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This appendix provides supplementary materials not included in the article. Section A
describes the data. The model equations and the first order conditions are presented under
section B. Section C briefly explains the regime switching framework. In section D, a simplified
open DSGE model is derived to stress the importance of commodity shocks in explaining business
cycle fluctuations in South Africa. Sections F plots the IRFs of the estimated model with
confidence bands. Section F compares the IRF's of the regime switching with those of a constant

paramters model. Section G presents the variance decomposition of selected variables.
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A Data and Transformations

The model is estimated using South African quarterly data from 2000Q1 to 2019Q2. There
are 12 observables. The exchange rate depreciation, the commodity-based inflation, GDP
growth, the short-term interest rate, the current account growth rate, the CPI-based inflation,
household consumption expenditure, the real wage, the government expenditure and investment.
For the foreign block represented by the US, we have used foreign inflation, output, and the

shadow federal funds rate of Wu and Xia (2016). Below are the descriptions of the series used.

e Exchange rate depreciation: log(1/REER)/(1/REER(-1))
e Commodity-based inflation: log(ComP/ComP(-1));

e GDP growth: log(GDP/GDP(-1));

e Consumption growth: log(CONS/CONS(-1));

e Wage inflation: log(W/W(-1));

e Short-term interest rate: log(1+R/100)"1/4;

e Current account growth: log(CA/CA(-1));

e CPI-based inflation: log(CPI/CPI(-1));

e Investment growth: log(INV/INV(-1));

e Foreign GDP growth: log(US GDP/US GDP(-1));

e Foreign Short-term interest rate: log(1+US FFR/100)"1/4;

e Foreign CPI-based inflation: log(US CPI/US CPI(-1));

All series, but the commodity-based inflation, were detrended using their respective sample

averages. The commodity-based inflation was detrended using the HP filter.



B Model Equations and First-Order Conditions (Log-

Linearized form)

This appendix presents all 71 log-linearized equations of the DSGE model for South
Africa, directly translated from the RISE implementation, extending Medina and Soto (2007).
Variables are log-deviations from steady state (e.g., Z; = log z; — log z), and parameters are
defined in a calibration table in the main text. Equations are organized by sector, with AR(1)
processes (except commodity production) in a separate subsection, followed by steady-state
relationships. The 72 endogenous variables match the numbered equations, ensuring model

solvability.
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where ¢; is consumption, A is the non-Ricardian share, W,, Y, Cy, 7y are steady-state ratios,
w; is the real wage, Zt is labor, 7; is taxes, g, is GDP, py, is the GDP deflator, h is habit
persistence, o¢ is the intertemporal elasticity, i is the interest rate, 7o is CPI inflation, pgp,,

sh.; are preference shock parameters, pr, $; are permanent productivity shock parameters.

_%t + EF,t + Q[;F,t + (1 - Qde)é'tJrl - Qdeét =0, (B-2)

where r 1s the foreign interest rate, g is the risk premium elasticity, IBF,t is foreign bonds, gg4e

is the exchange rate weight, and &, is nominal exchange rate depreciation.
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where oy, is the inverse Frisch elasticity, e, is labor elasticity, ¢, is the Calvo probability, &y, is

wage indexation, (3 is the discount factor, and 37Lm is the labor supply shock.

—Cuy+ ¢ — el —ve) + wevelpae + (e —we) (1 — ve)pre = 0, (B-4)

where ¢y, is domestic goods consumption, n¢ is the substitution elasticity, v¢ is the home
goods share, we is the oil substitution elasticity, pg is the home goods price, and pg, is the

foreign goods price.

—Cpy + & — [Neve + we(l — vo)lpre + (e — we)yepPus = 0, (B-5)

where ¢p; is imported goods consumption.

—(50715 + ét — wc(ft + ﬁO,t) = O, (B—6)

where 0¢; is oil consumption, 7, is the real exchange rate, and po; is the oil price.

ac (e + poy) + (1 — ac)vepur + (1 — ac)(l — vo)pre = 0, (B-7)

where a¢ is the core consumption share.

—7ATZ7t + ’YC7ATH,t + (1 - WC)ﬁF,t =0, (B'8)

where 7z, is core inflation, 7, is domestic goods inflation, and 75, is imported goods inflation.
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where A¢; is consumption growth.



