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A STATISTICAL ANALYSIS OF TE RESULTS OF STUDIES OF TI 
COST OF PRODUCING DAIRY PRODUCTS IN TUE 

IThIITED STATES AND CANADA 

INTRODUCT ION 

There have been more economic and. cost of pro- 

duction studies of dairying than of any other farm 

enterprise. This discussion is based upon a review of 

53 bulletins presenting results of economic studies of 

dairying during the period l9O5-l9O, that have been 

published by 19 states, the United States Department of 

Agriculture, and the Province of British Columbia. 

Since dairying is easily the most extens±ve 

agricultural enterprise it is entirely natural that this 

attention has been devoted to it. Another factor that 

is perhaps partly responsible for this attention is that 

milk is a product of almost universal daily consumption 

and the price therefore comes to the attention of the 

consumer more forcibly and continuously than that of 

other farm products. This results in more interest and 

questioning as to whether the price is equitable, which 

in turn has been a stimulus to economic and cost of 

production investigations and. studies. A city milk sup- 



ply exhibits many characteristics of the public utility 

type of business enterprise. 

The accumulation of the results of these studies 

has resulted in a mass of data which it is now feasible 

to analyze as a whole with the object of deriving gener- 

al conclusions and princ±ples. Such an analysis is the 

purpose of this study. 

Objectives 

The definite objectives of this study are as 

follows: 

1. To summarize and analyze the conclusions and 

principles reached in dairy cost of production studies 

up to the present time. 

2. To tabulate and suliriarize quantity costs of 

producing dairy products as determined in these studies. 

3. To analyze these quantity costs statistically 

to determine factors affecting the cost of producing 

dairy products and their relative importance. 

Nature of Available Data 

A b±bliography of the publications with which 

this discussion is concerned is given in the Appendix. 

Of the institutions publIshing this literature the New 

York Cornell Experiment Station leads in number of pub- 

lications with thirteen, and the Vermont Agricultural 
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Experiment Station is second with eight. Five publica- 

tions are from the United States Department of Agricul- 

ture, and one is from the Department of Agriculture of 

British Colurnbia. 

Of the 53 studies, 39 were made by the survey 

method, 10 by detailed accounting methods, and 4 by corn- 

binations of survey and accounting. By the survey 

method is meant the general method of obtaining data up- 

on the entire year's business by a single visit to the 

farm. Any accounts of records that the farmer may keep 

are used as far as possible but the data are based 

largely on careful, detailed estimates by 

er with the guidance and assistance of the enumerator. 

The detailed accounting method consists of assist- 

ing the farmer to keep actual accounts of his farm busi- 

ness, from which the desired data are then taken at the 

end of the year. This method of' course involves much 

more time and expense in obtaining the required informa- 

tion. It has the advantage of giving more accurate 

details of the business of any one farm; it has the dis- 

advantage, however, that because of the expense involved 

it must be limited to a comparatively small number of 

farms. The smaller number of farms is frequently insuf- 

ficient to give reliable and representative averages of 



4 

certain items, or to bring out certain factors affecting 

costs of production and profits. 

Twenty-eight of the bulletins deal chiefly with 

cost of production, 7 deal chiefly with farm organiza- 

tion, and 18 cover both methods of approach. The cost 

of producticn studies deal only with the dairy enter- 

prise, and do not include the other enterprises cr parts 

of the farm business, nor the profits of the farm as a 

whole. The farm organization studies, on the other hand, 

deal only with the farm as a whole, tal:ing up the dairy 

enterprise and factors affecting it only in their rda- 

tion to the entire farm business and to the profitable- 

ness of the whole farm. These studies give very few data 

on dairy production costs but bring out much the same 

factors affecting efficiency and profitableness as the 

cost studies. The 18 studies that approach the problem 

from both the cost of production and farm organization 

viewpoints furnish basic cost of production data and al- 

so bring out the effect of various factors on both cost 

of production in the dairy enterprise and the efficiency 

and profitableness of the farm as a whole. 

I,íethod of Procedure 

This study, as it has been carried out, has two 

main phases. The first is a careful review and study 
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of the bulletins to deteriine the conclusions reached 

in the several studies as to the effect of various 

factors on the cost of producing milk or butterfat, and 

a swrirnarization of these conclusions. The second main 

phase of the study is a summary and analysis of the quan- 

tity cost of production data given in the various publi- 

cations. 

In suxmTarizin and analyzing the quantity cost 

data the steps in the procedure have been as follows: 

1. Tabulation and summarization of the average 

quantities of feed and labor entering into the cost of 

production the regions 

2. Evaluation of these quantity costs at uniform 

rates. 

3. ComputaLion of digestible nutrient require- 

ments for the various sets of data. 

4. Statistical analysis of these data by the 

method of sorting und cross-tabulating to determine the 

effect of various factors on the cost of milk and butter- 

fat. 

5. Analysis by partial and multiple correlation 

of factors for which such analysis appeared desirable. 

These were found to be (1) production of milk per cow, 

(2) amount of concentrates per cow, and (3) percentage 



of T.D.N. requirement from pasture, as related to (4) 

cost of production. 

S1JLARY CONCLUSIONS REACHED IN PUBLISHED REPORTS 

In analyzing and summarizing the conclusions in 

the several studies it was often difficult to decide 

whether or not a conclusion had been reached. There are 

a number of cases in which the investigator apparently 

hesitates to express a definite conclusion; to avoid do- 

ing so, the pertinent facts are given, and nore or less 

of the interpretation is left to the reader. In other 

cases conclusions are obscured by ambiguity of state- 

nient. 

The general policy in this analysis has been to 

consider only conclusions that are rather definitely 

expressed and that are substantiated reasonably well by 

the data. The author realizes the high probability of 

error in a critical interpretation of reports such as 

these and asks for charitableness for any misinterpreta- 

tions that have been made. 

