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ABSTRACT 
 
 

The cattle cycle was characterized by remarkable regularity throughout much of 
the twentieth century. More recently, inventory appears to lack its typical periodicity, and 
herd numbers decline despite above-average cattle prices. Historically, producers 
responded to high prices by expanding herds and to low prices by contracting them. 
These expansions and contractions resulted in the cattle cycle. Yet, currently, the price of 
beef continues to increase and inventory numbers continue to decline. This thesis seeks to 
identify the factors responsible for the apparent change in producer response, and to 
determine whether or not inventory is still cyclical. Spectral analysis is used to examine 
the cycle and identifies the early 1980s as the point of change. Next, Granger causality 
tests and autoregressive distributed lag models are used to estimate national and state-
level inventory responses to various factors. A change in producer response to feeder 
cattle prices, above-average hay prices, and expanded crop insurance use appear to be the 
primary factors that are causing changes in the cattle cycle.  
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CHAPTER ONE 
 
 

INTRODUCTION 
 
 

The U.S. cattle cycle has been a consistent economic time series for over one 

hundred years and the subject of much research. However, a fundamental question has 

emerged in recent years. Despite steadily increasing real cattle prices, U.S. beef cattle 

producers are not expanding breeding herds. The cattle cycle has dampened and 

inventory numbers continue to decline.  

The cattle cycle refers to oscillations of annual U.S. beef cattle inventories with a 

periodicity of approximately ten years (figure 1). Previous research determined that the 

cycle is the product of cow-calf producer profit maximizing behavior. Expectations of 

higher cattle prices cause producers to expand cattle herds in an effort to increase 

quantity of cattle supplied (Jarvis 1974). A cow or heifer is retained until her value at a 

feedlot is greater than her discounted future breeding value net of input costs. When 

expected future beef prices increase, the value of a cow as a producer of calves increases 

above her value as a slaughtered animal. Retention and expansion occur until the 

slaughter value of heifers or cows is greater than or equal to their lifetime expected 

breeding value net of input costs. 

Producers expand breeding herds by retaining a greater number of heifer calves 

and/or reducing mature cow-culling rates. Although the typical breeding life of a cow is 

10 years, producers can retain older animals for an additional year or two when desirable. 

Insofar as producers have similar price expectations, this aggregate behavior initially 
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reduces beef supplies and increases prices further. Eventually, however, a larger breeding 

herd produces additional calves that are fed in feedlots and slaughtered, increasing the 

supply of beef. In the absence of increased beef demand, increased beef supplies reduce 

beef and feeder cattle prices. Lower prices cause producers to retain fewer heifer calves 

and cull more of their mature cows. This action initially causes cattle prices to decline 

further, and herds are often more heavily liquidated during this phase. Long gestation 

cycles and the minimum age of two years required for heifers to enter the breeding herd 

cause lagged supply.

  

Figure 1. US Beef Breeding Herd and Cattle Cycle. 
 
 

In recent years, however, these cyclical patterns have dampened. Inflation-

adjusted prices for feeder cattle are at their highest levels since the mid-1990s, but 

cattle inventories continue to decline. This is contrary to cattle cycle model 

predictions unless input costs have increased commensurately with cattle prices. 

In the absence of substantially higher input costs, higher feeder cattle prices 
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should increase expected profitability and encourage expansion of the breeding 

herd. Yet, despite this consistent behavior for over 100 years, such expansion has 

not occurred. As a result, the cycle appears to have flattened. 

This research seeks to identify the causes of the dampening of the cycle and the 

lack of response to higher cattle prices. Biological constraints cause lagged responses to 

price expectations, especially during the expansion phase of the cattle cycle. Assuming 

that the cow-calf producers’ goal is profit maximization, the optimal response to higher 

future expected prices is to retain heifers and cows for breeding so that a larger number of 

animals are available in the future. An 80-95 percent fertility rate, 9-month gestation 

period, 10 percent mortality rate, and the two years that are required for a female calf to 

reach breeding maturity all contribute to substantial lags in the production of feeder cattle 

in response to changes in feeder cattle prices. Consequently, an exogenous increase in 

these prices may result in two seemingly contradictory responses: if a producer expects 

that higher prices will be short-lived, they could retain fewer heifers for breeding 

purposes and increase cattle marketings in an effort to increase short-term profits. 

Alternatively, they might anticipate that higher prices will persist and decide to retain 

more heifer calves and mature cows for breeding purposes and, thus, increase herd sizes.  

Retention and culling decisions are fundamental to the success of cow-calf 

operations. A producer misses an opportunity to sell at a high price by incorrectly 

forecasting that the high price will persist for a long enough period to compensate for 

herd expansion. This producer will forgo short run revenue and incur feed and 

maintenance costs during the interim. Alternatively, the opportunity cost of reducing herd 
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sizes in the current period is the foregone opportunity of generating future profits from 

the capital stock. If the discounted future feeder cattle revenue net of cow maintenance 

costs is higher than the current cow value, then a rancher who culls in the current period 

will capture less profit than those who wait. 

This thesis investigates apparent changes in the historically repetitive cycle. Of 

primary interest is whether or not the cycle still exists. Cattle cycles are a product of 

biological constraints to herd building and producer expectations. Because biological 

constraints have not substantially changed in the last three decades, changes in the cycle 

may be attributable to a change in producer responses to profit expectations. Fewer 

producers may be entering the market in response to expectations of higher profits, and 

those producers who maintain herds may be responding more slowly to high prices as 

they evaluate price persistence. Price expectations are well documented in cattle cycle 

literature as one of the main causes of the cyclical nature of cattle inventory. A change in 

these expectations would, therefore, affect the cycle.  

The cycle appears muted beyond 1980 (figure 1). Changes in the cycle could 

reflect a change in amplitude of response, a change in timing of response, or both. This 

research seeks to determine if changes in the cycle have occurred and offers hypotheses 

for the factors behind those changes.  

 
Potential Causes of the Changes in the Cattle Cycle 

 
A different but related question is whether producer responses to various 

economic factors have changed. A change in these variables could result in a change in 
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profit expectations, a change in producer behavior, and a change in the regularity of the 

cycle. A variety of factors may have muted the cattle cycle over the past 20 years. In 

general, any factor that affects a cow-calf producer’s expected profit will influence herd-

building behavior. For example, pasture and rangeland are critical to cow-calf production. 

Producers rely on the quality and availability of grass to support breeding cows and the 

growth of calves. If forage is not sufficient, producers must supplement it with an 

alternative – usually hay. In recent years, drought, reductions in public land designated 

for grazing1, increased substitutability between rangeland and cropland, and other factors 

have affected the availability of forage. Limits on this crucial input will make herd 

expansion more difficult and is hypothesized to negatively influence cattle inventories.  

Rangeland availability is likely to be reduced as crop production becomes more 

profitable. Recent droughts and higher crop prices have reduced the quality and 

availability of rangeland. Fewer pounds of forage matter per acre and fewer available 

acres mean that producers’ capacity to expand is likely much less than it may have been 

historically. Feed prices, especially the price of corn, also affect cow-calf producers’ 

expectations of profit – although to a lesser degree than forage availability. Because cattle 

cycles are primarily driven by decisions made at the cow-calf level and those producers 

do not typically use corn as an input, the price of corn only affects production through its 

impact on the (derived) demand for feeder cattle. According to Rosen (1994), as feed 

costs increase, the demand for feeder cattle declines. Hence, recent high corn prices may 

                                                
1 The BLM website states that grazing on public lands has declined by about half since the 1950s: 
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be reducing the demand for feeder cattle and, ceteris paribus, may be dampening cattle 

inventory responses.  

The increased availability of crop insurance products may be another factor 

affecting cattle inventories (Smith et al. 2013). Cattle prices and crop prices are often 

characterized by relatively low correlations (Heifner 1972). Historically, many crop 

producers have used cattle production as an income diversification strategy. Increases in 

crop insurance subsidies over the past few decades may have provided a less expensive 

means for reducing income risk than maintaining a cattle herd. According to the Census 

of Agriculture, U.S. farms with beef cows decreased from 42 percent in 1997 to 34 

percent in 2007. Because farmers who produce cattle as a diversification strategy 

generally maintain smaller herds relative to those who generate most of their income 

from cattle, the decline in percentage of farms with beef cows is consistent with fewer 

farmers raising cattle as a hedge against crop failures. In addition, the average beef cow 

herd size has increased from 38 two decades ago to 42 currently. This increase provides 

more evidence that smaller livestock producers are exiting the industry. Their exit, which 

may be indicative of a reduced need to maintain cattle as an income diversification 

strategy, would dampen the cyclical properties of national cattle inventories. 

Increased herd sizes may also be the result of attempts to increase scale 

economies associated with larger operations. Large- and medium-sized operations have 

lower costs per head than do small operations, with the average herd size of a low cost 

operation being four times larger than that of a high cost operation (Feuz 2003). The 

differences in size result in economies of scale: small-scale operators spend three times as 
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much on feed per bred cow than do large-scale operators (Feuz 2003). Because of these 

efficiency gains, large operations are better able to absorb and respond to exogenous 

supply and demand shocks that are the main forces behind cattle cycles. 

Increasing labor costs may also be influencing the cattle cycle. Inflation-adjusted 

labor costs for crop workers, livestock workers, and all hired farm workers have 

increased steadily since the mid-1990s. When costs of labor increase, labor-saving inputs 

are substituted for labor. Yet, there have been few significant technological advances at 

the cow-calf level that have allowed such substitutions. Conversely, in the crop sector, 

crop producers have been more able to substitute capital for labor as labor costs increased 

with wider equipment, custom field operations, increased agrichemical use, and other 

technology advancements. Hence, profitability of crop production may have increased 

relative to cow-calf production. Compounding the problem is that the average age of 

agricultural producers continues to increase. Cow-calf production is generally a more 

physically challenging activity than is crop production. Hence, older ranchers are more 

likely to substitute away from cattle production towards crop production.  

Another potential cycle-dampening factor may be increased vertical coordination 

in the beef sector. Such changes essentially eliminated inventory cycles in the hog 

industry. Between the mid-1940’s and mid-1990’s, twelve breeding hog cycles occurred 

with an average cycle length of four years. Since that time, however, it has become more 

difficult to identify cyclical behavior in hog breeding inventories. Cost-reducing and 

quality-improving changes in the industry required a high degree of vertical coordination. 

This coordination decreased income risk that resulted from price and production volatility 
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(USDA AER Report No. 837). The improved coordination changed the industrial 

organization of the hog industry and muted cyclical inventory behavior.  

Vertically-coordinating alliances have increased in the beef industry and caused 

improvements in the transference of price signals. For example, even if consumers 

preferred higher quality beef, fed-cattle were historically sold on a live-animal basis 

where differences in meat quality were largely ignored. A vertically-coordinated 

feedlot/processing sector is better able to respond to consumer demand because 

information received at the retail level is more likely to be transmitted to other stages in 

the production process. The percentage of feedlots participating in an alliance increased 

from 30 percent in the mid-1990s to an estimated 74 percent a decade later (Schroeder 

2003). Increased vertical coordination improves the flow of market information and 

enables the supply chain to respond more efficiently to exogenous shocks. These 

alliances may have dampened the incentives for cattle producers to adjust their 

inventories based on price expectations.  

There are also noticeable differences between the hog and beef industries. While 

domestic demand for pork in the 1980s and 1990s remained steady, demand for beef 

declined precipitously during the same period. Demand has recovered somewhat since 

then, but only after significant restructuring of the industry and demand increases coupled 

with trade liberalization in the Pacific Rim (Schroeder 2003). Additionally, female hogs 

have greater yearly productivity than beef cows. Hogs are sent to slaughter based on age 

to make room for new feeder hogs that are born in litters of eight to nine per sow three 

times each year. The supply of beef may never be as easily adjusted as the supply of pork 
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because of smaller yearly cattle productivity. Even though vertical coordination improves 

price signals within the supply chain, the speed of a cow-calf producer’s response may 

always be a limiting factor to supply responses. Hence, cattle cycles may not disappear as 

completely as hog cycles. 

 Studies modeling the cattle cycle have not yet addressed the potential changes in 

cyclical behavior. This thesis seeks to determine the causes of the change in periodicity 

exhibited in the last thirty years of the cycle. Profit maximization strategies for the nearly 

three-quarters of a million U.S. farms with beef cattle inventories may change if the cycle 

disappears. In particular, it may become more profitable to maintain constant inventories 

than to adapt herd numbers in response to price expectations. The disappearance of a 

predictable cycle presents a plethora of new research opportunities for economists and 

forces revision of the producers’ profit-maximization strategy. It is, therefore, a relevant 

research topic for a wide audience with implications for economists, beef consumers, and 

agriculture in general.  

The thesis progresses as follows. Relevant literature is examined in Chapter 2. 

The structural model and study methodology are presented in Chapter 3 with data 

described in Chapter 4. The empirical model is developed in Chapter 5 with regression 

results presented in Chapter 6. Finally, conclusions are presented in Chapter 7. 

 

 

 

 



10 
 

CHAPTER TWO 
 
 

LITERATURE REVIEW 
 
 

This chapter summarizes literature that pertains to the nature and causes of cattle 

cycles. The review is separates into three sections: (1) literature incorporating or 

examining the role of biological constraints, (2) literature studying cow-calf producer 

supply responses, and (3) literature pertaining to spectral analysis.  

 
Biological Constraints 

 
 

 The first section is divided into two subcategories: (1) biological lag effects, and 

(2) the role of price expectations. Biological lags exist because of the two-year delay 

between birth and slaughter in beef cattle production and the three-year delay between 

breeding and slaughter. Because of these lags, producers use expectations of future prices 

to make herd expansion or contraction decisions. The role of price expectations is the last 

subcategory in this section. 

 
Biological Lag Effects 
 

The extant literature provides a consensus that biological lags influence cattle 

inventory patterns. Calves born in a particular year do not enter the meat supply for 

approximately two years, so producers are limited in their ability to respond immediately 

to changes in retail demand and prices. They must, therefore, make production decisions 

based on future expectations. The following studies evaluate the cattle cycle by 

considering biological lags. 
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Rosen, Murphy, and Scheinkman (1994) (“RMS”) use econometric time series 

analyses to create a comprehensive model incorporating breeding inventory decisions and 

biological lags. The authors show how production decisions combined with biological 

lags generate the cattle cycle. The RMS model is notable not only for its ability to fit the 

data, but also for its simplicity. Indeed, RMS make a number of simplifying assumptions 

in their model, some of which invite criticism. These assumptions included a one-year 

gestation-birth delay, a fixed two-year maturation lag for both breeding and slaughter, 

and homogeneous and undifferentiated stocks of adult cattle regardless of fertility. 

Additionally, cattle data are not segregated by age as beef quality is assumed to be 

invariant to age. Finally, steers are not considered a separate category, and are instead 

treated as females marked for slaughter despite differing weight gain factors between 

steers and heifers. Using these simplifying assumptions, RMS created a demand function 

for feeder cattle by feedlots and a supply function of calves by cow-calf producers. The 

model includes shocks to demand as well as holding and finishing costs. The model fits 

the data very well and is considered a seminal paper on the cattle cycle.  

