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MOTIVATION

@ Between 2006 and 2014 energy prices soared.

@ Also during this time agricultural commodity prices increased
substantially.

@ For many developing countries their exports are highly concentrated in
the energy and agricultural sectors.

@ Between 2006 and 2014 many developing countries experience an
acceleration in their economic growth.

@ At the same time, many of them saw inequality and poverty decrease.
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MAIN QUESTIONS

o How important is the role of the booms in international prices of energy
and agricultural commodities in explaining the reductions in inequality
and poverty in the countries that have experienced these booms?

@ What is the expected impact of the bust of those prices in inequality and
poverty reduction?

RAVI BALAI
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THIS PAPER

@ Develops a multi-sector quantitative general equilibrium model with
heterogeneous agents in each sector that incorporates the most salient
features of low-income and developing economies (LIDCs).

@ Calibrates the model using household-level survey data and
macroeconomic data to Bolivia.

@ Disentangles the impact in inequality and poverty of international
changes in the price of agricultural an energy goods from the impact of
government policies and others changes in the economy (migration and
changes in skill level).

@ Forecasts the impact of the commodity price bust in inequality and
poverty.
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LIDCS SALIENT FEATURES

Large inter-sectoral productivity gaps
Wage employment scarce; prevalence of household enterprises
Limited access to financial markets and welfare system

Non-diversified export sector

¢ © ¢ ¢ ¢

Limited access to financial markets and welfare system

RAVI BALAI SANDRA V.
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INTRODUCTION

WHY ARE ENERGY AND AGRICULTURAL
INTERNATIONAL PRICES ROLE IMPORTANT FOR
LIDCs?

@ The share of rural households in LIDCs is large. Households in these
areas mainly produce agricultural goods (food).

@ Food accounts for a large share of household expenditure in these
countries.

@ The share of the energy sector in GDP for LIDCs that are energy
exporters is large.

o For energy exporters government revenues are highly sensitive to the
energy sector developments.
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LITERATURE REVIEW

o Terms of Trade Shocks

e Food prices shocks: Adam (2011), Aksoy and Isik-Dikmelik (2008), Regmi
et al. (2001), Rakotoarisoa, Iafrate, and Paschali (2011)

@ Schmitt-Grohe and Uribe (2015), Blattman et al. (2007), Kose and
Riezman (2001), Mendoza (1995, 1997), Barro and Sala-i-Marti (1995),
Easterly et al. (1993)

e Structural Transformation
o Adamopoulos and Restuccia (2011), Caselli (2005),

o Heterogenous Agent Models
e Ayiagari (1994), Krussel and Smith (1998)
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INTRODUCTION

MODEL STRUCTURE

@ Four Productive Sectors:
@ Agriculture
© Manufacturing
@ Services
@ Energy

@ Three types of households:
@ Rural Households
@ Urban Workers
@ Entrepreneurs

@ Open small economy
@ Imported goods: Food; manufacturing; agricultural inputs
@ Exported goods: Process food; manufacturing; energy

@ Incomplete asset market model

@ Aggregate shocks
@ Idiosyncratic shocks
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MODEL

@ Agents in all sectors maximize expected discount utility over the
consumption of four goods:
@ Food (domestic produced ¢* and imported ¢*)
@ Tradable goods (manufacturing) ¢
@ Non-tradable goods (services) c¥
@ Energy goods c?

@ Agents in all sectors can save and borrow at a risk-free interest rate
@ Farms produce food

@ Urban workers decide how much to work in:
@ Formal sector production(manufacturing and services produced by firms)
or government
© Household enterprises (producing services with a decreasing returns to
scale technology)

o Entrepreneurs decide how many tradable, non-tradable, energy and
agricultural exports to produce
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I TERMS OF TRADE BOOMS AND BUSTS AND INEQUALI' FEBRUARY 2017 11 / 41



INTRODUCTION

MODEL: ENTREPRENEURS
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INTRODUCTION

MODEL: PRIVATE SECTOR WORKERS-LOW SKILL

max Eg Zﬁtu(cHl’f,cfH’o,cf“’E)
t
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INTRODUCTION

MODEL: PRIVATE SECTOR WORKERS-HIGH SKILL
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INTRODUCTION

MODEL: GOVERNMENT WORKERS

max Eg Z Blu(cHE7 chG’O, chG’E)

subject to
HGf — Qf(CHG,a cHG’*); HGo _ Q°(c HG,TyCHG,N)
PG = (14 79)p@dcHGa | (1 4 ) cHG* 4 (1 4 7T)HOT
+ (L + 7PN HGN L (1 4 7B)pPd e B
pecHG +b+1 = (1 + R)bHG 4 sHGGRHG 4 pNyHGN
_ THG(y GRHG Ny HGN)

