MODULE 2

The Arithmetic of Recovery:
Why Losses Hit Harder Than
Gains

Module 2 of this course delivers the core mathematical argument that underpins all of

trading risk management: the percentage arithmetic of recovery is structurally
asymmetric, and that asymmetry compounds brutally as losses deepen.




Institute of Algorithmic Trading and Applied Computational Finance
The Arithmetic of Recovery: Why Losses Hit Harder Than Gains

The Arithmetic of Recovery: Why Losses Hit Harder Than Gains

You've likely experienced it: an investment or account balance drops, and you think, "I just need to
make that percentage back." But the arithmetic of recovery tells a different story. Getting back to your
original value after a loss requires a proportionally larger gain. This section will walk you through

the foundational concepts behind this crucial, often misunderstood, aspect of financial performance.

Understanding Maximum Drawdown (MDD)

Before we discuss recovery, you need a clear understanding of what a loss truly means in this context.
The term we use is Maximum Drawdown (MDD). It’s defined as the largest peak-to-trough decline
over a given period, expressed as a percentage of the peak value. It measures the largest drop your

capital experienced from a high point before a new peak was achieved.
The formula for calculating MDD is straightforward:

MDD = (Vtrough B Vpeak) / Vpeak

Here, Vpeak is the highest portfolio value before the subsequent trough, and V is the lowest

trough
value after that peak.

Exercise 1: Defining Maximum Drawdown

In your own words, explain what Maximum Drawdown (MDD) represents for your investments or

trading account. Why is it an important metric to track?

Your answer:
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Exercise 2: Calculating Your Own MDD

Imagine your investment portfolio reached a peak value of $10,000. Over the next few months, it
dropped to a low point of $7,500 before starting to recover. Calculate the Maximum Drawdown
(MDD) for this scenario.

Your answer:

The Multiplicative Reality of Returns

Why do losses hit harder? It’s not a market phenomenon; it's an arithmetic consequence. Investment
losses require proportionally larger gains to recover because returns compound multiplicatively

rather than additively. This asymmetry between losses and recovery gains is fundamental.

Consider a simple example: if you start with $100 and lose 50%, you now have $50. To get back to
$100, you need to gain $50 on your current $50. That’s a 100% gain ($50/$50 = 1.00 or 100%). It's not a
50% gain.

Exercise 3: The Impact of Equal Gain After Loss

You start with $200. First, your account experiences a 50% loss. Then, it gains 50% on the reduced

balance. Calculate your final account balance. Does a 50% gain fully recover a 50% loss?

Your answer:

The Recovery Gain Formula

The relationship between a loss and the required recovery gain is precise. For any given loss, there's a
specific gain percentage needed to return to your original value. This is often referred to as the

drawdown recovery gain.
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Key Concept: The Recovery Gain Formula

The required recovery gain can be calculated using this formula:
Required Gain = Loss / (1 — Loss)
...where both "Loss" and "Required Gain" are expressed as decimals.

An alternative formulation is: Required Gain=1 / (1 + MDD) - 1, where MDD is expressed as a

negative number.

Let's apply this formula to common drawdown scenarios:

* A 20% portfolio loss requires a 25% gain on the reduced balance to recover to breakeven.

* A 50% investment loss requires exactly a 100% gain to recover to the original value. This is a
crucial point: a 50% drawdown requires a 100% gain to recover.

* A 70% drawdown requires a 233.3% gain to recover.

* A 90% drawdown requires a 900% gain to return to the previous peak balance.

Exercise 4: Calculating Recovery for a Smaller Loss

Your trading account suffers a 20% drawdown. Using the recovery gain formula, calculate the

percentage gain you need to recover to your original balance.

Your answer:

Exercise 5: The Challenge of a Significant Loss

A 50% portfolio loss is a common benchmark for illustrating recovery difficulty. Calculate the
percentage gain required to recover from a 50% loss. What does this tell you about managing

downside risk?

Your answer:
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The lllusion of Symmetry: A Common Misconception

Despite the clear arithmetic, many people misunderstand this concept. Philip Newall's 2016 study,
involving 3,498 participants, demonstrated that most non-expert investors believe a 50% gain is
sufficient to offset a 50% loss, even when financially incentivized to be accurate. This highlights a

critical cognitive bias you must overcome.

Exercise 6: Identifying the Misconception

Reflect on Newall's study. Have you ever instinctively thought that an equal percentage gain would

recover an equal percentage loss? Why do you think this misconception is so common?

Your answer:

The Vicious Curve: Exponential Growth of Required Gain

The recovery gain required grows exponentially with the size of the investment loss. The recovery
gain formula is convex, with the required gain approaching infinity as the loss approaches 100%. This

means that the deeper the drawdown, the disproportionately harder it becomes to recover.

The recovery curve illustrates this dramatically. Up to approximately a 20% loss, the required gain
stays relatively close to the loss percentage. However, beyond a 30% loss, the curve bends viciously.
Beyond a 50% loss, strategy performance requirements reach 'legendary, world-class' levels.
TradeZella identifies approximately a 20% drawdown as the inflection point beyond which recovery

math begins to work exponentially against the trader.
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Drawdown vs. Required Recovery Gain
Drawdown Requird
20% 25%
40% 66.7%
50% 100%
70% 233.3%

90% 900%

Exercise 7: Comparing Recovery Demands

Using the provided chart or the recovery gain formula, compare the recovery gain needed for a
40% loss versus a 70% loss. What does this comparison tell you about the importance of limiting

losses?

Your answer:

Historical Context: Real-World Drawdowns

These aren't just theoretical numbers. History is replete with examples of significant drawdowns and

the immense challenges of recovery.

* Between 1995 and its March 2000 peak, investments in the NASDAQ Composite rose by 600%.
However, the NASDAQ Composite then fell 78% from its March 2000 peak by October 2002,
giving up all gains made during the bubble.

