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Alfalfa Hay Quality and Alternative Pricing

Systems

Jared A. Hopper, Hikaru Hanawa Peterson, and Robert O.

Burton, Jr.

Price-quality relationships for alfalfa hay were analyzed by hedonic pricing models using
19962001 Wisconsin auction data, Individual nutrients included in the analysis all affected
alfalfa price, with acid detergent fiber accounting for the largest impact. Alternative pricing
models, based on an aggregate quality index or detailed quality information, were similar
in their ability to predict price. However, disaggregating price predictions to account for
differences in relative feed value (RFV) and crude protein (CP) indicate that both RFV
and CP are important determinants of price and that aggregating the two into a quality

index is not warranted,
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Alfalfa, sometimes referred to as “Queen of
the Forage Crops,” is the most widely pro-
duced forage crop in the United States (Lace-
field). Alfalfa’s adaptability to many weather
conditions and soil types allows it to be grown
in many regions of the country. In 2001, the
National Agricultural Statistics Service re-
ported that alfalfa was produced in 42 states
and constituted 53% of all hay produced in the
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United States. Its high nutritional quality
makes it a valuable livestock feed. The North
American Alfalfa Improvement Conference
reported an estimated value of alfalfa of $8.1
billion in 2000.

Over the last several years, the alfalfa in-
dustry has placed greater emphasis on produc-
ing higher quality alfalfa, rather than larger
quantities (Lacefield). The American Forage
and Grassland Council, along with other
groups and organizations, developed alfalfa
quality standards based on several years of
quality analysis. Standards are established for
percentages of three nutritional factors, crude
protein (CP), acid detergent fiber (ADF), and
neutral detergent fiber (NDF), and for an index
called the relative feed value (RFYV), which is
calculated frorn ADF and NDF percentages.
CP in alfalfa helps to meet animals’ protein
needs. ADF and NDF represent highly indi-
gestible and partially digestible plant material
in feed. RFV is a calculated value that mea-
sures forage quality in terms of potential dry-
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Table 1. Quality Standards Assigned by the
American Forage and Grassland Council®

Stan- CP ADF NDF
dard RFV (%) (%) (%)
Prime >151 >19 <31 <40
1 125-151 17-19  31-35 40-46
2 103-124  14-16 36~-40 47-53
3 87-102 11-13  41-42  54-60
4 75-86 8-10 43-45 61-65
5 <75 <8 >45 >65

Source: Lacefield, G.D. “Alfalfa Hay Quality Makes the
Difference.” University of Kentucky Department of
Agronomy AGR-137, Lexington, KY, July 1988.

*RFV is relative feed value; CP is crude protein; ADF is
acid detergent fiber; and NDF is neutral detergent fiber.

matter intake (Lacefield).! Each factor is cat-
egorized into six levels of quality standards:
Prime, 1, 2, 3, 4, and 5. Highest values of CP
and RFV and lowest values of ADF and NDF
correspond to the best quality standard, Prime
(Table 1). The relationship between these
quality standards and alfalfa price is the focus
of this paper.

Alfalfa hay is used as feed for a variety of
livestock. The primary consumers of alfalfa
hay are dairy cattle, horses, and beef cattle.
Each livestock requires feed of different nu-
tritional value. Dairy farmers demand good-
to-excellent quality aifalfa to mix in feed ra-
tions for milk production. Mixing high-quality
alfalfa into a feed ration with corn silage and
grain increases digestible energy, which re-
sults in greater milk production than using
lower quality alfalfa (Cherney and Hall). Most
horse owners also demand high-quality alfalfa
hay. The beef cattle market generally does not
demand quality as high as that demanded for
other livestock and is a possible market for
poorer quality hay. For example, a survey of
animal scientists and extension livestock spe-
cialists regarding preferred nutritional contents
of alfalfa for different species reported average
preferred CP percentages of 19.8 for dairy cat-

! Relative Feed Value (RFV) is computed as RFV
= (DDM X DMI/1.29, where DDM and DMT are di-
gestible dry matter and dry-matter intake, respectively,
calculated from NDF and ADF percentages as DDM =
88.9-0.779 ADF and DMI = 120/NDE
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tle, 16.3 for beef cattle, 16.4 for feedlot cattle,
16.7 for horses, and 17.2 for sheep (Ward,
Kariuki, and Huhnke). Buyers aim to purchase
alfalfa with quality that suits their needs.

Most factors that influence the supply of
quality characteristics of alfalfa hay depend on
farmers’ management. Management issues in-
clude variety selection, pest management, ma-
turity, cutting schedule, harvesting techniques,
and storage. Pests such as alfalfa weevil, po-
tato leafhopper, aphids, and other insects can
defoliate alfalfa and reduce nutritional char-
acteristics. Thin alfalfa stands decrease yield
and also allow for weed invasion. Weeds, or
foreign material, decrease quality and make al-
falfa more difficult to market. The timing of
harvest is critical, because maturity of the
plant at harvest determines the palatability,
amount of nutrients, and yield. If alfalfa is not
harvested at its peak quality, nutritional char-
acteristics could decline significantly each day
as alfalfa matures; an optimal cutting schedule
involves a tradeoff between yield and quality
(Blank, Orloff, and Putnam). Leaf loss that oc-
curs with improper harvesting, such as raking
and baling when plants are too dry, can seri-
ously diminish hay quality. Storing at the
proper moisture content helps retain alfalfa
quality, whereas allowing water to come into
contact with alfalfa after harvest can dramat-
ically decrease quality.

