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Asymmetric real‑exchange‑rate 
effects on capital accumulation: evidence 
from non‑linear ARDL models for Mexico
Carlos A. Ibarra*

1  Introduction
According to recent development studies, a depreciated real-exchange-rate (RER) level 
can increase the rate of economic growth, particularly so in developing countries and 
in the medium run. But although many studies have supported this proposition, oth-
ers have questioned it: a depreciated RER may facilitate but not ensure faster growth; 
or appreciations may hurt growth while depreciations play a more neutral role; or both 
appreciations and depreciations relative to an equilibrium level may in fact decelerate 
growth.

Mexico, with its history of wide RER fluctuations and protracted appreciation trends, 
has not been immune to these controversies. But while different studies have reached 
contradictory results, none has tried to establish why this is so. The possible role of 
asymmetries, in particular, has not been properly studied. While there may be some 
consensus around the negative growth effects of appreciations, for example, the possibil-
ity of positive effects from depreciations remains more controversial.

Abstract 

The paper studies the effects of the real exchange rate (RER) on capital accumulation 
in Mexico in the period since the late 1980s. By testing for the existence of potential 
asymmetries, the paper seeks to clarify some of the controversies surrounding the 
subject. It shows the RER’s long-run effects to be qualitatively symmetric but quantita-
tively asymmetric; thus, while appreciations slow accumulation, depreciations acceler-
ate it, but to a lesser degree. Depreciations, moreover, have dynamically asymmetric 
effects, expansionary in the long run but contractionary in the short run. The effects are 
derived from non-linear autoregressive distributed lag models for the private capital 
accumulation rate in the manufacturing, tradables, and non-tradables sectors, and for 
the aggregate level of private fixed investment. The results help to reconcile the contra-
dictory conclusions reached by previous studies of Mexico, and to clarify the potential 
role of the real exchange rate as either barrier or engine of growth.
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The present paper contributes to the literature on RER and growth with a detailed 
study of the Mexican case. Applying a methodology specifically designed to test for 
asymmetries, the paper shows the RER effects on capital accumulation in Mexico to be 
qualitatively symmetric but quantitatively asymmetric; thus, while appreciations indeed 
are detrimental to capital accumulation—particularly in manufacturing and the trada-
bles sector—depreciations are beneficial, but to a lesser degree. The effects, moreover, 
are dynamically asymmetric, with depreciations leading to expansions in the long run 
but contractions in the short run. The results point to a possible explanation of the con-
tradictory conclusions reached by previous studies of Mexico. Because of the country’s 
rich RER experience and its puzzling growth facts, it is hoped that the results will also 
contribute to a better understanding of the international evidence.

The analysis relies on the estimation of non-linear error-correction autoregressive dis-
tributed lag (ARDL) models. Recently developed by Shin et al. (2014) as an extension of 
the bounds-testing approach of Pesaran et al. (2001), the non-linear ARDL model can be 
used to explore in a rigorous and flexible way the multiple asymmetries that may arise 
out of changes in the RER. Based on this model, the paper presents two sets of esti-
mations. In the first one, the dependent variable is the capital accumulation rate (the 
growth rate of the real net capital stock) in the private, non-residential sector of the 
Mexican economy. Using annual series from Mexico’s KLEMS database for the period 
1992–2015, the paper estimates separate equations for manufacturing, tradables as a 
whole, and non-tradables. The results shed light on the role of tradables in the trans-
mission of the RER to economic growth, a frequently mentioned but not much studied 
channel in the literature.

In the second set of estimations, the dependent variable is the aggregate level of pri-
vate investment (gross fixed capital formation in the private sector). Because of data 
restrictions, this second set of estimations cannot distinguish between tradables and 
non-tradables. But the higher frequency of the investment series—with quarterly obser-
vations for the period 1988–2016—allows a detailed analysis of trajectories based on the 
dynamic multipliers of the non-linear ARDL model. The multipliers trace the path fol-
lowed by investment after a permanent change in the RER, thus revealing possible asym-
metries between the short and long run.

The paper proceeds as follows. After a brief review of the literature in Sect.  2, Sect. 3 
describes the data and methodology, Sect.  4 presents the results—first for the capital 
accumulation rate, then for the investment level—and Sect. 5 concludes. An Appendix 
details data sources and definitions and provides the unit-root test results—showing a 
combination of stationary and non-stationary variables—that motivate the choice of 
estimation methodology.

2 � Literature review
A key proposition from the recent development literature is that a higher (depreci-
ated) RER level can raise the rate of economic growth, particularly so in developing 
countries and in the medium run. Typically, these studies—launched by Gala (2008) 
and Rodrik (2008)—exploit country panels containing 5-year averages of data. To make 
the data comparable across countries, the studies often measure the RER in relation 
to an equilibrium value, with the latter calculated either as the RER adjusted for the 
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Balassa–Samuelson effect or alternatively as the RER consistent with internal and exter-
nal equilibrium a la Nurkse. As noted below, though, calculating an equilibrium RER 
may create uncertainty about the robustness of results, and therefore other studies have 
used the actual RER level instead.1

According to one view, a depreciated RER level raises the rate of economic growth 
by redistributing income from wages to profits, thus increasing the economy’s saving 
and investment rates (see for example Gluzmann et  al. 2012). The dominant theoreti-
cal approach (as articulated for example by Rodrik 2008), however, takes a more dis-
aggregated view and argues that a depreciated RER level affects the rate of economic 
growth by its differentiated effects on the tradables and non-tradables sectors. In par-
ticular, a depreciation increases the relative price and profitability of tradables, stimu-
lating its expansion. Since the tradables sector is characterized by the use of modern, 
capital-intensive technology, its expansion leads to higher rates of capital accumulation 
and productivity growth for the economy as a whole (see Rapetti 2016 for a discussion of 
the RER’s growth channels, and Ibarra 2016 for a review of the literature).

But while many studies have confirmed the RER’s positive growth effects, others 
have questioned them. Typically, doubts are framed in terms of potential asymmetries 
between the effects of appreciations and depreciations (or alternatively between those of 
overvaluation and undervaluation). The asymmetries can be of a quantitative or qualita-
tive nature. A qualitative asymmetry arises when in the growth equation the estimated 
RER coefficient switches sign depending on whether the currency is appreciating or 
depreciating. A quantitative asymmetry, in contrast, arises when the estimated value but 
not the sign of the RER coefficient changes between appreciations and depreciations. 
Examples of both types of asymmetry are noted below.

Rodrik (2008) tested for the existence of asymmetries but found no significant evi-
dence for it: in his growth equations the estimated effect of the RER remains mostly 
unchanged across different levels of undervaluation. Berg and Miao (2010) include in 
their growth equations a series of dummies to separate the effects of overvaluation and 
undervaluation, and find no evidence of a switch in the sign of the estimated coefficients. 
Béreau et al. (2012) reach a similar conclusion within a panel smooth transition regres-
sion model.

Other studies differ. Eichengreen (2008) and Di Nino et al. (2011) argue that a depreci-
ated currency should be considered more a facilitating condition than a sufficient one 
to achieve faster growth rates. Razin and Collins (1997), Aguirre and Calderón (2006), 
and Nouira and Sekkat (2012) find negative effects from overvaluation but neutral or 
even negative effects also from undervaluation, thus exemplifying a case of qualitative 
asymmetries. In some of these studies, the switch in sign reflects the presence of non-
linearities, according to which a moderate degree of undervaluation raises growth but an 
extreme one depresses it. Recently, Missio et al. (2015) showed this type of non-linearity 

1  Studies using the first definition of the equilibrium RER level include Gala (2008), Rodrik (2008), Di Nino et  al. 
(2011), Berg et al. (2012), Gluzmann et al. (2012), Rapetti et al. (2012), Razmi et al. (2012), and Missio et al. (2015), 
while among those following the second definition are Béreau et al. (2012), MacDonald and Vieira (2012), Nouira and 
Sekkat (2012), and Schröder (2013). Several of them, though, use both definitions. Studies that have used the actual 
RER level instead of an equilibrium one include Hausmann et al. (2005a), Eichengreen (2008), Kappler et al. (2013), 
Oreiro and Araujo (2013), and De la Torre and Ize (2015). Di Nino et  al. (2011) and Rodrik (2008) do so in their 
robustness exercises.
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in panel regressions for the output level rather than its growth rate. These asymmetries, 
however, depend on the presence of extreme RER values and leave open the question of 
whether they may arise under more normal RER circumstances. Following a different 
approach, Schröder (2013) concludes that both undervaluation and overvaluation are 
detrimental to growth (a case again of qualitative asymmetry), a finding he attributes to 
his approach of calculating an individual Balassa–Samuelson effect by country instead of 
the homogenous cross-country effect calculated by Rodrik (2008) and many others. The 
finding calls attention to how the results of growth regressions may be sensitive to the 
way the equilibrium RER is calculated.

