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Your Portfolio’s Vital Signs

Data Scientist

Portfolio Returns Vital Signs

Mean: 8.2%

Std Dev: 15.3%

Skew: −0.4

Kurtosis: 4.1

Sharpe: 0.54

Statistics is a medical checkup for your data.
Today we learn to read the vital signs of any dataset.

Let’s check your portfolio’s vital signs
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Learning Objectives

After this lesson, you will be able to:

1. Explain why central tendency matters for summarizing data

2. Compare mean vs median and when each is appropriate

3. Calculate dispersion measures (variance, std dev, IQR)

4. Interpret skewness and kurtosis in financial returns

5. Apply risk metrics (Sharpe, VaR, drawdown) to portfolios

Bloom’s levels: explain, compare, calculate, interpret, apply
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From DataFrames to Statistical Insight

What you already know:

• Python basics (L01–L06)

• DataFrames and selection (L05–L06)

• GroupBy and operations (L08–L09)

What this lesson adds:

• Statistical summaries of data

• Shape of distributions

• Risk metrics used in finance

You can load and manipulate data.
Now learn to describe what it means.

Statistics turns raw numbers into actionable insight
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The Central Challenge

How do you summarize 10,000 data points

into insights you can act on?
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Mean = 0.15% Std = 1.8% Skew = −0.4

“Slightly negative, volatile returns”

Descriptive statistics compress data into a handful of meaningful numbers
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Central Tendency: Where Is the Center?

Three measures of the “typical” value:

• Mean – average: x̄ = 1
n

∑
xi

• Median – middle when sorted Mode – most frequent
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Measures of Central Tendency

Mean uses every data point; median ignores magnitude; mode counts frequency
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When Mean ̸= Median

Outliers pull the mean but not the median

• Symmetric data: mean ≈ median

• Skewed data: mean shifts toward the tail
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Median is robust to outliers; mean captures total magnitude
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Dispersion: How Spread Out Is the Data?

Variance and standard deviation quantify spread:

• Variance s2 = 1
n−1

∑
(xi − x̄)2

• Std dev s =
√
s2 (same units as data)
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Same mean, different standard deviations – spread matters
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Std Dev as Financial Volatility

In finance, standard deviation = volatility

• Higher volatility = higher risk and potential reward

• Annualized: σannual = σdaily ×
√
252
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Two Stocks: Same Starting Point, Different Volatility
Low Vol (Std=0.45)
High Vol (Std=2.36)

Volatility is the most common risk measure in portfolio management
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Quartiles: The Boxplot

Five-number summary + outliers in one chart:

• Box: Q1 (25%) to Q3 (75%), line at median

• Whiskers: 1.5×IQR beyond box; dots are outliers
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Q1 = 91.0
Q2 (Median) = 97.9

Q3 = 107.7
IQR = 16.7

Boxplot Anatomy

IQR = Q3 − Q1; outliers lie beyond 1.5×IQR from box edges
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Comparing Distributions Across Assets

Boxplots side-by-side reveal differences at a glance

• Median: which asset has higher typical return?

• Box width: which is more volatile?
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Compare return distributions across assets in one chart
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Skewness: Is the Distribution Symmetric?

Skewness measures asymmetry:

• Positive skew: long right tail (mean > median)

• Negative skew: long left tail (mean < median)
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Stock returns often show negative skew – large losses are more likely than large gains
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Checkpoint: Skewness in Practice

Think about it:

Is positive skewness good or bad
for an investor?

Hint: Where is the long tail – gains or losses?

Positive skew

Long right tail = rare
large gains possible

Negative skew

Long left tail = rare
large losses possible

Investors prefer positive skew – upside surprises over downside crashes
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Kurtosis: How Heavy Are the Tails?

Kurtosis measures tail extremity:

• Leptokurtic (excess > 0): fat tails, more extremes

• Platykurtic (excess < 0): thin tails, fewer extremes
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Pandas df.kurtosis() returns excess kurtosis (normal = 0)

(c) Joerg Osterrieder 2025 Lesson 13: Descriptive Statistics 14/42



Fat Tails: Why They Matter in Finance

Financial returns have fatter tails than normal:

• “Once in a century” events happen every decade

• Risk models that ignore fat tails fail catastrophically
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2008 crash: −20% days that normal models rated as “virtually impossible”
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One Command: df.describe()

Pandas gives you a statistical checkup in one line:

• Count, mean, std, min, Q1, median, Q3, max

• Add skew/kurtosis: df.agg([’skew’,’kurtosis’])

df.describe() Output Explained

count mean std min 25% 50% 75% max

252 0.08 1.8 -8.2 -1.0 0.05 1.1 7.5

Sample Central Spread Range Q1 Median Q3 Range

Sample
Size

Central
Tendency

Spread
(Volatility)

Min/Max
Range Quartiles (Q1, Q2=Median, Q3)

min
Q1

25%
Q2

50%
Q3

75% max

IQR

Think of describe() as the blood test results for your dataset
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Sharpe Ratio: Risk-Adjusted Return

Return per unit of risk: SR = r̄−rf
σr

Benchmarks: >1.0 good, >2.0 excellent
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Sharpe = (R - Rf) / Std

Sharpe Ratio: 0.51
Mean: 0.07%
Risk-free: 0.01%

Sharpe ratio: the single most common performance metric in finance
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Value at Risk and Expected Shortfall

VaR: “How bad can a bad day get?”

