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CONBIDERATION OF TIME AWD CARRVOVER EFFECTS IF MILK PRODUCTION FUNCTIONS®

Wy Cevald W &

University of Californis, Davis; Californis

Livestock production functions must be inteypreted with carve, primerily
because poinds on the production surfsce can be reachad only by successively
"feading in" incrementel feed inputs over tlms. -j s o qmesm.ﬁz\s yelaked o
"time® are immediately reised: (1) Bow does the "rate" of feeding through
time affect oubput response? (2) How can cm:zﬁrm‘e:r effects through time be
messurad and inebrpom“a;e—i& in the economic snelysis? This paper concentrastes on
the second guestion. However, the first question ls brlefly discussed as pre-

requ.;.si e Bo kmdem‘témémg of the ssoond.

The "Rete of f’e&ﬁ‘aﬁ&g ¥ Protlem
Figure 1 illustrates the “"rate of feeding' problem. Line Q,Al is the
production function if the cow is "full fed” on zaticn loi?i/ Point A, is reached
at the end of en entire lactation (say, 10 wonths ). A a lower feeding rube

(e.goy, S0% full-fed} on retion 1, the productlon function is OB} with point B,

raached ab the end of the LO-monih laciebion. ﬁiﬁl liss below Oﬁﬁam&t the lower

feeding rate & larger percentage of the feed is uged for body wainbenance.

Bimilar interpretations atﬁach %o lines 001 and 01)1 for lower rates of Peeding,
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# The author acknovledges the helpful comments of Harold 0. Certer, William
g. Brown, and Magnar Ronning on an earlier dreft.

J;_;f In this regard, livestock functions heve been conbrasted with fertilizer
functions where elmost any Ffeasible input level cen be applied instantensously.
See Browm, William G. sud George H., Avscott. "A Method for Dealing with Time
in Determining Optimum Factor Inputs.” Journsl of Farm Econcmics, Vol. XL, No.

2/ We ignove the sticky question of determining & "full feed.” For e
discussion of feeding problems in deixzy cow experiments, see: Jacocbson, Nolog
“Problems in Designing Feeding BExperiments From & Butritionsl Stendpoint,” in
Nutritionsi and Economic Aspects of Feed Utlliszebion by Deivy Cows, Mmeﬂ by
HoZlunG, Ge Mep LLESNN Lo Jo?mseny Charles A Lassgtw and Lon D HeGill Taxd,
P@o 2@63&2
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Within a statlc frammmrk, functions QDlg 001 and OBl cauld be 1me&1a.tely

_ eli:zﬁ.na,ted as 'Z;cchmlogically inferior to func’clon 0A1 (GAl provid.es grea’cest

wi‘th poiuts C and i reac:heﬁ;g respecsivelys aﬁ: the end of the la.ctation pericds

outpuu for given feed. input o In the ata:bic c@ntexty optinm 3.m3u'h of ra.tion i}
a (Px’oduction funcfbicn OAl)
iR

° chever, this op'cz.mzm input may lie at some pmint (eego » c)

woul& e de‘temined in the usual vay 'b;y setting

Price R,
= Price Wik

corresponding to 1ess then a :fﬁll 1aétationm7~obvioixsly an unrealistic solution. |
Heady argues, i;herefc)‘reg that a proﬁ.uctlon func’tion such as DlAl is the relevmt-'
function for :E’eedmg d.ecisions.-/ The gues*bion here :15° If the cow is fed f'or

the ent:a.re 10«month I!.a.c:*i:.&'i:.":‘c;rn‘9 wvhich feeding rate is optimtm? The releve.nt
da (producbion function DlAl) Price LY
TR " Price milk °

cﬂteriom here iss

Limita’cions arise, howeverg in extending thie argument to & producl:.n.on

' | surface for the entire lactation (Fig. 2) were "shoice of ration as well as
"'feeding r&tef"ié concerned. The isocline (Fig., 2) denotes the least-cost
feeding path for & particular hay-concentrate price ratio. The isocline is
gg_i_;_ in*terpmted as the least-eost feeding path for a particular cowr ovér its

| ‘lactaticn-; that is, the isoclir;e does. ggg mean, "f,eeﬁ. ration R) for first,
4,000 milk, then switch to a lower concentrate ration (Rg) for the next

