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Summary 

Experieentation with a computer-based simulation model of the extensive 

beef operations found in the savannas of ColoQbia is described. The ~odel 

Has outlined in another document. The experimentation considered consists 

of the following: a brief survey of validatíon work and sensitívity 

~nalysis carried out for the original beef model at Reading University, a 

description of the validation work carried out in Colombia to adapt it to 

local conditions, description and reiults of further $ensitivity analysi1 

of interest, and the experir~enta.l progra11 _proper. This is in b•o parts: a 

description of initial work with a large number of possible management 

strategies, and the results of crude risk analysis 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 de5cribes the experiaentation work carried out with the beef 

aodel RUSMOB. User notes and a description of the •odel aay be found 

elsewhere <Thornton 1 1987). The structure of these notes is as follows: 

-a brief · overview of the original validation work carried out by Kahn 

(Kahn and Spedding, 1983, 1984, ~ahn and lehrer, 1984>¡ 

- a description of the validation experi~ents carried out for Colombian 

conditions; 

- a description of certain sensitivity analyses for model pará•eters and 

for some aspects of the primary production coftponentJ 

- descriptions of the exp~rimental phase proper, including crude ri1k 

analysis; 

- future work and recomaendations. 

The following conventico is followed with respect to variable and progra~ 

names: RUSHOB refers to the entire co~puter-based system; PASHOD refers to 

the grass-legume pasture model; FORTRAN names for subroutines are referred 

to as •subroutine NAHE•; any other FORTRAN na•e in capital letters may be 

taken as referring to a variable. If the variable name belongs to an array, 

it will usually be referred to as NAME<i> 1 where i •ay be the letter itself 

to denote generality, ora number, to denote a _particular position in the 

array, or a range, such as 1- 4, denoting the first four positions in the 

array~ 

2. VALIDATION WORK 

2.1 Original Validation 

kahn (Kahn and Spedding, 1983) was concerned to investigate optiau~ herd 

size, in an atte~pt to balance accuracy against high co~putational load, 

and the length of simulation. She found that ~0-cow herds gave acceptable 

estimates of 300-cow herds, and that 10 year runs were sufficient for the 

coefficients of variation, which arise froa the stochasticity inherent in 

the model, to stabilise. Similar experiments are d~scribed below. When 

the size of the integration ti•e-step wa5 investigated, no significant 

differences were found in herd-based variables between single-day and 



30-day intervals, althciugh there Nere considerable discrepancies for 

individual animal calculations. More detailed and accurate information on a 

per animal basis appeared to necessitate a reduction in the ti~e step. 

The important relationships in the model were validated in a number of 

ways. Those for dry mat~er intake were testad .for accuracy in predicting 

the weight changes in growíng steers for conditions as diversa as those 

found in Britain and Botswana <Kahn and Spedding, 1984). Predicted weights 

were generally within 0.4 to 1.54 of measured weights, and the fluctuations 

in predicted liveweight curves followed the patterns of ob s erved liveweight 

curves. The reproductíon equations were validated using data fro~ 

commercial herds in Israel (Kahn and lehrer, 1984), and there Nas close 

correspondence between observed and simulated conception distributions. The 

equations' sensitivity to the nutritional factors ·which affect reproductiva 

performance was also de~onstrated. 

2.2 Validation for the llanos Orientales 

The objecti ve was to ínvesti~ate the performance of the model in si~ulating 

a base-line savanna system. Afterwards, the ability of the model to 

simulate production from a permanent i mproved pasture-t ype s ystem was also . 

investigated. The base-line system was used more to reset parameters ~nd 

to fine-tune model performance; the simulation of i ~proved pasture systems 

was conduct ed with the aim of testing these chan~es to the •odel, to see if 

, \ such dífferent systems could be described essentially in terms of diet 

alone. 

Three series of runs are described. Many •ore were undertaken during th e 

course of progra~ development, and these contributed ~uch in obtaining a 

feel for the ~odel and the way it would respond to various changes in input 

parameters. The first series described, Series 3, consisted of five 

replicates of the base-line eodel. The subsequent two series quantified 

the effects of changing various run parameterst run length, dt for cows and 

calves, different herd sizes at year O, and different herd age structures. 

The runs are listed in Table 1. For the runs described in the remainder of 

Section 2, RUSMOB V2.0 was used, although V3.0 was produced concurrentl y. 

Note that these versions of RUSMOB have been superseded <the current 
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TABLE 1 

Series 3 

Five replicates of the standard ~odel - dt = 10/10, 10 

years of simulation, and an initial herd size of 34. 

Series 4a 

Standard run o ver 5 years. 

Standard run o ver 15 years. 

Standard run with dt = 30/10 

Standard run with dt = 30/30 

Standard run with dt = 5/S 

Series 4b 

Initial herd si z e of 10 t fro111 sa11e distribution. 

Initial herd size of so, fro• saa~e distribution o ver 8 years. 

A 30 heifer herd o ver 10 years. 

The salle over 20 years. 

A 30 11e111ber herd of old c:ows o ver 10 years. 

The sa11e over 20 years. 

RUSMOB SERIES 3, 4A ANO 48 YALIDATION RUNS 

J 



version number is V4.3 of Marth 1987). 

Series 3 

For the first series, a herd size of 34 was chosen, in an atteapt to 

~aintain ~pproxímately 30 breeding individuals thruughout the run. Four 

of the 34 were young replaceaent calves, newly weaned. The structure of 

the full herd is shown in Table 2. The integration time step was ten days 

for both cows and calves, and · the run length was ten years. Data for diet 

quality were taken fro~ Lebdosoekojo <1977)¡ the four replicates reported 

were averaged. The results for the five replicates are shown in Tables 3 

and 4. The first of these shows the average value of a number of 

production parameters and the variability between replicates and also 

within replic ates _between years. Two methods are used to calculate 

production per animal un i t per year; the first involves simply summing the 

weight of calf sales and cull sales, whilst the second is more involved in 

that it takes account of the growth of yearlings within the herd, although 

cullings •re not accounted for. The second method was included since it 

makes possible direct comparison of sieulated results with published 

results from the Llanos <Vera and Sere, 19B5l; care is needed, however, 

since some of the farms in the sample were using sown pastores. 

Table 4 allows comparison of simulated results with observed results from 

beef production systems in the Eastern Plains. It is clear from Table 3 

that t~e variation between replicates over ten years is s~all; this is ta 

be expected, since diet quality is represented by unchanging 

(deterministicl values from year to year. The variation between years 

within runs is much greater, however, illustrating 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 50 to 60 per cent, production over 

a 24-~onth period tends to be cyclical. The importance of starting 

conditions is considered below, but it is worth noting that the original 

herd of Table 2 was constructed so that its age structure was very si~ilar 

to that of the •average herd• in the far~s sa~pled in the Llanos <Vera and 

Sere, 1985) 1 anda fixed proportion of eligible cows were deemed to be 

pregnant at year O, with projected calving dates bunching in the fifth to 



No. Age w Nt'l PTI ME No. Age N Wt1 PTit'IE 

-------------------------- --------------------------
1 0.75 129 450 25 5 340 442 

2 160 448 26 6 285 · 445 120 

3 1 150 447 27 6 350 447 150 

4 155 448 28 6 345 449 

5 2 200 450 29 6 320 446 

6 2 215 449 30 . 7 305 449 120" 

7 2 195 448 31 7 310 458 

8 2 210 449 32 7 340 447 , 
9 2 2(15 448 33 B 320 446 

10 2 185 449 34 9 335 442 

11 3 270 450 ~=====c===z=====c==•==c== 

12 3 250 445 X 4.0 447 4 

13 3 260 443 

14 3 280 442 180 

15 3 290 452 210 N "' weight 

16 3 285 441 210 Ntl = nor11ative weight 

17 4 3(10 440 PTI ME "' days pregnant 

lB 4 310 449 

19 4 300 446 150 

20 4 305 447 180 ... 
21 4 310 458 f 

22 5 340 447 180 

23 5 290 446 210 

24 5 335 442 

:c::aca c~:c:: cu::= ===~=~= 

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



) .., 

Within Replicates Between Replicates 

)( S cv X S cv 

---------------------------------------------------------------

Calf Sales 660.9 360.1 54.5 bb0.9 3.9 5.3 

Conceptions 14.3 3.4 23.8 14.3 1.5 10.3 

No. Weane.d 8.5 3.7 43.0 8.5 o.e 9.0 

Weaning Wt 134~3 4.0 2.9 134.3 1.0 0.7 

12 Honth Wt 139.3 3.5 2.5 139.3 0.3 0.2 

24 l'lonth Wt 193.5 2.7 1.4 193.5 o. 1 o. 1 

Concepti on Interval 61 o. 1 103.9 17. o 61 o. 1 20.3 3.3 

Concepti on Y. 55.0 9.5• 17.3 55.0 1.3 2.4 

Weaning i. 32.7 11. 4f 34.9 32.7 0.9 2.8 

Age @ 1st Partucn 4.06 o. ·27* 6.6 ·4. 06 0.06 1.4 

Cow t1ortality X 14.9 8.11 54.3 14.9 1.2 B. 1 

kg/AU/yr • 22. o 10.0* 45.4 22.0 1.7 7.6 

kg/AU/yr - ETES + 42.4 13.7* 32.4 42.4 1.3 3.0 

--------------------------------------------------------------

t · based on replicate 1 

1 production = <calf sales + cull sales) 1 animal units 

+ production = <no. of cows * weaning 7. • wt @ 12 months + 

No of yearlings f wt gain/yr) 1 ani•al units 

TABLE 3 RUSMOB VALIDATION SERIES 3 - VARIABILITY BETWEEN REPLICATES ANO 

WITHIN REPLICnTES BETWEEN YEARS 



. --

Si~nulated Obs~rved* 

--------- ~- --------- - --- - - ------ ------ - ---- -----------

Conception X SS 

Uncorrected Weaninq '1. ·33 35 - 64 

Age @ 1st partum, m os 49 45 

Sales/AU/yr 22 

Production kg/AU/yr 42 40 - 70 

Weaning Weight 134 125 - 130 

Yearling Growth kg/yr 54 62 

Cow Hortality Y. 15 10 - 16 

Calf Mortality 'l. 11 10 

Conception Interval 610 546 

* source: Vera and Sere, !985 

TABLE 4 SIHULATED AND OBSERVED PROOUCTION PARAMETER VALUES IN THE LLA NOS 

ORIENTALES - PURE SAVANNA SYSTEHS 
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seventh month, following the results from the Cariaagua herd 1yste•s 

e x peri~ents fro~ 1974 to 1977 (CIAT, 1978). Clearly, the cyc lical nature 

of production could largely be eli~inated by increasing the proportion of 

pregnant cows at the start of the simulation, if this were dee~ed 

neces sa ry. As might be expected, the ~ost variable parameters are those 

which are stochastic in the ~odel <cow ~orta l i~y and conception, for 

exa~plel . 

The liveweight evolution of co" #1 froM replicate 1 is presented in Figure 

1. She started the si~ulation run as a newly-weaned 9 month old "eighing 

129 kg 1 and died at age eight and a half, having conceived three times and 

produced 2 calves, not an i~pressive production r ecord, 

Figure 2 ~hows frequency histograms for the whole ·herd age structure for 

replicate 1. The distribution of ages at year 10 is tolerabl y clase to 

that at year 0 1 providing partia l vindication at least of the death rat es 

used in the model. Herd stability is considered again below. The 

relatively low wean ing percentages obtained in these runs are partially 

explained in Figure 3, which shows the fate of conceptions for replic ate 1. 

It appears that a ten -ye ar run is not sufficiently lon g to enable the 

conc eptions and suckling calves "on hand" at the end of the ru n to be 

ignor ed safely. In addition, the high death rat e of older cows r esult s in 

a comparatively large number of orphans, which, according to the decision 

rule then operating in the model, were s old immediately; it seems li ke ly 

that in reality a number of th ese would survive, in effect entering the 

followers herd as the result of enfo rced early weaning. 

Series 4a 

The runs in series 4a involved changing the length of simulation and the 

values of the ti~e step dt for cow and calf. The resultant values of 

se l ected parameters, in comparison with the average values . fro~ the 

base-line simulations, are shown in Table S. It is apparent that 5 years 

is in sufficient time for an equilibriu• to have been reached, whereas the 

differences between a ten- and a fifteen-year run _ are slight. The 

differences induced by varying dt are not so straightforward, but it would 

appear that dt for calves should be short rather than long; there is some 



FIGURE 1 COW LIVEWEIGHT EVOLUTION 
SAVANNA DIET 
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FIGURE 2 HERD AGE DISTRIBUTION 
VALIOATION SERIES 3 REPUCATE 2 
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Series 3 Changed Run-tine Para~eters 

--run length-- ----------dt----------

X 5 yr 15 yr 30/10 30/30 5/5 

Concepti en 4 SS 65 55 51 56 60 

Weaning 'X 33 30 32 29 25 lS 

Cow Mort % 15 13 16 14 17 16 ,.... 

~ 

Age 1st calf 4. 1 4.2 4. 1 4. 1 4.2 4. 1 

Weaning Wt 134 132 134 136 136 133 

Concep. I nt. 610 516 630 639 654 603 

24 Honth Wt 194 194 193 193 192 193 

kg/AU/yr 22 20 19 19 19 25 

kg/AU/yr ETES 42 38 41 39 33 44 

TABLE 5 RUSHOB VALIDATION SERIES 4A RESULTS - PRODUCTION PARAMETERS 



tendenty for the shortening of · dt to result in highcr production levels, 

but this in not unequivocal. It will be seen that for all runs, those 

para~eters involving weights vary little; this can be explained by the 

fact that such parameters have no stochasticity attached. 

Series 4b · 

These runs involved changing the nature of the herd at year O. A saall 

and a large herd were simulat~d, and it was arranged that these herds had 

as similar distributional characteristics (in terms of age structure and 

proportion pregnantl as possible to the original herd shown in Table 2. 

These herds are shown in Table 6; for the fifty-cow herd, only eight years 

of simulation could be completed, after which the li mi ts of the program's 

cap ac ity was reached Cup to 100 breeding cows in all 1 a li~itation of earl y 

versions of RUSHOBl. Two further herds were set up, one consfsting of 30 

heifers and one of cows approaching the end of their productive life. These 

herds are shown in Tables 7 and B. Results are given in Tables 9 and 10 for 

these runs; the latter shows results for the heifer herd on a year-by-year 

basis. Different herd sizes from essentially the same herd have limited 

effects on production parameters; for the small herd of ten beasts 1 a 

reveal i ng statistic is the cow mortality rate of 23I, illustrating what 

might be termed 6tochastic instability where one individu a l is equivalent 

to a large amount of cumulative probability. On the other hand, the 

simulation of 50 cows is wa s teful where a smaller number is s till large 

enough ·to invoke the l aw of medium numbers. 

Perhaps the most interesting results relate to the heifer and old cow 

herd s . Figure 4 shows the evolution of average age for both these herds 

over twenty years, together with the limits within which ave rage herd age 

varied for the five replicates of the base-line simulations . Average age, 

even for heavily skewed aqe distributions, quickly reaches value? typical 

of realistic herd age 1istributions, and tends to oscillate between these 

limits . The ef fect of s uch age distributions can be seen in the production 

indeces after even twenty year s , where, for example, conception percentages 

are higher for the old herd than for the heifer herd, due in part to the 

fact thnt at year O all the old herd <in terms of ~aturity at leastl were 

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

1 ) 
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No. Age w WM PTIME No. Age w WM PTIME 

-------------------------- ---------------------------
Standard herd plus -

1 0.75 129 450 35 1 140 442 

2 2 200 450 36 1 145 445 120 

3 2 210 449 37 2 195 447 150 

4 3 260 443 38 2 200 449 

5 3 280 4"42 180 39 2 205 446 

6 4 305 447 180 40 6 295 449 120 
~ . 

\ 7 5 290 446 210 41 3 240 458 
~ 

8 6 . 345 449 42 3 2·b·o 447 

9 7 310 458 43 3 265 446 

10 8 320 446 44 7 310 442 

========================= 45 4 280 442 210 

X . 4. 1 2.4 448 4.5 46 4 290 445 120 

47 8 305 447 

48 5 300 449 1SO 

49 5 295 446 

50 6 285 446 210 

===========t============= 

• 

TABLE 6 RUSMOB VALIDATION SERIES 4B - HERD STRUCTURES 



No. Age w WM PTIME No. Age w WH PTIHE 

-------------------------- --------------------------
1 . 0.75 129 450 25 1.0 140 442 

2 0.75 132 448 26 2.0 200 445 

3 0.8 140 447 27 2.3 220 447 

o\ o. 75 130 Ha 2B 1.7 185 449 

5 0.9 140 450 29 1.6 170 446 

6 1.0 150 H9 30 "1. 5 175 449 

7 1.0 155 44B ===============e========== 

8 1. 1 . 155 449 

9 1.2 160 448 

10 1.3 165 449 

11 1.4 170 450 

12 1.5 160 445 

13 1.6 170 443 

14 1.7 175 442 

15 1.7 170 452 w = we±ght 

16 1.8 175 441 WH ,. normative weight 

17 1.8 180 440 PTIHE = days pregnant 

18 1.9 190 449 

19 1 • 1 145 446 

20 1.2 150 447 

21 1.3 150 458 

22 1.4 170 447 

23 0.8 140 446 

24 0.9 135 442 

====2==D:c============~===c 

TABLE 7 RUSMOB VAL1DATION SERIES 4B - HEIFER HERD STRUCTURE 



No. Age w Wt1 PTII'IE No. Age w WM PTI HE 

-------------------------- --------------------------
4 310 458 25 7 340 442 

2 5 310 447 180 26 8 265 . 445 

3 5 290 446 210 27 8 350 447 

4 5 335 442 28 9 345 449 

5 5 320 442 29 9 320 446 

b 6 285 445 120 30 . 10 360 446 

7 6 320 447 150 ====~ ==e=============~===• 

8 6 315 449 

9 6 320 446 

10 7 · 305 449 120 

11 7 310 458 

12 7 340 447 

13 8 320 446 

14 9 335 442 

15 6 34 0 442 w = weight 

16 6 285 445 WH = nor111ative weight 

17 6 320 447 210 PTIHE ::: days pregnant 

18 6 345 449 180 

19 6 330 446 150 

20 6 295 449 90 
.J. . 21 7 310 458 

\ / 
~ 22 7 340 447 

23 7 290 446 

24 7 335 442 

=~==========~=======~===a 

TABLE 8 RUSHOB VALIDATION SERIES 4B - HERD AGE STRUCTURE 
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Series 3 Herd Size 

X 10 50 30 heifers 30 old c:ows 

yrs 10 8 10 20 10 20 

--------------------------------------------------------------

Conception 'l. 55 . 58 55 52 53 67 62 

Weaning '1. 33 31 33 26 30 31 32 

Cow Mort .'l. 15 23 14 12 13 25 24 

Age 1St c:alf 4. 1 4. 1 4. 1 4.0 4.3 4.3 4. 1 

Weaning Wt 134 130 133 133 134 133 134 

Con cep. 1 nt. 610 603 613 646 661 590 573 

24 Month Wt 194 192 193 193 192 193 194 

kg/AU/yr 22 16 23 21 20 20 22 

kg/AU/yr ETES 42 39 42 35 40 40 40 

------------------------------------------------------------

TABLE 9 RUSMOB VALIDATION SERIES 48 RESULTS - PRODUCTION PARAMETERS 



year . 1 2 3 4 5 6 7 8 9 10 

------------ -------------------------------------------------

Av. Age * 1. 3 2.3 3.3 4.3 5.2 6.2 6.2 4.9 4.4 4.0 

Av. Wt * 161 210 257 258 274 279 264 234 238 243 

Conceps o 20 12 18 14 14 10 8 11 9 

Bi rths o 1 18 14 14 10 6 4 6 a 

No W'nd o o 3 13 10 11 11 2 4 5 

Wean Wt 129 130 133 135 137 129 134 134 

We an l. + o o 10 45 33 48 65 13 25 29 

Conc ep 4 + o 69 41 62 47 61 59 50 69 53 

------------------------------------------------------------

+ eligible cows by maturity <age > 2 yrs) 

* whole breeding herd at start of year. 

TABLE 10 RUSMOB VALIDATION SERIES 4B RESULTS BY YEAR - HEIFER HERD 

TEN-YEAR SIHULATION 

1 o 
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FIGURE 4 AVERAGE HERD AGE 
EVOLUTION OVER 20 YEARS 
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herd, due to the presen ce of young replacers. Figure 6 shows the monthly 

distribution of concepti on occurrences for -the heifer herd over twenty 

years; because all herd me~bers became eligible for conception during t he 

life of the simul at ion run, this was probably the mo§ t unbiased conception 

dis tribution th a t could be obtai ned. The fit with the data of Stonaker et 

al . (1984) is no t good 1 al t hough this is not surprising, in view of the 

fact that forage availability is not li mit ing, i.e. the variation is 

essentiall y a fu nc t~on of diges tibilit y and the st arting conditions 

e xperi enced in that experiment (breeding was delayed for one y~ar, so that 

animals were in unreasonably good conditionl. lt is not clear why 

simulated conception s s hould peak at month 9, unless this is a lagged 

effect¡ t~ere is no immediately obvious relationshi p between forage 

digestibility and the monthly incidence of concep ti on. Table !O 

·illus t rates the evo luti on of production ove r time ; the i nitial f lush of 

conceptions i s pre sumab ly due in part to the homogeneity of the herd. 

It is noteworth y that the nu mber of individuals in the older herd fel l 

markedly during the simul ati on (Figure Sl ¡ this suggests that heavi l y 

skewed age distributions may have rather lon g- term effec t s on th e overall 

stability of the herd in ter ms of anima l numbers as opposed to ag e 

di stribution . 

Th e most i mport ant features of these three series of si~ulation runs can be 

summarised as follows: 

1) a re asonable compro mise ior the nu ~ber oi animals in the herd is 30 or 

so, and ten-year simulati on s appear to be satisfactor y in terms of reachi ng 

+ rea s onably stable situation as far as herd paramet er s are concerned, 

whilst twent y-year simulations appear bett er for ani~al-based parameters. 

2l within these li mits, the values of dt are not of overriding i mportance, 

provided that dt for calves is shor t ; thi s means the choice of dt can be 

made with reg ard to its appropriateness in conjunction with the pisture 

compon ent - a value of 5 or 10 days would appear to be satisfactory. 

3l starting conditions, in terms of herd age structure and the number and 

extent of pregnancie s , are not important, although efficiency is obviously 

~o 
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FIGURE 5 ANIMAL NUMBERS 
EVOLUTIO N OVER 20 YEARS 
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FIGURE ~ RUSMOB VALIDATION SERIES 4B 
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served if the herd approximates as closely as possible to "real" herds, 

especially for short simulation runs. The influence of the death rates 

used is large, and those presently incorporated into the model do at least 

result in average ages which are not very diff erent from those observed in 

the Llanos. The cow ~1eights used for the standard herd are rather high 1 

in some cases, but these tend to settle to levels intrinsic to the 

model Cand the parameters being used) fairly rapidly. 

4) simulat ed production parameters are of the right arder of magnitude, 

and in some cases are better still. A number of factors need to be borne 

in mino, however: 

- it is unknown how accurate or appropriate the values of 

digestibility and crude protein used are; it is shown below that small 

changes here are capable of large changes in production indeces. 

-no account has been taken of forage availability limitations; when 

imposed, it is likel y that production levels would vary 1 particularly in 

response to dry-season limitatíons. 

- th e influence of compensatory gain on yearly production indeces 

o~er long periods of simulated tfme is essentially unknown. It is po ssi ~le 

that its absence interacts ~ith the absence of availability limitations , 

and that the se factors tend to cancel each other out. How well the intake 

equations presently used could handle day-to-d ay growth of, for example, 

s teers without more adjustments Cpossibly in the parameter faecal dry 

matter output, see Kahn C1982) and Section 3), is a question that is 

difficult to answer in the absence of reliable and detailed fora~e data. 

5) the simulations of series 3 1 4a and 4b accounted lor some 70 minutes ol 

CPU time; this highlights the desirability of efficiency in progra~ 

exec ution, obtainable by a judicious choice of run - time paramete~s. 

Series 5 - Improved Pasture Simulation 

It was intended that the changes made to the model would be examined in 

relation to production from a high-performance pasture such as Brachiaria 

decu•bens. Problems were encountered in finding reliable data pertaining 

to pasture quality throughout the year. A number of experiments have 

investigated ani ma l production on such pastures, so it was decided to work 
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backwards to obtain a very general idea of average ~uality. lt i S 

doubtful in any case whether an accurate series of digestibility and 

protein figures would necessaril y result in particularly good model 

perfor ma nce, from a priori considerations of the ~ay in which the data were 

coll ec ted and the fact that intake in the model is currently simplified by 

not considering availability . It was th erefore decided simply to use better 

pasture in the model, to see if the results produced were at least 

reasonable, and to l eave rather more rigorous validation until pasture

animal interactions had been Íncorporated to sorne degree. 

An approximation to the average quality of Brachiaria decu1bens can be 

obtained fro~ a con si deration of th~ performance of steers at Carimagua 

<CIAT, 1983 1 1984) . Steers were r eported to have gained appro xi mately 115 

kg during 1983¡ average energy inta ke was sorne 20 MJ HE per 100 kg live 

wei ght. Consider a steer of 190 kg at 12 months of age whose normative 

weight is so me 500 kg . Th e average digestibility of the feed to sustain a 

growth rate of 0. 32 kg per day can then be calculated using the relevant 

relationships in the mode l and a trial-and-error approach to the resultant 

iterative pr ocedure. It appears that digestibilities in the range 50 to 

60'l. will sustain such growth. This estímate may be co mp ared with the 

average digestibility of the savanna of 45/.. A month~ y series of 

digestibility values was constructed, following the general shape of the 

savanna digestibility time series, with a peak in March and April. The 

series is tabulated in Table 11. Again 1 protein and availabilit y were 

assuaed to be unli mit ing ; both assu~ption s may be oversimplifications with 

regard to the dry season and/or older pastur es . 

Two replicate s were run using the sa~e starting conditions and run 

parameters as for series 3 , i.e. 34 beasts , 10 years, and an integration 

ti me step of 10 days for adults and calve s. The starting weights of the 

ani~als are low for this t ype of production system, but t hese qu ickly 

increase to internally-stable levels. Results _are presented in Table 12 

in terms of important production parameters. The increase in production 

leve l s over the savanna-based system is im~ediately obvious . Weaning 

weights are increased, calving intervals are sharply reduced, and meat 

production is increased three-fold. Mortality rates are reduced, although 

in fact the same ~ortality probabilities were used for both systens; this 
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Honth Digestibilit y , t . 

January 45 

February 42 

Harch SS 

Apr il bl 

Hay 60 

June 58 

July 55 

August 59 

Sep te mber 60 

Oct ober 57 

Nove mber 50 

December 45 

Note - cru de protein is assuaed to be unlimiting, i.e. CPY. > 6.0, as is 

avail ability . 

TABLE 11 RUSHOB VALIDATION SERIES 5 - IHPROVED PASTURE DIGESTIBILITY 

VALUES 

(...1 
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Repli cate 1 Replicate 2 CVY. 
. ----------------------------------------------------------------

Calf Sales 4034 3631 7" 

Weaning Wt 168 178 4 

12 Month IH 184 189 2 

24 Honth Wt 263 279 4 

Concepti on Interval 335 333 

Weaning % 83 78 4 

Age @ 1st Partu~a 2.4 2.5 3 

Abortion Y. 5 4 ló 

Cow Mortcllity % 12 12 

Production kg/AU/yr t 98 95 2 

Producti on kg/AU/yr + 108 110 

i production = <calf sales + cull sales> 1 animal units 

+ production = (no. of cows * weaning % * wt @ 12 months + 

No of yearlings * wt gain/yr) 1 aniaal units 

TABLE 12 RUSHOB VALIDATION SERIES 5 RESULTS - IMPROVED PASTURE PRODUCTION 

SYSTEH, TWO REPLICATES, WITH COEFFICIENT OF VARIATION 
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is due lo the absence oi death by starvation in the i•proved syste~. A 

r e duced abortion probabilit y was used (changed fro~ 15 to 5/.), and this is 

r efl ected directly in th e results. Cow liveweight evoluti on is 

illustrated in Figure 7 1 for Cow #1 with death suppressed. Oscillations in 

weigh t are ma rk ed, and are charact er ised by a ~uch higher average value and 

a shorter period, co~pared with the liveweight · oscillations obtained in the 

pure savanna system . 