With demand and supply for different qual-
ity attributes of alfalfa hay, the market should
send appropriate price signals for various
quality attributes. Indeed, previous studies
have confirmed a relationship between alfalfa
price and quality. In a study of a Pennsylvania
hay auction during 1982 and 1983, alfalfa hay
brought a higher price than legume grasses
and straw (Grisley, Stefanou, and Dickerson).
However, no measure of hay quality was in-
cluded. Ward (1987) analyzed transactions that
occurred through a computer-assisted alfalfa-
marketing program, HAYMARKET, in
Oklahoma from 1983 to 1986. His results in-
dicated that Oklahoma buyers paid premiums
for alfalfa with greater protein levels. Kiem-
me, Chavas, and Moriarty analyzed 1983—
1986 data from a Wisconsin hay auction in a
hedonic pricing model and concluded that pos-
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itive relationships existed between hay price
and quality characteristics and various market
variables. It was also established that the re-
lationships were stronger with higher hay
quality. Ward (1994) further examined quality
variables individually by using 1992 and 1993
data. He found that alfalfa price was positively
correlated with larger values of RFV and per-
centages of CP and was negatively correlated
with greater values of ADF and NDF.

Recently the alfalfa industry has been in-
creasing its reliance on RFV as a tool for eval-
vating and marketing hay (Gray and Hill;
Moore, Burnes, and Fisher). Despite its wide
acceptance, however, some question the un-
derlying assumptions that invalidate compari-
sons between alfalfa and other forage. There
are also large discrepancies across regions in
how hay is sampled and what quality charac-
teristics are preferred. For example, Hoffman
et al. indicate that the National Research
Council, in the 2001 Nutrient Requirements of
Dairy Cattle, used a cumulative measure of
forage digestibility based on energy contrib-
uted from protein, fat, nonfiber carbohydrates,
and NDF. A survey of dairy producers ranked
the quality objectives in alfalfa purchases as
CP percentages, total digestible nutrients, and
RFV (Ward, Huhnke, and Cuperus). Also,
RFYV is not used in the formulation of rations,.
A heavy reliance on RFV as a pricing tool may
be placing some producers and consumers at
a disadvantage, because some hay may be
over- or underpriced for other nutritional fac-
tors not accounted for by RFV. For example,
alfalfa with a high RFV (and hence expensive)
may meet nutritional guidelines associated
with dry-matter intake but may not have the
amount of protein needed. Hay with a high
amount of protein but with a low RFV may be
a “‘bargain™ for users, whereas producers may
not be adequately compensated for a higher
protein level.

The objectives of this paper were to deter-
mine how alfalfa quality characteristics affect
alfalfa hay prices and to evaluate performance
of alternative alfalfa pricing systems. Specifi-
cally, a pricing system based on an aggregate
guality index was compared with pricing sys-
tems based on standards and values of indi-

677

vidual quality attributes. Alfalfa prices at two
auction locations in Wisconsin from 1996
through 2001 were analyzed in relation to
measured nutritional content and industry
standards. Given alfalfa’s significant market
value, it is critical to update previous studies
to evaluate how the current alfalfa market re-
lates price to quality attributes. Knowledge of
which quality characteristics have the most
impact on price would allow producers to
make more efficient production and marketing
decisions and would aid alfalfa users in re-
source allocation. This study differs from pre-
vious studies by measuring price and quality
relationships using a recent sample and by ap-
plying the results to evaluate the current pric-
ing system, which depends on the aggregate
quality index, RFV. In addition, price and
quality relationships in shorter and larger sup-
ply years were compared.

In the subsequent sections, data from Wis-
consin hay auctions are discussed, methods us-
ing various regression models are explained,
and results of the analysis are presented. The
discussion of results includes further implica-
tions of the current pricing system with an em-
phasis on RFV standards and comparison of
quality values in shorter and larger supply
years.

Data

Data used in this study were obtained from
two quality-tested alfalfa auctions in Sheboy-
gan County and Lomira, WI. Sale data from
Wisconsin were used because of the availabil-
ity of quality-tested auction data.? Auctions
were held biweekly in Lomira and monthly in
Sheboygan County during December—April
when demand for baled alfalfa is strongest.

2 Quality-tested auctions are held in states such as
Wisconsin, Iowa, and Minnesota, which have relatively
small-scale producers and buyers, whereas states such
as Kansas, with a greater proportion of larger scale
producers and buyers, do not have quality-tested hay
auctions. Other marketing tools that relay alfalfa qual-
ity information from producers to potential buyers in-
clude HAYMARKET (Ward 1987), which allows pro-
ducers and consumers to exchange information on
quality-tested alfalfa hay.
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Both auctions were operated in the same man-
ner. Lots arrived early in the day and were
probed to obtain samples. The samples were
run through a mobile near infrared reflectance
spectroscopy machine to obtain measurements
of nutritional contents® Printouts of these
quality measurements were placed on each re-
spective lot and made available for all buyers
prior to selling. Lots were then auctioned off
in order of arrival.

Our sample consisted of auction results
from December 1996 through April 2001 at
both locations, which included information for
each lot on price per ton; tons sold; bale type;
nutritional characteristics (percentages of CP,
ADF, NDF); and RFV. Only auction results
containing all information for each lot were
used. A total of 1,269 observations was ob-
tained over the 5-year period.

? Several methods exist to quantify alfalfa charac-
teristics, In years past, samples were sent to a labora-
tory to complete a quality analysis. However, near in-
frared reflectance spectroscopy (NIRS) is a faster and
more mobile method to determine hay quality. NIRS
laboratory evaluation measures the amounts of crude
protein, acid detergent fiber, and neutral detergent fiber,
among other components.
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Summary statistics are presented in Table
2. More than 83% of observations are higher
than, or equal to, Standard 2 by all measures,
and the average values of all nutritional factors
fall approximately between Standards 1 and 2.
There is a slight discrepancy among the num-
bers of observations classified as Prime by
RFYV and its individual components, ADF and
NDF'. There are more than twice as many lots
identified as Prime by CP percentages than by
digestive intake measures in this sample. Two
thirds of the observations are small square
bales.

