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Abstract: The liveweight of New Zealand beef cows has increased in recent decades due to selection
for higher growth rates. Published data suggest that the efficiency of beef cow production decreases
with increasing cow liveweight. Changes in beef herd size, feed demand, production, and cash
operating surplus (COS) were simulated with average mature cow liveweight varied to 450, 500, 550,
and 600 kg. With total annual beef feed demand fixed at the same level, in all scenarios cow numbers
and numbers of weaned calves decreased with increasing cow liveweight. When the model was run
with consistent efficiency of calf production across the mature cow liveweights (scenario A), heavier
cows were more profitable. However, using published efficiency data (scenarios B and C), herds of
heavier cows were less profitable. The likely most realistic scenario for New Zealand hill country
farms (scenario B) had COS decrease from New Zealand Dollars (NZD) 456/ha with a herd of 450 kg
cows to NZD 424/ha with 600 kg cows. Reductions in COS were relatively small, which may not
deter farmers from breeding heavier cows for higher calf growth rates. However, the results of this
analysis combined with indirect potential economic impacts suggest that the heaviest cows may not
be optimal for New Zealand hill country conditions.

Keywords: herd dynamics; herd size; profit; bio-economic; system dynamics; New Zealand; feed
demand; efficiency; weaning weight ratio; WWR

1. Introduction

The mature liveweight of beef cows in New Zealand breeding herds has increased
in recent decades due to selection for increased growth rates [1]. Mature cow liveweights
of 410 to 530 kg were reported in experimental data from the 1970s and 1980s [2–4] and
liveweights of 520 to 576 kg were reported between 2008 and 2015 [5,6]. A North Island hill
country research station reported that their mature Angus cow liveweights were 430 kg in
the 1970s but had increased to 600 kg in 2018 [1]. Cow liveweight is the major parameter
influencing their energy demand for maintenance [7,8] and maintenance accounts for the
majority (i.e., 70% to 75%) of their total annual feed demand [9]. Therefore, it is likely that
the proportion of feed demand accounted for by breeding cow maintenance has increased
in New Zealand beef herds due to their increasing mature liveweight.

The ratio of calf weaning weight to cow (dam) liveweight (WWR) has been utilised
as a measure of beef cow efficiency [3,10–15], with a higher WWR being considered more
efficient. Optimum beef cow liveweight has also been explored [16–18]. Smeaton et al. [16]
identified a liveweight of 440 kg to be optimal for New Zealand Hereford × Friesian beef
cattle. Stewart and Martin [17] found cow liveweights of 465 to 493 kg to be optimum for
American Angus cows depending on the performance criteria assessed, while Arango and
Van Vleck [18] suggested optimal beef cow liveweight to differ according to production
system, management, breed, and environmental conditions.
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Published data show that, although heavier cows usually give birth to and wean a heav-
ier calf, WWR decreases with increasing cow liveweight (Figure 1) [4,5,10,11,13–17,19–25].
Figure 1 indicates that a 450 kg cow on average produces a calf weighing 8% (36 kg) of cow
liveweight at birth and 46% (207 kg) of cow liveweight at weaning, while a 600 kg cow on
average rears a calf weighing 7% of cow liveweight at birth and 39% of cow liveweight at
weaning. Therefore, while heavier cows will likely produce a heavier calf, their greater feed
demand and relatively lower WWR may result in heavier cows using a lower proportion
of feed directly for production and thus being less efficient.
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Figure 1. Ratio of calf birth and weaning weight to cow liveweight (LWT) [4,5,10,11,13–17,19–25]. Linear regressions were:
weaning weight = 0.683 − 0.000466 × cow LWT and birth weight = 0.124 − 0.000097 × cow LWT.

The increasing liveweight of beef cows in New Zealand herds may have reduced the
proportion of feed used directly for production and limit total herd size with a fixed total
annual cattle feed demand. However, there is a lack of economic analysis of the effect
of farming heavier beef cows and quantification of impacts would be useful for the New
Zealand beef production industry. Bio-economic modelling can simulate changes in the
bio-physical aspects of the farm and their interactions with the economic component [26],
such as changes in production and profit due to changes in the mature liveweight of beef
cows. The objectives of this study were to utilise a bio-economic system-dynamics model
of a beef cow herd on a New Zealand sheep and beef cattle farm to quantify changes in beef
herd size, calf production, feed demand, and profit with changes in mature cow liveweight.