— Aty + Wy — W1 + 5, =0, (B-10)

where Ay is real wage growth.
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where ¢+ is home goods output, ag, is transitory productivity, vu, wa, nu, 0u are production
parameters, Ay, Op 1, Yu1, Gun, Gu i are steady-state terms, oy, is oil input, l%t_l is capital,

and w, is capital utilization.

ys,t = pysfgS,t—l + O-ysgys,h (B_12>

where gg, is commodity output, p,, is persistence, o, is the shock scale, and ¢, is the

commodity shock.
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where ¢ is the Calvo probability, {g is indexation, 7, is domestic goods inflation, mcy, is

marginal cost, and pg, is the real price.
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where ¢ is the Calvo probability, { is indexation, 7y r, is export goods inflation, and Py p¢

is the export price.
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where 75, is import goods inflation, and pg r; is the foreign import price shock.
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where Z,, Ku 1, Wy, Pro, Onr, Yu,1 are steady-state terms, e is the demand elasticity, and

Z; is the capital rental rate.
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where Gy 1, G i are steady-state terms.

—Cu,ry +Ury — NrPHFL = 0, (B-18)

where ¢y ;s is foreign demand, §p; is foreign output, and 7 is the foreign demand elasticity.
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where k; is capital, d; is depreciation, n is population growth, g, is steady-state growth, inv,
is investment, 5711-,,5 is the investment shock, Z,, P, are steady-state terms, and #, is capital

utilization.

—iﬁUH7t + iﬁ/Ut - 0[(]5H7t - ﬁ[,t) = O, (B—QO)

where iwaﬂf is domestic goods investment, 6; is the investment elasticity, and pr, is the



investment price index.

—Z'TAL'UF,t + Z-TAL’Ut - 9[(]3}7,75 - ]3[775) = 0, (B—Ql)

where invg, is foreign goods investment.

—prt +YiPue + (1 —v1)pre = 0, (B-22)

where ~; is the domestic goods share in investment.
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where ¢, is the price of capital, S; is the adjustment cost parameter, and r is the steady-state

real interest rate.
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where premio, is the risk premium spread.

—2,5 + th + O']?Att = O, (B—25)

where o7 is the utilization scaling parameter.
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where 6y is the CES production parameter.
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where 1, is total exports, Y;/X is the commodity export share, and X is steady-state exports.
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where px; is the export price deflator, and pg; is the commodity price.
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where 1, is total imports, M, /M is the oil import share, Cy, Iy, MpY are steady-state ratios,

and M, is oil imports.
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where My, M, are steady-state terms.
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where Dy, is the import price deflator.
—pst +Pgy + 7 =0, (B-32)
where p§, is the international commodity price.
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where pg . is the adjusted commodity price, ps rref, 7y are steady-state terms, and pyy is

persistence.
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where 7p ; is foreign inflation.
—Tpy + Pre — Pri—1 + ey = 0, (B-36)
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—Ainvy + invy — inve_q + § = 0, (B-38)

where Ainv; is investment growth.

_]%lag,t + l%t,1 == 0, (B-39)
where l%law is lagged capital.
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where Y hy, YhFy are steady-state ratios.
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where My is the imports ratio.
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where eBFy is the bond-to-GDP ratio.
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where ca,, is the current account-to-GDP ratio.

_%F,ax,t + %F,t + QBF,t - Qde(étJrl + ét) =0,

where ip 4, is the auxiliary foreign interest rate.

—Pyv + Gubrys + Iypre + XyDxr — Mypars = 0,

—Fy i — Tz =0,

where 7, is the real interest rate.

Ay + Y — Y1 + 5 = 0,

where Ag; is output growth.

—Yrat +Yre =0,

where 9r,, is auxiliary foreign output.

—AYpt + Urat — Yrat—1 + 5 = 0,

where Agyp, is foreign output growth.

_gs,a,t + gS,t = Oa

where 9g . is auxiliary commodity production.
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where Ayg; is commodity production growth.
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where Rk,t is the return on capital.

B.3 Government
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where Gy, 1y, Ys, Bg, 7r, ir, n are steady-state terms, x is the commodity revenue share, g,
is government expenditure, IA)G,t is government foreign assets, g, is the expenditure shock,

and ip 4, is an auxiliary foreign interest rate.
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B.4 Monetary Authority
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where p, is smoothing, a.(s:) = o + O 50 Ol s ay(st) = oy + Oy Qy,s are volatility-
dependent coefficients, 7z, is core inflation, Ag, is output growth, and sh,,; is the monetary

policy shock.

