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(ABSTRACT) 

Initial soil survey efforts in the George Washington National Forest reveal 

woodland site quality of timber stands to be higher than expected for the soils 

traditionally mapped in the area. Assessment of soil temperature data indicates 

the mesic-frigid boundary occurs at approximately 1200 m. This boundary is not 

absolute, and allows for adjustments as appropriate. 

Available climatic data shows precipitation generally increases with 

increased elevation. This coupled with lower mean monthly air temperatures and 

decreasing evapotranspiration allows for greater amounts of plant available 

moisture during the growing season at higher elevations. In some locations at 

lower elevations, there may be a potential for growth limiting conditions 

controlled by plant available moisture during the later part of the growing season. 

Approximately one-third of the soils sampled are classified as Loamy- 

skeletal, siliceous, mesic Typic Dystrochrepts. This soil typifies the soils found on 

summit, shoulder, and side slope landscape positions. The highest elevations have



Typic frigid Dystrochrepts representing the predominance of soils. Frigid soils 

have higher organic matter content, greater sand content, higher cation exchange 

properties, and less siliceous minerals in comparison to the mesic soils. 

Comparison of the soils above to those occurring below selected elevations 

revealed an average 5 m greater site index for sites above 1100 m in comparison 

to all sites below. There are several soil properties that differ between these two 

groups of comparison. Total soil depth is greater and slope percent is less for 

soils above 1100 m. Soil organic matter and cation exchange capacity are higher 

on the sites with higher elevation, while base saturation and pH are lower. 

From analysis conducted on the data, aspect may warrant separate map 

unit phases in mapping. Two properties between the east and west aspect are 

significantly different; organic matter and soil hydrogen are greater on the east 

aspect. Increased site index values of between 5 to 10 m on the east aspect, over 

the west aspect, are apparent for the high elevation sites. 

Awareness of differences in productivity of this magnitude is important for 

management of the forest resource. A difference of 5 to 10 m in site index 

between two sites may have profound differences in the volume of timber, and, 

therefore, value of the site. The areas of best productivity need to be separated 

from those areas of normal productivity. In areas where the sites are accessible, 

and are under management for timber production, delineation of sites with high 

woodland site quality is essential since the primary land use is timber production.
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INTRODUCTION 

Rationale 

Initial soil survey efforts in the Warm Springs Ranger District of the 

George Washington National Forest reveal woodland site quality to be higher 

than expected for the soils traditionally mapped and recognized within the area. 

The principal soils described have morphology within the Berks, Weikert, Gilpin, 

and Dekalb series, which are currently classified within a mesic temperature 

regime. A review of climatic data for West Virginia counties bordering the study 

area indicates precipitation distribution and temperature are considerably different 

from patterns normally associated with these soil series. The effects on woodland 

site quality appears to be that cooler temperatures and a more advantageous 

precipitation pattern may be over-riding what are considered normally "limiting" 

soil properties such as shallow depths to bedrock and low fertility. The result is a 

higher woodland site quality than expected for these soil series. 

West Virginia has established four new soil series with similar morphology 

to the Berks, Gilpin, Weikert, and Dekalb, but with a characteristic climate that 

places them into a frigid temperature classification at the family level. For 

example, the Mandy series has been established as a frigid counterpart to the 

Berks soils. In the past, site evaluators had used critical phase criteria where high 

rainfall had increased timber yields for Dekalb soils.



The questions still to be fully answered are: 1) Are theses high altitude 

soils better defined by a frigid temperature regime? 2) Are changes in climate 

enough to over-ride soil properties in influencing woodland site productivity? 3) 

What is the woodland site quality for prevalent tree species in the survey area? 

Currently there is insufficient data to: 

1) determine the presence of a frigid temperature regime in this area, 

2) prove that climatic factors do indeed over-ride soil properties in 

influencing woodland productivity, and 

3) determine the actual woodland site quality for prevalent tree species in 

the area as they relate to soil series and their phases. 

This study is proposed to gather data to improve the classification, correlation, 

and interpretation of soils in the study area, similar soils throughout Southwest 

Virginia, and the region. 

Objectives 

These are the goals of this study: 

1) Soil temperature was measured and considered with climatic data for 

quantification of temperature and precipitation in the region. This climatic 

information may result in a different classification, which will affect the 

correlation and interpretation of the soils in the area and related areas in the



state and region. 

2) The evaluation of soil characteristics and properties utilizing field 

descriptions and laboratory analyses will be made to relate soil influences to 

woodland site quality. 

3) The development of woodland site quality data on major landscape 

positions in the study area will be made. This data will be used for Forest Service 

(FS) management programs and to provide woodland interpretative data for state 

and regional use. The determination of whether aspect is a key factor warranting 

separate map unit phases in mapping will be a major objective. 

Study Area 

The area studied lies within the George Washington National Forest along 

the western border of Virginia in western Allegheny, Bath, and Highland 

Counties. The approximate southern limit of the study area is in south central 

Alleghany county near Hematite. The study area extends northeastward, nearly 

parallel to the mountains, to northern Highland county near Hightown. The 

Virginia-West Virginia state line forms the western border. In the southern 

portion of the study area the eastern boundary extends as far east as Clifton 

Forge; while in the northern portion, the study area extends as far east as 

Hightown. 

The study area is within Major Land Resource Area (MLRA) 128 as



shown on current maps. The study area can be located on the Thornwood, Snowy 

Mountain, Paddy Knob, Minnehana Springs, and Mustoe quadrangles. 

Elevations in the proposed study area range from about 670 m (2200 feet) 

in several valley bottoms to about 1400 m (4600 feet) on Paddy Knob on the 

Bath-Highland county line. The Laurel Fork area in northwest Highland County 

may be better recognized as part of the Allegheny Plateau and is not highly 

dissected, with elevations of 915 to 1100 meters (3000 to 3600 feet). The 

remainder of the study area is highly dissected with extreme changes in elevation.



LITERATURE REVIEW 

Introduction 

Modern forest management attempts to maximize yield from a site while 

minimizing environmental damage. The scientific management of a forest 

requires knowledge of the maximum productive capacity of the land, in order to 

set this maximum potential as the ultimate goal of production. Maximum 

productivity of a site cannot be achieved without reliable predictions of the 

performance of trees that might be grown there (Broadfoot, 1969). Obtaining an 

accurate estimate of the potential productive capacity of bare land, or land in 

immature trees, however, is one of the most difficult problems confronting forest 

managers. (Van Lear and Hosner, 1967). Development of a forest soil survey 

helps foresters to determine site quality by providing a summary of information on 

site factors: climate, soil, and topography. Wilde (1958) describes this 

indispensable tool as the first and probably the most important step in forest 

management. 

Mader (1964) suggests that a reasonable goal for tree growth prediction 

should be prediction of growth potential within +5% in 95% of cases. The 

ultimate goal Mader suggests is the capacity to identify the exact factors limiting 

growth, including genetic variation, and the magnitude of response to be expected 

from changes in these factors.



According to Smalley (1985), the United States Forest Service, in 

cooperation with several other federal agencies, has begun to develop a 

comprehensive national land classification system. Tentative agreement was 

reached in 1979 to use a component system consisting of soil, vegetation, 

landform, and water. Preliminary testing indicated that additional work on the 

vegetation component and criteria for using each component is needed. Progress 

has been made toward standardization and agreement on general principles, but, 

there continue to be differing opinions as to what type of system is "best" and 

whether a single system for all lands is desirable or even possible (Larson and 

Schlatterer, 1984). Broadfoot (1969) concluded from research on southern 

hardwoods that sites cannot be accurately evaluated for southern hardwood timber 

production with equations derived over broad areas and complex land patterns. 

For this reason, Pierpoint (1984) claims it is unrealistic to expect a comprehensive 

universal classification that will serve all users, beyond providing a broad regional 

framework for broad land-use planning. 

Reasoning such as this has led researchers to investigate regional soil-site- 

vegetation relationships. The number of soil site studies peaked in the 1960’s and 

then decreased steadily, despite increasing support for forestry research (Stone, 

1977). Several reasons for the decline have been identified. First, assumptions 

about sample selection and statistical manipulation often were not as sound as 

researchers believed (Broadfoot, 1969). Second, soil-site studies usually yield



graphs and equations. These could not be readily used by forest managers, who 

were more in need of maps and soil inventories. Third, concepts of soil-tree 

relationships were generally far too simplistic (Stone, 1977). 

Stone (1977) states that soil maps and classification systems are essential 

but must be interpreted in terms of tree response in order to be useful. He 

criticizes soil survey units as being too broad in definition, giving too little 

attention to variation in drainage or substrate properties, or allowing too much 

inclusion of unlike soils in actual mapping practice. Stone proposes that these 

problems could be largely overcome by higher levels of mapping intensity, control, 

and interpretation. 

The United States Forest Service uses the Basic System of Soil 

Classification in making and interpreting soil surveys, Soil Taxonomy. Essential 

criteria for the mapping units are: 1) they must have realistic application to land 

management; 2) they must be communicable to the user; and 3) they must be 

based on sound principles that with proper field documentation can be correlated 

(Aydelott, 1978). Basically, the system separates the landscape into 

geomorphological parts called landforms. The landforms are further separated 

into relatively homogenous management units called Ecological Management 

Units. 

The objectives of land classification systems currently in use by the Forest 

Service are to: 1) identify land units with similar characteristics; 2) increase



understanding of ecosystem relationships; 3) increase efficiency of inventory 

procedures; 4) improve interpretations for management; and 5) facilitate exchange 

of information and extrapolation of research results (Larson and Schlatterer, 

1984). Substantial areas of National Forest land have been mapped utilizing these 

systems. 

Most believe that a hierarchial land classification system would be best. 

Such a system would allow for aggregation and disaggregation at different levels 

and could be separated for different properties and management concerns. There 

is a need to develop a classification system for vegetation that would be 

taxonomic, and have distinguishable boundaries in a continuous vegetative system. 

(Larson and Schlatterer, 1984). 

Creating a classification system for vegetation and productivity alone has 

proven to be very difficult. Accounting for all variables affecting vegetative 

growth and performance seems unreasonable. Pritchett and Fisher (1987) allude 

to the "great task at hand" because the capacity of a tree species to thrive and 

compete successfully on a particular site is influenced by both internal 

(physiological) and external (environmental) factors. The integration of these 

combined properties determines forest productivity. Of particular concern are the 

environmental or site factors because tree physiology is difficult to control. 

External factors largely determine site quality: the inherent capacity of the site to 

produce plant growth. Site quality is a function of the physiography, climate, soil,



and other features of the environment that are not easily altered. 

Approaches to Woodland Site Quality Determination 

Numerous studies have attempted to correlate vegetation performance and soils, 

but many have failed to show consistent relationships (Carmean, 1967; Fosberg et 

al., 1990; Shetron, 1972; Van Lear and Hosner, 1967). The basic concepts of soil 

and plant sciences state that plants and soils are influenced by like factors. 

Furthermore, vegetation is related to the whole soil, not to a single soil variable 

or group of variables (Fosberg et al., 1990). 

Factorial Approach 

Factorial studies of forest site productivity began in the 1930’s. By 1975 

about 150 of these regression studies had been conducted throughout the country. 

Equations and charts derived from such studies are used to evaluate forest site 

quality in many areas of the United States (Hudson, 1983). 

The factorial approach to site evaluation involves measuring tree heights 

and ages on many plots of varying site quality. Soil and topographic factors 

believed to affect tree growth are measured on each plot. Tree height is then 

correlated to age, soil, and topographic factors using linear regression. Equations 

of the following general form are developed (Hudson, 1983; Meiners, 1982):



Tree height = a + b (Age) + b, (soil property 1) + b, (soil property 2) + 

... + b, (soil property n) 

Most workers calculate some measure of precision, such as a coefficient of 

determination or standard deviation, to accompany the derived equation. This 

method of estimation normally explains about 50 to 90 percent of the total height 

of a tree (Hudson, 1983). 

Most studies yield equations that relate site index to soil or topographic 

factors that affect the soil’s moisture-supplying capacity. Variables commonly 

included in soil-site equations are soil depth, soil texture, available water capacity, 

depth to mottling, percent slope, slope position, and aspect (Hudson, 1983). 

Some researchers believe that only a few factors would satisfactorily explain 

site differences over a wide range of conditions. Mader (1964) states that the 

factorial method has been the most successful predictive technique developed. 

The accuracy of results achieved might be rated as fair. Hudson (1983) cites 

several researchers on the precision of the factorial approach. Hudson cites 

Ralston (1964), who optimistically states that the error of individual estimates 

usually approaches only 10 percent of observed total tree height. Some studies 

(Carmean, 1965; as referenced by Hudson, 1983) have been able to explain up to 

80 percent of the variation in tree height, but few studies approach Ralston’s 

expectation. 
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Holistic Approach 

Another approach to classifying forest sites involves the use of soil series. 

This has been termed the holistic approach. In this procedure, soil is classified at 

the series level and then data are collected to determine the average forest 

productivity of soils in each series. One benefit of the holistic over the factorial 

approach is illustrated by Pritchett and Fisher (1987), who state that it is essential 

to consider all factors when assessing site productivity, because more than one 

factor often limits tree growth on the same site. Also, there are often positive 

interactions among factors, and in some instances, one factor may substitute or 

compensate for another factor. One disadvantage to the holistic system is that 

productivity can vary significantly for a given soil series. 

Hudson (1983) states that research results are ambiguous. Most foresters 

concede that there is usually a measurable correlation; they simply assert that the 

correlation is too weak to be of any practical use. This view is also expressed by 

Broerman (1978), who states soil series are not adequate for forest management 

purposes because more specific site information is needed. Others, more harsh in 

their appraisal, assert that there is no correlation at all between soil series and 

forest site quality (Coile, 1959). 

Approaches in Determination of Site Quality 

Hundreds of soil site studies to date attempt to correlate abiotic 

11



environmental] factors with tree growth. Researchers take greatly diverse 

approaches to the problem because soil properties significantly correlated with 

forest growth in one region may not be significant in another region due to 

differences in tree species, climate, length of growing season, or other limiting 

factors. 

Ford (1983) states that there are many difficulties in using site surveys to 

analyze factors that control growth. He suggests that the most important 

problems are: 1) the selection of variables to include in the analysis; 2) sometimes 

environmental variables such as elevation and rainfall are themselves correlated; 

3) variation in the measurement and assessment of soil conditions; 4) restriction 

of sites surveyed to a narrow age band; and 5) different relationships may be 

obtained in different sub-regions of an investigated area. 

Most of the land classification systems in use by the Forest Service have 

the same purpose: to delineate and describe units of land that are more or less 

homogenous with respect to the relationships among vegetation, soil, and 

landform. To meet management objectives, the Forest Service in many regions of 

the United States have created their own site classification system (Larson and 

Schlatterer, 1984). 

Use and Influence of Soils in Determination of Site Quality 

On the regional level, climate is believed to be the primary controlling 

12



factor of forest growth. Many researchers have focused on soil, because climate is 

thought to change only a small extent over a large area. 

Several advantages exist to using the soils approach to estimate site 

productivity. First, soil does not change dramatically within short time periods. 

Second, soil often has a controlling influence on tree growth. Third, measures of 

site quality based on soil properties are independent of ambient vegetation and 

can be used to evaluate potential productivity of cutover or nonforested areas 

(Hudson, 1983). Also, soils are objective rather than subjective, can be 

aggregated to fit a smaller scale, are suitable for a wide variety of uses, and can 

be integrated into a geographic information system (Fisher, 1990). 

Soil chemical properties and site quality. A wide divergence of opinion 

concerning the use of chemical analyses to measure soil fertility or nutrient 

availability in soil-site studies exists (Mader, 1964). Some researchers contend 

that soil physical conditions are of such overriding importance in site studies that 

soil fertility should be ignored. This attitude is based on lack of success in most 

studies that have attempted to relate soil fertility to site quality (Auten, 1945; 

Coile, 1952; Van Lear and Hosner, 1967). However, in some cases (Mader, 1964) 

correlation of growth with soil chemical properties has been successful. In a study 

by Brown and Loewenstein (1978) site index was negatively correlated with 

elevation, and positively correlated with extractable calcium, exchangeable acidity, 

13



cation exchange capacity, organic matter, total nitrogen, soil to rock ratio of the 

buried soil, and the clay content of ash derived soils. 

Auten (1945) collected soil chemical and physical data on the growth of 

yellow poplar, and concluded that no chemical factor was correlated with site 

index. Depth of the A horizon and depth of organic matter incorporation was, 

however, related to site index. Depth of organic matter penetration is an indirect 

measurement of soil moisture, as well as the depth of soil to "tight" subsoil. 

More recently, Mader (1964), working with eastern white pine, found that 

soil chemical properties accounted for an additional 13% of the variation in site 

quality not explained by topographic features or soil physical properties. Also a 

large body of literature exists concerning forest fertilization, a considerable part of 

which indicates positive response to various nutrients (Mader, 1964). 

Brown and Loewenstein (1978) found soil features most closely associated 

with site index included soil to rock ratio, percent organic matter, and 

exchangeable acidity. In some of their equations, they used tree age to explain 

some of the variation; in some instances as much as 71 percent. 

Soil physical properties and site quality. The debate between chemical versus 

physical properties may have arisen partly because a large majority of soil-site 

studies have evolved to concentrate on measurable physical properties and their 

relationships to tree growth, rather than on soil chemical properties, for several 

14



reasons. First, soil physical properties are readily measured in the field and 

results are immediately obtained. Second, soil chemical properties often require 

laboratory analysis and may be expensive. Third, soil physical properties do 

reflect, in part, the chemical nature of the soil (e.g., texture, depth, color, litter 

layer type, etc.). 

Einspahr and McComb (1951) found soil physical properties had better 

correlation with forest tree growth than level of soil nutrients. Topographic 

position, aspect, depth of soil to bedrock, and percent slope were the most 

important factors affecting growth of oak. The influence of soil depth on growth 

was greater on southerly slopes than on northerly slopes. Site index increased 

with decreasing slope, and site index was also greater on northerly than on 

southerly aspects. A comparison was made of site index in relation to topographic 

position; plots were classified into upper, middle, and lower slope positions. 

Differences in site index between lower and middle slopes were significant, but 

not between the middle and upper slopes. 

Brown and Duncan (1990) used stepwise regression to show four significant 

factors were related to red pine growth: azimuth, distance of site from ridgetop, 

thickness of the A horizon, and percent clay in the B horizon. Results showed 

95% of the trees were estimated to within 15% of their actual height. Regression 

equations used by Carmean (1967) contained only topographic features and 

accounted for 75% of the variation of tree height of black oak. If soil physical 

15



properties were included with the topographic factors, 84% of the variation was 

accounted for. 

Soil depth controls the volume of soil available to tree roots. This volume 

influences tree growth by affecting nutrient and moisture supplies, root 

development, and anchorage against windthrow. Trees growing on shallow soils 

are generally less well supplied with water and nutrients than trees on deep soils 

(Pritchett and Fisher, 1987). When a restricting layer such as a claypan, fragipan, 

or bedrock exist, depth measurements can be used with some precision to predict 

growth pattern in well drained-soils. Growth normally follows a trend that can be 

expressed as a reciprocal function of soil depth, with greatest decline in growth 

found on soils with less than 25 cm of effective depth. Some difficulty in using 

soil depth to estimate productivity may be encountered when drought, erosion, or 

poor drainage reduce the available soil volume for root growth (Pritchett and 

Fisher, 1987). 

To determine potential soil productivity for tree growth, the Soil 

Conservation Service (SCS) relates site index to soil taxonomic units. The SCS 

has been the principal proponent of evaluating forest site quality, or potential 

productivity. The Soil Conservation Service uses a holistic approach rather than a 

factorial approach because the landscape is classified as a whole unit containing 

most edaphic factors relevant to tree growth (Wiggins, 1978). 

Ike and Huppuch (1968) report site quality for several species (yellow- 
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poplar, eastern white pine, and shortleaf pine) is related to soil series in the 

Georgia Blue Ridge Mountains. In this study, the site index for yellow poplar 

increased with an increase in elevation, possibly because of increased 

precipitation. Topographic site characteristics were more strongly correlated with 

site index of all species in the study than were either chemical or physical soil 

characteristics. Most reliable were those site features that influence climate and 

moisture supply, such as elevation, position on slope, aspect, and steepness of 

slope. 

Einspahr and McComb (1951) found soil classification at the series level 

appears to be a much more precise predictor of tree height growth than several 

factorial studies conducted in the region. The holistic approach has been 

criticized because broadly defined soil series used 15 or 20 years ago predicted a 

wide range of growth, making the soil survey of little value in predicting potential 

productivity (e.g., Carmean, 1961). Hudson (1983), studying loblolly and slash 

pines, found statistical measures that indicated tree height was uniform within the 

soil series evaluated. Within soil series, tree height could be predicted from tree 

age with average standard deviations of 5.1 feet for loblolly pine and 4.4 feet for 

slash pine. 

One use of the soil survey is the evaluation of a site for tree growth. 

However, site quality may vary widely within a given series. Some difficulties in 

using SCS soil series are illustrated by Grigal (1984); first, in the estimation of site 
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productivity, site index is used, but two-thirds of all values are within one standard 

deviation of the mean. Separating soils by their productivity potential may be 

difficult; and, second when using site index, one assumes that the polymorphic 

curve is accurate. 

Carmean (1954) concluded that site quality is controlled by the amount of 

available soil moisture supplied to the tree roots during the growing season in the 

Douglas-fir region of Washington. Site quality increased with an increase in total 

annual precipitation and with an increase in depth to the substratum. Site quality 

increased with an increase in the product of moisture equivalent and gravel 

content of soil layers above the substratum, thus indicating that the adverse effect 

of gravel is not as pronounced with fine textured soils. Site quality decreased with 

an increase in elevation and with an increase in the gravel content and 

compaction of the soil layers above the substratum. 

Coile (1952), in a summary of literature up to 1951, found that aspect, 

exposure, topography, depth of soil, water table, and other readily measurable site 

properties were related to site quality. Beck (1971), Carmean (1954, 1967), Ike 

and Huppuch (1968), Meiners (1982), McClurkin (1963), and Steinbrenner (1975) 

have also found similar relationships. 

Almost certainly, productivity is determined by moisture and nutrient 

availability during the growing season, aeration, and physical conditions including 

root-growing space (Broadfoot 1969). Broadfoot claims available moisture is the 
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single most important determinant of productivity. However, available water 

capacity, presence of a pan, and texture do not accurately indicate how much soil 

moisture is available during the growing season. Other factors, 

evapotranspiration, for instance, must be considered simultaneously throughout 

the growing season. 

Pritchett and Fisher (1987) reported that Ralston (1964) and Carmean 

(1975) reviewed research and found soil factors most correlated with site 

productivity were soil moisture, nutrients, and aeration. Pritchett and Fisher 

concur, stating that the recent emphasis on soil fertility factors has not shown 

better correlation than available water with productivity of many tree species. 

Site quality has repeatedly shown better correlation with soil physical and 

site properties than with chemical properties, fertility level, or indicator species 

(Coile, 1952; Doolittle, 1957; Einspahr and McComb, 1951; Gysel and Arend, 

1953; Trimble and Weitzman, 1956). 

Use of Vegetation in Determination of Site Quality 

Researchers have not been able to link vegetation to soils or landform in 

all parts of the United States. Classifying habitat types by plant communities has 

been quite rare in the southeast because of the high degree of human disturbance. 

