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Abstract
We introduce a novel approach to uncovering causation by exploiting transition 
episodes in aggregate macroeconomic data. Using a panel of 132 countries over 
1961–2017, we identify twenty-six productivity-growth and forty savings transitions, 
episodes characterized by sudden, persistent, and unpredictable increases in growth 
and savings. Event-study evidence shows that productivity-growth transitions lead 
to sustained increases in savings, whereas savings transitions do not generate sus
tained growth effects. We conduct extensive robustness checks addressing staggered 
transitions, heterogeneous effects, and unobserved time-varying confounders. 
Having established the direction of causality, we estimate the effects of productivity- 
growth and productivity shocks (estimated separately for each country using a neo
classical model) on savings using panel Vector Auto-Regressions and local projec
tions. We find that a one standard deviation increase in productivity growth raises 
the savings ratio by approximately 0.5 percentage points, highlighting the impor
tance of policies that promote productivity growth to increase savings, rather than 
relying solely on savings-focused interventions.
Keywords productivity growth, savings, event study, local projection, counterfactual simulation

1. Introduction
The issue of savings has been important in the development literature, as savings lead to in
vestment, which increases capital stock and output. According to Lewis (1954), ‘the central 
problem in the theory of economic development is to understand the process by which a 
community which was previously investing and saving 4 per cent or 5 per cent of its national 
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income or less, converts itself into an economy where voluntary saving is running at about 
12 per cent to 15 per cent of national income or more’. Therefore, it is not surprising that 
capital accumulation plays a central role in traditional growth theories. An increase in the 
savings ratio is important for development, but Lewis (1954) did not say much about the 
ways to achieve this. The savings ratio can increase due to an increase in income (growth 
preceding savings) or an exogenous increase in savings (savings preceding growth), which 
leads to an increase in income that further increases savings. There is thus a consensus 
about the benefits of higher saving ratios, but there is a lack of consensus on the mechanism 
to achieve this, which could be due to differences in belief and evidence about savings– 
growth causation. A positive correlation between savings and growth is omnipresent in 
cross-country data. We present a few instances from developing countries.

In the mid-1980s to late 1990s, as a result of international economic conditions, drought, 
falling petroleum prices, and years of corruption, mismanagement, and cronyism, Cameroon 
was hit by a serious economic crisis. The country turned to foreign aid, sharply cut govern
ment spending, and started privatizing industries to mobilize resources. Figure 1a shows the 
level of total factor productivity (TFP) for Cameroon. We explain the estimation of TFP later. 
As we can see, there was a sharp decline in TFP in Cameroon. The negative TFP growth in 
Cameroon was accompanied by a sharp fall in the savings ratio (Fig. 1b).1 One can find sev
eral such instances in cross-country data. Figure 1 also presents the experience from 

Figure 1 TFP and savings: before and after TFP transition in Cameroon and Malaysia. 

Notes: The top panel shows the TFP and savings before and after a TFP transition in Cameroon. The bottom 
panel shows the TFP and savings before and after a TFP transition in Malaysia.

1  This period was also associated with a sharp decline in the investment ratio in Cameroon. Feldstein and 
Horioka (1979) gave evidence that saving and investment are very tightly linked, and despite capital flows, 
investment is mostly explained by domestic saving. Therefore, understanding the savings-growth causation 
is important for understanding the drivers of investment to achieve long-run development.
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Malaysia, which experienced a positive TFP transition in the same year (Fig. 1c) that in
creased the savings ratio in Malaysia, as shown in Fig. 1d.

Figure 2 presents the TFP and savings ratio from the Philippines, which experienced a sav
ings transition in 1996, and the savings ratio increased by more than 20 percentage points 
between 1996 and 2002 as shown in Fig. 2b. However, this savings transition did not lead to 
a sustained increase in TFP, as evident from Fig. 2a. Figure 2 also presents the TFP and sav
ings ratio from Saudi Arabia, which experienced a savings transition in 1998, and the savings 
ratio increased by almost 20 percentage points between 1998 and 2004 as shown in Fig. 2d. 
However, this savings transition was followed by a decline in TFP, as evident from Fig. 2c. 
There exists a correlation between TFP and savings in the data, but little is known about their 
causal relation. Understanding the causation between saving and growth is important for 
policymakers, as it can lead to the prioritization of policies with the correct focus. We believe 
that exploring the saving–growth causation is of utmost importance for understanding 
growth and designing the right policy mix for development.

There are important theoretical contributions in the savings preceding growth literature. 
Savings are essential for growth in innovation-led endogenous growth models of Grossman 
and Helpman (1991) where growth is preceded by investment in industrial innovation re
search. Aghion et al. (2016) argue that local savings are necessary for less developed coun
tries to attract foreign capital and innovation projects, enabling growth. However, the 
evidence on savings preceding growth is very weak, as made evident in Figs 1 and 2 as well 
as in the existing literature. There are mainly two external sources that may cause an in
crease in savings: foreign official aid and private capital inflows, and the evidence for both is 
largely negative. In the 1950s and 1960s, the low saving rates in poor countries were aug
mented by foreign aid (Burnside and Dollar, 2000, 2004). There are studies suggesting that 

Figure 2 TFP and savings: before and after savings transition in the Philippines and Saudi Arabia. 

Notes: The top panel shows the TFP and savings before and after a savings transition in the Philippines. The 
bottom panel shows the TFP and savings before and after a savings transition in Saudi Arabia.
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this aid inflow rarely worked (Easterly, 2003; Easterly et al., 2003). The recent example from 
Afghanistan shown in Figure S1 in the Supplementary Appendix reinforces the arguments 
made by Easterly (2003) and Easterly et al. (2003). In the early years, the per capita income 
increased with an increase in aid, but once the foreign aid started declining after 2012, the 
per capita income started decreasing as well. This suggests that the exogenous variation in 
saving through aid could not lead to sustained growth in per capita income. There was 
growth when inflows were increasing due to increasing demand created by aid inflows. 
Prasad et al. (2006) provide negative evidence about foreign inflows. According to them, 
countries that relied more on external finance to augment savings did not have higher long- 
run growth.

On the other hand, there is some positive evidence for growth preceding savings. Carroll 
and Weil (1994), using a purely data-driven approach, suggest that all significant increases in 
saving ratios across countries have been preceded by higher growth rates. For example, even 
after South Korea was growing rapidly, Williamson (1979) questioned the lower saving rate in 
the country.2 The period of high-income growth in Japan began in the late 1940s and early 
1950s, but particularly high saving rates were not established there until the 1960s and 
1970s. Fernandez et al. (2019), in a simple neoclassical model of growth with government 
consumption, population growth, TFP growth, and capital taxation, determined a model- 
based savings rate and compared it with the observed savings rate.3 They suggest that feed
ing the TFP growth of East Asian economies into Latin American economies increases their 
savings by 5 per cent. Therefore, they suggest that the lower saving rate in Latin America is 
also due to low TFP growth in Latin America.

In this context, we depart from the earlier literature and use productivity growth instead 
of GDP growth to investigate savings–growth dynamics. We believe that productivity growth 
is well-suited for this exercise for the following reasons. First, productivity growth is like an 
income shock, which we can relate to savings based on the permanent income hypothesis, 
and we use productivity shocks from a dynamic real business cycle model as a proxy for TFP 
growth in the data to estimate the effect of productivity shocks on savings. Second, by focus
ing on productivity growth, more precise policy initiatives can be introduced to enhance the 
rate of productivity growth. We estimate productivity growth using data obtained from the 
World Bank and Penn World Tables for 132 countries from 1961 to 2017. For these countries 
during the above period, we also use the savings ratio from the World Bank. The methodol
ogy for constructing TFP growth is the same as in Klenow and Rodriguez-Clare (1997) and 
Hall and Jones (1999). We find that the standard deviation of productivity growth is higher in 
non-high-income countries, compared to high-income countries. We also obtain the produc
tivity shocks for each country by estimating a real business cycle model based on Chari et al. 
(2007). Even our model-based shocks have this pattern, suggesting that productivity shocks 
have higher variance in non-high-income countries, in comparison to high-income countries, 
which substantiates the findings of Aguiar and Gopinath (2007) for a large set of countries.