A%t - Et + %t—l - O, (B-57)

where Az, is the interest rate change.
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where II; is the inflation rate, and ¢ is steady-state CPI inflation.

B.5 AR(1) Processes

At = PagAH t—1 + Oap€ap,ts

where p,,, is persistence, o,,, is the shock scale, and ¢,,, ; is the shock.

A Ak
Psy = PpiPsi—1 T OphseEphts

where py+ is persistence, oy s, is regime-dependent volatility, and &, ; is the shock.

Yrt = PypYrt—1 T OypEypt,

where p,,. is persistence, o, is the shock scale, and ¢, ; is the shock.

ZF,t = piFZF,t—]. + O—’L'ngpﬂfa

where p;,. is persistence, o0;, is the shock scale, and ¢, ; is the shock.

MTprt = PrpTEFt—1 T OnpEnpts

where p,, is persistence, o, is the shock scale, and ¢, ; is the shock.

Shm,t - psthhm,t—l + O $hum € shym ,t

where pgp,, 1s persistence, o, is the shock scale, and ey, + is the shock.

Shw,t = psthhw,t—l + O shewEshuw ts

where pgp,, is persistence, oy, is the shock scale, and €4, + is the shock.
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SAhc,t == psthAh'c,t—l + OsheEshe,ts (B_66)

where pgp, is persistence, oy, is the shock scale, and ey, + is the shock.

gex,t = pgemgez,tfl + Ugexggex,t; (B_67)

where pge, is persistence, o, is the shock scale, and €4, is the shock.

S/\h/i,t = pshisAhZ'ﬂf—l + O-Shigshi7t7 (B_68>

where pgp, is persistence, oy, is the shock scale, and ey, ; is the shock.

PFr,Ft = PpprPF Fit—1 + Opp rEprr.it (B'69)

where p,,. . is persistence, 0, .. is the shock scale, and ¢, . ; is the shock.

ﬁO,t = ppo,FﬁO,tfl + Opo,r€po.rit> (B'7O)

where p,,, .. is persistence, o, . is the shock scale, and ¢, ,.; is the shock.

§t = ,OTgt—l + OsEs.ts (B_71>

where pr is persistence, o, is the shock scale, and €, is the shock.

B.6 Steady-State Relationships

1 1
o Urg)itn)
1+gy’F

Y

where np is the foreign population growth rate, g, is domestic GDP growth, n is domestic
population growth, and g, 7 is foreign GDP growth.
€ — 1

RER = P, p :

€r

where RER is the steady-state real exchange rate, P, r is the steady-state foreign goods price,

13



and ep is the elasticity of demand for foreign goods.

1
P, = —,
F9 T RER
where P, ro is the steady-state foreign oil price.
1
Prrs = wmm,
5T RER

where P, p g is the steady-state foreign commodity price.

PT,O = RER- P’I“,F7O’

where P, o is the steady-state domestic oil price.

Prs=RER:- P pgs,

where P, g is the steady-state domestic commodity price.

1+7r
(1+ip)/(1+7p)’

where Oy, is the steady-state risk premium, 7 is the real interest rate, ip is the foreign nominal

658 =

interest rate, and 7p is foreign inflation.

Z, = [(14r)(1 + premio,) — (1 — &7)] P,

where Z, is the steady-state rental rate, premio, is the risk premium spread, d; is depreciation,

and P, ; is the investment price index.

CCQy(l + ip)@ss

1— L ’
(1+n)(1+9y) (1 +7F)

GBFY =

where eBFy is the bond-to-GDP ratio, C'Cqgy is the risk-adjusted net foreign asset flow, and

other terms are as defined.
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¢BFy (1 ~ e HF)GSS)

Reny = CCqy — NXy — Axm +gy)(1+7TF)’

where Reny is net revenues, N Xy is the net exports-to-GDP ratio.

RenNsy = Reny + P, gY (1 —x),

where RenN sy is non-commodity revenues, Y is commodity output, and y is the government’s

commodity revenue share.

WT)GH 1 — N

Khph = (Zr -

where Khph is the capital-to-labor ratio, W, is the real wage, and ny is the labor share.

