Notes for Programs

1 Introduction

This document describes the programs used in “Emerging Market Business Cycles: The

Cycle is the Trend.” The Matlab programs described below include:

1. solve_uhlig.m: Solves the linear system.

2. calculate_moments.m: Calculates key theoretical moments given a set of parame-

ters.

3. key_moments.m: A function that takes a vector of parameters as inputs and gen-

erates ten moments as outputs.

Some notes on the linearization of the model is appended to this document. See the

paper or the appended notes for an explanation of the model and the corresponding notation.

2 Solution of the Linear System

The solution of the linear system is done by solve_uhlig.m, which in turn calls Harald
Uhlig’s toolkit (available from www.wiwi.hu-berlin.de/wpol/html/toolkit.htm). We first solve
the linear system, and then extend the matrices to handle non-normalized variables. A
superscript “0” denotes the normalized problem. Define x) = (];?t+17 I;t+1)/ as our endogenous
state variables. Note the timing convention that (l%t+1,i)t+1) are chosen at time ¢t. The

exogenous state variables are z; = (gy, 2¢)’, which follow
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Our endogenous “jump” variables are: yy = (ét,lt,nt,%t,gt,qt,nxt)/ . These are chosen

conditional on x;_1 and z;. The Uhlig toolkit solves for PP, QQ°, RR?, SS° such that
x{ = PP +QQ%z (1)
y? = RR%? | +85%, (2)

After solving the normalized system, we extend the endogenous state space to include
G'—1 and the endogenous choice variables to include the non-normalized levels of consump-
tion, investment and income: x; = (ki1, b1, Gr) = (x0, Gy) and yy = (¢4, lp, g, b4, Gt Qs Nt Coy ity Yi)|

= (v, ¢tyi,y)'. The fact that Gy = Gy_1 + g; implies:
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where m 4 and ny4 are the number of rows and columns, respectively, of any matrix A.

RR is extended according to the definition a; = a; + Gy—1, for a = ¢, i, y:

RR = RR 0(”RR0 x1)

RR
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where rows corresponding to ¢, i,y of RR are [RR"(m,:), 1], where m denotes the respective

row of ¢, 1y, g in RRY. Similarly for SS:
S80
SS=1"_ 1, (6)
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where SS = [SS%(m,:)], for m = é&, it J.



3 Calculating Theoretical Moments

The program calculate_moments.m calculates the theoretical moments of the linearized
model. We follow Burnside (1999) fairly closely. The moments calculated are (where a tilde
denotes HP filtered variables):
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Define s; = (xg_l,zt) = (l%tai)tagtazt), and
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where ¢; = (0,0,€¢/,¢?). Let ¥ = E(e€’) =

Define F' = (¢,n, 1, nx,y), and let Hy and Hy be the corresponding rows from RR and
SS so that
Fy = Hixy4—1 + Hazy.

Let T'g = E(ss’) denote the variance-covariance matrix of s:
Ty = MToM' +%.

This can be solved as

vec(To) = (I — (M @ M) vec(S).

The k" autocovariance can be obtained by I', = E(sis,_;) = MPF*Ty.

We now calculate the variance-covariance matrix of the first difference of our endogenous



variables. Define

Ct—C-1+ g1 ct — Ct—1

Ng — Ng—1 ng — Ng—1

AR =| 4 —ipr+ g1 | = it — -1
nry — NT—1 nry — NT¢—1

Ut — Yt—1 + g1 Yt — Y1

Note that this is not simply the first difference of F', but adds g;_1 for ¢, ¢, and y. Next
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Defining Ty = F(s§'), we have

[y = Bol'oBj + Bel'1 B + B1I'\B{, + B1I(\B].

To compute the variance-covariance of AF, note that x) = PP'x? | + QQ"z; implies

xg — X?_l + 01z = PPO(X?_I — X?_Q) + QQO(zt —Zi—1) + 012 9)
= PPUx) ;| —x) 5 +012:1)) + (QQ° + ©1)z — (QQ° + PP°O1)z_4
=[PP’ QQ°+61,—(QQ"° + PP'O1)] 5 (10)
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We can then write

St+1 = MsS; + €41,

where
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We now define a matrix that pulls out g, to add to Aé;, Ay, and Agy:
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We have

AF;, = Fy—F1+0652;
= Hi(x} =%} o)+ Ho(z — 21) + Oz
= Hi(x}_; —Xj_o+O124-1) + Hozy + (05 — H101 — Hy) 741
= | m, H ©;-HO,-H |5
= Hs
Therefore, Varg(AF) = E(AFAF’) can be computed as

Var(AF) = HToH'.

