
Jin Cao • Gerhard Illing

Money: Theory
and Practice



List of Chapters

1 Long-Run Growth: The Basic Framework . . . . . . . . . . . . . . . . . . . 1

Part I Money and Equilibrium in the Long Run

2 Money and Long-Run Growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

3 Interaction Between Monetary and Fiscal Policy: Active

and Passive Monetary Regimes . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93

Part II Monetary Policy in the Short Run

4 New Keynesian Macroeconomics . . . . . . . . . . . . . . . . . . . . . . . . . . . 121

5 Optimal Monetary Policy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145

6 Monetary Policy Under Uncertainty . . . . . . . . . . . . . . . . . . . . . . . . 185

7 The Liquidity Trap: Limits for Monetary Policy at the Effective

Lower Bound . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 221

Part III Unconventional Monetary Policy, Financial Frictions

and Crises

8 Monetary Policy in Practice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253

9 Financial Frictions and Monetary Policy . . . . . . . . . . . . . . . . . . . . . 281

10 Monetary Policy and Financial Stability . . . . . . . . . . . . . . . . . . . . . 357

vii



Contents

1 Long-Run Growth: The Basic Framework . . . . . . . . . . . . . . . . . . . 1

1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.2 Dynamic Macro in a Two-Period Model . . . . . . . . . . . . . . . . . . 2

1.2.1 The Wealth Constraint . . . . . . . . . . . . . . . . . . . . . . . . 3

1.2.2 Inter-temporal Preferences . . . . . . . . . . . . . . . . . . . . . 10

1.2.3 Inter-temporal Demand: The Euler Equation . . . . . . . . 12

1.2.4 The Natural Rate of Interest . . . . . . . . . . . . . . . . . . . . 16

1.2.5 Heterogeneous Agents . . . . . . . . . . . . . . . . . . . . . . . . 25

1.3 Government Spending, Taxes, and Public Debt . . . . . . . . . . . . . 27

1.3.1 The Role of Fiscal Policy . . . . . . . . . . . . . . . . . . . . . . 27

1.3.2 Ricardian Equivalence: The Irrelevance

of Government Debt . . . . . . . . . . . . . . . . . . . . . . . . . . 29

1.4 Endogenous Production: The Labor Market . . . . . . . . . . . . . . . 33

1.4.1 The Consumer’s Choice . . . . . . . . . . . . . . . . . . . . . . . 34

1.4.2 Monopolistic Distortions: Market Power on the

Product Market . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

1.4.3 Example: Explicit Linearized Solution for Constant

Elasticity of Substitution . . . . . . . . . . . . . . . . . . . . . . . 39

1.4.4 Firms Pricing Strategy: Price Setting Under

Monopolistic Competition . . . . . . . . . . . . . . . . . . . . . . 41

1.4.5 General Equilibrium: The Case of Flexible Prices . . . . . 42

1.4.6 Structural Inefficiencies: Comparison with the First

Best Level of Production . . . . . . . . . . . . . . . . . . . . . . 43

1.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

Part I Money and Equilibrium in the Long Run

2 Money and Long-Run Growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

2.2 Determinants of Price Level and Inflation . . . . . . . . . . . . . . . . . 55

2.2.1 Challenges for Simple Intuition . . . . . . . . . . . . . . . . . . 56

2.2.2 The Cagan Model: Money Supply, Price Level,

and Interest Rates . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

ix



2.2.3 Monetary Policy Experiments in the Cagan Model . . . . 60

2.3 Optimal Monetary Policy: The Long-Run View . . . . . . . . . . . . 63

2.3.1 Price Level Versus Inflation Targeting . . . . . . . . . . . . . 64

2.3.2 The Optimal Rate of Inflation . . . . . . . . . . . . . . . . . . . 66

2.3.3 Seigniorage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

2.4 Micro-Foundations for the Demand for Money . . . . . . . . . . . . . 72

2.4.1 The Cash-in-Advance Constraint . . . . . . . . . . . . . . . . . 72

2.4.2 Money in the Utility Function . . . . . . . . . . . . . . . . . . . 73

2.5 Bubbles and Self-Fulfilling Inflationary Expectations (In-)

Determinacy of the Price Level . . . . . . . . . . . . . . . . . . . . . . . . 80