We estimate contemporaneous correlation and lagged correlation between savings and 
TFP growth. Although the lagged effect of productivity growth on savings is higher, these 
reduced-form correlations in the data are inconclusive. To understand this savings–growth 
dynamics better, we create artificial experiments in our dataset by creating episodes of TFP 
growth and savings transitions. These transitions are, by design, sudden and persistent 
increases in TFP growth and savings rate for countries experiencing transitions and occur at 
different points in time. We also find that these transitions are not predictable using a large 

2  Korea, as used in this article, refers to South Korea.
3  In this article, we use TFP and productivity interchangeably.
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set of macroeconomic variables widely used in the literature. We identify twenty-six TFP 
growth and forty savings transitions, displaying sudden, persistent, and unpredictable 
increases in growth and savings. We treat these transitions as an event or treatment and esti
mate the effect of TFP growth transitions on savings, and savings transitions on TFP growth. 
We start with a widely used two-way fixed-effect model (TWFE) in which we include only 
countries experiencing transition and compare them before and after transitions. This design 
is called a timing-based data structure according to Miller (2023) because the variation arises 
due to differences in transition years for different countries. The crucial assumption for iden
tification is the constant effect of these transitions on outcomes and the absence of time- 
varying confounders. These results suggest that the increase in TFP growth is followed by a 
sustained increase in the savings ratio, whereas the savings transitions are not followed by 
an increase in TFP growth. These results also do not show any significant deviation from par
allel trend before transition, especially for TFP growth transitions. This makes these results 
credible as parallel trends suggest the absence of time-varying confounders (Miller 2023).

It can be argued that the parallel trend obtained using TWFE is not conclusive evidence for 
the absence of time-varying confounders for two reasons. First, the parallel trend is obtained 
using the assumption of a homogeneous transition effect, which is hard to justify. This is be
cause these countries experience transition at different points in time and are heteroge
neous. Second, there are multiple periods involved, and time-varying confounders need not 
be trending. These two make the parallel trend less credible evidence in this setting. To miti
gate concerns related to homogeneous transition effect and unobserved time-varying con
founders, we estimate the generalized version of the interactive fixed effects model using 
matrix completion (MC) methods (Xu 2017; Athey et al. 2021; Liu et al. 2024). These models al
low heterogeneous transition effects and control for time-varying confounders by incorporat
ing common time-varying factors that affect countries differently. As a result, concerns 
related to homogeneous transition effects are resolved, and concerns related to time-varying 
confounders are largely mitigated. Moreover, the presence of parallel trends—if observed— 
provides even stronger evidence, when we explicitly allow for both heterogeneous treatment 
effects and time-varying confounders, which are two factors that could undermine the credi
bility of the parallel trends assumption. The MC method also shows no deviation from paral
lel trend and suggests that an increase in TFP growth is followed by a sustained increase in 
the savings ratio up to ten years, whereas savings transitions are not followed by a sustained 
increase in TFP growth. We do several exercises in this article for robustness and use alterna
tive TFP growth and savings transitions, event windows, and Placebo tests to show that 
these results are robust.

The results discussed above suggest that the impact of TFP growth on savings is persis
tent, but these effects are hard to quantify in an easy-to-understand way, that is, percentage 
point change in savings ratio due to percentage point change in growth. This is because the 
countries experiencing transitions have different changes in TFP growth. To address this, we 
estimate the effect of TFP growth on the savings ratio using the local projection framework 
of Jorda (2005) where we include per-capita income, squared per-capita income, terms of 
trade, trade to GDP ratio, foreign direct investment as percent of GDP, credit as percent of 
GDP, young dependency ratio, old dependency ratio, country fixed effects, year fixed effects, 
and four lags of TFP growth and savings ratio. These local projection regressions suggest 
that a one standard deviation increase in TFP growth increases the savings ratio by 0.5 per
centage points, and the effect is significant for up to 6 years. We also do robustness using a 
range of Panel VAR models with different lags and different endogenous variables and esti
mate the response of the savings ratio due to TFP growth using Cholesky decomposition. 
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The most comprehensive model with eight endogenous variables gives a very similar effect 
of TFP growth on the savings ratio.

Further, to eliminate the concerns related to unobserved omitted variable bias, we use the 
productivity shock from the neoclassical growth model (real business cycle model) for forty- 
nine countries in our sample. Productivity shock has been widely used in macroeconomic re
search to understand the business cycle (see Gali 1999; Basu and Fernald 2002; Gali et al. 
2003; Basu et al. 2006; Gortz et al. 2022). These shocks may have further advantages than 
reduced-form TFP growth, as these shocks are estimated conditional on investment wedges 
in the model. The investment wedge in the model captures investment-specific technology 
shocks and financial friction (Brinca et al. 2016). We estimate the local projection regressions 
using these productivity shocks and find qualitatively similar responses of the savings ratio 
due to these shocks, but the effect is slightly higher and less persistent. Based on these find
ings, we argue that countries should focus on promoting policies to boost TFP growth and 
thereby achieve higher savings instead of focusing on savings-induced policies alone.4

Our results are also related to a large literature on the determinants of cross-country varia
tion in saving rates, encompassing both theoretical models and empirical studies of saving 
behaviour. Modigliani (1970) showed, based on a large cross-section of countries, that both 
the ratio of old-age population (aged 65 and over) and of young population (below 20) to the 
working-age population (20–65) had a strong and highly significant negative effect on the 
saving ratio.5 Loayza et al. (2000) found that real interest rate, per capita income and its 
growth, ratio of money supply to gross national disposable income, old-age dependency 
ratio, young-age dependency ratio, terms of trade, inflation rate, and financial sector devel
opment are important determinants of saving. One can also argue that the effect of saving- 
enhancing policies on saving depends upon the use of savings in respective countries. We 
control for the terms of trade to capture this channel in our regressions. This allows us to 
control for large increases in savings associated with the accumulation of foreign exchange 
reserves in developing countries. Buera and Shin (2017), using a model, show that an in
crease in TFP growth increases the savings rate, as found in this article, but they rely on a 
theoretical model and simulation to argue that higher TFP growth is associated with a higher 
savings rate. The empirical results in this article validate the theoretical results of Buera and 
Shin (2017). Carroll (1994) provided evidence that consumption does not respond to any pre
dictable change in income, but it responds to future income uncertainty, in line with the 
buffer stock model of saving. Based on the findings in Carroll (1994), one can argue that un
expected changes in income, such as shocks to productivity growth, may increase savings. 
Aizenman and Noy (2013), on the other hand, bring another dimension to the determinants 
of household savings and argue that households that have experienced a higher number of 
adverse shocks in the past tend to save more. Mody et al. (2012) use a panel of Organisation 
for Economic Co-operation and Development countries and argue that at least two-fifths of 
the increase in households’ saving rates between 2007 and 2009 was due to increased uncer
tainty about labour–income prospects. Zabot and Gomes (2025) show that higher permanent 
income leads to greater savings and that saving patterns differ systematically across 
wealth levels.

4  This is no coincidence that policy discourses are more about reforms in low-income countries to promote 
growth rather than aid. Moreover, the recent literature suggests more specific ways of enhancing TFP, such 
as reducing misallocation as in Hsieh and Klenow (2009), and David et al. (2016), and improving law en
forcement as in Erosa and Cabrillana (2008). Hence results in this article are of interest for informed 
growth-enhancing policies.

5  In recent times, the literature on types of savings and its determinants has also emerged. Chen et al. (2017)
explore the rise in corporate savings in the last three decades and argue that it has been accompanied by a 
decline in labour share and stable dividends.
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The plan of the article is as follows. The section “ Data and TFP growth” explains the data 
and estimation of TFP from the data and the model, and shows some stylized facts about 
savings and TFP growth. Section “Effect on saving and TFP … ” explains saving and growth 
transitions and the empirical framework. “Results” section presents results from event stud
ies and results from counterfactual estimation, local projection, and counterfactual simula
tion. “Concluding remarks” concludes and suggests policies resulting from the empirical 
evidence in this article.

2. Data and TFP growth
2.1 Data
We estimate a human capital-adjusted measure of TFP from data. Our main source of data is 
the World Bank and Penn World Table. The gross savings ratio (% of GDP), is obtained from 
the World Bank. Our main variable of interest is productivity (TFP) growth. Estimation of TFP 
requires data on per-capita income and physical and human capital. Per capita income is 
obtained from the World Bank. Capital is compiled from the Penn World Table and trans
formed into per capita terms. We use two measures of mean years of schooling for the labour 
force: (1) mean years of schooling for the population aged 15+, obtained from the Barro-Lee 
data set, Barro and Lee (2013)6; and (2) mean years of schooling are obtained after correcting 
for differences in labour force participation for males and females. Average years of school
ing for females have increased across the globe, but their labour force participation has 
fallen. This means that the average years of schooling are biased in capturing the schooling 
years of the labour force. We use mean years of schooling for females aged 15+ obtained 
from the Barro-Lee data set, and female population aged 65 and above, male population 
aged 65 and above, total population aged 65 and above, the female population aged 15–64, 
male population aged 15–64, total population aged 15–64, labour force, females as percent
age of labour force, labour force participation rate for females, males, and total population 
to obtain the second measure of human capital.7

Average years of schooling and human capital are related through: 

h ¼ eϕðsÞ (1) 

where s is the average years of schooling. We assume ϕðsÞ to be piece-wise linear as in Hall 
and Jones (1999). The slope of ϕðsÞ is 0.13 for s ≤ 4, 0.10 for 4< s ≤ 8, and 0.07 for s>8. 
Using average years of schooling in a country in a particular year, we can obtain human capi
tal for the country–year pair.

