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INTRODUCTION 
In the construction of an economic breeding objective, appropriate consideration must be given 
to the delay between a breeding decision and the economic outcomes which result.  This is 
especially true where key production traits in the breeding objective have different patterns of 
expression in time – for example in dual-purpose cattle and dual-purpose sheep. 
 
This paper presents a simplified calculation of Discounted Gene Flow (DGF) to aid the 
implementation of time-adjustment in the determination of economic weights.  The relationship 
between the Diffusion Coefficient (DC) method and DGF is derived.  The application of a time 
horizon for time-adjustment is discussed with respect to assisting breeders and technicians.  
Benefits will flow from the simplified determination of economic weights, more appropriate 
choice of time horizon and from indexes presented in a natural currency scale. 
 
DISCOUNTED GENE FLOW REVISITED 
Hill (1974) and McClintock and Cunningham (1974) each made a considerable advance in the 
time-adjustment of future economic gains.  McClintock and Cunningham (1974) established 
the discounted gene flow (DGF) method for quantifying the returns to an investment in genetic 
superiority.  The calculation of DGF involves tracking expected expressions by year and 
generation.  Expressions are scaled by generation according to the probability of occurrence 
and the dilution of the introduced genotype, and are also discounted according to the year of 
incidence, then summed by year and accumulated over a set period or time horizon. 
 
Example.  A single sire introduction results in one pregnancy in a self-replacing commercial 
herd (i.e. a herd producing no sires), with birth (if any) occurring at time zero.  Adult females 
calve at two years and are bred annually twice more, without mortality, giving a female 
generation interval L = 3.0 years.  The probability of the pregnancy resulting in a replacement 
cow, P1 = 0.33, of the turnoff of a two-year-old beef animal, P2 = 0.52, and of no surviving 
progeny, P3 = 0.15.  Discount rate, r = 0.10 gives the discount factor for year t, αt = [1/(1+r)]t. 
 
The expression of female reproduction (Table 1) is of general importance because it controls 
the expression of all traits in subsequent generations.  The cumulative discounted expressions 
for reproduction, Er is calculated by year (Ert) and generation (Erg).  Note from Table 1 that 
the first generation column sums to unity.  This is because any herd female will on average 
produce one replacement over its lifetime to maintain a stable herd size.  This is true in later 
generations but the contribution of the original male is halved, so that the generation columns 
sum to increasing powers of one half.  Generations 4 - 6 are incomplete at year 12, so the 
actual sum is lower.  The mean delay in incidence between generations is equal to the female 
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generation interval, L, because all males are introduced.  If similar tables were drawn up for the 
expression of other traits, the same pattern of generational dilution (0.5) and delay (L) would 
emerge.  The initial delay to realisation varies, but the undiscounted sum of the first generation 
expressions would be 1.0 for dairy traits and 0.52, the turnoff rate, for beef traits.  
 
Table 1.  Undiscounted expressions of reproduction resulting from a parturition at t = 0. 
 

 Generation (g)     
Year (t) 1 2 3 4 5 6 Sum αt Ert Er 

2 0.33      0.33 0.826 0.28 0.28 
3 0.33      0.33 0.751 0.25 0.53 
4 0.33 0.06     0.39 0.683 0.27 0.79 
5  0.11     0.11 0.621 0.07 0.86 
6  0.17 0.01    0.18 0.564 0.10 0.96 
7  0.11 0.03    0.14 0.513 0.07 1.03 
8  0.06 0.06 0.00   0.11 0.467 0.05 1.08 
9   0.06 0.01   0.07 0.424 0.03 1.11 

10   0.06 0.02 0.00  0.07 0.386 0.03 1.14 
11   0.03 0.02 0.00  0.05 0.350 0.02 1.16 
12   0.01 0.03 0.00 0.00 0.04 0.319 0.01 1.17 

           
Sum 1.00 0.50 0.25 0.08 0.01 0.00     
Erg 0.75 0.28 0.11 0.03 0.00 0.00     
Er 0.75 1.03 1.14 1.17 1.17 1.17     

 
These observations mean that the value of Erg declines each generation by a constant b ≈ 
0.5αL.  The exact value of b is a complex result of the exponential discounting function by the 
incidence distribution which becomes more diffuse each generation.  However b is a constant 
because any incidence in a generation and year propagates an identical distribution across 
particular years of the following generation.  That is, in Table 1 an incidence i in year t and 
generation g leads to incidences 0.33 * 0.50 * i in years t + 2 to t + 5 of generation g + 1.  This 
means that b has a fixed value for the production system and discount rate. 
 