2. Materials and Methods

The farm system under consideration was a New Zealand East Coast North Island
hill country sheep and beef cattle farm. Farm and beef herd characteristics were based on
average values from industry survey data for East Coast North Island hill country farms in
the 2017/2018 production year [27]. This farm system has both beef and sheep production
enterprises, where beef cattle account for an average of 40% of total feed consumed and
the remainder is consumed by sheep [27]. A beef enterprise with a herd of breeding cows
producing calves for replacements and meat production (also called suckler beef systems)
was the focus of this analysis. The farm was 530 ha in area, with a self-replacing herd of
beef cows calving annually in spring and extensively grazing pasture year round, typically
without diet supplementation [27]. Cattle were assumed to be sold either at weaning
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in autumn (weaner calves and cull cows) or prior to breeding in spring (steers and one-
year-old heifers not required for breeding). Assumptions of numbers of cows sold at the
various timings were informed by industry survey data and are covered in Section 2.4 [27].
The proportion of feed consumed by the beef herd, 40%, was used to estimate operating
expenses and farm area applicable to the beef enterprise. Total annual feed demand for beef
cattle was maintained at 40% of total farm feed consumed for all scenarios, and therefore it
was assumed that the on-farm sheep enterprise was not affected by the modelled changes
in mature cow liveweight.

The bio-economic system-dynamics model used in this study was constructed us-
ing STELLA version 1.9.3 [28]. The model was previously used by [26,29] to investigate
profitability scenarios for New Zealand sheep farming enterprises with various system
changes. The model was extended to include component modules of herd dynamics for
the self-replacing beef herd (including calf production), annual beef feed demand, and
beef enterprise economics. Detail on beef model workings and changes between differing
scenarios are given in the following subsections.

2.1. Beef Herd

Figure 2 shows a simplified diagram of the beef herd dynamics. Cows in each age (i)
class (Yi) each year were the sum of cows in the previous age class (Yi−1) less cows leaving
the herd due to deaths (Di−1) and culling (Ci−1) (Equation (1)). The cattle herd (H) was
therefore the sum of cows in 10 age classes (Equation (2)), as beef cows in New Zealand
are not recommended to be culled for age until 10 years of age [30]. Herd replacement
requirements (R) were the sum of all cows leaving the herd due to death and culling in
order to maintain the size of the self-replacing herd (Equation (3)). A death rate of 2.2%
for Y2 to 10 cows was assumed [27], which included missing cows. A cull rate of 16% was
assumed for Y2 to 10 cows based on the assumed calf weaning rate (CR) of 84%, this resulted
in a herd replacement rate of 22%, with cull cows assumed to be those not pregnant and/or
not having reared a calf to weaning [3,27,31]. All cows in Y10 were culled after weaning,
and therefore they would wean 8 calves in total during their lifetime. A death rate of 1.1%
was assumed for Y1 heifer cows and steers [27].

Yi = Yi−1 − Di−1 − Ci−1 (1)

And H = ∑10
i=1 Yi (2)

And R = ∑10
i=1[Di + Ci] (3)

Numbers of calves weaned (CW) were estimated from Equation (4) as a function of
cows presented for breeding (Y2 to 10) and CR (weaning rate as calves weaned per cow
presented for breeding), with Y2 cows calving as they entered Y2 at 24 months of age after
being bred in Y1 at 15 months of age. Heifers in New Zealand beef herds are not always
bred to calve at 24 months of age [32]. However, in this analysis, it was assumed that Y2
cows were bred and their weaning rate was consistent with older cows [31,32].

CW = [∑10
i=2 Yi]× CR (4)

Numbers of weaned male calves were estimated to be half of calves from Equation (4).
Numbers of steers in Y1 and Y2 were then determined according to numbers sold and dead
from the previous age class as in Equation (1).

2.2. Cattle Liveweights

Mature Y3 to 10 cow liveweights were varied to 450, 500, 550, and 600 kg weights at
weaning to reflect the range of cow liveweights in New Zealand beef herds during recent
decades [1–6,13], and these liveweights were used in maintenance feed demand predictions.
As well as mature cow liveweights, liveweights of non-mature cattle varied in the different
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scenarios (Tables 1–3), these differences were used in predictions of sale weights and feed
demand. Ratios of calf birth and weaning weights to mature cow liveweight at weaning
from Figure 1 informed the differences in non-mature cattle liveweights between scenarios
A, B, and C. The variations in cattle liveweights between scenarios A, B, and C represented
different efficiency scenarios of calf production.
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Figure 2. Simplified diagram of the beef dynamics module with cattle in various stock classes and their entering and leaving
the herd. The number of weaned calves (heifer and male wnrs) was the product of calving rate (CR) and cows (Y1 to 10).
Required replacement heifer calves (R) were the sum of all dead, sold, and culled one to ten-year-old heifers and cows.
Numbers of dead cows (Y2 to 10) were determined by their death rate (D cows) and numbers of dead heifers and steers were
determined by their death rate (D Ncows). Numbers of culled Y2 to 9 cows were determined by their culling rate (C) and all
Y10 cows were culled after weaning a calf.