Hamilton and Kastens (2000) criticize RMS’ simplifying assumptions. RMS 

eliminate all but one exogenous shock effect in their model, but Hamilton and Kastens 

find that when production decisions are disaggregated, responses to exogenous shocks 

(such as to demand) differ. For example, a supply change can result from a biological lag 

effect, or it can be the product of herd liquidation decisions. The two outcomes may be 

observationally equivalent. A producer who interprets a shift in supply as a result of herd 

liquidation will maintain herd sizes for a future period in the anticipation of higher output 
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prices. Similar results are found for changes in demand versus changes in quantity 

demanded. Hamilton and Kastens refer to these decisions as “market timing” effects, 

which they added to their theoretical model. Their model delineates breeding stock 

inventory changes in terms of culling versus retention decisions. These decisions are 

made such that the expected marginal benefit of a retained heifer plus the salvage value 

of a cull cow two periods later equals the expected marginal cost of holding an additional 

cow. The authors also demonstrated that profitability of a representative producer moves 

inversely with inventory levels throughout the cycle, and that producers who incorporate 

price expectations into their retention-culling decision outperform those who maintain 

constant cow inventory levels. 

Mundlak and Huang (1996) incorporate technology into their model to capture lag 

effects by including a production function that relates output to lagged inventory. They 

employ RMS’s assumption that the age distribution of the breeding stock is unimportant. 

The authors find a negative supply response to slaughter prices in the U.S. cattle market. 

Both RMS and Mundlak conclude that the substantial lags between breeding and 

consumption decisions by cow-calf producers contribute to cattle cycles. 

Rucker, Burt, and LaFrance (1984) make no assumptions regarding adjustment 

processes in their adaptive expectations model. One notable contribution of this paper is 

the authors’ use of Montana and U.S. data for comparison. They postulate that the 

Montana model avoids endogeneity concerns between prices and inventory. They use a 

beef-to-corn price ratio as a proxy for rancher profitability and view cattle as a capital 
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good with two opposing responses to feeder cattle price increases.2 They note that cow-

calf operations produce feeder steers and heifers as well as lower-quality cull cows that 

may or may not be placed on feed before slaughter. Feeder steer prices influence future 

price expectations and indicate demand for feeder steers by feedlot operators in the 

current period. Similarly, corn prices affect demand for feeder steers and expectations for 

future prices. The authors find that the cattle cycle is caused by biological constraints on 

herd building in response to exogenous input shocks. 

 
Rational Expectations 

A major component of the cattle cycle literature has centered on rational 

expectations models. Ezekiel (1938) models differences between expected price and 

realized prices using a cobweb model. He creates a system where lagged prices predict 

future prices, or where future expected prices are set equal to the most recent 

observations. This idea became the basis for many agricultural pricing models. Muth 

(1961) expands the rational expectations framework with the hypothesis that markets do 

not waste information and rational expectations are based on a complete understanding of 

market pricing. 

 Nerlove published several well-cited papers on expectations formation and its role 

in the cattle cycle. Nerlove (1995) reformulates the rational expectations framework to 

one of quasi-rational expectations. He argues that a rational expectations model 

inaccurately characterizes the objective function for producers and that RMS offer too 

                                                
2 Jarvis (1974) introduced this latter assumption in his highly influential paper modeling the 
Argentine cattle sector, which will be reviewed in the section “backward bending supply.”   
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general a model for such varied data. Nerlove compares two models: an intermediate 

form of quasi-rational expectations that is closer to the fully rational expectations model 

traditionally used, and a quasi-rational expectations model. The two forms are used to 

estimate the dynamic optimization behavior of US cattle producers. The model treats the 

slaughter and feeder prices of steers, heifers and cows as exogenous. Nerlove’s quasi-

rational expectations hypothesis focuses explicitly on dynamic optimizing behavior and 

separates beef cattle finishing from ranch operations. The result is a simpler model that is 

easier to estimate. Nerlove’s results are consistent with the theory outlined in Rosen 

(1987) and subsequent studies.  

A third frequently-cited reference on the topic of expectations is that by Chavas 

(1999). He uses an econometric model to estimate the nature of expectation formation in 

the U.S. pork industry. Chavas believes that the common assumption, that all decision 

makers are risk neutral, may be too restrictive. He uses Muth’s rational expectations 

framework and finds that close to one-fifth of the pork market is characterized by 

forward-looking rational decision-making. Conversely, he finds that nearly three-quarters 

of the market participants form quasi-rational expectations for future prices on the basis 

of observed historical patterns (“backward-looking expectations”). Chavas assumes that 

the high cost of obtaining and processing rational expectations apparently leads producers 

to form price predictions in a quasi-rational framework. He terms use of less than full 

information as "boundedly rational" behavior. Given that 75 percent of producers’ 

expectations can be characterized as backward-looking while just 20 percent form 
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expectations based on current price changes (“forward-looking”), he concludes that 

opportunities exist to improve market information and efficiency.  

 
Supply Response Analysis 

 
This section considers backward-bending supply responses and associated 

elasticities that have been estimated at the cow-calf level.  

 
Negative Short Run Supply Response 

 The focus of this section is on supply and inventory analysis. Of particular 

interest is the short-run supply response to changes in cattle prices. Instead of the typical 

increase in supply normally associated with a price increase, the oft-observed response 

for cow-calf producers is to send fewer animals to feedlots.  

Jarvis (1974) provides the first groundbreaking study on this issue. He uses a 

comparative statics analysis and finds that it is theoretically possible for a negative short-

run supply curve to exist. This surprising result, which is contrary to the short-run 

response of most commodities, can be explained by considering that producers use their 

herds as both inputs and outputs. Cattle are outputs when sent to feedlots or processors, 

but inputs for breeding purposes. His model maximizes the present discounted profit of 

the feedlot industry, which for perfectly competitive markets, is the value of a calf at 

birth. Ranchers predict whether or not high prices will persist and use that prediction to 

decide whether or not to cull herds.  

Paarsch (1985) examines this paradoxical supply response and found certain 

contradictions with Jarvis’ results. Whereas Jarvis found that the immediate response of 
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both heifer and cow supply to an increase in feeder cattle price is negative, Paarsch’s 

comparative statics analysis of the expected present value of discounted profits found the 

opposite can also be true. According to Paarsch, when the price of cattle increases, cows 

become comparatively more profitable for meat production relative to calf production, 

which can prompt the sale of older cows. Conversely, higher cattle prices may result in 

cows being withheld for additional weight gain even if they are to be marketed in the 

future. The resulting effect is ambiguous and depends on the weight of the representative 

cow and the probability of her calving successfully.  

Rosen also studies this paradoxical supply response in his 1987 paper and 

empirically confirms the existence of a negative short-run supply response. He 

demonstrates that the conceptual basis for a backward-bending supply curve resides in 

herd management decisions. He postulates that increasing inventories are associated with 

high prices while decreasing inventories are associated with the opposite. A permanent 

demand increase motivates an initial supply decrease and a price increase. If the price 

increase is not expected to be permanent, stock accumulation does not occur and 

producers may sell animals in the short run to exploit higher prices. Increasing supplies 

are then correlated with declining prices. If a supply increase is permanent, however, 

producers respond by withholding inventories to increase their herds. Therefore, when a 

price increase is viewed as permanent, an increase in beef prices reduces supply of 

animals in the current period as more animals are retained for breeding (Jarvis 1974; 

Rosen 1987).  
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Aadland et al. (2001) examines the potential for a negative short-run supply 

response as noted by Jarvis and Rosen, but separates the cattle industry into fed and 

feeder cattle markets. They allow a representative producer to make culling decisions 

each period for both adult cows (the nonfed beef group) and heifer calves (the fed beef 

group). They note that, empirically, both positive and negative short-run responses are 

normal in the U.S. beef cattle market and indicate that Jarvis’s and RMS’s findings are a 

result of their failure to separate the fed and feeder cattle markets. Additionally, Aadland 

observes a positive short run supply response for an own-price change in heifer prices, 

and a negative cross-price response to cow prices. That is, as heifer prices increase, the 

optimal producer response is to market more heifers while retaining more cows for future 

production. For a permanent increase in fed beef prices, Aadland found the short run 

supply response to be unambiguously positive in the heifer market. Aadland’s results 

contrast sharply with Rosen’s. They also find a difference between cows and calves, fed 

and feeder cattle, and short and long run supply responses and conclude that supply 

responses are more accurately modeled by accounting for the different categories of 

cattle. Aadland (2004) improves upon his 2001 paper using a discrete time theoretical 

model to capture exogenous price shocks, investment decisions, and producers 

optimizing behavior. 

 
Elasticities 

In general, most cattle cycle research did not estimate supply elasticities. Marsh 

(1994) attempted to resolve ongoing conflicts in beef supply response by estimating short 

run (two months), intermediate run (eighteen months), and long run (beyond eighteen 
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months) supply elasticities in the cattle feeding industry. He finds that own-price 

elasticity estimates for fed cattle increase between the short run and the long run in 

absolute value but alternate in sign  

Marsh finds that in the short run, a 1.0 percent increase in fed cattle price 

decreased sales to feedlots by 0.17 percent. Alternatively, in the intermediate run a 1.0 

percent increase in fed cattle price results in a 0.61 percent increase in fed cattle 

marketings by feedlot producers. Marsh hypothesizes that the change in sign between the 

short run and the intermediate run shows that producers increase feeder cattle inventory 

from the short to the medium run, and then sell more cattle at a later date. Marsh’s 

elasticity results are consistent with the findings of other papers. Langemeier and 

Thompson (1967) find a medium run supply elasticity of 0.23 in their study of the fed 

beef response to change in output price. Freebairn and Rausser (1975) find the same 

elasticity to be 0.14. Ospina and Shumway (1979) find the eighteen month elasticity to be 

2.63 for choice steers. Notably, each of these papers finds positive supply responses to 

changes in the price of beef in the medium run.  

Marsh’s long run results contrast with some other studies. Whereas his study 

produces a long-run fed beef supply elasticity of 3.24, other studies’ find more inelastic 

responses. According to Bedinger and Bobst (1988), the long-run elasticity of supply of 

fed cattle is 0.373 and 0.200 for wholesale beef (Marsh 1994). In a similar study for 

Canadian cattle, Kulshrestha (1976) estimates long-run elasticities of supply of all cattle 

in eastern and western Canada to have an average elasticity of 1.15. 
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Spectral Analysis 

 
Spectral analysis has long been popular in engineering fields. Its application to 

economics is more recent, but it has not yet been used in cattle or hog cycle literature. 

Baxter and Kings (1999) use spectral analysis in their seminal paper measuring the 

business cycle. Their paper follows that of Burns and Mitchell (1946), Granger (1966), 

and Bry and Boschan (1981), among others. The Baxter and Kings paper employs a 

bandpass filter to distinguish the cyclical component of the business cycle from its long 

term trend. They find the bandpass filter a more desirable filter than the linear detrending 

or first-differencing filters, and recommend this type of filter for cyclical data. 

 Coates et al. (1986) develop and evaluate tests for comparing two estimated 

spectral densities. They find that a likelihood ratio test based on a quadratic model for the 

log spectral ratio outperformed a periodogram tests for white noise.  

Dette and Paparoditis also develop tests for comparing spectral densities (2009). 

Their test is used to compare spectral densities of the cattle cycle in this paper. The test 

statistic proposed in their paper is based on the distance between the individual spectral 

densities and a pooled spectral density that is obtained by using each of the time series 

considered.  

 
Conclusion 

 
 

The most significant contributions to the cattle cycle literature are those that 

estimate the impacts of expectation formation and those that assess the effects of, and 

incorporate, biological lags. Price expectations and biological lags create the cyclical 
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nature of cattle stocks. The literature does not explain why, in recent years, high prices 

persist without a commensurate response by producers at the cow-calf level. If the cattle 

cycle is indeed disappearing, it is important to understand what caused the change in 

order to formulate new expectations for producer profit maximization. 
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CHAPTER THREE 
 
 

METHODS AND PROCEDURES 
 
 

Introduction 

 
This chapter outlines the procedures used to develop a reduced form estimable 

equation for cattle breeding stock inventories. Structural equations are specified using 

primary and derived supply and primary and derived demand to represent cattle 

production and demand dynamics at the four major levels of the beef production supply 

chain.  

 
A Model of the Vertical Supply Chain 

The U.S. beef supply chain consists of the retail level, the wholesale level, the 

feedlot level, and the cow-calf level. Figure 2 presents a graphical depiction of these 

levels.  

Retail-weight equivalents are used so that the demand and supply interactions 

from each level can be included on a single graph. For example, the intersection of the 

primary feeder cattle supply function (Sfc) and the feedlot sector’s derived demand for 

feeder cattle (Dfc) generates an equilibrium price (Pfc) and quantity of feeder cattle 

demanded (Q0). For comparisons across the levels, the quantity of feeder cattle is 

delineated in terms of pounds of retail weight equivalent product. The supply functions 

shown in figure 2 are supply of feeder cattle (primary supply) and three derived supply 

functions, so-called because they are derived from primary supply. Those three derived 
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functions are supply of fed cattle, “Sfd”, wholesale supply, “Sw”, and retail supply, “Sr”. 

The primary demand function “Dr” represents consumer demand for retail beef, and the 

derived demand functions “Dw”, “Dfd”, and “Dfc” represent demand for wholesale beef, 

demand for fed cattle, and demand for feeder cattle. For simplicity, the supply and 

demand curves are illustrated as parallel lines so that each derived demand is obtained by 

subtracting per-unit costs from higher stages (i.e., derived demand for feeder cattle is 

obtained by subtracting costs of the wholesale and fed cattle stages from primary 

demand). This model assumes that input supplies are completely elastic and, for 

simplicity, fixed proportions exist between input usage and output production (Tomek 

and Robinson 1990).  

The supply of feeder cattle and retail demand are the primary supply and demand 

relations while the other supply and demand relations are derived from these primary 

functions. Primary demand represents consumer demand for beef. Although retail 

consumers purchase only the final product, demand for retail beef drives demand for 

wholesale beef, fed cattle, and feeder cattle, and is therefore the composite demand for all 

inputs used in beef production. Derived demand for beef at each level reflects output 

prices at various levels of production. Primary supply represents the production capacity 

of cow-calf producers and their expectations for future profits. An expected increase in 

cattle prices will cause producers to expand their herds. Supply at each subsequent level 

is derived from primary supply, and changes according to changes in input costs. For 

example, the supply of fed cattle is derived from the supply of feeder cattle, and shifts left 

when the price of corn, a main input in fed cattle production, increases. Intersections of 
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supply and demand functions at each of the four levels of production generate 

equilibrium prices and quantities. The difference between the equilibrium price at the 

feeder cattle level (Pfc) and the equilibrium price at the retail level (Pr) is the farm-retail 

marketing margin, or the sum of the costs of transforming feeder cattle into consumption 

goods, including transportation and processing (Tomek and Robinson 1990).  

 

 

Figure 2. Levels of Production in Beef Cattle Market. 
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Exogenously induced shifts in any of the supply/demand functions will affect 

each level of the beef industry. For example, a shift in primary supply will affect 

equilibrium quantity and prices at each of the other three stages. The quantity of cattle 

supplied to feedlots is a function of the output price of feeder cattle, input prices like 

hired worker wage, and limiting factors in production capability like rangeland health. An 

increase in input costs for cow-calf producers will result in a decrease in the supply of 

feeder cattle. Figure 3 presents this as a shift left of Sfc to Sfc' and a reduction of 

equilibrium quantity from Q0 to Q1. For perishable commodities, production at 

subsequent levels cannot exceed primary supply. Therefore, the decrease in feeder cattle 

supply will result in a commensurate decrease in fed cattle supply, and a reduction in the 

wholesale and retail beef supplies. The shift left of Sfd, Sw, and Sr to Sfd', Sw', and Sr' 

demonstrate the reductions in supply for each of those levels. The new equilibrium 

quantity (Q1) is determined by the intersection of the new primary supply function (Sfc’) 

and derived demand (Dfc) at the feeder cattle level. Because the demands for feeder 

cattle, fed cattle, wholesale beef, and retail beef have not changed in this scenario but 

supply is reduced, equilibrium prices in each sector will increase: Pfc increases to Pfc', Pw 

increases to Pw', and Pr increases to Pr'.  
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Figure 3. Change in Costs of Primary Supply. 
 
