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Abstract 

An attribute pricing model was used to examine the 
impacts of cotton fiber characteristics on cotton prices 
in the U.S. market. Information on cotton prices and 
quality attributes from the USDA was used in the pricing 
analysis. Results revealed that all measured cotton 
quality attributes had significant impacts on prices paid 
by the U.S. textile industry over the study period (1977-
1990). In the formation of textile mill prices, the 
fiber quality attributes having impacts, in order of 
importance, were fiber length, whiteness, micronaire, 
fiber strength, yellowness, and trash content. However, 
the fiber attributes of micronaire and length had no 
significant influence on the prices received by cotton 
producers. It was concluded that the cotton market 
system was not operating efficiently in getting price 
signals through to cotton growers. 

Introduction 

The cotton marketing system encompasses all activities in 
dealing with cotton between cotton production and textile 
manufacturing; some would extend the activities to 
textile consumers. The complexity of cotton marketing is 
affected by the heterogeneous nature of cotton quality 
properties, and the resulting system of quality 
assessment, plus the practice of maintaining the identity 
of individual bales of cotton throughout the marketing 
chain. cotton prices are determined in the process by 
the combined forces of global demand and supply in the 
cotton market. 

The cotton market system is greatly influenced by its 
pricing efficiency, which reflects how consistently 
cotton values are determined in different market 
destinations in the process of cotton ownership transfer. 
A high degree of consistency of prices paid by textile 
mills at one end and received by cotton producers at the 
other end indicates that the current cotton market system 
performs well. Under an efficient market system, prices 
signal market participants--cotton growers, ginners, 
merchants, and textile manufacturers--how to allocate 
their scarce resources and make their decisions. 

There are two basic ways to investigate cotton price 
formation. The first approach is through conventional 
price theory. Traditional price theory assumes that the 
commodity market value of a homogeneous good is 
determined by general forces of supply and demand. This 
explains how prices react as quantity varies. Values of 
quality attributes are unobserved in the "black box" of 
the cotton market under conventional price theory. An 
alternative approach is attribute pricing theory (i.e., 
hedonic pricing analysis). This approach suggests that 
the utility of a good is embodied into its quality 
attributes (Lancaster, 1966). Consumers use a bundle of 
characteristics of the good rather than the good itself 
because the characteristics provide the utility desired 
by consumers. Therefore, cotton prices in question are 
the implicit prices determined by cotton fiber quality 
attributes. Rosen (1974) expanded the consideration of 
quality to include supply as well as demand factors. 
Thus, cotton prices reflect market values at the market 
equilibrium, where buyers are willing to pay and sellers 
are willing to accept for a certain amount , of 
characteristics of cotton. In other words, cotton prl.ces 
represent the joint envelope of a family of bid functions 
and another family of offer functions in the cotton 
market. 

Numerous studies on characteristic pricing analysis have 
been completed since the early part of this century. 
Before the 19605, the main analytical techniques used in 
this field were limited to basic univariate and 
mUltivariate statistical analyses (Bowman, 1989). The 
attribute pricing theory as a new formal approach was not 
available until Lancaster's work in the 1960s. Based on 
Lancaster's ( 1966) and Rosen's (1974) theoretical 
frameworks, Ethridge and Davis (1982) initially analyzed 
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agricultural commodity (cotton) pricing. Since Ethridge 
and Davi s' study, several more empirical studies have 
been conducted for cotton marketing relative to the 
attribute pricing theory (Hembree et al., 1986; Ethridge 
and Neeper, 1987; Bowman and Ethridge, 1987; Bowman, 
1989; Chiou et a!., 1991; Ethridge et a1., 1992). All 
these studies found that cotton implicit prices were, to 
some extent, determined by cotton quality attributes. 