As mentioned above, the RER’s growth effects are typically understood to operate 
through either faster capital accumulation or stronger productivity growth. Possible 
asymmetries in these channels have been considered by a few studies. Oreiro and Araujo 
(2013) estimate a quadratic function for capital accumulation in Brazil and find that a 
real depreciation has a positive effect on accumulation, which however turns negative 
at high RER levels.2 Razmi et al. (2012) divide their sample of developing countries into 
those with undervalued and overvalued currencies and estimate separate equations for 
the growth rate of investment. They find that the (negative) effect of overvaluation may 
be larger in absolute terms than the (positive) effect of undervaluation, thus illustrating 
a case in which the RER effects are qualitatively symmetric but quantitatively asymmet-
ric. Mbaye (2013) calculates separate indices of undervaluation and overvaluation, and 
shows the effects of undervaluation on total factor productivity growth to be somewhat 
larger than those of overvaluation, particularly so in developing countries; whether the 
difference is statistically significant is not tested, though.

Turning to Mexico, several studies have provided conflicting evidence on the RER’s 
growth effects. For aggregate output, studies finding contractionary effects include 
Kamin and Rogers (1997), Garcés (2008), and López et  al. (2011); Galindo and Ros 
(2008), in contrast, show expansionary long-run effects. For aggregate investment, 
Caballero and Lopez (2012) find contractionary effects, while Ibarra (2010, 2015) shows 
the opposite ones. In an intermediate position, Blecker (2009) found a negative direct 
effect on the investment rate, which however was mostly offset by a positive indirect 
effect operating through the output growth rate. While the contractionary effects are 
typically motivated by the rising costs of imported inputs and higher payments of dol-
lar-denominated debt—factors that may be particularly relevant for firms in the non-
tradables sector—the expansionary ones are attributed to greater profit margins in the 
tradables sector, or alternatively to a relaxation of the external constraint on growth 
thanks to greater price competitiveness. But with the exception of Galindo and Ros 
(2008), who show the existence of contractionary effects in separate short-run equa-
tions, none of these studies applied a methodology to detect possible asymmetries.

As in other areas of research, the conflicting results may be explained by the use of 
different methodologies, the focus on different periods—particularly in Mexico, which 
transited in the mid-1980s from having a heavily regulated trade regime to a mostly lib-
eralized one, a transition that may have altered the way macroeconomic variables adjust 

2  A review of the general literature on the link between the RER and investment is beyond the scope of this section, 
but see Blecker (2016) for a recent discussion of investment functions, Baltar et al. (2016) for a look at the empirical 
literature, and Bahmani-Oskooee and Hajilee (2010) for times-series estimates in a large sample of countries.
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to changes in relative prices—and the way the estimations handle the impact of the 
financial crises often linked to large depreciations. Because of the latter factor, some of 
the estimates may be picking up contractionary effects of a short-run nature, a possibil-
ity that arises from the way the equations are sometimes specified.

Thus, while the recent international research relates the rate of economic growth to 
the level of the RER, studies of Mexico have estimated relationships between the level of 
the RER and the level (rather than the growth rate) of output, the first difference of both 
variables, or even the first difference of the RER and the level of output (as in some of the 
works cited by Kamin and Rogers 1997). As an important advantage, the econometric 
methodology to be applied in the present paper allows for clearly distinguishing between 
short- and long-run effects, and for doing so separately for depreciations and apprecia-
tions, all within a single estimated model. As we will see, this contributes to reconciling 
the apparently contradictory conclusions reached in previous research.

3 � Data and methodology
To test for the presence of asymmetries, the estimations in the paper follow the non-
linear ARDL approach of Shin et al. (2014). For this, the peso’s RER series was split into 
its appreciation and depreciation components as follows: 

where RER0 is an initial RER value, and RERD and RERA are partial sum pro-
cesses of positive (depreciation) and negative (appreciation) RER changes: 
RERDt =

∑t
j=1 max

(

�RERj , 0
)

and RERAt =
∑t

j=1 min
(

�RERj , 0
)

.

In contrast to panel-data studies which, for the reasons noted in Sect.  2, frequently 
measure the RER in relation to an estimated equilibrium level, the present paper uses 
the actual RER series to calculate RERD and RERA (see Bahmani-Oskooee and Moham-
madian 2016 for a similar approach). This makes the interpretation of the estimation 
results more transparent, as the latter do not depend on the choices—regarding meth-
odology, estimation period, explanatory variables—that must be made to estimate an 
equilibrium RER level.3 It is not clear, moreover, which definition of equilibrium is the 
relevant one for an analysis of capital accumulation—as opposed to for example an 
assessment of external balance, which is more firmly established in the literature. In any 
event, the highly significant estimates reported below support the approach followed 
in the present paper: real appreciations, for example, slow capital accumulation, which 
should not be the case if appreciations were an equilibrium phenomenon that reflected 
gains in productivity.

Figure  1 presents quarterly series for the RER and its components. Given the RER’s 
ample variability, the decomposition creates well-defined trends for both RERD and 
RERA. For the post-liberalization period 1988–2016—the focus of our analysis—the 
first difference of RERD contains 49 non-zero observations, while that of RERA contains 
66. The number of non-zero observations is larger for RERA than for RERD, but not 
overwhelmingly so. The estimates reported below, therefore, do not seem open to the 

(1)RERt = RER0 + RERDt + RERAt ,

3  To appreciate the sensitivity of such estimates to just one factor—model specification—see the analysis of “thou-
sands of BEERs” by Adler and Grisse (2017).
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critique—raised for example by Nouira and Sekkat (2012)—that the results of growth 
regressions may be biased by the predominance of one RER regime over the other.4

Using the above decomposition, the paper presents two sets of estimations: one for 
the growth rate of the net private non-residential capital stock (or capital accumulation 
rate, for short), and the other for the level of gross private fixed capital formation (or 
private investment level). The estimations for the capital accumulation rate use the avail-
able annual series for the period 1990–2015, which after computing first differences and 
lags is reduced to 1992–2015. Given the relatively small number of observations (which 
however cover a long historical period), and to minimize the number of coefficients to 
be estimated, the estimations control only for the production growth rate.5 On the plus 
side, the data—which were obtained from INEGI’s (Mexico’s National Institute of Statis-
tics) KLEMS database—allow us to estimate separate equations for manufacturing, trad-
ables as a whole, and non-tradables. Details on these data and the delimitation of sectors 
can be consulted in the Appendix.

The second set of estimations, those for the private investment level, use quarterly data 
for the period 1988–2016 (ending in the third quarter of the latter year), thus cover-
ing the entire period after the liberalization of the trade regime in Mexico. In this case, 
the large number and high frequency of observations allow us to control for a wide set 
of macroeconomic determinants of investment, and to carry out a detailed analysis of 
short-run effects and trajectories.

