� �1�9�9�4� �S�i�z�e� �C�l�a�s�s� �1� �D�e�n�s�i�t�y� �L�i�n�e� �I�n�t�e�r�s�e�c�t� �T�r�a�i�l� �C�o�r�r�i�d�o�r� �D�a�t�a� 
�C�o�l�l�e�c�t�e�d� �a�t� �t�h�e� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 

�B�l�u�e� �M�e�s�a� 
�C�o�r�r�i�d�o�r� �1� �C�o�r�r�i�d�o�r� �2� �C�o�r�r�i�d�o�r� �3� 

�A�v�e�r�a�g�e� �4�0�8�,�6�3�0� �7�2�2�.�0�4�6� �2�,�2�4�4�,�3�0�4� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �2�4�8�,�5�4�8� �5�8�1�,�3�3�2� �9�3�0�,�4�0�9� 

�n� �3� �4� �4� 
�9�5� �%� �C�l�.� �(�-�6�6�0�,�9�7�1�,� �(�-�1�,�1�2�7�,�7�5�2� �(�-�7�1�6�,�2�5�9�,� 

�1�,�4�7�8�,�1�3�2�)� �2�,�5�7�1�,�8�4�4�)� �5�,�2�0�4�,�8�6�9�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �1�,�8�4�5�,�4�7�8� �1�,�5�1�6�,�4�1�0� �9�9�5�,�4�3�6� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �1�,�8�4�5�,�4�7�8� �3�1�8�,�2�0�9� �5�1�8�,�0�7�6� 

�n� �2� �4� �3� 
�9�5� �%�C�.�l�.� �(�-�2�1�,�6�0�3�,�1�6�3�,� �(�5�0�3�,�8�6�6�,� �(�-�1�,�2�3�3�,�8�4�9�,� 

�2�5�,�2�9�4�,�1�1�9�)� �2�,�5�2�8�,�9�5�4�)� �3�,�2�2�4�,�7�2�1�)� 
�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �2�6�4�,�6�4�3� �0� �5�8�,�7�2�2� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �u�n�d�e�f�i�n�e�d� �0� �5�8�,�7�2�2� 

�n� �1� �3� �3� 
�9�5� �%� �C�.�l�.� �N�/�A� �N�/�A� �(�-�1�9�3�,�9�6�1�,� 

�3�1�1�,�4�0�5�)� 
�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �9�5�4�,�4�4�6� �1�,�9�3�0�,�9�4�6� �2�,�4�2�4�,�4�1�5�,� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �2�9�8�,�5�5�7� �8�5�9�,�8�1�9� �9�0�9�,�5�3�1� 

�n� �4� �3� �4� 

�9�5� �%�C�.�)�.� �(�4�,�4�3�7�,� �(�-�1�,�7�6�8�,�8�5�9�,� �(�4�6�9�,�7�1�2�,� 
�1�,�9�0�4�,�4�5�5�)� �5�,�6�3�0�,�7�5�1�)� �5�,�3�1�8�,�5�4�4�)� 

�L�o�n�g� �L�o�g�s� 
�A�v�e�r�a�g�e� �4�3�0�,�4�9�0� �5�2�0�,�9�0�5� �1�,�6�2�7�,�2�0�9� 

�S�t�a�n�d�a�r�d� �E�r�r�.� �4�3�0�,�4�9�0� �5�2�0�,�9�0�5� �6�8�4�,�8�8�5� 
�n� �3� �4� �3� 

�9�5� �%�C�.�l�.� �(�-�1�,�4�2�1�,�9�0�8�,� �(�-�1�,�1�3�6�,�6�1�5�,� �(�-�1�,�3�1�9�,�8�5�1�,� 
�2�,�2�8�2�,�8�8�8�)� �2�.�1�7�8�,�4�2�5�)� �4�,�5�7�4�,�2�6�9�)� 

�S�i�z�e� �C�l�a�s�s� �1� �=� �.�2�5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �1 �� 

�C�h�a�p�t�e�r� �5� �D�e�n�s�i�t�y� �R�e�s�u�l�t�s� �9�8� 

� 



�T�a�b�l�e� �3�6�.� 

�C�o�l�l�e�c�t�e�d� �a�t� �t�h�e� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 

�1�9�9�3� �S�i�z�e� �C�l�a�s�s� �2� �D�e�n�s�i�t�y� �L�i�n�e� �I�n�t�e�r�s�e�c�t� �T�r�a�i�l� �C�o�r�r�i�d�o�r� �D�a�t�a� 
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�B�l�u�e� �M�e�s�a� 
�C�o�r�r�i�d�o�r� �1� �C�o�r�r�i�d�o�r� �2� �C�o�r�r�i�d�o�r� �3� 

�A�v�e�r�a�g�e� �8�8�.�1�3�6� �9�6�,�6�8�5� �2�9�,�1�0�6� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �5�,�6�0�1� �7�1�,�5�4�3� �1�8�,�3�6�4� 

�n� �3� �4� �4� 
�9�5� �%� �C�.�l�.� �(�6�4�,�0�3�1�,� �(�-�1�3�0�,�9�6�4�,� �(�-�2�9�,�3�2�9�,� 

�1�1�2�,�2�4�1�)� �3�2�4�,�3�3�6�)� �8�7�,�5�4�1�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �1�2�,�2�4�8� �4�0�,�4�7�9� �1�4�8�,�4�5�3� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �1�2�,�2�4�8� �2�6�,�2�8�0� �9�4�,�1�1�3� 

�n� �2� �4� �3� 
�9�5� �%� �C�.�l�.� �(�-�1�4�3�,�3�8�4�,� �(�-�4�3�,�1�4�4�,� �(�-�2�5�6�,�5�1�7�,� 

�1�6�7�,�8�8�2�)� �1�2�4�,�1�0�4�)� �5�5�3�,�4�2�4�)� 
�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �9�4�0� �7�,�4�6�7� �3�3�,�2�1�1� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �u�n�d�e�f�i�n�e�d� �7�,�4�6�7� �3�3�,�2�1�1� 

�n� �1� �3� �3� 
�9�5� �%� �C�.�I�.� �N�/�A� �(�-�2�4�,�6�6�6�,� �(�-�1�0�9�,�6�9�8�,� 

�3�9�,�6�0�1�)� �1�7�6�,�1�2�1�)� 
�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �1�3�,�5�8�1� �0� �2�3�,�1�9�6� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �1�2�,�7�8�0� �0� �1�5�,�4�7�2� 

�n� �4� �3� �4� 
�9�5� �%�C�.�l�.� �(�-�2�7�,�0�8�6�,� �N�/�A� �(�-�2�6�,�0�3�7�,� 

�5�4�,�2�5�0�)� �7�2�,�4�2�8�)� 
�L�o�n�g� �L�o�g�s� 

�A�v�e�r�a�g�e� �6�2�,�9�9�5� �4�9�,�1�6�0� �3�2�,�8�3�7� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �4�8�,�2�3�4� �3�1�,�9�1�4� �3�2�,�8�3�7� 

�n� �3� �4� �3� 
�9�5� �%� �C�.�I�.� �(�-�1�4�4�,�5�5�6�,� �(�-�5�2�,�3�9�0�,� �(�-�1�0�8�,�4�6�2�,� 

�2�7�0�,�5�4�7�)� �1�5�0�,�7�1�1�)� �1�7�4�,�1�3�8�)� 

�S�i�z�e� �C�l�a�s�s� �2� �=� �1 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �5 �� 

�C�h�a�p�t�e�r� �5� �D�e�n�s�i�t�y� �R�e�s�u�l�t�s� �9�9� 

� 



�T�a�b�l�e� �3�7�.� �1�9�9�4� �S�i�z�e� �C�l�a�s�s� �2� �D�e�n�s�i�t�y� �L�i�n�e� �I�n�t�e�r�s�e�c�t� �T�r�a�i�l� �C�o�r�r�i�d�o�r� �D�a�t�a� 
�C�o�l�l�e�c�t�e�d� �a�t� �t�h�e� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 
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�B�l�u�e� �M�e�s�a� 
�C�o�r�r�i�d�o�r� �1� �C�o�r�r�i�d�o�r� �2� �C�o�r�r�i�d�o�r� �3� 

�A�v�e�r�a�g�e� �8�8�.�1�3�6� �9�6�,�6�8�5� �2�9�,�1�0�6� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �5�,�6�0�1� �7�1�,�5�4�3� �1�8�,�3�6�4� 

�n� �3� �4� �4� 
�9�5�%� �C�.�l�.� �(�6�4�,�0�3�1�,� �(�-�1�3�0�,�9�6�4�,� �(�-�2�9�,�3�2�9�,� 

�1�1�2�,�2�4�1�)� �3�2�4�,�3�3�6�)� �8�7�,�5�4�1�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �1�2�,�2�4�8� �4�0�,�4�7�9� �1�4�8�,�4�5�3� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �1�2�,�2�4�8� �2�6�,�2�8�0� �9�4�,�1�1�3� 

�n� �2� �4� �3� 
�9�5� �%� �C�.�l�.� �(�-�1�4�3�,�3�8�4�,� �(�-�4�3�,�1�4�4�,� �(�-�2�5�6�,�5�1�7�,� 

�1�6�7�,�8�8�2�)� �1�2�4�,�1�0�4�)� �5�5�3�,�4�2�4�)� 
�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �9�4�0� �7�,�4�6�7� �3�3�,�2�1�1� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �u�n�d�e�f�i�n�e�d� �7�,�4�6�7� �3�3�,�2�1�1� 

�n� �1� �3� �3� 
�9�5� �%� �C�.�l�.� �N�/�A� �(�-�2�4�,�6�6�6�,� �(�-�1�0�9�,�6�9�8�,� 

�3�9�,�6�0�1�)� �1�7�6�,�1�2�1�)� 
�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �1�3�,�9�8�9� �0� �1�6�,�3�4�3� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �1�2�,�6�6�8� �0� �1�6�.�3�4�3� 

�n� �4� �3� �4� 

�9�5� �%� �C�.�l�.� �(�2�6�,�3�2�1�,� �N�/�A� �(�-�3�5�,�6�6�0�,� 
�5�4�,�3�0�0�)� �6�8�,�3�4�7�)� 