In the southeast, some late successional communities, nearly always hardwoods, 

have been identified, yet, have had limited use. Vegetation associations have 
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�b�e�e�n� �u�s�e�d� �i�n� �s�e�l�e�c�t�e�d� �a�r�e�a�s� �t�o� �p�r�e�d�i�c�t� �s�i�t�e� �p�r�o�d�u�c�t�i�v�i�t�y�;� �t�h�i�s� �a�p�p�r�o�a�c�h� �i�s� �d�i�f�f�i�c�u�l�t� �i�f� 

�n�a�t�i�v�e� �c�l�i�m�a�x� �v�e�g�e�t�a�t�i�o�n� �n�o� �l�o�n�g�e�r� �e�x�i�s�t�s� �(�F�o�s�b�e�r�g� �e�t� �a�l�.� �1�9�9�0�)�.� �M�a�n�y� �w�e�s�t�e�r�n� 

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

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

�c�o�m�m�u�n�i�t�y� �(�C�l�i�n�e� �a�n�d� �L�o�f�t�u�s�,� �1�9�9�0�)�.� �A�l�t�h�o�u�g�h� �i�t�s� �s�t�r�i�c�t� �e�n�d�o�r�s�e�m�e�n�t� �i�s� �n�o�t� 

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

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

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

�q�u�a�l�i�t�y� �p�r�e�d�i�c�t�i�o�n� �(�G�r�i�g�a�l�,� �1�9�8�4�)�.� �T�h�e� �u�s�e� �o�f� �e�c�o�l�o�g�i�c�a�l� �c�o�n�c�e�p�t�s� �(�h�a�b�i�t�a�t� �t�y�p�e� 

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

�b�o�u�n�d�a�r�i�e�s� �i�m�p�o�s�e�d� �b�y� �h�u�m�a�n�s�.� 

�U�s�e� �a�n�d� �I�n�f�l�u�e�n�c�e� �o�f� �T�o�p�o�g�r�a�p�h�i�c� �F�e�a�t�u�r�e�s� �i�n� �D�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �S�i�t�e� �Q�u�a�l�i�t�y� 

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

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

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

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

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

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

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

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

�(�D�o�o�l�i�t�t�l�e�,� �1�9�5�7�;� �I�k�e� �a�n�d� �H�u�p�p�u�c�h�,� �1�9�6�8�;� �M�c�N�a�b�,� �1�9�8�7�,� �1�9�8�9�;� �R�i�g�h�t�m�e�y�e�r� �a�n�d� 

�K�e�y�s�,� �1�9�9�1�;� �a�n�d� �V�a�n� �L�e�a�r�,� �1�9�9�1�)�.� 

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

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

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

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

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

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

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

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

�1�9�8�7�)�.� 

�M�e�i�n�e�r�s� �(�1�9�8�2�)� �r�e�p�o�r�t�s� �t�h�a�t� �o�a�k� �s�i�t�e� �q�u�a�l�i�t�y� �i�n� �t�h�e� �A�p�p�a�l�a�c�h�i�a�n�s� �c�a�n� �b�e� 

�e�s�t�i�m�a�t�e�d� �f�r�o�m� �(�1�)� �a�s�p�e�c�t�,� �(�2�)� �r�e�l�a�t�i�v�e� �p�o�s�i�t�i�o�n� �f�r�o�m� �r�i�d�g�e� �t�o�p� �t�o� �c�o�v�e�,� �a�n�d� �(�3�)� 

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

�r�e�l�a�t�i�o�n�s�h�i�p� �w�i�t�h� �s�l�o�p�e� �p�o�s�i�t�i�o�n� �a�n�d� �s�l�o�p�e� �i�n�c�l�i�n�a�t�i�o�n� �(�T�r�i�m�b�l�e� �a�n�d� �W�e�i�t�z�m�a�n�,� 

�1�9�5�6�;� �D�o�o�l�i�t�t�l�e�,� �1�9�5�7�;� �C�a�r�m�e�a�n�,� �1�9�6�7�;� �Y�a�w�n�e�y� �a�n�d� �T�r�i�m�b�l�e�,� �1�9�6�8�)�.� �S�i�m�i�l�a�r�l�y�,� 

�T�r�i�m�b�l�e� �a�n�d� �W�e�i�t�z�m�a�n� �(�1�9�5�6�)�,� �a�l�s�o� �w�o�r�k�i�n�g� �i�n� �t�h�e� �A�p�p�a�l�a�c�h�i�a�n�s�,� �r�e�p�o�r�t� �t�h�a�t� 

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

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

�s�o�i�l� �d�e�p�t�h� �t�o� �r�o�c�k� �g�r�e�a�t�l�y� �i�n�f�l�u�e�n�c�e�d� �s�i�t�e� �i�n�d�e�x�.� �D�o�o�l�i�t�t�l�e� �(�1�9�5�7�)� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� 
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�d�e�p�t�h� �o�f� �t�h�e� �A� �h�o�r�i�z�o�n�,� �p�e�r�c�e�n�t� �s�a�n�d� �i�n� �t�h�e� �A� �h�o�r�i�z�o�n�,� �a�n�d� �p�o�s�i�t�i�o�n� �o�n� �s�l�o�p�e� 

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

�9�5�.�7�%� �o�f� �t�h�e� �v�a�r�i�a�t�i�o�n�.� �A�r�e�n�d� �a�n�d� �J�u�l�a�n�d�e�r� �(�1�9�4�8�)� �w�o�r�k�i�n�g� �w�i�t�h� �o�a�k� �s�i�t�e�s� �i�n� �t�h�e� 

�A�r�k�a�n�s�a�s� �O�z�a�r�k�s� �s�h�o�w� �t�h�a�t� �s�i�t�e� �i�n�d�e�x� �v�a�r�i�e�d� �w�i�t�h� �t�y�p�e� �o�f� �p�a�r�e�n�t� �m�a�t�e�r�i�a�l�,� 

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

�G�y�s�e�l� �a�n�d� �A�r�e�n�d� �(�1�9�5�3�)� �f�o�u�n�d� �p�r�o�d�u�c�t�i�v�i�t�y� �o�f� �v�a�r�i�o�u�s� �o�a�k� �s�i�t�e�s� �s�a�m�p�l�e�d� 

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

�c�h�a�n�g�e�s� �i�n�:� �1�)� �t�e�x�t�u�r�e� �o�f� �t�h�e� �s�u�b�s�o�i�l� �l�a�y�e�r�s�,� �2�)� �t�o�p�o�g�r�a�p�h�y� �a�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� 

�d�i�f�f�e�r�e�n�c�e�s� �i�n� �e�l�e�v�a�t�i�o�n� �a�n�d� �s�t�e�e�p�n�e�s�s� �o�f� �s�l�o�p�e�,� �a�n�d� �3�)� �p�o�s�i�t�i�o�n� �o�n� �t�h�e� �s�l�o�p�e�s� �i�n� 

�r�o�l�l�i�n�g� �a�n�d� �h�i�l�l�y� �t�e�r�r�a�i�n�.� 

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

�V�i�r�g�i�n�i�a� �a�n�d� �W�e�s�t�e�r�n� �M�a�r�y�l�a�n�d�,� �Y�a�w�n�e�y� �a�n�d� �T�r�i�m�b�l�e� �(�1�9�6�8�)� �n�o�t�e�d� �n�o�r�t�h�e�a�s�t� 

�s�l�o�p�e�s� �w�e�r�e� �o�n�e� �t�o� �t�w�o� �3� �m�e�t�e�r� �(�1�0� �f�t�.�)� �s�i�t�e� �i�n�d�e�x� �c�l�a�s�s�e�s� �a�b�o�v�e� �t�h�o�s�e� �s�l�o�p�e�s� �f�a�c�i�n�g� 

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

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

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

�V�a�l�l�e�y� �R�e�g�i�o�n� �o�f� �M�a�r�y�l�a�n�d� �a�n�d� �W�e�s�t� �V�i�r�g�i�n�i�a�:� �s�t�a�n�d� �a�g�e�,� �s�l�o�p�e� �p�o�s�i�t�i�o�n�,� �a�s�p�e�c�t�,� 

�t�h�i�c�k�n�e�s�s� �o�f� �A� �+� �B� �h�o�r�i�z�o�n�,� �a�n�d� �p�H� �o�f� �t�h�e� �A�,� �h�o�r�i�z�o�n�.� 

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

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

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

�2�2



�i�n�f�l�u�e�n�c�e�s� �s�o�i�l� �t�e�m�p�e�r�a�t�u�r�e�,� �b�u�t� �S�m�i�t�h� �e�t� �a�l�.� �(�1�9�6�4�)� �s�u�g�g�e�s�t� �t�h�a�t� �e�l�e�v�a�t�i�o�n ��s� 

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

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

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

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

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

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

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

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

�s�a�l�t�s� �c�o�n�c�e�n�t�r�a�t�e� �(�W�i�l�d�e�,� �1�9�5�8�)�.� �F�u�r�t�h�e�r�m�o�r�e�,� �s�u�b�s�u�r�f�a�c�e� �f�l�o�w� �o�f� �w�a�t�e�r� �b�e�n�e�f�i�t�s� 

�t�r�e�e�s� �g�r�o�w�i�n�g� �o�n� �s�i�t�e�s� �l�o�c�a�t�e�d� �o�n� �l�o�w�e�r� �s�l�o�p�e� �p�o�s�i�t�i�o�n�s� �(�H�e�l�v�e�y� �e�t� �a�l�.�,� �1�9�7�2�)�.� 

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

�s�o�u�t�h� �f�a�c�i�n�g� �s�l�o�p�e�s� �a�r�e� �d�r�a�m�a�t�i�c�a�l�l�y� �d�i�f�f�e�r�e�n�t� �(�S�m�i�t�h� �e�t� �a�l�.�,� �1�9�6�4�)�.� �I�n� �t�h�e� �n�o�r�t�h�e�r�n� 

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

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

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

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

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

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

�t�e�m�p�e�r�a�t�u�r�e� �u�n�d�e�r� �g�r�a�s�s� �a�t� �W�a�t�e�r�f�o�r�d�,� �C�a�l�i�f�o�r�n�i�a�,� �o�n� �o�p�p�o�s�i�n�g� �n�o�r�t�h� �a�n�d� �s�o�u�t�h� 
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�f�a�c�i�n�g� �s�l�o�p�e�s�,� �a�n�d� �f�o�u�n�d� �t�h�e� �s�o�u�t�h� �a�s�p�e�c�t� �t�o� �b�e� �3�.�6�°� �C� �(�6�.�4�°� �F�.�)� �w�a�r�m�e�r� �(�S�m�i�t�h� �e�t� 

�a�l�.�,� �1�9�6�4�)�.� �S�o�i�l�s� �i�n� �l�o�c�a�l� �r�e�g�i�o�n�s� �a�l�s�o� �d�e�m�o�n�s�t�r�a�t�e� �d�i�f�f�e�r�e�n�c�e�s� �d�u�e� �t�o� �a�s�p�e�c�t�.� �M�.� 

�G�.� �C�l�i�n�e� �(�a�s� �r�e�f�e�r�e�n�c�e�d� �b�y� �F�a�n�n�i�n�g� �a�n�d� �F�a�n�n�i�n�g�,� �1�9�8�9�)� �s�t�a�t�e�s� �t�h�a�t� �s�o�i�l�s� �i�n� �t�h�e� 

�n�o�r�t�h�e�r�n� �h�e�m�i�s�p�h�e�r�e� �a�v�e�r�a�g�e� �1�.�1� �t�o� �2�.�8�°� �C� �(�2� �t�o� �5�°� �F�.�)� �w�a�r�m�e�r� �o�n� �s�o�u�t�h�-�f�a�c�i�n�g� 

�s�l�o�p�e�s� �a�s� �o�p�p�o�s�e�d� �t�o� �n�o�r�t�h� �f�a�c�i�n�g�-�s�l�o�p�e�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �s�o�m�e� �s�o�i�l�s� �i�n� �A�l�a�s�k�a� �m�a�y� 

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

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

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

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

�B�i�r�k�e�l�a�n�d� �(�1�9�8�4�)� �s�h�o�w�s� �a� �p�o�s�i�t�i�v�e� �c�o�r�r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �s�o�u�t�h�w�e�s�t� �f�a�c�i�n�g� 

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

�o�c�c�u�r�r�e�n�c�e� �o�f� �E� �h�o�r�i�z�o�n�s� �a�r�e� �n�o�t� �c�l�e�a�r�.� �F�r�a�n�z�m�e�i�e�r� �e�t� �a�l�.� �(�1�9�6�9�)� �c�l�a�i�m�s� �t�h�a�t� 

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

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

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

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

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

�o�n� �t�h�e� �g�r�e�a�t� �g�r�o�u�p� �l�e�v�e�l�]� �(�L�o�t�s�p�e�i�c�h� �a�n�d� �S�m�i�t�h�,� �1�9�5�3�)�.� 

�I�n� �a� �s�m�a�l�l� �v�a�l�l�e�y� �i�n� �s�o�u�t�h�e�a�s�t�e�r�n� �O�h�i�o�,� �W�o�l�f�e� �a�n�d� �G�i�l�b�e�r�t� �(�1�9�5�6�)� �f�o�u�n�d� 

�n�o�r�t�h�e�a�s�t�e�r�n� �s�l�o�p�e�s� �h�a�d� �p�H� �r�a�n�g�e�s� �f�r�o�m� �5�.�4� �t�o� �6�.�0�,� �w�h�i�l�e� �t�h�o�s�e� �s�o�i�l�s� �o�n� �s�o�u�t�h�w�e�s�t� 

�s�l�o�p�e�s� �h�a�d� �p�H� �r�a�n�g�e�s� �o�f� �a�b�o�u�t� �4�.�8� �t�o� �5�.�2�.� �T�h�e�y� �a�l�s�o� �n�o�t�e�d� �t�h�a�t� �s�o�i�l�s� �o�n� �s�o�u�t�h� 
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�f�a�c�i�n�g� �s�l�o�p�e�s� �w�e�r�e� �t�h�i�n�n�e�r� �a�n�d� �l�e�s�s� �m�o�i�s�t� �t�h�a�n� �t�h�o�s�e� �o�n� �n�o�r�t�h� �f�a�c�i�n�g� �s�l�o�p�e�s�.� 

�C�o�o�p�e�r� �(�1�9�6�0�)� �h�a�s� �a�d�d�e�d� �t�h�a�t� �B� �h�o�r�i�z�o�n�s� �o�f� �s�o�i�l�s� �f�o�r�m�e�d� �o�n� �s�o�u�t�h� �f�a�c�i�n�g� �s�l�o�p�e�s� 

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

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

�a�n�d� �d�e�e�p�e�r� �A� �h�o�r�i�z�o�n�s� �(�D�a�n�i�e�l�s�,� �1�9�8�5�)� �t�h�a�n� �s�o�u�t�h� �a�s�p�e�c�t� �s�o�i�l�s�.� �A�l�l� �t�h�e�s�e� �f�a�c�t�o�r�s� 

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

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

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

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

�t�h�e� �s�o�u�t�h�e�r�n� �a�s�p�e�c�t�s�.� �G�r�e�a�t�e�r� �e�v�a�p�o�t�r�a�n�s�p�i�r�a�t�i�o�n� �r�a�t�e�s� �r�e�s�u�l�t� �i�n� �l�e�s�s� �a�v�a�i�l�a�b�l�e� �s�o�i�l� 

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

�1�9�4�5�;� �M�e�i�n�e�r�s�,� �1�9�8�2�)�.� 

�H�a�c�k� �a�n�d� �G�o�o�d�l�e�t�t� �(�1�9�6�0�)� �i�n�t�r�o�d�u�c�e� �a� �c�o�n�f�o�u�n�d�i�n�g� �f�a�c�t�o�r� �i�n�t�o� �t�h�e� �u�s�e� �o�f� 

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

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

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

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

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

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

�t�h�e�y� �s�u�g�g�e�s�t� �i�s� �m�o�r�e� �i�m�p�o�r�t�a�n�t� �t�h�a�n� �a�s�p�e�c�t�.� �S�e�e�p�a�g�e� �t�h�r�o�u�g�h� �p�o�r�o�u�s� �r�o�c�k�s� �c�r�e�a�t�e� 

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



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

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

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

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

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

�s�y�s�t�e�m�s�.� 

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

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

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

�c�o�n�f�o�u�n�d� �s�o�i�l�-�s�i�t�e� �c�o�r�r�e�l�a�t�i�o�n�s� �(�H�u�d�s�o�n�,� �1�9�8�3�;� �R�o�w�e�,� �1�9�9�1�;� �S�m�a�l�l�e�y�,� �1�9�8�4�,� �1�9�8�5�)�.� 

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

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

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

�b�i�o�l�o�g�i�c�a�l� �p�r�o�c�e�s�s�e�s� �i�n� �t�h�e� �s�o�i�l�.� �S�m�i�t�h� �e�t� �a�l�.� �(�1�9�6�4�)� �c�l�a�i�m� �s�o�i�l� �t�e�m�p�e�r�a�t�u�r�e� �i�s� �o�n�e� 

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

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

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

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

�t�h�e� �m�a�i�n� �r�o�o�t� �z�o�n�e�;� �5� �t�o� �1�0�2� �c�m� �(�2� �t�o� �4�0� �i�n�c�h�)� �d�e�p�t�h� �(�S�m�i�t�h� �e�t� �a�l�.�,� �1�9�6�4�)�.� 

�R�e�s�e�a�r�c�h� �d�o�n�e� �b�y� �S�m�i�t�h� �e�t� �a�l�.� �(�1�9�6�4�)� �s�h�o�w�s� �t�h�e� �m�e�a�n� �a�n�n�u�a�l� �a�i�r� �t�e�m�p�e�r�a�t�u�r�e� 

�t�e�n�d�s� �t�o� �d�e�c�r�e�a�s�e� �a�b�o�u�t� �1�.�5�°� �C� �(�2�.�7�°� �F�.�)� �p�e�r� �3�0�5� �m� �(�1�,�0�0�0�-�f�o�o�t�)� �i�n�c�r�e�a�s�e� �i�n� 

�2�6



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

�g�r�e�a�t�e�s�t� �i�n� �s�u�m�m�e�r� �w�h�e�n� �i�t� �a�v�e�r�a�g�e�s� �a�b�o�u�t� �2�°� �C� �(�3�.�6�°� �F�.�)� �p�e�r� �3�0�5� �m�_� �(�1�,�0�0�0� �f�e�e�t�)�.� 

�I�n� �w�i�n�t�e�r�,� �t�e�m�p�e�r�a�t�u�r�e� �r�e�d�u�c�t�i�o�n� �a�v�e�r�a�g�e�s� �o�n�l�y� �1�.�2�°� �C� �(�2�.�2�°� �F�.�)� �p�e�r� �3�0�5� �m� �(�1�,�0�0�0� 

�f�e�e�t�)�.� �K�i�m�m�i�n�s� �(�1�9�8�7�)� �g�i�v�e�s� �a� �s�l�i�g�h�t�l�y� �d�i�f�f�e�r�e�n�t� �m�e�a�n� �a�n�n�u�a�l� �e�s�t�i�m�a�t�e� �o�f� �t�h�e� �r�a�t�e� 

�o�f� �c�h�a�n�g�e� �i�n� �a�i�r� �t�e�m�p�e�r�a�t�u�r�e�s� �d�e�c�r�e�a�s�i�n�g� �a�b�o�u�t� �1�.�1�°� �C� �(�2�.�0�°� �F�)� �p�e�r� �3�0�5� �m� �(�1�0�0�0� 

�f�e�e�t�)� �o�f� �e�l�e�v�a�t�i�o�n� �c�h�a�n�g�e�.� �A�s� �e�l�e�v�a�t�i�o�n� �i�n�c�r�e�a�s�e�s�,� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �a�i�r� �a�n�d� 

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

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

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

�(�1�9�6�4�)� �t�o� �c�o�n�c�l�u�d�e� �t�h�a�t� �i�f� �t�h�e� �m�e�a�n� �a�n�n�u�a�l� �a�i�r� �t�e�m�p�e�r�a�t�u�r�e� �i�s� �8�.�3�°� �C� �(�4�7�°� �F�.�)� �o�r� 

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

�s�o�i�l�s� �h�a�v�e� �a� �m�e�a�n� �a�n�n�u�a�l� �t�e�m�p�e�r�a�t�u�r�e� �a�b�o�u�t� �1�.�1�°� �C� �(�2�°� �F�.�)� �h�i�g�h�e�r� �t�h�a�n� �t�h�e� �m�e�a�n� 

�a�n�n�u�a�l� �a�i�r� �t�e�m�p�e�r�a�t�u�r�e�.� 

�S�m�i�t�h� �e�t� �a�l�.�,� �(�1�9�6�4�)� �h�a�v�e� �p�o�i�n�t�e�d� �o�u�t� �t�h�a�t� �d�a�i�l�y� �t�e�m�p�e�r�a�t�u�r�e� �f�l�u�c�t�u�a�t�i�o�n�s� 

�c�a�n� �h�a�v�e� �a�n� �i�m�p�o�r�t�a�n�t� �e�f�f�e�c�t� �o�n� �s�u�r�f�a�c�e� �s�o�i�l� �h�o�r�i�z�o�n�s� �t�o� �a� �d�e�p�t�h� �o�f� �a�b�o�u�t� �5�0� �c�m� 

�(�2�0� �i�n�c�h�e�s�)�,� �p�a�r�t�i�c�u�l�a�r�l�y� �i�n� �s�o�i�l�s� �o�f� �d�r�y� �c�l�i�m�a�t�e�s�.� �F�o�r� �m�i�d�d�l�e� �a�n�d� �h�i�g�h� �l�a�t�i�t�u�d�e� �s�o�i�l�s� 

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

�r�a�n�g�e� �o�n� �a� �s�u�n�n�y� �s�u�m�m�e�r� �d�a�y� �i�s� �2�5�°� �C� �(�4�5�°� �F�.�)�.� 

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

�o�f� �s�o�i�l� �t�e�m�p�e�r�a�t�u�r�e�.� �S�m�i�t�h� �e�t� �a�l�.� �(�1�9�6�4�)� �s�t�a�t�e� �t�h�a�t� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �s�o�i�l� 

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

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

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

�o�f� �a� �s�o�d�-�c�o�v�e�r�e�d� �s�o�i�l� �0�-�3�0� �c�m� �(�0�-�1�2� �i�n�c�h�e�s�)� �i�s� �n�o�r�m�a�l�l�y� �c�l�o�s�e� �t�o� �t�h�a�t� �o�f� �t�h�e� �m�e�a�n� 

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

�d�i�r�e�c�t� �i�n�s�u�l�a�t�i�n�g� �a�b�i�l�i�t�y� �(�S�m�i�t�h� �e�t� �a�l�.�,� �1�9�6�4�)�.� 

�S�i�g�n�i�f�i�c�a�n�c�e� �o�f� �S�o�i�l� �M�o�i�s�t�u�r�e� �i�n� �D�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �S�i�t�e� �Q�u�a�l�i�t�y� 

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

�p�r�o�d�u�c�t�i�v�i�t�y� �(�B�r�o�a�d�f�o�o�t�,� �1�9�6�9�)�.� �A� �s�o�i�l ��s� �a�v�a�i�l�a�b�l�e� �w�a�t�e�r� �c�a�p�a�c�i�t�y� �s�e�l�d�o�m� �r�e�p�r�e�s�e�n�t�s� 

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

�b�e� �e�s�t�i�m�a�t�e�d� �f�r�o�m� �t�h�e� �k�n�o�w�l�e�d�g�e� �o�f� �i�t�s� �a�v�e�r�a�g�e� �m�o�i�s�t�u�r�e� �r�e�g�i�m�e� �(�S�t�o�n�e� �1�9�7�7�)�.� 

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

�s�h�o�w�n� �b�y� �A�u�t�e�n� �(�1�9�4�5�)�.� �S�t�u�d�y�i�n�g� �y�e�l�l�o�w� �p�o�p�l�a�r� �g�r�o�w�t�h�,� �h�e� �f�o�u�n�d� �t�h�a�t� �c�o�o�l� �s�l�o�p�e�s� 

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

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

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

�i�n�f�l�u�e�n�c�i�n�g� �s�i�t�e� �i�n�d�e�x�.� 

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

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

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

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

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

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

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

�s�o�i�l� �v�o�l�u�m�e� �b�y� �s�t�o�n�e�s� �d�e�c�r�e�a�s�e�s� �m�o�i�s�t�u�r�e� �r�e�t�e�n�t�i�o�n� �s�t�o�r�a�g�e� �(�M�e�i�n�e�r�s�,� �1�9�8�2�)�.� 

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

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

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

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

�p�o�t�e�n�t�i�a�l� �o�f� �f�o�r�e�s�t� �t�r�e�e�s�,� �p�o�s�s�i�b�l�y� �d�u�e� �t�o� �i�t�s� �e�f�f�e�c�t� �o�n� �m�o�i�s�t�u�r�e� �(�M�e�i�n�e�r�s�,� �1�9�8�2�)�.� 

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

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

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

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

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

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

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

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

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

�C�o�i�l�e� �(�1�9�5�2�)� �e�s�t�i�m�a�t�e�s� �t�h�a�t� �i�n� �t�h�e� �p�i�n�e� �a�n�d� �h�a�r�d�w�o�o�d� �f�o�r�e�s�t�s� �o�f� �t�h�e� 
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�S�o�u�t�h�e�a�s�t�,� �a�p�p�r�o�x�i�m�a�t�e�l�y� �0�.�6� �c�m� �(�0�.�2�5� �i�n�c�h�e�s�)� �o�f� �p�r�e�c�i�p�i�t�a�t�i�o�n� �i�s� �i�n�t�e�r�c�e�p�t�e�d� �b�y� 

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

�u�n�i�n�c�o�r�p�o�r�a�t�e�d� �o�r�g�a�n�i�c� �m�a�t�t�e�r� �(�0� �h�o�r�i�z�o�n�)�.� �A�n�y� �i�n�d�i�v�i�d�u�a�l� �r�a�i�n� �m�u�s�t� �t�h�e�r�e�f�o�r�e� �b�e� 

�i�n� �e�x�c�e�s�s� �o�f� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�.�3� �c�m� �(�0�.�5� �i�n�c�h�e�s�)� �b�e�f�o�r�e� �i�t� �w�i�l�l� �c�o�n�t�r�i�b�u�t�e� �t�o� �t�h�e� 