For scenario A (Table 1), the average birth and weaning weight ratios from Figure 1
of 7% and 43%, respectively, were applied across all mature cow liveweights. Therefore,
it was assumed that cows of all modelled liveweights were equally efficient. Scenario A
assumed heifer and steer liveweights to be 55% of mature cow liveweight when entering
Y1 (to achieve 60% of mature liveweight for breeding at 15 months of age for heifers [33])
and 80% of mature liveweight when entering Y2 [34].
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Table 1. Liveweights for cattle for scenario A with varying mature cow liveweight. Calf birth,
weaning, heifer entering Y1, and heifer entering Y2 weights were consistently 7%, 43%, 55%, and
80% of mature cow liveweight, respectively. Heifers were 12 months of age when entering Y1 and
24 months of age when entering Y2.

Cattle Liveweights (kg)

Mature cow 450 500 550 600
Calf birth 32 35 39 42

Growth to weaning (kg/day) 0.89 0.99 1.09 1.19
Calf weaning 194 215 237 258

Heifer growth to Y1 (kg/day) 0.30 0.33 0.36 0.40
Heifer entering Y1 248 275 303 330

Heifer growth to Y2 (kg/day) 0.31 0.34 0.38 0.41
Heifer entering Y2 360 400 440 480

Mature bull 630 700 770 840
Mature steer 540 600 660 720

Table 2. Liveweights for cattle for scenario B with varying mature cow liveweight. Calf birth and
weaning weights were decreasing ratios of mature cow liveweights as cow liveweight increased.
Heifers were 12 months of age when entering Y1 and 24 months of age when entering Y2.

Cattle Liveweights (kg)

Mature cow 450 500 550 600
Calf birth 36 38 39 39

Growth to weaning (kg/day) 0.95 1.00 1.04 1.07
Calf weaning 209 220 228 234

Heifer growth to Y1 (kg/day) 0.30 0.33 0.36 0.40
Heifer entering Y1 263 280 294 306

Heifer growth to Y2 (kg/day) 0.31 0.34 0.38 0.41
Heifer entering Y2 376 405 432 456

Mature bull 630 700 770 840
Mature steer 540 600 660 720

Table 3. Liveweights for cattle for scenario C with varying mature cow liveweight. Calf birth weights
were decreasing ratios of mature cow liveweight as cow liveweight increased and all calves were
assumed to grow at 1.00 kg/day until weaning. Heifers were 12 months of age when entering Y1 and
24 months of age when entering Y2.

Cattle Liveweights (kg)

Mature cow 450 500 550 600
Calf birth 36 38 39 39

Growth to weaning (kg/day) 1.00 1.00 1.00 1.00
Calf weaning 218 220 221 221

Heifer growth to Y1 (kg/day) 0.30 0.33 0.36 0.40
Heifer entering Y1 272 280 287 293

Heifer growth to Y2 (kg/day) 0.31 0.34 0.38 0.41
Heifer entering Y2 384 405 424 443

Mature bull 630 700 770 840
Mature steer 540 600 660 720

The trend of increasing beef cow liveweight in New Zealand has been driven by
selection for faster growth rates [1], as larger cows generally produce calves with higher
post-weaning growth rates [11]. Post-weaning growth rates of New Zealand beef heifers to
Y1 (i.e., from six to 12 months of age) of 0.39 to 0.45 kg/day and from Y1 to Y2 (i.e., from 12
to 24 months of age) of 0.37 to 0.34 kg/day have previously been reported in experimental
data [35,36]. Heifer growth rates over winter, when heifers and cows are a low priority
stock class on farm, of 0.2 to 0.3 kg/day have been considered satisfactory by industry
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standards [34]. Therefore, post-weaning growth rates to Y1 and Y2 of 0.30 to 0.41 kg/day
and higher with heavier mature cow liveweight assumed in the current analysis were likely
similar to those in commercial New Zealand beef herds.

For scenario B (Table 2), average ratios of birth and weaning weights for each mature
cow liveweight from Figure 1 were used to estimate birth and weaning weights. Birth
weights were 8.0%, 7.5%, 7.0%, and 6.5% and weaning weights were 46%, 44%, 41%, and
39% for calves from cows weighing 450, 500, 550, and 600 kg, respectively. Therefore,
the previously published data which indicated heavier beef cows to be less efficient were
included in this scenario. The differences in weaning weights of calves from cows of each
liveweight between scenarios A and B were used to adjust non-mature cattle liveweights.
For example, with a mature cow liveweight of 450 kg, calf weaning weight was 15 kg
lighter in scenario B than scenario A. Cattle were then 15 kg lighter in scenario B when sold
and when entering the next age class until they reached their mature liveweight.

For scenario C (Table 3), birth weights were predicted according to ratios for each
mature cow liveweight from Figure 1 just as was done in scenario B, then weaning weights
were based on pre-weaning growth rates of 1.00 kg/day for all calves. This scenario
modelled the efficiency of calf production if all cows achieved the pre-weaning growth
rate identified by Beef + Lamb New Zealand as an industry target [30,34,37]. Differences in
weaning weights between scenarios A and C were then used to adjust non-mature cattle
liveweights in scenario C in the same way they were adjusted for scenario B.