Model Specification

The conceptual framework for analyzing
price-quality relationships is based on separate
works by Lancaster, Griliches, and Rosen.
Quality attributes may be considered as utility-
providing elements in consumers’ maximiza-
tion problem (Ladd and Suvannunt), as inputs
in production processes (Ladd and Martin), or
as a market-equilibrium outcome between sup-
ply and demand for quality attributes (Rosen).
In all approaches, the framework vields a he-

Table 2. Surnmary Statistics of Wisconsin Alfalfa Hay Auction Data, 1996/1997 to 2000/2001°

Price CcP ADF NDF Lot Size
($/ton) RFV (%) (%) (%) (ton)
Average 84.85 124.59 17.48 3571 46.62 5.27
SD 36.78 21.88 3.12 4.23 6.21 3.19
Number of observations by quality standards
Prime 159 434 158 173
1 455 324 528 548
2 442 342 445 390
3 173 121 78 130
4 33 42 28 16
5 7 6 32 12
Number of observations by location
Sheboygan County 416
Lomira 853
Number of observations by bale type
Small square bales 843
Large square bales 326
Large round bales 100
Total number of observations 1,269

*RFV is relative feed value; CP is crude protein; ADF is acid detergent fiber; and NDF is neutral detergent fiber.
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donic price function that relates price as a
function of quality attributes.

Applying the hedonic framework, we spec-
ified nominal alfalfa price (F) as a function of
nutritional-quality attributes and other physi-
cal characteristics, such as lot size and bale
type, for which data were available. There are
other criteria, such as color and presence of
mold, that influence alfalfa price but were not
recorded in the auction data set. To compare
performance of various pricing systems, qual-
ity attributes were modeled in four ways: the
current pricing system that relies on standards
based on RFV (Model A), an alternative pric-
ing system that incorporates standards of in-
davidual nutritional factors (Model B), a model
that allows price to depend not on standards
but on values of individual nutritional factors
(Model C), and a model using Box-Cox trans-
formation to explore flexible functionat form
(Model D).

In all models, lot size (TON) and binary
variables for bale type were included. Expect-
ed effect of lot size on alfalfa price might be
negative if there was a volume discount or
positive if users prefer large volumes. A
squared term of lot size (TON?) was included
to allow for its marginal effect to be increasing
or decreasing. Small square bales were ex-
pected to receive a premium over large bales
because of user convenience. Specifying small
square bales as the base bale type, binary var-
iables for large square bales (LSB) and large
round bales (LRB) were expected to have neg-
ative coefficients. Because square bales are
easier to transport than round bales, the dis-
count associated with LSB was predicted to be
smaller than that with LRB. Some users, how-
ever, depending on their feeding system, might
prefer round bales.

Inspection of the data revealed that average
prices in 1996/1997 and 1997/1998 marketing
years were higher than the remaining years be-
cause of reduced production, The Wisconsin
Agricultural Statistics Service reported ap-
proximately 9% less production in those 2
vears than the average of the 3 subsequent
years. Thus, a dummy variable was used in
each model to account for the difference in the
average prices during these 2 years (D%697).
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Model A was specified as follows:

(1) P,=ay+ a8l +a,52, + a,83, + a,54,
+ as85, + asTON; + a,TON}?

+ agLRB; + a,LSB; + a,,D9697, + e,;,

where i is an index for lot; S7 through S5 are
binary variables that correspond to RFV qual-
ity Standards 1-5; ay, . . . , a,p are coefficients;
and e, is an error term. Relative to Prime, all
quality standards were expected to be dis-
counted. Hence, S1, S2, ..., S5 should have
negative coefficients, increasing in absolute
magnitude with lower quality standards.

Similarly in Model B, Prime was used as
the base quality standard for the individual nu-
tritional factors, CP, ADF, and NDF. The
model was specified as

(2) P, = by + b,CPI, + b,CP2, + b;CP3,
+ b,CP4, + bsCP5, + bADFI,
+ b,ADF2, + bADF3, + byADF4,
+ b,ADFS, + b,,NDFI, + b,,NDF2,
+ b,NDF3, + b,,NDF4, + b,;NDFS,
+ b TON, + b;TON? + b ;LRB,
+ byLSB, + by D9697, + €,

where CPI through CP5, ADFI through
ADFS, and NDFI through NDF5 are binary
variables that correspond to quality Standards
1-5 for CP, ADF, and NDF, respectively; by,
..., by are coefficients, and e, is an error
term. Because standards are determined so that
higher quality corresponds to greater CP per-
centages and lesser ADF and NDF percent-
ages, all quality-standard dummies were ex-
pected to have negative coefficients, with
increasing magnitude in absolute value as
quality declined.

Model C relates the price to values of in-
dividual nutritional factors and was specified
as

3) P,=c¢y+ c,CP, + c;ADF; + c,NDF,
+ ¢,TJON; + ¢;TON? + ¢4,LRB;
+ ¢;LSB; + ¢ D9697, + e,



680

where CP, ADF, and NDF are percentages of
crude protein, acid detergent fiber, and neutral
detergent fiber, respectively; ¢y, . . . , ¢y are co-
efficients; and e, is an error term. CP was ex-
pected to have a positive impact on alfalfa
price, assuming buyers paid a premium for
greater percentages of crude protein. ADF and
NDF were expected to have negative coeffi-
cients, because larger values of ADF and NDF
are associated with poorer quality hay.
Choice of functional form can have impor-
tant effects on the results. Thus, we specified
Model D by applying the Box-Cox transfor-
mation to the nonbinary variables in Model C:

4 P =D
=dy + d,(CP} — 1)/ + d;(ADF} — )/\
+ dy(NDF} — D)\ + d(TON» — 1)\
+ d{(TON? — 1)/\ + d,LRB, + d.LSB,
+ dy,D9697, + e,

where CP, ADF, and NDF are percentages of
crude protein, acid detergent fiber, and neutral
detergent fiber, respectively; \ is the parameter
of the Box-Cox transformation; d, . . ., dg are
coefficients; and e, is an error term. The Box-
Cox model encompasses the two common
specifications used in empirical analysis: A =
1 implies a linear functional form (Model C),
and A = 0 implies a log-linear functional form.
Similar to Model C, CP was expected to have
a positive impact on alfalfa price, and ADF
and NDF were expected to have negative in-
fluences because larger values of CP and
smaller values of ADF and NDF are associated
with higher quality hay.