• VaR at 5%: loss exceeded only 5% of the time

• CVaR: average loss when VaR is breached
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Value at Risk (VaR) and CVaR
VaR 95%: -2.91%
CVaR 95%: -3.62%

VaR answers “how bad?”; CVaR answers “how bad on average when bad?”
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Maximum Drawdown

Largest peak-to-trough decline:

• Worst cumulative loss an investor experiences

• Key metric for hedge funds and risk management
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Max drawdown captures the pain of holding through a crash
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Risk vs Return: The Fundamental Tradeoff

Every asset lives on the risk-return plane:

• x : volatility (risk), y : mean return (reward)

• Upper-left is ideal: high return, low risk
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Plot return vs volatility to compare assets at a glance
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Hands-on Exercise (25 min)

Analyze a stock portfolio with descriptive statistics:

1. Load daily returns for 4 stocks using pd.read csv()

2. Run df.describe() and interpret each statistic

3. Calculate skewness and kurtosis – which stock has the fattest tails?

4. Compute Sharpe ratio for each stock (rf = 0)

5. Create a risk-return scatter plot (volatility vs mean return)

Bonus: Calculate 5% VaR and CVaR for each stock. Which has the highest tail risk?

Apply everything from today’s lecture to real financial data
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Your Portfolio Health Report

Portfolio Health Report

Central Tendency Mean = 8.2%, Median = 7.5%

Volatility σ = 15.3% annualized

Skewness −0.4 (slight left tail)

Fat Tails Kurtosis = 4.1 (leptokurtic)

Sharpe Ratio 0.54 (moderate)

Diagnosis: Healthy but watch the fat tails

Every dataset deserves a checkup – now you know how to give one
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Key Takeaways

Five things to remember from this lesson:

1. Central tendency (mean, median) tells you where data clusters

2. Dispersion (std dev, IQR) tells you how spread out it is

3. Skewness reveals asymmetry – negative skew means crash risk

4. Kurtosis reveals fat tails – extreme events are more common than normal models suggest

5. Risk metrics (Sharpe, VaR, drawdown) translate statistics into investment decisions

Statistics is the language of data – fluency here unlocks everything that follows
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Next: L14 – Distributions

Today we described data with summary statistics.

Next time we model data with probability distributions:

• Normal, t, uniform, exponential distributions

• Fitting distributions to real data

• Central Limit Theorem – why normality appears everywhere

• QQ-plots: visual test for distribution fit

Descriptive statistics summarize what happened.
Distributions model what could happen.

Prepare: review normal distribution properties and the concept of probability density
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Self-Study: Symmetric Distribution
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Symmetric: Mean = Median
Mean: 100.3
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Key point: In symmetric distributions, mean = median = mode. All three measures of central tendency agree.

Self-study: symmetric distributions are the simplest case
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Self-Study: Right-Skewed Distribution
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Right-Skewed: Mean > Median
Mean: 68.6
Median: 54.3

Key point: Right skew pulls the mean above the median. Income and wealth distributions are classic examples.

Self-study: right skew – mean ¿ median due to high outliers
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Self-Study: Stock Returns Distribution
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Stock Daily Returns
Mean: -0.01%
Median: 0.12%

Key point: Stock returns typically show slight negative skew – large losses are more probable than large gains of equal
magnitude.

Self-study: real stock returns deviate from normality
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Self-Study: Deviation from Mean
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Key point: Standard deviation measures the average distance of each data point from the mean. Larger deviations =
more spread.

Self-study: visualizing what standard deviation actually measures
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Self-Study: Dispersion Formulas Summary

Dispersion Measures

Range: max(x) - min(x)

Simplest measure, sensitive to outliers

Variance (population): Var = (1/N) * sum((xi - mean)^2)

Average squared deviation

Standard Deviation: Std = sqrt(Var)

Same units as data

Coefficient of Variation: CV = Std / Mean

Relative dispersion
In Finance: Std Dev = Volatility = Risk

Key formulas:

• Range = max − min (simplest, outlier-sensitive)
• Variance: average squared deviation from mean
• CV = std/mean (relative, unitless comparison)

Self-study: use n−1 (Bessel’s correction) for sample statistics

(c) Joerg Osterrieder 2025 Lesson 13: Descriptive Statistics 29/42



Self-Study: Percentiles
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Key Percentiles
5th: 69.5
Q1 (25th): 87.0
Median: 100.5
Q3 (75th): 113.0
95th: 133.5

Key point: Percentiles generalize quartiles. VaR uses the 1st and 5th percentiles to quantify tail risk.

