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AND NON-LINEARITY: THE
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ABSTRACT. In this paper, we deal with the problem of

measuring business cycles: short, medium or long-term,
with both theoretical and empirical discussions on the
regularity of fluctuations versus asymmetries in their
measurement phases. To achieve this, the approach is
based on the combination of deviations on the level of
trends (alternative filters) with the algorithm of Harding
and Pagan (2002). At the same time, effective rates of
economic growth by Markov’s chains was considered in
order to identify non-linear regimes of expansion and
economic contraction. Finally, quantifications on the
natural rate of growth for Bolivia are offered under a
sustained expansion regime from 1950 to 2015. The
results suggest that due to asymmetries and the manner in
which the business cycle is measured, we observe longer
duration of a business cycle when it was measured from
busts rather than from booms.
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Introduction

Characterization of a business cycle focuses on the succession of its economic phases:
expansion, peak, slowdown or a drop in the economic activity until the point of troughs is
reached (Mitchell, 1927). Likewise, it has been pointed out that peaks and valleys are often
used as turning points in the growth of an economy (Alfonso et al., 2013). Usually, duration of
a business cycle can be identified, either from top to top (peak to local maximum) or from
troughs to troughs (minimum to local minimum).

Throughout the history, there has been some discussion about the duration, with short
cycles lasting around 40 months, Kitchen cycles; medium cycles with the duration between 9
Y4 (Juglar), 10 9/12 (Jevons) and 18 1/13 years (Kuznets); and also long-term cycles (with the
duration of 54 years, Kondratiev cycles) (Pruden, 1978).

In contrast, at the beginning of the XXth century, the irregularity was pointed out in the
duration of such cycles (Mitchel, 1913), with movements of the actual production being around
a trend and not explained by the determinants of the production function (Lucas, 1975), and
having asymmetries properties in the probability of transition and duration between expansion,
recession and non-linearity (Neftci, 1984; Hamilton, 1989; Engel and Hamilton, 1990;
Terasvirta and Anderson, 1992).

In the case of Bolivian economy, conclusions are reached with somewhat contradictory
evidence: on the one hand, support for short-term cycles, from 2 to 7 years (Valdivia and Yujra,
2009), is contrasted with long-term cycle results of about 30 years (Mercado, Leiton, and
Chacén, 2005; Humérez and Dorado, 2006).

The main purpose of this article is to evaluate the problems encountered in the duration
of the business cycle in Bolivia, 1950 to 2015. Our evaluation is based on three alternative
measurements of economic growth — per capita income, income per worker, and real product.
For this reason, the Harding and Pagan (2002) method was utilized, based on the reports by Bry
and Boschan (1971)[BB], while identifying the turning points between the maximum and the
relative minimum output gap. Additionally, we intend to demonstrate non-linearity between the
average duration in expansion and contraction regimes, from the effective rate of growth. The
final part of the paper is focused on estimating the natural rate under the sustained growth
regime approach.

Accordingly, the paper is structured in four sections: the first one addresses the review
of literature related to business cycles, asymmetries and empirical strategies for Bolivia; the
second section contemplates between the data and the used econometric specifications; the third
section deals with the results of our estimations; the fourth one presents a discussion on the
findings and the research agenda. At the end, conclusions and discussion are presented.

1. Literature review

The business cycle, asymmetries, and empirical strategy for Bolivia

Since the initial contribution of Jevons (1874; 1884), the study was conducted due to
economic fluctuations based on the relationship between solar cycles, climatic cycles, cycles of
the agricultural sector and its link with the cycle of commercial credit, accompanied by social,
political and economic factors with an average duration of 10.8 years —based on the context of
the nineteenth century — as well as the incidence in different regions (tropical or sub-tropical)
(Morgan, 1990). However, Jevons's theory was rejected and ridiculed by modern economists,
interpreted as spurious (false) relationships or meaningless correlations (Yule, 1926). Similarly,
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other economists associated the business cycle with the climate and temperature cycle
(Moore, 1914).

Moreover, later contributions of Juglar (1862) pointed to the variations in the credit offer
as the common cause during the business cycle, as well as their respective categorization which
include: prosperity (5-7 years), panic and crises (months or years), and the return of the crises
every 5 or 10 years.

