
DATA 420 Notes – Feb 17, 2026

Competitive Exclusion (the “Matthew effect”)

“Whoever has will be given more, and they will have an abundance. Whoever
does not have, even what they have will be taken from them.” – Matt. 13:12

In System Dynamics modeling, the competitive exclusion model represents a situ-
ation in which two (or more) populations compete for the same limited resource, such
that one ultimately outcompetes and displaces the other. The core mechanism is a re-
inforcing growth structure (each population grows as long as resources allow) coupled
with a balancing constraint (the shared resource limits total growth).

What blows my mind still to this day is the behavior of such a model when you tweak its
parameters. Even miniscule differences in growth rate, efficiency, or resource utilization
will be amplified over time through feedback loops, leading to one population dominating
while the other goes extinct. The model is dynamic rather than static: it explains how
dominance emerges over time from feedback structure, not just that it occurs.

In ecology, this structure is often illustrated with two biological species occupying the
same ecological “niche.” If both species rely on the same food source, territory, or envi-
ronmental conditions, they compete indirectly through depletion of that shared resource.
In a System Dynamics formulation, each species might have its own stock (population),
with inflows driven by reproduction and outflows driven by mortality. However, re-
production depends on available resources, and total resource availability is affected by
both species. Because growth is reinforcing but constrained, even a slight advantage
– say, one species converts food into offspring more efficiently – compounds over time,
leading to the weaker competitor’s population shrinking and eventually disappearing.
This captures the classic ecological principle that two species cannot stably occupy the
exact same niche indefinitely.

The same feedback structure applies in economic contexts, such as competing companies
in the same market. Firms draw on a limited pool of customers, capital, or attention.
Market share behaves like a stock, increasing through reinforcing processes such as
brand recognition, network effects, and economies of scale. Yet total demand is finite,
creating balancing pressures. If one company gains even a modest early advantage
– better pricing, superior technology, stronger distribution – the reinforcing loop of
growing market share can make it increasingly difficult for competitors to recover. Over
time, the model may produce a “winner-take-most” outcome, where one firm dominates
and others exit or survive only in marginal roles. Thus, the competitive exclusion
model highlights how shared constraints and reinforcing feedback can produce long-run
dominance in both biological and economic systems.
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The Model

Since everybody likes pizza, let’s use a pizza example. Consider the stock-and-flow
diagram below:
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We have two stocks representing the capital of each of two competing companies in the
same market “niche”: Dominos and Papa John’s. Capital means “the total amount of
assets that a company has, including their cash on hand, their physical infrastructure
(stores, ovens, etc.) and also intangibles like brand loyalty, secret recipes, etc.”

As a company makes money, they pay for their expenses. Then, they have a choice
about what to do with any leftovers: how much of that money to pay out in profits
(dividends to their shareholders) and how much of it to invest in additional capital.
It’s of course always tempting to take the money and run, but the only way to grow the
business is to buy new stores, new ovens, new branding, new recipe research, and the
like.

Over time, the companies will grow because of this investment. However, unhappily,
we live in the real world, which means that pretty much all of their assets are going
to depreciate over time. “To depreciate” basically means “to wear out” – think of an
oven breaking. Sometimes depreciation comes in other forms, like when a working oven
simply needs to be upgraded to a newer model for better energy efficiency, or when a
logo or slogan gets so old that it needs to be redesigned for a new generation.

(Incidentally, don’t confuse the word depreciate with the word deprecate, which
means “to mark as soon-to-be-obsolete, as a warning to other developers.” Functions
and API calls can be deprecated, but never depreciated.)
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Two balancing, two reinforcing loops

Note that this real-world mechanism gives rise to a new pattern: each company has
one reinforcing loop (the more capital they have, the more profits they will generate
for further investment) and one balancing loop (the more capital they have, the more
there is to depreciate).