�L�o�n�g� �L�o�g�s� 
�A�v�e�r�a�g�e� �6�2�,�9�9�5� �4�9�,�1�6�0� �3�2�,�8�3�7� 

�S�t�a�n�d�a�r�d� �E�r�r�.� �4�8�,�2�3�4� �3�1�,�9�1�4� �3�2�,�8�3�7� 
�n� �3� �4� �3� 

�9�5� �%� �C�l�.� �(�-�1�4�4�,�5�5�6�,� �(�-�5�2�,�3�9�0�,� �(�-�1�0�8�,�4�6�2�,� 
�2�7�0�,�5�4�7�)� �1�5�0�,�7�1�1�)� �1�7�4�,�1�3�8�)� 

� � �S�i�z�e� �C�l�a�s�s� �2� �=� �1 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �5 �� 

�C�h�a�p�t�e�r� �5� �D�e�n�s�i�t�y� �R�e�s�u�l�t�s� �1�0�0� 
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�T�a�b�l�e� �3�8�.� �1�9�9�3� �S�i�z�e� �C�l�a�s�s� �3� �D�e�n�s�i�t�y� �L�i�n�e� �I�n�t�e�r�s�e�c�t� �T�r�a�i�l� �C�o�r�r�i�d�o�r� �D�a�t�a� 
�C�o�l�l�e�c�t�e�d� �a�t� �t�h�e� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 

�B�i�u�e� �M�e�s�a� 

�C�o�r�r�i�d�o�r� �1� �C�o�r�r�i�d�o�r� �2� �C�o�r�r�i�d�o�r� �3� 
�A�v�e�r�a�g�e� �8�0�6� �7�,�6�9�1� �2�,�4�0�7� 

�S�t�a�n�d�a�r�d� �E�r�r�.� �8�0�6� �4�,�1�0�2� �2�,�4�0�8� 
�n� �3� �4� �4� 

�9�5� �%�C�.�l�.� �(�-�2�,�6�6�1�,� �4�,�2�7�2�)� �|� �(�-�5�,�3�6�1�,� �2�0�,�7�4�5�)� �|� �(�-�5�,�2�5�3�,� �1�0�,�0�6�9�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �0� �1�,�4�0�6� �0� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �0� �9�4�8� �0� 

�n� �2� �4� �3� 

�9�5� �%� �C�.�l�.� �N�/�A� �(�-�1�,�6�1�2�,� �4�,�4�2�5�)� �N�/�A� 
�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �5�5�5� �0� �2�,�5�8�5� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �u�n�d�e�f�i�n�e�d� �0� �2�,�1�3�4� 

�n� �1� �3� �3� 
�9�5� �%� �C�.�I�.� �N�/�A� �N�/�A� �(�-�6�,�5�9�8�,� �1�1�,�7�6�8�)� 

�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �1�.�3�1�5� �1�,�3�7�2� �1�,�2�1�2� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �1�,�3�1�5� �4�0�7� �1�,�0�4�8� 

�n� �4� �3� �4� 
�9�5� �%�C�.�I�.� �(�-�2�,�8�7�0�,� �5�,�5�0�2�)� �(�-�3�8�2�,� �3�,�1�2�8�)� �(�-�2�,�1�2�3�,� �4�,�5�4�7�)� 

�L�o�n�g� �L�o�g�s� 

�A�v�e�r�a�g�e� �1�,�7�0�0� �1�4�,�7�4�9� �3�,�9�5�1� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �9�0�0� �5�,�8�0�8� �3�,�9�5�1� 

�n� �3� �4� �3� 
�9�5� �%�C�.�l�.� �(�-�2�,�1�7�3�,� �5�,�5�7�5�)� �|� �(�-�3�,�7�3�3�,� �3�3�,�2�3�1�)� �(�-�1�3�,�0�5�2�,� 

�2�0�,�9�5�5�)� 

�S�i�z�e� �C�l�a�s�s� �3� �=� �5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� 

�C�h�a�p�t�e�r� �5� �D�e�n�s�i�t�y� �R�e�s�u�l�t�s� �1�0�1� 

� 



�T�a�b�l�e� �3�9�.� 
�C�o�l�l�e�c�t�e�d� �a�t� �t�h�e� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 

�1�9�9�4� �S�i�z�e� �C�l�a�s�s� �3� �D�e�n�s�i�t�y� �L�i�n�e� �I�n�t�e�r�s�e�c�t� �T�r�a�i�l� �C�o�r�r�i�d�o�r� �D�a�t�a� 
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� � � � � � � � � � � � 

�B�l�u�e� �M�e�s�a� 

�C�o�r�r�i�d�o�r� �1� �C�o�r�r�i�d�o�r� �2� �C�o�r�r�i�d�o�r� �3� 
�A�v�e�r�a�g�e� �8�0�6� �7�,�6�9�1� �1�,�3�6�7� 

�S�t�a�n�d�a�r�d� �E�r�r�.� �8�0�6� �4�,�1�0�2� �1�,�3�6�7� 
�n� �3� �.� �4� �4� 

�9�5� �%� �C�.�l�.� �(�-�2�,�6�6�1�,� �4�,�2�7�2�)� �(�-�5�,�3�6�1�,� �2�0�,�7�4�5�)� �|� �(�-�2�,�9�8�4�,� �5�,�7�2�0�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �0� �1�,�4�0�6� �0� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �0� �9�4�8� �0� 

�n� �2� �4� �3� 
�9�5�%� �C�l�l�.� �N�/�A� �(�-�1�,�6�1�2�,� �4�,�4�2�5�)� �N�/�A� 

�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �5�5�5� �0� �2�,�5�8�5� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �u�n�d�e�f�i�n�e�d� �0� �2�,�1�3�4� 

�n� �1� �3� �3� 
�9�5� �%� �C�.�l�.� �N�/�A� �N�/�A� �(�-�6�,�5�9�8�,� �1�1�,�7�6�8�)� 

�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �1�.�3�1�5� �1�,�3�7�2� �1�,�2�1�2� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �1�,�3�1�5� �4�0�7� �1�,�0�4�8� 

�n� �4� �3� �4� 
�9�5� �%� �C�.�l�.� �(�-�2�,�8�7�0�,� �5�,�5�0�2�)� �(�-�3�8�2�,� �3�,�1�2�8�)� �(�-�2�,�1�2�3�,� �4�,�5�4�7�)� 

�L�o�n�g� �L�o�g�s� 

�A�v�e�r�a�g�e� �1�,�7�0�0� �1�3�,�7�4�8� �3�,�9�5�1� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �9�0�0� �6�,�1�8�5� �3�,�9�5�1� 

�n� �3� �4� �3� 

�9�5� �%� �C�.�l�.� �(�-�2�,�1�7�3�,� �5�,�5�7�5�)� �|� �(�-�5�,�9�3�3�,� �3�3�,�4�3�0�)� �(�-�1�3�,�0�5�2�,� 
�2�0�,�9�5�5�)� 

�S�i�z�e� �C�l�a�s�s� �3� �=� �5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� 

�C�h�a�p�t�e�r� �5� �D�e�n�s�i�t�y� �R�e�s�u�l�t�s� �1�0�2� 

� 



�T�a�b�l�e� �4�0�.� �1�9�9�3� �S�i�z�e� �C�l�a�s�s� �0� �D�e�n�s�i�t�y� �Q�u�a�d�r�a�t� �T�r�a�i�l� �C�o�r�r�i�d�o�r� �D�a�t�a� �C�o�l�l�e�c�t�e�d� 
�a�t� �t�h�e� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 
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� � � � � � � � � � � � 

�B�l�u�e� �M�e�s�a� 
�C�o�r�r�i�d�o�r� �1� �C�o�r�r�i�d�o�r� �2� �C�o�r�r�i�d�o�r� �3� 

�A�v�e�r�a�g�e� �5�1�,�7�8�5� �7�7�,�9�0�4� �1�2�8�,�2�1�0� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �5�1�,�7�8�5� �7�3�,�4�5�7� �1�0�9�,�5�4�7� 

�n� �3� �4� �4� 
 ��9�5�%� �C�l�.� �(�-�1�7�1�,�0�4�8�,� �(�-�1�5�5�,�8�3�7�,� �(�-�2�2�0�,�3�7�0�,� 

�2�7�4�,�6�1�9�)� �3�1�1�,�6�4�6�)� �4�7�6�,�7�9�0�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �5�9�2�,�5�2�5� �5�6�,�7�0�3� �1�9�1�,�7�8�7� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �4�3�,�3�5�5� �2�6�,�9�9�6� �5�9�,�6�2�3� 

�n� �2� �4� �3� 
�9�5�%� �C�.�l�.� �(�4�1�,�6�5�0�,� �(�-�2�9�,�1�9�8�,� �(�-�6�4�,�7�7�0�,� 

�1�,�1�4�3�,�4�0�0�)� �1�4�2�,�6�0�5�)� �4�4�8�,�3�4�6�)� 
�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �5�2�,�9�9�0� �6�1�,�0�1�8� �6�6�,�2�3�8� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �u�n�d�e�f�i�n�e�d� �2�8�,�8�7�6� �2�3�,�2�6�1� 

�n� �1� �3� �3� 
�9�5� �%�C�.�I�.� �N�/�A� �(�-�6�3�,�2�3�7�,� �(�-�3�3�,�8�5�8�,� 

�1�8�5�,�2�7�5�)� �1�6�6�,�3�3�3�)� 
�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �2�5�4�,�0�3�6� �7�7�9�,�6�6�3� �4�2�3�,�1�9�3� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �1�1�5�,�7�4�5� �4�3�5�,�4�5�2� �2�4�2�,�7�9�2� 

�n� �4� �3� �4� 

�9�5�%� �C�.�l�.� �(�-�1�1�4�,�2�6�5�,� �(�-�1�,�0�9�4�,�0�8�9�,� �(�-�3�4�9�,�3�7�3�,� 
�6�2�2�,�3�3�8�)� �2�,�6�5�3�,�4�1�6�)� �1�,�1�9�5�,�7�5�9�)� 

�L�o�n�g� �L�o�g�s� 
�A�v�e�r�a�g�e� �6�6�8�,�7�9�9� �1�4�2�,�3�3�5� �1�7�0�,�0�1�0� 