2.3. Feed Demand

Total annual cattle feed demand was maintained at 40% of total farm feed supply
for all scenarios modelled, achieved though adjusting numbers of cows in age classes
Y1 to 10. Cattle feed demand was estimated in megajoules of metabolisable energy (MJ ME)
for each stock class and for daily maintenance energy (MEm) was predicted according to
Equation (5) [7].

MEm =

[
0.392 × LW0.75 × e−0.03×i

0.02 × Q + 0.5

]
× 1.1 (5)

where LW = liveweight (kg) shown in Tables 1–3, i = the age class of the animal in years,
and Q = pasture quality measured as MJ ME/kg DM, assumed to be 10 MJ ME/kg DM,
which is considered a medium-quality pasture on New Zealand sheep and beef farms [38].
Mature cows gained 6% of their liveweight during lactation which was then lost between
weaning and calving, typical of beef cows in New Zealand hill country systems due to
seasonal changes in the prioritisation of their feed demand relative to other stock classes on
farm [24]. Feed demand for the liveweight change of mature cows was 50 MJ ME required
for each kg of gain and 30 MJ ME converted from each kg of liveweight loss. Feed demand
for liveweight gain of younger cattle was 35 MJ ME required for each kg [8] and, for a given
mature cow liveweight, heifers with lower weaning weights were required to gain more
weight before entering Y3. Liveweight values used to predict maintenance demand for
cattle younger than Y3 were averages for that class of animal while on farm. For example,
in scenario A, the feed demand for maintenance of Y1 heifers assumed a liveweight of 68%
of mature cow liveweight (an average of their weights when entering Y1 and Y2). Bulls
were assumed to be on farm at a ratio of one bull per 35 cows in Y2 to 10 age classes [31] and
to have a mature liveweight of 140% of mature cow liveweight, while steers were assumed
to have a mature liveweight of 120% of mature cow liveweight [7].

Cows were assumed to begin calving in spring on 1 September [34,39] (the shortest
day in New Zealand occurs on 21 June). Feed demand for gestation (MEG) was predicted
on a per calf foetus basis for the entire gestation from Equation (6) [8]. An assumed
combined foetus and calf loss rate (from pregnancy diagnosis to weaning) of 10% [3,27,31]
was combined with the weaning rate to estimate numbers of foetuses for gestation feed
demand estimations. Therefore, when calving rate was 84%, estimated feed demand for
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gestation from Equation (6) was for 0.93 foetuses per cow. Feed demand for lactation (MEL)
was predicted per calf for the entire lactation according to Equation (7) [8].

MEG = 55 × b + 66.7 (6)

and MEL = 50.8 × WW + 606.7 × α − 16, 399 (7)

where b is calf birthweight (kg), WW = calf liveweight at weaning (kg), and α = calf age
at weaning in weeks. Calves were assumed to be weaned at 26 weeks of age [5,13,17,24],
with birth and weaning weights shown in Tables 1–3. Calf weaning age was 26 weeks
regardless of differences in weaning weight, assuming weaning date was determined by
labour availability and a pre-determined sale date [30]. The calving pattern was assumed
to be 40%, 31%, 23%, and 6% of calves born in the first, second, third, and fourth fortnight,
respectively, based on an approximately 63 day breeding period with very few calves
assumed to have been born after day 56 of calving [24,31].

2.4. Cattle Sale Policies

Cull Y2 to 10 cows were all sold in early March within a fortnight of weaning and
pregnancy diagnosis, assumed to be those identified as not pregnant or not to have weaned
a calf. Weaner calves were sold within a fortnight of weaning, having post-weaning growth
rates of 0.65 kg/day during the week between their weaning and sale [34]. Sold weaner
calves were 29% of male calves and the number of heifer calves sold was determined by
those not required for herd replacement as estimated from Equation (3). Sold Y1 steers (33%
of Y1 steers) and sold heifers (20% of Y1 heifers) were assumed to be sold mid-November
prior to breeding [27]. It was assumed that all Y2 steers were also sold mid-November. Male
cattle were assumed to have a mean carcass dressing out percentage of 52% and female
cattle were assumed to have a mean carcass dressing out percentage of 50% [6,40–42].

2.5. Economics

Annual beef enterprise cash operating surplus (COS) was used as an indicator of
changes in profit and was estimated from gross cash income from beef cattle sales less beef
enterprise related operating expenses. As total annual cattle feed demand was fixed at
40% of farm feed, sheep enterprise COS was assumed not to change between modelled
scenarios. Prices for sold cattle were 2017/2018 industry values on a per kg basis [27],
shown in Table 4. Prices were combined with liveweights according to Tables 1–3 along
with numbers of beef sold in the herd dynamics module to estimate total annual income
from cattle sales.

Table 4. Prices for sold cattle [27,43].