YHEN = zupv(1 — hHY)

hHE <19

bHG > BHG

SHG — pHGSH1G +€ 6HG ~ N(O, (O'HG)2)

IRUNGESYNWN IR NN RSN D VNN RN NN BVANIVAS T 2R S OF TRADE BOOMS AND BUSTS AND INEQUALI FEBRUARY 2017

15 / 41



INTRODUCTION

MODEL: FARMERS

max [Eg Z Btu(ct, Ao, M)
t

subject to
AS — Qf(cA,a7 CA,*); Ao — QO(CA,T7 CA,N)
pccA =1+ Ta)pa,ch,a +(1+ T*)p*cA,* +(1+ 7_T)CA,T
+ (1 + TN)chA,N + (1 + TE)pE,dCA,E
poet + by = (L+ RpA +p Y — (L4 77)p™e X4 — T4 (py )
YA,a — s ZaFa(QA XA ay
v, > B4

st =phst + et et ~ N(0, (6)?)

RENU I STV NS IV ESN D XN NSNS VAN TRVAS [ -1 \iS OF TRADE BOOMS AND BUSTS AND INEQUALI' FEBRUARY 2017 16 / 41



INTRODUCTION

MODEL: GOVERNMENT
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EQUILIBRIUM

An equilibrium for this economy is a vector of allocations of consumption,
investment, time use and bond holding for farmers, urban workers, and
entrepreneurs, together with prices {p®, p™,w, R}. Such that given the
international interest rates {r*}, the price of imported food {p*}, public
employment limits 19 and government wage {w9}, a sequence of sectorial
productivity shocks, and predetermined tax/transfers functions

{TF THL TH2 THG TAY the vector of allocations of consumption,
investment, time use and bond holding for farmers, urban workers, and
entrepreneurs, together with prices {p®, p™, w, R}, solves the agents
optimization problem and market clear.
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INTRODUCTION

EQUILIBRIUM (CONT)

o Labor Markets
L = LT+LN+LT :MHl/ﬁthle(SHl,BHl)

+MH2/’0H2hH2F(SH2,BH2)

@ Food Market

C" + M = pty e
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EQUILIBRIUM (CONT)

@ Non-Tradable Market
CN +IG,N — MentZNFN(KN,LN,EN) +/14H1 /YHl,NI\(sHl’BHl)

+ILLH2/YH2’NF(SH2,BH2)+‘LLHG/YHG’NF(SHG,BHG)
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INTRODUCTION

EQUILIBRIUM (CONT)

o Trade Balance

ZTFT(KT,LT,ET) +pTZTFT(LT,M) +pEZYEFE(KE)
=p*C*+CT +p"(CP + ET + EN) + preXx ™
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INTRODUCTION

MODEL SOURCES OF
HETEROGENEITY /DISTRIBUTION

@ Occupational: firms owners, wage-employed (private and public),
self-employed.

@ Sectoral: agricultural, resource, other.

o Earnings: workers and household enterprises have heterogeneous
productivity.

@ Income: productivity shock history generates a distribution of wealth —
financial income.
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FRICTIONS AND RESTRICTED MODEL CHANNELS

@ There is no movement out of agriculture.
@ Good produced by public employees plays no role in economy.
o Segmented asset markets (households access bonds, firms — capital).

@ Equal depreciation rates of all capital stocks.
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QUANTITATIVE ANALYSIS: METHODOLOGY

@ Steady-state comparisons: Define three different periods
o Steady-state 1: Pre-boom period
o Steady-state 2: Boom period
o Steady-state 3: Bust period

o Calibration of the model to pre-boom period

@ Compute steady-state 2 to quantify the impact of the boom, feed the
model with changes in:
¢ international prices of agricultural and energy exports
e policy shocks (changes in effective tax rates, price controls, subsidies,
transfers, etc.)
@ demographic shocks (changes in skill level, changes in rural and urban
shares of population)

@ Compute steady-state 3 to forecast the impact of the bust, feed the model
with changes in
o international prices of agricultural and energy exports
@ possible policy responses.
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INTRODUCTION

QUANTITATIVE ANALYSIS: SPECIFICATION

@ Use a specific version of the model: productivity shocks s/, s#2 sHG

and s symmetric, and types permanent.

! !

o Functional forms:
1
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INTRODUCTION

@ Country application: Bolivia
@ 2006-14 Gini coefficient fell an average of 1.10 points per year.
@ 2000-05 Gini coefficient fell an average of 0.76 points per year.
@ 2006-14 Poverty head-Count fell an average of 2.6 p.p per year.
@ 2000-05 Poverty head-Count fell an average of 0.7 p.p per year.

