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	Abstract

In this paper the authors considered Dollar-Cost Averaging (DCA) strategies with yearly and biyearly installments and compared their gross returns with those of a lump-sum investment for different medium-long term investment time horizons (between 5 and 20 years). The empirical analysis is conducted on several stock indices by means of rolling observation periods. The authors found that the average annual returns of the lump-sum investment are, in general, higher than those of the two considered DCA strategies and the percentage of observations in which the lump-sum outperforms both the considered DCA is higher for longer investment time horizons.
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Introduction

The effectiveness of research publications is a very important factor of the development of Dollar-Cost Averaging (DCA) is an investment strategy which consists in buying a fixed amount in money of a particular investment at a regular interval (e.g. each month, each year), regardless of the share price and of every other asset evaluation during the investment time horizon. As a result, when the price of the asset rises, the investor will purchase fewer shares, conversely, when it falls, he will be able to purchase more shares. 
DCA is a popular investment technique widely recommended by financial planners and professional investment advisors essentially as a strategy to lower the average share cost over time -as its name suggests- and to reduce the risk of a lump-sum investment. Malkiel (1975) states that "periodic investment of equal dollar amounts in common stocks can substantially reduce (but not avoid) the risk of equity investment by ensuring that the entire portfolio of stocks will not be purchased at temporarily inflated prices" (p. 356). Other investment textbooks containing discussions (in quite positive terms) of DCA are Latane et al. (1975), Cohen et al. (1987), Sharpe (1978), and Francis (1980).
Literature Review
In academic literature, there are several papers, both theoretical and empirical, which in many cases compare DCA with other investment strategies. Most of them present negative conclusions on DCA. Of these, in a theoretical paper, Constantinides (1979) shows that DCA is suboptimal due to its inherent rigidity, and, in particular, that it is dominated by both an optimal sequential and an optimal non-sequential investment policy. In Brennan and Solanki (1981), it is shown that DCA is suboptimal for an investor who maximizes the expected utility of his terminal wealth when security returns are independent and identically distributed (i.i.d.) random variables. Again based on the i.i.d. assumption, Rozeff (1994) proves that, after adjusting appropriately for risk within a mean-variance framework, a lump sum investment strategy dominates DCA if the stock market has a positive risk premium. Using graphical analysis, historical stock market returns and Monte Carlo simulations, Knight and Mandell (1993) show that optimal rebalancing and buy and hold strategies achieve better performance than DCA. An empirical analysis covering a very long period (1926-1991) for the S&P 500, presented in Williams and Bacon (1993), shows that, as regards yearly returns, "nearly two thirds of the time [...] a lump-sum strategy significantly outperformed a dollar-cost-averaging approach" (p. 64). Thorley (1995) illustrates that, compared to a buy and hold strategy, DCA leads not only to a decrease in expected return, but even to an increase in risk. In Marshall and Baldwin (1994) and Marshall (2000), DCA is compared with another formula plan, the so-called Value Averaging introduced by Edleson (1988), which aims to invest more when the share price falls and less when the share price rises, and also with random investment techniques, and it is shown that, as regards expected returns and risk avoidance, there is no statistical difference between DCA and random investment techniques, while Value Averaging provides superior expected returns with volatile prices without great risk increases over extended investment time horizons. Bierman and Hass (2004) state that "leaving out behavioral considerations, and assuming there is an opportunity cost of not investing immediately, the optimum decision is to invest the entire sum that is available for investment" (p. 24). More recently, by means of numerical analysis and empirical results, Panyagometh and Zhu (2016) illustrate that DCA is an investment strategy similar to an Asset Allocation strategy which allocates about 50%-65% of wealth in risky asset, but the portfolios employing this Asset Allocation strategy have a better risk-return profile.
Nevertheless, there are also contributions which point out some advantages of the DCA strategy. Among them, in a theoretical paper, Milevsky and Posner (2003) demonstrate that engaging in a DCA strategy is like purchasing a zero strike arithmetic Asian option on the underlying asset, whose expected return, conditional on knowing the final value of the asset, is greater than the asset return for a sufficiently high volatility. Brennan et al. (2005) show that, when applied to the addition of stock to an existing portfolio, DCA offers benefits to an uninformed individual investor with respect to a rational investment strategy, such as the lump-sum investment. Dubil (2005) states that DCA presents a great risk reduction over long investment periods, hence it can be recommended to all long-term investors.
Finally, it is worth noting that a few contributions give explanations for the popularity of DCA strategy based on behavioral models: see Statman (1995) and Dichtl and Drobetz (2011), while Leggio and Lien (2001) find that risk aversion does not justify the use of DCA and the same authors (Leggio and Lien, 2003), using downside risk performance measures (the Sortino ratio and the Upside Potential ratio), find empirically that the relative ranking of DCA is inferior to alternative investment strategies.
Investment Time Horizons and Installment Periodicity
As we have seen above, most of the literature focuses mainly on comparisons between DCA and lump-sum strategy: in other words, it is assumed that an investor with given initial wealth and investment time horizon can, alternatively, make a lump sum investment at the initial time in a risky asset, or invest in a DCA with a given recurring investment interval on the same risky asset, investing the remaining money (i.e. the wealth not yet invested in the DCA) in a risk-free asset. It follows that, besides the considered risky and riskless assets, there are two parameters that must be specified in order to carry out these comparisons, i.e. the investment time horizon and the installment periodicity.