WH

WT/PT,O YH
og—1/wg

Oth == ’
U}J/QH(Kthl_nH)T 1 — YH

where Ohph is the oil-to-labor ratio, and 7y is the oil share in production.

wH
wHZ1 o1

wp—1
aggrh = [(1 — ) (KR ) e {7 Ohyh :

where aggph is the aggregate input ratio.

Ghrh = (Khyh)=,

where Ghyh is the value-added ratio.

(WT + ZrKth -+ Pr,oOth)GH
€g — 1

Yhrh =

Y

where Y hph is the output-to-labor ratio, and ey is the demand elasticity.

Ghrh

hich =
Gh Khih’

where Ghgh is the value-added-to-capital ratio.
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_ Yhgh

Ap = ——,
aggrh

where Aj, is productivity.

Idgh = (1+g,)(1+n) = (1-4),

where Idgh is the investment-to-capital ratio.

~ (P.yYhprh — P,oOhph) + IdghKhph(P,p — RER)(ye — 1)’

Y

where [y is the investment-to-GDP ratio, Gy, is government spending, and P, y is the home

goods price.

Cy =1-NXy -G, — Iy,

where Cy is the consumption-to-GDP ratio.

Mfy = Cy(1 = ac)(1 —v¢) + Iy(1 = 1),

where M fy is the foreign goods imports ratio, and a¢ is the core consumption share.

VAhy =1-Y, — M fy(P.p — RER),

where V Ahy is the value-added ratio.

PryYhih — P,oOhh

Yrh =
g V Ahy ’
where Y7h is the GDP-to-labor ratio.
Yhrh
Yhy =
Y YLh )

where Y hy is the home goods output ratio.
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Ohh
My = RER-Mfy + P.o L” 4 acCy ),
O\ y.h

where My is the total imports ratio.

Xy = NXy + My,

where Xy is the exports ratio.

Yhly = Xy =Y,

where Y hFy is the foreign demand ratio.

P.o (OfLth + OécCY>

M =
oM MY )

where Moy, is the oil imports share.

Ysy = —
Sx XY7

where Y sy is the commodity exports share.

(Grh —1v = XYs + BalGy)(1 + 7m¢)(1 4 gy) (1 +n)

1— —L ’
(1+iF)ess

bGy =

where bGy is the government assets ratio, 7y is tax revenue, and BalGy is the government

balance.

aﬂ(st) = Oz + O-p*s,stams;

where a,(s;) is the inflation response, o ., a, s are parameters, and Ops.s, 18 the volatility.

ay(st) = ay .+ Opt,seQy,s5

where «,(s;) is the output response, and «, ., o, ; are parameters.
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B.7 Endogenous Variables

The model incorporates 71 endogenous variables, corresponding to the 71 numbered equations,

spanning from (B-1) to (B-71):
1. amy: Transitory productivity
2. [;Rt: Foreign bonds
3. by Covernment foreign assets
4. ¢;: Household consumption
5. ca,: Current account-to-GDP ratio
6. ¢y Imported goods consumption
7. ¢uy: Home goods consumption
8. ¢p e Foreign goods consumption (exports)
9. Aé¢;: Consumption growth
10. f:’t: Exchange rate depreciation
11. Ainv,: Investment growth
12. Awy: Real wage growth
13. Ag,: Output growth
14. Agp,: Foreign output growth
15. Agg,: Commodity production growth
16. g;: Government expenditure
17. Ger+: Government expenditure shock

18. %t: Nominal interest rate

18



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

i r+ Foreign interest rate

i Fazt: Auxiliary foreign interest rate
iﬁvt: Total investment

inv r¢: Foreign goods investment
inv m+: Domestic goods investment
]Aﬂti Capital

l%l%t: Lagged capital

l;: Labor supply

my: Total imports

mcp: Marginal cost

Mey: Oil imports

ocy: Oil consumption

om¢: Oil input in production

7c: CPI inflation

7+ Core inflation

Try: Imported goods inflation
7ppy: Foreign inflation

. Domestic goods inflation

T re: Exported goods inflation
pre: Real price of foreign goods

pr.ry: Real price of foreign imports

19



40.

41.

42.

43.

44.

45.

46.

A7.

48.

49.

0.

ol.

52.

93.

54.

99.

56.

o7.

28.

99.