 
Alternatively, market adjustments differ depending on the nature of exogenous 

shocks. For example, an increase in demand at the retail level will result in commensurate 

increases in derived demands for wholesale beef, fed cattle, and feeder cattle. This is 

because primary demand is the demand for retail beef, but, by extension, is also the 

demand for wholesale beef, fed cattle, and feeder cattle. Graphically, the retail demand 

increase is shown by the shift to the right of Dr to Dr', and the increases in demand for 

wholesale beef, fed cattle, and feeder cattle are shown by the shifts to the right of the 
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derived demands Dw, Dfd, and Dfc to Dw', Dfd', and Dfc' (figure 4). This increases 

equilibrium quantity supplied from Q0 to Q1. Supply does not change in this scenario so 

the increases in demand and resulting increase in quantities supplied will result in higher 

prices at each level in the supply chain. As shown in figure 4, prices adjust from Pr to Pr', 

from Pw to Pw', from Pfd to Pfd', and from Pfc to Pfc'.  

 

 

Figure 4. Change in Primary Demand. 
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When a change in derived supply or demand occurs, market adjustments differ 

from either of the previous two cases. For example, fed cattle producers purchase feeder 

cattle from cow-calf producers. Feeder cattle are fed 70%-90% grain/forage rations for 

three to six months to produce slaughter weight cattle. Because grain costs represent a 

substantial component of fed cattle production, changes in grain prices affect the supply 

of fed cattle. Yet, as this is a derived function, it will have a different effect on the 

vertically coordinated markets than changes in the primary functions. An increase in the 

costs of fed cattle production decreases the supply of fed cattle, which is shown by the 

shift left of the derived supply function from Sfd to Sfd' (figure 5). The resulting decrease 

in demand for feeder cattle is shown by the shift left of feeder cattle derived demand from 

Dfc to Dfc'. The quantity of feeder cattle supplied falls from Q0 to Q1 to accommodate the 

changes in demand from the feedlot sector. The equilibrium price for the feeder cattle 

market is determined at the intersection of primary supply and the new derived demand, 

and falls from Pfc to Pfc'.  

In addition, the decrease in fed cattle supply reduces the wholesale (Sw) and retail 

(Sr) derived supply functions, both of which shift left to Sw' and Sr'. Equilibrium 

quantities decline along with wholesale and retail supplies. But, demand at each level is 

unaffected. Hence, equilibrium prices will be higher in both markets. Prices in the fed 

cattle, wholesale, and retail markets rise from Pfd to Pfd', Pw to Pw', and Pr to Pr'.  
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Figure 5. Change in Feeder Cattle Derived Demand. 
 
 

The graphical presentations above are used to develop the estimable equations for 

this project. The graphical illustrations of primary and derived demand and supply 

functions are represented in general functional forms to facilitate the development of a 

reduced form inventory equation. The following equations represent the generic 

specification of the vertically linked beef industry:  

 
(1) Retail beef primary demand:         Qd!!  = f1(p!!!! , p!!!

! , p!!!
! , W!!!

! )     

(2) Retail beef derived supply:             Qs!!  = f2(p!!!! , p!!!! , K!!!! )    
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(3) Wholesale beef derived demand:   Qd!!= f3(p!!!! , p!!!! , W!!!

! )                              

(4) Wholesale beef derived supply:      Qs!! = f4(p!!!! , p!!!!" , K!!!! )                   

(5) Fed cattle derived demand:            Qd!!"= f5(p!!!!" , p!!!! , W!!!
!" )                              

(6) Fed cattle derived supply:              Qs!!" = f6(p!!!!" , p!!!!" , p!!!!"#$, K!!!!" )                           

(7) Feeder cattle derived demand:      Qd!!"= f7(p!!!!" , p!!!!" , p!!!!"#$ , carcass!!!, W!!!
!" )     

 
(8) Feeder  cattle primary supply:      Qs!!"= f8(p!!!!" , p!!!!"#$, p!!!

!"#, p!!!!"# , Inventoryt-1,  
aget-1, range-ratio t-1, PDI, forage t-1, herd                         
size t-1, insurance t-1, K!!!!" )     

 
The demand relations are functions of own-prices and demand shifters at each 

level. The supply relations are functions of output prices, input costs, and other supply 

shifters that affect production decisions. The following paragraphs describe the equations 

in more detail, and the following chapter describes the data included in these equations. 

Equation 1, retail beef primary demand, represents the quantity of beef demanded 

by consumers. The dependent variable in this equation is retail beef demand, and is a 

function of the retail price of beef (p!!!! ), the retail price of pork (p!!!
! ), the retail price of 

poultry (p!!!
! ), and exogenous demand shifters. The retail price of beef (p!!!! ) is the price 

that consumers pay for the final product. Pork and poultry are consumption substitutes for 

beef and their prices are included as demand shifters (Brester 2004). The vector W!!!
!  

includes other factors that influence the demand for beef such as consumer incomes, 

tastes and preferences, and food safety concerns. 

Equation 2, retail beef derived supply, represents quantity of beef supplied by the 

retail sector, supermarkets, and restaurants. This equation is a function of the retail price 

of beef (p!!!! ), the price of wholesale beef (p!!!! ), and exogenous supply shifters. The 
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price of beef (p!!!! ) is included because, as the output price of the final product, it will 

affect supermarket and restaurant profitability and, therefore, affects supply at the retail 

level. The price of wholesale beef (! ! ! !
! ) is included as the main input cost, and will also 

affect profitability. The vector K!!!!  includes other factors that influence the supply of 

beef at the retail level, such as the price of labor, which affects wholesale to retail 

distribution costs.  

Equation 3, wholesale beef derived demand, represents quantity of boxed beef 

demanded by retailers for eventual sale in the retail market. The equation is a function of 

the main input price, or the price of wholesale beef (p!!!! ), the eventual output price, or 

the retail price of beef (p!!!! ), and exogenous demand shifters. The vector W!!!
!  includes 

other factors in the wholesale beef market that influence the demand for boxed beef such 

as transportation and packaging costs. 

Equation 4, wholesale beef derived supply, represents quantity of beef supplied 

by the fed cattle market to the wholesale market. This is a function of the price of 

wholesale beef (! !! !
! ), the price of fed cattle (! ! ! !

!" ), and exogenous supply shifters 

(! ! ! !
! ). Because fed cattle are the main variable input in wholesale beef production, the 

price of fed cattle is important to wholesale supply. The vector ! ! ! !
!  includes other 

factors in the wholesale beef market that influence the supply of beef at the wholesale 

level, such as government regulation.  

Equation 5, fed cattle derived demand, represents quantity of fed/processed beef 

demanded by wholesalers. Like the other demand relations, this is a function of input and 

output prices. The input price is the price of fed cattle (! ! ! !
!" ), and the output price is the 
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wholesale price (! ! ! !

! ). The vector ! !!!
!"  includes other factors in the wholesale beef 

market that act as demand shifters, such as processing employee wage. 

Equation 6, fed cattle derived supply, represents quantity of finished cattle sent 

for processing and eventual sale to wholesalers. The equation is a function of the output 

price of fed cattle (p!!!
!" ), the price of feeder cattle (! ! ! !

!" ), the price of corn (! ! ! !
!"#$ ), and 

exogenous supply shifters. The price of corn is crucial because feed is the main input in 

the cattle finishing sector and an increase in this price will increase costs for the feedlot 

sector. The vector K!! !!"  includes other factors in the wholesale beef market that influence 

the supply of beef, liked transportation costs. 

Equation 7, feeder cattle derived demand, represents quantity of feeder cattle (in 

retail weight equivalent) demanded by feedlots. It is a function of the price of feeder 

cattle (! ! ! !
!" ), the price of fed cattle (p!!!!" ), the price of corn (p!!!!"#$), and carcass weight 

(carcasst-1). The price of feeder cattle is included as the main input price and the price of 

fed cattle is included as the main output price. The price of corn is a significant input and 

is therefore included, and carcass weight is included in the equation because an increase 

in saleable meat per animal will cause equilibrium quantity demanded at the retail level to 

be met with fewer animals. The vector W!!!
!"  includes other factors in the feeder cattle 

market that influence demand, such as improvements in feeding technology.  

Equation 8, feeder cattle primary supply, represents quantity of feeder cattle 

supplied by cow-calf producers. Quantity of cattle supplied to feedlots is a function of the 

output price of feeder cattle (p!!!!" ), input prices, and limiting factors in production 

capability. The price of cows (p!!!!"#$) is a supply shifter because, other than land, it 
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represents the largest investment needed to produce feeder cattle. The price of hay (! !!!

!"#) 

is included because forages are the primary feed needed to maintain breeding herds. The 

price of farm labor (p!!!!"# ) is included because it affects profitability and, therefore, 

inventory expansion or contraction decisions. Inventory (Inventoryt-1), or the sum of 

replacement heifers and cows, is included, because a cow-calf producer’s ability to 

respond to feedlot demand depends on the number of breeding cows available to produce 

feeder calves. Production limiting factors such as age t-1, range-ratio t-1, PDI t-1, forage t-1, 

herd size t-1, and insurance t-1 are included because they affect the producer’s ability to 

respond to changes in price. Age t-1 (producer’s age) is included because an increase in 

age increases substitution away from beef production towards crop production, which 

requires less labor. Range-ratio t-1 is the ratio of cropland to rangeland acreages and 

represents potential changes in land use. PDI t-1 is the Palmer Drought Severity Index, a 

measure of rangeland health. Forage productivity per acre (forage t-1) limits herd 

expansion efforts, as does herd size per producer (herd size t-1). Insurance t-1 is included 

because increases in crop insurance purchases decrease the necessity of using cattle 

enterprises to moderate income risk. The vector K!!!
!"  includes other factors in cow-calf 

production that influence the primary supply of beef, such as weather which can reduce 

the survival rate of new born calves.  

 The vertically coordinated structure of the beef production market therefore 

allows permits the use of variables from different levels of the beef production process 

when modeling changes just at the primary supply level. The following chapter describe 

the data collected for this study in more detail. 



33 
 

CHAPTER FOUR 
 
 

DATA 
 
 

Annual data from 1962 to 2012 are used to quantify the effects of various factors 

on breeding herd inventory expansions and contractions. This chapter discusses the 

variables, data sources, missing values, and corrective measures used to complete the 

data set. Table 1 provides summary statistics.  

 
Table 1. Descriptive Statistics 
Variable 
Name 

Description Mean Standard 
Deviation 

Min 
(Year) 

Max  
(Year) 

Inventory Breeding herd inventory in 
millions (Inventory) 

41.5 4.4 35.1 54.6 
 

Feeder Cattle 
Prices 

Price of  500-600 lb feeder 
steers in dollars per 
hundredweight (pfc) 

86.7 28.9 37.6 105.5 

Range quality Palmer Drought Severity 
Index (PDI)  

0.4 0.8 -1.3 1.9     

Forage matter 
per acre 

All hay pounds per acre 
(excludes alfalfa) in tons 
per acre (forage) 

3593.
3 

339.5 2960.0 4120.0 

Hay Price Inflation adjusted price of 
hay in tons per bushel (phay) 

101.0 13.6 45.1  98.3   

Carcass 
Weight 

Carcass Weight Pounds Per 
Beef Cow (carcass)  

606.4 84.0 426.8  722.8 

Insurance Use Ratio insured cropland to 
total cropland (ins) 

0.6 0.3 0.2 0.9     
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Table 1. Descriptive Statistics Continued 
Variable 
Name 

Description Mean Standard 
Deviation 

Min 
(Year) 

Max  
(Year) 

Avg Herd 
Size Per 
Rancher 

Ratio of beef cow inventory 
to # farms with beef cows 
(herd size) 

41.6 1.3 38.8 43.9 

Price of Ag 
labor 

All hired workers in dollars 
per hour (plab) 

4.4 0.3 3.9 4.9    

Operator age Principal operator age in 
years (age) 
 
 

51.9 2.4 50.5  58.5   

Beef Demand Kansas State Beef Demand 
Index (demand) 

80 29 50  159      

Boxed beef 
price 

600 to 700 estimated 
carcass value in dollars per 
hundredweight (bbp) 

79.3 16.3 59.1  129.6 

Fed Cattle 
Price 

Inflation adjusted price of 
fed cattle in dollars per 
hundredweight (bbp) (pfd) 

109.5 23.4 81.4  177.2  

Price of Cows Inflation adjusted slaughter 
price of cows in dollars per 
hundredweight (bbp) (pcows) 

65.9 19.2 42.1  120.9 

Price of Corn Real price of corn in dollars 
per bushel (pcorn) 

4.0 1.5 2.2 8.2  

Retail Price of 
Beef 

Real price of retail beef in 
dollars per hundredweight 
(bbp) (pr) 

4.4 0.6 3.7  6.1 

Cropland to 
Rangeland 
Ratio 

Ratio of cropland acres to 
rangeland acres (range-
ratio) 

0.4 0.0 0.3  0.4  

Consumption 
Expenditures 

Inflation adjusted 
consumption expenditures 
per capita (consumption) 

21666 9100 8576  35381  

GDP Per 
Capita 

Real GDP per capita (GDP) 3389 9665 17862  49571  

Compensation 
of Employees 

National employee 
compensation (wage) 

4823 2364 1433  8593  
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Description of Data Used for Econometric Estimation 
 
 

The following describes the variables used in this study. Most of the variables are 

eventually eliminated due to data concerns or multicollinearity. 

 
Inventory (Inventory) 

 
The dependent variable in this study is beef breeding herd inventory. Data for this 

variable are plotted in figure 1. Producers decide whether or not to retain heifers and/or 

cull cows for future breeding seasons. The results of those decisions are expansions and 

contractions of the beef-breeding inventory. This study uses beef breeding herd data to 

examine inventory changes rather than total inventory of cattle and calves, which is more 

frequently used in the literature. The breeding herd inventory measure should capture 

heifer retention decisions without confounding influences of decisions involving dairy 

cattle and feedlot management.  

The U.S. breeding herd variable is constructed by adding U.S. beef cow and U.S. 

replacement heifer inventory data from the USDA National Agricultural Statistics 

Service (NASS). The data are reported by NASS at two points each year — the first of 

January and the first of July. January 1st data are used for both variables to capture 

replacement heifer decisions from the previous year.  

The breeding herd data include all heifers 500 pounds and above that exist on 

January 1st. Thus, some 500 pound heifers that will eventually be marketed for slaughter 

are included along with those that will eventually be used as breeding cow replacements. 

The breeding herd cyclical trends can be seen in figure 1. The data show consistent 
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periodicity into the 1970s with some collective expansion and contraction decisions 

shown in the 1980s and early 1990s. The trend flattens beyond this point and inventory 

numbers gradually decline.  