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

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

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

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

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

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

�g�r�a�v�i�t�y�,� �t�o� �l�o�w�e�r� �d�e�p�t�h�s� �(�C�o�i�l�e�,� �1�9�5�2�;� �W�i�c�k�h�a�m�,� �1�9�7�5�)�.� �C�o�i�l�e� �m�e�n�t�i�o�n�s� �a� 

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

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

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

�t�h�e� �l�a�n�d�.� 

�H�e�l�v�e�y� �e�t� �a�l�.� �(�1�9�7�2�)� �a�f�t�e�r� �a�v�e�r�a�g�i�n�g� �s�o�i�l� �m�o�i�s�t�u�r�e� �r�e�c�o�r�d�s� �o�f� �s�e�v�e�r�a�l� �y�e�a�r�s� 

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

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

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

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

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

�V�i�r�g�i�n�i�a�,� �W�i�c�k�h�a�m� �(�1�9�7�5�)�,� �a�n�d� �M�e�i�n�e�r�s� �(�1�9�8�2�)� �f�o�u�n�d� �a�v�a�i�l�a�b�l�e� �s�o�i�l� �m�o�i�s�t�u�r�e� 

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

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

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

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

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

�S�o�i�l� �m�o�i�s�t�u�r�e� �i�s� �d�y�n�a�m�i�c� �(�B�u�o�l� �1�9�7�8�)�.� �M�o�i�s�t�u�r�e� �m�e�a�s�u�r�e�m�e�n�t�s� �a�t� �o�n�e� �t�i�m�e� 

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

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

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

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

�p�r�e�v�i�o�u�s� �m�o�i�s�t�u�r�e� �s�t�a�t�u�s�,� �v�e�g�e�t�a�t�i�o�n�,� �a�n�d� �s�u�r�f�a�c�e� �s�o�i�l� �c�o�n�d�i�t�i�o�n�s�.� �M�e�i�n�e�r�s� �(�1�9�8�2�)� 

�r�e�p�o�r�t�s� �s�o�i�l� �w�a�t�e�r� �p�o�t�e�n�t�i�a�l�s� �o�n� �P�o�t�t�s� �M�o�u�n�t�a�i�n�,� �V�i�r�g�i�n�i�a�,� �i�n�d�i�c�a�t�e� �d�e�c�r�e�a�s�i�n�g� 

�m�o�i�s�t�u�r�e� �a�v�a�i�l�a�b�i�l�i�t�y� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �g�r�o�w�i�n�g� �s�e�a�s�o�n�.� �G�r�o�w�t�h�-�l�i�m�i�t�i�n�g� �m�o�i�s�t�u�r�e� 

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

�|� �S�t�e�p�h�e�n�s�o�n� �(�1�9�8�2�)� �f�o�c�u�s�e�d� �o�n� �t�h�e� �v�e�g�e�t�a�t�i�v�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �n�o�r�t�h�-� 

�a�n�d� �s�o�u�t�h�-�f�a�c�i�n�g� �s�l�o�p�e�s� �n�e�a�r� �M�o�u�n�t�a�i�n� �L�a�k�e�,� �V�i�r�g�i�n�i�a�.� �D�e�n�s�i�t�y�,� �d�i�v�e�r�s�i�t�y�,� �a�n�d� 

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

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

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

�s�l�o�p�e�.� 

�F�r�a�l�i�s�h� �e�t� �a�l�.� �(�1�9�7�8�)� �f�o�u�n�d� �t�h�a�t� �t�r�e�e�s�,� �s�h�r�u�b�s�,� �a�n�d� �h�e�r�b�s� �w�e�r�e� �d�i�s�t�r�i�b�u�t�e�d� 

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

�c�a�l�c�u�l�a�t�i�n�g� �s�o�i�l� �a�v�a�i�l�a�b�l�e� �w�a�t�e�r� �c�a�p�a�c�i�t�y� �(�A�W�C�)�,� �w�h�i�c�h� �i�n�t�e�g�r�a�t�e�s� �t�e�x�t�u�r�e�,� �b�u�l�k� 

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

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

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

�O�v�e�r�s�t�o�r�y� �b�a�s�a�l� �a�r�e�a� �a�n�d� �c�o�m�p�o�s�i�t�i�o�n� �i�n�d�e�x� �a�r�e� �s�t�r�o�n�g�l�y� �r�e�l�a�t�e�d� �t�o� �A�W�C� 

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

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

�t�h�i�s� �w�i�t�h� �v�e�g�e�t�a�t�i�o�n�,� �t�o� �b�e� �u�s�e�d� �a�s� �a�n� �i�n�d�e�x�.� �T�h�i�s� �m�e�t�h�o�d� �e�l�i�m�i�n�a�t�e�s� �t�e�d�i�o�u�s� 

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

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

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

�s�t�r�u�c�t�u�r�e�,� �s�o�i�l� �t�e�x�t�u�r�e�,� �e�x�p�o�s�u�r�e�,� �a�n�d� �a�l�t�i�t�u�d�e�.� �H�a�c�k� �a�n�d� �G�o�o�d�l�e�t�t� �(�1�9�6�0�)� �s�t�u�d�i�e�d� 

�t�h�e� �h�e�a�d�w�a�t�e�r�s� �o�f� �t�h�e� �S�h�e�n�a�n�d�o�a�h� �R�i�v�e�r� �i�n� �t�h�e� �D�r�y� �R�i�v�e�r� �D�i�s�t�r�i�c�t�,� �G�e�o�r�g�e� 

�W�a�s�h�i�n�g�t�o�n� �N�a�t�i�o�n�a�l� �F�o�r�e�s�t�,� �A�u�g�u�s�t�a� �a�n�d� �R�o�c�k�i�n�g�h�a�m� �C�o�u�n�t�i�e�s�,� �V�i�r�g�i�n�i�a�.� �T�h�e� 

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

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

�3�2



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

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

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

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

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

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

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

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

�B�r�o�a�d�f�o�o�t� �(�1�9�6�9�)� �c�i�t�e�s� �r�e�s�e�a�r�c�h� �c�o�n�d�u�c�t�e�d� �b�y� �T�u�r�n�e�r� �(�1�9�3�7�)� �w�h�i�c�h� 

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

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

�B�r�o�a�d�f�o�o�t� �(�1�9�6�9�)� �e�m�p�h�a�s�i�z�e�s� �t�h�a�t� �p�r�e�d�i�c�t�i�o�n� �e�q�u�a�t�i�o�n�s� �m�u�s�t� �c�o�n�t�a�i�n� �v�a�r�i�a�b�l�e�s� �t�h�a�t� 

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

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

�S�m�a�l�l�e�y� �(�1�9�8�4�)� �p�r�e�s�e�n�t�s� �a� �c�o�m�p�r�e�h�e�n�s�i�v�e� �f�o�r�e�s�t� �s�i�t�e� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �s�y�s�t�e�m� 

�f�o�r� �t�h�e� �C�u�m�b�e�r�l�a�n�d� �M�o�u�n�t�a�i�n�s� �i�n� �n�o�r�t�h� �c�e�n�t�r�a�l� �T�e�n�n�e�s�s�e�e�,� �s�o�u�t�h�e�a�s�t�e�r�n� 

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

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

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

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

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

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

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

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

�p�r�e�c�i�s�i�o�n� �o�f� �t�h�e� �p�r�o�d�u�c�t�i�v�i�t�y� �i�n�f�o�r�m�a�t�i�o�n� �(�S�m�a�l�l�e�y�,� �1�9�8�5�)�.� �"�E�x�c�e�s�s�i�v�e� �v�a�r�i�a�t�i�o�n� �i�n� 

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

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

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

�(�W�e�r�t�z� �a�n�d� �A�r�n�o�l�d�,� �1�9�7�5�;� �V�a�n� �L�e�a�r�,� �1�9�9�1�)�.� 

�S�m�a�l�l�e�y� �(�1�9�8�5�)� �e�n�d�o�r�s�e�s� �t�h�e� �u�s�e� �o�f� �l�a�n�d�s�c�a�p�e� �f�e�a�t�u�r�e�s� �i�n� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� 

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

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

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

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

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

�R�o�w�e� �(�1�9�9�1�)� �s�t�a�t�e�s� �t�h�e� �l�a�r�g�e�s�t� �p�a�r�t� �o�f� �t�h�e� �r�e�p�e�t�i�t�i�v�e� �p�a�t�t�e�r�n� �i�n� �n�a�t�u�r�a�l� �a�n�d� 

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

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

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

�a�n�d� �c�l�i�m�a�t�e�.� 

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

�a�n�d� �v�e�g�e�t�a�t�i�o�n� �i�n� �a�r�e�a�s� �o�f� �s�i�m�i�l�a�r� �r�e�g�i�o�n�a�l� �c�l�i�m�a�t�e� �(�R�o�w�e�,� �1�9�9�1�;� �V�a�n� �L�e�a�r�,� �1�9�9�1�)�.� 

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

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

�C�a�r�m�e�a�n� �(�1�9�6�7�)� �r�e�c�o�g�n�i�z�e�s� �t�h�e� �s�i�g�n�i�f�i�c�a�n�t� �i�n�f�l�u�e�n�c�e� �o�f� �s�o�i�l� �m�o�i�s�t�u�r�e� �o�n� �s�i�t�e� 

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

�d�e�t�e�r�m�i�n�a�t�i�o�n�.� �C�a�r�m�e�a�n� �(�1�9�6�7�)� �a�l�s�o� �s�t�a�t�e�s� �t�h�a�t� �e�q�u�a�t�i�o�n�s� �b�a�s�e�d� �o�n�l�y� �o�n� 

�t�o�p�o�g�r�a�p�h�i�c� �f�e�a�t�u�r�e�s� �e�x�p�l�a�i�n� �m�o�r�e� �t�h�a�n� �7�5�%� �o�f� �t�h�e� �h�e�i�g�h�t� �v�a�r�i�a�t�i�o�n� �f�o�u�n�d� �i�n� �b�l�a�c�k� 

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

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

�i�s� �d�u�e� �t�o� �c�o�r�r�e�l�a�t�i�o�n�,� �a�s� �h�i�g�h� �a�s� �8�4�%�,� �b�e�t�w�e�e�n� �t�o�p�o�g�r�a�p�h�i�c� �a�n�d� �s�o�i�l� �f�e�a�t�u�r�e�s� 

�r�e�l�a�t�e�d� �t�o� �o�a�k� �s�i�t�e� �q�u�a�l�i�t�y� �(�C�a�r�m�e�a�n�,� �1�9�6�7�)�.� �F�o�r� �r�e�s�e�a�r�c�h� �p�u�r�p�o�s�e�s� �w�h�e�r�e� �t�h�e� 

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

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

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

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

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

�F�o�r�e�s�t� �S�i�t�e� �Q�u�a�l�i�t�y� �I�n�v�e�n�t�o�r�i�e�s� 

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

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

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

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

�g�r�o�w�t�h� �p�o�t�e�n�t�i�a�l� �a�r�e� �o�f�t�e�n� �d�i�f�f�i�c�u�l�t� �t�o� �q�u�a�n�t�i�f�y� �(�M�e�i�n�e�r�s�,� �1�9�8�2�)�.� 

�P�r�i�t�c�h�e�t�t� �a�n�d� �F�i�s�h�e�r� �(�1�9�8�7�)� �h�a�v�e� �p�o�i�n�t�e�d� �o�u�t� �t�w�o� �k�e�y� �s�t�r�a�t�e�g�i�e�s� �f�o�r� 

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

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

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

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

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

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

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

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

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

�R�i�g�h�t�m�e�y�e�r� �a�n�d� �K�e�y�s� �(�1�9�9�1�)� �c�r�e�a�t�e�d� �a� �s�i�t�e� �s�u�i�t�a�b�i�l�i�t�y� �g�u�i�d�e� �f�o�r� �s�i�t�e� 

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

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

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

�i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �s�o�i�l� �t�e�x�t�u�r�e� �i�n� �t�h�e� �u�p�p�e�r� �1�8� �i�n�c�h�e�s� �(�4�5� �c�m�)� �o�f� �s�o�i�l� �m�a�t�e�r�i�a�l� �a�n�d� 

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

�s�u�r�v�e�y� �r�e�p�o�r�t�s�.� 
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�J�o�n�e�s� �a�n�d� �S�a�v�i�e�l�l�o� �(�1�9�9�1�)� �c�r�e�a�t�e�d� �a� �s�i�t�e� �q�u�a�l�i�t�y� �e�v�a�l�u�a�t�i�o�n� �g�u�i�d�e� �u�s�i�n�g� �s�o�i�l�s� 

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

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

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

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

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

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

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

�r�a�t�i�n�g�s� �f�r�o�m� �4�0� �t�o� �1�0�0� �a�r�e� �s�c�o�r�e�d�.� �A� �s�y�s�t�e�m� �o�f� �a�d�d�i�t�i�v�e� �f�a�c�t�o�r�s� �i�s� �u�s�e�d� �t�o� �r�a�t�e� 

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

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

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

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

�S�t�e�i�n�b�r�e�n�n�e�r� �(�1�9�7�5�)� �e�x�p�l�a�i�n�s� �t�h�e� �m�e�t�h�o�d�s� �o�f� �t�h�e� �f�o�r�e�s�t� �s�o�i�l�s� �s�u�r�v�e�y�s� 

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

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

�c�o�n�s�t�r�u�c�t�i�o�n�,� �e�q�u�i�p�m�e�n�t� �u�s�e�,� �a�n�d� �p�r�o�d�u�c�t�i�v�i�t�y�.� �M�a�p�p�i�n�g� �i�s� �b�a�s�e�d� �o�n� �t�h�e� 

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

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

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

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

�S�t�o�r�i�e� �a�n�d� �W�i�e�s�l�a�n�d�e�r� �(�1�9�4�8�)� �c�r�e�a�t�e�d� �a� �w�o�o�d�l�a�n�d� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �o�r� �r�a�t�i�n�g� 

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

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

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

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

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

�p�r�o�d�u�c�t�i�v�i�t�y� �o�f� �s�o�i�l�s� �i�n� �H�a�w�a�i�i� �(�H�u�d�d�l�e�s�t�o�n�,� �1�9�8�4�)�.� �A� �n�e�w� �f�a�c�t�o�r� �w�a�s� �i�n�t�r�o�d�u�c�e�d�:� 

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

�p�r�o�d�u�c�t�i�v�i�t�y�.� �A�c�c�o�r�d�i�n�g� �t�o� �H�u�d�d�l�e�s�t�o�n� �(�1�9�8�4�)� �t�h�e� �d�a�t�a� �s�u�g�g�e�s�t� �t�h�a�t� �t�h�e� �s�y�s�t�e�m� 

�w�a�s� �n�o�t� �s�e�n�s�i�t�i�v�e� �t�o� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �s�o�i�l� �p�r�o�d�u�c�t�i�v�i�t�y�,� �m�o�s�t� �o�f� �t�h�e� �1�3�7� �s�o�i�l�s� �r�a�t�e�d� �f�e�l�l� 

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

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

�c�o�d�e�d� �l�e�g�e�n�d� �o�r� �k�e�y� �(�A�y�d�e�l�o�t�t�,� �1�9�7�8�)�.� �T�h�e� �p�r�i�m�a�r�y� �c�o�m�p�o�n�e�n�t� �o�f� �t�h�e� �k�e�y� �i�s� 

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

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

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

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

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

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

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

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

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

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

�s�u�b�j�e�c�t�i�v�e� �(�M�c�N�a�b�,� �1�9�8�7�)�.� 

�E�a�s�t� �o�f� �t�h�e� �M�i�s�s�i�s�s�i�p�p�i� �R�i�v�e�r�,� �e�c�o�l�o�g�i�c�a�l� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �o�f� �N�a�t�i�o�n�a�l� �F�o�r�e�s�t� 

�l�a�n�d�s� �i�s� �p�r�i�n�c�i�p�a�l�l�y� �b�a�s�e�d� �o�n� �v�a�r�i�a�t�i�o�n�s� �o�f� �t�h�e� �L�a�n�d� �S�y�s�t�e�m�s� �I�n�v�e�n�t�o�r�y� �(�W�e�r�t�z� �a�n�d� 

�A�r�n�o�l�d�,� �1�9�7�5�)�.� �T�h�e�s�e� �a�p�p�r�o�a�c�h�e�s� �t�o� �s�i�t�e� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �a�r�e� �v�a�r�i�o�u�s� �f�o�r�m�s� �o�f� 

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

�s�m�a�l�l�e�r�,� �m�o�r�e� �d�e�t�a�i�l�e�d� �h�o�m�o�g�e�n�o�u�s� �u�n�i�t�s�.� �A�c�c�o�r�d�i�n�g� �t�o� �M�c�N�a�b� �(�1�9�8�7�)� �v�e�g�e�t�a�t�i�o�n� 

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

�t�h�e� �e�a�s�t�e�r�n� �U�n�i�t�e�d� �S�t�a�t�e�s�.� 

�W�e�r�t�z� �a�n�d� �A�r�n�o�l�d� �(�1�9�7�2�)� �d�e�s�i�g�n�e�d� �a� �L�a�n�d� �S�y�s�t�e�m�s� �I�n�v�e�n�t�o�r�y� �f�o�r� �t�h�e� 

�I�n�t�e�r�m�o�u�n�t�a�i�n� �R�e�g�i�o�n� �t�o� �p�r�o�v�i�d�e� �i�n�f�o�r�m�a�t�i�o�n� �f�o�r� �i�n�t�e�g�r�a�t�e�d� �e�n�v�i�r�o�n�m�e�n�t�a�l� 

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

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

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

�P�r�o�v�i�n�c�e�,� �V�I� �S�e�c�t�i�o�n�,� �V� �S�u�b�s�e�c�t�i�o�n�,� �[�V� �L�a�n�d�t�y�p�e� �A�s�s�o�c�i�a�t�i�o�n�,� �I�I�I� �L�a�n�d�t�y�p�e�,� �I�T� 

�L�a�n�d�t�y�p�e� �P�h�a�s�e�,� �a�n�d� �I� �S�i�t�e�.� �|� 

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

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

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

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

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

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

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

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

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

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

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

�d�i�s�t�r�i�b�u�t�i�o�n� �w�i�t�h�i�n� �t�h�e� �u�n�i�t�.� 

�M�c�N�a�b� �(�1�9�8�7�)� �p�u�b�l�i�s�h�e�d� �a� �f�i�r�s�t� �a�p�p�r�o�x�i�m�a�t�i�o�n� �o�f� �a� �s�i�t�e� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �s�y�s�t�e�m� 

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

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

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

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

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

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

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

�T�h�e� �s�t�r�u�c�t�u�r�e� �o�f� �M�c�N�a�b ��s� �(�1�9�8�7�)� �m�u�l�t�i�f�a�c�t�o�r� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �i�s� �a� �m�o�d�i�f�i�c�a�t�i�o�n� 

�o�f� �t�h�e� �l�a�n�d� �s�y�s�t�e�m�s� �i�n�v�e�n�t�o�r�y� �d�e�v�e�l�o�p�e�d� �b�y� �W�e�r�t�z� �a�n�d� �A�r�m�o�l�d� �(�1�9�7�2�)�.� �L�a�n�d� 
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�S�y�s�t�e�m�s� �I�n�v�e�n�t�o�r�y� �i�s� �a� �m�e�t�h�o�d� �o�f� �i�n�t�e�g�r�a�t�i�n�g� �c�l�i�m�a�t�e�,� �t�o�p�o�g�r�a�p�h�y�,� �a�n�d� �g�e�o�l�o�g�y� 

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

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

�1�9�8�7�)�.� 

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

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

�M�c�N�a�b� �(�1�9�8�7�)� �o�b�s�e�r�v�e�d� �t�h�a�t� �c�l�i�m�a�t�i�c� �v�a�r�i�a�b�l�e�s� �h�a�v�e� �a� �g�r�e�a�t�e�r� �e�f�f�e�c�t� �o�n� �t�h�e� 

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

�h�i�e�r�a�r�c�h�y� �a�t� �a� �h�i�g�h�e�r� �l�e�v�e�l�.� 

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

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

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

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

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

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

�a�t� �t�h�i�s� �l�e�v�e�l� �(�A�u�t�e�n�,� �1�9�4�5�;� �C�a�r�m�e�a�n�,� �1�9�6�7�;� �S�m�a�l�l�e�y�,� �1�9�8�5�;� �M�c�N�a�b�,� �1�9�8�7�)�.� 

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

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

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

�(�M�c�N�a�b�,� �1�9�8�7�)�.� �L�a�n�d�t�y�p�e� �p�h�a�s�e� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �s�m�a�l�l�e�s�t� �u�n�i�t�.� �L�a�n�d�t�y�p�e� �p�h�a�s�e� 

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

�M�c�N�a�b� �(�1�9�8�7�)� �c�o�n�t�e�n�d�s� �t�h�a�t� �t�h�e�r�e� �i�s� �"�c�l�o�s�e� �c�o�r�r�e�s�p�o�n�d�e�n�c�e�"� �b�e�t�w�e�e�n� �t�h�i�s� 

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

�M�o�u�n�t�a�i�n�s� �a�n�d� �o�t�h�e�r� �s�y�s�t�e�m�s� �n�o�w� �i�n� �u�s�e�.� �Y�e�t�,� �M�c�N�a�b� �p�o�i�n�t�s� �o�u�t�:� �"�.�.�.� �l�i�n�k�s� �m�u�s�t� 

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

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

�A� �F�o�r�e�s�t� �S�i�t�e� �Q�u�a�l�i�t�y� �I�n�d�e�x� �(�F�S�Q�I�)� �w�a�s� �p�r�o�p�o�s�e�d� �b�y� �S�m�i�t�h� �a�n�d� �B�u�r�k�h�a�r�t� 

�(�1�9�7�6�)� �t�o� �p�r�e�d�i�c�t� �s�i�t�e� �q�u�a�l�i�t�y� �b�a�s�e�d� �o�n� �t�h�r�e�e� �p�a�r�a�m�e�t�e�r�s�:� �a�s�p�e�c�t�,� �s�l�o�p�e� �g�r�a�d�i�e�n�t�,� 

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

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

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

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

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

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

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

�V�i�r�g�i�n�i�a� �(�M�e�i�n�e�r�s� �e�t� �a�l�.�,� �1�9�8�4�)�.� 

�T�h�e� �F�o�r�e�s�t� �S�i�t�e� �Q�u�a�l�i�t�y� �I�n�d�e�x� �f�i�r�s�t� �a�p�p�e�a�r�e�d� �i�n� �a� �m�u�l�t�i�p�l�e� �u�s�e� �r�e�s�o�u�r�c�e� 

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

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

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

�u�s�e�s� �(�S�m�i�t�h� �a�n�d� �B�u�r�k�h�a�r�t�,� �1�9�7�6�)�.� 
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�P�a�r�t� �o�f� �t�h�e� �r�a�t�i�o�n�a�l�e� �f�o�r� �c�h�o�o�s�i�n�g� �t�h�e� �s�p�e�c�i�f�i�c� �f�e�a�t�u�r�e�s� �u�s�e�d� �i�n� �t�h�e� �F�S�Q�I� �i�s� 

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

�r�i�d�g�e� �a�n�d� �v�a�l�l�e�y� �g�e�o�m�o�r�p�h�i�c� �p�r�o�v�i�n�c�e� �o�f� �t�h�e� �A�p�p�a�l�a�c�h�i�a�n� �r�e�g�i�o�n� �(�W�a�t�h�e�n�,� �1�9�7�7�)�.� 

�I�n� �t�h�i�s� �r�e�g�i�o�n� �a�n�n�u�a�l� �r�a�i�n�f�a�l�l� �i�s� �n�o�r�m�a�l�l�y� �l�e�s�s� �t�h�a�n� �1�0�2� �c�e�n�t�i�m�e�t�e�r�s� �(�4�0� �i�n�c�h�e�s�)� �p�e�r� 

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

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

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

�c�o�m�p�a�r�a�b�l�e� �t�o� �s�i�t�e� �i�n�d�e�x� �a�s� �a� �m�e�a�s�u�r�e� �o�f� �s�i�t�e� �q�u�a�l�i�t�y� �(�M�e�i�n�e�r�s�,� �1�9�8�2�)�.� �T�h�e� 

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

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

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

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

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

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

�l�e�a�s�t� �p�r�o�d�u�c�t�i�v�e� �(�S�m�i�t�h� �a�n�d� �B�u�r�k�h�a�r�t�,� �1�9�7�6�)�.� 

�M�e�i�n�e�r�s� �(�1�9�8�2�)� �u�s�e�d� �t�h�e� �F�S�Q�I� �t�o� �v�a�l�i�d�a�t�e� �m�o�i�s�t�u�r�e� �g�r�a�d�i�e�n�t�s� �n�o�t�i�c�e�d� �a�l�o�n�g� 

�a� �s�o�u�t�h�e�a�s�t� �f�a�c�i�n�g� �s�l�o�p�e� �o�n� �P�o�t�t�s� �M�o�u�n�t�a�i�n� �i�n� �C�r�a�i�g� �C�o�u�n�t�y�,� �s�o�u�t�h�w�e�s�t� �V�i�r�g�i�n�i�a�.� 