�S�t�a�n�d�a�r�d� �E�r�r�.� �6�4�3�,�6�7�3� �6�0�,�1�5�8� �3�7�,�0�9�9� 
�n� �3� �4� �3� 

�9�5�%� �C�.�l�.� �(�-�2�,�1�0�0�,�9�3�0�,� �(�-�4�9�,�0�8�7�,� �(�1�0�,�3�7�2�,� 
�3�,�4�3�8�,�5�2�8�)� �3�3�3�,�7�5�8�)� �3�2�9�,�6�4�7�)� 

�S�i�z�e� �C�l�a�s�s� �O� �=� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �.�2�5 �� 

�C�h�a�p�t�e�r� �5� �D�e�n�s�i�t�y� �R�e�s�u�l�t�s� �1�0�3� 

� 



�T�a�b�l�e� �4�1�.� �1�9�9�4� �S�i�z�e� �C�l�a�s�s� �0� �D�e�n�s�i�t�y� �Q�u�a�d�r�a�t� �T�r�a�i�l� �C�o�r�r�i�d�o�r� �D�a�t�a� �C�o�l�l�e�c�t�e�d� 
�a�t� �t�h�e� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 
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�B�l�u�e� �M�e�s�a� 

�C�o�r�r�i�d�o�r� �1� �C�o�r�r�i�d�o�r� �2� �C�o�r�r�i�d�o�r� �3� 
�A�v�e�r�a�g�e� �3�6�2�,�5�0�0� �4�3�6�,�9�4�2� �2�4�5�,�4�3�0� 

�S�t�a�n�d�a�r�d� �E�r�r�.� �2�6�0�,�6�4�9� �2�1�7�,�0�8�6� �8�3�,�8�2�6� 
�n� �3� �4� �4� 

�9�5�%� �C�.�l�.� �(�-�7�5�9�,�0�7�3�,� �(�-�2�5�3�,�8�2�5�,� �(�-�2�1�,�3�0�5�,� 
�1�,�4�8�4�,�0�7�4�)� �1�,�1�2�7�,�7�1�0�)� �5�1�2�,�1�6�6�)� 

�C�r�y�s�t�a�l� �F�o�r�e�s�t� 
�A�v�e�r�a�g�e� �2�6�9�,�7�6�7� �5�3�8�,�6�8�2� �9�3�,�4�3�5� 

�S�t�a�n�d�a�r�d� �E�r�r�.� �3�4�8�,�4�8�3� �3�4�8�,�4�8�3� �9�3�,�4�3�5� 
�n� �2� �4� �3� 

�9�5� �%� �C�l�.� �(�-�1�,�6�8�8�,�8�9�9�,� �(�-�5�7�0�,�1�9�3�,� �(�-�3�0�8�,�6�1�6�,� 
�2�,�2�2�8�,�4�3�5�)� �1�,�6�4�7�,�5�5�7�)� �4�9�5�,�4�8�6�)� 

�G�i�a�n�t� �L�o�g�s� 
�A�v�e�r�a�g�e� �1�7�6�,�6�3�4� �1�2�,�7�1�2� �5�2�,�9�9�0� 

�S�t�a�n�d�a�r�d� �E�r�r�.� �u�n�d�e�f�i�n�e�d� �6�,�7�2�6� �4�0�,�4�7�1� 
�n� �1� �3� �3� 

�9�5�%� �C�l�l�.� �N�/�A� �(�-�1�6�,�2�3�2�,� �(�-�1�2�1�,�1�6�0�,� 
�4�1�,�6�5�7�)� �2�2�7�,�1�4�0�)� 

�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �9�9�,�5�8�2� �9�7�,�8�1�7� �1�1�6�,�5�6�8� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �6�4�,�3�8�4� �8�9�,�3�2�5� �1�1�6�,�5�6�8� 

�n� �4� �3� �4� 

�9�5� �%� �C�.�l�.� �(�-�1�0�5�,�2�8�8�,� �(�-�2�8�6�,�5�5�0�,� �(�-�2�5�4�,�3�5�1�,� 
�3�0�4�,�4�5�3�)� �4�8�2�,�1�8�5�)� �4�8�7�,�4�8�8�)� 

�L�o�n�g� �L�o�g�s� 
�A�v�e�r�a�g�e� �1�0�1�,�1�6�2� �6�4�7�,�3�9�7� �1�5�3�,�8�1�8� 

�S�t�a�n�d�a�r�d� �E�r�r�.� �8�4�,�8�6�2� �6�4�1�,�2�8�9� �9�3�,�3�6�4� 
�n� �3� �4� �3� 

�9�5�%� �C�.�l�.� �(�-�2�6�4�,�0�0�0� �(�-�1�,�3�9�3�,�1�8�7�,� �(�-�2�4�7�,�9�2�7�,� 
�4�6�6�,�3�2�6�)� �2�,�6�8�7�,�9�8�1�)� �5�5�5�,�5�6�5�)� 

�S�i�z�e� �C�l�a�s�s� �O� �=� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �.�2�5 �� 

�C�h�a�p�t�e�r� �5� �D�e�n�s�i�t�y� �R�e�s�u�l�t�s� �1�0�4� 

� 



�T�a�b�l�e� �4�2�.� �1�9�9�3� �S�i�z�e� �C�l�a�s�s� �1� �D�e�n�s�i�t�y� �Q�u�a�d�r�a�t� �T�r�a�i�l� �C�o�r�r�i�d�o�r� �D�a�t�a� �C�o�l�l�e�c�t�e�d� 
�a�t� �t�h�e� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 
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� � � � � � � � � � � � 

�B�l�u�e� �M�e�s�a� 
�C�o�r�r�i�d�o�r� �1� �C�o�r�r�i�d�o�r� �2� �C�o�r�r�i�d�o�r� �3� 

�A�v�e�r�a�g�e� �2�7�1�,�8�7�5� �4�4�7�,�1�0�4� �5�3�4�,�8�1�8� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �1�6�2�,�2�1�8� �1�4�8�,�0�0�4� �3�7�9�,�7�6�7� 

�n� �3� �4� �4� 
�9�5� �%� �C�.�)�.� �(�-�4�6�,�0�7�2�,� �(�-�2�3�,�8�4�6�,� �(�-�6�7�3�,�6�0�0�,� 

�5�8�9�,�8�2�3�)� �9�1�8�,�0�5�4�)� �1�,�7�4�3�,�2�3�7�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �1�,�4�7�8�,�9�0�5� �1�,�0�7�1�,�6�9�4� �9�9�8�,�2�8�0� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �8�7�1�,�9�2�7� �1�,�8�3�2�,�3�2�1� �3�4�,�4�2�3� 

�n� �2� �4� �3� 
�9�5�%� �C�.�l�.� �(�-�9�,�5�9�9�,�8�0�8�,� �(�-�7�6�0�,�6�2�7�,� �(�8�5�0�,�1�5�6�,� 

�1�2�,�5�5�7�,�6�1�8�)� �2�,�9�0�4�,�0�1�6�)� �1�,�1�1�4�,�4�0�5�)� 
�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �2�6�,�4�9�5� �1�2�9�,�6�6�5� �1�1�9�,�2�2�7� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �u�n�d�e�f�i�n�e�d� �4�8�,�4�4�0� �3�0�,�3�5�4� 

�n� �1� �3� �3� 
�9�5� �%� �C�.�l�.� �N�/�A� �(�-�7�8�,�7�7�3�,� �(�-�1�1�,�3�8�5�,� 

�3�3�8�,�1�0�3�)� �2�4�9�,�8�4�0�)� 
�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �4�1�4�,�5�8�7� �2�,�1�3�4�,�7�2�4� �1�,�6�7�7�,�5�6�7� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �1�9�3�,�8�5�3� �1�,�1�2�4�,�4�6�0� �8�5�1�,�2�3�8� 

�n� �4� �3� �4� 
�9�5�%� �C�.�)�I�.� �(�-�2�0�2�,�2�5�5�,� �(�-�2�,�7�0�3�,�8�2�8�,� �(�-�1�,�0�3�1�,�0�7�1�,� 

�1�,�0�3�1�,�4�3�0�)� �6�,�9�7�3�,�2�7�6�)� �4�,�3�8�6�,�2�0�6�)� 
�L�o�n�g� �L�o�g�s� 

�A�v�e�r�a�g�e� �3�,�0�5�1�,�7�4�6� �7�4�9�,�3�2�4� �4�2�0�,�9�7�6� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �2�,�5�7�0�,�4�5�3� �1�,�3�2�9�,�3�0�1� �1�1�9�,�2�5�7� 

�n� �3� �4� �3� 
�9�5� �%� �C�.�l�.� �(�-�8�,�0�0�8�,�9�1�6�,� �(�-�5�3�4�,�9�7�6�,� �(�-�9�2�,�1�8�7�,� 

�1�4�,�1�1�2�,�4�0�9�)� �2�,�1�2�3�,�6�2�5�)� �9�3�4�,�1�4�0�)� 
�S�i�z�e� �C�l�a�s�s� �1� �=� �.�2�5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �1 �� 

�C�h�a�p�t�e�r� �5� �D�e�n�s�i�t�y� �R�e�s�u�l�t�s� �1�0�5� 

� 



�1�9�9�4� �S�i�z�e� �C�l�a�s�s� �1� �D�e�n�s�i�t�y� �Q�u�a�d�r�a�t� �T�r�a�i�l� �C�o�r�r�i�d�o�r� �D�a�t�a� �C�o�l�l�e�c�t�e�d� 
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�T�a�b�l�e� �4�3�.� 
�a�t� �t�h�e� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 
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�f�r�o�m� �t�h�e� �t�r�a�i�l� �d�a�t�a� �w�e�r�e� �u�s�e�d� �i�n� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n�.� �R�e�c�a�l�l� �t�h�a�t� �t�h�e� �c�o�v�a�r�i�a�n�c�e� 

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

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

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

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

�T�o� �a�f�f�i�x� �a� �l�e�v�e�l� �o�f� �c�o�n�f�i�d�e�n�c�e� �t�o� �t�h�e�s�e� �t�r�a�i�l� �t�o�t�a�l�s�,� �E�q�u�a�t�i�o�n� �6� �w�a�s� 

�u�s�e�d� �w�i�t�h� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �d�e�g�r�e�e�s� �o�f� �f�r�e�e�d�o�m� �a�n�d�a� �=� �.�O�5�.� 