The investment series come from National Accounts. The estimations use the most 
up-to-date data, which are those based on the year 2008; these series, which begin in 
1993, were completed with data taken from the 1980-based National Accounts. The 
spliced series are shown, as series A, in Fig. 2. These are the series used in the majority 

Fig. 1  Real exchange rate and its components, 1980Q1–2016Q4. RER is the Bank of Mexico’s effective index, 
based on consumer price indices for 111 countries, where an increase means a real peso depreciation. RERD 
and RERA are partial sum processes of positive (depreciation) and negative (appreciation) RER changes. The 
series are expressed in natural logs times 100 (Source Author’s calculations with data from Bank of Mexico)

4  Note that the choice of base period (or initial value) in the RER decomposition of Eq. (1) does not affect in any way 
the econometric results to be shown below, except for a change in the estimated value of the equations’ intercept.
5  In addition, to account for the small number of observations in the accumulation equations, the F bounds test for the 
existence of a long-run relationship (to be described below) will rely on the small-sample critical values calculated by 
Narayan (2005).
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of estimations in the paper. For the overlapping period 1993–2007, however, prelimi-
nary exploration showed a large discrepancy between the 2008-based series and the also 
available 1993-based ones. Most notably, while the public investment series A declined 
markedly in the early 1990s and again during the late 1990s and early 2000s, the 1993-
based series (series B in Fig.  2) remained flat. As a counterpart, private investment 
increased more sharply in series A than in series B. Given these differences, as a robust-
ness exercise the paper will present alternative estimates from equations based on series 
B.

The ARDL model of Shin et al. (2014) extends to the non-linear case the error-correc-
tion bounds-testing approach of Pesaran et al. (2001). Among its main advantages, the 
approach allows the estimation of long-run relationships between the levels of variables 
that may be stationary or not, a feature of our dataset (see the unit-root test results in 
the Appendix).6 It yields, within a single equation, estimates of both the long- and short-
run coefficients—including the error correction one. It eliminates, through the inclusion 
of lags, the possible endogeneity bias in the estimation of the long-run coefficients (see 
Pesaran and Shin 1998). The non-linear version of the model, finally, detects possible 
asymmetries based not on extreme values of the RER but on its direction of change, that 
is, on whether the currency appreciates or depreciates.

To obtain the above results, the first step is to estimate an error-correction ARDL 
model allowing for non-linear RER effects as follows:

(2a)

�gt =

p
∑

j=1

aj�gt−j +

q
∑

j=0

b1j�RERDt−j +

q
∑

j=0

b2j�RERAt−j +

q
∑

j=0

b3j�yt−j + ρgt−1 + d1RERDt−1

+ d2RERAt−1 + d3yt−1 + d0 + du + et ,

Fig. 2  Private and public investment, alternative series, 1980Q1–2016Q3. Four-quarter moving averages 
based on constant-price data. Series A splice National Accounts (NA) data based on the years 1980 (from 
1980Q1 to 1993Q1) and 2008 (from 1993Q2 to 2016Q3). Series B use 1993-based NA data from 1993Q2 to 
2007Q4. The series are expressed in natural logs times 100 (Source Author’s calculations with data from INEGI)

6  More specifically, the estimation can combine variables integrated of order zero or one but not higher. The unit-
root tests show that this latter condition is met (even without allowing for possible structural breaks in the series) 
since without exception all variables become stationary after taking their first difference.



Page 8 of 24Ibarra ﻿Lat Am Econ Rev  (2018) 27:10 

where g is the capital accumulation rate (in manufacturing, tradables as a whole, or non-
tradables), RERD and RERA the RER’s depreciation and appreciation components, y the 
growth rate of real gross production, ρ the error-correction coefficient, d0 an intercept, e 
the residual, Δ the first-difference operator, and p = q the initial number of lags. Prelimi-
nary estimations showed that one lag was sufficient to pass the diagnostic tests. Finally, 
du stands for 0–1 dummies that capture transitory or permanent shifts in the intercept 
of some of the estimated equations, as explained below.

After simplifying the initial equation by removing the longest non-significant lags in 
the first-differenced variables, t and F tests are applied to the estimated coefficients to 
determine whether the null hypothesis of no long-run relationship between the variables 
can be rejected;7 rejection requires the t (in absolute value) and F statistics to lie above 
the asymptotic upper critical values (or upper bounds) calculated by Pesaran et al. (2001) 
and the small-sample critical values calculated by Narayan (2005), respectively. If the lat-
ter conditions are met, the null hypothesis can be rejected irrespective of whether the 
variables are stationary or not—that is, whether they are integrated of order zero, one, or 
a combination. Finally, the estimated coefficients from the simplified version of (2a) can 
be used to form the long-run equation,

where the long-run coefficients are calculated as δi = − di/ρ, with i = 0, 1, 2, 3.
For the investment equations, the initial error-correction ARDL model took the form, 

where PI is the real private investment level, the Z’s its k–2 potential determinants 
(in addition to the RER), and the initial number of lags was set to three (which would 
be equivalent to four lags in a traditional ARDL model in levels). The list of invest-
ment determinants includes the industrial production index or alternatively the gross 
domestic product (GDP, both intended to capture accelerator effects), public invest-
ment (to control for complementary or substitution effects), the nominal interest rate 
and the inflation rate (as components of the real interest rate, intended to capture the 
cost of credit), the monetary aggregate M3 as a percentage of GDP (to control for the 
credit channel), and the level of real manufactured exports (as an additional source 

(2b)gt = δ0 + δ1RERDt + δ2RERAt + δ3yt ,

(3a)

�PIt =

p
∑

j=1

aj�PIt−j +

q
∑

j=0

b1j�RERDt−j

+

q
∑

j=0

b2j�RERAt−j ++

k
∑

i=3

q
∑

j=0

bi,j�Zi,t−j + ρPIt−1

+ d1RERDt−1 + d2RERAt−1 +

k
∑

i=3

diZi,t−1 + d0 + du + et ,

7  Thus, following what has become the common practice (see for example Giles 2013), the t and F tests are applied 
after simplifying the lag structure of the model. Note also that the number of lags is similar across variables only in 
the equation’s initial specification, but is allowed to vary in the final specification.
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of accelerator effects, given the pattern of export-led growth followed by the Mexican 
economy during the period). Some equations also include permanent intercept shifts, as 
explained below. After following the estimation procedure described above, Eq. (3a) can 
be used to derive the long-run equation,

where to avoid an unnecessarily large notation we use the same letters from the capital 
accumulation equations to denote the estimated coefficients.

The estimated coefficients δ1 and δ2 in Eqs. (2b) and (3b) measure the long-run effects 
of depreciations and appreciations. The effects may be asymmetric, either qualitatively 
or quantitatively. They will be qualitatively asymmetric when the sign of the effect 
depends on whether the currency is appreciating or depreciating, in which case δ1 and 
δ2 will have different signs or one of them may be zero.8 The effects will be quantitatively 
asymmetric, in contrast, when only their size, but not their sign, depends on whether 
the currency appreciates or depreciates, in which case δ1 and δ2 will have the same sign 
but different estimated value. If δ2 > δ1 > 0, for example, the effects would be qualitatively 
symmetric: while a real appreciation slows capital accumulation, a real depreciation 
accelerates it. Quantitatively, however, the effects would be asymmetric, meaning that 
an appreciation would be more detrimental to capital accumulation than a depreciation 
would be beneficial to it. As shown by Shin et al. (2014), the statistical significance of the 
latter asymmetry can be tested by a Wald test.

In addition to testing for differences in long-run effects, a second type of asymmetry—
namely, that between short- and long-run effects—can be explored by using the esti-
mated coefficients on the first-differenced variables in Eq. (3a). Of particular interest is 
the possibility of a switch in coefficient signs as we move from the initial to the final lags. 
The often discussed possibility of expansionary depreciation effects in the long run, but 
with contractionary ones in the short run, for example, would correspond to a case in 
which δ1 > 0 in Eq. (3b) but with a predominance of negative b1 coefficients in the first 
lags of Eq. (3a).

To more easily detect a switch in sign, in Sect.  4.2 the estimated coefficients from 
Eq.  (3a) will be used to calculate the path followed by investment after a permanent 
change in both RERD and RERA; this will make it visually straightforward to compare 
short- and long-run effects. The path will be obtained from the dynamic multipliers,

which define the dynamic adjustment of investment after a positive or negative change 
in the RER (see Shin et al. 2014 for details).