@ Bolivia Household Survey Data (Encuesta de Hogares Boliviana):
2005-2013. INE, World Bank.

@ Bolivia’s macroeconomic variables: GDP by expenditure and by sector.
INE, IMF

@ Other information: skill levels, rural-urban population, employment
shares, government tax revenues and expenditures. SEDLAC, Lustig
(2014), World Bank, IMF, Udape.
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INTRODU N

PARAMETERIZATION
Parameter Value | Target
Discount factor g 0.95 Period = 1 year
RRA coeficient o 1 Standard range
Elast. of substitution, domestic and imported p/ -0.0001 | Cobb-Douglas
Elast. of substitution, tradable and non-tradable p° | -0.0001 | Cobb-Douglas
Weight of food in utility p/ 0.405 | CPI weight food 0.39
Share of domestic food in utility A/ 0.7425 | CPI weight imported food 0.09
Weight of energy in utility u® 0.06 CPI weight energy 0.07
Farmers’ production function 0.49 Literature estimates
Agricultural land size ratio % 12 Literature estimates
Agricultural exports fn. labor share " 0.49 Literature estimates
Household enterprise prod. fn. & 0.6 Informal sector employment 0.6
Tradable production fn. labor share 1 — oY 0.66 Standard range
Tradable production fn. labor share 1 — a” 0.56 Literature estimates
Energy production fn. capital share a” 0.325 | Standard range
Production share of government capital v% 0.17 Literature estimates
Public investment efficiency 7 0.7 PIMI Index
Private capital depreciation rate § 0.055 | Colombia estimates
K& depreciation rate 6¢ 0.055

RAVI BALAKRISH
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INTRODU N

PARAMETERIZATION (CONT)

Parameter Value Target

Imported food price p* 1.25

Imported agricultural input price p*® 1

Export/agricultural price p” 1.07

Export/energy price p” 1.11

Food price ceiling p®¢ L1x phe;

Export/energy price p” 1.11

Energy price ceiling p®? 1.1x pEq,

Borrowing limit, wage-earners BY 1x annual income
Borrowing limit, agriculture hh. ent. B4 1x annual income

Pop. share agriculture pu? 0.375 Population data, WB
Pop. share wage earners ! 0.3185 Skills data, SEDLAC
Pop. share wage earners ;2 0.1895 Skills data, SEDLAC
Pop. share wage earners ¢ 0.067 Employment data, Udape
Wage ratio high/low skill 321 3.97 Employment data, Udape

@ Productivity states: s* = (0.4,1,1.6) with transition matrix resembling

the data’s.

RAVI BALAKRISH
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INTRODUCTION

S. S. COMPARISON: CALIBRATION

2000-2005 2000-2005 2006-2014 2006-2014

Data Model Data Model
Sectors Shares in GDP
Share Agriculture 15.86 16.16 14.38 18.18
Share Energy 12.90 13.84 15.71 17.35
Share Manufacturing 18.15 16.80 18.73 18.46
Share Services 53.07 53.20 51.18 45.98
GDP by Expenditures
Private Consumption 73.74 72.86.03 71.02 72.12
Public Consumption 11.55 12.00 11.19 11.00
Private Investment 8.96 9.28 8.18 7.42
Public Investment 5.47 5.86 9.61 9.46
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INTRODUCTION

S. S. COMPARISON: CALIBRATION(CONT.)

2000-2005 12000-2005 2010-2014 2010-2014

Data Model Data Model
Exports Sectors/ GDP
Total Exports 25.65 27.39 32.76 26.77
Agricultural Exports 3.84 4.73 3.44 5.09
Energy Exports 17.87 13.48 28.03 17.61
Taxes as share of GDP
Total Taxes 21.80 21.89 29.70 30.31
Direct Taxes 3.81 3.80 5.10 5.76
Of which: Corporate Tax 2.30 2.23 4.35 4.19
Indirect Taxes 2.30 2.23 4.35 4.19
Of which: VAT 6.51 6.54 7.92 8.91
Royalties 4.65 4.84 9.29 8.85
Public Sector: Other
Public Wage Bill/GDP 8.80 8.51 9.50 8.82
Social Transfers/GDP 0.00 0.00 2.11 2.06
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S.S COMPARISONS: CHANGE IN GDP - Boowm
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GDP - Boom

@ Energy prices

¢ Increase profitability of energy sector.

o T MPyr in energy sector — increases K”: higher demand from
entrepreneurs (1 ¢t IE) as consequence 1 p?.