The objective of this study was to develop an attribute 
pricing model to explain how cotton quality attributes 
affect the textile mill prices paid and producer pri ces 
received in the U.S. cotton market, and examine the 
efficiency of U.S. cotton market pri cing over the period 
of 1977 - 1990. 

notA Sources ond Model 

Cotton quality information used by market participants is 
determined by the Cotton Division, Agricultural Marketing 
Service, U.S. Department of Agriculture (USDA). The 
process of cotton classifying involves examining a sample 
from each bale of cotton to determine its grade (color 
and trash content), staple, micronaire reading, strength, 
fiber length, and length uniformity as compared with the 
criteria of USDA. The information obtained by cotton 
classers provides information for cotton traders to 
establish prices. The source of quality information for 
this study is the laboratory test results of cotton 
quality reported in the "Summary of cotton Fiber and 
Processing Test Results" (USDA). The data from these 
testing results describe cotton fiber quality 
characteristics for a sample of cottons from the VAruous 
regions across the cotton belt each year. consequently, 
these test results provide a long time series of 
secondary quality data that are compatible with the two 
sets at secondary price series discussed below. 

The two sets ot prices used for this study were textile 
mill prices and producer prices. The former are the 
prices paid for cotton by textile mills (one end of 
market channel). These are the Group 201 Mills landed 
mill prices during the first week of Pebruary as reported 
in "Cotton Market News, Southern and western Review" 
(USDA). The latter are the prices received by producers 
at the other end of the market channel, reported as the 
cotton spot market price in "Cotton Price Statistics" 
(USDA). The U.S. regional cotton market prices were 
represented by Greenville, sc, for the Southeast, 
Memphis, TN, for the South Central, Lubbock, TX, for the 
southwest, and Fresno, CA, for the West. 

Quality data over the 1977-1990 period were adjusted to 
obtain consistent units of measurement. All measures for 
grayness (i.e., whiteness) were converted into Rd and 
yellowness was converted to +b by using adjustment 
factors specified in the "Summary of Cotton Piber and 
Processing Test Results" (USDA, 1977). 

Based on Lancaster's and Rosen's analytical framework 
(1974), the impacts on cotton market value frOB cotton 
quality attributes can be estimated by regressing cotton 
prices on quality attributes. There is initalies reason 
to believe that micronaire, fiber length, fiber strength, 
and whiteness increase cotton prices. Micronaire reading 
increases cotton market value because fiber fineness 
influences the evenness, drafting fiber strenth of yarn, 
and fiber maturity affects mill processing performance, 
but price declines as micronaire goes beyond its optimal 
range. However, trash content And yellowness of fiber 
reduce cotton market values. Time factors may be used to 
reflect how general market forces affect cotton market 
values in different years. The relationship between 
cotton prices and each single cotton quality attribute is 
not necessarily linear due to the declining marginal 
productivity of each quality attribute and the constraint 
of textile technologi es i n utilizing each quality 
attribute. This nonlinear relationship of prices and 
quality attributes may be captured by an exponential 
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econometric equation (Ethridge et al., 1992) as the 
following: 

where: 
P, cotton landed mill price (P.) and spot market 

price (P.) (cents per pound) in the u.s. cotton 
market. 

TR trash content measured by the first digit of 
the cotton grade code (ranges from 1 to 8). 

L fiber length (inch) (represented by staple in 
this study) determined by the classier in 
comparison with official standards. 

M = micronaire measurement. 
S fiber strength (grams per tex). 
W = whiteness (Rd) (or grayness) of fiber (pct.). 
Y = yellowness (+b) of fiber (units) 
Db = year dummy variables with the base of 1990 

crop year (h = 1, 2, 3 ••• 13). D,=l if 
year=1977, D,=O otherwise; D.=l if year=1978, 
D.=O otherwise, •••••• , D,,=l if year=1989, 
D13=O otherwise. 