* A 50% drawdown was observed in U.S. equities during the 2000-2002 dot-com bust and again
during the 2008-2009 Great Recession.

* The S&P 500's largest single-day percentage decline was -20.47% on October 19, 1987 (Black
Monday). The second-worst was -11.98% on March 16, 2020 (COVID-19 pandemic).
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NASDAQ Composite: Bubble and Bust
) 1995 NASDAQ Composite begins significant rise.

Qo March 2000 NASDAQ Composite reaches its peak, having risen 600% since 1995.

1 October 2002 NASDAQ Composite falls 78% from its peak, losing all bubble gains.

MARKET EVENT S&P 500 DECLINE (MDD) REQUIRED RETURN TO BREAKEVEN
Dot-Com Crash (2000-2003) 43.7% 77.5%
Great Recession (2007-2009) 50.8% 103.4%

Exercise 8: Analyzing Historical Recovery Demands

Review the table showing the Dot-Com Crash and the Great Recession. Why was the required
return to breakeven for the Great Recession significantly higher than for the Dot-Com Crash, even

though the percentage difference in their declines was relatively small?

Your answer:

Exercise 9: Personal Impact of Recovery Arithmetic

Think about a past investment or financial decision where you experienced a loss. How might

understanding the arithmetic of recovery have changed your perspective or actions at that time?

Your answer:
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Exercise 10: Key Takeaway for Risk Management

Based on everything you've learned in this section, what is the single most important lesson about

managing losses and drawdowns that you will apply to your financial decisions moving forward?

Your answer:

The Arithmetic of Recovery: Why Losses Hit Harder Than Gains

You've learned about drawdowns — the drops from a peak. Now, let’s explore the critical arithmetic of
recovery. This section reveals why recovering from a loss is not simply the inverse of the loss itself,

but a far more challenging mathematical and psychological hurdle.

Key Concept: The Disproportionate Recovery Challenge

A percentage loss always requires a larger percentage gain to return to your original capital. This is
because the gain is applied to a smaller, reduced base. For example, a 50% portfolio loss requires a
100% gain on the reduced balance to recover to breakeven. This principle means that the recovery

gain required after an investment loss grows exponentially with the size of the loss.

Understanding this fundamental principle is crucial for managing your capital effectively.

Calculating Your Path Back to Breakeven

The relationship between a loss and the gain needed to recover is precise and often surprising. You

can calculate the exact gain required using a simple formula:
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Key Concept: Required Gain Formulas

To find the gain needed to recover from a drawdown:

* Required Gain = (1 / (1 — Loss)) — 1, where Loss is expressed as a decimal.

e Alternatively, Required Gain = Drawdown + (1 — Drawdown)

These formulas highlight the non-linear nature of recovery.

Exercise 1: Your First Recovery Calculation

Imagine you experience a 10% drawdown in your portfolio. Using one of the formulas above,

calculate the percentage gain you would need to recover to your previous peak balance.

Your answer:

Hint: Express the 10% loss as a decimal (0.10) in the formula.

Exercise 2: Facing a Larger Loss

Now, consider a more significant drop. Your portfolio suffers a 50% loss. What percentage gain is

required to get back to your original capital?

Your answer:

As you just calculated, a 10% drawdown requires an 11.1% gain to recover, while a 50% loss demands

a 100% gain. Let's look at more examples to solidify this concept.
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DRAWDOWN (%) REQUIRED GAIN TO RECOVER (%) SEVERITY (TRADEZELLA)
10% 11.1% -

30% 42.9% =

40% 50.0% Critical

50% 100.0% Near-Impossible

60% 150.0% -

80% 400.0% -

The Multiplicative Trap: Why Equal Swings Are Not Equal

Investment returns compound multiplicatively rather than additively. This is a critical distinction,
especially when losses are involved. It means that a 10% gain followed by a 10% loss does not bring
you back to your starting point. In fact, equal percentage swings always cost money, and larger

swings cost exponentially more.

Exercise 3: The Impact of Return Sequence

Let's illustrate the multiplicative effect. Imagine you start with $1,000.

1. Calculate your capital after a +10% gain, followed by a -10% loss.
2. Calculate your capital after a +50% gain, followed by a -50% loss.

Your answer (Scenario 1):

Your answer (Scenario 2):

Reflect: What does this demonstrate about the order and magnitude of gains and losses?
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As you saw, a return sequence of +10% and —10% results in a net loss of 1%; +50% and —50% results

in a net loss of 25%. The larger the swings, the more severe the erosion of capital.

Key Concept: Lost Compounding

A significant loss doesn't just erase past gains; it also costs you future compounding from a higher
base. For an investor suffering a 50% loss and requiring 7 years to recover, they haven't simply given
back 5 years of gains. They have lost 7 years of compounding from a higher base, making the true

economic cost far greater than the headline percentage.

Exercise 4: Understanding the True Cost of Loss

Think about a personal financial goal you have, perhaps saving for a down payment or retirement.
If you experienced a 50% loss in your investment portfolio, and it took 7 years to recover to your
original capital, how would you describe the "true economic cost" beyond just the initial

percentage loss, based on the concept of lost compounding?

Your answer:

Drawdown Severity and Recovery Realities

Not all drawdowns are created equal in terms of their impact and recovery potential. Drawdowns are

often classified by severity, giving you a sense of the challenge ahead.

Exercise 5: Classifying Drawdown Severity

TradeZella classifies drawdowns into different severity levels. If your account experienced a 40%

drawdown, how would it be classified? What about a 50% drawdown?

Your answer (40% drawdown):

Your answer (50% drawdown):
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Beyond a certain point, recovery becomes arithmetically challenging for most strategies. Below a 25%
drawdown, recovery is considered arithmetically realistic. However, beyond 33%, the required gain

often exceeds what retail strategies can achieve in a reasonable timeframe.

