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This paper analyses the effects of inflation and its volatility on Received 4 November 2015
Gross Domestic Product (GDP) per capita for the regions of Bolivia Accepted 10 February 2017
over the period 1989-2011. Results show the existence of a posi- KEYWORDS

tive rle'latlonshlp with |nﬂatlop but a negative one W.It.h respe'ct to Convergence; models with
volatility. Moreover, we identify a threshold for volatility and infla- panel data; output; inflation
tion. Our conclusions imply that economic agents are more toler-

ant to relatively high levels of inflation than to high inflation JEL CLASSIFICATION
volatility. C23; E31; 047

1. Introduction

Since their inception, the topics of inflation and unemployment have been at the centre
of macroeconomic studies. The Phillips curve — which also has the virtue to express the
Keynesian ideas — can be considered the first formalization of the relationship between
these two variables. Indeed, in the original Keynesian paradigm, both phenomena were
mutually exclusive: if an economy was going through a recession, inflation would tend
to be modest or negative, while in a full employment economy an increase in demand
would result in vigorous inflationary pressures.' Moreover, the relationship between
unemployment and the economic cycle is usually considered stable. Indeed, if the
economy is booming, it is expected for companies to hire additional workers and thus
reduce unemployment; on the other hand, if the economy goes into a recession,
companies experience reduced sales, and will be forced to cut costs, which could result
in the dismissal of workers, which in turn would increase unemployment.

However, some economists began challenging this traditional view in the late 1960s
when the largest economies in the world experienced periods of high unemployment
and high inflation, or what economists call ‘stagflation’. Following these events, Sidrauski
(1967) proposed that while rapid increase in the money supply not only creates inflation
but also reduces the output growth in the short run. Following Sidrauski's work, Fischer
(1983) developed a dynamic optimization portfolio model where money is introduced in
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the production function, finding an inverse relationship between inflation and Gross
Domestic Product (GDP) growth.

Nowadays there exists vast theoretical and empirical literature that aims to determine
the relationship between inflation and economic growth. The results have been some-
what ambiguous, in particular those regarding the magnitude of this relationship. For
instance, using growth regressions using a panel of countries Fischer (1991, 1993) finds
evidence of a negative relationship between inflation and growth, contradicting the
underpinnings of the Phillips curve. Although De Gregorio (1993) uses a smaller sample
with only 12 Latin American countries, he finds similar results. Other authors, however,
have argued the need to account for possible nonlinearities.? This strand of the literature
has concluded that the relationship predicted by the Phillips curve often holds under
moderate inflation rates. Once inflation surpasses a certain threshold, it may indeed
negatively affect growth and thus increase unemployment (Senhadji and Khan 2000; Li
2006).

Most empirical studies on the relationship between inflation and economic growth
have relied on cross-country variation for their empirical analysis. However, differences
in legal, monetary and fiscal institutions often complicate the analysis requiring
researchers to account for those institutional differences which in many situations are
either hard to measure or not comparable. In this paper, we avoid this problem by using
regional variation instead. Using data on Bolivian regions allows us to control for the
institutional differences that influence macroeconomic variables and focus on the rela-
tionship between inflation and economic growth.

We contribute to the current literature by providing new estimates of the relation-
ships between inflation and output growth, and inflation volatility and output growth
using regional variation for Bolivia, a developing economy. Bolivia is interesting for
several reasons. First, it is a country that experienced hyperinflation in the 1980s and
early 1990s. Bullard and Keating (1995) found that the relationship between inflation
and economic growth becomes stronger in countries with high inflation. Although
hyperinflation is not a current problem, its history has made Bolivia extra sensitive to
changes in prices. Second, Bolivia represents a good example of transition economies
given that in the last three decades it has moved towards a market-oriented economy.?
Third, some countries in Latin America are experiencing high inflation rates and volati-
lity; consequently, the case of Bolivia may serve as a relevant case study for economists
and policymakers in these countries. Last but not least, to our knowledge this is the first
paper to directly consider Bolivia in the study of inflation, inflation volatility and
economic growth.*

In the following section we review the most relevant literature, while in the rest of the
paper we present our analysis, estimates, observations and concluding remarks.

2. Literature review

At the Nobel Prize Award Ceremony in 1976, Milton Friedman hypothesized that a
higher inflation rate would also imply higher inflation volatility. He raised two possible
mechanisms by which inflation volatility could affect economic activity. First, a system’s
economic efficiency is reduced because of a greater imbalance between the price
adjustments and the setting of contracts. Second, higher inflation volatility reduces
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the efficacy of the price system as an information mechanism. As such, under high
inflation volatility economic agents may tend allocate a larger amount of resources in
order to reduce the potential costs of prediction errors. This misallocation of resources
can distort markets and further decrease economic efficiency.