Contrary to previous versions, Mitchel(1913) concluded that the cycles were uniform
and therefore, were not uniform with different designs and phases that differed over time,
indicating that it could be foreseen and controlled in the future cycles; however, till date, this
expectation is yet to be resolved and poses one of the main challenges for economic science.
The critique of Mitchel’s analysis focused only on the analysis without the theory of economic
phenomena: we would have to observe the dynamics of the temporal series rather than theorize
(the data speak for themselves) (Koopmans, 1947).

Subsequently, the theoretical contributions of Burns and Mitchell (1946) were linked to
the use of individuals from economy sectors which provide measures of the business cycle and
identify their phases of expansion, boom, recession and depression in terms of spin points
(increase to decrease, and reverse).

The contribution of Lucas (1975) gave a clearer picture on the regularities of the
business cycle, as the movements of the gross national product around a trend are not explained
by the movements of the production factors. In addition, the main pro-cyclical movements (in
the same direction) are evident in prices, investment, and the nominal rate of interest through
expectation mechanisms.

The trend measurement in applied macroeconomics is oriented to the path of expansion
in potential product or steady state of growth, which can be related to the rate of technological
change in softened mechanism. The work of Kydland & Prescott (1990) provided an orientation
showing the co-movements of the macroeconomic series with the gross national product (GNP)
and the synchronizations. Alternative measurements are needed to maintain consistency in
estimations and avoid analysis of spurious fluctuations. On the other hand, the basic definition
of asymmetry states that the average duration of the expansion phase is different from the
average duration of the recession phase, so the cycle is asymmetric. Thus, for Nefci’s (1984)
contribution with Markov’s processes of second-order, the symmetry of the business cycle is
incorporated as equality between the probability of positive sign change to negative sign, with
the probability of transition in opposite sign; otherwise, if the properties of the business cycle
substantially differ in the duration of its phases, it leads to asymmetric cycles.

An alternative definition indicates the presence of asymmetry when the negative phases
present greater persistence than the positive phases (Sichel, 1993). In fact, two types of
asymmetries are defined between their depth phases and recovery level (steep series).
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a. Symmetric Cycles
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Graph 1. Symmetric and asymmetric Business cycle
Source: Elaboration based on Sichel (1993)

Other extensions are presented with autoregressive models and with Markov’s regime
change (AR-CRM) and auto regressive vector models with Markov’s change of regime (VAR-
CRM) proposed by Hamilton (1989) and Engel & Hamilton (1990).

From the empirical evidence in Bolivia, previos studies suggest two kinds of business
cycle duraton: short and long-term respectively. By the first case, some papers show evidence
that the bolivian business cycle has a duration between 7 and 28 quarters (about 2 to 7 years,
respectively), where the recessive stages are presented from two to three quarters and the stage
of recovery in five quarters (more than one year) (Valdivia and Yujra, 2009).

For the long-term approach, Mercado, Leiton and Chacon (2005) found two long-term
cycles in Bolivia with an average duration of 30 years, which coincides with that of Humérez
y Dorado (2006, p. 9): the first one of 31 years (1951-1983), and the second one of 30 years
(1983-2003), but in 1968, the highest growth rate was found (7.18%).

2. Methodological approach

2.1 Econometric data and specifications

Based on information from Feenstra, Inklaar, and Timmer (2015), the World Penn
Table, the Social and Economic Policy Analysis Unit (UDAPE, 2016) and the National
Statistics Institute of Bolivia ([INE], 2016), a consistent series was built for the real product of
Bolivia [Y_t] (at constant 2005 prices), as well as the occupied population as a working factor
[L_t] and the total population [N_t] from 1950 to 2015.