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

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

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

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

�4�3



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

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

�s�e�a�s�o�n� �(�M�e�i�n�e�r�s�,� �1�9�8�2�)�.� 

�T�h�e� �i�n�d�e�x� �w�a�s� �l�a�t�e�r� �i�m�p�r�o�v�e�d� �b�y� �W�a�t�h�e�n� �(�1�9�7�7�)� �a�n�d� �f�o�u�n�d� �t�o� �b�e� �h�i�g�h�l�y� 

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

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

�p�r�o�d�u�c�t�i�v�i�t�y� �i�n�d�e�x� �w�i�t�h� �s�i�t�e� �q�u�a�l�i�t�y�.� �T�h�e� �o�b�j�e�c�t�i�v�e�s� �a�s�s�u�m�e�d� �t�h�a�t� �(�1�)� �w�a�t�e�r� �i�n� �t�h�e� 

�f�o�r�m� �o�f� �r�a�i�n�f�a�l�l� �i�s� �c�r�i�t�i�c�a�l� �i�n� �t�e�r�m�s� �o�f� �w�a�t�e�r� �a�v�a�i�l�a�b�l�e� �t�o� �p�l�a�n�t� �g�r�o�w�t�h�,� �(�2�)� �t�h�e� 

�t�o�p�o�g�r�a�p�h�y� �o�f� �t�h�e� �a�r�e�a� �h�a�d� �s�l�o�p�e�s� �g�r�e�a�t�e�r� �t�h�a�n� �t�e�n� �p�e�r�c�e�n�t�,� �a�n�d� �(�3�)� �t�h�e� �c�h�e�m�i�c�a�l� 

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

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

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

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

�T�h�e� �S�p�e�a�r�m�a�n� �r�a�n�k� �c�o�r�r�e�l�a�t�i�o�n� �c�o�e�f�f�i�c�i�e�n�t�,� �b�a�s�e�d� �o�n� �6�6� �o�b�s�e�r�v�a�t�i�o�n�s�,� �w�a�s� 

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

�p�r�o�d�u�c�t�i�v�i�t�y� �i�n�d�e�x� �w�e�r�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �h�i�g�h� �v�a�l�u�e�s� �o�f� �s�i�t�e� �i�n�d�e�x� �(�1�°� �w�a�s� �0�.�7�3�)�.� 

�M�e�i�n�e�r�s� �(�1�9�8�2�)� �s�t�a�t�e�s� �t�h�a�t� �p�e�r�h�a�p�s� �t�h�e� �m�o�s�t� �c�r�i�t�i�c�a�l� �c�o�n�s�t�r�a�i�n�t� �o�f� �t�h�e� �F�S�Q�I� 

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

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

�m�o�d�i�f�i�c�a�t�i�o�n�s� �t�o� �t�h�e� �F�S�Q�I�,� �t�o� �e�x�p�a�n�d� �t�h�e� �u�s�e�f�u�l�n�e�s�s� �a�n�d� �a�p�p�l�i�c�a�b�i�l�i�t�y� �o�f� �t�h�e� �i�n�d�e�x�.� 

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

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

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

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

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

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

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

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

�a�s�p�e�c�t�,� �s�l�o�p�e� �i�n�c�l�i�n�a�t�i�o�n�,� �a�n�d� �s�l�o�p�e� �p�o�s�i�t�i�o�n� �(�M�e�i�n�e�r�s� �e�t� �a�l�.�,� �1�9�8�4�)�.� 

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

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

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

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

�b�y� �t�h�e� �l�a�n�d� �u�s�e� �m�a�n�a�g�e�r�.� 

�R�e�g�i�o�n�a�l� �S�e�t�t�i�n�g� 

�T�h�e� �s�t�u�d�y� �a�r�e�a� �l�i�e�s� �w�i�t�h�i�n� �t�h�e� �G�e�o�r�g�e� �W�a�s�h�i�n�g�t�o�n� �N�a�t�i�o�n�a�l� �F�o�r�e�s�t�.� �T�h�e�s�e� 

�l�a�n�d�s� �w�e�r�e� �a�c�q�u�i�r�e�d� �f�o�l�l�o�w�i�n�g� �p�a�s�s�a�g�e� �o�f� �t�h�e� �W�e�e�k�s� �L�a�w� �i�n� �1�9�1�1�.� �T�h�i�s� �a�c�t� �w�a�s� 

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

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

�o�p�e�r�a�t�i�o�n�s� �(�H�a�c�k� �a�n�d� �G�o�o�d�l�e�t�t�,� �1�9�6�0�)�.� 
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�C�l�i�m�a�t�e� 

�T�h�e� �a�r�e�a� �s�t�u�d�i�e�d� �e�x�t�e�n�d�s�,� �g�e�o�g�r�a�p�h�i�c�a�l�l�y�,� �1�0�0� �k�m� �n�o�r�t�h�-�s�o�u�t�h�;� 

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

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

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

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

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

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

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

�A�v�e�r�a�g�e� �d�a�i�l�y� �t�e�m�p�e�r�a�t�u�r�e�s� �a�r�e� �a�b�o�u�t� �3�5�°� �F�.� �(�1�.�7�°� �C�)� �i�n� �J�a�n�u�a�r�y� �a�n�d� �7�0�°� �F�.� 

�(�2�1�.�1�°� �C�)� �d�u�r�i�n�g� �J�u�l�y�.� �T�h�e� �l�e�n�g�t�h� �o�f� �g�r�o�w�i�n�g� �s�e�a�s�o�n�s� �r�a�n�g�e�s� �f�r�o�m� �5� �t�o� �6� �m�o�n�t�h�s� 

�a�n�d� �i�s� �r�e�l�a�t�e�d� �t�o� �e�l�e�v�a�t�i�o�n� �a�n�d� �l�a�t�i�t�u�d�e� �(�U�S�D�A�,� �1�9�4�1�)�.� �P�r�e�c�i�p�i�t�a�t�i�o�n� �i�s� �c�o�r�r�e�l�a�t�e�d� 

�w�i�t�h� �p�h�y�s�i�o�g�r�a�p�h�y� �a�n�d� �t�o�p�o�g�r�a�p�h�y�,� �a�n�d� �r�a�n�g�e�s� �f�r�o�m� �a�b�o�u�t� �3�2� �(�8�1�.�3� �c�m�)� �i�n�c�h�e�s� �i�n� 

�l�o�w�-�e�l�e�v�a�t�i�o�n� �i�n�t�e�r�m�o�u�n�t�a�i�n� �v�a�l�l�e�y�s� �t�o� �m�o�r�e� �t�h�a�n� �1�0�0� �i�n�c�h�e�s� �(�2�5�4� �c�m�)� �(�M�c�N�a�b�,� 

�1�9�8�7�)� �i�n� �t�h�e� �h�i�g�h�e�r� �m�o�u�n�t�a�i�n�s�,� �e�s�p�e�c�i�a�l�l�y� �i�n� �t�h�e� �s�o�u�t�h�e�r�n� �B�l�u�e� �R�i�d�g�e� �i�n� �G�e�o�r�g�i�a�.� 

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

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

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

�h�i�g�h�e�r� �r�a�n�g�e�s� �o�f� �t�h�e� �A�l�l�e�g�h�e�n�i�e�s� �(�U�S�D�A�,� �1�9�4�1�)�.� �T�h�e� �a�v�e�r�a�g�e� �d�a�t�e� �o�f� �l�a�s�t� �f�r�e�e�z�e� 

�i�s� �M�a�y� �1�,� �a�n�d� �t�h�e� �d�a�t�e� �o�f� �f�i�r�s�t� �f�a�l�l� �f�r�o�s�t� �i�s� �a�r�o�u�n�d� �O�c�t�o�b�e�r� �1�0�.� �T�h�e�s�e� �d�a�t�e�s�,� 

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

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

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

�c�o�n�d�i�t�i�o�n�s� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �c�o�u�n�t�y�.� 

�C�l�i�f�t�o�n� �F�o�r�g�e� �V�i�r�g�i�n�i�a� �i�n� �c�e�n�t�r�a�l� �A�l�l�e�g�h�a�n�y� �C�o�u�n�t�y� �(�3�7�°� �4�9 ��N� �L�a�t�.�;� �7�9�°� 

�5�0 ��W� �L�o�n�.�)� �a�t� �a�n� �e�l�e�v�a�t�i�o�n� �o�f� �3�2�0� �m� �(�1�0�5�0� �f�e�e�t�)� �h�a�s� �a� �m�e�a�n� �a�n�n�u�a�l� �p�r�e�c�i�p�i�t�a�t�i�o�n� 

�o�f� �9�9�.�6�4� �c�m� �(�3�9�.�2�3� �i�n�c�h�e�s�)�.� �P�r�e�c�i�p�i�t�a�t�i�o�n� �i�s� �w�e�l�l� �d�i�s�t�r�i�b�u�t�e�d� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �y�e�a�r� 

�w�i�t�h� �t�h�e� �m�a�x�i�m�u�m� �i�n� �M�a�r�c�h� �a�n�d� �t�h�e� �m�i�n�i�m�u�m� �i�n� �N�o�v�e�m�b�e�r� �(�W�e�a�t�h�e�r� �D�i�s�k� 

�A�s�s�o�c�i�a�t�e�s�,� �1�9�8�8�)�.� 

�H�o�t� �S�p�r�i�n�g�s� �V�i�r�g�i�n�i�a� �i�n� �c�e�n�t�r�a�l� �B�a�t�h� �C�o�u�n�t�y� �(�3�8�°� �0�0 ��N� �L�a�t�.�;� �7�0�°� �5�0 ��W� �L�o�n�.�)� 

�a�t� �a�n� �e�l�e�v�a�t�i�o�n� �o�f� �6�8�2� �m� �(�2�2�3�8� �f�e�e�t�)� �h�a�s� �a� �m�e�a�n� �a�n�n�u�a�l� �p�r�e�c�i�p�i�t�a�t�i�o�n� �o�f� �1�0�5�.�0�3� �c�m� 

�(�4�1�.�3�5� �i�n�c�h�e�s�)� �(�U�S�D�A�,� �1�9�4�1�)�.� �P�r�e�c�i�p�i�t�a�t�i�o�n� �i�s� �w�e�l�l� �d�i�s�t�r�i�b�u�t�e�d� �t�h�r�o�u�g�h�o�u�t� �t�h�e� 

�y�e�a�r� �w�i�t�h� �t�h�e� �m�a�x�i�m�u�m� �i�n� �M�a�r�c�h� �a�n�d� �t�h�e� �m�i�n�i�m�u�m� �i�n� �N�o�v�e�m�b�e�r� �(�W�e�a�t�h�e�r� �D�i�s�c� 

�A�s�s�o�c�i�a�t�e�s�,� �1�9�8�8�)�.� �M�e�a�n� �a�n�n�u�a�l� �a�i�r� �t�e�m�p�e�r�a�t�u�r�e�  ��a�t� �H�o�t� �S�p�r�i�n�g�s� �v�a�r�i�e�s� �s�l�i�g�h�t�l�y� 

�f�r�o�m� �y�e�a�r� �t�o� �y�e�a�r� �b�u�t� �a�v�e�r�a�g�e�s� �a�b�o�u�t� �1�0�.�6�°� �C� �(�5�1�°� �F�.�)�,� �t�h�e� �g�r�o�w�i�n�g� �s�e�a�s�o�n� �i�s� �a�b�o�u�t� 

�1�5�7� �d�a�y�s� �(�C�r�o�c�k�e�t�t�,� �1�9�7�2�)�.� �T�h�e� �t�o�p�o�g�r�a�p�h�y� �m�o�d�i�f�i�e�s� �t�h�e� �a�f�f�e�c�t� �o�f� �w�i�n�d�s� �w�i�t�h� �t�h�e� 

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

�M�o�n�t�e�r�e�y�,� �l�o�c�a�t�e�d� �i�n� �n�o�r�t�h�e�r�n� �H�i�g�h�l�a�n�d� �C�o�u�n�t�y� �V�i�r�g�i�n�i�a�,� �(�3�8�°� �2�5 ��N� �L�a�t�.�;� 

�7�9�°� �3�5 ��W� �L�o�n�.�)� �a�t� �a�n� �e�l�e�v�a�t�i�o�n� �o�f� �8�8�7� �m� �(�2�9�1�0� �f�e�e�t�)�,� �h�a�s� �a� �m�e�a�n� �a�n�n�u�a�l� 

�p�r�e�c�i�p�i�t�a�t�i�o�n� �o�f� �1�0�2�.�6�4� �c�m� �(�4�0�.�4�1� �i�n�c�h�e�s�)�.� �P�r�e�c�i�p�i�t�a�t�i�o�n� �i�s� �w�e�l�l� �d�i�s�t�r�i�b�u�t�e�d� 

�t�h�r�o�u�g�h�o�u�t� �t�h�e� �y�e�a�r� �w�i�t�h� �t�h�e� �m�a�x�i�m�u�m� �i�n� �J�u�n�e� �a�n�d� �t�h�e� �m�i�n�i�m�u�m� �i�n� �N�o�v�e�m�b�e�r� 
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�(�W�e�a�t�h�e�r� �D�i�s�k� �A�s�s�o�c�i�a�t�e�s�,� �1�9�8�8�)�.� �M�e�a�n� �a�n�n�u�a�l� �a�i�r� �t�e�m�p�e�r�a�t�u�r�e� �a�t� �M�o�n�t�e�r�e�y� 

�v�a�r�i�e�s� �s�l�i�g�h�t�l�y� �f�r�o�m� �y�e�a�r� �t�o� �y�e�a�r� �b�u�t� �a�v�e�r�a�g�e�s� �a�b�o�u�t� �9�.�4�°� �C� �(�4�9�°� �F�.�)�.� �T�h�e� �g�r�o�w�i�n�g� 

�s�e�a�s�o�n� �i�s� �a�b�o�u�t� �1�4�3� �d�a�y�s�.� �T�h�e� �t�o�p�o�g�r�a�p�h�y� �m�o�d�i�f�i�e�s� �w�i�n�d� �d�i�r�e�c�t�i�o�n� �w�i�t�h� �t�h�e� �a�i�r� 

�t�e�n�d�i�n�g� �t�o� �f�l�o�w� �p�a�r�a�l�l�e�l� �t�o� �t�h�e� �m�o�u�n�t�a�i�n� �r�i�d�g�e�s� �(�C�r�o�c�k�e�t�t�,� �1�9�7�2�)�.� 

�G�e�o�l�o�g�y� 

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

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

�s�e�p�a�r�a�t�e�d� �b�y� �i�n�t�e�r�b�e�d�d�e�d� �s�h�a�l�e� �a�n�d� �s�a�n�d�s�t�o�n�e� �r�i�d�g�e�s� �(�M�o�r�r�i�s� �a�n�d� �C�a�m�p�b�e�l�l�,� 

�1�9�9�1�)�.� �T�h�e� �m�a�j�o�r�i�t�y� �o�f� �t�h�e� �s�i�t�e�s� �s�t�u�d�i�e�d� �h�a�v�e� �s�o�i�l�s� �d�e�r�i�v�e�d� �e�i�t�h�e�r� �f�r�o�m� �t�h�e� 

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

�f�o�r�m�a�t�i�o�n�s�.� 

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

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

�s�a�n�d�s�t�o�n�e� �w�i�t�h� �f�r�e�q�u�e�n�t� �m�a�s�s�i�v�e� �s�a�n�d�s�t�o�n�e� �b�e�d�s� �(�V�i�r�g�i�n�i�a� �D�i�v�i�s�i�o�n� �o�f� �M�i�n�e�r�a�l� 

�R�e�s�o�u�r�c�e�s�,� �1�9�9�3�)�.� �I�t� �i�s� �p�r�e�d�o�m�i�n�a�n�t�l�y� �r�e�d� �t�o� �r�e�d�d�i�s�h� �b�r�o�w�n� �a�r�k�o�s�i�c� �s�a�n�d�s�t�o�n�e�,� 

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

�T�h�e� �H�a�m�p�s�h�i�r�e� �F�o�r�m�a�t�i�o�n� �i�s� �l�a�t�e� �D�e�v�o�n�i�a�n� �i�n� �a�g�e� �a�n�d� �h�a�s� �t�h�e� �l�a�r�g�e�s�t� �o�u�t�c�r�o�p� 

�a�r�e�a� �(�B�u�t�t�s�,� �1�9�4�0�)�.� �I�n� �c�o�m�p�a�r�i�s�o�n� �w�i�t�h� �t�h�e� �c�a�l�c�a�r�e�o�u�s� �r�o�c�k� �o�f� �t�h�e� �v�a�l�l�e�y�s� �t�h�a�t� 

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

�c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �u�n�d�e�r�l�y�i�n�g� �C�h�e�m�u�n�g� �a�n�d� �o�v�e�r�l�y�i�n�g� �P�o�c�o�n�o� �f�o�r�m�a�t�i�o�n�s� �(�B�u�t�t�s�,� 
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�1�9�4�0�)�.� �T�h�i�s� �i�s� �p�e�r�h�a�p�s� �b�e�c�a�u�s�e� �t�h�e� �s�a�n�d�s�t�o�n�e� �b�e�d�s� �a�r�e� �f�l�a�g�g�y�,� �r�e�l�a�t�i�v�e�l�y� �t�h�i�n� �a�n�d� 

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

�p�e�r�m�e�a�b�l�e� �(�H�a�c�k� �a�n�d� �G�o�o�d�l�e�t�t�,� �1�9�6�0�)�.� �T�h�e� �m�o�s�t� �d�i�s�t�i�n�c�t�i�v�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �o�f� �t�h�e� 

�H�a�m�p�s�h�i�r�e� �i�s� �i�t�s� �r�e�d� �c�o�l�o�r� �(�B�u�t�t�s�,� �1�9�4�0�)�.� 

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

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

�(�B�u�t�t�s�,� �1�9�4�0�)�.� �T�h�e� �s�a�n�d�s�t�o�n�e� �i�s� �d�a�r�k�-�g�r�a�y� �a�n�d� �g�r�e�e�n�i�s�h�-�g�r�a�y�,� �b�u�t� �t�o� �a� �m�i�n�o�r� 

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

�a�r�k�o�s�i�c� �(�V�i�r�g�i�n�i�a� �D�i�v�i�s�i�o�n� �o�f� �M�i�n�e�r�a�l� �R�e�s�o�u�r�c�e�s�,� �1�9�9�3�)�.� �T�h�e� �C�h�e�m�u�n�g� �i�s� �a� �l�u�m�p�y�,� 

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

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

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

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

�t�h�r�o�u�g�h�o�u�t� �i�t�s� �e�x�t�e�n�t� �(�B�u�t�t�s�,� �1�9�3�3�)�.� �T�h�e� �C�h�e�m�u�n�g� �f�o�r�m�a�t�i�o�n� �o�v�e�r�l�i�e�s� �t�h�e� �B�r�a�l�l�i�e�r� 

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

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

�f�o�s�s�i�l�i�f�e�r�o�u�s� �l�i�m�e�s�t�o�n�e� �a�n�d� �s�a�n�d�s�t�o�n�e� �(�V�i�r�g�i�n�i�a� �D�i�v�i�s�i�o�n� �o�f� �M�i�n�e�r�a�l� �R�e�s�o�u�r�c�e�s�,� 

�1�9�9�3�)�.� �U�n�w�e�a�t�h�e�r�e�d� �s�h�a�l�e� �i�s� �b�l�u�i�s�h�;� �w�e�a�t�h�e�r�e�d� �s�h�a�l�e� �i�s� �y�e�l�l�o�w�i�s�h� �t�o� �b�r�o�w�n�i�s�h�.� 

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

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

�a�r�e� �s�c�a�t�t�e�r�e�d� �t�h�r�o�u�g�h� �t�h�e� �m�a�s�s� �(�B�u�t�t�s�,� �1�9�4�0�)�.� 
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�T�h�e� �J�u�n�i�a�t�a� �f�o�r�m�a�t�i�o�n� �i�s� �c�o�m�p�o�s�e�d� �m�a�i�n�l�y� �o�f� �b�r�i�g�h�t� �r�e�d� �s�h�a�l�e� �o�r� �m�u�d�r�o�c�k� 

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

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

�s�h�a�l�e� �(�V�i�r�g�i�n�i�a� �D�i�v�i�s�i�o�n� �o�f� �M�i�n�e�r�a�l� �R�e�s�o�u�r�c�e�s�,� �1�9�9�3�)�.� �I�t�s� �d�i�s�t�i�n�c�t�i�v�e� �f�e�a�t�u�r�e� �i�s� �i�t�s� 

�r�e�d� �c�o�l�o�r�.� 

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

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

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

�l�a�m�i�n�a�t�e�d� �s�l�a�t�y� �r�o�c�k�,� �a�n�d� �o�f� �o�r�d�i�n�a�r�y� �a�r�g�i�l�l�a�c�e�o�u�s� �l�a�m�i�n�a�t�e�d� �s�o�f�t� �r�o�c�k� �(�B�u�t�t�s�,� 

�1�9�4�0�)�.� �T�h�e� �c�l�a�y� �s�h�a�l�e� �w�e�a�t�h�e�r�s� �t�o� �a� �y�e�l�l�o�w�i�s�h� �t�i�n�t�;� �t�h�e� �s�i�l�i�c�e�o�u�s� �s�h�a�l�e� �i�s� �g�e�n�e�r�a�l�l�y� 

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

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

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

�i�s� �i�n� �v�e�r�y� �t�h�i�n� �l�e�n�s�e�s� �(�B�u�t�t�s�,� �1�9�4�0�)�.� 

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

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

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

�g�r�a�i�n�e�d� �t�o� �v�e�r�y� �c�o�a�r�s�e�-�g�r�a�i�n�e�d� �w�i�t�h� �l�o�c�a�l� �c�o�n�g�l�o�m�e�r�a�t�e� �(�B�u�t�t�s�,� �1�9�4�0�)�.� �S�h�a�l�e� �i�s� 

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

�i�n�t�e�r�b�e�d�s� �(�V�i�r�g�i�n�i�a� �D�i�v�i�s�i�o�n� �o�f� �M�i�n�e�r�a�l� �R�e�s�o�u�r�c�e�s�,� �1�9�9�3�)�.� 

�T�h�e� �R�o�s�e� �H�i�l�l� �f�o�r�m�a�t�i�o�n� �i�s� �a� �d�a�r�k� �g�r�a�y�i�s�h�-�r�e�d�,� �f�i�n�e� �t�o� �c�o�a�r�s�e� �g�r�a�i�n�e�d�,� 
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�h�e�m�a�t�i�t�e� �c�e�m�e�n�t�e�d� �q�u�a�r�t�z� �s�a�n�d�s�t�o�n�e� �i�n�t�e�r�b�e�d�d�e�d� �w�i�t�h� �r�e�d� �o�r� �y�e�l�l�o�w�i�s�h�-�g�r�e�e�n� �c�l�a�y� 

�s�h�a�l�e�,� �a�n�d� �g�r�e�e�n�i�s�h�-�g�r�a�y� �f�i�n�e� �g�r�a�i�n�e�d� �s�a�n�d�s�t�o�n�e� �(�V�i�r�g�i�n�i�a� �D�i�v�i�s�i�o�n� �o�f� �M�i�n�e�r�a�l� 

�R�e�s�o�u�r�c�e�s�,� �1�9�9�3�)�.� 

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

�b�u�t� �b�l�e�a�c�h�e�s� �o�n� �w�e�a�t�h�e�r�i�n�g� �t�o� �a� �l�i�g�h�t� �g�r�a�y� �c�o�l�o�r� �(�V�i�r�g�i�n�i�a� �D�i�v�i�s�i�o�n� �o�f� �M�i�n�e�r�a�l� 

�R�e�s�o�u�r�c�e�s�,� �1�9�9�3�)�.� 

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

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

�a�b�u�n�d�a�n�t�l�y� �f�o�s�s�i�l�i�f�e�r�o�u�s� �a�n�d� �o�f� �u�n�i�f�o�r�m� �c�h�a�r�a�c�t�e�r� �t�h�r�o�u�g�h�o�u�t� �(�B�u�t�t�s�,� �1�9�3�3�)�.� 

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

�r�e�s�i�s�t�a�n�t� �(�B�u�t�t�s�,� �1�9�4�0�)�.� 

�S�o�i�l�s� 

�T�h�e� �s�o�i�l�s� �i�n� �t�h�i�s� �s�t�u�d�y� �a�r�e� �s�t�e�e�p�l�y� �s�l�o�p�i�n�g�,� �h�i�g�h� �e�l�e�v�a�t�i�o�n� �s�o�i�l�s�,� �7�0�1� �t�o� �1�4�0�2� 

�m� �(�2�3�0�0� �t�o� �4�6�0�0� �f�e�e�t�)�,� �p�r�e�d�o�m�i�n�a�n�t�l�y� �d�e�r�i�v�e�d� �f�r�o�m� �s�h�a�l�e�,� �s�i�l�t�s�t�o�n�e�,� �a�n�d� �s�a�n�d�s�t�o�n�e�.� 

