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&iows t<THE'ECONOMIC+ EVALUATTON' OF:BEEF /CATTLE' m‘bﬁucnoni«onegfr
, PASTURE USING:ANNUAL EQULVALENT ‘CASH: FLOWS: ™"~ ™

It is a very well known fact that changes in the stocking rate affect
the amount of body welght produced by beef cattle per unit of surface.
Many researchers in the field have conducted experiments related to the
subject. Summaries of the results obtained can be found in Mott l/,

Gray 2/ and others. The general conclusion of these studies is that: as
the stocking rate increases, the total output per unit of surface increases
up to a maximum point and arter that, decreases very rapidly. At the same
time the output per animal 1s almost constant during the first stages,
decreasing later, before the output paer unit of surface reaches a maximum
(see Figure 1). In other words, an increase in stocking rate produces at
the same time (sheded region):

~An increase in output per unit of surface, and
jA decrease in output per animal. The daily gain ...
.animal diminishes. - '

Which, then, is the best solution for the producer? If the objective
is to produce the greatest amount of body weight per animal, the correct
selection would be point A. If the objective is to produce the greatest
amount of body weight per unit of surface, then the selection would be
point B. But what if the objective were to maximize profit per unit of
surface and unit of time? Then neither of these two solutions would answer
the question. There is a lack of information with vhich to make this
selection. Nevertheless, sone suggestions have been made. C. P. McMeekan,
during the opening session of the Eighth International Crassland Congress,
saeid: : B

In practice, it is our task, in seeking maximum production
from grasslend within any particular system of animal
production, so to manipulate the grazing factor that the
maximum yleld of animal products is obtained without up-
setting adversely the equilibrium.of the pasture complex. 3/

Conway sald:

ar'2The important measure 'of production from. grassland is .the

~output of highiquality animal product per unit .area.. The :
maximum output of animal product per acre can only be
obtained by raising the stocking rate to the optimum, i.e.

l/‘G.’O. Mott, "Grazing Pressure and the Measurement of Pagture Production,":
- Proceedings of the Eighth International Grassland Congress (1960),
pp . bOﬁ-bIl . . : ;

2/ 5;635 Gray, Ranch Economics (Ames: The Iowa State University Press,
1968). : ‘

3/ c. p. ﬂbMeekan, "Grazing Management," Proceedings of the Eighth Inter-

‘national Grassland Congress (1960), p. 21.
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;AFIGURE 1.--Theprelationshiplbetween’output1per”animal‘ outpuﬁ péf,uﬂiﬁ-
' ' of surface.. with:increasing stocking: rate,:; GiyinaT S
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to thelstate'whére “the? depressibn'in prdduction”per”animalfis
g0’ greﬁththat there'iis” no' further incYease in production. ver:
acre,

withoit : doubt both authors are suggesting p01nt ‘B," the best solution for '«
the maximization of prodiction; per unit of surface,” but they ‘do not: give:
any consideration to some important economic factors.

- “iConiray ‘some yesars later recognized “+this fact ‘when hée ‘sald: ’"Increas-
ing"the‘stocking rate' increases prodiuction per acre but eventually reduces’
“production per animal, and thi; may not always be desirable." §/

Raymond pointed out that:

« « « this increased output per acre is being achieved with

animels that are themselves progressively less efficient; the
".challenge to research and to practice is to develop methods

; of utilizing forage at high intensity (point B) by animals

that are at high levels of production (point P). .6/

vbviously there are different p051tions. Many researchers in the field
agree with McMeekan and Conway (1963), while others have the same doubts
that Conway had in 1970, . Still there are some, who, like Raymond, believe
that ‘something is not quite rlght and who are consequently trying to find a
solution, o

Most researchers recognize that when the output per unit of surface
increases to near the maximum point, the deily gains diminish; yet, they
fail to consider the important consequence of this statement: the amount
of time spent by the animal in arriving at the finishing velght increases
as_the daily gain diminishes. Consequently, the land is going to be
occupied for a longer period of time, the capital invested in the calf is
going to be used for a longer period of time, more monthly salaries are
going to be paid to the labor force, and, finally, the money to be received
by sale of the steer will be delayed.,