Consider the time and effort required for recovery. A 50% drawdown recovered at 15% annually takes
approximately 5 years. For severe drawdowns (like -80% to -90%), while 77% of securities eventually

recovered, the median recovery time was 1,935 days (5.3 years).

Exercise 6: The Effort of Recovery

Imagine you have a $50,000 account. It suffers a 50% drawdown, resulting in a $25,000 loss.
Assuming 1% risk per trade, a 2:1 winner-to-loser ratio, and a 50% win rate, approximately how

many trades would be required to recover this loss?

Your answer:

Reflect: What does this tell you about the importance of avoiding large drawdowns in the first place?

The Psychological Hurdle: Financial vs. Psychological Breakeven

The journey back to your original capital involves more than just numbers. There's a crucial
distinction between your account balance returning to its peak and your emotional state feeling

restored.

Key Concept: Financial vs. Psychological Breakeven
Financial Breakeven is when your account balance literally returns to its previous peak.
Psychological Breakeven is when you feel emotionally restored and confident again. These rarely

arrive simultaneously, and the gap between them is where most account blow-ups originate.

This gap is amplified by loss aversion, a powerful psychological bias. Tversky and Kahneman's 1992
estimate of the loss aversion coefficient is approximately 2.25, meaning a loss feels about 2.25 times as
painful as an equal gain. This makes the psychological recovery from a drawdown far more arduous

than the financial one.
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Exercise 7: Reflecting on Loss Aversion

Think of a time you experienced a financial loss, perhaps a small investment, a lost item, or
unexpected expense. How did the pain or negative feeling of that loss compare to the joy or
positive feeling of an equal gain (e.g., finding money, receiving an unexpected bonus)? How does

your experience align with the concept of loss aversion?

Your answer:

The psychological impact of drawdowns is profound. A strategy returning 25% per year with a 60%
maximum drawdown is vastly inferior to one returning 15% with an 8% maximum drawdown. Why?
Because the 25% return is achievable only by those who survive the 60% loss without abandoning the

strategy — which human behavior suggests is almost no one.

Exercise 8: The Cost of Psychological Strain

Consider a situation where you've followed a trading strategy that promises high returns but
incurs a 60% drawdown. Based on what you've learned about Psychological Breakeven and loss
aversion, explain why sticking with such a strategy through its recovery might be incredibly

difficult, potentially leading to abandoning it prematurely.

Your answer:

Historical Context: The Long Road to Recovery

History is replete with examples of significant market drawdowns and the long, often painful, roads

to recovery. These examples underscore the principles we've discussed.
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Major US Stock Market Drawdowns and Recoveries
) 1929 Great Depression crash begins, causing a 79% stock market loss (worst in 150 years).
Q@ 1929 Price-only recovery from 1929 crash took 25.0 years.
@ 1936 Recovery from 1929 crash (with dividends reinvested and inflation removed) took 7.2 years.

Q@ 1987 Black Monday (October 19): DJIA drops 22.6% (largest single-day decline in U.S. history). S&P 500
Price Index drops 20.47%.

Q 2007 U.S. stock market peak before the financial crisis.
o 2008 Lehman Brothers, the fourth-largest U.S. investment bank, declares bankruptcy.

Q@ 2009 U.S. stock market fell approximately 50% by early 2009 during the financial crisis. Lost output and
income from this crisis estimated at 40% of 2007 GDP.

) 2012 U.S. stocks regained their December 2007 pre-crisis level during September 2012.

L ] 2013 U.S. equity market permanently recovered from the combined downdrafts beginning in 2000 (dot-

com bubble, corporate-earnings fraud, and the 2008 GFC).

The U.S. equity market was below its previous peak on 92% of all trading days between January 1946
and August 2024, despite delivering an annualized return of 7.7% over that period. This highlights

the persistent challenge of drawdowns.

The Imperative of Drawdown Management

Given the arithmetic and psychological realities of recovery, managing drawdowns is paramount. A
portfolio that earns 8% annually with a maximum drawdown of 15% will dramatically outperform
one that earns 10% annually with a maximum drawdown of 50%, over any sufficiently long period

including full market cycles. Why? Because avoiding large losses preserves capital for compounding.

Your risk per trade directly impacts your potential drawdown. For example, at 5% risk per trade, a
losing streak of 10 consecutive losses produces a —40.1% drawdown requiring a 67% gain to recover.

The same streak at 1% risk produces only a =9.6% drawdown requiring 10.6% to recover.
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Exercise 9: Portfolio Choice and Drawdown

You are presented with two investment strategies for the long term:

* Strategy A: Averages 8% annual return with a maximum drawdown of 15%.

* Strategy B: Averages 10% annual return with a maximum drawdown of 50%.

Which strategy would you choose and why, based on the principles of drawdown arithmetic and

recovery discussed in this section?

Your answer:

Exercise 10: Your Risk Management Strategy

Consider the impact of risk per trade on your potential drawdown and recovery. If you were to
implement a trading strategy, how would the information about a 10-loss streak at 5% risk versus

1% risk influence your decision on how much capital to risk on each trade?

Your answer:
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Checklist: Principles for Managing Drawdowns

[

I understand that a percentage loss requires a larger percentage gain to recover.

[

I can calculate the required gain to recover from a given drawdown.

[

I recognize that investment returns compound multiplicatively, making losses more impactful.

[

I am aware of the different classifications of drawdown severity.

[

I understand the distinction and potential gap between Financial Breakeven and Psychological
Breakeven.

]

I acknowledge the role of loss aversion in making recovery emotionally challenging.

[

I prioritize limiting drawdowns as a key component of long-term success.

[

I recognize the importance of managing risk per trade to control overall drawdown.

Section C: Practical Application — Navigating the Path to Recovery

Understanding the math and psychology of drawdowns is crucial. This section moves beyond theory,
focusing on how you can apply these insights to your own financial decisions and risk management.
You'll learn to calculate recovery targets, appreciate the true cost of losses, and recognize the

behavioral traps that can hinder your path back to peak performance.