L, 000#, ‘then switch aga:m (32) for the fina.i ii,coo# milk,” Instead, the

- isocline shows thet if R,QOC)# of milk"-is" desired over the entire lactation, Ry,
is the cheapest feeding method; j_.g 12,000f of wilk is desired. Ry is‘ﬁhe ’ch‘eapevst_ ,

3/ Heady, E. oo, "Problems in nesigning Daiz‘y Fee&ing Experiments for
Economic :Analysis, in Hoglund.a eto ale, editors, 020 cito, pp. 193=205,



feeding m&thad Thus, & surface d.erived fc:c en entire lactation is limited
%o answemng ‘questions of "optimum mtion" and ”feeﬁing level™ only under -
a single mtion feeding plaa for the entire 1actation.o Heady, eb, alo-/ handled
this problen by including time (month of lactetion) as & "shifter” in the
production ﬁmc‘tidn, theré'by ellowing specification of a series of monthly
production functions. Cenventional profit mmcimizing eriteria could then be
applied to he monthly functions to solve for optizmm monthly ration snd rate
of feedlngs

» Of‘ten,, however, expeﬁments are not designed 1G.ea11y for economic analysisa
In mny cases, dedry experiments employ only "full fed" rations, thus providing
only an estimate of the "sﬁgmch line" (B‘igm'e 2), The economic question here .
is: Wich feed cqmbina,tion along the _f'sﬁomc& line” maximizes profit? As
 pointed out by Brown and Aiseott,éj this point mey or msy not lie on the
conventionsl 1socliheoé/ In such experiments e series of monthly “stomach
1ines” could be és?i-.mte& and the optimm "fmll-—fed“‘ rations determined monthe
by-mnth for the entire lactation. The necessity of & "complete" production
surface appears to be sometimes overemggemted. In most practical feeding
 situations cows ave hend-fed a particular level of concemtrate, then fed hay
free=choice to reach the "stomach line.” In such cases, an sccurste estimate
' ‘oi’ the “stomach line" (2 slice through the surface) mey be more important than
a complete surface with isoguants, n.soclinesg e‘hc.,

no-nqa----n--—a--nu-u—n--au-0r/m--o----.--a

L/ Heady, B. 0., John A. Schnittker, No L. Jacobson and Solomon Bloom.
Milk Production Functions, Hay-Grain Substitution Rates and Economic Optimum -
- Daixy Cow l@!.,ad._'.:i.on.s.a Iowe Agr. BExp. Sta., Bul. m.,, Oc'hober, 10

5 Brown and Arscott, op._cite

§/ In fact, if the economic “optimm" derived in conventionsl mamner from
the entire surface lies at some infeasible point "outside™ the stomach line
R CH-T point F), the "true" economic optimm mey lie off the isocline.



, The "Carryover® Froblem

The sbove methods of obtalning monthly cconcmic opbime eppear reasonably
sdequate, except wheve “carvyover' effects sxist. As pointed out by Frick
P
end Mighetl o/

YOne of the problems essociated with these monthly production suriaces
ig that they suggest that production in any month of lackation is independent
of production in preceding steges....It would be interesting and velusble to
determine just how much independence exists between feeding levels and
gucessive production rates as the months of lacbation progress.”

s

Possible experimental &esigﬁs for es%mting c:afz.g@ver effects,

Deiry feeding experiments are either (1) contimucus triels or (2) change\w
over -trialsog/ In a continuvous triel each animsl remeine on the same @xpaﬁmentai
treatment (e.g., retion) throughoub the triel: in & chenge-over trial each
enimal receives & sequence' of two or more treotments (faticﬁs}a Thus, ahamgeu
over trials are often used because they permit comparison of more treatments
per cow per unit of time than do comtinuous trials. Bowever, change-over
triels have been criticized because cerry-over effects msy preclude proper
estimetion of treabtment differences and their errors. In practice, ‘hmsever,
dairymen do noxmally change rations, first incressing end then reducing the
percentage qf concentrate as lactabion progresses. Thus, carryover effects
from ehmg;@.ng rations, if present, need to be estimalbed and incorporated into
the econémie enelysis. The chenge-over design sllows o measure of cow performance
when ré:%:ions change, ji;herefore mey be useful in estimabing carryover effects.

