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Experaaentation with a computer-based simulatinn model of the extensive
beef operations found in the savannas of Colombia 15 described The model
vias outlined 1n another document The experimentation caonsidered tonsists
0of the foliowing a brief survey of validation work and sensitivity
analysis carried out for the original beef model at Reading Univers:ity, a
description of the validation worl carried out in Colombia to adapt 1t to
local conditions,; description and results of further sensitivsity analysis
of i1nterest, and the experimental program proper This 15 1n two parts a
descraption of 1nitial work with a large number of possible management
strategies, and the results of crude risk analys:is on the most promising
alternatives The document concludes with a consideration of further work

needed and some general conclusions
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1 INTRODUCTION

This document describes the experimentation work carried out with the beet
model RUSMOB User notes and & description of the model may be found
elsewhere (Thornton, 19B87) The structure of these notes 1s as follous

- a briet overview of the original validation work carried out by Kahn
{¥ahn and Spedding, 1983, 1%B4, kahn and Lehrer, 1984)}}

~ a description of the validation ewperiments carried out for Colombian
condirtions,

- a description of certain sensitivity analyses for model parameters and
for some aspects of the primary production component;

- descriptions of the experimental phase proper, i1ncluding crude ris}
analysis,

- future work and recommendations

The following convention 1s followed with respect to variahble and progran
names RUSMOB refers to the entire computer-based system, PASHOD refers to
the grass~legume pasture model, FORTRAN names for subroutines are referred
to as "subroutine NAME", any other FORTRAN name 1n capital letiers may be
taten as referring to a variable 14 the variable name belongs to an array,
1t w11l usually be referred to as NAWE(1), where : may be the letter 1tself
to denote generalaty, or a number, to denote a particular position in the
array, or & range, such as -4, denoting the first four positions 1n the

array

2 VALIDATION WDRk

21 Original Validation

Kahn (Kahn and Spedding, 1983) was concerned to 1nvestigate optiaum herd
size, 10 an attempt to balance accuracy against high computational load,
and the length of simulation She found that 30-cow herds gave acceptable
estimates of 300-cow herds, and that {0 year runs were sufficient for the
coefficients of varilation, which arise from the stochasticity inherent an
the model, to stabilise Similar experiments are described below When
the size of the integration tise-step was investigated, no significant

differences were found i1n herd-based variables hetween single-dav and



30-day intervals, although there we-e considerable discrepancies for
indi1vidual animal calculations HMore detailed and accurate information on a

per snimal basis appeared to necessitate a reduction 1n the time step

The 1mportant relationships i1n the model were validated i1n a number of

Ways Those for dry matter intale were tested for accuracy 1n predicting
the weight changes in growing steers for conditions as diverse as those
found in Britain and Botswana (kahn and Spedding, 1984) Predicted weights
were generally within 0 4 to ! 57 of measured weights, and the fluctuations
in predicted liveweight curves folloued the patterns of observed liveweight
curves The reproduction equations were validated using data from
conmercial herds an Israel (tahn and Lehrer, 19B4), and there was clipose
correspondence betweep observed and simulated conception distributions The
equations sensitivity to the nutritional factors which affect reproductive

performance was also demonstrated

2 2 Validation for the Llanos Oraentales

The nbrective was to i1nvestigate the performance of the model 1n simulatuing
a base-line savanna systenm Atterwmards, the ability of the model to
simulate production from a permanent 1mproved pasture-type system was also
investigated The base-line eystem was used more to reset parameters and
to fine-tune model performance, the simulation of 1mproved pasture systems
was conducted with the aim of testing these changes to the model, to see 14
such different systems could be described essentially in terms of diet

alone

Three series of runs are described Many more were undertaken during the
course of progran development, and these rontributed much 1n obtaining a
feel for the model and the way 1t would respond to various changes in 1nput
parameters The first series described, Series 3, consisted of five
replicates of the base-line model The subseguent two series guantified
the effects of changing various run parameters run length, ot for cows and
calves, different herd sizes at yeer 0, and different herd age structures
The runs are listed i1n Table | For the runs described 1n the remainder of
Section 2, RUSMOB Y2 0 was used, although V3 O was produced concurrently

Note that these versions of RUSMOE have been superseded (the current



TABLE 1

Se

ries 3

Five replicates of the standard model - dt = 10/10, 10

years of simulation, and an initial herd size of 34

Standard
Standard
Standard
Standard
Standard

run

run

run

run

run

Initial herd

Initial

herd
f 30 heirfer herd over

Ser

over 5 years

over 15 vyear
With dt = 30
with dt = 30
with dt = 3/

Ser

si1ze of 10,

s1ze of 50,

The same over 20 years

185 4a

5
/10
/30
3

1es 4b

from same distribution

from same distribution over B years

1% years

f 30 member herd of old cows over 10 years

The same over 20 years

RUSHOB SERIES 3, 4A AND 4B VALIDATION RUNS



version number 1s V4 3 of March 1987)

Series 3

For the first series, a herd size cf 34 was chosen, 1n an atteapt to
maintatn approximately 30 breeding individuals throughout the run Four
of the 34 were young replacement calves, neuwly weaned The structure of
the full herd 1s shown 1n Table 2 The 1ntegration time step was ten days
for both tows and calves, and the run length was ten years Data for diet
quality were talen from Lebdosoelojo (1977), the four replicates reported
were averaged The results for the five replicates are shown 1n Tables 3
and 4 The first of these shows the average value of a number of
production parameters and the variakility between replicates and also
within replicates between yeare Two methods are used {6 calculate
production per anipal umit per year, the {first involves simply summing the
weight of calf sales and cull sales, whilst the second 15 more 1nvolved 1n
that 1t takes account of the growth of yearlings within the herd, although
cullings are not accounted for The second method was incliuded since 1t
mabes possible direct comparison ot simulateo results with published
results from the Llanes (Vera and Sere, 1985}, care 18 needed, however,

since sope of the farms 1n the cample were using sown pastures

Table 4 allows comparison of simulated results with observed results {from
beet production systems 1n the Eastern Flains It 15 clear from Table 3
that the variation between replicates over ten years 1s small, this 15 to
be experted, since diel quality 1s represented by unchang:ing
(deterministic) values from year to year The variation between years
within runs 15 much greater, however, 1llustrating the fact that the herd
goes through the process of reaching some sort of stability over a ten-year
period This variation between years can be reduced by pairing years
together, since with conception rates of S0 to 60 per cent, production over
& 24-ponth perind tends to be cyclical The 1mportance of starting
tonditions 15 considered belew, but 1t 1s worth noting that the or giaal
herd of Table 2 was constructed so that 1ts age structure was very similar
to that of the *average herd" i1n the farms sampled 1n the Llanos {Vera and
Sere, 1983), and a fixed proportion of eligible cows were deemed to be

pregnant at year 0, with projected calving dates bunching 1n the fifth to



1 0 75 129 450
i 1 160 448
3 1 156 447
4 1 153 448
5 2 200 450
) 4 215 449
7 2 195 448
B 2 210 449
) 2 205 448
10 2 183 449
1 3 270 450
1z 3 250 443
13 3 260 443
14 3 280 442 t80
15 3 2906 452 210
16 3 28BS 441 2190
17 4 300 440
1g 4 310 449
19 4 300 446 150
20 4 305 447 1680
21 4 310 458
22 5 340 447 180
23 5 290 444 210
24 5 335 442
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23 3 340 442

24 ) 285 4435 120
27 b 350 447 150
28 b 345 449

29 b 320 446

30 7 305 449 120
31 7 310 458

32 7 340 447

33 8 320 445

34 9 335 442

X 40 447 4

W = weight

HH = normpative weight

PTIME = days pregnant

TABLE 2 RUSHOB VALIDATION SERIES 3 AND 41 - THE STANDARD HERD



Within Replicates Between Replicates

X 5 Lv X 5 Cv
Calt Sales 660 9 360 1 54 5 660 9 3 8 53
Conceptions 14 3 I 4 238 14 3 18 103
No Heaned B 3 37 43 ¢ g5 ¢ 8 90
Beaning Wt 134 3 4 0 289 134 3 10 07
§12 Month Wt 139 3 335 25 1393 03 0 2
24 Honth Wt 193 5 27 14 183 5 01 01
Conception Interval 610 1 103 9 17 0O 610 1 20 3 33
Conception / 55 0 9 5% 17 3 55 0 13 24
Weaning / 32 7 11 4% 34 9 32 7 09 28
fige & ist Partum 4 06 0 27+ b6 & 4 06 006 Y &
Cow HMortality / 14 9 B t*¥ 54 3 14 9 12 8 !
kg/AU/yr # 22 0 10 0% 45 4 22 0 17 76
hg/aU/yr - ETES + 42 4 §13 7% 32 4§ 42 4 13 3 0

ek e S o e e et o A e e e e B e e e Ak G e e e e e e e e

# based on replicate |

i

# production {(calf sales + cull sales) / animal units

]

+ production {no of cows % weaning / # wt 8 12 months +

No of yearlings ¥ wt gain/yr) / animal units

TABLE 3 RUSMOB VALIDATION SERIES 3 - VARIABILITY BETWEEN REPLICATES AND
WITHIN REPLICATES BRETUEEN YEARS



Simulated Bbserveds

o e = g e e e A e e A e A e e A e = A v A AL W e A ww R b o et ke T e

Conception 7 53

Uncorrected Heaning / 33 35 - 44
Age € lst partum, mes 49 45
Sales/AU/yr 22

Production ¥g/Al/yr 42 40 - 70
Heaning Meight 134 125 - 130
Yearling Growth kg/yr 54 b2

Cow Hortality / 15 16 - 1é&
Calf Mortality i 11 10
Conception Interval 610 S4b

Ly U VU gy Gy S g

¥ source Vera and Sere, 1965

TAELE 4 SIHULATED AND OPSERVED PRODUCTION PARAMETER VALUES IN THE LUANGS
ORIENTALES PURE SAVANNA SYSTEMS



sevepth month, following the results from the Carimagua herd systems
experiments from 1974 to 1977 (CIAT, 1978) Clearly, the cyclical nature
p¢ production could largely be eliminated by increasing the proportion of
nregnant cows at the start of the simulation, 1§ this were deemed
NECESSAry As might be expected, the most variable parameters are those
which are stochastic in the model (cow mortality and conceplion, for

exanple)

The liveweight evolution of cow #1 from replacate 1 15 presented 1n Figure
i She started the simulation run as a newly-weaned 7 month old weighing
129 kg, and died at age eight and a half, having conceived three times and

produced 2 calves, not an impressive production record

Figure 2 shows frequency histograms for the whole herd sge structure for
replicate | The distribution ot ages at year 10 1s tolerably close to
that at year @, providing partial vindication at least of the death rates
used 1n the model Herd stability 1s considered again below The
relatively low weaning percentages obtained in these runs are partially
erplained 1n Figure I, which shows the fate of conceptians for replicate |
It appears that a ten-year run 15 not sufficiently long to enable the
conceptions and suchling calves "on hand® at the end of the run to be
ignored safely In addition, the high death rate of older cows results 1n
a2 comparatively large number of orphans, which, according to the decision
rule then operating 1n the nodel, were sold i1mmediately, 1t seems likely
that in reality a number of these would survive, i1n effect entering the

followers herd as the result of enforced eariy weaning

Series 4a

The runs 1n series 4a involved changing the length of simulation and the
values of the tine step dt for cow and calf The resultant values of
selected parameters, 1n comparison with the average values from the
base~line simulations, are shown 1n Table 5 It 1s apparent that 5 years
1s ipsufficient time for an egquilibrium to have been reached, whereas the
differences between a ten- and a fifteen-year run are slaght The
differences 1nduced by varying dt are not so straightforward, but 1t would

appear that dt for calves should be short rather than long, there 1s sone
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Figure 3 Fate of conceptions, replicate 1, savanna system
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Series Changed Run-tioe Parameters

--run length--  -—wowe-——o gt--—~mmm——

X S yr 13 yr Ju/1o 30/30 9/5

Conception / 53 &3 35 ol 56 &0
Weaning / 33 30 32 29 25 39
Cow Mort / 15 13 16 14 17 14
five 1st calf 4 1 q 2 4 1 41 4 2 4 1
Weanino Wt 124 132 134 134 136 133
Concep Int &10 514 &30 639 654 600
24 Month WUt 194 194 193 193 192 193
ho/@dU/iyr 22 20 19 19 19 25
Lg/AY/yr ETES 47 38 41 39 33 44

TRBLE O RUSHOB VALIDATION SEFIES 4A RESULTS - PRODUCTION PARAMETERS



tendency for the shortening of dt to result in higher production levels,
but this 1n not uneguivocal It will be seen that {for all runs, those
paraneters i1nvolving weights vary little, this can be explained by the

fact that such parameters have no stochasticity attached

Series 4b

These runs 1nvolved changing the nature of the herd at year ¢ A small
and a large herd were sinulaled, and 1t was arranged that these herds had
as similar distributional characteristycs wvin terms of age structure and
proportion pregnant) as possible to the original herd shown in Table 2
These herds are shown :n Table 6, for the f3f{ty-cow herd, cnly eight years
of simulation tould be completec, after which the limits of the program s
capacity was reached (up to fu0 breeding cows 1n all, & limitation of early
verslons of RUSKMOB) Two further herds were set up, one consisting of 30
heifers and one of cows approaching the end of their productive life These
herds are shown 1n Tables 7 and € FResults are given in Tables 9 and 10 for
these runs, the latter shows 1esuits tor the herfer herd on a year-by-year
basrs Difterent herd csi1zes from essentially the same herd have limited
effects on production parameters, for Lhe small herd of ten beasts, a
revealing statistic 15 the cow mortality rate of 23/, 1llustrating whal
mioht be termed stochastic i1nstability where one i1ndividu«dl 15 equivalent
to & large amount ot cusmulative probabilaty On the other hand, the
simulation of 50 cows 15 wasteful where a smaller number 1s still large

enough to invele the law of medium numbers

Perhaps the mosl interesting results relate to the heirter and old cow

herds Figure 4 shows the evolution of average age for both these herds
over twenly years, together with the lamits within which average herd age
varied for the five replicates of the bhase-line simulations Average age,
even for heavily slewed age distributions, quicily reaches values typrcal
of realistic herd age distributions, and tends to osciliate between these
Inmits The effect of such age distributions can be seen i1n the production
indeces after even twenly years, where, for examplie, conception percentages
are higher {or the old herd than for the heifer herd, due 1n part to the
fact that at year 0 all the old herd {in terms of maturity at least) were

eligible for conceptinn, whereas this would never be true for the heifer



- Standard herd plus -

i 075 129 459 35 1 140 442
2 2z 200 450 36 i 145 445 120
2 2 210 449 37 2 195 447 150
4 3 260 433 38 2 200 449
] 3 280 442 180 39 2 203 446
6 4 205 447 i8¢0 a4 b 295 449 120
7 0 290 435 210 41 3 240 438
2] b 343 449 42 3 200 447
9 7 310 458 43 3 265 4446
10 g8 320 444 44 7 310 442
e L B b e 43 4 280 442 210
¥ 4124 448 4 & 1 4 29¢ 445 120
47 8 305 447
48 S Ica 439 1BG
49 B 293 444
50 ) 285 444 210

TABLE & RUSMOB VALIDATION SERIES 4B - HERD STRUCTURES
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i 0 7% 129 450 23 PO 140 442

2 0 75 132 448 26 2 0 200 445

3 0B 140 447 27 23 220 447

4 0 75 130 448 28 1 7 1B3 449

5 09 140 450 29 16 170 444

& 1 g 150 449 30 15 17% 449

7 10 155 448 BuccossuEssse-sSroSEsSEnssos
8 {1 195 449

g 12 16¢ 448

16 1 3 165 449

i 14 1/6 450

12 15 160 445

13 1 6 1706 443

14 1 7 175 442

15 17 170 452 W = weight

16 1 8 173 441 WM = normative weight
17 i8 ig0 440 FTIME = dayc pregnant
1B 1 9% 150 449

19 {1 145 444

22 t 4 170 447
23 08B 140 444
24 09 135 442

TRBLE 7 RUSHOB VALIDATION SERIES 4B - HEIFER HERD STRUCTURE

s
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1 4 310 438 25 7 340 442

2 ] 310 447 180 24 8 265 4435

3 5 250 444 210 27 8 230 447

4 5 335 442 28 ) 245 449

5 5 320 442 29 9 J20 444

b ) 285 445 120 30 10 TA0 446

7 & 320 447 150 THSESEssTISsSssozsszTssosos
8 b 315 449

9 [ 320 444

10 7 303 449 120

11 7 310 458

iz 7 349 447

13 8 320 446

14 9 338 AA2

15 & 340 442 W = weight

16 & 283 445 WH = normative weight
17 b 320 447 210 PTIME = daye pregnant
18 & 345 449 180

19 b 330 444 150

20 b 295 449 20

21 7 310 4358

22 7 340 447

23 7 2%0 445

24 7 335 442

TABLE B RUSHOR VALIDATION SERIES 4B ~ HERD AGE STRUCTURE



Seri1es 3 Herd Size

b4 10 a0 30 herfers 3¢ old cows
yrs 10 8 10 20 10 20
Conception / 35 58 oh 92 33 67 b2
Weaning / 33 31 33 24 30 31 32
Cow Mort / 15 23 14 i2 13 25 24

fige 1st calt 4 1 4 1 41 40 4 3 43 4 |

Weaning Kt 134 130 £33 133 134 133 134

Concep Int 610 603 613 b45b 661 LAY 573

24 Month MWt 194 192 193 193 132 173 194

bo/flU/yr 22 16 23 21 20 20 22

Fg/Al/yr ETES 42 39 42 39 40 40 49

e o e A e e e L s W oy e b T R Ak = e e WY M L Bt e e e e B e e e P e e e L A e e e —

TABLE 9 RUSMOB VALIDATION SERIES 4B RESULTS - PRODUCTION PARANETERS



Av Ht ¢ 161 210 257 258 274 279 264 234 238 243

Conceps ¢ 20 12 i8 14 14 10 B 11 9
Births 0 { i8 14 14 10 ) 4 b B8
Ne § nd 0 0 3 13 fo i 11 2 i 5
Kean Wt - - 129 130 133 135 137 129 134 134
Wean / 4 0 0 i0 43 33 48 b5 15 25 29

Concep / + 0 69 4] b2 47 b1 o9 50 &9 33

o o ey am s R A e ek e % v e m T R AR S P e A T = e e P — e b e b TR Mm e EE e B e A e e e At e

+ eligible cows by maturity (age > 2 yrag)

¥ whole breeding herd at start of year

TABLE 10 RUSHOE VALIDATION SERIES 4B RESULYTS BY YEAR - HEIFER HERD
TEN-YEAR SIHULATION
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herd, due to the presence of young replacers Figure & shows the monthly
distribution of conception occurrences for the heirfer herd over twenty
years, because all herd members became eligible for tonception during the
l1yfe of the simulation run, this mas probably the most unbirased conception
dielribulion that could be obtained The f1t with the nata of Stona'er et
2l {1984) 1s not good, although this 15 not surprisina, 1n view of the
fact that forage availability 15 not bimiting, 1 e the variation 1s
ecsentially a function of digestibility and the starting conditions

e pertenced 1n that eyperiwent (breeding was delayed for one year, so that
enimals were 1n unreasonably good condition) 1t 15 not clear why
simulated conceptrons should peal at month 7, unless this 15 a laqued
effect, there 15 no 1mmedrately epbvious relationship between forage
digestibility and the monthly 1ncidence of conception Tuble 10
illustrates the evolution of production over time, the amitral fluch of

conceplions 1s presumably due 1n part to the homogeneity of the nerd

It 15 noteworthy that the number of 1ndiviowals in the clder herd {ell
martedly during the simulation {Figure 5), this supgests that heavily
slewed age distributions may have ralher lono term erfects on the overall
stability of the herd 1n terms cf animal nurhers as oppoced to age

distribution

The most important features of these three series of sinulation runs can be

sumnarised as follows

1) & reasonable compromise for the number of animals 1n the herd 15 30 or
so, and ten-year simulations appear to be satisvactory in terms of reaching
+ reasonably stable situation as far as herd parameters are concerned,

whilst twenty-year simulations appear better for animal-based paranmeters

2) within Lhese limits, the values of dt arc not of overriding i1mporlance,
provided that dt for calves 1s short, this means the choice of dt can be
made wilh regard to 1ts approprrateness i1n ctonjunction with the pasture

component - a value of 5 or 10 days would appear to be salisfactory

3) starting conditions, an terms of herd age structure and the number and

extent of pregnancies, are not importani, although efficiency 15 obviously
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FIGURE ¢ RUSMOB VALIDATION SERIES 4B
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served 1{ the herd arpro<imates a» closely as possible to “"real’ herds,
especially for short simulation runs The influence of the death rates
used 18 large, and those presently incorporated into the model do at least
result 16 average ages which are not very different from those observed :in
the Llanos The cow weights used for the standard herd are rather high,
1n soma tases, but these tend to settle to levels intrinsic to the

model {and the parameters beirg used) fairly rapidly

4) sipulated production parameters are of the right order of magnitude,
and 1n some cases are better stald A number of factors neen to be horne
1t mind, however:

- 1t 15 unbknoun how accurale or appropriale the values of
digestibility and crude protein useo are, 1t 1s shown helow that small
thanges here dare capasble of leroe changes in production indezes

- no account has been talen of torag= avairlability limitations, when
imposed, 1t 15 lidely Lhat produvction levels would vary, particularly an
response to dry-season bim tat:ions

- the influsnce of compensalory gain on yearly production indeces
over long periods of simulated time 15 essenti1ally uninown It 1s possible
thal 1tc absence interacts with the absence of availobility limitations,
and that these factors tend to cancel each other out How well the 1ntale
gquatione presently used ctoulo haendle day-to-day grovib of, for example;
steers without more adjustments {(possibly :n lhe parameiter faecal dry
matter output, see tahin (1982} and Sectieon 3), 15 a guestien Lhat 18
difficult to answer in the absence of reliable and delailed forage data
5) the simulations of seraes 3, 4a and 4b accounted for scme 7U minutes of
CPU time, this highliaghts the desirability of efficiency i1n proaram
ececution, obtainasble by a judicious choice of run-time parameters

=4

Series O - Improved Faslure Bimulation

It was i1ntended that the changes made to the model would be examined in
relation Lo production from a high-performance pasture suech as Brachiaria
decumbens FProblems were encountered in finoing reliable data pertaining

to pasture guality throughout the year A number of eyperiments have
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batbwards to ohtain a very general jdea of average qual ty It 1s
doubtful 1n any case whelher an sccurate series of digestibility and
protern figures would necessarily result 1n particularly good model
performance, fraom a prieri considerations of {he way i1n which the data were
collected and the fact that intale i1n the model 1s currently simplified by
rnot considering availability It was therefore decided samply to use better
pasture 1n the model, to see 1f the results produced were at least
reasonable, ond to leave rather more rigeorous validation unfil pasture -

anitmal 1nteractions had been 1ncorporated to some degree

fin approrimation to the average quality of Brachiaria decunben< can be
pbtained from a consideration of the per formance of steers at Carimagua
{CIAT, 19B3, 1984 Steers were reportec to have gaineo approasimately 1135
kg during 1983, average energy intale was some Zv NI ME poer 100 kg live
werght Consider a steer of 190G Jg at 12 months of age whose normative
wielight 15 scme 900 ig The average digestibility of the feed to sustain a
growth rate of 0 32 tg per day can then be rcolculated using the relevant
reiationships 1n the model and a trial-and-error aporoach to the resultant
1terative procedure It appears that digestibilaities in the range 3v to
60/ wi1ll sustawn such growth This estimate may bhe corpared with the
average digestibhility of the savanna of 45/ A monthly series of
gigestibiliily values was ceonstructed, following the pene-al shape of the
savenna digecstibilaty time series, with a peal in March and April The
series 15 tabulaled 1n Table ! Rgain, protein and ava:slabiliity were
assuped to be unlimiting, both assumptions may be oversimplifacations with

regard to the dry seascn and/or older pastures

Two replicates were run using the same starting conditions and run
parameters as for series 3, » e »% beasts, 10 years, and an i1ntegration
time step of 10 days for adults and calves The starting weights of the
antmals are low for this type of produrtion system, but these quickly
increase to i1nternally-stable levels Results are presented i1n Table 12
in terms of 1mportant productron parameters The increase 1n production
levels over the savanna-based system 13 i1mmeniately obvious Weaning
we1ghis are i1ncreased, calving i1ntervals are sharply reduced, and meat
production 15 1nureased Lhree-fold MHortality rates are rcduced, although

1n fact the same mortality probabilities were used for both systems, this



Honih Digestibility, %
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January 45
February 42
March 55
fpral 61
Hay &0
June 58
Julvy o3
Alugust 59
September 4]
Getober 57
November 50
Decemnber 45

Note - crude proteipn 1s assumed to be unlimiting, v+ & CP/ » 6 0, as 15

avairlabilaity

TaBLE t1 FRUSMOK VALIDATION SERIES 5 - IMPROVED PASLTURE DIGESTIBILITY
VALYES



Replicate | Lheplicate 2 Cv/
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Calf Sales 4G34 3631 7
Weaqing Wt 148 178 4
12 Honth Ht 184 iB% 2
24 Month Ht 243 2779 4
Conreption Interval 335 333 -
Weaning 4 83 78 4
Age & ist Fartum 24 23 3
fbortiron 4 5 4 16
Cow Mortalaity / 12 12 -
Froduction ig/AU/yr % 8 g3 2
Production tg/Al/yr + 108 11¢ 1
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n

% production {calf sales + cull sales) / animal upits

+ production {no of cows ¥ weaning 4 % wt @ {2 months +

No of yearlings # wt gain/yr) / animal units

TABLE 12 RUSMDB VALIDATIOGN SERIES 3 RESULTS - IMPROVED PASTURE PROBUCTION
SYSTEM, TWD wEPLICATES, WITH COEFFICIEWT OF VARIATION



15 dup to the abscnce of death by starvation in the improved system A
reduced abortion probability was used {changed from 13 to §/}, and this 1s
reflected dircctly 1n the rusulls Cow liveweight evolution is
1llustrated 1n Figure 7, for Cow #1 with death suppressed Oscillations 1n
weight are marked, and are characterised by a nuch hinher average value and
a shorter perivud, compared with the liveweight oscillations obtained 1n the

pure savanna sychtem

fissecsment of whether such results are reasonable can proceed by compiring
these with results obtained directly from erperimentation Typical
production levels from B aecumbens are shown in Teble 14, taken from CIRY
and ICA eyperiments at Carimagua durinng 1983 and 19Ba Direct comparison,
while not necessarily beinp sery fair to the nodel, does reveal problenms
related to reproduction performance The probiem appears to be the
maturity factor 1n the corcepiion eguations, 3t 3s apparent that this
factor would have liitle part to play in the =avanna runs, since normative
welighl i1ncreases arrespective of nutrition {unless death occcursl and {first
parturitions were occurring at 48 tp 52 months The modified matur:ity
factor defines maturity te have no cf{ecl on ctonception abilaty once Lhe
ratic IM/WHA has reached values 1n excess of O & Its shape needed to be
adjusted, to inhibit conceptions at low liveweights and 1n comparatively
tmnature animals As noted above, the actual shspe will have little or no
effect on savanna siamulations Runs were unoertelsin Yo modidy this
factor, and a satisfactory two-linear -segment function was derived (see