The chief factors upon which conclusions have been 

reached in these published reports are yield, or produc- 

tion per covi; value of cows; season of production; feed- 

Ing practices; size of business; and butterfat test of 
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the milk. Conclusions as to other factors are too few 

or too poorly substantiated bo warrant summarization. 

Production Cow 

In nearly all farm nanagement and cost of produc- 

tion studies yield or production per unit is found to be 

the outstanding factor affecting cost. As would be ex- 

pected, therefore, production per COVI has been found 

quite generally to be the most important factor affect- 

ing the cost of producing milk. Twentr-seven of the 

bulletins report lower costs per pound of milk with 

higher annual production per cow. 

Value of Cows 

Not much correlation has been found between cow 

values and their production. Only four studies, from 

three states, report higher production from cows of 

higher value, while Vermont (Bui. 283) reports no cor- 

relation found. 

The explanation of this undoubtedly, is the fact 

that many dairymen do not 1ìow the production of their 

cows or how it compares with average production. Often 

a dairyman whose cows are producing considerably more 

than the average does not realize this and places only 

average values on them. On the other hand, many dairy- 



men have bought cows at high prices, often merely be- 

cause they are registered, and continue to so value 

them without realizing that their production is below 

average and does not justify the higher values. 

Season of Production 

With reference to season of production there are 

two types of dairying: first, winter dairying, in which 

it is arranged to have the cows freshen in the fall so 

that the heaviest production will come diu'ing the wntei; 

and second, suxiu;or dairying, in which the cows freshen 

in the spring, thus giving their heaviest production dur- 

ing the swumer. Winter dairying has an advantage in that 

prices are usually higher during the w±nter months. An- 

nual production per cow also is usually higher for winter 

dairying, as the milk flow is prolonged by the coming of 

the pasture season in the latter part of the lactation 

period. Winter dairying has the disadvantage, however, 

that the heaviest production must be on comparabively 

higher priced winter feeds, rather than on pasture, as 

is the case in summer dairying. 

Studies in five states, including most of the 

Cornell studies, show levier cost for winter dairying. 

The larger total annual production per cow, and the 

larger proportion of the product sold at the higher win- 



ter prices apparently more than offset in most cases the 

heavier feeding that is necessary. However, in one 

Cornell study (Bui. 409) the winter dairying was found 

less profitable because the seasonal price differential 

was not large enough, and in one Vermont study (Bui. 304) 

uniform production throughout the year gave best returns. 

Two bulletins point out that cosbs are higher in 

winter than in summer without giving consideration to 

the effect of date of freshening on production nor to 

the average cost for the total annual production under 

the two types of dairying. 

Feeding Practices 

Although both dairy experimental work and general 

observation indicate that feeding practices have an im- 

portant bearing on the cost of producing milk, conclu- 

sions as to the effect of feeding practices are rather 

meagre in these economic studies of dairying. One im- 

portant reason for this is doubtless that before an 

analysis of feeding practices can go very far it be- 

comes necessary to convert the various feeds to some 

kind of a ttcomnon denominator", such as digestible nu- 

trients. A satisfactory basic for doing this has not 

as yet been worked out; and, moreover, few of the econ- 

omic studies have been extensive enough to have permit- 
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ted such a procedure even being attempted. The neces- 

sity for such a "common denominator", and some of the 

difficulties involved, will be more apparent from the 

statistical analysis of the quantity cost data that is 

given later in this discussion. 

Vermont (Buis. 256, 258) reports no outstanding 

correlation between intensity of feeding and cost per 

unit of product. Iowa (Bui. 243) reports higher cost 

with heavier feeding. Cornell, in one study (Bui. 364), 

reports higher cost, and in another (Bui. 409) arparent-. 

ly finds the reverse or at least inconclusive results. 

Upon the effect of the nutritive ratio, Vermont 

(Buis. 268, 283) finds no correlation with cost; 

ijnnesota (Tech. Bui. 44) and Wisconsin (Res. Bui. 79) 

find higher production per cow with a narrower ratio; 

and Cornell (Bui. 409) finds lower cost with a higher 

percentage of protein in the feed. 

Cornell (Bui. 409), Vermont, Connecticut, and 

Washington report lower cost with silage feeding, but 

the substantiating data are not very convincing; 

Cornell (Bui. 364) and Virginia report no correlation 

between silage feeding and cost. 
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Size of Business 

For the dairy enterprise a very satisfactory 

measure of the size of business is the number of cows 

in the herd. Fourteen studies, in seven states, in- 

dicate lower costs for the larger herds, and in four 

more studies, in three additional states, lower labor 

costs are shown for the larger herds. These findings 

are in harmony with most cost studies, size of business 

usually showing a negative correlation with cost of pro- 

duction per unit of product. 

As a result of generally unprofitable conditions, 

however, more loss per farm is reported by Cornell 

(Bui. 421) for farms with higher capitalization, and in 

the British Columbia study for the farms with more crop 

acres. 

Butterfat Test 

The market value of milk almost universally de- 

pends upon its butterfat content, whether sold. as whole 

milk, or separated and sold as cream. Five studies in 

four states show the cost of production per unit of 

milk to be higher for milk of higher test. Three of 

these studies go further, however, to show a lower cost 

per pound of butterfat with higher test. 
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Appraisal of Conclusions 

The foregoing sumìarization of the conclusions 

may now be further condensed. It seems reasonably well 

established that the cost of producing milk is usually 

lower (1) with higher producing cows, and. (2) with larger 

herds; (3) that with higher butterfat test the cost per 

unit of milk is higher and the cost per unit of butter- 

fat lower; and (4) that winter dairying is usually more 

profitable, but may not be under certain local conditions. 

It also seeris apparent that valuations of cows are not 

closely correlated with their production; and that as 

yet analysis of statistical data has not satisfactorily 

brought out the relationships between feeding practices 

and cost of production that doubtless exist. 