This is superficially similar but quite different from the furnace model, in which both
loops were balancing. (The cooler it got inside, the more the heater ran, pulling the
temperature up; the cooler it got inside, the closer the inside temperature was to the
outside temperature, pulling the inside temperature down less strongly.) In spirit it’s
more like the mice birth and death rate: the more adult mice there are, the more baby
mice will be born (reinforcing), yet the more adult mice there are, the more mice will
die (balancing).

So we basically have a “race” of sorts: will equipment depreciate faster, or slower, then
our profits allow us to replace that equipment? Needless to say, the owners hope the
answer is “slower.”

Carrying capacity

And now for the last element of the model: the market. Strange though it may seem
to college students, people can eat only so much pizza. If a thousand new pizza chains
spring up in Fredericksburg, the market will soon be saturated and people will want
to eat anything but pizza. So both of our companies, Dominos and Papa John’s, are
competing for a limited pool of pizza eaters; or, put another way, a limited pool of
consumer dollars. The “economy” bubble on the far left of the diagram indicates this
carrying capacity, and this will play into how the companies grow.
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Implementation

Here’s the code implementing this entire stock-and-flow diagram. Consider it carefully.
(“d” stands for Dominos and “pj” for Papa Johns throughout.)

delta_t = 1/7 # weeks (1 day)

t = np.arange(0,52*25,delta_t) # weeks (25 yrs)

# Simulation parameters (inputs).

earnings_rate_d = .46 # ($earned/$capital)/week

earnings_rate_pj = .46 # ($earned/$capital)/week

investment_frac_d = .32 # ($reinvested/$earned)/week

investment_frac_pj = .32 # ($reinvested/$earned)/week

depr_rate_d = .1 # ($depreciated/$capital)/week

depr_rate_pj = .1 # ($depreciated/$capital)/week

economy_cc = 10000 # $/week (in earnings) saturation point

d_capital = np.empty(len(t)) # $

d_capital[0] = 450

pj_capital = np.empty(len(t)) # $

pj_capital[0] = 450

profits_d = np.empty(len(t)) # $

profits_d[0] = 0

profits_pj = np.empty(len(t)) # $

profits_pj[0] = 0

total_earnings_d = 0

total_earnings_pj = 0

earnings_d = 0

earnings_pj = 0

for i in range(1,len(t)):

logistic_factor = 1 - (earnings_d + earnings_pj) / economy_cc

# Flows.

earnings_d = (d_capital[i-1] * earnings_rate_d * logistic_factor)

total_earnings_d += earnings_d

investment_d = earnings_d * investment_frac_d

profits_d[i] = earnings_d * (1 - investment_frac_d)

earnings_pj = (pj_capital[i-1] * earnings_rate_pj * logistic_factor)

total_earnings_pj += earnings_pj

investment_pj = earnings_pj * investment_frac_pj

profits_pj[i] = earnings_pj * (1 - investment_frac_pj)

depr_d = d_capital[i-1] * depr_rate_d

depr_pj = pj_capital[i-1] * depr_rate_pj

# Primes.

d_capital_prime = investment_d - depr_d

pj_capital_prime = investment_pj - depr_pj

# Stocks.

d_capital[i] = (d_capital[i-1] + d_capital_prime * delta_t)

pj_capital[i] = (pj_capital[i-1] + pj_capital_prime * delta_t)
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The takeaway

Now if you’re like me, you’ll be absolutely dumbfounded by this model’s behavior. If
we run the above program “as is” – with both companies having an identical weekly
earnings rate of .45¢ on the dollar – the two companies will (obviously) have equal
growth, since they are identical. This behavior is depicted in the top pane of Figure 1,
in which the blue lines are hidden behind the red lines (since they have all the same
values). Notice that both companies grow until they’ve maxed out the local market for
pizza, at which point they level off and for the rest of eternity split the city’s $10,000
pizza budget between them.

Figure 1: Two evenly matched (top) and almost evenly matched (bottom) companies.