Assessment of whether such r esult s are reasonable can proceed by comparing 

these wit h res ult s obt ained directly from experi me nt at ion. TYpical 

pr oducti on l evels fro m 8 . decum be ns are show n in Tab l e 13, t aken fro m C1A1 

and IC A experiments at Cari magua duri ng 1983 an d 1984. Direct comparison, 

while not neces sar ily being very fair to the mode l, does revea l problems 

r elated to reproduction perf ormanc e . The probl em appears to be the 

maturity factor in th e concep t ion equations; it is apparent t ha t this 

f actor wou ld have little ·part to play in the savanna runs, since norm ativ e 

weight inc reases irrespective uf nutrition (unless death occur s ) and fir st 

part urit ion s were occurrin g at 48 to 52 months. The modified matu r i ty 

factor def ine s mat urity to ha ve no effect on con ceptio n ability once the 

rat io WM/WMA has reached values in excess of 0 .6. Its shape needed to be 

adjusted, to inh ibi t conceptions at loK liveweigh ts and in compara t ive l y 

immature ani"mals. As no ted above, the actual shape will have little or no 

eff ect on savanna simu l ation s. Runs were und ertake n to modify this 

fact or , and a satisfactory two-linear-segment function was deri ved <see 

Thornt on, 1987 1 but se e also Section 4). 

A further problem is that of weaning weights, which are rather low in 

compar ison with those which could be expected on B. decuabe~s. This might 

be due eithef to inadequate forage digestibilities or to a lcw value of 

mi lk yielrl potential. lhe effect of increasing this parameter is to 

incr ease we aning weight whil e allowing the cow to lose rather more weight 

during lactation, thus increasing the length of the reproducti on cycle. 

It is possibl e t hat plane of nutrition acts on milk production potential in 

a wa y not accounted for in the model, when di verse production systems are 

considered (in e ff ect, milk potential may change per se dep ending on plane 

of nut r ition - at least this is the wa y it might have to be represented in 

th e mode ll. Furt her runs were underta ke n with the mi lk potential 

• 
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Observed Simulated* 

Weaning Y. 80 80 

Age @ 1st partum, rliOS 39 30 

Production kg/AU/yr 109 

Weaning Weight 180-220 173 

Yearling Growth kg/yr 115 85 
. ..... 

Cow Mortality l. 12 
' -( 

Concep t ion Interval 334 

* source: CIAT, 1983, 1984 

TABLE .13 SIMULATED AND OBSERVED PRODUCTION LEVELS, BRACHIARIA DECUHBEHS 
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increased to 10 kg per day. Weaning weights increased to 201 kg, and 

weight losses during lactation of BO to 90 kg were record ed over six months 

(incl uding the dry seasonJ; at weaning time most, if not all, of this 

weight loss had been made up due to the high quality forage available in 

the wet season. This may be compared with the results of ex periments at 

Carimagua, where weight loss es of 0.34 kg per day were recorded for cows 

whose calves were weaned at 7 to B months of age (CIAT 1 1984). No 

immediately obvious relationsDiP exists between weight of dam at birth and 

weight loss during lactation fro~ the data of this experiment; this would 

appear te be the case for the simulation runs also. A milk potential of 

10 kg is excessi ve, but the model responds in a sen s ible fashion. This 

parameter is thus a measure of genetic potential coupled with the overall 

qu a lity of the di e t in the relevant production system; for practical 

purposes this finding poses no real problems, although it ·¡s r ealised that 

conc~ptually it is slightly unsatisfactory. 

Summary - Exploratory Validation Runs 

The use of somewh a t arbitrary pasture digestibilities helped to highlight 

certain problems with the model, nota bl y in relation to the conception and 

weight relation s hip. This has been adjusted (and c~n be done again in the 

future) without difficulty, and also in such a way as to l eave intact the 

validity of the savanna simulations . Calculated weaning percentages tend to 

be underestimated, since animals on han d at the end of th e run are not 

considered. For preserving observed age distributions in savanna 

production systems, it is necessary to use particular death rates; these 

tend to be high, and it may be pre sumed that reasonably severe culling is 

practised. The li mited amount of work carried out on the effect of milk 

production potential suggests that the model responds satisfactorily to 

increases in this parameter. The results obtained thus far tend to suggest 

that diverse production systems can be represented pri~arily by 'dietary 

parameters. 

3o 
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3 SENSITIVITY ANALYSIS 

There are four series of experiments to be describedJ the first two deal 

with the sensitivity of the beef model, the third with the effects of 

different preference functions on beef production, and the fourth series 

invest igates the sensitivity of the improved pasture model. 

3.1 RUSMOB Sensitivity Analysis 

Se ries 1 

The effects of changes toa number of the parameters of the beef model, for 

example the time step and herd s ize, were documented above. The objective 

was to look at a vari~ty of other para meters, perturb them by lOX, and look 

at the effects of such perturbations on model output, in an attempt to 

identify highly s ensitive parameters. Table 14 shows the eleven 

tr eat ments. Five replicates of each were carried out. Output was mea~ured 

as conception and weaning percentages, the age at first calving 1 weaning 

weight, conception interval, production per anim al unit per year, and 

mortality percentage. Results are shown in Table 15 in terms of the ~ean 

and average coefficient of variations for the five replicates. 

All variances are low (3 replicates would probably have b~en sufficientl, 

with the exception of that for mortality - this is not surprising, since 

this event is treated stochastically. Note also that no statistics are 

quoted; simular experimentation differs from real-life experimentation in 

a number of respects, which include the following: 

there is no experimental error; 

- statisticall y significant differences can be derived by wholesale 

replication (by lowering the value of Student's t statistic, for 

examplel; the experimenter has to be careful, therefore, that treat~ent 

effects are not specious, otherwise these "statistical differences " are 

simply by-products of the model and have no counterpart in reality; 

- at this stage, only some of the variability in the real system is 

accounted for in the ~odel; simulated and observed variances will not 

necessarily be of the same order of magnitude, therefore, 
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TABLE 14 RUSMOB SENSITIVITY ANALYSIS - SERIES 1 TREATHENTS 

Nuaber Parameter Standard Perturbed 

1 baseli ne 

' 
2 VlP faecal dry 11a t ter output, DH/kgUI/day 0.0094 0.0103 

3 NMAX aobilisable tissue for lactation, kg/day 1. 40 1.54 

4 PP relative birth weight 15.0 13.6 

S PI'IA potential mil k yield, kg/day 5.0 s.s 
6 NNEAN weaning age, days 270 245 

7 DIG mean diet digestibility, % 44.6 49.1 

e DIG6EN energy content of feed, MJ/kg 15.185 16.704 

'9 RATE normative weight curve parafteter 0.054 0.059 

10 MANDAT (1) first yearly manage11ent date 210 o 
11 HANDAT(2) second yearly management date 330 o 



TABLE 1S RUSHOB SENSITIVITY ANALYSIS - SERIES 1 - RESULTS SUMMARY 

--------------------------- Oup ut Para11eter -----------------------
Treahent . Conception Neaning Age@lst Neaning Concepti on Product ion Hortality 

X 1. Partua Weight Interval kg/AU/yr X 

-------------------------------------------------------------------------------
baseline 48 30 . 4.0 130 S98 38 19 

VIP + 60 42 3.4 145 sos 52 13 

WHAX + 45 31 4. 1 132 632 39 20 
pp 48 . 30 4.0 132 601 38 20 

• PHA + 46 29 4.0 135 621 37 19 

NWEAN 48 32 4.0 125 597 40 14 

DIG + 83 57 3.1 157 381 12 12 

DISGEN + 64 44 3.3 146 490 54 13 

RATE + 46 30 3.9 133 612 39 20 

HANDAT1 - 47 31 4.0 132 601 38 25 

HANDAT2 - 49 31 4. 0 132 598 37 25 

------------------------------------------------------------------------------
Average cvx 3 6 3 2 3 S 13 

------------------------------------------------------------------------------



With a 1odel of this resolution, only comparatively gross effects are 

likely to be of real relevante or interest. 

The importance of faecal dry matter output <VIP> is underlined; a 10X 

increase in this para~eter leads to an increase in production of some 374. 

It is also clear that an increase in syste• quality will lead to increases 

in conception and weaning percentages, in weaning weight and production, 

but to reductions in age at first calving, in conception interval and in 

lllortality. 

The maximum amount of tissue •obilisable per day to aeet lactation 

potential <WMAXl has little effect: a slight increase in production and 

• weaning weight, but a month is ·added on to the conception interval, 

presumably because the animal is, relatively speaking, more out of 

condition and it is thus taking longer for it to reach •conceptable" 

Neights. 

Birth weight <PPl, expressed as the divisor of maximum nor•ative weight, 

has little effect, except for a slight increase in weaning weight, which is 

a logical effect. 

The effect of maximum milk potential <PHA> is equivocal; weaning weights 

are increased, but production is reduced. like WHAX, this is probably 

because the cow needs more time to reach a weight at which conception is 

likely. On a better plain of nutrition, this effect would not be expected; 

here, the aniaal is being penalised for h(gher milk yield, and 5 kg extra 

at weaning presumably does not cancel out the 23 extra days needed for 

reconception, resulting in a dip in production. 

A 10k decrease in weaning age <NWEANl results in only 4/. less weight at 

weaning. Overall production increases slightly, but there is little 

effect on conception interval, as might be expected. Subsequent 

experimentation showed that conception probabilities aay have been 

overestimated; early weaning is discussed below in Section 4. 

Average diet digestibility CDIGl clearly has a profound effect - a 10Y. 

increase leads to a 90/. increase in production. Being an energy-based 

~ 1 



aodel, such an effect is not really surprising, especially when it is 

re~embered that the pure savanna base-line system is clase to being the 

worst biologically feasible systea there is. It should be pointed out that 

the shape of the monthly digestibility distribution remained unchanged; the 

effects of changes in the shape rather than in the location of this 

distribution are investigated in a subsequent experiment. 

The effect of the energy content of feed <DIGGEN> is similar to the effect 

of changes in DIG, although to a lesser extent; according to the 

relationships in the model, an increase in _digestibility directly 

stimulates higher levels of intake, in contradistinction to an increase in 

DIGGEN per se • 

. A steeper normative weight growth curve <RATE> has little effect; there are 

·slight increases in weaning weight <to be expected, as voluntary intake is 

related to normative weight>, reflected in increased production, but offset 

by increased conception intervals, 

Changing the two default ~anagement dates <HANDAT) at which the follower$ . . 
herd is dispersed and culling takes place had little effect~ except in the 

mortality of followers. This effect ,ay well be specious; it was found 

during the original validation runs that intake between 9 and 12 ~onths for 

newly-weaned animals needs to be increased slightly, so steps have been 

taken to stave off unrealistic mortality for this class of animal. 

In su~mary, it can be said that faecal dry matter output (VIP>, average 

diet dige s tibility <DIGl and the energy content of feed tDlGGENl have very 

i~portant effects, and there ~ay be some potential for lowering the age at 

weaning, though this may be offset to a degree by increased follower death. 

The effects of changes in PMA and WMAX are of interest, but can be 

explained by referente to the functions operating in the model. 

A supplemental series of runs was carried out to look at the response curve 
~ 

of proóuction to diet digestibility and to changes in the variante of the 

~onthly dige s tibility values. Four more three- replicate treataents were 

carried out <see Table lól. 
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Figure B shows the graph of monthly transformed digestibilities. The 

response curve of changes in mean digestibility, shown in Figure 9, is 

steep and slightly convex <denoting diminishing marginal returns to 

increases in average digestibilityl. Fro~ the table of results <Table 1ól, 

the attion of changing the variante is not immediately obvious, although 

the dry-season high-variance digestibility distribution is h~ving profound 

effects on calf mortality through starvation (low Variante diett 9'l. •ean, 

21'l. coefficient of variation <cvl; standard Variance diet: 16'1., 1B'Y. cv; 

high Variante diet: 37~, 7'l. tvl. The reaction of the model to the 

low-variance diet appears to suggest that production is increasingly 

adversely affected by increasing variability in the diet. 

Series 2 

To gain a deeper insight into the attion of the model, a four-fattor full 

factorial experiment was set up, with the ~ain aim of identifying i~portant 

interattions. The factors chosen were faecal dry matter output <V IP>, 

average diet digestibility <DIB>, maximum amount of mobilisable tissue to 

support lactation (WHAX), and potential mil k yield (PHA), Table 17 - the 

first two because of their highl y sensitive nature, and the last two 

because of their opposing tendencies both to raise and lower different 

output parameters. Three replicates of each were carried out. Five percent 

perturbations were used . Note that it was not feasible to perturb the 

para~eters in such a way as to reduce production; it was found that the 

system crashed too easily. 

ANOVA on the s i xteen treatments was carried out in GENSTAT for all 

interactions up to and including those of the second order. Table 18 li5ts 

the only significant interactions found for the seven output para meters. 

Principal components analysis was then carried out, in an attempt to relate 

model output to parameter change s in as simple a way as possible. The data 

correlation matrix was used, rather than the data values themselves, to 

by-pass the problem of different units in the parameters. 

Results are shown in ·Table 19 1 for the first two components only, which 

between the• explained some 97~ of the variability in the transforGed data. 

That is, most of the variation in any particular ~odel run can be described 
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TABLE 16 RUSMOB SENSITIVITY ANALYSIS - SERIES· 1 - EXTRA TREATMENT RESULTS 

--------------------------- Output Parameter ----------------------
Treat ment Concepti on Weaning Age@1st Weaning Conception Producti on ttortality 

X :>: Partum Weight lnterval kg/AU/yr 4 

------------------------------------------------------------------------------
11ean - 57. 50 . 11 4.4 113 644 15 27 

baseline 48 30 4.0 130 598 38 19 

1\ean + 57. 62 44 3.3 146 493 54 12 

mean + 107. 83 57 3. 1 157 381 12 12 

11ean + 157. 97 68 2.8 166 338 87 13 

variance - 44 32 4. 1 135 630 39 19 

baseline 48 30 4.0 130 598 38 19 

variance + 54 25 3.9 122 553 34 20 

------------------------------------------------------------------------------
Average CVX 3 6 3 2 3 5 13 
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TABLE 17 RUSMOB SENSITIVITY ANALYSIS - SERIES 2 TREATHENTS 

VIP DIG WHAX PHA + 

-------------------------------- --------------------
1 VIP 0.0094 0.0099 

' 2 + DIG 44.6 46.8 

3 - + WMAX 1. 40 1. 47 

4 + + PHA 5.0 5.25 

S + --------------------
6 + + 

7 + + 

B + + + 

9 + -
10 + + 

11 + + 

12 + + + 

13 + + 

14 + + + 

15 + + + 

16 + + + + 

--------------------------------



TABLE 18 RUSHOB SENSITIVITY ANALYSIS - SERIES 2 ANOVA RESULTS 

Output Parameter Significance Table 

Conception /. VIPH DIGn 

Weaning /. VIPU DI G** 

Hortality 4 VIP* DIG* VIP.DIG* 

Age@lst partum VIPH DJGu 

Weaning Weight kg VIPH DIGH PMA* 

Conception Inter va l VIP** DI G** 

Product ion l:g/AU/yr VIPH DIGu 

* p<O.OS ** p<O. 01 



TABLE 19 RUSMOB SENSITIVITY ANALYSIS - SERIES 2 PRINCIPAL COHPONENTS 

ANALYSIS OF THE CORRELATION MATRIX 

Output Parameter Co11ponent 

2 3 4 

Conception X 0.3861 0.282* 

ltleaning z 0.391• o. 155 

Hortal i ty 'l. -0.3001 0.912-1 

Age@lst partu11 -0.3901 0.039 .... . .. 
Weaning Weight kg 0.3881 -0.045 

Conception Interval -0.388• -o. 1 es 
Production kg/AU/yr 0.3931 o. 166 . 

------------------------------------------·---------------------------
Variance Accounted For X 

Cumulated i. Varíance 

90.0 

90.0 

7.3 

97.3 

1.0 

98.3 

0.9 

99.2 



t 

with reference to two new output parameters tthe first two principal 

orthogonal componentsl instead of the seven originally considered, with the 

important proviso that they are a~enable to interpretation. 

1l the first component, explaining 904 of the variability, is a linear 

combination of nearly equally-weighted variables, but with three working 

against the other four (refer to the signs of the coefficientsl - an 

increase in production system quality results in increased conception and 

weaning percentages, weaning weights and production per animal unit, but 

results in decreases in mortality, age at first calving and conception 

interval. 

2) the second compon•nt, explaining 7X 1 is domi~ated by mortality, and we 

may ignore all the others with the exception of conception percentage. This 

is an interesting effect, which can perhaps be explained ai follows. There 

are two aspects to mortality - one is the base probability of death, 

increasing as age increases, and the other is related to the quality of the 

production system through starvation. This latter aspect is obviously 

taken up to s ome extent in the first component (since its sign is 

neg ativel. The question then arises, why should conception increase move 

in the same direction asan increase in mortality? It is perhaps because 

as increase in base mortality affects older, less fertile cows, leading to 

replacement with young heifers who may conceive under circum s tances where 

older cows would not. There are certainly mechanisms in the model to allow 

this kind of balance to take place. This "phenomenon •ight be ter•ed herd 

rejuvenation. 

Th e next stage was to run an ANOVA on the data as transfor•ed onto the axes 

of the first two principal co~ponents. Note that now the ~eans and values 

themselves have no real meaning, but it is interesting to look at the su•s 

of squares. For the first principal component Clable 201, over ~BX of the 

variability is accounted for by faecal dr y matter output, VIP, and ~ean 

di e t digestibility, DlG, alone !whose variance ratios are obviously highly 

significant), and that the contribution of latter is four ti~es that of the 

former. The data are not noisy Ci.e. little rando~ness), since the 

re s idual sum of squares is small. 



TABLE 20 RUSHOB SENSITIVITY ANALYSIS - SERIES 2 - ANOVA, DATA POINTS 

TRANSFORHED ONTO THE FIRST PRINCIPAL COHPONENT AXIS 

replicates 

VIP 

DIG 

WHAX 

PI1A 

residual 

grand total 

df SS SS 'l. 

2 0.011 0.18 

1.277 20.26 

4.933 78.29 

1 0.001 0.02 

0.0(15 0.08 

31 0.055 0.88 

47 .6.302 100.00 

HS 

0.005 

1.277 

4.933 

0.001 

0.005 

o. 140 

VR 

716. ]*U 

2769. 9*** 

0.6 

2.9 

--------------------------------~-------------------------



For the second principal component CTable 21) 1 the faec¡l dry aatter - diet 

digestibility interaction variance ratio alone is significant. Nearly bOI 

of the variability is taken up by this interaction, but note that _ nearly 

307. of the "total is attributable to the residual ter~. Two ques tions need 

to be addressed: is the ~irst principal tomponent reasonable in terms of 

the overwhelming importance of diet digestibility CDIGl and¡ to a . lesser 

extent, faecal dry matter output CVIPl? 1 and how can the inter acti on 

between the two be related to the dominating effect of ~ortality for the 

second princip al compon ent 1 and why should it be so noisy? 

The first of th ese is straightforward, since the first coeponent e xhíbits 

signs operating in exa ctly the intuitive directions. The relative 

importance of mean díet digestibilíty over faecal dr y matter output is to 

be expected, in view of the results of the first series of runs. For the 

second ques t ion, the problem of noise can be explained by referente to the 

fact that part of mortality is directl y stochastic - from series 11 the 

coefficient s of variation for mortality are of the order of 13Y.; the se 

values are much higher than for any oth er output parameter consi der ed. 

Noise is thus to be expected. The relationship between the faecal dry 

matter output - diet digestibility CVIP- DIG ) interaction and mortality is 

more problematic. Faecal dry matter output per kg li.veweight per day 

operates thus: an increase in this factor implies an increase in gut 

capacity, which in turn implies an increase in voluntary intake, at least 

at low digestibilities <67%, quoted by Kahn, 1982). 

Figure 10 shows the effect of faecal dr y matter output and mean diet 

digest ibility on mortality from the original factorial experi~ent CTables 

17 and 18). It is clear that when digestibility is higher, increasing 

inta ke has scant effect; when digesti bility is lower, increasing gut 

capacity reduces ~ortality by approximately 35%. There would thus appear 

to be a threshold operating on ~ortality: one can expect a certa.in level of 

~ortality from natural replacement anyway; add ~o this the ~ortality fro~ 

s tar vat ion, and appa rently there will be some threshold plane of nutriti on 

where starvation ceases ~o be a problem. 

The secon d principal co~ponent can then be int erpr eted as follows& it is 

concerned with mortality~ part of thi s ~ust be the random component which 



TABLE 21 RUSMOB SENSITIVITY ANALYSIS - SERIES 2 - ANDVA, DATA POINTS 

TRANSFORHED ONTO THE SECOND PRINCIPAL COHPONENT AXIS 

di SS SS/. HS VR 

----------------------------------------
replicates 2 0.001 0.24 0.001 

VIP 1 o. 022 4.39 o. 022 4.8 

DIG 1 0.013 2.58 0.013 2.8 

WMAX 1 o.ooo 0.00 0.000 0.0 

PHA 0.001 0.25 0.001 0. 3 

VIP.DIG 1 0.294 57.34 0.294 63. 1* 

residual 31 0 . 145 28.19 0.005 

grand total 47 0.513 100.00 

4b 
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affects all herds, regardless of plane of nutrition, but part ~ust also be 

the starvation effect, since the faecal dry aatter - digestibility 

interaction accounts for 1uch of the variability. The nature of this 

interaction can be explained by referente to a threshold effect; mortality 

~annot be decreased below a certain level by nutritional means, so whatever 

factor can take up energy consumption will do so. However, combined 

effects at high levels of syste~ quality will have nothing to show for 

them. With this emphasis on death, older less fertile cows will tend to be 

replaced by younger, more fe cund ani~als 1 and this may be reflected in 

increased numbers of conceptions. 

Series and 2 Summary 

1. Diet digestibility is of crucial importance to the operation of the 

model, and the model is highly sensitive to this factor. Faecal dry ~atter 

output operates in a similar way, but is of less importante. 

2. The ~odel is clearly energy~sensitive, since the only real way in 

which to affect significantly the output variables is to change those 

inputs which deal more or less directly with it. Con versely, a variable 

such as potential milk yield has no clear effect on system quality ta ken as 

a whole at such low digestibilities, since the output parameters move in 

ways which tend to be self-balancing. 

3. There is a threshold level in terms of the energy status of the herd 

above which starvation ceases to be important. If starvation ~ortality can 

be reduced, then standard probabilistic mortality tends to favour younger, 

~ore fertile animals at the e xpense of older, less fertile animals. Thi1 

is possibly an effect over and above the obvious one whereby energy 

increases lead to better system quality. 



' ) 

3.2 PASMOD Sensitivity Analysis 

Series 3 

Th e third series of sensitivity analysis runs was ai~ed at investigating 

the effects on beef production of changes in improved forage preference 

functions. In effect, one year runs were used, as at the end of each year 

respective grass and legu~e bio~asses were set to their original values as 

at the start of the run. There were five treatments with three replicates 

of ten - year runs. The PASMOD growth functions used are shown in Figure 

11; the senescence funttion has been changed slightly since this 

experiment. Preferente functions appear in Figure 12. The extent of 

preference might perhaps be expressed in terms of the area of the shape 

above or below the straight diagonal <preferente function _type Vl formed by 

the function used. If thi5 area is then divided by the total · area above or 

below the line, and providing the function is reasonably s ymmetrical about 

its mid-point, we can define the Preferente Funttion Index <PFil. This 

ratio can be reduced algebraically to the quantity (y-xl, adjusted for 

sign, where the coordinates <x ,yl define the elbow of the preferente 

function <this holds even if the two linear seg~ents of the function are 

not of the same lengthl. 

Tre at ments are shown in Tabl e 22. The results whith follow dep end to a 

certain extent on the actual digestibility values used for the legu~e and 

the grass (here, legume digestibility = grass digestibility *1.1). 

An idea of the effe~ts of each treatment is given in Figures 13 and 14 1 

consisting of biomass plots for treat~ents 1 and 4; leguae, grass and total 

biomass were assembled and averaged to produce these curves. Results for 

the five treat~ents are shown in Table 23. Apart fro~ the fact that large 

differences between treat~ents exist, and that production is hi~hest for 

the treatment with the most extreae negative selection fun~tion , it is 

easier to interpret these results by comparing average monthly ingested 

digestibilities with the digestibility of forage on offer <Table 241 -

average ingested digestibility rank-correlates perfectly with production 

per AU per year. 
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TABLE 22 RUSMOB SENSITIVITY ANALYSIS - SERIES 3 TREATMENTS 

Tr.eat111ent 

2 

3 

4 

5 

Preferenie Function 

V 

IV 

1 

I 

I 

PFI* 

o. o 
+(l. 1 

-0.2 

-0.4 

-o. 1 

* preference function area index, defined as . 

PFI = y - x, where the elbow of the 

function has coordinates (x , yl . 

(l 



TABLE 23 RUSHOB SENSITIVITY ANALYSIS .- SERIES 3 - RESULTS SUMHARY 

--------------------------- Ouput Para11eter ----------------------
Treatment ConcepU on Weaning Age@lst Weaning Conception Production t1ortality 

X 7. Partull\ Weight lnterval kg/_AU/yr 4 

------------------------------------------------------------------------------
1 PFI= o. o 72 .49 3.3 134 433 61 14 ,.. 

(s.o 3 2 o. 1 5 3 0) 

2 PFI=+O.l 75 50 3 .2 135 420 62 14 

(s.d 2 2 o. 1 2 3 1 1) 

3 PFI=-0.2 68 46 3 . 3 134 446 58 14 

(s . d 1 1 o o 1 1 4 1 1) 

4 PFI=-0.4 85 61 3. 1 148 373 72 13 

(s.d 3 2 o. 1 2 5 3 1) 

S PFI=-0.1 73 50 3.3 133 440 61 14 

(s, d 2 2 o. 1 1 4 3 2) 

---------------------------------------------------------··------------------



~ . 
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TABLE 24 RUSHOB SENSITIVITY ANALYSIS - SERIES 3 RESULTS 

Treatment Digestibil ity Digestibility Product ion 

Forage on Offer lnqested kg/AU/yr 

X S X S rank X S rank 

----- --- ---------- --------- -------- - - --------------- ~---------- -

4 7. 1 3.8 47. 1 3.B 3 61. 1 2.9 3 

2 46.9 3.6 47.2 3.8 2 62.4 1. 2 2 

3 47.8 4.2 46.8 3.8 S 58.0 1.2 5 

4 52.5 3.7 49.6 3 .6 1 72.0 3. 1 

5 47.5 4. 1 47.0 3.9 4 60 . 8 2.6 4 

Values of dig estibi lit y gi ven were assembled i nto ten-year ~onthly 

averages , whith were themselve s averaged. 



The importante of selection ari~e• because it changes the effective 

digestibility of the diet. For treatment 2 <legu~e actively selected for), 

the animals selecta diet of higher digestibility than the one on · offer, 

whereas for tre at nents 3 1 4 and S, the aninals are penalising the~selv es. 

lt would be interesting to follow through the ra mifications of thi5 for the 

concept of the ma ximisat i on of net energy inta ke. What is of ~ore 

importante is the size of the changa s ; if treatments 1 and 4 are compared, 

it can be seen that an increa~e in in gested digestibility of 5 . 37. increases 

production by lB'l.. The production le ve ls for treatment 2 are within the 

bounds set by treatments and 4. 

The effect of selection on prod uction was investiga ted in a supple~ent a l 

factorial ex peri~ent, by ignoring ani~ a l effects on pasture. A series of 

one- year si mul ation experi ments was carried out with two fac t prs: loc at i on 

of t he digestibility- over-ti me dist r ibution, and the prefere nte fu nction 

area inde x. A constant relati ve differential factor was kep t between the 

grass and legume digestibilities. There were three l evels of the 

diges tibilities factor, with mean ye arly forage dige s t i bilities r anging 

from 53 to 64/. for the legume, and from 43 to 537. fo r th e gr ass. The PF I 

was varied fro m -1.0 to +1.0 in incre ments of 0. 25 !Table 25) , Each 

treatment was r un for ten on e-year seasons, and these ten seas ons were 

continuous as far as herd de v elop~ent was concer ned. Three outputs were 

derived: the yea rly average digestibility of the forage on offer <weighted 

by availability> and the forage ingested 1 and production pe r ani mil unit 

per year . Two replicates were carried out, since the coefficient of 

variation for production per animal unit per year is of the order of 5'l. 

only. Results are shown in Figure 15, a graph cf di ges tibility of forag2 of 

offer ag ainst the PFI, with values of production ! k g/~U/ye¡r). 