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

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

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

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

�a�n�d� �C�a�m�p�b�e�l�l�,� �1�9�9�1�)�.� 

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

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

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

�H�e�w�l�e�t�t�,� �1�9�6�2�)�.� 

�V�e�g�e�t�a�t�i�o�n� 

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

�t�o� �p�r�o�d�u�c�e� �a�n� �a�r�r�a�y� �o�f� �s�i�t�e�s�.� �B�r�a�u�n� �(�1�9�5�0�)� �a�n�d� �o�t�h�e�r�s� �(�M�c�N�a�b�,� �1�9�8�7�)� �h�a�v�e� 

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

�m�a�n�y� �f�o�r�e�s�t� �s�p�e�c�i�e�s�.� �T�h�e� �s�t�u�d�y� �a�r�e�a� �f�a�l�l�s� �m�o�s�t�l�y� �w�i�t�h�i�n� �B�r�a�u�n ��s� �(�1�9�5�0�)� �v�e�r�y� 

�e�x�t�e�n�s�i�v�e� �O�a�k�-�C�h�e�s�t�n�u�t� �f�o�r�e�s�t� �r�e�g�i�o�n�.� �T�h�i�s� �f�o�r�e�s�t� �r�e�g�i�o�n� �t�r�e�n�d�i�n�g� �i�n� �a� �n�o�r�t�h�e�a�s�t�-� 

�s�o�u�t�h�w�e�s�t� �d�i�r�e�c�t�i�o�n� �e�x�t�e�n�d�s� �f�r�o�m� �s�o�u�t�h�e�r�n� �N�e�w� �E�n�g�l�a�n�d� �a�n�d� �t�h�e� �H�u�d�s�o�n� �R�i�v�e�r� 

�V�a�l�l�e�y� �t�o� �n�o�r�t�h�e�r�n� �G�e�o�r�g�i�a�.� �U�p�l�a�n�d� �o�a�k�s� �a�r�e� �s�o� �a�b�u�n�d�a�n�t� �i�n� �m�o�s�t� �a�r�e�a�s� �t�h�e�y� 

�c�h�a�r�a�c�t�e�r�i�z�e� �t�h�e� �r�e�g�i�o�n� �(�B�r�a�u�n�,� �1�9�5�0�)�.� �I�n� �i�t�s� �u�n�d�i�s�t�u�r�b�e�d� �s�t�a�t�e� �t�h�e� �O�a�k�-�C�h�e�s�t�n�u�t� 

�f�o�r�e�s�t� �r�e�g�i�o�n� �c�o�v�e�r�e�d� �a�l�l� �o�f� �t�h�e� �B�l�u�e� �R�i�d�g�e� �P�r�o�v�i�n�c�e�,� �a�n�d� �a�l�l� �o�f� �t�h�e� �R�i�d�g�e� �a�n�d� 

�V�a�l�l�e�y� �P�r�o�v�i�n�c�e� �e�x�c�e�p�t� �i�t�s� �n�o�r�t�h�e�r�n� �e�n�d� �i�n� �t�h�e� �H�u�d�s�o�n�-�C�h�a�m�p�l�a�i�n� �V�a�l�l�e�y�,� �a�n�d� �i�t�s� 

�s�o�u�t�h�e�r�n� �e�n�d� �f�r�o�m� �s�o�u�t�h�e�r�n� �T�e�n�n�e�s�s�e�e� �s�o�u�t�h�w�a�r�d� �(�B�r�a�u�n�,� �1�9�5�0�)�.� 

�T�h�e� �n�a�m�e� �"�o�a�k�-�c�h�e�s�t�n�u�t�"� �i�s� �s�t�i�l�l� �u�s�e�d� �f�o�r� �t�h�i�s� �r�e�g�i�o�n� �a�l�t�h�o�u�g�h� �t�h�e� �O�a�k�-� 

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

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

�c�l�i�m�a�x� �f�o�r�e�s�t�.� �M�i�x�e�d� �m�e�s�o�p�h�y�t�i�c� �c�o�m�m�u�n�i�t�i�e�s�,� �i�f� �t�h�e�y� �o�c�c�u�r� �a�t� �a�l�l�,� �a�r�e� �g�e�n�e�r�a�l�l�y� 
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�c�o�n�f�i�n�e�d� �t�o� �c�o�v�e�s� �a�n�d� �l�o�w�e�r� �r�a�v�i�n�e� �s�l�o�p�e�s� �(�B�r�a�u�n�,� �1�9�5�0�)�.� 

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

�B�r�a�u�n� �(�1�9�5�0�)� �w�h�e�n� �s�h�e� �s�t�a�t�e�s� �t�h�a�t� �"�e�v�e�r�y�w�h�e�r�e� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �o�a�k�-�c�h�e�s�t�n�u�t� 

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

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

�s�o�u�t�h� �s�l�o�p�e�s� �t�h�e� �c�h�e�s�t�n�u�t� �f�o�r�e�s�t�s� �m�a�y� �e�x�t�e�n�d� �t�o� �a�b�o�u�t� �1�5�2�5� �m� �(�5�0�0�0� �f�e�e�t�)� �o�r� 

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

�c�h�e�s�t�n�u�t� �c�h�a�n�g�e�s� �a�t� �a�b�o�u�t� �1�3�7�0� �m� �(�4�5�0�0� �f�e�e�t�)� �t�o� �a� �"�n�o�r�t�h�e�r�n� �h�a�r�d�w�o�o�d�"� �f�o�r�e�s�t�.� 

�T�h�i�s� �i�n� �t�u�r�n� �g�r�a�d�e�s� �i�n�t�o� �t�h�e� �s�p�r�u�c�e�-�f�i�r� �o�f� �t�h�e� �h�i�g�h�e�s�t� �f�o�r�e�s�t� �b�e�l�t� �(�B�r�a�u�n�,� �1�9�5�0�)�.� 

�B�r�a�u�n�,� �w�h�e�n� �s�t�u�d�y�i�n�g� �t�h�i�s� �f�o�r�e�s�t� �r�e�g�i�o�n� �i�n� �1�9�5�0� �c�o�m�m�e�n�t�e�d� �t�h�a�t� �a�n� �e�a�r�l�i�e�r� 

�c�l�a�s�s�i�f�i�c�a�t�i�o�n� �o�f� �f�o�r�e�s�t� �t�y�p�e�s� �(�S�o�c�i�e�t�y� �o�f� �A�m�e�r�i�c�a�n� �F�o�r�e�s�t�e�r�s�,� �C�o�m�m�i�t�t�e�e� �o�f� �t�h�e� 

�S�o�u�t�h�e�r�n� �A�p�p�a�l�a�c�h�i�a�n� �S�e�c�t�i�o�n�,� �1�9�2�6�)� �w�a�s� �t�h�e� �m�o�s�t� �u�s�a�b�l�e� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �p�r�e�s�e�n�t�.� 

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

�t�h�e� �h�i�g�h�-�a�l�t�i�t�u�d�e� �n�o�r�t�h�e�r�n� �f�o�r�e�s�t�s�,� �(�2�)� �m�o�i�s�t� �s�l�o�p�e� �a�n�d� �c�o�v�e� �f�o�r�e�s�t�,� �a�n�d� �(�3�)� �d�r�y� 

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

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

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

�p�a�r�t�i�c�u�l�a�r� �s�i�t�e� �(�M�c�N�a�b�,� �1�9�8�7�)�.� 

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

�N�o�r�t�h�e�r�n� �H�a�r�d�w�o�o�d� �f�o�r�e�s�t� �t�y�p�e�.� �B�r�a�u�n� �(�1�9�5�0�)� �s�t�a�t�e�s� �t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �t�r�e�e� 

�s�p�e�c�i�e�s� �a�r�e� �s�u�g�a�r� �m�a�p�l�e� �(�A�c�e�r� �s�a�c�c�h�a�r�u�m�)�,� �y�e�l�l�o�w� �b�i�r�c�h� �(�B�e�t�u�l�a� �a�l�l�e�g�h�a�n�i�e�n�s�i�s�)�,� 
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�b�e�e�c�h� �(�F�a�g�u�s� �g�r�a�n�d�i�f�o�l�i�a�)�,� �a�n�d� �p�a�i�n�t�e�d� �b�u�c�k�e�y�e� �(�A�e�s�c�u�l�u�s� �s�y�l�v�a�t�i�c�a�)�.� �W�h�i�t�e� �a�s�h� 

�(�F�r�a�x�i�n�u�s� �a�m�e�r�i�c�a�n�a�)�,� �b�l�a�c�k� �c�h�e�r�r�y� �(�P�r�u�n�u�s� �s�e�r�o�t�i�n�a�)�,� �s�i�l�v�e�r�b�e�l�l� �(�H�a�l�e�s�i�a� �c�a�r�o�l�i�n�a�)�,� 

�c�u�c�u�m�b�e�r� �(�M�a�g�n�o�l�i�a� �a�c�u�m�i�n�a�t�a�)�,� �c�h�e�s�t�n�u�t� �(�C�a�s�t�a�n�e�a� �d�e�n�t�a�t�a�)�,� �a�n�d� �o�c�c�a�s�i�o�n�a�l�l�y� 

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

�(�B�r�a�u�n�,� �1�9�5�0�)�.� 

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

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

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

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

�o�a�k� �(�Q�u�e�r�c�u�s� �s�p�p�.�)� �a�n�d� �a�s�h� �(�F�r�a�x�i�n�u�s� �s�p�p�.�)� �s�p�e�c�i�e�s�.� �T�h�e�s�e� �s�i�t�e�s� �a�r�e� �o�f�t�e�n� �t�h�e� �m�o�s�t� 

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

�s�o�i�l�s�.� �O�a�k�s� �p�r�e�v�a�i�l� �o�n� �t�h�e� �s�l�o�p�e�s�,� �a�n�d� �i�n� �p�l�a�c�e�s�,� �w�h�i�t�e� �p�i�n�e� �(�P�i�n�u�s� �s�t�r�o�b�u�s�)�.� �W�h�i�t�e� 

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

�p�o�p�l�a�r� �a�n� �i�m�p�o�r�t�a�n�t� �c�o�n�s�t�i�t�u�e�n�t�.� �O�n� �d�r�i�e�r� �s�l�o�p�e�s�,� �c�h�e�s�t�n�u�t� �o�a�k� �(�Q�u�e�r�c�u�s� �p�r�i�n�u�s�)� �i�s� 

�d�o�m�i�n�a�n�t� �i�n� �w�h�a�t� �o�n�c�e� �w�a�s� �a� �C�h�e�s�t�n�u�t�-�C�h�e�s�t�n�u�t� �o�a�k� �c�o�m�m�u�n�i�t�y�.� �O�n� �u�p�p�e�r� 

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

�d�o�m�i�n�a�t�e� �a�n�d� �i�n�t�e�r�g�r�a�d�e� �w�i�t�h� �p�i�n�e� �s�p�e�c�i�e�s� �o�n� �r�i�d�g�e�s� �a�n�d� �r�o�c�k� �o�u�t�c�r�o�p�s� �(�B�r�a�u�n�,� 

�1�9�5�0�)�.� �O�n� �s�l�o�p�e�s� �a�n�d� �r�i�d�g�e�s� �w�i�t�h� �a� �f�i�r�e� �h�i�s�t�o�r�y�,� �s�h�o�r�t�l�e�a�f� �(�P�i�n�u�s� �e�c�h�i�n�a�t�a�)� �a�n�d� 

�p�i�t�c�h� �p�i�n�e� �(�P�i�n�u�s� �r�i�g�i�d�a�)� �m�a�y� �b�e� �d�o�m�i�n�a�n�t� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �s�t�a�n�d� �(�G�h�o�l�z� �a�n�d� 

�B�o�r�i�n�g�,� �1�9�9�1�)�.� 

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

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

�a�n�d� �a�r�e�a�s� �o�f� �g�r�e�a�t�e�r� �m�o�i�s�t�u�r�e� �o�n� �f�o�o�t�s�l�o�p�e�s� �a�n�d� �a�l�o�n�g� �s�t�r�e�a�m�s� �(�B�r�a�u�n�,� �1�9�5�0�)�.� 

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

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

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

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

�m�o�i�s�t�u�r�e� �a�n�d� �d�e�v�e�l�o�p�m�e�n�t� �(�B�r�a�u�n�,� �1�9�5�0�)�.� 

�T�o� �b�e�t�t�e�r� �i�l�l�u�s�t�r�a�t�e� �t�h�e�s�e� �p�o�i�n�t�s� �H�a�c�k� �a�n�d� �G�o�o�d�l�e�t�t� �(�1�9�6�0�)� �d�e�s�c�r�i�b�e� �a� 

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

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

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

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

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

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

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

�w�e�s�t�e�r�l�y� �o�r�i�e�n�t�a�t�i�o�n� �(�H�a�c�k� �a�n�d� �G�o�o�d�l�e�t�t�,� �1�9�6�0�)�.� 

�H�a�c�k� �a�n�d� �G�o�o�d�l�e�t�t� �(�1�9�6�0�)� �s�t�a�t�e� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �s�p�e�c�i�e�s� �t�h�a�t� �d�e�f�i�n�e� �t�h�e� 

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

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

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

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

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

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

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

�e�n�v�i�r�o�n�m�e�n�t�a�l� �f�a�c�t�o�r�:� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �m�o�i�s�t�u�r�e� �i�n� �t�h�e� �g�r�o�u�n�d�.� 
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�M�A�T�E�R�I�A�L�S� �A�N�D� �M�E�T�H�O�D�S� 

�S�a�m�p�l�i�n�g� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�T�h�e� �s�o�i�l� �t�e�m�p�e�r�a�t�u�r�e� �s�t�u�d�y� �b�e�g�a�n� �i�n� �N�o�v�e�m�b�e�r� �1�9�9�0�.� �T�h�e� �t�e�m�p�e�r�a�t�u�r�e� 

�s�t�u�d�y� �w�a�s� �c�o�n�d�u�c�t�e�d� �i�n� �t�h�e� �L�a�u�r�e�l� �F�o�r�k� �a�r�e�a� �a�n�d� �t�h�e� �R�u�c�k�m�a�n� �D�r�a�f�t�/�P�a�d�d�y� �K�n�o�b� 

�a�r�e�a�s�.� �E�a�c�h� �a�r�e�a� �h�a�s� �3� �t�o� �5� �r�a�n�d�o�m�l�y� �s�e�l�e�c�t�e�d� �s�i�t�e�s�.� �S�u�m�m�i�t�,� �m�i�d� �e�l�e�v�a�t�i�o�n�,� �a�n�d� 

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

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

�S�o�i�l� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �r�e�c�o�r�d�e�d� �f�r�o�m� �t�h�e�r�m�o�c�o�u�p�l�e�s� �b�u�r�i�e�d� �5�0� �c�m� �(�2�0� �i�n�.�)� 

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

�o�f� �t�h�e� �t�h�e�r�m�o�c�o�u�p�l�e� �(�S�o�i�l�t�e�s�t ��,� �S�o�i�l� �M�o�i�s�t�u�r�e� �a�n�d� �M�o�i�s�t�u�r�e�-�T�e�m�p�e�r�a�t�u�r�e� �C�e�l�l�s�,� 

�M�C�-�3�1�0�A�)�,� �t�h�e� �s�o�i�l� �w�a�s� �r�e�t�u�r�n�e�d� �i�n�t�o� �t�h�e� �p�i�t�,� �i�n� �t�h�e� �r�e�v�e�r�s�e� �o�r�d�e�r� �f�r�o�m� �w�h�i�c�h� �i�t� 

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

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

�i�n� �N�o�v�e�m�b�e�r� �1�9�9�0�,� �w�i�t�h� �a� �S�o�i�l�t�e�s�t�,� �S�o�i�l� �M�o�i�s�t�u�r�e�-�T�e�m�p�e�r�a�t�u�r�e� �M�e�t�e�r� �(�M�C�-�3�0�0�B�)�.� 

�S�o�i�l� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �r�e�c�o�r�d�e�d� �a�t� �1�3� �s�i�t�e�s�,� �w�i�t�h� �t�h�r�e�e� �r�e�p�e�t�i�t�i�o�n�s� �a�t� �e�a�c�h� �s�i�t�e�.� �T�h�e� 

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

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

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

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

� � 

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

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

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

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

�(�U�S�D�A�,� �S�o�i�l� �C�o�n�s�e�r�v�a�t�i�o�n� �S�e�r�v�i�c�e�,� �1�9�9�2�)�.� 

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

�s�a�m�p�l�e�d�:� 

�p�H� �d�e�t�e�r�m�i�n�a�t�i�o�n�:� �1�:�1� �w�a�t�e�r�:�s�o�i�l� �(�<�2�m�m� �f�r�a�c�t�i�o�n�)� 

�K�j�e�l�d�a�h�l� �C�E�C�:� �u�s�i�n�g� �N�H�,�O�A�c�,� �p�H� �7�.�0� �a�n�d� �K�j�e�l�d�a�h�l� �d�i�s�t�i�l�l�a�t�i�o�n� 

�O�r�g�a�n�i�c� �m�a�t�t�e�r�:� �A�c�i�d�-�D�i�c�h�r�o�m�a�t�e� �D�i�g�e�s�t�i�o�n� �(�F�e�S�O�,� �T�i�t�r�a�t�i�o�n�)� 

�E�x�c�h�a�n�g�e�a�b�l�e� �b�a�s�e�s� �C�a�,� �M�g�,� �a�n�d� �K�:� �N�H�,�O�A�c� �E�x�t�r�a�c�t�i�o�n�,� �a�n�d� �a�n�a�l�y�z�e�d� �b�y� 

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

�E�x�c�h�a�n�g�e�a�b�l�e� �a�c�i�d�i�t�y� �(�H�*�)�:� �B�a�C�l�,�-�T�E�A� �M�e�t�h�o�d�,� �p�H� �8�.�0� 

�E�x�c�h�a�n�g�e�a�b�l�e� �A�l�:� �K�C�l� �E�x�t�r�a�c�t�i�o�n� �a�s� �d�e�s�c�r�i�b�e�d� �b�y� �M�c�L�e�a�n� �(�1�9�6�5�)� 

�C�a�t�i�o�n� �E�x�c�h�a�n�g�e� �C�a�p�a�c�i�t�y� �(�C�E�C� �o�r� �N�C�E�C�)� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �K�j�e�l�d�a�h�l� 

�m�e�t�h�o�d� �a�s� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e�.� �P�e�r�c�e�n�t� �B�a�s�e� �S�a�t�u�r�a�t�i�o�n� �(�N�B�S�)� �i�s� �s�u�m� �o�f� �b�a�s�i�c� 

�c�a�t�i�o�n�s� �(�C�a�,� �M�g�,� �a�n�d� �K�)� �d�i�v�i�d�e�d� �b�y� �N�C�E�C�,� �m�u�l�t�i�p�l�i�e�d� �b�y� �1�0�0�.� 

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

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

�d�o�n�e� �b�y� �d�r�y� �s�i�e�v�i�n�g� �(�U�S�D�A�,� �S�o�i�l� �C�o�n�s�e�r�v�a�t�i�o�n� �S�e�r�v�i�c�e�,� �1�9�9�2�)�.� �S�i�z�e� �d�i�s�t�r�i�b�u�t�i�o�n� 

�w�a�s� �s�e�p�a�r�a�t�e�d� �a�s� �f�o�l�l�o�w�s�:� 

�S�a�n�d�:� 

�V�e�r�y� �C�o�u�r�s�e�:� �2�.�0�-�1�.�0� �m�m� 

�C�o�u�r�s�e�:� �1�.�0�-�0�.�5� �m�m� 

�M�e�d�i�u�m�:� �0�.�5�-�0�.�2�5� �m�m� 

�F�i�n�e�:� �0�.�2�5�-�0�.�1�0� �m�m� 

�V�e�r�y� �F�i�n�e�:� �0�.�1�0�-�0�.�0�5� �m�m� 

�S�i�l�t�:� �0�.�0�5�-�0�.�0�0�2� �m�m� 

�C�l�a�y�:� �<�0�.�0�0�2� �m�m�.� 

�M�i�n�e�r�a�l�o�g�i�c�a�l� �a�n�a�l�y�s�e�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �b�y� �t�h�e� �N�a�t�i�o�n�a�l� �S�o�i�l� �S�u�r�v�e�y� �C�e�n�t�e�r�,� 

�L�i�n�c�o�l�n�,� �N�e�b�r�a�s�k�a�.� �M�i�n�e�r�a�l�o�g�i�c�a�l� �a�n�a�l�y�s�e�s� �i�n�c�l�u�d�e�d�:� �1�5�-�b�a�r� �w�a�t�e�r�:�c�l�a�y� �r�a�t�i�o�:� �t�o� �a�i�d� 

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

�m�o�i�s�t�u�r�e� �r�e�t�e�n�t�i�o�n� �a�t� �1�5�-�b�a�r� �f�o�r� �<�2� �m�m� �s�o�i�l� �f�r�a�c�t�i�o�n� �b�y� �p�r�e�s�s�u�r�e�-�m�e�m�b�r�a�n�e� 

�e�x�t�r�a�c�t�i�o�n�;� �p�H�:� �m�e�a�s�u�r�e�d� �a�t� �1�:�1� �s�o�i�l�:�w�a�t�e�r� �s�o�l�u�t�i�o�n� �a�n�d� �1�:�2� �s�o�i�l�:�C�a�C�l�,� �s�o�l�u�t�i�o�n� �t�o� 

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

�F�e� �a�n�d� �K�:� �H�y�d�r�o�f�l�o�u�r�i�c� �A�c�i�d� �(�H�F�)� �d�i�g�e�s�t�i�o�n� �a�n�d� �e�l�e�m�e�n�t�a�l� �a�n�a�l�y�s�i�s� �b�y� �a�t�o�m�i�c� 

�a�b�s�o�r�p�t�i�o�n� �f�o�r� �t�h�e� �p�e�r�c�e�n�t� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �A�l�,�O�,�,� �F�e�,�O�,� �a�n�d� �K�,�O� �f�o�r� 
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�c�l�a�s�s�i�f�i�c�a�t�i�o�n� �p�u�r�p�o�s�e�s�;� �g�r�a�i�n� �c�o�u�n�t�s�:� �c�o�u�n�t�s� �o�f� �t�h�e� �c�o�u�r�s�e� �s�i�l�t� �a�n�d� �s�a�n�d� �f�r�a�c�t�i�o�n� 

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

�f�a�m�i�l�i�e�s�.� 

�S�t�a�t�i�s�t�i�c�a�l� �M�e�t�h�o�d�s� 

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

�S�y�s�t�e�m� �f�o�r� �E�l�e�m�e�n�t�a�r�y� �S�t�a�t�i�s�t�i�c�s� �(�S�A�S�)� �u�s�i�n�g� �P�R�O�C� �U�N�I�V�A�R�I�A�T�E� �(�S�A�S�,� �1�9�9�0�)�.� 

�M�o�r�e� �c�o�m�p�l�e�x� �s�t�a�t�i�s�t�i�c�a�l� �p�r�o�c�e�d�u�r�e�s� �w�e�r�e� �a�l�s�o� �p�e�r�f�o�r�m�e�d� �b�y� �S�A�S�,� �t�h�e�s�e� �a�r�e� �b�r�i�e�f�l�y� 

�d�e�s�c�r�i�b�e�d�.� 

�T�h�e� �W�i�l�c�o�x�o�n� �R�a�n�k� �S�u�m� �T�e�s�t� �(�a�l�s�o� �k�n�o�w�n� �a�s� �t�h�e� �M�a�n�n�-�W�h�i�t�n�e�y� �T�e�s�t�)� �i�s� 

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

�r�e�j�e�c�t�e�d�.� �T�h�e� �S�A�S� �N�P�A�R�I�W�A�Y� �p�r�o�c�e�d�u�r�e� �w�i�t�h� �t�h�e� �W�i�l�c�o�x�o�n� �o�p�t�i�o�n� �w�a�s� �u�s�e�d� �t�o� 

�p�e�r�f�o�r�m� �t�h�e� �W�i�l�c�o�x�o�n� �R�a�n�k� �S�u�m� �t�e�s�t�.� �T�h�i�s� �t�e�c�h�n�i�q�u�e� �w�a�s� �e�m�p�l�o�y�e�d� �b�e�c�a�u�s�e� �t�h�e� 

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

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

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

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

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

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

�p�o�p�u�l�a�t�i�o�n�s� �a�r�e� �c�o�n�t�i�n�u�o�u�s� �(�U�p�c�h�u�r�c�h� �a�n�d� �E�d�m�o�n�d�s�,� �1�9�9�1�)�.� �T�h�e� �t�e�s�t� �s�t�a�t�i�s�t�i�c�,� �7�,� 