(3b)PIt = δ0 + δ1RERDt + δ2RERAt +

k
∑

i=3

δiZi,t ,

(4)mRERi
h =

h
∑

j=0

∂PIt+j

∂RERit
, where i = A,D, and h = 0, 1, 2, . . .

8  Recalling the discussion in Sect. 2, this type of asymmetry would correspond to a case in which, for example, an 
appreciation has a negative effect on capital accumulation but a depreciation has no effect: in this case δ2 would be 
positive but δ1 would not be statistically different from zero.
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4 � Estimation results
4.1 � Capital accumulation equations

Table 1 presents estimated equations for the capital accumulation rate in manufacturing, 
tradables as a whole, and non-tradables in Mexico during the period 1992–2015. To pass 
the diagnostic tests, the equations include outlier year dummies for the crisis years 2009 
and 1995 (plus 1994 in tradables), and also for 2013 (or 2012 in non-tradables). Without 
the dummies for the latter 2 years, the equations show abnormally large positive residu-
als; the residuals reflect a puzzling increase in the actual accumulation rate, which con-
trasts with the fall in the predicted rate in a context of slow production growth and real 
currency appreciation. The increase in the actual accumulation rate seems anomalous 
also in light of the deceleration of investment as reported in the National Accounts, and 
which will be further discussed below, in the estimation of the investment equations.

As a preliminary step, the equations in Table 1 include the actual RER series without 
decomposing it into RERA and RERD. According to the bounds-test results, the three 
equations can be interpreted as long-run relationships. Consistent with these results, 
the estimated error-correction coefficient is negative and highly significant in economic 
and statistical terms. Controlling for the accelerator effect, the equations show a posi-
tive correlation between the RER and capital accumulation in manufacturing and trada-
bles, according to which a 10% higher RER level (that is, a 10% permanent depreciation) 

Table 1  Capital accumulation equations, I. Source Author’s estimations. See Appendix for 
data sources and definitions

Dependent variable: capital accumulation rate

Long-run coefficients from EC ARDL models, 1992‒2015, 24 annual observations

For illustrative purposes, the p values for the di coefficients from Eq. (2a) in the text are shown in parenthesis, next to the 
estimated coefficients

All the equations include an intercept and crisis dummies for 1995 and 2009 (not shown). Columns (1.1) and (1.2) include an 
additional dummy for 2013 (2012 in column 1.3); column (1.2) includes an additional dummy for 1994

All the variables are expressed in %, except RER, which is in natural logs times 100

Diagnostics: p values for the null hypotheses of a normally distributed errors, b no serial correlation of up to order n, c no 
ARCH errors, and d no specification error

Bounds tests: reject the null of no long-run relationship at ***1%, **5%, *10%

The tests use the critical values from Pesaran et al. (2001). In the capital accumulation equations, the F test relies on the 
small-sample critical values calculaed by Narayan (2005)

(1.1) (1.2) (1.3)
Manufacturing Tradables Non-tradables

Estimated coefficients

Real exchange rate, RER 0.274 (0.00) 0.256 (0.00) − 0.070 (0.04)

Production growth rate 0.511 (0.06) 0.839 (0.00) 0.762 (0.00)

Error-correction coefficient, ρ − 0.286 (0.00) − 0.219 (0.00) − 0.851 (0.00)

Diagnostics

Jarque–Beraa 0.156 0.416 0.891

Breusch‒Godfrey, n = 2b 0.729 0.260 0.189

ARCHc 0.581 0.632 0.687

Ramsey’s RESETd 0.524 0.677 0.533

Adjusted R-squared 0.933 0.955 0.891

Bounds tests

t statistic − 3.83** − 3.60** − 5.13***

F statistic 30.79*** 50.62*** 18.15***
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would tend to increase the accumulation rate by about 2.5% points. In non-tradables, in 
contrast, the RER coefficient is negative and smaller in absolute terms. The RER, there-
fore, affects the sectoral pattern of capital accumulation, with a higher RER level shifting 
accumulation from non-tradables to tradables.9

Turning to our main results, Table 2a presents estimated equations that include the 
appreciation RERA and depreciation RERD series. In addition to the results for the dif-
ferent sectors, the last column in the table shows estimates for the whole economy. As 
shown in the table, the sign of the estimated coefficients on RERA and RERD differs 
across sectors but does not switch within each sector. Thus, the estimated coefficients 
are negative in non-tradables, but positive in manufacturing, tradables, and—reflecting 
the dominance of the latter sector—the whole economy. This implies that, qualitatively, 
the RER effects are symmetric: in manufacturing, tradables, and the economy as a whole, 
a depreciation accelerates capital accumulation while an appreciation decelerates it; in 
non-tradables the effects are the opposite but also symmetric: the accumulation rate falls 
with depreciations and rises with appreciations.10

But while the RER effects are qualitatively symmetric, there is strong evidence that 
they are quantitatively asymmetric. In manufacturing and tradables, in particular, the 
estimated coefficients on RERA are visibly larger than those on RERD, a difference 
which according to a Wald test is statistically significant. A similar difference is observed 
for the whole economy, although with a weaker Wald test result. According to this dif-
ference, appreciations affect capital accumulation more strongly than do depreciations. 
In manufacturing, for example, while a 10% appreciation decreases the accumulation 
rate by 2.47% points, a similar 10% depreciation increases it by only 2.03 points. The 
difference is larger for tradables as a whole. In non-tradables, in contrast, the effects of 
appreciations and depreciations seem to be completely symmetrical.

The previous estimations were made under the implicit assumption that changes in 
the production growth rate have symmetrical effects on the accumulation rate. As a 
robustness exercise, the accumulation equations were re-estimated allowing for possible 
asymmetries in the effects of production growth. For this, the production growth rate 
was split into two series: one corresponding to a “high” growth rate, equal to the actual 
growth rate when this was above the average rate for the whole period, and equal to zero 
otherwise; and another one for a “low” growth rate, equal to the actual growth rate when 
this was below the average growth rate for the whole period, and to zero otherwise.11 
The new equations are shown in Table 2b. As can be seen, they have very good diagnos-
tic test results and the bounds tests support their interpretation as long-run relation-
ships; the error-correction coefficient in non-tradables, though, is too large (in absolute 
terms) and thus the equation must be taken with some caution.

11  The average growth rate was used as a threshold to ensure that the new series have a relatively similar number of non-
zero observations. Otherwise, if a zero threshold had been used (as was done in the RER decomposition of Eq. 1), then 
the series for the negative production growth rate would have had a disproportionately large number of zeros.

9  Note that the estimation methodology makes it possible to obtain statistically significant results for the RER, 
including a separation between short- and long-run effects, without having to lag the level of the RER with respect 
to the dependent variable, as previous studies had to do (see for example Blecker 2009 and Ibarra 2010). The better 
results may be explained by the inclusion of lags in the first-difference segment of the ARDL model.
10  To interpret the coefficients, recall that a depreciation means an increase in the positively signed RERD series, while 
an appreciation means an increase in the absolute value of the negatively signed RERA series.
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Table 2  Capital accumulation equations (a) IIa and (b) IIb. Source Author’s estimations. See 
Appendix for data sources and definitions

Dependent variable: capital accumulation rate

Long-run coefficients from non-linear EC ARDL models, 1992–2015, 24 annual observations

For illustrative purposes, the p values for the di coefficients from Eq. (2a) in the text are shown in parenthesis, next to the 
estimated coefficients

For an explanation of the diagnostic and bounds tests, see Table 1

All the equations include intercept and an outlier year dummy for 1995 (not shown), except column (2b.3). In addition, 
columns (2a.1) and (2a.2) include outlier dummies for 2009 and 2013, column (2a.3) includes an outlier dummy for 2009 and 
no intercept, and columns (2b.1) and (2b.2) include an outlier year dummy for 2013

Due to increased number of lags in the final equation, the sample in columns (2b.2) and (2b.3) was reduced to 1993–2015

All the variables are expressed in %, except RER, which is in natural logs times 100

(2a.1) (2a.2) (2a.3) (2a.4)