2.2 Time series filters

In the same way, three time-series filters were used (Christiano and Fitzgerald, 2003;
Baxter and King, 1999; Ravn and Uhlig, 2002) with the purpose of evaluating the consistency
in economic fluctuations and avoiding spurious cycles (Kydland and Prescott, 1990).
Consequently, it proceeded with a breakdown of each original series (y.The) —real product,
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real product per worker and real product per capita— in two components: cyclic fluctuations
() and long term trend (z;):

Ve =6+ Ty (1)

The first considered filter (Christiano and Fitzgerald, 2003) is a method of a linear
optimization, which consists of selecting filter weights, so that 7, approaches in the best way
to the series of interest y,, and the quadratic expected error is minimized:

E[(ye —t)? | x],x = [x1,%2, 00, 1] (2)

Where 7, is the linear trend of y, over each element of the database x,, where the
problem is the projection time t; therefore, the solution focuses on the filter weightings. The
core of this filter is that the business cycle (¢;) contains a high-frequency component. In
practice, this filter eliminates the initial and final observations to avoid the problem of the
starting point and the endpoint (band-pass).Three forward periods and three previous periods
were used for the band-pass filters; after 2015, an expected scenario was projected for the real
GDP growth up to 2020 as a simple average between external forecasts of the IMF (2015) and
the Government of Bolivia.

The second filter (Baxter and King, 1999) is also a band-pass that allows the capture of
cyclic fluctuations (¢;) of a time series (y;), in a stationary sense, as well as its trend component
(z¢). Cyclical components are constructed through moving averages at a specific frequency
band:

¢ = a(L)y: (3)
a(L) ', =a_ . L'"+ +ay+ a;L + a,Ll? 4
Te = [1 —a(l)]y: ®)

Where a(L) is a polynomial operator in lag L, which specifies the lag’s size [-1,s] of
the model, which are usually symmetrical and two bands; consequently, the size of future and
past values determine the value of the trend (z;).

To finalize the last filter (Ravn and Uhlig, 2002), a modification to the filter of Hodrick
and Prescott (1980) [HP] was proposed. This generates false and erratic fluctuations, by
showing that the parameter of the filter should be adjusted with the fourth power of reason of
observation frequency (based on quarterly periods), and an equivalent penalty parameter (1) to
6.25 for annual data. The results will be similar to that of Baxter and King (1999), with the
peculiarity that no observations will be lost. Below, the original version is presented [HP]:

ming,, Yi1 (e — 1) + AT (g1 — ) — (1 — Te—1)]? (6)

Consequently, through the three filters, production gaps and the expressions (7), (8) and
(9) are obtained:

Sy, 9ap y: = ly: — Lyt (7)
Sy, = gap y/Le = ly/L. — ly/Lt (8)
Sy/n, = gap y/Ny = ly/Ny — ly/N{ 9)

Where y, represents the real effective GDP; y/L.is the product per effective worker
and y/N;is the product effective per capita, while the variables are measured in logarithmic
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scale(l). The symbols y/, y/L; and y/N; correspond to the trends or potential production
levels, product per worker and income per capita in their respective form.

According to the procedure recommended by Sichel (1993), the interest in the gaps (7),
(8) and (9) (or cyclical stationary components) is on determining their asymmetry and steep
level. If a series of time exhibits in-depth asymmetry, a negative asymmetry is presented around
its average or central tendency. Although, there are a few below-average observations, on the
average, they exceed the positive gaps. Consequently, the depth asymmetry coefficient [AP(¢)]
is calculated:

AP =[A/D) X (5 —$)P1/a(5)? (10)

Where ¢ is the average value of ¢, o is the standard deviation of ¢, and T is the sample

size. On the other hand, if the time series exhibit asymmetry by the steep level, then the first
difference of the cyclic component should reflect a negative asymmetry: pronounced and
longer, but with less frequent valleys. Consequently, it is calculated through the steep
asymmetry coefficient:

AE(Ae) = [(1/TYE:  (Bge — Ag)®]/o(Ag)® (11)

Where Ag is the average value of Ag, o is the standard deviation of A¢, and T is the
sample size by checking descriptive statistics (Appendix 1).