SUi1LARY OP QUANTITY COST DATA 

Costs of production that are expressed only in 

dollars and cents, or in other words money costs, soon 

become out-of-date and useless because of changes in 

prices of the various items. Many items of cost, how- 

ever, may also be expressed in terms of the physical 

quantities of the item, such as pounds of feed and hours 

of labor. There is much less change in these physical 

quantities of the various items than in their money 

values; hence costs expressed in physical quantities 
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are much more stable and reliable over a period of 

time. Also, by applying current prices to these quan- 

tity costs the money cost at any particular t±me may be 

closely approximated. 

In 35 of the bulletins under consideration there 

were found 73 sets of quantity cost data for different 

regions or period of time. These quantity cost data 

±nclude the average production of milk or butterfat, 

the average feed requirements in pounds of feed and 

days of pasture, and the average labor requirement in 

hours. A summarization of these data is given in 

Table 1. 

Uniform values, approximating market values be- 

fore the big drop in prices of 1930, have been applied 

to these quantities of feed and labor (Table 1). The 

charge of ten cents per day for pasture, a maximum value, 

precludes any possibility of underestimating pasture 

cost. The total money cost for feed and labor as thus 

computed represents approximately 80 per cent of the 

total cost of producing milk and butterfat. 

In obtaining these 73 sets of data from the bui- 

letins it was necessary in several cases to compute the 

specific figure desired from data expressed in another 

form: for instance, addìng together pounds of silage and 

pounds of soiling crop to obtain pounds of succulents, 



Table i 

AVERAGE PRODUCTION PER COW, AND QUANT IT lES 
AND VALUE OF FEEL AND LABOR PER COW, ANNUALLY. 

73 reports, 4644 annual farm records, 
94,466 annual cow records 

Items 

Milk produced 

Average butter- 
fa teso 

Butt e rf at 
produced 

Roughage 

Suc culent s 

Concentrates 

Past ur e 

Labor 

14 

Amount per [ Value * 
Cow Annually .ssumed Total Per 100 

Rate* per Co Lbs.Jilk 

5950 lbs. 

3.8 

225 lbs. 

4098 lbs. 

5760 lbs. 

1566 lbs. 

153 days 

155 hrs. 

TOTAL VALUE OF FEED AND LABO 

lO per 
T. 

5 per 
T. 

30 per 
T. 

3 per 
Ido. 

46 

; 120 

.35 

.24 

4Q 

.77 

2.O2 

*Uniform values for feed and labor have been applied to 
all results. 
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or multiplying pounds of milk by the butterfat test to 

obtain pounds of butterfat produced. The butterfat pro- 

duction was not available for 11 sets of the data, which 

therefore have not been used in determining figures per- 

taming to butterfat production in the tables that fol- 

low. For 24 sets of the data in which the number of 

days of pasture was not given it was estimated by divid- 

ing the value of the pasture by ten cents per day for 

studies relating to the year 1918 or later, and by five 

cents per day f years prior to 1918. 

Variation in Feed and Labor Cost 

In Table 2 is shown the number of reports with 

given feed and labor costs per hundred pounds of milk, 

computed as explained above. This table siows that 

there was wide variation in cost between the different 

reports, even though computed at uniform values, which 

of course eliminated further variation that would have 

arisen from this source. 

Finding the causes for this variation in cost 

between the different reports, and studying the factors 

that cause it, is the purpose of the statistical anal- 

ysis of these data. 



Table 2 
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VARIT ION IN FEED AND LABOR COST 
PER HUNDRED POUNDS OF MILK 

Feed and Labor 
Cost per 100 
Pounds of Milk 

Under l.75 

1.75 - 

2.O0 - p2.24 

2.25 - 2.49 

.49 

73 published reports 

12 

Number of Reports 

21 
I 

26 
I 
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Digestible Nutrient Requirements and Standards 

Well established feed requirements for dairy cat- 
tie have been set up as a result of experimental dairy 

feeding work at many places and over periods of many 

years. The most outstanding of these are the Haecker, 

Savage, Eckles, ArinsUy, and Morrison standards, based 

on the work of these men at the Minnesota, Cornell, 

LissouTi, Pennsylvania, and Wisconsin Experiment Sta- 

tions respectively. The Haecker, Savage, and. LIorrison 

standards are expressed in terms of total digestible 

nutrient requirement; the Eckles and Arrnsby standards 

in net energy requirement, or therms. 

For the purposes of this study the differences 

between these several standards are too small to be of 

material consequence. The standards expressed in digest- 

ible nutrients have an advantage, however, in simplicity 

of calculating feed. requirements. Of these, the Haecker 

standard has been selected for use in this study for the 

reason that it is between the other two in value, as 

well as being within the maximum and minimum limits of 

the Morrison standard, which is the most recent of the 

three. 

The I-iaecker feeding standard gives the amount of 

total digestible nutrients required for maintenance of 
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Table 3 

HAECKER FEEDING STANDARD FOR DAIRY CO'VS' 

Total Digestible 
Nutrients 

LtJs. 

For maintenance of 1000-ib, cow (daily) 7.925 

To allowance for maintenance add 
for each poi.rnd of milk - 

2.5 per cent milk 0.257 
3.0 per cent milk 0.287 

2.5 per cent milk 
4.0 per cent milk 

4.5 per cent milk 
5.0 per cent milk 

5.5 per cent milk 
6.0 per cent milk 

6.5 per cent milk 
7.0 per cent milk 

0.319 
0.350 

0.379 
0.405 

0.431 
0.457 

o 484 
0.508 

*Renry and Morrison, 'Feeds and Feedin,' p.133 
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the body weight of the cow, and the additional arnou.nt 

required for the pioduction of milk of given percentages 

of butterfat (Table ). Using the values in this stand- 

ard the totsi digestible nutrient requirement bas been 

calculated for the average cow in each set of quantity 

cost data, assuming a 1000-pound cow and using the 

average production and test of the milk in each case. 

As shown in Table 4 this amounts to 4,862 pounds of 

total digestible nutrients annually for the average an- 

nual production per cow for all of the sets of data, 

which was 5,950 pounds of 3.8 per cent milk. 