We also use old dependency ratio, young dependency ratio, domestic credit to private sec
tor (% of GDP), trade (% of GDP), net barter terms of trade index (2,000 = 100), FDI (net 

6  The Barro-Lee data set is till 2010, observed at five-year intervals beginning in 1960. We interpolate this 
data to obtain values between observed data points. Years of schooling change slowly and should not lead 
to any issues.

7  The Barro–Lee data set contains average years of schooling for the fifteen plus population and the fifteen 
plus female population. Using the expression below, we calculate the average years of schooling for 
fifteen plus males: Average years of schooling15þ ¼

Male population15þMale averageþFemale population15þ Female average
Male population15þ þFemale population15þ

Once we have the average years of schooling for fifteen plus males, we calculate the average years 
of schooling for those participating in the labour market using the expression be
low: Average years of schoolingLF ¼

Male labour15þMale averageþFemale labour15þ Female average
Male population15þ þFemale population15þ
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inflows as % of GDP), Per capita income as control variables which are obtained from the 
World Development Indicators (World Bank). These variables have been used widely in the 
literature (see Loayza et al. 2000; Mody et al. 2012). Figures S2–S4 in the Supplementary 
Appendix give the distribution of the main variables used in this article.200020002

2.2 TFP growth from data
The basic Solow model is given by: 

Yt ¼ AtKα
t ðLthtÞ

1 − α 

where Lt is the number of employed person, Kt is capital stock, and ht is average human capi
tal of employed person. Productivity is assumed to be Hicks-neutral. Dividing by Lt, we get 

yt ¼ Atkα
t h1 − α

t (1) 

where yt and kt are output and capital per worker. The two measures of human capital used 
in this article are highly correlated with the measure of human capital in the Penn World 
Table (PWT) table. Once we know yt, kt, and ht, it is straightforward to obtain TFP using 
Equation (1). It is important to mention that Equation (1) is based on level accounting to de
rive TFP and calculate TFP (productivity) growth. Another way of calculating TFP growth is 
based on growth accounting.8 Also, one can represent level accounting in terms of the capi
tal–output ratio as done in Klenow and Rodriguez-Clare (1997) and Hall and Jones (1999). 

At ¼
1

kt
yt

� �α
h1 − α

t yα − 1
t

(2) 

where yt and kt are per capita output and capital. Knowing yt, kt, and ht from Equation 1, we 
can obtain estimates of At. Thus, we obtain three estimates of TFP from the data: (1) Hicks- 
neutral productivity growth using average years of schooling for the population aged fifteen 
plus, which is called TFP growth in the article; (2) Hicks-neutral productivity growth using av
erage years of schooling for the population aged 15+, corrected for differences in labour 
force participation; (3) Hicks-neutral productivity growth without human capital using 
yt ¼ Atkα

t . The last two measures of productivity growth are highly correlated with the first 
measure, with a correlation 0.99. This is because of the very low variation in human capital 
in the data. Hence, we use only the first measure to obtain the results in the article.9 The 
other two measures give similar results.10 We obtain TFP estimates for 132 countries during 

8  This is also called Solow Residual and is the component of output growth that cannot be explained by the 
growth in labour and capital alone, implying it is due to technological progress or improvements in the effi
ciency of production (Solow 1957). Young (1994) is another well-cited work on Solow residual, which argues 
that the East Asian Miracle was predominantly a factor accumulation phenomenon and not an illustration 
of technological progress alone.

9  The low variation in the estimated human capital could be driven by two factors. First, years of schooling 
may be an inadequate proxy for human capital. Second, the use of a homogeneous mapping across coun
tries using the same h may mechanically compress variation. But the main results in this article should not 
be driven by these measurement errors in TFP due to human capital. This is because we use a sudden and 
persistent large increase in TFP growth to identify a TFP growth transition, as shown in the next section. It 
is very unlikely that changes in human capital measures should cause these TFP growth transitions

10  A Harrod-neutral productivity process is given by yt ¼ kα
t ðZthtÞ

1 − α where Zt is the TFP. Comparing the Hicks 
neutral and Harrod neutral productivity processes, we can see that Zt=A1=ð1 −αÞ

t . Hence, the Harrod neutral 
TFP is a non-linear multiple of Hicks neutral productivity and hence the direction of the relationship 
obtained between savings and TFP using Hicks neutral TFP will also hold with Harrod neutral TFP, but the 
coefficient may vary in magnitude. We only use Hicks neutral TFP in this article.
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1961–2017. We have data from very few countries before 1980. Burnside et al. (1996), and 
Fernald (2014) argue for the use of capacity utilization to estimate the more precise value of 
Solow residual, that is, productivity growth for the US economy. In a recent paper, Comin 
et al. (2020) extend the estimation of capacity utilization-adjusted productivity growth for a 
set of European countries. Due to the paucity of capacity utilization data for a large number 
of countries being used in this study, we are unable to adjust the measure of productivity 
growth for capacity utilization. However, we do some robustness exercises using TFP ad
justed for capacity utilization for a set of countries for which data has been provided by 
Comin et al. (2020).

2.3 TFP growth across income levels
Figures 3a and 3b give the distribution of TFP growth in non-high and high-income countries 
respectively. Before the 2000s, the average and median TFP growth in non-high-income 
countries was very low and often negative compared to mostly positive TFP growth in high- 
income countries. However, TFP growth in non-high-income countries surged after the 
2000s. Both high and non-high-income countries experienced a sharp decline in TFP growth 
during the financial crisis. Figure S5a in the Supplementary Appendix gives the mean stan
dard deviation of TFP growth over time in our sample of high- and non-high-income coun
tries. We use the World Bank classification to select high-income countries; the remaining 
countries in our sample are categorized as non-high-income countries. With productivity 
growth and country classification, we construct the standard deviation of TFP growth on a 
recursive basis across these two sets of countries and then take the average over time and 
across groups. As we can see, the standard deviation of productivity growth is higher in non- 
high-income countries than in high-income countries. This substantiates the findings of 
Aguiar and Gopinath (2007) for a large set of countries where productivity growth is more vo
latile than in non-high-income countries. Figure S5b in the Supplementary Appendix gives 
the group and year-wise average of the 10-year rolling standard deviation of TFP growth. 
Even in this case, we find the TFP growth is more volatile in non-high-income countries, but 
in recent years, the TFP growth in high-income countries has become more volatile than in 
non-high-income countries.

Figure 3 TFP growth distribution. 

Notes: (a) Hicks neutral productivity growth is obtained with average years of schooling for the population aged 
15+.
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Figure S6 in the Supplementary Appendix gives a contemporaneous correlation between 
these two measures of TFP growth and savings ratio. These correlations are around 0.13 and 
statistically significant. Figures S7 and S8 in the Supplementary Appendix give the correlation 
between the saving ratio and TFP growth for all countries in the sample at lag 1 and lag 2. 
The correlation between the saving ratio and lag 1 of productivity growth in our sample is 
0.14, whereas the correlation between growth rate I and lag 1 of the saving ratio is 0.1. The 
correlation between the saving ratio and lag 2 of productivity growth I in our sample is 0.14, 
whereas the correlation between growth rate and lag 2 of the saving ratio is 0.08. With both 
lags, the correlations between the saving ratio and lagged productivity growth, and the cor
relations between productivity growth and lagged savings ratio are significant. These simple 
correlations are not useful in giving us the direction of causality. If lagged productivity 
growth had significant correlations with savings, but lagged savings did not have a significant 
correlation with productivity growth, that would have suggested likely causation from pro
ductivity growth to savings. But that is not the case, and deciding the direction of causality is 
an empirical issue that we address in the next section. But these correlations suggest that 
the effect of productivity growth on saving is higher and more persistent, which is also evi
dent from Figs 1 and 2. Throughout this article, our estimates using different definitions of 
productivity growth suggest that the effect of productivity growth on savings is indeed per
sistent and significant.