2.3 The Harding and Pagan Algorithm

The Harding and Pagan (2002) algorithm, based on Bry and Boschan (1971) (BB),
identifies turning points when considering maximum points (local maximum positive gap) and
minimum points (local minimum negative gap) in the economic series, whereas, the one
business cycle can be made from peak to peak (from maximum to maximum), or from valley
to valley (from minimum to minimum). Consequently, a BB business cycle can be adapted
(originally from monthly data) to a generalization of quarterly or yearly data:

Identification of the business cycle peak (relative local maximum):

Ay, >0NAY, >0NAY 1 <O0NAY,, <0 (12)
(+) (+) = &)
Identification of the business cycle valley (relative local minimum):
Ay <O0NAY, <O0NAY; 1 >0NAY,,, >0 (13)
=) =) (+) (+)

Where A,y = Y — Vie2 & DY = Ve — Vi

The properties of the algorithm refer to the series description of the economic growth:
which does not only apply to the classical version of the theory of business cycle (observed
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rates of growth and turning points), but it also applies to growth gaps between the effective
product and the potential product (Cotis & Coppel, 2005).

2.4 Autoregressive model with Markov’s regime-switching model (AR-CRMM)

Markov’s chain is used when a particular variable moves from one regime to another
or returns to the same regime, but the variable that produces the change may or might not remain
unobservable. The used specification is as follows:

Markov s chain process for economic growth
Aye = ths, = @1(BYe-1 — M5, ;) + @2(BYe-2 = U5, ) + @p(BYe—p — s, ,) + & (14)

In (14), Ay,, corresponds to a proxy variable of economic growth, expressed in a
stationary sense [I(1)] that it is verified by Augmented Dickey Fuller test (ADF, Appendix 2);
s implies two growth states: an increment state [s, = 1] and a stagnation or economic
contraction [s, = 2] of respective form {t = 1.2}; u, corresponds to the conditional mean and
£~N(0,0?) (Engel and Hamilon, 1990). Consequently, the state movements of economic
growth are structured in regimes managed by the Markov’s processes. This Markov’s process
can be expressed by:

Pla < Ay, < b|Ayy, Ay, ..., Ay—1] = Pla <Ay, < b| Ay,4] (15)

If the economic growth variable follows a Markov’s process, there is need to calculate

the probability of changing the regime for the next period or to remain in the same regime as
the current period, which is known as the transition matrix:

Pij = [P11P12P21 Pp; | (16)

In (16), P;; indicates the probability of regimen change from i to j.

Markov’s chains can become complex, however, their simple version is known as the
Hamilton filter. If it was assumed that there are two states {s;} for Ay.{t = 1,2}, then, the
unobservable state of the analyzed dependent variable is denoted by Z;, which involves a
Markov's process with the following probabilities:

Prob.[Z, =1|Zi-y = 1] = p11
Prob.[Z, =2 |Ze_y =1] = 1—py, (17)
Prob.[Z, =2 |Zi—1 = 2] = Py
Prob.[Z, =1|Z;—1 =2] = 1—p,,
In (17), p;; and p,,denote, in their respective way, the probability of remaining in the
same regime under the consideration that the previous period Ay, was in the same regime. On

the other hand, 1 — p,; and 1 — p,, indicate the probability of regime change from one state to
another, given the previous behavior. The fundamental assumption is that:
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In the same way, a current probability vector for i is obtained:
Ty = 14, 5] (19)

When you know (18) and (19), you can project a probability that the variable (Ay,)
remains in a regimen given the following period:

My = T * P (20)
The probability for ““s ’steps ahead will be set by:
TMepq = T * P° (21)

In accordance with the above, through univariate autoregressive models with a change
in the Markov’s regime (AR-CRM), AR (p) are denoted, indicating that they are autoregressive
models with p lags (1, 2, 3,..... p). Also, a change of regime is included in the mean of the
stationary series and homoscedasticity [CRMM (M), second M] (with M = 1 and 2, for
estimates made). However, there are cases in which the presence of variance differs in the
different regimes, denoted by H, CRMH (M) (with M = 1 and 2): therefore, the vector of
population parameters is focused on:

0 = [‘Pp'llp#z»Pn'Pzz'Uz] (22)

In order to maximize the probability density function:

p(4y;, Ay, .. ... ... ,Aye; 0) (23)

3. Conducting research and results

The preliminary analysis of the business cycle asymmetries in Bolivia, through the time
3° (asymmetry coefficient) (Table 1), indicates a positive bias for gaps in the real product,
product per worker and product per capita; therefore, the hypothesis of negative asymmetry in-
depth level is rejected.