That much is predictable. But here’s the surprise. Let’s say one of the companies (we’ll
choose Dominos) is able to eke out just a liiiiiitle bit higher earnings rate. Instead of
earning .45¢ on the dollar, we’ll say it makes an extra penny each week: .46¢ on the
dollar. Now wouldn’t you think that Dominos would achieve and maintain an ever-so-
slight advantage over Papa John’s? Wouldn’t you expect them to split the market about
51/49 instead of 50/50?

But no. Much to the horror of Papa John’s management, the red company goes com-
pletely bankrupt. Dominos doesn’t take 51% of the market: it takes 100%. This tiny tiny
earnings change compounds over time to where it completely overwhelms Papa John’s
and puts it out of business.

5



How can this be? Well, do the math. It’s a natural consequence of exponential growth.
If the rate of increase of a quantity is proportional to the current amount of that quantity
(which is the definition of exponential growth), the growth becomes reinforcing. The
more capital a firm has, the more it earns, and the more it can invest to grow further.

Dominos’ small edge compounds over time because growth is exponential rather than
linear. Each period, the advantaged firm adds a little more capital than its rival; that
extra capital then generates still more earnings in the next period, widening the gap
further. When both firms draw from the same limited market (a carrying capacity),
total demand eventually constrains overall growth, so the competition becomes zero-
sum. At that point, the firm with the larger capital base captures a larger share of
the finite earnings pool, further accelerating its dominance while starving the weaker
firm of reinvestment funds. Over time, the reinforcing feedback amplifies the initial tiny
difference into a decisive imbalance, leading the stronger firm to absorb nearly the entire
market while the weaker one’s capital shrinks toward bankruptcy.

A paradox

That’s the behavior this model will always produce. But it’s perplexing: isn’t it true in
real life that businesses do share the same market niche, yet both make good earnings
over time? Ecologically, isn’t it true that multiple species can share the same niche
(location, resources, environmental conditions) and all survive indefinitely?

There are several different explanations of why the competitive exclusion principle
doesn’t always seem to be enforced in practice. Here are some.

• We haven’t waited long enough. Maybe Burger King andWendy’s are actually
realizing this kind of behavior, and one of them is in the process of slowly going
extinct right now. After all, early on in the history (the left side of the plot)
there do exist two companies both of which are making money. So maybe we just
haven’t waited for the universe to decide which of the two will be the victor.

• They’re not actually in the same niche. Both McDonald’s and Five Guys
share burgers, sure. But are they the same kind of burgers? Do they appeal to
exactly the same audiences? Are they positioned in exactly the same markets?
Do they have exactly the same menus, the same branding, the same price points?
Surely not. So one explanation for why McDonald’s and Five Guys can continue
to co-exist indefinitely is that they’re actually not in the same “niche.” The pools
of resources they depend on are overlapping, but not identical.

• Earnings just aren’t that predictable. We’ve been assuming that Papa John’s
and Dominos have precise earnings rates that are reliably the same every week.
But in real life, businesses have ups and downs. There will be weeks when we
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have crappy customer service and so our lines get too long and people desert one
pizza joint for another. There will be weeks in the summer when our “get a 2-liter
of soda free!” deal (which our competitor does not have) actually brings in more
sales for us. There will be weeks in the winter when the slightly worse tires our
deliver drivers have start to matter; they make fewer deliveries than normal those
weeks, and our competitor catches up. Etc.

To visualize this, consider making just one change to the simulation: a little noise
in the earnings rates of each company. Right before calculating the logistic factor,
let’s insert these lines:

earnings_rate_d += np.random.normal(0, .0001, 1)[0]

earnings_rate_pj += np.random.normal(0, .0001, 1)[0]

This randomly nudges each company’s earnings rate just a smidge off center each
week. The standard deviation of this noise is just .0001, so you wouldn’t think this
would make much of a difference. But running the revised program three times in
a row gives the results in Figure 2. It’s easy to imagine that real business life is
even more volatile than this, and so we can explain the joint survival.
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Figure 2: Three different runs of the model with earnings rate noise.
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