Manufacturing Tradables Non-tradables Whole economy 
(tradables + non-
tradables)

(a) Capital accumulation equations, IIa

Estimated coefficients

Depreciation component, RERD 0.203 (0.02) 0.182 (0.02) − 0.054 (0.05) 0.080 (0.01)

Appreciation component, RERA 0.247 (0.00) 0.244 (0.00) − 0.055 (0.02) 0.096 (0.00)

Production growth rate 0.756 (0.06) 1.052 (0.00) 0.638 (0.00) 0.948 (0.00)

Error-correction coefficient, ρ − 0.278 (0.00) − 0.215 (0.00) − 1.016 (0.00) − 0.329 (0.00)

Diagnostics

Jarque–Bera 0.765 0.750 0.534 0.639

Breusch‒Godfrey, n = 2 0.552 0.316 0.489 0.763

ARCH 0.799 0.421 0.987 0.178

Ramsey’s RESET 0.910 0.999 0.729 0.795

Adjusted R-squared 0.938 0.947 0.866 0.954

Wald and bounds tests

Wald RERD = RERA 0.035 0.005 0.965 0.146

Bounds t statistic − 3.87** − 3.27# − 4.70*** − 3.88**

Bounds F statistic 24.13*** 33.42*** 11.93*** 36.06***

(2b.1) (2b.2) (2b.3) (2b.4)

Manufacturing Tradables Non-tradables Whole economy 
(tradables + non-
tradables)

(b) Capital accumulation equations, IIb

Estimated coefficients

Depreciation component, RERD 0.175 (0.04) 0.230 (0.00) − 0.034 (0.02) 0.084 (0.00)

Appreciation component, RERA 0.228 (0.00) 0.271 (0.00) − 0.040 (0.00) 0.093 (0.00)

Production growth rate, high, QH 0.954 (0.01) 0.650 (0.00) 0.662 (0.00) 0.779 (0.00)

Production growth rate, low, QL 1.735 (0.00) 1.837 (0.00) 0.406 (0.00) 1.115 (0.00)

Error-correction coefficient, ρ − 0.232 (0.00) − 0.272 (0.00) − 1.366 (0.00) − 0.360 (0.00)

Diagnostics

Jarque–Bera 0.992 0.969 0.855 0.626

Breusch‒Godfrey, n = 2 0.878 0.719 0.299 0.593

ARCH 0.815 0.647 0.754 0.953

Ramsey’s RESET 0.750 0.599 0.912 0.484

Adjusted R-squared 0.933 0.969 0.940 0.966

Wald and bounds tests

Wald QH = QL 0.164 0.004 0.035 0.135

Wald RERD = RERA 0.045 0.019 0.192 0.310

Bounds t statistic − 3.33# − 4.19** − 7.33*** − 4.82***

Bounds F statistic 23.37*** 35.02*** 13.96*** 39.08***
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The estimation results show clear evidence of asymmetric effects from the production 
growth rate: in manufacturing and tradables, the asymmetry consists of larger effects of 
low (including negative) growth rates on capital accumulation than those of high growth 
rates, while in non-tradables the opposite is true, with larger effects from high growth 
rates than those of low growth rates. Thus, in tradables for example, a relatively low pro-
duction growth rate (or a negative one) tends to reduce the capital accumulation rate by 
more than it is increased by a high production growth rate. Note, however, that the new 
results do not affect the conclusions previously obtained for the RER: as in the original 
equations, we still observe that in manufacturing and tradables an appreciation tends to 
reduce the capital accumulation rate by more than a depreciation tends to increase it.

4.2 � Investment equations

Next, we consider estimates for the aggregate investment level. Initially two sets of esti-
mations are presented, one which allows for a permanent downward intercept shift after 
the peso crisis of 1994–1995 (plus an additional one in 2013), and another set without 
such shifts. The shifts are consistent with studies showing protracted falls in investment 
after a financial crisis, such as the one in Mexico in 1994–1995 (see Reinhart and Tashiro 
2013; Chari and Henry 2014). Although no such crisis occurred immediately before 
2013–2016, the latter is a period characterized by abnormally slow investment growth 
in developing economies, including in Latin America (see World Bank 2017), and the 
downward shift appears to capture this phenomenon. In any event, while the fit of the 
estimated equations improves, our qualitative results regarding the RER’s effects on 
investment do not depend on including the intercept shifts.12

Table 3 begins with the equations excluding permanent intercept shifts. While all the 
equations include the RER level decomposed into RERD and RERA, different specifica-
tions are used to test the robustness of the estimated effects. Column (3.1) presents the 
simplest one, which controls only for the industrial production index and public invest-
ment level; column (3.2) adds the nominal interest rate and inflation rate, and column 
(3.3) the monetary aggregate M3; column (3.4), finally, discards the latter variable and 
adds the manufacturing export level.

Except in the simplest specification in column (3.1), which presents serially correlated 
residuals, the diagnostic test results are satisfactory. In all the equations, the F bounds 
test rejects the null hypothesis of no long-run relationship, while the error-correction 
term shows a large (in absolute terms) negative estimated coefficient. The t bounds test 
also rejects the null of no long-run relationship in column (3.3), while it fails to do so, 

Wald tests: p values from tests applied to the di coefficients of Eq. (2a) in the main text. For the bounds F test, RERD and RERA 
were counted as a single regressor, corresponding to the stricter test (i.e., the test with higher critical values). For the same 
reason, for the t test they were counted as two separate regressors. See the discussion in Shin et al. (2014)

Panel a—#Rejects the null at 10% under the condition that RERD and RERA are considered a single regressor

Panel b—#Rejects the null at 10% under the condition that RERD and RERA are considered a single regressor, and the same 
for QH and QL

Table 2  (continued)

12  It was not possible to find similar statistically significant shifts in the capital accumulation models of Sect.  4.1, 
which suggests that a crisis may cause a long-lasting fall in the level but not the rate of capital accumulation.
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but only marginally, in column (3.2).13 Overall, the evidence supports the existence of a 
long-run equation for the determination of the private investment level in Mexico.

The estimated coefficients on the majority of control variables show the expected 
signs. According to these, private investment responds positively to variations in 
industrial production and manufacturing exports, and negatively so to variations in 
the real interest rate—where the latter may come from a higher nominal rate or a 
lower inflation rate. Adding M3 improves the statistical fit of the estimated equa-
tion, but with an unexpected negative coefficient on the new variable which suggests 
a spurious result. The negative coefficient on government investment, finally, indi-
cates a predominance of substitution effects on private investment, perhaps reflect-
ing the protracted decline of public investment and privatization of assets in Mexico 
during this period.

Turning to our main results, the estimated coefficients on both RERD and RERA 
show a positive sign, indicating the presence of qualitatively symmetric effects: while 

Table 3  Investment equations, I. Source Author’s estimations. See Appendix for data 
sources and definitions

Dependent variable: private fixed investment

Long-run coefficients from non-linear EC ARDL models, 1988Q1‒2016Q3, 115 quarterly observations

For illustrative purposes, the p values for the di coefficients from Eq. (3a) in the text are shown in parenthesis, next to the 
estimated coefficients

For an explanation of the diagnostic, Wald, and bounds tests, see Tables 1 and 2

All the equations include an intercept. Columns (3.2) and (3.3) include a quarterly outlier dummy for

2009Q3 and 2008Q3, respectively (not shown)

All the variables are measured in natural logs times 100, except NIR and INF (in %) and M3 (% of GDP)

(3.1) (3.2) (3.3) (3.4)

Estimated coefficients

Depreciation component, RERD 0.490 (0.07) 0.402 (0.09) 0.435 (0.06) 0.451 (0.08)

Appreciation component, RERA 1.052 (0.02) 0.968 (0.00) 0.825 (0.01) 1.151 (0.01)

Industrial production index 4.183 (0.00) 3.859 (0.00) 3.501 (0.00) 3.797 (0.00)

Government investment − 0.463 (0.00) − 0.449 (0.00) − 0.450 (0.00) − 0.452 (0.00)

Nominal interest rate, NIR − 1.460 (0.00) − 1.701 (0.00) − 1.623 (0.00)