All models were estimated by nonlinear or-
dinary least squares using 1996/1997 through
1999/2000 data and were tested for hetero-
scedasticity and nonnormality in errors. Ob-
servations from the 2000/2001 marketing sea-
son were reserved for model validation. On
the basis of both the White and Breusch-Pagan
tests, the null hypothesis of homoscedastic er-
rors was rejected for all models at the 5% sig-
nificance level. Because the form of heteros-
cedasticity was unknown, the models were
re-estimated using generalized method-of-mo-
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ments (GMM) estimator. According to the
Shapiro-Wilk W test, the null hypothesis of
normality of errors could not be rejected for
all models at the 5% significance level. Then,
models were evaluated for in-sample and out-
of-sample predictability. Finally, alternative
pricing models (A, B, C, and D) were com-
pared through predicted prices for lots of al-
falfa classified into each quality standard by
CP and RFV percentages.

Results
Estimation Results

Estimation results using GMM are presented in
Table 3. In all models, all coefficients have hy-
pothesized signs, and most were statistically sig-
nificant at the 5% level, supporting a relation-
ship between alfalfa price and quality attributes.
Models were similar in adjusted R? values. In
years 1996/1997 and 1997/1998, the average
price was estimated to be higher than the rest of
the sample period by $61-$64 per ton.

Lot size (TON) was statistically significant
in Medel D and insignificant in Models A-C.
Squared lot size (TON?) was significant in Mod-
els C and D. The signs consistently suggest that
premiums were paid for larger volumes of al-
falfa at a decreasing rate. The marginal effect of
tonnage evaluated at sample averages indicate
that premiums paid ranged from $0.24 (Model
D) to $0.92 (Model C) per ton.

Estimated discounts associated with bale
types were also consistent across models. The
marginal effects for Models A, B, and C were
computed by subtracting the price of the two
bale types (LRB = 1 and LSB = 1, respec-
tively) from the base price (LRB = LSB = 0),
holding other variables at sample means. All
models indicated that buyers paid a premium
for alfalfa baled in small square bales. The dis-
count for large square bales ranged from $2.01
(Model D) to $2.23 (Model C) per ton, but it
was not statistically significant. Historically,
the difference in prices paid for small and
large square bales has been controversial:
Ward (1994) reported a greater discount of
$7.51 to $10.17 per ton with 1992 and 1993
data, which contradicted some of his earlier
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findings that a premium was paid for large
square bales over small square bales (e.g.,
Ward 1987). The results suggest that buyers of
large round bales, on average, paid a discount
of $16 per ton,* which is comparable to Ward’s
(1987) findings of $11.70-$19.65 per ton in
1983-1986 and $16.43-$26.83 per ton in
1992-1993 (Ward 1994). These price differ-
ences should be considered when selecting op-
timal baling equipment for producers, along
with costs of different balers, which depend
on alfalfa acreage (Taylor). For example, Tay-
lor found that baling costs for small square
bales were comparable with those of large
round bales and about half the costs of large
square bales for 500 acres, but for acreages
greater than 1,500, baling costs of small square
bales exceeded those of other bale types.

According to Model A, buyers received
significant discounts for poorer quality alfaifa
rated according to RFV. Buyers paid an av-
erage of $11.15 less per ton for alfalfa with
RFV of Standard 1 than for Prime alfalfa. Dis-
counts paid for lower RFV standards did not
increase linearly with standards. Relative to
Prime, alfalfa of Standard 2 was discounted
approximately twice as much as Standard 1.
Alfalfa with RFV value less than 75 (Standard
5) was sold for an average of $72.45 less per
ton than those with RFV greater than 151
(Standard Prime). According to the pricing
system that relies on RFV standards, producers
should produce alfalfa with at least RFV of
125 (Standard 1) to avoid increasingly larger
discounts. As noted by Blank, Orloff, and Put-
nam, however, additional yield may offset the
price discounts associated with lower quality
grades. An optimal alfalfa cutting schedule
should account for the yield-quality tradeoff
in addition to price-quality relationships dis-
cussed here.

Results for Model B illustrate the degree of
discounts associated with lesser amounts of
CP and greater amounts of ADF and NDF.
The market did not respond to variations in
the CP standard for CP greater than 17%

+ The marginal effect of large round bales relative
to small square bales, according to Model D, was
$16.13.
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(Standard 1 and Prime). When the CP per-
centage was between 14% and 16% (Standard
2), alfalfa was discounted by an average of
$6.34 per ton relative to the price for CP val-
ues greater than 19% (Prime). The discount
did not increase drastically for CP percentages
between 8 and 16, but below 8% (Standard 5)
the discount more than tripled to $31.35. The
discounts for ADF were similar for the lowest
three standards, (i.e., for ADF percentages
greater than 40, Standards 3-5). The discount
for ADF Standard 1 relative to Prime was
more than $9 per ton, which was the greatest
discount for Standard 1 among the nutritional
factors considered. The market did not re-
spond when the NDF standard varied between
Prime and Standard 1. However, there were
discounts for NDF ratings less than Standard 1.