2.4 TFP from neoclassical growth model
In this subsection, we use a neoclassical growth model to obtain TFP shocks. The TFP in the 
previous section was obtained using results by Hall and Jones (1999), to transform years of 
schooling into a composite measure of human capital. The assumption is that the technology 
mapping education into effective human capital is stable both across time and different 
regions of the world, which may not be true. Thus, we estimate TFP shocks (productivity 
shocks) from a model that does not use this assumption and also helps mitigate other con
cerns related to reduced-form estimates from the previous section, as we explain below. We 
estimate the model for forty-nine countries (Table S1 in the Supplementary Appendix) in our 
sample for which at least 40 years of observation are available individually, using their data, 
and obtain the model-based productivity shocks. We use these productivity shocks in our lo
cal projection regressions along with TFP from the data. We use the simplest neoclassical 
growth model following Chari et al. (2007). The representative household utility is given by: 

Uðct; ntÞ ¼ logðctÞþ χ logð1 − ntÞ

The household maximizes lifetime utility given by: 

X1

t¼0
βt½logðctÞþ χ logð1 − ntÞ�

Their period-by-period budget constraint is given by: 

ct þð1þ τi;tÞIt ¼ wtnt þ rtkt − 1þ Tt 

where ð1þ τi;tÞ is the investment wedge as in Chari et al. (2007). τi;t is the stationary zero 
mean process given by: 
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τi;t ¼ ρiτi;t − 1þ εi;t 

There is a growing literature that suggests that investment-specific technological change 
plays an important role in business cycles (Greenwood et al. 1997). Investment-specific tech
nological shock influences the relative price of investment, and therefore affects investment. 
Our model is parsimonious, with few frictions, but Brinca et al. (2016) show that the 
investment-specific technology shock maps into our economy with investment wedges. 
Financial frictions are also important for investment, and the financial frictions studied in 
Kiyotaki and Moore (1997) and Gertler and Kiyotaki (2009) also map investment wedges. 
Therefore, we are not modeling investment-specific technology shocks and financial friction 
explicitly, but our investment wedge should capture them. A household accumulates capital, 
and the law of motion for this is given by: 

kt ¼ ð1 − δÞkt − 1þ It 

The representative firm uses labour and capital to produce output using the Cobb– 
Douglas production function, which is given by: 

yt ¼ A1 − α
t kα

t − 1n1 − α
t 

logðAtÞ ¼ ρ logðAt − 1Þþ εA;t 

There is government expenditure that fluctuates around a steady-state level of the 
government-expenditure-output ratio: 

Gt ¼ 1 −
1
gt

� �

yt 

log gtð Þ ¼ ð1 − ρgÞ logðgÞþ ρg logðgt − 1Þþ εg;t 

2.4.1 Model estimation
We find the steady state of the above model after obtaining the first-order condition, and the 
model is log-linearized. Section S15 in the Supplementary Appendix gives first-order condi
tions, steady state, and log-linearized equations. We estimate the model using maximum 
likelihood for each of the forty-nine countries one by one using the approach outlined in 
Ireland (2011) using Dynare. Table S1 in the Supplementary Appendix gives the list of these 
countries and also the period used in the estimation. We calibrate g as the average value of 
the government expenditure to GDP for each country, and this varies across countries. We 
calibrate the same value of β¼ 0:97, δ¼ 0:1, and α¼ n¼ 1=3 across countries. Cyclical 
components of log per capita income, and private and government consumption are used to 
estimate the model.11 We use two methods to obtain cyclical components: linear trend and 

11  We use general government final consumption expenditure, household final consumption expenditure, 
gross domestic savings ratio, total population, and GDP per capita from the World Bank Development 
Indicators (WDI) dataset. To make the model results comparable with the savings rate in the data, we use 
GDP and savings ratio from the World Bank to obtain total savings. Further, the sum of total consumption 
and savings is output (GDP). We keep countries with at least 40 years of observations, and all variables are 
transformed into per-capita terms. Table S1 in the Supplementary Appendix gives the list of countries with 
the period used in the estimation.
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the Hamilton filter. Hamilton (2018) suggests eight forward lags and four backward lags to 
obtain a cyclical component using quarterly data. Since we use annual data, we take two for
ward lags and one backward lag to obtain a cyclical component. Thus, we obtain two meas
ures of productivity shocks εA;t—using linear trend and Hamilton filter—for each country 
from the estimation. Figures S9 and S10 in the Supplementary Appendix give the standard 
deviation of TFP shocks across income levels, which have patterns similar to TFP growth. We 
understand that exclusion of human capital and homogeneity in discount rate and labour 
share in these estimates imply that these are not necessarily better than the estimates 
obtained from data using human capital, and are used for robustness.

3. TFP growth and savings transitions and 
empirical framework
3.1 TFP growth and savings transitions
In our data set, we have many countries that experienced a significant change in their sav
ings ratios as well as TFP growth in a very short period. We showed some of these examples 
in Figs 1 and 2. We use this to identify savings and growth transitions. Figure S11 in the 
Supplementary Appendix gives a schematic representation of savings and TFP growth transi
tions. Saving transition is defined as follows: at each point in time, we calculate the 3-year 
forward-moving average of the saving ratio (the current year and the 2 years after that) and 
the 5-year backward-moving average of the saving ratio (the current year and the four years 
before that). A savings transition is said to have occurred in a year for a country if the 
forward-moving average in that year and up to 6 years ahead is greater than 5 per cent of the 
backward-moving average one year before. The top decile of the annual change is 4 per cent 
(Table S2 in the Supplementary Appendix) in the savings rate in the sample, and hence 5 per 
cent is a comparatively large and sudden change in the savings rate. We also impose that the 
forward-moving average in that particular year and up to 6 years ahead must be greater than 
21.5 per cent. The median of the average savings rate of countries in the sample is 21 per 
cent (Table S2 in the Supplementary Appendix). We retain data for all countries covering 
5 years before and 5 years after the transition for describing transitions and the baseline esti
mates. We also use data up to 10 years after the transition for the main estimations.

Technically, the transition is defined as follows: Let sf and sb be the forward and backward 
moving averages as mentioned. Also, l.j and f.j denote the j period lag and forward, respec
tively. Technically speaking, our transition condition is sf > l:sbþ5 and f :sf > l:sbþ5 and 
f 2:sf > l:sbþ5 and f 3:sf > l:sbþ5 and f 4:sf > l:sbþ5 and f 5:sf > l:sbþ5 and f 6:sf > l:sbþ5 
and sf >21:5 and f :sf >21:5 and f 2:sf >21:5 and f 3:sf >21:5 and f 4:sf >21:5 and f 5:sf >21:5, 
and f 6:sf >21:5. For persistence, we also impose f 1:sf > sf . Effectively, these conditions imply 
a large, sudden, and persistent increase in the savings rate that transitions a country to have 
a savings rate above the median savings rate in our sample. For example, a country having a 
backward-moving average of 16 per cent needs to have a sudden 5.5 per cent increase in the 
forward-moving average of the savings rate to satisfy the savings transitions. A country with 
a lower than 16 per cent rate will have to increase savings of more than 5 per cent to satisfy 
the transition. Countries with higher savings rates can also satisfy the transition, but will 
have higher savings rates (>21.5 per cent) after the transition. The transition is ensured by 
the condition on the forward moving average at time t ¼ 1, and further conditions on future 
moving averages make this transition persistent. As we can see from Fig. 4a, the transitions 
lead to a 10 percentage point increase in the savings rate around the transition and a higher 
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increase in the savings rate for countries having lower savings before the transition. We de
fine additional measures of savings transitions, for robustness, which are provided in the 
Supplementary Appendix. Table S3 in the Supplementary Appendix gives the list of countries 
experiencing these savings transitions, with the year of transition. Table S4 in the 
Supplementary Appendix gives results from a Logit and linear probability model, suggesting 
that these savings transitions cannot be predicted using the country-specific variables widely 
used in the literature. Since the results from savings transition II and III are available in the 
Supplementary Appendix, in the rest of the article, we refer to this savings transition I as the 
savings transition.

Similarly, we define transition in TFP growth. Technically, this is defined as: Let gf and gb 

be the forward and backward moving averages of TFP growth I, respectively. Technically 
speaking, our transition condition is gf > l:gbþ1:89 and f :gf > l:gbþ1:89 and 
f 2:gf > l:gbþ1:89 and f 3:gf > l:gbþ1:89 and f 4:gf > l:gbþ1:89 and f 5:gf > l:gbþ1:89 and 
f 6:gf > l:gbþ1:89 and gf >1:22 and f :gf >1:22 and f 2:gf >1:22 and f 3:gf >1:22 and 
f 4:gf >1:22 and f 5:gf >1:22, and f 6:gf >1:22. 1.22 and 1.89 are the third quartile and top 
decile of the country-wise average of TFP growth in the sample (Table S5 in the 
Supplementary Appendix). For persistence, we also impose f 1:gf >gf . Effectively, these con
ditions imply a sudden and persistent increase in the TFP growth rate of 1.89, bringing the 
country’s TFP growth above the third quartile of the average TFP growth. For example, a 
country with a backward moving average of −0.67 per cent needs to have a sudden 1.89 per 
cent increase in growth rate to satisfy the growth transitions. A country having a lower than 
−0.67 per cent growth rate will have to have an increase in growth of more than 1.89 per 
cent to satisfy the transition. Countries with higher growth rates can also satisfy the transi
tion, but will have higher growth rates (>1.22 per cent) after the transition. As we can see, 
the transitions lead to a 4 per cent point increase in the growth rate around the transition, 
Fig. 4b. We define additional measures of TFP growth transitions, for robustness, which are 
provided in the Supplementary Appendix. Table S6 in the Supplementary Appendix gives the 
list of countries experiencing these transitions with the year of transition. Tables S7 and S8
in the Supplementary Appendix give results from a Logit and linear probability model, sug
gesting that these growth transitions cannot be predicted using the country-specific varia
bles widely used in the literature. TFP growth transitions II, III, IV, and V are used for 
robustness, and all the results for these transitions are available in the Supplementary 

Figure 4 Savings and TFP growth transitions. 
Notes: Savings transition to the median of the savings rate: TFP Growth transition to the third quartile of 
average TFP growth.
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Appendix. Hence, in the rest of the article, we refer to TFP growth transition I as TFP 
growth transition.