Stock Class Timing Price (NZD/kg Carcass)

Weaner heifers Early March 2.90 1

Y1 heifers Mid-November 5.09
Y2 heifers Early March 5.27

Mature Y3 to 10 cows Early March 4.22
Weaner steers Early March 3.19 1

Y1 steer Mid-November 5.36
Y2 steer Mid-November 5.48

1 Price for weaners are per kg of liveweight, assumed to have been sold to another farmer to grow for slaughter.

Beef operating expenses were assumed to be NZD 52.80 per beef cattle stock unit [27].
Operating expenses were comprised of beef production related variable expenses and
the enterprise share of fixed expenses (including expenses for animal health, repairs and
maintenance, vehicles, administration, Accident Compensation Corporation levy, and
insurance) while excluding drawings, tax, interest, depreciation, and rent [44]. Beef cattle
stock units were based on the standard New Zealand stock unit value of one 55 kg ewe
weaning one 28 kg lamb, equal to an annual feed consumption of 550 kg DM (DM = dry
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matter) [45]. Therefore, beef cattle stock units were estimated from their estimated total
feed demand, for example, with a total annual cattle feed demand of 12 million MJ ME
(megajoules of metabolisable energy), expenses were based on 2182 stock units. This
assumed an average pasture quality of 10 MJ ME/kg DM [38], and therefore an average
sheep stock unit of 5500 MJ ME.

3. Results and Discussion

Modelled changes in cow numbers, numbers of calves weaned, feed demand, numbers
of cattle sold, cattle enterprise income, expenses, and COS are shown and discussed in the
following subsections. Total annual cattle feed demand was fixed at 12 million MJ ME for
all scenarios, achieved through adjustments in herd size.

3.1. Cattle Numbers

With a death rate of 2.2% for Y2 to 10 cows and cull rate of 16% for Y2 to 9 cows (with all
Y10 cows culled for age after weaning), the average replacement rate was 22 Y2 heifers per
100 Y2 to 10 cows. With increasing mature cow liveweight, their feed demand was greater for
maintenance on a per cow basis and for the growth and maintenance of non-mature cattle.
This necessitated a reduction in cow numbers in order to maintain the same total annual
cattle feed demand (Figure 3). For scenario A, numbers of Y2 to 10 cows were reduced from
263 to 209 cows as mature cow liveweights increased from 450 to 600 kg. As Y2 to 10 cows
were bred with a constant calf weaning rate of 84%, total numbers of calves weaned also
decreased from 221 to 176. Similar reductions in cattle numbers occurred for scenarios
B and C. Therefore, previous suggestions that farming heavier cows with a fixed feed
supply requires a smaller herd size weaning fewer calves [11,14] were supported in the
current analysis. Proportions of Y1 heifers, Y1 steers, and Y2 steers sold were maintained at
constant rates relative to mature cow numbers, such as 20% of Y1 heifers sold, and therefore
total numbers of cattle in these stock classes decreased with decreasing herd size.

At a constant mature cow liveweight, total cattle numbers changed between scenarios
A, B, and C, though with smaller changes than occurred within scenarios due to changes
in mature cow liveweight (Figure 3). With a mature cow liveweight of 450 kg, numbers
of cows in Y2 to 10 were 263, 260, and 258 for scenarios A, B, and C, respectively, with
proportionate changes in the numbers of cattle in other stock classes. Similar changes
occurred with a mature cow liveweight of 500 kg, though with smaller changes observed.
Calf weaning weights were higher in scenarios B and C than in scenario A for those from
450 and 500 kg cows, increasing total feed demand per cow through increased demand for
lactation and growing cattle (Tables 1–3). Cow numbers were therefore lower in scenarios B
and C in order to maintain total annual cattle feed demand at 12 million MJ ME. Conversely,
with mature cow liveweights of 550 and 600 kg, there were smaller reductions in cattle
numbers when moving from scenario A to B and then scenario B to C (Figure 3). For
example, with a mature cow liveweight of 550 kg, the numbers of cows in Y2 to 10 were
225, 227, and 228 in scenarios A, B, and C, respectively. With mature cow liveweights of
550 and 600 kg, calf weaning weights were lower in scenarios B and C than in scenario
A (Tables 1–3). Therefore, feed demand per animal for lactation and growing cattle was
lower in scenarios B and C with mature cow liveweights of 550 and 600 kg, thus cattle
numbers were higher.