@ More household enterprises and entrepreneurs production of non-tradable
goods.

o higher p®? increases production costs of tradable and non-tradable
sectors: (L I7,} IVl w).

e more royalties (i.e. T TYEpEYE) increase K¢ which increases economic
sectors’ TFPs (i.e. 1 2%, 27,2N, 2", Z¥E 2.

@ Agricultural prices

o Increase profitability of agricultural exports sector

o T M Py in the agricultural exports sector — increases M: higher demand
from entrepreneurs 1 p®, p><.

@ More agricultural production and higher incomes for farmers.

RAVI BAL: R/ NA L BVAS T rMSs OF TRADE BOOMS AND BUSTS AND INEQUALI' FEBRUARY 2017 32 /41



GDP - Boom (CONT.)

@ Rural to Urban Migration
¢ Increases urban labor supply allowing an increase in production of
tradable, non-tradable goods, and agricultural exports.
@ Because those productions have larger sector-wide productivity per worker
than agriculture, the GDP grows.
o Higher GDP implies more tax revenues that translate in more
infrastructure investment.

@ Higher labor force skill level

o Increases labor marginal productivity, and with it the profitability of the
tradable, non-tradable, and agricultural exports.
@ Production levels on those sectors increases — GDP grows
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S.S COMPARISONS: POVERTY AND DISTRIBUTION -
Boowm
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INEQUALITY AND POVERTY - BOOM

@ Energy prices

@ Impact on entrepreneur incomes: ambigous (higher profits in energy sector
lower profits in tradable and non-tradable sectors)

o Impact in urban workers: average wage falls — reducing intersectoral
inequality

o Impact in urban workers: revenue from household enterprises increases
reducing intrasectoral inequality

o More infrastructure investment: depending on recipient sectors impact
migh differ

o Poverty falls because of higher income for informal sector households and
higher growth

@ Agricultural prices

¢ Impact on farmers’income: higher farmers’ income reduces intersectoral
inequality
o Poverty falls: most poor households are in the rural sector

RAVI BALAKRISHNAN, SANDRA VALENTINA LI
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INEQUALITY AND POVERTY - BOOM (CONT.)

o Rural to Urban Migration

@ Reduces intersectoral inequality
@ Reduces poverty: most poor households are in the rural sector

o Higher labor force skill level

@ Reduces skill premium reducing intra sectoral inequality
@ Reduces size of informal sector reducing intra sectoral inequality

RAVI BALAKRISHNAN, SANDRA VALENTINA
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S.S COMPARISONS: CHANGE IN GDP - Bust

Change in GDP - Bust
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INTRODUCTION

GDP - Bust

@ Analogous forces to the ones observed during the boom are at play

@ Impact is not symmetric because neither changes in rural-urban
population or skills are considered in this excersice
@ Fiscal consolidation on its own is costly
@ Using fiscal space generated by the fiscal consolidation to mantain
investment in infrastructure allows to mitigate the impact of the bust. In
Bolivia
e Can reduce the impact of the bust on the GDP (over the long-term) by at
least 5 p.p
o If combined with increase efficiency of public investment the reduction in
such impact could be as large as 8p.p
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INTRODUCTION

S.S COMPARISONS: POVERTY AND DISTRIBUTION -
Bust
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INTRODUCTION

INEQUALITY AND POVERTY - BUST

@ Better targeting of social transfers program is a extremely powerful tool
to mitigate distributional impact of the bust. In Bolivia:
@ Could reduce Gini coefficient by 1 points w.r.t. to the one that would be
observed without changing the targeting
@ Could reduce poverty headcount by 5 p.p w.r.t. to the one that would be
observed without changing the targeting
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CONCLUSIONS

@ Terms of trade booms and busts seem to have a predominant role in
explaining GDP changes: in Bolivia approx. 2/3 of GDP increases can be
attributed to the increase in commodity prices (energy and agriculture)

@ Terms of trade booms and bust also are important in explaining changes
in inequality and poverty: in Bolivia approx 30% of the fall in inequality
between 2006 and 2014, and approx. 60% of the fall in poverty can be
attributed to this factor

o Rural-to-urban migration (structural transformation), changes in skill
level of the labor force and fiscal policy are also important elements to
determine the final economic outcome: In Bolivia

o Changes in the skill level of the labor force have an impact of similar
magnitude to the one of the terms of trade in explaining the observed GDP
expansion and the fall in inequality (not as much in poverty reduction)

@ Fiscal policy plays an important role in reducing inequality and poverty
but can generate efficiency trade-offs in terms of GDP expansion
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