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Implications of Growing Biofuel Demands 
on Northeast Livestock Feed Costs 
 
Todd M. Schmit, Leslie Verteramo, and William G. Tomek 
 
 The relationship between complete-feed prices and ingredient prices is estimated in order to 

analyze the effect of higher commodity prices on feed costs, with particular attention paid to 
the substitutability of corn distillers dried grains with solubles (DDGS). Using the historical 
price correlation between corn and DDGS, each $1 per ton increase in the price of corn in-
creases feed costs between $0.45 and $0.59 per ton across livestock sectors. Marginal feed 
costs based on lower forecasted price correlations are reduced between $0.05 to $0.12 per ton 
across livestock sectors, but only for the dairy ration is the reduction statistically significant. 
Overall, DDGS cost savings are relatively limited and insufficient to offset the impact of other 
higher-priced feedstocks. 

 
 Key Words: biofuels, commodity prices, distillers dried grains with solubles, livestock feed 

costs 
 
 
An expanding U.S. biofuels industry and corre-
sponding increased demand for grains and oil-
seeds is affecting the structure of agricultural com-
modity markets. While the demand from biofuel 
processors is well-known, though still a relatively 
recent factor affecting prices, growing incomes 
and populations in China and India have also in-
creased the demand for farm commodities. The 
growing demand, relative to available supplies, 
has significantly raised the average level of com-
modity prices. Tighter commodity markets exist, 
and the result is higher price levels and increased 
price variability (Westcott 2007). 
 These price effects have substantial implica-
tions for livestock operations, and management 
adjustments will be required to respond to higher 
input feed costs. U.S. livestock farmers in the 

Northeast reported increases in feed costs from 
April 2006 to April 2007 of 14 percent, 21 per-
cent, 34 percent, and 19 percent, for the hog, 
layer, broiler, and dairy livestock sectors, respec-
tively (USDA 1986–2008).1 Record-high com-
modity prices early in 2008 translated into re-
ported (April) farm feed-cost increases of an ad-
ditional 14 percent, 15 percent, 50 percent, and 20 
percent, respectively, over 2007 levels (USDA 
1986–2008). 
 Given the expectation that corn and soybean 
meal prices will remain above the levels of the 
1990s and early 2000s, there is substantial inter-
est in evaluating the outlook for feed prices and 
the utilization of biofuel by-product feeds, pri-
marily corn distillers dried grains with solubles 
(DDGS), as a cost-reducing alternative. While in-
creasing supplies of these by-product feeds may 
result in lower-priced feed ingredients, several 
limitations need to be addressed. The ultimate ef-
fect on feed costs will vary by livestock sector, 
given varying feedstock prices and the degree of 
feasible ration and operational adjustments. 
 Generally, DDGS feed ingredients can be util-
ized more readily in ruminant rations than in non-
ruminant rations, and the limiting components 
                                                                                    

1 Feed prices are reported regionally by USDA. The Northeast United 
States comprises the New England states (Maine, New Hampshire, 
Vermont, Massachusetts, Rhode Island, and Connecticut), New York, 
Pennsylvania, New Jersey, Delaware, and Maryland. 
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vary across livestock types. While such feed has 
been used for years, the recent explosive growth 
in supplies has led to some problems with incon-
sistent product quality. The non-standardized 
nature of the product has resulted in variation in 
quality within plants across batches and across 
plants as well (Rausch and Belyea 2005, Chase 
2006). This variation comes with a cost in redes-
igning livestock rations and has been a major lim-
iting factor in increasing utilization in livestock 
rations. 
 Nutritional concerns will also limit the amount 
of the expanded feedstock supply that can be ab-
sorbed by the livestock sectors. For example, the 
relatively high fat and phosphorus levels limits 
intake in ruminant rations (Chase 2006, Boyles 
2007, Stallings 2007), as well as particular con-
cerns over sulfur toxicity, lysine deficiencies, and 
depressed milk fat levels (Loy 2007, Chase 2006). 
The fat content is also problematic for hog rations 
with an industry striving to produce leaner pork 
products (Whitney et al. 2006). Excessive feeding 
in poultry rations can lead to lower feed intake 
and meat yields, and is limited in use by its lower 
energy and lysine contents, and poor protein qual-
ity (Shurson and Noll 2005). 
 Environmental impacts related to nutrient man-
agement can also limit DDGS feeding given in-
creased nitrogen and phosphorus levels in manure 
(Schmit et al. 2008, Hadrich et al. 2008). For etha-
nol producers, the value of DDGS co-products is 
non-trivial, currently equal to roughly one-half of 
non-corn operating costs (Shapouri and Gallagher 
2005). As such, ethanol producers are increasing 
their attention on product quality and consistency 
issues, and are considering alternative processing 
technologies, such as germ and fiber separation 
equipment, that can address the compositional is-
sues and limiting factors mentioned above (Raja-
gopalan et al. 2005, Kwiatkowski et al. 2006). 
 Recent research has used large simulation and/ 
or input-output models to investigate the effects 
of various biofuel production scenarios on grain 
and related markets (e.g., Elobeid et al. 2006, Eng-
lish et al. 2007, FAPRI 2005, 2007, Swenson and 
Eathington 2006). These partial and general equi-
librium models integrate related agricultural and 
other markets to simulate product flows and esti-
mate the quantities and prices reached in equili-
brium. Price and quantity effects are reported for 
the various grain, oilseed, livestock, dairy, and 
food markets, but the underlying feed-cost im-