In contrast, the results suggest the presence of asymmetric business cycle by the steep
level, in the sense that the first difference in all alternative measurements of the businesscycle
reflects negative asymmetry coefficients. This is interpreted by the presence of pronounced
valleys, less frequent and long periods of recovery.

On the other hand, when evaluating the phases of the business cycle, five complete
business cycles from peak to peak were identified, according to Table 2. This is for the case of
Bolivia, from 1950 to 2015, with an average duration of 10 years and amplitude from seven to
fifteen years. For the measurement of the business cycle, it is indistinct to consider the gaps in
the actual product, the actual product per worker or the product per capita (the same conclusion
is reached).The results of the filter of Ravn y Uhlig (2002) are shown for the estimations, which
are identical to the Baxter-King and Christiano-Fitzgerald filters. Within the cyclic fluctuations,
the bi-varied correlation is close to the unit.
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For the Bolivian case, according to the real product and per capita income gaps, the most
severe crisis was recorded in 1953, whose period was after the process of the National
Revolution in Bolivia (1952). This is related to the Nationalization of mines, agrarian reform,
state participation in the economy, among other reforms.

Table 1. Asymmetries of Business cycle in Bolivia Adjusted sample: 1953-2015

Depth Asymmetry
Busines cycle according to: Filter AP(c) Prob.
Real product B-K 0.32 0.45
Ch-F 0.12 0.50
R-U 0.49 0.67
Real product per worker B-K 0.65 0.86
Ch-F 0.51 0.86
R-U 0.69 0.91
Real product per capita B-K 0.36 0.43
Ch-F 0.50 0.49
R-U 0.15 0.65
Steep Asymmetry
Business cycle according to: Filter AE(A¢) Prob.
Real product B-K -1.42 0.69
Ch-F -1.12 0.69
R-U -1.58 0.70
Real product per worker B-K -2.30 0.89
Ch-F -2.06 0.89
R-U -2.41 0.88
Real product per capita B-K -1.42 0.69
Ch-F -1.57 0.69
R-U -1.12 0.72

Source: own compilation.

The used variables were analyzed in logarithmic scale. B-K is the Baxter & King (1999)
band pass filter. Ch-F is the Christiano-Fitzgerald band pass filter (symmetrical version). R-U
is the Ravn-Uhlig filter. The probability corresponds to the significance level under the null
hypothesis: (¢) = (A¢) = 0 can be rejected.

Furthermore, when evaluating the length of the business cycle from troughs-to-troughs
(from minimum to local minimum), Bolivia reflected an amplitude from 7 to 25 years, with an
average duration of 17 years in four complete cycles. The results reflected the similarity when
considering the three alternative measurements of the business cycle in terms of production
gaps (real, per worker and per capita).
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Table 2. Identification of complete Business cycle with Harding and Pagan (2002) beginning
and ending from peak to peak, booms

Business cycle in Bolivia, 1950 - 2015
(Starting and ending year)
Production gaps according to:

Number of a) Real b) Real c) Real Cycle interpretation
complete product product per  product per
cycles worker capita
...Started...
1952 1957 1952
I (15.00) (10.00) (15.00) Developmental policies
1967 1967 1967
I (14.00) (15.00) (14.00) Oil Boom
1981 1982 1981
Il (10.00) (9.00) (10.00) 80's turbulence and adjustment
1991 1991 1991
v (7.00) (7.00) (7.00) Economic liberalization
1998 1998 1998
Vv (10.00) (10.00) (10.00) External price shocks
2008 2008 2008
VI ..it continues..
Business cycles duration in Bolivia, expressed in years
Range (7-15) (7-15) (7-15)
Average (11) (10) (11)

Source: own data

Table 3. ldentification of the Business cycle with Harding and Pagan (2002) beginning and
ending from troughs to troughs, busts

Depth of crises and negative gaps, 1950 - 2015
Negative production gaps according to:

Number of  The effective Real GDP a) Real b) Real ¢) Real
negative and real GDP potential product product per  product
enlarged gaps growth growth worker per
capita
60's 1961 1.8 4.0 -2.1 -2.3 -2.1
80's 1986 -2.5 -0.1 -2.4 -2.8 -2.4
(25.0)
90's 1993 4.3 4.9 -0.6 -0.7 -0.6
(7.0)
2000's 2012 51 5.9 -0.8 -1.0 -1.3
(19.0)

The duration between crises
(decelerations) in Bolivia, expressed in

years
Range (7-25)
Average (a7)

Source: own estimates.

