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Models of optimization have played an important role in the fields of evolution as well as economics.

In the classical models of optimization, some tend to maximize the ratio of returns to investment,

and others tend to maximize the difference between the two. Clarity in the contextual

appropriateness of the ratio versus difference model came very recently. This clarity resolves several

questions, paradoxes, and apparent fallacies in animal behaviour as well as in human social and

economic behavior. Phenomena such as the offspring quality-quantity trade-off apply to human

behaviour by principles similar to animal behaviour. Paradoxical phenomena such as the concord or

sunk cost fallacy, the differential acceptance of high-yielding varieties in agriculture versus

livestock, and the differential strategies of harvesting natural resources are better understood by

ratio and difference optimization conditions. The human mind might have evolved an innate

knowledge about when to use the ratio or difference model in decision making.
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A theory of optimality in decision making has been discussed in ecology as well as economics for

several decades. Parker and Maynard Smith[1] summarized prior work and articulated the concept as

applied in behavioral ecology. These optimization models typically consist of an objective beneficial

outcome that comes at a cost. The relationship between the cost and accrued benefit is non-linear,

often following a saturation curve. Parker and Maynard-Smith discussed many examples of

optimization models, in some of which the difference between investment and returns is maximized

and in others the ratio of the two is maximized[1]. However, why it is appropriate to use the ratio in

some examples and the difference in others was not explained. This ambiguity remained in

optimization literature for quite a long time. The outcome of optimization using a ratio or using a

difference can be substantially different, often diametrically opposite, was pointed out relatively
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recently, and a set of rules as to when a ratio model is appropriate and when a difference model was

discussed by[2][3][4].

It can be shown that in an atypical scenario with the returns having a saturating relationship with the

investment (Figure 1), in a profitable deal, a ratio optimum typically lies to the left of the difference

optimum[2].

Figure 1. A schematic representation of the ratio optimum ropt and the difference optimum dopt when the

returns follow a saturating relationship with the inputs[3].

In other words, a ratio optimizer would be keener on cutting costs since reducing the denominator is

the most effective strategy for maximizing the ratio. In contrast, a difference optimizer does not mind

increasing the cost if the resultant benefit increases at least slightly more than the cost increment.

These models show that a ratio model is appropriate when the investible amount is limiting but not

investment opportunities. In contrast, when the investment opportunities are limiting but not the

investible amount, a difference model is appropriate[2][3][4]. While this principle has been applied to

many problems in behavioural ecology[2], its implications for human behavior and economic

decisions remain underexplored. We attempt to explore some of the possibilities here.
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According to these models, if    is an initial overhead cost necessary before returns begin, then the

returns Yc obtained at a cost c are assumed to follow the equation,

For  >=

Where Ymax is the maximum possible returns to which the curve shows an asymptotic relationship and

K is the half saturation constant[2][3].

With this assumption, the running cost (in addition to  ) that maximizes the ratio turns out to be[2][3]

 And the running cost that maximizes the difference is given by

From equations 2 and 3, it can be concluded that the ratio optimum is dependent on the overhead cost 

but not on Ymax. In contrast, the difference optimum depends upon Ymax but not the overhead[2].

Implications for human behavior

Since social and economic decisions are to be taken in a variety of contexts with different limiting

factors, humans are expected to use ratios and difference models in different contexts. The question is

whether people intuitively know the appropriate use. We illustrate below using multiple examples how

people use ratio models in some contexts and difference models in other contexts. Very often, they use

the right model in the right context. Examples of contextual optimum behavior are noted in animals[5]

[6][7][8], plants[9]  and even bacteria[10][11][12]. Therefore, it may not be a surprise if they have also

evolved and are innate to human decision making. But we also see that at times there is a mismatch

between the context in which the optimization mechanisms might have evolved and the context in

which it is being used today, and that leads to ecologically or economically irrational behavior.

1. Concorde fallacy:

Concorde fallacy or sunk-cost is a long-standing conundrum. Even when it was clear that the

Concorde airplanes would not bring any profit, the British and French airlines continued using

them on the grounds that they had spent a large amount of money on recruiting them, which

should not go to waste. Continued use of these planes constitutes economically irrational

c0

c c0

=Yc
(c − )Ymax c0

K + (c − )c0

(Equation 1)

c0

=cs(ropt) Kc0
− −−−

√ (Equation 2)

= − Kcs(dopt) K.Ymax
− −−−−−

√ (Equation 3)

c0
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behavior. There are examples of Concord fallacy or sunk cost fallacy in animal as well as human

behavior[13][14][15][16]. We propose here that the apparent paradox can be understood based on

the ratio versus difference model.

