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Workhorse model again
• Optimization problem:

• State variables 𝑏𝑏, 𝑧𝑧 , decision rules 𝑏𝑏′ 𝑏𝑏, 𝑧𝑧 , 𝑐𝑐(𝑏𝑏, 𝑧𝑧), 
𝐴𝐴 is autonomous spending for calibration (G+I)

• Optimality conditions in recursive form:



Fixed-point iteration (FiPIt) method  
Mendoza-Villalvazo (2020)

• FiPIt is an “Euler equations method” that solves recursive 
optimality conditions (i.e. focs + market clearing)
– Useful for economies w. distortions, inefficiencies, policies
– Avoids nonlinear solvers, uses simple interpolation
– Requires differentiability and is not guaranteed to converge

• For workhorse model, it finds 𝑏𝑏′ 𝑏𝑏, 𝑧𝑧 , 𝑐𝑐(𝑏𝑏, 𝑧𝑧) that satisfy 
opt. conditions for a finite, discrete state space given by the 
set of pairs: (𝑏𝑏, 𝑧𝑧) ∈ 𝐵𝐵 × 𝑍𝑍

• 𝑍𝑍 is constructed as discrete approx. to time-series process of 
shocks using quadrature methods (Tauchen-Hussey)

• 𝐵𝐵 is set to include interval that supports the stochastic 
steady state (the long-run distribution on NFA)



FiPIt algorithm description 

1. Start iteration j with a conjectured decision rule             
2. Generate consumption dec. rule implied by that conjecture 

using resource constraint

3. Solve for a new consumption dec. rule “directly” using the 
Euler eq. (assuming 𝜑𝜑 is not binding)

– In RHS, form ct+1 by evaluating the j-th iteration cons. dec. rule using the 
values of the state variables at t+1

– Use linear interpolation (𝑐𝑐𝑗𝑗(𝑏𝑏, 𝑧𝑧) is only known at grid nodes!)
– No need for a non-linear solver as with time iteration method



Evaluating consumption decision rule

Discrete consumption dec. rule
Linear interpolation

Evaluating consumption at b’(b,z)



FiPiT algorithm description 
4. Generate new bond’s decision rule                  using the 

resource constraint. If                           ,  the debt limit 
binds and we set

5. Update the initial conjecture for iteration j+1:

– 0 < 𝜌𝜌 < 1 for unstable iterations, 𝜌𝜌 > 1 for slow convergence 

6. Iterate until  this convergence criterion holds:

7. Compute ergodic distribution, moments, IRFs etc.

• Mendoza & Villalvazo (2020) provide additional details and de 
Groot et al. (2020) compare v. local methods



• E[y] = 1 for simplicity (variables are GDP ratios)

• E[b] = -0.44 Mexico’s average NFA/GDP 1985-2004 in 
Lane & Milesi Ferretti (06)

• E[c] = 69.2 Mexico’s average C/GDP 1965-2005

• R = 1.059 Mexico’s country real interest rate from 
Uribe and Yue (06)

• Above values imply:

• Discount factor and debt limit:
– Set by searching for values of ad-hoc debt limit & discount 

factor that match E[b]=-0.44 and sd(c)=3.28%

Example from de Groot et al. (2022): Calibration

𝜑𝜑 = −0.51



Discrete state space
• Grid of NFA positions:

– Spacing=0.001514, b1 =-0.5123

• Markov income process:

– Constructed to match to Mexico’s detrended GDP

– Discretized using Tauchen-Hussey quadrature method with 
j=5 (yields process with 3.28% s.d. and AR=0.55)



Summary calibration: FiPIt & local methods



Moments in FiPIt & local solutions



Precautionary savings



IRFS to negative income shocks



FiPIt for RBC & Sudden Stops models

• Representative firm-household problem (Mendoza AER, 2010)

– Standard RBC-SOE model if credit constraint never binds
– Endogenous states 𝑏𝑏, 𝑘𝑘 , exogenous states (shocks): 𝑠𝑠 ≡ (𝐴𝐴, 𝑅𝑅, 𝑝𝑝)



Algortihm structure & Matlab codes
(Mendoza & Villalvazo, RED, 2020)

• Paper includes step-by-step user’s guide (Appendix) and 
zip file with all the necessary script files

• Logic of the solution is the same as in endowment model
• mainFiPItNew.m: main code that solves the model (both 

RBC and SS versions, for RBC set 𝜅𝜅 to high value)
• mainFiPItNew.m program structure



Recursive equilibrium conditions



Recursive equilibrium conditions



Cell 1: Initialize parameters & state space

• Model parameters (from Mendoza AER 2010)

• Algorithm parameters



Cell 1: Initialize parameters & state space



Cell 2: Initial conjectures & options



Cell 3: FiPIt solution iterating dec. rules



Rest of equations for Cell 3, Step 2



Cell 3: j+1 solutions if constraint does not bind

Since these depend only on (k,s), these are the same in RBC version where constraint 
never binds or in SS model with credit constraint when it does not bind



Cell 3: j+1 solutions if constraint does not bind



Cell 3: j+1 solutions if constraint binds



Cell 3: Nonlinear system when constraint binds



Cell 3: j+1 capital price & convergence



Cell 4: Euler equation errors



Cell 5: Ergodic distribution



Codes for generating results



FiPIt advantages



Stochastic steady states

RBC model Sudden Stops model



Equilibrium decision rules

RBC model,   SS model



Equilibrium prices & multipliers

RBC model,   SS model



Sudden Stops
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