The limitatipns of this analysis are nu~erous¡ for instante, the 

digestibility time series are based on little rea l data and may be 

unreali s tic, preference is defined to be constant over time, and the full 

effects of the dry season are not accounted for (since dry aatter is 

assu~ed to be unlimiting, amo ng other reasons), The details of Figure 15 

~ay thus be so~ewhat s pecious, but as an exercise in sansi t i vity analysis 1 

useful conclusions can be drawn. 



·TABLE 25 

r ' 

RUSMOB SENSITIVITY ANALYSIS - SERIES 3 SUPPLEMENTARY 

EXPERIMENTAL TREATMENTS 

Factor Level Description 

X 1 Mean digestibility * o. 96 

2 * 1. 06 

3 * 1. 17 

y O · PF 1 = -1.00 

-0.75 

2 -0.50 

3 -0.25 

4 o.oo 
S +0.25 

ó +0.50 

7 .+0.75 

8 +l. 00 
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First, the results agaín deaonstr~te the high correlation between the 

digest i bility of forage ingested and production. Second, forage on offer 

varíe s in a characteristic and non-linear sanner for the three levels of 

the digestibility factor between the two extre~es of pure grass and pure 

legume, the two · points defining the differential digestibility between the 

componen t species (here a factor of 1.22 in fa vour of the legume). The 

actual s hape of the relation ship is presu•ably a function of the 

differ ential growth r ate between l egume and grass. 

Third., all other things being equal, the value of the PFI can precipitate 

much variation in ani ~a l production. It is unlikely that animal preferente 

functi ons in reasonabl y p ~ latabl e grass-legume associations will exhibit 

-PFls in excess of ~0.3 or so, for the simple reason that pastures with 

larger absolute values are not li kely to be stable in tcr ms of their 

component parts, although this re mai ns conjectural in the absence of 

pertinent data. Especially at lower digestibilities, where the va r iab ility 

appears to be l arger, a range of PFI of -0 .25 to +0.25 i mplies ch anges in 

production of some 19X. Even if this vari ability is substantially 

overesti mated due to th e limitat i ons of the experiment, it sti ll 

constitutes a compe lling reason for generatinq field data with thc aim of 

renderin g prev iously conceptual r elationship s empi rí cal. 

Series 4 

The final series of sensitivity anal ysis ex~eriments inv es tigated the 

robustnes s of prim ary production per se to ch a nge s in the growth function s 

in PASMOD, the fo rage component. Such analysis is difficult to plan and to 

analyse , main ly because the parameters of the model at this stage are no 

more than coordinates in the x-y plane. A number of one replicate (no 

variabilityl tr eatments were set up, without ani~als; one set was concerned 

with pure pasture, and the s~cond, with aixtures and henc e co•petition. 

For the first s et, the proble~ wa s how to vary the model parameters; it was 

decid ed to ~ove the coordinates defining the first three PASHOD functions 

<Figur e 11) in three ways: an increase in 10% in the y direction, 10'l. in 

the x direction, and 10X in the x and y direction. The resultant areas 

under the functions are thus incr eased by factors of 1.10, 1.10, and 1.21 



T 

respectively. It is also quite possible that a three-function •odel like 

this is a me nable to mathematical analysis. However, 300-day runs take only 

sorne 5 seconds; there are more problems in analysing the large quantities 

of result ant output than in carrying out the runs the~selves. 

lhe ten treatments for the legume pasture are shown in Table 26 1 with 

results in terms of the ceiling yield, days to ceiling yield, and 

cumulative production (area u~der the curve) to that time. Ceiling yield 

was defin ed to have be en attained if the biomass on day t differed fro~ 

that of day t-1 by less than 1.0 kg. The actual values are of less 

importance than the changes that can be observed. A crude gauge of t he 

sensitivity of each function can be obtained from su~ming and averagi ng the 

absolute values of the percentage changes observed; these are 1.5%, 7~81 

and 3.6X, respectively. Senescence is of greatest sensit~vity; this is 

not surprising, since this is a one-stage proces s, whereas growth is a 

two-sta ge pro cess , deri ved from two functions rather than one. In vi ew of 

this, some more treatments were set up to examine changes over a wider 

range for th e senescence function. Results are shown in Figure 16 1 whe re 

it can be seen that changes in the x-y direction tend to damp down, to some 

extent, th e large but opposing tendencies which ex ist if changes are made 

to the parame ters in the x and y directions sep :r atel·y, The response is 

approximately linear, a 10% change in parameter s lea ding to a 6X chang e in 

cumul ative production. 

Similur results wer e obtained for the pure grass pasture, Table 27 1 

although <owing to the nature of th e functionsl ceiling yields were higher 

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

Another set of treatment s looked at the effects of 10% perturbations in the 

y-direction onl y to the growth functions for a grass legu~e mixture. No 

non-spatial competition ~as introduced at this stage. The effe(ts on 

persistence of th e legume, measured as the leg~me content ratio over time, 

were not marked <Table 2B l; neither were those on yield or cumulative 

production to day 210. Af parently, changes in the growth functions for 

mixtures lead to considerl bly dampened effects compared with the same 

changes made to mono-comp¡nent pa s tures . 

(, 1 



TABLE 26 SENSITIVITY ANALYSIS - SERIES 4 - RESULTS, TREATME NTS 1-10: 

LEGU ME PASTURE, SENS ITIVITY TO 10X PERTURBATIONS IN PASMOD 

FUNCTIO NS 

Treatment 

2 1 y 

3 I X 

4 xy 

5 II y 

6 11 X 

7 II xy 

8 1 1 l y 

9 II 1 X 

Ceiling 

Yield 

tlha 

4.76 

4.79 (+1) 

4.76 ( 0) 

4.80 (+1} 

4.55 ( .- 4) 

5.23 (+10 ') 

5.0(1 (+5) 

Days to 

Cei ling Yield 

Cumulative 

Production 

Ht/ha 

< Ol 

(+2) 

{t 1) 

10 III xy 

4.99 (+5) 

4.58 (-4) 

4.77 ( 0) 

208 

200 

219 

208 

198 

224 

212 

203 

209 

201 

(-4 ) 

(+5) 

( o) 

( -5) 

(+8) 

(+ 2) 

(-2) 

( 0) 

(-3) 

0.653 

0.652 

0.665 

0.657 

0.584 

0.781 

0.695 

0.683 

0.604 

0.621 

(-10) 

(+20) 

(+7) 

( +5) 

(-7) 

(-5) 

<-t percentage change from va lue in Treatment 1; I, 11 and III are PASMOD 

function numbers; x, y, or xy indicates direction of perturbation. 
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TABLE 27 SENSITIVITY ANALYSIS - SERIES 4 - RESULTS, TREATMENTS 11-20: 

GRASS PASTURE, SENS1TIVITY TO 10Y. PERTURBATIONS IN PASMOD 

FUNCT10NS 

Treat111ent Ceiling Days to Cumulative 

Yield Ceiling Yield Production 

t./ ha Ht/ha 

-----------------------------------------------------------------
11 5.86 203 0.889 

12 y 5.98 (+2) 200 (-2) 0.'906 (+2) 

13 X 5.89 ( 0) 208 (+2) 0.898 ( + 1) 

14 xy 6. 10 (+4) 203 ( Ol o. 923 (+4) 

15 II y 5.55 (- 5) 189 (-7) o. 777 ( - 13) 

16 11 X 6.42 (+10) 221 (+9) 1.065 (+20) 

17 I 1 xy 6.08 (+4) 206 ( + 1) 0.933 (+5) 

18 III y 6.21 (+6) 202 ( Ol 0.949 ( + 7) 

19 J I 1 X 5.76 (-2) 207 (+2) 0.876 (-2) 

20 III >:y 6. 1 o (+4) 205 ( + 1) 0.930 (+5) 

-----------------------------------------------------------------

(- ) percent age change from values in Treatment 11; 1, II and 11I are PASMOD 

function nu•bers; x, y, or xy indicates direction of perturbation. 
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TABLE 28 SENSITIVITY ANALYSIS - SERIES 4 - RESULTS, TREATMENTS 21-27 

MIXED PASTURES, SENSITIVITY TU 10X PERTURBATIONS IN PASHOD 

FUNCTI ONS 

Treat rnen t Yield Cumula ti ve Legu11e Content Ratio 

da y 210 Production da y o 70 140 210 

tlha Mtlha 

~------ --------------------------- -----------------------------------------

21 5.95 0.991 0. 50 o. 17 0. 09 0.06 

22 1 L y 5.99 ( + 1) 1. 000 ( + 1l o. so o. 19 0 . 09 0.07 

23 S y 6. 1 o ( + 3) 1.021 ( +3) 0.50 o. 15 0.08 0.05 

24 1 I L y 5.92 ( -1) 0.985 (-1) 0.50 o. 16 0.08 0.04 

25 1 I G y 5.65 ( -5) 0.955 ( -4) 0.50 0.17 0.09 0.06 

.26 I 1 I L y 5.99 ( + 1) 1.000 ( + 1 ) o. so o. 18 o. 1 o 0.07 

27 III G y 6.79 (+14) 1.072 (+9 ) 0. 50 o. 14 0. 08 0.05 

---------------------------------------------------------------------------

(-) percentage change from va lues in Treatment 21; I, II and III are PASMOD 

function numbers; L and G ref er to legume and gras s, and y indicates the 

direction of the perturbation. 



The last subset of tr~atments looked at the response to changes in the 

competition function. Some of the functions are illustrated in Figure 17, 

represent medium, low and high levels of co•petition, relating potential 

growth rat e to actual growth rate. Results for these and other treatments 

appear in Table 29, which can be summarised as follows1 

- the first three treatments show the effect of the three competition 

functions just shown on yield and persistence. This latter is obviously 

affected greatly 1 but yie ld is remarkably stable over the range from 

no competition to severe competition. 

- for the second set of three treat~ents (31-33), the legu me was made to 

compete against the grass using the same three competition effects. Mediu~ 

and high levels of co~petition are in fact overríding the greater growth 

rates of the grass, leading to grass extinction, eventually. The 

accompanying large ch anges in yield are to be expected 1 since the legu~e 

has a much lower ceiling yield than the grass. 

- the last two treatments show the effect of mutually beneficia! and 

mutually detrimental competition , where total yield is enhanced and 

reduced, respectively. 

Competition effects can be studied by deriving de Wit replacement diagrams, 

where rel ative yields after a cert ain length of time are plotted against a 

range of plant densities at time zero , in efféct. Seven Nreplicates" o{ 

each of these treatments were carried out, but with the initial ratio of 

legu~e-to-total-biomass set at 0.0, 0.1, 0.3 1 0.5 , 0.7, 0.9 and 1.0 1 the 

total biomass being kept constant at 800 kg/ha. 

The resultant forage growth curves for treatment 28 are shown in Figure 18, 

for the seven different s~arting combinations. As the proportior o{ grass 

at time t=O dec reases, the persistente of the legume increases. 

De Wit diagr ams can then be drawn, which show wha t happens by day 84 for 

the various levels of competition, Figure 19; these illustrate classic 

expression of 9uch effects, where component relative yields are changing 

for increasingly severe competition. The effects on total relative yield 
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TABLE 29 SENSITIVITY ANALYSIS - SERIES 4 - RESULTS, TREATMENTS 28-35 

MIXED PASTURES, SENSITIVITY TO DIFFERENT COMPETITlON FUNCTIONS 

Treatment Legume Content Ratio Yield 

da y 210 

tlha 

Cumulative 

Product ion 

M U ha 

day O 70 140 210 

28 IV G>L m 

29 IV s 

30 IV 1 

31 IV L>G m 

32 IV s 

33 IV 1 

34 IV ben 

35 IV det 

5.91 

5.93 

5.90 

4.82 

6.02 

4.83 

6. 78 

5.85 

( -1) 

( o) 

<-u 
(- 19) 

( + 1) 

(-19) 

(+14) 

(-2) 

0,992 

0.991 

0 .993 

0.840 

0.989 

0.817 

1. 095 

o. 923 

0) 

0) 

0) . 

<-15> 

( Ol 

( - 18) 

( + 11) 

(-7) 

0.50 

o. so 
0 . 50 

0.50 

0.50 

0. 5(1 

0 .50 

0. 50 

o. 11 

o. 13 

0.08 

0.62 

0.25 

0.83 

0.23 

o. 15 

0. 05 

(1.(16 

0. 03 

0.68 

o. 15 

0.90 

o. 17 

0.06 

0.02 

0.04 · 

0.01 

0. 73 

o. 11 

0 .94 . 

o. 13 

0.0 3 

(-) percenta~ e ch ange from valu es in Treat ment 21; L and 6 refer to legum e and 

grass; m, s and 1 to medium, small and l arge competition effects, ben and det to 

mutu ally beneficia} and detri ment al co mp eti t ion. 
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TREAT"ENT 28 BIOKASS ·cURVES, KS PER KA (L LESUHE , 6 SRASS, T TOTAL, t L~SI 

PROPORTIDN DF GRASS AT T=O 1 1.00 PRDPORT IOH OF 6RASS AT T=O 1 0.70 

o 2000 4000 6000 o 2000 4000 6000 

1 l 6 l L S T 
1 S 1 L 6 T 
1 S l L 6 T 

21 1 S l 
1 L 6 T 

l 
1 S 1 L 6 T 
1 
1 6 L 6 T 

.. 42 1 B L 6 T 
1 • 6 L 6 .T 
1 6 L .6 T 

631 8 L . 6 T 
1 9 L 6 T 1 
1 6 L 6 T 1 

8~ 1 6 L 6 T 
1 6 L· 6 T 
1 B L 6 T 1 

105 1 6 1 L 6 T 
1 
1 6 IL 6 T ,. 1 S IL 6 T 

'1 

" 1 . 6 IL 6 T 
~ 1 6 IL S T. 1 

1 6 IL 6T 1 

147 1 S IL S T 
1 
1 6 ll S T 
1 8 IL ST 

ló8 1 6 \L ST 
1 e IL ST 
1 6 lL 6T 1 

189 1 6 1 6T 
1 6 T 1 
1 6 T 1 

210 l 6 6T 

PROPORTJON OF SRASS AT T=O : 0.90 PROPORT JON OF 6RASS AT T=O : 0. 50 

o 2000 4000 6000 o 2000 4000 6000 
---------------~--------------------------------------------- -------------------------------------------------------------1 1 BT t T 
1 ST LB T 
1 6T L 6 T 1 

21 lL .ST L 6 T 
, IL 6T L 6 • T 
• IL ST L . 6 T 
'- "'42 IL 6T L. 6 T 

IL .ST L 6 T 
lL ST L 6 • T 

63 1 6T L 6 T 
1 
1 GT L 6 T 
1 ET L 6 T 

84 T L 6 T 
T L 8 T 
T L 6 T 

105 6T L 6 T 
6T L 6 T 
T L 6 T 

126 Gl 1 l S l 
T 1 L 6 T 
T 1 L 6 T 

147 ST 1 L 8 T 
6T l L S T 
BT 1 L 6 T 

168 T l L 6 T 
T IL 6 T 
T ll 6T 

189 1 T IL 6 T 
1 
1 T IL S T 
1 l ll 6 T 

210 1 T IL 6 T 



IT~EATIIENT 28 BI.OIIASS CURVES -continul!d-l 

PROPORTlON OF 6RASS AT T•O 1 0.30 PROPORTlON OF SRASS AT T=O 1 0.00 

o 2000 4000 6000 o 2000 4000 6000 
------------------------------------------------------------- -------------------------------------------------------------1 : 6 L T ·L 
1 6 L T L 1 

'1 6 L T L 
21 1 1 T L 

1 l G T L 
1 L S T ' L 1 . 

42 1 L .s y· L 
1 L 6 T L 
1 L 8 T L 

63 1 L 8 . T l 
1 l B , T l 

L .6 T .L 
84 L 6 T , L 

L 8 T . L 
L 6 T L 

105 L 6 T L 
l 6 T l 
l 6 T L 

126 L 6 T l 
~ L S T l 

L 6 T l 
h7 l 6 T L 

1 l 6 T l 1 

1 l 6 T l 
168 : l G T l 

1 L 6 T L 1 

: l 6 T L 
189 1 L 6 T l 

: l 6 T L 
1 l 6 T l 

210 1 L 6 T l 

PROPORTION OF 6RASS AT T=O : 0.10 

o 2000 4000 6000 
-------------------------------------------------------------1 : LT 
16 LT 
16 l T 

21 : 6 L T 
1 
1 6 l T 
1 6 L ' T ' ~ 1 8 l . T 
1 6 L. T 

~- .; 1 6 L T· 
631 8· L T 

1 
1 f .T 
1 L 6 • T 

84 : L. G T 
1 L ' S T ' 1 L . 6 T 

105 1 l . 6 T 
1 L 6 T 1 . 
' 1 l 6. T 

126 : l .6 T 
t l 6 1 
1 L 6 T 1 

147 : l 6 T 
1 L G T 
1 l B T 

168 1 l 6 T 
1 

' l 6 T 
' 1 l 6 T 

189 1 l 6 T 
1 l S T 
1 L S T 

210 1 l 6 T 
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SENSITIVITY ANALYSIS - SERIES 4 
DE WIT DIAGRAMS, TREATMENTS 28, 29 ANO 30 
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are included to show th~ ability of the competition function alone to 

produc e marke d changes in total biomass 1 for the cases where the function 

produces mutua ll y detrimen tal and beneficia! changes (Figure 201. 

The se r esults can be summar ised in a few points: 

- in pure swar ds, senescence is particularly sensitive; 

- for mi xe d swards, functions I, II and Ill !the leaf area in de x , 

sen escence and growth rate functions,l tend to act on yie ld and 

·per sistence to a li mi ted degree only, while function I V (the competition 

functi on l tends to act on leg ume persistente to the exclusion of yie ld. 

- for mi xed swards , making the leg ume act more li ke the grass· tends to 

st abi l ise the system, in terms of the speed of decline of legume 

persi stence , while increasing the discrepancy works in the opposite 

directíon. 

where one s pecies both co~petes successf ull y and has higher growth rates 1 

the actual fora of the competiti on function has little effect on yie ld. 

By making the s ucce ssf ull y com peting component the competed-against, the 

effect of higher growth rates can easily be off set by a sufficiently 

sev ere competition function. 

the for m of compe tition function used has results which are reflected in 

a sensible way in replacement diagrams, i.e. 1 many of the classic 

respon ses can be obt aine d by changing this function alone. 

It may be conclud ed that, as a conc eptual ~odel, PASMOD reacts in a 

reason ab lc fashion to changes in its functions (see fish er and Thornton 1 

1987, and Thornton and Fisher, 1987 1 for further experi~ental results.l 
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4. EXPERIMENTATION PROGRAM 

4.1 Introduction 

The experimental_ program was carried out in two stages. The first series 

contained ·a large number of treatments of different types, often without 

replication, whose aim was to identify a small number of promising 

strategies. These were then examined in the secon d series, with 

comparatively large amounts of replication, and were then analysed using 

standard decision analysis . 

A number of points relate to all experimentation. Essentially, the object 

was the identification of management practices that are capable of inducing 

sizeable changes in the quality of the s ys tem. Analys i s t .ended to 

concentrate more on the relat ive perfor~ance of various options than on 

their absolute performance. For most treatments, 150 ha of land was 

considered to be available, with improved pastures being introduced as 

r equired. Costs were calculated on this total amount of land, The costs 

of i~proved pasture were assumed to acc r ue i n the May of the year in which 

they were incurred. Any improved pasture was u~ua lly resown at the 

beginn ing of year 10, halfway through the run, _and maintenance fertiliser 

was applicd every third year. These really constitute artífices for the 

cash f low; the lack of tot a l feedback between pasture and animal is 

discussed below . The prices and costs used were those pertaining in early 

1986, as f ar as can be ascertained. 

The quality of the standard improved pastu re used was not particularly 

high, with average digestibilities of only 487. and 587. for the grass and 

legume, r espectively. This was done deliberately 1 so that any erring would 

occur on the side of caution. Despite the problems previously experienced 

in the stability of the system onc e left alone and allowed to run 

unchecked, the weather-related growth fun ction~ for the improved pasture 

(see below) usually restof ed a semblante of balance between the proportions 

of gra ss and legume by th end of the dry season. The small proporti on of 

legume usually available o the animal (from a 50-SO mixture at each 

plantingl undoubtedly exacerbates the rather ~ediocre quality of the 

overall pasture, owing to this co ~p onent's lower digestibility. 
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The set of management rules in force was that described elsewhere 

CThornton, 1987>, unless the treatment concerned was in the process of 

modif ying one or oth e r of them. The ~ost i mpor tant we re as follows: 

wean in q at 270 day s 1 culling twice a year on t he ba sis of age and 

successive negative pregnancy tests, and disposa l of the followers herd at 

the se same times. 

Thc probl cms of pasture -ani mal feedback are not faced in th ei r enti r ety ; 

th e model i s still incomplete in some i mpor t ant respects . In parti cular , 

t he question of ava ilability of for age remains. For some of the 

treat me nts, r ation rules ~er e impos ed: such rules are diff i cu lt to arrive 

at, since the beh av i our of t he farmer in this context may be extr eme ly 

co mp l ex. The approach taken here was si~ply to say that i f availab i lity of 

i mp r oved pasture per anima l unit fel l below a cert a in level 1 then the 

r elevant mobs were moved t o th e savanna buffer until s uch a time as thi s 

threshold was exce ede d. Note lhat once an imal s are move d off i mproved 

pastur e in this way, th ey cannot be moved back un t il a mínimum of five days 

have elapsed Cdt , t he integration time step) . Real life dec.ision making is 

unlikel y to be so crude and inflexible¡ performance fr om treatments with 

such r ation rules could be ex pe cted to be rath er better than is indicated, 

therefore, as f ar as this f actor is conc er ned. 

Anoth er problem of f eedback exists in the lac k of a relationship between 

dig estlbi lity and biomass (see belowl. In addition, the effects of pasture 

rusowing on herd dynamics are not easy to incorporate. For some of the 

treat men ts , where the effect of resowing was being investig~ted ex~licitly , 

the herd was subjected to one year on savanna befar e being allowed to graze 

improv ed pasture. As will be seen below, the effects of such a year had 

little effect over 18 yea rs on biological parameters, whilst the effects on 

the economic parameter s were profound. 

Variability in the System 

It i s the case that 18 years constitute a considerable period of ti~e, and 

it is int eresting to speculate on the size of variances that could be 

expected from 16-year rep l ic ates of the same treatment in real production 

:rr 
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systems. The year-to-year variition is damped down to a great extent over 

such a period of ti~e, as was indicated in the sensitivity analysis. The 

main purpose of addressinq this aspect at all relates to the funda~ental 

unchanging nature of digestibility from year to year as it is set up in the 

model, and the fact tha t avai lability i s rarely allow~d to be limiting. 

The other question of interest relates to what happens in years of pasture 

failure. 

There are currently three distinct sources of random variation in the 

system model: 

- within the animal co~ponent, death and conception, for instance, are 

stochastic and directly account. for a certain amount of variability. 

- buying prices are stochastic, introducing a li mited amount of variability 

to the economic output variables. 

- the third source is the inclusion and use ot extant evapotranspiration 

data fro~ Carimagua to modify pasture growth rates: This process is 

di scussed below. 

A number of ways exists in wh ich this variability could be increased. 

Fir st, the pasture model could be left with tabular digestibilities, 

exhibiting coefficients of variation of approximate l y BY. for econom ic 

parameters and 3Z for biological parameters which are not directly 

stochastic between 18-year replicates. To this can be added a 

consideration of pasture failure. A second possibility would be the arming 

of the improved pasture model with new bi-seasonal functions relating 

digestibility to biomass in some way, in an attempt to obtain more 

biological variability, principally. A third met hod is to take the most 

important input variable for which information is most limiting, impute a 

triangular distribution to its value, and observe what happens to the 

variability between replicates. Conceptually, this is fl awed by the fact 

th at all variability can be ascribed to imperfect knowledge 1 in which case 

the correct procedure would be to impute distributions to all variables for 

which information was lacking. Much of the variation so induced would 

undoubt edly be self-cancJ lling, leaving, in theor y, a system-dependent 

quantity of variation. Digestibility is an examp l e of a variable which be 

used directly in such a way; similar l y, any of the parameters in the 

pasture growt h model could be used without difficulty. The arder of 
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magnitude of the varíability that could be expected from such a proeedure 

i s completely unknown. Lack of tiae prohibits the investigation of this 

rather in tri guing possibility, unfortunat e1y. 

The si~p lest methód of attempting to include re asonabl e levels of 

variability is to treat the probability and eonsequ ences of pasture fai1ur e 

in an exp lici t f ashion. Total failure of a pl anted pasture is presumably 

r a r e ; i t i s mor e 1 i k e 1 y t h a t o.n e o f t h e e o 111 p o n e n t s , i n e o m p a r a t i v e 1 y 

small, well-defined areas will require replacement. However, it is useful 

to assume , for examp le, that one year in 21 will result in complete past ure 

loss , with subsequent incursion of r eplacement costs, or, •ore 

re alístieall y , a eertain proport ion of them, and the herd being sustained 

by the native savanna until es tabli s hment. 11 this is seen as being the 

worst possible outeome, in eeonomic terms, then such an even t fixes the 

left - hand end of the c u~u l a tive probability di st ri buti on . Thi s rationale 

i s in accord with the risk -averseness exhi bited by the vast majority of 

producers 1 and is discussed in section 4. 3. 

Selection of Outp ut Crit eria 

I t is difficult to identif y a number of criteria which, when taken in their 

entírety, are capable of giving an accurate índic atíon of the biologieal 

and econo~ic performance of a particular treatroent. This is due in part to 

th e co~p lexity of the s ystem, and in part to the f act that it is unknown 

what it is farmers seek to maximi se, if indeed their behaviour can be 

exp l a ined in such a f ashion. 

Biological Perforaaoce. The índi ces used to calc ul at e production per 

animal unit per year ha ve certain problems. Th e calculation of production 

per unit are a was judged to be too controversia}, given the curr ent 

li mitation~ of the mode l wit h r espect to forage avai 1ab ilit y . The 

e xpressi on us ed to calculate production, as ta k~n f r om the ETES project 

report (Vera and Sere, 19851, fails to tak e account of cullings. It is the 

ca se that culling policies ~ust be reasonably severe, if th e r e levan t age 

di stributions are to be ~reserved over long periods of ti me. Presumabl y, a 

nu ~ber of dea l hs due to ~tarvation in the sava nn a syste~ could be expected 

to be converted into s ales, t hus rai s ing producti on l eve l s somewhat . The 

T ' 
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sum•ation of sales over time appears to be sensitive to the decision rules 

operating in the model, io again comparative study requires care . It is 

worth noting that very high values of such production índices can be 

obtained, but at the expense of nu~bers of an imals in the herd falling to 

such low levels that extinction is the only possible outcome. Clearly, for 

a suppo5edly self-replacing herd, this will not do; some measure of herd 

slability has to be included in the general assessment proc ess . The 

problems with weani_ng percentages as calculated in the model have been 

discus sed elsewhere, but suffice it to say that th ese are usually 

substantially underestimated for a given conception percentage·. 

Ec onoaic Perf ortance . T ~e •erits and dem erits of traditional in vest •ent 

criteria are well-k nown . . A subjective element exists in both the internal 

rate of return, in imputing a value to th e decision maker's time horizon, 

and the net pres en t value of an in ves t ment , where a rate of time preference 

has to be imputed. Such criteria can be of use, but it is likely that 

there are even more funda me ntal considerations. For instance, an 

examination of net revenue over ti~e and of the amount of negati ve months 

or quarters in the cash flow is l ike ly to yield important in f ormat ion as to 

the probability of new technology being taken up. Of course, the influence 

of ris k may be decisive, in certain situations . As is described below, 

attractive options exist for reducing cash flow s queeze and for pushing the 

producer higher up the mean-variante utility frontier. 

In sum~ary 1 it is necessary to look at a large number of factors when 

assessing the feasibility of any particular treat~ent. This entails the 

extraction of large quantities of data for which ana l ysi s 1 in a classical 

statistical sense , is not always forthcoming or feasible, This places 

further constraints on the sheer quantity of experi•entation that can be 

carried out, in addition to that imposed by available computing resources. 