Key Concept: The Asymmetric Nature of Recovery

When you experience a loss, the percentage gain needed to recover is always greater than the
percentage loss you incurred. This fundamental principle, known as asymmetric recovery math,
arises because gains are calculated on a smaller, reduced balance, not the original peak value. This
means a small loss requires a slightly larger gain, but a large loss demands a disproportionately

massive gain to get back to even.

Calculating Your Recovery Target

The core of understanding recovery is the formula: G =D / (1 - D). Here, 'D' represents the
drawdown as a decimal (e.g., a 20% drawdown is 0.20), and 'G' is the required gain, also as a decimal,

to return to your previous peak balance.
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Exercise 1: Calculate Your Required Gain

Imagine you have an investment portfolio that experiences a 25% drawdown. Using the formula G

=D / (1 - D), calculate the percentage gain required to recover to your original peak balance.

Your calculation:

Your answer (as a percentage):

A 25% loss requires a 33.3% gain to recover. This might seem counterintuitive at first glance, but it

perfectly illustrates the asymmetry. Let's look at how this scales with different drawdown levels.

17
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Exercise 2: Comparing Recovery Efforts for Different Drawdowns

Consider two different scenarios for your portfolio:

1. A moderate 30% drawdown.

2. A significant 60% drawdown.

Calculate the required gain for each scenario. What do these numbers tell you about the difficulty

of recovering from larger losses?

Scenario 1 (30% drawdown) calculation:

Required gain for 30% drawdown:

Scenario 2 (60% drawdown) calculation:

Required gain for 60% drawdown:

Your reflection on the difficulty:

The numbers quickly reveal that larger drawdowns demand exponentially larger gains. A 30%
drawdown requires a 42.9% gain, but a 60% drawdown demands a 150% gain to return to the
previous peak balance. This is why even seemingly small increases in drawdown percentage can have

a dramatic impact on recovery.

Institute of Algorithmic Trading and Applied Computational Finance 18



Institute of Algorithmic Trading and Applied Computational Finance
The Arithmetic of Recovery: Why Losses Hit Harder Than Gains

Drawdown vs. Required Gain for Recovery
Drawdown Requird
20% 25.0%
25% 33.3%
30% 42.9%
50% 100.0%
60% 150.0%
70% 233.3%

90% 900.0%

The Hidden Cost: Time and Foregone Compounding

Beyond the raw percentage, the duration of a drawdown recovery carries a significant, often
overlooked, cost. When your capital is tied up simply getting back to breakeven, it's not generating

new returns or compounding at its previous trajectory. This is the cost of foregone compounding.

Exercise 3: The Impact of Recovery Time on Your Goals

Think about a long-term financial goal you have, such as saving for retirement or a major purchase.
If your investment portfolio experienced a 50% drawdown, research suggests recovery could take a
decade or more at typical equity market rates of return. Shell Capital highlights that if it takes five
years to return to a prior high, you've lost five years of potential compounding on whatever

alternative return could have been earned.

How would a 5-10 year recovery period impact your specific financial goal? Consider the

emotional and practical implications.

Your reflection:
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Historical events underscore the prolonged nature of recovery. For instance, the U.S. equities market
saw a 50% drawdown in both 2000-2002 and 2008-2009. The "Lost Decade," encompassing the dot-
com bubble burst and the Great Recession, resulted in an ultimate stock market loss of 54%.

A Look at Major U.S. Drawdowns and Recoveries

Q Q22007 U.S. household net worth reached pre-crisis peak.

Q@ 2007-2009 S&P 500 fell 50.8%; U.S. household net worth declined by nearly $13 trillion (approx. 20%).

Q 2008-2009 Nearly 9 million jobs lost in the U.S.

1 Q4 2012 U.S. household net worth recovered from the 2007-2009 financial crisis.

Key Concept: The Lost Decade

The period following the dot-com bubble burst and the Great Recession is sometimes referred to as
"The Lost Decade." This era highlighted that significant market drawdowns can lead to extended
periods where portfolios struggle to return to prior highs, resulting in years of lost growth and

compounding opportunities.

Behavioral Traps and Risk Management

The emotional impact of losses can be profound. Loss aversion, a concept from Prospect Theory,
explains that people feel losses roughly twice as intensely as equivalent gains. This intense emotional
response can trigger fight-or-flight instincts, degrading decision-making and leading to behaviors that

worsen drawdowns.

Exercise 4: Recognizing Loss Aversion

Think of a time when you experienced a financial loss, even a small one (e.g., a stock dropping, an
item you bought depreciating). How did that feeling compare to the feeling of an equivalent gain?

Describe the emotional impact and any impulsive thoughts or actions you had.

Your experience:
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One dangerous behavioral response is revenge sizing — increasing your position size during a
drawdown to try and "win back" losses quickly. This often backfires dramatically. For example, a
swing trader who increases position risk from 1% to 3% per trade during a 20% drawdown can turn
three consecutive normal losses into a 27.2% drawdown, increasing the required recovery from 25%
to 37.3%.

Exercise 5: The Peril of Increasing Risk During a Drawdown

You've just experienced a 20% drawdown in your trading account. You're tempted to double your
typical position size to recover faster. Using the example provided (1% to 3% risk turning a 20%
drawdown into 27.2% after 3 losses), reflect on the implications of such a decision. Why is this

strategy so risky?

Your reflection:

The probability of losing all your capital, known as risk of ruin, escalates rapidly with increased

position sizing. A strategy with a 55% win rate and 1.5:1 payoff, risking 1% per trade, carries only a
0.3% risk of ruin. However, a trader with a 52% win rate and 1.1:1 payoff ratio risking 4% per trade
faces approximately 30% risk of ruin — a 4x increase in ruin probability from doubling position size

(from an unspecified lower risk, likely 2%).