_ Eﬁg&ms shows the treatment sequences for the first two 28-day periods of
a change~over trisl at Colifornie designed %o test four hay :concentrate pelle‘te&
mtionseg/ The symbols Rij (i, 3=1l,0..4} refer to the ration sequences fed

¥ E

7/ Frick, G. E. end Ronald L. Mighell. "Adequacy of Dai ing 2

o ° e b Feedi vt
Output Research Data From the Viewpoint of the Economist.” Iin H@gluig., Izezgo alis
edi‘to‘sz, &Pu citvqg p?o 107"’1159 : ‘ . ’

8/ tImcas, He L., Jr., "Experimental Designs and Anslyses for Feeding Efficiency
Trisls with Dairy Cattle." In Hoglund, et. al., editors, op. cit., pp. 177-191.

Pelleting is ignoxed in the following discussion; hey and concentrate
are assumed to be convenbionel separable inputs. For more detsail on the
particular experiment see: Magnar Ronning, "Bffect of Varying Alfelfa Hay~
Concentrate Ratios in a Pelleted Ration for Dairy Cows.' Journel of Dairy Science

VYol. 43, No. 6, 1960, p. 816.
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pairs of cows in the first two perlods} e.g., Fl,'g;: refers to vation 1 in the

first period followed by wation 3 in the second. Thus, the design measures

werformance by cows changing from esch rebion in period 1 to the other three
; . n 20

rgbions in pericd 2~

A provosed method of determining econcmic opbims with caxvyover present

The economic feez_dmg; problem is illustrated in Eguation (1}, where

o = profit, P = price, M = milk, C = copcentrate, H = hay, K = fixed costs (a0

n n n
(L) Maxyg= X P, B, ~ 3 P, G, = & 2. H, =K
| R T

| nﬁmfe:exi inputs ave sssumed Ffixed for the time periocd) and i denotes the time
period, | Dete from the Californie trisl ave used in demenstrabing e possible
method of determining economic rabions in the first two pericds with carryover
present. However, the geﬁem:x_ mathod could be vefined by additionsl veriables
and easily exbtended to three or mere pezﬁeds; Use of enbirely pelleted feeds,
wit-%fh wesulbant low bubierfat conbent from cows on hign concentyate ra:!:-:!.ansa
gug;gests that the snalysis here should be considered only illustrative.

The experiment was conducted only ot "full-feeding" of each ration. T_hus;
instead of estimating en entirve monthly “surfaece,” the "stomach line" is
estimated directly., The four equabions estimﬁse@. for the first two periods are:

(2) M, = 10,2488 + 7398 ¢, - 135 ¢

(3) m = 9.2450 - 1.2202 |

(4} M, = B.OT6T + .9L57 C, = 1324 (5 + 2235 C, = 0639 B,

(5) B, = 8.488% - .has55 C,

Equation (2) messures the response of milk in pericd 1 %o concentrate fed along
the "stomach line.” Egustion (3) measures the emount of hey reguired to "Pill

g._gj The design might be lmproved for messuring carryover effects by including
additionsl cows fed on the same ration throughout the trisl. In this trisl, 8
additional cows would have been required in addition to the 2 used.
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+the gbomach™ for "am‘:tsua levels of concenbrate fod in period 1. Boustion (B)
mesgures wilk response in peviod 2 along the “stomach line,” imaz*gfﬂrating
the poseibility of & one-~period cavryover effech; that is, »ilk in period 8
is & function of feed fed in period 1 ap well as in pericd 2. With this date,
coefficients of the ”carrya#er” mﬁ;%mes are not shabisbically significant,
Howe%er, they ars retained in the egualion to complebe the illustration. In
view of the sbove-mentioned data liﬁita;iﬁ. ons, ea‘i;imatién .Qf zove realistic,
complex relationshipe (2.g8., including "cow ebility, " nonlinesr stomech lines
and nonlinesy carryover effects, ste.) did not gppeer warranted,

Pfo*’ % for the two periods is defined in (6). By svbstitubing Egusbtions

(o}-ﬁ P, 3«414» ', a”Pc ¢, ch‘ga"‘ H’igl_“'?ﬁﬁé‘“g

) &

(2)=(5) in pmfix’; equation (6), this equation can be solved in texms of Cys
, Ce and the prices. Thus, sssuming Price Set 1 (Tauie 1) the profit eguation
cen be rewritten as (7). Taking the parbisl derivatives of (7} with vespect