Hodel Adjust•ents, V4.2 to V4.3 1 January lo Har ch , 1987 

Both series of model runs accounted for in excess of 600 18-year 

experi~ents. At 2.7 minutes CPU tiae per run, t his amounted to so~e 28 

hours of central processor ti~e. The length of run was set at 18 years to 

allow the compl et ion of three coMplete price cycles; for most runs, 
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therefore, animals were bought at the start of the run and sold at the end 

of the run with the cosine function at identical points. A nu mbe r of runs 

were carried out to investig ate the effects of different co•ine phases on 

the economíc performance of certain tre atments. 

The most important adjustment to the model concerned the tentative 

inclusion of weather on primary production, to an extent. It appea rs that 

the start and cessation of growth in the savannas are primarily a functio n 

of the water in the soil. There exist twelve complete year s of wa ter 

balance information from Carimagua, coverin~ the period 1974 to 1985 

CFigtl re Al in the Appendix>. The beginning and end of each year are 

critical; _ the time series ·ccreated using WATBAL, a water balance model, by 

P G Jones) was chopped up - into 11 years starting on June 30 , when all years 

· showed a value of the evapotranspiration ratio, EA/ET <actu a l to potential 

evapotranspirationl, of 1. 0, to avoid the probl em of trying t o splice 

disparate yea rs. The daily dat a were assembled into pentads 1 averaged 1 and 

written to a compute r file, one year per record. To determine the status 

of the soil water at any time ~uring a simulation run, a year is select ed 

at random from 1 to 11 <using a t hir d independently-seeded rand om number 

generator, subroutine RAN3l since no autocorrelation could be detected 

between years, and that year is used sequentially up until June 30 of 

simulated ti~e, when a new yea r is chosen. The variabilit y introduced by 

this method is strictly limited, and is obviousl y of most i mport ance when 

for age is limiting during th e dry season (since the start and duration of 

the dry season can be seen as quasi-random variabl es) . 

Once the ratio of actual to potential evapotranspiration has been 

calculated for the relevant pentad, actual growth rate for the grass and 

legu ~e CAGR,> are modified by a factor whose value is specified by a ra~p 

function <Figure 21). This process can be turned off by specifying a value 

for the appropriate random nu~ber seed of 9999. These calculatiDns are 

carried out in subroutin~ EVAP. 

ThQ Carimagua data were transf or mad by WATBAL using a value of lOOmm for 

soil water capacity, so theoretically soí ls of diff erent water holding 

capacity could be catered for. It is acknowledged that no account is taken 

of species that exp l oit water from different profiles, for example; the 
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ad dr ess ing of such facto rs , however 1 lies in the future for a aodel of this 

r esolutian. 

Other modifi c at ions made to the system model were minor 1 inclu di ng a print 

out sho~inq whether th e cash flow for a particular quarter-y ear was 

pasitive or negative 1 to al l ow easy comparison between treatments 1 and a 

r andom nu mbe r seeder based on the clock in the co mputer itse l f . lf the 

time is hh- aa - ss 1 th en NS EE D, th e seed for subroutin e RANDOH, is set to 

ssa•. Two other variab les, NOX2 and NO X3 , which seed RAN2 and RAN3 1 

the other random number generators, are thcn set to NSEED+lOO and NSEED+200 

respective l y . All s eeds can be set manual ly by setting NSEED no t equal to 

t ~e va lue 9999 . 

4.2 First Ser ies . 

A li s t of the major treatments is shown i n Table 30 . It shou l d be noted 

that these runs are not necessarily directly comparable with each other, 

althoug h they are so within ~ach factorial sct . Selected output is 

summar ised in Tab le 31 <the tr eatments are described in Table 32> 1 s howing 

both economi c and biological par ameters. All incre ~cn tal int ernal r ates of 

r e tu rn wer e calculated in comparison with the basel ine savanna system . 

These IRRs tended to be volatile 1 and there were a numbe r of cases where 

the it era tivQ procedure used to calcul ate them converqed on a "solution" 

for a cashflow whic h was in fact ill-conditioned (in addition to those 

cases where no solution could be f oun d at all). Tr eatments and their main 

effects are summarised be low. 

Th e first subset consisted of var ious tre atments with 20 1 30 and 40 ha of 

i mproved pasture. For mos t of these tr eatments 1 no complete costings were 

carried out; intcrpretation of the econo mi c parameters is thus restricted 

to a cons ider at i on of rela ti ve performance. A la x ration r ule w~s use d , so 

th at in effect biomass was not limiting for these ru ns . The sensitivity of 

the internal ra t e of return wa s thus overestimated, since 20 ha of improved 

pasture simply will not sup port the sa~e number of beas ts in the same way 

that 40 ha can, i n the long r un. Provision of improved pasture~ in 

conjunction with standard dec ision rules, resul t ed in clear increases i n 

production and profi t ability levels for all mobs. 

~1 



TABLE 30 FIRST SERIES, HHJOR TREATHENT LIST 

Base line Savanna 

Impr oved Pasture: . 

3 ar eas X 11 weaning, culling, selling, breedi ng strategies 

4 seasonal periods X 9 mobs 

3 areas X 2 replacement weights 

2 milk of ftake rates X 3 areas X 4 seasonal periods 

3 areas X 2 buy ing strategies 

2 mo bs X 3 areas X 3 replicates X 2 ration rul es 

3 mobs X ~ .) replicates X 3 sea son a l periods X 2 mil k 

2 seasonal mating st ra tegies X 2 dates of imposition 

2 resowing tre~tments X 2 pasturc renewal strategies 

2 activity expenditure treatments 

4 increase herd s ize treat ments 

3 correiation coefficients buy/sell price X 3 rep s 

pric e cycles: 4 lengths X 3 amp litudes X 3 reps 

4 costs X 3 levels X 3 reps 

3 milk prices X 3 reps 

5 increased pasture quality lev~ls X 5 reps 

•. 

offtake rates 
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TABLE 31 FIRST SERIES RESULTS SUMHARY - SELECTED TREATMENTS 

Treat raent 

o 

4 

7 

10 

13 

13A 

16 

19 

22 

25 

28 

31 

49 

50 

51 

52 

81 

123 

87 

BB 

89 

90 

9'T 

100 

101 

10 2 

1ABC 

2ABC 

3ABC 

4A BC 

NR I RR INC AU AGE CON ET CP WP WT DA DC Sl E2 

0.58 4 

4.17 17 

4. 21 19 

3 . 00 . 12 

1. 86 1 o 
- 1. 1 o 
-0.24 

5 .75 23 

6.13 24 

7.90 25 

11. 29 26 

5.65 20 

5.48 22 

S. 61 24 

1. 10 6 

3. 78 16 

1. 52 7 

5.67 22 

4.94 20 

5.12 23 

5.60 23 

5.68 23 

5. 53 22 

-2 .25 

1. 90 9 

3.86 16 

3.83 15 

-0.84 

4.84 22 

4.31 19 

4.63 22 

64 

67 

27 

74 

82 

51 

50 

56 

71 

121 

28 

63 

18 

68 

63 

84 

76 

80 

77 

21 

48 

43 

138 

~06 

34 4.0 61 0 40 47 31 132 11 14 34 38 

40 3 .0 

38 3.0 

38 3.0 

36 3.0 

16 3. 1 

35 3.9 

42 2.9 

42 2 .9 

362 93 86 64 153 9 

366 93 83 62 155 B 

389 82 84 62 131 6 

383 84 83 62 105 8 

369 102 95 79 81 9 

? 83 90 66 80 14 

353 86 93 66 158 

354 99 92 70 161 

6 

5 

3 94 76 

2 102 73 

2 87 73 

2 74 72 

3 96 90 

1 85 76 

3 1 o 1 80 

2 103 83 

53 2.9 347 73 96 74 158 9 4 73 88 

8 7 3.7 345 59 101 74 155 9 4 77 60 

42 2 . 8 

42 2 .8 

42 2 .9 

36 3.5 

41 3.2 

37 3.5 

42 2.8 

353 86 94 67 160 7 

351 88 94 70 159 9 

353 9o 93 71 t59 e 

523 55 57 43 138 9 

404 65 8 1 57 131 8 

516 51 59 42 140 7 

352 89 93 70 159 7 

4 96 80 

4 93 83 

3 95 84 

4 48 52 

3 75 63 

5 50 50 

3 97 83 

42 2.9 386 88 93 69 159 10 2 90 82 

41 2.9 351 84 88 65 145 9 4 84 77 

42 2.8 

42 2.8 

42 2.9 

10 3.4 

35 2.9 

38 2.8 

39 2.9 

32 3.3 

42 3.0 

41 3. o 
41 3. 1 

348 86 95 70 150 

352 86 91 69 153 

353 86 91 69 153 

336 2 

345 57 

349 72 

343 72 

536 

374 

377 

389 

38 57 27 119 

77 87 64 147 

77 86 63 150 

68 81 59 144 

8 

8 

8 

2 89 81 

2 92 81 

2 92 81 

10 37 29 35 

7 3 BB 74 

9 3 84 73 

B 2 76 67 
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[ - TABLE 31 cont - l 

SABC 

6ABC 

7ABC 

8ABC 

9ABC 

10ABC 

11 ABC 

12ABC 

140 

141 

142 

143 

144 

145 

. 2(10 

203 

206 

227 

230 

233 

236 

5001 

S006 

5011 

S016 

5017 

5018 

5020 

5026 

5027 

9028 

5.18 23 

4.57 21 

1. 31 7 

2.24 11 

1. 84 9 

2 . 27 12 

2.04 11 

1. 9B 9 

4.1 4 16 

3. 84 15 

2 . 86 11 

4.03 17 

3.56 15 

2.99 12 

0.84 

0 . 04 

0.06 

2. 18 

1. 37 

1. 97 

1. 44 

5 

o 
o 
9 

5 

8 

6 

3.15 13 

3.53 15 

3.63 13 

3.61 14 

1. 73 6 

5.85 23 

5.49 22 

5.53 23 

5.30 22 

6.01 25 

194 

109 

63 

34 

50 

30 

43 

38 

25 

43 

37 

27 

17 

7 

16 

11 

31 

46 

34 

31 

q 

60 

61 

83 

75 

92 

42 3.0 

42 3. 0 

37 4.0 

39 4.0 

39 4.0 

40 4.0 

39 4.0 

39 4.0 

41 3 o 1 

40 3.2 

38 3 . 3 

39 3.1 

39 3.1 

37 3.5 

34 4.0 

26 4.0 

32 4.0 

41 3.0 

39 3.2 

40 3. 1 

39 3 . 1 

41 3. 1 

41 3.(1 

42 3.0 

42 2 . 9 

40 3 . 1 

42 3 .1 

41 3 . 1 

40 3.1 

373 76 87 64 150 8 87 73 

376 76 87 63 149 8 4 85 72 

423 50 66 45 123 16 7 42 49 

368 . 59 75 54 134 16 

377 57 71 52 135 14 

374 59 76 55 133 18 

367 59 75 54 134 17 

37 9 57 73 52 135 14 

3 56 56 

3 55 54 

2 50 57 

3 54 57 

3 55 55 

394 69 82 59 

402 71 78 57 

432 69 71 51 

381 59 82 47 

380 62 ·Bl 49 

420 62 71 44 

133 10 5 72 66 

131 10 3 74 66 

133 8 3 71 59 

126 7 25 66 56 

122 11 22 61 58 

126 7 19 62 53 ' 

631 40 45 32 145 S 15 '37 39 

9 12 4 7 42 626 43 47 34 146 

625 41 48 32 147 

391 73 81 59 146 

430 72 74 54 147 

398 72 80 58 147 

A21 72 75 55 147 

9 9 39 40 

7 3 82 68 

8 2 76 64 

9 4 77 68 

B 2 78 65 

399 72 82 60 

399 72 82 59 

388 72 82 59 

372 82 92 66 

404 70 79 57 

381 70 85 61 

148 7 4 81 69 

3 82 69 

3 79 68 

3 86 77 

S 77 67 

ó 75 68 

149 ó 

147 9 

151 9 

149 · B 

132 8 

389 69 81 59 133 

385 b4 84 59 128 

8 5 75 66 

9 13 68 62 



[ - TABLE 31 cont - ) 

5091 5. 12 18 37 41 3.2 4"02 66 78 58 130 9 3 71 68 

5094 2.78 11 26 40 3.0 390 72 82 61 143 8 3 76 68 

5097 4.93 21 152 42 3.0 389 72 85 62 144 B 3 80 70 

S100 4". 74 20 73 42 3.0 376 77 85 63 149 8 2 85 72 

5103 5.35 23 112 43 3.0 376 76 87 65 149 8 2 86 73 

5106 4.57 19 75 42 3.0 375 78 87 64 149 9 3 83 73 

5109 5.73 18 38 56 3. 1 387 62 91 67 148 10 2 78 75 

S 11 2 9. 12 19 32 94 3.9 3~5 SS 101 72 148 . 12 3 66 51 

5080 -0.29 34 3.8 604 44 49 33 134 B 9 41 43 

5083 o. so 3 34 3.9 598 43 48 33 135 B 10 40 42 

5086 0.27 2 33 4.0 615 41 48 32 132 8 12 39 40 
' ~ 

------------------------------------------------------------------------------

Key NR net revenue, $millions 

IRR interna! rate of r eturn, X 

INC incr ementa l IRR co mpa r ed with pure savanna system 

AU average number of animal units at any time 

ASE age at first parturition, years 

CON conception i nter val, days 

ET production, kg/AU/yr 

CP conception percentage 

WP weaning percentage 

WT weaning weight, kg 

DA adult mortality, l. 

OC calf mortality, i. 

SL sa les, kg/AU/yr 

E2 production, kg/AU/yr, using true average animal numbers 



TABLE 32 FIRST SERIES SELECTEO TREATHENT OESCRIPTIONS 

Treatmen t Desc ri ption 

o 

4 

7 

10 

13 

13A 

16 

19 

22 

25 

28 

31 

49 

50 

51 

52 

81 

123 

87 

88 

89 

90 

99 

100 

101 

102 

Pure savanna, 150 ha 

IP all, breeding season 5-7, 30 ha 

B-10 

IP all, wean 210 days 

150 

90 

90, animals bought in 

cu l l animals after B years of :tge 

cull animals a fter 4 negati ve pregnancy 

sell follower s herd at 200 kg 

sell followers herd at 300 kg 

sell off all orphans 

tests 

standard set of manage~ent rules, 30ha IP fed to all mobs 

IP all 1 15 ha, fed a 11 year 

f ed durin g dry sea son 

fed during early wet se a son 

fed during l ate wet sea son 

IP a 11 1 30 ha, all naobs , replacers o ver 150kg sel ected 

rep1ac ers bo ught 

Hilk offt ake 0. 25 all year, 30 ha IP to all mobs 

wet season only 

early wet season only 

late wet season onl y 

Hilk offt ake 0.50 all year 1 30 ha IP to all ~obs 

wet season only 

early wet saason onl y 

late we t season only 



[ - TABLE 32 cont - J 

1ABC 

2ABC 

3-ABC 

4ABC 

SABC 

6ABC 

7ABC 

BABC . 

9ABC 

10ABC 

11ABC 

12ABC 

140 

141 

142 

143 

144 

145 

200 

203 

206 

227 

230 

233 

236 

5001 

5006 

5011 

S016 

5017 

5018 

5020 

IP all ~obs, 3 ha 

9 ha 

15 ha 

3 ha, stricter ration rule 

9 ha, 

15 ha, 

IP to pregnant and lactating cows, 3 ha 

9 ha 

15 ha 

3 ha, stricter ration rule 

9 ha 

15 ha 

IP to all, 50 ha, offtake 0.25 

IP to calves only, 3 ha 

9 ha 

15 ha 

open season months 5-10 

5-7 

0.375 

S-10 

S-7 

IP to all, 50 ha , seasonal breeding months 5-10 imposed in year 4 

5-7 

S-10 

S-7 

IP all , 30 ha, price cor relation coefficient 0.90 

0.50 

0.70 

IP all, 30 ha, biomass re;et every year 

IP all, 50 ha, biomass not reset evcry year 

IP all, 30 ha, milk offtake 0.25 

IP all, 30 ha 

8 
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[ - TABLE 32 cont - l 

5026 IP a 11 , 30 ha , offta kc 0.333 

5027 as S02b, mi l k price - 107. 

5028 as 5026, mil k price + 10% 

S091 IP a 11 1 30 ha, sea son a l breeding 8-11, offtake 0.25 

5097 IP a 11 1 6 ha 

S lOO 12 ha 

5103 6 ha, 5tricter ration rule 

5106 12 ha 

5109 IP all, 30 ha, S P.l } follo~1ers at 200 kg 
/ 

8112 300 

5080 30 ha, 1P to tho se for who m W/WM <. 0.6 

SOB3 15 ha, 

5086 15 ha, 0.55 

t 



íhe treatments involving early weaning were repeated owing to a problem in 

the code of the model that did not, fortunately, affect any other runs . 

These runs were fully costed, an d may be compared with the later 

treatments . lt is hard to identify any long-term benefit arising from 

earl~ weaning (Figure 221; the expected respon se, a reduction in calv ing 

interval, was not observed to any great degree. The inbuilt decision rule 

not to accept female animals of less than l OOI:g liveweig ht as replacers 

eventually leads to herd extinction in conj un ction with 90-day weaning 

(since replacers are ne ve r selected, but soldl. When ani mals were bought 

to keep 30 breeding animals in the herd, economic performance improved to 

some ~egree. The early weaning re sults are discussed in a wider context 

below. 

For systems involving seasonal mating, it appears t hat sales are increased, 

but that this is offset by longer calving intervals and lower weaning 

weights . Successful seasona l mating thus appears to depend on obtaining 

calving intervals less than or equal to one year for as much as the herd as 

possible. Clearl y , in these treatments a number of animals are not 

conceiving by the end of the breeding season, and are having to wait for 

its resumption before being able to ronceive. Standard con ception-by-month 

distribution s for the pure savann a and improved pasture systems are shown 

in Figure 23 1 while Figure 24 shows the effect of shortening the breeding 

season on the distrib ution of conceptions. 

Culling policy can have an i mp ortant effect on production, through reducing 

adult · death rates of animals which would otherwise be lost to the system. 

The system may also receive a boost in terms of efficie ncy by the more 

rapid removal of older, less fertile cows, an effect noted in the 

sensitivity analysis (Section 3.1). As discussed above 1 culling policies 

must be fairly strict, since in its absence, somewhat unrealistic death 

rates are required to prese rve ob se rved cattle age distributions, 

On changing th e production system somewhat, by keeping followers on the 

farm until predetermined bodyweights were reachcd (200 or 300 kgl 1 economic 

performance was much enhanted. This effect is, howev er, exaggerated, sinte 

the pasture was supporting up to 90 animal units, taking advantage of lhe 

unrealistic quantities of edible forage. This problem was addressed to some 
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extent in later treatments by imposing stricter ration rules, with l imi ted 

success only. 

A further subset of treatments in volved the f eedi ng of improved pasture to 

various mobs by_ season, whe r e the year was split into a dry period IJulian 

days 33 1 t"o 90), and an early and a late wet period (Jul ian ·days 91 to 210 

and 211 to 330 1 resp ectivelyl . The economic performance indicators are 

biased downwards, since the improved pasture was utilised at certain times 

of the year only. For most of the mobs, there were cle ar benefits to the 

grazing of improved pasture during the early wet season. This period 

appears to produce a subsequent flush of con ceptions (figure 23l, a result 

probably due to the high relative quality of the f orage at this time. A 

conseque nc e of this flush is that certain numbers of calves are born duri ng 

the dry season 1 and there would appear to be scope for avoiding this; this 

was investigated in the second series of run s . There are clase 

similar iti es between the performance of the breeding herd mob and those 

animals under sorne physiological stress, thos e lactating or in pregnancy¡ 

this is no t surprising, since at any time most of the herd is in one or 

both of these states. Conceptions by month for four breeding systems 

co mbined with improved pasture are shown in Figure 24. 

The selection of heavier replacer animals had a beneficia! effect, simply 

through allow in g the system to operate more etticient ly, ~hereas before, 

replacers were selected at random, provided th at bodyweight exceeded 100kg. 

The sele~tion of heavier replacers in fact i mp li es a ch ange in production 

system, to allow the keeping of followers for long er per iods of ti me to 

reach higher liveweights. 

The re sponse of the model to changes in the area oi improverl pasture with 

more rigid ration rules is show n in Figure 25, for all mobs with constant 

herd numbers. The plateau of the production curve occurs at some 9 ha, or 

6% 1 although in view o~ the problems .with bioma~ s feedback this is likely 

to have been underestibated. Basica lly, interna} rates of return and ~ 
producti on levels are reabonably stable over the range 6 to 2bY. of the , 150 

ha put into improved pastlre, in that neither of their rates of decline are 

particularl y big. The situation does not change when only pregnant and 

lactatin g animals have actess to improved pasture. 
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Th ere is clear scope for dual-purpose systems, even with milk yield 

potentials of only 5 kg per day. Offtake rate s of between 25 and 50X are 

bot h biologically and economically feasible <Figure 26l; net revenue an d 

the internal r qte of return both exhibit a reason ably well-defined optimu~, 

and such systems do a great deal to alleviate cash flow pro blems <Tabl e 

33). Two cff ect s are worth y of note: 

11 there is a benefi t to seasonal production in the absence of seasonal 

mating 1 i.e. 1 to the use of year-round mat ing when mil k offt ake ceases 

duri ng the dry season . 

2) th ere appears to be no benefit to milk offta ke in conjun ct ion with a 

seasonal ~ating policy. 

Quite why this should be ~o is not i mmed iately obvious 1 excep t th at 

conception int er va ls are well in excess of 360 days , and as the breeding 

season gets shorter, so the conception i nter val inc r eases . A possible 

explanati on i s t hat the quality (in overall ter ms l of the system is not 

good enough to support the notion of seasonal mating, si nce 360-day cycles 

are not being generat ed in response to the di et . There is, in energ y 

t~rrns 1 a cl ea r production benef i t , and in cash · flow terms there are obvious 

f eli cities , to dual purpcse systems. A number of these options were 

investigated durin q the scco nd series of treat me nt s . 

Th e effects of pr ic e chaoges and other price-re lated parameters on the cash 

flow an d subscquent prof itabil ity were investi gated in a nu mb er of 

tr ea t ments . There are no obvi ous movements rel a ted to the valu e of the 

correlation coefficient betwee n buying and selling cattle prices 1 exc ept 

that it could be expected a priori that the variance of the economic 

par ame ters would tend to increase with a dccreasing correlation 

coefficient; this was not ac tually borne out by the treatments concerned. 

Table 34 sum mari ses the e f fects of 10 percent changes i n costs and pri ces ; 

th ese were a ll carried out for the same biological run, so although actual 

prices were still random variables, there is a ccrtain a~ount of bias to 

consid er. The re s ponses are thus ma s ked somewhat by the stochastic 

generation of buying pricc. This app lie s equally to a series of runs where 

price cycle parameters were changed <Table 35). The response of the 

interna! rate of return and net re venue is rath cr mu tcd, although 

replication is needed befare definitive statements can be mad e about th e 
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TABLE 33 CASH FLOWS ; NEGATIVE ANO POSITIVE OUARTERS FOR EIGHTEEN YEARS 
1 

FOR VARIOUS TREATMENTS 

Pure Savanna 

---+ --++ --++ --++ --++ --++ --++ --+- --+-

--+- --+- - -++ --++ --++ - - ++ --++ --++ --++ 

lm prove d Pasture, Sell Followers at 150 kg 

--++ -- ++ --++ --++ --++ --++ - -++ --++ 

-- ++ --++ --++ --+ + --++ --++ --++ --+- --++ 

Improved Pasture, Sell Followers at 250 kg 

- - +- -- ++ - - ++ - - ++ --++ --++ --++ --++ 

-- +- --++ --++ -- ++ --++ --+- --++ --++ --++ 

lmpro ved Pas ture, Dual Purpose, Offtake 0.375 

--++ ++++ ++++ +-++ ++++ ++++ +-++ -+++ -+++ 

+-++ ++++ ++++ +-++ ++++ ++++ --++ ++++ -+++ 

Dual Purpose, Offtake 0.375, Seasonal Breeding Months V - VII 

---+ ++++ - +++ +-++ ++++ ++++ --++ -+++ -+++ 

--++ ++++ ++++ --++ -+++ ++++ +-++ -+++ ++++ 



TABLE 34 

,_ 

MOVEMENT OF E~DNOMIC PARAMETERS IN RESPONSE TO TEN PERCENT 

CHA NGES IN COSTS ANO PRI CES - STOCHASTIC RESPONSE 

11i 1 k Pric:e 

- 10/. 

01. 

+ 10/. 

Starting Prices 

- 10X 

O 'l. 

+ 10/. 

Variable Costs 

- 10/. 

01. 

+ 10/. 

Fixed Costs 

- 10/. 

0/. 

+ 10/. 

PERCENTAGE CHANGE 

Net Revenue 

($!:1i llions l 

-4 

(5 .531 

+9 

-9 

(5.851 

+3 

+3 

(5.851 

+1 

+4 

(5.851 

+1 

In terna l Rate 

of Return 

-5 

(22.8) 

+8 

-1 

(23.31 

+13 

+3 

(23.3) 

+O 

+4 

(23. 31 

+1 

------------------------------------------------



TABLE 35 HOVEMENT OF NET REVENUE !NR, $Ml lll ONSJ AND THE INTERNAL RATE OF 

RETURN !IRR, ~¡ IN RESPONSE TO CHANGES IN THE LENGTH AND THE 

AMPLITUDE OF THE PRICE CYCLE - STOCHASTIC RESPONSE 

Price A H P L 1 T U D E 

Cy_cl e 

Length, 

Years 

6 

5 

B 

14 

X 1. O X 0.5 

Cos N, Cos N, NR IRR NR IRR 

1. 00 1.00 

1.00 -0 .81 

1. 00 o. 00 

1.00 - 0 .22 

5.49 21.7 5.53 23.0 

5.~1 22.0 5.36 22 . 9 

5.39 22.0 5.45 22 . 9 

5.47 22 .7 5.49 23.3 

N, = angle at ti me t=O 

N2 = angle at end of run 

X 1. S 

NR IRR 

5.57 21.2 

5.29 21.2 

5.4 2 21.2 

5 . 56 22. 1 



i ~portance of price cycles on long-ter~ ~cono~ic performa nce 

Fin a lly, Figure 27 shows the effect s of increases in dig est ibilit y on 

econom i c parameter output; the ma r gi nal effect of s ma ll increases in 

dig estib ilit y on ec on o~ic outp ut i s comparable _ with th e ir effect on 

biological cutput (s ee Figu r e 9), and note di minishing ma rgina l r etur ns to 

over all (grass an d l egume l dig estibilit y incr eases . 

4. 3 Second Series 

Th e se cond seri es of s i mu lat ions involved sixteen tr ea tm ent s of 

twenty-three rep lic ates eac h, twentv-on e of whi ch were used in subsequent 

analysi s . Tr eatment s . ranged fro m a pure sav anna .s ystem to dual -purpose 

systems <Table 361 . For each, tw enty replic ates were carr i ed out; the 

fi nal thr ee included the effects of pastu r e fai l ure i n various for ms, thus 

aff ecting the ec onomic performanc e l pri mar il y) of these systems . These 

thre e specia l replic ate s includ ed resowing i n year 2, resowing in yea r 10 , 

and r esowing i n years 2 an d l O. For the year(s ) pri or t o r esowing , al l 

mob s we r e gra2ing savanna . Cash flo w ana l yses werc c ar r ied out with 100 

and 50 par cent of th e s owi ng cos ts being in curred in t he yea r s of 

r esowing. In deci ding which of t hese replic ates to use to def in e the lower 

le ft-hand end of the outc ome di stribut i ons, a number of facto rs was 

con s ider ed. Fir s t, evcn where on l y 50 pe r ce11t of sowi ng co s t s were 

in curred in the year of r es ow ing, t he stochastic natur e of the mode l meant 

th a t t he economic per f or ma nce of s uch systcms was oft en no wor s e th an 

systems wh ere a ll th e s owin g costs were re-incurred. Second , th e effects 

of re - sow ing i n year 10 onl y wcre usuall y much l ess devastating t ~an t hos e 

ari sing from _res owing in year 2 or yea r s 2 and 10 . Thus f or all 

tre atments, lh e twenty - first replicate for subscq uent de c isi on ana lysis 

involv ed resowing in year 2, i ncurring a ll pasture establi shme nt costs 

again. Th is was felt to be a r easona ble compromi se , in the circums t anc es . 