Institute of Algorithmic Trading and Applied Computational Finance 21



Institute of Algorithmic Trading and Applied Computational Finance
The Arithmetic of Recovery: Why Losses Hit Harder Than Gains

Exercise 6: Assessing Your Position Sizing Strategy

Consider your own approach to risk per trade or investment. Are you aware of how increasing
your risk percentage can drastically impact your risk of ruin? What steps can you take to ensure

your position sizing remains disciplined, especially during challenging periods?

Your thoughts on current strategy:

Steps to maintain discipline:

Checklist: Mitigating Drawdown Impact

]

Understand the asymmetric recovery math for every potential loss.

]

Recognize the true cost of drawdowns, including foregone compounding.

[

Identify personal triggers for loss aversion and revenge sizing.

[

Maintain disciplined position sizing, especially during drawdowns.

L]

Avoid moving stop-losses to breakeven prematurely, as this can cut into long-term profitability.

Professional Perspectives on Drawdown Management

Even seasoned investors emphasize the importance of avoiding losses. Warren Buffett famously stated
his two rules of investing: Rule #1 is 'don't lose money' and Rule #2 is 'never forget Rule #1'. This
underscores that preserving capital is paramount, as recovery from significant losses can be

incredibly challenging.
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Exercise 7: Reflecting on Buffett's Rules

Warren Buffett's first rule of investing is "don't lose money." How does this simple rule resonate
with everything you've learned about drawdown recovery math and the time it takes to get back to

breakeven?

Your reflection:

Proprietary trading firms, which manage significant capital, treat a 25% drawdown as functionally
disqualifying because, at realistic return rates, recovery consumes over a year of gains. More severe

drawdowns are classified by experts with stark terms:

* A 40% drawdown requires an estimated 170 trades to recover (assuming 1% risk, 2:1 winner-to-
loser, 50% win rate).

* A 60% drawdown is 'Near-Impossible' to recover from, requiring an estimated 380+ trades.

* A 70% drawdown is an 'Account Reset' scenario, requiring an estimated 590+ trades.

* Catastrophic losses (60%+) may take a decade or never fully recover.

DRAWDOWN REQUIRED
ESTIMATED RECOVERY EFFORT

SEVERITY GAIN

Functionally disqualifying for prop firms (over a year of

25% 33.3%

gains)

Approx. 170 trades (1% risk, 2:1 winner-to-loser, 50%
40% 66.7%

win rate)

'Near-Impossible', 380+ trades; may take a decade or
60% 150%

never recover
70% 233.3% 'Account Reset' scenario, 590+ trades
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Exercise 8: Setting Your Own Drawdown Limits

Considering the recovery efforts outlined above, what maximum drawdown percentage are you
personally comfortable with in your own investing or trading? What specific actions will you take

to ensure you stay within that limit, and what will you do if you approach it?

Your maximum comfortable drawdown:

Specific actions to stay within limit:

Actions if approaching limit:

Section D: Analysis & Evidence

You've learned that drawdowns are a natural part of investing. But understanding the true cost of
those drawdowns — both in required gains and in time — is crucial. This section dives into the hard

data and behavioral insights that explain why losses hit harder than gains.

The Exponential Challenge of Recovery

The journey back to your original balance after a loss isn't linear. A small percentage loss requires a
slightly larger percentage gain to recover. But as losses grow, the required recovery gain explodes.
This is because the recovery gain must be calculated on the reduced capital base, not the original

peak value.

Key Concept: The Exponential Recovery Curve
The recovery gain required to offset an investment loss grows exponentially with the size of the
loss. The drawdown recovery curve steepens sharply past approximately 30%. Past approximately

20% drawdown, the recovery gain required grows exponentially harder.
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Exercise 1: Calculating Your Recovery Target

Imagine your portfolio dropped by a certain percentage. Use the facts below to understand the

gain needed to get back to your starting point.

* A 10% loss requires an 11.1% gain.
* A 20% loss requires a 25% gain.

* A 40% loss requires a 66.7% gain.
* A 50% loss requires a 100% gain.

* A 75% loss requires a 300% gain.

If your portfolio lost 20%, what gain do you need to recover?

If your portfolio lost 50%, what gain do you need to recover?

Think of a time you experienced a significant loss (e.g., a stock, a project budget). If that loss was

40%, what percentage gain would have been needed to simply break even?

The numbers can be stark. For instance, moving from a 20% to a 30% drawdown adds only 10
percentage points of loss, but the required recovery gain nearly doubles — jumping from 25% to
42.9%.

Loss vs. Required Recovery Gain
Loss Requirg
10% 11.1%
20% 25%
30% 42.9%
40% 66.7%
75% 300%

90% 900%
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Exercise 2: Understanding the Capital Base

You start with $50,000. It drops to $37,500. This is a 25% drawdown.

Using the concept that recovery gain is calculated on the reduced capital base, what percentage
gain is required on the $37,500 to get back to $50,000? (Hint: The key fact states this is 33.3%).

Your answer:

Why is it not just a 25% gain?

The Hidden Cost: Time and Opportunity

Beyond the percentage gain, recovery takes time. And time is a valuable resource. During recovery,
your capital is essentially "catching up" rather than growing. This represents an opportunity cost —
capital committed to a recovering model is capital not deployed elsewhere, representing

underperformance relative to accessible alternatives.

Key Concept: Opportunity Cost of Recovery
Long recovery periods mean your capital isn't actively growing or being used for new, potentially

profitable ventures. This lost growth is a significant hidden cost of drawdowns.

Consider the data from Swingfolio, assuming a 3% monthly compound return:

* A -20% drawdown takes 7.5 months to recover.
* A -40% drawdown takes 17 months to recover.
* A -60% drawdown takes 31 months to recover.
e A -80% drawdown takes 54 months to recover.