 
Feeder Cattle Prices (pfc)3 
 

Feeder cattle prices represent output prices for feeder cattle producers. Feeder 

cattle prices are collected from the Livestock Marketing Information Center beginning in 

1973 and are presented in figure 6. The data represent historical Oklahoma City 500-600 

pound feeder steer prices, which have been adjusted for inflation using 2011 as the base 

year. The GDP deflator is used to deflate each of the price series in this thesis. The GDP 

data are downloaded from the St. Louis Federal Reserve data website. Once adjusted, the 

series shows a fifteen-year gradual decline in price starting in 1980, followed by a 

gradual increase in real prices beginning in the mid-1990s. While increases in feeder 

cattle prices might be related to declines in inventory, the typical cow-calf producer 

expansion response to higher prices is notably absent. Ceteris paribus, the decline in 

breeding-herd numbers despite increasing prices seems to be contrary to economic theory 

and historical precedent, both of which show that when the price increases, producers 

respond by expanding inventory.  

                                                
3 Select the spreadsheet with historical feeder steer prices, 
“OKSTRHFR.xls”http://www.lmic.info/tac/spreadsheets/spreadsheets.html  
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Figure 6. 500-600 Pound Real Feeder Steer Prices, U.S. 

 
 

Palmer Drought Severity Index (PDI)4 
 

Drought may be an important factor in breeding herd decisions because it directly 

affects rangeland productivity. The Palmer Drought Severity Index (PDI) is used as a 

proxy for rangeland productivity and is a measure of ground moisture on a local level. 

The PDI is maintained and updated by the National Climatic Data Center, and reports 

moisture levels using a scale from extremely dry (-4.00 and below) to extremely moist 

(4.00 and above). The Corn Belt states and much of the western part of the United States 

experienced severe to extreme drought conditions in 2012. Figure 7 shows a PDI image 

of local moisture levels in the United States for August 2012. It shows moderate to 

extreme drought in each of the top 10 feeder cattle producing states (CA, CO, IA, KS, 

MO, MT, NE, OK, SD, and TX), which suggests forage capacity in those regions was 

                                                
4 http://www1.ncdc.noaa.gov/pub/data/cirs/drd964x.pdsi.txt 
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negatively affected. The data are reported monthly and regionally. These are aggregated 

annually using a simple average of each of the 12 monthly observations, and nationally 

creating a simple average of the regional reports.  

 

 
 
Figure 7. U.S. Drought Conditions for August 2012. 

 
 
Forage Matter Per Acre (forage)5 

 
Hay production is a potential factor that may be inhibiting herd expansion. Forage 

matter per acre is obtained from NASS for the years 1970 to 2012 and presented in figure 

8. The data are reported annually for the United States as well as for individual states. 

                                                
5 The data can be found on quickstats.nass.usda.gov/ after selecting Hay (Excl Alfalfa) – Acres 
Harvested. 
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The data represent hay production, excluding alfalfa, measured in tons per acre. Like the 

inventory and feeder cattle price graphs (figures 1 and 6), figure 8 shows a change in 

trend after the mid-1990s. Forage production increased from 1970 to the mid-1990s 

although substantial variability existed over the period. It has trended downward slightly 

in the most recent years. The data are certainly a function of weather conditions, but may 

also represent changes in land use or technology over time. 

 

 

Figure 8. Pounds of Forage Matter Per Acre. 

 
Hay Prices (phay)6 

 
 The fifth variable listed in table 1 is hay price, which is presented in figure 9. 

Drought and the ensuing decreases in forage matter per acre require producers to 

                                                
6 Hay price for all hay, collected from NASS quickstats: http://quickstats.nass.usda.gov/results/3084C407-
ABC7-36B8-B235-3F32A4FFFA3B#90B5DB05-9583-37D4-8639-04C3FA5BAE67 
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supplement grass with alternative forages to maintain herd sizes. The price of hay will, 

therefore, have implications for cow-calf producer profitability, and by consequence, 

their inventory decisions. The price of all hay, including alfalfa, measured in dollars per 

ton are collected from NASS for the years 1980 to 2012. While the price of hay over the 

entire range trends downward, a line fitted over the last decade shows a steep upward 

trend, and a fitted line from 1991 shows a slight upward trend. The change in price of hay 

may have contributed to an increase in cow-calf producer costs during this period. This 

slight upward trend occurs concurrently with the atypical observations in the cattle cycle 

that are the subject of this research.  

 

Figure 9. Real Price of Hay in Dollars Per Ton.  
 
 
Carcass Weight (carcass) 

 
 The sixth variable listed in table 1 is productivity of the U.S. beef cow herd, 

measured in pounds of carcass weight produced per beef cow each year (figure 10). The 

70 

90 

110 

130 

150 

170 

190 

19
61

 
19

63
 

19
65

 
19

67
 

19
69

 
19

71
 

19
73

 
19

75
 

19
77

 
19

79
 

19
81

 
19

83
 

19
85

 
19

87
 

19
89

 
19

91
 

19
93

 
19

95
 

19
97

 
19

99
 

20
01

 
20

03
 

20
05

 
20

07
 

20
09

 
20

11
 

   
   

   
  $

/to
n 

   
 



41 
 
variable is constructed by multiplying average carcass weight per steer and number of 

steers slaughtered each year, and then adding the result to the product of average carcass 

weight per heifer and number of heifers slaughtered per year. Because the slaughter 

numbers include live cattle imported from Canada and Mexico, beef production from 

these imports is subtracted to obtain a measure for domestic beef production from the 

U.S. cattle herd. Subsequently, this measure is divided by the number of U.S. beef 

breeding cows. All data are obtained from the Livestock Marketing Information Center. 

Figure 10 shows that output per beef cow has increased substantially over the past thirty 

years. As carcass weight increases, fewer animals are needed to satisfy a demand for 

beef, which may be responsible for the decreasing inventory.  

 
 
Figure 10. Pounds of Beef Carcass Weight Produced Per Beef Cow 
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Insurance Use (insurance)7 

 
The seventh variable listed in table 1 is crop insurance use (figure 11). As 

discussed in chapter 1, crop and livestock prices are only marginally positively 

correlated, and net income for each of these enterprises may have even lower positive 

correlations. Hence, crop and livestock enterprises have historically been used by 

agricultural producers to diversify income sources. However, the scope and scale of 

heavily subsidized crop insurance products increased dramatically over the past 30 years. 

Thus, it may be the case that crop insurance use has supplanted the need for livestock 

enterprises as a means for net income risk management. Insurance usage is, therefore, 

included as a factor that may explain steadily decreasing U.S. inventory numbers 

observed nationally. 

 To capture this effect, the variable used is a ratio of insured crop acres to total 

crop acres. Increases in this ratio indicate increases in crop insurance purchasing rates. A 

ratio of insured cropland to total cropland is constructed using data from the USDA Risk 

Management Agency (RMA), NASS, and from Smith and Goodwin (2012). Data from 

Smith and Goodwin are used for the years 1981-1989, and RMA data are used beginning 

in 1990. Total cropland acres is a summation of planted acres dedicated to the top five 

U.S. crops: barley, corn, wheat, soybeans, and hay. In the case of hay, harvested rather 

than planted acres are used in the calculation because planted acres are not collected 

throughout the entire sample period. The data show a distinct upward trend in percent of 

insured crop acres starting at 1981. Prior to 1981 the rate is 0. While there are some 

                                                
7 Risk management agencies record of insurance use: http://www.rma.usda.gov/pubs/state-profiles.html 
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purchases of crop insurance from the start of the Federal Crop Insurance Program in 1935 

until the early 1980s, rates of purchase did not increase substantially until the 1990s after 

substantial increases in insurance premium subsidies. Data regarding rates of purchase 

are not available prior to 1981. However, purchases were minimal prior to this period. 

Therefore, a 0 is used for all years prior to 1981. In 1981, only 14 percent of crop acres 

were insured. Currently, over 90 percent of these top five U.S. crops are insured. This 

dramatic increase in crop insurance purchases indicates that decreasing inventory 

numbers may be partially explained by changes in risk diversification strategies.  

 

 

Figure 11. Ratio of Insured Crop Acres to Total Crop Acres 
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Average Herd Size Per Rancher (herd size)8 
 
 The eighth variable listed in table 1 is average herd size per operator (figure 12). 

Exits by small operations may help explain why beef cattle breeding inventories have not 

increased over the past 15 years. As crop insurance purchases increase and fewer cattle 

are needed for risk management, herd sizes may be increasing as small producers raising 

cattle merely for diversification purposes exit the market. This variable is constructed 

using beef breeding cow inventory from NASS, and number of farms with beef cows is 

obtained from the Agricultural Census. The variable is a ratio of these two metrics with 

beef breeding herd divided by number of farms with beef cows. The data are collected 

from 1974 to 2012. Census data are only available in five-year increments. Hence, the 

number of farms with beef cows is linearly interpolated between observations and 

forecasted after 2007. 

Figure 12 shows that average herd size per operator increased from 38 in 1974 to 

just over 41 in 2012. Average size is almost 44 in 1995 and 1996 as well as in 2008. 

Since number of operations and numbers of beef cattle are both decreasing, the increase 

in the ratio demonstrates that numbers of operations decreased more quickly. Both 

scenarios, fewer operations and fewer cattle, demonstrate that expanding beef production 

                                                
8 U.S. Agriculture census publishes cattle and calves herd size by inventory and sales each census year. 
http://www.agcensus.usda.gov/Publications/index.php 
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may not be perceived as a profitable strategy, despite increasing real feeder cattle prices. 

 

Figure 12. Average US Herd Size Per Operator. 

 
Agricultural Labor Wage (plab)9 

 
The ninth variable listed on Table 1 is the price of hired farm labor (figure 13). As 

the price of labor increases relative to capital, profit-maximizing agricultural producers 

seek capital-labor substitution opportunities. Such opportunities are likely more prevalent 

for crop producers than livestock producers. Better capital options include wider 

equipment, GPS technologies, herbicide-resistant genetic seed varieties, increased custom 

hire options, and a host of cropping practices that economize on labor. For cow-calf 

producers, capital/labor substitution opportunities are more limited. Hence, as the price of 

agricultural labor increases, producers may substitute away from cattle production 

towards crop production. The price of agricultural labor is obtained from NASS farm 

labor survey for years 1980 to 2011. The survey is conducted three or four times per year 
                                                
9 Agricultural wages are reported multiple times per year in the farm labor survey 
http://usda.mannlib.cornell.edu/MannUsda/viewDocumentInfo.do?documentID=1063 
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and is available since the 1930s. Livestock employee wages and crop employee wages 

are not collected by NASS prior to the mid-1990s. Values for all hired workers are 

available since the 1940s and are used in this study.  

 

 

Figure 13. Real Hourly Agricultural Wages. 

 
All hired workers is defined by the farm labor survey as anyone, other than an 

agricultural service worker, who is paid for at least one hour of agricultural work on a 

farm or ranch. These include field and livestock workers, supervisors and bookkeepers. 

All hired worker wages are highly correlated with both livestock and crop employee 

wages. Figure 13 presents adjusted for inflation. Real wages increase gradually beginning 

in the early 1980s. From the mid-1990s, however, hired worker wage increases more 

quickly than for the previous 15 years. 
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Average Age of Principal Operator (age)10 

The tenth variable listed in table 1, average herd size per operator, increases 

gradually throughout the sample period (figure 14). Older producers are less able to 

conduct the physically challenging work required for cow-calf production relative to crop 

production. Consequently, an increase in age could be correlated with decreased herd 

inventories as older producers exit the industry. The data are reported in Census of 

Agriculture publications from 1945 to 2007 and average age increased from 48.7 to 57.1 

during that period. Because the Census of Agriculture is conducted every five years, the 

data are linearly interpolated between observations to create a continuous series, and 

forecasted beyond 2007. The data show a consistent upward trend. 

 

Figure 14. Average Operator Age. 

 
 

                                                
10 Agricultural census report listing age under “summary by age and principal occupation of operator”: 
http://www.agcensus.usda.gov/Publications/index.php.  
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Beef Demand (demand)11 

 
 The next variable in table 1, beef demand, represents consumer demand for beef 

at the retail level (figure 15). Beef demand is represented by an index developed and 

maintained by Kansas State University that measures changes in demand relative to 1980 

levels. An increase in index value represents an increase in demand with prices held 

constant. To create the index, data on beef consumption, retail beef prices, and beef price 

elasticities are used. The demand index shows a substantial decline over the last thirty 

years, with the bulk of the decline occurring from 1980 to the mid-1990s. There is a 

modest recovery of demand beginning in 1998 and ending in 2004, but demand has since 

declined to its mid-1990s low. It is notable that despite declines in beef demand, the real 

price of feeder cattle continues to rise. This demonstrates that inventory has fallen enough 

that despite the commensurate decreases in demand, there is upward pressure on prices.  

            

 
Figure 15. Beef Demand Index. 

 

 
                                                
11 Annual choice beef demand index: 
http://www.agmanager.info/livestock/marketing/graphs/Tonsor/Annual_ChoiceBeef 
DemandIndex_Table_1980.htm 
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Boxed Beef Price (bbp)12 

 
The next variable in table 1 is boxed beef price, representing the output price of 

beef at the wholesale level (figure 16). The definition of wholesale beef cutout values 

(i.e., the price of boxed beef) has been altered over time to reflect heavier carcass 

weights. Therefore, three separate series are used to span the sample period. A simple 

average of quarterly choice cutout values is calculated for 550-700 pound, 600-750 

pound, and 600-900 pound carcass equivalent values (or values estimated for carcasses 

based upon prices paid for wholesale beef) spanning the years 1980-1998, 1999-2003, 

and 2004 to the present, respectively. The variable is, therefore, a compilation of three 

separate series. Figure 16 shows a slight upward trend over the last fifteen years, which is 

similar to that of feeder cattle prices. This makes intuitive sense because boxed beef price 

is a function of retail beef prices due to the vertically integrated nature of the supply 

chain.  

 

Figure 16. Boxed Beef Price. 

 
                                                
12 http://www.agmanager.info/livestock/marketing/database/default.asp (“In the Cattle Markets 
Spreadsheet with Kansas and Nebraska Fed and Feeder Prices, Boxed Beef Prices, and Canadian 
Prices.”); http://lmic.info/tac/spreadsheets/spreadsheets.html (“wkcutval.xls)” 
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Price of Fed Cattle (pfd)13 
 
 The next variable listed in table 1 is the price of fed cattle (figure 17). The data 

are collected from the LMIC “Long Term Monthly Fed Steer Prices (Mostly Omaha)” 

spreadsheet and reflect fed steer prices. This spreadsheet provides two monthly variables:  

(1) a simple average of Nebraska Direct 1,100 to 1,300 carcass weight prices, and (2) a 

weighted average of the same. Neither series runs continuously for the entire sample 

period but the two series are highly correlated, so the data is constructed using both. 

Simple average data are used from 1980 to 1991 and from 1999 to 2011 and weighted 

average data are used from 1992 to 1998. Figure 18 shows that, like the other beef price 

variables, real fed cattle prices trend downward until the mid-1990s, at which point they 

trend upwards slightly. This is not surprising considering the vertically integrated nature 

of the beef production industry.  

 

Figure 17. Real Price of Fed Cattle. 

 

                                                
13 Long Term Monthly Fed Steer Prices (Mostly Omaha) (spreadsheet “OMASTR.xls”) 
http://www.lmic.info/tac/spreadsheets/spreadsheets.html  
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Price of Cows (pcows)14 
 
 The price of cows is included as a feeder cattle supply shifter because cows 

represent one of the largest investments necessary for feeder cattle production. The data 

are presented in figure 18. The price of cows is collected from NASS by selecting 

monthly data and aggregating annually using a simple average. The figure shows that the 

real price of cows has experienced the same trends as other beef and cattle price 

variables. The correlation coefficient of the prices of fed steers and cows is 0.97. When 

the price of feeder cattle is expected to rise, cows become more valuable for producing 

calves than as slaughter animals. Hence, fewer are sent to slaughter, which in the short 

term further increases the price of wholesale beef and fed cattle.  