Under the belief that low inflation rates can promote economic growth, while very
high rates can instead deter it, some studies have focused on estimating the point
where the rate of inflation starts hindering economic growth. Senhadji and Khan (2000),
for example, estimate that for developed countries this critical point is somewhere
between 1% and 3%. However, this threshold is much higher for developing economies
at around 11% and 12%. Certainly, there is no consensus on what this critical threshold
is. Sarel (1995) found the breaking point to be around 15%. Omay and Oznur (2010)
found it to be close to 2.5%. In a case study for Pakistan, Mubarik (2005) found the
critical inflation rate to around 9%, a value that gets close to the one found by Senhad;i
and Khan (2000).

Unquestionably, GDP growth is not the only variable affected by inflation. In
addition to output growth, Barro (2013) studied the effect on investment and life
perception. Barro found inverse relationships between inflation and investment rates,
and inflation and a population’s quality of life. In the same study he found that an
annual inflation rate above 10% implies a reduction of 0.2- 0.3% in the annual GDP
growth. Further, this inverse relationship between inflation and economic growth
above the threshold intensifies when countries that have experienced high inflation
(or hyperinflation) are included in the analysis. Bittencourt (2012) also found that
high inflation adversely affects economic growth using data for Latin American
countries.

High inflation, however, does not necessarily mean high inflation volatility. Similarly,
having low inflation rates does not necessarily translate into low inflation volatility.
While a country may have high inflation rates but relatively low volatility, the opposite
is also true. Going back to Milton Friedman, the literature also identifies three channels
through which inflation volatility can influence economic growth. First, high volatility
can affect private investment by decreasing the power of the price mechanism to
transmit information and thus increasing uncertainty. Fischer (2013) provides evidence
of this negative link using micro-data for the Dominican Republic. He also found that
volatility affects the combinations of factors of production, ultimately modifying the
composition of investment. Bradley and Culver (1999) and Jha and Dang (2012) provide
similar findings.

A second channel is through the real exchange rate. Independent of whether the
country fixes or lets the exchange rate float, inflation volatility creates volatility in the
real exchange rate, ultimately affecting imports and exports. Ozturk (2006) extensively
reviews the literature and concludes that there is a great amount of evidence suggesting
that inflation volatility does indeed create distortions on the real exchange rate, and
thus affecting trade.

A third, and less studied, channel is through private consumption. Inflation volatility
can affect individuals’ assessment of wealth, which in turn can potentially have an
impact on private consumption. This idea is commonly associated with the Pigou effect
in which employment and output are stimulated by consumption when wealth levels
rise.
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3. Data and econometric modelling
Preliminary data analysis

Bolivia is a unitary country divided into nine regions. Recent studies suggest that the
regional economies of Bolivia are poorly integrated not only economically but also
geographically (i.e. transportation-wise).> As suggested in Figure 1, we can identify
three groups of regional economies based on regional GDP.® Santa Cruz, La Paz and
Cochabamba would be the ‘major’ economies. This group is followed by Chuquisaca,
Potosi, Oruro, Beni, and Tarija; although in recent years the latter has diverged from this
group and has almost joined the previous group. Last but not least is the small economy
of Pando. In terms of GDP per capita, the differences between regions are rather small
(Figure 2). With the exception of Tarija, we can actually observe some convergence.”

Evolution of real GDP e CHUQUISACA
> 12000000
g —— LAPAZ
2 10000000
5 / ——— COCHABAMBA
< 8000000 ”~
g = ORURO
& 6000000 .
_g == POTOSI
4000000
g _— TARUJA
>
g ———e—= —— SANTACRUZ
= 0 L
0 O N T © 0 O N I W ©0 O === BENI
0 O OO O OO OO O O O O O «
a o 0o 0O 0o 0 O O O O O O
A =H H =+ -+ N N NN NN PANDO

Figure 1. Trends in Real GDP per capita for the Bolivian Economic Regions (In levels).
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Table 1. Descriptive statistics for the period 1989-2011.