Self-study: percentiles for VaR – 1%, 5%, 95%, 99%
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Self-Study: Outlier Detection
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Outlier Detection: 5 outliers found
Q1: 90.1
Q3: 104.7
Lower fence: 68.3
Upper fence: 126.5

IQR method: Points beyond Q1 − 1.5×IQR or Q3 + 1.5×IQR are flagged as outliers. In finance, outliers may be real
market events – don’t blindly remove them.

Self-study: IQR-based outlier detection

(c) Joerg Osterrieder 2025 Lesson 13: Descriptive Statistics 31/42



Self-Study: Skewness and Crash Risk

10 5 0 5
Return (%)

0.00

0.05

0.10

0.15

0.20

0.25

De
ns

ity

Left tail
(crashes)

Stock Returns: Negative Skew = Crash Risk
Normal (Skew=0.12)
Crash Risk (Skew=-1.91)

Key point: Negative skewness indicates higher probability of large losses. This “crash risk” is not captured by standard
deviation alone.

Self-study: negative skew = asymmetric downside risk
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Self-Study: Skewness by Sector
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Key point: Different sectors exhibit different skewness profiles. Defensive sectors tend to have less negative skew than
cyclical sectors.

Self-study: sector analysis reveals structural differences in return distributions
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Self-Study: Interpreting Skewness Values

Rules of thumb:

• |Skew| < 0.5: approximately symmetric

• 0.5 < |Skew| < 1.0: moderately skewed

• |Skew| > 1.0: highly skewed

Finance context:

• Stock returns: typically −0.2 to −0.6

• Option payoffs: highly positive skew

• Bond returns: slight negative skew

Self-study: skew > 0.5 or < −0.5 is considered significant
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Self-Study: Skewness Scale Reference

Skewness Interpretation Scale

-2 -1 0 +1 +2

Highly
Left-Skewed

Moderate
Left Symmetric

Moderate
Right

Highly
Right-Skewed

mean < median mean = median mean > median

Crash Risk
(Stock Returns)

Lottery Returns
(Options, IPOs)

|Skewness| > 0.5 = significantly skewed

Key point: Use this scale to quickly classify any distribution’s skewness as symmetric, moderate, or extreme.

Self-study: visual reference for interpreting skewness magnitude
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Self-Study: Kurtosis – Log Scale View
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Key point: Log scale reveals tail behavior that linear plots hide. Fat tails appear as straight lines that decay slower than
normal.

Self-study: log scale makes tail differences visible
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Self-Study: Interpreting Kurtosis Values

Excess kurtosis benchmarks (normal = 0):

• < 0: platykurtic (thinner tails than normal, e.g., uniform)

• ≈ 0: mesokurtic (normal-like tails)

• 1–3: moderately leptokurtic (common for stock returns)

• > 5: extremely fat tails (crisis periods, crypto)

Practical impact: Higher kurtosis means VaR underestimates true tail risk when based on normal distribution
assumptions.

Self-study: excess kurtosis > 0 means more extreme events than normal
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Self-Study: Kurtosis Scale Reference

Kurtosis Interpretation Scale

1 2 3 4 5 6 7

NORMAL
(k=3)

PLATYKURTIC
(thin tails)

LEPTOKURTIC
(fat tails)

Fewer
extreme events

Normal
distribution

More
extreme events

Stock Returns: k > 3
"Black Swan" Risk

Excess Kurtosis
= Kurtosis - 3

Key point: Financial data almost always shows positive excess kurtosis. The normal distribution is the exception, not the
rule.

Self-study: visual reference for interpreting kurtosis magnitude
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Self-Study: Risk Metrics Summary

Portfolio Statistics Summary

Annualized Return: 18.3% Annualized Volatility: 30.6%

Sharpe Ratio: 0.51 VaR (95%): -2.91%

CVaR (95%): -3.62% Max Drawdown: -25.6%

Skewness: 0.30 Kurtosis: 3.62

Combine multiple metrics for a complete picture: Sharpe for performance, VaR/CVaR for tail risk, drawdown for worst
case.

Self-study: no single metric tells the whole story
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Self-Study: Boxplot Comparison
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Daily Return Distributions

Key point: Side-by-side boxplots compare return distributions across assets. Look at median, spread, and outlier count
simultaneously.

Self-study: compare return distributions across multiple assets
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Self-Study: Key Metrics Table

Return Volatility Sharpe Skew Kurtosis
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Key point: A metrics table provides quantitative comparison that boxplots and scatter plots cannot fully capture.

Self-study: side-by-side comparison of performance metrics
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Self-Study: Cumulative Returns
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Key point: Cumulative return charts show the long-term trajectory and make drawdown periods visually obvious.

Self-study: cumulative performance shows long-term trajectory
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