pacts and feed-cost relationships are not often re-
ported directly. 
 Mathematical programming models to deter-
mine least-cost rations with respect to commodity 
prices and nutritional constraints are well under-
stood, dating back to at least the 1950s (e.g., 
Waugh 1951, Heady and Candler 1958). A vast 
literature exists that improves on and expands 
these models to incorporate such things as risk 
and price dynamics (e.g., Anderson and Trapp 
2000, Coffey 2001), or incorporates feed ration 
choice decisions within a whole-farm model that 
includes other production decisions and environ-
mental implications (e.g., Schmit and Knoblauch 
1995, Teague, Bernardo, and Mapp 1995). 
 Alternatively, Ferris (2006) utilized an econo-
metric approach to measure the impact and utili-
zation of corn grain and soybean meal in a period 
of rapidly expanding by-product feed supplies 
from ethanol production. In his approach, feeds 
were converted into protein and energy equiva-
lents, and prices for DDGS were generated based 
on feed composition and computed synthetic en-
ergy and protein prices. While Ferris (2006) was 
able to demonstrate the substitution of ethanol by-
product feeds on a nutritional basis, the impacts 
of this substitution was not related back fully to 
overall feed costs or differential impacts by live-
stock sector. 
 The intent of this paper is to look beyond the 
determination of a least-cost minimizing feed mix 
by incorporating additional firm and market fac-
tors that affect the underlying technical relation-
ships between input prices and feed costs. From 
this hedonic-type approach, market data on feed 
ingredient prices are collected and related to ac-
tual reported complete ration feed costs in the 
northeast United States. This more macro-oriented 
approach presumes that livestock producers maxi-
mize returns and determine the appropriate least-
cost rations for their operations incorporating nu-
tritional protocols. However, as mentioned above, 
ration adjustments and, ultimately, changes in 
feed costs will depend not only on nutritional 
feasibility, but also on changes in industry feed-
ing recommendations and technologies over time, 
whole-farm planning decisions, nutrient manage-
ment issues, and the availability of a quality, con-
sistent product. Ultimately, the balancing of these 
supply and demand components should be re-
flected in feedstock prices and overall feed costs. 
 Our objective is to examine potential changes 
in feed costs over a range of anticipated future 
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prices and alternative pricing behaviors of bio-
energy by-product feeds. Understanding the dif-
ferential impacts across livestock sectors will help 
illustrate limitations on feasible ration adjust-
ments in relation to current utilization and poten-
tial impacts on profitability across sectors. Given 
an uncertain future, such information can serve as 
a useful tool for planning production and feeding 
decisions, as well as for the adoption of strategies 
and tools to control input costs. 
 We continue with a discussion of the feed-cost 
modeling and empirical specifications, followed 
by a description of the data used. Then, the econo-
metric results and model simulations are dis-
cussed. We close with some summary conclu-
sions and directions for future research. 
 
 
Empirical Framework 
 
The prices of four complete livestock feeds for 
the Northeast are plotted against years in Figure 
1. These (nominal) prices clearly have trended 
upward over the last 22 years, and the year-to-
year changes have some correlation. Presumably, 
these correlations are related importantly to the 
common influences of ingredient costs. Corn prices 
are perhaps the single most important driver of 
feed costs, but related ingredient prices also con-
tribute to the correlations. 
 Our analysis of the relationship between ingre-
dient and feed prices is based on a cost frame-
work. The price of a feed can be decomposed into 
its cost components and a profit margin. If com-
plete information were available for all compo-
nents on the right-hand side, then an identity 
would exist at any point in time; however, such 
information is unavailable, particularly for changes 
over time. For example, suppose that the price of 
a mixed feed (FP) at a particular point in time de-
pends on the prices of two commodity inputs (YP 
and XP), and assuming Y and X are used in a 0.6 
and 0.4 proportion (with all prices in the same 
units), then for a point in time, FP = 0.6YP + 
0.4XP. If this is known, then no estimation is re-
quired. But, in practice, the right-hand side is 
more complex, and the marginal effects of feed 
costs may vary with the ingredient price levels. 
 In this context, regression models can provide 
insights into the price relationships. The regres-
sion approach also permits a comparison of im-
pacts of higher commodity prices across livestock 

sectors and an estimation of future feed prices 
conditional on possible future ingredient costs. 
The models attempt to capture the effects of the 
changes in major cost components on feed prices, 
with the omitted costs captured by a trend vari-
able and the residual. Specifically, we use histori-
cal prices for representative complete mixed-
feeds disaggregated by livestock sector and the 
principal commodity inputs in the Northeast re-
gion, and we estimate their technical relation-
ships.2 The availability of ethanol by-products as 
potential feedstocks, primarily DDGS, is consid-
ered in relation to substitutability of other feed-
stock products, in terms of both energy and pro-
tein requirements. 
 We represent the feed-cost–ingredient price re-
lations using a semi-log functional form. Alter-
native functional forms (i.e., linear and inverse) 
were also considered and are discussed below. A 
general representation of the model can be ex-
pressed as 
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where FCi,t is the complete feed cost for livestock 
sector i at time period t, and Pj, t–τ are lagged (t–τ) 
feed ration components ( j = 1, …, J ), including 
primary commodities (corn and soybean meal) 
and alternative protein and energy processed in-
gredients (DDGS, meat and bone meal, cotton-
seed meal, etc.). Lagged ingredient prices are used 
to account for the time dimension between ingre-
dient procurement and feed manufacturing and 
use. Given that the ingredient prices are lagged, 
they are arguably predetermined and thereby pre-
clude concerns about their endogeneity. TRt–τ re-
presents other lagged input costs in the produc-
tion of feed such as labor, and is represented as a 

                                                                                    
2 While becoming less common, historical feed costs are available for 

“complete feeds,” i.e., feeds supplying energy, protein, and vitamins/ 
minerals. It is perhaps more common today to work with “protein sup-
plements” with a high overall crude protein and to purchase and blend 
other feed ingredients at the farm. As we are considering changes in 
prices for both energy and protein needs, complete feed costs were util-
ized here.  
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Figure 1. Northeast Feed Costs by Livestock Sector (1986–2007) 
Source: USDA (1986–2008). 

 
 
linear trend variable as an expedient in order to 
capture the effects that are causing feed prices to 
adjust, net of ingredient price changes, and the 
β’s, α’s, and δ’s are parameters to be estimated. 
Finally, εi,t is the error term with mean zero for all 
sectors i, variance σi

2, and covariances across 
equations of σi,i- for all i ≠ i-. 
 A hypothesis is that a curvilinear form is pref-
erable, because as prices increase for one ingre-
dient, feed manufacturers or producers will likely 
shift to a combination of lower-cost alternatives, 
but to a decreasing degree as prices rise. Such a 
model framework allows us to derive technical 
feed-cost relationships that change continuously 
with the cost of the respective input. Also, since 
we wish to make estimates of the effects of high 
corn prices near or beyond the upper range of 
prices in the data set, the functional form is im-
portant because the marginal effects will differ at 
the data extremes. Ultimately, the alternative forms 
are evaluated based on their overall statistical fit, 
within-sample prediction performance, and flexi-
bility in allowing marginal effects on feed prices 
to vary with the level of ingredient prices. 