 

Figure 18. Real Price of Cows. 

 
 

                                                
14 http://quickstats.nass.usda.gov/results/F71F37C2-4B35-31FE-BFCD-24262A24966B 
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Price of Corn (pcorn)15 
 
 The next variable listed in table 1 is the price of corn. The data are collected from 

NASS and reported in dollars per bushel in figure 19. The price of corn represents the 

largest input cost in fed cattle production other than investments in feeder cattle and is, 

therefore, a demand shifter for feeder cattle. Figure 19 shows that the real price of corn 

has increased substantially since 2005, which is due to the large increase in ethanol 

production during this period. Yet for the decade prior to 2005, real corn price trends 

downward which should have made fed cattle production less costly, and, ceteris paribus, 

more profitable for this period. Because inventory contraction has occurred steadily since 

the 1970s while corn price has experienced substantial decreases and increases, the large 

increase in corn prices after 2005 might only have a modest effect on inventory numbers.  

 

 Figure 19. Real Price of Corn. 

 
                                                
15 http://quickstats.nass.usda.gov/results/42C60A93-2477-3D50-A3F0-16AED8F315BD 
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Retail Price of Beef (pr)16 
 
 The next variable listed in table 1 is the retail price of beef. The data are collected 

from USDA Economic Research Service (ERS) and are presented in figure 20. The data 

are aggregated yearly and converted from cents per pound to dollars per pound of carcass 

weight equivalent by dividing the data by 100. The figure shows that the real retail price 

of beef followed similar patterns to the other beef variables, although it is notable that the 

increases in retail prices did not begin until 1999, which is later than the other variables. 

Graphically, the retail prices show a more obvious increasing trend since 1999 than the 

other beef price variables.  

 

Figure 20. Real Retail Price of Beef. 

 
 
 

                                                
16 http://www.ers.usda.gov/data-products/meat-price-spreads.aspx (“Historical monthly price 
spread data for beef, pork, broilers, turkeys, and eggs”) 
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Cropland to Rangeland Acres (range-ratio)17 
 

The proportion of agriculture acres that are used as cropland is a measure of 

rangeland availability (figure 21). The variable is a ratio of acres dedicated to the 

production of the top five crops in the United States (corn, wheat, soybeans, barley, and 

hay) and total acres used for agriculture (a summation of summer fallow crop acres, 

harvested crop acres, and rangeland excluding cropland and woodland). The numerator of 

the ratio, the summation of the top five crop acres, is created using data from NASS. 

Summer fallow acres and rangeland acres data are collected from Agricultural Census 

publications from 1978 to 2007. Values for these two series are linearly interpolated 

between census years, and forecasted beyond 2007.  

As figure 21 demonstrates, percent of acres used for cropland has increased 

steadily since 1987. In addition to declines in total acres dedicated to agriculture, there 

were also fewer acres available for pastureland since1980, which may help explain why 

inventory numbers continue to contract while the price of beef increases.  

                                                
17 For summer fallow acres, harvested crop acres, and rangeland excluding cropland and 
woodland, choose “Land Use and Acres Diverted”, once the year has been selected. 
http://www.agcensus.usda.gov/Publications/2007/Full_Report/; for corn, wheat, soybeans, barley, 
and hay acres, visit NASS quickstats page and select “crops”, “crop totals”, then select the 
specific crop, and in the final field, specific crop name – acres planted: 
http://quickstats.nass.usda.gov/ 
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Figure 21. Range Availability. 
 
 
Consumption Expenditures per Capita (consumption)18 

 
 The next variable is used as a proxy for beef demand. Inflation adjusted personal 

consumption expenditures per capita is included as a proxy for consumer demand. 

Increasing wealth is associated with greater beef purchases, and increasing consumption 

expenditures typically accompanies increasing wealth. As illustrated in figure 22, 

consumption expenditures have increased substantially in the last 50 years. Increases in 

consumption expenditures should have resulted in increases in retail beef purchases. 

However, it is possible that changes in relative prices and/or tastes and preferences may 

have caused substitution away from beef and towards competing protein alternatives. 

                                                
18 Series is called personal consumption expenditures per capita: 
http://research.stlouisfed.org/fred2/series/A794RC0Q052SBEA 
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Figure 22. Consumption Expenditures Per Capita. 

 
US GDP Per Capita (gdp)19 

 
 Inflation adjusted GDP per capita is another measure of consumer incomes, and is 

graphed in figure 23. Like per capita consumption expenditures, this series increased 

sharply over the last 50 years, despite seven recessionary periods. Increases in GDP 

should be associated with increases in beef demand and, therefore, increases in inventory. 

Since this series increases steadily while inventory declined, it appears that greater wealth 

may not be as strongly associated with increases in beef demand as it has been 

historically.  

 

                                                
19 Series is called Real GDP per Capita in the United States: 
http://research.stlouisfed.org/fred2/series/USARGDPC 
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Figure 23. US GDP Per Capita. 

 
Compensation of Employees (wage)20 
 

Employee compensation is an alternative measure of consumer income, and is 

graphed in figure 24. This measure has been adjusted for inflation and shows an increase 

of nearly 500% over the last 50 years. As with the previous demand variables, increased 

wages should be positively correlated with beef consumption if the latter is a normal 

good. Income inequality has also been shown to increase during this period, so the 

increases in beef consumption might be larger if income increased at the same rate for the 

entire population. Since inventory has decreased while this variable increased, it is 

possible that substitutions away from beef consumption to other meats are dampening the 

historical effect of income on inventory levels. 

 

                                                
20 Series is called National Income: Compensation of Employees, Paid (COE): 
http://research.stlouisfed.org/fred2/series/COE 
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Figure 24. Compensation of Employees. 

 
Conclusion 

Each of the previous variables is included in this study because they are 

hypothesized to influence beef breeding herd inventory numbers. Estimation of these 

variables begins with the reduced form inventory equation 11 derived in Chapter 3.  
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CHAPTER FIVE 
 
 

EMPIRICAL MODELS 
 
 

 Chapter 3 provides a graphical illustration of the vertically coordinated nature of 

the beef production industry and chapter 4 discusses the variables considered in this 

research. This chapter builds upon the previous two and develops the empirical models to 

be used for hypothesis testing. 

 
Reduced Form Model 

 
The primary interest of this thesis is the cow-calf production level. A reduced 

form equation is derived by assuming the quantity of feeder cattle demanded (Qdfc ) is 

equal to the quantity of feeder cattle supplied (Qsfc) over annual time periods. Thus, (7) 

and (8) are set equal to each other to obtain equation (9):   

(9)  f7 (p!!!!" , p!!!!" , p!!!!"#$, carcasst-1, W!!!
!" ) = f8 (p!!!!" , p!!!!"#$, p!!!

!"#, p!!!!"# , Invt-1, age t-1,  
Range-ratio t-1, PDI, forage t-1, herd size t-1,       
insurance t-1, K!!!!" )      

 
Equation (9) is then solved for Inventory to yield equation (10): 

(10)  Inventory = f10 (p!!!!" , p!!!!"#$, p!!!
!"#, aget-1, range-ratio t-1, PDI t-1, forage t-1, 

         insurance t-1, herd size t-1, p!!!!"# , p!!!!" , p!!!!"#$, carcasst-1, K!!!!" , W!!!
!" )                   

     
Because of the linkages between the levels of production in the beef industry, 

variables from equations 1 - 6 are included in the reduced form inventory equation. As 

demonstrated in earlier chapters, changes in supply and demand in the retail, wholesale, 

and fed cattle sectors will affect the feeder cattle sector through changes in input and 

output prices. A change in input and output prices affects profitability and, therefore, 
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demand for all previous inputs. Accordingly, variables from equations 1 – 6 are added to 

obtain equation (11):  

(11)  Inventory = f11 (p!!!!" , p!!!!"#$, p!!!
!"#, aget-1, range-ratio t-1, PDI t-1, forage t-1,  

         insurance t-1, herd size t-1, p!!!!"# , p!!!!" , p!!!!"#$, carcasst-1, p!!!! , p!!!! ,  
         K!!!!" , W!!!

!" , K!!!!" , W!!!
!" , K!!!! , W!!!

! , K!!!! , W!!!
! ) 

 
This reduced form cattle breeding inventory equation includes factors that 

influence inventory at the cow-calf level as well as factors that affect derived demands 

for feeder cattle through the vertically coordinated structure of the beef market. This is 

the basic equation to be use for econometric estimation. 

 
Analysis of the Cyclical Component of the Cattle Cycle 

 
This section outlines the procedures used to analyze the periodicity of the cattle 

cycle, or the regularity of the interval at which the cycle appears. First, the natural 

logarithm of breeding herd inventory is filtered using a Baxter-King bandpass filter. 

Filtering separates the cyclical and trend components of the series and allows for analysis 

of the cycle absent any trend components. Filtering also eliminates the first three and last 

three years of data, so this series extends from 1923-2009. 

To quantify any changes in the attributes of the cattle cycle, a bootstrapped 

frequency domain test is used with the Baxter-King filtered inventory data. The test 

compares two or more not necessarily independent time series with the null hypothesis 

that the two series are equal (H0: equality of spectral densities). A rejection of the null 

implies that the spectral densities of the two series cannot be assumed equal. The test 

statistic developed in Dette (2009) is given below by equation 12, with Tn given as an 
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average of the Euclidean distances between each estimated individual spectral density 

and the estimated pooled spectral density:     

(12)  Tn = !
!

 !!(!)
!(!)

− 1!
!!

!
!!!

2 d𝛾 where m is the number of time series considered,  or 

2 for this application. The estimated spectral density for each separate series is 

represented by fr(𝛾), and the estimated pooled spectral density is w(𝛾). The logged and 

Baxter-King filtered inventory data are split into periods of twenty-one years. Twenty-

one years is chosen because it is long enough to capture two cycles, but short enough to 

provide numerous subsets in the 1923-2009 series. The bootstrapped frequency domain 

tests are run on two twenty-one year periods at a time. The first approach compares 

consecutive periods, with both periods varied. For example, the spectral density of 1923-

1943 is compared with 1944-1964. Then 1925-1945 is compared to 1946-1966. The last 

test using this approach compares the spectral densities of 1968-1988 and 1989-2009.  

 For the second approach, one period is held constant and compared to all others. 

The test series (1961-1981) is held constant and compared to 1923-1943 as the earliest 

period and 1989-2009 as the latest period. The purpose of this approach is to see if the 

tests would fail to reject the null hypothesis of equality when comparing each separate 

subset prior to the break identified in the first approach. Failure to reject the null 

hypothesis can be interpreted as evidence that the cycle exhibits constant frequency and 

amplitude before the early 1980s.  

Tests to determine if spectral densities from post-1980 are equal to each other are 

also conducted. Due to the comparatively shorter series available after 1980, fifteen-year 
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subsets are used; a subset length long enough to allow for equality of spectral densities 

from before the 1980s. 

 
Granger Causality 

 
Granger causality tests are used to develop a parsimonious econometric model 

specification. Because dynamic models will likely better fit cattle cycle data, Granger 

causality tests help determine which lags have the most explanatory power on current 

inventory. The inclusion of lags in empirical models reflects the nature of evolving 

responses to input factors. In agriculture, a change in prices, land use, or weather can 

often have effects that extend beyond contemporaneous periods.  

Tests are performed on 1962-2012 data of feeder cattle price, hay price, forage 

availability, producer age, insurance use, beef production, fed cattle price, price of 

agricultural labor and cow price. Granger causality tests are also used to test whether 

cattle inventories Granger cause each variable rather than the other way around. 

Significant results from these tests would indicate that there is a feedback system present 

with these variables, and support the use of lagged variables in regressions. 

 
National-Level Regressions 

 
Regressions using a more parsimonious specification of equation 11 are estimated 

using national level data for the period 1962-2012. The model is run with January 1 

inventory for the contemporaneous year as a dependent variable. All independent 

variables are lagged one or more times, since producers tend to make their inventory 



63 
 
decisions for the following year based on crop conditions and prices in the 

contemporaneous year. The distributed lag structure also helps reduce an endogeneity 

issue that can arise with having multiple highly correlated variables present in one model.  

A formal stationarity test shows the data to be only marginally stationary at best. 

Yet, graphs of the residuals resulting from a regression of inventory on each of the 

variables show that the error terms are sufficiently distributed about 0 to be assumed 

stationary. Real price data are therefore used to avoid complications associated with 

interpreting logged and differenced data, and making pre-estimation predictions. 

 
State-Level Regressions 

 
There is much variation in beef production land suitability and availability 

throughout the United States, as well as varying demographic factors. Consequently, a 

state-level fixed effects model is estimated using the same specification as the national 

level regressions. Only the states with full data for the test period are included, resulting 

in 30 state panel. The fixed effects model is run on 1962 to 2012 data. As with national 

level data, the stationarity assumption is only marginally satisfied through formal 

stationarity tests. Yet graphs of the error terms of a regression of inventory on each of the 

series separately show even distribution around 0, so the data are not filtered beyond 

inflation adjustments.  
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CHAPTER SIX 
 
 

RESULTS 
 

Cattle inventory numbers were highly periodic until the early 1980s, at which 

point the amplitude and/or frequency of producer responses may have changed. The 

following sections evaluate this change and identify factors that may be responsible.  

 
Spectral Analysis 

 
Spectral analysis using Baxter-King filtered data is used to test for changes in the 

cattle cycle. To better depict the changes in the cycle, figure 25 shows the U.S. beef 

breeding herd after it has been logged and filtered using the Baxter-King bandpass filter. 

Figure 1 depicts the cycle with the long term trend component, which is increasing for the 

first 55 years and decreasing thereafter. Figure 25 graphs the cycle after the elimination 

of the trend through filtration and shows, therefore, just the cyclical component of the 

cattle cycle. While non-filtered data appear to indicate the disappearance of the cattle 

cycle, Baxter-King filtered data suggest that the cycle is present, but dampened. 

Empirical approaches are needed to identify when the change occurred. 
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Figure 25. Baxter-King Log of Inventory with Lines Measuring Peaks. 

 
Figure 25 identifies each cycle’s peak with a vertical line. Cycle lengths range 

from 9 years to 11 years for the period 1923-1983, at which point cycle periodicity 

shortens to 6 years. Percentage changes in adjustments average about 0.045 during the 

first 60 years, and decline to 0.01 over the last 30. After 1980 the cycle occurs with 

greater frequency and reduced amplitude.  

Next, spectral analysis of the bandpass filtered series is used to confirm that the 

periodicity of the cycle changed in the 1980s. Three tests of equality in spectral densities 

are conducted. First, consecutive twenty-one year subsets are tested. Second, twenty-one 

year subsets are compared with the 1961-1981 period to verify that the series remained 

consistent before the break identified in the first test. Third, periods beyond 1981 are 

compared with each other to determine if cycles repeated over those periods. Tables 2 

and 3 present the spectral analysis results. The null hypotheses are that the spectral 

densities are equal across periods. The p-values in the last columns of tables 2 and 3 

indicate the test results. 
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The first approach tests for the equality of consecutive two-decade subsets over 

the entire series. In this approach, the earlier subset is titled “comparison series” and the 

latter subset is “test series.” The two periods vary as the model seeks to find consecutive 

twenty-one year subsets that result in the comparison series being unequal to the test 

series. Table 2 illustrates that the tests failed to reject the null hypothesis of equality of 

spectral densities for consecutive two-decade subsets until 1982-2002. At this point and 

beyond, the null hypothesis is rejected. This suggests that there is a change in frequency 

and/or amplitude of the cycle around 1982. When the periods are shortened to fifteen 

years, the break again occurs in the early 1980s, with the spectral density equality 

hypothesis rejected for the 1968-1983 and 1984-1997 periods.  