6, is the random error term. For convenience of 
estimation, both sides of equation 1 take logarithmic 
form. Equation 1 was transformed into a linear equation 
for parameter estimations: 

In (P.1) - 1n(Bo) +B1ln(TR) +B2ln(L) +B3M +B4M2 (2) 
Bsln(S) +B61n (W) +~ln(Y) +BiPh +Ei 

In short, a positive sign is expected for B., B" B., and 
B6 , and a negative sign "for B

" 
B., and B7 • The sign of 

Bo and Bh is uncertain. The model in question possesses 
the property of easily obtaining price flexibility for 
the changes of quality attributes, except for micronaire 
reading, and it has a logical structure for the price 
quality relationship for cotton. 

Price flexibility measures the percent change in price 
associated with a 1% of change of each single attribute 
[(apjaA,}*(A,jP), where A, represents attribute i]. 
Because price flexibility is a unit free measurement, it 
provides a relative basis to compare the impacts on 
prices resulting from different cotton quality 
attributes. It is worth noting that a linear model may 
also be used (Ethridge and Davis, 1982), particularly 
when the data are aggregated. In this study, the linear 
model was estimated only as an addendum, and results are 
not reported here. 

Marginal implicit price (apjaA,) with respect to each 
quality attribute, i.e., the implicit value of a 
particular characteristic, can also be found. The 
marginal implicit price measures the change in cotton 
prices (i.e., cents per pound) paid by textile mills (or 
received by producers) from a unit change of the 
attribute. Implicit prices provide market participants 
with the .information regarding the magnitude of market 
value relative to each quality attribute. 

Discussion of Results 

Equation 2 was estimated by ordinary least squares 
regression and results are presented in Table 1. In 
model estimation, 243 observations were' used for landed 
mill pr~ce a~d 361 opservations for spot market price for 
the entl.re tl.me perl.od across the four regions. Results 
revealed no evidence of autocorrelation or 
heteroscedasticity. The model as a whole explained' 96% 
of the mill price variation and 80% of the producer price 
variation in the u.s. aggregate market over the period of 
1977 to 1990. All quality attributes had statistically 
significant impacts on the market values paid by textile 
mills. However, fiber length, micronaire, and whiteness 
had no significant effect on the prices received by 
producers. An attempt was also made to estimate the 
i~pact of fiber attributes on cotton prices by region 
(l..e., West, Southwest, South Central, and Southeast) 
but there were not sUfficient observations to captur~ 
regional differences. 
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Prices Paid bv the u.s. Textile Industry 

Prices paid by the textile industry (i.e., landed mill 
prices) were significantly affected by all quality 
attributes in the model at the 1% level of significance 
in the u.s. cotton market during the 14-year period 
(1977-1990) (Table 1). Results show that the textile 
industry paid 0.77% more for a 1% increase in fiber 
length, holding other factors constant. Similarly, the 
textile industry paid 0.17% and 0.42% more, respectively, 
as fiber strength and whiteness, individually, increased 
by 1%. However, yellowness and trash content 
significantly reduced cotton market value paid by the 
textile industry. As yellowness of fiber increased by 
1%, cotton purchased by textile mills was discounted by 
0.19%, holding other factors constant. As foreign 
material of fiber increased by 1%, cotton prices paid 
declined by 0.10%. 

The effect of micronaire on prices paid by textile mills 
varied wit:h the level of micronaire reading. The highest 
value of micronaire reading for the study period across 
all regions, was 5.18. Overall, a 1% increase in 
micronaire reading from the long-term average of these 
data brought mill prices up by 0.34% and 0.22%, 
respecti vely, at the micronaire level of 3.2 and 4.2. As 
micronaire increases beyond 5.18, cotton market value 
declined. For example, cotton price would be reduced by 
0.006% as micronaire increased by 1% above the level of 
5.2. A comparison of price impact resulting from quality 
characteristics indicated that the fiber quality 
attributes having greatest impacts, in declining order, 
were fiber length, whiteness, micronaire, yellowness, 
strength, and trash content. 