A simple calculation of b uses the ratio of generation 1 and an inferred generation 0.  A column 
for g = 0 in Table 1 capable of numerically propagating the values in generation 1, would 
contain only the value 2 in year 0, so that b = Er1/2.  More generally, b = Er1/2α(I - L) where I 
is the mean incidence of expression for g = 1 in years.  For a given trait Eg = ab(g-1) where a = 
E1 for that trait.  Interestingly, the asymptotic sum of Eg from 1 to ∞ is solved as the present 
value of an annuity with discount rate (1 - b)/b.  Thus DGF∞ = Σ Eg = (a/b)(b/(1 - b)) = a/(1 - 
b). 
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DIFFUSION COEFFICIENT 
McArthur and Del Bosque Gonzalez (1990) offered diffusion coefficients (DC) as an 
alternative and simpler approach with equivalence to DGF to assist the use and understanding 
of time-adjustment in breeding objectives.  McArthur and Del Bosque Gonzalez (1990) 
concede that DC does not predict the net benefit of a genetic infusion, giving results only 
proportional to dollars.  DC was however useful in a system for the rapid design of customised 
beef breeding objectives – now known as BreedObject (Barwick et al. 1998).  
 
The calculation of DC is similar to DGF for g = 1.  The essential difference is the accumulation 
of incidence values in DC, while DGF applies an incidence to a single year only.  An incidence 
i in year t is evaluated for DGF as iαt.  For DC i is regarded as occurring in year t and ever 
after, so (as the present value of an annuity) it contributes i/r in year t-1 which equals iα(t-1)/r 
discounted to t = 0.  The discounted sum of expressions for DC therefore exceeds that of a 
single generation DGF by a factor of 1/rα = (1 + r)/r.  McArthur and Del Bosque Gonzalez 
(1990) convert the DC to an equivalent annual payment to ∞ by multiplying by r.  Using the 
notation above, DC = E1(1 + r) = a(1 + r), and by extension DC = (1 + r)(1 – b)DGF∞. 
 
DISCUSSION 
The calculation of DGF∞ is simplified by avoiding an iterative imputation of values by year 
and generation, while giving an exact solution for an unbounded time horizon. 
 
The weakness of DC not providing real economic values is apparent when index values 
become the focus of interpretation by progressive breeders – relating to the economics of 
breeding and management decisions.  Furthermore the actual economic impact of genetics is of 
perennial interest to governments and funding bodies, and such figures can be easily obtained 
by charting the progress made in a dollar index.   
 
The value of (1 + r)(1 – b) is fixed for the population structure and discount rate so trait 
relativities are equal for DC and DGF∞.  For sheep and cattle populations with 0.05 < r < 0.15, 
(1 + r)(1 – b) will range through 0.6 to 0.85.  One may conclude that the use of diffusion 
coefficients will give appropriate index weightings between traits, and in a typical ruminant 
scenario will produce index values which are modestly underestimated relative to their full 
economic value.  This understanding of the differences between DGF and DC will assist 
breeders and technicians with responsibility for determining breeding objectives.  
 
Time Horizon.  Classical calculation of DGF has required practitioners to set a time horizon.  
This requirement is an artifact of the methodology but appears over time to have become 
viewed as an economic and/or genetic variable.  Choice of period seems to have been largely 
arbitrary and no firm standard or system has emerged in the literature.  The DC method does 
not require a time horizon but McArthur and Del Bosque Gonzalez (1990) suggested a method 
to impose one.  (The results so obtained are not comparable to DGF).  DGF∞ cannot be 
calculated directly by the classical DGF method but it can be practically obtained by setting a 
very long time horizon, without significant computing costs in modern applications;  this 
appears not to have been done in practice.   
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Amer (1999) showed that selection outcomes in sheep are not sensitive to modest variations in 
time horizon, but caution should warn against concluding that this holds for a wider range of 
time horizons, for other production systems and for other species.   
 
Livestock breeding is by definition a long-term concern requiring confidence in the future.  
Breeding objectives will change over time but typically by refinement rather than a total 
metamorphosis.  There will always be considerable uncertainty attached to economic factors 
which are used to evaluate the returns from genetic improvement over 20 years or more.  
However choice of time horizon is not helpful in this regard because it will impact on some 
traits more than others;  and this pattern would almost always be unrelated to the degree of 
uncertainty about a trait. 
 
Special cases may warrant a shorter time horizon but in the absence of solid justifications a 
long term outlook would seem desirable.  Thus the use of DGF calculated for an unbounded 
time horizon can be considered suitable and advisable for the vast majority of cases. 
 
Impact.  Using DGF∞ = a/(1 - b), the constant value of b means that the relative emphasis on 
traits is not affected by the number of generations considered.  This is not true of DGF with 
year-wise time horizon.  The impact of a year-wise time horizon on selection outcomes would 
be difficult to predict outside of a particular example.  Denoting the undiscounted value of a as 
a’ the ratio a’/a is a rough indicator of the time to asymptotic convergence for year-wise DGF.  
For a yearling beef production system, a’/a = 1/α2 for slaughter traits and a’/a ≈ 1/α8 for 
reproductive traits with L = 5 (and more extreme for longer generation intervals).  This 
differential means that the relative economic value for reproduction traits is undervalued by a 
factor of 0.03 even when the time horizon is 20 years.  Reproduction rate can be a significant 
contributor to the breeding objective so this would have real economic consequences over the 
life of a breeding program.  By using DGF∞ outcomes are likely to improve relative to the time 
horizons commonly used for sheep (10-15 years) and cattle (15-20 years) situations at present. 
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