The average amount of total digestible nutrients 

in various feeds has also been well established by ex- 

perimental work, and the most comprehensive compilation 

of such data is doubtless Henry and Morrisons' "Feeds 

and Feeding." From the tables of feed compositions 

given in this source il; is apparent that average per- 

centages of total digestible nutrients for dry roughage, 

succulents, and concentrates are, in round numbers, 50 

per cent, 15 per cent, and 75 per cent respectively. 

Using these percentages, the amount of total digestible 

nutrients in barn feed has been computed for each set 

of the quantity cost data. The average for all of the 

records is 4,087 pounds of total digestible nutrients 

from barn feed, as shown in Table 4. 
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Table 4 

AVERAGE TOTAL DIGESTIBU NDTRIT REQUIRETNT 
PER COW ANNUALLY, AND AMOUNTS CONSWVD 

73 published reports 

Amount Assumed T.D.N. 
per Cow Percentage per Cow 
Annually T.D.N. Annually 

T.D.N..requirement Lbs. 
per cow annually 
(5950 lbs.3.8% milk) 4662 

T.D.N. in barn feed: 

Dry roughage 4098 lbs. 50 2049 

Succulents 5760 lbs. 15% 864 

Concentrates 1566 lbs. 75% 1174 

Total T.D.N. in 
barn feed 4087 

T.D.N. in pasture 153 days 775 
(by difference) 
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As has been pointed out, the total digestible 

nutrient requirements of dairy cows, and the digest- 

ible nutrient content of the various feeds has been 

very thoroughly worked out and established by experi- 

mental investigations and studies. When we cor to 

pasture, however, we find no such well established 

standards as for the other feeds. In fact, there is 

very little available data as to feeding value or nu- 

trient content of pasture, and yet the use of pasture 

is undoubtedly one of the most important factors in 

relation to the efficiency of the feeding program. 

The amount of total digestible nutrients receiv- 

ed from the pasture, however, should be the difference 

between the computed total digestible nutrient require- 

ment of 4,862 pounds and the 4,087 pounds supplied in 

the barn feed, or 775 pounds. For the average of 153 

days of pasture per cow annually this amounts to 5.06 

pounds per day of pasture. 

As to the reliability of this f lure of approxi- 

mately five pounds of total digestible nutrients per 

day of average pasture there is practically no standard 

by which to judge. Comparing it with the limited amount 

of data along this line obtained by the Dairy Husbandry 

Department of the Oregon Agricultural Experiment Station 

in their work with pastures it seems reasonable. Pro- 
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lïminary tabulation of data from the Dairy Cost Study 

being carried on by the Oregon Experiment Station indi- 

cates, however, that the proportion of the total digest- 

ible nutrients consumed that is attributed to the pasture 

may be too low. 

Iiuch more experimental work is needed. to establish 
this point, although it is possible that further analysis 

of the extensive body of quantity cost data being obtain- 

ed in the Oregon Dairy Cost Study may shed additional 

lit upon it. In the meantime, however, it will be 

used as a basis for roduciig these quantity cost data 

to a "common denominator" of total digestible nutrients 
and for making a statistical analysis of the relation- 
ships that may thus, possibly for the first time, be 

brought out. 

CROSS-TABULATION ANALYSIS OF QUANTITY COST DATA 

Having summarized the 73 sets of quantity cost 

data from these published reports, computed their iacney 

value at uniform assumed rates, and converted the quan- 

tities of feed to a common denominator of total digest- 

ible nutrients, we are now ready to proceed with the 

statistical analysis of these data. The procedure that 

has been followed is, first, an analysis of the data by 

the method of cross-tabulation; and second, a further 



23 

analysis by multiple and partial correlation of the 

relation of feeding practices to cost of production. 

The method of cross-tabulation consists of 

grouping or sorting the records by the values of the 

causal factor being studied, or in other words making 

a frequency distribution of the causal factor; and then 

tabulating the values of the resultant factors in each 

group. Comparing the values of the causal and resultant 

factors in the several groups gives a qualitative indica- 

tien of correlation between them, end a general idea of 

the amount of correlation, although not, of course, a 

definite quantitative measure of the amount of correla- 

tien. 

In making a cross-tabulation analysis it is 

important to tabulate for each sort any other causal 

factors that might be correlated with the factor upon 

which the sort is made end perbps be the cause of 

the variation in the resultant factor rather than the 

causal factor under consideration. In the tabulations 

that follow it will be noticed that this has been done. 

When there is strong correlation between two caus- 

al factors, in order to observe the effect of each in- 

dependently it is necessary to sort by one, and then 

sub-sort each group by the other factor. With a limit- 

ed number of records it is impossible to go very far 
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with such sub-sorting because the numbers of records 

:in the sub-groups become too small to give reliable 

ave2ages. It is in such circwnstances that the methods 

of partial and multiple correlation have a definite ad- 

vantage over cross-tabulation. This will be illustrated 

in the discussion tbt follows. In addition to this, 

mathematical correlation methods have an advantage in 

giving a definite quantitative measure of the amount of 

correlation. 

The cross-tabulations that have given significant 

results relate to size of herd; butterfat test of the 

milk; production, or yield, per cow; intensity of feed- 

ing; and regional variation. 

Size 2 Herd 

In Table 5 the 73 published reports of quantity 

costs for different regions or years have been grouped 

according to number of cows per farm Into three groups; 

namely, under 20, 20 to 39, and over 39 cows per farm. 

As shown in the table, the average nibers of cows per 

farm in each group were 15, 26, and 61 respectively. 