Results in Table 1 also revealed that factors other than 
quality played an important role in determing prices paid 
by textile firms. These factors were captured in the 
annual dummy variables. The level of landed mill prices 
was significantly different from the base year of 1990 in 
all years except 1983. The results also indirectly 
suggested that general market forces affecting supply and 
demand programs, such as government programs, the 
national economic situation, and the demand for textiles, 
have more impacts on cotton market values than cotton 
quality attributes. The quality attributes themselves 
explained only 19% of price variations over the study 
period (determined by estimating the model parameters 
wi thout the annual dummy variables). Another 77% of 
price variations was explained by general market 
movements (the dummy variables). The other 4% of price 
variations was unexplained by the model. 

Results on marginal implicit prices of attributes (Table 
2) revealed that the textile industry paid about 5 cents 
per pound more as fiber length increased by a 0.1 inch 
from its mean length of 1.065 inch. Similarly, an 
increase in one unit of strength and whiteness of fiber 
from their mean values (25.4gjtex and 75.5 Rd) increased 
cotton market value paid by textile mills by 0.5 and 0.4 
cents per pound, repecti vely. An increase of one unit of 
micronaire resulted in a rise of cotton price by about 6 
and 4 cents per pound, respectively, at the micronaire 
level of 3.2 and 4.2. On the other hand, cotton was 
discounted by about 1.9 and 1.5 cents per pound, 
respectively, as trash and yellowness of fiber, 
individually, increase by one unit from their values of 
3.85 trash code and 8.7 +b. 

Comparisons of this study with previous studies of cotton 
implicit market prices serves to both confirm some prior 
results and have i:rnplications for changes taking place in 
textile markets for fiber properties. Comparison of 
findings of this study with the stUdies conducted by 
Hembree et al. (1986), and Bowman and Ethridge (1987) 
(Table 2) indicates that the textile industry is tending 
to pay more, in terms of marginal implicit price, for 
fiber length and whiteness, and less for micronaire and 
strength throughout the U.S. market as time advances • 
Textile mills have also tended to discount cotton 
relatively less for trash, high micronaire, and 
yellowness as time has progressed. 

Prices Received by Cotton Producers 

The model had less power in explaining spot (producer) 
price variations than for landed mill prices (with a 
coefficient of determination of 0.80 vs. 0.96). Although 
the signs of each estimated attribute generated by the 
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model were as expected, there was a sUbstantial 
divergence in price responsiveness to cotton quality 
attributes between prices received by producers and 
prices paid by textile mills for fiber length and 
micronaire (Table 1). Micronaire and fiber length, which 
played prominent roles in landed mill price formation, 
had no significant influence on cotton market price 
difference in the overall u.s. spot cotton market over 
the study period (1977 - 1990). The whiteness of fiber, 
which was also important in increasing market values paid 
by mills, had a weak effect on producer prices 
(significant at only the 10% level). Fiber strength was 
the only factor that significantly increased cotton 
market prices (significant at the 1% level). Trash 
content and yellowness discounted cotton market value 
significantly. Producers received greater strength 
premiums than mills paid. conversely, they received 
larger discounts for yellow color than paid by textile 
mills and smaller premiums for length and whiteness. 

Trash discounts were equivalent and micronaire discounts 
were smaller than paid by mills. Generally, the price 
differences received by growers did not reflect the 
differences paid by mills very well. 

Comparison of the yearly dummy variables (Table 1) 
reveals several relevant facts. First, producer prices 
generally move in the same direction as mill prices. 
Signs on the dummy variables were the same for all except 
two years--1979, when mill prices were $.05/lb. greater 
than in 1990 but producer prices were $.09/lb. lower than 
in 1990, and 1983, when mill prices were the same as 1990 
but producer prices were $.08/lb. above 1990. The 
magnitudes of the annual price movements were effectively 
the same in 1977, 1978, 1981, 1985, 1986 and 1988 (i.e., 
in 6 of the 13 years). In 1982, 1984, 1987, and 1989, 
the magnitudes of the changes differed by more than 
$.04/lb. 