The results for Model C indicate marginal
values for the individual nutritional factors. A
1% increase in CP brought an average pre-
mium of $0.83 per ton. This is comparable
with a previously reported range of $0.87-
$3.24 per ton for CP impacts (Klemme, Cha-
vas, and Moriarty; Ward 1987, 1994). ADF
had the greatest impact on price, where a 1%
increase in ADF discounted aifalfa by an av-
erage of $2.19 per ton. A 1% increase in NDF
reduced the average price by $1.01 per ton.
Ward (1994) reported similar effects of ADF
and NDF of about $1.63 per ton.

For Model D with the Box-Cox transfor-
mation, the marginal effects were computed
from the estimated parameters.” At the sample

5 Marginal effects for Model D were computed for
independent variables (X = CP, ADF, and NDF) as
3P/3X = B(X/Py-', where P is price per ton, upper bars
denote sample means of the variables, & is the esti-
mated coefficient for the corresponding variables, and
\ is the estimated parameter for Box-Cox transforma-
tion. Similarly, the marginal effects for lot size (TON)
and bale type (8 = LRB and LSB) were computed as

aP e | e 2y ]
e = P (§, TON + ,
STON (8 28, TON™ )
and
apP
= gu-ana
aB ’

where 8, and 8; are estimates of the coefficients d, and
ds in Equation (4).
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Table 3. Estimation Results from Wisconsin Alfalfa Hay Auction Data (1,003 observations),
1996/1997 to 1999/2000~

Model D
A= 037*
Regressors® Model A Model B Model C (0.12)
Intercept 81.82% 85.58%* 168.26* 23.15%
(3.53) 347 (12.61) (7.91)
S —11.15* — — —
(2.52)
§2 —26.87* — — —_—
(2.75)
53 —46.50* —_— — —_
(3.17)
S4 —~55.98* — — —
(4.03)
55 —72.45% — — —
(8.79)
CP — — 0.83% 0.23*
0.27) (0.11)
Ccr! — —-0.43 — —
(1.76)
CP2 — —6.34* — —
(1.90)
CP3 — —8.16* — —
(2.96)
CP4 — —10.17* . —
(3.80)
CP5 — —31.35% — —
(7.76)
ADF — — —2.19% —1.06*
(0.31) 0.24)
ADFI — —9.25% — —
(2.90)
ADF2 — —18.59* — —
(3.34)
ADF3 — —30.20% — —
(4.45)
ADF4 — —31.49* — —
(5.36)
ADFS5 —_ -33.10* — —
(4.69)
NDF — — —1.01* —0.84%*
0.20) (0.16)
NDF1 — —-2.63 — _
2.67)
NDF2 — —-11.92% — —
3.11)
NDF3 — —18.88* — —
4.07)
NDF4 — —-13.76 — —

(6.86)
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Table 3. Continued
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Model D
A =0.37*
Regressors® Model A Model B Model C (0.12)
NDF5 — —-30.21* — —
(7.53)
TON 0.44 0.74 1.02 0.50*
0.70) (0.69) 0.67) {0.23)
TON? —-0.02 —0.04 —0.05* —-0.12%
(0.03) (0.03) (0.03) (0.06)
LRB —15.96% ~16.09* —15.90* —-1.07*
(2.71) (2.41) (2.60) (0.59)
LSB -2.06 —-2.05 —-2.23 -0.13
(1.73) (1.64) (1.62) (0.13)
D9697 61.76* 63.37* 63.51* 3.80*
(1.72) (1.64) {1.63) (2.04)
R? 0.725 0.750 0.750 0.7594
Adjusted R? 0.722 0.744 0.748 0.757¢
RMSEs 96/97-99/00 19.740 19.072 18.807 18.464
RMSE* 00/01 18.777 19.066 18.754 17.752

* The dependent variable in all models is alfalfa price per ton. Values in parentheses are standard errors.

b §1-§5, CPI-CP5, ADFI-ADFS5, and NDF!1-NDF5 are binary variables that correspond to quality standards 1-5 for
relative feed value, crude protein, acid detergent fiber, and neutral detergent fiber, respectively. CP, ADF, and NDF are
crude protein, acid detergent fiber, and neutral detergent fiber percentages, respectively, TON is lot size in tons, LRB
and LSB are binary variables for large round bales and large square bales, respectively, and D9697 equals 1 for
observations from the 1996/1997 and 1997/1998 alfalfa hay marketing seasons.

¢ Root mean square error.

4 R? for Model D, which is nonlinear, is not directly comparable to R? for Models A, B, and C, which are linear.

* Significant at the 5% level.

mean, a percentage increase in CP increased
the price by $0.63 per ton, whereas percentage
increases in ADF and NDF decreased the price
by $1.82 and $1.23 per ton, respectively. Con-
sistent with results from Models B and C, the
results suggest that ADF percentages had the
largest marginal impact on price.

The estimated models were used to predict
alfalfa auction prices, and root mean square
errors (RMSE) were computed for the period
used in estimation and ex post for the 2000—
2001 marketing season (Table 3). All models
were similar in predictability. Model D, with
the smallest in-sample RMSE, predicted the
2000-2001 prices with greater accuracy than
Models A, B, and C.