3.2. Feed Demand

Daily feed demand per cow for maintenance was 52, 56, 61, or 65 MJ ME with
liveweights of 450, 500, 550, or 600 kg, respectively. With WWRs of 43% for all cows
(scenario A), the proportion of total annual cattle feed demand accounted for by cow
maintenance (replacements and Y2 to 10 cows) decreased from 60% to 59% (7.16 to 7.08 mil-
lion MJ ME) when mature cow liveweight increased from 450 to 600 kg (Table 5). In the
same scenario, the proportion of feed demand accounted for by reproduction and sold
non-mature cattle increased from 21% to 22% (2.55 to 2.64 million MJ ME) with increasing
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mature cow liveweight from 450 to 600 kg. Heavier birth and weaning weights increased
feed demand for gestation and lactation, respectively. Cattle sale timings were constant
for all scenarios and cow liveweights, and therefore sold cattle from herds with heavier
cows had greater feed demand for maintenance and growth until leaving the farm. This
relatively small increase in the use of feed directly for production of heavier cows would
occur if heavier cows were achieving the same WWRs as their lighter counterparts.
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Data from both New Zealand and international beef cow studies indicate WWRs of
heavier cows to be lower than WWRs of lighter cows (Figure 1). When heavier cows were
modelled with lower WWRs than lighter cows (scenarios B and C), the proportion of total
annual cattle feed demand accounted for by cow maintenance increased with increased
mature cow liveweight. For scenario B, the proportion of total annual beef feed demand
accounted for by cow maintenance increased from 59% to 61% (7.03 to 7.26 million MJ
ME) as mature cow liveweight increased from 450 to 600 kg (Table 5). The proportion of
total annual cattle feed demand accounted for by production (sold non-mature cattle and
reproduction) decreased from 22% (2.67 million MJ ME) with a mature cow liveweight
of 450 kg, to 20% (2.43 million MJ ME) with a mature cow liveweight of 600 kg (Table 5).
Proportions of feed demand accounted for by cow maintenance had similar increases with
heavier cow liveweights in scenario C. The increased proportion of feed demand accounted
for by cow maintenance with heavier mature cow liveweights was expected [1,9], occurring
when WWRs were lower for heavier cows, which has previously been used as a measure
of efficiency [3,10–12,14,15].

3.3. Cattle Sales

Numbers of cattle sold from the various stock classes, such as weaner heifers or Y1
steers, had proportionate changes to changes in herd size (Table 6). The number of cattle
sold was determined by numbers in that stock class combined with culling and sale rates.
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Culling and sale rates were constant across all mature cow liveweights and scenarios, such
as 20% of Y1 heifers and 16% of Y2 to 9 cows sold. Herd size decreased with increasing
mature cow liveweight (Figure 3), and therefore the number of cattle sold in the various
groups decreased with increasing mature cow liveweight (Table 6). For example, 15 Y1
heifers were sold when mature cow liveweight was 450 kg, whereas 12 Y1 heifers were
sold when mature cow liveweight was 600 kg in scenario A.

Table 5. Total annual feed demand (millions of megajoules of metabolisable energy) for cows (aged
two to ten years), replacements (until two years of age), reproduction (gestation and lactation), sold
youngstock, and bulls, with varying mature cow liveweight for scenarios with (A) a constant ratio
of birth and weaning weights to mature cow liveweight, (B) decreasing ratios of birth and weaning
weights to mature cow liveweight as mature cow liveweight increased, and (C) the ratio of birth
weight to mature cow liveweight decreased with mature cow liveweight and constant pre-weaning
growth rates of 1.00 kg/day.

Animal
Mature Cow Liveweight

450 500 550 600

Scenario A

Cows Y2 to 10 5.13 5.11 5.11 5.05
Replacements 1 2.03 2.03 2.04 2.03
Reproduction 1.95 1.99 2.05 2.08
Sold cattle 2 0.60 0.59 0.57 0.56

Steers 2.02 2.03 2.03 2.03
Bulls 0.22 0.22 0.22 0.22

Scenario B

Cows Y2 to 10 5.05 5.09 5.14 5.14
Replacements 2.01 2.02 2.06 2.07
Reproduction 2.10 2.06 2.01 1.92

Sold cattle 0.57 0.60 0.55 0.51
Steers 1.96 2.00 2.07 2.11
Bulls 0.22 0.22 0.22 0.22

Scenario C

Cows Y2 to 10 5.01 5.05 5.15 5.21
Replacements 1.99 2.01 2.06 2.09
Reproduction 2.16 2.05 1.96 1.85

Sold cattle 0.71 0.60 0.53 0.47
Steers 1.93 2.00 2.09 2.15
Bulls 0.22 0.22 0.23 0.23

1 Weaner heifers on farm between six months and a year of age, heifers on farm between one and two years of
age. 2 Sold steers, weaner calves, and one-year-old heifers (feed demand of culled cows is included in the cow
feed demand).