Thorntan, 198/, but see also Section 1)

A further problem 18 lhat of weaning weights, which are rather low 1in
canpar:son with Lhose which coulo be expected on B decunben- This might
be due erther to i1nadequate forage digestibilaties or to a law value of
mill yield potentidl The etfect of i1ncreasing this parameter 15 to
increase yeaning telghl while allowing the ctow to lose rather mare weight
during lactation, thus increasing the length of the tepreoduction cycle

It 15 pessible that plane of nutrition acts on mill production potential 1n
a way not accounied for in the model, when diverse produclion svsteams are
considered {in effect, milb poteatial may change per <e depending on plane
of nutriticn - ol Ieast this 15 the way 1t might have to be representcd in

the model) Further runs were undertalen with the milk potential

(s
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increased teo 10 kg per day Weaning weaghts increased to 201 tg, and
weight losses during lactalion of 80 to %0 lgp were recorded over six months
{including the dry season), at weanino time most, 1f not all, of this
werght loss had been made wp due to the high qualily forage available 1in
{he wel ceason This may be coppared with the resulis of e.periments at
Carimagua, whtre weipght losses of 0 34 lg per day were recorded for cows
whose calves were weanerd al s Lo 8 months of age (CIAT, 1984} Ho
tmnediately obvious relationship exists between weight of dam at birth and
werght loss during lartation from the data of this experiment, this would
appear to be the case for the simulation runs also A mili potentia' of
1y kg t5 cacessive, but the model responds in a sensible fashion This
parameter 1s Llhus a measure of genet:c potential coupled with the overall
gquality cf the diet i1n the relevant proouction system, for pracltaical
purposes this finding poses no real problems althouah 1t 1s realised that

conceptualiy 31t 1s slaaghtly unsatisfactory

Summaery - E.ploratory Val:dation Runs

The use of somewhat crbat)ary pasture digestibilities helped to highlight
certain problems with the amodel, notably 1n relation to the conception and
welight retationship This has been adjucted {and can be done anatn in the
future) without diffaculty, and also in such a way as to leave i1ntacl the
validity of the savanna sisalatiois Caleulated weaning petrcentages wend to
be underestimated, since animals on hand at the end of ithe run are not
concidered For prescrving obscrvea age distributions in savanna
producticn systems, 1t 1s necessary to use particular death rates these
tend to be hirgh, and 1t may be presumed that reasonzbly severe culling 1s
practised The limited amount of work carried put on the effect of milk
production potential suggests that the model responds satisfactorily to
increases 1n this paranmeter- The results obtained thus far tend to suggest
that diverse production systems can be represented priparaly by dietary

parameters



3 SENSITIVITY ANALYSIS

There are four series of experiments to be describedy; the first two deal
with the sensitivity of the beet model, the third with the effects of
different preference functions on beef production, and the fourth series

investigates the sensitivily of the i1mproved pasture model

3 1 RUBhOB Sensitivsaaty Analysas

Series |

The effects of changes Lo o number of the pararetevs of the beet model, for
exanple the time step and herd size, were documented above The objective
was to look al a variety of opther parameters, perturb them by 1G/, and lool
al the effects of such perturbations on model output, 1n an attempt to
1dentafy highly sensitive parameters Table 14 shous the elevecn

freatments Five replicates of euch were carried out Output was mecsured
as conception and weaning percentages, the age at farst calving, weaning
weight, conception interval, production per animal unit per year, and
mortality percenlage Resulis are shown in Table 15 1n lerms of the mean

and average coefficirenl of variationc for the five replicates

A1l variances are low (. replicates would probably have been surficient),
with the exception of that for morlality - this 1s not surprising, since
this event 18 treated stochastically Note also Lhat no statistics are
queted, simular experimentation differs from real-life evperimentation 1n
a number of respects, which 1ncliude the following

- {here 18 no ewperimental error,

- statisiically significant differences can be derived by wholesale
replication (by lowering the value of Studeni s t statistic, for
example}, the enperimenter has {p be careful, therefore, that treatment
eftects are not specious, otherwise these “"staliztical differences are
simply by-products of the model and have no counterpari 1n realily,

- at this slage, only some of Lthe variabalily :in the real systen 1sg
accounted for 1n the model, simulated and observed variances will notl

necessarily be of the sane order of magnitude, therefore
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TABLE 14 RUSMOB SENSITIVITY ANALYSIE - SERIES 1 TREATMENTS

Humber Parameter Standard Ferturbed
1 baseline
2 VIP taecal dry matter output, DM/VglLW/day 0 0094 0 0103
3 WMAX mobilisable tissue for lactation, hg/day I 40 1 54
4 PP relative birth weight 15 0 13 &
3 PMA potential mill vyield, kg/day 30 59
b NWEAN weaning age, days 279 245
7 DIG mean diet digestibilaity, / 44 & 49 1
B DIGGEN energy content of feed, MJ/lg 15 185 i6 704
9 RATE normative weight curve parameter 0 054 0 059
10 MANDAT (1) first yearly management oate 210 0
11 HANDAT{2) second yearly management date 330 0
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TABLE 13 RUSMOB SENSITIVITY ANALYSIS ~ SERIES t - RESULTS SUMMARY

--------------------------- Quput Parameter ------~------ososomo—--

Treatament Conception Heaning Age@ist Weaning Conception Production Mortalaity

/ / Partum MWeaght Interval kg/AU/yr %
baseline 38 30 40 130 598 38 19
VIP + 40 42 34 143 503 92 i3
HMAX + 45 34 4 1 132 632 39 20
PP - 4B 30 4 0 132 501 38 20
FHA + 44 29 10 135 621 37 19
NWEAN - 48 32 40 125 597 10 14
DI6 + 83 57 31 157 381 72 12
DIGGEN + b4 44 33 144 490 54 13
RATE + 45 30 39 133 612 39 20
MANDATL - 47 31 40 132 401 38 25
HANDATZ2 - 49 35 40 132 598 27 25
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With a model of this resolution, only coaparatively gross efiects are

litely to be of real relevance or interest

The i1mportance of faecal dry matter output (VIP) 1s underlained, a 10/
increase i1n this parameter leads to an i1ncrease in production of some 374
It 15 also clear that an increase 1n system guality will lead to increases
in conception and weaning percentages, 1n weaning weight and production,
but to reductions in age at first calving, 1n conception i1nterval and 1n

nortality

The nawimum amount of tissue mobilisable per day to aeet lactation
potential (WMAX) has little effect a slight i1ncrease 1n production and
weaning weight, but a month 15 #deed on to the conception interval,
presumably because the animal 1s, relatively speaking, more out of
condition and 1t 1s thus taling longer for 3t to reach "conceptable”

weights

Birth weight (PP}, expressed as the divisor of maximum normative weight,
has little effect, etcept for a slight increase i1n weaning weight, which 1s

2 logical effect

The effect of manimum milk potential (PMA) 15 equivocal, weaning weights
are 1ncreased, but production 1s reduced Liie WHAX, this 15 probably
because the cow needs more time to reach a weight at which conception 1s
litely On a better plain of nutrition, this effect would not be expected,
here, the animal 1s being penalised for higher ealk yield, and 5 kg extra
at weaning presumably does not cancel out the 23 ertra days needed tfor

reconception, resulting in a dip in production

A 10/ decrease 1n weaning age (NWEAN) results 1n only 4/ less weight at
WERAN1Ng Overall production 1ncreases slightly, but there 15 little
effect on conception 1nterval, as might be ewpected Subseguent
experimentation showed that conception probabilaities may have been

overestimated, early weaning ts discussed below in Section 4

Average diet digestibilaity (DIG) clearly has a profound effect - a 10/

increase leads to a %0/ increase 1n production Being an energy-based



model, such an effect 15 not really surprising, especially when 1t 1s
remembered that the pure savanna base-line system 15 close to being the
worst biologically feasible systea there 15 It should be pointed out that
the shape of the monthly digestibility distribution remained unchanged, the
effects of cthanges 1n the shape rather than 1n tne location of this

gistr:butron are i1nvestigated 1n a subsequent experiment

The effect of the energy content of feed (DIGBFR) 15 similar to the effect
of changes 1n DIG, although to a lesser extent, according to the
relationships 1n the model, an 1ncrease tn digestibility directly
stimulates higher levels of intale, i1n contradistinction to an 1ncrease in
DIGGEN per se

A steeper normative weight growth curve (RATE) has little effect, there are
slight ancreases 1n weaning weight {(to be expected, as voluntary 1ntake 1s
related to normative weight), reflected 1n 1ncreased production, but offset

by increased conception tntervals

Changing the two default management dates (MANDATY at which the followers
herd 1s dispersed and culling lavtes place had little effect, encept 1n the
mortality of followers This effect may well be specious, 1t was foung
during the original validatiocn runs that i1ntale between % and 12 months {for
newly-weaned animals needs to be i1ncreased slightly, so steps have heen

talen to stave off unrealistic mortality for this class of animal

In summary, 1t can be said that faecal dry matter output (VIP), average
diet digestibility (DIG) and the energy content of feed (DIGGEN) have very
inportant effects,; and there may be some potential for lowering the age at
weaning, though this may be offset to a degree by i1ncreased follower death
The effects of changes 1n PMA and WMAX are of interest, but can be

explained by reference to the functions operating i1n the model

ﬁ supplesental series of runs was carrieg out to looh at the response curve
of production to diet digestibility and to changes 1n the variance of the
monthly digestibility values Four more three-replicate treatments were

carried out {see Table [&)
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Figure B shows the graph of monthly transformed digestibilities The
response curve of changes 1n mean digestibility, shown in Figure %, 15
steep and slightly convex (denoting diminishing marginal returns to
1ncreases 1n average digestibilaty) From the table of results (Table 1b),
the action of changing the variance 15 not i1mmediately obvious, although
the dry-season high-variance digestibility dxstrabution 1s having profound
effects on calf mortality through starvation (low Variance diet %/ mean,
21/ coefficirent of varration (cv), standard Variance diet 167, 18/ cv,
high Variance diet 374, 7/ cv) The reaction of the model to the
low-variance diet appears to suggest that production 1s 1ncreasingly

adversely atfected by increasing variabilaty 1n the dret

Series 2

Te gain & deeper insight into the action of the model, a four-factor full
factorial experioent was set up, with the main aim of identifying 1mportant
interactions The factors chosen wWere faecal dry matter output (VIP),
average diet digestability (DIG), marimum amount of mob:ilisable tissue to
support lactation (WMAX), and potenti1al milk yield (FMA}, Table 17 - the
first two because of their highly sensitive nature, and the last two
because of their opposing tendencies both to raise and lower different
output parameters Three replicates of #ach were carried out Five percent
perturbations were used Note that 1t was not feasible to perturb the
parameters 1n such a way as to reduce production, 1t was found that the

system rrashed too easily

ANDVA on the sixteen tieatments was carried out in GENSTAT for all
interactions up to and i1ncluding those of the second order Table 18 lists
the only significant interactions found for the seven output parameters
Principal components analysis was then carried out, 1n an attempt to relate
model putput to parameter changes 1n as sisple a way as possible The data
correlation matrix was uced, rather than the data values themselves, to

by-pacss the problem of different units 1n the parameters

Results are shown 1n Table 19, for the first iwo components only, which
between themo explaineo seme 97/ of the variability i1n the transforeed data

That 1s, most of the variation in any particular model run can be described
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TABLE 16 RUSHMOB SENSITIVITY ANALYSIS - SERIES 1 - EXTRA TREATMENT RESULTS

--------------------------- Qutput Parameter -----m--v--o-onomenoa—

Treatment CLonception Weaning fAge@lst Weaning Conception Production Mortalaty

% % Partum Height Interval bg/AU/yr i
mean - 93/ S0 1% 4 4 113 444 15 27
baseline 48 30 4 O 130 598 3B 19
mean + 5/ 62 44 33 144 493 94 12
mean + 10/ 83 57 31 157 381 72 12
mean + 157 97 68 28 146 338 87 13
variance - 44 32 q 1 135 630 39 19
baseline 43 30 8 0 130 598 38 i9
variance + 54 23 3 9 122 533 34 20
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TABLE 17 RUSHOE SENSITIVITY ANALYSIS - SERIES 2 TREATHENTS

1 - - - -
2 - - - +
3 - - + -
4 - - + +
5 - + - -
b - + - +
7 - + + -
B - + + +
9 + - - -
10 + - - +
1t * - + -
12 + - % +
13 + + - -
14 + + - +
15 + + + -

VIP 0 0094 O 009%
DIG 44 & 46 B
WHAaX 1 40 I 47
FHA 50 5 25

4o



TABLE 18 HUSMDB SENSITIVITY ANRLYSIS - SERIES 2 ANOVA RESULTS

Butput Paraneter Significance Table
Conception / ViPx+ DIG*x
Heaning / ViP¥# DiG+«
Mortalaty / Vips DiG# V1P DIG#
Age@lst partun VIPax DIG+x
Weaning Weight g VIF*# DIG:# FHA*
Conception Interval VIFx% DiG*=+
Production ha/Rb/yr VIP*% DIGx+*
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TABLE 19 RUSMOR SENSITIVITY AMALYSIS - SERIES 2 PRINCIPAL COMPOMENTS
ANALYSIS O0F THE CORRELATION HMATRIX

Qutput Parameter Component
i 2 3 4
Conception / ¢ 3Bbx 0 2B2%
Heaning / 0 391+ ¢ 135
Mortalaty / -0 300 0 9123
figeflst partunm -0 3%0+# 0 039
Weaning Height kg 0 38B+* -0 045
Conception Interval -0 3Bg+ -0 185
Froduction lg/AU/yr 0 393% 0 164
Variance Accounted For % 90 0 7 3 t 0 0 9

Cumulated 7 Variance 20,0 97 3 98 3 99 2
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with reference to two new outpul parameters (the first two prancipal
orthogonal components) instead of the seven originally considered, with the

important proviso that they are amenable to interpretation

i) the first component, e plaining 904 of the variability, i1s a linear
combination of nearly equally-weighted variables, but with three worlaing
against the other four {refer to the signs of the coefficients) - an
ihcrease in production system guality results i1n increased conception and
weaning percentages; weaning weights and production per anmimal unit, but
results 1n decreases 1n mortalily, age at first calving and conception

interval

2} the second component, explaining 7/, 1s dominated by mortality, and we
may ignore all the others with the exception of conception percentaoce This
15 anp 1nteresting effect, which can perhaps be explained as follows There
are two aspects to mortality - one 1s the base probability of death,
increasing as aoe increases, and the pther 1s related to the guality of the
production system through starvation This latter aspect i1s obviously
taten up to some estent 1n the first component (since 1ts sign 1s

negative) The guestion then arises, why should conception increase move
in the same direction as an increase in mortality? It 1s perhaps because
as 1ncrease in base mortality affects nlder, less fertile cows, leading to
replacement with young heifers who may tonceive under circumstances where
older cows wWould not There are certainly methanisms 1n the model to allow
this hind of balance to take place This phenomenon might be termed herd

rejuvenalion

The next stage was to run an ANOVA on the data as transtormed onteo the axes
of the first two principal components Note that now the means and values
themselves have no real meaning, but 1t 15 interesting to look at the sums
of sguares For the first principal component (Table 20), aover 98/ of the
variability 1s accounted for by faecal dry matter output, VIP, and mean
diet digestibrlity, DIG, alone {whose variance ratios are obvicusly highty
significant), and that the contribution of latter 18 four times that of the
tormer The data are not noi1sy (1 e little randomness), since the

residual sum of squares 15 small



RUSNOB SENSITIVITY AMALYSIS - SERIES 2 - ANOVA, DATA POINTS
TRANSFORMED ONTO THL F1RST PRIMCIPAL COMPONENT AXIS
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For the second principal conponent (Table 21), the faecal dry matter - diet
digestibility tnteraction variance ratio alone 15 significant Nearly &04
of the variability 1s taken up by this interaction, but note that nearly
30/ of the total 1s attributable to the residual term Two guestions need
to be addressed 15 the first principal component reasonable in terms of
the overwhelming 1mportance of diet digestibilaty (DIG) and, to a lesser
extent, faecal dry matter output (VIFI?, and how can the interaction
between the two be related to the dominating effect of mortality for the

second prancipal component, and why should 1t be so noisy?

The #1rst of these 1s straightforward, since the first compenent exhihits
si1gns operating 1n exactly the i1ntuitive directions The relative
1mportance of mean diet digestibility over faecal dry matter output i1s to
be expected, 1n view of the results of the first spries of runs Fer the
second question, the problem of noise can be explained by reference Lo the
fact that part of mortality 1s directly stochastic - 4rom series 1, the
coefficients of variation for mortality are of the order of 13/, these
values are auch higher than for any other output parameter considered
Noise 1s thus to be expected The relationship between the faecal dry
matter output - diet digestibilaty (VIF-DIG) interaction and mortalaty as
more problematic Faecal dry matter output per kg livewerght per day
operates thus an apcrease 1n this factor implies an ancrease 1n gut
capacity, which in turn 1mplies an i1ncrease 1n voluntary intate, at least

at low digestibilities {6//, quoted by kahn, 1982)

Figure 10 shows the effect of faecal dry matter output and mean diet
digestibility on eortalaty from the original {factorial experiament {(Tables
17 and 1B) It 15 clear that when digestibility 1s higher, 1ncreasing
intake has scant effect, when digestibilily 15 lower, 1ncreasing gut
capacity reduces mortality by approximately 35/ There would thus appear
to be a threshold operating on mortality one can expect a certain level of
mortality from natural replacement anyway. add to this the wortality from
starvation, and apparently there will be some threshold plane of nutrition

where starvation ceases to be a problem

The second principal component can then be interpreted as followst 1t 1s

concerned with mortality, part of this must be the randoa component which



TABLE 21 RUSMBR SENSITIVITY AMALYSL1E - BERIES 2 - ANOQVA, DATA POINTS
TRANSFORMED ONTO THE SECOND PRINCIPAL COMPONENT AXIS

A o —— e e S e o e = Rt A e e . R U e = s e R e o e e b W T e m o we = A

df 55 55/ MS VR
replicates 2 0 001 ¢ 24 0 (0t
viF i 0 022 4 39 0 022 48
DIG ! ¢ 013 2 5B 0 013 28
HHAX 1 9 000 ¢ 00 0 000 00
PHA 1 0 001 0 25 ¢ 00 03
VIP DIG 1 ¢ 294 57 34 0 294 63 1#

t

resifdual 31 0 143 28 19 0 003

grand total 47 0 513 100 00
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atfects all herds, repardless of plane of nutrition, but part must also be
the starvation effect, since the faecal dry matter ~ digestibilaty
interaction accounts for much of the variabilaty The nature of this
interaction can be explained by reference to a threshold effect, mortality
cannot be decreased below a certain level by nutritional means, so whatever
tactor can take up energy consumption will do so However, combined
e{fects at hioh levels of system guality will have nothing to show for

them With this emphasis on death, older less fertile cows will tend to be
replaced by ypunger, more fecund animals, and this may be reflected in

increased numbers of conceptions

Series 1 and 2 Summary

1 Diet digestibilaty 1s of crucial importance to the operation of the
model, and the model 1s highly sensitive to this factor Faecal dry matter

output operates 10 & si1milar way, but 1s of less i1mportance

2 The model 15 clearly energy-sensitive, since the only real way in
which to affect significantly the output variables 15 to change those
inputs which deal more or less directly with 1t Conversely, a variable
such as potential milk yield has no clear effect on system quality talen as
a whole at such low digestibilaties, since the output parameters move 1n

ways which tend to be self-halanting

3 There 15 a threshold level in terms of the energy status of the herd
abeve which starvation ceases to be 1mportant If starvation mortality tan
be reduced, then standard probabilistic mortalaty tends to favour younger,
more fertile anmimals at the e.pense of older, less fertile apmimals This
15 possibly an effect over and above the obvious one whereby energy

tncreases lead te better system gualaty

“%Q



3 2 PASHGD Sensitivi y Aralysis

Series 3

The third series of sensitivity analysis runs was ained at investigating
the effects on beef production of changes i1n 1mproved forage preference
functions In effect, one year runs were used, as at thy end of each year
respective grass and legume biomasses were set to their original values as
at the start of the run There were five treatments wath three replicates
of ten-year runs The PASHOD growth functions used are shown 1n Figure

11, the senescence function has been changed slightly since this

experiment Preference functions appear in Figure 12 The e,tent of
preference might perhaps he es4pressed 1n terms of the area of the shape
above or below the straight diagonal f(prefecrence function type V) formed by
the function used 1f this area 15 then divided by the total area above or
below the line, and providing the function 1s reasonably symmetrical about
1ts mad-point, we can define the Preference function Indes (PFID This
ratio can be reduced algebraically to the guantity {y-y), adjusted for
si1an, where the coordinates $4,y) define the elbow of the preference
function (this holds even 1f the two linear segments of the function are

not of the same length)

Treatments are shown 1n Table 22 The resulls which fpllow depend to a
tertain ertent on the actual digestibility values used for the legquee and

the grass (here, legume digestibiiaity = grasc digestibilaity *1 1)

An 1dea of the effects of each treatment 1s given 1n Figures 13 and 14,
consisiing of hicrass plots {or trestments 1 and 4, leguae, grass and total
bipmass were assembled and averaged to produce these curves Results for
the {1ve treatments are shown 1n Table 23 fipart from the fact thal large
differences between treatments enist, and that production 15 highest for
the treatment with the most extrese negative selection function, 1t 18
easier to interpret these results by comparing average monthly ingested
digestibilities with the digestibilitly of forapge on offer (Table 24) -
average 1ngested digestibility ranb-correlates perfectly with production

per AU per year

+9
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TABLE 22 RUSMOB SENSITIVITY ANALYSIS ~ SERIES 3 TREATHMENTS

Treatment Preference Function PFI+
1 ) 0 ¢
2 1V $u
3 I -0 2
4 1 -G 4
5 I -0 1

# preference function area index, defined as
PFI = y - 4, where the elbow of the

function has coordinates {w,y!}
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TABLE 23 RUSMOB SENSITIVITY ANALYSIS - SERIES 3 - RESULTS SUMMARY

--------------------------- Quput Parameter ~----=--=m----—mmoome e

Treatment Eonception Weaning Age@list Weaning Conception Production Hortality

% / FPartum WHeight Interval hg/Ab/yr /

| PFI= 0 72 49 33 134 433 b1 i4
{s d 3 2 0 1 5 3 )

2 PFI=+0 | 75 50 32 135 420 62 14
{s d 2 2 ¢ 1 2 3 1 1)

3 PFI=-0 2 48 16 33 134 446 a8 14
{s d i i U 1 1 1 1}

4 PFI=-0 4§ 85 &1 31 148 373 72 13
(s d 3 yi ot 2 3 3 1

9 PFI=-0 ) 73 a0 33 133 440 b1 14
(s d 2 2 01 1 4 3 2)
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TABLE 24 RUSHOB SEMSITIVITY ANALYSIS - BERIES 3 RESULTS

Treatment Digestibility Digestibality Production
Forage on Offer Ingested kg/al/yr
X 5 X 5 rank X s ranh
i 47 1 3 8B 47 1 3 8B 3 611 29 3
2 46 § I & 47 2 I b6 2 62 4 1 2 2
3 47 8 4 2 448 3B 5 58 0 12 3§
a 525 37 49 6 3 6 I 720 31 i
5 47 5 41 47 0 2 9 4 408 246 4

e e e e A 4 s e e o A T e e e B S me e e e e s e b e e T Y WA e e e L A e e mE e b R R e e e 4

Values of digestibility given were assembled into ter-year monthly

averages, which were lhemselves sveraged



The 1mportance of selection arises because 1t changes the effective
digestabriity of the diet For treatment 2 {(legume actively selected for),
the animals select a diet of higher digestibility than the one on oftfer,
whereas for treatments 3, 4 and 3, the animals are penalising themselves

It would be i1nteresting to follow through the ramifications of this for the
concept of the marimisation of nel energy intake Wnat 15 of more
inportance 1s the si1ze of the changes, 1+ treatments 1| and 4 are compared,
1t can be seen that an i1ncrease in 1ngested digestibility of 5 3/ 1ncreases
production by 18/ The production levels for treatment 2 are within the

bounds set hy treatments 1 and 4

The effect of selection on producltion was investigated i1n a supplemental
factorial experiment, by i1gnoring animal effects on pasture A series of
one-year simulation experiments was carried out with two factors location
of the digestibility-over-time distribution, and the preference function
srea index A constant relative differential factor was kept between the
grass and legume digestibilities There were three levels of the
digestibilities factor, wilh mean yearly forage digestibilities ranging
from 33 to 64/ for the lequme, and from 43 to 33/ for the grass The PFI
was varied from -1 O to +! O 1p increments of O 25 (Table 25) Each
treatment was run for ten one-year seasons, and these ten seasons were
continuous as far as herd development was concerned Three outputs were
derived the yearly average digeslibility of the forage on offer {weighted
by avai1labilsty) and the forage ingested, and product or pe: amimal unit
per year Two replicates were carried oul, since the coefficient of
variation for production per animal umit per year 15 of the order of 3/
only Results are shown in Figure 13, a graph of digestibility of forage of

offer against Lhe PFI, with values of production () g/AU/year)

The limitations of this analysis are numerous, for instance, the
digestibrlaty time series are based on little real data and may be
unrealistic, preference 15 defined to he constant over time, and the full
effecls of the dry season are not accounted for f(since dry matter 1s
assumed to be unlimiting, among other reasons) The details of Figure 1%
may thus be somewhat specious, but as an exercise in sensitivity analysis,

useful conclusions can be drawn



TABLE 25

RUSHMOB SENSITIVITY ANALYSIS - SERIES I SUPPLEMENTARY
EXPERIMENTAL TREATHMENTS

Factor Level Descraiption
X 1 Mean digestability *» 0 96
2 # 1 04
3 ¥ 1 17
Y 0 PF1 = -1 0@
1 -0 75
2 -0 50
3 -0 25
4 0 00
5 +0 25
& +0 50
7 +§ 75
B8 +1 00

6



Fléune 13

SENSITIVITY ANALYSIS - SERIES 3

BIOMASS AGAINST TIME (10 YEAR AVERAGE) - TREATMENT 1

a- LEGUME —— (GRASS ----- TOTAL &4AA
W0
A

a1 aaass \?

o A"‘AAA -------- »5:

@ AA ;"' {\L

- P e

A ” 1

b A ’I, ‘?
<< A /' k'
IO A re \ﬂ
S8 ./ .