For th e savanna treatment , Tl , one more "normal" r eplicate was c arri ed out, 

so th a t this treatment wou ld conf or m with the 20- lin ea r- seg~e nt cu ~ulative 

probabi li ty functions of th e oth er 15 tr eatments . 

Pro ducti on pa r ame t ers for each tr e atment are shown in Tables 37 and 38 1 as 

mean s and coe ff icient s of vari ati on , resp ec tive ly, and the cumul ative 

100 
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TABLE 36 SECOND SERIES TREATMENT LIST 

Tl 150 ha pure savanna system 

2 30 ha improved pasture, all mobs 

3 30 ha IP, all mobs 1 culling after 8 yrs or 4 negative pregn ancy t es ts 

4 30 ha IP for all 1 br eeding season months v-x, and milk offtake of 0 . 333 

5 30 ha IP for all 1 breeding season mont hs v-v ii 1 and mil k of ftake of 0. 333 

6 30 ha IP for all 1 breeding season months viii-x 1 and milk offtake of 0.333 

7 9 ha IP fed to breeding herd only 

8 30 ha IP for all, heavy culling and followers solu at 200kg 

9 30 ha IP for all 1 early weaning @ 210 days, followers sold at 150kg 

10 30 ha IP to breeders, heavy cu lling, followers sold at 250 kg 

11 30 ha IP to br eeders (wet season l and followers( dry season> 1 heavy 

culling , followers sold at 200kg 

12 30 ha IP to all, mi lk offtake 0.333 

13 30 ha IP to all 1 seasonal br eed i~g mon th s v-vii 

14 30 ha IP to all 1 breeding season closed for months iii-v 

15 30 ha IP to all , mi lk offtake 0.333 during wet season onl y 

16 30 ha IP to all, heavy culli ng, milk offtake 0. 333 during wet season 1 

closed breeding season months iii-v 



TA BLE 37 SECOND SERIES RESULTS SUHMARY - HEANS OF TWENTY-ONE REPLICATES 

Tr eat 

1 

2 

3 

4 

5 

6 

7. 

8 

9 

10 

11 

12 

13 

14 

15 

16 

NR IRR I NC AU AGE CON ET CP WP WT DA DC SL E2 

o. 51 3 •. o 
3.32 13.5 

3.63 14.4 

5. 66 22.5 

4.42 19 . 2 

5 . 49 22.3 

2.76 12.1 

5 . 88 17.6 

3.94 14. 5 

6. 45 15 . 7 

6. 38 21. 1 

5 . 96 24.5 

2 . 27 9 . 6 

4 . 06 14 .9 

5. 82 23.2 

6.61 25.5 

26.0 

36.9 

68.0 

59.8 

62. 3 

40 . 0 

33.6 

32 . 5 

26 . 0 

47.6 

65.8 

24 . 3 

33.8 

64.7 

65.8 

32 

42 

41 

41 

38 

40 

42 

55 

45 

89 

61 

40 

39 

43 

41 

42 

4. 01 

3.05 

3 . 04 

3. 17 

3.25 

3 . 24 

3.08 

3. 07 

3 . 05 

3 .9 9 

3.44 

3.06 

3. 26 

3. 14 

3 .0 7 

3. 12 

62 6 

389 

396 

385 

4 19 

407 

372 

391 

385 

386 

398 

382 

431 

389 

388 

390 

Key NR net revenue, $m il lio ns 

40 

74 

71 

68 

67 

62 

69 

60 

66 

51 

50 

67 

74 

7 1 

7 1 

65 

IRR interna! rate of ret urn, Y. 

47 

83 

84 

83 

73 

76 

87 

93 

85 

96 

89 

85 

72 

84 

84 

85 

31 

61 

58 

56 

50 

53 

64 

64 

64 

63 

60 

55 

53 

61 

59 

56 

133 

148 

148 

126 

128 

124 

148 

148 

131 

150 

142 

129 

148 

144 

133 

131 

11 

8 

5 

8 

8 

8 

7 

7 

7 

7 

6 

7 

7 

7 

7 

5 

12 

3 

3 

9 

9 

8 

3 

3 

3 

3 

3 

13 

3 

3 

6 

6 

34 

81 

86 

74 

69 

68 

60 

83 

79 

56 

69 

73 

81 

85 

79 

85 

INC incremental IRR compared with pure savann a syste~ 

AU average nu mbe r of anima l uni ts at any time 

AGE age at fir s t parturition, year s 

CON conc eption interval, days 

ET prod uction, kg/AU/y r 

CP conception percentage 

WP ~ean i ng pe rcentage 

WT wea ning weig ht, kg 

DA adult ~ ortalit y , Y. 

DC cal f mortality , 4 

SL s ale s , kg /AU/y r 

39 

70 

68 

63 

58 

63 

66 

73 

70 

41 

59 

64 

64 

7 1 

68 

65 

E2 pr oduction, kg/AU / yr , usi ng true average animal nu~bers 

1 o 3 
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TABLE 38 

Treat 

2 

3 

4 

5 

b 

7 

8 

9 

10 

11 

12 

13 

1·4 

15 

16 

NR 

27 

12 

8 

4 

9 

9 

11 
7 

10 

5 

4 

6 

20 

7 

7 

6 

SECOND SER IES RESULTS SUMNARY - COEFFI CIENTS OF VARIATION FOR 

TWENT Y-ONE REPL IC ATES 

IRR 

27 

16 

10 

9 

12 

14 

12 

9 

13 

8 

6 

13 

25 

9 

10 

9 

INC 

54 

24 

27 

27 

41 

29 

16 

21 

12 

48 

56 

54 

19 

30 

38 

AU AGE 

4 

2 

2 

2 

1 

2 

1 

1 

2 

1 

2 

2 

2 

1 

1 

3 

CON ET CP WP WT 

3 

1 

2 

1 

2 

1 

3 

2 

2 

2 

2 

3 

2 

2 

2 

3 

3 

2 

2 

2 

2 

3 

2 

2 

4 

2 

2 

2 

3 

1 

3 

3 

3 

3 

4 

4 

3 

2 

4 

2 

2 2 

3 3 

3 3 

3 . 3 

3 

2 

3 

3 

DA OC SL E2 

7 22 

1 11 30 

16 36 

11 9 

13 18 

15 18 

1 o 22 

18 24 

1 12 27 

13 27 

14 30 

10 12 

10 36 

1 12 34 

16 21 

22 24 

7 

3 

3 

3 

5 

5 

5 

3 

4 

3 

2 

4 

4 

3 

4 

3 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1 

2 

3 

2 

2 

2 

Key 1 NR net revenue, $millions 

I RR interna! rate of return, Y. 

INC incremen tal I RR compared with pure sav anna system 

AU aver age number of anima l units at any tiMe 

AGE age at first parturition, years 

CON conception int erva l, days ET production, kg/AU /y r 

CP conception percentage 

WP weaning percentage 

WT weaning weight , kg 

DA adult mortality 1 Y. 

OC calf mortality, /. 

SL sales, kg/AU/yr 

E2 prod uction, kg/AU/yr , using tru e ave r age animal number s 

10'-t 
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distr ibution functions f J r four output parameters (i nte rnal rate of r e turn, 

net revenue, production per animal unit per year and sal es per animal unit 

per yea r) for tr eatments Tl <sa vanna ~ysteml, T2 (standard improved pa sture 

systeml, and T16 (a dual -pur pose syste m with various enhancement sl , are 

s hown in the Appendi x , Figur es A3, A4 and AS. Similarly, cashflows for 

se l ected treatments are presented in Figures A6, A7 and AS ; these compare 

improved past ure systems ltreatments T2, TlO and T12 and TlSl with the 

savann a system, in terms of the cumulative cashflow , the year l y cashflow, 

and thc average mont hly cashflow. Raw dat a output for all sixteen 

treat ments may be found appended in Tablc Al. 

General Results 

Tre atrnents were deviscd in response to th e results of prcvious tr ca t ments, 

so that th e tendenc y exists for the latter treatments to be somewhat more 

productivc than the earlier ones. A number of general obser vations may be 

made. 

1 • . The effect of s tricter cullin q is marked, and thi s practice was often 

incor porat ed into later treatments, where it can usually be supposed to 

have had a beneficia ) marginal effect through herd r ejuvenation . 

2. The effect of seasona l mating, as three - or six-month periods, was 

usu al l y detrimental in comparison with the corresponding pure (all-year 

breed ingl treatment . The reason is clearly shown in treatment T13, where 

the conception in tcrva l 1 and hence the reproductive parameters , are low er 

than in treatment T2. As noted above , seasona l breeding will tend to be 

successful in s ituations where conception intervals are l ess than 360 days¡ 

thi s was not in fact achieved in any of the sixteen tr eatments . ~t may 

rea sonably be concluded that the plane of nutrition was not high enough to 

maintain short breeding seasons . 

3. If, however, thc breeding season is open for nine mo nths of the year, 

and closed when ca lves would be born during the dry season, thus putting 

energetic pressure on their d a~s at a critica! time of the year <T14), then 

al l production parameters incr ease. 

IOf 



4 . The one early weanin ~ t r eatment, T9, wherc weaninq ~as c ~rri ed out at 7 

months, exhibited unequi voca l effccts . A four-day dec r ease in conception 

interv al will not bring about gre at benefits to the production system, bul 

the over all benef it seems t o stem f rom the f act that more animals are kep t 

in the followers herd at any one ti me , co~pared with later weaning. As 

s how n in Section 4.2, the effects of decreasing weaning age.much f urther 

soon become det rime nt al , so it may be concluded that the ber.efits of early 

weaninq arise from thin gs to which the mo del i s si~ply not sensitive, or 

alternativel y pro blems exist in thc specification of the mode l. 

5 . Dua l -purpose systems show increased returns over other types of systeml 

generally in the abscnce of season a l breeding <T4, T5 and T6> 1 althouqh 

when offtake i s stopped for one thi r d of the year durin g the dry season 

11 15), production and performance suffer hardly at al l. When the 

nine - mon th br eeding season is imposed on top of this system IT16l, returns 

are the hi ghest of the sixtec n tre atments. This i s a looica l effect, in 

e nergy terms: anima l s are not r.al ving when most l iable to stress, and 

enerqy th at would have been us ed in milk production can go to build up body 

weight . In other word s , there i s an excess of energy during most of the 

wet season, when energy can safely be removed from the sy s tem fo r f i nanc i a ! 

gain; such an excess do~s not exi st during the dry season . Lo wer we an ing 

weights are more than made up for by the inco me derived from milk of ftake, 

and the longterm stability of the herd , ~oreover, is not disturbed thereby . 

6 . For tre atments where th& fo ll owers herd is kep t until weights of 200 or 

250 kg (T B, TlO, Tlll, much of th e economic be nefit would appea r to com~ 

fro m herd capitalisation at yea r 18 (compare 110, 89 an i mal units , on 

average, at any ti me , with the 42 anima l unit s usually present in Treatment 

T2 1 for examp lel. Growth is comp arat ively slow, reflected in a low le vel 

of sal es per year. It is the case fo r tr eatments TlO and T11 in 

particular, that the i mprove d pasture i s bei ng serious l y over l oa~ed; these 

levels of proóuction are thus s ub stant ially overestimated . 

All tr eatments are ranked i n Tabl e 39 according to four output parameters , 

to which a fifth i s added - the average numb er of quarter-years where a 

negative cash flow is expe r ienced. This rang es f r o~ 2 . 3 for the pure 

sava nna system to 0. 6 for the a ll -year dual-purp ose pr oduction system . 

IOb 
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TABLE 39 SUMHARY OF OUTPUT CRITERIA FOR THE SIXTEEN TREATHENTS: HEANS AND 

RANKINGS 

Treat Interna! Rate Net Revenue Pr oduc:t ion Sales Average Nu cnbe r 

lo}-

of Return, '!. $t1illions kg/AU /yr kg/AU/yr of Negative Quar-

ter s per Year in 

the Cashflow 

--------------------------------------------------------------------------------
T1 3.0 ( 16) 0 . 51 í 16) 39.8 ( 16) 33.7 ( 16) 2.3 ( 12) 

T2 13.3 ( 13) 3.32 ( 13) 73.6 2l 80.5 6l 2.2 ( 11 ) 

T3 14.3 ( 12) 3.63 ( 12) 70 .7 5) 85.9 1 ) 2. 1 7) 

T4 22. 5 4) 5.66 7l 68.4 7l 73.6 9) 1.0 3) 

TS 18.8 7) 4. 37 9) 67.2 8) 68.4 ( 12) 0.8 2) 

T6 22 . 3 5) 5.49 8) 61.6 ( 12) 67.9 ( 13) 1.4 6l 

T7 12. 1 ( 14) 2. 74 ( 14) 68.6 ( 6) 60 . 0 ( 1 4} 2. 1 8) 

ra 17.5 ( 8l 5.88 ( 5) 60.0 ( 13) 82 . 9 4) 2. 1 9) 

T9 14.5 ( lll 3 .9 4 ( 11 ) 66 . 2 ( 1 o) 78 . 7 8) 2.6 ( 16 ) 

T10 15.7 9) 6.4 5 2) 51.1 ( 14) 56.5 ( 15) 2.3 ( 13 ) 

T 11 21.1 6) 6.38 3) 50. 1 ( 15) 68.6 ( 11 ) ., ' L • ._. ( 14 ) 

T12 24.5 2) 5.96 4) 66. 7 9) 73 .3 ( 10 ) 0.6 ( 1) 

T13 9.6 ( 15 ) 2.27 ( 15) 74.3 1 ) 81.0 5) 2. 1 ( 1 o) 

T14 14.9 ( 1 0) 4 . 06 ( 1 o ) 71. o 4) 84.7 3 ) 2.5 ( 15) 

T15 23.2 . ( 3 ) 5.82 6) 71. 1 3) 79.5 7) 1.3 4) 

T16 25.5 1 ) 6.61 1 ) 65.3 ( 11l 85 . 4 2) 1.3 Sl 

--------------------------------------------------------------------------------



Consideration of Ri sk 

All treatments were ana l ysed using three methods with regard to thc 

incot pora tion of risk: mean-variance <EYl analysis, stochastic dominance 

(5Dl analysis , and explicit utility analysi s to find the most suitable 

opti on for individua ls with different levels of aversion to risk. 

Thc advan t ages of EY and SD analysis derive from the f act that it is not 

necessary to imput e a utilíty function to any particular individu al, 

a l though there are a numb~r of restrictions inherent in these analyses 

which places a limit on what can be said about how decision makers would 

choo se betwee n risky prospects (Table 40). Behaviourally, EV analysis 

·i mpl ies a quadratic utility function, in addition to the non-behavioural 

assumption of (essent ially) normall y-distributed pro spects. Anderson et 

al. (19771 note that this form is amenable to all sorts of algebraic 

manipulation, but from a theoretic a l viewpoint it is not ideal. 

In f act , all distribution s passed the Lilliefors test for normality at the 

5X level (Tab l e 41 1 and see Figure A2 in the Appendix for normality plot s 

for treatment Tll, a fact which is somewhat surprising in view cf the 

ad-hoc way th o OX fractile was defined. However, with a sample size of 21, 

th e difference between the e mpiric a l and the normal cumulative probability 

functi ons has to exceed 0,1 9 befare the null hypothesis of normality can be 

rejected (Conover, . 1980 1. EV analysis has the gr eat virtue of simplicity 

and ease of applicability, even though the EV-eff ici ent sets, i.e. that 

group of prospects which c annot be ma de any smal ler by application of the 

orderi ng rule, tend to be l arge (Table 42) . 

By comparison, stochastic domin ance analysis is more complex, and while no 

assumptions of nor rna lity ar.e ~ade, the rest ricti ons which cumulitively come 

into fo rce about the utility function and its derivatives may well not 

apply in particular circumstances. As with EV analysis, if, after the 

application of three successively more restrictive ordering rul es, t here is 

still more than ·one efficient prospect , th en there is littl e more that can 

be done except to take the next step and impute some sort of utility 

func tion to the indivi dua l . As in Tabl e 40, the first ordering rule 



TABLE 40 MEAN-VARIANCE <EVl ANO STOCHASllC DOMINANCE <SOl aRDERING RULES 

EV SD 

------------------------------------------------------------------------------
f<xl do mi nat es g< x l if 

E<fl >= E<gl and Var(fl < Var(gl 

or 

Var (fl <= Var (gl and E (fl > E{g) 

FSD: F,( x ) <= G,< x l for all x with at 

least one st rong inequality 

SSD: F2<xl <= 62! x l for al l x with at 

least one strong in equa lit y 

TSD: F:s<>:l <-= G:s< x l for a ll x with at 

least one st.rong inequality, a nd 

F 2(Xma" l (:: G2(X~aNl 

dist ribution of f (xl 

can be fully described by two par amet ers 

which are indep end ent functions of the 

mean itnd varianc e (i.e., normal , 

essentiallyl 

any 

typ e of utilit y funct ion U< x l 

quadratic F SD: U ' ( x 1 > O 

SSD: U'(xl >O, UN( xl <O 
TSD: U'(xl > O, U"( xl <O, U" '(x l < ú 

Note: f(xl refers to t~e d e nsity function for random vari a ble x; F,(.lis the 

cumulative probability function, F2< .lthe integral of F.<.l and F:s<.> the 

integral of F2. E!.) i s the e xpe ct ed va lue, Var(.) the variance of the variable. 

U prime ref ers to respective derivative s of U< xl. FSD, SSD a n TSD refer to 

first-, second- and third-degree stochastic do~inance. 



TABLE 41 LI LLIEFORS TEST FOR NORH ALITY: THE MAX INUN VERTIC AL DISTANCE 

BE TWEEN THE EH PIRICAL ANO NORMAL CUMULATIVE PROBABILilY 

FUNCTION. FOR A SAMPLE SIZE OF 21 1 p<0 . 05) = 0.187 

TREAT NENT 

Tl 

T2 

. n 
T4 

TS 

T6 

T7 

T8 

T9 

T10 

T 11 

T12 

T1 3 

T14 

T15 

T16 

O U T P U T D I S T R I B U T I O N 

IRR Net Revenue Sales Producti on 

kg/AU /yr 

o. 106 

0.1 28 

0;151 

o. 096 

0.1 45 

0.120 

o. 127 

o. 135 

o. 161 

0 . 127 

0.1 03 

0.097 

o. 115 

0.082 

0 .1 38 

0 . 140 

o. 121 

o;oe4 
0. 080 

o. 112 

o. 145 

o. 127 

0. 163 

o. 12 1 

o. 129 

0 . 061 

o. 136 

0. 095 

o. 14 7 

o. 135 

o. 092 

0.099 

kg/Au /y r 

o. 164 

0. 100 

0. 088 

o. 145 

0 . 150 

o. 092 

o. 070 . 

0 . 089 

0.080 

o. 150 

0 . 086 

0.073 

0.086 

O. 11 S 

0 . 075 

0 . 085 

o. 126 

0.062 

o. 145 

0.087 

0. 065 

o. 11 o 
o. 152 

o. 113 

o. 126 

0.059 

o. 131 

0,075 

0. 072 

o. 168 

o. 116 

o. 130 
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TABLE 42 

Treat ment 

RISK ANALYSIS: NEMBERS OF THE MEAN-VARlANCE <EVl ANO STOCHASTIC 

DOMINA NCE <SDI EF FICIENT SETS 

Int erna } Ra te Net Re venue Pr oduc. ti on Sales 

of Retu rn, % $Millions kg/AU/ yr kg/AU/yr 

EV so EV so EV SD EV so 

--------------------------------------------- --------------------------
Tl + + 

T2 + FST 

T3 + FS 

T4 + + + 

TS 

T6 

T7 

TB + 

T9 + 

TlO + + FST + + 

T 11 + + FST + + 

T1 2 F 

T1 3 + FST 

T14 + 

T15 

Tlb + FS + FST F 

------ -----------------------------------------------------------------

Note: + indicates me~ber of the EV-efficient set. 

F, S, and T denote Bember of the first, second and third 

stocha s tically-eff~cient sets . 

\11 



requires that the deci s ion maker prefers more of somethi~g to less (p r ofit, 

for cxample}, the sec ond that thc dec ision maker is averse to .ris k, and the 

third that decision makers are decreasingly averse to risk as wealth 

increases . 

Figur e 28 sh ows all cu mu lative probability fu ncti ons for the · outpu t 

parameters . Efficient sets, in an EV sense, are marked in Figure 29. 

Stochasti c Dom inante analysis was carried out using th e FORTRAN subroutin e 

in Andersoil et al. (1977}. For the internal rate of return and sales 

criteria 1 il was possible to id entify the utility maximising prospect by 

virtue of successive rules r ed ucing t he efficient set to just one member, 

but for nct revenue and pr~duction pe r year, this was not possible. Note 

that all SD-ef fici e nt prospects are members of the EV-efficient set also, 

but that SD analysis is mo re parsimonious in including efficient prospects. 

The efficiency rules can say no more about the final choice of the 

hypothetic al decision maker amo ng the sixteen trcatmen t s using these output 

criteria . To take th e analysis to its logical conclusion, coefficients of 

risk aversion may be imput~d usi119 typical values obtained in other 

studies, f or example, Binswanger (19801 in In dia, ~•here lotteries were 

playcd for real money, and from New Z.ealand <Thor nton 1 1985} 1 where risk 

attitudes were elicited u~ing the standard card-and-counter method for a 

smal l number of produc ers. Host deci s ion makcrs appeared to exhibit 

moder ate - to- se vere l evel s of ri s k aversion, either as subsistenc e farmers 

in India or as comparatively wealthy New Zeal and cereal growers. 

The sixteen treat ments were anal ysed for various ri sk a ttitudes in th e 

foll owing man ner. The utility function used CBinswanger, 1980} was 

U(x} =(1 -slx 1 -•. 

This function implies independence of scale of the enterprise under 

consideration, among other thing s . The parameter s is th e coefticient of 

parti a l ris k aversion CCPRA>, and is constant ~ere. lt can be shown that 

the certainty equival ent of any ri sky prospect could be calcul ated to be 

approximately 

CE= 111- 0.5 * Var[ xJ * (s/!'} + (1/6) * N3[x) * ((s 2 +2}/111 2
} 1 

where m, Var [ xJ and H3 [xl are th e mea n and the s econd and third ~ oment 

ab out the mea n <Thornton, 1985}. Thus for a given value of th e CPRA, the 

1•1-
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certainty equivalent of all prospects may be calculated and these can then 

be ranked, since the maximisation of utility implies the maximisation of 

the certainty equivalent. If the prospect is riskl ess , then the second and 

third terms on the right-hand side of the equation disappear, and the 

certainty equiv~lent is equated with the expected value. lf f( x ) is 

symmetrical, the third term disappears, as M3 [xJ is then equal to zero. 

The r ange of values of the CPRA found by Binswanger in India varied widely, 

but appr oxima tely BOX of participants exhibited value s in the ran ge O to 

1.74 (where positi ve values denote risk aversion and zero de not es risk 

neutrality>. In the survey of Thornton\ the range of altitudes extended 

fro m -0.70 (slight risk p~eference) to 4.78 ( sev&re risk _aversion, using 

Binswanger's classification). Prospects were analysed using a variety of 

values of the CPRA, and results are shown in Table 43 for -two of these, a 

severely (CPRA = 7.5) and a mildly (CPRA = 0 .6) risk -averse indi vi dual. 

The effect of including risk in the analysis varied from treatment to 

treatment (Figure 30 >; far a tr eatme nt which exhibited a net revenue with 

a large variance, suc h as T13, for examp le, the cert ainty equivalent 

th anged markedly 1 while for other treatments, th e change was small. The 

contribution brought about by including the thi·rd moment about the mean is 

not great; thi s was to be expected, .since all .prospe.cts were normally 

di stributed , statistically (see above), implying that all di s tributí ons are 

theor etically without skewness. 

The res ults are unequivocal (Table 43>; eve n for highly risk -averse 

decisi on ~akers, the utiiity-maximising option in each case coincides with 

the option which maximises the expected value of the prospect, i.e., the 

inclu sion of risk at these lev e l s brings about no changes in the ranking of 

the treatments. In fact, th e ordering does not start to change until the 

CPRA reaches values of 15.0 or so, corre sp onding to extre~e risk aversion. 

Apparently, th e variability of the treatments is not great enouqh, and the 

cumulative functions do not overlap s ufficientl~, to bring about changes 

for what is presumably the vast majority of decision makers. In view of the 

discussion above of the Ja riability to be expected from 18-year replicates, 

this i s nat ~specially s~rprising. lt is quite possi ble that decisi on 

makers have a much short er time horizon; as the variability increases with 

shorter time spans, so the influence of risk could reasonably be expected 
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TABLE 43 DECISION ANALYSIS NAXIHISING OPTIONS FOR VARIOUS CRITERIA 

Cr i t er.i a 

Maximise Internal Rate of Return 

- if mil dly risk averse 

- if severely risk averse 

- EV-efficient set 

- SD-efficient set 

Haximise Net Revénue 

- if mildly risk averse 

- if severely risk averse 

- EV-efficient set 

- SD-efficient set 

Maximise Sales per Annum' 

if mildly risk averse 

- if severely risk averse 

- EV- efficient set 

- SD-eff ic ient set 

Ha ximise ~roduction per Annum 

- if mildly risk averse 

- if severely ris k averse 

- EV-efficient set 

- 50-efficient set 

Treatments 

16 

16 

16 

1, 4, 10, 11, 16 

16 

16 

16 

16 

1, 4, 10, 11, 16 

10, 11, 16 

3 

3 

3 

3, 4, 10, 11, 14 

"3 

13 

13 

13 

2, e, 9, 10, 11, 13, 1s 

2' 13 

11..1 

Mild and high levels of risk aversion correspond to values of the coefficient of 

partial risk aversion (CPRA) of 0.6 and 7.5, respectively. 
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to bring about sorne changes to the ordering of such prospects. The for~ of 

the utility function used is open to criticism (see Binswanger, 1981, for a 

e r i t i q u e l , .bu t i t i s un 1 i k e 1 y t h a t i t i s ha v i n g m u eh e ff e ct he r e , s i n e e 

exeeptional levels of risk averseness are needed to produce changes in the 

ordering of the ·prospects. 

Summary - Oeeision Analysis 

1. It is noteworthy that the pure savanna system shauld be a member of the 

EV-effieient sets for the interna! rate of return and net revenue erit eria. 

Th.ere is a clear corollary to this: the observation that improved pa s ture 

teehnolog y carries with i t sorne ri s k, not all of it attrib utable to the 

possibilit y of pasture failure. The hi s tory of agriculture, at least in 

Western Europe, can be interpreted as a progression whereb y stabilit y in 

production systems was introduced over time through the control of 

previou s l y externa! factors; from this viewpoint the rise in yields per se 

takes a secondary role. In the tropics, the environment being gen er ally 

more volatile and harsh, the importanc e that should be placed on attempting 

to dampen do wn damaging vari abili t y is even gre ater; if the model 

und erlines anyth i ng, it is that in creasing average level s of production 
. . 

tend to lead t o increased levels of vari ability in the re sultant syst em, 

and thi s brings its own dangers. It is likely, however, that at the 
<1 

present st a ge of model development, the full range of variability in all 

these systems is not adequately accounted for. 

2. The absolute values of variance are not great, or 1 to put it another 

way, the SD - efficient sets are small. This can reasonably be attributed to 

the length of simulation with which the experimental progra~ was concerned. 

It would be worth while to reduce the length of s i mulation and carry out 

similar an a lysis¡ it is highly likely that with only a five-year horizon, 

for example, system variability (and hence riskl would play a ~uch more 

important part. Note that there is rio contradi~tion between this and the 

previou s paragraph; what is of importance is relative variability, and, 

ultinat ely, how it is perceived by the rancher. This implien some 

knowledge of the dec i sion ma king process itself. 

3. Consistently low-v ar Jability production systems are thcse where no 

11.'2.. 
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seasonal breeding or milk ~fftake is carried out. The ~~ of such 

treatments (notably T10 and T11} are in all probability overestimated, for 

reasons already outlined. Du a l-purpose systems with s hort breeding systems 

tend to carry hi gh levels of variability. A 9-month breeding season 

removes sorne of this, and also has a beneficia! effect in reducing 

variability wh en seasona l mil k offtake is practised (i.e., the variance of 

T15 is greater than that for T16, for net revenue and sales, and these are 

approximately equa l for the interna} r a t e of return an d production per 

annum criterial. 

4. The influence of individual altitudes to risk is unimportant for thi s 

set of prospects. However, the following should be noted: 

- lhe 16 treatments were not designed to be ta ken as a set of dístinct, 

mutually exc lusi ve ri~ky pro spects betw een which ·á decision maker would 

no rmally be required to choose; the sprcad of prospects is rather large. 

