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“ An Efficiency Analysis of Cattle Backgrounding
In Kansas’

Abstract:

Efficiency measures can be used to generate inferences about the future direction of the industry
and determine factors that may influence the structure. This study evauated relative efficiencies
of Kansas backgrounding operations. Farms that engaged in the backgrounding of cattle were
very ingfficient. Significant improvement is needed in technology adoption and input usage.



I ntroduction
The livestock sector comprises approximately 40% of agriculture s contribution to

Kansas gross state product. Within the livestock sector, cattle account for over 80% of the
vaue of dl livestock production in Kansas. Consequently, fluctuating livestock profitability has
alarge effect on tota income in the state’ s agricultural sector (Featherstone et d., 1996).
Since cattle provide the bulk of the livestock industry’ s revenue, the profitability of the cettle
industry has afar greater effect on aggregate returns for Kansas agriculture than returns earned
by any other livestock enterprise.

Recently, greet importance has been placed on the economic efficiency of agricultura
production because of itsrole in explaining profitability differences. With the increasein
indudtridization in many sectors of agriculture, particularly the beef sector, individuas from dl
facets of the economy (i.e. consumers, producers, politicians, taxpayers, etc.) are asking what
the future of agriculture will hold.

Little published research has been conducted on efficiency issues reated to cettle.
Most recently, Featherstone et d. (1997) published an article on the efficiency of the cow-calf
indudtry. Thisisone of thefirg articlesto look at the effect of efficiency and optima herd size
of beef cows. Their objective was to examine the efficiency of beef cow production for a
sample of Kansasfams. Featherstone et d. (1997) found that if overal efficiency increased by
10% for a cow-caf herd, net income per cow increased $81. They also concluded that

producers who are experiencing low levels of profitability need to concentrate on reducing input



use per unit of output rather than adjusting herd size. 1t has been found that amgor structurd
change, likein the feedlot sector, is not likely within the in the cow-calf sector. Thisis because
there are no mgor cost and profitability differences among producers of different sze.
However, little research has addressed these issues for backgrounding operations. We have
seen dramdtic structurd change in the feedlot sector and little changeis likely to occur in the
cow-caf sector. They question iswhat is going to happen to the structure of the backgrounding
sector, which is the intermediary stage of production for the cattle market?

This study evauated the relative efficiency of Kansas backgrounding operations.
Specificdly, technicd, dlocative, scae, economic, and overdl efficiency for a sample of
backgrounding operations will be examined. In addition, farm characteristics associated with
efficiency measures were identified. Farm characteristics included: age of operator, operation
Sze, percent of income from backgrounding, tota gross farm income and tota farm assets.
Efficiency measures can be used to generate inferences about the future direction of the industry
and determine the factors that may influence the Structure of the firmsin that indusiry (Halam,
1989).

Asthe gtructure of the beef industry continues to change, it will become increasing more
important to understand the efficiency, cost, and profitability relationshipsthat exis in the
backgrounding sector. This research will use a well-established technique (Chavas and Aliber,
1993; Rowland, 1996; Featherstone, 1997;) for evaluating efficiency for an industry that has

not recaived much attention in literature. From this we can draw conclusons on whether it is
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likely that backgrounding operations in Kansas will follow the trend of feeders and begin to
consolidate into large enterprises; remain relatively unchanged in Size and number; or mergeinto
existing feedlots and/or cow-caf operations.

Methods
Production efficiency in agriculture has typicaly focused on technica, alocative, and

scae efficiency (Lau and Y otopolous, 1971; Hal and Leeven, 1978; Sidhu and Baanante,
1979; Kdirgan, 1981; Garciaet a., 1982.). The mgority of these Sudies attempt to identify
the factors influencing the efficient alocation of limited resourcesin agriculture. Efficiency
measures have higoricaly been quantified using parametric and nonparametric approaches.
The parametric approach specifies aform of production, profit and/or cost function and fitsit to
the observed data by minimizing the resdud distances from the estimated function (Forsund et
al., 1980; Kairgan, 1981; Garciaet d., 1982; Bauer,1990).