Price Prediction when Differences in RFV
and CP Classifications Are Considered

A comparison of prices received for lots with
varying levels of RFV and CP underscores the

impacts of these two important quality factors
on alfalfa prices and the differences across the
pricing models. In our entire sample, RFV and
CP had a correlation of 0.647, indicating that
one characteristic did not necessarily reflect
the other. Therefore, we sorted the observa-
tions by CP standards, and within each CP
standard we sorted by RFV standards. Because
differences between in-sample and out-of-
sample RMSEs were small (Table 3), we used
all 5 years of data. In Table 4, partitions cor-
respond to CP standards, and columns within
each partition correspond to RFV standards.
Rows report means, coefficients of variation
(CV), mean error (ME), and RMSE of price
predictions for sorted observations presented
per model. ME was calculated as an average
of estimated price minus actual price per ton
in each quality standard. ME indicates any
systematic bias, whereas RMSE allows us to
compare goodness of fit (Pindyck and Rubin-
feld).
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Table 4. Average Price Predictions ($/ton) when Differences in RFV and CP Classifications

Are Considered®

CP Quality Standard Prime

(434 Observations)

RFV Standard Prime 1 2 3 4 5
No. of Observations 122 217 81 13 1 —
Actual
Mean 98.64 85.73 76.48 61.73 40.00 —_
CV (%) 39 36 43 31 — _
Model A
Mean 98.80 83.23 70.25 48.44 25.78 —
CV (%) 28 30 39 53 — R—
ME 0.16 -2.50 -6.23 —13.,29 —-14.22 —_—
RMSE 18.82 17.71 22.06 18.45 14.22 —
Model B
Mean 102.16 88.70 77.16 57.31 35.08 —_
CV (%) 29 29 36 51 — —_
ME 3.51 2.97 0.68 —4.42 —-4.92 _—
RMSE 18.69 17.17 20.07 15.99 4.92 —
Model C
Mean 102.57 84.78 73.80 54.60 29.40 —
CV (%) 29 30 38 49 - —
ME 393 —-0.95 —2.68 -7.13 —-10.60 —
RMSE 18.48 16.89 20.23 15.30 10.60 —
Model D
Mean 103.10 82.76 72.86 57.69 39.54 —
CV (%) 35 33 37 40 — —
ME 445 —2.98 -3.62 -4.04 —0.46 —
RMSE 18.38 17.09 20,49 12.15 0.46 —_

Notes: Number of Observations is total number of Crude Protein (CP) observations in each quality standard classified
by Relative Feed Value (RFV); Mean is average actual or predicted price; CV is coefficient of variation; ME is mean
error; RMSE is root mean square error; Model specification, Model A is RFV Standards; Model B is standards of CP,
ADF, and NDF; Model C is actual values of CP, ADF, and NDF; and Mode! D is Box-Cox transformation of actual

values of CP, ADF, and NDF.

* When the number of observations was four or less, coefficient of variation was not calculated.

Clearly, hay with more protein will not
necessarily have a better RFV rating. For ex-
ample, consider the 434 observations classi-
fied as Prime according to CP percentages. Of
these 434 observations, only 122 observations
(28%) were also Prime according to RFV stan-
dards. The average price received for these
122 observations at the auctions was $98.64
per ton. The average of predicted prices for
these 122 lots using Model A, the system
based on RFV, was $98.80 per ton, very close
to the actual price. When standards of CP,
ADF, and NDF were individually taken into

account (Model B), the average predicted
price was higher for these 122 observations at
$102.16 per ton. When price was determined
by numerical values of CP, ADF, and NDF
{(Models C and D), the price reflected greater
CP percentages in our example, and the av-
erage of predicted prices increased to a range
between $102.57 and $103.10 per ton, 4%—5%
higher than the actual average price. This sug-
gests that models based on numerical values
of quality characteristics overvalue greater
amounts of CP in hay that is Prime according
to RFV standards.
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Table 4. (Extended)

CP Quality Standard 1
(324 Observations)

CP Quality Standard 2
(342 Observations)

Prime 1 2 3 Prime 1 2 3 4 5
29 141 136 18 7 91 163 70 9 2
87.07 91.42 8396  83.33 96.43 9992 B6.63 6525 47.78 50.00
49 42 42 37 60 42 42 50 53 —
95.16 92.29 7997  73.89 98.20 104.85 88.17 65.86 4528 40.84
27 32 39 48 33 30 36 50 73 —
8.09 0.87 —3.99 -945 1.77 493 180 060 -2350 -9.16
25.59 17.87 1849  21.08 2567 2030 2069 21.07 17.10 23.73
95.88 95.79 86.10  85.69 9196 102.81 87.92 70.97 53.49 50.00
29 32 39 46 37 31 37 46 68 —
8.81 4.37 2.14 2.35 —4.47 289 156 572 5.72 —0.61
2493 1795 17.16  21.59 2532 20,12 2041 21.54 19.06 22.68
94.14 90.18 80.75  79.50 93.71 100.09 86.84 69.19 44.83 46.83
30 34 41 48 36 32 37 49 83 —
707 —-1.24 —322 383 -2.72 017 048 394 -294 -3.17
2354 17.81 1793 2135 25.17 1896 19.79 2197 20.00 22.17
94.40 8975 80.84  8l1.14 9449 10042 86.62 7149 52.87 55.27
35 36 39 39 40 33 36 39 53 —
733 —-1.67 -3.13 219 -1.93 050 025 6.23 5.09 5.27
2149 17.70 17.59 18.10 22.02 18.23 1944 20.84 14.58 14,31

When CP and RFV ratings were both Stan-
dard 2 or higher, all four models generally pre-
dicted the price of hay relatively well, with
small ME and RMSE, especially when CP and
RFV were both at the same quality standard.
For hay with greater CP (Prime or Standard
1) and RFV less than Standard 1, Models B,
C, and D, which consider all nutrients, gen-
erally predicted more accurately than Model
A, which relied only on RFV. For hay with
less CP (Standards 3 and 4), all models tended
to underestimate price if RFV was ranked
equal to or lower than its CP standard (i.e.,
Standards 3—4 and 4-5) and to overestimate
otherwise, as expected from the industry’s re-
liance on RFV. If hay was ranked as Standard
5 according to CP, no model could reliably

predict its price because there were limited
numbers of observations. Our results were
consistent with those of Klemme, Chavas, and
Moriarty, who noted that relationships be-
tween quality characteristics and hay price
were stronger with high-quality hay. We add
the observation that, on the average, pricing
models tended to predict more accurately
when CP and RFV were of similar quality
standards.