An airline company can potentially recruit any number of planes. So, the limiting factor is not the

number of planes but the amount that the company decides to invest. By this consideration, if the

project was perceived to be profitable, the ratio model would have been the appropriate

optimization strategy. In the economics of launching a new batch of planes, the cost of

manufacturing, recruiting, and training would have been   of the model. In the phase of actual

use, the running cost would be directly proportional to the number of passenger voyages made.

The returns, however, need not increase linearly and may be assumed to follow a saturation

curve. The returns with maximum capacity utilization should be Ymax of the model. However, if

the demand is consistently lower than the capacity, Ymax will be proportionately lower. Note that

the optimum investment in a ratio model is independent of Ymax by equation 2. So, when the

actual returns turned out to be much lower than the expected (Figure 2), for ratio thinkers, the

intended duration of use would not change.

c0
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Figure 2. The ratio versus difference optima in a concord fallacy scenario. When the actual returns Y2 are

substantially lower than the expected returns Y1, the ratio optimum does not change, but the difference

optimum shifts to the left.

The difference optimum, on the other hand, would reduce substantially if the curve fails to rise as

expected. Therefore, a difference optimizer would advise termination of the use of the planes as

soon as the slope of the curve becomes less than unity. The ratio optimizer, on the other hand,

would continue until the originally projected optimum use. So, the continued use of Concorde

despite absolute loss is not irrational for a ratio thinker. However, for a difference thinker, it is

indeed a fallacy.

2. Mother’s investment in offspring: In a rural Ethiopian community, technological intervention to

reduce the physical stress of mothers was expected to increase the health status of mothers along

with improved child health. However, in reality, fecundity and birth rate increased in response to

the intervention, leading to further worsening of child nutrition[17]. A simplest and most

appropriate explanation is offered by understanding whether the mothers were optimizing the

ratio or the difference. The offspring quality-quantity tradeoff is a well-known trade-off in

evolutionary ecology, which is shown to be mathematically equivalent to the ratio-difference
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model dichotomy[2]. In a community of ratio optimizer parents, if an intervention saves

mothers’ efforts in day-to-day work, it is equivalent to reducing  in the above model. Reducing 

in a ratio model reduces the optimum investment per unit by equation 2. Mothers in this

community appear to have done the same. If this intervention were preceded by effective birth

control measures, the optimization would have shifted to the difference model. Then the

maternal investment per child would have increased. Here, the health workers had a difference

optimization model in mind, but the context favored ratio optimization, and the population

could be intuitively following it. This mismatch led to unexpected and undesirable results of the

intervention.

3. Optimization in agriculture versus animal keeping: Watve & Ojas[4]pointed out that in the Indian

traditional sustenance agricultural practice, a farmer typically possesses only one farm. This is a

context in which the investment opportunities are limiting. Therefore, a farmer should use a

difference optimum for investing in a farm. In contrast, in traditional animal keeping, where

animals are grazed in a common grazing land, the number of animals is unlikely to be

limiting[18]. Therefore, a ratio model is more appropriate for investing per animal. If animals are

allowed to breed naturally, the overhead cost per animal is also small. Therefore, traditional

animal keepers using common grazing grounds are expected to be ratio optimizers. Although we

are using the words farmers and animal keepers, it will not be a surprise if the same individuals

use distinctly different economic models in agriculture and animal keeping. This distinction may

not be recognized at a conscious level.

The hypothesis that farming is a difference optimization economics and animal keeping is ratio

optimization economics, and people use the right model in the right context has testable

predictions. The model shows that increasing    does not alter the further investment in a

difference model, but increases it in a ratio model. We can expect, therefore, that a higher cost of

land would not make any difference to the farming practices, fertilizer use, etc., whereas a more

costly animal breed would receive greater inputs in terms of feed quality, veterinary care, and

other measures. Although this is anecdotally true, systematic data to test this prediction is

needed.

The difference between the thinking of farmers and animal keepers might be reflected in the

differential response to hybrid seeds versus crossbred cattle in India. Both promise an increased

output but at a higher cost. The difference optimizing farmers appear to have accepted the high-

c0
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cost high returns practice. In contrast, animal keepers, being ratio optimizers, were keener to

keep the denominator small and therefore gave a cold response to cross-breeding and artificial

insemination programmes[4]. On the other hand, farmers gave a limited response to the zero

budget natural farming practices. Although widely varied claims have been made about its

performance and yields[19][20], it was promoted mainly on the grounds of saving cost and

avoiding debts[21][22], which was apparently not found too attractive by most farmers.