L) A ! '3

; )

U) N ;’
w A J
§O .r'
O:— A",
o 4/

o T T T T T T T T T T T T T T m

¢ 00 48 00 a6 0o 144 00 192 Q0 240.00 288 00 336 Q0

DAY NUMBER

15



T/HA
3 QO

—

BIOMASS
2 40

b

Fig-ufte 44

SENSITIVITY ANALYSIS - SERIES 3

BIOMASS AGAINST TIME (10 YEAR AVERAGE)

- TREATMENT 4

LEGUME —— GRASS ----- TOTAL 4s4

144 00 192 00
DAY NUMBER

T T
240 00

T T T
288 00 336 00

1

8



9

FIGUKL‘ 15

THE RELATIONSHIP BETWEEN PRERERENCE, DIGESTIBILITY
OF FORAGE ON OFFER. AND ANIMAL PRODUCTION. KG/AU/YR
FOR THREE DIGESTIBILITY DISTRIBUTIONS
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First, the resulis agsin demeonstrate the high correlation bhetween the
digestibility of forage i1ngested and production Second, forage on offer
varies 1n a characteristic and non-linear manner for the three levels of
the digestibility factoer hetween the tuwo extremes of pure grass and pure
legume, the two points defining the dafferential digestability between the
component species (here a factor of 1 22 i1n favour of the legunme) The
actual shape of the relationship 1s presumably a function of the

differential growth rate belween legume and grass

Third, all other things being egual, the value of the PFI can precipitate
much variation 1n animal production It 15 unlikely that animal preference
functions in ressonably palatable grass-lecgure astociations will exhitat
PFis tn excess ot +0 I or so, for the simple reason that pastures with
Targer absolute values are not lilely to be stable in terms of their
compenent parts, although this remains conjectural 1n the absence of
pertinent dala Esprcially at lower digestiibilities, wheore the variabilaity
appears to be larger, a range of FFI pf -0 25 to +0 29 implies changes in
production of scme 19/ Even 1f this variability 15 substantially
overestimated due to the limitations of the esperiment, 1t st1ll
tonstilutes a compelling reason for generating field dats with the aim of

rendering previously conceptual relationships empirical

Series 4§

The tinal series of sensitivaty anzlysis experiments invectigated the
robusiness of primary production per se to changes i1n the growih functions
in PASHOR, the {orage component Such analysis 1s diffacult to plan and to
analyse, mainly hbecause the parameters of the model at this stage are no
more than cocordinates 10 the x-y plane A number of one replicate (no
variability) treatments were set up, without animals, one set was concerned

with pure pasture, and the second, with mixtures and hence competitien

For the first set, the ptoblem was how to vary the model parameters, i1t was
decided to move the coordinastes defining the first three FPASHOD functions
(Frgure 11) in three ways an i1ncrease in 10/ 1n the v directicn, 10/ 1n
the x direction, and 10/ 1n the x and y ocirection The recultant areas

under the functions are thus increased by factors of 1 10, 1 10, and | 21



respectively It 15 alsoc guite possible that a three-function model! lite
this 1s amenable to mathematical analysis However, 300-day runs tale only
some 5 seconds, there are more problems i1n analysing the large guantit:es

of resultant output than in carrying out the runs themselves

The ten trestments for the legune pasture are shoun in Table 26, with
recsults 1n teras of the cerling yield, days to ceiling yteld, and
cumuelative production {(ares under the curve) to thot time Ceiling yield
Wwas defined to have been attained 1f the biomass on day t differed fros
that of day t-f by less than 1 ¢ ig The actual values are of less
tmportance than the changes that can be ohserved A crude gauge of the
sensitivity of each function cen be obtained from summing and averaging the
absolute values of the percentage changes obzerved, these are | 3/, 7 BY
and 3 &/, respectively Senescerce 15 of greatest sensitivity, this as
not surprising, since thics 1s a one-stage process, whereas growth 15 a
tup-stage process, derived from two functions rather than one In view of
thig, some more treatments were set up to examine changes over & wider
range for the senescence function Fegsults are shown in Figure 16, where
it can be seen lhat changes i1n the x-y direction tend to darp down, to some
extent, the large but opposirg tendencice which erist :{ thanges are made
to the parameters in the x and y directions separately The response 1s
approsimately linear, a 10/ change 1n paraneters leaoing to a 64 change 1n

cumulative production

Similar results were obtained {or the pure grass pasture, Table 2?7,
although (ouing to the nature of the functions) ceiling yields were higher

and growth rates were faster than those of the pure legume pasture

Anolher set of treatments looked at the effects of 10/ perturbalions in the
y-darection onily to the grouth functions for a4 grass legumse migture No
non-spatial competition wasz introduced at this stage The etiects on
persistence of the lequme, measured as the legume content ratio over tiae,
were not marbed (Table 2B}, neilher were those on yield or cumulative
production to day 210 fpparently, changes in the grouth functions for
mixlures lead to considerably dampened e{fects compared with the same

changes nade to mono-component pastures

6/



THELE 25 SENEITIVITY ANALYSIS - BERIES 4 - RCSULTS, TREATHENTS 1-10
LEGUME PASTURE, SENBITIVITY TO 10/ PERTURBATIONS IN PASHOD

FUNCTIONS
Treatment Ceiling Bays to Cumnulataive
Yield Cexling Yield Production
t/ha Ht/ha
1 - - 4 74 208 O 653
2 1 y 4 79 {+1) 200 {-4) 0 652 (0
301 A 4 74 {0 219 {+4) 0 665 {(+2)
4 1 Ay 3§ BO {+1) 208 { 0) 0 &5 (+1)
5 11 y 4 55 {-4) 198 {-5) 0 584 (-1G)
6 11 / 5 23 (+10) 224 g 0 781 (+20)
7 11 ny 5 00 (+5) 212 {+2) 0 695 {+7)
g IIl vy 4 99 {(+5) 203 (-2} 0 483 (+5}
g IIl & 4 58 (-4} 209 {0) 0 00}l (-7}
10 IIL =y 4 77 { o 201 {(-3) 0 421 (-3}

(-} percentage change from value in Treatment 1, I, II and III are PALMOD

function numbers, x, y, or 4y 1ndicates direction of perturhation
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TABLE 27 SENSITIVITY ANALYSIS ~ BERIES 4 - RESULTS, TREATHENTS 11-20
BRA53S PASTURE, SENSITIVITY T0 10, PERTURBATIONS IN PASMGD

FUNCTIDONS

Treatment Cerling Days to Cumulative

Yield Ceiling Yield Production
t/ha Mt/ha

11 5 Bb 203 0 B89

12 1 y 5 98 {+2) 200 (-2} 0 Y0b (+2)

13 1 % 5 89 O 208 {+2) 0 898 {(41)

t4 I Ry & 10 £+4) 203 { o) 0 923 {+4)

15 11 ¥ 5 &3 {—3) 189 {(~7] 0 777  (-13)

16 I1 6 42 (+10) 221 (19) L 085 (£20}

17 I1 ay 4 08 (+1) 2064 (+1) v 933 (+h)

ig Il vy 6 21 {+4) 202 {0l 0 949 {+7)

19 11l . 3 76 {-2) 207 {+2) 0 876 (-2)

20 II@ uy 6 10 (+4) 203 {+1) 0 930 {+3)

R e e Tt T T T Y

(-} percentage change from values in Treatment 11, I, II and 11l are PASMOD

function nuabers,

My

y, or xy indicates direction of periurbation

by



TABLE 2B SENSITIVITY ANALYSIS - SERIES 4 - RESULTS, TREATMENTS 21-27
MIMED PASTURES, SENSITIVITY 70O 10/ PERTURBATIONS IN PASMOD

Lequme Content Ratio
0 70 14v 210

O T T e e R e e e e

FUNCTIONS
Treatment Yield Cumulative
day 210 Froduction
t/ha Ht/ha
21 - 395 0 991
22 1 Ly 3 99 (+1) 1 000 (+1)
23 1 by 6 1¢ (+3) 1 021 {+3)
24 11 Ly 9 92 (~1) 0 9G35 (-1)
25 11 6y - {-5) { 955 (~4)
26 111 Ly 299 {+1) 1 000 {(+1)
27 111 B y 6 /9 (+14) 1 072 {+87

30 0 13 ¢ 0B ¢ 03

T o L e e e e R e

(-} percentapge change from values i1n Treatment 21,

I, I1 and II1 are PASHOD

functien numbers, L and 6 tefer to legume and grass, anrd y indicates the

direction of the perturbatien

GJ



The last subset of tr=atments looked at the response to changes in the
competition function Some of the functions are 11lustrated 1n Figure 17,
represent medium, low and high levels of competition, relating potential
growth rate to actual growth rate Results for these and other treatments

appear in Table 29, which tan be summarised as follows

- Yhe f1rst three trealnents show the effect of the three competition
functions just shown on yield ano persistence This latler 15 obviously
affecten greatly, bul yield 1s remarkably stable over the range fronm

no competition to severe competition

~- for the second set of three treatments (31-33), the leguoe was made to
compete against the grass usimg the same three competition effects Hedium
and high levels of competailion are 1n fact overrading the greater growth
rates of the grazs, leacing to grass e<tinction, eventually The
accompanying large changes 1n yield are to be erpected, since the legumc

has a much lower ceiling yvield than the gracss

- the last twe treatments chow the effect of mutually beneficial and
mutually detrimental conpetition, where total yield 1s enhanced and

reduced, respectively

Coapetition effects can be studied by deriving de (it replacement diagrans,
where relative yields after a certain length of time are plotted against a
range of plant densities at time zero, in effect GSeven "replicates’ of
each of these treatments were carried out, but with the 1nitial ratio of
legquae~lo-total-biomass set at O O, O %, ¢ 3, € 5, 07, 0 %9 ard 1 O, the
total biomass being lept constant at 800 Vg/ha

The resultent forage growth curves for treatment 28 are shown in Figure 1B,
for the seven different starting combinations As the proportion of grass

at time t=0 decreases, the persistence of the legume i1ncreases

De Wil dragrams can then be drawn, which show what happens by day B4 for
the various levels ot competition, Figure 19, these i1llustrate classic
expression of such effects, where component relative yields are changing

for 1ncrecsinpgly severe competition The effects on total relative vield

b6
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TABLE 29 SENSITIVITY ANALYSIS - SERIES 4 -~ RESBULTS, TREATHEWNTS 28-335
MIYEDR PASTURES, SENSITIVITY TD DIFFERENT COMPETITION FUNCTIONS

Treatment Yield Cumulative Legume Content Ratio
nay 210 Production day 0 /Q 140 210
t/ha Ht‘ha

28 1V 6L 3 9! (-1) 0 992 t9) 0 50 ¢ 1l 0 03 4 0z
27 1V 5 3 93 (o) 0 971 ¢ 0) O 50 ¢ 1C O Gb o 04
30 1V 1 3 G0 (-1 0 993 { 0} 0 a0 0 0B 0 03 0 01
31 IV LY m 4 B2 (-1%) 0 B30 (-15; ¢ 50 0 62 G &4 0 73
32 1V 5 6 02 (+1) ¢ 989 Q) 1Y 023 0 15 0 1t
W1V i 4 83 ({-1%} ¢ Bi?  (-iB} 0 50 it Ba i 90 79
34 1V ben & 78 (+i4} 1 095 (+11) 0 50 0 23 ¢ 17 013
35 IV det 3 BS (-2 0 B2, {(~7) ¢ 50 0 1a u 06 ¢ 03

{-) percentane chance from values 1n Treatment 21, L and 6 refer to legume and
grass; m, 5 and 1 to medium, small ard large compel:tion effects, ben and det to

mutualiy heneficial and detrimental competition
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are included to show the ability af the competition function alone io
produce marfcd changes in total biomass, for the cases where the function

produces mutually detrimental and beneficial changes (Figure 20)

Thesze resulis can be summarised 1n 2 few points

~ 1n pure swards, senescence 1s particularly sensitive,

~ for mned swarde, funclions I, II and 111 (the leatf area indea,
senescence and growth rate functions,) tend to act on yield and
persislence to & limited degree only, whilo funclion IV othe competition

function) tends toc act on leaume persistence to the e clusion of yield

- for ml.e0 swards, maling the lcogeme act more lile the grass tends io
stapilise the system 1n terms of the speed of decline of legume
persisteace, shile antreasing Lhe discrepancy worls in the opposite

direction

- where one species bolh ctompetew successfully and hes higher growth rates,
the actual form of the competition furction has little effect on yield
Dy making the successiully compeving component the corpeteo-againet, the
effect of higher growth rdates can easily be offset by a sufficiently

severe conpetition {unctaion

-~ the form of competition function used has results which are reflected an
a sensible way i1n replacement diagrams, 1 e , many of Lhe classic

tesponses can be ebtained by changing this function alone

It may be concluded that, as a conceptual model, FASHMOD reacts 1n a
reasonable {fashion te changes 1n 1ts functions (see Fisher and Thernton,

1987, and Thornton and Misher, 1987, for furiher expetimrnital results !
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4 EYPORIMENTATION PROGRAM

4 1| Introduction

The e~perimental progras was carried out in two stages The firet series
tontained a large number of treatments of dafferent types, often without
replication, whose aim was to rdenti1fy a small number of promising
strategies These were then esamined 1n the second series, wWith
comparatively latge amounte of replication, and were then analysed using

standard decision analysis

£ numbe: of poinls relate to all & perimentation [zsentially, the object
was the i1dentification of manaoement practices that are capable of inducing
sr1zeable chenges 1n the qualaty of the sveten finalys1s tendeo to
concentr ate more on the relative performance of various opticns than on
thear absolute performance tor most treatments, 150 ha of land was
considered to be available, wilh 1mprovecd pastures being introduced as
reguired Costs were calculated on this total amount of lano the costs
of 1aproved paslure were assumed tag accrue in the May of the year i1r which
they werg 1ncurreo Any 1mprovecd pasture was usually resoun 3l the
beginning of year 10, halfway through the run, and natntenance fertiliser
irage appliecd every thirg year These rcally constitute arti1fices for the
cash flow, the lacl of total feedback belween pasture and animal 18
disrussed below The praices and costs used were those pertaining in early

1986, as far as can be ascertained

The quality of the slandard improvec pasture used was not particularly
high, with average digestibilities of only 48/ and 5B/ for the grass and
legume, respectively This was done deliberately, so that any erring would
vccur on the side of caution Despite the problems previously experienced
1n the stability ot the system once lefl alone and alloued to run
unihecled, the weather-related grorth functions for the improved pasture
(see below) usually restored a scmblance of balance between the proportions
of grass and legume by the end of the diy season The small propertion of
legume usually available to the amimal {{rom a S0-5¢ misture at each
planting) undoubledly e acerbates the rather mediocre gquality of the

overall pasture, oming to this component s lower digestibilaty
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The set of management rules i1n force was that destraibed elsewhare
{Thornton, 1987), unless the trestment concecrned wes 1n the proLess of
modifying one or other of ihenm The most 1mportant were as follows
weaning at 270 days, culling tuice a year on the basic of age and
successive negallve pregrancy tests, and disposal of the fellowers hero at

these same times

Thi probloms of pasture-animal {eedbacl are not faced :n their cntarety,
the model 1s still tncomplete 1n some i1mpertant respects In particular,
the guestron of avarl.bi1lily of {forage temains For scme of the

treatnents ration rules urre 1mposed, sucn rules are difficult te arrive
at, since the bBehaviour of the {farmer an thie contest na+ be e fremcl
comole. The approach talen herg vas slmply to sy thet 14 avarlability of
imp: oved pazture per enimsd unit feli below a ce tein level, then the
televant robs were moved to the 3 vanna buffer uvntil such a t me as this
thresholp was eRCELDL Pote that once animale are poved off 1mproveo
paziure 1n this way, they tainot ng moved becl unizl a mimimum of five days
have elepsed (at, the integravice time step) heal Yid{e necision mating 1o
unplitely Lo be so crude and 1nfle :ble, petfcimance froe trestments witn
such rofion rules coulo be expecien to be rather belter theon 15 1noicated,

therefore, as for as this faclor 1s canceyned

Anolher problem of forobecl esrxte an the lacd of a relationship betyeen
digestibilivy and bromass (see bolow) In addition, the sffects of pasture
tesoking on herd aynamics ore not easy 1o incorporaste For some of the
treatments, where the effect of resowing was being investigaled evplicitly,
the hero was subiectrd to one year on savannas before being allowed 1o graze
improved pastuw e As will te seen below, the effects of such a year had
lattle effect over 18 years on baological parameters, whilsl the effecis on

the economic parameters were profound
Variability 1n the Systen
It 15 the Lase that 18 years constitute a considerable period of time, and

it 1s 1nleresting to speculate on the si1ze of variances thal could be

expected {-om 1B-vear replicatecs of the sasme treatment an real production



b

systems The year-to-year vartation 18 damped down to a greal extert over
such a period of time, as was indicated 1n the sens tivaty analysis The
main purpose of addressing this aspect al all relates to the fundamental
unchanging nature of digestibality from year to year as 1t 1s set up 1n the
model, and the fact that availability 15 rarely allowed to be liniting

The othrr guestion of interest relates to what happens 1n years of pasture

fai1lure

There «re currently three distinct sources of random variation an the
system model

- within the animal component, death and conception, for i1nstapce, are
stochastic and directly acrount for a certain amount of variability

- buying prices are stochastac, antroducing a limited amount of variabilaty
to the ecenomic output variables

- the third scurce 1s the i1nclusion and use nf extant evapotranspiration
data from Carimagus to modify pasture growth rates This process 1s

discuscen helow

A number of ways exisls 1n which this variability could be increased

First, the pasture model could be left with tabular digestibilities,
exhibiting coef{icients of variation of appro.imately 8/ for economic
parameters and 3; for biological parameters which are not directly
stochastic between iB-year replicates To this can be added a
consideration of pasture failure A second possibility would be the araing
of the i1mproven pasture model with new bi-zeasonal functions relating
digestibility to biomauvs in some way, 1n an attempt Lo obtain more
biological varsabilaity, principally A third method 15 to tale the most
important input variable for which i1nformation 1s most limiting, i1mpute a
triangulsr distribution to 1te value, and ocbserve what happens to the
variability between roplicates Conceptually, this 1s flawed by the fact
that all variability can be ascribed to rmperfect Inowledge, an which case
Lhe correct procedurs would be to 1npute distributians to all variables for
which information uas lacking Fuch of the variation so i1nduced would
undoubtedl y be self¥-~cancelling, leaving, 1n thoory, a system-dependent
gquantaty of variation Dipestibilaty 15 an eranple of a variable which he
used directly in such a way, similarly, eny of the parameters in the

pasture growth model could be used without difficulty The order of



magnitude of the variability that could be expected from such a procedure
15 completely unlnown Lach of time prohibits the 1nvestigation of this

rather 1ntroguing possibility, unfortunately

The simplest nethod of attempting to 1nclude reasonable levels of
variability 15 to treat the probability and consequences of pastures failure
1n an e4splicit fashyon Totel fa3lure of a planted pasture 1s presumably
rare tt 15 more lilely that one of the components, 10 comparatively
small, well-defined areas will regquire replacement Horever 1%t 1s usciul
to assume, for example, that one year 1np 21 w1ll result 1n complete pasture
logs, with subsequent i1nmcursion of replacenent costs, or, more
realistically, a certain proportion of them, and lhe herd being sustained
by the native savanna unti1l gstablichment 1 thiys 1s seen as being Lhe
wor £l possible outcome, 1n economic lerms Lhen cuch an event {fixes the
left-hand end of the cumulative piobebilaty dastribution Thic ratronale
15 1n dccord with the risbk-~averseness exhibited by Lhe vast marority of

predcers, and 15 discussed in section 4 3

Eelection of Outpul Crit ria

It 38 datdacult to rdentidfy a number of criterie which, when taken 1n thear
entirety, are capable of giving an accurate indication of the biological
and economic per{ormance of & particular treatment This 15 due 10 part to
the complexity of the sysleam, and 1n part to the fact that 1t .s unknawn
whet 1t 15 farrers sech to nadimise, 1+ 1noeed thear behavaour can be

eaplarned 1n such a fashion

Biclocical Perforpance The indices used to caleulate production per
animal unit per year have certain probless The calculation of productian
per unit area was )udged to bc too conlroversial, given the current
limitations of lhe model with respect to forage avarlability The
expricsion useu to calculete production, as talen from the BTES project
report {(Vera and Sere 19B5), fatls to tave account of cullings It 15 the
tase that cullina policies must be reasonably severe, 1§ the relevant age
distributions are to be preserved over long periods of time Presumahly, a
number of deaths due Lo starvation in the cavanna tystem could be expecied

Lo be converted 1nto sales, thus raising production levels somewhat The

T 7



summat:ion of sales over time appears to be sensitive to the decision rules
operating 1n the nodel, so0 again comparative study reguires care It 15
worih noting that very high values of such production i1ndices can be
obtained, but at the eypense of numbers of animals 1n the herd falling to
such Jow levels that e«tinctien 38 ihe only possible outconme Clearly, for
a supposadly self-replaging herd, this will not do, some measure of herd
stability hes to be ancluded 1n the general assestaent procces The
problesms with weaning percentages as calculated i1n the model have been
discussed elseuhere, but suffice 1t to say that these are usually

substantially underestimated for a given conception percentage

Economte Pervormance The metaits and deneraits of {raditional invesinent
criteria are well-¥Fnoun A zubjyecty e clement e.15ts 1n both Lhe 1nternal
rate of return 1n 1mputing a value to the decisiop maler s time horizon
and the net present value of an investnent, where s rate of tine preference
has to be 1mpuled Such criterirs can be of use, bBut 11 18 lilely that
there are even more fundamental considerations For i1nstance, an
examination of net ievenue over Lime and of the ampunt of negalive months
or guarters in the cash flow 15 litely to yvield 1mportant i1nformation as to
the prebability of neu {echnology being talen up 0f rourse, the influence
of rist may be decisive, in rertain situations As 15 described below,
attractive options exast {for reducing cash {low sqgueeze and for pushing the

producer higher up the mear-variance utility frontier

In sunmary, 1t 15 necessary to lcookh at a large number of factors when
aszessing the feasibilaity of any particular treatment Thie entairls the
extraction of large guantities of data for which analysis, in a classical
statistical sense, 18 not always forthcoming or feasible This places
further tonstraints on the cheer guantily of experimentatlion that can be

carried out, 1n addition to that i1mposed by available computing resources

Model Adjustments, V4 2 te V4 3, January to Harch, 1987

Foth serias of model tuns accounted for i1n e«cess of £00 I8-year
esperinents At 2 7 minutes UFPU Lime pey run this ampunted to sonme 28
hours of central processor tige The length of run was set at 18 yeary to

allew the cempletion of three complete price cycles, {or most runs,



therefore, aninals were bouaght at the start of the runm and sold at the end
of the run with the cosine funclion ol 1dentical points A number of runs
were carried oul to investigate the effects of different cosine ghases on

the economic perdiormance of certain treatments

The most i1mportant adjustment to the model concerned the tentative
inclusion of weather on primary production, to an eatent It appears that
the start and cessation of growth 1n the savannas are primartly a function
pf the water 1 the so1l Therc svast twelve complete yoars of wale:
balance i1nformation from Carimagda, covering the period 1974 to 1985
{Figure #1 in the Appendia) The teoinning and end of each year are
critical, the time series (created using WATE#AL, a water balance model, by
F G Jones) was choppeo up 1ato 11 years sterting on June 30, when all ‘ears
showed a value of the evangtranspiration ratio, Ea/Cr tactual to potential
evapotranspiration}, of 1 ¢, to avoid the problem of trying to splice
disparate years The daily data were assembled 1rto pentads, averaged, and
written to & computer file, one year per record To detormine the status
oi the so 1 weter at any time during a simulation run, a vear 15 selected
at random from § to 11 {(uzing a third i1ndependenily-seeded random number
gencerator, subroutine RANTY sinte no autocorrelation could be derected
between years, and Lhat year 1s used sequentiall, up uniil June 30 of
simulated time, when a new vear 1s chosen The varyabilaity introduced &Gy
this methed 18 stractly limited, and 1s ob.iously of most importance when
forege 15 limiting during the gry season (since the starf and duration of

the dry season can be seen as guisi-random variables)

Once the ratio of actual to potential evapotranspiration has been
calculated for the relevant pentaed, actual growth rate far the grass and
legume (AGR,) are modified by a factor whose value 1s specified by a ramp
function (Figure 21) This process can be turned of+ by specafying a value
for the appropriate random number seed of 9999 These calculations are

catri1ed oul 1n subroutine VAP

The Curimagua nata wWwere transformed by WATBAL using a value of 100am for
8011 water capacity, so theoretically coils of ditferent water holding
capacity could be catered for It 15 aginowledged that no account 18 talen

of species that exploit water from different profiies, for example, the
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addressing of such factors, however, lies in the future {or a model of this

resolution

Dther nodifications made to Lhe system model were minor, including a prant
out showing whether the cash flow for a particular guarter-year was
positive or nepalive, to allow epasy compaticson between Lreatments, and a
randon number seeder hased on the clock in the computer 1tseld If the
Limc 1¢ hh-mm-s<, then NSEFD, Lhe seed for subroutine RANDCH, 135 sel to
S°RE lwo ather var ables, NOYZ and NO}3, which seed RANZ and RAN3

the other random numbor asenerators, ere then set to NSEEDR+#100 and HNBEFD+200
respectively fill seeds cam be -et manually by setting NSEED not egual to
the value 9999

4 2 First Beries

A list of Lthe major ireatments 15 shown yn Table 30 1{ should be noteo
that these runs are not necessatily directly comparable with pach other,
alihouoh they are so within each factorial rel Eelected output as
summarised 1n Table 71 (the trectrents are descraibed 1n Table 32}, showing
both economic ang Liclooical parameters N1l 1ncrementar 1nternal rates of
return wore calculated 1n comparicor with the bascline savanna system