�i�s� �t�h�e� �r�a�n�k� �s�u�m�,� �c�a�l�c�u�l�a�t�e�d� �b�y� �p�o�o�l�i�n�g� �t�h�e� �n�,� �o�b�s�e�r�v�a�t�i�o�n�s� �f�r�o�m� �S�a�m�p�l�e� �1�,� �a�n�d� �t�h�e� 
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�n�,� �o�b�s�e�r�v�a�t�i�o�n�s� �f�r�o�m� �s�a�m�p�l�e� �2�.� �T�h�e� �7� �s�t�a�t�i�s�t�i�c� �i�s� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �t�h�e� �s�u�m� �o�f� �t�h�e� 

�r�a�n�k�s� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �o�b�s�e�r�v�a�t�i�o�n�s� �f�r�o�m� �S�a�m�p�l�e� �1�.� �T�i�e�s� �a�r�e� �a�s�s�i�g�n�e�d� �t�h�e� 

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

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

�h�y�p�o�t�h�e�s�i�s� �H�p�:� �w�,� �=� �w�,�,� �a�n�d� �t�h�e� �a�l�t�e�r�n�a�t�i�v�e� �H�,�:� �w�,� �#� �w�,�.� �R�e�j�e�c�t� �H�o� �i�f� �T� �=� �T�,�,� �,�»� 

�p�y� �O�F� �T� �S� �T�y�r� �n�y�.� �T�h�e� �y� �p�e�r�c�e�n�t�i�l�e�s� �a�r�e� �g�i�v�e�n� �b�y� �C�o�n�o�v�e�r� �(�1�9�8�0�,� �T�a�b�l�e� �A�7�)�.� 

�W�h�e�n� �t�h�e� �s�a�m�p�l�e� �s�i�z�e� �e�x�c�e�e�d�s� �2�0�,� �a� �l�a�r�g�e� �s�a�m�p�l�e� �r�a�n�k� �s�u�m� �t�e�s�t� �i�s� �b�a�s�e�d� �o�n� �(�f�r�o�m� 

�U�p�c�h�u�r�c�h� �a�n�d� �E�d�m�o�n�d�s�,� �1�9�9�1�)�:� 

�F�{�a�,�(�a�,�+�2�,�+�1�)�2�]� 
�=� �1�/�2� �[�2�,�2�,�(�4�,�+�,�+�1�)�/�1�2�]� 
� � 

�w�h�e�r�e�:� 

�Z� �=� �c�u�m�u�l�a�t�i�v�e� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �t�h�e� �s�t�a�n�d�a�r�d� �n�o�r�m�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� 
�n�,� �=� �s�u�m� �o�f� �t�h�e� �r�a�n�k�s� �f�o�r� �S�a�m�p�l�e� �1� 
�n�,� �=� �s�u�m� �o�f� �t�h�e� �r�a�n�k�s� �f�o�r� �S�a�m�p�l�e� �2� 

�a�,� 

�T�>� �R�(�X�,�)� 
�A�l� 

�w�h�e�r�e�:� 
�R�(�X�;�,�,�)� �=� �t�h�e� �r�a�n�k� �o�f� �t�h�e� �n�,� �o�b�s�e�r�v�a�t�i�o�n�s� 

�T�h�e� �K�r�u�s�k�a�l�-�W�a�l�l�i�s� �o�n�e�-�w�a�y� �a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �b�y� �r�a�n�k�s� �w�a�s� �u�s�e�d� �t�o� 

�c�o�m�p�a�r�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �m�o�r�e� �t�h�a�n� �t�w�o� �g�r�o�u�p�s�.� �T�h�e� �S�A�S� �N�P�A�R�I�W�A�Y� 

�p�r�o�c�e�d�u�r�e� �w�i�t�h� �t�h�e� �W�i�l�c�o�x�o�n� �o�p�t�i�o�n� �w�a�s� �u�s�e�d� �t�o� �p�e�r�f�o�r�m� �t�h�e� �K�r�u�s�k�a�l�-�W�a�l�l�i�s� �t�e�s�t�.� 
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�T�h�i�s� �t�e�c�h�n�i�q�u�e� �w�a�s� �e�m�p�l�o�y�e�d� �b�e�c�a�u�s�e� �t�h�e� �d�a�t�a� �d�i�s�t�r�i�b�u�t�i�o�n� �w�a�s� �n�o�t� �n�o�r�m�a�l� �f�o�r� 

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

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

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

�h�y�p�o�t�h�e�s�i�s� �i�s� �a�t� �l�e�a�s�t� �o�n�e� �p�o�p�u�l�a�t�i�o�n� �h�a�s� �a� �d�i�f�f�e�r�e�n�t� �c�e�n�t�r�a�l� �v�a�l�u�e� �(�D�a�v�i�s�,� �1�9�8�6�)�.� 

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

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

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

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

�r�a�n�k�s� �f�o�r� �w�h�i�c�h� �i�t� �i�s� �t�i�e�d�.� �F�o�r� �e�a�c�h� �s�a�m�p�l�e�,� �t�h�e� �s�u�m� �o�f� �t�h�e� �r�a�n�k�s� �(�R�,�)� �a�r�e� �f�o�u�n�d�:� 

�a�y� 
�R�e�y�,� �R�(�X�)� 

�F�l� 

�w�h�e�r�e� �R�(�X�;�,�,�)� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �r�a�n�k� �o�f� �t�h�e� �i�t�h� �o�b�s�e�r�v�a�t�i�o�n� �i�n� �t�h�e� �A�t�h� �s�a�m�p�l�e� �(�D�a�v�i�s�,� 

�1�9�8�6�)�.� �R�a�n�k�s� �a�s�s�i�g�n�e�d� �t�o� �o�b�s�e�r�v�a�t�i�o�n�s� �i�n� �e�a�c�h� �o�f� �t�h�e� �k� �g�r�o�u�p�s� �a�r�e� �a�d�d�e�d� 

�s�e�p�a�r�a�t�e�l�y� �t�o� �g�i�v�e� �k�K� �r�a�n�k� �s�u�m�s�.� �T�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �o�b�s�e�r�v�a�t�i�o�n�s�,� �N�,� �i�s�:� 

�k� 
�N�-�¥�°� �1�,� 

�F�l� 

�w�h�e�r�e� �n�,� �i�s� �t�h�e� �n�u�m�b�e�r� �o�f� �o�b�s�e�r�v�a�t�i�o�n�s� �i�n� �t�h�e� �k�t�h� �s�a�m�p�l�e� �(�D�a�v�i�s�,� �1�9�8�6�)�.� �T�h�e� 

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

�s�a�m�p�l�e�s� �a�r�e� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �o�n�e� �a�n�o�t�h�e�r�.� �F�r�o�m� �t�h�e� �s�u�m� �o�f� �t�h�e� �r�a�n�k�s�,� �H�,� �t�h�e� �t�e�s�t� 
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�s�t�a�t�i�s�t�i�c�,� �c�a�n� �b�e� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m�:� 

� � 

�w�m� �A�R� �-�  ��4� �-�3�0�N�+�1� 
�M�N�)� �a�;� �o�e� 

�w�h�e�r�e�:� 

�k� �=� �t�h�e� �n�u�m�b�e�r� �o�f� �g�r�o�u�p�s� 
�n�,�;� �=� �t�h�e� �n�u�m�b�e�r� �o�f� �o�b�s�e�r�v�a�t�i�o�n�s� �i�n� �t�h�e� �j�t�h� �g�r�o�u�p� 
�N� �=� �t�h�e� �n�u�m�b�e�r� �o�f� �o�b�s�e�r�v�a�t�i�o�n�s� �i�n� �a�l�l� �g�r�o�u�p�s� �c�o�m�b�i�n�e�d� 
�R�;� �=� �t�h�e� �s�u�m� �o�f� �t�h�e� �r�a�n�k�s� �o�f� �t�h�e� �j�t�h� �g�r�o�u�p�.� 

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

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

�K�r�u�s�k�a�l�-�W�a�l�l�i�s� �t�e�s�t� �s�t�a�t�i�s�t�i�c� �(�s�e�e� �f�o�r� �e�x�a�m�p�l�e�,� �D�a�n�i�e�l�,� �1�9�9�1�,� �A�p�p�e�n�d�i�x� �I�T� �T�a�b�l�e� �M�)�.� 

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

�c�o�m�p�a�r�e�d� �w�i�t�h� �v�a�l�u�e�s� �f�o�r� �t�h�e� �X�*� �(�c�h�i�-�s�q�u�a�r�e�)� �d�i�s�t�r�i�b�u�t�i�o�n� �w�i�t�h� �k�-�1� �d�e�g�r�e�e�s� �o�f� 

�f�r�e�e�d�o�m�,� �f�o�r� �a� �p�r�e�d�e�t�e�r�m�i�n�e�d� �s�i�g�n�i�f�i�c�a�n�c�e� �l�e�v�e�l� �(�D�a�n�i�e�l�,� �1�9�9�1�)�.� 

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

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

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

�H�o�l�l�a�n�d�e�r� �a�n�d� �W�o�l�f�e� �(�1�9�7�3�)�,� �a�n�d� �p�r�o�p�o�s�e�d� �b�y� �D�u�n�n� �i�n� �1�9�6�4�,� �t�h�a�t� �i�s� �v�a�l�i�d� �f�o�r� 

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

�t�i�m�e�.� �T�h�e� �e�q�u�a�t�i�o�n� �i�s�:� 

�R�R� �l�e� �l�a�l� �D�D�I� �G�S� �A�N� 
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�w�h�e�r�e�:� 

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

�w�h�e�r�e�:� 
�R�j� �=� �s�u�m� �o�f� �a�l�l� �r�a�n�k�s� �f�o�r� �t�r�e�a�t�m�e�n�t� �j� 
�n�j� �=� �n�u�m�b�e�r� �o�f� �o�b�s�e�r�v�a�t�i�o�n�s� �i�n� �j�t�h� �g�r�o�u�p� 

�Z� �=� �v�a�l�u�e� �f�r�o�m� �a� �t�a�b�l�e� �o�f� �t�h�e� �u�p�p�e�r� �t�a�i�l� �p�r�o�b�a�b�i�l�i�t�i�e�s� �f�o�r� �t�h�e� �s�t�a�n�d�a�r�d� 
�n�o�r�m�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� �(�s�e�e�,� �f�o�r� �e�x�a�m�p�l�e�,� �H�o�l�l�a�n�d�e�r� �a�n�d� �W�o�l�f�e� �(�1�9�7�3�)�,� 
�A�p�p�e�n�d�i�x� �A� �T�a�b�l�e� �1�)� 

�k� �=� �n�u�m�b�e�r� �o�f� �g�r�o�u�p�s�.� 

�M�u�l�t�i�p�l�e� �l�i�n�e�a�r� �r�e�g�r�e�s�s�i�o�n� �w�a�s� �p�e�r�f�o�r�m�e�d� �o�n� �t�h�e� �d�a�t�a� �u�s�i�n�g� �t�h�e� �P�R�O�C� 

�S�T�E�P�W�I�S�E� �o�p�t�i�o�n� �i�n� �S�A�S� �t�o� �g�e�n�e�r�a�t�e� �a� �l�i�n�e�a�r� �p�r�e�d�i�c�t�i�o�n� �e�q�u�a�t�i�o�n�.� �A� �b�a�c�k�w�a�r�d� 

�s�e�l�e�c�t�i�o�n� �t�e�c�h�n�i�q�u�e� �w�a�s� �u�s�e�d� �t�o� �p�r�e�d�i�c�t� �s�i�t�e� �i�n�d�e�x� �(�S�A�S�,� �1�9�9�0�)�.� �M�u�l�t�i�p�l�e� 

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

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

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

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

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

�m�e�t�h�o�d� �o�f� �l�e�a�s�t� �s�q�u�a�r�e�s� �h�a�s� �t�h�e� �f�o�r�m�:� 

�y�=�b� �+�b� �x�,�t�.�.�.� �+�b� �x�y�,� 

�w�h�e�r�e�:� 

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

�b�,� �=� �i�n�t�e�r�c�e�p�t� 
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�b�,� �=� �s�l�o�p�e� �o�f� �t�h�e� �l�i�n�e� 
�x�,� �=� �p�r�e�d�i�c�t�o�r�,� �o�r� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�.� 

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

�c�o�e�f�f�i�c�i�e�n�t� �o�f� �d�e�t�e�r�m�i�n�a�t�i�o�n�,� �R�?�.� �V�a�l�u�e�s� �o�f� �R�?� �n�e�a�r� �0� �i�n�d�i�c�a�t�e�s� �t�h�e�r�e� �i�s� �l�i�t�t�l�e� 

�r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �x� �a�n�d� �y�,� �w�h�i�l�e� �R �� �v�a�l�u�e�s� �n�e�a�r� �1� �i�n�d�i�c�a�t�e�s� �m�o�s�t� �o�f� �t�h�e� 

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

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

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

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

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

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

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

�i�n�d�e�p�e�n�d�e�n�t� �(�D�a�n�i�e�l�,� �1�9�9�1�)�.� 

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

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

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

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

�o�r� �"�i�n�d�i�c�a�t�o�r�"� �v�a�r�i�a�b�l�e�s� �w�e�r�e� �c�r�e�a�t�e�d� �b�y� �t�h�e� �m�e�t�h�o�d� �d�e�s�c�r�i�b�e�d� �b�y� �M�y�e�r�s� �(�1�9�9�0�)�.� 

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

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

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

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

�(�M�o�n�t�g�o�m�e�r�y� �a�n�d� �P�e�c�k�,� �1�9�9�2�)�.� �S�o�m�e� �o�f� �t�h�e�s�e� �m�o�d�e�l� �f�i�t� �t�e�s�t�i�n�g� �p�a�r�a�m�e�t�e�r�s� �a�r�e� 

�g�e�n�e�r�a�t�e�d� �b�y� �S�A�S� �(�S�A�S�,� �1�9�9�0�)�.� 

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

�v�a�r�i�a�b�l�e�s�.� �I�f� �o�n�l�y� �t�w�o� �v�a�r�i�a�b�l�e�s� �a�r�e� �c�o�r�r�e�l�a�t�e�d� �t�o�g�e�t�h�e�r�,� �a� �c�o�r�r�e�l�a�t�i�o�n� �o�f� �0�.�9�0� �o�r� 

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

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

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

�T�h�e� �v�a�r�i�a�n�c�e� �i�n�f�l�a�t�i�o�n� �f�a�c�t�o�r� �(�V�I�F�)� �i�s� �c�o�m�m�o�n�l�y� �a� �u�s�e�f�u�l� �i�n�d�i�c�a�t�o�r� �o�f� �l�i�n�e�a�r� 

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

�V�I�F ��s� �e�x�c�e�e�d� �5� �o�r� �1�0�,� �i�t� �i�s� �u�s�u�a�l�l�y� �a�n� �i�n�d�i�c�a�t�i�o�n� �t�h�a�t� �t�h�e� �a�s�s�o�c�i�a�t�e�d� �r�e�g�r�e�s�s�i�o�n� 

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

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

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

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

�M�a�l�l�o�w�s �� �C�p� �s�t�a�t�i�s�t�i�c� �a�r�e� �d�e�s�i�r�a�b�l�e� �(�M�o�n�t�g�o�m�e�r�y� �a�n�d� �P�e�c�k�,� �1�9�9�2�)�.� 
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�R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� 

�T�e�m�p�e�r�a�t�u�r�e� �S�t�u�d�y� 

�T�e�m�p�e�r�a�t�u�r�e� �d�a�t�a� �f�o�r� �t�h�r�e�e� �y�e�a�r�s� �(�N�o�v�e�m�b�e�r� �1�9�9�0� �t�o� �N�o�v�e�m�b�e�r� �1�9�9�3�)� �i�s� 

�a�v�a�i�l�a�b�l�e� �f�o�r� �a�l�l� �s�i�t�e�s� �e�x�c�e�p�t� �f�o�r� �P�a�d�d�y� �K�n�o�b� �s�i�t�e�s�,� �r�e�p�e�t�i�t�i�o�n�s� �D� �a�n�d� �E�,� �w�h�i�c�h� 

�h�a�v�e� �o�n�l�y� �o�n�e� �y�e�a�r� �o�f� �d�a�t�a� �(�N�o�v�e�m�b�e�r� �1�9�9�2� �t�o� �N�o�v�e�m�b�e�r� �1�9�9�3�)�.� �S�o�i�l� 

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

�s�o�i�l� �t�e�m�p�e�r�a�t�u�r�e� �o�c�c�u�r�r�e�d� �b�e�t�w�e�e�n� �t�h�e� �n�o�r�t�h� �a�n�d� �s�o�u�t�h� �a�s�p�e�c�t�s� �(�p�=�0�.�0�3�2�)�.� �T�h�e� 

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

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

�d�e�t�e�r�m�i�n�e�d�.� �T�h�e� �n�o�r�t�h� �a�s�p�e�c�t� �i�s� �d�e�f�i�n�e�d� �a�s� �t�h�e� �a�s�p�e�c�t� �f�r�o�m� �2�7�0�-�3�6�0� �a�n�d� �0�-�9�0�°�,� 

�w�h�i�l�e� �t�h�e� �s�o�u�t�h� �a�s�p�e�c�t� �i�s� �9�0�-�2�7�0�°�.� 

�M�e�a�n� �A�n�n�u�a�l� �S�o�i�l� �T�e�m�p�e�r�a�t�u�r�e� �(�M�A�S�T�)� �b�e�l�o�w� �8�°� �C�e�l�s�i�u�s� �(�4�6�.�4�°� �F�)� �d�e�f�i�n�e�s� 

�a� �f�r�i�g�i�d� �s�o�i�l� �t�e�m�p�e�r�a�t�u�r�e� �r�e�g�i�m�e�.� �F�i�g�u�r�e�s� �1� �a�n�d� �2� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �m�e�s�i�c�-�f�r�i�g�i�d� 

�b�o�u�n�d�a�r�y� �o�c�c�u�r�s� �a�t� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�2�3�0� �m� �(�4�0�3�2� �f�e�e�t�)� �o�n� �t�h�e� �w�a�r�m� �(�9�0�-�2�7�0�°�)� 

�a�s�p�e�c�t�,� �a�n�d� �a�t� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�1�8�0� �m� �(�3�8�6�9� �f�e�e�t�)� �o�n� �t�h�e� �c�o�o�l� �(�2�7�0�-�3�6�0� �a�n�d� �0�-�9�0�°�)� 

�a�s�p�e�c�t�.� 

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

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

�m�e�s�i�c�-�f�r�i�g�i�d� �s�o�i�l� �t�e�m�p�e�r�a�t�u�r�e� �b�o�u�n�d�a�r�y� �o�f� �1�2�0�0� �m� �(�a�p�p�r�o�x�i�m�a�t�e�l�y� �3�9�4�0� �f�e�e�t�)� �m�a�y� 

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

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

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

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

�S�i�m�i�l�a�r�l�y�,�  ��c�o�o�l�e�r�"� �s�i�t�e�s� �i�n� �c�o�v�e�s�,� �j�u�s�t� �b�e�l�o�w� �1�2�0�0� �m� �m�a�y� �b�e� �d�e�l�i�n�e�a�t�e�d� �a�s� �h�a�v�i�n�g� �a� 

�f�r�i�g�i�d� �t�e�m�p�e�r�a�t�u�r�e� �r�e�g�i�m�e�.� 

�A�c�r�o�s�s� �a�l�l� �a�s�p�e�c�t�s�,� �a�n� �a�v�e�r�a�g�e� �i�n�c�r�e�a�s�e� �i�n� �e�l�e�v�a�t�i�o�n� �o�f� �2�4�0� �m�e�t�e�r�s� �(�7�8�7� �f�e�e�t�)� 

�p�r�o�d�u�c�e�d� �a� �1�.�0�°� �C� �(�1�.�8�°� �F�.�)� �d�e�c�r�e�a�s�e� �i�n� �M�A�S�T� �f�o�r� �t�h�e� �t�h�r�e�e� �y�e�a�r�s� �o�f� �t�h�i�s� �s�t�u�d�y�.� 

�T�h�i�s� �r�e�s�u�l�t� �i�s� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�a�t� �r�e�p�o�r�t�e�d� �b�y� �S�m�i�t�h� �e�t� �a�l�.� �(�1�9�6�4�)� �w�h�o� �r�e�p�o�r�t�e�d� �a� �1�.�0�°� 

�C� �(�1�.�8�°� �F�.�)� �d�e�c�r�e�a�s�e� �i�n� �M�A�S�T� �o�v�e�r� �a� �2�0�3� �m� �(�6�6�6� �f�e�e�t�)� �c�h�a�n�g�e� �i�n� �e�l�e�v�a�t�i�o�n�.� 

�H�o�w�e�v�e�r�,� �C�a�r�t�e�r� �a�n�d� �C�i�o�l�k�o�s�z� �(�1�9�8�0�)�,� �s�t�u�d�y�i�n�g� �s�o�i�l� �t�e�m�p�e�r�a�t�u�r�e� �a�c�r�o�s�s� �a� �t�r�a�n�s�e�c�t� 

�f�r�o�m� �n�o�r�t�h�e�r�n� �P�e�n�n�s�y�l�v�a�n�i�a� �t�o� �n�o�r�t�h�e�r�n� �W�e�s�t� �V�i�r�g�i�n�i�a�,� �r�e�p�o�r�t�e�d� �a� �1�.�0�°� �C� �(�1�.�8�°� �F�.�)� 

�c�h�a�n�g�e� �i�n� �M�A�S�T� �f�o�r� �a� �2�9�4� �m� �(�9�6�4� �f�t�.�)� �c�h�a�n�g�e� �i�n� �e�l�e�v�a�t�i�o�n�.� �S�h�a�w� �(�1�9�8�2�)� �r�e�p�o�r�t�s� �a� 

�1�.�0�°� �C� �(�1�.�8�°� �F�.�)� �c�h�a�n�g�e� �i�n� �M�A�S�T� �f�o�r� �a� �1�6�0� �m� �(�5�2�5� �f�t�.�)� �c�h�a�n�g�e� �i�n� �e�l�e�v�a�t�i�o�n� �f�o�r� �t�h�e� 

�m�i�d� �R�o�c�k�y� �M�o�u�n�t�a�i�n�s� �r�e�g�i�o�n� �o�f� �t�h�e� �W�e�s�t�e�r�n� �U�n�i�t�e�d� �S�t�a�t�e�s�.� 

�F�i�g�u�r�e�s� �1� �a�n�d� �2� �s�h�o�w� �a� �t�r�e�n�d� �o�f� �d�e�c�r�e�a�s�e�d� �s�o�i�l� �t�e�m�p�e�r�a�t�u�r�e� �w�i�t�h� �i�n�c�r�e�a�s�e�d� 

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

�(�S�m�i�t�h� �e�t� �a�l�.�,� �1�9�6�4�;� �C�a�r�t�e�r� �a�n�d� �C�i�o�l�k�o�s�z�,� �1�9�8�0�;� �S�h�a�w�,� �1�9�8�2�)�.� �S�o�m�e� �v�a�r�i�a�t�i�o�n� �e�x�i�s�t�s� 

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

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

�a�f�f�e�c�t�s� �t�h�e� �c�o�n�f�i�d�e�n�c�e� �o�f� �p�r�e�d�i�c�t�i�o�n� �o�f� �t�h�e� �s�o�i�l� �t�e�m�p�e�r�a�t�u�r�e� �o�n� �t�h�e� �s�o�u�t�h� �a�s�p�e�c�t�.� 
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�M�o�r�e� �m�e�a�s�u�r�e�m�e�n�t�s� �w�i�t�h�i�n� �t�h�e� �1�0�0�0� �t�o� �1�1�0�0� �m� �(�3�3�0�0� �t�o� �3�6�0�0� �f�t�.�)� �r�a�n�g�e� �w�o�u�l�d� 

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

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

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

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

�A�n� �a�p�p�r�o�x�i�m�a�t�e� �1�2�0�0� �m� �d�e�l�i�n�e�a�t�i�o�n� �f�o�r� �t�h�e� �m�e�s�i�c�-�f�r�i�g�i�d� �s�o�i�l� �t�e�m�p�e�r�a�t�u�r�e� 

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

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

�P�r�e�c�i�p�i�t�a�t�i�o�n� �Q�u�a�n�t�i�f�i�c�a�t�i�o�n� 

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

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

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

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

�b�e�g�i�n�n�i�n�g� �i�n� �1�9�5�1� �t�h�r�o�u�g�h� �1�9�8�0� �(�W�e�a�t�h�e�r� �D�i�s�k� �A�s�s�o�c�i�a�t�e�s�,� �1�9�9�4�)�.� 

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

�a�n�d� �a�r�o�u�n�d� �t�h�e� �G�e�o�r�g�e� �W�a�s�h�i�n�g�t�o�n� �N�a�t�i�o�n�a�l� �F�o�r�e�s�t�,� �V�i�r�g�i�n�i�a�.� �T�h�e� �r�e�g�i�o�n ��s� 

�l�o�w�e�s�t� �m�e�a�n� �a�n�n�u�a�l� �p�r�e�c�i�p�i�t�a�t�i�o�n� �i�s� �a�b�o�u�t� �8�2�.�4�5� �c�m� �(�3�2�.�4�6� �i�n�.�)�,� �a�n�d� �t�h�e� �h�i�g�h�e�s�t� �i�s� 