For defining transition in TFP growth, we choose a smaller difference, as the growth rate in 
TFP is not likely to be big enough. Then we keep data for all countries before and after 5 years 
of transition. In all these transitions, a higher increase in TFP growth is observed in the transi
tioning countries having low TFP growth rates before transition, which is expected because 
we use the criterion that all transitioning countries have a forward-moving average greater 
than the median of the country-wise average of respective TFP growth rates. Our savings 
transitions are, by design, going to bring a significant increase in savings rate, as we can see 
from Fig. 4a. As we can see from Fig. 4a, the median savings rate of transitioning countries 
increases by 10 per cent, and this increase is even higher for countries having lower growth 
rates before the transition. Similarly, the TFP growth transition is going to bring a significant 
increase in TFP growth, Fig. 4b. As we can see from Fig. 4b, the median growth rate of transi
tioning countries increases by more than 4 per cent and this increase is even higher for coun
tries having lower growth rates before the transition. Our design allows us to compare these 
two episodes as they lead to sudden and persistent changes in savings and growth rates. 
An event study design is suitable as these transitions are sudden, and are not predictable us
ing country-specific variables, as we show in Tables S4, S7, and S8 of the Supplementary 
Appendix. If savings cause growth, then an increase in savings should be associated with an 
increase in TFP growth, whereas if TFP growth causes savings, then an increase in TFP 
growth would lead to an increase in savings.

3.2 Empirical framework
The previous section explains the TFP growth and savings transitions. In this section, we de
scribe the empirical strategy to estimate the effect of these transitions by treating these tran
sitions as a treatment/event. We start with a classic TWFE in an event study setting. The 
event study setting is better than the difference-in-differences (DID) for two reasons. First, it 
gives the dynamic effects of TFP growth and savings transition rather than the average effect 
given by DID, and second, it helps in detecting pre-trend or violations from parallel trend, 
which can lead to biased inference. The baseline model is given by Equation 3. 

yit ¼
X5

− 5
γjIjþϕiþϕt þ eit (3) 

where yit is either TFP growth or savings in country i at time t, and Ij is an indicator variable 
depicting the transition window around either savings or TFP growth transitions at j¼ 0. ϕi 
captures the country-specific time-invariant heterogeneity and ϕt captures the time-varying 
common factors. We have two options to estimate this model. First, using only data from 
countries experiencing TFP growth and savings transition, and second, using data from all 
countries. These are called timing-based and hybrid data structures, respectively, according 
to Miller (2023). The timing-based structure can also be treated as pure event studies, as we 
compare the countries experiencing transition before and after transition, and we start with 
that. The underlying assumption is that the timing of the transition is as good as random, 
and hence those countries experiencing transition earlier or later can serve as controls for 
one another. As mentioned before, we find that these transitions are unpredictable using the 
range of macroeconomic variables used in the literature. The identifying assumption for the 
above model is a constant effect of transition and the absence of time-varying confounders. 
Time-varying confounders are variables correlated with treatment and potential outcomes 
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of interest. In a two-period and two-group setting, a constant treatment effect is satisfied by 
design, and the presence of parallel trend before treatment satisfies the assumption of the 
absence of time-varying confounders, leading to the causal effect.

In more than two-group and two-period settings, such as the one used in this article, the 
inference from Equation 3 could be problematic for two reasons. First, the constant transi
tion effect is hard to justify, as we have more than twenty (up to sixty-three) transitions oc
curring at different times in different countries. Second, the parallel trend before transitions 
is not conclusive evidence for the absence of time-varying confounders because the esti
mates leading to parallel trend are obtained using constant transition effects, which could 
not be true, and a time-varying confounder need not be trending (Liu et al. 2024). Both these 
violations could lead to biased estimates, which we attempt to address by estimating addi
tional models. First, we include several variables that could be related to savings and TFP 
growth based on the literature, and estimate the model given by Equation 4. 

yit ¼
X5

− 5
γjIjþ θ0zitþϕiþϕt þ eit (4) 

where zit includes per-capita income and squared per-capita income, terms of trade, trade to 
GDP ratio, foreign direct investment as % of GDP, credit as % of GDP, young dependency ra
tio, and old dependency ratio. Many of these control variables have missing values, and we 
replace the missing values with country-specific median values of these control variables. 
We understand that imputing some of these variables, such as foreign direct investment as 
% of GDP, with a median may have issues. Hence, we estimate a model with country-specific 
linear and quadratic trends to capture confounders that vary across countries and over time. 
Lovenheim and Will�en (2019) also argue that the main threat to identification is the existence 
of secular trends. Lovenheim and Will�en (2019), we estimate models with country-specific lin
ear trends given by Equation 5. The problems of multicollinearity also compound when we 
add country-specific trends. There are two options suggested by Miller (2023)—either we im
pose explicit restrictions for the parameters to be identified, or drop one of these country- 
specific trends, as done in Stata, and we go for the second option. 

yit ¼
X5

− 5
γjIjþϕi × Time Trendþϕiþ eit (5) 

Further, we include a country-specific quadratic time trend. This is relevant given the fact 
that many of the countries transitioning to high TFP growth and savings rates in Fig. 6 show 
a parabolic pattern that could be driven by the country-specific quadratic trend. We estimate 
Equation 6 given below: 

yit ¼
X5

− 5
γjIjþϕi × Time Trendþϕi × Time Trend2þϕiþ eit (6) 

Although the above models help in addressing issues related to time-varying confounders, 
these models are estimated assuming constant transition effects, which remains a concern, 
and the absence of pre-trend in these models is not conclusive evidence of the absence of 
time-varying confounders. Hence, we use counterfactual estimators to mitigate 
these concerns.
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3.2.1 Counterfactual estimators: hybrid data structure
All counterfactual estimators used in this article estimate the potential outcomes for transi
tioning countries using data before transition and from non-transitioning countries, and con
sider heterogeneous treatment effects because the assumption of constant transition effects 
is not required. By design, these models are estimated using a hybrid data structure.12 The 
estimates from these models are more robust compared to the previous ones, as this allows 
for a heterogeneous transition effect. Also, the absence of pre-trend is more conclusive evi
dence of the absence of time-varying confounders, as these are obtained assuming heteroge
neous transition effects. The first counterfactual estimator is given by Equation 7. 

yit ¼ δitDitþ θ0zitþϕiþϕt þ eit (7) 

Dit is the transition indicator that equals 1 if country i has experienced either TFP growth or 
savings transition at time t and equals 0 otherwise; δit is the effect of transition on country i 
at time t. The above Equation (7) is different from a canonical two-way fixed effects model 
given by (1) because we allow the transition effect to be heterogeneous both across coun
tries and over time (Liu et al. 2024). This is called a fixed effect counterfactual estimator 
(FEct) by Liu et al. (2024). The two-way fixed effect estimator given by (3) is a special case of 
the model (7). The above model also differs from models 3–6 as it includes both sources of 
identification: the comparison of transitioning and non-transitioning countries and the tim
ing of the event. Jacobson et al. (1993) employ a hybrid data structure.

The estimation is done in three steps. First, we estimate a TWFE using non-transitioning 
observations and obtain the parameters. In the second step, using these parameters, we 
obtain the counterfactual for transitioning countries, and in the third step, we obtain δit as 
the difference between these two and take an average of that to obtain the average 
treatment effect on the treated (ATT), i.e. on transitioning countries. Note that δits are not 
individually identifiable, while their averages are. We estimate Equation (7) with country- 
level covariates zit. We estimate two variants of the above model with quadratic and cubic 
time trends. The identification from the above model relies on three assumptions: (1) Past 
outcomes do not directly affect current transition (no feedback), (2) past transitions do not 
directly affect the current outcome, and (3) absence of time-varying confounders, Liu et al. 
(2024). We argue that assumption (1) is plausibly satisfied, as we find that these transitions 
are unpredictable using the range of macroeconomic variables used in the literature. 
Assumption (2) is satisfied by design as we do not consider multiple transitions13 or rollback 
from a transition in these estimates, as we assume that these transitions are almost perma
nent, hence carryover concerns are not applicable in this setting. Although the above model 
addresses heterogeneous treatment, and pre-trend is a more credible evidence of the ab
sence of time-varying confounders, the concerns related to time-varying confounders are not 
eliminated. This is because the time-varying confounders need not be trending as mentioned 
above. Hence, we estimate an additional model to mitigate the concerns related to time- 
varying confounders.