These IRRs tenoed to be vplatile, end Lhere werec a nurber of cases uhcre
the r1teralive procedire used Lo calculate then converged on a "solution"
{for a cashtlow which was 1n fact 111 concitiones (1n adidi*ion Lo those
cares whero no solutien could be found at all) Treatments and their main

effecls wre summarised below

The firsl subset consisted of various trectments with 20, 30 and 4¢ ha of
1mproved pasture For most of these treatments, no complete costings were
carried oul, interpretaticn of the economic parameters 15 thus restricted
to a3 consideration of relalive performance f lax ratien rule was used, so
that i1n effect bicmass was nol limiting {for Llhese runs The sensativily of
the 1aternal rate of return was thus cverestimated, since 20 ha of i1mproved
pasture simply will nol support the same number o’ bearts i1n the same way
that 40 ha can, 1n the long run Provision of improved pasture, 1n
conjunction with standdra ocecision rules, resulted 1n clear increaces in

production &and profitabirlity levels for all mobs



TABLE 30 FIRST SFRIIS, MAJOR TRLATHMENT LIET

Bazeline Savanna

Inproved Pasture

3 areas x 1! weaning, cull:ing, selling, breeding strategies

.

seasonal periods ¥ 9 mobs

areas » Z replrcement weights

M 4

mill offtaie rates ¥ 3 areas % 4 seasonal periods

rl

areas } 2 buying strategies
mobs X 3 areas h 3 replicates X 2 ration rules

mehs % 3 replicates X 3 seasonal perionds X 2 milk pofftalc rates

% T Y S e |

seascnal mating strategiez X 2 dates of "mpositien

I

rescuing treatmentc 3 2 pasture renewal strategies
2 activaty ewpenotture treatments

4 1ncrease herd size treatments

3 correlation corfficients buy/sell price X 3 reps
price cycles 4 lengths ) 3 amplitudes 3 3 reps

4 rosts » 3 levels X 3 reps

3 miltl prices X 3 reps

9 1ncreased pasture gualiily levels X S reps

gL



TABLE 31

Treataent

FIRGT SERIES RESULTS SUMMARY - SELECTED TREATHMENTS
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53
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19
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74
B2
o1
50
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336
374
377
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10z
83
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g7
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B3
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1a3
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84
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SARC
LAEC
7080
8ARC
GARC
fUARC
1iaBC
1268BC

1440
141
142
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144
145

§001
5008
5011
5016
5017
Saig

5028

5¢.28

Ln

224

&1 ol

L= o T 1 S 5 N ¥ ¢ ]

i8
57
31
24
84
27
a4
98

14
B4
g6

03

3 56
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84
04
06
18
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84

23
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11

12
B

- o 0 o S wn

194
109

17

16
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S1
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76
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57
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75
71
76
795
73

82
78
71

g1
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5091
5094
5097
8109
5103
5104
5109
B112
568G
§083
SuBia

P e |

Lr

12 18 37 41 3 2 402 b /B 5B 130
78 1i i) 40 3 0 39¢ 72 B2 &1 147
g3 21 152 42 30 389 72 BL 67 141
74 20 73 42 3 0 376 77 BS 63 149
353 43 112 43 S0 376 74 B7 6D 149
37 19 73 2 30 375 78 87 b4 149
3 18 38 36 31 387 k2 91 &7 148
12 19 32 94 39 365 55 101 72 148
’9 - - 34 7 B 604 41 49 33 134
50 M - 34 39 398 43 48 33 135
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NR
IRR
INC
Al
AGE
CON
ET
CF
WP
WT
na
DL
18
E2

net revenue, $mi1llicns

internal rate of return, /

incremental !RR compared with pure gavanna system

average number of animal units at any tine
ane at first parturation, years

corcepttron 1nterval, days

producliong lg/al/yr

conceplion percentage

weaning percentage

weaning weight, ig

adult mottalaty, v

calf morvalaity, /

sales, hg/AU/yr

producvion, io/flUfyr, usinyg true average animal

g 3
8 3
8 3
8 Z
g 2
g z
10 2
L2 3
8 9
E 10
8 12
numbers



TABLE 32 FIRST SERICS SELECTEDR TREATHENT DOSCRIPTIONS

Treatzent Descraption

0 Pure savanna, 150 ha

1 IP all, breeding trascon 5-7, 30 ha

a 8-10

7 IP all, wean 210 deys

10 150

13 Fu

13A %0, animals bought 1n

14 tull animals after B years of age

19 cull animals aftter 4 negative pregnancy tests

22 sell followers herd at 200 |g

25 sell followers herd at 300 Vg

28 sell off all orphans

31 standard set of management rules, 3Uha IP {epd to all nobs

i% IP all, 15 ha, fed 211 year

50 fed during dry season

51 fed ouring early wet seacon

52 feo during late wet season

B1 IP all, 3¢ ha, all mobs, replacers over 150tg selected

123 replacers bought

87 filk oftale 0 25 all year, Z0 ha IF to all mobs

g8 wet season only

B9 parly wet season only

70 late wel season only

929 Mil¥k ofiftake O 50 all year, 30 ha IP to all mobs

109 wet season only

101 early wet season only

102 late wet season only (:ii?7rﬁ\
~ N

BIBL




[ - TABLE 32 cont - ]

L1ABL IF all mobs, 3 ha

2REC ? ha

IRBEC 15 ha

AAREC 3 ha, strictor ration rule

SARC g ha,

&AEBL 15 ha,

7ABC IF to pregnart ard lactating cows, 3 ha

BABC 7 ha

FARC 13 ha

{OARE 3 ha, stricter ration rule
P1ARC 9 ha

12ARE 13 ha

140 IP to all, 50 ha, offtale Q0 25

141 cpen scascn months 5-10
142 3-7
143 0 374

144 3-10
145 5-7
200 IP to calves enly, 3 ha

203 9 ha

206 15 ha

227 IP to all, B0 ha, seasonal breeding months 5-40 1mposed 1n year 4
230 a-7

233 3-14 B
236 5-7

5001 IP all, 30 ha, prace correlation copf{icient O 90
§00s 0 30
5011 0 70
5016 IP all, 3v ha, biomass reset every year

5017 1P all, 50 ha, bicaass nol reset every year

5018 IP all, 30 ha, mll offtaie 0 23

5040 1P all, 20 hLa



gy

{ - TABLC 32 cont - 1

5026 1P all, 30 ha, offtate 4 333

5027 as 5026, mill price - 10/

5028 as 8026, ri1ll price + 1M/

5071 IP all, 30 ha, seasonal breediro 8-11, offtale 0 25
5097 IP all, 6 ha

5100 12 ha

5103 6 ha, stricter ratione rule

5106 12 ha

149 1P all, 20 ha, sell followers at 200 ig
5112 300
) 20 ha, IP to those for whom W/hH < o o
5083 15 ha,

S0HBS 1% ha, 0 35
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The treatrents 1nvolving early weaning were repeated owing to a problem 1n
the code of +the mpdel that did not, fortunately, affect any other runs

These runs wwere fully costed, and may be compared with the later
treatments, It 15 hard Lo 1i1dentify any long-term tene+1t arising franm
garly weanipg (Fiogure 22), the (:pected i1 esponse, & reduttion 1n calving
interval, was not observed to «ny great degree The 1nbuilt decision rule
nol to accept female wnimal. of less than 1001g liveweight s replacers
eventually lesads to herd estinction 1n conjuncl on with 90-day weaning
{(srnce rewtacers are never selected, bul sclo) When animals were hought
to teep 30 breeding anirals 1n ibe herd, economic performance i1mp:toved to
some degree The early weaning :esults are discussed in a wider context

below

For systems invelving seasonral me*taing, 1t appears that salews are increased,
but that this 15 offset by longrr calving intervals and Jower wedning
welghts Successful seessonal nmaiting thus appears to depeno on obtaining
calving intervals less than or equal to cne year {for as much asz tne herd as
ponasible Clearly, 1n these tireatments @ nuaber of animals cre not
concerving by the end of the breeding season, and are having Lo wait for
its resunption before beino obie vo concLive Stanvert conception-by-moth
diwtribulions fer Lhe pure savanna and r1mproved pasture systems are  shown
in [agure 23, while Ti1qure 24 shovs the effect of shortening the breeding

geason on the distribulion of conceptions

Culling polrcy can have an important effect on production, Lhrough reoucing
adult death rates of animals which weould othetwise be lost to the systenm
The system may 2lso receive a boost in teras of efficiency by the more
rapid removal of older, less fertile cows, an effect noted in the
sensitivity analysis (Bection 3 1) As discussed abo e, culling policiers
must be fairly stract, since 1n 1ts absentce, somewhat unrealislic death

rates are regquireo to preserve observed cattle age distributions,

0n changing the production syster scmewhat, by weeping followers on  the
tarm until predelermined bodywerghts were reached (209 or Jud ig), econcmic
performance W4s much cnhanced This ef+ect 1s, however, exagorrated, s ace
the pasture was supporting up to 90 animal urits, taking advantage of the

unrealisiic guentities of edible forage This preoblem was addressed to some

¥
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BY MONTH OVER 18 YEARS
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FIGURE 24
CONCEPTIONS BY MONTH OVLR 18 YEARS

OR 4 [HPROVED PASTURE BREEDING SYSTEMS
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estenl 1n later treatments hy 1mposing stricter ration rules, with limited

success only

i further subset of treaimonts 3nvolveo the fcedino of riproved pasture to
various mobs by season, where the ys2dr was split into a dry pericd (Julian
days 331 to 90), and 2n early and a late wet perrod (Julian deys 21 Lo 210
and 2t1  to 330, respeclively) The economic prriormence 1ndicators are
biesed downwards, since Lle 1mproved paciwre was wililised at certain Linmes
of the vyear only For most of Lhe mobs, there uete clear benefits to Lhe
grezing of 1mproved pasture puring the edrly wet season Thiw period
appeat s Lo procuce « subseoueal {itwh of concepticns {(Figure 23), a rasult
ptobably due to the bigh relatyve guality ot the torage at this tinme A
conseguence of this flush 13 Lhal certain numbers of calves 4re born during
the dry ceason, ond tliere would appear to be ascope for aveid nog this, thais
Was tnvestigaled in the spcond series of runs Thete are close
similarilies betwesn the performance of the bieeding herd nmob and fthose
animals under some physlciogscal siress, thpose lactating or in pregnancy,
this 18 not surprising, since at any time most of the herd 15 1n one or
both o©f these states Conceptions by month for four breesing systems

combined with 1mproved pasture are shown 1n Fioure 24

The celection of heavier 1eplacer animals had a beneficial effect, s1mply
through allowing the system to opeorate sore efficiently, whereas before,
replacers were selecled at ranoom, provideo that bodyweight e.ceeded 100Qlg

The selection of heavier replacers 1n fact 1rplies a thange in productaion
system, to allow the leeping nf followets for longer periods of time to

reach higher liveweights

The response of the medel to changes 1n the erea of 1mproved pasture with
more rigrd ratien rules s shown an [igure 25, for all mobs wilh coastant
herd numbers The piatesu of the production curve occurs at some 9 ha, or
6/, although 1n view or the problems with biomass feedbach this 1s likely
to have been underestincted Basically, internal rates of return\and
production levels are reasonably stable over the range & to 207 of the 150
ha put into 1mproved pasture, 1n Lhat neither of their rates pt decline are

particularly bag The s:rtuation does not change when conly preanant ard

lactating animads have access to i1mproved pasture
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There 15 clear scope for dual-purpose systems, even with mill yield
potentials of only S5 o per day Offtabe rales of betueen 25 ond 50/ are
boelh biologitally and econcmically feasible {(Figure 28}, net revenue and
the 1nternal rate of return both exhabit a teasonebly well-~defined optimum,
and such systems do a great deal to alleviate cash flow prablems (Table

.3) Two effectc arc worthy of note

{} there 15 a henefil to seasonal production i1n the absence of sepasonal
maling, » & , to the use of veer-rouno mating when milh offteie ceages
duriag ithe dry season

2} there appears to be no benefit to nilh offtaje an coenjunction with g
sedsonal mating policy

fluite why thie should be so 15 not 1emediately obvious, e«tept thal
conceplion tntervals are well 1n e, cess of 260 dayc and as thoe breeding
season gets shorter, co the cencept.or artervel increases i possible
e.plenation 15 ithat the guality {in overall terms) of the system 1s not
good enaugh to .uppoert Lhe neotion of seasonsl mating, since “4LU-day cycles
are nol being generatcd 10 recponse to Jhe diet There 18, 1N energy

Lerme a clear produclicn bonefat, and an cash $lo terms there are obviouc
felicities, to dual purpose systems i number of these oplions were

investigaled dwing the secone vories of treatments

The efferts of price changes and pther price-related parameters on the cash
flow and subsequent profataebilaty were anvertigated 1n 2 number of
trealmenis Ther2 are no obvious movements related to the value of the
correlxtion coeffrcrent betveen buying ond selling cattle prices, e«cept
that 1t could be erpuected a prierr that the varianue of the economic
parameters would tend to i1nireese with o decressing correlation
roefficient, this was no* artually borne out by the treatments concerned
Tahle 34 summarsves the effrcive of 10 percent changes 1n fosts and prices,
these were all carried oul for the same biolevical run, zo although actual
prices were still random vardableis, there 1% ¢ certuin amount of bias to
considet The responses are thus masled scamewhat by the stochastic
generation of huying prarce This aoplies equally toe a series of runs ahere
price cycle paraneters were changed (Table 35) The resnonse of the
‘nternal rle of return and net rovenue 15 rather muted, although

replication 15 needed beforc definitive statements can be made about the

yEl
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THBLE 33 CASH FLOLS NEGATIVE wHD POSITIVE QUARTERS IOR EIGHTLEN YLARS
FOR VARIOUS TREARTHEHTS
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1ABLE 34

HOVEMENT 0OF ECOHOMIC PARAHETERS IN RESFORSE T0 TEN PERCENT
CHANGES THW COSTL AND PRICES - SYOCHASTIC RESFOHSE

FERCENTAGE CHANGE

Net [‘evenue Internal Rale
{$Mi1ll1ons) of{ Heturn
Mi1ll Prace
- 140/ -4 -5
Qa/ (5 57) {22 8}
+ 10/ 19 ig
Starting Prices
- 1407 -7 -1
o/ {5 85 (23 3
14/ tu +13
Var1ahle Costs
10/ 43 +3
0o/ (b 0% (25 3)
1 10s +1 +{
Fiveo Costs
- 107 +4 +4
v/ (3 BS) (23 3)

(',8



TAELE 39 MOVEMENT OF MET RCVERUE (MR, $MILLIGHS) AND THE INTERNAL RATE OF
RETURN (IRR, /) IR RECPONSE [0 CHANGES IN THE LLNGTH AND THE
ARFLLITUDE OF THL FRICE CYCLE - STOCHASTIC RESFONSE

Frice AMPLITUDE

Cycle YL 6O A 005 A1 5

Length, mmmeeeeee———ee oo oommmennoe oo

Years Cos Ny Cos Ko NR IRR HR IRR MR IRR
g 1 0¢ 1 00 5 49 2L 7 3 53 220 5 57 21 .
5 i Qv -0 &1 9 2t 22 U 9 So 229 o 29 21 7
i 1 00 0 Q0 3 39 22 0 5 45 229 9 42 z1 7

14 P ooa -0 /2 5 47 2L 7 3 49 23 3 5 56 22 1
Wy = angle at time t-Q
Nz = argle at end of run

99



importanre of price cycles on long-term economic porformance

Finally, Figure 27 shoevs the effects of incrrases in digestibility oen
gcanoric pat ameter putpubt, the meroinal epffert of small ancreaser an
digestihi1iity on economic cutput 1w comparable witn their effect on
bicloeical cutput (see Fioure 9, and note dimimishing marginal returns te

pverall {grass and legume) digestiocilily i1ncieases

4 3 Second Series

The secord seraes of zimulations 1nvolyed sigveen treatronts of
twenty-three replicates each, tucnty-one of which were used 1n subscouent
anaslysis Treatments ranaed froy a pure savenna Syoten to dual purpoce
svastems (Table Jo) For each, twenty replicates were carried out, the
final three included the effecis of pasture “a1lure in various forng, thus
arfecting the economc perfarmance wpraimarilv) of ithese systems These
three special replicotes 1ncluded 1ezowine in vear 2, rescuing 3n year 10,
and resowing 1n years 2 and 10 for the yearti{s) prio- to resouing, at!l
robz were agrezirg savesnna fach {'uy anclvees vere carriea oul wath 1uQ
and 30 per cent of th.e sowing costs being 1ncurred in Lthe years of
FeEsowIng In vercading which of these replicelrs to use to sefine the lower
lefi-hand erd of the gutcome distributionz, a nuroer of factors was
consyderes First, even there only 50 pe cent of sowing rost. were
inearred 1n ihe yedr ot resowing, the stochactic nilure of the model meant
thatl the economic performance of such gystems vas often no worse thar
gyslems wnere ell the sowing costs were re~i1ncurred Second, {he effects
of re-sowing 1n year iU onl, were dsually much less devastating than those
arising fram resowing 1n vear 2 ot years 2 and 10 Thus for all
treatments, the twenply-firet replicate for subsequent decic.on analysis
involved tesowing an year 2, incurraing all pastw e establishment costas
aQ310 This was felt top be a reoasonable compromise, 1n lhe circumstances
For the cavanna treatment, T1l, one more 'nermal” reoplicate was carried oot,
so {hat this treatment would conform with the 20-iinear-segment cumulatlive

probability functrons of the other |5 treatrents

Froduction paremcters {pr pach *reatment are shouwn 1n Tables 37 and 3B, as

means and coefficients of varzation, respectively, and tne cumulative

100
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TABLE 3& SECOHD BERIES TREATHENT LIST

Tt

A

[T « B o L % B

150 ha pure savanna systen

30 ha improved pasture, all mobs

3¢ ha 1P, all mobs, culling after B yrs or 4 neagative pregnancy tests
30 ha IP for all, brecding season months v-», and milhk ocfftale nf O 73
20 ha IP for all, breeding season mo~ths v-vii, and m:lt offtale of v

39 ha IP for all, breeding season months viii-w, and nilt offtale of O

9 he IP 4ed to bieeding herd oniy

O ha IP fnr all, heavy culling and followers sold at 207ig

C0 ha IP {ar 2ll, earlv weaning € 2iv davs, followers sold at 1ovig

X0 ha 1P to breeders, heavy culling, fol'ouwers sold at 250 g

o0 ha IF tg breede-s (uet setason) and fellowerst dry seacon), heavy
culling, foilowers sold at "ouddg

<0 ha 1P to &ll, mil} oifiehe 0O 323

30 ha IF to all, seasonal breedinno months v-vii

3¢ ha IP to all, breedino season closed for months 111-v

J0 ba IP to ally, milk offualic O 333 during wet seaswon only

30 ha IP to &ll, heavy culling, milt eofftate v I3 durinp wet season,

tlowed breeding season months 111-v

bot.

-



SECOXD

St KIES RESULTS SUMHARY -~ MEANS OF TWENTY-OWE REWLICATES

o S e I e e e ]

e [ B ) B R 4

-~ ;o

3 ~0 o~ [#11

1

L7 4 Z o4 396 71
&6 0 41 T 17 8BS o8B
39 8 I8 3 25 419 47
be o 4G 3 24 AGT 42
40 ¢ 42 T 08 372 4%
3304 0h%% T i I891 w0
23 A3 T ouh 3BR 6
26 0 89 3 9% IBs 0!
47 & 61 3 44 398 50

L8 40 3§ O 3B2 6/
20 T 3% 3 26 431 74
JT7e 47 31y Y 71
b4 7/ 4, 3 07 BB 7I
65 B 42 T 12 %0 S

BS
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TABLE 37
Treat NR
t 0 51
2 3 22
3 3 b3
4 9 46
5] & 432
) D9
7 2 74
8 3 88
7 3 9
18 5 435
11 & 78
12 2 9e
13 2 27
14 4 05
| 5 82
18 & 6}
Yey

RR
IRR
IHE
fl
ABGE
COH
ET
cr
up
W
DA
DL
St
E2

net revepue, $millions

internal twte of return, /

tncremental IRR compared inth pure savanna

average number of animal units at arms time

age ar fir.t parturstion, years

canception 1nierv+l, davs
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TABLE 3B

SECOND SEFIES RESULTS SUMMARY - COEFFICLENTS OF VARIATICN FOR

THENTY-ONE REFLICATES
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o ~ ~d e v S r
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10 24 H i i 2 2 3 i 16 3b g
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12 27 2 2 2 2 4 1 i 13 18 .
14 41 2 1 1 3 2 4 {15 18 o
iz % 1 i i 2 2 N 110 2 ]
9 16 1 i 1 Z 2 2 {18 24 z
13 21 2 t i 2 3 4 112 27 4
B 12 { 1 1 1 H 2 1 13 27 3
] 48 { i 1 1 2 ? 1 14 3¢ 2
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calf mortality, /

sales, Lg/AUryr

production, ke/fUsyr, using true averapge animal numbers
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distribution functions for four output parameters {(inteinal rate of return,
net revenue, production per animal unit per year and sales per animal unit
per year) for treailments T1 (savanna systems, T2 (slandard 1mprovsed pasture
system), and T16 {a dusl-purpose system wilh various enhancements) are
shown 1n Lhe Appendiv, Figures A3, A4 and AD Simitarly, cashilows for
selected treatments wre presented 1n Figuras Ab, N7 and AB, thece compare
1aproJsed pasture systrms {(irectnents T2, 710 and Ti2 and T1G} wilh the
gavanni svstem, 1n terms of the cumulalive cashflow, the yvearly cashflow,
ang Lbe averene monthly cashfion Rauw data output for ¢ll sixteen

treatments may be found appenced 1n Table Al

General Resultis

Treastments were deviseo 1n response to the reculte of previous treatments,
an that the Lendency ri1sts for the latter treatmentc to be somewhat nore
proouctive than the earlier ones A nuaber of{ general observeiions may be

made

i The effect of stricter culling 312 meried, and this practice was pflen
incorporated into !ater treatmentis, where 1t can uysually be supposed to

have hao a beneficial marcinal effect through herd rejuvenation

2 The effect of seasonal mating, as three- or si.-month perivds, Was
usually detrimental 1n comparison with the corresponding pure (3ll-year
breeding) treatlment The reason 15 clearly shown 1n Lteatment 713, where
the conception ante:val, and hence the reproductive parameters, art lower
than 1n treatment 72 As noted abuve, seaczonal breeding will tend to be
succesasful in situations where conception intervals are less than 26d pays,
thic was not 1n facl ackieved 1n any of the siwteen treatments It may
reasonshly be concludeo that the plane of nutrition was not high enough to

maintain shott breediny seasons

3 If, however, ihe breeding season 15 open fno: ninc months of the year,
and closed when calves would be born during the dry season, thus putting
energetic pressure on their dams at a critical Lime o the year (T14), then

all production parameters i1ncrease

{of



{ob

4 The one early weaning treatment, 79, where uweaning was carried gut at 7
months, e-hibited unequivocal effects A fopur-day decrease 1n conceplion
interval will not brinwg about great benefits to the production systemn, but
the overall benefit seens to stem from the fact that more animals are tept
in the folloavers herd at any one time, compared wilh later weanino fis
shown 1n Section 4 2, the effects of decreasing weaning age much further
soon hecome celrimental, sc¢ 1t may be concluded that the benefits of early
weaning arise from things to which the model 13 simply not sensitive, or
allcernatively preblems o4 st in Lhe specificalion of the model

S Dual-purpose systems zhow ineieased returns over other types of system
gencrally an the absence of seasonal breeding (74, 75 and T4) althouagh
when offtale 15 slopped for one third of the year durine the dry season
vT15), rroduction ano per{o-“mance suffer hardly at all ithen the
nine-month biwveding seacon 12 1mposed on tap of this system (TL6)}, returns
are the highest of the si.leen treatments Thie 15 a looreasl cffect, an
entrgy lLerms animals are not cwlving when most l:iable to s*tress, and
energy thet woulo have been used 1n milhk proouction can go to busld up body
weight in other words, there 1s an excese ot energy during most ov the
uet season, when cnergy can sefely be remoseo {rom Lthe system {for financian
gain, surh an rxcess does not erist during Lhe dry season Lowegr weaning
weights are more than made up fo: by the income derived from milh offtabe,

and the lonotcim stabality of the herd, moreover, 1s not disturbed thereby

b For treatments where the followers herd 15 Lept unt1l weighis of 200 or
230 g 18, T10, T1l}), much of lhe economitc benefit would appear to come
from herd capirtelisation at year 18 {compare (1u, 8% animal units, on
average at any time, with the 42 animal units usually present 1n Tieitment
T2, for e ample) Growth 15 comparatively siow, reflectec 15 a2 low level
of sales per vyear It 15 Lhe case for treatments TIO® and Til 1n
particular, that the improved pasture 1s being ceriocusly overloaded, these

levels pf productipon are thus cubstant:ally overestimated

A1l trectments are ranten an Table 39 according to four output paramelers,
to vhich a f14th 15 added ~ the average nusber of quariter-years uhere a
negative cash {low 15 experienced This ranges from 2 3 {or the pure

savanna system to O &6 for Lthe all-year dual-purpose produttion systenm
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Consideration of Risl

AIl treatments were analysed using three methods with regard to the
incorporation of risk mean-variance (EV) analysic, stochastic dominance
{50} snalye1s, and e4plicit utiiaty analyvsers to find the most surteble

option for i1ndividuals with difrerent lrvels of aversion to rish

The advantaaes of EV and SD analysis deraive “rom the fact Lhat 1t 13 not
necessary to ampute a utility fnnction to any partarcular i1ndivigual,
although there 2re a number of restractions i1nherent 1n these analvyses
whirh places a limyt on what can be sard about how decision makers would
chooze between rishy prospects (Table 40} Behaviourally, EV analysis
implies a guadratic utility function, 1n additioc: to the non-benavioural
assunption of (essentizlly} normaily-piciributed jiospects finderson ot
al (1977) note thael this form 15 amenable to ali sorts of algebraic

manipulatson, but {from 2 theoretical virwpoint 1t 15 not 1deal

In facl, all distriputions passed the Lilliefors tesi for normality at the
57 level (Table 41, and see Figure AZ an the Appendir. for nmornality p ot:
tor treatment T1), 3 fact which 18 scmevhat surpricsing 1n view of the
«d~hoc wvay the O/ fractile was defined However, uith a sample sace of Zi,
the difference between the empirical and the nermal cumulative probabilaty
functions has to e<cerd 0 19 before the null hypothesis of normality can be
rejected (Conover, 19Bv) £V analysis has the groat vitlie ot simplicstiy
and eezse of applicabilaty, even thouch the EY efficient setvs, 3 e that
group of prospecls which cannot be made any smaller by application of the

erécrang rule, lend to be large (Table 429

By compat 1son  siochastic dominance analysis i1s rore conplex, and while no
assumptions of{ normalitly are made, the restricticns which cumulatively coame
into force about the ufrlity function and 1ts derivatives may well not
apply 1n particular circumstances fis wmath EV analysis, 1f, after the
application of three successively more restrictive otdering rules, there 1s
s111l more than one efficienl prospect, then *here 15 Iittle more that can
be done encepl to take the ne.t siep and 1mpute sore sort of utility

runclion Lo the 1ndividual fis 1n Tauble 40, the first ordering rule
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TAPLL 40 MEAN-VARIANCE {(LV)} AND STOCHASTIC DOMINAJCE (5D) ORDERIV'G RULES

e e v e Ak i < A L e st = T = = A m M L R e me e T Ee e m Ak o v et o o R MR e ek i o= e mm Sm MG = R e R G be e e W A v e

fi{x) dominates gin) 14

Eft+?