�C�h�a�p�t�e�r� �5� �D�e�n�s�i�t�y� �R�e�s�u�l�t�s� �1�1�0



�S�u�m�m�a�r�y� �o�f� �T�r�a�i�l� �D�e�n�s�i�t�y� �E�s�t�i�m�a�t�e�s� 

�T�a�b�l�e�s� �4�4� �a�n�d� �4�5� �s�u�m�m�a�r�i�z�e� �t�h�e� �t�r�a�i�l� �l�i�n�e� �i�n�t�e�r�s�e�c�t� �d�e�n�s�i�t�y� �t�o�t�a�l� 

�e�s�t�i�m�a�t�e�s� �f�o�r� �1�9�9�3� �a�n�d� �1�9�9�4� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�a�b�l�e�s� �4�6� �a�n�d� �4�7� �s�u�m�m�a�r�i�z�e� 

�t�h�e� �t�r�a�i�l� �q�u�a�d�r�a�t� �d�e�n�s�i�t�y� �t�o�t�a�l� �e�s�t�i�m�a�t�e�s� �f�o�r� �1�9�9�3� �a�n�d� �1�9�9�4� �i�n�v�e�n�t�o�r�i�e�s� 

�r�e�s�p�e�c�t�i�v�e�l�y�.� 

�C�h�a�p�t�e�r� �5� �D�e�n�s�i�t�y� �R�e�s�u�l�t�s� �1�1�1



�T�a�b�l�e� �4�4�.� �1�9�9�3� �T�r�a�i�l� �D�e�n�s�i�t�y� �L�i�n�e� �I�n�t�e�r�s�e�c�t� �D�a�t�a� �S�u�m�m�a�r�y� �a�t� �P�e�t�r�i�f�i�e�d� 
�F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 
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� � � � � � � � � � � � 

�B�l�u�e� �M�e�s�a� 
�S�i�z�e� �C�l�a�s�s� �1� �S�i�z�e� �C�l�a�s�s� �2� �S�i�z�e� �C�l�a�s�s� �3� 

�A�v�e�r�a�g�e� �1�,�1�4�6�,�8�8�8� �6�8�,�6�9�7� �3�,�6�8�7� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �3�0�0�,�8�3�1� �2�2�,�5�8�7� �1�,�7�5�2� 

�n� �4� �4� �4� 
�9�5�%� �C�.� �|�.� �(�1�8�9�,�6�4�3�,� �(�-�3�,�1�7�6�,� �(�-�1�6�9�,� �7�,�5�4�3�)� 

�2�,�1�0�4�,�1�3�3�)� �1�4�0�,�5�7�1�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �1�,�4�9�7�,�9�4�0� �7�5�,�8�0�4� �5�3�6� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �3�2�7�,�1�7�5� �2�9�,�6�0�6� �3�2�7� 

�n� �4� �4� �4� 

�9�5�%� �C�.� �|�.� �(�4�5�6�,�8�7�6�,� �(�-�1�8�,�4�0�2�,� �(�-�2�0�5�,� �1�,�2�7�7�)� 
�2�,�5�3�9�,�0�1�4�)� �1�7�0�,�0�1�2�)� 

�G�i�a�n�t� �L�o�g�s� 
�A�v�e�r�a�g�e� �4�8�,�9�7�8� �2�0�,�4�4�4� �1�,�3�5�4� 

�S�t�a�n�d�a�r�d� �E�r�r�o�r� �4�8�,�9�7�8� �2�0�,�2�8�7� �1�,�0�3�0� 
�n� �3� �3� �3� 

�9�5�%� �C�.� �|�.� �(�-�1�6�1�,�1�7�7�,� �(�-�6�6�,�8�3�5�,� �(�-�3�,�0�8�1�,� �5�,�7�9�0�)� 
�2�5�9�,�7�3�5�)� �1�0�7�,�7�4�2�)� 

�J�a�s�p�e�r� �F�o�r�e�s�t� 
�A�v�e�r�a�g�e� �1�,�9�1�6�,�4�2�9� �1�4�,�9�8�3� �1�,�1�8�9� 

�S�t�a�n�d�a�r�d� �E�r�r�o�r� �4�1�7�,�4�3�2� �6�,�7�9�2� �9�0�9� 
�n� �4� �4� �4� 

�9�5�%� �C�.� �|�.� �(�5�8�8�,�1�5�7�,� �(�-�6�,�6�3�1�,� �(�-�1�,�7�0�3�,� �4�,�0�8�2�)� 
�3�,�2�4�4�,�7�0�1�)� �3�6�,�5�9�7�)� 

�L�o�n�g� �L�o�g�s� 
�A�v�e�r�a�g�e� �1�,�0�3�5�,�3�2�9� �6�2�,�6�8�9� �1�0�,�7�9�0� 

�S�t�a�n�d�a�r�d� �E�r�r�o�r� �3�8�1�,�4�0�7� �2�9�,�0�0�3� �5�,�5�5�1� 
�n� �4� �4� �4� 

�9�5�%� �C�.� �|�.� �(�-�1�7�8�,�3�0�7�,� �(�-�2�9�,�6�0�0�,� �(�-�6�8�7�5�,� �2�8�,�4�5�7�)� 
�2�,�2�4�8�,�9�6�7�)� �1�5�4�,�9�7�9�)� 

�S�i�z�e� �C�l�a�s�s� �1� �=� �.�2�5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �1 �� 

�S�i�z�e� �C�l�a�s�s� �2� �=� �1 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �5 �� 
�S�i�z�e� �C�l�a�s�s� �3� �=� �5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� 

�C�h�a�p�t�e�r� �5� �D�e�n�s�i�t�y� �R�e�s�u�l�t�s� �1�1�2� 
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� � � � � � � � � � 
� � 

�T�a�b�l�e� �4�5�.� �1�9�9�4� �T�r�a�i�l� �D�e�n�s�i�t�y� �L�i�n�e� �I�n�t�e�r�s�e�c�t� �D�a�t�a� �S�u�m�m�a�r�y� �a�t� �P�e�t�r�i�f�i�e�d� 
�F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 

�B�l�u�e� �M�e�s�a� 
�S�i�z�e� �C�l�a�s�s� �1� �S�i�z�e� �C�l�a�s�s� �2� �S�i�z�e� �C�l�a�s�s� �3� 

�A�v�e�r�a�g�e� �1�,�2�1�6�,�5�9�9� �6�8�,�6�9�7� �3�,�3�4�0� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �2�8�4�,�8�9�8� �2�2�,�5�8�7� �1�,�5�4�5� 

�n� �4� �4� �4� 
�9�5�%� �C�.� �|�.� �(�3�1�0�,�0�5�3�,� �(�-�3�,�1�7�6�,� �(�-�6�0�,� �6�,�7�4�2�)� 

�2�,�1�2�3�,�1�4�6�)� �1�4�0�,�5�7�1�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �1�,�3�2�5�,�0�6�0� �7�5�,�8�0�4� �5�3�6� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �2�9�3�,�0�9�6� �2�9�,�6�0�6� �3�2�7� 

�n� �4� �4� �4� 
�9�5�%� �C�.� �|�.� �(�3�9�2�,�4�2�7�,� �(�-�1�8�,�4�0�2�,� �(�-�2�0�5�,� �1�,�2�7�7�)� 

�2�,�2�5�7�,�6�9�3�)� �1�7�0�,�0�1� �2�)� 
�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �3�2�,�6�2�3� �2�0�,�4�4�4� �1�,�3�5�4� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �1�7�,�8�6�8� �2�0�,�2�8�7� �1�,�0�3�0� 

�n� �3� �3� �3� 
�9�5�%� �C�.� �I�.� �(�-�4�4�,�2�6�5�,� �(�-�6�6�,�8�3�5�,� �(�-�3�,�0�8�1�,� �5�,�7�9�0�)� 

�1�0�9�,�5�1�2�)� �1�0�7�,�7�4�2�)� 
�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �1�,�7�4�9�,�3�6�9� �1�2�,�8�3�4� �1�,�1�8�9� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �3�5�3�,�9�3�5� �7�,�6�9�4� �9�0�9� 

�n� �4� �4� �4� 

�9�5�%� �C�.� �|�.� �(�6�2�3�,�1�4�8�,� �(�-�1�1�,�6�4�8�,� �(�-�1�,�7�0�3�,� �4�,�0�8�2�)� 
�2�,�8�7�5�,�5�9�0�)� �3�7�,�3�1�8�)� 

�L�o�n�g� �L�o�g�s� 
�A�v�e�r�a�g�e� �1�,�0�3�5�,�3�2�9� �6�2�,�6�8�9� �1�0�,�4�5�7� 

�S�t�a�n�d�a�r�d� �E�r�r�o�r� �3�8�1�,�4�0�7� �2�9�,�0�0�3� �5�,�6�1�4� 
�n� �4� �4� �4� 

�9�5�%� �C�.� �|�.� �(�-�1�7�8�,�3�0�7�,� �(�-�2�9�,�6�0�0�,� �(�-�7�,�4�0�9�,� �2�8�,�3�2�3�)� 
�2�,�2�4�8�,�9�6�7�)� �1�5�4�,�9�7�9�)� 

�S�i�z�e� �C�l�a�s�s� �1� �=� �.�2�5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �1 �� 
�s�i�z�e� �C�l�a�s�s� �2� �=� �1 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �5 �� 
�S�i�z�e� �C�l�a�s�s� �3� �=� �5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� 

�C�h�a�p�t�e�r� �5� �D�e�n�s�i�t�y� �R�e�s�u�l�t�s� �1�1�3� 
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�T�a�b�l�e� �4�6�.� �1�9�9�3� �T�r�a�i�l� �D�e�n�s�i�t�y� �Q�u�a�d�r�a�t� �D�a�t�a� �S�u�m�m�a�r�y� �a�t� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� 
�N�a�t�i�o�n�a�l� �P�a�r�k� 

�B�l�u�e� �M�e�s�a� 
�S�i�z�e� �C�l�a�s�s� �0� �S�i�z�e� �C�l�a�s�s� �1� 

�A�v�e�r�a�g�e� �8�4�,�6�5�7� �4�0�8�,�3�8�5� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �5�6�,�4�2�0� �1�1�6�,�5�0�6� 