In the lower part of the table are shown the 

average costs for feed and labor per cow, per hundred 

pounds of milk, and per pound of butterfat, for each 

group. It will be seen that nearly all of the costs 
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Table .5 

RELATION OF SIZE OF DAIRY HERD TO COSTS OF PRODUCTION 

73 publIshed reports 

Cows per Farm 
Items Under Over Total or 

________________________ 20 20-39 39 Average 

Number 2. reports 39 24 10 73 

Averaje number oÍ cows 15 26 61 25 

Production 
Lbs. milk per cow 5863 5998 6177 5950 
Butterfat test 3.7 3.8 4.1 3.8 
Lbs. butterfat 
per cow 21? 230 245 225 

Intensity 2; feedin 
T.D.N. from 
concentrates 26 23 21 24 

g T.D.1. from pasture 17 16 13 16 

Costs 
Feed cost per cow 74 74 $ 71 $ 74 
n ti n 1OQtmilk .27 1.25 1.14 1.24 
'I H ft lb. b.f. .34 .33 .28 .33 

Labor cost per cow 47 48 44 46 
f, ft I! lW//milk .81 .79 .72 .79 
t, ft It lb. b.f. .21 .20 .18 .20 

Total cost per cow 121 121 115 120 
11 101milk 2.08 2.04 1.86 2.03 

H lb. b.f. .55 .53 .4'? .53 



decrease with larger herds. For the herds of less than 

20 cows the total feed and labor cost Is 12l per cow, 

08 per hundred pounds of milk, and .55 per pound of 

butterfat; the comparable costs for the herds of 40 cows 

oi jore are ll5 per cow, l.86 per hundred pounds of 

milk, and .47 per pound of butterfat. This makes an 

advantage in feed and labor cost for the largest size 

group as compared with the smallest size of 6 per cow, 

22 cents per hundred pounds of milk, and 8 cents per 

pound of butterfat. 

Table 5 also shows for each group the average an- 

nual production per covr of milk and butterfat, the aver- 

age butterfat test of the milk, and the intensity of 

feeding as measured by average percentage of the total 

digestible nutrient requirement received from concen- 

trates and from pasture. These factors do not show 

enough correlation with the nunher of cows per farm to 

explain the variations in cost mentioned above, which 

therefore are to be associated chIefly with the dif- 

ferences in size of herd. 

The differences in feed and labor costs as a 

result of differences in size of herd are not as great 

as will be shown for other factors. They are large 

enough, however, to indicate a definite advantage in 
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efficIency for larger herds. The lower feed cost per 

cow probably arises from a lower proportion of waste in 

storing, handling and feeding larger quantities of feed. 

The louer labor cost results chiefly from the fact that 

it takes very little longer to perform many labor opera- 

tians for a large herd than for a small one; such opera- 

tions, for instance, as bringing up the cows; washing 

the milking equipment and getting it ready for milking; 

taking apart, washing, and putting together the cream 

separator; and climbing to loft or silo to throw dom 

feed. 

Butterfat Test of Milk 

In Table 6 the reports have been grouped accord- 

ing to the butterfat test of the milk. This tabulation 

is limited, of course, to the 62 reports that gave the 

butterfat test of the milk. It is interesting to note 

t:t with higher test the amount of milk per cow annual- 

ly decreases and the amount of butterfat increases. The 

total digestible nutrient requirements for the different 

groups indicate that considering the quantities of both 

milk and butterfat the production per cow increases 

slightly with higher test. 

It is apparent from the figuras relating to num- 

ber of cows and intensity of feeding that somewhat 



Table 6 

RELATION OF BUTTERFAT TEST OF MILK TO COSTS OF PRODUCTION 

62 published reports 

Items 

Nwnber of reports 

Cows farm 

Production 
Lbs. milk per cow 
Ave. butterfat test 
Lbs. butterfat 
per cow 

T.D.N. requirement 
(lbs.) 

Intensity of feeding 
T.D.N. from 
concentrates 

% T.D.N. from pasture 

Costs 
Feed cost per cow 

t' u ii milk 
,t t, ti lb. b.f. 

Labor cost per cow 
't ?T t ioq milk 
,t n n -- h P 1LI J 

Total cost per cow 
n tv -tt 

JDO# milk 
ft tT ft .ç. 

.1_L)I IJ..1. 

Butterfat Test 

nder 3.5- 4.0- Over 
3.5_ 3.9 4.4 4.4 

13 30 14 5 

20 24 24 30 

6358 5865 5786 5538 
3.4 3.7 4.2 4.7 

214 214 245 262 

4857 4804 4941 5008 

29 23 20 21 
8 13 25 37 

i; 
82 72 $ 68 62 

1.29 1.24 1.19 1.14 
.38 .34 .28 .24 

46 44 45 51 
.73 .76 .78 .93 
.22 .21 .19 .20 

128 116 113 113 
2.02 2.00 1.97 2.07 
.60 .55 .47 .44 

TotaJ 
or Ave. 

62 

24 

5924 
3.8 

225 

4853 

23 
17 

73 
1.23 
.33 

45 
.77 
s 20 

118 
2.00 
.53 
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1arer farms, and. somewhat greater use of pasture and 

1e feeding of concentrates, were associated with high- 

er butterfat test. Doubtless these factors are largely 

responsible for the lower feed cost per cow and per 

hundred pounds of milk. In spite of these factors, how- 

ever, the labor cost per cow and per hundred pounds of 

milk, and the co-hined feed and labor costs per hundred 

pounds of milk, are higher with higher test. All of the 

costs pound of butterfat, it will be seen, are con- 

siderably less with higher test. 

It may be definitely concluded from this tabula- 

tion that cost of production is 

and less per unit of butterfat, 

combined statistics from all of 

give a more definite indication 

several conclusions relating to 

that have been discussed. 

nore per unit of milk, 

with higher test. These 

the published reports 

on this factor than the 

it in individual reports 

Yield per Cow 
, 

From the findings as to the factor of yield in 

nearly all cost of production studies, and from the con- 

C]Usions on this factor in the individual reports, which 

have been discussed, it is to be expected that the tab- 

ulation cf these quantity cost data will show a strong 

correlation between yield per cow and cost. 