2.5.1 The No-Bubble Condition: Relevance of a Transversality

Constraint . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

2.5.2 Can We Rule Out Divergent Paths? . . . . . . . . . . . . . . . 84

2.5.3 Hyperinflationary Paths . . . . . . . . . . . . . . . . . . . . . . . 84

2.5.4 Example: CES Payoff Function . . . . . . . . . . . . . . . . . . 86

2.6 Interest Rate Feedback Rules . . . . . . . . . . . . . . . . . . . . . . . . . . 87

2.7 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91

3 Interaction Between Monetary and Fiscal Policy: Active

and Passive Monetary Regimes . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93

3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93

3.2 A Brief Look at History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94

3.3 Seigniorage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

3.4 The Government’s Inter-temporal Budget Constraint . . . . . . . . . 101

3.5 Sustainability of Debt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106

3.6 Adjustment Mechanisms: Monetary Versus Fiscal Adjustment . . 109

3.6.1 Fiscal Adjustment . . . . . . . . . . . . . . . . . . . . . . . . . . . 110

3.6.2 Adjustment of Seigniorage Revenue

(Sargent–Wallace) . . . . . . . . . . . . . . . . . . . . . . . . . . . 111

3.6.3 Adjustment of the Price Level: The Fiscal Theory

of the Price Level . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114

3.7 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117

Part II Monetary Policy in the Short Run

4 New Keynesian Macroeconomics . . . . . . . . . . . . . . . . . . . . . . . . . . . 121

4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121

4.1.1 The Rational Expectation Equilibrium Revolution . . . . 121

4.1.2 Lucas’ Critique of Keynesian Approach . . . . . . . . . . . . 122

4.1.3 Policy Conclusions in Lucas-Type Models . . . . . . . . . . 123

4.1.4 Rational Expectation Equilibrium with Sticky Prices:

The New Keynesian Model . . . . . . . . . . . . . . . . . . . . . 124

x Contents



4.2 Sticky Prices: Short-Run Aggregate Supply and Aggregate

Demand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127

4.2.1 Price Adjustment Costs and Monopolistic Competition . . . 127

4.2.2 Aggregate Supply and Aggregate Demand . . . . . . . . . . 131

4.2.3 Short-Run General Equilibrium with Sticky Prices . . . . 132

4.3 Shocks to Short-Run Equilibrium and Interest Rate Policy . . . . . 137

4.3.1 Demand Shocks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138

4.3.2 Supply Shocks: Divine Coincidence . . . . . . . . . . . . . . 139

4.3.3 Markup Shocks: Trade-Off Between Stabilizing

Output and Prices . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141

4.4 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 142

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143

5 Optimal Monetary Policy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145

5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145

5.2 The Social Welfare Function . . . . . . . . . . . . . . . . . . . . . . . . . . 146

5.2.1 Welfare Losses from Price Dispersion . . . . . . . . . . . . . 148

5.2.2 Game Theoretic Analysis of Optimal Monetary Policy . . . 156

5.2.3 Graphical Analysis of Optimal Monetary Policy . . . . . . 159

5.3 The Problem of Dynamic Inconsistency . . . . . . . . . . . . . . . . . . 163

5.3.1 Barro–Gordon Model: The Discretionary Solution . . . . 163

5.3.2 The Commitment Solution . . . . . . . . . . . . . . . . . . . . . 168

5.3.3 The Incentive for a Surprise Inflation . . . . . . . . . . . . . . 170

5.4 Strict Rules as Second-Best Commitment Mechanisms for

Implementing Optimal Policy . . . . . . . . . . . . . . . . . . . . . . . . . 171