Data 
 
The data set covers the years 1986 through 2007 
(2008 is used later to evaluate ex post feed-cost 
predictions). All of the costs and prices are in 
current (nominal) dollars per ton. Defining differ-
ent price/cost deflators for the left-hand-side (live-
stock feed) and right-hand-side (feed ingredients) 
variables is questionable, and using the same de-
flator on both sides would produce similar statis-
tical results (i.e., scale effects only). Moreover, 
interest centers on predictions of nominal prices. 
Annual complete feed costs for the month of 
April (in dollars per ton) were taken from Agri-
cultural Prices (USDA 1986–2008). The costs 
are based on farm establishment survey responses 
and represent averages for the Northeast region. 
 The commodity input and feed ingredient 
prices were obtained from Feedstuffs (1986–2008) 
and are wholesale prices free-on-board (FOB) at 
Buffalo, New York. We use a weekly average for 
the second week in March. Ingredient prices in-
cluded are based on our judgment and consulta-
tion with animal nutritionists about the impor-
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tance of the particular commodities in feed manu-
facturing in the Northeast (Table 1).3 
 Input prices were also obtained for additional 
lagged months, but were not statistically impor-
tant in preliminary specifications and were not 
subsequently included. Based on the coefficients 
of variation (CV), DDGS had the smallest relative 
variation in prices over the sample period, but all 
commodities were similar (Table 1). 
 
 
Model Estimation 
 
The final model estimated across livestock sectors 
can be expressed as 
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where the subscripts D, H, B, and L refer to the 
dairy, hog, broiler, and layer sectors, respectively, 
and where ingredient prices for corn grain, soy-
bean meal, corn distillers dried grains with solu-
bles, and meat and bone meal are represented by 
CP, SBMP, DDGSP, and MBMP, respectively. 
Interaction effects among feed ingredients were 
originally included, but were generally insignifi-
cant. Hence, we eliminated interaction effects in 
the final models estimated. The resulting equa-
tions are relatively simple, but high collinearity 
among feed ingredient prices, as well as the rela-
tively small sample size, preclude complex speci-
fications. 

                                                                                    
3 Additional feed ingredients (e.g., wheat, wheat middlings, cotton-

seed meal, canola meal, corn gluten feed, etc.) were considered in pre-
liminary specifications, but exhibited wrong signs and/or were insigni-
ficant, largely due to relatively high collinearities with corn grain and 
soybean meal prices, and were excluded from the final specification. 

 Given that the regressors are somewhat differ-
ent in the four equations, the four equations were 
estimated as a system of seemingly unrelated re-
gressions (SUR).4 With the interaction effects re-
moved, the linear functional form does not allow 
for changes in marginal effects as feed prices 
change, so it was excluded from further consid-
eration. Also, while both curvilinear forms (i.e., 
semi-log and inverse) slightly underestimated feed 
costs at the higher end of corn prices, the semi-
log model’s marginal effects decline more slowly 
as prices rise. In addition, within-sample root 
mean square errors (RMSE) were lower for all 
equations with the semi-log functional form.5 As 
such, the semi-log functional form was preferred 
and the final equations have good statistical fits, 
with pseudo R-squared coefficients near or above 
0.8 (Table 2). 
 The trend variable is statistically the most im-
portant variable in the equations, and likely cap-
tures a collection of important costs such as en-
ergy and labor that are moving upward and are 
highly correlated. This is important in the feed-
cost simulations later, and allows us to focus on 
pricing behavior net of trend effects. Correlation 
coefficients of the trend term with commodity 
prices were modest, ranging from -0.39 for DDGS 
to 0.26 for corn. 
 DDGS is not included in the final specification 
for broiler feeds. Original model specifications 
showed lack of significance and incorrect signs. 
This type of result is consistent with industry 
practice where poultry broiler operations use lit-
tle, if any, DDGS, while its use in layer opera-
tions is more common, although still limited. 
More limited flexibility in using broiler feed in-
gredients is also evident in the large feed-cost 
increases over the last two years relative to the 
other livestock sectors. 
 The relative size and significance of the various 
input ingredient parameters will be affected, in 
part, by the relative contributions of the ingredi-
ents to their complete rations. In particular to 
                                                                                    

4 A SUR chi square test (Judge et al. 1988, p. 456) of whether the er-
ror terms across equations were uncorrelated was rejected at the 5 per-
cent significance level for all functional forms; the test statistics for the 
linear, semi-log, and inverse functional forms were 16.58, 22.12, and 
30.39, respectively, with a critical value of 12.59. 

5 Percentage root mean square error (RMSE) statistics are 3.33, 4.19, 
7.09, and 4.61 for the semi-log model and 3.76, 4.28, 7.54, and 5.01 for 
the inverse model for the dairy, hog, broiler, and layer equations, 
respectively. 
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Table 1. Livestock Feed Costs and Ingredient Prices in the Northeast (1986–2007) 

Variable Mean Std. Dev. Min. Max. CV 

 ---------------- $ per ton ---------------- % 

LIVESTOCK FEED COSTS      

 Dairy feed (18% CP)a 196.64 23.92 156.00 259.00 12.17 

 Hog feed (14%–18% CP)a 233.00 35.44 172.00 330.00 15.21 

 Broiler feed 245.95 40.51 188.00 336.00 16.47 

 Layer feed 213.59 30.33 164.00 288.00 14.20 

FEED INGREDIENT PRICES       

 Corn grain (#2, yellow)b 100.43 19.09 62.00 147.00 19.02 

 Soybean meal (49% CP)a 206.71 38.90 146.00 301.00 18.82 

 DDGS c 130.68 22.06 88.00 167.00 16.88 

 Meat and bone meal 218.91 39.76 150.00 300.00 18.16 
a CP = crude protein 
b Corresponding corn prices in dollars per bushel are mean 2.81, mininum 1.74, and maximum 4.12. 
c DDGS = corn distillers dried grains with solubles. 
Notes: Feed ingredient prices represent mid-month (for March) wholesale market prices in Buffalo, New York, FOB (Feedstuffs 
1986–2008). Livestock feed costs represent complete feed costs for April for the Northeast region of the United States (USDA 
1986–2008). 
 