�S�a�m�p�l�e� �S�i�z�e� �4� �4� 
�9�5� �%�C�.� �|�.� �(�-�9�4�,�8�7�2�,� �(�3�7�,�6�6�2�,� 

�2�6�4�,�1�8�8�)� �7�7�9�,�1�0�8�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �2�1�3�,�2�1�0� �1�,�0�4�0�,�6�1�6� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �4�5�,�5�0�6� �3�6�6�,�9�1�4� 

�S�a�m�p�l�e� �S�i�z�e� �4� �4� 
�9�5� �%�C�.� �|�.� �(�6�8�,�4�1�0�,� �(�-�1�2�6�,�9�0�5�,� 

�3�5�8�,�0�1�1�)� �2�,�2�0�8�,�1�3�7�)� 
�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �5�7�,�3�2�7� �1�1�4�,�6�6�7� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �1�8�,�4�8�2� �4�1�,�2�8�4� 

�S�a�m�p�l�e� �S�i�z�e� �3� �3� 
�9�5� �%�C�.� �|�.� �(�-�2�2�,�2�0�3�,� �(�-�6�2�,�9�8�1�,� 

�1�3�6�,�8�5�8�)� �2�9�2�,�3�1�5�)� 
�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �4�3�1�,�0�5�8� �1�,�2�7�6�,�8�5�1� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �2�2�5�,�4�2�3� �6�1�7�,�0�5�8� 

�S�a�m�p�l�e� �S�i�z�e� �4� �4� 
�9�5� �%�C�.� �|�.� �(�-�2�8�6�,�2�3�8�,� �(�-�6�8�6�,�6�2�7�,� 

�1�,�1�4�8�,�3�5�6�)� �3�,�2�0�4�,�3�2�9�)� 
�L�o�n�g� �L�o�g�s� 

�A�v�e�r�a�g�e� �2�8�7�,�5�7�4� �1�,�1�7�2�,�7�4�8� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �1�5�4�,�6�0�0� �6�7�5�,�0�9�5� 

�S�a�m�p�l�e� �S�i�z�e� �4� �4� 

�9�5� �%�C�.� �I�.� �(�-�2�1�3�,�3�6�3�,� �(�-�9�7�5�,�4�0�5�,� 
�7�7�0�,�5�1�2�)� �3�,�3�2�0�,�9�0�2�)� 

� � 

�S�i�z�e� �C�l�a�s�s� �1� 

�C�h�a�p�t�e�r� �5� �D�e�n�s�i�t�y� �R�e�s�u�l�t�s� 
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�9�5� �%� �C�.� �|�.� �(�-�2�4�1�,�2�4�9�,� �(�-�7�1�4�,�3�4�4�,� 
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�T�o�t�a�l� �D�e�n�s�i�t�y� �S�u�m�m�a�r�y� 

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

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

�t�h�e�s�e� �t�o�t�a�l�s� �w�a�s� �e�s�t�i�m�a�t�e�d� �b�y� �u�s�i�n�g� �E�q�u�a�t�i�o�n� �5� �a�n�d� �c�o�n�f�i�d�e�n�c�e� �i�n�t�e�r�v�a�l�s� 

�w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �w�i�t�h� �E�q�u�a�t�i�o�n� �6�.� �A�s� �a�n� �e�x�a�m�p�l�e�,� �T�a�b�l�e� �4�8� �l�i�s�t�s� �t�r�a�i�l� �a�n�d� 

�b�a�c�k�c�o�u�n�t�r�y� �t�o�t�a�l�s� �f�o�r� �C�r�y�s�t�a�l� �F�o�r�e�s�t� �1�9�9�3� �l�i�n�e� �i�n�t�e�r�s�e�c�t� �d�e�n�s�i�t�y�,� �s�i�z�e� �c�l�a�s�s� 
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�s�i�z�e� �c�l�a�s�s�.� �T�a�b�l�e�s� �4�9� �a�n�d� �5�0� �s�u�m�m�a�r�i�z�e� �l�i�n�e� �i�n�t�e�r�s�e�c�t� �d�e�n�s�i�t�y� �t�o�t�a�l�s� �t�o� �1�9�9�3� 

�a�n�d� �1�9�9�4� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�a�b�l�e�s� �5�1� �a�n�d� �5�2� �s�u�m�m�a�r�i�z�e� �q�u�a�d�r�a�t� �d�e�n�s�i�t�y� �t�o�t�a�l� 
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�1�9�9�4�)� �f�o�r� �e�a�c�h� �s�i�z�e� �c�l�a�s�s� �i�n� �e�a�c�h� �s�t�r�a�t�u�m�.� �F�i�g�u�r�e� �1�6� �a�n�d� �1�7� �d�e�p�i�c�t� �t�h�e�s�e� 

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

�a� �n�e�g�a�t�i�v�e� �n�u�m�b�e�r� �i�n�d�i�c�a�t�e�s� �a� �g�a�i�n� �i�n� �d�e�n�s�i�t�y�,� �w�h�i�l�e� �a� �p�o�s�i�t�i�v�e� �n�u�m�b�e�r� 
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�S�a�m�p�l�e� �S�i�z�e� �2�4� �2�4� �2�4� 
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�9�5� �%� �C�.� �|�.� �(�4�,�1�4�7�,�0�7�6�,� �(�-�4�0�2�,�2�5�3�,� �(�5�,�2�0�3�,� 
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�S�t�a�n�d�a�r�d� �E�r�r�o�r� �3�0�,�2�5�0�,�2�0�8� �1�,�2�8�3�,�8�8�2� �3�0�,�7�1�3� 

�S�a�m�p�l�e� �S�i�z�e� �2�4� �2�4� �2�4� 
�9�5� �%�C�.� �|�.� �(�2�0�,�2�0�0�,�9�2�2�,� �(�3�3�2�,�9�5�8�,� �(�4�5�,�7�2�5�,� 
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�S�i�z�e� �C�l�a�s�s� �2� �=� �1 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �5 �� 
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�6�0�0�0�0�0�0� �-�}� �A�r�e�n�s�o�e� �6�0�0�0�0�0�0�0� �~� 

 ��  �� �s�r�g� 
�B�e�  ��_ �� 
�3� �4� �S�e� �1�9�4�3�3�5�6�0� 

�~�e�o�o�o�n�o� �4� �~�6�2�8�5�6�7�7� 

�o�e� �C�l�a�s�s� �0� �S�i�z�e� �C�l�a�s�e� �1� �e�e� �C�l�a�s�s� �0� �S�i�z�e� �C�l�a�s�s� �1� 

�L�o�n�g� �L�o�g�s� 
�1�2�0�0�0�0�0� �-� �s�e�e�g�o�s�2� 

�=� 

�=� 
�s�e�n�0�0�0� �2�9�6�5�1�1�8� 

�g�u�e� �C�o�m�e�s� �a� 
�F�i�g�u�r�e� �1�7�.� �O�v�e�r�a�l�l� �C�h�a�n�g�e� �i�n� �D�e�n�s�i�t�y� 

�a�s� �E�s�t�i�m�a�t�e�d� �F�r�o�m� �Q�u�a�d�r�a�t� �D�a�t�a� 

�C�h�a�p�t�e�r� �5� �D�e�n�s�i�t�y� �R�e�s�u�l�t�s� �1�2�3



�C�h�a�p�t�e�r� �6� 

�V�o�l�u�m�e� �R�e�s�u�l�t�s� 

�I�n�t�r�o�d�u�c�t�i�o�n� 

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

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

�d�a�t�a� �a�t� �t�h�e� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k�.� �M�o�s�t� �o�f� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n�s� �i�n� �t�h�i�s� 

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

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

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

�t�h�i�s� �c�h�a�p�t�e�r�,� �a�l�l� �v�o�l�u�m�e� �d�a�t�a� �f�o�r� �1�9�9�3� �a�n�d� �1�9�9�4� �i�n�v�e�n�t�o�r�i�e�s� �i�s� �s�u�m�m�a�r�i�z�e�d� 

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

�L�i�n�e� �I�n�t�e�r�s�e�c�t� �V�o�l�u�m�e� �E�s�t�i�m�a�t�o�r� 

�F�i�g�u�r�e� �8�,� �e�s�t�i�m�a�t�o�r� �2� �(�M�e�t�h�o�d�s� �S�e�c�t�i�o�n�)� �i�s� �t�h�e� �v�o�l�u�m�e� �p�e�r� �a�c�r�e� 

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

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

�l�i�n�e� �t�r�a�n�s�e�c�t� �a�s�:� 

� � �o�e� �x� �C�S�A�,� �[�1�0�]� 
�i�=�1� 

�C�h�a�p�t�e�r� �6� �V�o�l�u�m�e� �R�e�s�u�l�t�s� �1�2�4



�w�h�e�r�e�:� �L� �=� �l�i�n�e� �t�r�a�n�s�e�c�t� �l�e�n�g�t�h� 

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

�C�S�A�;� �=� �c�r�o�s�s� �s�e�c�t�i�o�n�a�l� �a�r�e�a� �(�i�n�?�)� �o�f� �i� �p�a�r�t�i�c�l�e�.� 

�A�s� �a�n� �e�x�a�m�p�l�e�,� �t�h�e� �1�9�9�3� �c�r�o�s�s� �s�e�c�t�i�o�n�a�l� �a�r�e�a� �d�a�t�a� �c�o�l�l�e�c�t�e�d� �a�t� �t�h�e� 

�P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� �f�o�r� �s�i�z�e� �c�l�a�s�s� �3� �(�s�c�3� �=� �p�a�r�t�i�c�l�e� �>� �5 �� �i�n� 

�i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h�)�,� �l�i�n�e� �5� �a�t� �L�o�n�g� �L�o�g�s� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �5�3�.� 

�T�a�b�l�e� �5�3�.� �1�9�9�3� �C�r�o�s�s� �S�e�c�t�i�o�n�a�l� �L�i�n�e� �I�n�t�e�r�s�e�c�t� �D�a�t�a� �f�o�r� �L�o�n�g� �L�o�g�s�,� �L�i�n�e� �5�,� 
�S�i�z�e� �C�l�a�s�s� �3�.� 
� � 
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� � 