If all of these factours (land, capital invested, monthly salaries,
etc.) are occupled or used for longer periods of time, the cost of using
them increases (money outflows Also, the producer loses their avail-
ability for other cycles of production. The latter situation diminishes
the revenue, (money inflcws), reducing even more the profits (cost subtracted
from’ revenue)

_/ A, Conway, "uffect of Grazing Management on Beef Production. 1, Com-
parison of Three Stocking Rates Under Two Systems of Grazing." Irish
Journal of Agricultural Research, 2 (October, 1963); 2h3 258 -

_/ A. Conway, "Grazing Management for Beef Production," Jburnal of . the
.(British Grassland Society, 25 (March, 1970), 85-91. .

6/ W, F. Rermond, "Grassland Resesrch. and Practice " Jburnal of the Roye
Agricultural Society of England, 129 (1968), 85'&05._‘




 This situstion has;beem indivectly showm, by.some: subhors Aiks Lapnckbangh 7/
~ who by introdugingueoop‘Aiq;considergtipgq.hgvegshoypgﬁhgpgmgderatesto-light
QStnging rates are more profitable than heavy stocking rates.

o If the goal is to maximize profits ber unit of surface of land and unit
ofrtimengnvanalytical.teqhniqueqwhich‘takesﬂinto-qpqsideration‘these varia-.
tionsg in:.costs, rgvenues,-and,profits,,has.tq,be_developed.‘

[ .t
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Since variation‘in the time that the animal spends on the pasture is a
cause: of'the .changes .in: profits, a:technique.of -analysis used to.evaluate
inyestment alternatives with, unequal: lives, will be an appropriate approach
to solve the, problem,.: : ‘

~ Annual Ehuivalent Cash Flows'~

Theré"'g¥e ‘thige well Known possible ‘ways ‘to' analyze investment’ altern-
atives witﬁ“ﬁnéqual“livesf”'(l)‘cqmmon‘terminal”daﬁe,’(2)‘¢°nﬁihu0u§'repla°e'
ment cycle, and (3) annual equivalent cash flows, 8/ ' = ran sl

b o iy Thg annual eqp;valgntﬂgash flow method is the most approvriate one for
hanq%ibg‘tng cattle feeding problem.

°" The' fmplicit assumption is that for a givea amount of land the producer
willbe ‘able to continue with the same method of ‘production,” titie''and time -
again, until a total common terminal date of production is achieved;: It is
& comparison between cycles of production.

"“The basic two steps fo follow under this spproach are::

. J

HTJV'Détérmining the net present value per unit of surface ‘of
“land (present value of inflows minus present value of - g
outflovs) of each production alternative over the period-

that each fattening process lasts.

2. Converting the net present value per unit of surface of
land of each production alternative into net annual
equivalent cash flow represents- the amount of profit
produced by each production alternative per unit’of
surface of land per unit of time (year). -~ .

The decision criterion in this case, in which the inflows (revenues) .
as well as the outflows (costs) are affected by time, is to nelect the pro-
duction alternative which provides the highest net amwal equivalent cagh
flow per unit of surface of land,(profitsrperjunit“of surfac: of* land per

unit}dfftime)gf' :

7/ J. L. Launchbaugh, The Effect'offStoéking Rate on Cattle Gains and on
Native Shortgrass Vegetation in Wewt-Central Kansas (Hays:  Kansas .
Agricultural Experiment Station Tevnnical'Bulletin 394, vaember?1957)

§/,R,_D, Aplin and G. L, Casler, Evaluating Proposed Capital Investments
-~ 'with Discovnted Cash.Flow Methods (Tthaca, N, Y.: Department nfw -

Agricultural Econcmics, Cornell University, 2nd ed., 1969).
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- ‘and. outflows are: 9/ S ; ,

: o - - r g
(€} 1, 4, = c'/Rtjﬂa S e a2, L g em)l, L A1)
1T GREE S A : BB o
) ; sal, e S T et
where s i
' A; 1is the present value of the flow C i
#vellalgpiilig sthe Flowsto beipaidcor recelved;in the.future . .
BT UE BT 8 7 P S

T I e

R 1is equal to (l+r) when the interest is compounded ond. ..
Vyear ‘and ¥ is the nominel interest rate 3-0r -equal to (1lyr/q)?
“when the intérest is.compounded more than.once a year, 1 is

' the ‘néminaliinterest ‘rate and.q is the number of times the

interest is compounded in one year, .