5.4.1 Strict Price Level Targeting . . . . . . . . . . . . . . . . . . . . . 173

5.4.2 Nominal GDP Targeting . . . . . . . . . . . . . . . . . . . . . . . 173

5.4.3 Strict Interest Rate Targeting . . . . . . . . . . . . . . . . . . . . 174

5.4.4 Strict Money Supply Targeting (Poole Analysis) . . . . . 175

5.4.5 Delegation of Monetary Policy to a Conservative

Central Banker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 179

5.4.6 Targeting Versus Instrument Rules . . . . . . . . . . . . . . . 181

5.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 182

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 183

6 Monetary Policy Under Uncertainty . . . . . . . . . . . . . . . . . . . . . . . . 185

6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185

6.2 Control Errors, Imperfect Information, and Robustness . . . . . . . 186

6.2.1 Uncertainty About Instruments/Precision

of Information Variable . . . . . . . . . . . . . . . . . . . . . . . 186

6.2.2 Robustness (Robust Control) . . . . . . . . . . . . . . . . . . . . 190

6.3 Data Uncertainty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194

6.3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 195

6.3.2 Uncertainty and Taylor Rules . . . . . . . . . . . . . . . . . . . 195

6.3.3 Estimating Potential Output and the Natural Rate . . . . . 199

Contents xi



6.3.4 Measures for Inflation Expectations . . . . . . . . . . . . . . . 204

6.4 Central Bank Transparency . . . . . . . . . . . . . . . . . . . . . . . . . . . 209

6.4.1 Inflation Targeting: The Move Toward Increased

Transparency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209

6.4.2 Multiplier Effects of Public Information: Can

Transparency Be Harmful? . . . . . . . . . . . . . . . . . . . . . 214

6.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 218

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 219

7 The Liquidity Trap: Limits for Monetary Policy at the Effective

Lower Bound . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 221

7.1 Introduction: The Effective Lower Bound . . . . . . . . . . . . . . . . . 221

7.2 Interest Rate Policy at the Effective Lower Bound . . . . . . . . . . . 226

7.3 Model Analysis: Dynamic Inconsistency of Optimal Control . . . 228

7.4 Negative Nominal Rates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 237

7.5 Forward Guidance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240

7.6 Raising the Inflation Target . . . . . . . . . . . . . . . . . . . . . . . . . . . 242

7.7 Multiple Equilibria at the ZLB Under Taylor Rules . . . . . . . . . . 243

7.8 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 247

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 248

Part III Unconventional Monetary Policy, Financial Frictions

and Crises

8 Monetary Policy in Practice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253

8.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253

8.2 Monetary Policy Transmission . . . . . . . . . . . . . . . . . . . . . . . . . 254

8.2.1 The Central Bank’s Balance Sheet . . . . . . . . . . . . . . . . 254

8.2.2 Links Between the Central Bank and the Banking

Sector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 256

8.2.3 Equilibrium on the Money Market . . . . . . . . . . . . . . . . 257

8.3 Failures of Monetary Transmission Mechanism . . . . . . . . . . . . . 260

8.3.1 The Financial Crisis: Spikes in Risk Spreads . . . . . . . . 261

8.3.2 Monetary Policy Response in Financial Crisis . . . . . . . 265

8.4 Channels for Monetary Transmission . . . . . . . . . . . . . . . . . . . . 275

8.4.1 The Interest Rate Channel . . . . . . . . . . . . . . . . . . . . . . 275

8.4.2 Credit Channel 1: The Balance Sheet Channel . . . . . . . 276

8.4.3 Credit Channel 2: The Bank Lending Channel . . . . . . . 277

8.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 278

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 279

9 Financial Frictions and Monetary Policy . . . . . . . . . . . . . . . . . . . . . 281

9.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 281