Based on CV in Table 4, CV of predicted
hay prices within the same CP standard gen-
erafly increased as RFV standard declined.
Variability in actual prices for hay with RFV
standard higher than or equal to Standard 2
(i.e., Prime and Standards 1-2) was larger than
variability in predicted prices, whereas pre-
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CP Quality Standard 3

{121 Observations)

RFYV Standard Prime 1 2 3 4 5
No. of Observations i 6 55 49 8 2
Actual

Mean 80.00 93.33 86.55 67.58 50.25 45.00
CV (%) — 53 42 49 68 —_
Model A
Mean 83.84 112.68 92.37 63.37 4593 64.55
CV (%) — 28 34 49 79 —
ME 3.84 19.35 5.83 —-4.21 —4.32 19.55
RMSE 3.84 37.31 10.28 19.93 7.05 19.84
Model B
Mean 71.76 108.20 87.89 65.91 48.15 71.86
CV (%) —_ 33 36 49 76 —
ME —8.24 14.87 1.34 —-1.67 -2.10 26.86
RMSE 8.24 35.29 17.77 19.46 8.15 27.11
Model C
Mean 76.99 105.10 86.47 64.49 42.31 68.97
CV (%) —_ 32 37 49 85 —
ME -3.01 11.77 -0.07 —-3.07 -7.94 23.97
RMSE 3.01 33.09 16.96 19.68 10.44 24.59
Model D
Mean 74.51 10626 86.51 60.67 51.65 69.15
CV (%) —_— 30 34 39 53 —
ME —5.49 12.93 ~0.03 -0.91 —1.40 24.15
RMSE 5.49 32.86 17.17 18.67 8.83 24.56

dicted price variability for hay with lower RFV
standards was often larger than actual.

Implications

Hence, we draw these implications for alter-
native alfalfa pricing systems. For high-quality
hay with similar quality standards of RFV and
CP, a pricing system based on the RFV stan-
dards (Model A) usually reflected the market
value well. However, such a pricing system
tended to overprice (underprice) hay when its
RFV standard was greater (less) than its CP
standard. A pricing system that incorporated
standards of CP, ADF, and NDF separately
(Model B) performed similarly to the former
pricing system, but its margin of error tended
to be smaller for higher quality hay, and its
direction of bias was not as systematic as the

system based on RFV standards. A pricing
system that accounted for specific amounts of
these nutrients (Models C or D) tended to per-
form better than the RFV pricing system
(Model A) for hay with higher CP standards
(Prime or Standard 1).

For dairy farmers seeking greater milk pro-
duction, energy is usually the limiting factor,
and more feed intake is important in achieving
greater energy. In general, less fiber is asso-
ciated with greater energy. CP is not as im-
portant as fiber content because CP does not
limit feed intake. Moreover, CP of 19% is ad-
equate for most dairy rations, and more CP
does not significantly enhance milk produc-
tion, because extra protein degrades rapidly
and is lost (Rankin; Ward, Huhnke, and Cu-
perus). RFV provides an aggregate measure of
digestible dry matter and dry-matter intake
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Table 4. (Continved Extended)
CP Quality Standard 4 CP Quality Standard 5
(42 Observations) (6 Observations)

Prime 1 2 3 4 5 Prime 1 2 3 4 5
—_ — 7 21 11 3 —_ = = 2 4 —_
—_ — 87.14 77.98 74.18 38.33 —_— = — 66.55 53.16 —
—_ — 43 34 48 _ _—— — — — —
— — 100.26 79.77 69.21 3141 —_ - = 66.23 69.25 —
—_ - 30 35 44 — —_ = — — — —
—_ - 13.12 1.80 —4.98 —6.93 _ — —  —0.20 15.57 —
—_ - 18.00 14.66 19.54 14.82 _ - = 18.42 26.39 —
—_ - 93.55 82.26 71.28 41.20 _ = = 49.22 43.97 —
—_ — 35 37 48 — —_ - — — — —_
_ — 6.41 4.28 —2.90 2.86 — - — -17.03 -9.19 —
—_ — 13.58 16.24 16.64 2145 — - — 25.59 27.44 —
—_ — 91.54 78.84 63.12 30.63 —_— = e 59.83 53.34 —
—_ — 36 36 55 —_ _ = — — —
—_ — 4.40 0.76 11.06 -7.71 —_ — — 642 0.18 —
—_ — 11.10 13.65 20.26 16.85 —_ - — 18.44 22.54 —
— - 90.82 78.17 67.20 44.70 —_ = = 61.86 58.31 —_
— - 33 30 37 — _ - = — — —_—
—_ — 3.68 0.19 —6.98 6.37 — — — —439 5.14 —
_— 11.80 12.25 19.63 9.48 — = = 11.61 17.41 —

(see footnote 1), which are important to dairy
farmers seeking a high-energy ration to
achieve greater milk production per cow.
Therefore, it is not surprising that, in the ag-
gregate, the model based on RFV was about
as accurate as the other pricing models, be-
cause it focuses on the nutritional issue that
tends to be the most limiting factor in dairy
rations. Despite the statistical evidence that
other nutritional factors are valuable, our ag-
gregate analysis indicates that RFV performs
well as a criterion for pricing alfalfa hay in a
market in which the majority of alfalfa pur-
chased is fed to dairy cows.