As regards the first, in literature it varies from a very short period (starting from 2 months in Rozeff (1994)) up to considering a Lifetime Dollar-Cost Averaging (Dubil, 2005). Furthermore, in some papers only one investment time horizon is considered (e.g. one year in Williams and Bacon (1993), 10 years (rolling) in the empirical analysis in Knight and Mandell (1993)) while other authors carry out their analyses for different investment time horizons: amongst others, Marshall (2000) considers 10, 20 and 40 quarters, Panyagometh and Zhu (2016) consider 1, 3, 5, 10 and 20 years, in Brennan et al. (2005) the investment time horizon varies from 1 to 6 years. 
As regards the recurring investment interval, in almost all literature it is supposed that shares are purchased on a monthly basis. Exceptions can be found in Marshall (2000), who considers (only) quarterly installments, and in Williams and Bacon (1993), who consider, besides monthly installments, also a six-month and a three-month DCA installment period: in these cases, one sixth (one third, respectively) of the initial endowment is immediately invested in the risky asset, another one-sixth (third) is invested in the riskless asset for one month and then in the market for 11 months and so on.
The Aim and Motivation
As noted above, in all the examined literature the authors consider interim recurring investment intervals for the DCA strategy, and the installment periodicity is the same for every considered investment time horizon. This is certainly consistent with the most common practice. However, it should be stressed that the recurring investment interval can be chosen by the investor and that, as observed, among others, by Knight and Mandell (1993), in general "transaction costs [would] vary inversely with the size and directly with the frequency of investment" (Knight and Mandell, 1993, pp 60). Therefore, given the empirical evidence concerning returns comparisons of a DCA with monthly-installments with a lump-sum investment, it does not make much sense for an investor with an initial lump-sum to purchase shares on a monthly basis, especially for medium-long investment time horizons, given also the commissions structure.
As a consequence, we focus on DCA strategies with lower installment periodicities: in particular, in this paper, we aim to investigate whether the lump-sum strategy gives better gross returns also compared with a DCA strategy with a yearly or biyearly installment periodicity. We carry out this empirical analysis on several stock indices by considering different (rolling) investment time horizons (in particular 5, 10, 15 and 20 years). 
Our research question can, thus, be stated as follows: for a medium-long term investment, does the lump-sum investment lead to higher gross returns compared with a DCA strategy with a small number of installments (i.e. with yearly or biyearly installments), and how do the results depend on the investment time horizon?
The Data and Methodology
To carry out our empirical analysis we developed an automatic code using an open source software widely used among statisticians and data miners for developing statistical software and data analysis: R. The code we built consists of several functions, in order to scrape the suitable data from the Web and  compute the lump-sum and DCA strategy returns. The R packages used in the code are:

· tseries, a package for time series analysis and computational finance;

· XML, which allows us to manage different approaches for both reading and creating XML (and HTML) documents (including DTDs), both locally and accessible via HTTP or FTP; 
· Date and lubridate, with functions for handling dates.

The code used to compute the result of the DCA strategy, as we said before, consists of several distinct functions linked together in a rolling analysis. As already mentioned, we considered four different rolling window lengths: 5 years, 10 years, 15 years and 20 years and in every simulation we assume that the period starts on 1st January and ends on 31st December. In each rolling window, we run the code to check, which, in terms of gross returns, is the best investment strategy between the lump-sum investment and the DCA with yearly and biyearly installments.

