Homework: Estimating an IS–LM / Mundell–Fleming System with Real Data in Python
Objective
You will estimate a simplified empirical IS–LM system using real macroeconomic data and Python. The exercise is based on the Blanchard open-economy IS–LM / Mundell–Fleming framework, where output, the interest rate, and the exchange rate are jointly determined. In Blanchard’s Chapter 19, the open-economy IS curve links output negatively to the interest rate and exchange rate, while the LM curve represents money-market equilibrium; policy shocks shift these curves and affect output, interest rates, and exchange rates. 
Background
Blanchard’s framework emphasizes that in an open economy:
The goods-market equilibrium condition is extended to include exports and imports. Imports depend positively on domestic income and the real exchange rate, while exports depend positively on foreign income and negatively on the real exchange rate. 
An increase in government spending shifts the IS curve to the right and raises output, while an increase in the interest rate reduces output and may lead to exchange-rate appreciation. 
Data
Use quarterly real data for one economy, preferably the United States or the Euro Area.
Recommended variables:
	Variable
	Suggested proxy

	Output
	Real GDP

	Interest rate
	Short-term policy rate / 3-month Treasury rate

	Government spending
	Real government consumption/expenditure

	Money supply
	M2

	Price level
	CPI or GDP deflator

	Exchange rate
	Nominal or real effective exchange rate

	Foreign output
	OECD / world GDP / trading partner GDP


Students may use FRED, OECD, Eurostat, or World Bank data.
Required Python Tasks
Students must write a Python notebook that does the following:
1. Download or import real macroeconomic data. 
2. Clean the data and convert it to quarterly frequency. 
3. Transform variables appropriately: 
· log real GDP 
· log real government spending 
· real money balances: log(M/P) 
· interest rate in percentage points 
· exchange rate index 
4. Plot all variables over time. 
5. Estimate an empirical IS equation: 

Expected signs:

6. Estimate an empirical LM equation: 

Expected signs:

7. Estimate a VAR model using: 

8. Produce impulse response functions for: 
· a positive interest-rate shock 
· a positive government-spending shock 
9. Interpret the results using the Blanchard framework: 
· Does an interest-rate increase reduce output? 
· Does government spending raise output? 
· What happens to the exchange rate? 
· Are the empirical signs consistent with theory? 
Required Graphs
Students must include:
1. Time-series plots of all variables. 
2. Estimated IS curve visualization. 
3. Estimated LM relationship visualization. 
4. VAR impulse response graphs: 
· response of output to interest-rate shock 
· response of output to government-spending shock 
· response of exchange rate to interest-rate shock 
· response of exchange rate to government-spending shock 
Suggested Python Libraries
pandas
numpy
matplotlib
statsmodels
pandas_datareader
fredapi
Deliverables
Submit:
1. A Jupyter Notebook .ipynb 
2. A short PDF report, 4–6 pages 
3. All graphs clearly labeled 
4. A short interpretation of coefficients and impulse responses 
5. A brief discussion of whether the results match the Blanchard IS–LM / Mundell–Fleming predictions 
Grading Rubric
	Component
	Weight

	Data collection and cleaning
	20%

	Correct variable construction
	15%

	IS and LM estimation
	20%

	Graphs and visual presentation
	15%

	VAR and impulse responses
	20%

	Economic interpretation
	10%


Extension Question
Compare the effects of fiscal expansion in a closed-economy IS–LM model versus an open-economy Mundell–Fleming model. Explain why the government-spending multiplier may be smaller in an open economy, as Blanchard emphasizes in the open-economy goods-market chapter






Step-by-Step Guide: Estimating an IS–LM / Mundell–Fleming System in Python
Step 1 — Download or import real macroeconomic data
Use one country, preferably the US.
Recommended source: FRED.
Example variables:
	Concept
	FRED code

	Real GDP
	GDPC1

	Federal Funds Rate
	FEDFUNDS

	Government spending
	GCEC1

	M2 money supply
	M2SL

	CPI
	CPIAUCSL

	Real effective exchange rate
	RBUSBIS


import pandas as pd
import numpy as np
import matplotlib.pyplot as plt
from pandas_datareader import data as web

start = "1990-01-01"
end = "2024-12-31"

series = {
    "y": "GDPC1",
    "i": "FEDFUNDS",
    "g": "GCEC1",
    "m": "M2SL",
    "p": "CPIAUCSL",
    "e": "RBUSBIS"
}

data = pd.DataFrame()

for name, code in series.items():
    data[name] = web.DataReader(code, "fred", start, end)
Blanchard’s open-economy IS–LM framework links output, the interest rate, and the exchange rate in a Mundell–Fleming setting. 