L R

e .-5{ v{1g !thecperiod:

of time between the pregent Jélr}d‘;Yt.}jg“méixllie'r.l'{"}(“)iri
which C; is received or paid in the future expressed in.years

m 1s the number of flows for each production process
“0This-&qiation (1) is: used for flows:to.be.paid or received,pnce.in
each production process or for flows which are not. received or.paid at equal
, értxterw)rals of time (i.e., outflow of buying the calf, inflow of selling the
‘Bteer),

2. B, =0, x TRy =1, 2, .. .n) (2),

where
B j is the presentwvalue of,-.the.‘:_flowg,:pa f

"ﬂnj"m’-ib “*the ‘flow: to.be:.paidi-or :received at the end of equal.
intervals of time in the future as long as .the ‘production ,
' process continues :

e
~oya

v -48 -TNS TOTal amount:of time:that.the production ;process
‘ “1lildgts: expressed :in years.
B . .

Py 18 the number of :times sthe- flow 1Dy .-is paid.or received
per year

'18'ithe /dunber :of: 'periodig - flows to.be congidered.in_ ..
each”production. process . :
ueine e » e

R R AL R
R:a:d8 the. same .a8-1in" equation; (1) .+

.
RN LRI

e

lednThibrequation (2) is used ,cfoz:',,'»i flows.( to be-paid or received periodi-
cally (at the end of-equal inter;vals,.“qf.ftime-),.dy;;,ing.gal;“tpgi production
proceas (i.e., salaries), ' TR

2’/ J. H5 Moore, Handbook of Financial Mathematics (New York: Prentice hala.,
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]fﬂf:5F'is~the neﬁ“bfeﬁeﬂt“vaiuéFof?the'proddction‘alternativab;fThqginflowz
: o carry a pog%ﬁiygﬂsigq and the'ou#flows a‘neggtive sign :

R T . . oo e R LRt i
N “3§§£§“thefstocking*raﬁe'perfunit—ofisurfacefof land. " It multiplies all
'thhe:f;OWSfexprESSéd?qn~éﬁper'head-basié."Thiﬂahas-to]bevdone;to
“obtain ‘the net present value on a unit of surface :of land basis
.k.is the subscript assigned to flows expressed on a per unit of surfac
.. "of'land basis.’ In'this case it 1s not nedessarv ko.ml+inlw +ha
“*"stocking rate;

ALL other symbols have been explained previously,

r””zr?ﬁhEEPAgid’égﬁétibn to' calculate the annual:equivalent:cash, flow per
unlt oF surfece of lend is: T
. N Y e, T R

wr wel g

CEesE/0ET)

wﬁére - o ) 3 '
'E is the annual equivalient cash flow per unit of surface of 1and_.

All other symbols have;ﬁbéﬁﬁéiplainedrprevioubly;wm
 Every ‘o' of the variablds'in ‘the model is important but some are of
-special significance: = . ' - -

-~ The nominal interest rate per year (r). Here like in any
“other investment evalustion the choice of interest rate-has
& substantial effect in the final decision.. No particular
criterion of selection will be suggested but to emphasize the
importance of the careful evaluation of alternatives given
the possibilities of the producer. e

-= 8tocking rate (s) and the length of the production :process (T).
The functional relationship of these two varisbles can vary
substantially from country to country, region to region, even
from ranch to ranch. Pasture composition and.conditions,..
breed of animals, starting and finishing weights, are some of

. the factors which can affect this relationship. The establish-

... ment of this functional’'relation for each case is of fundamental

“*“”'importance‘for‘any‘evaluation that ‘18 intended. R N T

N
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To show the relevance . of:the model dust;prcposed-anyexample;will;pe
presented. The approach to be followed shuns the selection of an appropriate
nominel interest rate per year and the functional relationship between stock-
ing rate and length of the production process. It is intended to show the
general effects of using annual equivalent cash flows to evaluate various
production alternatives rather than to select the stocking rate which
maximizes profits in any specific situation. 1In this vay the misleading
effects of any particular choice of interest rate and functional relation
between stoc.iug rate and length of production process are avoided.