Hence, the variables that we set in the analysis are:

· the initial wealth: since all the results are expressed in percentages, the invested amount does not have any impact (in other words, it can be normalized to 1 without any loss of generality);

· the riskless asset: we consider as a proxy for the risk-free rates the total returns on the U.S. 3-Months Treasury Bill, whose time series we scraped from the website www.quandl.com/data, which allows us to create a direct connection with R software to download and handle data;

· the indices on which to invest, can be chosen from amongst any stock index available on the Yahoo Finance website; 

· the investment time horizons: we consider rolling windows of different lengths, i.e. 60, 120, 180 and 240 months. Therefore, for the S&P 500 for example, we consider the 5 year time horizons 01/01/1955-12/31/1959, 01/01/1956-12/31/1960 etc., the 10 year time horizons 01/01/1955-12/31/1964, 01/01/1956-12/31/1965 and so on; 

· the investment starting date and ending date: we consider for each  index  the starting date according to the availability of the data on Finance.Yahoo.com, while the ending date is always 31st December 2016; 

· the installment periodicity: as we have already mentioned, we consider DCA with recurring investment intervals of 12 and 24 months, besides the lump-sum investment;

· the number of DCA installments (N) in a given investment horizon: in the code we developed it is automatically computed given the starting date, the ending date and the installment periodicity. In the cases of 5 and 15 year investment time horizons with biyearly installments, we assume that the entire wealth is invested in the risky asset at the beginning of the 4th and of the 14th year, respectively, i.e. we consider a DCA with 3 and 7 installments, respectively.

Following amongst others Rozeff (1994), Bierman and Hass (2004), Brennan et al. (2005) and Panyagometh and Zhu (2016), we compute the wealth for an N-period DCA strategy by assuming that at the beginning of the first period a fraction 1/N of the budget is invested in the stock index and the remaining amount in the risk-free asset. Then, a fraction 1/(N-n) of the wealth of the riskless asset at the end of each period n=1, ... ,N-1 is invested in the stock index at the beginning of the following period, while the remaining fraction (N-n-1)/(N-n) of the wealth is still invested in the risk-free asset. Hence, at the beginning of the last period, all the remaining wealth in the riskless asset will be invested in the risky asset.  
The considered stock indices, the corresponding countries and the first observation years are listed in Table 1. 
Table 1. Indices Considered and Corresponding First Year of Observation

	Index
	Country
	Initial Year

	BEL 20
	Belgium
	1991

	CAC 40
	France
	1991

	DAX 30
	Germany
	1991

	Dow Jones Composite Average
	USA
	1981

	FTSE 100
	UK
	1984

	Hang Seng Index
	Hong Kong
	1987

	NASDAQ 100
	USA
	1986

	IPC Index
	Mexico
	1991

	Nikkei 225
	Japan
	1984

	S&P/TSX Composite Index
	Canada
	1980

	S&P 500
	USA
	1955

	SSE Composite Index
	China
	1991


As mentioned, for each index we determine the gross returns of a lump sum investment and of DCA strategies with yearly and biyearly installments for four different investment time horizons: 5, 10, 15 and 20 years, and, in order to achieve a greater number of observations, we consider rolling time periods on a yearly basis. 
Results and Discussions
In this section, we show and comment on our empirical findings: we first present a brief graphical analysis for the most representative index, i.e. the S&P 500, for which the largest sample is available, then we compute the average gross annual returns for the three investigated investment strategies and we observe the number of observations in which the lump-sum outperforms both DCA strategies, finally we compare the two indices which show completely opposite performances, the Nikkei 225 and the IPC Index.
A Graphical Representation for the S&P 500 Index

As is clear from Table 1, the longest historical series (62 years) is available for the S&P 500. Therefore, before showing the results for all the indices in a compact form, we can firstly notice some interesting features for our analysis from the following Figures 1, 2, 3, 4, which show the annual gross returns for the S&P 500 for both the considered DCA strategies and the lump-sum investment for the above-mentioned investment time horizons. 
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Figure 1. S&P 500 Annual Gross Returns for 5-Year Rolling Investment Periods
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Figure 2. S&P 500 Annual Gross Returns for 10-Year Rolling Investment Periods
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Figure 3. S&P 500 Annual Gross Returns for 15-Year Rolling Investment Periods
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Figure 4. S&P 500 Annual Gross Returns for 20-Year Rolling Investment Periods