- the negative results of the analysis, on the .other hand, could be 

tak en to mean that differences between treatments are, in a real sense, 

behavioura lly as wel l as statistically signif1cant. 

- utility an a lysis does not includ e everything of i~portanc e in the 

deci sion making process; indeed, empirical evidence that decision makers 

act in such a way as to maximise their utilily is conspicuous by its 

ab sence. Th~ usual argument advanced in its defen ce is that it is better 

to include risk and variability in an explicit fashion than not at all, 

even if th ere are severe conceptual problems with the met hod used. It is 

hard not to concur with this view. 

To th ese points can be added the problems caused by unknown levels of 

systcm variability discussed above. 
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S. CONCLUSIONS ANO RECOHMENDATIONS 

The Beef Hodel 

Given the quantity of experimentation carricd out with the beeJ model, it 

is perhaps inevitable that a nu~ber of problems should have surfaced. In 

retrospect, the va lidation work that was carried out represented the best 

approach in the circumstances - that of adjusting the relationships to 

ffiodel pure savanna systems 1 and then using pure improved pasture syste~s 

and adjusting parameters in a way so as not to affect simulation ef the the 

low er energy system . l t was probably not carried threugh fa r enough, in 

th e sense that rather better qu alit y ferage sheuld have been used. 

Two prohlem areas in particular can be iden ti fied. First, death rates 

should be ad just ed te take acceunt of the Cpre sumablyl rigerous culling 

that mus t be carried out in the Llanos to preserve observed herd age 

distributions. Secend , it is hard te r esist the conclusien that the 

conceplion probability curv~ is rather too len~en t too quickly as the 

an i ma l 's bedy condition improves . lt is quite possible that the response 

of the model to early weaning on medium-quality diets is masked by the 

present concepti on probability functiens. One further easily-rectified 

proble~ is that relating to the calculation of weaning p~rcentages. 

Allowance should be made for conceptions still in progress at the end ef 

the run 1 and th e semetimes large numbers of orphans would 

presumably disappear in response to less harsh hreeder death r ates . 

Comparatively little work was don e with proper fattening syst~ms , i.e. 

including steers in the followers herd until weights in excess of 400kg 

were reached. Thc principal pro bl em was that of overloading the sown 

pastures and operating under unrealistic stocking rates. In fact, the few 

run s that were carried out su~gested that such syst e ms 1 for the Auality of 

forage used, yielded medium returns only. The abi lit y of the model to cope 

with older ma le animals sho uld prob ably be assessed 1 th erefore . 

The sensitivit~ of the mode l to different levels of digestibility plac es an 

unfortunate burden on the provision of accurate forage quality data. 

Little has been said abojt the effects of pretein on performance¡ this has 

been due primarily to the observation th at energy is the over-riding 



limiting resource in savan na animal production syste ms. The effects of 

protein l evels of less than 6 percent could usefully be inve$tigated (in 

the ~odel, ~hrough their effect on energy intakel, since such levels may 

exist during the dry season or in old pastures for some species. This 

leads directly to the consideration that the model is incapable of 

responding to things which do not affect the energy sta tus of th e herd i n a 

more or less direct fashion. Such a sensitivity is not ~isplaced, as a 

fir s t approxi~ation. However, .g iven current lev e l s of ~odelling expertise 

and understanding of these systems, it is unknown if ~odels that have te 

operate at rather high levels of aggregation and include other flows of 

import ance could be made to operate satisfactorily at the present time. 

Pasture Model 

The pasture model constitutes an attempt to represent the animal-pasturc 

interface in as simp le a way as possiblc while trying to preserve its 

usefulness. It reffiains to be seen, of course, whether this formulation 

exhibit s the virtues of satisf ac tory predictive power coupled with 

reaso nab le generalit y. The advantage of model ling tro pic al , as opposed to 

temperate, animal-pasture systems is that production is less intensive; 

this has ramifications for the validity of the heroic ~ssumption that 

animal effects on the pasture are limited to its re~oval. 

A nu mber of problems can be envisioned with the present model formulation. 

Among the mos t i~portant are the following: 

- selection between species is accounted for, while selection within 

species i s not. It may be that intra-species selection needs to be taken 

into con s ideration, perhaps by defining an ungrazeabl e residue, i.e. 1 a 

biomass below which consumption effectively ceases (Noy-Meir, 1976). The 

results of the exp erimental program tend to support this notion. 

- soil s and fertility are not homogeneous in the Savannas of Colombia. The 

proble~s posed by si t e specificity, and hcnce the pr edictivc power of the 

model formulation in general, remain to be investigat ed . 

The most pressing questions relate to whether the model in its pre5ent 

formulation is reasonable, and whether it is co mp lex enough to be useful, 

not only as an input to thc bee f co mponent, but in i ts own right. Three 
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such ar ca s can be identified in which such a forage ~odel could be expected 

to contribute: 

to assist in the sp ecification of criteria relating to the collcction of 

germplas m. The differential growth rate bet ween grass and legume is of 

import ance to the stability of th e ~ixt ure ; this suggests that a certain 

type of companion species will do rather better th an another type, for any 

particul ar grass or legu~e considered. Stability analysis could be 

expected to provide an indication of desirabl e characteristics for a 

companion spec i es in t erms of it s vigour or acceptability to ani~als, for 

example. 

to assist in the evaluation of germplas m. The po t ential exist s to 

shorten the long and costly process of germplasm _evaluation, pa rticularly 

with reg a r d to animal grazing trial s . 

te as s ist in the formulation of management strategies, which can then be 

tested on - farm. 

Recom mendations and Future Work 

1. Dual-purpos e syste ms appear to be both bioloqically and econo mi cally 

fea s ibl e , although it is recognised that standard deti s ion analysis does 

not t a ke account of other benefit s and disad vant ages which accrue to thei r 

use, for example, th e more even s pre ad of positive cash flows and th e 

greater rn anagement input requi r ed. Current levels of infrastructure in th e 

Llanos imply that milk extrac ted from t he ~erd has to be processed (to 

cheese 1 for instancc). Model rcsults suggest that production shou ld be 

seasonal , no offt ake occ urring during the dry season. This is not the 

place to argue t he mcrits or demerits of i ntroducing seasonal production 

int o ext ensi ve farming systems; suffice it to say that production appears 

to be seasonal to a gr eat e xtent anyway <see Figure 23, sho"ing conceptions 

by monthl, and that the benefits accruing to the cash flow fro~ ~ mont hs ' 

milk in co me is not ~uch inferior to those arising from year-round milk 

i nco me . 

2. The current quality of production systems based on improved pasture in 

the Ll anos appears to be insuffi c i ent to suppor t seasonal breeding , in th e 

sense of short <3- or 6- mon thl tr aditional open sea s ons. Res tr icting the 
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open season to 9 month s , however, appears to be energetically efficient, 

and has the added advantage that herd management is likely to be 

facilitated, in comparison with shorter breeding seasons. 

3. It i s possible that the benefits of early weaning in these medium 

productivity systems were swamped by two problems in the model <see above>. 

Work on the beef component should include the adjust~ent of death rates and 

conception probabilities. There are man y other relationships in the model 
. 

which ma ke use of no dir ect data from savanna production systems at all; 

unless th ere are comp e lling rcasons for doing so, most are best left 

unchanged. Early wcaning could then be inve s tigated again, to see if there 

exist significant long-term benefits. lf early weaning is not an energy 

effect, th en the model cannot be expected to be of use; if that were the 

case, it would be instructive to find out to what anv benefits were due. 

4. It is apparent that, in the characteri s ation of the savanna-ba s ed 

systems, there are sorne important gaps in biological and socio - economic 

knowledge. These include the folla wing: 

-actual culling practices ne ed to be characteri s ed in arder to understand 

death rates rather better; on what basis do farmers cull? 

- milk yields need to be docu me nted, along with the . shapes of typical 

lactation curves. 

- in view of the sensitivity of the model to energy s tatus, the native 

savanna ne eds to be characterised rather better than has been done to date. 

This i~cludes the seasonal differences due to the various types of savanna 

(altillanura, bajo , etc.). The benefits that can accruc to judicious 

management of different types of savanna at different times of the year 

needs to be understood. 

- the way in whith farmers perceivc risk and variability, and how this 

affects the decisions they take, ne ed s to be characterised. Adoption of 

new technology proceed s in response to many things, including what faraers 

perceive to be the proble~s and benefits of doin~ so. There is ~uch to be 

said for the designing of technolog y which fits in with, rather than 

requiring potential users to change, their perceptions. 

5. Information gleaned fro~ the experiments in progres s during 1987 in 

th e Ecophysiology section pf the Program should be analysed and 
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incorporated into the forage ~odel, at which time the structure of the 

forag e componen t should undergo a certaín amount of testing. The 

ra~ificati o n s of a val idated pasture model are profound. What to do if the 

structure ~roves inad equate depends on the t ype of inadequ acy. F6r the 

sav an na, there are unlikely to be any data forthcoming in the for eseeable 

futur e with whiih to bui ld an explic it growth mo~el. The p~esent tabular 

approach is li kely to be sufficient for many purposes as long as the 

savanna is s e en as the buffer between i mp roved pasture and starvation. 

6. Much remains to be done if the Cpos siblel full potenti a l of t hese 

models is to be realised¡ this applie s particularly to the pas ture mod el, 

if it can be suc cessfull y .validate d. Littl e has been said about another 

potenti al use of the system, that of a training tool, a lthough a number of 

chang es would be necessary, notably in the i nput and output of data; the 

first would require more extensive data input checking routin es , and the 

quantit y of output would have to be ration alised. These are not, however, 

difficult or fundamental changes. 

7. Although extens i ve experimentation with compa rativ e ly det ai l ed mode ls 

is now pr acti cable , it ma y be admitted that it raises a number of severe 

conceptu al problems, particularly with reg ard to lhe le vels of variability 

that inher e in a system ove r long peiiods of ti.me , and how they can be 

estimated 1 if at all. A related problem is th a t of how to introduce su ch 

variabilit y i nto what are often largely empirical {as opposed to causa l) 

models! It is al so diff i cult to know how to in corporat e de cision rule s in 

the model for dec i s ions wh ich may be rather complicated in real lif e , and 

how to en s urc th at such rules are not having in ordinate effects on model 

output. Thes e , a long with the per ennial stu~bling-blocks of validation and 

what const i tu tes a valid model for the builder's purpose, are problems 

which have to be faced and dealt wi th somehow, if the link between 

enor~ously complex agro-ecosystems and their representation as ~omputer 

simulation models is to be forged strong enough to permit bio- economic 

experimentation with the latter to a{d the prod~cers whose job it is to 

battl e with the former. 

lt~ 
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lABlE Al RAW OUTPUl DATA FILE, SECOND SERIES , TREAT HENTS TI TO T16 

ID Descripti on If<R lnc IRR Net Rev Aniul Ag e@ Con Prod Con Vean Wean Death Saln Prod2 
% 1 UOE6 Uni t s Calf-1 Int kg/AU/yr z 1 lit kg Adult Calf 1 kg/AU/yr 

-----------------------------------------------------------------------------------------------------------------------------------
601 SAV ALL 18 BASE 2.95 0.00 450019. 32.SB 4. 04 b4S. 72 38.74 46.37 30.24 131.47 11.09 13. 16 33.87 37. 92 
602 SAV All 18 BASE 2. 72 o.oo 452799. 30.39 3.91 636.16 -39. 93 48.07 30.90 133.00 10.73 12.83 36.01 38.74 
603 SAV All lB BASE 2. 1B 0.00 3B0331. 33.39 4. 05 603 .75 39.3b 46.71 31.01 132. 1'5 11 .82 13.53 30. H 38.74 
604 SAV Al l 18 BASE 2.36 0.00 399696. 33.49 4. 00 612.04 39.83 48.24 31.2S 131.25 12. 11 12. 32 31.07 38.82 
605 SAV ALL lB BASE 3.73 2.20 626911. 33.61 4.07 630.83 40. B6 46.B6 32.35 132. 85 11. 18 11 .90 34.69 39. 72 
606 SAV ALL lB BASE 2.41 o.oo 401291. 32.39 3.96 638.15 40.00 4S.69 31.26 133.70 11 .62 13. 17 30. ~.o 38.62 
607 SAV ALL lB BASE 1.6S 0.00 299423. 31.21 3.97 6S3. 50 41.41 45.68 32.63 132. 07 12.21 6. 52 31.92 39. 90 
608 SAV ALL 1B BASE 2. 38 o.oo 417493. 31.88 3. 98 622.85 39. 41 47.33 31. 07 132.95 10. 49 11.94 34. 42 38.63 
609 SAV ALL lB BASE 3; 16 0. 00 496610. 29.77 3.93 614 .14 39.39 ~7 .54 31. 25 133. 77 10.04 14.89 37. 1:,6 38.% 
610 SAV ALL lB BASE 2.90 o.oo 534193. 32.90 4. 06 621.87 39.75 45.47 31.79 133 .13 10.46 9.33 34.19 39.30 
611 SAV ALL lB BASE 3. 0S 0.00 S1 9157. 33.79 4. 11 611.51 38. 73 45.12 30. 21 132.80 11.47 11.37 30.51 37.78 

/ 

----
612 SAV ALL 18 BASE 3;45 0.00 541 301. 33.23 4. 02 629 .48 41.66 46.32 33.00 133 .S4 11.73 B.29 35.14 40.46 
613 SAV ALL lB BASE 3.81 3.21 6B64S8. 32.39 4. 00 643.52 38. 30 47 .87 30.22 132.92 9.53 10.71 35. 28 37. 90 
614 SAV ALL lB BASE 3. 45 0. 00 551855. 32.69 4. 07 640.44 38. "83 48.59 30.52 132.58 10.64 14.29 32.99 38.47 
61S SAV ALL lB BASE 2. 45 0.00 431566. 33.1 3 4. 01 625.22 38.53 48. 92 29.75 l33.79 \0.57 14.49 29.1>4 37 . 38 
616 SAV ALL lB BASE 2.75 0.00 53!964. 33.75 4. 08 593.77 39.05 47 .69 30.19 132.28 10. 58 15.91 33. 06 37.82 
bl7 SAV ALL 18 BASE 4.57 19.23 708498. 32.48 4.03 655.25 41.68 46.20 33.26 133.82 10.88 8.16 37.02 40.71 
618 SAV ALL 18 BASE 4.67 o. oo 738318. 33.12 3.90 612.76 39.28 47.72 30.89 132.SS 9.90 12.25 35.09 3S.S9 
619 SAV ALL 18 BASE 1.98 o.oo 270422 . 28.49 4.03 606 .41 39.53 47. 36 30. 80 133.51 10.80 16.02 33. 88 38.46 
620 SAV ALL i8 BASE 3.78 3. 31 760572. 34 .83 4.00 614. 17 41.02 47.73 32.95 133.03 9.66 9.17 35.72 40.22 
621 IP A lB 30 STD RAS 13.09 39. 10 2904485 . 40. 58 3.04 393.40 70 .38 81.3& 56.87 m.sí B. l> l> 6.37 75.77 67. 32 
622 lP A lB 30 STO RAS 16.67 o.oo 3835425. 42 .34 2.98 391. 2B 73.87 83.99 61.82 147 .68 6.89 3.07 81. 92 70.67 
623 IP A 18 30 STD RAS 13. 44 34.96 3149569. 40.35 3. 00 3B3.62 72.74 79.96 58.60 14B.37 7. 37 4. 11 80. 47 68. 41 
624 IP A 18 30 STO RAS 10. 72 22 .41 26548BB. 40.57 3.04 396.10 72 .24 Bl. 34 5B.58 148.69 9. 70 3.60 74.19 68.22 
625 IP A 18 30 STO RAS 11. 89 23.00 3129605. 41.45 3.02 393.97 75.59 84 .75 62. 34 147. 89 8.6ó 2.40 80.08 71 . 72 
626 IP A lB 30 STO RAS 14.19 33.80 3580333. 41. 78 3.01 386.23 74 .39 82.62 61.50 146.91 7.29 2. 41 82.38 70.63 
627 IP A lB 30 STO RAS 13.(11 30.33 3421761 . 41. 26 3.07 396.1il 74 . 12 84 .24 60 .79 148.37 7.1'3 2.39 80 .64 b9.9B 
628 IP A lB 30 STD RAS 14.31 36.37 3394905. 41 .29 3. 06 386.79 71.93 79.81 58.88 147.22 7.29 2.19 82.86 68.60 
629 IP A 18 30 STO RAS 16. 67 0.00 3B35425. 42 .34 2. 98 391.28 73.87 83.99 61. 82 147.68 6.89 3.07 81.92 70.67 

, ~ 630 IP A 18 30 STO RAS 14.14 36.41 3560015. 41.34 3. 10 387.3B 71.07 78 .69 59.07 147. 12 7. 29 2. 18 80 .B5 69 .0B 
631 IP A lB 30 STO RAS 12.00 22 .67 3408755. 41.98 3. 03 396.64 72.B7 84 .76 60.59 147.92 7.06 3. 12 82.01 69. 65 

T 632 IP A lB 30 STO RAS 13.47 33.00 3371423 . 41.51 3.1B 392. 01 72 .3B 82 .30 S9.70 147 .62 7.91 3.24 78. 43 69.3? 
633 IP A 18 30 STO RAS 12.34 29. 60 3173968. 41 .27 3.01 31?8.% 75.78 84.54 ól .M H7.9B 9. 12 3.76 78.73 71.12 
634 IP A lB 30 STO RAS 12.23 26 .43 3129340. 41.60 3.14 387.78 74.17 83.90 61. 42 146.B6 8.BO 3.67 81. 08 70.21 
635 IP A lB 30 STO RAS 16. 17 59.14 3815429. 42 .68 3.03 385.34 75.78 87 .5S 63. 57 146.70 . 7. 43 2.52 B4 .02 71. 7B 
636 IP A 18 30 STO RAS 13.28 2B .97 3506771. 41. 93 3.02 384 .76 74.20 84. 33 61.94 146 .67 7.09 3. 36 84.93 70 .49 
637 IP A lB 30 STO RAS 10.94 20 .05 3071418. 41 .81 3.02 382.17 74 .77 86. 09 62.59 147.17 8. 65 3. 40 79. 16 71 .34 
638 IP A 18 30 STO RAS 13.03 32.81 3111 922. 41.21 3.06 384.79 73 .39 84.40 60.53 147. 69 9.59 4.03 77.37 69.77 
639 IP A 18 30 STO R~S 16.8B 0.00 4067926. 42.53 3.04 384 .0S 77.84 85 .61 b5 .79 147.05 B.M 2.01 8'5.23 73.97 
640 IP A lB 30 STO RHS 12.43 25.58 324S06S. 41.65 3.08 383.72 73.82 83.27 61. 28 146.95 7. 33 2.41 B0. 40 70 .29 
641 IP A 18 30 RAS RESOW 2 7. 49 10. 92 231S74S. 40. 58 3.13 389.7B 71 . 22 81. 97 S8. 06 147. 64 8.54 3.08 7B.33 68.20 
642 IP A 18 30 RAS RESOW 10 9. 77 18. 66 2601B64. 41. 24 3.03 400.20 70 .76 80 . 19 58.13 146.99 6. 54 4.95 81. 97 67 .30 
643 IP A lB 30 RAS 502,10 6.76 10.68 1802442. 40.53 3.18 411.36 70.16 79. 17 57.41 14S. 39 7. 69 3. 95 74. 48 66.80 
651 IP A 18 30 RAS CUL 8+4 14.09 30. 73 361 8675. 41.00 3.0S 397. 56 70 . 18 83.99 57 .63 147 .27 5.27 l. 89 84 .64 b7. 33 
652 IP A lB 30 RAS CUL 8+4 16.92 49. 44 4050566. 41.79 3. 00 388.83 72.35 83 .65 60 .15 147 .S~ 4.70 2 . B~ B9.52 69. 12 
653 IP A 18 30 RAS CUL 8+4 1S.29 4S .4S ~685478. 41.43 3.04 395.62 70.25 83 .99 57.73 147 .33 5. 59 3. 17 86. 41 67.56 
654 IP A IR 30 RAS CUL 8+4 15.07 38.15 Z·7B3l 99. 41. 24 3.02 392.05 71 . 75 BS .OS SB.69 147.S1 4. 67 3 . ~B 87. 44 68. 30 
655 IP A lB 30 RAS CUL 8+4 13.25 31. 10 34034 1S. 40. 23 3. 00 398. 11 b8.27 B2. 0B 54 .91 147 .2S 5.47 3.9S 84.75 65. 46 
65& IP A lB 30 R~S CUL B+4 IS.69 3S. 78 4163242. 42.05 3.03 389.95 72.84 B6.89 60.30 148 .13 3.93 l. 03 90.72 69. 70 



657 IP A lB 30 RAS CUL B+4 IS. BS 46.B6 3962171. 41. 70 2.97 397.59 72. 47 B4.99 60. 41 147.2B 5.25 2.63 87.59 69. 71 
65B IP A lB 30 RAS CUL 8+4 15.62 37.04 401 0151. 41. 33 3. 06 394. 3B 71.75 B5.12 59.13 149.13 4. 14 1.09 91. 34 6B.95 
659 IP A lB 30 RAS CUL B+4 14 .B6 46. 04 3526798. 40 .80 3.10 403.56 68. 75 84 .56 56 .1 2. 147.79 4. 71 2.73 B2. 89 66.17 
bbO IP A lB 30 RAS CUL 8+4 15.29 43.42 3704124. 41. 46 3.01 386.43 71.36 85.55 58.72 147.44 6. 94 4.63 84.35 68.74 
661 IP A 18 30 RAS CUL 8+4 12.99 27. 31 3553562. 40.95 3.01 393.22 72.05 85 .12 58.95 147.71 6.59 2.12 85. 09 68.64 
662 IP A lB 30 RAS CUL 8i4 15. 73 46.34 3739170 . 41. 25 3. 09 39B. 10 72.07 85.50 58.95 147. 96 4.71 2.12 B7.B4 68. 17 
663 IP A 18 .30 RAS CUL 8+4 ·15.49 43.11 3B 11842. 41. 41 3.02 399.B7 69.74 83. 61 56. 80 147.26 4.66 2.68 87. 7B 66.51 
664 IP A lB 30 RAS CUL 81 4 12. 98 27.64 3387 149. 41.22 3.03 395.79 72. 48 86.68 58.91 147.11 5. 63 3.43 84 .b0 ~8.63 
665 IP A lB 30 RAS CUL 8+4 14.90 44.69 3512388. 40.Bb 3. 02 395.72 70. BO B5.90 57.71 147.71 6. 20 5.01 83.70 67.22 
666 IP A lB 30 RAS CUL 8+4 12. 79 2b. 48 3448398. 41.14 3.02 396.63 67.71 Bl. 94 55.31 147.23 5. 03 4.34 83.13 65.55 
667 IP A 18 30 RAS CUL 8+4 14.85 . 39. 00 3904955. 41.1 5 3.03 390.14 70.25 B3.80 57.17 14B.69 4. 84 2.45 BB.ll 67 .49 
óbB JP A lB 30 RAS CUL 8+4 13. 25 28.77 3437951. 4(l. fil 3. 07 402.28 70.74 82.84 57. 09 148.42 4,85 2.71 85.99 66.93 
669 lP A 18 30 RAS CUL 8+4 13.89 42.94 3252160. ~.9.91 3.08 39B.ll 6B.9B B2.51 55. B9 146 .9B 6. 27 2.55 81. 84 66.31 
670 IP A 18 30 RAS CUL 8+4 12.05 25.05 3306854 . 41.29 3. 05 394; 88 ó9. 6B 84.14 57 .28 146. 57 7. 09 2.13 B2. 22 66.79 
671 IP A lB 30 RAS CUL B+4 10.51 18. 78 2994189. 41. 29 3.13 397 .15 70.78 82 .67 58.38 146. 01 6. 03 2.47 B4.3B 68.04 
672 IP A 18 30 RAS CUL 8+4 12.76 33.60 2~99548. 40.42 3. 11 41 3.15 68.01 Bl.l7 54 .99 147.18 3. 77 2.54 84. BB 64.97 

-- 673 IP A 18 30 RAS CUL ~+4 6.03 8. 79 1628845. 39.65 3.07 421. 26 64.92 7B. 42 51. 78 144.63 7.32 4. 72 74.19 ó2. 11 
ó91 lP A 30 18 DP. 333 ME6 24.12 79. 97 5.737338. 40.52 3. 13 3B7.21 67.47 79 . 78 54 .49 125. 77 7. 87 8. 22 73. 63 62.51 
682 IP A 30 18 DP.333 HE6 23. 70 77.73 5673024 . 40. 64 3.10 3B2. 7B 6B. 29 B2.30 55.56 125.91 B. BS 10. 4B 73.56 63.50 
683 IP A 30 18 DP . 3~3 MEó 21.94 55.62 5559070. 40.57 3. 19 384.97 69.02 B3 .B6 56 .10 125. 2b 9.1 9 8.42 72.09 b3.M-
6B4 IP A 30 lB DP.333 HE6 19. 46 43. 30 589B907. 41.15 3. 11 377. 2ó 69 .29 83.36 57.57 125.10 9.35 9. 02 74.34 64. 89 
6BS lP A 30 lB DP.333 HEb 26. 07 105.61 5767B97. 40.95 3. 17 377.24 68.09 85.32 55.58 125.40 B. 36 B.88 70. 08 bJ.Oó 
686 lP A 30 lB DP. 333 MEó 20.98 49.30 5803053. 40 .08 3.08 388.5B 70.75 B3. 77 57.46 125.60 8. 77 10. 76 74 .41 64.96 
6B7 lP A 30 lB DP.333 HE6 24.22 BB.53 5960212. 40.20 3.30 378.82 70. 53 85.2B 57. 3b 126.83 7. 84 10.37 76. 68 65. 13 
ó88 IP A 30 18 DP.333 MEó 22. 40 70.B3 56B61B4. 40.18 3.24 389.99 67. 7B 78.80 53.85 127.05 7. 89 8.7B 75.56 62.06 
689 IP A 30 18 DP.333 MEb 19.6ó 43.91 5~05877. 40.44 3.1 6 383.5B 67.71 Bl. 73 55.56 125.77 9. 23 10.08 72.32 63.49 
690 IP A 30 18 DP.333 "Eb 23.22 83.09 S657B05 . ~0 . 3 1 3.1(1 380.32 6& .21 &1. 09 s~ . só 125.13 7. 30 10.00 73. 31 61.85 
ó91 !P A 30 lB DP. 333 MEó 23.74 79. 23 ó081924. 41.25 3.16 386. 89 71.19 84.51 58.21 125.98 7. 84 9.40 75.63 65 .27 
692 lP A 30 18 DP.333 MEó 23.14 97. 37 5360428 . 39.74 3. 10 3B5.76 67.65 83.62 54 .48 125.76 8.19 9.55 73.01 62.56 
693 IP A 30 18 0?.333 MEó 24.69 71. 57 5777250. 40. 98 3.17 396.31 67. 95 83.93 55.14 126.49 7.10 10. 67 74.32 62 .98 
ó94 IP A 30 18 DP.333 HEb 21.73 4B .53 5616127. 40.26 3.17 383.59 6ó.31 84.0ó 53.B9 125.37 6. 07 10.14 75.76 62.00 
ó9S IP A 30 lB DP. 333 HEb 23.06 66.90 5783B3B. 40.55 3.13 3B7.32 71. 27 B3.90 5B . l4 126.32 8.90 9.07 77.11 65 .70 
696 JP A 30 18 DP.333 HE6 20.85 50.47 5400847. 40.21 3. 16 3B4.64 67.B8 B0. (18 54 .70 126. 22 8. 27 9.66 73.16 é2.BB 
697 IP A 30 18 DP.333 MEb 23.00 59. 55 5979977. 40.82 3.18 381.99 ó9.15 B0.94 57. 36 125.21 8.~9 8.33 n.s1 M.:.o 
698 lP A 30 18 DP.333 HEb 24.15 73.01 5764HO. 40.60 3.18 380. 50 67.4B 83.33 54. 6B 125.45 6. 93 10.B4 74.53 62.59 
699 IP A 30 lB DP.333 MEó 21. Bl 60. ó7 56ó5390. 40.48 3.17 385.01 67.51 81.16 54. 66 125. 95 7.65 9.78 72.48 62 .68 