� � � � 

�L�i�n�e� �N�u�m�b�e�r� �C�r�o�s�s� �S�e�c�t�i�o�n�a�l� �A�r�e�a� �(� �i�n�*� �)� 
�5� �2�0�.�0�3� 

�5� �1�6�.�7�4� 

�5� �1�1�.�0�5� 

�5� �1�2�.�8�2� � � � � 

�U�s�i�n�g� �E�q�u�a�t�i�o�n� �1�0� �t�o� �a�r�r�i�v�e� �a�t� �a� �t�o�t�a�l� �v�o�l�u�m�e� �p�e�r� �a�c�r�e� �e�s�t�i�m�a�t�e� �f�o�r� �L�o�n�g� 

�L�o�g�s� �l�i�n�e� �5�,� �t�h�e� �c�r�o�s�s� �s�e�c�t�i�o�n�a�l� �a�r�e�a�s� �o�f� �e�a�c�h� �p�a�r�t�i�c�l�e� �w�e�r�e� �a�d�d�e�d� �a�n�d� 

�m�u�l�t�i�p�l�i�e�d� �b�y� �3�6�3�0�x� �a�n�d� �f�i�n�a�l�l�y� �d�i�v�i�d�e�d� �b�y� �t�h�e� �l�e�n�g�t�h� �o�f� �t�h�e� �l�i�n�e� �(�3�0�0� 

�i�n�c�h�e�s�)�:� 

�3�6�3�0� �x� �3�.�1�4� �5�0�0� �(�2�0�0�3�+� �1�6�7�4� �+� �1�1�0�5� �+� �1�2�.�8�2�]� �=� �2�3�0�3�.�9�6� �f�t�/�a�c�.� 

�T�h�e� �1�9�9�3� �v�o�l�u�m�e� �p�e�r� �a�c�r�e� �e�s�t�i�m�a�t�e� �f�o�r� �L�o�n�g� �L�o�g�s� �l�i�n�e� �t�r�a�n�s�e�c�t� �5� �i�s� �2�3�0�3� 

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

�a�c�r�e�a�g�e� �s�a�m�p�l�e�d� �i�n� �t�h�i�s� �s�t�r�a�t�u�m�.� �F�r�o�m� �T�a�b�l�e� �2�,� �t�h�e� �t�o�t�a�l� �a�c�r�e�a�g�e� �s�a�m�p�l�e�d� 

�f�o�r� �L�o�n�g� �L�o�g�s� �t�r�a�i�l� �c�o�r�r�i�d�o�r� �2� �i�s� �1�.�8�3� �a�c�r�e�s�.� �T�h�e� �t�o�t�a�l� �l�i�n�e� �t�r�a�n�s�e�c�t� �c�u�b�i�c� 

�v�o�l�u�m�e� �e�s�t�i�m�a�t�e� �f�o�r� �L�o�n�g� �L�o�g�s� �l�i�n�e� �5� �i�s�:� 

�C�h�a�p�t�e�r� �6� �V�o�l�u�m�e� �R�e�s�u�l�t�s� �1�2�5� 

� 



�2�3�0�3�.�9�6� �x� �1�.�8�3� �=� �4�2�1�6�.�2�4� �f�t�®�.� 

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

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

�Q�u�a�d�r�a�t� �V�o�l�u�m�e� �E�s�t�i�m�a�t�o�r� 

�F�i�g�u�r�e� �9�,� �e�s�t�i�m�a�t�o�r� �2� �(�M�e�t�h�o�d�s� �S�e�c�t�i�o�n�)� �i�s� �t�h�e� �v�o�l�u�m�e� �e�s�t�i�m�a�t�o�r� �u�s�e�d� 

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

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

�1�0�0�3�6� �x� �v�o�l�,� �[�1�1�]� 

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

�A�s� �a�n� �e�x�a�m�p�l�e�,� �t�h�e� �1�9�9�3� �L�o�n�g� �L�o�g�s� �l�i�n�e� �7� �v�o�l�u�m�e� �o�f� �p�e�t�r�i�f�i�e�d� �w�o�o�d� 

�p�a�r�t�i�c�l�e�s� �i�n� �s�i�z�e� �c�l�a�s�s� �1� �w�a�s� �0�.�0�0�9�8� �c�u�b�i�c� �f�e�e�t�.� �T�o� �e�x�p�r�e�s�s� �t�h�i�s� �v�o�l�u�m�e� �o�n� �a� 

�p�e�r� �a�c�r�e� �b�a�s�i�s�,� �E�q�u�a�t�i�o�n� �1�1� �w�a�s� �u�s�e�d� �a�s� �f�o�l�l�o�w�s�:� 

�1�0�0�3�6� �x� �0�.�0�0�9�8� �=� �9�8�.�3�5� �f�t�*�/�a�c�.� 

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

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

�T�a�b�l�e� �2�,� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n� �i�s�:� 

�9�8�.�3�5� �x� �1�.�6�8� �=� �1�6�5�.�2�3� �f�t ��.� 

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

�s�i�z�e� �c�l�a�s�s�e�s� �f�o�r� �a�l�l� �s�t�r�a�t�a�.� 

�C�h�a�p�t�e�r� �6� �V�o�l�u�m�e� �R�e�s�u�l�t�s� �1�2�6



�B�a�c�k�c�o�u�n�t�r�y� �T�o�t�a�l� �a�n�d� �V�a�r�i�a�n�c�e� �E�s�t�i�m�a�t�i�o�n� 

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

�i�n�d�i�v�i�d�u�a�l� �l�i�n�e� �t�r�a�n�s�e�c�t� �a�n�d� �q�u�a�d�r�a�t� �e�s�t�i�m�a�t�e�s� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �(�E�q�u�a�t�i�o�n� �1�0� 

�a�n�d� �1�1� �r�e�s�p�e�c�t�i�v�e�l�y�)� �a�n�d� �a�v�e�r�a�g�e�d�.� �T�h�e� �a�v�e�r�a�g�e�s� �w�e�r�e� �t�h�e�n� �m�u�l�t�i�p�l�i�e�d� �b�y� 

�t�h�e� �b�a�c�k�c�o�u�n�t�r�y� �a�r�e�a� �s�a�m�p�l�e�d�.� �T�a�b�l�e� �5�4� �l�i�s�t�s� �t�h�e� �1�9�9�4� �b�a�c�k�c�o�u�n�t�r�y� �d�a�t�a� 

�l�i�n�e� �i�n�t�e�r�s�e�c�t� �v�o�l�u�m�e� �d�a�t�a� �f�o�r� �C�r�y�s�t�a�l� �F�o�r�e�s�t�,� �s�i�z�e� �c�l�a�s�s� �1� �c�o�l�l�e�c�t�e�d� �a�t� �t�h�e� 

�P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� �a�s� �a�n� �e�x�a�m�p�l�e�.� �N�o�t�e� �t�h�a�t� �|� �h�a�v�e� �c�h�o�s�e�n� �t�o� 

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

�T�a�b�l�e� �5�4�.� �1�9�9�4� �B�a�c�k�c�o�u�n�t�r�y� �V�o�l�u�m�e� �(�f�t�?�)� �E�s�t�i�m�a�t�e�s� �f�o�r� �t�h�e� �C�r�y�s�t�a�l� �F�o�r�e�s�t� 
�S�t�r�a�t�u�m�,� �S�i�z�e� �C�l�a�s�s� �1� �a�t� �t�h�e� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k�.� 
� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � � � 

�L�i�n�e� �#� �V�o�l�u�m�e� �/� �A�c�r�e� �L�i�n�e� �#� �V�o�l�u�m�e� �/� �A�c�r�e� 
�1�6� �2�7�1�.�4� �2�6� �1�1�7�5�.�0� 
�1�7� �4�4�4�.�1� �2�7� �3�0�7�.�1� 
�1�8� �7�2�0�.�9� �2�8� �0� 
�1�9� �0� �2�9� �0� 
�2�0� �1�9�.�2� �3�0� �0� 
�2�1� �0� �3�1� �0� 
�2�2� �0� �3�2� �0� 
�2�3� �0� �3�3� �2�7�1�.�4� 
�2�4� �0� �3�4� �0� 
�2�5� �0� �3�5� �0� � � � � � � � � 

�T�o� �a�r�r�i�v�e� �a�t� �a� �t�o�t�a�l� �l�i�n�e� �i�n�t�e�r�s�e�c�t� �v�o�l�u�m�e� �e�s�t�i�m�a�t�e� �f�o�r� �C�r�y�s�t�a�l� �F�o�r�e�s�t� �s�i�z�e� 

�c�l�a�s�s� �1�,� �t�h�e� �d�a�t�a� �i�n� �T�a�b�l�e� �5�4� �w�o�u�l�d� �b�e� �a�v�e�r�a�g�e�d� �a�n�d� �m�u�l�t�i�p�l�i�e�d� �b�y� �t�h�e� �t�o�t�a�l� 

�a�c�r�e�a�g�e� �s�a�m�p�l�e�d�:� 

�2�7�1�4�+� �4�4�4�.�1�4�+�-�-�-�+�0�+�0� 

�2�0� 
� � �9�6�2�4� �|�-� �9�0�1�9�.�2� �f�t�®�.� 

�C�h�a�p�t�e�r� �6� �V�o�l�u�m�e� �R�e�s�u�l�t�s� �1�2�7� 
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�T�o� �e�s�t�i�m�a�t�e� �t�h�e� �v�a�r�i�a�n�c�e� �f�o�r� �t�h�e� �l�i�n�e� �i�n�t�e�r�s�e�c�t� �v�o�l�u�m�e� �e�s�t�i�m�a�t�e� �a�b�o�v�e�,� 

�t�h�e� �D�e� �V�r�i�e�s� �E�q�u�a�t�i�o�n� �3� �w�a�s� �u�s�e�d�.� �U�s�i�n�g� �t�h�e� �d�a�t�a� �i�n� �T�a�b�l�e� �5�4�,� �E�q�u�a�t�i�o�n� �3�,� 