From these figures, the outperformance of the lump-sum strategy is clearly demonstrated, especially for longer investment periods, while the different DCA installment periodicity seems to have little impact on the total returns. In particular, for the shorter investment horizons DCA returns are sometimes greater than the lump-sum ones when the index performance is poor, while when the index returns are higher the outperformance of the lump-sum investment is evident. Lump-sum returns were higher than DCA ones for almost all the observed 15-year periods and, without any exception, for each 20-year period observed.  
Average Annual Gross Returns
In this subsection, we show the average annual gross returns for the three investment strategies considered (lump-sum and DCA with yearly and biyearly installments) on the indices listed in Table 1. The results are collected on the basis of the different investment time horizons taken into account (5, 10, 15 and 20 years), in Tables 2, 3, 4 and 5 (respectively), which also contain the indication of the number of rolling observation periods.  
Table 2. Number of Rolling 5-Year Observation Periods and Average Annual Gross Returns of DCA Strategies with Yearly and Biyearly Installments and

 of Lump-Sum Investment for the  Indices Considered

	Investment Time Horizon: 5 years

	Index
	Number of Observations
	Average Annual Gross Returns (%) DCA with yearly installments
	Average Annual Gross Returns (%) DCA with biyearly installments
	Average Annual Gross Returns (%) lump-sum investment

	BEL 20
	22
	2.99
	2.97
	4.58

	CAC 40
	22
	2.73
	2.76
	4.24

	DAX 30
	22
	5.20
	5.22
	8.52

	Dow Jones
	32
	4.91
	4.89
	8.58

	FTSE 100
	29
	3.18
	3.21
	5.61

	Hang Seng
	26
	5.59
	5.58
	9.16

	IPC Index
	22
	8.90
	8.92
	15.70

	NASDAQ-100
	27
	6.85
	6.87
	10.51

	Nikkei 225
	29
	0.83
	0.88
	0.90

	S&P 500
	54
	3.88
	3.85
	6.73

	S&P/TSX
	33
	3.31
	3.29
	5.79

	SSE C. Index
	22
	5.53
	5.72
	9.16


As shown in Table 5, for the shortest investment time horizon considered (5 years, for which we obviously have the largest number of observations) the differences between the two DCA strategies were almost negligible (less than 0.05% in absolute value for all indices except the Shanghai SSE), but for each index the lump-sum investment gave the best returns: in particular, the difference between lump-sum and DCA annual returns is greater than 3% for one half of the indices considered.

 As regards the 10-year investment time horizon, Table 3 shows that, with the exception of the Nikkei 225, the DCA with biyearly installments, compared with the other DCA strategy, gave better than average annual returns. However, the outperformance of the lump-sum investment is the most evident, being worse than the DCA strategy only for the Nikkei 225, while for 4 indices it gave average annual returns which were at least twice those of the 2-year installment DCA.
Table 3. Number of Rolling 10-Year Observation Periods and Average Annual Gross Returns of DCA Strategies with Yearly and Biyearly Installments and 

of Lump-Sum Investment for the Indices Considered

	Investment Time Horizon: 10 years

	Index
	Number of Observations
	Average Annual Gross Returns (%) DCA with yearly installments
	Average Annual Gross Returns (%) DCA with biyearly installments
	Average Annual Gross Returns (%) lump-sum investment

	BEL 20
	17
	1.22
	1.40
	2.90

	CAC 40
	17
	1.30
	1.50
	3.10

	DAX 30
	17
	3.10
	3.49
	6.51

	Dow Jones
	27
	3.86
	4.32
	8.07

	FTSE 100
	24
	2.41
	2.69
	5.14

	Hang Seng
	21
	3.54
	4.00
	7.90

	IPC Index
	17
	7.83
	8.70
	16.26

	NASDAQ-100
	17
	5.21
	5.73
	8.88

	Nikkei 225
	24
	-0.38
	-0.49
	-1.68

	S&P 500
	53
	3.20
	3.58
	6.47

	S&P/TSX
	28
	2.75
	3.09
	5.89

	SSE C. Index
	17
	3.86
	4.42
	8.86


Table 4. Number of Rolling 15-Year Observation Periods and Average Annual Gross Returns of DCA Strategies with Yearly and Biyearly Installments and of Lump-Sum Investment for the Indices Considered