The economics of animal keeping changes with private pastures/ranches. If the owner has

sufficient investment capacity and the animals are to be grazed on their own land, the pasture

land becomes the limiting factor. Limited and exclusive pasture land puts an upper limit on the

number of animals and makes it an opportunity limited case. So, for private ranches, a difference

model becomes more appropriate over a ratio model. We expect that the care per animal and

thereby the productivity per animal will increase with the privatization of pasture land. Selective

breeding for high productivity animals is expected to be boosted by the privatization of pasture

lands. In contrast, in common grazing land systems, even genetic intervention will have a limited

effect on productivity because this is a ratio optimization system. In the long run, selective

breeding of cattle in a ratio optimization economics will select for animals more resistant to

disease and resilient to environmental fluctuations so that the cost of animal care is minimized.

In difference optimization economics, animals with greater productivity will be selected, even if

they need a greater cost of maintenance.

Similarly, the economics of agriculture is likely to change if farmers have several simultaneously

running alternative modes of income. If one or more family members are employed and

contribute to the family income, a retired individual with substantial savings takes to farming, a

tribal family dependent on non-timber forest products (NTFPs), or a pastoral community mainly

dependent on animals takes to seasonal farming, and thereby the farming income is only a small

part of their economics, then they may turn ratio optimizers. Such individuals are more likely to

turn to fully organic farming, zero budget natural farming, indigenous seed conservation, and

such practices that are appropriate for ratio optimization. This is also a systematically testable

prediction by examining the socio-economic and familial background of organic farmers in

comparison with others.

Another important implication of the ratio-difference model in social welfare and poverty

alleviation is in selecting the right kind of aid for long-term effects. Distributing livestock of a
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high yielding breed is a common means of aid to the poor[23][24]. Many of them end up with very

limited success[25][26]. One can ask whether donating animals is the best way to aid the

community or if there can be better strategies with equal monetary inputs. Donating animals

would reduce  . In a ratio model, this would tend to shift the optimum and thereby the

productivity to the left, independent of Ymax. Therefore, the beneficiaries are unlikely to invest

sufficiently in taking care of the animals. On the other hand, if the cost of taking care is

decreased, the curve rises more sharply, resulting in a higher productivity of the animal per unit

cost (figure 3). The assumption of this prediction that individuals use a ratio model and have

innate algorithms of optimization can be experimentally tested in this context.

c0
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Figure 3. Effects of different kinds of aids on the optimum care and productivity per animal (A) The

cost benefits of animals without aid (B) If animals are distributed free or subsidized heavily, 
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 decreases and the optimum shifts to the left, and productivity per animal reduces (C) If animals

are not subsidized but the cost of care is, the curve rises more sharply, and the animal productivity at

the new optimum is higher as compared to A and B. This makes a testable prediction for

experimentally testing the hypothesis that people innately use a ratio optimization model.

If two randomized groups are made, one of which receives the animals at substantial subsidy and

the other does not get a subsidy on animals but gets an equivalent amount of subsidy on the feed,

veterinary care, and other essentials in animal care. The model expects that the second group will

show substantially greater productivity per animal than the first one. It is possible to test the

hypothesis of innate knowledge of economic models using an experimental economics approach.

4. Sustainable collection of seasonal natural resources: For people living in natural habitats and

depending on multiple natural resources for livelihood, sustainable harvest is important for the

long-term stability of livelihood resources. We expect the success of collection to follow a

saturation curve with increasing efforts. For a given resource, the crucial question is when to stop

harvesting one resource in each season. If there are multiple options for livelihood, the decision

would be ratio-based. If there are limited alternatives for livelihood, the decision would be

difference-based. A ratio-based decision spares a greater proportion of resources for

regeneration. A difference-based decision is likely to result in overharvesting. The tragedy of the

commons[18]  is more likely to happen if the habitat has fewer options or if the society has

specialized communities monopolizing different resources. The latter is seen in many societies

such as the traditional Indian endogamous communities with niche partitioning. For such

communities, overharvesting is likely to be a potential hazard. However, since the community

has little alternatives for livelihood, they need to assure sustainability, and this is often achieved

by making prudent harvesting norms for the community[27][28]. For communities having a wide

variety of livelihood resources, strict harvesting norms need not evolve, and sustainability is still

assured because they follow a ratio optimization model and thereby limit their harvesting to a

lower threshold.