60.

pu: Real price of home goods
pu,re: Real price of exported goods
Prs: Investment price index
D Import price deflator

Po.: Real oil price

Dsy: Real commodity price
Ds.at: Adjusted commodity price
Ps,: Foreign commodity price
Dx ¢+ Export price deflator

Py GDP deflator

G;: Price of capital

7¢: Ex-post real interest rate
Tert: Real exchange rate

Rk,t: Return on capital

shey: Preference shock

sAhi,t: Investment adjustment cost shock

sAhm,t: Monetary policy shock
sAhw,t: Labor supply shock

5¢: Permanent productivity shock
T¢: Lump-sum taxes

us: Capital utilization



61. w;: Real wage

62. z;: Total exports

63. 7;: Real GDP

64. yp,: Foreign output

65. Upas: Auxiliary foreign output

66. ym+: Home goods output

67. ys.: Commodity production

68. Usqs: Auxiliary commodity production
69. z;: Capital rental rate

70. II;: Inflation rate

71. Ai;: Interest rate change

C Regime-Switching Model Formulation and Solution

In the RISE toolbox (Maih, 2015), a “regime” is defined as a composite of states from
independent Markov processes, capturing joint dynamics of economic dimensions such as
commodity price volatility and monetary policy stance. Specifically, we denote the regime
as r, = {s;}', where s}’ € {H, L} represents high (H) or low (L) volatility in commodity
prices. Each state s} reflects transitions within a single Markov process, governed by transition
probabilities.

The regime-switching DSGE model is characterized by a system of expectational equations

defining the equilibrium:

h
Et Z prt,TH_l (It)frt (xt+1(7't+1)7 mt(ﬁf): Ti—1, 67“157 91“¢+1 ) 5t) = Oa (C'72)

re41=1

"Tf we had multiple Markov processes, a regime could be e.g. 7; = {s}’, s}, with s representing the state of
the additional Markov process.

21



where:

Dreses (Zt): Transition probability from regime 7, to 441, conditional on information set

7.
e f..: Nonlinear function specifying equilibrium conditions under regime 7.
e 1,(ry): Vector of endogenous variables, regime-dependent.

e 0,.: Structural parameters, varying by regime.

et ~ N(0,I): Vector of stochastic shocks.

This formulation captures forward-looking behavior, where agents’ decisions in regime r;
depend on the distribution of future regimes r;,1, reflecting regime-contingent expectations
and precautionary adjustments.

We assume a minimum state variable (MSV) solution:

Ty = 773 (xt—bgt)v (C_73)

where 7,, maps state variables and shocks to endogenous variables, varying by regime. The

state variables are:

= [1‘11,5717)(751,5}/7 (C_74>

with x;_; as lagged endogenous variables, ¢; as shocks, and x as a perturbation parameter.
Due to the intractability of an analytical solution, we apply a p-th order perturbation

expansion around regime-specific steady states:

1
ﬁt(zt) ~ 7:'t<27’t) + 7;” (Zt - 27%) + 57;7: (Zt - 2’%)@2 +---+ _TT(‘Z)(Zt - 2“)@)17’ (C_75>

where Z,, is the steady state for regime r,. This approach, following Maih and Waggoner

(2018), accommodates switching parameters (e.g., commodity price volatility, Taylor rule

coefficients) and is implemented in RISE.”

? Alternative methods include Foerster et al. (2016) and Barthélemy and Marx (2017), which also approximate
solutions for regime-switching DSGE models.
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D Optimal Monetary Policy in a Simplified DSGE Model

This appendix presents a simplified dynamic stochastic general equilibrium (DSGE) model
for a small open economy with commodity price shocks, inspired by Drechsel, McLeay, and
Tenreyro (2019). The model uses Rotemberg pricing, specified in nonlinear form to facilitate
welfare-based analysis. It includes households, domestic goods firms, commodity sector firms, a
monetary authority, and an exogenous foreign economy. Commodity goods are sold exclusively
to the foreign economy, with profits rebated to households. A production subsidy (; is
optional for computational flexibility (e.g., {; = E_Ll or (; = 0). The nonstationary model
has 18 endogenous variables and 18 equations, ensuring solvability. The stationarized model
eliminates non-stationary price levels, also with 18 endogenous variables and 18 equations. The
balanced current account (ps¢cre = petlyer) is satisfied by the model’s equilibrium conditions.