Severd recent articles have employed the nonparametric approach to estimate
efficiency in agriculture. Thistechniqueis not designed to explain actua farm behavior, but to
illugtrate the relationship between production costs and certain characteristics of the farm (Hall
and Leeven, 1978). One main drawback of this gpproach isthe lack of Satistical inference
associated with the estimates of the efficiency indexes (Chavas and Aliber, 1993). A
nonparametric gpproach was used to measure backgrounding efficiency relaive to the
industry’ s cost and production possibility frontier.  Specificdly, overdl efficiency, technica

efficiency, dlocative efficiency, and scde efficiency were measured.



Technicd efficiency addresses the question of whether afirm uses the best available
technology in it production process. It is consdered a measure of the distance afarmis off the
production function under variable returns to scae (Featherstone et al., 1997). It can be
defined as the minima proportion by which a vector of inputs x can be re-scded while il
producing outputs y (Chavas and Aliber, 1993). Technical efficiency, 8; can be calculated by
solving the following linear program:

Min8; subject to: Q)
XmZy + XpZo + .. X Z H 8%y

Vizs + Yoot L YZ - Y $ 0

The last equation of the program redtricts the intensity vector to sum to one which
dlowsfor the technology to consst of varigble returnsto scale. The farm istechnicdly efficient
if 8; =1, and technicdly inefficiency if 8; < 1.

Allocative efficiency can be related to the ability of the firm to choose it inputsin acost
minimizing way. It reflects whether atechnically efficient firm produces a the lowest possible
cost (Chavas and Aliber, 1993). Allocative efficiency ((;) can be determined by dividing the
minimum cost under variable returns to scae technology by the actud cost adjusted for
technicd efficency (8;). This can be represented by:

G=Ci(w,y, T)) /w8 ;. )

The minimum cost under varigble returns to scade technology can be found by solving the
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following linear program:
C(w,y, T)=Minw’x subject to: 3
XmZy + XoZo + . X # X
Vizi Yoot LYiZ -V B0
zZ+z+ .. +z =1
Scae economies help assess the efficiency of farm size. Itiscdculated by :
1, =Ci(w,y, T)/ICi(w,y, T,). 4
The numerator isfound from the linear program in equation (3) without the last congraint and
the denominator can be found using the linear program from equation (3).
Overdl eficiency represents the minimum cost of producing the level of output for the
i™ farm (y;), given input prices for thei™ farm (w;), and constant returns to scale technology (T,)
(Festherstone et d., 1997). Overdl efficiency isthe product of technicd efficiency, dlocative
efficiency and scale efficiency and can be defined as
Di = Ci(w,y, T/ w'x;. (5)
The cot of thei™ firm to produce y; is represented by the denominator; whereas, the numerator
represents the minimum cost of producing the it farm’s output, given prices and constant
returns to scale technology. The numerator can be determined using the linear program from

equation (3) without the last congtraint.



Results
Data was obtained from the Kansas Farm Management Association for backgrounding

operations that reported data for 1995, 1996, and 1997. Enterprise data was converted into
Sx input categories: utilities and fud, capitd, feed, veterinary, and miscdlaneous. Output was
measured in pounds of beef produced. Table 1 reports the summary gatistics for the sample of
Kansas backgrounding operations. On average, gross income was $55.80/cwt and total costs
were $81.50/cwt. Feed expenses were the most expensive cost component, accounting for
53.1% of the total costs followed by capita expenses at 24%. Feed costsinclude dl cash and
opportunity costs (i.e. charged a market vaue for any feed grown and used on the operation.)
Capita cogsincluded: interest expense, interest charge, depreciation, machine hire and repair,
and any automobile expenses. The interest charge represents an opportunity cost of owned
capita, and those operations that own most of their capita resources will have a high interest
charge. The average operation size was 381 head, with an average of 288 pounds produced
per head. Average operator age was 51 years.

Table 2 reports average efficiency measures and distribution for the sample of Kansas
backgrounding operations. Efficiency measures are relative and are based on a comparison to
the mogt efficient operator in the sample. Overdl efficiency ranged from 0.11 to 1.0 with an
average of 0.39. This meansthat the same leve of output could be produced a 61% less cost
if the operation was technicdly, dlocatively, and scde efficient. 83% of the farms were below

50% efficient. Overdl efficiency isafunction of technicdl, dlocative, and scde efficiency and



determines the minimum cost of producing a given output level under congtant returnsto scde
technology. At congtant returns to scale there is no cost advantages to becoming larger or
gmaller. Average overdl efficiency was 39%. Thiswould be the point be the optima point of
production, where costs are minimized. Thisindicates that on average backgrounding
operations were very inefficient.