Although the dynamics of natural resource harvesting have been a focus of investigation, studying the

behavior of different communities dependent on natural resources in the light of ratio-difference

strategies is likely to be both challenging and insightful. From the examples discussed, the ratio

c0
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versus difference dichotomy can have implications for understanding human behaviour in several

contexts. The outcome of a developmental intervention can be affected by whether people view it with

a ratio or difference model[4]. Further, people’s perception of risk also depends upon whether they

perceive risk as a ratio or difference between probabilities of a disaster[29]. Watve[30]  further argued

that the biases in peer reviews can also arise from the innate ratio-difference based decisions of

editors and reviewers. There can potentially be many more examples where human decision-making

can be better understood with clarity on whether the ratio or the difference is being used for

optimization.

Behavioural economics and behaviour-informed policy making are rapidly upcoming branches of

science[31]. So far, system designs and policy making have not considered people’s innate economic

models. An understanding of the appropriate optimization model in any context can be the key to the

success of any law, welfare policy, or system design for any purpose. The principle we described is the

beginning of a potentially promising line of research that might help increase the success of welfare

schemes for people.

Statements and Declarations

Funding

The authors received no funding for this work.

Conflicts of Interest

The authors declare that they have no competing interests.

References

1. a, bParker GA, Maynard Smith J. (1990). "Optimality Theory in Evolutionary Biology." Nat. 348(6296):2

7–33.

2. a, b, c, d, e, f, g, hShinde S, Patwardhan A, Watve M. (2022). "The Ratio versus Difference Optimization an

d Its Implications for Optimality Theory." Evol. 76(10):2272–80. doi:10.1111/evo.14605.

3. a, b, c, d, eWatve M, Bayani A, Ghosh S. (2016). "Crop Damage by Wild Herbivores: Insights Obtained fro

m Optimization Models." Curr. Sci. 111(5). doi:10.18520/cs/v111/i5/861-867

qeios.com doi.org/10.32388/JH7S02 11

https://www.qeios.com/
https://doi.org/10.32388/JH7S02


4. a, b, c, d, eWatve M, Ojas SV. (2020). "Difference, Division, Desi Breeds Intuitive Economics and the Outco

me of an Operation." Perspective.

5. ^Abe J, Kamimura Y. (2012). "Do Female Parasitoid Wasps Recognize and Adjust Sex Ratios to Build Coo

perative Relationships?" J. Evol. Biol. 25(7):1427–37. doi:10.1111/j.1420-9101.2012.02532.x.

6. ^Charnov E, Skinner S. (1988). "Clutch Size in Parasitoids: The Egg Production Rate as a Constraint." Ev

ol. Ecol. 2:167–74.

7. ^Tenhumberg B, Siekmann G, Keller MA, Siekmann G, Keller MA. (2006). "Optimal Time Allocation in P

arasitic Wasps Searching for Hosts and Food." Oikos 113(1):121–31. doi:10.1111/j.0030-1299.2006.14274.

x

8. ^Zaviezo T, Mills N (2000). "Factors influencing the evolution of clutch size in a gregarious insect parasi

toid". Journal of Animal Ecology. 69 (6): 1047–1057. doi:10.1111/j.1365-2656.2000.00460.x.

9. ^Thakar JD, Kunte K, Chauhan AK, Watve AV, Watve MG. (2003). "Nectarless Flowers: Ecological Correl

ates and Evolutionary Stability." Oecologia 136(4):565–70. doi:10.1007/s00442-003-1304-6.

10. ^Baig UI, Bhadbhade BJ, Watve MG. (2014). "Evolution of Aging and Death: What Insights Bacteria Can

Provide." Quart. Rev. Biol. 89(3):209–23. doi:10.1086/677572.

11. ^Lele UN, Baig UI, Watve MG. (2011). "Phenotypic Plasticity and Effects of Selection on Cell Division Sym

metry in Escherichia Coli." PLoS ONE 6(1). doi:10.1371/journal.pone.0014516.

12. ^Watve M, Parab S, Jogdand P, Keni S. (2006). "Aging May Be a Conditional Strategic Choice and Not a

n Inevitable Outcome for Bacteria." Proc Natl Acad Sci U S A 103(40):14831–35. doi:10.1073/pnas.06064

99103.