The model is elaborated below and we implement optimal commitment policy compared
to a simple Taylor rule, to show that the commitment policy produces higher welfare and
lower fluctuations. The model is calibrated for a small open economy with the same inflation
target as we have in the main text. While the results on optimal commitment policy relates to
a lst-order perturbation, we are also able to implement the same exercise up to a 5S5th-order
perturbation.

The exercise captures dynamics critical for commodity exporting economies and highlights
how commodity price volatility affects m; and y, ¢, providing theoretical insights that inform

the SARB model’s ad-hoc loss function (Section 5) that we implement in this paper.

D.1 Nonstationary Model

D.1.1 Households

Problem Solved: Households maximize expected lifetime utility:

00 Nt1+¢
t —_
sh, P 2\l g )
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subject to the budget constraint:

Dy

PC
tt+1+h

== WtNt + Dt,1 + \I/t, (1)

where Cy is consumption, Ny is labor, 8 € (0, 1) is the discount factor, ¢ > 0 is the inverse
Frisch elasticity, P; is the CPI, I; is the nominal interest rate, W, is the wage, D, is bond
holdings, and ¥, is firm profits. Households consume domestic (Cy;) and foreign goods (Cr)
at prices Py, and Pp;, with import share o € (0, 1).

Optimality Conditions:

e Zero bond condition:
Dt — O, (2)
e Labor supply:
W,
?tt - Ntd)ch (3)
e Fuler equation:
Cy P }
E 1+ 15)| =1, 4
o |:Ct+l Pt+1( 2 4)

Domestic goods demand:

e Foreign goods demand:
P,
Cri=a (P—;t) Cr, (6)
e CPI definition:
P, = P} P8, (7)

D.1.2 Domestic Goods Firms

Problem Solved: Monopolistically competitive firms produce Yy, using labor N;, setting

prices with Rotemberg adjustment costs:

C: h

— , , K Pri(i)
i B30 G | PV )~ (1 5 Va0~ 2(

2
N 7T> PH,t+TYH,t+T
P gyr—1(1)

Y
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P (i)
PH,t+T

subject to demand: Yy, (i) = ( >_ Y 1+, where € > 1 is the elasticity of substitution,

¢; > 0 is an optional production subsidy (e.g., {; = ﬁ or ¢, =0), kK > 0 is the adjustment
cost parameter, 7 is steady-state inflation, and production is Y 11r = ap N4, with a > 0.

Optimality Conditions:

e Subsidy (optional):

G = (0.1)

e Price setting:

W, Py ( Py )]
l—€e+e¢ — K : — — 7)Y
[ (14 ¢)anPuy Pri—1 \ Prt—1 it

(8)
G, P (PHH1)2 (PHH )
+ BKE. : — — 7Y =0
frEy Civ1 Piya \ Py Pry it
e Aggregate output:
YH,t - ahNt7 (9>

D.1.3 Commodity Sector Firms

Problem Solved: Competitive firms produce commodities Y¢; using domestic goods inputs
M+, maximizing profits:

max PC,th,t - PH,tMH,ta
Mg ¢

subject to: Yo, = acMﬁLt, where v € (0,1), a. > 0, and Po; = EtPat. Commodities are sold
exclusively to the foreign economy at price Pe ;.

Optimality Conditions:

e Input demand:

PegvacMy,' = Pry, (10)

)

e Production:

YC,t = acM}}I,tv (11)

D.1.4 Monetary Authority
Problem Solved: Sets the nominal interest rate I; via a Taylor rule.
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Optimality Conditions:

e Taylor rule:

ﬂ_t ) O‘Tr(lfpi)

1 I, = (14 L) P (1 + L_y) (? , (12)

D.1.5 Foreign Economy

Role: Sets the stationary world commodity price P75, and constant foreign goods price

PF*‘,t = Pf,stst = 1.