]

Clg) ano Var(f} < Var(g) FED Fy{s) £= By1r}) for all x wnith at

e

or legst one strong aneguality
Var v§) «~ Yar{g) and E{4) > Elq)
§8D [of Y} «= Batr) faor all .~ with at

least one strong 1nequalaty

TSD Fs(.) (= Gsi+?Y for all » with at
least one strong ineguality, and
f20 man!? €= B2t/ man!

distributiron of f{v)

gat be tully described by lwo garumeters any
which are independent {unctions of the
mean and vartance {1 e , normal,

eceontially)

o e o e Tt e e e T T bm ek e e e RE A R me s A e R e e e e R A e em M A e o e e e o e [ - s i B Ba o a km e b = =

type of utility function U{(,}

guadratic FED U (.} > 0
850 U (x) > O, U"{a) 0
TED U s > ¢y UM A < Oy U (a) G

e o R e e e e A e At T T e Y e e R . e A =t B e e me = ek LR T T ek Rk o o A = i e Em o e e

Hote {4{n) refers to the density function for random varvable %, Fy( )15 the
cumulative probabilaty functien, Fa{ }the integral of F,{ ) and Fs({ } Lhe
integral of F2 L0 ) 18 the expecled value, Var{ ) lhe variance of{ the variahle
U prime refers to respective derivatives of UG s S0, 55D an 78D refer to

first-, second~ and third-oegree stochastic deminance



TABLLD 41 LILVIEFORS TEST FOR NORHAL

TREATHENT puUurTPLT
IRR  Het Revenue
Tt U oi0s a it
T2 0 128 0 0e4
T2 G 151 0 a8
T4 ¢ uTa ¢ 112
{95 ¢ 115 ¢ 145
vh G tzu o177
T7 ¢ 127 0 1&3
T3 0 175 0 iz
19 0 164 ¢ 129
T10 ¢ o127 0 oet
111 ¢ 103 0 126
T12 G 097 ¢ 095
T13 0 113 0 147
T4 0 082 ¢ 135
Ti4 ¢ 138 0 092
Tid 0 140 Q9 099

LTy

DISTRIBUTIION

THE BAXIMUM VEKTICAL DISTANCE
BETHEEN THE EMPIRICAL ANL NORMAL « UMULATIVE FPROBAEBILITY
FUNLTION FOR & SAMPLE SIZE OF 21, ptd 03} - O 187

Sales

ha/Au/yr

1o
1G0
OFH
145
150
¢ez
070
uge
gy
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UBo
072
ugé
11g
4750
085
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bo/eliyr
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TARLE 42 RISl ANALYSIS MCHBERS OF THC HEAN-VARtaRCE (EV) AND STOLHASTIC
DOMLHAKRCE (5D) EFFICIENT SEYS

Treatment Internal hate Het Revenue Proouclion Sales

ot Return, / $hiilions ka/PU/vr bg/AU/yr
EY SD EV 5D aY 5D Ev 5D

71 + +

T2 + F&T

T2 + F§

T4 + + +

TS

T

17

T8 t

T9 1

Ti0 + + F&T + +

Ti1 + + F&T + +

Ti2 F

T13 + FET

Ti4 +

Ti5 +

Tib + Fg + FoT F

Hpte + i1ndicates member of the EV-efficient set

Fy 5y and 7 denote nenber of the {irst, second and third

stochastically officient sets



requires that the decision mater profers rore of somethiag to less {profit,
for esample), the secund that the decisien merer 15 averse fo risk, and the
third that decision malers arc dewr easingly averse to risi as wealth

INnCreases

Figure 2B chowme all cumulalaive prebabilaty functiong for the nuiput
parameters Efficient cets, 1n an LV sense are marbed 1n Fiqure 29
Stochastir Deminence anwiysis was carried cul usine the TOFTReN subroutine
in Anderson ev al  {(1977) For the wnternal rate of return and salec
triteria, 11 was possiblec Lo xdentify the wtility ma 1mysing prospect by
virtue of successive +tiles 1oducing the efficient set {oc just one membir,
but fwr net revenue no production per ,ear  his was npt poseiblis hote
that all SD-efficienl prospects are memoers of the EV-efficrent set also,

bul that D unzlysise 13 morc parsimonious 1n ancluding £f 1cient prospects

The efficienry rules con 34y no nore acout the final choice of the
hypothetical secision maler wmong the si.teen trealmoente using these output
criteria To Lale the aralysis Lo 1ls leogical rconclusior, coefricierts of
rist aversipon may bhe ynputed vsing 1yprcal values abtainew 1n other
studies, for £,ample, Bimsvanger (1°801 1n India, whare lotteries weore
played for real money, and from fiew 7ealernd Thornton, 1785}, there 11si
attitudes were elicited using the standard razro-and-countier method for a
sm+ll number of producers Most decisipn makrrs appearen to exhibat
moderate to-severe levels of risl aversion, either as sibsistence farmers

10 India or e comparatively sealthy New Zealond cereal growers

The si1 teen treatments were analyerd for various risb atiitudes 1n tha
fellowing mannes The utrlaty function useo (Fipcwanger, 1GEJ) was
in) =(l-gi\t-=

This funclieon 1mplies independenc: of scale of the enterprise under
consieeration, cmeng ptrer thinos The parameler < 1s the coefficient of
pertial rist aversion {LPRA), and 13 tonstant here It can be shown Lhatl
the certainty eguivalent of any risky prospect could be talculated to be
approrimaiely

CE = m - 0 b % Varlal # (s/m) + (31/76) + M3Tx1 # ({5342} /p=),
where my, Varfsl and M<({.} are the mean and the second ond third moment

about the mean (Thornton, 1785} Thus 4por a g ve, value of the CFRA, the
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certainty equivalent of all prospects may be calculated and these can then
be ranied, since the maximisation of utality 1mplaes the macimisation of
the cerlainty eguivalent 1f the prospect 1s rislless, then the second anpd
third termns on the right-hand =1de of the equation disappear, and the
certainty equivalent 1s equated wilh the erpected value I+ f(/) 15

symmetrical, the third term dizappears, as Mx[xl 1s then equal to zero

The range ot values of the CPKRA found by Bimswanger 1n India varied wWidely,
but approsimately B8(, of participants e«tabitec values i1n the range 0 to

1 74 (where positive values denoie risbt aversion and zero denoles ti1sl
neutreizty) In the survey ot Thornton, the range of attituces ectended
from -0 70 {slight ris} preference) to 4 78 (severe rici aversion, using
Binswanger = classification) Frosoects were analysed using a varietly of
values of the CFRA, and results are shown i1n Table 43 for two of these, a
severely {(CPRA = 7 S) and a mildly (CFRA = o &) risl-averse individual

The effect of 1ncluding risk 1n the analysiz varied from treatment to
treatmenl (Figure 3¢), {for a treatment which e«haibited a net revenue with
a large varilance, such as T13, for exampie, the certainty eguivalent
thanged marledly, whale for other treatments the change was small The
contribution brought about by 1ncluding the third moment about the mean 13
not gres«t, this was to be eapected, since all prospects were normally
distributed, statistically (see above), 1eplying that all distributions are

theoreticelly withoul slewness

The results are uneguivocal (Teble 43), even for highly rish-averse
decision makers, the utidaty-masimising option 10 tath tase tpincioes with
the option which mac<imises the expected vaiue of the prospect, 1 e , the
ynclusion of rick at these levels brings «boul no changes 1n the ranking of
the treatments In facl, the ordering does not start to change unt:l the
CPRA reathes values ot 15 @ or sc, corresponding to extreme rask aversian
Apparently, the variability of the treatments 1s not oreat enough, and the
cumulative functions do not overlap sufficiently, to brina abeout changes
for what 15 presumably *he vast majerity of decision maters In view of the
giscussion above of the varrability to be crpected from 18-vear replicates,
this 15 not especially surprising It 15 guite possible that decision
makers have a much shorter tise horizon, as the variability increvses with

shorter time spans, so the influence of rist could reasonably be expected
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TABLE 43 DECISIDN ANALYSIS MAXWINISING OPTIONS FOR VARIOUS CRITERIA

Lriteria Treatments
Ma.i1mise Internal Rate of Return 16
- 1f mildly risk averse 16
- 1{ severely risl averse 16
- EV-efficaent =et Iy, 4, 10, 11, 16
- S8Dh-efficient set 16
Haximise Net Revenue 1é
-~ 1f mildly risi averse l&
- 1f seserely rish aver se 16
- E¥-efficient set 1, 4, tu, 11, t&
- SDh-efficirent set 10, 11, tb

Harimise Sales per Annum 3
- 1f mildly rist averse 3
~ 1+ severely risk averse 3
- EV-gtticient set S¢ 4, 10, 11, 14
- Sh-effi1cient set 3
Havimise Produrtion per Annum 13
- 1% mildly risk averse 13
- 11 severely risk averse 13
- EV-efficient set 2, 8, %, 10, 11, 13, 13
- Sh-efficrent set 2, 13

Mild and hagh levels of risi aversion correspond to values pf the coefficorent of

partial risk aversion (CPPA) of O & and 7 S5, respectively



to bring about some chanoges to the ordering of such prospects The form of
the uti1iity function used 1s open to criticise (see Binswanger, 1981, for a
cratigue), but 1t 1s wnlabely that 1t 15 having much effect here, since
myceptional levels of rist averseness are nesded to produce changes 1n the

arderang aof thr prospects
Summary - Decision Analysis

1 1t 15 noteworthy that Lhe pure savanna system should be a sember of the
EV-efficient sests for the internal rate of return and net revenue criteria
There 15 2 tlear corollary Lo this the observation thit itnproved pasture
technology carries with 1t scme rish, not all of 1t attributable to Lhe
possibility of pasture 4axlure The history of acraiculture, at least an
Western Eurocpe, can be 1nterpreted as a progression whereby stabilaty an
productinn systems was introduced over time lhrounh the ceantrol of
previously external factorc, from Lhis viewpoint the rise 1n yields oer ~e
talez a secondary rele In the tropics, the environment being qencrally
more volat:le and harsh, the i1mportance that should be glaceo on attempting
to denpen doun danaging varaehility as even oreatcr, 1f the model
underlines anything, 3t 15 that .ncreasing averane levels ot production
ftend te lcen Lo 1ntreaced levels of variability an the resultant systenm,
and this biings i1ts ouwn danners It 15 litely, however, that at the
present stage of nodel development, the full ra;he of variability i1n all

these systems 15 not adequately accounted for

2 The absclute values of variance are not great, or, to put 1t another
way, the bLb-efficient sets are small This can reasonably he attributed to
the length of simulation with whach the esperimental progran was concerned
It would be worth while to reduce the length of simulation and carry cut
simirlar analysis, 1t 1s highly likely Lhat with only a five-year horizon,
for example, system variability {and hence rist) would play a much wmore
impertant part Note that there 1s no ceontradiction between this and the
previous paragraph, what 1s of inportance 15 relative variability, and,
ultimately, how 1t 15 perceived by the 1ancher This 1mplies some

knowledge of the decision maling process 1tself

3 Censistently lew-varzability production systeas are Lhese where no

DIy R
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seasonal breeding or milk offtake ts carivied out The means of such
treztments (potably T1i0 and Tit) are 1n all probebalaty overestimated, for
reasons  lready outlined Dual-purpose systems with short breeding systenms
tend to carry high levels of varaiabrlaty A 9-month breeding season
removes some of this, and «lsc has a beneficial effect in reducing
varyability when seaspbnal milb offtalec 38 prectised (r ¢ , thc variance of
T15 15 greater than ihat for Ti6, for net revenue and sales, and these are
apptonimately cqual for the internal rate ot relurn and production per

annum criterial

4 The influence of indivioual attituoes to rash 15 unimportant for this
set of prospects However, ihe {ollowing should be noted

~ the {6 treatments were not designed to be talen as a set of cistinct,
mutually evclusive r sky prospects belween which a decision naler would
normally be regwared to choose, the sproad of prospects .s rether large

- the negative results of the analysis, on the pther hand, could he
taken {o mean Lhat diffcrences hetween treatments sre, 1n & real sense,
behaviourally as well as statistically significant

= utility anmalysis does not 1nclude everything of 1amportance in the
decieipn makbing process, indeed, empirical esidence that decizion rabers
actt 1n such a way as to mavimise therr uti1lity 15 ronspicuous by 1ts
absence The usual argument advanced 1n 1fs defence ts that 1t 1s better
to 1nclude risk and varrability 1n an e.plicit faszhion than not at all,
even 1f there are seveire conceptual problems with the method used It 1s

hard not to concur with this view

To these points can be added the problems cauced by uninown levels of

system varsabilaly viscussed abpve



5  [ONCLUSIONS AND RECOMMENDATIONS

The Beef Model

Biven the guantity of esperimpentation carried cut with the beet model, 2t
15 perhaps 1nevitable that a number of problems should have surfaced In
retrospect, the validation work that wes carried out represented the best
approach 1n the circumstances - that of adjusting the relationships to
mooel pure savenna systems, and then using pure mproveo pasture systems
and adjusting paremeters in a way so as not to affect simulaticn of the the
lpuwer energy svstenm It wus probably not carried through far eneugh, 1n

the sense that rather better quality fo1ege should have been used

Two problem areas in partycular can be 1dentified First, death rates
should bc adjusted to take account of the {(presumably) rigorous cullinag
that musl be carried out 19 the Llanos to preserve observes herd ane
gdislributions Second, 1t 15 hard to resist the conclusion that the
conception probabslaty curve 1s rather too lenienl (oo quacil, as the
animal s hody condition improves It 15 quite popssible that ibe response
o1 ithe model to early wcuning on medyim-gualily direts 18 masked by the
present conception probacility functicons One further easitly-rectified
problem 18 that relating to the calculation of weening percentages
Allowance should be made for coenceptions still in progress at the end of
the run, and the somctimes large numbers of orphans would

presumably disappear 1n responce to less harsh breeder death rates
Comparatively little wor! was done with proper fattenming systems, 1 ¢
including steers 1n the followers herd until weights 1n excess of 300kg
were reached The praincipel problem was that of overlopading the sown
pastures and operating under unrealistic stocking rates In fact, the few
runs that were cerrieo oul suggectes that such systens, for the ocuality of
forage used, yielded medius returns only The ability of the model to cepe

with older male animals should probably be assessed, therecfore

The sensitivity of Lhe model *to different levels of digestibility places an
unfortunate burden on the provision of accurate forage guality data
Little has been said aboul the effects of protein on perfarmance; this has

been due praimarily to the observation that enerny 18 the oaver-riding
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limiting resource 1n savanna an:mal production systems The effects of
protein levels of lecs than & peircent could wusefully be 1pvestigated (in
the model, through their effect on energy intatel, since such levels may
exi1st during the dry season or 1n old pastures for some species fhis
leads directily Lo the consideration that the model 13 incapable of
responding to things which de not affect the epsergy status of the herd 1n a
more or less direct fashion Such a sensitivity is not misplaced, as a
firut approvaimation However, niven current levels of modelling experticse
and understanding of these systems, 1t 15 unlnown 1f models that have to
operate «t rather high levels of aooregestiion ano include other flows of

importance could be made to operate saticfactorily al the present time

Fasture Hloaoe}

The pasture model constitutes on aottempt Lo represent the animal-pasture
interface 1n as simplf a way as possible while trying to preserve 1ts
usefulness It rcmains to be seen, of tcurse, whether this formulation
exhibits the vartues of satisfactary predictive power coupled with
reasgnable generaelaty The advantige of wmodi1ling troprcel. as opposed to
temperate, amimal-pacture systems 15 that production 15 less intensive,
this has ramifacations for the veliovity pf the herpic assumption that

anmymal effects on the pasture are limited to 1ts remnoval

A numbcr of problems can be envisioned with Lhe present model formulation
Among the most i1mportant are the following

- selection between species 15 ocoounted for, while selecfion within
species 15 not It may be that inira-species selection needs to be talen
into consyderation, perhaps by defining an ungraveable residue. 1 e , a
biomass below vhich consumption effectively ceases (Nay-Meir, 1976) The
results of the experimental program tend to support this notaon

- so1ls and fertilaity are not homogeneous 1n the Savannas of Coleabia The
problems posed by site specifacaly, and hence the predictive power of the

model formulation 1n general, remain to be 1nvestigated

The most pressing guestions relate to whether Lhe model an 1is present
formulation 1s reasonable, and whether 1t 15 tomplex enough to be useful,

not only as an 1nput to the beef component, but sn 1ts own right Three



such areas can be 1dentifred tn whrch such a forage model could be expected

tg contribule

- to assist in the cpecification of craterta relating to the tollection of
germplasm The differential growth rate between grass and legume 15 of
inportance to Lhe stabilaity of the mixture, tihis suggests thaet a ce-tain
type of companior species will do rather hetter than another type, for any
particular grass or lequme considered Stubility wnalysis tould be
expected to provide sn 1ndication of desirable characteristics for a
companion speciecs ih terms of i1ls vigeur or occeptabilaty to amimals, for
€.ample

- to gssist 1n the evaluatlion of geroplasm The potential erists to
shorten the long and costly precess of germpliasn evaluation, particuldrly
with regard to animal grazing Lrials

- to assist in the feormulation of managemenl sirategies, which can ihen be

tested on-Jarm

Recosmendations and Future Word

1 Dual-purpose systuems appear to be both bielooically end ctonomically
teasible, although 1t 15 recognised that standard decision analysis does
not tale account of other bLenefits ano nisadvantenes which accrue to thexr
use, for exaaple, the more even spread of positive cash flovs and the
greater nmanznerent 1nput reguireo Currcnt levels of infrastructure 1n the
Llanas 1mply Lhat milk eriracted from the herd has to be processed {(toe
cheese, for instance) Model results suggest that production should be
spasonal, ne offtake ocelurring during the dry season This 15 not the
plare to s:gue the mer:ts or demeri1ts of introducing scesonal production
into extensive farming systems, suffice 1t to say that production appears
to be seasonal to a great e.tent anyuay {see Fioure 27, showing conceptiong
by month}, and that the benefits accruing to the cash flow from B8 months

milk 1ncome 13 not much inferier to those arising from year-round miif

incame

2 The current guality of productiun systems based on improved pasture 1n
the Llanos appears to be insufficienl to support seasonal breeding, in the

sense of short (3~ or b6-month) treditional open seasons Restricting the
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open season to 7 montns, however, appears to be energetically efficrent,
and has the aoded advantage that herd managenent 13 likely to be
facilrtated, 1n comparison with shorter breeding seascons

3 It 15 possible that the bhenefits of parly weaning 1n these medium
productivity systems were swamped by two problems 1a the model (see above)
Work on the beef component chould 1nclude the adjustment of death rates and
conception prabibilities There are manv other relationships i1n the model
uhi1ch mabe use of no direct data from savenna production systems et all,
unless there are compelling reasons for doing so, most are best left
unchanged Early weaning could then be snvectigatcd again, to see 14 therc
erist significant long-term benefils I4 early weaning 1s not an energy
ef{ect, then Lhe modcl cannot be cipected 1o be of use, 1f that were the

case, 1t would be instrictive to find out to what any benefits vere due

4 It 15 apparent that, in the chaiacterizatron of the savanna-based
systems, there are some 1mportanl gaps 1n biological and socio-economit
Lnowledge These 1nelude the followinag

-actual culling practices need to be charactericved in order to understand
death rates ralher better . on what basis do farmers cull”?

- milk yi1elds need to be documented, along with the shapes of typical
lactation turves

-~ 1n sview ot the sensitivity of the mooel to enerqy status, the native
savanna needs to be characterised rather betier than has been done to date
This 1ncludes the seasonsl differences due to the various types nf savanna
{alti1llanura, bajo etc ) The benefits that can accrue to judicious
managenent of different types of savanna at different tines of the year
needs Lo be understood

- the way in which farmers percerve rashk and variabilaity, and how this
affects the decisions they tabe, needs to be characterised Adoption of
new technology proceeds 3n response to many things, 1ncluding vhat farmers
perceive to be ihe problems and benefits of doing so There 1s much to be
sa10 for the designing of{ technolegy which f1ts 1n with, rather than
requirang potential users to change, their perceptiois
5 Information gleaned fron the experiments 1n progress during 1987 1in

the Ecophysiology seclion of the Program should be analysed and



incorperoted inte the forage model, al which time the structure of the
forage compcnent should undergo 2 certain amount of testirn The
ramitications of a valicated pasture model are profound What ip do 1f the
ztructure proves 1nadequate depends on the type of 1nadequacy For the
savanna, Lhere are unlitely to be ary data {fmincoming 1n the foresceable
future with which to burld an evplicit growth model The present tabular
approsch 15 litely to be sufficient for many purposes as long as the

savdnna 1s seen as the buf{fer between 1mproved pasture and starvation

b Much remains {p be done 1f the (possible} full potential of these
nodels 15 to be realised, this applies particularly to lhe pusture model,
1f 1t can be sycrcessfully valioated li1ttle hes been said about another
potential use of the system, that of a training *ool, althouyh a number of
thanges voules be necessary, notsbly 1n the 1npul and ocutput pf data, the
first would require more evlensive data i1npul checling routines, and the
guantity of oulput would have to be rationalised These wre not, however,

difficult or fundamental changes

/ Alihoughy estensive eapernentatron with comperatively detarled mpoels
15 now practicuble, 1t nay be adratted thait 1t raises a number of sivere
tonteptucl problems, particularly with regerd to the levsels of variabalaty
that inherg 1n a system cover lono pericds of time, and how they can pe
estimateo, 1f at all A related preoblenm 1v that of how to snlroduce such
vayzability into what are otten largely empirical {as oppozed to cansal)
mopdels It 18 also divficult to tnow how to ancorporate orcision rules an
the model for decisions which may be rather complicaled i1n real life, and
how to enrure that such rules ate not having 1noraoinate effects on model
cutput These, along with the perennial stumbling-blocls of validation and
what constilutes a valid mowel for the builder s purpose, are probless
which have to be faced and dealt with sonehow, 1f the lint between
encrabusly complex agro-ecosystems and their representaetion as tomputer
simulalion models 1s to be forged strong enough to permit bio-ecaonomic
txperinentation with the latter to aiyd the producers whose job 1t 1s to
battle with the former



179

b ACKFNOWLEDBFPENTE

The aulhor wishes 1o thanh the fellowing for the:ir time, effort and input
oéer lhe pericd July 1984 wvo Apral 1987

- Dr Rau}l Vera, Cattle Production Systenms,

i

Dr Earlos Serc, Econopist,

Dr Hyles Fisher, kcophysiolngist,

all of the Troepicel fastures Program, CIAT,

- D+ Peter Jdones, Agro-Climalolegist of the Agroecological
Unit, CIAT, «nd

Dr Have kahn; of the Agracultural Research Oroganssation,
Bet-Dagan, Isracl, for permission to use the boef model

and assistence 1n setting 1t up at CIAT

The author taiez full responsibility for any errors and omissions 1a this

report



7 REFERENCES

finoerson J Ry, Dillon J L and Hardaler J B (1977) Agracultural Decicion
Analy-13 Aimes Iowa Siate University Press

Binswanger B P (12B0) Attstudes towards ris)  experiaeental neasurensent an
rural indra Awerican Journal of Agricultural Econopics> 67 (11,
395-407

Pinswanger H F (1981} Attiludes towards rasl  theoretical implacations of
an e.perimeni 1n rural Indra The fcononic Journal 91, B&7-890

Centreo Internacicnal de Aaricultura Tropicael (1978) Informe Anual 1978
Calr CIAT In Spanish

Centro Intcrnacional de foricultura TYropical (19B3)  Inforne Anual 1983
Caly CIAT In Epanish

Centro Internacicnal de Agricultira Tropaicel (19B4)  Annual Report 1984
Cali, CTAT

Centro Intcrnacional de fgracultura Tropical (19B6)  Informe Anual (986 -
Documento de Trabaje 1987 Cal: CIAT In Spanish

Conover ¥ J (1980) Practical #Hon-Faranetric “tatistics 2nd edition New
Yort  Wiley

Fisher ¥ J ond Trornton F ¥ +1987) A conceptual model of the relationship
betwsen grasses and legumes 1n tropical pastures under grazing I
Interrelationships between the components during growth In
preparation

kahn H E (19B2) The Develapren? of a ©ruwulation hodel and 1t< U-e 1a the
Evaluatien of Catvtle Proguctinn System- Unpublished PhD thesis,
University of Reaoing

bFehn H E and Speddinno C R U {1983} fi dynamic model for the simulation of
cattle herd production sysienms I General description and the
etfects of simulation technigques on model resulils Aericultural
Systews I, 161-111

tehn H E end Spedding C R W (1984 fi dynamic model for the simulatio. of
cattle herd producticn systems Il An investigation of various
faclors influencing Lhe voluntary intaie of ory matter and the use of
the model 1n their validat:ion Agricultural Systeas [3, 43-B2

¥ehn H E and lehrer A R (1984) A dynamic model for the sipulation of

cattle herd production systems 111 Reproductive performance of beef

Ccows Agricultural Systeps 13, 143-159

l30



I

Lebdoscekojo 5 (1977) MHineral Supplegentation of frazing Beef Cattie 1n
the fastern Plaine of Coloxhra Unpublished FHE Lhesys, Universily of
Florida

Noy-Mear T (1576) fotational uraztirng in a continuously growing pasture a
simple model Agricultural Svstems 1, B7-112

Stonaker H H, Raun N 5, ant Bompez J {1984) Peef Cow-Calf Proauction
Experiment< on the “avannas of Easvern foleabra Caltv CIAT-ICA-Winroc
Intetnational

Thernton F ¥ (19B5)  Treatment of risk 1in a trop protection information
system Journal of Agrrcultural fcononics Je (2}, 201-209

Thorntpn F Kk (1987) A Beef Proouctior Yodel for the “avannas of Colonbra
- Hogel De-rriptior ano v-er Hote- Caly CIAT

Thornton K and Fisher N 3 (1987) # conceptual model of the relalionship
between grasses and legumes in tropical pastures under grazing Il
The (Conseguences of Selcction and Comsumption by Animals  In
preparation