Annual inflation rate, INF 0.807 (0.00) 1.007 (0.00) 0.929 (0.00)

Monetary aggregate M3 − 0.443 (0.09)

Manufacturing exports 0.126 (0.74)

Error-correction coefficient, ρ − 0.272 (0.00) − 0.346 (0.00) − 0.368 (0.00) − 0.321 (0.00)

Diagnostics

Jarque–Bera 0.537 0.354 0.413 0.465

Breusch‒Godfrey, n = 4 0.012** 0.159 0.582 0.258

ARCH 0.212 0.317 0.956 0.555

Ramsey’s RESET 0.274 0.507 0.214 0.319

Adjusted R-squared 0.746 0.796 0.838 0.814

Wald and bounds tests

Wald RERD = RERA 0.016 0.002 0.030 0.009

Wald NIR = − INF 0.005 0.001 0.007

Bounds t statistic − 3.33 − 3.99 − 4.38* − 2.97

Bounds F statistic 6.95*** 5.41*** 6.69*** 5.59***

13  In this column, the t statistic has a value of − 3.99, while its upper critical bound at 10% of significance is − 4.04.
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a real peso depreciation tends to increase the investment level, an appreciation does 
the opposite. Quantitatively, however, the effects are asymmetric: in column (3.2), 
for example, the estimated coefficient on RER appreciations, at 0.97, is more than 
twice the estimated coefficient on depreciations. Thus, while an appreciation tends 
to decrease investment, a depreciation tends to increase it, but to a lesser degree. 
The results resemble those obtained for the capital accumulation rate in manufac-
turing, tradables, and the economy as a whole.

4.2.1 � Downward shifts

Next, we consider equations that allow for permanent intercept shifts after the peso 
crisis of 1994–1995 and during the post-2012 global slowdown. To facilitate their 
interpretation, the estimated shifts are reported as a percentage of the investment 

Table 4  Investment equations, II. Source Author’s estimations. See Appendix for data 
sources and definitions

Dependent variable: private fixed investment

Long-run coefficients from non-linear EC ARDL models, 1988Q1‒2016Q3, 115 quarterly observations

For illustrative purposes, the p values for the di coefficients from Eq. (3a) in the text are shown in parenthesis, next to the 
estimated coefficients

For an explanation of the diagnostic, Wald, and bounds tests, see Tables 1 and 2

The intercept was omitted from columns (4.3) and (4.4) due to lack of significance. Column (4.1) includes a quarterly outlier 
dummy for 2009Q3, while columns (4.3) and (4.4) include one for 1999Q2 (not shown)

The estimated intercept shifts are reported as % of the investment levels observed in 1994 and 2012

All the variables are measured in natural logs times 100, except NIR and INF (in %) and M3 (% of GDP)

(4.1) (4.2) (4.3) (4.4)

Estimated coefficients

Depreciation component, RERD 0.304 (0.00) 0.308 (0.00) 0.287 (0.06) 0.336 (0.05)

Appreciation component, RERA 0.311 (0.00) 0.506 (0.00) 0.666 (0.00) 0.564 (0.02)

Industrial production index 2.904 (0.00) 1.773 (0.00)

Government investment − 0.417 (0.00) − 0.357 (0.00) − 0.329 (0.00) − 0.317 (0.00)

Nominal interest rate, NIR − 0.464 (0.00) − 0.566 (0.00) − 0.593 (0.02) − 0.596 (0.02)

Annual inflation rate, INF 0.298 (0.00) 0.370 (0.00) 0.332 (0.02) 0.343 (0.01)

Monetary aggregate M3 − 0.469 (0.37)

Manufacturing exports 0.629 (0.00) 1.062 (0.00) 1.041 (0.00)

Gross domestic product 0.752 (0.00) 0.744 (0.00)

Error-correction coefficient, ρ − 0.801 (0.00) − 0.675 (0.00) − 0.421 (0.00) − 0.439 (0.00)

Intercept shifts

1995–2016, post-tequila crisis − 4.04 (0.00) − 6.85 (0.00) − 6.90 (0.00) − 7.79 (0.00)

2013–2016, global slowdown − 1.83 (0.00) − 1.99 (0.00) − 2.48 (0.00) − 1.70 (0.02)

Diagnostics

Jarque–Bera 0.413 0.502 0.788 0.989

Breusch‒Godfrey, n = 4 0.364 0.620 0.187 0.168

ARCH 0.523 0.448 0.854 0.752

Ramsey’s RESET 0.859 0.928 0.256 0.195

Adjusted R-squared 0.850 0.871 0.903 0.906

Wald and bounds tests

Wald RERD = RERA 0.933 0.071 0.011 0.298

Wald NIR = − INF 0.070 0.053 0.071 0.072

Bounds t statistic − 8.40*** − 7.30*** − 5.53*** − 5.16**

Bounds F statistic 16.44*** 13.65*** 10.69*** 9.40***
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levels observed in 1994 and 2012, respectively. Table 4 presents four different speci-
fications: the one in column (4.1) controls for the industrial production index, pub-
lic investment, and the components of the real interest rate; columns (4.2) and (4.3) 
add manufacturing exports, and the latter replaces the industrial production index 
with real GDP; column (4.4), finally, keeps GDP and adds the monetary aggregate M3. 
Again, the different specifications are intended to explore the robustness of the esti-
mated coefficients on RERD and RERA.

The case for downward shifts in the investment equation is strong. With their inclu-
sion, the statistical fit of the equations improves visibly: both the error-correction coeffi-
cient and the F bounds-test statistic increase (compare the equations in columns 4.1 and 
4.2 with those in 3.2 and 3.4), and the t test moves to consistently reject the null of no 
long-run relationship. According to the estimates, and after controlling for a large set of 
macroeconomic determinants, investment shifted down by about 7% following the cur-
rency crisis of 1994–1995, and an additional 2% during the post-2012 global slowdown. 
For the rest of determinants, the results carry over from those presented in Table 3. In 
addition, manufacturing exports become statistically significant, suggesting they have a 
positive effect on investment beyond that of aggregate industrial activity or GDP.

Irrespective of the new intercept shifts, the equations continue to show qualitatively 
symmetric RER effects: while an appreciation tends to decrease investment, a deprecia-
tion tends to increase it. Allowing for intercept shifts, however, does reduce the size of 
the estimated coefficients on the RER components, particularly so on RERA. This cre-
ates some ambiguity about the extent of quantitative asymmetry. In column (4.1), in par-
ticular, the Wald test cannot reject the null of equal coefficients on RERD and RERA. 
Column (4.4) shows the same result, but the equation may be misspecified due to the 
inclusion of M3. Columns (4.2) and (4.3), finally, do reject the null of equal coefficients. 
Overall, the evidence continues supporting the hypothesis of quantitatively asymmetric 
effects of appreciations and depreciations.

4.2.2 � Alternative investment series

We now consider whether using the 1993-based investment series changes the estima-
tion results. To do so, we re-estimate the investment equations using the alternative 
investment (and, for consistency, GDP) series shown as series B in Fig. 2. Table 5 shows 
the estimation results.14 In all the equations, the F bounds test supports the existence of 
a long-run relationship, while the t test does so in columns (5.1) and (5.4). Also support-
ing the existence of a long-run relationship, the estimated error-correction coefficient is 
negative in all the equations. The coefficient is visibly larger in the equations including 
the industrial production index rather than GDP (as was the case also in Table 4), which 
suggests the specification with industrial production is to be preferred. Qualitatively, the 
estimates for the control variables are similar to those reported in previous tables.

Turning to the RER components, the estimated coefficients are positive for 
both RERD and RERA, which again is consistent with the presence of qualitatively 

14  Since the equations’ statistical fit was better when intercept shifts were included, while the qualitative results were 
the same with or without them, only the estimates including intercept shifts are reported here, but the results of 
equations without shifts are available from the author upon request.
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symmetric effects. Also consistent with the previous results, the estimated coefficient 
on RERA is visibly larger than that on RERD, a difference that is confirmed in statisti-
cal terms by the Wald tests. Thus, an appreciation appears to have a larger effect on 
investment than does a depreciation of similar size. This type of asymmetry is dis-
played by all equations, except the one in column (5.3), which exceptionally15 shows 
the opposite pattern. In summary, the use of the alternative investment series does 
not invalidate the previously reported results; the estimated coefficients on RERD and 
RERA are in fact larger here than in the corresponding equations in Table 4.