Example 10/

Description

Given a cervain amount of land and various production process lengths,
the ratio between the stocking rates which produce the same annual equiv-
alent’ cash. flows will bYe found, In this way it will be possible to show
that & given proportion of increase in length of time of the production
process causes an increase more than proportional in the values of the

stocking rate to achieve the same amount .of annual equivalent cash flows.

-.... lo apply the equations suggested the flows have to be classified in

two groups: (1) the flows which are paid or'received only once per pro-
duction alterrative or flows which are not raid or received at equal intervals
of time during the length of the production alternative and (2) the flows
vwhich are paid or received at equal intervals of time during the length of
the production alternative.

Included in the first group are the following flgwsﬁ_

Gy 5Steer. price ($248.12/head) 11/

DLV A ary

C, = Calf .price ($8}.12/heqd) i&g/uq,

Cg = Trensportation and marketing expenses ($8.12/head) 13/
el

To find the present value of ‘these:three fldws (Ai,?Ké éndilg)
equation (1) must be used. '

10/ This example 1s an abstraction from reality and its conclusions are " -
not from application in any one place”or-region. " Sincde date was not
available -for only one source, several of ' them were used.::»The selec~
‘tion of sources was made trying to be as simple and consistent as .
possible. ' : : -

e

11/°8ince the value of several flows used in"the ;sample was .computed.in i

I Kansas -in 1962, thexprice'of‘animals"aré~l962‘yearly-average:ovaansas
market, "The 450 Kg steer average price was used, ... -

12/; Bee footnote 11. . The 150 Kg calf average price vas uged.

lgﬁgﬁ.ﬂbyiﬁewmad-and RJ D. Snepp, Beef Cattle (New York:-..John.Wiley and
2T gons; Gthiedy; 1969). .
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~Theiéecond%group of’f&ows include the following~w

b3 R !

\'v‘-".’ r‘: -

ﬂ’"noﬁ feed costs ($1’62/head/month)

,v , l , "’f!‘.; ') OGS i : y
”The estimation waSumade as follows- ;_/Vﬁ
$/head/month'
2Weterinary care: :e;mfa\cnvfﬁV);ngwai ?0 OBOMN juii
Dues, fees, subscriptions " 0,0054
Taxes on cattle , 0.2055
Insurance on cattle 0.1035
Death loss N s Tannnd 0.3168
Hired labor 0.9087
Total non-feed cost per month 1.6203

D = Land rent This value is not needed for the comparisons this i
oy example is. designed for, as is shown below. _But it will be’ L
-very. important. when. the. purpose of the study is to select the ‘

Jﬁxufi optimum stocking rate. . b

S noomes et oLl LA aE o

To find the present value of these flows (B and Ba) equation (é) mst,
b rused.L

‘Jl‘

Additional Values’' Needed to do'the Calculations -

= time of duration of the production alternative. Since the
purpose of the example ‘is to show the relations between the:
stocking rates when the time of duration of the production
alternatives varies and the same annual equivalent cash flovws
are obtained, several values will be considered. These values
are from 270 days (9 months) to 900 days (30 months), ‘at "
intervals of 90 days (3 months)

L2 .-

The inflow from selling the steer is assumed to occur at the
'end of the fattening period, Then. tl, T BT SIS

t2 The outflow of buying the calf is assumed to occur at th it
; beginning of the fattening period Then t2 -0, e e
3 C WMt e o lopmp oy ndeiD “\\’“.Af
N th = Ihe outflow of expenses for transportation and marketing PRy S
: - 18 assumed to ocecur - at the end of the-fattening veriod. .ric.s

.+ Then- t3

tl»

ey

__/ The cost for veterinary care; dues, fezs, and subscriptions; taxes- and

wooinsurance of cattle and death loss were obtained from H. H. :McCoy and ~
C. C. Hausman, Economics of Scale in Commercial Cattle Feedlots of.
Kansas--An Analysis of Non-Feed Costs (Manhattan: Kansas State Univer-
sity Agriculture Experiment Station Technicel Bulletin 151, April 1967).
iThe hired labor cost was obtained from Economic Research Service, Faim:
Cost and Returns, Commercial Farms by Type, Size and Location (Washington, :
D.C.: U.S.D.A., Agr. Inf, Bul. 230, 1963). :