The consistency of the results in the expected duration of a high economic growth
regime indicates a period of 8 to 9 years in a consistent manner (actual product and actual
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product per worker) [table 4]. In addition, the Bolivian economy has a high growth regime
(regime 1) to the extent that its actual growth is equal to or greater than 4.70%; which is more
than 2.2% in real growth per capita and above 2.6% in growth per worker. In contrast, the
evidence indicates a low economic growth (regime 2), whether the growth in the actual product
or the product per worker is equal to 0% or negative in terms of the per capita product.

Table 4. Non-linear regimens with univariate Markov’s chains

Adjusted sample: 1951-2015
Methodology: Markov chains

A Real Product A Real product per A Real product

capita per worker
AR(0)-CRMH (2)  AR(0)-CRMM (2)  AR(0)-CRMH (2)
pl (regimen 1, growth) 4.70%** 2.26*** 2.65***
-0.36 -0.38 -0.36
p2 (regimen 2, stagnation) 1.10 -3.32%** -0.12
-0.92 -0.90 -1.08
Log (o) 0.347 0.42**
-0.18 -0.21
Log (62) 1.23*** 1.42%**
-0.16 -0.14
pll 0.89 0.75 0.88
p22 0.85 0.95 0.88
Years of expected duration, 9 21 8
regimen 1
Years of expected duration, 7 4 8
regimen 2
*** Statistical significance level at 1%.** at 5%; 1 at 10% respectively.
J-B 0.31 0.06 0.44

Source: own estimates.

According to the non-linear estimations, through the filtered probability (Graph 2), it is
possible to identify the periods of sustained growth (shaded areas) and on the reverse, the
periods of stagnation or economic contraction (especially in the 50°s and the 80’s for Bolivia)
with levels of probability for growth rate sustained near zero.

10
5
o
5 2 5
-10
-15
=20
=25

Sustoined growth prob.

— OF per capita growth

Graph 2. Filtered probability
Source: own estimates.
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Results discussion

Although the measurement and quantification of the business cycle lead to empirical
strategies with predominance over the theoretical debate, it deals with the discussion of the
dichotomy between the presence of regular cycles over time versus irregular cycles, asymmetric
with non-linear regimes in periods of growth and economic contraction. In addition,
operationalizing variables can significantly change the conclusions of the inferences.

In advanced economies, there is evidence of an increasing negative business cycle
asimetries and nonlinearities dynamic, as also for some oil-dependent countries (Hensen et al.,
2020; Fritz, Gries & Feng, 2019; Taheri et al., 2020), but not neccesarily with strong evidence
for developing countries.

The business cycle is a construct whose observation comes from a definition. In this
sense, based on the contribution of Lucas (1975), who observed that the business cycle is linked
to the trajectory of the effective product around a trendline (potential product), it is also
involved in the quantification in terms of gaps (real product, Product per worker and product
per capita).

The results of the estimates, based on a small and open economy (case of Bolivia) and
through the algorithm of Harding and Pagan (2002), reflect that the duration periods of the peak
to peak are different from the duration periods of troughs-to-troughs cycle. Therefore, the
regimens are asymmetric with evidence of negative biases for the breading level: relative
troughs or minimums are not frequent but have long recovery periods (Sichel, 1993).

From a non-linear perspective, it is evident that the same conclusion was reached for the
expansion and contraction regimes in the product and product variation rate per worker, in the
sense that the production and employment are directly linked with medium-term cycle
implications. This is indistinct from the measurement of per capita income (long-term cycles),
which coincides with some previous studies in Bolivia (Mercado, Leiton & Chacon, 2005;
Humérez & Dorado, 2006). However, the expansion periods are five times longer than the
contraction or stagnation regimes.