13. ^Arkes HR, Ayton P. (1999). "The Sunk Cost and Concorde Effects: Are Humans Less Rational Than Low

er Animals?" Psychol Bul. 125(5):591–600.

14. ^Baliga S, Ely JC. (2011). "American Economic Association Mnemonomics: The Sunk Cost Fallacy as a M

emory." J. Microecon 3(4):35–67.

15. ^Doody R. (2019). "The Sunk Cost Fallacy Is Not a Fallacy." Ergo, an Open Access J. Philo. 6(20201214).

doi:10.3998/ergo.12405314.0006.040.

16. ^Roth S, Robbert T, Straus L. (2015). "On the Sunk-Cost Effect in Economic Decision-Making: A Meta-A

nalytic Review." Bus. Res. 8(1):99–138. doi:10.1007/s40685-014-0014-8.

17. ^Gibson MA, Mace R. (2006). "An Energy-Saving Development Initiative Increases Birth Rate and Child

hood Malnutrition in Rural Ethiopia." PLoS Med. 3(4):476–84. doi:10.1371/journal.pmed.0030087.

18. a, bHardin G. (1968). "The Tragedy of the Commons." Sci. 162(3859):1243–48.

qeios.com doi.org/10.32388/JH7S02 12

https://www.qeios.com/
https://doi.org/10.32388/JH7S02


19. ^Duddigan S, Collins CD, Hussain Z, et al. (2022). "Impact of Zero Budget Natural Farming on Crop Yiel

ds in Andhra Pradesh, SE India." Sustainability (Switzerland) 14(3). doi:10.3390/su14031689.

20. ^Smith J, Yeluripati J, Smith P, Nayak DR. (2020). "Potential Yield Challenges to Scale-up of Zero Budge

t Natural Farming." Nat. Sustainability. 3(3):247–52. doi:10.1038/s41893-019-0469-x.

21. ^Bishnoi R, Bhati A. (2017). "An Overview: Zero Budget Natural Farming." Trends Biosci. 10(46):9314–1

6. doi:10.13140/RG.2.2.17990.83522.

22. ^Khadse A, Rosset PM, Morales H, Ferguson BG. (2018). "Taking Agroecology to Scale: The Zero Budget

Natural Farming Peasant Movement in Karnataka, India." J. Peasant Stu. 45(1):192–219. doi:10.1080/0

3066150.2016.1276450.

23. ^Jodlowski M, Winter-Nelson A, Baylis K, Goldsmith PD. (2016). "Milk in the Data: Food Security Impact

s from a Livestock Field Experiment in Zambia." World Dev. 77:99–114. doi:10.1016/j.worlddev.2015.08.

009.

24. ^Schütte S, Kreutzmann H. (2011). "Linking Relief and Development in Pakistan-Administered Kashmi

r." Mount. Res.Dev. 31(1):5–15. doi:10.1659/MRD-JOURNAL-D-10-00093.1.

25. ^Kafle K. (2014). "Is There More than Milk? The Impact of Heifer International’s Livestock Donation Pr

ogram on Rural Livelihoods: What We Learned from a Field Experiment in Zambia." in Agricultural and

Applied Economics Association’s 2012 AAEA Annual Meeting Minneapolis, MN.

26. ^Massey C. (2012). "Standard of Living and Livestock Donation Programs in Developing Economies: Evi

dence from Native Alaskan Villages."

27. ^Gadgil M. (1985). "Towards an Ecological History of India." Econ. Polit. Weekly 20(45/47):1909–18.

28. ^Gadgil M, Malhotra KC. (1985). "Ecology Is for the People." South Asian Anthropol. 6(1):1–14.

29. ^Vidwans H, Kharate R, Watve M. (2021). "Probability Ratio or Difference? How Do People Perceive Ris

k?" Resonance 26(11):1559–65. doi:10.1007/s12045-021-1262-5

30. ^Watve M. (2023). "Behavioral Optimization in Scientific Publishing." Qeios. doi:10.32388/8w10nd.

31. ^Lunn P. (2014). "Regulatory Policy and Behavioural Economics." OECD.

Declarations

Funding: No specific funding was received for this work.

Potential competing interests: No potential competing interests to declare.

qeios.com doi.org/10.32388/JH7S02 13

https://www.qeios.com/
https://doi.org/10.32388/JH7S02