ﬂg

l = The number of times the non-feed costs are paid per year
¥ assumed to be 12
gy goivolieh Lt mh D ey
’P?f="The number of times the ‘rent 'value:of the land isgpeidfper e

&

yEar is agsumed bo:be Lyl lesdt il sowtad dalne Sooe e

(1+r)

where
PORC & ‘?,\, § t"\ . oo

P 18 the nominal interest rate.‘ Tb show the conseqﬁences of
.using different.interest rates, ‘the results will. .be presented’ '
for two of them3’ five and ten’ percent per year. It is’ assumed S
the interest is compounded annually.A : 4~r»--FT
Having defined all ‘the variables, the annual equivalent’cash flows for

any two stocking rates §. and s' and 1ength of the production alternatives T

and T' will be o e

=" [5(A ~Ay-A: -Bl) 132_7[ R-1 J/[-R _7 (5)

[ (A.J_-AQ-A'-B‘ -B‘][ 1_7/[ -RTJ (6)

R

Since ,
J:"1f(, c. AT

B, = B, /i RT_7[1.7 G

»!.‘. s
B' = [-"R TJ/[ 1_7 s a0 em e s (8)
af '>.f'. : RIS R CR R ) (U D B TR
It is possible to replace (7) and (5) and (8) in (6) and simplify
t OBAInL

jﬁsu‘d’ ANt 'z-['(JAl

“nrr ;

and

W o
3 1 /[' LR T]J 2 ‘D s {9)a
£ o LRy

L K .L i g ' )
e Lo LR e

= (s (&)~ A2-A'-B')[ 1_7/[ 'T]J - D, (20)

Equating both annual equivelent cash flows and simplifying, the
following equation is obtained- e e

if ..B(Al-A ‘53‘31)/[TR TJ = 8] (A]_'A' %-B')/[J\R"i J DR AR 3 'vr“; ( 1)

ST A 1(

dugs wa, it is possible to find the retio RTT' between the tWo stocking
zates; ;88 follows: TR

Ay t‘a’Bl )[ R*

"’dd it :‘.;'r ol onlotes

s ananp UL J.. 'f.;"".";'é" )"

1o Rypers 8/8= (4] A"A3 Bl)[-R T_7/(1;1-11 -Aq=B, )[T-R _7 (12)
an e The ratio RTT' will represent the relation which must exist S
between two stocking retes to have equal annual equivalent casgh flows,
when the time spcnt by the animal “under the production alternatifre’ With 7l
stocking rate s is T and when the time spent by the animal under the
production alternative with stocking rate s' is T'.

";'i
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' Results

; The results are presented in Tables 1 and 2 in the following way: the

" 'number which appedrs in tthe intersection .of a coluwumn- with a-row means the
ratio that must exist between the stocking rate of: the-production alternative
lasting the amount of time headed by the column as numerator, and the stock-
ing rate of the production alternative lasting the amount of'time headed by
the row as denominator, to obtain equal annual equivalent cash flows, "

Exemples will illustrate the way in which the tables work. (1) At the
- intersection of ‘column 540 with row 360 in Teble-l eppears the'value I.67.
This,means that 1.67 times the stocking rate existing''for 'the production
alternative lasting 360 days is needed to obtain the same annual equivalent
cash flow when the length of time of the production alternative is increased
t9.540 deys. . (2).In the same table at the intersection of column 360 with
the.row 720 appears the value '0.40." This means that with only 0,39 of the
stocking rate existing for the production alternative lasting 720 days it is
possible to have the same annual equivalent cash flows if the time of the ™
production alternative is reduced from 720 to 360 deys.. In both cases the

nominal interest rate considered-was 5 percent..

If the nominal interest rate considered is 10 percent the values to be
obtained for the two previous cases:are 1,T4-and 0.36.. This.means that for
higher nominal interest rates ‘

-~ Greater increase in stocking ruves ure neenea vo opvain
the same annual equivalent cash flows when the length of
the production process is extended,

-- Greater reduction in stocking rates are peqdeduto_oktaip
- the same annual equivalent cash flows Vheﬁ;theﬁlength39f'
the production proucess is lessened.