 The results presented in table 2 show that there has been a change in periodicity 

between decades 1961-1981 and 1982-2002. Yet, the results do not distinguish a change 

between consecutive subsets from a change in periodicity of the entire series. To resolve 

this issue, the comparison series (1961-1981) is held constant while the second subset, 

the test series, is allowed to vary. Table 3 shows that spectral density equality tests fail to 

reject the null hypothesis of equality between the comparison series and all previous 

periods. Beyond 1961-1981, spectral densities are not equal to the comparison series. The 

results imply that the periodicity of the cattle cycle remained constant from the post-

World War I period through the early 1980s at which point it underwent a fundamental 

change.  
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Table 2. Spectral Analysis Results, Comparison Series Varies 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
A frequency domain test is used to determine if post-1982 periodicity remained 

constant. This test attempted to determine if the cycle that appears to wane in the early 

1980s is still present by comparing spectral densities of subsets after 1982. Because the 

Baxter-King filter eliminates the first and last three years of data, the series terminates in 

2009. Subsets shorter than 20 years are necessary because only 26 years of data are 

available after 1982. Therefore, subsets of 13 and 15 years are used for comparison. Tests 

comparing fifteen-year subsets after 1982 reject the null hypothesis of equality. This 

Comparison Series  Test Series  
Start End Start End p-value 
1923 1943 1944 1964 0.233 
1925 1945 1946 1966 0.394 
1927 1947 1948 1968 0.362 
1929 1949 1950 1970 0.435 
1931 1951 1952 1972 0.133 
1933 1953 1954 1974 0.129 
1935 1955 1956 1976 0.115 
1937 1957 1958 1978 0.082 
1939 1959 1960 1980 0.346 
1941 1961 1962 1982 0.321 
1943 1963 1964 1984 0.248 
1945 1965 1966 1986 0.658 
1947 1967 1968 1988 0.396 
1949 1969 1970 1990 0.596 
1951 1971 1972 1992 0.055 
1953 1973 1974 1994 0.743 
1955 1975 1976 1996 0.533 
1957 1977 1978 1998 0.481 
1959 1979 1980 2000 0.094 
1961 1981 1982 2002 0.001 
1963 1983 1984 2004 0.000 
1965 1985 1986 2006 0.000 
1967 1987 1988 2008 0.000 
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result may be due to the fact that fifteen years is too long a subset to exclude pre-1982 

data.  

The tests using thirteen-year subsets also rejected the null hypothesis of equality. 

Yet, the accuracy of this method using thirteen-year subsamples is questionable. The 

previous method using consecutive two-decade periods is repeated using consecutive 

thirteen-year periods. When performed with two-decade subsets, the tests consistently fail 

to reject the equality hypothesis for subsets before the 1961-1981. Yet, when periods are 

shortened to thirteen years, the equality hypothesis is rejected in each test before and after 

1961-1981. Since the cattle cycle frequency is typically 10 years, the tests cannot reliably 

capture the spectral densities of the cycle with this short subset. Therefore, the rejection 

of the null hypothesis of equal spectral densities cannot be assumed to show that there is 

no regularity of the cycle after 1982.  

These tests are conducted to see if there is a repeating frequency and/or amplitude 

of cycle in the post 1982 period. It is determined that there was a change in the cycle in 

the early 1980s, so the question remains whether the change that occurred resulted in a 

cycle with a different frequency/amplitude, or whether the cycle no longer exists. 

Spectral analysis was unable to definitively answer this question because the post-1982 

period does not have a sufficient number of observations for direct comparisons.  

Spectral analysis confirms the cycle’s periodicity from 1923-1981, and identifies 

the end of this period as the point when the cycle changed. The same analysis is not used 

on state level data, as the cattle cycle is primarily a national phenomenon, and state level 

cyclicity is, therefore, not the primary concern.  
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Determining when the change occurred is instrumental for developing 

parsimonious regression model specifications. Because the cycle fundamentally changed 

in the early 1980s, feeder cattle prices are separated into pre- and post- 1982 periods, to 

test the hypothesis that the change in inventory is partially due to a change in response to 

the cow-calf producer’s main output price. This allowed for clearer demonstration of the 

change in inventory response to feeder cattle prices, and a better understanding of the 

cycle.  

 
Table 3. Spectral Analysis Results, Comparison Series Held Constant 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Comparison Series Test Series 
Start End Start End p-value 
1961 1981 1923 1943 0.572 
1961 1981 1925 1945 0.334 
1961 1981 1927 1947 0.480 
1961 1981 1929 1949 0.538 
1961 1981 1931 1951 0.200 
1961 1981 1933 1953 0.377 
1961 1981 1935 1955 0.409 
1961 1981 1937 1957 0.154 
1961 1981 1939 1959 0.261 
1961 1981 1941 1961 0.738 
1961 1981 1943 1963 0.180 
1961 1981 1945 1965 0.977 
1961 1981 1947 1967 0.367 
1961 1981 1949 1969 1.000 
1961 1981 1951 1971 0.632 
1961 1981 1953 1973 0.827 
1961 1981 1955 1975 0.897 
1961 1981 1957 1977 0.927 
1961 1981 1959 1979 0.948 
1961 1981 1963 1983 0.873 
1961 1981 1965 1985 0.681 
1961 1981 1967 1987 0.779 
1961 1981 1969 1989 0.999 
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Table 3. Spectral Analysis results, comparison series held constant continued 

 
 
 

 
 
 
 

 
 
 

 

 

Granger Causality 

 
Granger causality tests are conducted to identify variables related to inventory 

changes and appropriate lag lengths for independent variables in regression analyses. Lag 

lengths are chosen using AIC and SIC values and autocorrelation and partial 

autocorrelation functions. Granger causality tests are then conducted based on these 

results. The variables presented in table 4 are evaluated for causal relationships with 

inventory. Because some variables are eliminated in preliminary regression analysis, not 

all data described in chapter 4 and preceding chapters are included in Granger testing. 

The Granger causality tests are used to reduce the number of variables for subsequent 

regression analyses. Test results are presented in table 4. 

P-values in table 4 indicate likelihood of Granger causality between inventory and 

the variable listed in the first column. Feeder cattle price, hay price, forage availability, 

insurance use, and range conditions each Granger cause inventory. Lags 1, 2, and 15 are 

overwhelmingly chosen by these variables. These results indicate that inventory in the 

Comparison Series Test Series 
Start End Start End p-value 
1961 1981 1971 1991 0.844 
1961 1981 1973 1993 0.453 
1961 1981 1975 1995 0.998 
1961 1981 1977 1997 0.550 
1961 1981 1979 1999 0.000 
1961 1981 1981 2001 0.000 
1961 1981 1983 2003 0.005 
1961 1981 1985 2005 0.000 
1961 1981 1987 2007 0.000 
1961 1981 1989 2009 0.000 
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contemporaneous period is related to each of those variables in the previous two periods, 

or with these variables 15 periods back. The long lag length is probably spurious because 

it is doubtful that any economic connotation can be attached to it.  

Beef production, fed cattle price, and labor price are not significant, which 

indicates that lagged effects of each of these variables may not influence 

contemporaneous inventory. The purpose of Granger causality tests is to eliminate the 

least useful variables presented in the theoretical reduced form specification. The tests 

show that feeder cattle price, hay price, forage availability, insurance use, and range 

conditions are related to inventory levels at the national level. Despite being significant in 

Granger testing, forage availability and range conditions are excluded from further tests 

due to multicollinearity issues. Also, given a desire for a parsimonious regression model, 

the longer lag lengths will be ignored. Granger causality testing established lag 2 as a 

strong lag length for this data, and selected hay price, feeder cattle price, and insurance 

use as variables for regression analysis. 

Following Granger causality testing, independent variables are specified with a 

distributed lag structure. Inventory is lagged once and twice, feeder cattle prices are 

lagged two and three times, and hay price and insurance use are both lagged twice. 

 
Table 4. Granger Causality Results 
Variable Lag PVal 
Feeder cattle price 2, 15 0.039 
Hay price 2, 15 0.025 
Forage availability 2, 15 0.007 
Age 2, 15 0.195 
Insurance use 2, 15 0.003 
Beef production 2 0.544 
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Table 4. Granger Causality Results Continued 
Variable Lag PVal 
Fed cattle price 2 0.851 
Labor price 1 0.708 
Range 2, 15 0.079 
Cow price 1 0.572 
 
 

National Regressions 

 
A national model is estimated using time series data from 1962 to 2012. The 

model given by equation 13 is estimated three times, in order of most parsimonious 

model to least.   

(13) Inventory = f13 (inventoryt-1, inventory t-2, p!!!!" , p!!!!" , p!!!
!" *I(1982- 

         2012),  ! !!!!" *I(1982-2012), p!!!
!"#, inst-1) 

The base model is estimated with inventory as a function of inventory lagged 

once and twice, feeder cattle prices lagged once and twice, and feeder cattle price dummy 

interaction variables, with a first order autoregressive lag structure. The feeder cattle 

price dummy interaction terms are included following the results of spectral analysis, 

which shows a large change in the inventory cycle in the early 1980s. Because this 

change may be partially due to changes in the response of producers to feeder cattle 

prices, the price series is separated into two periods: 1962-1981 and 1982-2012. A 

dummy interaction term for feeder cattle prices in the two periods is set equal to 0 for the 

first period and 1 for the second period. During initial regressions, dummy interaction 

terms were included for each inventory lag, but were excluded from further models 

because their coefficient estimates were consistently not different from zero. 
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The ACF and PACF functions indicate that either an AR(1) or an AR(2) error 

structure is appropriate. AR(2) models were initially estimated, but the second lag was 

not significant. Hence, AR(1) models are reported. After first estimating the base model, 

it is further modified by including either the price of hay, insurance use, or both. 

Results for the national level base model are presented in table 5. The coefficient 

estimates are highly significant-- each variable is significant at the 0.01 level except for 

the autoregressive term. Of central importance to this study is whether or not the 

inventory data is cyclical. Chiang (1984) notes that the inequality γ1
2

 < - 4 γ2 (where γ1 

is equal to inventory lagged once and γ2 is equal to inventory lagged twice) must hold for 

a cyclical data generating processes. If this inequality does hold for a difference equation, 

the model contains conjugate complex roots, implying that shocks to inventory will result 

in a cyclical adjustment pattern. For this model, the inequality does hold, and inventory is 

cyclical ((1.318)2 < -4*(-0.530)). In addition, the sum of the coefficient estimates on the 

lagged dependent variables must be less than 1 if the cyclical process is stable over time. 

Again, the requirement is met in this model. 

 
Table 5. Base Model with National Data 
Variable   Coef. St. Er(Pval) 
Inventoryt-1 1.318 0.107(0.00) 
Inventory t-2 -0.530 0.074(0.00) 
Feeder cattle pricet-2 0.162 0.023(0.00) 
Feeder cattle price t-2 dummy 2 -0.113 0.025(0.00) 
Feeder cattle price t-3 -0.129 0.022(0.00) 
Feeder cattle price t-3 dummy 2 0.094 0.026(0.09) 
Constant 6.840 0.156(0.17) 
AR(1) -0.215 0.156(0.17) 
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Inventory lagged once and twice have opposite signs. However, because lagged 

dependent variables are implicit functions of all of higher order independent variables, 

the marginal value of lagged dependent variables is a sum of all coefficients of these lags 

(Rucker, et al.). Accordingly, the marginal effect of lagged inventory on current 

inventory at the national level is (1.318 – 0.530) = 0.788. Additionally, the sum of the 

two inventory lags is positive, which indicates that lagged inventory has a positive 

relationship with contemporaneous inventory. In earlier models, dummy interaction terms 

of 0 from 1962-1981 and 1*respective lag value for 1982-2012 are included for each 

inventory lag to capture changes in the cycle beyond 1981. The coefficients are not 

significantly different from zero. Consequently, these variables are excluded from further 

estimation.  

Feeder cattle prices are analyzed using dummy interaction terms dividing the 

series into two periods at the point where spectral analysis identifies the cycle change. 

Period 1 is 1962-1981 while period 2 is 1982-2012, as delineated by the dummy 

variables. Each lag has two variables: the continuous series, and the dummy interaction 

series of just 1982-2012 data (with 0s for 1962-1981). The analysis is separated into four 

parts: period 1 short run, period 1 long run, period 2 short run, and period 2 long run. 

The short run inventory response to a change in feeder cattle prices is given as the 

partial derivatives of inventory in the contemporaneous period with respect to feeder 

cattle prices in the contemporaneous and four previous periods. The estimated equation is 

given by equation 15, and the partial derivatives are equations 16 through 20.  

(15)   Inventoryt = λ1 Inventoryt-1 + λ2Inventory t-2 + α1Feeder cattle pricet-2 + β1 Feeder          
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          cattle pricet-2* I(1982-2012) +  α2 Feeder cattle pricet-3 +  β1 Feeder cattle pricet-3  

          *I (1982-2012).       

(16)   !!!
!!!

 = 0  

(17)   !!!
!!!!!

 = 0 

(18)   !!!
!!!!!  

 = α1 if I = 0 and α1 + β1 if I = 1  

(19)   !!!
!!!!!  

 = α2 + λ1α1 if I = 0 and (α2 + β2) + λ1(α1 + β1) if I = 1 

(20)   !!!
!!!!!  

 = λ1α2 + λ1
2α1 + λ2α1 if I = 0 and λ1(α2 + β2) + λ1

2(α1 + β1) + λ2(α1 + β1) if I = 1 

For an infinite geometric series, the long run (or total) effect is obtained by 

summing the coefficients of the independent variables in question and then dividing the 

sum by 1 minus the sum of the coefficients of the lagged dependent variables. In this 

case, the dummy interaction terms add an extra variable for each lag. The dummy value 

is 0 before 1982 for each lag. Accordingly, the dummy interaction terms are only relevant 

for period 2 analysis. The long term effects are calculated using equation 21: 

(21)  !!!
!!!

 = !!!  !!    
!  !  (!!!  !!)

 if I = 0 and  !!!  !!  !  !!!  !!    
!  !  (!!!  !!)

 if I = 1 

The response of inventory to feeder cattle prices can be calculated using equations 

15 – 21. In both periods, the response of inventory to a change in feeder cattle prices that 

year and the previous year is 0. In period 1, the response of inventory to a change in 

feeder cattle prices lagged twice is 0.162 (or α1), whereas in period 2 this response is 

0.049 (or α1 + β1). The response of inventory to a change in feeder cattle prices lagged 

three times is 0.085 (or α2 + λ1α1) in period 1 and 0.029 ((or α2 + β2) + λ1(α1 + β1) ) in 
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period 2. Finally, the response of inventory to a change in feeder cattle prices lagged four 

times is 0.366 (or λ1α2 + λ1
2α1 + λ2α1) in period 1 and -1.517 (or λ1(α2 + β2) + λ1

2(α1 + β1) 

+ λ2(α1 + β1)) in period 2. In the long run the period 1 response is (0.033)/ (1-(1.318-

0.530)) = 0.156. The long run response in period 2 is (0.162 - 0.113 - 0.129 + 0.094)/ 

(0.212) = 0.066.  