* A -90% drawdown takes 6.5 years to recover.
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Exercise 3: Estimating Recovery Time

Using the Swingfolio data (3% monthly compound returns), if your investment experienced a 60%

drawdown, how many months would it take to recover?

If you're aiming for a 2% monthly return, a 20% drawdown costs over one year of recovery time.

Think about a personal financial goal that takes about a year to achieve. How would a significant

drawdown impact that timeline?

Real-world events underscore how long recovery can take:

@ 1987

@ 2007

@ 2008

@ 2009

@ 2013

1 2014

Historical Recovery Periods

Black Monday S&P 500 drop (Oct 19) took 624 days to reach previous high.
U.S. total employment peaked in December.

Lehman Brothers filed for bankruptcy on September 15.

U.S. unemployment rose to a high of 10% in October.

Stock market recovered from dot-com bust to previous level in May (more than 12 years after

initial crash).

U.S. total employment returned to December 2007 pre-crisis peak in May.

Studies show that deep drawdowns are particularly challenging. For securities with a ~50% to —60%

worst drawdown, 86% of 115 securities eventually recovered, with a median recovery time of 728

days (2.0 years). However, for securities with a —=90% or worse worst drawdown, only 60% of 136

securities ever recovered, with a median recovery time of 3,157 days (8.6 years).
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Exercise 4: Reflecting on Long-Term Recovery

The stock market did not recover from the dot-com bust to its previous level until May 2013, more
than 12 years after the initial crash. The U.S. total employment did not return to its December 2007
pre-crisis peak until May 2014.

How might these long recovery periods impact your long-term financial planning or career goals if

you were directly affected?

Behavioral Biases and Systemic Amplifiers

The "Arithmetic of Recovery" isn't just about numbers; it's also about human psychology and market
structure. Kahneman and Tversky's prospect theory proposes that losses feel more painful than
equivalent-sized gains feel rewarding. This loss aversion can drive the disposition effect: selling

winning positions too early and holding losing positions too long, further exacerbating drawdowns.

For many, particularly retail day traders, the outcome is often negative. Academic studies from Brazil,
Taiwan, and ESMA disclosures converge on a 74-97% loss rate for retail day traders. A study of
Taiwan Stock Exchange day traders found that more than 8 in 10 lost money in a typical six-month
period. Only approximately 1-3% of retail day traders remain profitable across three or more years

once costs, taxes, and slippage are counted.

Retail Day Trader Loss Rates

Academic Studies (Brazil, Taiwan,
ESMA)

74-97%

Taiwan Stock Exchange (1995-1999, 500,
>80%
6-month period)

Profitable (3+ years, after costs/ 139,

taxes)
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Exercise 5: Recognizing Loss Aversion

Think of a time you held onto an investment or a project longer than you should have, hoping it
would "come back," even when evidence suggested otherwise. How might loss aversion have

played a role in that decision?

Conversely, have you ever taken profits too early on a successful venture, missing out on further

gains?

Beyond psychology, systemic factors can amplify drawdowns. Every documented major trading
blowup — including LTCM, retail margin disasters, crypto hedge funds, and institutional forced

selling — involves leverage as the primary amplification mechanism.

Exercise 6: The Impact of Leverage

A trader who can tolerate a 20% drawdown on unleveraged capital cannot tolerate the same

percentage market move at 2:1 leverage, which wipes out 40% of equity.

If you have $10,000 in unleveraged capital, a 20% market drop means you lose $2,000. If you use 2:1
leverage, you control $20,000 with your $10,000. What happens to your $10,000 equity if the market
drops 20%?

Macroeconomic and fundamental catalysts typically lead to larger and longer U.S. equity
drawdowns, while leverage/liquidity and non-economic events result in faster sell-offs and quicker

recoveries.

Managing Drawdowns for Long-Term Success

Given the exponential recovery curve and the psychological and systemic factors at play, managing

drawdowns is paramount. A portfolio earning 8% annually with a maximum drawdown of 15% will
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dramatically outperform one earning 10% annually with a maximum drawdown of 50% over any

sufficiently long period. Why? Because the compounding effect of consistent, smaller gains is far more

powerful than chasing higher returns with greater risks of deep drawdowns.

Slow drawdown recovery can be attributed to several factors:

Checklist: Causes of Slow Drawdown Recovery

[

Shallow Edge: Thin margins per trade, making it harder to generate significant gains quickly.

L]

High Return Variance: Dependence on above-average trades arriving soon after a drawdown, which is

unpredictable.

[

Structural Regime Dependence: The model bleeds slowly when its favored market condition is absent,

leading to prolonged underperformance.

Exercise 7: Prioritizing Drawdown Control
You have two hypothetical investment strategies:
* Strategy A: Aims for 10% annual returns but has a potential maximum drawdown of

50%.

* Strategy B: Aims for 8% annual returns but has a maximum drawdown of 15%.

Based on what you've learned, which strategy is likely to perform better over the long term, and

why?
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Exercise 8: Personal Drawdown Reflection

Consider your own approach to managing risk in your investments or projects. What steps could
you take to prevent deep drawdowns, knowing the exponential challenge of recovery and the

significant time it can consume?

Section E: Synthesis & Mastery — Reclaiming Your Edge

You've explored the fundamental concept of drawdowns. Now, let's synthesize these insights and
master the "arithmetic of recovery." Understanding why losses hit harder isn't just theoretical; it's
critical for managing your capital, your expectations, and your psychological resilience. This section
ties together the mathematical realities, the time commitment, and the practical implications of

recovering from capital erosion.

Key Concept: The Asymmetry of Percentage Returns

Investment returns compound multiplicatively rather than additively, making the recovery path
from a loss always steeper than the original decline. A 20% loss followed by a 20% gain leaves an
account at $9,600 from an initial $10,000—4% below the starting value. This asymmetry is an

arithmetic identity, not just a market phenomenon.