Several authors (Gobillon and Magnac 2016; Xu 2017) have proposed the use of factor- 
augmented models to address this issue when the time-varying confounders can be decom
posed into time-specific factors and interact with country-specific factor loading, as 
given by: 

12  One can estimate a two-way fixed effect model with constant transition effect given by (1) using a hybrid 
data structure as well, but we do not pursue that given its limitations.

13  We drop only a few transitions to ensure this.
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yit ¼ δitDitþ θ0zitþ λ0i ft þϕiþϕtþ eit (8) 

Where ft is an r × 1 vector of unobserved factors and λi is a r × 1 factor loading. Intuitively, 
factors can be understood as time-varying trends and other common factors that affect each 
country differently, and factor loadings capture their heterogeneous impacts on countries. 
Because λ0i ft captures such differential country-specific time-varying factors, the no-time- 
varying-confounder assumption will be relaxed to a large extent and is the best available op
tion for mitigating these concerns to a certain extent. We need to impose restrictions on λi 

and ft to achieve identification. Equation 8 implies that 

yitð0Þ ¼ θ0zitþ λ0i ft þϕiþϕtþ eit (8.1) 
yitð1Þ ¼ yitð0Þþ δitDit (8.2) 

where 1 and 0 stand for with and without transitions, respectively. The above model is called 
the interactive FEct by Liu et al. (2024). Another way to address the time-varying confounders 
is the MC method by Athey et al. (2021). Mathematically, MC assumes that the ðN × TÞ matrix 
of Y(0) can be approximated by a low-rank matrix L and the model is given by: 

Yð0Þ ¼ zθþ Lþ ε (9) 

In Yð0Þ, the outcomes are missing for transitioning countries post-transition. Equations (9)
and (8.2) are similar as the matrix L can be factorized as L¼ ΛF, where Λ and F are conform
ing matrices. The only difference between Equation (8.2) and (9) is the estimation approach. 
IFEct obtains Λ and F whereas MC obtains L directly (see Liu et al. 2024; Athey et al. 2021 for 
details). Athey et al. (2021) propose an iterative algorithm to solve for L and demonstrate 
that the resulting estimator is asymptotically unbiased for the untreated outcomes. The esti
mator is dependent on a hyperparameter λL. Liu et al. (2024) compare these models and pro
vide a practitioner guide to choose among these models, and we follow that.14 Results 
suggest that MC is superior to IFEct based on Mean Squared Prediction Error (MSPE), and 
hence we choose MC and obtain the optimal tuning parameter λL using cross-validation and 
report all results based on MC.

4. Results
4.1 Event studies: timing-based data structure
In this section, we present the event study results using a timing-based structure, and we 
keep only treated units. The year in which growth and savings transitions occur is defined as 
the event year (0) and is the base year in all these results. The assumption of constant transi
tion effect and absence of time-varying confounders is crucial for the identification. Tables 
S4, S7, and S8 in the Supplementary Appendix show that these transitions cannot be pre
dicted using the country-specific variables widely used in the literature. Figure 5a gives the γj 
during growth transitions when the dependent variable yit is the savings ratio using 
Equation 3.15 The γj represents the DIDs (difference between average outcomes of transition
ing and non-transitioning countries at time t relative to the difference at time t ¼ 0 where 

14  We use the Stata package ‘FEct’. https://yiqingxu.org/packages/fect/stata/fect_md.html
15  Here, we do not report the changes in TFP growth during TFP transition, as these are going to increase 

during the transitions.
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the transition occurs) estimates. Statistical insignificance of these estimates before transition 
at time t ¼ 0 implies the difference between transitioning and non-transitioning countries 
was constant, which is equivalent to parallel trend or absence of pre-trend. Statistical signifi
cance of these estimates after transition gives the effect of TFP growth transitions on the sav
ings ratio. As we can see, these TFP growth transitions lead to a sustained increase in the 
savings ratio, Fig. 5a. Also, we do not find any pre-trend in the savings ratio, and hence we ar
gue that these event studies satisfy the parallel trend assumption. Figure 5b gives the γj dur
ing growth transitions when the dependent variable yit is the savings ratio using Equation 4. 
These regressions are better compared to the previous one as they include country-specific 
time-varying variables, and hence, the time-varying confounding factors are mitigated. 
Again, we do not find any pre-trend in the data, and the results are very similar to Fig. 5a. 
This makes sense as these variables are unable to predict the TFP growth transitions.

Figure 5c gives the γj during growth transitions when the dependent variable yit is the sav
ings ratio using Equation 5. Equation 5 includes the country-specific time trend to control for 
time-varying confounders. These models effectively control for a linear trend in the savings 

Figure 5 Change in savings ratio before and after a productivity growth transition. 
Notes: (a) is γj from Savings Ratioit ¼

P5
− 5 γj Ijþϕiþϕtþeit . (b) is γj from Savings Ratioit=

P5
− 5 γj Ij 

+θ0zitþϕiþϕtþeit . (c) is γj from Savings Ratioit ¼
P5

− 5 γj Ij þϕi × Time Trendþϕiþeit . (d) is γj from 
Savings Ratioit ¼

P5
− 5 γj Ijþ ϕi × Time Trendþ ϕi × Time Trend2þϕiþeit . Ij denotes event windows based on 

productivity growth transitions. zit includes per-capita income, squared per-capita income, terms of trade, 
trade-to-GDP ratio, credit as % of GDP, FDI as % of GDP, Young Dependency Ratio (YDR), and Old Dependency 
Ratio (ODR). The red dot represents the DIDs estimate at time t, calculated as the difference in average 
outcomes between transitioning and non-transitioning countries at time t, relative to their difference at time 
t ¼ 0, when the transition occurs. If these estimates are statistically insignificant in the periods before the 
transition (t < 0), it implies that the differences in outcomes between the two groups were stable before the 
transition, which is the same as parallel trends before the transition. Vertical lines represent a 95% confidence 
band for corresponding point estimates.
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ratio in each country. These linear trend models overcome the limitations of missing 
country-specific variables, which we impute using country-specific median values of the vari
able. Even with these country-specific linear trends, we find similar results to before. 
Figure 5d gives the γj during growth transitions when the dependent variable yit is the sav
ings ratio using Equation 6. Equation 6 includes the country-specific quadratic time trend to 
control for time-varying confounders. These models effectively control for a quadratic trend 
in the savings ratio in each country. These are relevant as the patterns of many low-growth 
and savings ratio countries show a parabolic pattern during the transitions, Fig. 4b, and a 
quadratic country-specific unobserved factor is the biggest threat to identification. Even with 
these country-specific quadratic trends, we find similar results to those before.

Figure 6a gives the γj during the savings transition when the dependent variable yit is TFP 
growth using Equation 3. As we can see during savings transitions, there is no change in TFP 
growth. We observe slight deviations from the pre-trend, but in one period only. Figure 6b
gives the γj during the savings transition when the dependent variable yit is TFP growth using 
Equation 4. These results are also qualitatively similar to the results reported in Fig. 6a. 
Figure 6c gives the γj during the savings transition when the dependent variable yit is TFP 

Figure 6 Change in productivity growth before and after a savings transition. 

Notes: (a) is γj from TFP Growthit ¼
P5

− 5 γj Ijþϕiþϕtþeit . (b) is γj from TFP Growthit ¼
P5

− 5 γj Ij+θ0zitþϕiþ

ϕtþeit . (c) is γj from TFP Growthit ¼
P5

− 5 γj Ij +ϕi × Time Trendþ ϕiþeit . (d) is γj from TFP Growthit ¼P5
− 5 γj Ijþϕi × Time Trendþ ϕi × Time Trend2þϕiþeit . Ij denotes event windows based on productivity 

growth transitions. zit includes per-capita income, squared per-capita income, terms of trade, trade-to-GDP 
ratio, credit as % of GDP, FDI as % of GDP, Young Dependency Ratio, and Old Dependency Ratio. The red dot 
represents the DIDs estimate at time t, calculated as the difference in average outcomes between transitioning and 
non-transitioning countries at time t, relative to their difference at time t ¼ 0, when the transition occurs. If these 
estimates are statistically insignificant in the periods before the transition (t < 0), it implies that the differences in 
outcomes between the two groups were stable before the transition, which is the same as parallel trends before the 
transition. Vertical lines represent a 95% confidence band for corresponding point estimates.
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growth using Equation 5. Figure 6d gives the γj during the savings transition when the depen
dent variable yit is TFP growth using Equation 6. These results are also qualitatively similar. 
Although these results suggest some deviation from the absence of pre-trend, all these 
results suggest the negligible effect of savings transitions on TFP growth.