3.4. Economics

Prices were consistent for each group of sold cattle in this analysis on a per kg basis as
sale timings were consistent across scenarios and mature cow liveweights. Therefore, prices
per head were higher with heavier cattle weights. Changes in beef income with varied
mature cow liveweight were driven by changes in both cattle numbers and liveweights. For
scenario A, increased mature cow liveweight had proportionate increases in calf weaning
weight and sale weights of all non-mature cattle (Table 1). Beef income increased from
NZD 203,000 to NZD 211,000 as mature cow liveweight increased from 450 to 600 kg
(Figure 4), indicating increased sale liveweights increased income by a relatively larger
value than income reductions from fewer total cattle. Although it is not certain which of
the modelled scenarios with varied pre-weaning growth rates is most likely occurring on
New Zealand beef farms, pre-weaning growth rates of 1.00 kg/day are considered to be
an industry target [30,34]. An average pre-weaning growth rate of 1.19 kg/day for calves
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from a herd of 600 kg cows (scenario A in Table 1) is therefore not likely achieved in many
beef herds feeding exclusively on pasture and in hill country conditions. Although mature
cow liveweights have increased due to selection for higher potential growth rates [1], high
growth rates are likely limited by the environment in which they are farmed. In the North
Island hill country system under study, the beef herd typically feeds on low quality-pasture
in summer prior to weaning when other stock classes on farm are prioritised, such as
growing lambs for slaughter. Pre-weaning growth rates in scenarios B and C had less
variation between calves from cows with varying mature liveweights compared with
scenario A, either with a small range from 0.95 to 1.07 kg/day or fixed for all calves at
1.00 kg/day (Tables 1–3).

Table 6. Numbers of cattle sold of each sex and age with varying mature cow liveweight. Values
are for scenario A as numbers did not differ by more than three for each group of equivalent cattle
between scenarios A, B, and C.

Animal

Mature Cow Liveweight

450 500 550 600

Number Sold

Weaner heifers 38 35 33 30
One-year-old heifers 15 13 12 12
Two-year-old heifers 9 8 8 7
Mature Y3 to 10 cows 39 37 33 31

Weaner steers 32 30 27 26
One-year-old steers 26 24 22 21
Two-year-old steers 53 49 45 42
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Agriculture 2021, 11, 35 12 of 16

Relative to scenario A, scenarios B and C had smaller increases in calf weaning weights
and cattle sale weights with increased mature cow liveweight (Tables 1–3). Therefore,
differences in sale weights of cattle from cows with different mature cow liveweights were
smaller (compared with scenario A) and the lower numbers of heavier cows did reduce
income (Figure 4). Beef enterprise income decreased by NZD 7000 or NZD 15,000 as mature
cow liveweight increased from 450 to 600 kg in scenario B or C, respectively. Scenario C had
the most similar weaning weights for calves from cows of the varied mature liveweights
(Table 1), where the reduced cattle numbers with heavier cows had the biggest reduction
in income.

Total annual beef feed demand was maintained at 12 million MJ ME for all modelled
scenarios. Therefore, with stock units based on feed demand (Section 2.5), expenses were the
same for all scenarios at NZD 114,000 (Figure 4). [11] reasoned that larger beef cows would
be more profitable than smaller cows if all cows were equally as efficient in converting feed
to product and if expenses were constant on a per cow basis. The experimental data of beef
cows WWRs (Figure 1) combined with the greater feed demand for cow maintenance with
heavier liveweights [7] have indicated larger cows to be less efficient in conversion of feed
to product. Economic analysis in New Zealand beef systems usually consider expenses on
a per stock unit or hectare basis [27], essentially on a per unit of feed consumed basis. This
suggests that larger cows incur higher expenses per head. Therefore, the base assumptions
of [11] that informed their suggestion that a herd of larger cows would be more profitable
may not be relevant to New Zealand beef production systems.

With expenses held constant on a total herd level, beef enterprise COS changed with
the changes in income outlined above. COS ranged from NZD 401/ha to NZD 474/ha with
varying mature cow liveweights in scenario C. The range in COS for scenarios A and B fell
between the range in scenario C. Industry survey data suggest the median EBITR (earnings
before interest, tax, and rent) to be slightly above NZD 450/ha for East Coast hill country
sheep and beef farms in the 2017/2018 production year [46]. The predicted beef enterprise
COS in the current analysis were similar to industry survey values, suggesting the model
outputs to be representative of North Island hill country beef production systems.

As mature cow liveweight and cattle sale weights increased in scenario A, beef enter-
prise income and COS rose (Figure 4). COS increased from NZD 421/ha to NZD 460/ha
as mature cow liveweight increased from 450 to 600 kg, an increase of 9%. However, as
scenario A is unlikely to be representative of pre-weaning calf growth rates occurring in
beef production systems in New Zealand hill country, the reductions in beef enterprise
COS in scenarios B and C of 7% and 15% as cow liveweight increased from 450 to 600 kg,
respectively, were likely more relevant for New Zealand farmers. Across the beef enterprise
equivalent area of the farm, 40% of 530 ha, these reductions in COS were NZD 7000 and
NZD 15,000 for scenarios B and C, respectively.

Changes in COS with varying mature cow liveweights were not linear for any of the
modelled scenarios (Figure 4). As shown in Tables 1–3, differences in weaning weights
were not constant between calves from cows with liveweights differing by 50 kg. For
example, in scenario B, calves were 11 kg heavier at weaning as mature cow liveweight
increased from 450 to 500 kg, then 6 and 8 kg heavier as mature cow liveweight increased
by further 50 kg increments to 550 and 600 kg. As differences in weaning weights caused
changes in total feed demand for lactation and for growing cattle, changes in COS between
modelled herds with cows of varying mature liveweights were not expected to be linear.