The Uphill Battle: Quantifying Recovery

The core challenge of recovering from a drawdown lies in the arithmetic. To return to a previous peak
balance after a loss, you need to achieve a percentage gain on your *reduced* capital that is always
greater than the percentage you initially lost. This is a fundamental principle of financial

management.
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Key Concept: Required Gain Formulas

There are several ways to express the gain required to recover from a drawdown:

* G =D + (1- D), where D is the drawdown expressed as a decimal.
* Required Gain = (1/ (1 — Loss)) — 1, where Loss is expressed as a decimal.
* Required Return = (Drawdown % / (100 - Drawdown %)) x 100.

* Gain required = (reference balance — current balance) + current balance.

These formulas all illustrate the same critical point: the deeper the drawdown, the

disproportionately larger the gain needed to recover.

Exercise 1: Calculating Your Recovery Target

Imagine you start with $10,000. Calculate the percentage gain needed to recover to your original

balance if you experience the following drawdowns. Use the formula G=D + (1 - D).

a) A 20% drawdown:

b) A 50% drawdown:

¢) A 80% drawdown:

You can see how quickly the required gain escalates. A 20% loss needs a 25% gain to recover. A 50%

loss demands a 100% gain. An 80% loss requires a staggering 400% gain to recover to breakeven.
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Exercise 2: The Multiplicative Effect

Consider the fact that investment returns compound multiplicatively. How does this mathematical
reality make the recovery path from a loss always steeper than the original decline? Think about a
$1,000,000 portfolio that declines 50%.

Your answer:

The Steepening Curve: Deeper Losses, Exponential Recovery

The relationship between drawdown depth and required recovery gain is not linear. The drawdown
recovery curve steepens sharply past approximately 30%, making the non-linearity increasingly
punishing at greater loss depths. This means that going from a 50% drawdown to a 60% drawdown

doesn't just add a little more to the recovery challenge; it adds a lot.

Exercise 3: Comparing Recovery Challenges

Using the facts provided, compare the percentage gain needed to recover from a 50% drawdown

versus a 90% drawdown. What does this tell you about managing risk and limiting losses?

Your answer:

[[BARCHART title="Required Gain to Recover from Drawdown" width="600" height="400"]] 10%
Drawdown | 11.1% Gain 20% Drawdown | 25% Gain 30% Drawdown | 42.9% Gain 50% Drawdown
| 100% Gain 60% Drawdown | 150% Gain 80% Drawdown | 400% Gain 90% Drawdown | 900%
Gain [[/BARCHART]]
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The Time and Probability of Recovery

Beyond the percentage gain, recovery also demands time. And sometimes, it never even happens. The
formula for periods needed to recover from a drawdown is: [ In(1 + (1 - Drawdown)) + In(1 + Return

per period) |, rounded up.

Exercise 4: Time is Money (and Recovery)

A 50% drawdown is a significant challenge. Using the provided facts, compare the estimated
recovery time for a 50% drawdown if you achieve a steady 15% compounded annual return versus

a 10% annual return.

Your answer:

The FinScope study of 763 securities provides a sobering reality: median recovery time rises
dramatically with drawdown depth. For drawdowns of —90% or worse, the median recovery time is
approximately 8.6 years. Even more concerning, only 60% of those with drawdowns of 90% or worse
ever recovered, meaning 4 in 10 securities that fell 90%+ have still not reclaimed their prior peak,

many after more than 20 years.

Exercise 5: The Unrecovered

The FinScope study found that out of 815 total securities, 197 (24%) have never reclaimed their
prior peak. What does this statistic imply about the importance of capital preservation and

avoiding extreme drawdowns?

Your answer:
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[[BARCHART title="Median Recovery Time by Drawdown Depth (FinScope Data)" width="600"
height="400"]] -30% to -40% Drawdown | 0.7 Years -50% to -60% Drawdown | 2.0 Years -70% to -80%
Drawdown | 5.3 Years -90% or Worse Drawdown | 8.6 Years [[/BARCHART]]

The "Second Tax": Beyond the Numbers

Deep drawdowns impose a 'second tax' that goes beyond the purely mathematical. You must recover
while operating with a smaller account and, often, damaged confidence. This means the very 'edge’

needed for recovery might be operating below its normal level, making the task even harder.

Key Concept: The "Second Tax" of Drawdowns
Deep drawdowns impose a 'second tax' the table doesn't show: traders must recover while
operating with a smaller account and damaged confidence, meaning the very edge needed for

recovery is operating below its normal level.

Exercise 6: Reflecting on Your Trading Psychology

Think of a time you experienced a significant loss (or imagine you did). How might a smaller
account balance and damaged confidence affect your decision-making, risk-taking, and overall

trading performance during the recovery phase?

Your answer:

Prop Firm Realities: Hard Limits and Trailing Drawdowns

For those involved in proprietary trading, the arithmetic of recovery takes on an even sharper edge
due to strict rules. Drawdown breaches account for approximately 65-70% of prop firm evaluation
failures. Hard limits on maximum daily loss, maximum drawdown, and position size are enforced

automatically, often closing accounts instantly upon breach without warning,.
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Exercise 7: Understanding Prop Firm Drawdown Mechanics

FTMO, for example, has a maximum drawdown of 10% (static type) with a profit target of 10%.
Explain how a "trailing intraday drawdown" works and why it can shrink a trader's available

buffer even while a trade is still in profit.

Your answer:

Exercise 8: The Cost of a Breach

Given that 65-70% of prop firm evaluation failures are due to drawdown breaches, what strategies
would you prioritize to avoid hitting these hard limits, especially considering the "second tax" of

drawdowns?

Your answer:

Historical Context: Drawdowns in Real Markets

History is replete with examples of significant market drawdowns and their subsequent recoveries, or

lack thereof. These events underscore the principles we've discussed.