9.2 Incomplete Markets: The Cúrdia–Woodford Model . . . . . . . . . . 283

9.2.1 Wallace Neutrality as Reference Point . . . . . . . . . . . . . 283

9.2.2 Financial Frictions with Heterogeneous Agents . . . . . . 284

9.2.3 The Basic Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . 286

xii Contents



9.2.4 The Modified IS and AS Curves with Credit Spreads . . . 289

9.2.5 Monetary Policy in the Presence of Credit Spreads . . . . 290

9.2.6 The Cúrdia–Woodford Model: Evaluation . . . . . . . . . . 294

9.3 Costly State Verification: The Bernanke–Gertler Model . . . . . . . 295

9.3.1 The Model Setup . . . . . . . . . . . . . . . . . . . . . . . . . . . . 296

9.3.2 Market Equilibrium with No Asymmetric

Information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 298

9.3.3 Market Equilibrium with Asymmetric Information . . . . 301

9.3.4 The Financial Accelerator: Evaluation . . . . . . . . . . . . . 309

9.4 Moral Hazard: The Gertler–Karadi–Kiyotaki Model . . . . . . . . . 311

9.5 Liquidity Management: The Biachi–Bigio Model . . . . . . . . . . . 314

9.5.1 Introduction: The Bank Lending Channel . . . . . . . . . . . 314

9.5.2 Reserves and Liquidity Risk . . . . . . . . . . . . . . . . . . . . 316

9.5.3 Market Liquidity Risk . . . . . . . . . . . . . . . . . . . . . . . . 318

9.5.4 Funding Liquidity Risk . . . . . . . . . . . . . . . . . . . . . . . . 319

9.5.5 A Simple Model of Liquidity Management, Based

on Bianchi and Bigio (2018) . . . . . . . . . . . . . . . . . . . . 322

9.6 Risk Management and the Leverage Cycle (Shin Model) . . . . . . 328

9.6.1 Market Equilibrium and Asset Price . . . . . . . . . . . . . . 329

9.6.2 VaR, Asset Price, and the Leverage Cycle . . . . . . . . . . 331

9.7 The General Equilibrium Effect and the Leverage Cycle

(Geanakoplos Model) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 336

9.7.1 Model Setup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 337

9.7.2 Market Equilibrium Without Borrowing . . . . . . . . . . . . 338

9.7.3 Market Equilibrium with Borrowing . . . . . . . . . . . . . . 340

9.7.4 The Business Cycle and the Leverage Cycle . . . . . . . . 345

9.8 Empirical Evidence for the Monetary Transmission

Mechanism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 349

9.9 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 352

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 353

10 Monetary Policy and Financial Stability . . . . . . . . . . . . . . . . . . . . . 357

10.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 357

10.2 Bank Failure in Macro Dynamics: Gertler–Kiyotaki Model . . . . 358

10.2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 358

10.2.2 Agents, Technology, and Timing . . . . . . . . . . . . . . . . . 359

10.2.3 Baseline Case with Unanticipated Bank Runs . . . . . . . . 363

10.2.4 Equilibrium with Anticipated Bank Runs . . . . . . . . . . . 369

10.2.5 Policy Implications . . . . . . . . . . . . . . . . . . . . . . . . . . . 371

10.2.6 The Need for a Risk-Taking Channel . . . . . . . . . . . . . . 374

10.3 Banks Risk-Taking: Endogenous Exposure to Systemic

Liquidity Risk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 378

10.3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 378

10.3.2 A Basic Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 380

10.3.3 Constrained Efficiency . . . . . . . . . . . . . . . . . . . . . . . . 383

Contents xiii



10.3.4 Social Cost of Bank Runs . . . . . . . . . . . . . . . . . . . . . . 384

10.3.5 Money Provision as Lender of Last Resort . . . . . . . . . . 386

10.3.6 The Risk-Taking Channel . . . . . . . . . . . . . . . . . . . . . . 391

10.3.7 Risk-Taking Channel, Lender-of-Last-Resort Policy,

and Macroprudential Regulation . . . . . . . . . . . . . . . . . 396

10.4 Monetary Policy and Financial Stability: A Resume . . . . . . . . . 397

10.4.1 The Linkages Between Macro and Finance . . . . . . . . . 397

10.4.2 Macroprudential Regulation . . . . . . . . . . . . . . . . . . . . 401

10.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 404

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 405

xiv Contents