�1�1�1�.�2�8� �c�m� �(�4�3�.�8�1� �i�n�.�)�.� �T�h�e�s�e� �w�e�a�t�h�e�r� �s�t�a�t�i�o�n�s� �a�r�e� �n�o�t� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �o�f� �t�h�e� 

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

�h�i�g�h�e�s�t� �e�l�e�v�a�t�i�o�n� �i�n� �t�h�e� �s�t�u�d�y� �h�a�d� �a�n� �e�l�e�v�a�t�i�o�n� �o�f� �1�3�6�0� �m� �(�4�4�6�0� �f�e�e�t�)�,� �w�h�i�l�e� �t�h�e� 
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�h�i�g�h�e�s�t� �e�l�e�v�a�t�i�o�n� �f�o�r� �w�h�i�c�h� �p�r�e�c�i�p�i�t�a�t�i�o�n� �i�s� �r�e�c�o�r�d�e�d� �i�s� �9�3�0� �m� �(�3�0�5�0� �f�e�e�t�)�.� �T�h�i�s� 

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

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

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

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

�e�l�e�v�a�t�i�o�n�s� �(�G�r�a�f�t�o�n� �a�n�d� �D�i�c�k�e�r�s�o�n�,� �1�9�6�9�)�.� �F�i�g�u�r�e� �3� �d�o�e�s� �i�n�d�i�c�a�t�e�,� �h�o�w�e�v�e�r�,� �a�n� 

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

�S�o�m�e� �r�e�s�e�a�r�c�h�e�r�s� �(�M�e�i�n�e�r�s�,� �1�9�8�2�;� �T�r�i�m�b�l�e� �a�n�d� �W�e�i�t�z�m�a�n�,� �1�9�5�6�;� �W�a�t�h�e�n�,� 

�1�9�7�7�)� �f�o�u�n�d�,� �o�r� �c�l�a�i�m�,� �a�v�a�i�l�a�b�l�e� �s�o�i�l� �m�o�i�s�t�u�r�e� �i�s� �t�h�e� �g�r�o�w�t�h� �l�i�m�i�t�i�n�g� �f�a�c�t�o�r� �d�u�r�i�n�g� 

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

�a�r�e�a�,� �p�o�t�e�n�t�i�a�l� �e�v�a�p�o�t�r�a�n�s�p�i�r�a�t�i�o�n� �(�E�T�)� �w�a�s� �c�o�m�p�a�r�e�d� �t�o� �p�r�e�c�i�p�i�t�a�t�i�o�n� �f�o�r� �t�h�e� 

�g�r�o�w�i�n�g� �s�e�a�s�o�n�.� 

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

�u�s�i�n�g� �a�v�a�i�l�a�b�l�e� �p�r�e�c�i�p�i�t�a�t�i�o�n� �a�n�d� �t�e�m�p�e�r�a�t�u�r�e� �d�a�t�a� �(�G�r�a�y�,� �1�9�7�3�)�.� �T�h�e� �f�o�r�m�u�l�a� 

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

�E� �=� �c�T�m ��*� 

�w�h�e�r�e�:� 

�E� �=� �e�v�a�p�o�r�a�t�i�o�n� �o�r� �p�o�t�e�n�t�i�a�l� �e�v�a�p�o�t�r�a�n�s�p�i�r�a�t�i�o�n� �(�w�a�t�e�r� �u�n�l�i�m�i�t�e�d�)�,� �c�m� 
�c� �=� �c�o�e�f�f�i�c�i�e�n�t� 
�T�m� �=� �m�e�a�n� �m�o�n�t�h�l�y� �t�e�m�p�e�r�a�t�u�r�e�,� �°�C� 
�a� �=� �e�x�p�o�n�e�n�t�.� 

�B�o�t�h� �a� �a�n�d� �c� �d�e�p�e�n�d� �o�n� �t�h�e� �l�o�c�a�t�i�o�n� �f�o�r� �w�h�i�c�h� �E�T� �i�s� �b�e�i�n�g� �c�a�l�c�u�l�a�t�e�d�.� �T�h�i�s� 
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�e�q�u�a�t�i�o�n� �i�s� �s�i�m�p�l�i�f�i�e�d� �i�f� �i�t� �i�s� �a�s�s�u�m�e�d� �t�h�a�t� �e�a�c�h� �m�o�n�t�h� �h�a�s� �1�2� �h�o�u�r�s� �o�f� �s�u�n�s�h�i�n�e� 

�e�a�c�h� �d�a�y� �a�n�d� �t�h�e�r�e� �a�r�e� �3�0� �d�a�y�s� �a� �m�o�n�t�h�.� �U�s�i�n�g� �a� �n�o�m�o�g�r�a�p�h� �a�s� �d�e�s�c�r�i�b�e�d� �b�y� 

�G�r�a�y� �(�1�9�7�3�)� �s�i�m�p�l�i�f�i�e�s� �t�h�e� �e�q�u�a�t�i�o�n� �t�o�:� 

�1�2�2�7� 
�E� �( ��7�]�'�>�2� �a�E� 

�w�h�e�r�e�:� 

�I� �=� �h�e�a�t� �i�n�d�e�x� 
�T�m� �=� �m�e�a�n� �m�o�n�t�h�l�y� �t�e�m�p�e�r�a�t�u�r�e�,� �°�C� 

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

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

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

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

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

�S�u�l�p�h�u�r� �S�p�r�i�n�g�s�,� �B�u�c�k�e�y�e�,� �a�n�d� �S�p�r�u�c�e� �K�n�o�b�,� �a�r�e� �n�e�a�r� �t�o� �t�h�e� �s�t�u�d�y� �a�r�e�a� �i�n� �W�e�s�t� 

�V�i�r�g�i�n�i�a�.� �F�i�g�u�r�e�s� �4� �t�h�r�o�u�g�h� �9� �s�h�o�w� �t�h�e� �m�o�n�t�h�l�y� �p�r�e�c�i�p�i�t�a�t�i�o�n� �a�n�d� �g�r�o�w�i�n�g� �s�e�a�s�o�n� 

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

�A�t� �F�r�a�n�k�l�i�n�,� �W�e�s�t� �V�i�r�g�i�n�i�a� �(�F�i�g�.� �4�)�,� �t�h�e� �t�o�p�o�g�r�a�p�h�i�c�a�l�l�y� �l�o�w�e�s�t� �o�f� �t�h�e� �f�o�u�r� 

�s�i�t�e�s� �(�5�8�0� �m�)� �i�t� �a�p�p�e�a�r�s� �M�a�y� �h�a�s� �a�n� �e�x�c�e�s�s� �o�f� �a�v�a�i�l�a�b�l�e� �m�o�i�s�t�u�r�e�.� �J�u�n�e�,� �J�u�l�y�,� �a�n�d� 

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

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

�m�o�i�s�t�u�r�e�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e� �T�h�o�r�n�t�h�w�a�i�t�h�e� �e�q�u�a�t�i�o�n� �i�s� �b�a�s�e�d� �o�n� �1�2� �h�o�u�r�s� �o�f� 

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

�g�r�e�a�t�e�r� �d�u�r�i�n�g� �t�h�e� �l�a�t�e�r� �p�a�r�t� �o�f� �t�h�e� �g�r�o�w�i�n�g� �s�e�a�s�o�n� �t�h�a�n� �i�s� �i�n�d�i�c�a�t�e�d� �b�y� �F�i�g�u�r�e� �4�.� 

�W�h�i�t�e� �S�u�l�p�h�u�r� �S�p�r�i�n�g�s� �(�5�8�6� �m�)�,� �W�e�s�t� �V�i�r�g�i�n�i�a� �(�F�i�g�.� �5�)�,� �a�t� �n�e�a�r�l�y� �t�h�e� �s�a�m�e� 

�e�l�e�v�a�t�i�o�n� �a�s� �F�r�a�n�k�l�i�n� �(�5�8�0� �m�)� �W�e�s�t� �V�i�r�g�i�n�i�a� �h�a�s� �a� �d�i�f�f�e�r�e�n�t� �p�r�e�c�i�p�i�t�a�t�i�o�n� �p�a�t�t�e�r�n�.� 

�E�v�a�p�o�t�r�a�n�s�p�i�r�a�t�i�o�n� �r�a�t�e�s� �a�r�e� �h�i�g�h�e�r� �a�t� �t�h�e� �W�h�i�t�e� �S�u�l�p�h�u�r� �S�p�r�i�n�g�s� �l�o�c�a�t�i�o�n�.� �T�h�e� 

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

�s�e�a�s�o�n�,� �y�e�t�,� �t�h�i�s� �a�m�o�u�n�t� �i�s� �i�n�s�u�f�f�i�c�i�e�n�t� �t�o� �k�e�e�p� �t�h�e� �v�e�g�e�t�a�t�i�o�n� �f�r�o�m� �e�x�p�e�r�i�e�n�c�i�n�g� 

�m�o�i�s�t�u�r�e� �s�t�r�e�s�s�.� 

�A�s�c�e�n�d�i�n�g� �t�o� �t�h�e� �n�e�x�t� �l�o�c�a�t�i�o�n�,� �B�u�c�k�e�y�e� �(�6�4�1� �m�)�,� �W�e�s�t� �V�i�r�g�i�n�i�a� �(�F�i�g�.� �6�)�,� 

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

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

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

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

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

�H�o�t� �S�p�r�i�n�g�s� �(�6�8�3� �m�)�,� �V�i�r�g�i�n�i�a� �(�F�i�g�.� �7�)� �h�a�s� �l�e�s�s� �a�n�n�u�a�l� �p�r�e�c�i�p�i�t�a�t�i�o�n�,� �a�n�d� 

�g�r�e�a�t�e�r� �g�r�o�w�i�n�g� �s�e�a�s�o�n� �E�T� �t�h�a�n� �d�o�e�s� �t�h�e� �B�u�c�k�e�y�e� �l�o�c�a�t�i�o�n�.� �T�h�i�s� �c�r�e�a�t�e�s� �t�h�e� 

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

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

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

�s�o�i�l�s� �i�n� �t�h�e� �G�e�o�r�g�e� �W�a�s�h�i�n�g�t�o�n� �N�a�t�i�o�n�a�l� �F�o�r�e�s�t� �m�a�y� �h�a�v�e� �t�h�e� �a�v�a�i�l�a�b�l�e� �w�a�t�e�r� 

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

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

�A�t� �M�o�n�t�e�r�e�y� �(�8�8�9� �m�)�,� �V�i�r�g�i�n�i�a� �(�F�i�g�.� �8�)�,� �t�h�e�r�e� �i�s� �a�n� �e�a�r�l�y� �s�u�m�m�e�r� �h�i�g�h� �i�n� 

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

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

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

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

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

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

�u�n�u�s�u�a�l�l�y� �d�r�y� �a�n�d� �h�o�t� �s�u�m�m�e�r�s�.� 

�A� �s�i�m�i�l�a�r� �t�r�e�n�d� �i�s� �s�e�e�n� �a�t� �S�p�r�u�c�e� �K�n�o�b� �(�9�3�0� �m�)�,� �W�e�s�t� �V�i�r�g�i�n�i�a� �(�F�i�g�.� �9�)�.� 

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

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

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

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

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

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

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

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

�8�3



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

�t�h�e� �s�t�u�d�y�.� 

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

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

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

�t�o�t�a�l� �d�e�f�i�c�i�t� �(�F�r�a�n�k�l�i�n� �(�5�8�0� �m�)� �a�n�d� �W�h�i�t�e� �S�u�l�p�h�u�r� �S�p�r�i�n�g�s� �(�5�8�6� �m�)�)�.� �T�h�e� 

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

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

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

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

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

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

�u�n�d�e�r�g�o� �m�o�i�s�t�u�r�e� �s�t�r�e�s�s� �d�u�r�i�n�g� �t�h�e� �g�r�o�w�i�n�g� �s�e�a�s�o�n�.� �F�o�r� �t�h�e� �L�i�t�h�i�c� �D�y�s�t�r�o�c�h�r�e�p�t�s�,� 

�r�o�u�g�h�l�y� �3�8� �c�m� �d�e�e�p�,� �a�n�d� �h�a�v�i�n�g� �3�5�%� �c�o�a�r�s�e� �f�r�a�g�m�e�n�t� �c�o�n�t�e�n�t�,� �t�h�e� �p�o�t�e�n�t�i�a�l� 

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

�T�h�i�s� �a�s�s�u�m�e�s� �a� �w�a�t�e�r� �h�o�l�d�i�n�g� �c�a�p�a�c�i�t�y� �o�f� �2�0�%�,� �f�o�r� �a�n� �a�v�e�r�a�g�e� �t�e�x�t�u�r�e� �o�f� �s�i�l�t� �l�o�a�m� 

�(�N�a�t�i�o�n�a�l� �S�o�i�l� �S�u�r�v�e�y� �L�a�b�o�r�a�t�o�r�y�,� �1�9�8�1�)�.� �T�h�e� �T�y�p�i�c� �D�y�s�t�r�o�c�h�r�e�p�t�s�,� �o�n� �a�v�e�r�a�g�e�,� 

�h�a�v�e� �l�o�a�m� �t�e�x�t�u�r�e�s�,� �4�0�%� �c�o�a�r�s�e� �f�r�a�g�m�e�n�t�s�,� �a�n�d� �a�r�e� �a�p�p�r�o�x�i�m�a�t�e�l�y� �6�0� �c�m� �d�e�e�p�.� 

�A�s�s�u�m�i�n�g� �a�n� �a�v�a�i�l�a�b�l�e� �m�o�i�s�t�u�r�e� �h�o�l�d�i�n�g� �c�a�p�a�c�i�t�y� �o�f� �1�9�%� �(�N�a�t�i�o�n�a�l� �S�o�i�l� �S�u�r�v�e�y� 

�L�a�b�o�r�a�t�o�r�y�,� �1�9�8�1�)�,� �t�h�i�s� �t�r�a�n�s�l�a�t�e�s� �t�o� �a�p�p�r�o�x�i�m�a�t�e�l�y� �6� �c�m� �o�f� �m�o�i�s�t�u�r�e� �t�h�a�t� �c�a�n� 

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

�r�e�s�e�r�v�e� �s�u�p�p�l�y� �o�f� �6� �c�m� �o�f� �s�o�i�l� �m�o�i�s�t�u�r�e� �t�o� �o�f�f�s�e�t� �d�e�f�i�c�i�t�s� �i�n� �p�r�e�c�i�p�i�t�a�t�i�o�n� �d�u�r�i�n�g� �t�h�e� 

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

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

�a�p�p�r�o�x�i�m�a�t�e�l�y� �1�5�%� �c�o�a�r�s�e� �f�r�a�g�m�e�n�t�s�,� �a�r�e� �n�e�a�r�l�y� �9�0� �c�m� �d�e�e�p�,� �a�n�d� �h�a�v�e� �a�n� �a�v�e�r�a�g�e� 

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

�a�p�p�r�o�x�i�m�a�t�e�l�y� �1�4� �c�m� �o�f� �a�v�a�i�l�a�b�l�e� �s�o�i�l� �m�o�i�s�t�u�r�e�.� �T�h�e� �p�o�t�e�n�t�i�a�l� �s�t�o�r�a�g�e� �c�a�p�a�c�i�t�y� �o�f� 

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

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

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

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

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

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

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

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

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

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

�o�f� �m�o�i�s�t�u�r�e� �d�e�f�i�c�i�t� �i�s� �4� �c�m�.� �T�h�e� �L�i�t�h�i�c� �D�y�s�t�r�o�c�h�r�e�p�t�s� �h�a�v�e� �p�o�t�e�n�t�i�a�l�l�y� �5� �c�m� �o�f� 

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

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

�d�o�n�e� �b�y� �M�e�i�n�e�r�s� �(�1�9�8�2�)�,� �T�r�i�m�b�l�e� �a�n�d� �W�e�i�t�z�m�a�n� �(�1�9�5�6�)�,� �a�n�d� �W�a�t�h�e�n� �(�1�9�7�7�)�.� 
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�T�h�e�s�e� �r�e�s�e�a�r�c�h�e�r�s� �f�o�u�n�d� �t�h�a�t� �t�h�e�r�e� �i�s� �s�o�m�e� �p�e�r�i�o�d� �o�f� �t�i�m�e�,� �i�n� �a�r�e�a�s� �n�e�a�r� �t�h�e� 

�G�e�o�r�g�e� �W�a�s�h�i�n�g�t�o�n� �N�a�t�i�o�n�a�l� �F�o�r�e�s�t�,� �w�h�e�r�e� �p�l�a�n�t�s� �e�x�p�e�r�i�e�n�c�e� �m�o�i�s�t�u�r�e� �s�t�r�e�s�s� 

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

�S�o�i�l� �P�r�o�p�e�r�t�i�e�s� �a�n�d� �W�o�o�d�l�a�n�d� �S�i�t�e� �Q�u�a�l�i�t�y� 

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

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

�o�a�k� �(�Q�u�e�r�c�u�s� �c�o�c�c�i�n�e�a�)�,� �b�l�a�c�k� �o�a�k� �(�Q�u�e�r�c�u�s� �v�e�l�u�t�i�n�a�)�,� �c�h�e�s�t�n�u�t� �o�a�k� �(�Q�u�e�r�c�u�s� 

�p�r�i�n�u�s�)�,� �a�n�d� �n�o�r�t�h�e�r�n� �r�e�d� �o�a�k� �(�Q�u�e�r�c�u�s� �r�u�b�r�a�)�.� �T�h�e�s�e� �o�a�k�s� �a�r�e� �g�r�o�u�p�e�d� �t�o�g�e�t�h�e�r� 

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

�b�e�t�w�e�e�n� �s�i�t�e�s�.� �D�o�o�l�i�t�t�l�e� �(�1�9�5�7�,� �1�9�5�8�)� �f�o�u�n�d� �t�h�a�t� �o�n� �s�i�t�e� �i�n�d�e�x� �c�o�m�p�a�r�i�s�o�n�s� �f�o�r� 

�w�e�s�t�e�r�n� �N�o�r�t�h� �C�a�r�o�l�i�n�a� �a�n�d� �n�o�r�t�h�e�r�n� �G�e�o�r�g�i�a�,� �s�c�a�r�l�e�t�,� �b�l�a�c�k�,� �n�o�r�t�h�e�r�n� �r�e�d�,� �a�n�d� 

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

�(�1�9�7�4�)� �c�i�t�e� �o�t�h�e�r� �r�e�s�e�a�r�c�h�e�r�s�,� �l�i�k�e� �O�l�s�o�n� �(�1�9�3�7�)�,� �w�h�o� �d�e�v�e�l�o�p�e�d� �s�i�t�e� �i�n�d�e�x� �c�u�r�v�e�s� 

�f�o�r� �u�p�l�a�n�d� �o�a�k�s� �i�n� �t�h�e� �S�o�u�t�h�e�a�s�t�,� �p�a�r�t�i�c�u�l�a�r�l�y� �t�h�e� �V�i�r�g�i�n�i�a�-�C�a�r�o�l�i�n�a� �P�i�e�d�m�o�n�t� �a�n�d� 

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

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

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

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

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

�C�a�r�m�e�a�n� �a�n�d� �V�a�s�i�l�e�v�s�k�y� �(�1�9�7�1�)�,� �C�a�r�m�e�a�n� �(�1�9�7�9�)�,� �o�r� �D�o�o�l�i�t�t�l�e� �(�1�9�5�8�)�.� 
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�A�v�e�r�a�g�e� �u�p�l�a�n�d� �o�a�k� �s�i�t�e� �i�n�d�e�x� �v�a�r�i�e�d� �f�r�o�m� �8�.�9� �t�o� �3�0� �m�e�t�e�r�s�,� �w�i�t�h� �a� �m�e�a�n� 

�s�i�t�e� �i�n�d�e�x� �o�f� �1�8�.�2� �m�e�t�e�r�s� �(�T�a�b�l�e� �1�)�.� �T�h�i�s� �v�a�l�u�e� �a�g�r�e�e�s� �w�e�l�l� �w�i�t�h� �t�h�e� �d�a�t�a� �r�e�p�o�r�t�e�d� 

�b�y� �D�o�o�l�i�t�t�l�e� �(�1�9�5�8�)�,� �w�h�o� �l�i�s�t�e�d� �r�a�n�g�e�s� �f�o�r� �t�h�e� �v�a�r�i�o�u�s� �o�a�k�s�:� �n�o�r�t�h�e�r�n� �r�e�d� �o�a�k�,� �1�4�.�6�-� 

�2�6�.�8� �m�;� �b�l�a�c�k� �o�a�k�,� �1�4�.�9�-�2�7�.�4� �m�;� �s�c�a�r�l�e�t� �o�a�k�,� �1�3�.�1�-�2�7�.�1� �m�;� �a�n�d� �c�h�e�s�t�n�u�t� �o�a�k�,� �1�0�.�6�-� 

�2�4�.�4� �m�.� �T�h�e�s�e� �v�a�l�u�e�s� �a�l�s�o� �a�g�r�e�e� �w�i�t�h� �t�h�o�s�e� �r�e�p�o�r�t�e�d� �b�y� �O�l�s�o�n� �(�E�v�a�n�s� �e�t� �a�l�.�,� 

�1�9�7�4�)�.� �T�a�b�l�e� �1� �g�i�v�e�s� �s�e�l�e�c�t�e�d� �d�a�t�a� �f�o�r� �t�h�e� �s�i�t�e�s� �s�a�m�p�l�e�d�.� �S�a�n�d� �a�n�d� �c�l�a�y� �a�r�e� �t�h�e� 

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

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

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

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

�T�a�b�l�e� �2� �c�o�n�t�a�i�n�s� �s�o�i�l� �c�h�e�m�i�c�a�l� �p�r�o�p�e�r�t�i�e�s� �f�o�r� �t�h�e� �u�p�p�e�r� �2�5� �c�m� �(�1�0� �i�n�c�h�e�s�)� �o�f� �t�h�e� 

�s�o�i�l� �p�r�o�f�i�l�e�.� �O�r�g�a�n�i�c� �m�a�t�t�e�r� �(�O�M�)� �v�a�r�i�e�d� �c�o�n�s�i�d�e�r�a�b�l�y�,� �f�r�o�m� �a� �m�i�n�i�m�u�m� �o�f� �0�.�8�6� �g� 

�k�g�"� �t�o� �a� �m�a�x�i�m�u�m� �o�f� �1�0�.�1�2� �g� �k�g ��,� �w�i�t�h� �t�h�e� �m�e�a�n� �a�t� �3�.�8�7� �g� �k�g�*�.� �T�h�e� �l�o�w� �n�u�t�r�i�e�n�t� 

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

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

�C�l�a�s�s�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �s�o�i�l�s� �(�S�o�i�l� �S�u�r�v�e�y� �S�t�a�f�f�,� �1�9�9�2�)� �a�t� �e�a�c�h� �s�i�t�e� �f�u�r�t�h�e�r� 

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

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

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

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

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

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

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

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

�T�a�b�l�e� �4�.� �S�e�v�e�r�a�l� �s�o�i�l� �a�n�d� �s�i�t�e� �f�e�a�t�u�r�e�s� �a�r�e� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �s�i�t�e� �i�n�d�e�x� �o�f� �u�p�l�a�n�d� 

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

�f�a�c�t�o�r�s�.� �A� �s�t�u�d�y� �b�y� �I�k�e� �a�n�d� �H�u�p�p�u�c�h� �(�1�9�6�8�)� �r�e�v�e�a�l�e�d� �t�h�a�t� �s�i�t�e� �i�n�d�e�x� �f�o�r� �y�e�l�l�o�w� 

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

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

�S�t�u�d�y�i�n�g� �p�r�e�c�i�p�i�t�a�t�i�o�n� �d�i�s�t�r�i�b�u�t�i�o�n� �i�n� �W�e�s�t� �V�i�r�g�i�n�i�a�,� �G�r�a�f�t�o�n� �a�n�d� �D�i�c�k�e�r�s�o�n� 

�(�1�9�6�9�)�,� �c�l�a�i�m� �h�i�g�h�e�r� �e�l�e�v�a�t�i�o�n� �s�i�t�e�s� �r�e�c�e�i�v�e� �m�o�r�e� �p�r�e�c�i�p�i�t�a�t�i�o�n�.� �S�i�m�i�l�a�r� �r�e�s�u�l�t�s� 

�w�e�r�e� �f�o�u�n�d� �b�y� �D�o�n�l�e�y� �a�n�d� �M�i�t�c�h�e�l�l� �(�1�9�3�9�)� �f�o�r� �t�h�e� �S�o�u�t�h�e�r�n� �A�p�p�a�l�a�c�h�i�a�n�s�.� �W�h�e�n� 

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

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

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

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

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

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

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

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

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

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

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

�i�n� �t�h�e� �s�t�u�d�y� �a�r�e�a�.� �S�i�m�i�l�a�r� �r�e�l�a�t�i�o�n�s�h�i�p�s� �w�e�r�e� �f�o�u�n�d� �b�y� �I�k�e� �a�n�d� �H�u�p�p�u�c�h� �(�1�9�6�8�)�,� 