	Investment Time Horizon: 15 years

	Index
	Number of Observations
	Average Annual Gross Returns (%) DCA with yearly installments
	Average Annual Gross Returns (%) DCA with biyearly installments
	Average Annual Gross Returns (%) lump-sum investment

	BEL 20
	12
	0.91
	0.92
	3.09

	CAC 40
	12
	0.75
	0.77
	2.87

	DAX 30
	12
	2.70
	2.64
	6.15

	Dow Jones
	22
	3.20
	3.15
	8.20

	FTSE 100
	19
	1.61
	1.58
	4.73

	Hang Seng
	16
	2.27
	2.26
	6.97

	IPC Index
	12
	7.42
	7.32
	17.00

	NASDAQ-100
	17
	3.38
	3.30
	7.79

	Nikkei 225
	19
	-0.27
	-0.25
	-2.09

	S&P 500
	48
	2.69
	2.63
	6.58

	S&P/TSX
	23
	2.41
	2.35
	6.22

	SSE C. Index
	12
	2.75
	2.65
	6.83


For a 15-year investment period, as reported in Table 4, the average return differences between the two DCA strategies considered were again negligible (less or equal to 0.1% in all cases) and, again with the exception of the Nikkei 225 index, the lump-sum strategy gave the best results, with an average difference computed over the remaining indices of more than 4%.

Table 5. Number of Rolling 20-Year Observation Periods and Average Annual Gross Returns of DCA Strategies with Yearly and Biyearly Installments and 

of Lump-Sum Investment for the Indices Considered
	Investment Time Horizon: 20 years

	Index
	Number of Observations
	Average Annual Gross Returns (%) DCA with yearly installments
	Average Annual Gross Returns (%) DCA with biyearly installments
	Average Annual Gross Returns (%) lump-sum investment

	BEL 20
	7
	0.50
	0.61
	3.61

	CAC 40
	7
	0.34
	0.43
	3.70

	DAX 30
	7
	2.11
	2.45
	7.61

	Dow Jones
	17
	2.07
	2.39
	8.23

	FTSE 100
	14
	0.88
	1.01
	4.85

	Hang Seng
	11
	1.84
	2.13
	7.53

	IPC Index
	7
	5.01
	5.69
	15.93

	NASDAQ-100
	12
	2.53
	2.88
	8.86

	Nikkei 225
	14
	0.34
	0.28
	-1.92

	S&P 500
	43
	2.18
	2.48
	7.01

	S&P/TSX
	18
	1.74
	2.01
	6.43

	SSE C. Index
	7
	1.59
	1.77
	8.62


For the 20-year investment time horizon, it should be emphasized that, as indicated in Table 5, we have less than 10 observations for 5 indices and more than 20 only for the S&P 500. Nevertheless, we note that, again excluding the Nikkei 225 index, the DCA with yearly installments gave worse results than the DCA with a smaller number of installments, but again the greatest differences are related to the outperformance of the lump-sum investment, which gave an annual extra return of more than 3% compared with the DCA 1-year installments for all the remaining indices.
Summing up, in terms of average returns, the outperformance of the lump-sum investment cannot be questioned. As could be reasonably expected, the lump-sum outperformance was even more evident with regard to the maximum returns: for each index and investment horizon the maxima returns achieved by the lump-sum strategy were higher than the maxima of the DCA strategies (the only exception being the Nikkei 225 over the 20-year horizon). Perhaps more surprisingly, the DCA did not perform much better than the lump-sum in the worst cases. In particular, for shorter investment horizons the considered strategies achieved similar performances in this sense: for the 5-year horizon, the worst return of the biyearly installment DCA was higher than the worst return lump-sum for 5 of the 12 indices considered, while for the 10-year horizon, the higher of the worst returns were given by the DCA with yearly installments for 2 indices and by the DCA with biyearly installments for 5 indices. Conversely, for longer investment periods, the lump-sum outperformed DCA even in the worst cases: this happened in the 15-year horizon for 10 indices and in the 20-year horizon with the only exception of the Nikkei 225. Overall, it is interesting to note that: (i) DCA with biyearly installments seems to behave better than DCA with more frequent installments in the worst cases and (ii) in every case in which DCA gave higher worst returns than the lump-sum the returns were negative: since negative returns are less likely for longer time horizons, it appears that in most cases the DCA strategy is not optimal for long-term investors even in a worst case scenario.
Frequency of Lump-Sum Investment Outperformance
In this subsection, in order to investigate the outperformance of the lump-sum investment further with respect to the DCA strategies for the investment time horizons considered, following Marshall (2000), we compute -for each considered index- the percentage of times in which lump-sum investment gave the highest annual returns (regardless of the margin of victory). The results are shown in Table 6. 