Standard deviation of Average

Average real GDP real GDP per capita Average inflation

per capita growth growth inflation  volatility
Beni 0.39 2.66 7.06 4.84
Chuquisaca 0.44 2.85 7.02 4.76
Cochabamba 0.96 1.97 6.77 3.07
La Paz 1.46 2,59 8.66 373
Oruro 3.02 5.13 8.92 4.63
Pando 2.02 4.59 7.08 432
Potosi 35 5.27 6.44 6.63
Santa Cruz 0.61 299 7.22 3.78
Tarija 4.29 6.21 9.86 439
Bolivia 1.60 1.40 8.05 3.65

Between 1989 and 2011, Bolivia’s GDP per capita grew by an annual rate of approxi-
mately 1.60%. During the same period, the country’s average annual inflation rate was
8.05%, and the average inflation volatility rate 3.65%. These means, however, hide the
stark differences among the country’s regions. Table 1 shows the regions’ average GDP,
and inflation rates and their corresponding volatilities — measured as the absolute value
of the deviation of current inflation for region t with respect to the median inflation of
the same region.® The data in it do appear to suggest great regional variation and great
fluctuation in their cycles (compared to the country as a whole).

Econometric model

Our empirical approach follows the one used in Barro (2013). We use panel data and
basically follow the convergence models proposed by Barro and Sala-i-Martin (1992). In
these models, growth is set up as follows:

1 4o 1 —eFT

In Equation (1) above, In(y;¢) is the logarithm of real per capita income for region i at
time t. If T =1, Equation (1) is reduced to:

|og< it ) —a—b-1og(Vis. ) + £ )
Yit—1

In autoregressive form, Equation (2) can be expressed as
log(yi:) = a+A-log(yir ,) + &y (3)

where A =e AT, However, the equation assumes absolute convergence with the
speed of convergence given by —In(A). It could be argued that even in regions
that share common features such as formal institutions, fiscal and monetary policy,
language, and labour markets, the existence of other factors could lead to different
steady states. Thus, we allow for conditional convergence by including other control
variables.

In(yie) = a+AInyie1 +yXie +xZie + &t (4)
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As before, In(y,-J) is the logarithm of real per capita income for region i in period t. X
represents two control variables, namely: the proportion of public expenditure to GDP,
and a regional poverty index.? Finally, Z;; represents our variable of interest. First, we
estimate Equation (4) using inflation, measured by the percentage change in the implicit
GDP deflator. Second, we replace Z;; with our measure of inflation volatility, as defined
above. As usual, the speed of convergence is given by § = —InA.

We estimate Equation (4) using ordinary least squares with fixed effects (LSDV). The
use of LSDV allows to control for unobservable (region-specific) factors, an advantage
that is stressed in Arnold, Bassanini, and Scarpetta (2011). Although the LSDV estimator
is biased when N is large and T is small, due to the presence of a lagged dependent
variable, Nickell (1981) shows that as the time dimensions grow this problem tends to
diminish. This is also emphasized in Judson and Owen (1999) and Islam (1995)."° When
referring to the consistency of LSDV, Islam (1995) points out that:

The presence of a lagged dependent variable on the right-hand side makes LSDV an
inconsistent estimator, when asymptotic is considered in the direction of N — cc.
However, the asymptotic properties of panel data estimators can be considered in the
direction of T, and Ameniya [1967] has shown that when considered in that direction, LSDV
proves to be consistent and asymptotically equivalent to Maximum Likelihood estimator
Islam (1995, pp. 1138).

4, Results
Inflation and economic growth

The results when Z is the inflation rate are shown in the first column of Table 2. Like
Montero and Del Rio (2013), we too observe the presence of convergence in the Bolivian
regions. Not surprisingly, public spending and poverty have a negative effect on
economic growth. The former can be explained by the crowding-out effect, corruption
and/or inefficiencies. The latter can be explained by the low levels of aggregate demand
in poor regions that disincentive any possible increases in production. Although inflation

Table 2. Effect of Inflation Rates on Real Per Capital GDP among Bolivian Regions.
Model 1 LSDV Model 2 LSDV Model 3 LSDV Model 4 LSDV

In(yr_1) = A 0.908%** 0.922%** - -
(0.033) (0.035)
Inflation —0.0004 - —0.001 -
(0.0006) (0.0006)
Inflation < 0 - —0.006 - —0.006*
(0.004) (0.004)
Inflation > 0 but < 15 - 0.002%* - 0.002**
(0.001) (0.001)
Inflation > 15 - —0.0002 - —0.001
(0.001) (0.001)
Public spending as a fraction of GDP —0.009*** —0.009%** —0.005 —0.005%*
(0.003) (0.003) (0.003) (0.002)
Extreme poverty index —0.001*** —0.001*** —0.0009*** —0.007***
(0.0002) (0.0002) (0.0003) (0.0003)
Obs. 189 189 189 189