Conclusions and Implications 

The attribute pricing model explained variations in 
prices paid by textile mills and prices received by 
producers for cotton across the U.S. over the period of 
1977 - 1990. The divergence between the structures for 
the two sets of prices suggests that the price signals on 
quality premiums have not been efficiently passed through 
the market system to cotton growers. That is, pricing 
inefficiency appears to exist in the u.S. cotton market 
system. If cotton market price signals have been 
efficiently conveyed within the market, the USDA 
information reported by summary of Cotton Fiber and 
Processing Test Results and cotton Price statistics could 
not reveal it. This finding implies that the industry is 
losing overall efficiency from the "mismatch" of what 
producers strive to produce, based on the price signals 
they see, and what the users of the fiber indicate they 
want. 

Textile mill prices have been significantly influenced by 
all quality attributes studied across the U. S. cotton 
market over the 14-year period. The fiber attributes 
affecting mill prices most have been, in descending 
order, fiber length, the whiteness of fiber, micronaire 
yellow color of fiber, fiber strength, and trash content: 
However, the influence of fiber attributes on prices is 
smaller than the effects of general market supply and 
demand forces. 

Caution should be exercised in using these findings to 
infer cotton market premiums and discounts in other 
cases. The results in this study only reflect the 
general situation of cotton market premiums and discounts 
at a highly aggregated level. As a matter of fact, there 
might be some divergences in the determination of cotton 
market value between aggregated and regional markets. 
Cotton market premiums and discounts with respect to 
quality characteristics also vary with time, as 
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comparison of these results with selected prior findings 
indicates. 
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ISl121e 1. Reg~~s~ion Besult~ from Loga~ithmic Model 

Ind. Mill 
O~~~ng~nt Va~iabl~ 

f;r.:;i.c~ Prgducet: frige 
Variable Coefficient t-ratio Coefficient t-ratio 

Constant 1.8194 3.054 2.4299 2.830 
TR -0.1018 -4.072 -0.0930 -2.730 
L 0.7745 7.617 0.0055 0.040 
M 0.2775 3.716 0.1464 1.157 
M2 -0.0268 -3.024 -0.0134 -0.880 
S 0.1715 2.861 0.4076 4.749 
W 0.4158 3.546 0.2095 1.306 
Y -0.1864 -3.298 -0.2910 -3.465 
01 0.3794 26.955 0.3504 15.521 
02 -0.1850 -13.744 -0.1882 -8.394 
03 0.0521 3.561 -0.0906 -3.874 
04 0.1185 8.958 0.0784 3.743 
05 -0.2411 -16.598 -0.2356 -10.186 
06 -0.1994 -13.179 -0.0816 -3.404 
07 -0.0076 -0.423 0.0847 3.161 
08 -0.2214 -13.681 -0.0510 -2.140 
09 -0.1586 -10.229 -0.1503 -5.936 
010 -0.2909 -18.915 -0.3073 -12.393 
011 -0.2383 -17.498 -0.1478 -6.661 
012 -0.2786 -18.194 -0.2579 -11. 256 
013 -0.1509 -10.927 -0.0491 -2.311 

No. Observations 243 361 
R-Square 0.96 0.80 

Table 2. Estimated Implicit Market Prices for cotton 
Landed Mill Price Progucer Price 

Attribute 1977/90 1977/86' 1977/84' 1977/90 

TR -1.88 -2.47 -2.29 -1.55 
L 51.73 21.081 20.98 0.00 
M (3.2) 5.70 14.992 15.7 0.00 
M (4.2) 3.70 5.654 5.96 0.00 
M (5.2) -0.11 -3.684 -3.74 0.00 
S 0.48 1.291 1.45 1.03 
W 0.39 0.240 0.32 0.18 
Y -1.52 -2.860 -2.52 -2.15 

'The implicit prices in 1977/86 and 1977/1984 were found 
by Bowman and Ethridge, 1987, and Hembree et al., 1986, 
respectively. 
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