Considering the size of COS reductions between scenarios B and C, it is important to
consider which would be most realistic for the North Island hill country beef herds mod-
elled. Although pre-weaning growth rates of 1.00 kg/day are considered an industry target
for these production systems [30,34], the trend towards heavier mature cow liveweights
has occurred with selection for increased weaning weight, yearling weight, and final sale
weight. All scenarios had higher post-weaning growth rates for offspring of heavier cows
(Tables 1–3), and the higher pre-weaning growth rates of calves from heavier cows in
scenario B mean that it is likely that the closest of the modelled scenarios to growth rates
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occurring on these commercial beef farms. In contrast, the WWR of 48% for 450 kg cows in
scenario C may overestimate the performance of lighter cows.

Scenario B predicted reductions in COS of 7% for an increased mature cow liveweight
from 450 to 600 kg (Figure 4B). For a New Zealand North Island hill country farmer focusing
on increasing beef cattle growth rates, the potential 1% reduction in COS for a mature cow
liveweight increase from 550 to 600 kg would likely not change their breeding priorities
towards lighter cattle. Greenhouse gas emissions intensity (kg CO2e emitted per unit of
product) is closely related to kgs of pasture eaten per unit of product [47]. Greenhouse
gas emissions intensity is lower with a higher proportion of feed used for production
rather than maintenance [48], which the results of the current analysis for scenarios B
and C suggest would occur with lighter cows. Beef breeding herds are generally farmed
on hill country in New Zealand and heavier cows may cause more damage to soil and
pasture during wet conditions [34]. Therefore, these factors also suggest heavier cows
to be less efficient and appropriate for producers in the pastoral hill country system
modelled. Beef cattle weighing more than 600 kg are farmed in beef production systems
internationally, with similar concerns around the production efficiency of increasing mature
cow liveweights [15,49]. However, the results of the current analysis combined with likely
negative impacts on soils and pasture suggest that the optimum liveweight of beef cows
for New Zealand hill country farms will not be as heavy. Further, heifers should achieve
60% of mature liveweight at 15 months of age for successful breeding [34] which may be
more difficult for those with heavier mature liveweights in a seasonal, pasture-based New
Zealand beef production system.

Factors other than mature cow liveweight can also influence WWRs and efficiencies
in beef production [15], such as the milk production potential of different breeds [13].
Law et al. [13] identified lighter New Zealand beef cows to be more efficient. Law et al. [13]
also identified cows of breeds with higher milk production potential to be more efficient as
they mobilised more of their fat reserves during lactation. Differences in WWRs for a given
cow liveweight may be achieved between different farms and the indirect economic impacts
of farming heavier cows may be overcome with effective management. Therefore, although
published data indicate heavier cows to have lower WWRs than lighter cows (Figure 1),
this may not always occur for comparisons between breeds, farms, or individual cows.
Sufficiently fed heavier cows in hill country conditions may produce heavy weaner calves
with an advantage in sooner reaching target slaughter weights before their second winter.
These calves would be more attractive to farmers finishing beef cattle on easy contour land,
thus heavier cows may be suited to hill country farms selling a high proportion of weaner
calves to another farmer to finish. Heavier weaner calves could also be achieved through
breeding of older cows with terminal sire breed bulls to produce heavier, faster-growing
crossbred calves. This was not included in the current analysis.

4. Conclusions

If herds of beef cows with heavier liveweights were equally as efficient in calf produc-
tion as lighter beef cows (scenario A), then farming heavier cows would be more profitable
despite the smaller herd size. In scenario A, beef enterprise cash operating surplus (COS)
increased from NZD 401/ha to NZD 460/ha when mature cow liveweight increased from
450 to 600 kg. However, published data suggest heavier cows to be less efficient regarding
ratios of calf birth and weaning weights relative to cow liveweight. When efficiency ratios
from literature were applied (scenario B), herds of lighter cows were more profitable, with
COS decreasing from NZD 456/ha to NZD 424/ha when mature cow liveweight increased
from 450 to 600 kg. With pre-weaning growth rates of 1.00 kg/day for calves from all
cows (scenario C), COS decreased from NZD 474/ha to NZD 401/ha when mature cow
liveweight increased from 450 to 600 kg. Scenario B was likely the best representation of
the variation in cattle growth rates with varying mature cow liveweight occurring on New
Zealand hill country farms. The reductions in COS as mature cow liveweight increased
in scenario B were relatively small and may not deter farmers from breeding heavier
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cows for higher calf growth rates. The results of this analysis combined with indirect
economic impacts of farming heavier cows suggest heavier cows to be less suitable for
pastoral hill country farming conditions. However, it is acknowledged that the negative
potential impacts of farming heavier cows may be overcome with changes in animal and
pasture management.
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