() g = ¥To5387 + 2.9955 C, = <5416 €& + 1,3000 €, ~ .5296 C5.

to Cl and ng setbing them egual to zere and solving simulitsnecusly provides
‘6p‘i‘.izzmm values of C, = 2764, Cp = 123#. Substibtubion of these values in (3)
and »(5) provide H, = S58T# and H, = 7o, However, if independence batween
per:i.ods is essumed (i.e., Equai:i@ b replaced by My = Gol 1548 + 8127 Cy =

«1266 ¢ ) , the opbimm feed quant:rhes at the sause prices differ as follows:
Cz, = 165, C, = 86, H = 723 and H, = 81144,

Optimum rations for other sets of prices using the "carryover” molel are

iliustrabed 1.11 Toble lL. As expected under changing feed price ratios, the
optimmm ration shifts towerd the velatively cheaper ingredient (compeare Frice

Sets 19 2, 3, Tahle 1}, Also optimm feed inputs in period 1 depend on prices

-



in ”amw, 2 and v%
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For exvample, if the milk price in pexied 2 is

sxpecbed to incresse, other priees

onbimem in b@'lzz pario

feature hes obvivus spplication whers seasonsl milk

is expected.

1 and 2 compare Price
%

-

Sets 1

rices comstant, higher concentrate raitions

{or feed) price 3

are
and b, Table 1} This
aristion

Table 1. %ﬂ;m feed combinabions in periods 3., and 2 ab v&:‘ious price
‘ reletionships, 85 estimebed from the “earryover® model.
Trice of milk, conceatyate ané bg}y in wila:s 's)er c%"ta
B P, = §% B P W @E ?
B %' & ? ; = Ty $"‘
P P, = $3 P ? P I-’ =52 | P, s B
opim| ¥ %2 &’ 7% 67 "0 " T |G 76, = 43
Peed { Eﬂg Pﬁz = $1.50 ?51 PHQ = Pﬂl, :932 = §2 Pﬁl, P 5, = $1.50
guantis= -
ties {Price Set 1) {Price Set 2) | (Price Set 3) (Price Set k)
¢, 2764 1284 ke 300
5 B 7684 kot 5524
¢y 1284 8 237 16T
i, o 85 ot 778}
SUMMARY

The above example illustvates the pecessity in incovporating carryover

effects-~vheres lmportant--inte econcmic anslysis.

More guentitabive work is

needed to determine the exact nalure snd importance of carryover in feeding

dairy cows and other animals.

The above analysis indicsbes that the change-over

triel may provide one spproach in "hooking together” monthly functions to .

determine econonic optims for ssveral periods simlteneously.

ing questions are xaized by the analysiss

Several interest-



1. €Cem a “change-over" triel Le used to estimeite “ecarvyover™ vherve an
enbive ronthly surface is eshimoted {from seversl levels of feeding as in

Figuve £}, rather then just = “shomach line™t For exmuple, perfommsnce in

Cts

period & probebly depends on the level as well as cogbination of feeds in

period 1. More ﬁgaﬁrrywm'“ mey pesuli From switchiog levels of feeding
the ssme | rebion than in switching retions. |

2. To carvyover effechts last move rthgn a single period? If so, fead
variables lagged wors then ome pericd *emulc';i ba required.

3. In move complex and rwelistic models, do the lavger number of variables,
coupled with relatively few monthly cbservations, cmuse estimition problems?
For exmmple, 8 measurs of "”ﬁévr &bility, ” nonlinser leg velationships, ebe.
could lesd o complex relationships. ’

These and other guestlons need to be examined, It i m.ma@hasized that
particlar opbima derived above ave only esplovatory and illustrative, Another
chenge~over trial at Bavisé this year, using hay and concentrate inputs din

conventionad form, should olilow further explovation of carryover effects.

Methods of analysis similar to those ouitlined sbove are anbiclpabed.
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Pigure L. Hypothetical feed-milk relationships (single rabion).
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Figure 2, Hypotheticsl Ffesd-milk relationship (production surface).
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Figurs 3. Diagram of treabtment seeuences :E‘m .m.”sft periods of change-over
' Hrial.