T 
700 IP A 30 lB DP.333 KE6 22 . 61. 87. 29 5344098. 40. 25 3,1 (1 389.55 68 .99 82.49 55. 74 126.06 10. 36 9.16 69.73 ó3 .31 
701 IP A 30 18 DP.333 MEó 17.41 36. 07 5072880. 39.95 3.1B 393.2b 65.54 80.80 54.18 124.17 8. 56 10.83 69.36 61.93 
702 IP A 30 18 DP.333 HE6 1B.73 so. 42 4466786. 40.16 3.19 396.40 66.38 79.B5 53.73 125.10 10. 26 9.86 66.46 b1. 37 
703 IP A 30 18 DP.333 KE6 11.82 21. 04 3577223. 39.39 3.30 407.82 62.92 76.82 50. 09 124.71 9. 35 lO.BS ó3.39 58. 47 
711 lP A 30 18 DP.333 ME3 17.88 51.61 4013753. 3B.07 3.24 427 .0B 67.81 72.71 49. 72 127.70 10.28 10. 67 62 .05 58.30 
712 IP A 30 lB DP. 333 KE3 20 .58 n.so 4Sm l57. 37.97 3.17 419.11 bb,OB 72.07 4B.23 129 .09 5. 77 12.8B 70.74 56.ó9 
71 3 IP A 30 18 DP.333 HE3 20.15 64.54 4618693. 38.4B 3.20 41 3.50 68. 70 75.56 51.12 i28. 54 B. 58 10.2b 67.84 58.93 
714 IP A 30 18 DP.333 ME3 20.98 61. 35 4659372. 3B.46 3. 23 409.B5 67 . 53 73.97 50. 75 128. 33 7.87 7.60 69.49 59.14 
715 IP A 30 lB DP.333 HE3 19.98 63.25 4197745. 37. 30 3.20 432.BO 67.37 6B. 29 48.(1 12B.21 8. 26 8.06 69. 08 57. 36 
71 6 IP A 30 lB DP.333 HE3 15. 86 43.12 3755591. 3ó.4B 3.33 423.14 65.77 65.97 4b.31 127.97 8.88 9.09 64.88 55.63 
717 IP A 30 18 DP .333 HE3 1B.98 ól.óB 45B4529. 38.13 3.26 40B.óB 66.ó2 73.64 4B.97 128.26 7.85 9.B5 68.02 57.50 
718 JP A 30 18 DP .333 HE3 lB.99 ól. 90 4348339 . 37.40 3.2b 414.28 68. 15 71.59 49.24 129.03 B.l4 9.46 71.15 57.BO 
719 IP A 30 18 DP .333 ME3 20 .8B 64.66 4787B94 . 38.73 3. 24 414.33 66.67 75 .47 50. 00 128.19 6. 37 9.04 72.01 5B.02 
720 lP A 30 lB DP.333 HE3 19.32 57 .89 4502923. 3B.36 3. 20 419.86 6b.SB 71.96 49.53 12B.80 8.04 9.45 ó7.61 57 .95 
·721 IP A 30 18 DP. 333 HE3 18.38 43.70 4569289. 3B.70 3.29 423.27 66 .56 71.61 49.17 128.B5 6.49 7.10 72. 81 57.84 
722 IP A 30 lB DP .333 HE3 19.92 54 . 90 4762b45. 38. 74 3. 25 409.13 70.21 78. 03 52.14 128.10 7. b4 7.69 71.23 59.77 
723 IP A 30 18 DP.333 KE3 19.74 54.78 4592057. 39.14 3.34 416.74 66. 63 75.61 51.02 127.65 9.12 9. 6B 66.18 58.B6 
724 IP A 30 18 DP.333 ME3 17.50 65.60 367ló53. 36.76 3. 17 432 .74 64. 86 72.00 46.b7 12B.44 9. 90 12.10 61.22 55.92 
725 IP A 30 18 DP.333 HE3 21.38 74.36 4765351. 3B.5B 3.29 41B. B4 69 .64 73.42 51. 67 128.06 7.99 B.O! 72.45 59 .47 



72b lP A 30 !B DP.333 KE3 
727 IP A 30 lB DP.333 HE3 
728 IP A 30 18 DP.333 "E3 
729 IP A 30 18 DP.333 ME3 
730 lP A 30 18 DP.333 ME3 
731 IP A 30 18 DP.333 ME3 
732 JP A 30 10 DP.333 KE3 
733 lP A 30 18 DP.333 HE3 
741 JP A 30 18 OP.333 ME38 
74 2 IP A 30 18 DP .333 NE3B 
743 JP A 30 18 DP .333 ME3B 
744 JP A 30 18 DP .333 NE3B 
745 lP A 30 18 DP . 33~ ME3B 
746 JP A 30 18 DP.333 HE38 
747 lP A 30 lB DP.333 HE3B 
748 lP A 30 lB DP .333 HE3B 
7~9 JP A 30 18 DP.333 ME3B 

~ 750 JP A 30 18 OP .333 ME3B 
751 JP A 30 18 DP.333 ME3B 
752 JP A 30 18 OP.333 ME3B 
753 JP A 30 18 DP.333 HE3B 
754 IP A 30 18 OP. 333 HE3B 
755 IP A 30 lB DP. 333 HE3B 
756 lP A 30 18 DP.333 HE3B 
757 lP A 30 18 DP.333 ME3B 
756 lP A 30 18 DP.333 HE3B 
759 JP A 30 18 DP.333 HE3B 
760 IP A 30 lB DP .3~3 HE3B 
761 lP A 30 18 OP.333 ME 3B 
762 JP A 30 18 DP .333 HE3B 
763 JP A 30 lB DP.333 HE3B 
771 lP A 18 9/1 50 RA lO BH 
772 IP A 18 9/1 50 RAl O BH 
773 lP A 18 9/1 50 RA lO BH 
774 lP A 18 9/1 50 RAlO BH 

' 
775 IP A lB 9/150 RAlO BH 
776 1P A 19 9/150 RA lO BH 
777 lP A 18 9/ 150 RAlO BH 
77B lP A lB 9/150 RA lO BH 
779 JP A lB 9/150 RAlO BH 
7BO IP A 18 9/150 RA lO BH 
781 JP A 18 9/150 RA lO BH 
782 JP A lB 9/150 RAlO BH 
783 IP A lB 9/150 RAlO BH 
784 IP A lB 9/150 RA lO BH 
785 IP A 18 9/1 50 RA lO BH 
786 IP A lB 9/ 150 RAl O BH 
787 JP A lB 9/1 50 RA lO BH 
788 lP ~ lB 9/150 RAlO BH 
789 IP A lB 9/150 RA lO 8H 
790 IP A lB 9/150 RAlO BH 
791 IP A 18 9/150 RA lO BH 
792 IP A lB 9/150 RAlO BH 
801 IP A30 FH200 C4+B 
802 IP A30 FH200 C4+8 

17.0B 43.10 4232271 . 37.94 3. 17 417.B3 65.23 72.52 48.04 127. 57 B.41 10.19 67.16 56,92 
19. 01 43.95 4937143. 38.90 3.37 416. 09 70. 46 73. 18 52.89 12B.3B 6.70 6.59 74.94 b0 .40 
21 . 22 75.39 47 25945. 38 .79 3. 25 41 2.30 68. 82 76.64 51.40 128.86 8.79 10.14 69.96 59 . ~7 

17. 16 41.ó8 4274792 . 37. 83 3.30 417.62 67.8B 71.54 49.44 129.29 8.05 8.86 69. 07 58.03 
19.29 73.89 3933701. 37.37 3. 23 426. 76 64. 26 70.90 46.46 127.9B 7.84 11 .46 63.56 55 .39 
11 . 15 18. 82 33883B7. 37.43 3.43 426.29 65.70 72 .01 47.01 128 .29 8.40 12.34 65.65 55.73 
1B.73 59.23 4008018. 38. 62 3.35 440.54 66 .71 74. 15 49. 62 128.50 7.17 7.86 71. 23 57.59 
10.63 20.78 2682215. 36.91 3.40 455. 70 60 .89 67 .80 44. 26 126.94 7.72 10.47 61. 59 52. 99 
22.91 64. 23 5581006. 39.86 3.27 403 .22 b1.25 75.34 53.03 123.77 B. 02 7.85 69. 68 63 .00 
24.16 86.75 551 4104 . 40.01 3.25 409.37 60.83 75.58 52. 33 122.97 B.33 6.29 69.12 62. 49 
25.98 88.54 5302445. 40.39 3.27 407.24 62.78 78.49 54.65 124. 06 8. 91 7. 39 68. 29 64.5ó 
21. 43 50.46 5800216. 40.46 3.27 401. 48 62 .21 76.78 53 .74 1 2~.66 7.49 7.47 69 .25 63.81 
22.80 67 .58 5141479. 40.15 3.20 407. 48 61.00 75.91 52. 20 123. 77 B. BO B.43 65. 62 62.26 
21.33 61.99 5663295. 40.1 3 3. 19 398. 79 63.20 7B.OB 54.79 123 .99 B. 61 B.24 70.40 64.73 
24.50 75 .41 5873616. 40. 72 3.18 408.39 63. 73 75 .77 55. 58 124.67 9.04 6.59 6B. 26 65 .25 
28.99 0. 00 6207950 . 40.90 3.27 398. 20 62.34 77.14 53.71 124 .73 5.90 9.69 72. 15 63.66 
26.07 108. 55 6297576. 41 . 14 3. 19 409 .99 ó3.86 76.1 0 55.83 124.64 7.27 5.63 72.33 65. 44 
20.36 52. 60 4948065. 39. 05 3. 35 410. 48 58.53 74.42 48.64 124.30 7.56 9.01 65. 08 59.99 
17.21 43. 03 42744i5. 38. 62 3.26 425. 70 59. 44 72. 21 50. 10 124.34 11. 94 9. 75 56. 7~ 60.99 
21 . 16 48. 82 5446703. 40.11 3.20 402 .B3 60.?5 76.69 52. 02 123. 90 7.13 8.99 69.26 62 .21 
20.92 53. 21 5529747 . 40.25 3. 19 403.62 63.01 78. 88 54.46 125.49 9.50 B. OO 66.16 64. 60 
20.00 50. 12 5436418. 40.44 3.24 403.50 59.60 77.76 50. 76 124.01 7.60 13.02 65 .87 60.97 
27.34 105. 84 6019003. 40.97 3.29 ~OB . 03 63. 25 78.74 55.36 123. 68 B.24 7. 48 69.89 64 .78 
20.71 52.23 5561026. 40. 25 3.26 407.97 61.66 . 75.97 52.91 123 .8& 7. 56 9.51 70.32 63.00 
21.50 49 .69 5522153. 40. 34 3.18 406.56 61.77 77 .33 53.29 123. 74 6.59 7.43 72. B7 63. 12 
20. 32 55. 85 5071911. 39. 64 3.21 407 .93 61.75 76.80 53.22 122.95 9. 94 7.42 64.79 63.13 
23 .3~ 64.1 4 5997051. 40.92 3. 21 397.04 62.96 77.59 54. 79 123.72 7.28 B.68 70.12 64.47 
22. 76 102.33 49684 11 . 38. 42 3.20 410.98 60.00 72.91 51. 00 123.63 8. 96 8. 95 66.81 61.49 
14.45 27.19 4592330. 39.58 3.32 ~10.62 59.55 74.52 50.38 121 .BB 9. 00 9.31 62. 86 60.65 
19.73 65.16 4235163 . 39. 37 3.32 419.56 57.61 73.41 48.94 122.03 9.06 10.94 60.25 59.17 
12.67 25.07 3377278. 38.82 3.44 416.62 58.90 74.32 50.00 120.B5 10.31 12.50 59.34 59.96 
10.88 29.46 24906B3. 41. 69 3.10 367.68 64 .87 88.07 61.17 131 . 76 19.70 4.16 55.70 63.94 
13.23 43.86 2908887. 42. 25 3. 05 378. 58 70 .43 88.10 65.61 132.36 18.03 3.20 b1.49 67.26 
12.94 36.30 3097961. 4l.BI 3.10 372. 74 68.34 86.87 63.23 133.44 15. 01 2.29 63.95 65 .88 
13. 42 54.08 301 1732. 42. 85 3. 07 365. 97 69. 02 88.43 65.11 130.34 19.59 2.49 62.15 66.40 
13.84 46.42 3172090. 42.30 3.09 372. 56 67.28 B5.23 b3. ~b 130.53 15.89 1.53 b,.21 65. 48 
11.53 29.13 2B31801. 41. 87 3.11 374.94 69.59 84.73 64. 43 131 .30 16.20 2.32 61. 01 67.04 
10. 97 26.63 2757259. 41. 67 3.05 367.68 66.27 84 .89 60.26 130.77 17.72 2.64 60 . 42 63. 68 
11.12 33.72 2418916. 40.86 3.05 375.63 66.B3 85. 55 60.60 132. 14 18. 39 3.17 56.75 63.69 
11. 36 33.19 2556638. 42.38 3. 0B 368 .25 68 .68 87.71 65.03 130.90 20. 79 2.54 57.88 66.59 
13.89 41.19 3244855. 42.74 3. 06 367.33 69.41 89.33 65.54 130.23 15.73 2.72 66. 94 67.10 
12.52 50.39 2717948. 42. 13 3.03 372.63 68.50 84.76 64.1 3 132.09 20. 63 2.31 57.72 66 .49 
13. 00 52.00 2966030. 41 . 4B 3.12 371.73 6B.04 B7.92 63.21 133. 03 17.17 3. 0B 61.77 65.91 
10. 34 25.77 2389~99. 41.69 3. 05 366.85 67 .22 B2. 18 62.29 131 .18 21. 39 3.35 58.10 64.B7 
10.53 34.33 2469682. 41.07 3.10 373.72 66.69 84.12 61.25 131.35 19. 66 2.65 56.75 64.27 
14.36 57. 53 3044048. 41.51 3.09 370.72 70.49 B7.29 64.90 133. 09 17.65 1.82 65.15 67 . 14 
10. B6 32.87 2365242. 41 . 25 3. 06 370.34 69., 9 83.49 63.23 132.50 20.64 2.37 58. 50 66. 73 
11.99 49. 0B 2472743. 41.94 3.11 375.60 67.63 89.35 63. 18 132.37 20.56 2.80 54.71 65.56 
12.56 57.88 2801104. 42.19 3.10 370. 57 72.33 90.67 68.10 131 .65 21.0B 1.96 59.33 68 .73 
11.24 30.62 2506515. 41.64 3. 10 376.45 68.13 85 .79 62.62 132.33 21. 31 2.32 58. 17 65.21 
14.72 56.95 2961702. 42. 07 2.99 371.22 71. 56 88.27 65.36 133.56 18.99 1.98 63. 10 67 .01 
9.05 18.55 2284509. ~1. 79 3.07 375.90 6B.SB 86 .94 62. 69 132.80 20.15 2.85 56. 82 65. 26 

11.77 46.95 2641728. 41. 38 3.07 393.92 66.8B 84 .62 61.35 132.71 17.45 2.12 60.00 64 .33 
1b.72 29.06 5719092. 55.79 3.04 386.23 61. 03 93 .49 64.87 147.11 6. 13 3.54 84. 4B 73. 48 
17.74 31 .46 6258992. 57 . 14 3.12 386.98 60.06 95.00 65.00 147.67 5.93 1.1B 84.13 73.08 



803 IP A30 FH200 C4+B 
804 IP A30 FH200 C4tB 
805 JP A30 FH200 C4+8 
806 JP A30 FH200 C4+8 
807 IP A30 FH200 C4+8 
808 JP A30 FH200 C4+B 
809 !P A30 FH200 C4+8 
810 !P A30 FH200 C4+B 
811 IP A30 FH 200 C4+8 
812 JP A30 FH200 C4+8 
813 !P A30 FH200 C4+B 
814 JP A30 FH200 C4+8 
815 IP A30 FH200 C4+8 
816 !P A30 FH200 C4+B 
817 IP A30 FH200 C4+8 
818 JP AJO FH200 C4+8 

11116 819 IP A30 FH200 C4+8 
.. 820 IP A30 FH200 C4+8 

821 IP A30 FH200 C4+B 
822 IP AJO FH200 C4+B 
823 IP A3Q FH200 C~+B 
831 IP A JB 30 EW2JO FH150 
832 IP A lB 30 EW210 FH150 
B33 IP A lB 30 Et/210 FHJ50 
834 IP A 18 30 EW21 0 FH150 
835 IP A 18 30 EW210 FHISO 
836 IP A 18 30 EW210 FHISO 
837 IP A 18 30 EW2 10 FH!SO 
838 IP A lB 30 E~21 0 FH150 
839 IP A lB 30 EW2 10 FH150 
840 IP A 18 30 EW210 FH150 
841 lP A 18 30 EW210 FH150 
842 IP A 18 30 EW2 10 FH150 
843 JP A 18 30 EW210 FH150 
844 IP A 18 30 EW210 FHI50 
845 JP A lB 30 EW210 FH150 
846 IP A 18 30 EW210 FH150 
847 lP A 18 30 EW210 FHI50 
848 IP A 18 30 EW210 FHISO 
B49 IP A lB 30 EW210 FHISO 
850 IP A 18 30 EH210 FHISO 
851 lP A lB 30 EW210 FH150 
852 IP A lB 30 EW210 FH150 
853 IP A lB 30 EW210 FH150 
B61 IPBH 30 Fll250 C8t4 RAlO 
862 IPBH 30 FH25D C8+4 RAJO 
863 IPBH 30 FH2SO C8+4 RAID 
B64 IPBH 30 FHi50 C8+4 RAJO 
865 IPBH 30 FH250 CB+4 RAlO 
866 IPBH 30 FH250 CB+4 RAJO 

'867 IPBH 30 FH250 C8+4 RAlO 
868 IPBH 30 FH250 CB+4 RAlO 
869 lPBH 30 FH250 C8t4 RAlO 
870 IPBH 30 FH250 C8+4 RAlO 
871 IPBH 30 FH250 CB+4 RAlO 

16.46 28. 53 5806002. 55.05 3. 06 398. 21 59. 19 94.04 62. 94 148.72 5.96 2.73 83. 18 72.50 
18.10 34.18 6099217. 56. 70 3.12 394. 22 59.48 93.69 64.38 147.34 6.12 2.62 81. 81 72.25 
17.36 33.77 5569904. 54. 57 3.02 386; 66 60.63 93.69 63. 82 .148.60 7.98 2.63 80.24 72.86 
18.94 39. 56 634 3408. 55.43 3.11 389. 30 60 .92 93. 48 64. 99 150. 05 5.77 3. 37 84.27 74.67 
16. 23 29. 17 5665177. 55.77 3.11 391. 15 60. 10 93.B5 64 .25 149.12 7.26 3.34 80.49 72.40 
17. 79 33. 52 6012438, 55. 31 3.03 394.71 60. 09 91.21 64.30 149.06 5.61 3.16 83.15 73. 22 
16.91 31 .10 5897611. 55 .35 3.04 388.10 6/. .48 95.00 65.37 147. 61 7.22 3. 31 84.43 74.53 
20.41 49 .85 6033855. 54.89 3.07 396. 53 58.46 91. 26 61.71 147.74 4.83 2.44 83.37 70.79 
18.57 35.58 61 89435. 55 .67 3.06 388. 24 61.32 96.46 65.55 148.38 6.33 2.81 84.85 74. 12 
18.77 36.55 6204634. 55 .97 3.0B 384.73 59.70 94 .62 63.82 147.71 4.45 3.83 86.29 72.44 
17.27 33.51 5589156. 55.30 3. 08 390.22 59. 30 93.51 62.71 147.16 7.61 2.89 80 .75 71.35 
18. 43 36.29 5979542. 56.10 2.99 397.45 61.33 92.19 65.99 148.37 7. 25 2.43 82.87 75.06 
18.61 37. 03 6014307. 56.35 3.06 388.74 59.78 92.01 64.13 148.03 6.51 2.18 82.85 72.51 
17.16 31 .39 5630360. 54 .94 3.08 388;06 6 0 . ~4 94 . 21 63. 55 147.44 7.48 2.88 86. 46 72.38 
15.32 27.93 5083298. 54.73 3.08 393. 16 58.35 92.78 62. 04 146.70 10.00 3.99 75.28 71. 10 
18.20 33.25 64 17834. 56.06 3.09 390 .11 60 .74 95.18 64.75 149. 00 5.75 2.61 86. 66 73 .55 
18.14 34.65 6125986. 56.38 3.06 390.78 59 .80 90.74 64.63 147. 61 6.30 3. 34 81.96 72. 60 
18.52 37.80 6066627 . 55 .01 3.09 384.08 60 .50 90.91 63. 64 147 .57 6.12 1.73 85. 10 72. 55 
12.97 20.64 4802379. 53. 59 3.14 396.80 57 .1 4 90 .50 59.59 146.79 7.26 4.26 78.19 69.63 
14.89 29.79 4462290. 53 .43 3.10 408. 49 5B.34 91 .23 60.63 147. 62 9.33 2.01 75.17 70 .!3 
10.65 15.92 398364 1. 54 .82 3.11 401. 94 56. 92 93.68 60. 59 146.71 7.81 4.24 76.06 68.82 
14.37 34. 78 3494751. 43.85 3. 05 389.24 66.23 82.71 62.97 129.69 8. 83 1.62 76. 36 69.31 
15.33 34.63 4218428. 45.98 3.04 384. 43 67 .72 86 .78 66. 67 131 . 11 8.19 2.53 80.79 71.77 
13.47 28.99 3439211. 44.31 3.04 380.42 64 . 43 84. 42 61.04 131 . 38 8.91 4.05 73.69 68.17 
16.08 37.37 4310489. 46 .22 3.00 375.33 66. 82 85.93 65.93 13! .14 7.41 2.73 80.60 71 . 49 
17.52 46. 13 4523842. 45.61 3. 02 387.53 66 .51 86.36 64.86 130 .96 6.36 2.99 81.53 70. 94 
14.68 32.51 4070372. 45.30 3.01 384.61 65.24 86.85 62.22 130. 36 6.48 3. 11 81.30 68.90 
15.95 40.22 4117721. 45: 29 3. 05 386.29 66.52 BS.OO 63.B9 130.28 6.67 3.60 79.75 69. 85 
15.58 33.76 4099982. 45.66 3.03 377.98 66.90 85 .29 65. 55 130.21 7. 82 2.76 81.47 70 .6S 
15.44 35.35 4260228. 44. 95 3.09 384. 26 66.09 85.53 63.82 131.27 6.86 4. 34 80.66 70. 18 
13.62 31.22 3628983. 45.14 3.08 386.32 67.23 85.90 M. 94 1~.0 . 12 9.2tl 2.C1B 75 .09 70.97 
14.40 34.61 3583251. 43.92 3.04 391.11 63.91 81.56 60. 15 131 . 14 8.19 3.80 74.10 67. 75 
14.00 27.38 4053564. 45.54 3.07 381. 18 67.90 87.36 65.80 130.26 7.99 2.53 79. 82 71. 29 
13.65 28.60 3907672. 45.09 3. 10 383.27 65.52 B7.69 63.43 131.10 8.21 2.35 75.95 69.20 
13.27 26. 90 3584677. 43.91 3.09 391.79 65.11 83.02 60.82 130 .35 7. 46 3.52 77. 08 63 .47 
13.60 27.61 3871186. 45.12 3. 04 385.74 65.96 86.03 63.50 130 .69 7.26 2.58 78.46 69 .74 
13.92 27. 03 411 9367. 45.23 3.05 389.62 66 .32 86.54 64 . 11 130.17 5.98 2.34 82 .97 70.19 
17. 16 41. 97 4640668. 46.78 3.05 378.64 67.73 88. 70 67.22 130.24 5.93 2.44 83.02 72 .27 
15.53 34 .90 4275476. 45.95 3.00 385.07 68.70 87.34 67.23 130.77 8.19 1. 27 80.52 72. 48 
14.67 34.68 4063595 . 45.10 3.10 383.71 66.00 85.50 63. 57 130.77 7.81 3.60 78.81 69.60 
14.04 33.09 3688686. 44 .19 3.02 386.09 66.30 83.61 62.94 130.17 8.75 2.92 75. 14 69.83 
8.17 11.57 28371'5(1. 43 . 09 3.11 39ü.6J 64.02 78.62 58.74 128. 57 7.99 4.18 76.02 66 .00 

12.72 30.53 3014560. 44.73 3.08 403.03 65. 19 85.63 62.97 1 29 . 8~ 9. 33 2.62 73.34 68.99 
7.74 12.32 2182423. 44.56 3.14 389.61 64.27 84.57 61 .52 130.13 11. 34 3.72 71 . 34 67.89 

14.54 22 .82 6015036. 87.85 4.01 391.08 51.06 94. 76 62 .92 150. 44 8.61 2.44 54.04 41. 06 
15.02 24 .05 6153898. 89. 35 3.98 388.94 51.94 93.10 64 . 18 150.01 9.70 2.16 53.62 41.29 
17.40 31.33 6917408. 89.74 4. 03 386.79 51.31 96.65 63.94 149.15 5.76 2.34 58.06 41. 22 
16.48 27. 40 6564319. 90.17 3.99 387.11 52. 18 95.72 64.25 149,95 7.45 2.36 56.34 41.35 
16.64 28 .58 6776905. 89.39 3.95 386.03 51.41 96.47 63 .57 149. 16 6. 69 2.09 57.74 41 .22 
16.83 29 .41 661 6402. 89 .17 3.92 385.69 51.18 94.24 63.75 149.28 7.43 0.72 59.08 41 . 25 
15.61 26.16 6425399. 89.12 4.04 308.73 51 .04 97.96 63. 45 148.92 8.72 3.08 55.87 41. 08 
16.29 27 .36 6653423. 87.27 4.02 390.56 51.07 94.05 62. 93 149. 90 6.69 2.66 58.68 ~ 1 .53 

15.77 2S. B5 6394272. 88. 15 3.98 386.95 50. 12 96.10 62.45 148.38 7.62 3.37 56.71 41 .04 
16.89 28.53 6829735. 90.84 3.98 380.40 53.03 96.65 65. 61 149. 43 7.99 2.58 57.03 41. 78 
16.68 28.73 6469069. 87.73 4.04 367 .1 2 49.77 95.90 61.27 149.69 6.70 4.09 57.29 40.56 



872 JPBH 30 FH250 C8+4 RAlO 
873 IPBH 30 FH250 C8+4 RAlO 
874 JPBH 30 FH250 C8+4 RAJO 
875 IPBH 30 FH250 CB+~ RAlO 
876 JPBH 30 FH250 CB+4 RAlO 
877 IPBH 30 FH250 CB+4 RAlO 
878 lPBH 30 FH250 CBt4 RAlO 
879 JPBH 30 FH250 CB+4 RAlO 
880 IPBH 30 FH250 C8t4 RA lO 
881 IPBH 30 FH250 C8t4 RAlO 
882 IPBH 30 Ff1250 CB+4 RAlO 
883 IP BH 30 FH250 C8+4 RAlO 
891 IP 9 DF WB CBt4 RAlO 
692 IP 9 DF WB C8+4 RA lO 
893 IP 9 DF ~B CB+4 RAlO 
894 IP 9 DF WB CB+4 RA lO 

.6· 695 lP 9 DF ~~s CB+4 RAlO 
~ 896 IP 9 UF ~B CB+4 RAlO 

897 IP 9 DF !iB CB+4 RAlO 
898 IP 9 OF HB CB+4 RAlO 
899 IP 9 DF riB CB+4 RA lO 
900 IP 9 DF WB CB+4 RAJO 
901 IP 9 DF ~B C8+4 RAJO 
902 IP 9 DF WB CS+4 RAJO 
903 IP 9 DF ~B C8+4 RAlO 
904 IP 9 DF WB CB+4 RAJO 
905 IP 9 DF NE C8t4 RA lO 
90b IP 9 DF WE C8+4 RAJO 
907 IP 9 DF WB CB+4 RA lO 
908 lP 9 DF WB ca~~ RAlO 
909 IP 9 DF H8 C8+4 RAlO 
910 IP 9 DF WB C8+4 RAlO 
911 IP 9 DF WB CB+4 RA JO 
912 IP 9 DF WB C8t4 RAlO 
9J3 IP 9 DF WB C8t4 RAlO 

r • 921 IP A 30 DP.333 
922 IP A 30 DP.333 
923 IP A 30 DP.333 
924 IP A 30 DP.333 
925 IP A 30 DP.333 
926 IP A 30 DP.333 
927 IP A 30 DP. 333 
92S lP A 30 DP .333 
929 IP A 30 DP. 333 
930 IP A 30 DP.333 
93J IP A 30 DP. 333 
932 IP A 30 DP. 333 
933 IP A 30 DP.333 
934 IP A 30 DP. 333 
935 IP A 30 DP.333 
936 IP A 30 DP.333 
937 IP A 30 DP. 333 
938 IP A 30 DP. 333 
939 IP A 30 DP.333 
940 IP ~ 30 DP.333 