30 

That such is the case is apparent from Table 7 

which shows the variation in cost and other factors for 

reports with varying production of milk per cow. Despite 

the much higher feed cost per cow with higher production, 

which is to be expected, and the slightly higher labor 

cost, both the feed and labor costs per hundred pounds 

of milk are considerably lower. 

It will be seen, also, that this relationship is 

evident in spite of heavier feeding of grain and less use 

of pasture in the higher production groups. The correla- 

tion of size of hard with higher production at first 

glance might appear significant, until it is noticed that 

the increase to 37 cows per farm is nearly all in the 

last group which consists of only eight reports. The 

fact that the butterfat test increases with higher pro- 

duction merely increases the real difference in produc- 

tien per cow between the oups when both milk and but- 

terfat production are considered. 

Intensity of Feeding 

We corna now to a factor, that of feeding practice, 

upon which the conclusions in the published reports are 

not very definite, as has been pointed out. 

In analyzing these data trial tabulations have 

been made by sorting according to the amounts of the 
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Table 7 

REUTION OF PRODUCTION OF I1ILK PER ca 
TO COSTS OF PRODUCTION 

73 published reports 

Lbs. I1ilk per Cow 
Items Under 5000- 6000- Over Total 

5000 5999 6999 6999 or Ave. 
- - - - - 

Number 2. reports 12 24 29 8 73 

Cows £ farm 22 21 26 37 25 

I r oduc t ion 
Ave.lbs.rnilk per covi 4739 5502 6428 7380 5950 
Butterfat test 3.7 3.7 4.2 4.4 3.6 

Intensity of feedin 
, T.D.N. from 

concentrates 20 23 25 29 24 
% T.D.N. from pasture 26 21 11 10 16 

Costs 
Fee cost per cow ; 60 71 3 78 86 74 

fT ti TI 100#milk 1.27 1.29 1.22 1.17 1.24 

Labor cost per cow 43 47 47 46 46 
" " l/ mIlk .90 .86 .74 .63 .79 

Total cost per cow 103 118 125 132 120 
H H T? lO0jmì1k 2.17 2.15 1.96 1.80 2.03 
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different kinds of feeds; i.e., roughage, succulents, 

concentrates, d pasture; and also b sorting by the 

total amount of digestible nutrients, and by the per- 

centage of the total nutrients obtained fran the differ- 

ent kinds of feed. It was apparent from these tabula- 

tions that the most significant factor was the "intensi- 

ty" of feeding, criteria of which are the percentages 

of the nutrients obtained from concentrates or from pas- 

ture. Heavy feeding of grain is the more concentrated 

or intensive feeding; greater use of pasture is the more 

extensive. The cross-tabulation that best illustrates 

the significance of this factor is that sho'm in Table 

8, which is by amount of concertrates per cow annually. 

Table 8 shows quite definitely that in spite of 

a somewhat higher production with more intensive feed- 

ing the feed and labor costs per cow and per unit of 

inilk or butterfat are considerably higher. The fact 

that there is not greater increase in production with 

more intensive feeding sugests that heavier concen- 

trate feeding is associated more with lack of pasture 

than with securing maximum yield from high producing 

cows. It will be seen in the next tabulation that 

feeding of concentrates is heavier in the eastern re- 

gions, which are chiefly in the large city milk sheds 

where pasture is, of course, less plentiful. 
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Table 8 

RELATION OF INTENSITY OF FEEDING DAIRY CJ 
TO COWS OF PRODUCTION 
73 published reports 

Lbs.Concentrates er Cow Annually 
Items p- 667 l33- Over Total 

______________________ 666 1333 1999 1999 or Ave. 

Number of reports 6 16 33 18 73 

Cows farm 47 21 25 22 25 

Production 
Lbs.mIlk per cow 5810 5559 5831 6562 5950 
Butterfat test 4.0 4.0 3.8 3,6 3.8 
Lbs. butterfat per cow 229 225 219 237 225 

Intensity feeding .2 

T.D.N. from 
concentrates 5 16 26 35 24 

% T.D.N. from pasture 31 26 16 3 16 

Costs 
Feed cost per cow 58 63 

1 
75 87 74 

f, 't H lOO#milk .98 1.14 1.29 1.33 1.24 
'I T? If lb. bf. .25 .29 .34 .37 .33 

Labor cost per cow 39 45 46 50 46 
T, f? T? lOQnii1k .68 .82 .81 .78 .79 
t' n lb. b.f. .17 .21 .21 .20 .20 

Total cost per cow 97 108 12]. 137 120 
u Ti H l0O,m1lk 1.66 1.96 2.10 2.11 2.03 
t' n ti lb. b.f. .42 .50 .55 .57 .53 

Cost 2. T.D.N. from 
p a s tur e 
Lbs .T.D.N.from pasture 1500 1224 776 142 775 
Value of pasture 18 15 16 13 15 
Cost per lb. T.D.N. .012 .012 .021 .094 .020 
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The figures in Table 8 as to cost per pound of 

total digestible nutrients from pasture indicate a 

general tendency in some of these studies to count as 

days of pasture all of the tircìe the cows spend in the 

pasture, whether obtaining feed from it or not. They 

suggest that much of the "pasture" served merely as 

exercise lot. 

Because of the importance of this factor of feedthg 

practice, the lack of COncluSions UOfl it in the various 

published reports, and the correlation between feeding 

and production per cow that is indicated in Tables 7 and 

8, it was thought desirable to make further study of it 

by partial and multiple correlation. This phase of the 

study will be discussed later. 

Regional Variation 

In Table 9 the reports have been grouped accord- 

ing to geographical location in the eastern, middle 

western, and western states. 

The larger number of cows per farm in the western 

group is caused chiefly by the large dairies in some 

parts of California; in one area covered by the Calif- 

ornia study the average number of cows per farm for the 

20 farms included was 139. 
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Table 9 

REGIONAL VARIIOI IN COSTS OF DAIRY PROJCTION 

73 published reports 

It ems astern Middle Western Total 
U.S. West U.S. or Ave. 