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

�5�6�.�2�1�7�[�(�2�7�1�4� �~� �1�6�0�.�5�)�?� 

�+� �(�4�4�4�.�1 �� �1�6�0�.�5�)�?� 

�4� 

�4� 

�+� �(�O �� �1�6�0�.�5�)�?� 

�+�  �� �(�0�-�1�6�0�5�)�"�|� 

�=� �5�7�6�5�4�8�0�9�4�2� 

�d�i�v�i�d�i�n�g� �b�y� �t�h�e� �s�a�m�p�l�e� �s�i�z�e� �y�i�e�l�d�s�:� 

�5�7�6�5�4�8�0�9�4�2� 

�(�1�9�)�2�0� 
�6� �V�A�R�(�V�o�l�,�.�1�)� �=� �=� �1�5�1�7�2�3�1�8�3� �f�t�.� 

�T�o� �a�f�f�i�x� �a� �l�e�v�e�l� �o�f� �c�o�n�f�i�d�e�n�c�e� �t�o� �b�a�c�k�c�o�u�n�t�r�y� �v�o�l�u�m�e� �e�s�t�i�m�a�t�e�s�,� 

�E�q�u�a�t�i�o�n� �6� �w�a�s� �u�s�e�d�.� �A� �t�w�o� �s�i�d�e�d� �9�5� �p�e�r�c�e�n�t� �c�o�n�f�i�d�e�n�c�e� �i�n�t�e�r�v�a�l� �a�s�s�u�m�i�n�g� 

�n�o�r�m�a�l�i�t�y� �f�o�r� �t�h�e� �C�r�y�s�t�a�l� �F�o�r�e�s�t� �s�i�z�e� �c�l�a�s�s� �1� �v�o�l�u�m�e� �e�s�t�i�m�a�t�e� �i�s�:� 

�9�0�1�9�.�2�+� �t�i�9�)� �9�7�5� �x� �¥�1�5�1�7�2�3�1�8�3� 

�9�0�1�9�.�2� �+� �2�.�0�9�3� �x� �3�8�9�5�.�2� 

�9�0�1�9�.�2�+� �8�1�5�2�6� 

�(�8�6�6�.�6� �f�t�®�,� �1�7�1�7�1�8� �f�t�®�)� �.� 

�C�h�a�p�t�e�r� �6� �V�o�l�u�m�e� �R�e�s�u�l�t�s� �1�2�8



�S�u�m�m�a�r�y� �o�f� �B�a�c�k�c�o�u�n�t�r�y� �V�o�l�u�m�e� �E�s�t�i�m�a�t�e�s� 

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

�b�a�c�k�c�o�u�n�t�r�y� �s�a�m�p�l�i�n�g� �u�n�i�t�s�,� �t�h�e�r�e�f�o�r�e� �t�h�e� �1�9�9�3� �a�n�d� �1�9�9�4� �b�a�c�k�c�o�u�n�t�r�y� �l�i�n�e� 

�i�n�t�e�r�s�e�c�t� �e�s�t�i�m�a�t�e�s� �a�r�e� �i�d�e�n�t�i�c�a�l�.� �T�a�b�l�e� �5�5� �s�u�m�m�a�r�i�z�e�s� �t�h�e� �b�a�c�k�c�o�u�n�t�r�y� �l�i�n�e� 

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

�T�h�e� �q�u�a�d�r�a�t� �s�a�m�p�l�e�s� �a�r�e� �n�o�t� �i�d�e�n�t�i�c�a�l� �b�e�t�w�e�e�n� �1�9�9�3� �a�n�d� �1�9�9�4�.� 

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

�i�n�v�e�n�t�o�r�y� �(�F�i�g�u�r�e� �6�)�.� �T�a�b�l�e�s� �5�6� �a�n�d� �5�7� �s�u�m�m�a�r�i�z�e� �t�h�e� �b�a�c�k�c�o�u�n�t�r�y� �q�u�a�d�r�a�t� 

�v�o�l�u�m�e� �d�a�t�a� �f�o�r� �e�a�c�h� �s�t�r�a�t�a� �f�o�r� �1�9�9�3� �a�n�d� �1�9�9�4� �i�n�v�e�n�t�o�r�i�e�s� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�C�h�a�p�t�e�r� �6� �V�o�l�u�m�e� �R�e�s�u�l�t�s� �1�2�9



�T�a�b�l�e� �5�5�.� 
�S�u�m�m�a�r�y� �a�t� �P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 

�1�9�9�3� �a�n�d� �1�9�9�4� �B�a�c�k�c�o�u�n�t�r�y� �V�o�l�u�m�e� �(�f�t�?�)� �L�i�n�e� �I�n�t�e�r�s�e�c�t� �D�a�t�a� 
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�B�l�u�e� �M�e�s�a� 
�S�i�z�e� �C�l�a�s�s� �1� �S�i�z�e� �C�l�a�s�s� �2� �S�i�z�e� �C�l�a�s�s� �3� 

�A�v�e�r�a�g�e� �9�3�6�8� �3�2�3�7�1� �4�1�0�4�1�2� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �1�2�7�4�6� �1�2�7�4�6� �2�5�5�9�2�5� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� �2�0� 
�9�5�%� �C�.� �|�.� �(�2�9�6�,� �1�8�4�4�0�)� �(�5�6�9�3�,� �5�9�0�4�8�)� �(�-�1�2�5�2�4�0�,� 

�9�4�6�0�6�4�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �9�0�1�9� �1�0�2�9�4� �8�1�5�8�6� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �3�8�9�5� �3�8�7�3� �3�7�3�4�6� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� �2�0� 
�9�5�%� �C�.� �|�.� �(�8�6�6�,� �1�7�1�7�2�)� �(�2�1�8�7�,� �1�8�4�0�1�)� �(�3�2�3�9�,� �1�5�9�9�3�3�)� 

�G�i�a�n�t� �L�o�g�s� 
�A�v�e�r�a�g�e� �1�2�9�8�6� �3�4�4�1�9� �1�6�2�2�0�2� 

�S�t�a�n�d�a�r�d� �E�r�r�o�r� �5�2�3�3� �1�5�7�6�1� �9�4�3�6�4� 
�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� �2�0� 
�9�5�%� �C�.� �|�.� �(�2�0�3�3�,� �2�3�9�3�8�)� �(�1�4�3�0�,� �6�7�4�0�9�)� �(�-�3�5�3�0�1�,� 

�3�5�9�7�0�6�)� 
�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �2�1�5�4�5� �5�1�0�6�7� �6�2�2�9�8�9� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �7�6�3�2� �1�8�4�7�2� �3�8�6�9�6�4� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� �2�0� 
�9�5�%� �C�.� �I�.� �(�5�5�7�0�,� �3�7�5�1�9�)� �(�1�2�4�0�3�,� �8�9�7�3�0�)� �(�-�1�8�6�9�2�7�,� 

�1�4�3�2�9�0�7�)� 
�L�o�n�g� �L�o�g�s� 

�A�v�e�r�a�g�e� �1�1�8�3�9� �3�2�1�7�4� �2�1�1�8�9�1� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �4�6�1�8� �1�3�5�2�8� �9�1�1�4�4� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� �2�0� 
�9�5�%� �C�.� �|�.� �(�2�1�7�4�,� �2�1�5�0�5�)� �(�3�8�5�9�,� �6�0�4�9�0�)� �(�2�1�1�2�5�,� �4�0�2�6�5�6�)� � � � � � � � � 

�S�i�z�e� �C�l�a�s�s� �1� �=� �.�2�5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �1 �� 

�S�i�z�e� �C�l�a�s�s� �2� �=� �1 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �5 �� 
�S�i�z�e� �C�l�a�s�s� �3� �=� �5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� 

�C�h�a�p�t�e�r� �6� �V�o�l�u�m�e� �R�e�s�u�l�t�s� �1�3�0� 
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�T�a�b�l�e� �5�6�.� �1�9�9�3� �B�a�c�k�c�o�u�n�t�r�y� �V�o�l�u�m�e� �(�f�t�?�)� �Q�u�a�d�r�a�t� �D�a�t�a� �S�u�m�m�a�r�y� �a�t� 
�P�e�t�r�i�f�i�e�d� �F�o�r�e�s�t� �N�a�t�i�o�n�a�l� �P�a�r�k� 

�B�l�u�e� �M�e�s�a� 

�S�i�z�e� �C�l�a�s�s� �O� �S�i�z�e� �C�l�a�s�s� �1� 
�A�v�e�r�a�g�e� �7�3�2� �1�0�3�8�2� 

�S�t�a�n�d�a�r�d� �E�r�r�o�r� �4�8�0� �5�0�4�4� 
�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� 

�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�-�2�7�2�,� �1�7�3�8�)� �(�-�1�7�6�,� �2�0�9�4�0�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �5�1�9� �1�0�4�9�7� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �1�7�6� �4�3�3�7� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� 
�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�1�4�9�,� �8�8�9�)� �(�1�4�1�9�,� �1�9�5�7�4�)� 

�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �1�5�7� �5�5�5�2� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �5�3� �2�2�4�8� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� 
�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�4�6�,� �2�6�9�)� �(�8�4�7�,� �1�0�2�5�8�)� 

�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �5�4�0� �1�1�5�9�9� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �4�1�5� �4�2�6�6� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� 
�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�-�3�2�9�,� �1�4�1�0�)� �(�2�6�8�8�,� �2�0�5�2�9�)� 

�L�o�n�g� �L�o�g�s� 

�A�v�e�r�a�g�e� �1�6�1� �7�8�1�2� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �5�0� �2�8�9�0� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� 
�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�5�4�,� �2�6�6�)� �(�1�7�6�1�,� �1�3�8�6�2�)� � � � � � � 

�S�i�z�e� �C�l�a�s�s� �O� �=� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �.�2�5 �� 
�S�i�z�e� �C�l�a�s�s� �1� �=� �.�2�5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �1 �� 
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�S�t�a�n�d�a�r�d� �E�r�r�o�r� �2�6�6� �2�0�6�4� 
�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� 

�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�-�1�1�2�,� �1�0�0�2�)� �(�3�5�4�4�,� �1�2�1�8�5�)� 
�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �5�9� �7�3�3�9� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �2�0� �3�4�2�7� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� 
�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�1�7�,� �1�0�1�)� �(�1�6�5�,� �1�4�5�1�4�)� 
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�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� 
�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�1�6�,� �1�4�8�)� �(�9�6�6�,� �8�4�1�7�)� 