Vera R R end Sere C (eds) (1983} Clir=stepac age¢ Proouccion Pecuar:a
Esten-ive Bra-i1i, Colembia, Venezuela Inforae final de proyecto ETLS

Caly CIAT



f AFFFHDTY



TRBLL A}

10 Description

501 SAV ALL 18 BAGe
602 SV ALL 18 BASE
603 Sh¥ ALL 1B BASE
604 SV ALL 18 BAGE
665 SAY nll 18 BAGE
bis SAV ALL 18 BASE
BO7 TAV HLy 1B BASE
HU8 SAV ALL 10 BASE
50% 54V ALL 18 BASE
410 2aV ALL 1B BASE
611 5wV ALL 1B BaSE
H12 LAV hLL 18 BASE
617 BAY ALL 18 BaSE
614 GAY ALL 18 BRSE
613 GAY ALL 18 BASE
b16 SAY ALL 18 BsSE
£17 Shy pLL 18 BeSE
618 LAV ALL 18 BASE
519 AV ALL 18 BASE
£20 CAY ALL 15 BASE
bot 1P A 1B 30 87D RAD
£22 1F A 18 30 STD Bwd
023 IF A 18 30 57D FAS
624 TP A 1B 30 57D R4S
625 1F A 18 % 578 RAS
b2o If & B "y STD Fal
£Z7 1P A 18 30 5TD RAS
628 1P & 1B 0 STE RAS
629 1F A 18 "0 570 RAS
£30 1P A 18 0 8TD Red
£31 IP A 18 *0¢ STD RPG
632 1P A 1B 0 §TD RAS
637 1P A 1B 30 STD RAS
634 1F A 18 Jo STD Red
650 1P A 1B 30 578 RAS
616 1P A 1B 70 57D HAS
657 1P & 18 0 STD RA3
b3% 1P w 1B 30 STD RRAS
639 1P A 1B %0 £ RAS
640 1P A 1B 30 ST0 RAJ
641 1P & 18 %0 RS RESOM 1

b42 IP A 1B Ju RAD REsOy 10

643 IF A 1B 0 RAS S02,19
63 IF & 18 30 RAS CUL B+4
632 17 1 1B T waS CUL B+
63% 17 4 18 Ju #A3 CUL €44
oM 1P B 1B 70 RAS CUL B+4
633 1P A IR 20 RAS CUL 8+4
pdn IP A 18 0 RAD CUL A+2

[RA

Het Rev

$1VED

293
YAy
2 1B
23
in
2 41
{63
238
316
290
3
345
3 8t
343
2 43
273
§ 37
§ 47
198
378
I3 09
16 &7
13 44
14 72
i1 89
14 1%
1o )
14 3l
15 &7
14 14
12 40
13 47
12 34
123
16 17
13 28
10 94
343
16 BB
12 43
7 4%
977
b 76
14 09
16 9/
15 29
13 07
1" 25
15 4%

T L L T e

o Cal 04 B MY LA

s I R VI . Y

| I S B )
ISR e R = B & SN LT SR & o <

2 4
[ B o

el e DMy d e b g
o Rl = - = I =

w4 e
N

15G019
4572799
38u33!
196954
646511
a0¢1291
297427
417493
436010
334193
219457
SeiTH
HEE45P
501055
ERSET.Y
31944
JUREYE
138318
270822
764572
2704485
1839425
31459545
2654880
T L9605
REITRER
REPIVIY;
3394903
i 5o v
3960015
3408755
1371423
175948
RIPCALE
015429
508771
71418
3111922
40470
3245065
2315745
2601854
1002442
197"
4050560
THED4TY
TIuII90
LY
4147282

FR¥ BUTPUT DwTR FILE, SECORD SER'ES, TeEnTMEMTE T1 70 Tib

Anieal fgeé Con

Units Cale-1 Int

3258 4 04 445 72
1039 791 &3t 16
[IT O OL0RANTS
IT AT 400 612 04
I35 407 630 83
32 3% 39635
M2 79T A5 L0
1 g8 1 %Q 427 85
2977 8 14
I290 4 (o a7
379 &1 al
T OL 02 afl
I 400 RYJ
e 407 44
B340 2
[WISO408 77
24 403 5
T2 o3 76
2849 403 41
RL I RS (Y 17
46 58 J 04 40
82 34 2 9% P
0 35 3w a2
40 97 3 (4 10
4145 3 {. 97
a7 3o w3
e 7 Ih
i 2¢ 3 0b 7%
G2 3§ 298 28
1 3 310 38
41 98 1 ¢ b4
413 3 I8 0}
4127 3 34
1 60 3 4 78
42 68 3 03 5L
4093 T2 1t
41 81 362 7
§1 21 3 04 79
§7 93 3 04 (]
4145 1 0B 72
M58 %13 78
81024 T} 20
40 33 3 I8 "8
100 309 S8
7% 0 B3
41 43 3 04 &2
i 24 102 05
0723 T 00 1
4200 308 T

Prod

8

kg/alfyr

74

3193

39
3%
40
40
41
39
3%
39
8
&1

"B
38
38

39
4!
39
39
41

s
3
B4
00
41
i1
39
75
73
42
Al
g3
M
03
&8
29
53
0z

70 7B

73

g7

7273

12
7h
74

24
99
3¢

74 12

71

73

71
72
il

c
¥

i)

73

74
74
73
77
73
71
70
70
70
12
9
71
&8

2

Y
87
07
87
38
78
17
78
20
17
19
81
g?
22
74
H
1B
5
79
27
By

L

- LI £ed Cal A ol L B3
oo — O R O KD

L) |

o~ o~ LR
—_ 3 T

Hoan
Lt ko

141 47
133 49
132 15
131 25
172 8%
133 v
132 07
132 95
§v3 77
Lsa 13
132 B0
173 54
172 92
{7298
133 79
132 28
£33 B2
172 8%
£33 81
§33 0%
147 5%
147 48
i1y 37
148 &9
147 BY
146 91
148 37
147 22
117 &8
147 12
{47 22
147 62
147 98
146 85
144 70
LhE 47
147 17
147 4%
147 05
144 §5
1a7 b4
145 99
145 29
147 77
147 54
117 11
147 51
147 25
148 13

Death
foult £ais U

10 88
750
10 80
9 4b
B &b
& B4
137
570
B &b

-~
ra
0

Cd B P N e L] T 00 T A O e el O ed3 w2 sl ] P g g
wA
-~

f=

el B e L B PR s Cid G PO Cd i d G B
T e

At = v BN o T
1l 0O I s -0 R N o —

— A
-1

= -0

Sates Froo?
P/ AU/ r

3797
38 74
IBM
38 82
\§ 72
13 42
3% 9
o8 43
I8 %
39 30
1778
i 4p
37 48
Y
37 3
3/ B2
4¢ 71
I8 5°
6 4o
40 22
b7 32
70 &7
oB 41
£g 22
Hn
70 &3
69 Y&
&8 ol
70 &7
£9 0R
b9 &5
89 37
71 12
nn
1 8
7 4%
f1 34
6% 7/
7797
70 29
b8 2V
67 3%
b4 B
67 3
6% 1
&7 56
58 SO
£3 &
89 79



857
698
b3
e
bbl
552
bb7
bhy
b6
&5b
b6
bod
b4%
670
671
674
673
»81
682
o83
684
a8
£8o
587
643
637
£90
491
6927
gt
694
695
856
t57
&9P
8%¢
100
701
702
i3
7i1
712
713
714
15
7o
117
718
719
120
71l
722
723
724

[P s 18
i A 1B
IF % 18
[ E
If i 18
Ir & 19
IF s 1B
th A 16
IP A 1B
1P » 18
IF 018
1P 418
IF a8
7 018
17 4 1B
1P A IR
1P A 1B
IP f 30
IF A 20
1430
P a3
IPA3
IP & 30
IP & 30
P4 30
1P # 30
IP & 3§
a3
IF 4 30
PR30
IP A 30
P 8 30
P & 30
IP & 3u
IP & 30
IP A 30
IP & 30
1P & 3%
IP A 3O
P A3
IP A 30
1P 430
IP A 10
IF & 30
1P 4 30
E ]
IP A3
1P 8 S
IP a3
a3
IP f 30
1P w30
IF A 30
IP @30

T ]85 CUL £+4
0 RAS LLL 844
T RAS CUL C+d
0 RS CUL g4d
T0 ORAS LUl B+4
T ORAS COL Lta
70 HAD CUL B4
3¢ RAS CHL B+4
30 RAS CLl B+4
T RAS CHL 844
3U RAD CUL B+4
70 RAS TUL B4
G RAS CUL G+4
T ¢AS CHL B+4
o RAS CLL B+4
3{ RAT CUL 8+4
o0 RA3 CUL B4
18 DF 32 hEd
18 DP 237 lEg
18 0P 333 HEs
1B P 333 1kb
18 OF 353 hHEs
18 P 133 HEh
i6 OF 133 HE
18 DP 333 HES
18 §# 333 HEG
0P TN AL
18 B 333 HE{
1B D" TR OHES
18 bP 3o3 i
18 uP 333 FEe
i8 BP 137 HES
18 0P 333 HDs
1B 0° 333 HEH
18 [P 337 fiEs
18 BF %31 s
td IP 33 HES
18 BF 33 hEb
18 DP 233 Hkb
18 0P 333 HEG
{8 LP "33 ¥R
1B 0P 337 M3
18 TP TIROHFI
18 DP 333 uE!
iB DP 333 HFY
1B P 33y HER
18 Dp 233 HES
1B D? 33T HE
1B DP 233 hel
18 OP %33 HER
{g Op 333 7%
1B DP 333 HER
1B IP "33 RED
18 DP 333 HE™

723 11 A 30 16 DF 333 ME3

1545
15 a2
14 85
15 9
299
1973
159 49
17 58
14 90
279
14 B3
1375
13 8¢
12 (5
19 51
te 76
b3
24 §2
23 70
21 %4
19 44
26 67
20 98
24 2
22 40
19 4b
23 22
274
23 14
24 8%
21 R

20 83
23 00
24 15
21 81
22 &1
17 41
16 73
RO ¥
i7 BB
20 5B

20 98
19 98
15 86
18 98
Ig 99
20 &8
15 32
18 38
19 92
19 74
17 20
VAR

4
31
45
93

46
43
4
14

)
Y

33

|
+

“1
L

{, o

18
3t

/9
i1
Y

43

105

i?

[
u

70
43
do
7%
97
il
48
b
20
5o

PR

fo
¢l
g7
3b
50
2
3
g3
h4

Bb
04
vl

b
~

74
1
b
b9
4B
00
77
94
5]
78
]
73

73
b2
3
&1
T

-
ty

83
2
&9
VA
7
a7
53
LD

39u2171
4310151
3524738
CGa124
55 Sus
TR0
*g11847
IIRTI4Y
301230y
1458398
2904553
AIT5
R2°216D
306694
2904187
2699544
1626245
5737338
5477024
55530 7¢
5598907
3767897
RTINS
TGh02172
ShehiBs
Sauag77
Rp578uS
£18i92

26428
9777430
Sh1&177
5783838
SA00B4T
5879977
574749
5653350
5344098
Su72850
44045780
3577223
Jy13753
4543057
1418593
4659372
4197745
3755591
4584529
4343739
4767894
4502923
§5569289
4747p4"
4592057
71457
4760381

41
4}
4y
4
ga
41
41
44
A
41
H
0
g
4l
41
]
9
(&1}
40
&
3
fu
£
;1(!
40

4}
13!
39
4

70
33
g0
45
5

n
L

A
2
Bé
L4
13
i
9
25
29
42
L5
a2
&4
37
13

E =
TR

LH
Ay
L8
44
31
2%
74
98

fu 26

40
&y
GG
4
40
4G
19
4%
]
0
17
!
13
37

In
37
"8
R
8
‘B
R
14
g

a5
21
02
4l
4B
25
95
16
39
n7
7
48
24
Jo
48
13
40
13
wi
70
t4
76
38

o~

i 1 Gk A o Gl A ] G e Bt o ) Ged e T D o G L e ad el L

Tl Tmd € T L Lt e et e b e 2 Bed G Gl O LA el G

297
306
310
T
301

02
03
02
02
V3
7
03
(3
13
i
07
13
i
D
i1
17
08
30
Z
1o
il
14
10
17
17
13
16
1B
1B
17
1

2

597
354
403
JB4
393
398
89
395
395
398
350
407
398
354
397
410
421
387
382
ML
7
77
338
378
3Re
M
36
3o
3da
i8s
ki)
JB7
L
"Bl
181
"85
i
393
298
407
427
§iv
413
409
432
523
408
414
414
410
4238
509
44
T2

418

a7

R
L

ab

47

a%
L4

t
47
79
72
53
14
LE
11
£
15
1%
2o
3l
)
97
26
44

[ =
J

B2
99
32
g
ih
o
59
Wi
b4
o9
54
3]
53
b
40
g2
2
i1
a6
B5
80
14
i
28
33
Bo
27
13
74
74
B4

72 47
7175
58 73
71 %%
72 04
72 07
89 74
72 48
70 By
a7 71
7024
70 74
48 98
6% 68
07
a8 01
b4 92
&7 &7
4B 29
&% 07
&% 29
(g 99
W
70 F3
a7 70
ol 1
af 2t
7119
67 b3
57 93
&t 3

71 27
&7 Bd
&9 15
&7 48

&8 99
85 54
65 38
42 n2
a7 Bl
&b (8
&8 Tu
47 53
67 37
b5 77
b6 b2
68 13
bb 87
&6 8
ot Sb
70 21
&4 63
&4 B85
&9 L4

£4 99
Bh 12
B4 56
B3 55
BS {2
83 50
83 ol
85 &8
B3 90
Bl 94
83 2y
B2 @a
82 3l
By 14
B2 47
a1z
78 12
79 78
B2 30
B3 Bu
B3 36
85 32
B3 77
RS 2¢
78 80
Bi 73
Bl 0y
84 5!
B3 42
8s ”
B4 (o
B 90
BG a8
B0 o4
g3 35
Bi 16
g2 4%
80 B
79 85
76 B2
72 71
7207
73 34
73 97
68 29
65 37
73 44
759
75 47
71 9%
ool
78 a3
75 41
72 06
73 42

80

41

39 13
2 12
B 7z

o8
a8
56
bl
57

cr,

Wb

af

1
]

35
al
38
4
a1
34
53
6
§7
55

7
57
5'?
it

[~
a3

58
54
85
33
58
o4
87
b4
54
ad

[~
dJd

%3
30
49

4

31
a0

o]
)

46
48
47

a0
4%
49
52
31
40

3l

5
75
Bu

1§
49
24
iy
37
o8
&b
35
83
34
36
21
48
£4
BY
14
iy
34
48
g
74
i8
13
g
72

12

41
D!
97
24
00
53
17
14
02
&7
b7

147
14%
147
147
147
147
147
§47
147
47
k5B

28
13
79
44
I
8
2b
I}
71
23
&9

148 42
14e 9B
144 87

14a
147
144
123
125
iL'\j
o3
145
123
124
127
125
123
175
145
126
¥A]
176
125
125
125
175
124
124
145
124
127
129
128

04
i8
83
77
31
26
v
48
&0
83
(5]
7
£
v
76
49
37
32
22
2
45

595

6
17
10
Ia!
70
09
54

129 33

128
127
128
129
128
128
123
129
127
128
128

21
87
2b
{3
1%
80
B9
10
b5
44
06

4 e ) T e udw TP O LA AP e I ST e e

s o B0 - O N e B LD D TG 2

323

14
n
74
29
71
b5
63
il

-
o

g3

30
&4
19
10
o7

g 90
g 27
g 49
643
765
10 3%
T
10 26
g 35
[o 28
517
B o
787
B o
g &8
7 85
B 14
6 37
L
b 4%
7 b4
912
7 %)
799

3 ORI R R LN L A BRI BD I R e B

—_— e
bt B-on Y (O R}

=t ~O -8 g -0 o o

=l

— ST g e _d €D B O e e B =A< D
N s B e s A TO ORI BT L ed D A

84

B3
Bb
85
&7
Ba
20
&0
05
09
B3
L1
04
43
]
L
68

12 10
B 01

87
71
82
g4
83
g7
g7
84

B
)

B3
8
83
Bt
B2
b
B4
74
13
7°
72
74
I
74
73
72
73

ris

ki
v

14
73
77
71‘
i3
74
72
69
&9
&b
b'(
be
70
&7
%
&9
o4
b5
71
72
&7
72
"
bb
1
72

f3c*

o9
74
83
35
29

78
60
0
13
i1
49
B
22
A
B
19
53
i)
09
4
B8
41
o8
94
32
!
£3
0t
32
7h
11
b
£7
53
48
73
35
44
19
03
74
94
45
u8
88
07
13
G
b1
8l
3
18
21
45

6% 71
eB 85
bt 17
£8 74
68 b4
68 17
hh §t
68 3
t1 22
85 53
67 49
sh I3
i4 3
&4 79
48 04
bs §7
62 11
w? Bl
63 50
b3 b
&é B9
b3 b
b4 96
63 13
£2 0F
63 49
61 B3
pa 27
b2 3
v 98
62 oy
65 70
62 BE
be S0
67 3%
62 68
£3 31
bl 93
61 37
59 47
S8 30
Sh &9
58 793
9 14
o7 36
83 43
57 96
57 By
ag oz
a7 95
37 B4
3977
o 4
43 92
3% 47



725 1P A 30 1B DP 0T MES
727 1P 4 30 18 DP 33F HET
728 1P A 30 1B DP L3 RER
72% 1P A 30 1B DP 330 PR3
oI ado 8l "3 K3
1P A 30 18 BF 333 HET

731
132
733
744
ILY:
43
744
742
156
147
748
749
750
731
132
743
74
783
756
757
TaE
759
750
13
Th2
7b3
771
172
PEAS
774
773
T4
171
778
179
180
7dt
787
787
784
785
786
747
788
789
790
791
192
BO1

P&
IF A
A
IF A
I a
FI
P&
P A
P4
P A
IF &
IP A
IF A
I]
IP A
IF &
iPA
©A
iPA
FA
e
P A
IF &
ifh
1P rl
P&
L
W
"4
IrA
IF A
IP A
IF A
IP A
IP u
IF 4
IP w
IP A
IF A
IP &
IP &
IP &
IP A
IP R
P n
iP A
iPa

50 1B BP 333 MEZ
30 18 TF 333 PE3
30 18 DP 33+ HE'B
W 18 OP 337 LEIR
20 18 LP 333 BERH
30 18 BF ¥ 3 KE™B
30 18 DP 3T HETE
3G 18 TP 333 hEdR
3¢ 18 DP 373 hETE
"0 1B DF 737 HETEH
306 18 0P 737 HelB
30 18 DF 337 1ECE
30 13 OP 3 HETB
30 18 DF 73" HL7H
"9 1B DP 333 RETP
30 18 DP 723 BERB
W BIPIIMEB
a0 18 0P 3 HETB
30 18 DP 33 HE"E
Ty 18 0P T MECR
30 18 0P ¥ 3 1EE
30 18 §P 73T HEZB
3G 58 DF T38HETD
30 18 0% 373 HE3R
3018 0P RD 1%y
1B 9/150 Ral@ BK
18 97130 Fui GH
{8 97198 Ratv B
18 97150 RAIG PH
18 97150 nuiv B
18 97150 wBi0 ER
{8 27150 FAlu BH
1B 97150 RAIG BK
18 9/150 Rsi0 PH
18 97150 hall DH
18 9,150 FALO BH
18 9:150 valQ BH
LB 9,157 FA10 PH
18 97150 RMCG BY
18 9/150 =410 by
19 3/180 Rule EM
18 9/150 Rel0 oM
18 9/150 PALD BH
18 9/180 Rai0 BH
I8 9/150 PAI0 Uit
1B /150 #AI0 BH
18 9/150 Paiu OH

I? A0 FHI00 C&4B
BGZ 1P (%0 FHA00 C4 B

17
19
21
17

C
s

I
bi:|
10
22
25
2
21

7
&

~

Zl
24
28
26
20
17
2
2
20
27
20
21
20
23
22
14
13
i.L
14
i3
12
13
£
il
10
11
i1
13
12
i
10
16
14
16
11

]
s

1
14

{1
14
17

08
0l
2
H

“
&

15
71
A
91

93
43
go
13
ol
9%
07
3b
A
ih
9z
i}
34
"
50
2
9
16
43
13
&7
e3
23
94
42
84
52
97
12
3b
]
3z
0]
34
=1
Y|
Bt
99
ok
2¢
12
05
i
72
74

43 10
43 ¢
o 39
4f &R
77 B9
th 82
5% 23
20 78
et 23
B4 75
BB o4
bl 4o
67 o8
61 99
75 41
VIRV
18 TS
52wl
T T
4B B2
gtz
a0 12
105 84
57 7
4% o9
55 ES
&3 14
102 3
27 1%
Lo 14
25 07
ER T
43 85

a4 08
44 42
27 13
26 63
3372
33 19
i1 19
Su 39
3z 00
277
34 3
h7 53
32 87
4% 08
37 B0
30 b2
ab 95
18 59
4 95
29 06
34

4272271
4937143
4720043
4274792
193370
ESHEN:Y)
syi201d
2683215
cadiulie
5514104
5802440
"But2lé
141479
5563295
EB73616
£207950
EAUTETS
L74E0 8D
4274475
9444703
5309747
HERTAIY:
£019063
8981026
5322153
5071911
8997151
4508411
459973y
A27R163
3377278
243ueB
2904887
T 794t
RRIVEY:
T
2871611
2147299
2416916
2550638
294455
2717948
296,030
2383490
2469582
444048
2365480
2472748
280104
25043955
051702
2774509
2641728
5719092
6798992

o7 54
B 90
37
17 83
37 31
17 47
302
L9
39 B
£G (1
4u 39
4y &b
&0 135
LI
g4 12
4¢ Oy
A 14
37 65
38 &2
&y 11
4y 25
4y 44
40 97
#0125
34
0 44
40 92
og 42
39 o8
9 37
I B2
al Y
43 23
£{ B1
42 83
42 3
41 87
41 &7
40 B6
238
42 7
§2 13
41 48
41 49
q1 47
41 51
it 25
41 94
£) 19
41 5%
42 07
41 7%
41 3B
55 79
57 14

et fed B G o Tl T o B A L Db Bd Sl ] € e Gl Gd Cd Grd Bd G T a3 d o e d Tl R d e b Gd G Bad 6 en Eed ol ad L G e L o O e A B G L

e B3 A 3 Gl
= e e

[ R |

27
23
27
4

2

19
i8
27
i9

*
Y]

Lt
20
19

N
L

26
i8
21
21
e
12
by
4
1§
05

07
09
i
05
L]
08
vh
03
12
03
1¢
0y
vh
11
10
16
99
o7
v}
(4
12

417 83
514 09
417 30
417 52
40 76
426 2%
450 54
455 70
£03 22
409 37
447 24
401 48
A7 4B
398 79
408 3%
308 20
409 99
410 48
2570
502 83
443 ul
403 90
408
107 97
s To
507 93
307 4
4o 9§
419 42
419 S8
416 &
347 68
378 5B
L
"5 97
372 9%
S74 74
37 48
NI
VN
347 33
372 67
LR
364 B3
313 77
370 72
370 34
373 &0
370 87
375 53
371 22
373 90
390 92
Jgs 23
388 98

6o 2

70 45
48 B2
b7 BA
b4 b
65 70
&6 11
&G BY
b1 28
&0 8o
&2 78
87 21
&1 00
63 20
43 13
62 3%

&3 Bb
98 s
3% 44
40 7

0l 0!
59 £0
6% 25
bi 4
6i 7

I
52 9¢
&0 00
57 45
a7 b
o8 50
&4 EB7
04
48 14
&9 02
&7 28
6% 59
&b 21
bu R
48 48
69 4!
48 50
&8 04
&7 22
&b 63
70 49
&9 49
b7 63
12 33
4B 13
71 %4
48 68
L5 GB
hi 03
&0 04

72 52
73 1B
76 L4
71 54
v 30
720
74 19
67 B0
75 34
75 58
78 4%
7578
1591
78 08
72 7]
17 14
76 10
T4 &2
77 21
76 49
78 By
11 7¢

75 %
77 3R
J6 80
77 59
72 91
74 52
13 4
74 32
Bg 07
BB 10
By 87
g 43
B3 23
B4 7
g4 g4
HEEH,
87 1
g7 33
84 76
§7 92
£2 18
B4 |2
BT 29
B3 4y
B3 35
Uy
5 79
g9 27
Ré 94
B4 42
73 4%
95 Q0

B 04
32 89
31 &0
45 44
56 46
47 01
45 62
44 25
3103
3213

34 635
L
52 2
H4 79
28 5

33 7
5% 23
4B ot
5010
52 02
54 4%
w76
SE '.'6
Hz 1l
o327
33 22
54 79
1 06
a0 38
48 94
50 Du
b1 17
45 bl
6o 3
&3 il
Y
64 43
40 24
60 &0
b 0
&% 54
b4 13
&Ll
62 Tv
&1 25
o8 90
41 23
63 18
6B 10
02 &2
bn 34
b2 &9
o] 3
b4 87
& 0D

121 87
128 38
12¢ Bb
149 2

127 98
1.8 29
128 50
126 94
12 17
120 97
124 b
124 b6
123 717
123 99
.4 &7
12473
124 &4
124 30
121 34
139
125 4%
124 41
123 6B
2% BB
123 74
172 &5
123 72
123 &3
121 BE
122 0%
120 85
131 76
(72 3%
173 44
130 28
136 83
' 70
{30 77
172 14
170 20
1% 27
132 09
133 (1
{13
135
173 09
132 50
132 37
RSN
132 33
133 56
132 80
12U
147 11
147 &7

15
15
12
13
&
{7
18

7
L

i3
20
{7

n
s

1y
17
20
20

]
&

21
18
20
17

3

i
04
3
7%
03
0
o9
29
2
72
g
74
13
63
17
g
b
b3
b4
o4
08
11
¥9
15
45
1
93

10 19
b 59
10 14
8 Bb
1 46
12 34
7 B4
16 47

e I & N |
[ R - N DY o |
P ¥ RN - Y

=)

§ 24
b 59
9 vy
3 63
§ 01
570
g9
g w
13 02
7 48

8 4B
B 95
g 3!
o 9
2 50

i
s

29
19
33
02
b4
17
34
7
3
0B
33
by
g2
17
g0

n
&

9E
h

i2

04
18

il B3 RS s A = B3 R e B G (ed B ORI ORY L BT S e R B3 ]

13

b7 14
74 94
6% 96
59 07
&% 3h
b5 b3
FARVAS
61 59
6% b8
6% 12
68 29
4% 25
b3 b2
70 40
68 b
7243
7233
&5 (8
5h 74
&9 25
ob o
5 ¢
4° g
70 32
12 E'J
6% 19
76 12
bb 8l
62 &
&0 25
59 3
3570
&1 49
67 [4]
o2 15
&4 2
41 61
&0 42
56 75
57 BE
bb 94
37 712
&1 77
5B 190
56 73
$ 18
B 50
47
59 13
a8 17
&7 10
56 82
& 09
fi4 48
g4 1"

66 92
b0 19
59 47
B 03

£ 97
64 78
& W
63 12
&3 13
t4 47
51 &%
AU
vy 17
59 9«

KR

&1 b
65 B
&4 su
63 48
67 G
£3 b8

bb 59
&7 10
bt 49
65 91
&3 B7
64 27
67 14
b& 717
b3 2b
b8 77
by 2!