 
Table 2. Livestock Feed Cost Model Results, Semi-Log Functional Form 

Estimate Dairy Hogs Broilers Layers 

Intercept -394.26 
(< 0.01) 

-317.61 
(< 0.01) 

-419.82 
(< 0.01) 

-402.05 
(< 0.01) 

Corn grain 55.98 
(< 0.01) 

44.94 
(0.01) 

67.63 
(< 0.01) 

48.46 
(< 0.01) 

Soybean meal 25.83 
(0.03) 

10.49 
(0.58) 

57.72 
(0.01) 

10.73 
(0.55) 

DDGS a 35.26 
(0.01) 

48.09 
(0.03) 

-- 26.55 
(0.18) 

Meat and bone meal -- -- -- 30.86 
(0.06) 

Time trend 2.19 
(< 0.01) 

4.77 
(< 0.01) 

4.20 
(< 0.01) 

3.58 
(< 0.01) 

R-square 0.90 0.88 0.80 0.87 

DW-test statistic 1.33 1.53 1.85 1.82 
a DDGS = corn distiller dried grains with solubles. 
Note: The model is estimated using seemingly unrelated regression (SUR) where dependent variables are feed costs by livestock 
sector, and ingredient prices on the right-hand side are in logarithmic form, with the exception of the trend term. All prices and 
costs are in dollars per ton. The numbers in parentheses are p-values from two-sided tests of statistical significance of the coeffi-
cient estimates. 

 
ruminants, the ratio of corn to soybean meal used 
will vary depending on the proportions of corn 
silage (lower) and hay forage (higher) used. Us-

ing higher levels of hay forage increases protein 
contributions to the diet and thereby lowers the 
requirement for soybean meal. Corn to soybean 
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meal ratios in hog rations are generally similar to 
those in mixed corn silage and hay forage rations, 
but finisher rations tend to have a higher corn pro-
portion than those for grower pigs. Poultry rations 
typically exhibit somewhat lower corn to soybean 
meal ratios than do rations for hogs, and roasted 
soybeans are alternatively used. 
 As expected, the price of corn is statistically 
the most important ingredient driver of feed costs, 
with other ingredient prices having varying im-
portance depending on the particular feed. In the 
hog and layer feed equations, the soybean meal 
estimates were not statistically different from zero, 
but the DDGS estimates were (particularly for 
hogs). This is likely due, in part, to the primary 
ration components described above. However, in 
all equations except broilers, the estimated mar-
ginal price effects for DDGS are greater than 
those for soybean meal, and likely reflective of 
the fact that DDGS can substitute some for soy-
bean meal as a protein supplement, as well as for 
corn grain as an energy (high fat) feed. 
 The estimated coefficients are, of course, de-
pendent on the sample and, hence, are influenced 
by the range of input prices and the correlations 
among prices. The price correlations are reasona-
bly modest, with correlations of corn prices to 
other prices below 0.50. Soybean meal price cor-
relations with DDGS and meat and bone meal are 
higher (0.66 and 0.74, respectively), which is ex-
pected given increased substitution as protein 
sources. Variance inflation factors computed for 
each feed-cost equation are 2.20, 2.20, 1.58, and 
2.57 for the dairy, hog, broiler, and layer equa-
tions, respectively. Given the model specification, 
inflation factors below 5.0 suggest that multicol-
linearity is not a serious issue (Judge et al. 1988, 
p. 869). 
 As mentioned above, feed-cost prices in April 
2008 were significantly higher than those in April 
2007, driven largely by 63 percent and 47 percent 
increases in soybean meal and corn prices, re-
spectively, over year-earlier levels. In fact, year-
over-year comparisons in the data reveal that the 
2008 feed-cost increases were nearly as large as 
those reported in 1996 when corn prices reached 
an all-time high due to drought-related tighter 
supplies in the United States and strong demands 
for corn in China and other parts of Asia. In addi-
tion, the 2008 increases were subsequent to al-
ready large increases in 2007. 

 Given the application of our model to prices 
near or beyond the upper range of prices in the 
data, we made ex post forecasts of 2008 feed 
costs. As expected, the forecasts of 2008 feed 
costs were less than actual feed costs. However, 
in percentage change terms, predicted levels were 
relatively close to the actual levels. The broiler 
equation was an exception, where the model’s 
forecast of an 18 percent rise was unable to repli-
cate the 50 percent reported increase. Otherwise, 
the predictions of feed-cost increases were 17 
percent, 11 percent, and 16 percent over 2007 
levels for dairy, hog, and layers, respectively. The 
actual feed costs for April 2008 were up 20 per-
cent, 14 percent, and 15 percent, respectively 
(USDA 1986–2008). Combined with the within-
sample RMSE statistics, we believe the model is 
sufficient to evaluate expected changes in feed 
costs conditional on assumed ingredient prices. 
 