Technica efficiency ranged from 0.23 to 1.0 with an average of 0.72. Technica
efficiency (TE) measures whether or not a producer is using the most up-to-date technologies.
A technicdly inefficient farm (TE measure of less than 1) cannot produce as much output with
the same levels of input as atechnicdly efficient farm. Consequently, average output of Kansas
backgrounding operations could have increased 29% if the latest technology was being
implemented.

Allocative efficiency ranged from 0.35 to 1.0 with an average of 0.69. Allocative
efficdency (AE) measures whether afarm is usng the cos-minimizing input mix for agiven leve
of output. This meansthat given the levd of inputs used, backgrounding operations could have
on average produced 31% more output or used 31% lessinput to obtain the same leve of
output. Scale efficiency ranged from 0.10 to 1.00 with an average of 0.83. Scale efficiency
(SE) measures whether afarm is producing at the most efficient sze. Costs could be reduced
17% if farms were operating at the mogt efficient Sze. 86% of al farms were above 80% scale
efficient.

Table 3 reports the average farm characteristics of backgrounding operations based on
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their level of efficiency. Low efficiency producers (bottom one-third of the sample) had an
average gross farm income of $203,230 with 20% of income from backgrounding operation
and total farm assets of $958,384. The average operator age was 48 and the average herd size
was 262. Farmsin the medium efficiency category (middle one-third of the sample) had an
average gross farm income of $228,472 with 26% of income from backgrounding and tota
farm assats of $1,048,922. The average operator age was 50 and the average herd size was
372. For farmsin the high efficiency category (top one-third of the sample), average gross
farm income was $233,424 with 39% of their income from backgrounding and total farm assets
of $1,193,527. Thiswould indicate that average overall efficiency for this sample increased as
average total farm assets, average number of head, and specidization increased. In this sample,
age of operator did not appear to change between efficiency groups.

Table 4 reports average efficiencies based on sze, farm type, and operator age.

The average size for asmall operation was 120 head, 272 for a medium operation, and 788
for alarge operation. Large operations had the highest average TE measure with 79%. Smdll
and medium operations had TE measures of 68% and 67% respectively. Smdl operations had
the highest level of dlocative efficiency with 76%, followed by large a 68% and medium at
61%. Medium sze operations had the highest scale efficiency with 94%, followed by large and
amall with 84% and 72% respectively. Large size operations had the highest measure of overal
efficiency with 45%, followed by medium and smal with 38% and 35% respectively.

When looking at the farm characteristics of each efficiency category, operator age did
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not change sgnificantly. However, when you examine efficiency measures for farms broken
down by age groups of operators, the farms with operators in the 40-65 age group had the
highest level of OE and AE measures (41% and 70%) and were tied for the highest PTE
(72%). Thisindicatesthat in this sample this age group most efficiently used inputs and adopts
technology. Operatorsin the 65 and over group had the highest level of scde efficiency (89%),
but had the lowest leve of overdl efficiency (33%). Thiswould indicate that they need to focus
on technology adoption and input usage as the main sources of ther inefficiencies.

Another way to examine efficienciesis by farm type. Farm typesin this data set were
determined by the percentage of tota farm labor dedicated to different enterprises. Farms that
only engaged in backgrounding operations had the highest level of OE (50%), AE (73%) and
PTE (84%). Cash-crop/cowherd was close with an OE of 49%. Cash-Crop/backgrounding
and cash-crop/beef farms that backgrounded cattle had the highest level of scae efficiency
(89%), followed closaly by cash-crop/sow-litter (88%). Cash-cropl/irrigated and cash-
crop/non-irrigated farms had the lowest levels of OE with 33% and 37% respectively. Cash-
crop/ irrigated farms aso had the lowest AE (56%) and tied for the lowest PTE (57%). Cashr
crop/beef farms while having the highest leve of scde efficiency had the lowest levd of overdl
efficency.