63 26
by 33

-~

136



gul
fod
B(o
806
go7
B0y
B4y
8lo
B!
Bl2
g13
R4
K]
Bla
817
B1g
B19
820
g2l
B22
B23
g1
83z
833
B34
g5
Bob
277
p38
£38
B
pél
B42
a4
844
#as
Béb
847
BaB
Bsg
B5g
"ol
BS2

b
B&t
Ba2
B&3
BAd
B&S
Bob
B&7
biB
B4t
870
g7t

IF A30 FHR2ND Ci+E

IF A% FRZ00 C44B

IP A30 FRZ0u £4+48

IF B3¢ FRIvy (448

IP A30 FH200 (448

1P A30 FE200 £448

iP A3 FH20u C4+8

IP A7 FH2OG [4+6

IF B30 FHZ00 Ca+B

IF f30 FrZe0 (448

IP A3C FHI0O £4+8

IP &% FHLUG D448

1P A0 FH20G C4+B

1P 43¢ FRZvO CA+8

IF A3 FHZCO 448
IPAT0 FHPre CA+E

1P 830 FH20d C448

1P 330 FHZ0N {y+F

IP AZn FHZOM C44B

IP A70 FHZo0 C448

1P AT FHZ0N (4R

IP u §8 0 EWziv FHIGD
IP A 1B i EW21u FHT0
IF & 18 ~u EP2iu FHIFD
AR 50 EN2:0 FRISO
iP A §B 3u ELZIO FH!SA
Pou 1B 0 EW2I6 TS
IF A 18 70 210 FPEOD
IP A 1B 3u Eb210 FRISO
IF & I8 3¢ EU21G FHLTO
(FOA 1B Y0 ER21 FHLOC
IP & 18 6 Chi10 FRITO
1P A 18 3 CR210 FH'Su
IP A 18 "0 EW2L0 FRETO
IF A 18 36 EH210 FHISO0
1P & 18 %0 ENL10 FHLSO
IF A 18 70 L2100 FHISG
1P & 18 30 CH2IC FdlS0
IP A 18 30 ENZL FHESO
IP A 18 T ERZL0 FHISG
IP R 18 30 EWZI0 FHILE
IP A 1B %0 {K216 FHISO
1P A 1B 30 EW210 FH150
IF & 18 3w EH210 FREES
IFPH 30 FH250 £B+4 RAID
IFEH 30 FH.50 LB+4 RALD
IPBH 20 FHK250 C8+4 RALO
IPER 30 FH:5" CB+4 RAIC
IPEH 30 FH.SC (844 RAL0
IPEH "0 FH250 [u+d Ralu
IPEH 70 FH25Y (B+4 PALD
TPBR 30 TH2O0 CB+4 Naly
IPEH 30 FHZa0 {B+4 RALOD
IFBH 30 FHZhO CB+44 RALO
IFBH "0 FH25C (B4 heil

16 46
18 10
17 3b
ib 94
16 23
i7 19
16 51
20 41
18 57
1877
17 27
ip 43
18 41
17 16
13 32
1B v
18 14
1B 52
12 97
14 B9
1 &5
1437
{5 17
13 47
15 08
17 5¢
14 &8
15 93
15 58
15 44
13 42
ih 49
14 00
13 63
13 27
13 80
is 92
17 18
15 %3
14 47
14 0%

12 72

14 34
15 02
17 40
ib 48
14 &4
16 B3
15 41
15 29
13 77
16 89
io &8

8 33
34 18
3N
39 4
291

b
AR

vio10
2%
33

oo
cnorooon

"3
16
37
31
27
K
34
37 B0
20 b4
i 7y
th 92
478
38 83
2B 99
ARY
4 13
32 81
40 22
33 74
]
AL
&1
38
Y
90
3
03
97
S0
]
0y
57
a3
2
B2
(5

v N I &

-~
L4 LD Crd SO

o~ 3
whoon

=3 el T O

RN e Bt B = o = o B B B )

L B

[ SUI LI N BRI Y IR Y Y S T R S e B

_ 2 N P2

27 40
i
n 4
26 16
PR
25 B3
2B 53
2873

SB04VG2
5099247
05569904
0545468
RG(5177
E117408
RERTEIE
bURIEED
£{B94,5
6204534
ToR915A
097954,
£ 114307
LRI
Jud3298
5417E34
&125984%
BUboel]
ARIZTTR
§402.%C
3783641
194751
4716428
3419214
8710489
450582
4 177
4117721
4099952
70028
099"
ViR 251
0F35 64
2207672
rEpARTT
RTARS:TS
4119347
44100868
4275474
$u6359%
35PE696
BT
2014560
2182427
1413036
£153898
6917408
£504719
6776505
bblady?
5425399
ehHI4Z
b 74272
BE?TI35
b469089

FE
34
1\4
55
03
5
93

L
ke d

»3
ql“
3
fif

LI e B A
(=) o

o

en

Tm e dw L P T R Ol
N L B

b
43
45
in
4%
44
£
43
43
45
45
45
45
&4
1]
i3
&4
[
4
44
r7
89
&9
g
[o
B7
89
E7
B8
99
87

03
70
57
47
77
3
35
k]
&7
97
k4
50
39
9

N
~0

47
82

£
W

g
9
27
b1
30
2y
b
9%
14
42
L]
(B
91
12
Fa!
78
95
io
15
49
7%

L=
J

85
39
I
17
19
17
12

n
i

13
B4
[N

3
7

3

=

ERN S P I K 0 S I A e B R

EE R R R | 4N e

R 2 ~ e

4

o

B R R B B I o T B 200 R S R

b
12
02
il
1
0%
04
(7
b
Vg
]
29
s
08
o
0%
0&
ng
14
{¢
11

{5 3

4
04
£
uZ
01
05
08
0%
ng

07
16
07
4
05
N
00
10
07
i
08
14

01 3

23
03
97
95
92
04
02
98
48
04

{3
69
71'
5b
75
Lt
i2

2% 1%
59 48
b0 b3
60 92
al {0
ol (8
{2 48
af b
b1 32
59 /G
37

9% 78
60 24
38 %
b0 74
3% 30
&Y oo
57 14
a9F d
25 92
oh 23
67 72
Bt oy
bo BZ
bb +t
&0 4
hb 52
b6 Gu
bo 09
&7
&7 91
b7 Gu
bo t2
69 il
£5 84
bh 72
57 7%
&8 T
bo QU
bo T4
&4 04
65 19
b4 27
31 ub
51 94
5t M
2 18
o 4t
at 18
51 04
21 L7
a0 12
Ss 03
49 737

%4 04
43 49
93 &9
§3 48
93 85
¥l 21
93 QG
91
9t g
%4 42
93 51
92 19
92 01
94 11
9278
95 18
80 74
90 9§
¥0 By
R
93 &R
g2 1
Bt 78
84 42
85 ¢
gt 3b
By 8=
g5 ol
b5 2%
83 57
B3 9u
Q) 54
87 %
B7 &9
30z
Bo (R
b4 54
B8 70
B7 34
85 30
B3 ot
78 42
85 &7
B4 57
94 74
B3 19
95 72
9% 47
94 24
Y7 96
94 05
7510
B4 55
93 90

b2
b
b"(
b4
£4
bt
o5
b1
be
53
il
b
&4
6'!
bt
b
&4
s
o9
&0
b6
be
b
bi
&5
bu
b2
BI
N
£3
b4
by
b5
457
Y
b'!
b4
&7
L7
43
b2
a8
42
b1

c4
43
o4
B3
61
53
b2
b2
b3
bi

94
Al
f2
79
£

37
71
53

9

i

71
99

7
o

I3
Ld

?E

b4
39

2
=

57
97
57
04
4
24
pe

(=
e

82
&
15
g
43
g2
50
i3
24
23
a7

74

5
f

BT
52
18
74
25
57
15
43
83
42
5l
27

148
147
1R
{0
149
149
147
147
148
147
147
{rg
118
147
134
49
147
1a?
144
147
144
19
131
134
!

130
170
13
134
i
174
{3
13
131
0
130
10
{30
13
f*u
150
128
129
130
150
50
149
14%
{4
149
48
149
143
i1g
14y

72
34
50
D
i2
b
b1
74
I8
71
1%
31
y
ik
10
i
61
57
77
b2
7!
49
11
38
14
3
N
28
21
27
12
14
b
i0
Ia
&9
17
28
77
77
17
57
B4
i1
44
01
15
79
ib
28
52
i1
3B
43
59

& &9

2
o =l
oo

ki
o

34
16
3l
ba
a1
B3
89

[ 0 R A T I

I8
&d
19
b1
T4
77
b
01
24

e

(b}
73
g%
9
D 1

T

o
4
(g
80
HM
3
ad
)
it
44
27
bl
92
18
6l
12
4

1 6 Fe B e B = B Bl I e b RS L 3 RO RS RS Ll B2

e BRI o B3 P B Lo I B B3 M T BRI LY D P P

[
[
e

L 3
209
072
308
2 45
337
£ 4B
4 09

g3 12
P18l
BO 24
Bs 27
BO 49
B3 15
Ba 43
83 W
84 83
Bo 29
80 75
gz 87
gs 15
Bt 44

a8

Bb £a
81 44
B9 v
je 19
75 17
76 0b
PR
g0 79
FANA
&l 60
BY &7
8t 74
%75
g1 47
B) &4
75 09
74 40
7% 84
75 93
77 08
78 ub
82 97
gt G2
81 52
70 81

g 14
76 04
75 34
75
54 {4
57 62
38 06
54
57 74
59 08
o5 87
5B &B
56 71
57 03
o7 2%

17 56

72 B4
74 ol
2 )
13 22
14 53
70 79
RV
77 44
71 335

12 51
74 38
1o
LE
77 LY
72 h

69 b
70 8t
o8 B2
65 71
AR
58 17
71 %9
Jo 94
&9 98
4% B85
70 &E
PRI
In 7
A7 758
A
Wi 2
L8 47
6% 74
709
7:2

Y]
{9 A0
h9 B
ab Tth
68 99
&7 BY
41 ub
i1 %
4f 22
51 3
4 27
41 20
41 08
A1 3%
yl (44
41 78
&y Sh



872
gn
B74
B77
876
B?7
B7e
g7%
Bg0
881
882
B33
691
w92
893
894
LEH]
895
897
£98
BY?
9¢0
301
902
oot
204
Gy~
06
cny
92
509
910
91l
912
713
g

-y
-

23
924
8235
8%s
927
928
925
§3s
g3
932
933
834
935
94
LAY,
g
939

IPeH 30 FHZ50 CE+4 RATO
IPRH 30 FHeS0 B4 RALO

TPBH 3¢
IPFH 30
1PEH 30
IPEH 3¢
IPBH 30
IPuH 30
1Tv4 3
1FEH 30
1Pen 3u
IPEH R0
IF 8§ IF
Ir 9 IF
¥ % DF
P9 BF
1P 3 DF
Ir 9 BF
i
Py DF
I
{F 9 DF
ir 9 oF
IF 9 DF
IP 9 DF
IF 9 OF
e
IF 9 0F
P9 IF
IP g 8r
IP 9 bF
HEET
P9 U
P §DF
P 9Ok
IPu7™0
a0
IP &30
IF & 30
IF 1 30
FA 30
P 30
P a3
IP A3
P A3
IP N30
a3
IP & 30
1P s 30
1P A 30
1P A 30
IPpo
P A 30
1P A 30

FH/S0 CR+4 FALD
FH250 CB+% RALO
FHZ50 £B+4 RALD
FH250 CB+4 RATO
FHZ50 LE44 RAID
FHZSN LE+4 RALD
Fhzo0 {3+4 PALO
FH.30 CB+4 R 10
FH:3o [6+4 PALO
FPz50 CB+4 Rnld
HE [B44 RALO

vB CR+4 RAO

HE CR+4 R&10

HE CB+4 RAIO

AF [B4u Rpty

WE CB+5 RA'E

HE CREG Ragu

WE LB+ RAIO

B CH+4 dalv

Wy CB+4 Raio

L O+ riud

dB LB+ Rnic
HR C8+4 BALD
Wy CBe4 Ralo

de CB+4 RAGI0
B CB+4 PALD
b5 CB+4 RO
WP [D+4 RPLO

1B CB+4 KA
LD CB+E Paln

PP {842 Rty

bR Catd Fpto

UB Cutd Rulo

pe 33y

DF 13"

bP 3%

oe 373

P 33
pe 31
pp 3
br 333
DP 313
DF 733
bp 333
DP IR
OP 33
P33
hp 3
Dp 313
pP 3%
JIEEREW
bF .33

2]
4

Cd Ll L

30 IF A 30 DF 333

15
16
i3
14
1
14
15
ia
16
11
17
1¢
21
22
20
20
il
2t

"
L

22
ie
19
19
20
22
22
N
20
19
19

23
L

21
18
22
ib
21
26
21
24
22
20
24

.
36
2
23
23
P
27
27
28
£3
24
24
23

16
12
93
2
59
23
zh
79
11
08
31
78
4%
33
95
1'!'
25
81
16
32
04
48
al
1
2
94
45
73
BR
b3
b1
"R
23
7
85

"
+

11
43
73
10

ki
o

34
86
4z
23
%4
35
&%

{i4
7¢
77
42
27

24
29
24
23
25
24
&

[
f)

.B
b

H
?1

0
30
47
47
68
1%
It
47
&7
L]
a3
b2

0

48
i3
4]
77
-‘P
LN
3'2
W
81
47
70
0%
aB
65
1A
1%%
b

L7
3
2
g

12
14
2
67
21
29
71
ub
73
03
0o
po
&4
fiy
i
24
i
v
17
vé
&0
4
(s
o
94
(i}
06
Ve
g1

41

7
A
06
145
B2
1
78
ou

bé
89
Bl ]
i?
41
10

98
o0
ot
0o
b
47
42
7%

6312620
6484812
AEBESTA
5274804
B3v7062
L0689
64B5IER
5875741
652919
5707 53
6003204
455118

64E2TT
00120,
»2851 49
hZb0434
ESRZ7 10
DFTHI44
64574465
EETATuE
L508/17

o™ e
MY

EITTT0E
E2i0144
AL TV
67077 Th
t50397s
LUYRRS!
5310750
bE45503
5 1eiE
6010478
biG449R
KERLE RN
STI4NLT
ba54en12
RYBATYS
9748202
IERELY
LOLTRET
2100754
63297(9
e VHE L]
LoB4Ba4
ol 64378
0463347
Ti8s93n
£429724
b1 14550
6135690
&2994P8
b0EuSB1
9941885
h14B8457
SBA3SAL

g
&7
94
fg
B8
Bt
b5
G
LB
7
£7
by
{0
&
01
bl

-
u

i
(1
¥4
a9
Al
B0
ti1
bl
b
uf
sU
tl

L
ot

pL)
kY
2
3§
9
e
4
40
'
4G
40
£
40
T2
9
41
41
&0
40
40
A0
il
10

24
5%
42
33
B3
78
44
45

T
o

4
6
89
12
24

7
i

45
54
47

"
&

1
&0
43
15
2%
44
03
Bl
1h]
74
23
9%
83
%9
0
o
gk
21
42
g4
31
g0
vd
0g
"0
B4
78
71
87
&7
44
46
(g
oY
{3

3 9B
59
04
50
i
89
02
g0
{41

g
74
83
47
LB
47
50
£y
4

47
AL
45
43
2
43
o
kY]
82

[v]
L

A
4u
al
43
g

P R SN S R T SR U e T T Y R R PV e L

[ RN T I I~ B P PR PURE AR RV B I R P R e e e

~

ul

B R o R N Y R B S Y PN T P B Y 31 ~T O
[==4
-

(B

3
“R7
377
oh%
388
283
REH]
kM

Too
283

384
302
400
395
404
40
399
307
5073
7
35
403
Ayfi
39
'F]

07
M
503
~4g
k!
S8E
3%4
4{”
422
411
234
3y
B4
RN
381
3T
179
"By
374
SRS
355
379
178
381
35t
R
"RE
3BT
"83
<82

41
3%
98
Ul
94
71

-
o

1
17
47
B9
43
bo
18
93
53
b?
08
54
17
5
27
87
{

g
"4
19
B3

'8
U3
b
U4
7R

.
54
I
1
4
4
&
47
67

%
-

0B
g3
33
4B
Ei
61
ug
28
;]
w

48

51
20
|
ot
K10
a0
30
50
20
a0
4B
47
49
a0
49
50
30
59
43
a0
51
49
49
49
o
50
Y
50
49
49
50
30
49
47
48
b3
69
&7
65
)
£3
b8
68
£9
bo
6b
b4
&8
Ly
57
&7
b3
&7
b4
LY

56
6
23
59
b7
03
bt

byl
s

4/
5t
7i
89
b

48
18
&l
10

43
yf
g
79

M
(L

29
ih]
"l
2
1
71
G4
44
25
79
Al
16
174
20
"7
27
65
bb
99

97
42
92
97
0]
04
88
B3
53
44
Ou

94
%6
98
97
Bu
95
97
95
25
Q4
25
g
a7
By
G
u9
7]
BY
k]
2

‘g
Gu
96
i
gy
g1
89
B8
og

Q
ol
&9
&7
84
B4
B3
g%
B
Bi
B3
]
B3
g3
By
g2
B2
B
8
87

27

e
4b

[ 4
o

Ny
g2
12
0l
36
b
24
33
16
04
a4
19
59
a7
17

a
L

Bl
1
=T
53
7E

s
L

14
v
&b

£
o

"2
37
b
57
14
19
14

A
T

24
15
23

I

64 23
b2 94
b4 04
b4 53
b2 62
&2 08
ol 69
bt 34
67 43
62 b4
b0 78
59 Tu

59 Su

50 {n
a0 7O
&t 7

6l 22
e
a8 Jo
&0 57
62 71
oP iy
&0 Qu
3% 48
o} &0
ol o7
60 o7
&0 vé
3% 78
R ARY)

tu 45
38 %
35 .0
it 59
52 dn
36 27
54 28
54 bl
33 43
ol 5%
ub 98
ab 05
57 9%
St £2
5% 83
82 97
38 44
55 %
95 49
85 12
G4 21
9
35 28
52 24

149
e
(48
149
1o
149
150
150
a4
144
ag
145
141
142
142
141
14
142
[4s
142
147
il
147
141
142
1 \
142
143
142
14!
147
[ad
{10
14y
140
I
|29
129
128
127
120
1%
13
129
|29
129
{8
127
127
127
130
128
L7

0p
y7
&7
o7
[1F4
45
Ay
12
B2
24
2
=7
n2
77
pa
7
20
29
19
a0
14
el
31
52
15
154
93
07
55
4h
41
Vg
61
94

b

£7
a7
Ay
i&
24
U3
07
47
12
&5
52
70
10
2%
29
48
g3
79

128 53

128

04

8 "B
/B2
6 33
g 02
b %2

o o~
[T o= I =i~ S X R T = S I A - o
ted m EA o~ £ LA 0 Ry —

=3
~0

{12

L2l

Bt S = B 0 S P 0 B = B L T O T v R o B 2 M Y s T - = R L R R 2 s B 0 Bt B S L B = = L= =
1~ 1 =0 H O~ O B = =} —_ . o =~ o
o o KN ED O~ e F I - B e B A T s = -

o ~d
[ sl -1 i SN B el
- —3 I 3

o
Lol
=

[ ]

e L o B 4
SE I = B S T < - I 5

*

[
PO R

3

-

o O~ O~ D0 Tm - O O o O el ~d
g
L&)

~a
[

Doem RO T4 11 BR3P O ORI R €l R e B Ged B3 B P ted 2= Ged Gl R b B3 ol L B3 R G R3 R3
] =
-~ = i

I
=
-

—_ e e
R o T §
(g
~0

10 54
12 83
17 02
10 82
11 8
12 61
13 70
13 b
14 04
12 01
13 0t
1101
14 90
ir 21
13 00
15 38
1173

Ln 1 o1 oh
- 4 =i

RE]
33
o
a7
5t
937
37
a4
57
bb
58
&7
6%
87
70
6%
&7
63
87

&7 3

n

oY
6%
bb

70
7

123

1
25
i
b3
g
29
21
B3
78

1
o

.
14
16
U4

&0
7
b
of
41
w7
70
Eg
73

t)

i“

31

v

3l

by 13

&R
&7
5

12
71.!

7
i7

C
o

7%
?‘1
71
74
b9
L1
73
7
1
1
7l
75
74
74

44
14
43
&2
ol
13
%
27
Bo
14
3
G4
Fu
ud
£8
B3
"o
14
14
%4
1]
]
17
32

41
4
4]
42
44
41
&}
LIy
44
40
A
&0
i
59
58
29
it
59
a8
39
b4

a9
Lo
5"]

3
53
le
i9
B7
U6
Gy
a7
91
7
60
b
0
22
bk
32
3%
{t
2{.
b4
07
B9

il

23
ta
b1
32

o8 e

5§
EG
&
58

C
J

G
b2
L4
&4
o3
{3
bi
63

=4
o

&b
53
67
LY
th
G4
b4
od
t3

64

A
bl

bt

70
L6
78
i
g2
1l
11
Ph
40
49
23

33

2
o

12
12
a1
to
45
3b
44
44
|
28
Y4
24
70



s

FLY!
(LY
943
cl
o
to
c4
3
th
7
g
£g
£l0
ot
W12
cid
cl4
£1d
tls
ri?
ciB
cl¥
e 20
£l
£22
£t
g
£
23
cd
43
e
a7
a8
49
¢10
411
gi?
diz
g4
815
clh
di7
ciB
g1e
di
d24
0’2
623
el
el
03
ed
3
gh

1P A 30 DP O30

P AN B3N]

1P A 30 DF 373

IP A 30 FE M-V
P A 30 HE Y-, 11
I A 30 HE V-¥1
IF & 30 HE Y-VI1
I A 30 HE ¥ VI
IP f 38 HE Y-Y1]
IP A& 30 Pe V-V
IF n 3¢ HD ¥-¥1I
F A S0 RhE V-1
IF & 30 HE Y-Y11
Ir 476 LE ¥-VII
PR 30 hE WY1
IP A IE V-V
P A0 M V-VIT
IP A 30 RF Y VIS
IP & 3¢ HE ¥-y7i
IP B 70 Bl V Vi
P A 30 NE Vv-YIT
Ir & 0 KE V-V11
TF A 30 HO =411
IF R0 M vV
IF A ot U=yl
IF & 30 BC ¥-Vii
IP 4 18 0 hEE-2
1P w18 "0 HEL-2
IP A 18 Tv HEL-Z
' w 1B %W HES-2
IF B 18 v HLe-2
IF A 1B 30 HEA-Z
IF A 1P 3¢ HEL-2
1P & IR ™ 1E4-2
1P 4 1B 3 tFh-2
IF & I8 70 HES-2
IP A 1S 0 HEG-2
I8 (B YW MEb-2
IP & 18 ™o HE&-2
IP A 1B 30 HL&-2
1P A8 w Eu-2
1P A OB R Heb-2
IF A 1B 30 MRé-2
1 A 18 ¢ HEL-2
IP A 18 X0 HEu-2
IP & 18 0 MIb-2
IP & 1B 0 HE&-2
1P & 1B 30 heb-2
IP o 18 30 HE4-2

FUFE
PURE
FURE
PURE
PlwE
PURE
PURE
PURE
ik
PURE
FukE
FURL
PURE
PURE
FLRL
PUFE
Purt
PUrE
FURE
FURE
PURE
FURE
FLPE

IP A S0 OF 333 R+l

1P 4 30 0F

I3 U

IF 4 30 OF 333 Wl
IP A 30 OF 337 WK
IP A 30 07 63 ul
1P A L0 OF 3TF k4

1472 23 8t
25 40 the

12 24
1¢ 57
10 48
130
11 &t
i€ 97
8 %
§ 4]
10 B0
IS}
197
9 71
bg2
8 51
5 8%
AR Y.
2 bb
IR
1073
Y
10 09
B 70
g 3
1018
19 72
14 32
13 o4
13
15 45
i3 24
13 ué
{4 7b
i4 14
13 9%
15 74
14 75
{7 17
16 13
15 07
14 4%
{6 13
16 5
13 96
15 48
1149
{372
L)
2% 10
21 62
25 41
2t 42
75§38

-

23 39

21
27
2/
38
33
3
4
18
25
33
15
19
oF
16

7
i5

!
0
21
iB
20
16
M

T
L

Y

[ R |
— -

n

2t o d d R G

Lo MY e B e el Ced el 4 = sl
(S« BN o B e L T R N R B - T N B S B = A o 2 e B * )

o I =l
o =i

5
¥
I
n®

£
vh
L3
28
(4
42
44
70
o
83
17
n?
97
£9
4{i
Fu
15
29
W2
V3
5:
4a
s
ub
4
73
b
28
0
b3
27
44
21
45
08
71
19
b5
+8
89
b2
04
cB
59
24
45
o4
36
74
10
1
&0

B
i

34

5207489
2162800
MALYY
2100445
2092189
2679444
79404
Z11481B
2Tui039
£A97457
2583640
256974
2075785
PN
L1108
2104724
127571
{huts3B
799886
050748
2047140
NEeNTY
2345817
29111
7404174
+14772
4497643
G17Lgt
671694
Ty 8T4]
"IR126E
04
F054027
3907599
S A4
4109587

f1224
AULTFI25
£%43289
£7 500
BBLZSS
4{97472
56,5978
4270(27
3913088
4443979
T41398%
IVEW!
1923474
ol 2i908
buigs97
6200107
Jaasl29
6613737
\15Jl I”?'JQ

0
50
g
g
9
3
it
3
;|
o8
18
g
g
8

m

58

8
™7
i
AL

i
"8

i

8
4
il

~

4

32
42

73
4

42

s
L

43
§3
12

"
L

1
43
47
a2
43
43
42
43
4}
§1

41
A}

44
44
41
4

01
]
o4
45
£D
5
b
30

18
14

1 ed el K £ Cd g M A

EIE L B R R B S i St R S P S Y s T |

4

i Lt

I I B RV R S i O . B B P S R B

71
14
20
5
27
A
8
53
23
17
24
0
48
L0
i
24
28
18
24
£
i4
14
g
W
1t
18

T 08

1t
2
fa
15
i3
17
14
13

11

-
4

14
13
14
i
2
"2
o~
10
(s
03
09

347

410
§7%
428
425
4.7
LY S
433
522
41g
430
147
§7h
161

s~

424
457
418
434
£19
47|
"85
"R4
330
393
380
384
350
3R5
ig@
"¥3
281
3
391
307

94
"B
367
"g4
397
oR7
397
419
410
87
188
383
382
g2
395

l'{
a7
a1
™1
A
ot
77
89
95
73
94
£9
£5
71
24
9%

1
(
7
39
gn
b
i}
¢l
(l_
/b
15
it
71
99
Y4
7
b
g9
19
i
77
55
oh
26
77
“b
28
brl
&4
B4
4%
23
&2
g9
"B
i

64
£2
0¥
12
76

£

i
44
5
A3
1
12
02
L5
X
B3

4
0d
05
Th
1Y
16
17
79
i

4
o

07
4F

)
i

13
71
8
%

/
87

[
ol

]
L

o
I

L7
94
3
33
15
9
il
B7
B2
24
95
19
64
25
h
o4
07
28
54
8
8s
vy

62
B4
5

12
75
£8
74
¢
12
74
12
74
71
13
75
&8
59
71

c
o

73
79
7
72
59
72
B7
44
B3
B2
fa
B4
B3
]
BS
87
31
B3
B\J
BZ
a3
82
B
8k
B3
79
80
i1
B4
89
B4
g2
82
b3

iz
02
74
bE
19
83
54
"8

T
[+

30
21
75
gg
4h
74
7%
22
1y
42
5ib
"8
(]
83
46
36
47
b9
51
12
-5
L9
b
21
2h
Y
7!
32
M,
uz
o0

=)
=

g2
36
80
o8
2N
7
1%
&5
i8
39
g
4

B8

92,

al
47
ol
54
ol
54
51
a9
53
ST
52
¥4
Y4
a4
52
31
54
57
58
h2
52
Sa
59
5
o
&
at
L0
al
39
a7
]
&0
&1
41
ag
L0
60
hi
b1
57
62
ufl

s
L

53
a6
a7
55
58
58
59
LS
;!
bl

91 1

22
2
12
bk
=2
43
21
fo
28
1z
8¢
L9
15
15

L
o

40
LTS
h]
i
52
07

Z
L7
&2
2
&4
b5
23
4,

3

98
50
8

Io

Iy

gi

[v]
o

45
69
77
9
93

[
N

3]

£]

A
L

il
87
95
51
It
14
50
83

uy

o8

3
2
33
34
it
af

34y

[
o

34

E
J

62
14

Ul
b4

~ 1
B T SN I R |

3

=1
.