Model Simulations 
 
To evaluate the potential impact on livestock feed 
costs from increasing commodity prices, the esti-
mated model was simulated over a range of pos-
sible future prices under two alternative price 
intercorrelation scenarios. March 2007 commod-
ity prices for the Northeast are used as the base 
price levels, and price increases of 10 percent, 25 
percent, and 50 percent for corn and soybean 
meal are evaluated. Nearby futures contract trad-
ing in fall 2008 showed corn and soybean meal 
prices roughly 25 percent to 30 percent above 
2007 base-level prices; however, prices in August 
were roughly 50 percent higher, and the Midwest 
flooding conditions in June showed prices 80 
percent to 90 percent above 2007 base levels. In 
any event, the range in expected price changes is 
reasonable. 
 While DDGS has been used in livestock rations 
for many years, the supply of DDGS has been 
small. Thus, historical movements in DDGS 
prices have closely tracked corn prices. The cor-
relation coefficient between these two price series 
over the sample period was calculated at 0.45. As 
expected, corn and soybean meal prices have also 
been positively correlated, and over our sample 
period this correlation was 0.50. If corn and 
DDGS and corn and soybean meal prices con-
tinue to be positively correlated as recent history 
depicts, then increases in corn prices will result in 
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increases in the prices of DDGS and soybean 
meal. 
 Whether or not these historical correlations will 
continue depends on the growth in supplies rela-
tive to demand. Each bushel of corn used in etha-
nol production produces about 17 pounds of 
DDGS. Larger supplies of DDGS, relative to de-
mand, are expected to reduce its price and, there-
fore, make it a relatively more preferable feed 
ingredient. If DDGS prices do drop, then the 
price correlation between DDGS and corn could 
decline and potentially become negative, at least 
in the short run as the market adjusts to the new 
volume of DDGS and seeks the long-run price 
relationship to other feeds. In addition, increasing 
demand for corn and, with it, increasing corn 
prices, have affected acreage allocations for vari-
ous commodities. Recent shifts in corn acreage, 
primarily at the expense of soybeans, have in-
creased soybean and soybean meal prices. 
 Using FAPRI (2008) national average com-
modity price forecasts, predicted annual ingredi-
ent prices were collected for corn grain, soybean 
meal, and DDGS for the 2007/2008 through 
2017/2018 crop years. Using this data, the ex-
pected future price correlation coefficients were 
computed to be 0.20 between corn and soybean 
meal and 0.29 between corn and DDGS (FAPRI 
2008). The relative softening in both the corn-
soybean meal and corn-DDGS price correlations 
will help ameliorate some of the feed-cost in-
creases expected in the face of increasing in-
gredient prices, relative to historical standards.6 
We utilize these two sets of price correlations (i.e., 
the historical estimates and the FAPRI (2008) 
forecast estimates) to simulate the model over se-
lected price changes to explore the relative im-
pacts on marginal and predicted feed costs.7 

                                                                                    
6 It is worth noting that these computed correlations are considerably 

different from year-earlier FAPRI forecasts that showed price correla-
tion coefficients between corn and soybean meal at 0.97 and between 
corn and DDGS at -0.82 (FAPRI 2007). A closer examination of the 
USDA (1986–2008) data suggests that the positive correlation between 
corn and DDGS prices has indeed softened over the last few years, but 
remains positive. It remains clear that consistently forecasting what 
these relations will be moving forward is difficult within the current 
market environment. 

7 For the forthcoming model simulations, we assume the price of 
DDGS (PDt) in time period t can be expressed as PDt = 

1 1 1[1 (( ) / )]t t t tPC PC PC PD− − −+ ρ − × , where PC is the price of corn 
grain, and ρ is the computed price correlation coefficient. Analogous 
calculations are made for the soybean meal price and its estimated 
correlation coefficient with the price of corn. 

Marginal (Point) Effects 
 
To begin, we focus on corn prices and estimate 
the effect on marginal feed costs for the three 
percentage changes in prices assumed above. The 
estimated marginal effects, assuming historical 
positive price correlations, are displayed in Table 
3 under the Scenario 1 columns. At 2007 baseline 
prices, dairy and broiler feeds have the highest 
marginal effects, 0.59 and 0.67, respectively, im-
plying that at the base levels a $1 per ton increase 
in the price of corn [and related (correlated) 
increases in other feed prices] results in a $0.59 
($0.67) per ton increase in the price of dairy 
(broiler) feed. This is consistent with the fact that 
common dairy and broiler feeds use higher rela-
tive contributions of corn in their complete feed 
rations (particularly broilers). The historical posi-
tive corn-DDGS price correlation also increases 
dairy costs. The cost increases are also consistent 
with the percentage changes in reported feed 
costs from 2006 to 2007 that showed that feed 
costs for dairy and broilers increased relatively 
more than for hogs and layers (USDA 1986–
2008). The marginal effects for hogs and layers 
were 0.50 and 0.45, respectively, at 2007 price 
levels. 
 As corn prices rise, the marginal effects de-
crease, consistent with the semi-log functional 
form and the expectation that as prices increase 
for one ingredient, feed manufacturers and pro-
ducers will shift to lower-cost alternatives, albeit 
more restrictively as prices continue to increase. 
In addition, given the price correlation assump-
tions, increases in corn prices lead to less than 
proportional increases in soybean meal and 
DDGS. Marginal feed costs for dairy with respect 
to corn prices drop from 0.59 at the base 2007 
prices to 0.39 when corn prices increase 50 per-
cent (again assuming that other feed costs rise 
based on historical correlations to corn prices). 
Based on computed 90 percent confidence inter-
vals, the reductions in marginal feed costs with 
respect to corn prices from 2007 base prices are 
statistically different from zero when corn prices 
increase beyond 10 percent for dairy, hogs, and 
layer rations, and beyond 25 percent for broiler 
rations. 
 Marginal feed costs assuming future price cor-
relations based on FAPRI (2008) projections, 
which include reduced corn-soybean meal and 
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Table 3. Marginal Feed Cost Effects of Rising Corn Prices in the Northeast, by Livestock Sector 
and Price Correlation Scenario 

 Dairy Hogs 

Corn Price ------Scenario 1------ ------Scenario 2------ ------Scenario 1------ ------Scenario 2------ 

Base 2007 
($4.05/bu.) 

0.59 
(0.55, 0.62) 

0.49 
(0.45, 0.53) 

0.50 
(0.45, 0.55) 

0.42 
(0.37, 0.47) 

+ 10% 0.53 
(0.51, 0.56) 

0.45 
(0.42, 0.48) 

0.45 
(0.41, 0.49) 

0.38 
(0.34, 0.43) 

+ 25% 0.47 
(0.44, 0.48) 

0.40 
(0.37, 0.42) 

0.40 
(0.36, 0.43) 

0.34 
(0.31, 0.37) 

+ 50% 0.39 
(0.38, 0.41) 

0.33 
(0.31, 0.35) 

0.33 
(0.31, 0.35) 

0.28 
(0.26, 0.31) 

     
 Broilers Layers 

Corn Price ------Scenario 1------ ------Scenario 2------ ------Scenario 1------ ------Scenario 2------ 

Base 2007 
($4.05/bu.) 