Note: Ordinary least squares with fixed effects (LSDV). Time effects also included.
Robust standard errors in parentheses.
Significant at: ***1% or less; **5% or less; *10% or less.
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is indeed negative, it is not statistically different from zero. However, note that Equation
(4) does not account for the nonlinearities discussed earlier. The lack of statistical
significance may be the result of the nonlinearities in the relationship between inflation
and GDP."" To account for this issue we re-estimate Equation (4) in the following way:

In(yir) = a+AInyjq +yXie + @qInfi;
* D(Infi; < uq) + @,Infi x D(uy < Infir < Uy) + @3voli¢ * D(Infir > v,)
+ &t (5)

In Equation (5) we divide inflation (Inf) into three different categories, depending on
its magnitude. Setting u; = 0, then ¢, measures how deflationary periods are related to
per capita GDP. When inflation is positive, however, we need to differentiate between
low and moderate/high inflation. Since Bolivia is a developing economy, we follow
Dornbusch and Fischer (1991) and define moderate inflation as a rate that oscillates
between 15% and 30%. Sarel (1995) also identifies a critical inflation threshold of 15%.'?
Based on this definition, ¢, in Equation (5) measures the impact of ‘low’ inflation (i.e.
between 0% and 15%), and ¢; the effect of ‘moderate to high’ inflation on per capita
GDRP. It should be noted in our data set (1989-2011) inflation is almost never above 30%,
except for one region in one of the years. Therefore, we are unable to measure the effect
of a really high inflation rate.

The estimated results are shown in column 2 (Table 2). While deflation has a negative
coefficient, it is not statistically different from zero. On the other hand, a positive but
‘low-to-moderate’ inflation rate shows a positive, and highly significant, relation with
GDP per capita. That is, an increase in inflation is associated with increases in production,
probably due to the production incentives created by the rise in prices. Although
inflation will also affect nominal salaries, a nontrivial cost for firms in the developing
world, these changes in salaries almost always lag behind price changes. Consistent with
previous research, we find evidence that ‘moderate-to-high’ inflation is negatively
associated with per capita GDP. This is probably due to the fact that economic agents
may be reluctant to engage in long-term contracts. Note, however, that the coefficient is
not statistically different from zero.

To check the robustness of these results, we re-estimate Equations (4) and (5) but use
the growth rate of real per capita GDP as our dependent variable (i.e. In(y;¢) — In(yit—1)).

As expected, in this specification we do not include the lag of the dependent variable.
The results are presented in columns 3 and 4 and are qualitatively similar to the findings
in columns 1 and 2.

Inflation volatility and economic growth

able 3 shows the results obtained when we use inflation volatility instead of inflation
rates. Again, volatility for each region was calculated as the absolute value of the
deviation of inflation with respect to its median value. As in Table 2, columns 1 and 3
show the results for the simple linear model, while columns 2 and 4 show the
estimates that account for the nonlinearities. Like inflation, volatility seems to have
a negative - but not statistically significant - effect on GDP per capita and its
growth.
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Table 3. Effect of Inflation Volatility on Real GDP Growth among Bolivian Regions.
Model 1 LSDV Model 2 LSDV Model 3 LSDV Model 4 LSDV

In(ys_1) = A 0.908%** 0.907%%* - -
(0.034) (0.035)
Volatility —0.0003 —-0.0007 .
(0.001) (0.001)
Volatility <0.5 - —-0.047 - -0.037
(0.041) (0.041)
Volatility >0.5 but <1 - —0.031* - —0.038**
(0.019) (0.019)
Volatility >1 but <2 - —0.014** - -0.011*
(0.006) (0.006)
Volatility >2 - —-0.001 . —0.001
(0.001) (0.001)
Public spending as a fraction of GDP —0.009*** —0.009%* —0.005 —0.004
(0.003) (0.004) (0.003) (0.003)
Extreme poverty index —0.001*** —0.001*** —0.001*** —0.0007%***
(0.0002) (0.0002) (0.0003) (0.0002)
Obs. 189 189 189 189

Note: LSDV: Ordinary least squares with fixed effects. Time effects also included.
Robust standard errors in parentheses.
Significant at: ***1% or less; **5% or less; *10% or less.

However, when we account for nonlinearities, the results provide different insights.
Instead of dividing volatility into three groups, we choose four. Econometrically, these
groups are specified with dummy variables that take the value of one if region /'s
volatility meets the threshold condition (i.e. D(vol < uy), D(uy < vol < v;), D(u; < vol <
v3) and D(vol > us)).