Conclusions and I mplications

Given the average levels of technical, alocative, and overdl efficiency found in this

sudy, sgnificant room for improvement existsin technology adoption and input usage. Overal,
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farms that engaged in the backgrounding of cattle were very inefficient. Thisis evident by the
fact that on average backgrounding enterprises lost $25.70/cwt. Thereis room for size
adjugment for some farms but this is not the driving force behind the inefficienciesin the
backgrounding sector. Backgrounding operations in the future will have to adopt technology
more aggressively. In addition, more efforts will need to be made for usng the cost minimizing
bundle of inputs. Both of these implications will dlow the same leve of output to be produced
more inexpengvely or output to be increased without increesing costs. Thiswill be essentid for
the backgrounding farm to become more competitive and begin to make profitsin the future.
Asthe dructure of the beef industry continues to change, it will become increasingly more
important to understand the efficiency, cost, and profitability relationshipsthat exis in the
backgrounding/finishing sector. In order for the backgrounding as awhole and for individua
operators to continue to be competitive, it is hecessary to understand where sources of
inefficiencies exist S0 that gppropriate adjustments can be made. This information will be

invauable to an industry with an uncertain future,
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Table 1. Summary Statistics of a Sample of Kansas

Backgrounding Operations

Variable Unit __Mean STD
Number of Farms No. 123

Number of Head/farm No 389 373
Age of Operator Years 50 11
Gross Income/cwt $ 55.80 22.74
Total Costs/owt $ 81.50 22.58
Feed Costs/cwit $ 43.28 16.73
Labor Costs/cwt $ 822 554
Utility Costs/owt $ 222 154
Veterinary Costs/owt $ 459 546
Capita Costs/ewt $ 19.68 9.53

Table2. Efficiency Measuresfor a Sample of

Kansas Backgrounding Oper ations.

PTE _AE Scale OF
Mean 72 .69 .83 .39
Standard Deviation 22 .15 15 A3
Minimum 23 .35 10 A1
Maximum 1 1 1 1
Distribution of Farms:
<.40 10 2 4 69
40 - .50 11 14 2 33
.50 - .60 23 24 2 11
.60-.70 18 21 5 8
.70-.80 14 34 14 0
.80-.90 15 19 55 1
.90-1.00 8 4 40 0
1.00 24 5 1 1
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Table3. Low, Medium, and High Efficiency Categories

Variable L ow Eff. Med. Eff. High Eff.
Efficiency Measures Mean (STD) Mean (STD) Mean (STD)
Overdl Efficiency .27 (.06) .38 (.02) 53(.12)
Scde Efficiency .69 (.02) 87 (.02) .94 (.03)
Technicd Efficiency A7 (.09) .71 (.08) .96 (.06)
Allocative Efficiency 51 (.07) .69 (.04) .85 (.07)
Farm Characteristics

Totd Farm Assets ($'9) 958,384 1,048,922 1,193,527
Gross Farm Income ($'9) 203,230 228,472 233,424
Operator Age (years) 48 (12) 50 (10) 49 (10)
Number of Head 262 (233) 372 (306) 533 (488)
% of Income from 20 (21) 26 (20) 39 (28)

Table 4. Efficiency Measures by Farm Size, Age of Operator,

and Farm Type

Farm Sze PTE _AE Scale OE

Smdl (ave. 120 hd/farm; n=41) 68 76 72 .35
Medium (ave. 272 hd/farm; n=41) 67 61 94 38
Large (ave. 788 hd/farm; n=41) 79 68 84 45
Age of Operator PTE AE Scale OE

<40 years (ave. 34.30; n=20) 72 65 77 .34
40-65 years (ave. 50.46; n=106) J72 70 84 41
> 65 years (ave. 69.27; n=11) 65 61 .89 .33
Farm Type PTE AE Scale OE

Cash Crop - dryland (n=48) 70 71 80 .37
Cash Crop - irrigated (n=3) 57 56 75 .23
Backgrounding (n=11) 84 73 82 .50
Cash Crop - Cow Herd (n=6) 87 69 82 49

Cash Crop - Sow and Litter (n=4) 57 75 .88 .37
Cow Herd - Backgrounding (n=4) 62 69 75 .29
Cash Crop - Backgrounding (n=36) .74 65 .89 .42
Cash Crop - Beef (n=11) 62 63 89 .33
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