(13)



The autocovariance of AF' can be computed as

Vary(AF) = E(AFAF.,) = HE(SS, )i (14)
= HOI'yH'
— HM'T\H'

4 HP Filtered Moments

The HP filtered series can be obtained from the original series using the two-sided filter:

FHP = B(L)F, where B(L) = Y22 ___b;L7.! When the HP parameter \ is set to 1600, the

Jj=—00
coefficients b; are given by (following Burnside, who follows King and Rebelo) b; = b_; =

—(0.8947)(0.0561 cos(.1125) + 0.0558 sin(.1125)). For j = 0, by = 1 — 0.0561 = 0.9439.

To obtain FP we start from the first-differenced series. Note that for any series
FHP — B(L)F = B(L)(1 — L) *AF. Define B(L) = B(L)(1 — L)~'. This implies that

(1-L)B(L) = B(L). We then have

(1-L)B(L) = Y b/ =) b/ (15)

Equating terms we have

b;AF. (In practice, we define b; =

s=—00 'S Jj=—00

S,y bj for N =500.)

Or, b; = Y/ bs. Therefore FHP = $°°

LAn alternative is to calculate the moments using the frequency domain. We found the computations

were faster in the time domain.



To get the moments of FHF we use

Var(F#) = B(FFPFR) = E({B(L)AFHB(L)L'AF'})
= > Y bbyE(L/AFLVAF)

o0 o0

Defining k = j' + i — j and using Var_;(AF) = Var,(AF)"

Va?“i(FHP) == Z Z I;jl;j_k_,;Vark(AF)/

j=—00 k=—00

= Varo(AF) Z [;jl;j_i + Z Z (l;jIN)j+k,1;Vark(AF) + Bji)j,k,iVark(AF)’)

j=—00 k=1j=—00
Using Var;(AF) = HTyH', we have

Var;(F'") = H FObeﬂ+Z rkbeﬁkﬁrkbe]kz i

j=—00 j=—00 Jj=—00

To implement this in practice, we choose N = 500 and M,, = 100 and compute

VCLT‘Z'(FHP) ~ H(f‘o Z Ej"jfi (16)
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Log-linearization Notes

1 Problem
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2 First Order Conditions
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3 Envelope Conditions
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4 Steady State Relationships
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5 Log-linearized Model

5.1 K’ FOC:
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Equating (12) to the expectation of (13) and using ﬂug(l_a)_l = (1 -0+ (1- a)%) :
0 = (y(1-0)—-1)E¢ (14)
(1= )(1 = o) EP
6#3(1_0)+1¢E9A/

Y .
l—0)—1
ﬂuZ( ) (1_0<)ny'

+ o+ o+ o+

By =T Bk

- <5u3(1")1 ((1 - a)% + ¢u§> + <¢>ug> K

- ((1-0)-1)c

- (1-y1-o)
(v(1—0) =1—=dug) g
Dpigh



5.2 B FOC
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Equating (15) to the expectation of (16) and using Q = /Bug(l_a)_l:
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5.3 Labor-Leisure
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5.4 Budget Constraint

0 = Y+GQB - B-X—C
~ Yi+uQBWU +j+q4) — Bb— Xi — Cé
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where investmentXEGK’—(l—é)—%(G%—ug> K. Or

Xin K (Mg/%/ (- )k + ugg)
5.5 Technology

Y = ZK'"%(GN)~
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5.6 Leisure = 1-Labor

Note that if v =1, then N = 1 and £ = 0, and this reduces to 7 = 0.

5.7 Interest Rate Function

Q' = 14149 (eB’_B - 1)
¢ ~ —¢yBQV

(20)
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5.8 Net Exports — Linearized

nr =

Anx =

(25)