On the other hand, predicted prices di-
verged more from actual prices on average as
the difference between RFV quality rating and
CP quality rating increased. Also, at a given

CP quality standard, the variability of price
projections increased as the RFV standard de-
creased. These results indicate that alfalfa
price reflects both RFV and CP standards.
Moreover, any aggregation results in a loss of
information. The RFV index assumes a fixed
relationship between ADF and NDF, which
had a correlation of 0.861 in our entire sample.
If users of alfalfa decide to place an emphasis
on one of the fibers, pricing of alfalfa should
not rely on an aggregated index such as RFV.,

Values of Quality in Shorter Supply and
Larger Supply Years

Values of quality factors in shorter supply
years were compared with those in years with
larger supply. In years in which alfalfa supply
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was shorter, we hypothesized that quality char-
acteristics would not have as large of an im-
pact on price as they would when alfalfa sup-
ply was larger, because buyers would likely
prioritize securing an adequate quantity of hay
over its quality. To examine this hypothesis,
the discounts and premiums paid in the mar-
keting years 1996/1997 and 1997/1998 (505
observations), when supply was shorter, were
estimated separately from those in years 1998/
1999 and 1999/2000 (498 observations).¢ The
discounts paid for lower standards of RFV in
years with shorter supply were smaller, as ex-
pected, but exhibited similar patterns as those
in years having larger supply. For instance, the
percentage discounts for alfalfa in RFV Stan-
dard 2 were 24.60% and 25.86% of the Prime
price in the years with larger and shorter sup-
ply, respectively. The same held true for ADF
and NDF in Model B, indicating that when
alfalfa supply was shorter, there was no
change in relative discounts for lower quality
standards measured by fiber content. However,
in Model C when the values of quality char-
acteristics were used, larger values of ADF
and NDF received much smaller discounts in
shorter supply years. Moreovet, in shorter sup-
ply years lesser amounts of CP were not dis-
counted as much as in years of larger supply.
For example, discounts for Standards 1-5, rel-
ative to the Prime, in the years with shorter
supply ranged from 0.78% to 11.81%, where-
as the percentage discounts ranged from
3.66% to 22.57% in the years with larger sup-
ply. This is consistent with substitutability of
nutrients. Few substitutes exist for alfalfz as a
CP source (Bolsen), but substitutes for fiber
content are more readily available.

Concluding Remarks

Although alfalfa is valued for its mixture of
nutritional characteristics, in recent years the
aggregate index RFV has been used to estab-
lish hay prices throughout the Midwest
(Moore, Burnes, and Fisher). This has raised

¢ Complete results for the analysis of the years in
shorter supply and larger supply are available from the
authors,
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concern about how well RFV signais the val-
ues of other nutritional qualities to market par-
ticipants. In this paper, a price-quality rela-
tionship was analyzed by using sale data at
two auction locations in Wisconsin during the
1996/1997 through 2000/2001 marketing
years. Our results confirmed findings of pre-
vious studies that premiums were paid for ad-
ditional CP percentages and RFV values and
that discounts were deducted for additional
percentages of ADF and NDF.,

Similar R? values for alternative regression
models and similar RMSEs of price predic-
tions based on the regression models suggest-
ed that an aggregate RFV index that did not
consider CP content adequately priced alfalfa.
Individual quality characteristics were, how-
ever, significant in all four models. When we
disaggregated price predictions by both RFV
and CP standards, we found that accuracy of
price predictions depended on both of these
quality characteristics. All of our pricing mod-
els predicted well on average for high-quality
hay when the quality standards for RFV and
CP were ranked similarly. However, the mod-
els did not predict well for poorer quality hay,
and the accuracy of predictions decreased as
the differences in RFV and CP standards in-
creased. In particular, the pricing model using
RFV quality standards on average underpriced
hay when quality based on RFV relative to
quality based on CP was low, and it over-
priced hay when quality based on RFV relative
to guality based on CP was high.

A major contribution of this study was the
disaggregation of price predictions from the
alfalfa pricing models to account for differ-
ences in RFV and CP quality levels. This dis-
aggregate analysis confirmed that both RFV
and CP were important determinants of alfalfa
hay price, as indicated by the significance of
RFV and CP quality variables, even though R?
and RMSE did not differ much among models.
The disaggregate analysis also revealed that
the model based on RFV quality standards ex-
hibited systematic bias in price predictions. In
addition, comparing quality effects in years of
shorter and larger supply revealed that CP per-
centages were valued more when supply was
scarce. Individual values of ADF and NDF
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were discounted less in shorter supply years,
but discounts for standards of fiber content re-
mained unchanged.

Ouwr results provide evidence that a pricing
model that used nutritional values directly was
a more accurate predictor of out-of-sample
prices on average than those that relied on
quality standards derived from nutritional val-
ues. The different pricing models were similar,
however, in the amount of price variability
they explained and in aggregate predictability.
Crude protein, not accounted for by RFV, and
ADF and NDF, both used to calculate RFV,
were significant in the pricing models. There-
fore, it is tempting to suggest an alternative
index to RFV that incorporates additional in-
dividual nutritional values. A new index has
recently been proposed called relative feed
quality (RFQ; Undersander and Mocre). The
new RFQ formulation includes total digestible
nutrients, which take into account CP values.
In comparing our results with previous studies,
it is clear that specific premiums and discounts
associated with various nutritional factors dif-
fer across markets and time periods. That is,
such an index would need to be specified for
individual marketplaces and be constantly up-
dated.

In conclusion, there is evidence that reli-
ance on an aggregate quality indicator such as
RFV may undervalue CP percentages. An ag-
gregate pricing index may work well for high-
quality hay having RFV and CP with similar
quality ratings, but it does not work as well
for poorer quality hay or for hay with RFV
and CP at widely different quality ratings.
Buyers of alfalfa hay need information on
both CP and RFV. Therefore, aggregation of
CP and RFV into a single quality index is not
warranted.

[Received August 2003; Accepted April 2004.]
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