Implications for public policies and research agenda

The importance of addressing a non-linear growth modeling allows the determination
of the natural growth rate of the economy in two regimes: sustained growth and stagnation or
contraction.

As also, the nonlinearities in business cycle hase some relevant aspect for public
policies, specially with the effects of fiscal and monetary policy, for assesment of expansionary
and contractionary design according to the state of the cycle, as also as duration of respective
regimen. Therefore, by measures of nonlinearities is an effective approach to describe business
dynamic behavior (Lopes & Zsurkis, 2019), specially by determining the natural rate of growth.

In the case of the Bolivian economy, a natural rate of growth in the real GDP of 4.7%
is evident, 2.3% in the product per worker and 2.7% in per capita income. Under these
parameters, the Bolivian economy would double its income level in 26 years. Consequently, it
is possible to compare the estimates in growth rates with previous studies for Bolivia at the
natural level (Table 5):
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Table 5. The natural rate of the economy real growth

Estimations Period The natural rate of real growth
Research developed*** 1950-2015 4.70%

Valdivia and Yujra (2009) 1990-2008 4.49-5.17%"

Jemio (2008) 1971-2006 3.79%

Humérez and Dorado (2006) 1960-2004 4.40%

Mercado, Leiton and Chacon (2005) 1988-2003 4.04%"

***Results of own estimates
“Time series filter methodology: Nardaraya-Watson and Christiano-Fitzgerald
bLong-term product equation trend with quarterly annualized data

As a final reflection on the estimates limitations and the research agenda for future work,
there is need to include conditional variables of turning point or regime change (expansion and
contraction) from a non-linear perspective or through autoregressive vectors with Markov's
innovations.

Conclusions and final reflections

This paper addressed the characterization of the business cycle in Bolivia for the period
of 1950-2015.The theoretical discussion of regular cycles was done in contrast with asymmetric
phases between the expansions and recessions of the economy. For this purpose, filters were
used in different measurements of the business cycle. The Harding and Pagan (2002) algorithm
was used for the cyclical fluctuations of the actual product, the product per worker and the per
capita income. Alternatively, a non-linear-specification, based on Markov’s chains, was
considered to identify the expansion regimes and the stagnation-economic contraction.

The results obtained suggest that the business cycle in Bolivia presents a medium-term
characteristic, with an average duration between nine and eleven years for peak-to-peak
measurements (maxima relatives). However, the duration phases are asymmetric for troughs-
to-troughs measurements (relative lows) with periods being up to 25 years.

In general, there is no conclusive evidence of asymmetry in the business cycle of Bolivia
by the depth level of economic recessions. However, the results suggest the presence of
asymmetries at the steep level (negative bias) with troughs or not frequent relative minimums,
but with long periods of recovery in attribution to the so-called rule of the 70. For the period
1950-2015, under a sustained expansion or growth regime, implicit rates hold: 4.7% annually
in the actual product annual growth and about 2.0% in the annual population growth.

From a non-linear side, expansion regimes demonstrate consistent behavior towards
medium-term cycles for the actual product and product growth per worker. Nevertheless, for
growth rates of per capita income, the cycle duration is asymmetric, demonstrating long-term
cycles in the expansion regime (duration greater than twenty years) and duration of four years
in the contraction and economic stagnation regime. Finally, a natural yearly rate of 4.7%,
interpreted as the natural rate in a sustained growth regime was found.
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Appendix

Appendix 1. Descriptive Statistics

A Real Product A Real product per A Real product per

capita worker

Mean 2.64 0.49 0.77

Median 4.09 2.02 1.82

Maximum 9.45 7.29 8.77

Minimum -17.40 -19.52 -20.44

Std. Dev. 4.52 4.55 4.56

Skewness -2.27 -2.26 -1.81

Kurtosis 10.10 9.98 8.83

Jarque-Bera 192.41%** 187.21*** 127.55***

***Significance level at 1%

Appendix 2: Unit root analysis: Augmented Dickey Fuller Test
Ho: The variable is non-stationary/ it has unit root

A Real Product A Real product per A Real product per
capita worker
ADF -6.85%** -4.32%** -5.19%**
Lags 0 1 0
Specification Intercept No-intercept No-intercept

***Significance level at 1%
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