These results are notable because both the short and long run responses in period 

2 are smaller than in period 1. In this model, an increase in feeder cattle price leads to a 

slight increase herd size for both periods in the short run and long run, with the increase 

being smaller for period 2 results. There is a slightly negative response with respect to the 

four period lag in period two. This result may reflect a change in the amplitude of herd 

adjustments that producers make in response to a change in their main output price. The 

impulse response function shows the long term adjustments of inventory in response to a 

shock to price (figure 26). The top graph shows a cyclical adjustment pattern, which 

supports both a priori expectations and the results of this estimation.  

 

 

Figure 26. Impulse Response Functions of a Shock to Feeder Cattle Prices 
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Next, the base model is augmented with the price of hay. Hay prices represent a 

major input into the maintenance of cattle herds. Regression results are presented in 

columns 2 and 3 of table 6. The inequality γ1
2

 < - 4 γ2 holds with γ1 equal to 1.443 and 

γ2 equal to -0.602 and the sum of γ1 and γ2 less than 1. The marginal effect of the two 

lagged dependent variables is positive (0.841). This result is similar to that obtained by 

Rucker, Burt, and LaFrance (1984) where lagged inventory has a coefficient of 0.925 for 

their Montana model and 0.974 for their national model. Herd building occurs in 

response to increases in prices and continues until it is no longer profitable. Then, herds 

are culled at a comparatively faster rate. Consequently, contemporaneous inventory levels 

tend to move in the same direction as immediately preceding periods.  

 
Table 6. Base Model with Price of Hay and Insurance Estimated Separately and 
Together. 

 

 Coef. St. Er(Pval) Coef. St. Er(Pval)   Coef. St. Er(Pval) 
Inventory t-1 1.443 0.098(0.00) 1.505 0.096(0.00) 1.453 0.101(0.00) 
Inventory t-2 -0.602 0.098(0.00) -0.699 0.096(0.00) -0.615 0.117(0.00) 
Feeder cattle 
price  t-2 

0.123 0.021(0.00) 0.112 0.021(0.00) 0.121 0.023(0.00) 

Feeder cattle 
price t-2 dummy 
2 

-0.085 0.035(0.02) -0.098 0.035(0.01) -0.086 0.035(0.02) 

Feeder cattle 
price t-3 

-0.090 0.029(0.00) -0.109 0.028(0.00) -0.093 0.029(0.00) 

Feeder cattle 
price t-3 dummy 
2 

0.074 0.038(0.05) 0.093 0.037(0.01) 0.076 0.038(0.05) 

Price hay t-1 -0.018 0.007(0.02)   -0.016 0.012(0.19) 
Insurance t-1   -0.004 0.002(0.07) -0.001 0.004(0.82) 
Constant 6.627 1.444(0.00) 8.839 1.963(0.00) 6.967 2.199(0.00) 
AR(1) -0.442 0.208(0.03) -0.430 0.164(0.01) -0.445 0.203(0.03) 
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 Feeder cattle prices are significant at either the 0.01 or 0.05 level, and have the 

same signs as the previous specification for lags and dummies. As in the first 

specification (and all specifications), the response of inventory to a change in feeder 

cattle prices that year and the previous year is 0 for both periods. The period 1 inventory 

response to a change in feeder cattle prices lagged twice is 0.123, whereas in period 2 this 

response is 0.038. The response of inventory to a change in feeder cattle prices lagged 

three times is 0.087 in period 1 and 0.039 in period 2. Finally, the response of inventory 

to a change in feeder cattle prices lagged four times is 0.052 in period 1 and 0.033 in 

period 2. In the long run the period 1 response is (0.033)/ (1-(1.443-0.602)) = 0.207. The 

long run response in period 2 is (0.022)/ (0.159) = 0.138. 

As in the previous specification, results in the short and long run of period 2 are 

smaller than period 1 results. This could be because producers are less willing to respond 

to a price change and prefer to maintain constant inventory relative to the earlier period. 

It could also be because they wait longer than in the past to see if feeder cattle price 

increases persist before adjusting cattle inventories. In addition, it may be that the 

industry has settled into a more commercial system similar to that occurring in the hog 

industry.  

 The price of hay is significant and negative. As the price of hay increases, 

producer costs rise, and their expectations for lifetime costs per head rise. This reduces 

herd sizes in response to lower expected profitability.  

 The AR(1) structure appears to be a good fit for this model, with a p-value of 

0.03. The coefficient of 0.442 means that shocks to inventory will eventually dissipate, as 
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is the case when the autoregressive term is less than 1. This is an expected result given 

observation of historical patterns, including weather, disease, and price shocks to beef 

production.  

The base model is also augmented with insurance use and estimated with an 

AR(1) structure. Results are presented in columns 4 and 5 of table 6. Inventory is again 

cyclical in this model, as 1.5052 is less than (-4) (-0.699). The summation of the two 

lagged dependent variables is 0.806, which is close to the summation of the lagged 

dependent variable returned by the previous models. Separately, the coefficients are 

significant, suggesting lagged inventory influences current inventory. The intuition for 

these inventory results is as discussed for the base model with the price of hay.  

Feeder cattle prices are significant at either the 0.01 or 0.05 level, and have the 

same signs as the previous specification for lags and dummies. The period 1 inventory 

response to a change in feeder cattle prices lagged twice is 0.112, whereas in period 2 this 

response is 0.014. The response of inventory to a change in feeder cattle prices lagged 

three times is 0.059 in period 1 and 0.005 in period 2. Finally, the response of inventory 

to a change in feeder cattle prices lagged four times is 0.011 in period 1 and 0.017 in 

period 2. In the long run the period 1 response is (0.003)/ (1-(1.505-0.699)) = 0.004. The 

long run response in period 2 is (-0.002)/ (0.806) = -0.002. The decreasing response to 

feeder cattle prices as time moves to the current period is evident in these results as in the 

previous ones. The negative long run response to feeder cattle price for period 2 

contradicts a priori expectations, and may reflect a misspecification of the model.  
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Insurance use is significant at the 0.1 level with a p-value of 0.07. Its negative 

coefficient meets a priori expectations. Increases in agricultural insurance usage may 

have prompted crop producers to reduce their use of livestock as a risk reduction strategy 

within a diversification portfolio. Crop prices and beef prices are characterized by 

relatively low correlations, and as a result cattle may have been an attractive 

diversification option before the expansion of crop insurance. Consequently, increases in 

insurance purchases may be associated with decreases in inventory levels.  

Lastly, the AR(1) process is stable and significant. This indicates that shocks to 

this system dissipate over time.  

The final model augments the base model with both the price of hay and 

insurance use. Results are presented in the last two columns of table 6. The marginal 

effect of lagged inventory on current inventory is (1.453 – 0.615) = 0.838. Inventory is 

again cyclical in this model, and agrees both in sign and magnitude of coefficient with the 

results of the previous two specifications. Feeder cattle price lags and dummy interaction 

terms are significant at either the 0.05 or 0.01 levels.  

The period 1 inventory response to a change in feeder cattle prices lagged twice is 

0.210 whereas in period 2 this response is 0.035. The response of inventory to a change 

in feeder cattle prices lagged three times is 0.083 in period 1 and 0.034 in period 2. 

Finally, the response of inventory to a change in feeder cattle prices lagged four times is 

0.046 in period 1 and 0.028 in period 2. In the long run the period 1 response is (0.028)/ 

(1-(1.453-0.615)) = 0.004. The long run response in period 2 is (0.018)/ (0.838) = -0.002. 
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As in the two previous specifications, both short and long-term responses are less 

pronounced for period 2 data than for period 1 data, supporting the hypothesis that 

producers are responding less to changes in feeder cattle prices since 1982. In this 

specification the marginal effect of a change in prices in period 2 is positive, as is most 

often observed in the literature. 

In this model, however, neither price of hay nor insurance use is significantly 

different from zero. Given that each is significant when added to the base model 

separately, multicollinearity between the two variables may reduce estimation precision. 

However, table 7 indicates that the price of hay and insurance use are not highly 

correlated, although they are relatively highly correlated with the other variables in the 

model. Notably, an F-test for joint significance determines that model variables are 

jointly significant at the 0.01 level, implying that the group of variables together does 

affect inventory levels.  

National level regression results show that producers may be responding more 

cautiously to price changes than they have in the past. It is also possible that producers 

are favoring constant inventory numbers and there are fewer part-time ranchers who enter 

and exit the market on a short-term basis. Insurance use appears to have a negative effect 

on inventory numbers, as cattle may not be as widely used for income diversification 

purposes as in the past. Lastly, hay price, as a main input cost, negatively affects 

inventory and may be hampering expansion efforts.  
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Table 7. National Data Correlation Matrix  

 

Inclusion of a Demand Side Variable 

The models discussed previously include supply side variables only. The price of 

feeder cattle, the price of hay, and insurance use directly affect the cow-calf producer’s 

expansion and contraction decisions. The price of feeder cattle is an implicit function of 
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the retail price, as an increase (decreases) in retail price is transmitted through the 

vertically coordinated industry and results in an increase (decrease) of feeder cattle price. 

Yet, the inclusion of feeder cattle prices may not be sufficient to capture retail demand. 

The influence of consumer demand on cow-calf producer expansion and contraction 

decisions is estimated with four different variables. These variables are estimated 

separately with the base model, the price of hay, and insurance use. Demand variables are 

the beef demand index, consumer expenditures per capita (US), compensation of 

employees (US), and GDP per capita (US). Each of these variables is described in detail 

in chapter 4.  

Table 8 lists the results of the first two specifications, the base model with price of 

hay, insurance use, and consumer expenditures per capita, and the same with the beef 

demand index replacing consumer expenditures per capita. Inventory in each of these 

specifications is cyclical, and period 2 feeder cattle prices are smaller than period one. 

The price of hay is of the expected sign in each specification. Insurance use is negative in 

the specification including the beef demand index, which agrees with pre-estimation 

hypotheses and previous results, but positive in the estimation with consumer 

expenditures. 

 
Table 8. Inclusion of Consumption Expenditures and Beef Demand Variables. 

 

 Coef. St. Er(Pval) Coef. St. Er(Pval) 
Inventory t-1 1.289  0.152(0.00) 1.363 0.155(0.00) 
Inventory t-2 -0.470 0.123(0.00) -0.472 0.114(0.00) 
Feeder cattle pricet-2 0.157 0.038(0.00) 0.166 0.038(0.00) 
Feeder cattle price t-2 
dummy 2 

-0.098 0.042(0.02) -0.096 0.036(0.01) 

Feeder cattle price t-3 -0.123 0.034(0.00) -0.122 0.031(0.00) 
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Table 8. Inclusion of Consumption Expenditures and Beef Demand Variables Continued 

 

Both consumption and the beef demand index are negatively correlated with 

inventory. Beef consumption has been shown to increase with consumer incomes, and 

beef supplies should increase with beef demand, so these two variables should be 

positively correlated (Haley 2001). Similarly, an increase in the beef demand index 

reflects an increase in beef demand relative to that in 1980, which should translate into 

expansion of cow-calf production. The results of this estimation show the opposite. Yet, 

neither of the consumer demand variables in these specifications is statistically 

significant, even when estimated with just the base model. Further, neither the price of 

hay nor insurance use in either of these specifications is statistically significant.  

Table 9 displays the results of the final two specifications that include a consumer 

demand variable. The two variables, estimated separately, are GDP per capita, and 

compensation of employees. Because beef consumption increases with incomes, each of 

these variables is hypothesized to be positively related to inventory. Yet, similar to the 

results included in table 8, the signs do not follow logic regarding consumer spending 

decisions. Yet, these variables are not significant, and neither are the price of hay and 

insurance use.  

 Coef. St. Er(Pval) Coef. St. Er(Pval) 
Feeder cattle price t-3 
dummy 2 

0.089 0.039(0.02) 0.078 0.036(0.03) 

Price hay t-1 -0.013 0.013(0.33) -0.016 0.012(0.19) 
Insurance t-1 0.931 1.896(0.62) -0.439 1.191(0.71) 
Consumption -0.000 0.000(0.38)   
Beef demand   -0.018 0.028(0.51) 
Constant 7.334 2.558(0.00) 5.036 3.975(0.21) 
AR(1) -0.269 0.223(0.23) -0.295 0.213(0.165) 
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Table 9. Inclusion of Demand Variables GDP and Compensation of Employees. 

 

The coefficient estimates on each of the demand variables used in these 

specifications are consistently not statistically different from zero. Furthermore, inclusion 

of each of these variables appears to affect the results of the price of hay and insurance 

use variables. This may result from multicollinearity between variables. When estimated 

with the base model, none are significant. However, in every case, the right hand side 

variables are jointly significant.  

 
State Fixed Effects Model 

 
Regression results for the state fixed effects models are presented in tables 10 -

1321. The model given by equation 14 differs from equation 13 in that it includes state 

level fixed effects, indicated by σs. The equation is estimated three times in order of most 
                                                
21 Fixed effects for 19 of the 29 states (which excludes the comparison state) are found to be 
present. Two of the 19 are significant at the 0.05 level; the rest at 0.01. 

 Coef. St. Er(Pval) Coef. St. Er(Pval) 
Inventory t-1 1.315  0.146(0.00) 1.297 0.149(0.00) 
Inventory t-2 -0.485 0.117(0.00) -0.477 0.119(0.00) 
Feeder cattle price  t-2 0.158 0.038(0.00) 0.157 0.038(0.00) 
Feeder cattle price t-2  
dummy 2 

-0.097 0.041(0.02) -0.098 0.041(0.02) 

Feeder cattle price t-3 -0.125 0.034(0.00) -0.123 0.033(0.00) 
Feeder cattle price t-3 
dummy 2 

0.086 0.036(0.03) 0.088 0.038(0.02) 

Price hay t-1 -0.014 0.013(0.23) -0.013 0.012(0.31) 
Insurance t-1 0.754 2.036(0.71) 0.995 2.059(0.63) 
GDP -0.000 0.000(0.53)   
Wage   -0.000 0.000(0.42) 
Constant 7.619 2.718(0.00) 7.226 2.463(0.00) 
AR(1) -0.286 0.221(0.23) -0.273 0.216(0.21) 
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parsimonious model to least. Lags are included following the results of Granger causality 

testing, which indicated that lagged effects are present in the data. 

(14) Inventory = f13 (inventoryt-1, inventory t-2, p!!!!" , p!!!!" , p!!!!" *I(1982- 
         2012),  p!!!!" *I(1982-2012), p!!!

!"#, inst-1, σs) 
 

Four specifications are considered. The first regressed breeding cattle inventory 

onto first and second period lagged inventory, two and three period lags on feeder cattle 

prices, and a dummy variable interacted with each feeder cattle price variable. The 

dummy variable equals 0 from 1962-1981 and 1 for 1982-2012. Similar to previous 

national level models, this model is considered to be the base model. The base model is 

also augmented with the price of hay and with insurance use variables independently. 

Finally, these two variables are both included in a final specification.  

The first regression results for the base model are presented in table 10. As 

detailed for national level regressions, lagged dependent variables are implicit functions 

of all of higher order independent variables.22 In this case the marginal effect of lagged 

inventory on current inventory at the state level is 1.170 – 0.173 = 0.997. The positive 

coefficient meets a priori expectations given the biological nature of cattle inventories. 

Cattle inventory expansions in response to feeder cattle price increases take several years 

to be completed. Inventory is likely to be influenced by inertia in terms of previous herd 

size decisions. 