0.67 
(0.56, 0.77) 

0.55 
(0.43, 0.66) 

0.45 
(0.40, 0.50) 

0.40 
(0.35, 0.45) 

+ 10% 0.61 
(0.52, 0.69) 

0.50 
(0.40, 0.59) 

0.41 
(0.37, 0.45) 

0.37 
(0.32, 0.41) 

+ 25% 0.53 
(0.47, 0.60) 

0.44 
(0.37, 0.51) 

0.36 
(0.33, 0.40) 

0.32 
(0.29, 0.36) 

+ 50% 0.44 
(0.40, 0.49) 

0.37 
(0.32, 0.42) 

0.30 
(0.28, 0.32) 

0.27 
(0.25, 0.29) 

Note: Predictions are based on the semi-log model in Table 2. Marginal effects represent the marginal changes in feed costs (dol-
lars per ton) at various levels of corn prices. Scenario 1 uses historical corn price correlations computed from the sample data; i.e., 
soybean meal = 0.50 and corn distillers dried grains with solubles (DDGS) = 0.45. Scenario 2 uses computed price correlations 
based on future market price predictions in FAPRI (2008); i.e., soybean meal = 0.20 and DDGS = 0.29. Base 2007 prices (dollars 
per ton) from the sample data are as follows: corn $144.6 ($4.05/bu), soybean meal $229.0, DDGS $140.0, and meat and bone 
meal $255.0. Numbers in parentheses represent 90 percent confidence intervals. 

 
 
corn-DDGS price correlations, are shown under 
Scenario 2 in Table 3. Marginal feed costs, evalu-
ated at base price levels, are reduced $0.09 (16 
percent), $0.08 (15 percent), $0.12 (17 percent), 
and $0.05 (11 percent) per ton for dairy, hog, 
broiler, and layer feeds, respectively. While the 
correlations are still positive, their reduced levels 
imply relatively smaller increases in DDGS and 
soybean meal prices when corn prices increase. 
However, in only the dairy rations are the reduc-
tions in marginal feed costs between scenarios 
statistically different at the 10 percent signifi-
cance level (Table 3). Recall that both the hog 
and layer equations have relatively lower esti-
mated feed-cost coefficients for soybean meal and 

are not statistically different from zero. While the 
lack of significance is due partially to the rela-
tively modest reductions in price correlations be-
tween the two scenarios, the results are consistent 
with the fact that rations for non-ruminants are 
generally not able to incorporate as much DDGS 
as rations for ruminants. 
 In addition, ration adjustments are arguably 
more malleable for ruminant rations where changes 
in forage bases can play a larger role in response 
to changes in both soybean meal and DDGS price 
effects. In any event, given the computed 90 per-
cent confidence intervals under Scenario 2, as 
corn prices increase, the reductions in marginal 
feed costs from the 2007 base level are signi-
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ficantly different when prices increase 25 percent 
for dairy rations, but not until there is a 50 per-
cent price increase for hogs, broilers and layers. 
 
Predicted Effects 
 
While the foregoing estimates are useful, par-
ticularly in understanding the short-run effect of 
increased corn prices, the prices of multiple feed-
based commodities tend to move together, and it 
is also useful to isolate changes in DDGS pricing 
dynamics from changes in feed costs. Hence, we 
evaluate the impact on feed costs of concurrent 
increases in corn and soybean meal prices, while 
still isolating the potential feed-cost savings from 
the alternative DDGS price relations (Table 4).8 
Under the historical DDGS pricing relationship 
(Scenario 1), feed costs are expected to increase 
from 5 percent to 17 percent for dairy and broil-
ers, and from 4 percent to 12 percent for hogs and 
layers, as corn and soybean meal prices increase 
from 10 percent to 50 percent. 
 Scenario 2 shows the estimated feed-cost changes 
with the reduced corn-DDGS price correlation 
from 0.54 to 0.29 (Table 4). Given that we are 
isolating only the impact of the reduced price 
effects for DDGS, the changes between scenarios 
are relatively modest. Depending on the pricing 
scenario, feed costs are reduced 3 percent to 7 
percent for dairy, 5 percent to 9 percent for hogs, 
and 3 percent to 6 percent for layers. When 
isolating only the corn-DDGS pricing effects, 
relative cost savings at any given soybean meal 
price level are modestly higher for hogs than 
dairy (layers still show the lowest savings poten-
tial). Earlier, however, when price effects were 
adjusted for both DDGS and soybean meal, 
dairy’s marginal feed-cost savings were above 
those of hogs (Table 3). Intuitively this makes 
sense due to the additional flexibility in ruminant 
ration adjustments (e.g., changing forage bases, 
etc.) in response to meal and grain price changes. 
 For a given soybean meal price, increases in 
corn prices increase potential DDGS cost savings; 
i.e., DDGS can substitute more for corn (for en-
ergy) when soybean meal becomes relatively more 
expensive as a protein source. However, for a 
given corn price, increases in soybean meal prices 

                                                                                    
8 Given that the price scenarios reflect changing prices, presumably 

over a period of time, we also increase the trend variable by one unit. 

reduce the potential DDGS cost savings; i.e., 
while DDGS can substitute for soybean meal (for 
protein), DDGS’s higher relative fat levels limit-
ing its additive effect as protein becomes the lim-
iting component in rations including DDGS. 
 Perhaps more generally useful, the results in 
Table 4 may be viewed as average expected 
changes in feed costs given either historical (Sce-
nario 1) or expected (Scenario 2) DDGS price 
correlation assumptions. The fact that using the 
most recent projections of future pricing behavior 
results in similar overall cost effects gives some 
support that history may be as good a guide as 
any in projecting livestock feeding costs over the 
long run. Also, given that the semi-log model un-
derestimated actual feed-cost effects at higher in-
gredient prices, the conditional forecasts at the 
price extremes are more likely underestimating 
than overestimating the effects on feed costs. 
 