Number 
.2 

reports 30 25 18 73 

Çpws 2 farm 20 19 41 25 

Production 
Lbs. milk per cow 5737 5949 6307 5950 
Butterfat test 3.6 3.8 4.1 3.8 
Lbs. butterfat per co 207 221 255 225 

Inteuisitv of feeding 
% T.D.] ?om 

concentrates 28 27 15 24 

% T.D.N. from pasture 10 18 23 16 

Costs 
'e cost per cow 76 76 3 67 74 
t' T t milk 1.33 1.28 1.05 1.24 
t? TI H lb. b.f. .37 .34 .26 .33 

Labor cost per cow 47 49 42 46 
t' ri ii ioo milk .82 .84 .68 .79 
u ti i, lb. b.f. .22 .22 .17 .20 

Total cost per cow 123 125 109 120 
'I VI H milk 2.15 2.12 1.73 2.03 
ft ft f? lb. b.f. .59 .56 .43 .53 
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H1her production per cow is indicated for the 

western states. This applies to both milk and butter- 

fat, although the butterfat test also is higher in the 

west, indicating a larger proportion of the higher test- 

ing breeds öf dairy cattle. This higher production in 

the west may be partly due to the fact that the average 

production per cow has been increasing and since the 

western studies are somewhat more recent, on the whole, 

than the eastern, they would, therefore, record a period 

of somewhat higher production. 

As has already been mentioned, this tabulation 

also shows heavier feeding of concentrates and less use 

of pastures in the eastern states, doubtless because of 

the lack of pasture in the milk sheds adjacent to the 

large eastern cities. 

As a result of the foregoing differences it is 

seen that, even with uniform feed prices, costs per cow 

and per unit of both milk and butterfat, are lower in 

the western than in the eastern states. 

PARTIAL AND L:TJLTIPI CORRELATION OF FEEDING PRACTICE DATA 

As has been explained, it was thought desirable 

to make further study, by means of partial and multiple 

correlation, of the relation of feeding practice to cost 

of producing milk, as sho\m in Table 8. 
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The methods that have been used in this study 

conform with standard statistical theory as given by 

various authorities such as Yule, Lills, Kelley, Day, 

Reitz, Fisher, Ezekiel, and others. The arithmetic 

and computation procedure, however, follows the short- 

cut methods outlined by Smith for use in connection 

with punched card tabulating ecjuiprnent by statisticians 

of the Bureau of Agricultural Economics of the United 

States Dcpartment of Agriculture. 

The variables selected for use in this analysis 

are as follows: 

1. Total feed and labor cost per hundred pounds 

of milk. This, of course, is the dependent, or re- 

sultant, variable. 

2. Amount of concentrates per cow, the causal 

factor for the tabulation given in Table 8, for which a 

strong correlation with cost is indicated by the cross- 

tabulation analysIs. 

3. Production of milk per cow annually, doubtless 

the most important factor influencIng cost; and which was 

seen in Tables 7 and 8 to have some correlation with 

intensity of feeding. 

* Smith, Bradford B. The use of punched card tabulating 
equipment in multiple correlation problems. B.A.E. 
Llimeo. 1923. 
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4. Percentage of the total digestible nutrient 

requirement that was received from pasture. As shown 

in Table 8 this factor has a strong negative correla- 

tion with the amount of concentrates per cow. 

These four variables are designated by the symbols 

X0, X1, X2 and X respectively. Since the percentage aC 

nutrients from pasture could be calculated for only 62 

of the reports, because of lack of the butterfat test 

for 11 reports, the nuiber of values of the variables 

in this analysis is limited to those for the 62 complete 

reports. 

Following the method of coding as outlined by 

Smith the values that have been used for each of the 

four variables are as follows: 

X0. Feed and labor cost per hundred pounds of 

milk in cents, divided by 5. 

. xl. Pounds of concentrates per cow annually, 

multiplied by .15. 

X2. Pounds of milk produced annually per cow, 

divided by 100. 

X3. Per cent of total digestible nutrient re- 

quirennt freni pasture. 

To check the many calculations necessary in an 

analysis of this kind a series of check sums (S) was 
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then calculated, consisting of the sum of each set of 

the values as explained above. The series of values 

for each variable, and for the check sums, were then 

added and the totals checked by adding across to the 

total of the check sums;. and the arithmetic means were 

computed and checked in the same way. The means of the 

variables viere as follows: 

= 40.162 

= 59.162 

= 22.678 

D(3 - 17.694 

The next step in the procedure was to obtain the 

sums of the squares of the values for each variable and 

the sums of the oroducts of the values of each variable 

by the corresponding values of each of the other vari- 
2 2 2 2 

ables; i.e., the values X0, X1, X2, X0X1, 

:x0x0, x0x3, x1x2, x1x3, and. X2X3. The sums X0S, 

xls, 2X2S, and XS were also computed to use as checks 

for the foregoing sums. All of these computations were 

made in full. 

Having obtained, these values the sum of the 

squares of the deviations of the individual values of 

each series from their mean was computed by the formula 

- Li0X0. In like manner the sums of the 



products of the deviations were computed by the formula 

oxl = X0X1 - M0X1. 

From the sums of the deviations squared and of the 

products of the deviations it was then possible to corn- 

pute the Pearsonian coefficient of correlation (r) of 

each of the factors withfeed and labor cost per cow, 
xoxl 

usina the formula . These coefficients 

are shown in the first coluan of Table 10, together 

with their probable errors computed by the formula 
f l-r2 

P.E.r = 
6745tv-i ). 

It is apparent that these correlation coefficients 

substantiate the conclusions drawn from Tables 8 and 9 

in the cross-tabulation analysis. Positive correlation 

is indicated for the amount of concentrates fed, and 

negative correlation for the milk yield and percentage 

of nutrients from pasture. 