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

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

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

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

�s�l�o�p�e�.� 

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

�i�n�d�e�x� �a�n�d� �h�y�d�r�o�g�e�n� �c�o�n�t�e�n�t� �(�H�)�.� �T�h�i�s� �i�s� �n�o�t� �a�s� �s�t�r�o�n�g�l�y� �i�n�d�i�c�a�t�e�d� �b�y� �t�h�e� 

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

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

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

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

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

�t�o� �o�r�g�a�n�i�c� �m�a�t�t�e�r� �c�o�n�t�e�n�t�.� 

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

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

�A�l�l� �v�a�r�i�a�b�l�e�s� �l�i�s�t�e�d� �i�n� �T�a�b�l�e�s� �1� �a�n�d� �2�,� �e�x�c�e�p�t� �s�i�l�i�c�e�o�u�s� �m�i�n�e�r�a�l�s� �a�n�d� �b�a�s�a�l� �a�r�e�a� 

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

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

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

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

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

�r�e�g�r�e�s�s�i�o�n� �e�q�u�a�t�i�o�n�:� 

�(�1�)� 
�S�i�t�e� �i�n�d�e�x� �=� �3�9�.�1�2�4� �+� �2�.�2�7�8�(�u�p�p�e�r� �t�h�i�r�d� �o�f� �s�l�o�p�e�)� �+� �0�.�0�1�6�(�e�l�e�v�a�t�i�o�n�)� �-� 

�0�.�0�2�2�(�s�a�n�d�)� �+� �0�.�0�0�8�(�c�l�a�y�)� �-� �4�.�9�0�5�(�p�H�)� �+� �0�.�6�2�4�(�o�r�g�a�n�i�c� �m�a�t�t�e�r�)� �-� �3�5�.�0�8�3�(�K�)� �-� 
�1�.�7�0�5�(�A�l�)� �R�*� �=� �0�.�5�3� 

�w�h�e�r�e�:� 

�S�i�t�e� �i�n�d�e�x� �=� �S�i�t�e� �i�n�d�e�x�,� �m� 
�u�p�p�e�r� �t�h�i�r�d� �o�f� �s�l�o�p�e� �=� �i�f� �t�h�e� �s�i�t�e� �i�s� �o�n� �t�h�e� �u�p�p�e�r� �t�h�i�r�d� �o�f� �t�h�e� �s�l�o�p�e� �a� �1� �i�s� 

�e�n�t�e�r�e�d� �h�e�r�e�,� �o�t�h�e�r�w�i�s�e� �a� �0� �i�s� �e�n�t�e�r�e�d� 
�e�l�e�v�a�t�i�o�n� �=� �e�l�e�v�a�t�i�o�n�,� �m� 
�s�a�n�d� �=� �s�a�n�d�,� �g� �k�g�"� 
�c�l�a�y� �=� �c�l�a�y�,� �g� �k�g�"� 
�p�H� �=� �p�H� 
�o�r�g�a�n�i�c� �m�a�t�t�e�r� �=� �o�r�g�a�n�i�c� �m�a�t�t�e�r�,� �g� �k�g� 
�K� �=� �p�o�t�a�s�s�i�u�m�,� �c�m�o�l�,� �k�g�"� 
�A�l� �=� �a�l�u�m�i�n�u�m�,� �c�m�o�l�,� �k�g �� 

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

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

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

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

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

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

�m�o�d�e�l�.� �T�h�e� �m�o�d�e�l� �a�c�c�o�u�n�t�s� �f�o�r� �a�p�p�r�o�x�i�m�a�t�e�l�y� �5�3�%� �o�f� �t�h�e� �t�o�t�a�l� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� 

�d�a�t�a� �s�e�t�.� �|� 

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

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

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

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

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

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

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

�(�2�)� 
�S�i�t�e� �i�n�d�e�x� �=� �4�1�.�5�0�0� �-� �1�1�.�2�7�9�(�s�u�m�m�i�t� �p�o�s�i�t�i�o�n�)� �+� �0�.�2�8�9�(�e�l�e�v�a�t�i�o�n�)� �-� 

�0�.�3�0�1�(�s�l�o�p�e�)� �-� �0�.�2�9�3�(�s�a�n�d�)� �+� �0�.�6�2�9�(�M�g�)� �-� �0�.�7�6�6�(�K�)� �R�?� �=� �0�.�5�1� 

�w�h�e�r�e�:� 

�S�i�t�e� �i�n�d�e�x� �=� �S�i�t�e� �i�n�d�e�x�,� �m� 
�s�u�m�m�i�t� �p�o�s�i�t�i�o�n� �=� �i�f� �t�h�e� �s�i�t�e� �i�s� �o�n� �t�h�e� �s�u�m�m�i�t� �p�o�s�i�t�i�o�n� �a� �1� �i�s� �e�n�t�e�r�e�d� �h�e�r�e�,� 

�o�t�h�e�r�w�i�s�e� �a� �0� �i�s� �e�n�t�e�r�e�d� 
�e�l�e�v�a�t�i�o�n� �=� �e�l�e�v�a�t�i�o�n�,� �m� 
�s�l�o�p�e� �=� �s�l�o�p�e�,� �%� 
�s�a�n�d� �=� �s�a�n�d�,� �g� �k�g �� 
�M�g� �=� �m�a�g�n�e�s�i�u�m�,� �c�m�o�l�,� �k�g�"� 
�K� �=� �p�o�t�a�s�s�i�u�m�,� �c�m�o�l�,� �k�g�"� 

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

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

�C�o�m�p�a�r�e�d� �t�o� �e�q�u�a�t�i�o�n� �1�,� �t�h�i�s� �m�o�d�e�l� �h�a�s� �s�e�v�e�r�a�l� �d�i�f�f�e�r�e�n�t� �v�a�r�i�a�b�l�e�s�.� �F�i�r�s�t�,� 

�E�q�u�a�t�i�o�n� �2� �h�a�s� �o�n�l�y� �s�i�x� �s�i�g�n�i�f�i�c�a�n�t� �v�a�r�i�a�b�l�e�s� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �e�q�u�a�t�i�o�n�.� 

�E�q�u�a�t�i�o�n� �2� �i�n�c�l�u�d�e�s� �a�n� �i�n�d�i�c�a�t�o�r� �v�a�r�i�a�b�l�e�,� �s�u�m�m�i�t� �p�o�s�i�t�i�o�n�,� �i�n�d�i�c�a�t�i�n�g� �t�h�i�s� �h�a�d� 

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

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

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

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

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

�B�o�t�h� �e�q�u�a�t�i�o�n�s� �h�a�v�e� �e�l�e�v�a�t�i�o�n�,� �s�a�n�d�,� �a�n�d� �K� �i�n�c�l�u�d�e�d�.� �T�h�e� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� 

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

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

�l�e�s�s� �f�o�r� �t�h�e� �s�i�t�e�s� �w�i�t�h� �b�e�t�t�e�r� �s�i�t�e� �i�n�d�e�x�.� �T�h�e� �i�n�c�l�u�s�i�o�n� �o�f� �K� �a�n�d� �M�g� �i�n� �E�q�u�a�t�i�o�n� �2� 

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

�t�o� �s�a�n�d� �c�o�n�t�e�n�t�,� �o�r� �o�t�h�e�r� �f�a�c�t�o�r�.� �I�t� �a�p�p�e�a�r�s� �t�h�a�t� �K� �d�e�c�r�e�a�s�e�s� �w�i�t�h� �i�n�c�r�e�a�s�e�d� �s�i�t�e� 

�i�n�d�e�x�.� �M�a�g�n�e�s�i�u�m� �i�s� �i�n�c�l�u�d�e�d� �i�n� �E�q�u�a�t�i�o�n� �2�,� �a�n�d� �n�o�t� �i�n� �E�q�u�a�t�i�o�n� �1�.� �T�h�e� 

�i�n�c�l�u�s�i�o�n� �o�f� �M�g� �i�n� �E�q�u�a�t�i�o�n� �2� �i�n�d�i�c�a�t�e�s� �a� �p�o�s�s�i�b�l�e� �l�i�n�k� �b�e�t�w�e�e�n� �s�i�t�e� �i�n�d�e�x� �a�n�d� 

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

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

�m�o�i�s�t�u�r�e� �s�u�p�p�l�y�.� �E�q�u�a�t�i�o�n� �2� �a�l�s�o� �i�n�d�i�c�a�t�e�s� �s�i�t�e� �i�n�d�e�x� �d�e�c�r�e�a�s�e�s� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� 

�s�l�o�p�e�.� �E�q�u�a�t�i�o�n� �2� �a�c�c�o�u�n�t�s� �f�o�r� �a�p�p�r�o�x�i�m�a�t�e�l�y� �5�1�%� �o�f� �t�h�e� �t�o�t�a�l� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� 
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�d�a�t�a� �s�e�t�.� 

�A�l�t�h�o�u�g�h� �t�h�e�r�e� �a�r�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �E�q�u�a�t�i�o�n�s� �1� �a�n�d� �2�,� �d�u�e� �t�o� �t�h�e� �f�o�r�m� 

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

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

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

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

�T�e�m�p�e�r�a�t�u�r�e� �R�e�g�i�m�e�s�.� 

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

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

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

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

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

�s�e�v�e�r�a�l� �s�o�i�l� �p�r�o�p�e�r�t�i�e�s�.� 

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

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

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

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

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

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

�B�o�t�h� �d�i�f�f�e�r�e�n�c�e�s� �m�a�y� �b�e� �t�h�e� �r�e�s�u�l�t� �o�f� �a� �c�h�a�n�g�e� �i�n� �t�h�e� �u�n�d�e�r�l�y�i�n�g� �g�e�o�l�o�g�y�.� 
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�T�a�b�l�e� �5�.� �C�o�m�p�a�r�i�s�o�n� �b�e�t�w�e�e�n� �s�o�i�l� �a�n�d� �s�i�t�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �s�o�i�l�s� �w�i�t�h� �m�e�s�i�c� �a�n�d� �f�r�i�g�i�d� 
�s�o�i�l� �t�e�m�p�e�r�a�t�u�r�e� �r�e�g�i�m�e�s� �i�n� �t�h�e� �G�e�o�r�g�e� �W�a�s�h�i�n�g�t�o�n� �N�a�t�i�o�n�a�l� �F�o�r�e�s�t�,� �V�i�r�g�i�n�i�a�.� 
� � 

� � 

�M�e�a�n�s� �M�e�d�i�a�n�s� 

�P�r�o�p�e�r�t�y� �M�e�s�i�c� �F�r�i�g�i�d� �M�e�s�i�c� �F�r�i�g�i�d� �P�t� 

�S�i�t�e� �i�n�d�e�x�,� �m� �1�8�.�1� �1�8�.�9� �1�8�.�0� �1�8�.�3� �0�.�4�6�7�8� 

�D�e�p�t�h� �t�o� �r�o�c�k�,� �c�m� �7�2� �7�7� �6�4� �7�1� �0�.�3�7�1�8� 

�S�l�o�p�e�,� �%� �2�7� �1�9� �2�5� �2�0� �0�.�0�8�7�4� 

�S�a�n�d�,� �g� �k�g� �3�2�6� �5�1�3� �2�3�0� �4�8�8� �0�.�0�1�6�6� 

�C�l�a�y�,� �g� �k�g�?� �2�1�9� �1�6�2� �1�9�6� �1�8�6� �0�.�1�7�9�5� 

�S�i�l�i�c�e�o�u�s� �m�i�n�e�r�a�l�s�,� �%� �9�3� �8�5� �9�3� �8�6� �0�.�0�0�8�5� 

�p�H� �4�.�4�6� �4�.�3�1� �4�.�5�7� �4�.�3�5� �0�.�2�2�0�8� 

�C�a�t�i�o�n� �e�x�c�h�a�n�g�e� �c�a�p�a�c�i�t�y�,� 
�c�m�o�l�,� �k�g�"� �1�0�.�5�3� �1�3�.�8�3� �1�1�.�1� �1�3�.�6� �0�.�0�7�6�4� 

�B�a�s�e� �s�a�t�u�r�a�t�i�o�n�,� �%�§� �7�.�4�8� �7�.�7�2� �5�.�4�3� �4�.�9�7� �0�.�9�3�1�5� 

�O�r�g�a�n�i�c� �m�a�t�t�e�r�,� �g� �k�g�"� �3�.�3�7� �6�.�4�3� �3�.�0�8� �7�.�0�0� �0�.�0�0�6�2� 

�C�a�l�c�i�u�m�,� �c�m�o�l�,� �k�g �� �0�.�5�1� �0�.�7�3� �0�.�2�2� �0�.�4�2� �0�.�2�1�6�7� 

�M�a�g�n�e�s�i�u�m�,� �c�m�o�l�,� �k�g �� �0�.�1�4� �0�.�1�6� �0�.�0�7� �0�.�1�7� �0�.�1�3�1�6� 

�P�o�t�a�s�s�i�u�m�,� �c�m�o�l�,� �k�g�*� �0�.�1�6� �0�.�1�9� �0�.�1�4� �0�.�1�9� �0�.�2�1�6�0� 

�H�y�d�r�o�g�e�n�,� �c�m�o�l�,� �k�g� �1�3�.�9�8� �1�9�.�3�9� �1�2�.�8�0� �1�8�.�7� �0�.�0�2�1�0� 

�A�l�u�m�i�n�u�m�,� �c�m�o�l�,� �k�g�"� �4�.�7�1� �4�.�8�2� �4�.�9�0� �4�.�6� �0�.�8�4�6�7� 
� � 

�+�P�-�v�a�l�u�e� �f�r�o�m� �t�h�e� �W�i�l�c�o�x�o�n� �R�a�n�k� �S�u�m� �t�e�s�t�.� 
�$�¢�C�a�t�i�o�n� �e�x�c�h�a�n�g�e� �c�a�p�a�c�i�t�y� �b�y� �K�j�e�l�d�a�h�l� �d�i�s�t�i�l�l�a�t�i�o�n�.� 
�§�B�a�s�e� �s�a�t�u�r�a�t�i�o�n� �=� �(�C�a�+�M�g�+�K�/�C�E�C�)�1�0�0�.



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

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

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

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

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

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

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

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

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

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

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

�i�s� �n�o�t� �s�t�a�t�i�s�t�i�c�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t�.� 

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

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

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

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

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

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

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

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

�n�o�t� �d�i�f�f�e�r� �s�i�g�n�i�f�i�c�a�n�t�l�y� �a�t� �t�h�e� �P�=�0�.�1�0� �l�e�v�e�l�.� 
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�C�o�m�p�a�r�i�s�o�n� �o�f� �S�o�i�l� �a�n�d� �S�i�t�e� �P�r�o�p�e�r�t�i�e�s� �o�f� �S�o�i�l�s� �D�e�r�i�v�e�d� �f�r�o�m� �t�h�e� �C�h�e�m�u�n�g� �a�n�d� 

�H�a�m�p�s�h�i�r�e� �F�o�r�m�a�t�i�o�n�s�.� 

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

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

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

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

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

�w�e�r�e� �2�8� �s�i�t�e�s� �o�b�s�e�r�v�e�d� �o�n� �t�h�e� �C�h�e�m�u�n�g� �f�o�r�m�a�t�i�o�n� �a�n�d� �1�4� �s�i�t�e�s� �o�n� �t�h�e� �H�a�m�p�s�h�i�r�e� 

�f�o�r�m�a�t�i�o�n�.� 

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

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

�t�h�e� �o�t�h�e�r� �(�B�u�t�t�s�,� �1�9�4�0�)�.� �T�h�e� �s�a�n�d�s�t�o�n�e� �i�s� �g�e�n�e�r�a�l�l�y� �c�o�a�r�s�e�,� �o�c�c�u�r�r�i�n�g� �i�n� �t�h�i�c�k�e�r� 

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

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

�s�a�n�d�y�.� 

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

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

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

�b�e�d�s� �(�V�i�r�g�i�n�i�a� �D�i�v�i�s�i�o�n� �o�f� �M�i�n�e�r�a�l� �R�e�s�o�u�r�c�e�s�,� �1�9�9�3�)�.� �I�t� �i�s� �r�e�l�a�t�i�v�e�l�y� �n�o�n�r�e�s�i�s�t�a�n�t� 

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

�(�B�u�t�t�s�,� �1�9�4�0�)�.� �T�h�i�s� �i�s� �p�e�r�h�a�p�s� �b�e�c�a�u�s�e� �t�h�e� �s�a�n�d�s�t�o�n�e� �b�e�d�s� �a�r�e� �f�l�a�g�g�y�,� �t�h�i�n� �a�n�d� 
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�b�e�i�n�g� �a�r�k�o�s�i�c�,� �w�e�a�t�h�e�r� �m�o�r�e� �r�e�a�d�i�l�y�.� 

�C�o�m�p�a�r�i�n�g� �p�r�o�p�e�r�t�i�e�s� �b�e�t�w�e�e�n� �t�h�e�s�e� �f�o�r�m�a�t�i�o�n�s� �(�T�a�b�l�e� �6�)� �i�t� �a�p�p�e�a�r�s� �s�a�n�d�,� 

�c�l�a�y�,� �a�n�d� �a�l�u�m�i�n�u�m� �a�r�e� �d�i�f�f�e�r�e�n�t� �a�t� �t�h�e� �0�.�1�0� �l�e�v�e�l�.� �T�h�e� �C�h�e�m�u�n�g� �f�o�r�m�a�t�i�o�n� �y�i�e�l�d�s� 

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

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

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

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

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

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

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

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

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

�C�o�m�p�a�r�i�s�o�n� �o�f� �S�o�i�l� �a�n�d� �S�i�t�e� �P�r�o�p�e�r�t�i�e�s� �B�e�t�w�e�e�n� �S�e�l�e�c�t�e�d� �E�l�e�v�a�t�i�o�n�s�.� 

�A� �c�o�r�r�e�l�a�t�i�o�n� �m�a�t�r�i�x� �(�T�a�b�l�e� �4�)� �s�h�o�w�n� �e�a�r�l�i�e�r� �r�e�v�e�a�l�e�d� �s�o�m�e� �v�a�r�i�a�b�l�e�s� 

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

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

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

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

�s�i�t�e� �i�n�d�e�x� �w�i�t�h� �e�l�e�v�a�t�i�o�n�.� �A� �g�r�o�u�p� �o�f� �o�b�s�e�r�v�a�t�i�o�n�s� �b�e�t�w�e�e�n� �1�1�0�0� �a�n�d� �1�2�0�0� �m� �i�n� 

�e�l�e�v�a�t�i�o�n� �i�s� �o�f� �p�a�r�t�i�c�u�l�a�r� �i�n�t�e�r�e�s�t�.� �T�h�i�s� �g�r�o�u�p� �h�a�s� �e�x�c�e�p�t�i�o�n�a�l�l�y� �h�i�g�h� �s�i�t�e� �i�n�d�e�x� 
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�T�a�b�l�e� �6�.� �C�o�m�p�a�r�i�s�o�n� �b�e�t�w�e�e�n� �s�o�i�l� �a�n�d� �s�i�t�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �s�o�i�l�s� �d�e�r�i�v�e�d� �f�r�o�m� �t�h�e� 
�C�h�e�m�u�n�g� �a�n�d� �H�a�m�p�s�h�i�r�e� �f�o�r�m�a�t�i�o�n�s� �i�n� �t�h�e� �G�e�o�r�g�e� �W�a�s�h�i�n�g�t�o�n� �N�a�t�i�o�n�a�l� �F�o�r�e�s�t�,� 
�V�i�r�g�i�n�i�a�.� 
� � 

� � 

�M�e�a�n�s� �M�e�d�i�a�n�s� 

�P�r�o�p�e�r�t�y� �C�h�e�m�u�n�g� �H�a�m�p�s�h�i�r�e� �C�h�e�m�u�n�g� �H�a�m�p�s�h�i�r�e� �P�t� 

�S�i�t�e� �i�n�d�e�x�,� �m� �1�9�.�7� �1�8�.�4� �2�0�.�4� �1�8�.�0� �0�.�3�1�6�3� 

�D�e�p�t�h� �t�o� �r�o�c�k�,� �c�m� �7�5� �6�9� �6�9� �6�4� �0�.�6�7�8�2� 

�S�l�o�p�e�,� �%� �2�6� �2�4� �2�5� �2�0� �0�.�3�3�5�7� 

�S�a�n�d�,� �g� �k�g�*� �1�8�9� �5�1�0� �1�7�8� �4�9�0� �0�.�0�0�0�1� 

�C�l�a�y�,� �g� �k�g�"� �2�1�6� �1�9�0� �2�2�0� �1�2�7� �0�.�0�0�1�6� 

�S�i�l�i�c�e�o�u�s� �m�i�n�e�r�a�l�s�,� �%� �9�0� �8�9� �9�0� �9�1� �0�.�7�1�8�0� 

�p�H� �4�.�4�9� �4�.�3�8� �4�.�6�2� �4�.�4�5� �0�.�2�2�4�6� 

�C�a�t�i�o�n� �e�x�c�h�a�n�g�e� 
�c�a�p�a�c�i�t�y�,� �c�m�o�l�,� �k�g �� �1�2�.�7�1� �1�1�.�1�8� �1�3�.�0�5� �1�0�.�2�0� �0�.�1�6�5�2� 

�B�a�s�e� �s�a�t�u�r�a�t�i�o�n�,� �%�§� �6�.�5�0� �7�.�4�5� �4�.�5�1� �5�.�8�5� �0�.�1�6�1�3� 

�O�r�g�a�n�i�c� �m�a�t�t�e�r�,� �g� �k�g�"� �3�.�6�6� �5�.�1�4� �3�.�3�9� �4�.�5�7� �0�.�2�0�5�0� 

�C�a�l�c�i�u�m�,� �c�m�o�l�,� �k�g�*� �0�.�5�3� �0�.�5�7� �0�.�2�6� �0�.�3�4� �0�.�2�8�5�7� 

�M�a�g�n�e�s�i�u�m�,� �c�m�o�l�,� �k�g� �0�.�1�5� �0�.�1�3� �0�.�0�9� �0�.�1�0� �0�.�7�2�7�7� 

�P�o�t�a�s�s�i�u�m�,� �c�m�o�l�,� �k�g�"� �0�.�1�7� �0�.�1�7� �0�.�1�6� �0�.�1�6� �0�.�9�7�8�7� 

�H�y�d�r�o�g�e�n�,� �c�m�o�l�,� �k�g�*� �1�6�.�8�4� �1�5�.�1�6� �1�5�.�0�0� �1�4�.�2�5� �0�.�4�4�6�9� 

�A�l�u�m�i�n�u�m�,� �c�m�o�l�,� �k�g�"� �5�.�7�1� �4�.�2�6� �5�.�5�0� �4�.�1�0� �0�.�0�1�0�4� 
� � 

�+�P�-�v�a�l�u�e� �f�r�o�m� �t�h�e� �W�i�l�c�o�x�o�n� �R�a�n�k� �S�u�m� �t�e�s�t�.� 
�¢�C�a�t�i�o�n� �e�x�c�h�a�n�g�e� �c�a�p�a�c�i�t�y� �b�y� �K�j�e�l�d�a�h�l� �d�i�s�t�i�l�l�a�t�i�o�n�.� 
�§�B�a�s�e� �s�a�t�u�r�a�t�i�o�n� �=� �(�C�a�+�M�g�+�K�/�C�E�C�)�1�0�0�.� 
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�v�a�l�u�e�s�.� �T�o� �i�n�v�e�s�t�i�g�a�t�e� �s�o�i�l� �a�n�d� �s�i�t�e� �i�n�f�l�u�e�n�c�e�s�,� �t�h�o�s�e� �s�i�t�e�s� �a�b�o�v�e� �1�1�0�0� �m� �a�r�e� 

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

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

�a�b�o�v�e� �a�n�d� �b�e�l�o�w� �1�1�0�0� �m� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �7�.� 

�M�a�n�y� �v�a�r�i�a�b�l�e�s� �a�b�o�v�e� �a�n�d� �b�e�l�o�w� �1�1�0�0� �m�.� �a�r�e� �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� 

�o�n�e� �a�n�o�t�h�e�r� �a�t� �t�h�e� �P� �=� �0�.�1�0� �l�e�v�e�l�.� �O�n�e� �p�o�t�e�n�t�i�a�l� �r�e�a�s�o�n�,� �a�s� �s�e�e�n� �i�n� �t�h�e� 

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

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

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

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

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

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

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

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

�l�e�v�e�l�.� 

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

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

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

�c�o�n�t�e�n�t� �f�o�u�n�d� �o�n� �t�h�o�s�e� �s�i�t�e�s� �a�b�o�v�e� �1�1�0�0� �m�.� �T�h�i�s� �i�n�c�r�e�a�s�e�d� �o�r�g�a�n�i�c� �m�a�t�t�e�r� �c�o�n�t�e�n�t� 

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

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