Equation:
e Commodity price process:

log Py = pelog P,y + 0cece,  €ce ~ N(0,1), (13)

D.1.6 Market Clearing and Additional Conditions

Market Clearing:

e Domestic goods market:

Y = Cuy + Mpuy, (14)
e Law of one price:
PF,t = gtpf,ststv (15>
Additional Conditions:
e CPI inflation:
P,
T = , 16
‘=P (16)
e Commodity price definition:
PC,t - gtPC*',tv (17)
e Firm profits:
V= Py Yu — WelNy + PotYor — PaiMps, (18)
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D.2 Stationary Variables Definitions

Nominal variables are divided by the CPI P, which grows at the steady-state inflation rate
7, to eliminate non-stationarity. The world commodity price Pg, is stationary. Stationary

variables use lowercase notation:
e Consumption: ¢; = C}.
e Labor: n;, = N,.
e Real bond holdings: d; = %.
e Domestic goods consumption: ¢, = Ch .
e Foreign goods consumption: cf; = Cpy.
e Domestic output: yn; = Y.
e Commodity input: mp; = Mpy,.
e Commodity output: y.+ = Ye ;.

e Interest rate: i, = I;.

e Inflation: 7, = Pi.
t—1
. _ W

e Real wage: w, = 3.

. . . Py
e Relative domestic price: pp; = o

. . . . o PF,t
e Relative foreign goods price: ps; = o

. . . _ Poy
e Relative commodity price: p.; = 7

e Real firm profits: ¢, = %f.

gtpf,stst

e Real exchange rate: e; = =5

where pg e = 1.
e Relative commodity price: p;, = Pp, (stationary).
e Subsidy: ¢; = =5 (optional).
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D.3 Stationarized Equations

The 18 stationarized equations, with lowercase variables, are:

0.1 Subsidy (optional):

0.2 Steady-state interest rate:

1 Household budget constraint:

d ds_
Ct + - :wtnt+;—1+¢ta
¢

1+2t

2 Zero bond condition:

dt = 07
3 Labor supply:
Wt = nfct,
4 Euler equation:
c 1
BE, {—t (1+ z@)] =1,
Ct4+1 Tp41

5 Domestic goods demand:

1
chi=1—a)| — )¢,
nt = ( )(ph,t) .

C = Q| — | G,
d Py

l—a, «

= Pht Pres

6 Foreign goods demand:

7 CPI definition:
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8 Price setting (Rotemberg, symmetric equilibrium):

{1 et Wy . Kph,tﬂ't <Ph,t77t _ W)} Uns
(1+ C)anpn Dhyt—1 \DPh,t—1 ’

2
¢ 1 Pht+1T¢+1 Pht+1Tt41
=7 | Ynpt1| =0
Ct41 Tp41 Pht DPht

+ BrE;

9 Aggregate output:

Ynt = QpNy,

10 Commodity input demand:

v—1
PtV o+ = Pht,

11 Commodity production:

_ v
Yeir = AcMyp g,

12 Taylor rule:

Y

. . o . mp\ @n(1=pi)
L+ = (1 + dgpet) (14 i) (ﬁ)

13 Commodity price process:
logpey = pelogpe, 1 + 0ccer,  Ect ~ N(0,1),
14 Domestic goods market clearing:
Yht = Cht + Mpy,

15 Law of one price:

pfﬂf = €,
16 CPI inflation:
P,
T, =
t Pt_l )

17 Commodity price definition:
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18 Firm profits:

Py = DPhtYht — WiNt + PetYet — PhtMht, (18)

D.4 Economic Flows

Households supply labor (N;) to domestic firms, receiving wages (W;) and profits (¥,), and
consume domestic (Cy¢) and foreign goods (Cg;) with no bond holdings (D; = 0). Domestic
firms produce output (Yz,) at price Py, supplying households and commodity firms (M ;).
Commodity firms produce output (Y¢;) sold to the foreign economy at price Py, using
domestic inputs (Mp,). The monetary authority sets the interest rate (I;) based on inflation
(I1;). The foreign economy sets Pg, and P, affecting prices via &. The balanced current

account (Pp;Cry = Pe Yo, is satisfied.

Domestic Goods
I1; )

N¥ Firms
Households S

Monetary ‘Commodity Sector}
Authority Firms
NS
; via &
3 PEL P
Foreign
Economy

Figure D-1: Flowchart of economic interactions in the simplified DSGE model.

D.5 Model Closure

The nonstationary model has 18 endogenous variables: Cy, Ny, Dy, Cry, Cry, Pry Wi, Pry, Yo,
Muy, You, Iy, &, Wy, Pry, Poy, Py, Wy and 18 equations (0.1-0.2, 1-18). The stationary model

has 18 endogenous variables: Ct, Ny, dt7 Ch,ta Cf,t7 Wy, ph,ta yh,t> mh,ta yc,t> Uty €ty T, pf,ta pc,t: ¢t7 pcyta Cta
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and 18 equations (0.1-0.2, 1-18). The exogenous variables are ¢ a IID shock and py gq = 1.