 
Conclusions 
 
High commodity prices fueled by biofuel produc-
tion growth appear to be a boon to the nation’s 
crop farmers, at least in the short run, but price 
changes affect the profitability of the nation’s 
livestock production firms through higher feed 
costs. A statistical model describing the technical 
relationships between feed ingredient prices and 
feed costs was estimated for the Northeast for 
four livestock sectors. This relatively simple 
macro-oriented approach is particularly useful in 
that the feed-cost and price data inherently incor-
porate not only least-cost ration adjustments re-
flecting nutritional feasibilities, but also changes 
in industry feeding recommendations and tech-
nologies over time, whole-farm planning deci-
sions, nutrient management factors, and the avail-
ability of a quality, consistent product. 
 As expected, changes in corn prices were found 
to be the primary ingredient driver of feed costs. 
Evaluated at 2007 prices and assuming historical 
price correlations between corn and DDGS and 
corn and soybean meal, each $1 per ton increase 
in the price of corn increases feed costs by $0.59, 
$0.50, $0.67, and $0.45 per ton for dairy, hogs, 
broilers, and layers, respectively. As corn prices 
increase, the marginal feed-cost effects decrease, 
consistent with the expectation that as prices in-
crease for one ingredient, feed manufacturers and 
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Table 4. Percentage Feed Cost Changes of Rising Corn and Soybean Meal Prices in the 
Northeast, by Livestock Sector and Price Correlation Scenario 

 Corn Price Percentage Change 

 Dairy Hogs 

 --------Scenario 1-------- --------Scenario 2-------- --------Scenario 1-------- --------Scenario 2-------- 

SBM Price Change 10% 25% 50% 10% 25% 50% 10% 25% 50% 10% 25% 50% 

10% 4.7 8.5 14.0 4.5 7.9 13.0 4.0 6.9 11.1 3.7 6.3 10.0 

25% 6.0 9.8 15.3 5.8 9.3 14.4 4.4 7.3 11.5 4.2 6.7 10.5 

50% 7.9 11.7 17.2 7.7 11.2 16.3 5.1 7.9 12.1 4.8 7.4 11.1 

             

 Broilers Layers 

 --------Scenario 1-------- --------Scenario 2-------- --------Scenario 1-------- --------Scenario 2-------- 

SBM Price Change 10% 25% 50% 10% 25% 50% 10% 25% 50% 10% 25% 50% 

10% 5.0 7.7 11.5    3.7 6.6 10.7 3.6 6.2 10.0 

25% 7.3 10.0 13.8    4.2 7.1 11.1 4.1 6.7 10.5 

50% 10.6 13.2 17.1    4.9 7.8 11.8 4.8 7.4 11.2 

Note: Predictions are based on the semi-log model in Table 2. Corn and soybean meal (SBM) prices represent changes from 2007 
base prices [i.e., $144.60/ton ($4.05/bu) and $229/ton, respectively]. Scenario 1 uses the historical price correlation between corn 
and corn distillers dried grains with solubles (DDGS) from the sample data, 0.45. Scenario 2 uses the computed price correlation 
based on future market price predictions in FAPRI (2008), 0.29. Other prices held at 2007 prices. Scenario 2 for the broiler equa-
tion is not applicable since DDGS prices are not included in the feed cost equation. 
 
 
producers will shift to lower-cost alternatives. Us-
ing longer-run predictions of commodity price 
behavior that anticipate reduced price correlations 
between corn and both soybean meal and DDGS, 
the estimated increases in feed costs for each $1 
per ton increase in the price of corn are reduced 
to $0.50, $0.42, $0.55, and $0.40, respectively, 
although only dairy’s reduction was statistically 
different from zero. 
 In evaluating changes in feed costs across a 
range of contemporaneous increases in corn and 
soybean meal prices, initial cost increases were 
somewhat higher for dairy feeds than for hog and 
layer feeds. While, generally, DDGS can be sub-
stituted in higher proportions in ruminant than in 
non-ruminant rations, offsetting costs are also 
affected by the relative proportions of corn and 
soybean meal in base rations and differences in 
historical utilization of DDGS across sectors. As 
price levels increased for corn and soybean meal, 
however, DDGS cost savings were relatively lar-
ger in the dairy rations. In addition, DDGS cost 
savings increased as corn prices increased, and 

decreased with increases in soybean meal prices, 
reflecting, in part, differences in DDGS substitut-
ability in feed rations and the limiting nutritional 
effects for energy and protein components. 
 The simulations are point estimates based on 
the estimated parameters and on a set of assump-
tions about future ingredient prices. Sampling er-
ror becomes particularly salient given that the 
forecasts are beyond the range of the sample data, 
with larger distances from the mean implying 
larger confidence intervals around the point esti-
mates. Structural changes in feed markets are also 
occurring given biofuel industry growth. The esti-
mated technical relationships are likely to change 
over time with a consistent and larger supply of 
DDGS feedstocks and improvement in their nutri-
tional quality. Updating the model estimates with 
additional data encompassing these new market 
conditions will be important to ascertain future 
impacts on livestock sectors. 
 Notwithstanding these limitations, our results 
illustrate the consequences for feed costs of 
higher price levels for corn and soybean meal. 
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But, these results should not be interpreted as 
specific forecasts for any particular year, because 
as just noted, future feed costs will depend on 
then-existing ingredient price relationships, which 
themselves must be forecast. As such, improving 
models that forecast changes in these price rela-
tionships over time will continue to be important. 
In addition, extending the model to other regions 
would demonstrate possible regional impacts, con-
ditional on spatial differences in ingredient prices 
and biofuel production. 
 
 
References 
 
Anderson, J.D., and J.N. Trapp. 2000. “The Dynamics of 

Feeder Cattle Market Responses to Corn Price Change.” 
Journal of Agricultural and Applied Economics 32(3): 
493–505. 

Boyles, S. 2007. “Thin Stillage and Corn Distillers Solubles.” 
In Ohio Beef Cattle Newsletter, No. 551, Ohio State Uni-
versity Extension Beef Team (August 29). 

Chase, L.E. 2006. “Considerations for Using Distillers Grains 
in Dairy Rations.” Working paper, Department of Animal 
Science, Cornell University, Ithaca, NY. 

Coffey, B.K. 2001. “An Analysis of the Effects of Feed Ingre-
dient Price Risk on the Selection of Minimum Cost Back-
grounding Feed Rations.” Journal of Agricultural and Ap-
plied Economics 33(2): 353–365. 

Elobeid, A., S. Tokgoz, D.J. Hayes, B.A. Babcock, and C.E. 
Hart. 2006. “The Long-Run Impact of Corn-Based Ethanol 
on the Grain, Oilseed, and Livestock Sectors: A Prelimi-
nary Assessment.” CARD Briefing Paper No. 06-BP 49, 
Center for Agricultural and Rural Development (CARD), 
Iowa State University, Ames, IA. 