Institute of Algorithmic Trading and Applied Computational Finance 36



Institute of Algorithmic Trading and Applied Computational Finance
The Arithmetic of Recovery: Why Losses Hit Harder Than Gains
Key Historical Market Drawdowns and Recovery Events
] March 10, 2000 Dot-com bubble peaked
Q@ October 3, 2008 Congress passed Emergency Economic Stabilization Act (TARP)
) 2007-2009 U.S. housing prices fell nearly 30% on average during financial crisis
Q@ February 19, 2020 S&P 500 peak before losing 33.9% in 33 days (fastest deep decline since 1871)

) March 2020 COVID-19 market crash recovered in just four months (fastest recovery of any market crash
over past 150 years)

Exercise 9: Lessons from History

The COVID-19 market crash (March 2020) recovered in just four months, the fastest recovery of any
market crash over the past 150 years. In contrast, many securities that fell 90%+ in the FinScope
study have still not reclaimed their prior peak after more than 20 years. What factors might explain

such vastly different recovery experiences?

Your answer:

Checklist: Mastering Drawdown Recovery

[

I'understand the asymmetric arithmetic of recovery (losses require larger percentage gains).

]

I can calculate the required gain for various drawdown depths.

[

I recognize that deeper drawdowns require disproportionately larger gains.

[

I am aware that recovery can take significant time, and is not guaranteed.

c [

understand the "second tax" of drawdowns on confidence and operational capacity.

now how prop firm drawdown rules (static, trailing) impact trading strategy.

O =0

—

prioritize capital preservation to avoid extreme drawdowns.

Institute of Algorithmic Trading and Applied Computational Finance 37



Institute of Algorithmic Trading and Applied Computational Finance
The Arithmetic of Recovery: Why Losses Hit Harder Than Gains

Exercise 10: Capstone - Your Personal Recovery Plan

Imagine you are managing a $50,000 trading account. You've just experienced a 30% drawdown.
You aim to recover this drawdown by earning a consistent 5% return per month. Using all the
concepts you've learned in this section, outline a comprehensive recovery plan. Consider the
required gain, estimated time, potential psychological challenges, and strategies to prevent future

deep drawdowns. (Hint: A 30% loss requires approximately 42.9% gain to recover).

Your answer:

WHAT THE RESEARCH SAYS

The NASDAQ Composite fell 78% from its March 2000 peak by October 2002, giving up all gains made
during the bubble.

The U.S. stock market fell approximately 50% by early 2009 during the financial crisis.

The recovery formulais G =D / (1 — D), where D is the drawdown fraction and G is the required gain —

derived from the identity (1 - D)(1 + G) = 1.

REFERENCES FOR THIS MODULE

1. The recovery gain formula R =L / (1 - L) is convex in L with a pole at L = 1, meaning as the loss
approaches 100%, the required recovery gain approaches infinity.

2. Drawdown recovery math is asymmetric because percentage gains are calculated against the smaller
surviving balance, not the original peak balance.

3. Moving from a 20% to a 30% drawdown adds only 10 percentage points of loss, but the required recovery
gain nearly doubles — jumping from 25% to 42.9%.

4. Philip Newall's 2016 study across 3,498 participants and five experiments demonstrated that most non-
expert investors believe a 50% gain is sufficient to offset a 50% loss, even when financially incentivized to be
accurate.
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. The recovery gain formula R =L / (1 - L) is convex in L with a pole at L = 1, meaning as the loss approaches 100%,

the required recovery gain approaches infinity.

. Drawdown recovery math is asymmetric because percentage gains are calculated against the smaller surviving

balance, not the original peak balance.

. Moving from a 20% to a 30% drawdown adds only 10 percentage points of loss, but the required recovery gain

nearly doubles — jumping from 25% to 42.9%.

. Philip Newall's 2016 study across 3,498 participants and five experiments demonstrated that most non-expert

investors believe a 50% gain is sufficient to offset a 50% loss, even when financially incentivized to be accurate.

. In the FinScope study, for securities with a —40% to -50% worst drawdown, 90% of 42 securities eventually

recovered, with a median recovery time of 557 days (1.5 years).

. In the FinScope study, for securities with a —90% or worse worst drawdown, only 60% of 136 securities ever

recovered, with a median recovery time of 3,157 days (8.6 years).

. A study by Chague, De-Losso & Giovannetti of Brazilian equity-futures day traders who began in 2013-2015 and

persisted beyond 300 trading days found that 97% lost money.

. Academic studies from Brazil (Chague & De-Losso, 2020), Taiwan (Barber & Odean, 2014), and ESMA disclosures

(2024-2026) converge on a 74-97% loss rate for retail day traders.

. The asymmetry between losses and recovery gains is not a market phenomenon but an arithmetic consequence of

percentage returns composing by multiplication rather than addition.

A 15-year analysis of all Taiwan Stock Exchange day traders from 1992-2006 found that fewer than 1% were
predictably profitable after fees in a subsequent year.

In a Barber, Lee, Liu & Odean study of Taiwan Stock Exchange day traders from 1995-1999, more than 8 in 10 lost
money in a typical six-month period.

The S&P 500's largest single-day percentage decline was -20.47% on October 19, 1987 (Black Monday), within the
period 1981-2025.

Measured by price only (excluding dividends and inflation), the 1929 crash took 25.0 years to recover; with
dividends reinvested and inflation removed, it took 7.2 years.

The recovery curve shows that up to approximately —20%, the required gain stays relatively close to the loss
percentage; beyond —30%, the curve bends viciously, and beyond —50%, strategy performance requirements reach
'legendary, world-class' levels.

A return sequence of +10% and —10% results in a net loss of 1%; +50% and —50% results in a net loss of 25%,
regardless of the order — demonstrating that equal percentage swings always cost money and larger swings cost

exponentially more.
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