D.6 Steady-State Solution

The steady state is computed by setting all time-subscripted variables to their steady-state

values (xy = x4_1 = x441) and solving sequentially, assuming n, = n = % The inverse Frisch

elasticity ¢ is determined in steady state. The steady-state equations are:

0.1 Subsidy (optional):

1
Ct - € — 1a
0.2 Steady-state interest rate:
, 1
Lstst = B -1,
12 Taylor rule:
Ty = T,
4 Euler equation:
s
1 = Et — 1,
2 Zero bond condition:
dt = 07
13 Commodity price process:
p:,t = 17
9 Aggregate output:
Yn,t = AT,

1 Household budget constraint (implied by balanced current account):

v
mpt

T I atuat™

10 Commodity input demand:
Pht = [phvacmy ],
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14

17

11

15

18

Domestic goods market

clearing:

Chit = Ynt — Mpg,

Domestic goods demand:

CPI definition:

1
Dht (yh,t - mh,t) )
—

Ctzl

a—1

Prt = (ph,t) e

Commodity price definition:

Commodity production:

Law of one price:

Pet = pf,tp:,ta

v
Yer = acmh,tv

€t = Dft,

Price setting (Rotemberg, symmetric equilibrium):

Labor supply:

Foreign goods demand:

Firm profits:

e—1

wy = (14 C)anpn,

log (f—;)

log n;

(5r)
Cre =Q | — | G,
d Pyt

o=

U = PhaYht — Wiy + DetYet — PhtMht-
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Figure D-2 provides the results under both types of monetary policy, i.e., a simple Taylor

rule and optimal commitment policy. The results confirm that commodity price shocks are

important determinants for inflation and output and hence reinforce our main research objective

in the paper for monetary policy to cater for such fluctuations. Optimal commitment policy

delivers lower fluctuations in output altogether, as depicted in both the figure and the table

D-1 of the results for the standard deviations of the variables.

Domestic Output Labour
- -
02 = 02 =
0.1 "- 0.1F "-’
ok ::‘.-.-. ........ e u o n 0 e e e e e R u o n
0 2 - 6 8 10 0 2 4 6 8 10
Total Consumption Nominal Interest Rate
06r -, O  reemmmemmmeieeeeeeaaaaa.
0” Y wamuns [
0.4f Ijj;:::. ~10F . -t
e <
02t g, Q\
L -20 b % i
0 2 4 6 8 10 0 2 4 6 8 10
_____ CPI Inflation 1 Commodity Price
Or NELEEEE Cwamemamanr T 'U:__. ______ Tayor rule
- 0.8¢ Yoo, femmmss Commitment
- .
0.2 ,S.‘: 0.6F Tl X
R 4 6 8 10 > 2 4 6 T
Figure D-2: Optimal Commitment Policy vs Taylor rule
Variables Taylor Rule Optimal Commitment
Domestic Output 0.0848 0.0000
Labour 0.0848 0.0000
Total Consumption 0.1408 0.0823
Nominal Interest Rate 5.2582 0.0000
CPI Inflation 0.0776 0.1353
Commodity Price 0.2058 0.2058

Table D-1: Standard deviations of main variables
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E Impulse response functions with confidence bands
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Figure E-3: Generalized IRF's for a commodity price shock
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Figure E-4: Generalized IRFs for a monetary policy shock
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Figure E-5: Regime 1 specific IRFs to a commodity price shock
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Figure E-6: Regime 2 specific IRFs to a commodity price shock
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Figure E-7: Regime 1 specific IRF's to a monetary policy shock
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Figure E-8: Regime 2 specific IRF's to a monetary policy shock
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F IRFs comparison between constant parameter DSGE

and regime switching DSGE
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Figure F-9: IRFs comparison for a commodity price shock. In blue the regime switching
model and in red the constant parameters model.
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G Variance decomposition of selected variables
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Figure G-11: Variance decomposition Inflation
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Figure G-12: Variance decomposition domestic output
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Variance decomposition Real Exchange Rate S:’°'=Luw
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Figure G-13: Variance decomposition real exchange rate
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