English, B.C., D.G. De La Torre Ugarte, K. Jensen, C. Hell-
winckel, J. Menard, B. Wilson, R. Roberts, and M. Walsh. 
2007. “25% Renewable Energy for the United States by 
2025: Agricultural and Economic Impacts.” Staff Report, 
Department of Agricultural Economics, University of Ten-
nessee, Knoxville, TN. 

FAPRI [see Food and Agricultural Policy Research Institute]. 
Feedstuffs. 1986–2008. Feedstuffs (a weekly newspaper for 

agribusiness), the Miller Publishing Company, Minnetonka, 
MN (various issues). 

Ferris, J. 2006. “Modeling the U.S. Domestic Livestock Feed 
Sector in a Period of Rapidly Expanding By-Product Feed 
Supplies from Ethanol Production.” Staff Paper No. 2006-
34, Department of Agricultural Economics, Michigan State 
University, East Lansing, MI. 

Food and Agricultural Policy Research Institute (FAPRI). 
2005. “Implications of Increased Ethanol Production for 
U.S. Agriculture.” FAPRI-UMC Report No. 10-05, Iowa 
State University and University of Missouri-Columbia. 

____. 2007. “FAPRI 2007 U.S. and World Agricultural Out-
look.” FAPRI Staff Report No. 07-FSR, Iowa State Univer-
sity and University of Missouri-Columbia. 

____. 2008. “FAPRI 2007 U.S. and World Agricultural Out-
look.” FAPRI Staff Report 08-FSR 1, Iowa State University 
and University of Missouri-Columbia. 

Hadrich, J.C., C.A. Wolf, J.R. Black, and S.B. Harsh. 2008. 
“Incorporating Environmentally Compliant Manure Nutri-
ent Disposal Costs into Least-Cost Livestock Ration For-
mulation.” Journal of Agricultural and Applied Economics 
40(1): 287–300. 

Heady, E., and W. Candler. 1958. Linear Programming Meth-
ods. Ames, IA: Iowa State University Press. 

Judge, G.G., R.C. Hill, W.E. Griffiths, H. Lutkepohl, and T.-
C. Lee. 1988. Introduction to the Theory and Practice of 
Econometrics (2nd ed.). New York: John Wiley and Sons. 

Kwiatkowski, J.R., A.J. McAloon, F. Taylor, and D.B. Johns-
ton. 2006. “Modeling the Process and Costs of Fuel Etha-
nol Production by the Corn Dry-Grind Process.” Industrial 
Crops and Products 23(3): 288–296. 

Loy, D. 2007. “How Much Distillers’ Grains Can I Feed?” In 
Ethanol Feeds—Feeding Distillers Grains to Beef Cattle, 
Iowa Beef Center, Iowa State University, Ames, IA. 

Rajagopalan, S., E. Ponnampalam, D. McCalla, and M. Stow-
ers. 2005. “Enhancing Profitability of Dry Mill Ethanol 
Plants: Process Modeling and Economics of Conversion of 
Degermed Defibered Corn to Ethanol.” Applied Biochem-
istry and Biotechnology 120(1): 37–50. 

Rausch, K.D., and R.L. Belyea. 2005. “Coproducts from Bio-
processing of Corn.” Paper No. 057041, American Society 
of Agricultural Engineers Annual Meeting, Tampa, FL 
(July 17–20). 

Schmit, T.M., R.N. Boisvert, D. Enahoro, and L. Chase. 2008. 
“Dairy Farm Management Adjustments to Biofuels-Induced 
Changes in Agricultural Markets.” Working Paper No. 
2008-16, Department of Applied Economics and Manage-
ment, Cornell University, Ithaca, NY. 

Schmit, T.M., and W. Knoblauch. 1995. “The Impact of Nutri-
ent Loading Restrictions on Dairy Farm Profitability.” 
Journal of Dairy Science 78(6): 1267–1281. 

Shapouri, H., and P. Gallagher. 2005. “USDA’s 2002 Ethanol 
Cost of Production Survey.” Agricultural Economic Report 
No. 841, Office of the Chief Economist, U.S. Department 
of Agriculture, Washington, D.C. 

Shurson, J., and S. Noll. 2005. “Feed Alternative Uses for 
DDGS.” Department of Animal Science, University of 
Minnesota, St. Paul, MN. Presented at the conference “En-
ergy from Agriculture: New Technologies, Innovative Pro-
grams, and Success Stories,” St. Louis, MO (December). 

Stallings, C.C. 2007. “Distiller’s Grains for Dairy Cattle and 
Potential Environmental Impact.” Virginia Cooperative Ex-
tension, Publication No. 404-135. 

Swenson, D., and L. Eathington. 2006. “Determining the Re-
gional Economic Value of Ethanol Production in Iowa Con-
sidering Different Levels of Local Investment.” Working 
paper, Department of Economics, Iowa State University, 
Ames, IA. 



212    October 2009 Agricultural and Resource Economics Review 
 

 

Teague, M.L., D. Bernardo, and H. Mapp. 1995. “Farm Level 
Economic Analysis Incorporating Stochastic Environmental 
Risk Assessment.” American Journal of Agricultural Eco-
nomics 77(1): 8–19. 

U.S. Department of Agriculture. 1986–2008. Agricultural 
Prices. National Agricultural Statistics Service, U.S. De-
partment of Agriculture, Washington, D.C. Various issues. 
Available online at usda.mannlib.cornell.edu/mannusda/. 

Waugh, F. 1951. “The Minimum-Cost Dairy Feed.” Journal of 
Farm Economics 33(3): 299–310. 

 
 
 

Westcott, P.C. 2007. Ethanol Expansion in the United States: 
How Will the Agricultural Sector Adjust? Economic Re-
search Service (ERS) Report No. FDS-07D-01, ERS, U.S. 
Department of Agriculture, Washington, D.C. 

Whitney, M.H., G.C. Shurson, L.J. Johnston, D.M. Wulf, and 
B.C. Shanks. 2006. “Growth Performance and Carcass 
Characteristics of Grower-Finisher Pig Fed High-Quality 
Corn Distillers Dried Grain with Solubles Originating from 
a Modern Midwestern Ethanol Plant.” Journal of Animal 
Science 84(12): 3356–3363.  

 
 
 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