Results presented in this section, based on a timing-based data structure, give overwhelm
ing evidence that the causation is from TFP growth to savings and not the other way around. 
We also find strong evidence of a parallel trend before the transition, especially for the TFP 
growth transition. Parallel trend before transition suggests that these results are not driven 
by time-varying confounders. But it is difficult to claim these results as causal. As mentioned 
before, the parallel trend is conclusive evidence only in a two-country, two-period setting. In 
the context of this article, the parallel trend is not conclusive because it is obtained assuming 
a constant transition effect, and time-varying confounders need not have a trend. 
Technically, there are concerns related to staggered treatment, heterogeneous treatment, 
and time-varying confounders (Goodman-Bacon 2021; Borusyak et al. 2022; Borusyak et al. 
2024) that persist. In the next sections, we do further estimates to mitigate these concerns.

4.2 Counterfactual estimator: hybrid data structure
The event studies in the previous section give overwhelming evidence that TFP growth tran
sitions lead to sustained growth in the savings ratio, whereas the savings transition does not 
lead to any significant increase in TFP growth. As mentioned before, assumption of constant 
transition effect and time-varying confounders is still a threat to the identification. We first 
estimate a FEct estimator that relaxes the constant transition effect, and these results are 
given in the Supplementary Appendix (Figures S12 and S13). Although this does not address 
the time-varying confounders concerns, but makes the parallel trend more credible evidence 
for the absence of time-varying confounders as explained before. These results also satisfy 
the parallel trend and give qualitatively similar results as reported in Figs 5 and 6. Then we 
estimate the model given by Equations 8 and 9, which mitigates the concerns related to 
these time-varying confounders explicitly and allows heterogeneous transition effects. 
Following Liu et al. (2024), we compare the estimates from Equations 8 and 9, and choose 
MC based on mean squared prediction error (MSPE). Hence, in this section, we present 
results from Equation 9. We choose the hyperparameter for MC using cross-validation.

Figure 7 gives the effect on savings during the TFP growth transitions, and we find a persis
tent effect on the savings ratio up to 10 years after the transition. These results do not show 
any deviation from a parallel trend up to 5 years before the transition. Figure 8 gives the ef
fect on TFP growth during the savings transitions, and we find qualitatively similar results as 
before, although the TFP growth turns out to be significant for a few years, but these are not 
persistent. We do not find any deviation from the parallel trend up to 5 years before the tran
sition in Fig. 8. Also, the effect of savings transitions on TFP growth is not significant if we use 
another savings transition, as shown in S9 of the Supplementary Appendix. But the effect of 
TFP growth on savings transition remains very similar to the ones reported here 
(Supplementary Appendix 8), and hence we argue that the effect of TFP growth on savings is 
causal, as these results have very minimal concerns related to time-varying confounders for 
two reasons. First, the MC method explicitly addresses the time-varying confounders by in
cluding the country-specific time-varying factors in the estimation. Second, since the MC 
method considers heterogeneous treatment effects, the absence of pre-trend in the data is 
credible evidence of the absence of time-varying confounders.

Finally, we do a Placebo/falsification test to establish the validity of our empirical design. 
The results explained before suggest the sustained effect of TFP growth transitions on the 
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savings ratio. We know that these transitions occur at t ¼ 0 by design. If these are indeed the 
effects of transition, then if we implement a false TFP growth transition, we should not find 
any effect on the savings ratio. This can also be considered as a falsification test. There are 
several ways of estimating the models with false transitions. We estimate a simple model by 
assigning transitions to three periods before the actual TFP growth transition. These also 
help in ruling out the presence of a pre-trend. This is because if there is a pre-trend, then 
assigning the transition early will give rise to a statistically significant effect on the savings 
ratio. As we can see from Fig. 9, assigning transition three periods before the actual TFP 
growth transition does not lead to any significant change in the savings ratio after that false 
TFP growth transition. Hence, we conclude that the empirical design passes the necessary 

Figure 7 Change in savings before and after a productivity growth transition. 

Notes: MC method. We include per-capita income, squared per-capita income, terms of trade, trade to GDP 
ratio, credit as % of GDP, FDI as % of GDP, Young Dependency Ratio, and Old Dependency Ratio. (a) is with a 
quadratic trend, and (b) is with a cubic trend. The red dot represents the DID estimate at time t, calculated as 
the difference in average outcomes between transitioning and non-transitioning countries at time t, relative to 
their difference at time t ¼ 0, when the transition occurs. If these estimates are statistically insignificant in the 
periods before the transition (t<0), it implies that the differences in outcomes between the two groups were 
stable before the transition, which is the same as parallel trends before the transition. Vertical lines represent a 
95% confidence band for corresponding point estimates.

Figure 8 Change in productivity growth after savings transitions. 

Notes: MC method. We include per-capita income, squared per-capita income, terms of trade, trade to GDP 
ratio, credit as % of GDP, FDI as % of GDP, Young Dependency Ratio, and Old Dependency Ratio. (a) is with a 
quadratic trend, and (b) is with a cubic trend. The red dot represents the DID estimate at time t, calculated as 
the difference in average outcomes between transitioning and non-transitioning countries at time t, relative to 
their difference at time t ¼ 0, when the transition occurs. If these estimates are statistically insignificant in the 
periods before the transition (t<0), it implies that the differences in outcomes between the two groups were 
stable before the transition, which is the same as parallel trends before the transition. Vertical lines represent a 
95% confidence band for corresponding point estimates.
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falsification test, and the parallel trend reported in Fig. 9 is credible evidence of the absence 
of time-varying confounders.

4.2.1 Robustness
We do various robustness exercises to validate these results. As mentioned before, we iden
tify alternative savings and TFP growth transitions. We also identify two sets of TFP growth 
transitions using country-specific cut-offs. We estimate the effect of savings ratio and TFP 
growth during these alternative TFP growth and savings transitions using MC. Results related 
to TFP growth transitions II, III, IV, and V are given in S8 of the Supplementary Appendix. All 
these results obtained using different combinations of TFP growth transitions are similar to 
the results reported here and give confidence that TFP growth transitions indeed lead to a 
persistent rise in savings. Results related to savings Transition II and III are given in S9 of the 
Supplementary Appendix. We do not find any evidence of the sustained effect of savings 
transition on TFP growth due to Savings Transition II and III. Hence, we argue that this evi
dence suggests that TFP growth transitions lead to persistent increases in savings, whereas 
savings transitions fail to bring such an increase in TFP growth.

4.3 Dynamic response of savings due to TFP growth and 
productivity shocks
The results presented above suggest that the impact of TFP growth on savings is persistent, 
whereas the savings transitions do not lead to a persistent increase in TFP growth. But this 
does not give us an easy-to-interpret effect of the TFP growth transition on the savings ratio. 
This is because the countries experiencing TFP growth transitions have different changes 
in TFP growth rates during the transition. It is impossible to identify many countries 

Figure 9 Placebo; change in savings before and after a productivity growth transition. 

Notes: MC method. We include per-capita income, squared per-capita income, terms of trade, trade-to-GDP 
ratio, credit as % of GDP, FDI as % of GDP, Young Dependency Ratio, and Old Dependency Ratio. We include a 
cubic trend. We assign treatment three periods before the actual TFP growth transition, and vertical blue lines 
reflect that. The red dot represents the DID estimate at time t, calculated as the difference in average outcomes 
between transitioning and non-transitioning countries at time t, relative to their difference at time t ¼ 0, when 
the transition occurs. If these estimates are statistically insignificant in the periods before the transition (t<0), 
it implies that the differences in outcomes between the two groups were stable before the transition, which is 
the same as parallel trends before the transition. Vertical lines represent a 95% confidence band for 
corresponding point estimates.
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experiencing transition by imposing a uniform increase in the TFP growth rate during the 
transition. Hence, we estimate a local projection regression following Jorda (2005, 2023) 
given by Equations 10 and 11. 