P
gy

I o I s B e e B v S SV U oo IS B = o SR+ B SR R SR SR+ S = S & T 1= B I o N T = o o e SRS o LB e T el oAl =+ « S v o R |
e -
) (]

oo~ D
[ = e s

~J 5
— ]
o 1

759
587
6 1%

& 90
5
]
0%
78
39
g
18
4.
i

o

F R SV & I - S - SR O )

A -y

LA I R e LT N U o B B I T el PP B B L i e S B o )

s

4

—d

wd 1 — s b3 LN

Ld &3 e rY A P w0 B2 B e b

13 82
15 47

38
(9
70
28
37
il
47
5
{1
40

&7
b2
¢l

n
i

49
11
45
t3
75
57
2y
&6
M
54

n
91
19
Ut
97
14
55
05
B0
32
23
L2
bé

4
a2
12
13
o
23
1%
47

o 0f
5 38
g 70
s 04
295

71
70
&7
Bo
il
Bq
ge
]
19
B8z
#1

o
-

15
Bs
g7
1B
7%
17
i
87
g4
Ik}
B}
77
70
7k
BB
g
g1
B!
1
83
87
BT
i}
87
g4
B4
8B
Bf
8l

L
o

89

|4
ot

M
87

1
i

7%
13
73
7B

E]

Al
17
83
87

a2
)
T
18
{7
77
74
B
o8
]
On
g
i
7

1h

J
ks

b4
(B
9
Ty
13
26
N
=
7

"
o7
14
g1
7%
71

82

B7
]
67
14

ol
95

0%
ol
34
99

Ed
o

a0
]
42
Ii]

"
i

o4
64
Io

62

70

{9
71
it
h
71
R
it
74
72
13
b7
67
th
&7
65
66
b
67

U\

97
45
22
B3
30
i
L
2
(5

a2

>
“

"7
12
76
Bt
BR
24
ul
g2

42

n
L

&1
o

vl
20

U
4

[e)

——
[ I

A

<

et ]
W

£n RN L7 < 01 G g
- N3 Ll EN - -0 ke

en

<l r
]

Ry o~ o
B s

&4
&5
32
b4
b
15
4
72
3



el
e8
eY
elf
el
el2
el?
el
el5
elb
si7
=iB
el
p20
g2t
el
£21
£
¥
13
14
15
ft
{1
ig
9
0
11
{1z
11
14
1=
fie
$#17
{18

IF & 30 OF 373 Hel
12 A 30 OF 333 Hell
IP & 30 OF 373 HeY
1P w30 05 333 HsR
IF & 30 OF 33% b+
IP A 30 OF Suo Be¥
IP & 3¢ OF 333 Wl
P4 30 OF 333 H4H
IP R 30 07 333 #4
IP # 30 0F 333 Ul
IP & 3G OF 333 WM
Ii &30 OF 33 Ws¥
iP A S0 OF 333 B
1P A 30 OF 733 Bed
iF A 30 GF 375 W4
1P 4 70 OF 333 B+
IF 4 30 GF °73 vl
IF A HEo 2 T 337%+H

P A PEb-2 § J77htH
IP w HES-2 0 "TiH+H
IF n HEs-?

G 37H4H
1P A HEG-2 D 77 piw
TP 4 HEf-2 D 3T,
P4 KEb-2 0 37H4Y
IF A MEA-7 O 33 WK
IP A BEG-2 0 23 i
IF & BEa~2 0 O JH+l
P& HCA-2 0 of 44
P RMEL-2 0 37T
IP n PES-2 € 3THY
TR OKEE 2 D 33IU+N
IP A HEA-Z G 3aTpel
1P R HEA- O 33UW+h

IF n HEG-2 O 7334
A HES-2 [ 3VHHE

$19 17 A MES-Z 0 333G

e

1P p MES-2 0 377N

£21 1P A NE6-2 0 3T+
122 Ir n HEG-2 0 T%3H+
£23 1P A HE6-2 G 333H+H

21
2t
P

22
77

il

23

£

[0 L Y SN R PN R R L Y = I |

[ e B T T I e S Lt ]

[#]

e 3R
[, BN

~J ka
= L~

Lo A s B % R N
> ia Lh BN M

30
3
19
3
L3

47
30
18
|
o
98
al
)

o]
L

Eg
1
42
52
30
a2
3i
5%
21
62

7T
Lt

44
75

o7

a8
73
31
19
83
39
12
49
30
71
q0
78
53
7
10

55
41
IK]
51

[
of

gu
£y
17

b
B
9
2

8o
I8

I

t0
71
PR
73
80
75
45

{16

bh
Hé
82
/4
58
17
b7
it
&l

¢
38

0
B4
3

b
53
81

ki
]

5l
75
7"

[
oJ

29
00
fv
6'!
55
§2

"
¥

22
i
St
9
57
i
Bh
i7
18
09
i
t6
72
97
LY
3]
27
S
47
B2
00
53
00
10
13

5209161
2309330
o922451
1578240
Sh00391
6964780
S641953
H312503
F505069
H06iRTT
5401974
be21584
9713434
bivh247
LRESTEA
4402977
2082197
La2lzu%
nleBs 7
LTyud79
£3B54s1
601421
£159000
HR4 8401
RENLE
ERTALY
7144008
Tu41438
59.9149
b I83)R
4514480
6872728
6833099
n347883
TiZoves
£915452
b397896
5314847
R-LEET)
157917

4
40
a0
&G
11
41
G

H
40
]
1]
il
4]
N

s
o

i
40

4t
5t
i
32
4l
!
42
42
41
!
R
L}

2
42

41
42
&l
40
31
0

79
99
11
17
14
2%
a3
b
i%
g1
fig
"9
34
05
18
19

n
L

3

6o
67
78
95
44
1%
34
58
g
b4
11
/3
5h
97

n
&

40
B4
34
37
i3

40

n
L

[4FY S B L T R e R A I B 2 R IR S R P BT B R B 2 BN R e

et T4 ]

<

4+

ol L a LA ed O

04
14
04
2
10
09
0%
14
01
it
(7
14
(7

o~

03
21
1+

n
i

13
11
i3
i
ib
e
1
12
47

.
15
(
{1
07
14
Ly
09
11

9
L

4

388
389
REN
388
352
383
384
91
!
391
37,
3¢y
35
B9
vh
193
408
o
39y
398
EE
30
7L£]
L
v
N
\JB‘)
RE
-9

9B
-]
o4
B9
6
29
B
03
79
W
\JR
4
ih
g2

g2
03

pLpv]

i

+2

19
8%
79
An
5
56
N
ol
o7
ng
Gy

12

y A2

"‘18{!
203
M
381
~45
388
8
404
51
§12

o
o9
Vil
44
by
53
82
97
&9
42

2!
70
12
"

"
L

71
&9
7
72
10
7e
74
7t
T4
¢
67
45
63
ba
ot
b4

[
o

&4
(%]
b4
bo
55
AR
&b
55
&3
6\J
6l
64
6:‘
bh
b4
&0
el
a8

w4
25
o
]
14
4b
18
82
17
3!
Ju
03
9
H
48
91
40
2
2!
g

17
4

13
B4
54
70
1
oY
Le
/7
fu
T
12
&3
95
B7
i
1

B84
i1
&
19
B4
85
B
83
24
gl
1

i+
i)

B4
81
82
g?
[
B
B!
B4
g4
B4
B
L3
By
B3
85
u7
e
]

L

83
bo

=
o

B4
87
B4
#
i
Bu

57
5¢
17
23
02
%
7
11
&
27
1b
17
<1
i7
B
17
3
35
g?
8%
LY
21
EL

r
5
44

=
I

Bi
By
45
0

-

0

i
[

¥
4R
#e
&b
Uz
S

o8
a8
5%
a7
99
a9
36

[
J

2y
37
58
¥4
58
58
96
i)

[
o

56
57
¥

T
J

5

[l 8
id

cC
o

o4
L)
bb
57
57
5t
bl
57
o
5t
56
58

[~
o

20
Y3
45

&4
i3
%4
§7

2
36
74
1§
o
B7
&1
19
13
27

3¢
-
o

"7

74

pul

02

Ou

a4

[ u)

-

o
s
14
ve
12

]
£

=
[l

77
7l
04
33
23

71
24
20

117 74
173 91
1019
113 0§
2 719
131 39
175 59
iR
72 0
133 56
135 40
{32 84
132 it
{74 4y
173 tn
132 26
pry e
13 2o
130 54
111 30
Ly g
19 73
172 47
12378
§30 54
72§
129 5§
129 96
131 47
I 93
129 73
130 ge¢
TSR L)
129 00
{31 Bl
130 05
13 37
123 48
129 5%
178 &9

Do 4 A
oL e .

+a

[l = A B o B+ i = « B o, BRI R T L L R St B oo B B Y . ]
—
[0 S R T G 3 I - N~ S N - TR L .o S ~ SO o T ol B o o R o SO B B WOV S v o oy O V6. (R = R o (O o N 0 N G 5 B0 I 2 W I = T B B R ]
O P o= A ) e O O -0
N A e =AY . T = R Y o]

<

D R PO < N S S R R

L B PV S s B ol g N & g
o

14
8
51
74
74
7?
16
7b
7t

o

17

n
i

75
23
3

73
5%
Bt
g7
a3
85
80
21
]
g2
g4
kg
48
By
83
E4

g4
g
g8
g3
E4
gn
1
78

139

8
"9
vd
74
35
%)
i3
Bh
26
74

72

T
47
]
39
24
51

-

4

5
o

7
"6
bt
T3
92
15
B
b4
7y
&b
Hu
74
&2
¢h
Vi
28
2{1
8
17
O\J

ol o4
&/ 3
t¥ 22
£7 3

67 74
b5 41
67 89

YT
¢8 56
70 75
ol 4B
£8 12
55 17
63 41
nl B2
55 81
57 92
bb 57
b4 35
65 (2
k5 7°
b& 94
84 Ju
bh 94
p" 7
bt O
bo 3%
£S 78
63 Tu
oh 9

68 1%

b3 67
o] Ib
vh 79
bl Zo
4% B3
"8 53



EASET

EAa/ET

FlGuRl A1 EvaPoRANSPIRATION RAio ar (AR mMAGUA

1674

1 00 —

050 —

080 -

D70 -

060 —

057 -

040 -

010—\—,/\

- \

1

L2302 a2 T L T L S A ML I ST L A R MBI SRS ANN LA NERL

7 13 19 25 31 37 43 49 55 &1 &7 73
FENTAD

1975

100 -

0230

080

070 —

060 -

G50 —

o400 ~

030 —

020 ~

AN

JLIBLIN T U DS B A T B LN L - I et L T A 0 T D A M BN T e B
7 13 18 25 31 57 43 45 55 51 67 73

FENTAD

I o



EASET

EA/ET

te7rc

100 —
090 - !
0830 o

070 -

Q40 AL IS A Bt LN B e (A S A L 00 I R I S M S B S L N B Bt

1 7 13 19 25 3 X7 43 +9 55 ) 57 73

PPENTAD

1977

100 — o
090 -
080 -

o070 ~

\\._._/v_
ODO"WW!ITTIII!!'lll!l|11Tll|11(l|ll\511!iilit[r]l!‘i‘rll1l—[lirll

i 7 13 9 26 31 37 43 49 £5 &1 67 73

PENTAD

oy



EA/ET

EA/ET

1978

100 -
o 90 - I

0 80 — V

0 0o SN T 20 A T e I L L T A L L O U 0 B S L (R L T L SR LI O LML B LA LB ML I

4 7 13 15 z5 31 37 43 49 55 61 57 75

PENTAD

1979

100 — ~

090 —
080 —
070
060 —
050 —
04D —
l.'.'liSC)-J
020

010 1\

OQD (LI NS I IO S AL L NN LN BN M S L I L LML A B B LI AL AL LD BN I

1 7 13 15 25 31 57 43 49 05 61 67 73

PENTAD

4t



EAET

EA/ET

1980

1 oo - s

090 —

Q80 —

070

050 —

DDO llllll|l|1‘l'lll|T|’]|1]|l!lllilll!|ll]lIT]|’I“II‘II|il|||I“[]I‘Y1ﬁ_|'l'_1_|_‘_

1 7 13 19 25 31 37
PENTAD

te gt

43 49 &5 61 G7

73

100
090
080 -
0704
0 60
050 -
040 -
0 30
020

010 —

ODO BRI NN L I L ST I L A L L B S B R B B O B N B L B L L T A

1 7 13 19 25 3 37
PENTAD

43 49 55 61 &7

73

43



EA/ET

EA/ET

1982
100 -
090 -
080 -
070
06O -
050
040 —
0 30 —
020 —
0iD -~
L e o e I L e L L L I B L B R S L S I LR
1 7 13 19 25 31 37 43 49 &5 51 57 73
PENTAD
19853

100 -

090 ~
0 80
070 -
06D ~
0 50 ~
0 40 —
6 30 -
0 20

D1DJ

oo

|

1

LRSI NL N L Rk i L S 0 TN A N L L e L L LA Mt A S A A N IO N D R 0 BN BN B

7 13 19 25 31 X7 43 45 &5 &1 67 7%
PENTAD

g



EA/ET

EA/ET

100

050

G 80

070

060

D50

040

030

G20

010

D oo

1984

]

-

"k

B T LT A 1 RN 0 A A N S e 2 e [N N Lt 00 N I I O S L S L L
1 7 13 19 25 31 57 43 49 55 G1 &7 73
PENTAD
1985
R B B L L LI AL A L L L 20 (L R e e B L 0 O B e
1 7 13 19 % 3 37 435 43 55 &1 67 73

PENTAD

144"



b

FIGURE 43 NERWAL PROBABILITY PLOTS, TREATHENT Ti

EXFECTED
value
rh e —— e e et P o o e +1
2+ i +
f !
I I I
| t !
1+ § +
i t |
} ¢ i |
! [ !
¢ 4 2 1 +
| Bl f
| i ;
I L i
-1+ i +
! 1 I
! I
! ! {
-2+ +
| I
I |
B mniatbe e Formmm e e o e +
i 2 3 4 3
INTERNAL RATE 0OF RETURN, /
CXPECTED
VALUE
rt-=——— frm e Hoe e R s o e +4
2+ I t
! !
I £ I
l i |
i+ i i +
I I !
| i !
| L} I
¢+ 2 i 4
1 ii !
! I
I L t
-1 | s
I i ]
| |
I ! I
..2 +_ +
( !
! |
et o e e e {mmmme e R ~+4

200000 300000 400000 500000 500000 700600 800009
HET REVENUE, $



4>

U P T RO A YOS S g

-~ -
-+ ~ N
t [
! !
1 i
! i
| o - i
! {
i i
! i
1 == |
1 |
I t
14 1
t ]
l I
e ] - —
| I =
1 - !
H |
t I
[ i
I i
| |
] |
i |
1 |
1 |
! ;
] I
1 !
—t way  an -
i L [
I i
f a !
t = i
!
| !
1 er ]
| |
1 (o} |
t e |
1 - 1
_ 1
i ¢
t [ t
-~ -4 o
3 [ o]
! i
! == —
1 = i
1 i
i |
| - |
{ i
| !
| I
1 = !
1 [
i t
| t
— == 23
b — e e b e e e — o — — e - — =)
o4 — L) -4 o™~
) §
=]
L
—
ol
L =3
oo
s
Ll >

FRODUCTION, KG/AU/YR

EXPECTED
VALUE

T B ISt U SRS

4
!
I
I
+
l
|
!
I
|
i
!
+
I
]
i
i
!
I

¥
[
|
t
}
!
!
i
}
!
l
I
-
t
l
:
+
!
!

2
1
0

-1

-2

S S SRS JUSS OO

28

38 38

34

2
S5ALES, B/AU/YR

-
-

30



CUMULATIVE PROBABILITY

CUMULATIVE PROBABILITY

10

09

08

a7

(0.3

D5

04

03

02

o1

0o

10

o0&

o8

o7

06

05

o4

o3

02

01

oo

4R
FlGunr A3

PURE SAVANNA SYSTEM, 21 REPLICATES

INTEPNAL RATE OF RETURN

|
1: N ; ] 2I4 [ 2E8 ‘ 3'2 I .';G r 4:- | 4l4 ) 48
IRR %
PURE SAVANNA SYSTEM, 21 REPLICATES
NET REVEINUE PESCS -
|
200 o 4(1)0 l ell)D ' 800

{Thousands)
NCT REVENUE ¢



CUMULATIVE PROBABILITY

CUMULATIVE PROBABILITYT

W44

PURE SAVANNA SYSTEM, 21 REPLICATES

PRODUCTION KG/AU/YEAR

06

o8

g7 —

08—

05 -

04 -

03 -

02

01 -

oo et 1 1 1 1 ¥ Ll T

KG/AL/YR

PURE SAVANNA SYSTEM, 21 REPLICATES

SALES KG/AU/YR

09 ~

08 -
07
06
05
04 -
03~
02—

0t 4

co —&— T Y T T T T

y



CUMULATIVE FPROBABILITYT

CUMULATIVE PROBABILITY

FIGURE  Ag o
IMPROVED PASTURE SYSTEM, 21 REPLICATES

T2 INTERNAL RATE OF RETURN
10 )

09
08
07
06 -
D8 -
04 -
0%~
02 -

01— )a/

00 ~—O—5 7 T T ¥ T 7 T T
7 9 11 13 15 17

IRR %

IMPROVED PASTURE SYSTEM, 21 REPLICATES

TZ NET REVENUE

10 .

09 —

o8B -

07

06

05—

04

03 -

02—

01 -

0o T T T T T T T T 77
253 25 27 29 31 33 35 37 39 41
(Mihans
HEY REVENUE



CUMULATIVE FROBABILTY

CUMULATIVE PROBABILITY

IMPROVED PASTURE SYSTEM, 21 REPLICATES

T2 PROLUCTON

{0

08 -

a6~

07

06

05 -

04 -

03—

02~

o1~

ag = T T T T T T i
70 72 74 76 78

Ka /AL/YR

IMPROVED PASTURE SYSTEM, 21 REPLICATES

T2 GALES PER ARNULM
10 £

09
06
07—
06
05 —
04 ~
03—
02—
N —/

g0 - T T T T i 1 T T ! T 1
74 76 78 80 82 B84 88

SMLS KG/AU/YR



CUMULATIVE PROBABILITY

CUMULATIVE PROBABILITY

FIGURE A o
TREATMENT T16, 21 REPLICATES

INTERNAL RATE OF RETURN

10
09 -~
o8

_1
07
06
05 -
04

03 -

21 23 5 27 sl 3

TREATMENT T16, 21 REPLICATES

NET REVENLUE

10

09 -

08 -

07 —

06

06

04 -

G3

02~

a1 -

oo

n

57 69 G1 63 65 67 6% 71
(Mihons
HET REVENUE



CUMULATIVE PROBABILITY

CUMULATIVE PROBABILITY

13

TREATMENT T16, 21 REPLICATES

PRODUCTION PER ANNUM

oo = Y T ] T T T
&0 62 G4 66 63

KG/AU/YR

TREATMENT T16, 21 REPLICATES

SALES PER AMNUM

a9 —

0B -

07

D& -

05 H

o4

KG /AU/YR



NET CASH FLOW PESQOS
(Millons) (Miifona)

NET CASH FLOW PESOS

FIGURE Ab
CUMULATIVE CASHFLOW OVER 18 YEARS

SAVANNA AND [MPROVED PASTURE SYSTEMS

J oo
260 -
ZDDT
1.50 —
100 —

0 52

ooD

~0 50

-1 00 -

—1 60

CUMULATIVE CASHFLOW OVER 18 YEARS

SAVARNA AND IMPROVED PASTURE SYSTEMS

7 00
600
501:1-J
400 -
300
200 -
1 00 ~

oo

T10

-1 00 -

-z Qo

1474



{Miilona)

NET CASH FLOW PESOS

NET CGaSH FLOW FESOS
(Mufiona)

CUMULATIVE CASHFLOW OVER 18 YEARS

SAVANKA AND IMPROVED PASTURE SYSTEMG

6.00
800 -
4oo-j
300 -
200 -

1 00

T12

000

-1 00 -

SAVANKNA

-2 00

MONTH

120

160

CUMULATIVE CASHFLOW OVER 18 YEARS

SAVANNA AND IMPROVED PASTURE SYSTEMS

200

700

6 00 —

600

400

300

200

ten ~

Ti8

0 oo

~1 00 -f

SAVANKA

—200

HONTH

120

160

200

13



NET CaSH FLOW PESOS

NET CASH FLOW PESOS

Milflons)

(MitMena)

F16URC AR
YEARLY CASHFLOW OVER 18 YEARS

SAVANNA AND IMPROVED PASTURE SYSTEMS

14
12
10~
08 ~
06 -

04—

3
L =

VI P g

/ A5

' L L] j LI ¥ ] T L [ Ll Li ' T L ‘
3 6 o 12 15 18

R
Eﬁguwnoven PASTURE T2

YEARLY CASHFLOW OVER 18 YEARS

SAVANNA AND 1UPROVED PASTURE SYSTEMS

30

25 ~

20

15 -

10

L Ll

2

IS SN

—-10

%Jhﬂﬁﬁﬂﬁ%ﬁﬂﬂﬁﬁﬁﬁg

i VP



(Mlilona)

NET CASH FLOW PEZOS
(Milllona)

NET CASH FLOW PESOS

T2

YEARLY CASHFLOW OVER 18 YEARS

SAVANNA AND IMPROVED PASTURE SYSTEMS

16
14
12
o
08
06 -
04
02

ao

-2

L
TS SN N SN NN

04

—06 -

08 -

-0

L Ll

(=)

\_E ) KJ N B
B ¥ 1 1 ¥ T ¥
3 6 ) 12 15 18
YEAR
SAVANRA T1 KX TREATMENT T12

YEARLY CASHFLOW OVER 18 YEARS

SAVANNA AND IMPROVED PASTURE SYSTEMS




HET CASHFLOW S(SPESOS
(Thouaands) (Thouaands)

NEY CASHFLOW (PESOS

AVERAGE MONTHLY CASHFLOW OVER 18 YEARS

FIGoRT AR

SAVANNA AND |UPROVED PASTURE SYSTEMS

240
220
mo —
180 —
180 —
140 -
120
100

60

&0-1

20

~-20
—-40

—B80 —

e

160

AVERAGE MONTHLY CASHFLOW OVER 18 YEARS

v
1 2

7] SAVANNA TH

wmmguuw LS N I 728 BN 2 N
LB T t ) 1 ¥
3 4 5 6 7 8

¥ 1 T
2 10 11

NN TREATMENT T2

SAVANNA AND IMPROVED PASTURE SYSTEMS

T
12

400
350
300
260 —
200 -
150 ~
100 -
60 —

s}

h

100

k) 1 ¥

T
1 2 3 4

7] savanma 11

T T T T T T T
-] 8 8 10 11

6 7
0
TREATMENT T10

T
12

%4



(Theusanda)

NET CASHFLOW (PESOS
(Thounanda)

NET CASHFLOW (PESOS

AVERAGE MONTHLY CASHFLOW OVER 18 YEARS

SAVANNA AND IMPROVED PASTURE SYSTEMS
240

220
0

180 -
160 —
140
120 —
120 —
80 —
60 —
4D =
20 -

0

< | R]
|74 B VA | 2] 121 73 ] | P Z]
—20 -~
—~40 -
60

—80 | 1 T 1 T T T T AJ 1 L] i

NN
L

..
N
w
FN
o

6
¥0
771 SAvANNA T1 TREATHMENT T12

AVERAGE MONTHLY CASHFLOW OVER 18 YEARS

SAVANNA AND IMPROVED PASTURE SYSTEMS
300

QSOW

200 -

150 —
100 -
50 —
AN AN e B o~ B

7 | 7ou BV 74 I [ " 1 ram) — g g
T ) ]

T T T T T
1 2 3 4 5

-
wl

8 9 10 11 12

6 7
¥0
7] SAvANNA Tt TREATMENT T18