Inventory in this model is not cyclical. As in previous cases γ1
2

 < - 4 γ2 must hold 

with inventory lagged once equal to γ1 and inventory lagged twice equal to γ2. For these 

                                                
22 Following Rucker et al. (1984). 
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results, the inequality does not hold. Since it does hold at the national level, this state 

level result might be because the regression weights each state equally. Factors that affect 

the cycle may vary across states.  

 
Table 10. Base Model with State Level Data 

 
 
Estimated coefficients for lags 2 and 3 for feeder cattle prices are both 

significantly different from zero. Each is also interacted with a dummy variable that has 

the value of 0 for years 1962-1981 and 1 for 1982 to 2012. Of these price dummy 

interaction terms, the lag 2 dummy is significant while the lag 3 dummy is not.  

The short run is again defined as the first five periods including the 

contemporaneous period. Following the rules of infinite geometric series, the total, or 

long run, effect is the sum of the coefficients for each period divided by 1 minus sum of 

the lagged dependent variable coefficients. The presence of dummy interaction terms 

allows for separate analysis of two subsets: period 1, 1962-1981, and period 2, 1982-

2012. Since the dummy variable is 0 before 1982, the interaction term with feeder cattle 

prices does not affect the period 1 impacts. 

Variable        Coef. St. Er(Pval) 
Inventoryt-1 1.170 0.026(0.00) 
Inventory t-2 -0.173 0.026(0.00) 
Feeder cattle pricet-2 0.002 0.000(0.00) 
Feeder cattle price t-2 dummy 2 -0.001 0.000(0.14) 
Feeder cattle price t-3 -0.001 0.000(0.00) 
Feeder cattle price t-3 dummy 2 0.001 0.000(0.27) 
Constant -0.004 0.012(0.71) 
R2 = 0.99 
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Each feeder cattle price dummy separates the series into two periods, so there are 

four components to the analysis: period 1 short run, period 2 short run, period 1 long run, 

and period 2 long run. The period 1 inventory response to a change in feeder cattle prices 

lagged twice is 0.002 whereas in period 2 this response is 0.001. The response of 

inventory to a change in feeder cattle prices lagged three times is 0.001 for both periods. 

Finally, the response of inventory to a change in feeder cattle prices lagged four times is 

0.004 in period 1 and 0.001 in period 2. In the long run the period 1 response is (0.001)/ 

(1-(1.170-0.173)) = 0.333. The long run response in period 2 is (0.001)/ (0.003) = 0.333. 

These results are different from those obtained from national level estimation, in that the 

long run estimates and two of the three short run lag estimates are equal between both 

periods. This may be a result of the fact that twenty of the fifty states are eliminated prior 

to estimation due to insufficient data. 

The results of the base model are all significant and of the predicted signs. Hence, 

inventory is not cyclical and feeder cattle prices indicate no change in inventory response 

from periods 1 and 2.  

Results of the base model augmented with the price of hay are presented in table 

11. The summation of the coefficients for both inventory lags is 0.995, which has the 

expected sign and is somewhat smaller than the result obtained in the base model. In this 

specification, the inventory response to lagged inventory is smaller which implies that 

exogenous shocks to inventory will take less time to dissipate. However, as in the last 

model, (1.154)2 is greater than (-4)*(-0.159), so inventory is not cyclical. 
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The period 1 inventory response to a change in feeder cattle prices lagged twice is 

0.002 whereas in period 2 this response is 0.001. The response of inventory to a change 

in feeder cattle prices lagged three times is 0.001 for both periods. Finally, the response 

of inventory to a change in feeder cattle prices lagged four times is also 0.001 for both 

periods. In the long run, inventory response in both period 1 and period 2 is (0.001)/ (1-

(1.154-0.159)) = 0.200. 

 
Table 11. Base Model with Price of Hay and Insurance Estimated Separately 

 

Both the short and long run responses are positive which indicates that inventory 

responds positively to feeder cattle price increases. The price of hay is highly significant 

and the negative sign is as expected. As the price of hay increases, producers input costs 

increase and expected profits decline.  

The base model is also augmented with the crop insurance usage variable. Results 

are presented in columns 4 and 5 of table 11. As in the first model, inventory is not 

cyclical. The sum of the lagged dependent variable coefficients is 0.997, almost exactly 

the same coefficient as that obtained in the base model.  

 Coef. Stand. Error 
(PVal) 

Coef. Stand. Error 
(PVal) 

Inventory t-1 1.154 0.025(0.00) 1.170 0.026(0.00) 
Inventory t-2 -0.159 0.025(0.00) -0.173 0.026(0.00) 
Feeder cattle price  t-2 0.002 0.000(0.00) 0.002 0.000(0.00) 
Feeder cattle price t-2 dummy 2 -0.001 0.000(0.13) -0.001 0.000(0.14) 
Feeder cattle price t-3 -0.001 0.000(0.00) -0.001 0.000(0.00) 
Feeder cattle price t-3 dummy 2 0.001 0.000(0.23) 0.001 0.000(0.27) 
Price hay t-1 -0.001 0.000(0.00)   
Insurance t-1   0.001 0.010(0.93) 
Constant 0.024 0.012(0.05)   
R2 = 0.99 
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The period 1 inventory response to a change in feeder cattle prices lagged twice is 

0.002 whereas in period 2 this response is 0.001. The response of inventory to a change 

in feeder cattle prices lagged three times is 0.001 for period 1 and 0.129 for period 2. 

Finally, the response of inventory to a change in feeder cattle prices lagged four times is 

0.001 in both periods. In the long run the period 1 response is (0.001)/ (1-(1.170-0.173)) 

= 0.333. The long run response in period 2 is (0.001)/ (0.003) = 0.333. 

While the coefficients on lagged inventory did change slightly, the result is the 

same in this estimation as with the last one: period 1 and period 2 responses to changes in 

feeder cattle prices are the same in both the short run and the long run. The long run 

response for this estimation is slightly larger.  

Significance levels are slightly improved with this model. Lagged prices are still 

significant at the 0.01 level and the dummy interaction terms for lags 2 and 3 are now 

significant at the 0.01 and 0.05 levels, respectively. The exclusion of the price of hay and 

inclusion of insurance use improves the significance levels of feeder cattle prices, 

implying that there could be some correlation between the price variables. Table 12 

demonstrates that the price of hay and feeder cattle prices are not highly correlated, with 

correlation coefficients ranging from 0.25 to 0.35. One explanation for the change in 

significance between the first and second models is that there may be complex correlation 

between variables in this model that is only remedied by excluding the price of hay.  

Insurance use, defined as the percentage of insured cropland acres, is significant 

at the 0.05 level, although it does not have the expected sign. The prediction is that as 

insurance subsidies became more expansive and insurance for crops is purchased in 
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greater quantity, cattle would be less necessary for income diversification purposes. It 

could be that omitting twenty of the states caused an upward bias in this coefficient 

estimate.  

 
Table 12. State Level Correlation Matrix 
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The final specification includes both the price of hay and insurance use. Results 

are presented in table 13. Inventory is again not cyclical and returns the same coefficients 

and standard errors as the model with just the price of hay. As with the first model, this 

coefficient indicates that a one unit increase in lagged inventory will result in a 0.995 unit 

increase in contemporaneous inventory. A large shock to inventory will have a 

progressively smaller, but positive, impact on inventory with each subsequent period, and 

will eventually dissipate. 

 
Table 13. Base Model with Price of Hay and Insurance Use Estimated Together 

 

In this model, insurance use is not statistically different from zero. This could be a 

result of multicollinearity between insurance and another variable in the model. The 

correlation coefficients indicate that insurance use is correlated with both dummy 

interaction terms, which is perhaps due to the fact that all three variables are 0 before 

1981.  

 
Coef.              Stand. Error(P>|t|) 

Inventory lag 1 1.154   0.025(0.00) 
Inventory lag 2 -0.159   0.025(0.00) 
Feeder cattle price lag 2  0.002   0.000(0.00) 
Feeder cattle price lag 2 dummy 2 -0.001   0.000(0.13) 
Feeder cattle price lag 3  -0.001   0.000(0.00) 
Feeder cattle price lag 3 dummy 2 0.001   0.000(0.23) 
Price hay -0.001   0.000(0.00) 
Insurance use -0.001   0.010(0.89) 
Constant 0.026   0.016(0.11) 

R2 = 0.99 
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In this estimation feeder cattle prices and dummy interaction terms are identical to 

the previous specifications. This indicates that, regardless of whether or not the model 

controls for hay prices and insurance use, the affect of feeder cattle prices on inventory 

will be the same.  

 
Conclusion 

 
 

The models described in this chapter produce increasingly accurate in-sample 

forecasts over time. Figure 27 presents the difference between observed and predicted 

inventory levels using the national base model. The largest difference between the two 

occurs in 1970 with an error of nearly 4 million head. The model’s predictions become 

increasingly accurate until 2005, at which point the difference between predicted and 

actual values increases slightly. The increasing accuracy of the model may be due to the 

decision to split feeder cattle prices into two periods to accommodate the change in 

producer response to feeder cattle prices.  

 

 

Figure 27. Difference Between Actual and AR(1) Corrected Predicted Inventory Values. 
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Lack of inventory expansion despite the existence of increasing beef prices can be 

explained by the high input costs necessary for beef cattle production, changing producer 

response to output prices, and decreasing need for cattle to mitigate risk of crop failures. 

The inflation-adjusted price of hay has increased steadily the last three decades, 

decreasing producer profit. Drought and ever-expanding demand for cropland probably 

means that the price of hay will not decline substantially in the near future. Therefore, it 

is unlikely that cow-calf producers’ a priori expectations include a reduction of input 

costs. Additionally, producers’ responses to changes in feeder cattle prices appear to have 

muted over time. There could be fewer short-term producers who enter the market only 

for a high price, or long-term ranchers may prefer to maintain more consistent inventory. 

Lastly, increases in insurance purchases appear to put downward pressure on inventory 

numbers, as fewer cattle are needed as a risk management strategy.  
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CHAPTER SEVEN 
 
 

CONCLUSION 
 

Beef cattle production is an integral part of American agriculture. Over the last 

century, profit-maximizing behavior resulted in inventory expansions and contractions 

that exhibited remarkable regularity. Cattle producers have historically based their 

inventory decisions on expectations of the price of the output produced by cows – feeder 

cattle. Producers cull their herds when feeder cattle prices are expected to decline, and 

expand when feeder cattle prices are expected to increase.  

In recent years, however, the periodicity of this cycle changed. The real price of 

feeder cattle has increased since the 1990s. Historically, in the absence of a 

commensurate increase in input costs, this price increase would have resulted in herd 

expansion. Figure 28 shows the natural logarithm of inventory after Baxter-King filtering 

has been used to remove trends. The graph demonstrates that, with the exception of the 

1960s, the peak of each cycle occurred with regular frequency and amplitude until 1980. 

Then, after 1980, the amplitude of the cycle appears muted. 

This thesis attempts to quantify whether or not the cattle cycle has changed. The 

use of Baxter-King filtering processes indicates that the average length of the peaks in the 

cattle cycle have shortened from 10 years prior to the early 1980s, to 6 years since. The 

size of peak to trough inventory adjustments declined from an average of 0.045 percent 

during the first 60 years of the data to less than 0.01 percent over the last 30. Beef 
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breeding herds appear to continue to adjust in a cyclical manner, but appears to do so in 

recent years with a greater frequency and dampened amplitude. 

 

 
Figure 28. Baxter-King Filtered log of inventory 

 
The second issue considered by this research is the identification of the source of 

changes in the cattle cycle. Spectral analysis tests identify period 1981-1984 as the point 

of cyclical change. Following a prediction that inventory response to feeder cattle prices 

may have changed concurrently with the change in the cycle, the series is split into two 

periods: 1962-1981 and 1982-2012. Granger causality tests indicate that lagged feeder 

cattle prices, the price of hay, and crop insurance use are correlated with inventory. These 

results are used to help specify the distributed lag structure of the regression models.  

Regressions are estimated at the national and state levels. The base model for both 

national and state regressions consists of inventory as a function of inventory lagged once 
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dummy interaction variables, with a first order autoregressive lag structure. Short and 

long term responses are also calculated for feeder cattle prices for each specification. The 

base model is then estimated separately with hay price, insurance use, and these two 

variables together. National level regressions identify the prices of feeder cattle, the price 

of hay, and insurance use to be factors in producer response. As predicted, the price of 

feeder cattle has a positive effect on inventory, with period 2 short term and long term 

responses smaller than the period 1 responses with both lags. The price of hay and 

insurance use both have the expected negative signs when estimated separately. 

However, the regression including the price of hay and insurance use simultaneously did 

not return significant values for either of these variables.  

National level regression results show that inventory behaves cyclically over the 

series as a whole. Coefficient estimates for dummy interaction terms with the lagged 

dependent variables for the 1981-2012 period were not significantly different from zero. 

This indicates that producers are still expanding and contracting inventories according to 

input and output factors, but their responses are muted with respect to feeder cattle prices.  

Regressions are estimated at the state level with the same models as those for the 

national level to determine if state level fixed effects explain the changes in the cattle 

cycle. State level fixed effects are confirmed to be present, indicating that there is 

variation across states in inventory response to feeder cattle prices, hay price, and 

insurance use. State level regression results echoed national level regressions in all ways 

except one: inventory is not cyclical. This may be due to the nature of the regression 

model because states with inherently different breeding herd expansion capacities are 
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weighted identically. The price of hay and feeder cattle lags and dummy interaction terms 

returned the same signs for state level results as they did at the national level. 

Additionally, insurance use had the expected negative sign in two out of three of the 

regressions.  

Econometric results at both the national level and state level indicate that 

inventory responses to feeder cattle prices have become less pronounced. In response to a 

change in feeder cattle price, inventory levels are not responding to the same degree as 

previously. National and state level regressions consistently returned larger output price 

coefficients for period 1 (1962-1981) than for period 2 (1982-2012). This result holds 

regardless of whether the short run response or the long run response is being calculated. 

This may reflect a change in price expectations, or a movement towards less variation in 

individual herd inventories. It may also indicate that the producers who only enter the 

market when prices are high and then exit when they decline are no longer participating 

in cattle production. The absence of these producers could have a large impact on 

national inventory levels. This may explain why inventory levels remain low despite the 

high price of feeder cattle. 

The price of hay is shown to be inversely correlated with cow inventory levels at 

both the state and national levels in all specifications. The real price of hay has been at 

record levels for the past few years. This may be influencing producers’ willingness and 

ability to expand cow herds despite the high price of cattle.  

Crop insurance usage has increased in response to larger government premium 

subsidies. This may have reduced the use of cattle production as an income 
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diversification strategy for crop producers. In addition, recent high crop prices may have 

encouraged changes in land use from forage production to crop production. This makes 

land used for cattle production more expensive. An increase in crop insurance use would 

therefore have a dual negative impact on cattle inventories due to rising input costs and 

decreasing demand for diversification purposes.  

 An extension of this research would include additional spectral analyses once a 

few more years of data are available. Attempts to measure the cycle after 1981 did not 

yield significant results, possibly because of a lack of data. A second topic for research 

would be to use futures data to estimate changes in producer responses to feeder cattle 

prices to see if responses continue to decline, stagnate, or perhaps increase. 

In conclusion, the lack of typical response by cattle producers that is historically 

observed in the face of output price increases is likely due to increasing costs, reduced 

need for cattle for risk management, and the evolution of producer responses to price 

changes. The current price of cattle is quite high. However, increasing costs diminish the 

profitability associated with high output prices. The price of hay has been steadily 

increasing over the last few decades as a result of drought and increasing competition for 

cropland. Therefore, it is unlikely that cattle inventory will reverse its decline over the 

next few years.  
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