Table 5  Investment equations, III. Source Author’s estimations. See Appendix for data 
sources and definitions

Dependent variable: private fixed investment

Long-run coefficients from non-linear EC ARDL models, 1988Q1‒2016Q3, 115 quarterly observations

For illustrative purposes, the p values for the di coefficients from Eq. (3a) in the text are shown in parenthesis, next to the 
estimated coefficients

For an explanation of the diagnostic, Wald, and bounds tests, see Tables 1 and 2

The intercept was omitted from columns (5.3) and (5.4) due to lack of significance; column (5.1) includes quarterly outlier 
dummies for 1997Q4 and 2009Q3 (not shown)

The estimated intercept shifts are reported as % of the investment levels observed in 1994 and 2012

All the variables are measured in natural logs times 100, except NIR and INF, which are in %

These estimations use the investment (and corresponding GDP) series shown as series B in Fig. 2

(5.1) (5.2) (5.3) (5.4)

Estimated coefficients

Depreciation component, RERD 0.306 (0.00) 0.477 (0.00) 1.083 (0.00) 0.628 (0.00)

Appreciation component, RERA 0.465 (0.00) 0.829 (0.00) 0.480 (0.12) 1.043 (0.00)

Industrial production index 2.950 (0.00) 1.893 (0.04)

Government investment − 0.277 (0.00) − 0.289 (0.00) − 0.838 (0.00) − 0.412 (0.00)

Nominal interest rate, NIR − 0.628 (0.00) − 0.875 (0.00) − 1.055 (0.07) − 1.161 (0.00)

Annual inflation rate, INF 0.368 (0.00) 0.482 (0.00) 0.476 (0.14) 0.624 (0.00)

Manufacturing exports 0.589 (0.03) 0.997 (0.00)

Gross domestic product 1.252 (0.00) 0.826 (0.00)

Error-correction coefficient, ρ − 0.739 (0.00) − 0.475 (0.00) − 0.175 (0.00) − 0.292 (0.00)

Intercept shifts

1995–2016, post-tequila crisis − 3.48 (0.00) − 5.99 (0.00) − 6.01 (0.00) − 7.32 (0.00)

2013–2016, global slowdown − 1.25 (0.00) − 1.63 (0.00) − 5.09 (0.00) − 2.62 (0.02)

Diagnostics

Jarque–Bera 0.880 0.216 0.978 0.892

Breusch‒Godfrey, n = 4 0.384 0.718 0.851 0.896

ARCH 0.695 0.112 0.544 0.465

Ramsey’s RESET 0.106 0.702 0.656 0.944

Adjusted R-squared 0.870 0.889 0.899 0.908

Wald and bounds tests

Wald RERD = RERA 0.086 0.052 0.001 0.109

Wald NIR = − INF 0.003 0.002 0.074 0.005

Bounds t statistic − 8.69*** − 3.75 − 3.46 − 4.34*

Bounds F statistic 19.09*** 5.76*** 8.88*** 6.52***

15  The result comes from a very specific combination, namely, (a) using the older 1993-based series, (b) including 
GDP instead of the industrial production index, and (c) failing to control for manufacturing exports.
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4.2.3 � Short versus long run

All the previous results refer to the RER’s final, long-run effects on investment. To 
conclude, we analyze the path followed by investment before the long-run effects 
materialize. The paths, which are based on the dynamic multipliers presented in 
Eq. (4), use the whole structure of coefficients estimated on the lags of the dependent 
variable and the current and lagged values of the RER component in each equation. 
While the paths, as must be the case, eventually converge to the long-run coefficients, 
they may reveal differences between short- and long-run effects.

The details of the calculated trajectories change depending on the specific set of con-
trols included in the investment equation, whether intercept shifts are allowed or not, 
etc. But the different trajectories share some common patterns. First, the effects from 
both appreciations and depreciations increase over time, gradually moving toward their 
long-run values. Second, the effects from depreciations fluctuate over time more widely 
than those from appreciations. And third, but most importantly, while the effects from 
appreciations are consistently negative in both the short and long run, in the case of 
depreciations there is a switch in sign, with a positive effect on investment in the long 
run, but a negative one in the short run. This is consistent with the hypothesis of con-
tractionary effects of depreciations in the short run, but expansionary ones in the long 
run.16

The patterns are illustrated by the time series in Fig. 3. The series show the estimated 
path followed by investment after a permanent change of one percent—positive (depre-
ciation) or negative (appreciation)—in the RER. In panel (a), the paths were derived 
from the estimated equations in Tables 3, 4, and 5, columns 3.4, 4.2, and 5.2, which in all 
cases control for the industrial production index, public investment, the components of 
the real interest rate, and manufacturing exports. As may be recalled, the equations from 
Tables 4 and 5 allow for permanent intercept shifts in 1995 and 2013, while the equation 
from Table 5 uses the alternative series (series B) for public and private investment. The 
paths in panel (b) were obtained from similar equations but excluding manufacturing 
exports (columns 3.2, 4.1, and 5.1 in Tables 3, 4, and 5, respectively).

As shown in the figure, after an appreciation the effect on investment may increase 
gradually in absolute terms, but it is always negative. After a depreciation, in con-
trast, the effect eventually switches sign: it begins negative, but after several quarters it 
becomes positive. In other words, while appreciations have consistently negative effects 
on investment, depreciations have contractionary effects in the short run but expansion-
ary ones in the long run.

5 � Conclusions
The estimations presented in the paper show that, qualitatively, the RER’s long-
run effects on capital accumulation in Mexico are symmetric: while an appreciation 
decreases the capital accumulation rate in manufacturing, tradables, and the whole 
economy, a depreciation increases it (with symmetric but opposite and smaller effects 

16  Detecting the switch in sign—from negative in the short run to positive in the long run—seems to depend on the 
use of high frequency (in this case, quarterly) data. Using the dynamic multipliers from the estimates based on the 
annual data from KLEMS, the path of the capital accumulation rate shows initially small effects that increase gradu-
ally over time, in a pattern similar to that of aggregate investment, but with effects in the case of depreciation that are 
positive from the very first year (results available upon request).
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in non-tradables); similarly, while an appreciation decreases the aggregate private invest-
ment level, a depreciation increases it. Quantitatively, however, the effects appear to be 
asymmetric, with stronger effects from appreciations than from depreciations; thus, 
depreciations are beneficial to capital accumulation, but not as much as appreciations 
are detrimental to it.

The qualitative symmetry implies not only that the appreciation trend of the Mexican 
peso during much of its post-trade liberalization period slowed the pace of capital accu-
mulation, but that accumulation would have been faster with a depreciated rather than 
appreciated currency: appreciations act as a barrier while depreciations can be an engine 
of growth. The quantitative asymmetry, moreover, implies that an alternation of appre-
ciation and depreciation episodes may leave the rate of capital accumulation in manu-
facturing and tradables, and the overall level of private investment, at persistently lower 
values. To offset the negative effects of an appreciation episode, the RER must depreciate 
by more than it initially appreciated.

Fig. 3  Dynamic multipliers. The series show the path, or dynamic adjustment, of private investment after 
a permanent one-unit RER depreciation (RERD) or appreciation (RERA), with all the variables measured in 
natural logs. The paths are based on the dynamic multipliers defined in Eq. (4) in the text and the estimated 
coefficients in the following equations from Tables 3, 4, and 5: m1, (3.4); m2, (4.2); m3, (5.2) in panel (a); and 
m4, (3.2); m5, (4.1); m6, (5.1) in panel (b) (Source Author’s calculations)
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The estimations in the paper also uncovered the existence of dynamic asymmetries. 
Indeed, while a depreciation increases the aggregate level of investment in the long run, 
it decreases it in the short run, in a contractionary effect that may last for several quar-
ters. This dynamic asymmetry contributes to reconciling the apparently contradictory 
results reached by previous studies that show either contractionary or expansionary RER 
effects on economic activity in Mexico.