. The results in Tsbles 1 and 2 show that as time of the production
alternatives increases, the stocking ‘raté néeded to cbtain the same annual
equivalent cash flow also has to be increased. The increase in stocking
rates has to be proportionally greater than the increase in length of time.

" Conclusions

©*7""8tocking rate incre&ses'(Within*éérﬁéfn‘limitS)ihaﬁg-bgenhéuggésted in
‘the past_to increase production of cattle per unit of surface of land,
‘regardless of the increase in length’of time of the fattening process that
will result as a consequence of reducing the daily rate of body-weight-gain,

It has been shoim by way of an.example that as the length of tiie of
the production alternatives is increased in a given proportion, the stocking
rate has to be increased more thar in such s proportion to maintaih the same
level:of .profits per unit of surface of land per unit of 'time, =~ "wad -


http:value'0.40

TABLE 1. --NEcessary stocking rates ratio to have eqgual equivalent cash flows when the 1ength of: the
g fattenlng ‘process changes, for a nominal interest rate of 5 percent compounded annually

~w-~Length of the Fattenlng Process (Days) coed B

RS

270 360 - 50 54 630 720~ 810 900

M St el Ry [l

270 1, Lbo - 185 .. 2.35 .,2.00 ...3.53 . k.25 .. .5.07
- 360 0.71 -3¢  --.1.32

v

167 -.2.07 ; 2.52 ;.53.03 ;.;3.62

Length, k50 054 ..0.76 .51 541.27 | 1.57 . 1.9 ...2.30 ...2.75
of thel. . . : - T e Y
Fattening: ., 5ho 0.k3 ..50.60 --:0.79 - 1 - 1.2k -..1.51  ..1.81 --~2.16
Process” E ' w7 (R 1A

(pays) 630 0.3 _-.0.48 ; 0.6k -..0.81 ; 1 s5.22 - 1k6 5175

)
-5

720 0.28 |, o.ko ,..0.52 ;..0.66 ..0.82 -..1 i-al.20 r‘??-hh

)

810 — 0.4 =033 043~ 0355 ¢ 0; 68**" ~0; 83“* i o ¢}

900 0.20 ~>:’3i}0.28 o %t—-,..Q 57. = 0 70'* o 0 8’-!- g ‘:—l




IHBLE 2.--Necessary stocklng rates ratio to hame equal equlvalent cash flows when the length of the
. e fattenlng process changes, for a nomlnal interest rate of 10 percent compuunded annually*@j

Length of the Fattenlng Process (Days) a GRS
360 " 450" ' sho 630" % 720 7 g10- 900

ST et D [N e A o A R

[E Y

2100 inp 1o LM3s LOL. 280 35 3.9k 4,891y 16,07

B Oy 1oL g L L 22 206 3
Temgth | 450 -~ .45 0. 5% ey O 7’* 1. 130 s 16%zy 2,065 2.56., ®
of the -~ - . YL TES N = - gs

Fatteming  SH0 .oy, 0M0... 0.57 0. Ty 1 o0 127y 15905, 1
Pattenlny M0 - | ; | . 59

(Days) 630

-0-6}?..1. 0794 1 g
= s 0%

oy 0.32 'd.hs-:-

u)

0. ug ' o.sgyig 0.80,;?, 1 ',.u% -1;éu;%:5f1 5uj

. !‘!..c'

b oL ' ,ti,_',: 25 D T+ <3 A5 .—wUV figen)
_:,}”'0 ll-l ET 0 52\ O 65 0. 81

. ey . e o & e - Vb A e s At ol i e O et e w
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, This means that changes in stocking rates which result in changes in
the length of time of the fattening process have to be carefully evaluated -

“because the reduction in profit caused by the increase in the length of
time of the production process can offset the increase in profit caused by

the greater production obtained as a result of higher stocking rates.

The annual equivalent cash flow technique appears to be suitable for
this kind of analysis and its use is recommended when the goal is to
‘maximize profit per unit of surface of %and per unit of time.