�L�o�n�g� �L�o�g�s� 

�A�v�e�r�a�g�e� �1�1�5� �1�1�4�9�8� 
�S�t�a�n�d�a�r�d� �E�r�r�o�r� �3�6� �4�4�3�7� 

�S�a�m�p�l�e� �S�i�z�e� �2�0� �2�0� 
�9�5�%� �C�o�n�f�i�d�e�n�c�e� �I�n�t�.� �(�4�0�,� �1�9�0�)� �(�2�2�1�0�,� �2�0�7�8�6�)� � � � � 
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�S�i�z�e� �C�l�a�s�s� �O� �=� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �.�2�5 �� 
�S�i�z�e� �C�l�a�s�s� �1� �=� �.�2�5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� �<� �1 �� 

�C�h�a�p�t�e�r� �6� �V�o�l�u�m�e� �R�e�s�u�l�t�s� �1�3�2� 
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�T�r�a�i�l� �C�o�r�r�i�d�o�r� �A�v�e�r�a�g�e� �a�n�d� �V�a�r�i�a�n�c�e� �E�s�t�i�m�a�t�i�o�n� 

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

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

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

�a�v�e�r�a�g�e�s� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d�.� �R�e�c�a�l�l� �t�h�a�t� �c�o�r�r�i�d�o�r� �1� �i�s� �0� �t�o� �1�5� �f�e�e�t� �o�n� �b�o�t�h� 

�s�i�d�e�s� �o�f� �t�h�e� �t�r�a�i�l�,� �c�o�r�r�i�d�o�r� �2� �i�s� �1�5� �t�o� �3�0� �f�e�e�t� �o�n� �b�o�t�h� �s�i�d�e�s� �o�f� �t�h�e� �t�r�a�i�l� �a�n�d� 

�c�o�r�r�i�d�o�r� �3� �i�s� �3�0� �t�o� �4�5� �f�e�e�t� �o�n� �b�o�t�h� �s�i�d�e�s� �o�f� �t�h�e� �t�r�a�i�l�.� �T�h�e�s�e� �c�o�r�r�i�d�o�r� 

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

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

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

�A�s� �a�n� �e�x�a�m�p�l�e� �o�f� �h�o�w� �t�h�e� �t�r�a�i�l� �v�o�l�u�m�e� �e�s�t�i�m�a�t�e�s� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d�,� �T�a�b�l�e� �5�8� 

�l�i�s�t�s� �J�a�s�p�e�r� �F�o�r�e�s�t� �l�i�n�e� �i�n�t�e�r�s�e�c�t� �d�a�t�a� �f�o�r� �s�i�z�e� �c�l�a�s�s� �1�,� �d�u�r�i�n�g� �t�h�e� �1�9�9�3� 

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

�a� �s�a�m�p�l�i�n�g� �u�n�i�t�s� �w�a�s� �d�e�s�t�r�o�y�e�d� �b�e�t�w�e�e�n� �s�u�r�v�e�y�s�,� �t�h�e� �1�9�9�3� �d�a�t�a� �w�a�s� �n�o�t� 

�u�s�e�d� �i�n� �a�n�y� �c�a�l�c�u�l�a�t�i�o�n�s� �(�c�o�d�e�d� �m�i�s�s�i�n�g� �9�4�)�.� 

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

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

�f�o�l�l�o�w�s�:� 

�C�o�r�r�i�d�o�r� �1�:� �1�.�6�8� �x� �[�o�+� �2�0�8�+�)� �=�1�1�3�7� �f�t�?� 

�C�o�r�r�i�d�o�r� �2�:� �1�.�8�3� �x� �[�O�e� �0�4�0�4�2�7�9�)� �-�1�2�7�7� �f�t�°� 

�C�o�r�r�i�d�o�r� �3�:� �2�.�4�2� �x� �[�2�1�8�+� �8�6�+� �1�0�1�)� �=� �3�0�0�8� �f�t�®�.� 

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

�E�q�u�a�t�i�o�n� �3�.� �N�o�t�e� �t�h�a�t� �|� �h�a�v�e� �c�h�o�s�e�n� �t�o� �c�a�l�c�u�l�a�t�e� �t�h�e� �v�a�r�i�a�n�c�e� �o�n� �a� �p�e�r� �a�c�r�e� 

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

�e�x�a�m�p�l�e�,� �f�o�r� �t�h�e� �C�o�r�r�i�d�o�r� �1� �v�o�l�u�m�e� �e�s�t�i�m�a�t�e�,� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n� �f�o�r� �v�a�r�i�a�n�c�e� 

�w�o�u�l�d� �b�e�:� 

�1�.�6�8�7� 
�(�3�)� 
� � �[�\�o�-� �6�7�.�7�)�?� �+� �(�2�0�3�-� �6�7�.�7�)�?� �+�(�0�-� �6�7�.�7�)�"� �=� �1�2�9�2�3�.�1�4� �f�t�®�.� 

�T�o� �a�f�f�i�x� �a� �l�e�v�e�l� �o�f� �c�o�n�f�i�d�e�n�c�e� �t�o� �c�o�r�r�i�d�o�r� �e�s�t�i�m�a�t�e�s�,� �E�q�u�a�t�i�o�n� �6� �w�a�s� 

�u�s�e�d� �w�i�t�h� �a�@� �=� �.�0�5� �a�n�d� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �d�e�g�r�e�e�s� �o�f� �f�r�e�e�d�o�m� �f�o�r� �e�a�c�h� 

�c�o�r�r�i�d�o�r�.� 

�C�h�a�p�t�e�r� �6� �V�o�l�u�m�e� �R�e�s�u�l�t�s� �1�3�4



�S�u�m�m�a�r�y� �o�f� �T�r�a�i�l� �C�o�r�r�i�d�o�r� �V�o�l�u�m�e� �E�s�t�i�m�a�t�e�s� 

�T�a�b�l�e�s� �5�9�,� �6�0�,� �6�1�,� �6�2�,� �6�3� �a�n�d� �6�4� �s�u�m�m�a�r�i�z�e� �t�h�e� �l�i�n�e� �i�n�t�e�r�c�e�p�t� 

�v�o�l�u�m�e� �d�a�t�a� �b�y� �c�o�r�r�i�d�o�r�s� �a�n�d� �p�e�t�r�i�f�i�e�d� �w�o�o�d� �s�i�z�e� �c�l�a�s�s�e�s� �f�o�r� �t�h�e� �1�9�9�3� �a�n�d� 

�1�9�9�4� �i�n�v�e�n�t�o�r�i�e�s�.� �T�a�b�l�e�s� �6�5�,� �6�6�,� �6�7�,� �a�n�d� �6�8� �s�u�m�m�a�r�i�z�e� �t�h�e� �q�u�a�d�r�a�t� 

�v�o�l�u�m�e� �d�a�t�a� �b�y� �s�i�z�e� �c�l�a�s�s�e�s� �a�n�d� �c�o�r�r�i�d�o�r�s� �f�o�r� �t�h�e� �1�9�9�3� �a�n�d� �1�9�9�4� 

�i�n�v�e�n�t�o�r�i�e�s�.� 

�T�h�e� �c�h�a�n�g�e� �o�f� �p�e�t�r�i�f�i�e�d� �w�o�o�d� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �(�1�9�9�3� �e�s�t�i�m�a�t�e� �-� �1�9�9�4� 

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

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

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

�a� �p�o�s�i�t�i�v�e� �n�u�m�b�e�r� �i�n�d�i�c�a�t�e�s� �l�o�s�s�.� �F�i�g�u�r�e� �1�8� �d�e�p�i�c�t�s� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� 
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�B�l�u�e� �M�e�s�a� 

�C�o�r�r�i�d�o�r� �1� �C�o�r�r�i�d�o�r� �2� �C�o�r�r�i�d�o�r� �3� 
�A�v�e�r�a�g�e� �3�4�4� �2�1�8�5� �2�6�1� 

�S�t�a�n�d�a�r�d� �E�r�r�.� �3�4�4� �8�2�0� �2�6�1� 
�n� �3� �4� �4� 

�9�5� �%� �C�.�l�.� �(�-�1�1�3�6�,� �1�8�2�4�)� �(�-�4�2�6�,� �4�7�8�7�)� �(�-�5�6�9�,� �1�0�9�2�)� 
�C�r�y�s�t�a�l� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �0� �3�0�7�6� �0� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �0� �1�9�1�0� �0� 

�n� �2� �4� �3� 
�9�5� �%� �C�l�.� �N�/�A� �(�-�3�0�0�2�,� �9�1�5�5�)� �N�/�A� 

�G�i�a�n�t� �L�o�g�s� 

�A�v�e�r�a�g�e� �6�8�1� �0� �2�3�5�3� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �u�n�d�e�f�i�n�e�d� �0� �1�2�3�6� 

�n� �1� �3� �3� 
�9�5� �%�C�.�l�.� �N�/�A� �N�/�A� �(�-�2�9�6�7�,� �7�6�7�4�)� 

�J�a�s�p�e�r� �F�o�r�e�s�t� 

�A�v�e�r�a�g�e� �3�6�3� �6�4�0�2� �3�0�9�4� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �3�6�3� �1�1�3�9� �1�7�8�7� 

�n� �4� �3� �4� 

�9�5� �%� �C�l�.� �(�-�7�9�2�,� �1�5�1�9�)� �(�1�4�9�7�,� �1�1�3�0�7�)� �(�-�2�5�9�2�,� �8�7�8�1�)� 
�L�o�n�g� �L�o�g�s� 

�A�v�e�r�a�g�e� �1�2�5�8�9� �5�3�8�3� �4�8�0� 
�S�t�a�n�d�a�r�d� �E�r�r�.� �1�1�3�1�3� �2�0�5�6� �4�8�0� 

�n� �3� �4� �3� 
�9�5� �%� �C�.�l�.� �(�-�3�6�0�9�3�,� �6�1�2�7�2�)� �(�-�1�1�5�9�,� �1�1�9�2�6�)� �(�-�1�5�8�7�,� �2�5�4�9�)� 

�S�i�z�e� �C�l�a�s�s� �3� �=� �5 �� �<� �i�n�t�e�r�s�e�c�t�i�o�n� �l�e�n�g�t�h� 

�C�h�a�p�t�e�r� �6� �V�o�l�u�m�e� �R�e�s�u�l�t�s� �1�4�0� 

� 