Studying the sources of the RER’s growth asymmetries remains an interesting area 
of research. One line could follow the growth diagnostics literature (Hausmann et al. 
2005b) and test the hypothesis that while depreciations turn the RER into a potential 
constraint on growth, appreciations in contrast turn it into an actual one. A second 
line could follow the literature on non-linear exchange-rate pass-through: apprecia-
tions may have stronger effects than those of depreciations to the extent that profit 
margins adjust more easily downwards than upwards. Both lines of research seem 
promising in the Mexican case.
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Appendix
Data sources and definitions

Capital accumulation equations

Capital accumulation rate: Percentage growth rate of the net capital stock in manu-
facturing, tradables as a whole, and non-tradables (see sector definitions below), in 
referenced prices of 2008. Source Author’s calculations with annual series from the 
KLEMS database from Mexico’s National Institute of Statistics (INEGI).

Production growth rate: Percentage growth rate of gross production in manufactur-
ing, tradables as a whole, and non-tradables, in constant prices of 2008. Source Same 
as for capital accumulation rate.

Manufacturing: Sector 31 excluding subsector 324 (petroleum and coal products) in 
the KLEMS database.

Tradables: Sectors 11 (agriculture, etc.), 21 (mining, excluding subsectors 211, 213, 
486: petroleum and gas extraction), and 31 (manufacturing, excluding subsector 324).

Non-tradables: Construction (sector 23) plus whole tertiary sector (services), 
excluding real estate (subsector 531), education and health services (sectors 61 and 
62), and government activities (sector 93).



Page 21 of 24Ibarra ﻿Lat Am Econ Rev  (2018) 27:10 

Real exchange rate (RER) series: See definitions in section on investment equations, 
below.

Investment equations

Annual inflation rate: Four-quarter change in the consumer price index, in percent-
age. Source Bank of Mexico (BOM) and INEGI.

Monetary aggregate M3: Ratio of the quarterly average of end-of-month M3 to GDP, 
both originally in nominal terms, in percentage. Source BOM (for M3) and INEGI (for 
GDP).

Government investment, series A: Gross fixed capital formation by the public sector, in 
constant pesos; spliced series: 1988Q1–1993Q1, base 1980; 1993Q2–2016Q3, base 2008; 
in natural logs times 100. Source INEGI, National Accounts.

Government investment, series B: Spliced series: 1988Q1–1993Q1, base 1980; 
1993Q2–2007Q4, base 1993; 2008Q1–2016Q3, base 2008; in natural logs times 100. 
Source INEGI, National Accounts.

Gross Domestic Product, series A: GDP in constant pesos; spliced series: 
1988Q1–1993Q1, base 1980; 1993Q2–2016Q3, base 2008; in natural logs times 100. 
Source INEGI, National Accounts.

Gross Domestic Product, series B: Spliced series: 1988Q1–1993Q1, base 1980; 
1993Q2–2007Q4, base 1993; 2008Q1–2016Q3, base 2008, in natural logs times 100. 
Source INEGI, National Accounts.

Industrial production index: Quarterly average of seasonally adjusted monthly 
series; spliced series: 1988Q1–2007Q4: base 1993; 2008Q1–2012Q4: base 2003; 
2013Q1–2016Q3: base 2008; in natural logs times 100. Source INEGI.

Manufacturing exports: Exports of manufacturing goods, in US dollars, divided by the 
US producer price index for industrial commodities less fuel; in natural logs times 100. 
Source: BOM (for balance of payments data) and US BLS (for price index).

Nominal interest rate: Annual rate on 91-day Treasury bills (CETES); quarterly aver-
age of monthly series, in percentage. Source BOM.

Private investment, series A: Gross fixed capital formation by the private sector, in con-
stant pesos; spliced series: 1988Q1–1993Q1, base 1980; 1993Q2–2016Q3, base 2008; in 
natural logs times 100. Source INEGI, National Accounts.

Private investment, series B: Spliced series: 1988Q1–1993Q1, base 1980; 
1993Q2–2007Q4, base 1993; 2008Q1–2016Q3, base 2008; in natural logs times 100. 
Source INEGI, National Accounts.

RER depreciation component, RERD: Partial sum process corresponding to the sum of 
positive (depreciation) changes in RER, where RER is the quarterly average (annual aver-
age, in the case of the capital accumulation equations) of the real effective exchange rate 
monthly index (in natural log times 100) calculated by the Bank of Mexico with the con-
sumer price indices of 111 countries. Source Author’s calculations with data from BOM.

RER appreciation component, RERA: Partial sum process corresponding to the sum of 
negative (appreciation) changes in RER. See RERD for a full description.
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Unit‑root tests

See Tables 6 and 7.

Table 6  Unit-root tests: capital accumulation equations. Source Author’s estimations. See 
Appendix A for data sources and definitions

Period 1992–2015, 24 annual observations

ADF test: lag length determined by Akaike criterion, maximum 2. Test includes an intercept

PP test: Bartlett kernel. Newey–West bandwidth. Test includes an intercept

Or longest available after inclusion of lags and first differences
a  Critical value at 10% is − 2.64

The unit-root hypothesis is rejected at ***1%, **5%, *10%

Augmented Dickey–Fuller Phillips–Perron

Level First difference Level First difference

(A) Manufacturing

Accumulation rate − 2.58 − 5.46*** − 2.63a − 5.49***

Production growth rate − 4.83*** − 8.19*** − 4.83*** − 15.07***

(B) Tradables

Accumulation rate − 2.73* − 5.42*** − 2.80* − 5.44***

Production growth rate − 4.90*** − 8.25*** − 4.90*** − 14.48***

(C) Non-tradables

Accumulation rate − 4.50*** − 4.37*** − 3.76*** − 10.01***

Production growth rate − 5.79*** − 8.47*** − 8.92*** − 24.73***

(D) Real exchange rate

Real exchange rate, RER − 2.88* − 4.68*** − 2.67* − 5.69***

Depreciation component, RERD − 1.15 − 4.83*** − 1.13 − 4.90***

Appreciation component, RERA − 2.92* − 3.86*** − 5.80*** − 3.95***

Table 7  Unit-root tests: investment equations. Source Author’s estimations. See Appendix 
A for data sources and definitions

1988Q1‒2016Q3, 115 quarterly observations

ADF test: lag length determined by Akaike criterion, maximum 4. Test includes an intercept

PP test: Bartlett kernel. Newey–West bandwidth. Test includes an intercept

The unit-root hypothesis is rejected at ***1%, **5%, *10%

Augmented Dickey–Fuller Phillips–Perron

Level First difference Level First difference

Annual inflation rate − 5.83*** − 5.13*** − 6.62*** − 5.05***

Broad money supply, M3/GDP − 0.07 − 5.02*** 0.90 − 14.62***

Government investment, series A − 1.86 − 5.17*** − 4.47*** − 20.85***

Government investment, series B − 1.29 − 6.20*** − 6.95*** − 30.30***

Gross domestic product, GDP, series A − 0.48 − 5.04*** − 0.37 − 24.86***

GDP, series B − 0.40 − 5.45*** − 0.45 − 30.55***

Industrial production index − 1.96 − 6.71*** − 1.83 − 5.38***

Manufacturing exports − 2.01 − 4.31*** − 2.55 − 15.11***

Nominal interest rate − 5.46*** − 10.75*** − 5.79*** − 11.38***

Private investment, PI, series A − 1.55 − 5.23*** − 1.78 − 13.07***

Private investment, PI, series B − 1.54 − 4.38*** − 1.93 − 13.22***

Real exchange rate, RER − 3.45** − 4.54*** − 3.17** − 9.86***

Depreciation component, RERD − 0.29 − 4.69*** − 0.18 − 9.89***

Appreciation component, RERA − 2.96** − 4.59*** − 3.05** − 8.65***
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