Coefficients of correlation in addition to the 

foregoing were also computed to show the inter-correla- 

tion of the three independent variables. These were 

found to be as follows: 

r12 .324 .077 

= ± ._,.-, .'-_'_ 
-j-':) 

= oorl + r23 - 

These values substantiate the conclusions also 

drawn from Tables 8 and 9 as to the inter-correlation 
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between thes factors. The strongest inter-correlation 

indicated is that of - .468 .067 for the coefficient 

r13 representing the correlaticn between concentrate 

feeding and use of pasture. 

Because of this inter-correlation between the 

factors the coefficients of gross correlation, as shown 

in the first column of Table 10 cannot he interpreted 

as representing a true measure of the correlation of 

each of the three factors with feed. and labor ecst. 

They represent, instead, the combined correlation of 

each factor and inter-correlated factors. To get a 

better measure of the correlation of each factor alone 

we must compute the coefficients of partial correlation, 

which represent the relationship of each factor after 

e1minating the effect of the other two factors. 

The coefficients of partial correlation were 

computed from coefficients of gross correlation by 

the build-up method. A series of partial correlation 

coefficients involving the six possible pairs of in- 

dependent variables (r012, r02.i, r031, rl3.2', r3j 
and r03.2) were first computed by the equation 

r19 
r = u Fron these, partial correla- 

1 -r2 
. 

tian coefficients involving all three variables were corn- 

r01 0-r 2 
r1 

puted by the similar formula r01,23 o. 
l-r0312 .l_r3.2 
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Table 10 

COFICITS OF CORRELATION WITH FEED AND LABOR COST 
PER COW FOR THREE FACTORS 

Data from 62 published reports 

Gross Partial Determina- 
Factors Correlated Correla- Correla- tion 

tion tion 

Concentrates fed 
(X1) 

riíilk yield 
(X2) 

Nutrients fro 
past ur e 
(x3) 

Total (R2123) 

.382 .072 
I 
.544 .060 .177 

-.476 1 .O6c 1-.737 t .039 
I 

.342 

-.330 ± .OÌ6 -.412 .071 
I .105 

.624 

Coefficient of multiple correlation (R010.) .79O.O32 
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The values of these coefficients, with their probable 

errors are shown in the second column of Table 10. 

The coefficients of partial correlation show con- 

siderably more correlation for all three of the factors 

than do those of simple correlation. Evidently the ef- 

fect of he inter-correlation of the factors was in all 

- . ./ three cases to o.ecrease the apparent correlation with 

feed and labor cost rather than to build up an erroneous 

additional amount of correlation to be attributed to the 

single factors. 

The coefficient of multiple correlation 13 a math- 

ematical measure of the amount of correlation between 

the dependent. factor and. all of the independent factors 

combined. I' compute this from the foregoing values it 

was first necessary to compute a coefficient of multiple 

correlation with two of the independent variables by the 

formula R012= Jl_El_r.i) (l_r2i)J; after which the 

coefficient for all three independent variables was corn- 

puted by the similar formula 

The value of R0,123, the coefficient of' multiple correla- 

tien of the three factors with feed and labor cost, was 

+ 
found to be .790 - .032. 

This is an unusually high value for such a co- 

efficient for data of this nature. The square of' the 



44 

coefficient of multiple correlation, which in this case 

is .624, is a rough indication of the amount of varia- 

tion in the dependent variable that is assocIated with 

that of the independent variables included in the cor- 

relation. These three factors, then, account for nearly 

two-thirds of the variation in feed and labor cost. 

The coefficient of multiple correlation was also 

computed by a second and entirely different method. 

The purpose of doing so was to check the computation by 

the method outlined above and also to obtain another 

series of values, the coefficients of "deternination".* 

This second method consists cf formulating normal equa- 

tions from the arithmetic values obtained & the outset 

of thIs analysis and solving them simultaneously to ob- 

tain regression coefficients for each of the independent 

var iables. 

Since there are three independent variables a set 

of three normal equations was necessary. These were 

formed as follows: 

* Smith, B. B. Forecasting the Acreage of Cotton. 
Jour. Am. Stat. Assn. 20: 31 - 47. 1925. 
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(b0103) * x1x2 (b023) + X1X3 (b0312) = o1 

C1X2 (b0103) (b13) (b31) = 

x1x3 (b193) X2X3 (b213) (bc312) 2x0x3 

Substituting the values for the sums of the squares 

and. products of the deviations, and solving simultaneous- 

ly, gives the following values for the regression coef- 

ficients: 

b0103 
= .2877 

b0213 = -.4771 

b0319 = -.1142 

Having these values it is then possible to com- 

pute the coefficients of determination using the formula 

b0193 ol 
d01,23 = 

The values of these coefficients are given in 

the last column in Table 10. They may be interpreted 

as rough indications of the amount of variation in feed 

and labor cost that is associated with each of the three 

factors. 

The sum of the coefficients of determination, 

.624, is the square of the coefficient of multiple 
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correlation. This is the same value that was ob- 

tain by the build-up method of computation, thereby 

giving a proof of the arithmetic accuracy of the corn- 

putat ions. 

C O1ICLUS IONS 

This study seems to warrant the following con- 

clusions: 

1. In any region it may be expected that costs 

per unit of milk or butterfat will be lower for higher 

yielding cows. 

2. In any region it may be expected that the 

cost per pound of milk will be higher, are. the cost per 

pound of butterfat lower, for higher testing milk. 

3. In any region it may be expected that produc- 

tion will be so:ewhat more efficient, and production 

costs lower, with larger herds. 

4. Season of freshening is a factor of inpor- 

tance, the effect of which will vary with local condi- 

tions, particularly prices of feed and labor, snd the 

seasonal prices of the product sold. 

5. Intensity of feeding is a factor of imper- 

tance, the effect of which will vary with local condi- 

tions, particularly prices of feed and labor, and o± 

the product sold. 
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6. Other factors, of minor importance, arc 

obliterated to such gn extent by these outstanding 

factors that they usually are not distinguishable in 

a statistical study. 
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