Determining the optimal thresholds (u;)) can be very tedious. Senhadji and Khan
(2000) proposed a method that consists in using different values for the threshold and
choosing the one value that minimizes the sum of squared residuals.'® Alternatively,
Hansen (2000) proposed that the thresholds should only be sought around numbers
where they are expected to be (a priori). We limit ourselves to finding the optimal
threshold values starting from one-half and up to four. After using different potential
values for the optimal thresholds, we chose u; = 0.5, u, = 1, and u; = 2.

The results in Table 3 suggest that when volatility is less than half a deviation from
the mean, an increase in volatility would have a negative impact on growth. Note,
however, that we cannot be statistically confident about this relationship. Thus, at low-
volatility levels the data provide no evidence of an effect on real GDP. When volatility is
between 0.5 and 1, we do observe a negative and statistically significant effect. The
same is observed when inflation volatility moves between 1 and 2. Interestingly, the
magnitude of the marginal effect when the volatility is in this range is smaller than when
the volatility is between 0.5 and 1. Moreover, when volatility is more than 2 the negative
effect becomes statistically indistinguishable from zero. This diminishing effect can be
partially explained by the ‘adaptation of economic agents’ argument. That is, the greater
the volatility, the lower the economic agents’ precision to predict inflation, increasing
the cost of imprecise and inaccurate forecast.

Once economic agents perceive that the volatility is increasing they adjust expecta-
tions, which decreases the potential damage of additional volatility. This negative effect,
however, is not enough to hinder economic growth. At very high levels of volatility,
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economic agents have already taken the volatility into their expectations without
significantly affecting overall economic activity. Note that this hyper sensitivity to
changes in inflation volatility may be unique to economies like Bolivia's, where the
effects from past hyperinflation may still be lingering in and around its population
today.

5. Conclusions

This paper presents empirical evidence of the effect of inflation on the growth of GDP
per capita in Bolivia's regions. The results suggest that low inflation, defined as an
inflation rate between 0% and 15%, has a positive effect on growth. In addition, medium
to high levels of inflation volatility (i.e. from 0.5 to 2 deviations from the median) have
negative impacts on GDP per capita. This could be due to the fact that greater volatility
implies greater levels of unexpected inflation, so that economic agents will have to incur
in additional costs associated with it.

The results suggest that monetary policy should not only keep inflation at low levels
but also maintain a relatively stable level of inflation. As shown in this paper, some
volatility imposes a cost on economic growth. For Bolivia, this is particularly true when
inflation rates vary between 0.5 and 2 deviations from the median. Interestingly, this is
not the case for high levels of inflation volatility.

Notes

1. Dillard (1948) stresses this point by noting that ‘Another “general” aspect of the general
theory is that it explains inflation as readily as it does unemployment since both are
primarily a matter of the volume of effective demand. When demand is deficient, unem-
ployment results, and when demand is excessive, inflation results’.

2. For a review on the nonlinear relationship between inflation and economic growth regres-
sions see Pollin and Zhu (2006). A more recent study has been done by Eggoh and Khan
(2014).

3. This pattern has slowly reverted in the last 10 years, but the fundamentals of a market
economy are still present.

4. Bittencourt (2012) uses a panel of four countries that includes Bolivia among others, but
her conclusions are more general and not from a regional perspective.

5. Montero (2012) and Montero and Del Rio (2013).

6. Regional GDP per capita, GDP deflator and public expenditure for the period 1988-2011 are
official data extracted from the National Statistics Institute of Bolivia (INE), while schooling
and poverty index data were obtained from the Unidad de Analysis de Politicas Sociales y
Economicas (UDAPE). Data can be found at www.ine.gob.bo and www.udape.gob.bo

7. Montero and Del Rio (2013) found evidence of beta convergence among the Bolivian
regions; however, they found no evidence of sigma convergence.

8. We chose the median rather than the mean because it is not affected by extremes values.
This is in our case especially important given that at the beginning of the period (post-
hyperinflation) the inflation rate in some cases is above 20%.

9. We included the share of the manufacturing and financial sectors in the region’s GDP to
control for differences in economic structure, but results are qualitatively similar. Results are
available upon request.

10. Islam (1995, 2000) favours the use of LSDV in growth studies.
11. We thank an anonymous referee for pointing this out.
12. Senhadji and Khan (2000) and Mubarik (2005) identify a threshold close to 10%.


http://www.ine.gob.bo
http://www.udape.gob.bo

MACROECONOMICS AND FINANCE IN EMERGING MARKET ECONOMIES 45

13. Khan and Senhadji were interested in finding the threshold for inflation rather than for its
volatility.
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