Si;tþ j ¼ βj
1fitþ θ0jzitþϕj

iþϕj
t þ εj

itforj ¼ 0; 1; . . . 8 (10) 

Si;tþ j ¼ βj
1fitþ θ0jzitþϕj

iþϕj
i × Time Trendþ εj

itforj ¼ 0; 1; . . . 8 (11) 

Where fit is either TFP growth or productivity shocks obtained from the data (section “TFP 
growth from data”) and model (section “TFP from neoclassical growth model”), respectively. 
To ensure comparability across these measures, we standardize different measures of fit. zit 

includes per-capita income, squared per-capita income, terms of trade, trade to GDP ratio, 
foreign direct investment as % of GDP, credit as % of GDP, young dependency ratio, old de
pendency ratio, and four lags of TFP growth and savings ratio. The above model identifies in
novation in TFP growth conditions on four lags of TFP growth, savings, and a large number 
of control variables. In this way, the innovation of TFP growth and productivity shocks used 
in Equations 10 and 11 are even better than the ones we can obtain using panel vector autor
egression with limited number of variables and Cholesky decomposition, as we condition on 
many variables apart from the lag of the productivity growth and savings, including country- 
specific linear trend to capture time-varying unobserved confounders.16 Without establishing 
the direction of causality, it would be hard to argue for exogeneity of TFP growth innovations 
used in Equations 10 and 11 to obtain the response of savings due to the potential simultane
ity between these two variables.

Figure 10a shows the impact on the saving ratio due to a one-standard-deviation increase 
in TFP growth with year-fixed effects. One standard deviation increase in these two measures 
increases the savings ratio by 0.4 percentage points, and this is very persistent. These 
responses are significant for up to 6 years. The model with country-specific time trends helps 
in controlling for confounders that vary across countries and time, which is a threat to identi
fication. With a linear trend, the impact on savings is slightly higher but less persistent, and 
the effect is only significant for up to 3 years, Fig. 10b. Figures 11a and 11b plots the impact 
on the savings ratio due to a one standard deviation increase in these two measures of pro
ductivity shocks. These shocks have a higher impact on savings and are significant for up to 
6 years, but are less persistent compared to the response of the savings ratio due to the TFP 
growth. With the inclusion of a country specific linear trend, the effect is significant for only 
up to 3 years, which is similar to the response of savings due to TFP growth with country- 
specific linear trends (Figs 12a and 12b).

Many of the control variables used in the above local projection regressions have missing 
values, which we impute by the country-specific median of that variable. To ensure that the 
results are not driven by this imputation, we estimate the local projection regressions with
out these control variables. These results are given in Figures S30–S31 in the Supplementary 
Appendix. These are almost identical to the responses presented here, and hence, that gives 
us further confidence that these responses are not driven by imputed variables or omitted 
variables. This is because these are widely used variables in the savings literature, and if 
these are not significantly influencing the response of the savings ratio due to TFP growth, 
then it is hard to argue that other variables would do so. Figures S32–S34 in the 

16  The use of the panel VAR with Cholesky decomposition also requires some understanding related to the 
exogeneity of variables to decide the identification, or else we require instrumental variables to identify the 
exogeneity. Results in the previous section help us in understanding the direction of causality, and hence, 
we estimate the effect of TFP growth on savings using local projection.
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Supplementary Appendix provide the response of domestic savings due to one standard de
viation innovation in these two measures of TFP growth and productivity shocks. These 
responses are very similar to the gross savings response reported here. As mentioned before, 
in the absence of capacity utilization, TFP growth could be biased. Hence, we estimate the 
response of savings due to capacity utilization-adjusted TFP growth for a small set of coun
tries for which the data is made available by Comin et al. (2020). We find that even the capac
ity utilization-adjusted TFP growth leads to an increase in the savings rate. This is provided 
in Figure S35 in the Supplementary Appendix. Moreover, the savings response due to the TFP 
growth, adjusted and unadjusted for capacity utilization, is statistically indistinguishable. 
Hence, we believe that the results reported in this section are robust and unlikely to be 
driven by the biases in TFP growth due to unobserved capacity utilization for a large set 
of countries.

Figure 11 Response of saving ratio due to productivity shocks. 

Notes: βj
1 from Si;tþ j ¼ βj

1TFPShockitþθ0jzitþϕj
iþϕj

tþεj
itforj ¼ 0;1; . . . 8. zit includes per-capita income, squared 

per-capita income, terms of trade, trade to GDP ratio, foreign direct investment as % of GDP, credit as % of 
GDP, young dependency ratio, old dependency ratio, and four lags of productivity shocks and savings ratio. The 
shaded area represents a 95% confidence band for corresponding point estimates.

Figure 10 Response of the saving ratio due to productivity growth. 

Notes: (a) βj
1 from Si;tþ j ¼ βj

1TFPitþθ0jzitþϕj
iþϕj

tþεj
itforj ¼ 0;1; . . . 8. (b) is βj

1 from Si;tþ j ¼ βj
1TFPitþ θ0jzitþ

ϕj
iþϕj

i × Time Trendþεj
itforj ¼ 0;1; . . . 8. zit includes per-capita income, squared per-capita income, terms of 

trade, trade to GDP ratio, foreign direct investment as % of GDP, credit as % of GDP, young dependency ratio, 
old dependency ratio, and four lags of TFP growth and savings ratio. The shaded area represents a 95% 
confidence band for corresponding point estimates. 

Source: authors’ construction.
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4.3.1 Robustness
Although the results in the previous section provide overwhelming evidence of the persistent 
impact of TFP growth on savings, concerns related to omitted variables can only be dealt 
with in a comprehensive panel VAR model. Given data limitations and the absence of instru
mental variables, we try our best to mitigate these concerns and establish the credibility of 
results via estimating Panel VARs using different endogenous variables and lag lengths, and 
estimate the response of savings due to TFP growth innovations using Cholesky decomposi
tion. In our most comprehensive model, we include seven other endogenous variables identi
fied in the growth-savings literature apart from TFP growth (see Modigliani 1970; Loayza 
et al. 2000). We order TFP growth first in all these panel VARs, given the credible evidence in 
Sections S4.1 and S4.2 about the direction of causation. We estimate five models with differ
ent sets of endogenous variables, exogenous variables, and lag lengths. In all of these mod
els, we find a significant effect of TFP growth on the savings ratio. The response of the 
savings ratio due to TFP growth shock in all these estimates is qualitatively similar to the 
responses presented here using local projection, and the most comprehensive model with 
eight endogenous variables suggests that a one standard deviation shock to TFP growth 
leads to 0.5 percentage point increase in the savings rate. These results are given in Section 
S13 of the Supplementary Appendix. We also perform a counterfactual simulation for the 
savings ratio during the TFP transition for Cameroon and Malaysia using the model explained 
above, and these results are given in Section S14 of the Supplementary Appendix.

5. Concluding remarks and policy 
recommendation
Increasing per capita income growth in poor countries has always been a concern for policy
makers around the world. The literature on this issue is broadly divided into two categories. 
The first strand of the literature suggests that increasing the savings ratio is essential for in
creasing per capita income growth. In other words, this literature believes in causation run
ning from saving to growth. The second strand of literature suggests that growth causes 
savings, and growth can be achieved via simple reforms and allocating resources more 

Figure 12 Response of saving ratio due to productivity shocks: with country specific linear trend. 

Notes: βj
1 from Si;tþ j ¼ βj

1TFPShockitþθ0jzitþϕj
iþϕj

i × Time Trendþεj
it forj ¼ 0;1; . . . 8. zit includes per-capita 

income, squared per-capita income, terms of trade, trade to GDP ratio, foreign direct investment as % of GDP, 
credit as % of GDP, young dependency ratio, old dependency ratio, and four lags of productivity shocks and 
savings ratio. The shaded area represents a 95% confidence band for corresponding point estimates.
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wisely. These two strands of literature have not been able to reconcile the issues and reach a 
conclusion, which is of utmost importance, as shown in this article.

Using aggregate data from WDI and PWT, we provide evidence using different approaches 
that it is productivity growth that causes savings and not the other way around. We find sav
ings and growth transitions in the data that lead to sudden and sustained increases in the 
savings ratio and TFP growth. We show that these transitions are exogenous and implement 
event studies and counterfactual estimators on savings and productivity growth transitions. 
Our results suggest that savings transitions, that is, increases in savings, do not change pro
ductivity growth, whereas productivity growth transitions, that is, an increase in productivity 
growth, significantly increases savings, which remain at an elevated level even after 10 years. 
Having established the direction of causality, we estimate the local projection regressions 
and find that a one standard deviation increase in TFP growth rate leads to 0.5 percentage 
point increase in the saving ratio, and these are significant for up to 6 years.

Then we obtain technological shocks from a neoclassical growth model by estimating the 
model for forty-nine countries (countries with at least 40 years of observations). We then use 
these productivity shocks instead of TFP growth in local projection regressions, and they 
give a similar effect on savings as the TFP growth. Finally, we do a counterfactual simulation 
that suggests that a large decline in productivity growth is associated with a large decline in 
the savings ratio and vice versa. Evidence provided in this article suggests that the saving– 
growth causation runs from growth to savings and not the other way around. Policymakers 
should design policies that can increase productivity growth rather than look for ways to in
crease savings, which do not seem to be effective enough to boost savings.
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