Step 2 — Clean the data and convert to quarterly frequency
Some data are monthly, while GDP is quarterly. Convert everything to quarterly averages.
data_q = data.resample("Q").mean()
data_q = data_q.dropna()
data_q.head()
Check for missing values:
data_q.isnull().sum()

Step 3 — Transform the variables
Use logs for real quantities.
df = pd.DataFrame()

df["log_y"] = np.log(data_q["y"])
df["interest"] = data_q["i"]
df["log_g"] = np.log(data_q["g"])
df["log_m_real"] = np.log(data_q["m"] / data_q["p"])
df["log_e"] = np.log(data_q["e"])

df = df.dropna()
Interpretation:
· log_y = output 
· interest = short-term interest rate 
· log_g = government spending 
· log_m_real = real money balances 
· log_e = exchange rate 
In Blanchard, imports depend positively on domestic income and the real exchange rate, while exports depend on foreign income and the exchange rate. 

Step 4 — Plot all variables over time
for col in df.columns:
    plt.figure(figsize=(8,4))
    plt.plot(df.index, df[col])
    plt.title(col)
    plt.xlabel("Date")
    plt.ylabel(col)
    plt.grid(True)
    plt.show()
Students should briefly describe what they see:
· Does GDP trend upward? 
· Are interest rates volatile? 
· Did government spending rise during crises? 
· Does the exchange rate fluctuate strongly? 

Step 5 — Estimate the IS equation
The empirical IS equation is:

Expected signs:

Run OLS:
import statsmodels.api as sm

Y = df["log_y"]

X_is = df[["interest", "log_g", "log_e"]]
X_is = sm.add_constant(X_is)

is_model = sm.OLS(Y, X_is).fit()
print(is_model.summary())
Interpretation:
· If interest is negative, higher interest rates reduce output. 
· If log_g is positive, higher government spending raises output. 
· If log_e is negative, appreciation reduces output through weaker net exports. 
Blanchard explains that higher interest rates reduce output both directly through investment and indirectly through the exchange rate. 

Step 6 — Estimate the LM equation
The empirical LM equation is:

Expected signs:

Run:
Y_lm = df["interest"]

X_lm = df[["log_y", "log_m_real"]]
X_lm = sm.add_constant(X_lm)

lm_model = sm.OLS(Y_lm, X_lm).fit()
print(lm_model.summary())
Interpretation:
· Higher output increases money demand, so interest rates may rise. 
· Higher real money balances reduce interest rates. 

Step 7 — Estimate a VAR model
Use the variables:

from statsmodels.tsa.api import VAR

var_data = df[["log_y", "interest", "log_g", "log_e"]].dropna()

model = VAR(var_data)
lag_selection = model.select_order(maxlags=8)
print(lag_selection.summary())
Choose the lag length using AIC or BIC:
var_results = model.fit(lag_selection.aic)
print(var_results.summary())

Step 8 — Produce impulse response functions
Generate impulse responses for 12 quarters.
irf = var_results.irf(12)
irf.plot()
plt.show()
Specific responses:
Output response to interest-rate shock
irf.plot(impulse="interest", response="log_y")
plt.show()
Output response to government-spending shock
irf.plot(impulse="log_g", response="log_y")
plt.show()
Exchange-rate response to interest-rate shock
irf.plot(impulse="interest", response="log_e")
plt.show()
Exchange-rate response to government-spending shock
irf.plot(impulse="log_g", response="log_e")
plt.show()
Blanchard’s framework predicts that an interest-rate increase should reduce output and lead to an appreciation of the exchange rate. 

Step 9 — Interpret the results
Students should answer:
1. Does an interest-rate shock reduce output?
Expected answer:
According to the IS curve, higher interest rates reduce investment and output. In an open economy, they may also appreciate the exchange rate and reduce net exports.
2. Does government spending raise output?
Expected answer:
A rise in government spending shifts the IS curve to the right and increases output.
Blanchard shows that government spending increases output, but in an open economy part of the demand leaks into imports, so the multiplier may be smaller. 
3. What happens to the exchange rate?
Expected answer:
If the interest rate rises, the domestic currency may appreciate because domestic assets become more attractive.
4. Are the empirical signs consistent with theory?
Students should compare their estimated coefficients and impulse responses with the expected signs.

Final Student Checklist
Before submitting TO ECLASS (NOT MY EMAIL!!!!), make sure you include:
· Name and Student ID of Team (maximum 5 people) 
· Clean quarterly dataset 
· Time-series graphs 
· IS regression table 
· LM regression table 
· VAR estimation 
· Impulse response graphs 
· Economic interpretation 
· Connection to Blanchard’s IS–LM / Mundell–Fleming framework
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