15.16 24.J2 6312625. 89.24 3.98 383.41 51.40 96.09 64.25 149.06 8.38 2.83 55.7J 41 .51 
16.72 29. 16 6480812. 87 .59 3.98 387.84 50.96 96.46 62 .94 150.07 7.82 2. 12 57 .25 41.63 
15.53 24.29 6588576. 90.42 4. 04 377. 98 51.23 98.51 64 .06 148. 67 6.33 3.04 57.31 41.!6 
15.12 23.67 6274804 . 88.33 3.90 385. 02 5J . 99 97 . 39 64.55 149.67 8.02 2.13 54. 63 42.19 
15.59 25.21 6307062 . 88.85 4.00 388.94 50.67 96 .82 62. 62 150.02 6.92 2.18 55. 98 40 .87 
14.95 24.29 6063853. 86. 78 3.89 383.71 50.03 95.72 62 .08 149.45 7.81 3.33 55.29 41.06 
15.2b 24 . 79 6485363. 88.41 4.02 385. 59 50.66 97.01 62.69 150. 49 6.72 3. 29 55.21 40.96 
J5 .79 25.06 683634 1. 88.45 3.95 386. 10 ·50.62 95 .36 62.34 150.32 6.31 2.88 57.85 40.87 
16.7J 28.94 66294 19. 88. 39 4.00 385.12 50 .47 96 .65 62. 45 149.82 6.69 J.92 56.78 40.9í 
11.68 16.03 5707355. 87.34 ~.o~ 3B6.47 50.91 94.24 62 .64 148.2~ 8.55 2.11 55.38 40.89 
17.31 0.00 6003204. 87.16 4. 08 402.89 4B. 77 95 .35 60.78 148.26 5.58 3.45 57 .26 40.60 
10.78 J4. 80 4961183. 83.89 3.95 400.45 47.89 93 .JO 59. 70 145.57 7.b5 3.27 54 .99 40.66 
21 .49 73.64 6456537. 60. 12 3.43 395.66 49.66 87 .94 59.55 141. 88 5. 01 J. 81 69.16 58.90 
22 .33 0.00 6001202. 60 .24 3.47 404 .18 50.1 1 86 .54 60.00 142.77 7.85 3.07 66. 04 59.22 
20 .95 50 . ~1 6288J 69. 60 . 2~ 3.41 400.93 49. 48 90.19 58.70 142.89 6.11 2.77 68.34 58.56 
20.13 47. 96 6260234. 61.45 3.47 399. 43 50.18 89 .59 60.78 14J.70 6.13 2.51 67.78 59.32 
20,25 43. 77 6582710 . 6J.94 3.50 397.63 50 .60 91 .47 61 .22 142.20 4. 27 2.95 69.57 59 . 3~ 
21. 61 68.46 5998344 . . 59 . 47 3.43 403.08 50. JO 87 .17 59.29 142.29 6.69 3. 13 67 .40 59.0J 
22.76 70.17 645~465 . 60 . ~3 3. 44 392.54 49 .32 88.29 58.36 J42.19 5.02 5. 01 70. 97 58. 26 
22 .55 70.04 6674306. 6t.J1 3.47 397. 17 50;43 92.57 60.97 143.50 5.76 1.98 69. 56 59.64 
19. 84 43.60 6508717 . 62.60 3.4b 403.85 5J. 08 88.13 62 .7J 142. 14 6.49 0. 99 67 .67 60.02 
19.40 47.41 5839835. 59.93 3.47 400.27 49 .08 90.33 58.18 141.60 6.51 2.31 65.41 57. 75 
19.51 42.40 6277705 . 61.15 3.43 389.87 49 .79 90.93 ~0 . 00 142. "51 5.93 3.69 67. b7 5B .9Q 
20.71 53.58 6235J64. 60. 59 3. 43 395.67 49.72 89 .78 59.48 141.92 6.13 2.04 67.36 53 .85 
22.22 62. 94 6632492 . 61 . 44 3. 42 399.38 50.89 89.24 6J . 60 142.15 5. 38 2.21 69 .70 60 .23 
22.94 0.00 6703776. 62 .03 3.45 397.34 50 .95 91 .48 6J.67 143.04 5. 74 2.72 69.C8 59.64 
23.45 0.00 6503976 . 60.8J 3. 46 393. 19 50 .37 89 .98 60. 67 142. 94 6. 12 2.97 66.93 59.6J 
20. 75 48 .27 6467531. 61. 01 3.39 403 .83 50.20 88.66 60.64 1~3 . 07 5. 20 2.53 71 . 12 59.32 
19.BB ~3 . 50 6518550 . 60.94 3. 42 398. 60 49.91 88.83 59.78 142. 95 5. 03 3.26 70. 59 58.95 
19. i5 41.41 6645505. 61 .25 3. 48 391. 38 49.27 89 .98 59.37 J41 .46 4.64 3. 19 70.51 58.70 
22.61 73. 09 653J618. 6J .23 3. 37 395.03 50.8(1 90.32 61. 08 142. 41 5. 59 2.71 69.89 59.66 
21. 15 78. 77 6315499 . 59. 99 3.40 394.16 50 .49 89. 37 60.45 143. 08 6.90 1.82 68. 44 59.78 
18.38 40.49 6194498 . 59.85 3.51 403.96 49. 25 87. 36 58. 36 140. 61 5.58 3.35 67.44 58. 18 
22.23 0. 00 5638857. 57.99 3. 43 422. 28 47. 79 84.57 55.20 140. 94 5.95 3.59 65.03 56.9S 
16.87 33.36 5714069. 59.00 3. 48 41 1.17 48. 23 84 .79 56.59 140.26 5.39 3.83 66.62 5b.BO 
21 .85 56.82 5554512. 39.2b 3.03 384.54 65 .10 SS.\9 53. 46 129.67 B.OB 13.78 72.~1 62.91 
26.29 81 .86 5984795. 39.88 3. 04 383.68 69.02 85 .74 56. 27 129.59 7.22 12.89 76.19 64 .95 
21.11 47.98 5748202. 40 .21 3. 06 384. 71 67 .20 83.24 54 .38 129.96 7. 08 1~ . 7b 73. 19 64.40 
24.43 70.00 6195664. 40. 42 3.10 383.04 65.37 81.24 54 .60 128.J6 6.57 10.51 75.27 63.49 
22 .73 59.62 6087553. 40.84 3.03 380.63 6b.27 85.15 55 .45 127.21 8.46 12.85 72. 86 64 .28 
20 .10 58. 66 5J00254 . 39.31 3.0J 376.95 63. 65 85.55 5! .59 128.05 . 9.01 J7.02 65.74 b1. 33 
24 .63 65 .89 6329709. 40.53 3. 14 379.47 6B. b6 83.08 56.58 129.07 7.14 10.82 78 .33 65 . 3~ 

27. 34 110.58 5925965 . 40. 35 3.08 380.57 68.99 85.85 56 .05 130. 47 7.82 11.84 73. 94 65.12 
30.86 159.12 6684864. 41. 09 3. 05 379.54 69.51 89.0J 57.54 129. 12 6.33 12.81 77 .90 66.12 
24.42 82.4 J 6J64878. 40.30 3.01 385.08 66. 97 82.93 54.22 129.69 6. 38 13. 70 76.05 63 .81 
23.25 70.10 5665547. 39.84 3.03 385.83 66.42 83 .93 53. 83 129.52 8.22 13.16 69. 88 63.86 
23.96 87.12 5486936. 39. 98 3.13 379.35 64.92 85 .50 52. 97 128.70 8.18 J4 .06 68 .83 62. 45 

1 

25.35 65. 98 6429724 . 41.77 3. 03 378.48 68.97 88 .31 58.44 127.10 7.42 J2.01 75. 36 66.36 
27 . 43 0. 00 613~690. 40. 87 3. 05 381.81 67.04 S7 .4S 55.99 127.29 8 .• 3 13.01 71. 14 64.4~ 

27.43 0. 00 6134690. 40.87 3.05 381. 81 67 . 04 B7 .45 55. 99 127.29 8. 43 J3.0J 71 . 14 64.44 
28.04 0.00 6299488. 40 .44 3. 04 379.00 b7.BB 84. 17 55.J2 130.48 7. 45 14.90 71.96 64 .38 
23.70 67. 26 6060581. 40 .46 3.01 384.28 65 .85 85.05 54.21 128.83 6.54 14.21 73. 80 63.28 
24.77 91 .47 5997885. 40 .0B 3.05 383.38 67.53 84.28 55.30 127.79 7. 39 13.00 75.50 b4. 52 
26 .42 92. 42 6148457 . 40. 59 3.05 383.03 66 .46 85.47 55.28 128.53 6.42 15.38 74. 17 64.24 
25 .27 89.79 5863561 . 40.05 3.08 382.98 64.oo ao.38 52.26 128.04 6. 9e J1.73 74.32 61.70 



941 IP A 30 DP. 333 
942 lP A 30 OP.3~3 
943 IP A 30 DP.333 
el IP A 30 HE Y-VI I PURE 
c2 IP A 30 ME V-VII PURE 
c3 IP A 30 ME V-VIl PURE 
c4 IP A 30 KE V-VI l PURE 
eS ¡p ·A 30 HE V-Vil PURE 
c6 IP A 30 ME V-VI I PURE 
c7 IP A 30 HE Y-VII PURE 
eS IP A 30 ME V-VI I PURE 
c9 IP A 30 HE V-V Il PURE 
elO IP A 30 ME V-VII PURE 
el! IP A 30 HE V-VII fURE 
c12 IP A 30 ME V-VII PUP.E 
el 3 IP A 30 KE V-VIl PURE 
e14 IP A 30 HE V-VI I PURE 
e15 lP A 30 HE V-VI l PURE 
el6 IP A 30 HE V-VII PUP.E 
c1 7 IP A 30 HE Y-Vil PURE 
e! B JP A 30 ME V-VII PURE 
r19 IP A 30 HE V-VIl PURE 
c20 !P A 30 I'IE V-VI 1 f'URE 
c21 IP A 30 HE V-V Il PURE 
e22 IP A 30 ME V-VII PURE 
en. If' A 30 11E V-VII PURE 
d1 IP A lB 30 ME6-2 
d2 IP A lB 30 HE6-2 
d3 IP A lB 30 ME6-2 
d4 IP A lB 30 HE6-2 
d5 IP A 18 30 ME6-2 
ct6 IP A lB 30 ME6-2 
d7 IP A 1B 30 I'IEb-2 
dB IP A lB 30 HE6-2 
d9 IP A lB 30 ME6-2 

.. di O IP A 18 30 KEó-2 
~ d11 IP A 18 30 ~E6-2 

dl2 IP A lB 30 ~Eó-2 
d13 IP A lB 30 ME6-2 
d14 JP A lB 30 HEó-2 
dl5 IP A lB 30 ME6-2 
dlb lP A lB 30 HE6-2 
d17 lP A 18 30 HE6-2 
dlB IP A lB 30 ME6-2 
dl9 IP A lB 30 ME6-2 
d20 IP A lB 30 ME6-2 
d21 JP A lB 30 HE6-2 
d22 lP A lB ~O ~E6-2 
d23 IP A lB 30 KE6-2 
el lP A 30 OF.333 W+H 
e2 IP A 30 OF. 333 W+W 
e3 lP A 30 OF.333 W+W 
e4 lP A 30 OF.333 Wt" 
eS IP A 30 OF. 333 H+W 
e6 IP A. 30 OF.333 W+W 

14.72 23.81 5207489 . 40.01 3.12 380.40 64.74 82.74 52.91 126.52 
25.40 114.65 5062800. 40 .01 3.13 390.16 62.44 84.62 51 . 22 126. 71 
12.24 21. 06 3736221. 3B .54 3.22 400. 13 59 .89 7B .94 47. 82 125.23 
10.57 27.63 2400445. 38.45 3.40 433.07 72.43 72. 66 51.12 147.99 
10.6B 27 . 28 2592 1B9. 39.15 3.16 414.51 76.10 75.19 54. 66 146.88 
13.20 58.04 2679444 . 37.75 3.20 447. 31 73. 12 68.63 51.52 147.42 
11.6! 33. 42 2571 404. 3B.35 3.21 430.81 77.02 71.56 54.43 14B. 64 
10.97 31.44 2414B18. 38.30 3.14 435. 68 75. 25 70.39 53.21 148.15 
B.91 16.70 2301039. 39. 64 3. 20 428.77 76.04 72.43 55.13 148.06 
9.41 18.23 2393457. 38. 86 3. 25 425.80 74 . 93 74.30 53 .28 148. 09 

10.80 25 .B3 24B5660 . 39. 84 3. 27 422. 95 73. 34 72 .21 53.1 2 147.06 
11.04 33.32 23b~97 4. 38. 46 3. 20 423.75 74. 00 74.25 52.92 147. 24 
7.97 14. 02 2075386. 38 .41 3. 28 433.54 75.05 71 .99 52.69 148.0B 
9,71 19.97 23535B2. 38.36 3.53 422.89 74 .96 73 .46 52.1 5 148.42 

11.62 26.89 2720086 . 39.52 3. 23 418.65 75.46 73.74 54 . 19 147 .25 
8.53 16.40 2104924 . 38.47 3.19 430 .71 73.76 68.79 52.52 147.43 
S.B9 7.94 1727571. 38.36 3.24 4~7.24 72.77 69.22 51.49 146.09 
7.16 15.15 1601238. 38.92 3. 30 436. 99 73. 79 71.72 53.56 146.36 
2.66 1.29 759886. 37. 34 3.48 461.71 68 .83 65.42 47. 85 145.85 

13.62 55 .52 286074B. 39. 26 3.20 433.01 78.05 73.56 55.31 148.79 
10.75 23. 03 2544140. 39.82 3.20 424.74 74.07 70.2B 52.52 147.69 
8.67 18.55 2095075. ~.B.O~. 3.26 ~27 . 39 74. 15 71. 05 52 .07 148.14 

10.09 20.69 2515817 . 38.92 3. 26 418 .94 75.27 72 .83 54.72 146.52 
B.70 1B.I4 2059111. 3B.44 3.18 436.28 72.13 69.46 51. 02 14B.33 
9. 30 20.06 2264171. 39.01 3.24 419. 11 . 75.73 72. 36 53.62 147.41 

10.1B 24.41 2314722 . 38.B7 3.21 431.01 71. 78 73.47 51. 21 146.65 
15.72 32.73 4487663 . ~3 .89 3.14 385.02 73.17 B7 .b9 63. 64 143.84 
14. 32 31.56 39l 7694 . 41 .87 3.14 384.76 68. 37 80 .57 56. 95 144.53 
13. 34 27.28 3671694. 42.78 3.18 390.05 70.87 B5.12 60.83 143. 86 
13.01 25.03 3848551. 42. 32 3. 09 393.38 71.75 B2 .39 60.42 144.66 
14.45 30.64 3791268 . 42.55 3.11 380.73 69. 3B B5.69 59.35 142.42 
13.24 26.22 372L034. 42.07 3.15 3Bb.91 6a,qo S~ . bO S7.9B 1~ 4 .1 6 
15.64 37.44 4054027. 42.41 3.08 190.99 70.08 83 .21 60. 50 143.69 
14.76 34.21 39B7599. 42.92 3.16 385.62 71. 07 85.26 60.B7 142.12 
14.14 30.45 3954471. 43.39 3.20 389.77 71.94 B6. 6B 61 .73 142.41 
13.93 26. 08 4109580. 43.05 3.15 3B5.66 72.33 87.71 61 . 81 144.71 
15.74 42.71 4121 221. 42.42 3.15 38t. 99 69 . ~3 81.52 58.48 1 4~ . 17 
14.75 32. 79 4059125. 42.20 3.13 391.19 71.75 B5.5S 60.46 145.90 
17.17 41.65 4395289. 42.60 3. 17 391 .13 71 . 39 83.02 60 .69 145.33 
16.13 36.28 4388500. 43.33 3.14 387. 77 72.01 82.30 61.77 143. 08 
15. 07 35.B9 3886255. 42.40 3.13 396.55 71.87 83.69 61.29 143.69 
14.69 32.62 4097932. 42 . 10 3.11 388.66 68.82 79.92 57.95 144.11 
16.13 36.04 4625978. 43.90 3.13 389. 26 72.21 B2.36 62.B5 143.6B 
16.53 41. 68 4298127 . 43 .29 3.14 386. 99 70.95 Bl. SO 60.60 143.03 
15.96 42. 99 399308B. 42. 95 3.15 387.36 73.19 86.58 62. 76 145. 21 
16. 68 43.24 ~443929 . 43.03 3.14 387.28 73. 64 85.25 63.41 144.53 
11 .69 21 .45 3448986. 41 .82 3.18 397.65 68. 25 79. 73 56 .82 142.34 
13.22 39. 54 2965331. 41.25 3.21 415.69 68. 00 80.19 57. 31 141.71 
6.61 9.36 19a3674. 41. 03 3.22 410.84 66 .56 77 .65 55.87 142.59 

24. 10 67.74 6121908. 41 .40 3.03 3B7.49 70.07 84 .18 5B.95 133.40 
21.62 56.10 601B697. 41.52 3.10 388.43 69 .28 85 .39 5B.61 132.85 
25.21 85.11 6200107. 40.85 3.06 3B3.92 72.54 84 .82 59. 96 132. 34 
21 . 62 57.60 5555129. 40.!0 3.03 382.89 69. 39 B2 .04 56.14 133.59 
25.95 77.72 661 3737. 41.78 3.09 3B2.3B 69. 86 82.80 58.50 133.62 
23.39 59.34 6547900. 41.74 3.07 395 .46 73.09 B5 .B8 61.83 132.76 

7.32 15.82 71 .52 62.97 
6. 00 15.47 70.65 60 .45 
6.64 17.3B 67 .70 57. 22 
6.74 4. 09 80.18 62.83 
8.21 2.70 80.07 65 .50 
6.27 3.28 84 .77 63.21 
7.53 1.57 84 .24 65.64 
7.74 1.25 82.3B 64 .53 
7.98 l. B7 79 .08 66 .05 
6.94 3.95 82.29 64 .52 
6.81 4.01 81. 06 64.02 
7. !4 3.40 81.55 63.37 
8. 72 1.86 76 .38 64.12 
6.1 7 1.57 82.79 63.70 
6.15 3.92 87.15 64 .86 
B.22 1.91 78 .07 63 .B5 
7.09 1. 62 79.64 62 .24 
B. 24 2. 49 77.6B 64.08 
6. 92 2.11 74.39 58.82 
6.52 2.65 87.32 66 .26 
6.36 3.13 84.13 61.92 
7.52 3.75 79.26 63.29 
7.74 1.57 B1. 03 65. 78 
7.82 2.24 77.43 62. 05 
6.16 2.46 79.74 64 .90 
6.86 5.31 78. 64 62. 50 
6.63 2.54 88 .78 73 .09 
7. /4 3.89 63. 07 68.28 
8. 85 2.91 81 . 76 70 .76 
7.95 3. 49 Bl.Bl 71 . 19 
7. 82 5.05 81. 99 69. 32 
6.46 3.93 83.31 6B.7S 
7.44 2.16 B2.B2 70.39 
7.37 4.55 B3.09 70 .71 
7.8B 1.05 61 .87 71. 59 
5.67 2.60 B7. 65 71 .9! 
6.29 ~. 32 Bh.30 69. 05 
7.22 2.23 84.67 71. 55 
5.73 1.62 88.76 71.52 

. 7.16 2.66 85.51 71.53 
7. 59 2. 43 Bl.95 71 .25 
5.87 3. 0, 85.~4 6B .b5 
6. 19 1. 82 89.09 72.34 
6.57 2. 12 85.62 70 .82 
7.75 3. 13 83.94 72.77 
6.90 2.35 87. 99 73.24 
6.06 4. 25 8~ . 43 67 .64 
7.31 2.34 79. 80 67 .55 
9.09 3.47 73.37 66. 32 
6.78 5.28 79. 42 67 .64 
6.55 6.01 78.75 66.9B 
5.8B 5. 3B 83.22 68.75 
7.18 9.70 77. 04 66. 04 
5.42 6.04 83.64 67 .72 
4.77 2.95 87.16 70.53 



134 

el lP A 30 OF .333 N+W 21. 47 55.96 5289161. 40. 79 3.04 386.98 71. 44 84.53 58.30 133. 74 9.81 7. 33 74.68 67.54 
ea IP A 39 OF. 333 W+N 21. so 5S.43 S509330. 40.99 3.06 388. 0b 70.29 81. so 58. 13 133.91 7.85 6. 74 78. 39 67 .23 
e9 IP A 30 OF.333 W+W 26.18 91. 81 5922151. 40.77 3.14 385.54 72.90 85. 77 59.96 133. 19 7.40 7.65 81. 09 69.22 
e10 IP A 30 OF.333 ~+W 22. 31 75.35 5536240. 40.17 3. 06 388.89 71.08 79 . 21 57 . 47 133.09 " 7.94 7.02 79. 74 67. 36 
e1 1 IP A 30 OF .333 W+W 22.01 61.51 5600393, 41.14 3.02 392.03 72. 14 84.02 59. 77 132. 79 8.46 5.29 76. 35 t8.61 
e12 IP A 30 OF.333 W+W 23.98 65.75 6064780. 41. 29 3.10 385.29 71 . 46 85.96 59.36 131.39 7. 30 4.99 79.90 67. 74 
e13 lP A 30 OF.333 N+W 23.52 80. 73 '5641953. ~0.63 3.09 386.81 69 . 18 80.71 56.74 135.59 7. 68 6. 67 76.73 66.41 
e14 IP A 30 OF. 333 W+W 22.96 65.59 5312503. 40 .36 3. 05 391.03 71.82 83. 11 58.16 135.29 7.88 6.99 76. B6 67.69 
e15 IP A 30 OF .333 W+W 23.22 77 .29 5805089. 41.15 3.06 381. 79 72. 17 84.64 59 .55 132. (11 7.68 7.39 78.26 68.06 
e16 IP A 30 OF .333 W+W 26.88 0.00 6061873. 40.81 3.01 391.24 70.71 81.27 57. 87 133.56 6.18 6.79 81. 34 67 .49 
e17 lP A 30 OF .333 W+W 22.56 65. 10 5401926. 40.50 3. 10 392.3B 72.53 81.46 58.61 135.60 7. 87 5. 46 77.72 68.56 
e!B lP A 30 OF . 333 W+W 25.42 80. 63 6227~84 . 41. 39 3.07 380.14 74.03 88. 17 62.79 132. 94 7.82 5.19 B2 .70 70. 75 
el9 IP A 30 OF. 333 W+W 22.62 69.55 5719436 . 40. 34 3.14 390.16 71.39 84.31 58.79 132.16 7.94 5. 46 75. 47 67.68 
e20 JP A 30 OF. 333 W+W 24.30 80.42 6106263. 41.05 3.02 389.€2 70.41 81.77 58.27 134. 46 5.64 6.45 83.35 68. 12 
e21 iP A 30 OF.333 W+W 15. 83 29.22 4968386. 40.18 3. 10 396. 82 68.48 82.89 56.46 133. 16 7.03 8.97 76.l:l9 65 .17 
e22 IP A 30 OF .333 ~*~ 22.51 1!3.22 4282977. 38.79 3.03 399.83 69 .91 82. 17 56.59 132.80 8.33 9.09 73.29 65. 41 

- e23 IP A 30 OF.333 ~+ W 9.59 16.37 2882197 . 38.21 3.27 408.78 65.49 80.31 51.93 130.53 9.85 12. 36 63.51 61.62 
f1 JP A HEó-2 0.333W+W 28. 21 104 .50 6623269. 41. 38 3.14 385. 52 65.21 84 .36 56. 37 130.26 5.60 5.68 86.28 65.81 
f2 lP A NE6-2 0.333 W+W 24 .82 80.39 61t.B507 . 40 .66 3.12 398. 79 M. 21 81. 89 53.76 130 .56 3. 47 6.86 il7. 96 63. 92 
f3 IP A HE6-2 0.333H+N 25.23 71. 57 6390479. 41. 67 3.1 3 395.89 66.08 84.89 57-.36 131.30 6. 12 3.29 83.95 66.52 
f4 IP A HE6-2 D.333W+N 23.44 54.!1 63B5661 . 41 . 78 3. 11 386.79 b4 . 48 84.63 55.60 130.08 4.74 7. 45 85.78 64.85 
fS lP A HE6-2 0.333W+W 23.76 73 .86 6501421. 41. 95 3.15 390. 46 65. 17 84.21 56.02 129.95 b. 77 5.05 80.36 65.02 
H IP A ME6-2 O. 333ti+W 25.16 80.77 61 59000. 40.44 3.10 386. 45 b4 . 94 85.80 55 .06 132.07 6. 23 8.22 Bl. bb 65.35 
f7 lP A HE6-2 0.333W+W 28.09 75.18 6898501. 42.19 3.16 386.66 65.07 85.63 55. 58 129.78 3.40 6.35 8B. n M.94 
{8 IP A ME6-2 0.3~3W~W 25. 20 65.69 b465bbl. 41. 34 3.10 390.02 b4 .15 84.22 54.56 130.54 4.75 6.27 82.92 64 .28 
f9 IP A HE6-2 0.333W+W 27.38 106. 38 6557941. 41.58 3.10 390.01 65.8B 83 .65 56.84 130.48 6.65 5.68 84.15 66.04 
fiO IP A ME6-2 0. 333W+W 25 .95 66. 16 7144805. 42.38 3. 12 389.37 65.90 85 .44 56. 71 129 .91 4.35 5.19 88. 82 65.93 
f11 lP A HEb-2 0.333W+W 25 .93 64.92 7041438 . 42.b4 3.17 386.09 65 .70 89 .79 57.09 129.96 4. 35 4.9i 88. 64 66.02 
f12 JP A HE6-2 0. 333W+H 28. 19 82.92 6929149. 41.30 3.07 394 .90 66.33 84 .81 57.12 131. 43 3. 85 5. 16 88.71 66.39 
f13 IP A ME6-2 0.333W+W 24.83 74.52 6734378. 41. 74 3.15 389. 22 65.69 85 .90 56.25 130. 95 4.92 5.38 83.66 65.78 
f14 JP A ME6-2 0.333W+W 23.99 58.68 6456369. 41. 56 . 3.13 386.90 63.64 82.45 54.53 129. 23 4.53 5.22 94.50 63 .70 
f15 IP A HE6-2 0.333W+W 25.72 77. 27 6832729. 41.97 3.11 395.69 66. 77 83. 90 57.77 130.80 4.92 4. 02 87.74 66.90 
f16 JP A HE6-2 0.333W+W 25 .49 67 .50 6833099. 42.24 3.07 388.25 67 .90 86 .36 58.71 131. 09 6. 63 5.47 84. 62 MLt4 
f11 IP ~ ME b-2 0.333W+W 2"3.50 50.47 6882885. 42.40 3.14 381.44 64.70 85 .66 56.04 129.00 3.96 5.26 88.06 64.73 
f1B IP A HEó-2 0.333W+W 26. 71 67. 82 70269ób. 41. 84 3. 10 395.69 65. 32 84.12 56. 33 131.81 3.40 4.08 88.90 6S.69 - f19 IP A HE6-2 0.33lH+W 3(;.90 0. 00 6915452 . 42. 34 3.09 385.53 66.65 87. 48 58.25 130.95 6. 64 3.42 83.28 67.16 
f20 JP A HEó-2 0.333W+W 23.78 58.53 6392896. 41. 37 3. 11 389.82 66.93 84 .89 57.55 131. 37 5.54 5.65 84.20 66. 79 
f21 IP A HEó-2 0. 333W+W 19.53 0. 00 5514847. 40. 15 3.14 404.97 60.87 Bl. 66 so. 77 129.48 5.02 8.36 80.25 61 .26 
f22 IP A ME6-2 0.333W+W 25.43 84 . 70 5647461. 41. 40 3. 12 411.90 61.57 81.02 52.26 129.59 3.76 8. 49 81.17 6l. B5 
f23 JP A HE6-2 0. 333W+W 13.70 23. 13 4457513. 40.52 3.24 412. 42 58.01 80.34 48.20 128.69 3.97 10.06 78.03 59.55 
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