Table 6. Percentage of Observations in Which Lump-Sum Investment Gave Better Gross Returns Than Both the DCA Strategies Considered for 

the Different Investment Time Horizons

	Percentage of times lump-sum returns were higher for each investment horizon

	Index
	5 years
	10 years
	15 years
	20 years

	BEL 20
	63.64
	58.82
	75.00
	100.00

	CAC 40
	50.00
	64.71
	66.67
	100.00

	DAX 30
	68.18
	82.35
	83.33
	100.00

	Dow Jones
	78.13
	96.30
	100.00
	100.00

	FTSE 100
	75.86
	75.00
	78.95
	100.00

	Hang Seng
	73.08
	80.95
	100.00
	100.00

	IPC Index
	95.45
	100.00
	100.00
	100.00

	NASDAQ-100
	62.96
	82.35
	82.35
	100.00

	Nikkei 225
	44.83
	29.17
	21.05
	14.29

	S&P 500
	81.48
	86.79
	93.75
	100.00

	S&P/TSX
	72.73
	92.86
	100.00
	100.00

	SSE C. Index
	63.64
	82.35
	100.00
	100.00


From Table 6 it is clear that the outperformance of the lump-sum investment is greater for longer investment time horizons. In fact, with the exception of the Nikkei 225, with a long investment time horizon (i.e. 20 years), the lump-sum investment gave the best gross returns for every (rolling) observation period; furthermore, as the investment period increases, the percentage of times in which the lump-sum investment gave better gross returns than both the considered DCA strategies increases, with the exception of a decreasing trajectory for the Nikkei 225 and partial non-monotonic trajectories for the Belgian and the UK indices considered.  
Focus on Nikkei 225 and IPC Index

From the previous subsections, there are clearly two indices showing what could be described as extreme behavior, i.e. the Japanese Nikkei 225 and the Mexican IPC Index. The first one is the only examined index for which DCA gave better results than the lump-sum investment, especially for longer investment periods: we recall that both the considered DCA strategies, for every examined investment time-horizon except for the 5-year case, gave average annual returns that were higher with respect to the lump-sum investment and that the percentage of observations in which the lump-sum gave the highest returns is less than 45% for the 5-year time horizon and decreases to  14.29% for the 20-year horizon. It should be noted that the Nikkei 225 is the index with the worst performance: it often presents negative returns, regardless of the adopted investment strategy. Conversely, for the IPC Index, the outperformance of the lump-sum strategy was much greater than it was for every other index. To recall some data on this matter, the lump-sum investment gave the best returns for each observation period in the 10, 15 and 20-year time horizons and it gave very high average annual returns both in absolute values (greater than 15% for all time horizons) and in comparison with those of DCA strategies.
Hence, we can consider these two indices as representative for the cases in which the DCA can outperform the lump-sum investment (Nikkei 225) and, conversely, for the cases in which the outperformance of the lump-sum strategy, especially for long investment periods, is evident (IPC Index). 
Figure 5 compares the total gross returns of the two indices over the entire observation period (01/01/1984-12/31/2016 for the Nikkei 225 and 01/01/1991-12/31/2016 for the IPC).  
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Figure 5. Total Gross Returns of Nikkei 225 (Black Line) 

and IPC Index (Grey Line)

The two indices have completely different trajectories. The Nikkei 225 shows a rapidly increasing trend up to the end of 1989, but then it never reached that level again and at the end of 2016 it stands at approximately half of that maximum price. Since the starting observation date, the annual gross return for the Nikkei 225 is lower than 2%. As regards the IPC Index, its underlying trend has always shown a strong increase (with the exception of a period between 2008 and 2009) and its annual gross return since the initial observation date is higher than 13%.
Summing up, our empirical findings show that the lump-sum investment outperforms DCA strategies, even those with a low number of installments, if the underlying trend of the risky asset is increasing, while the opposite happens if the risky asset has a sideways trend or a decreasing trend. This is in line with what was stated by Greenhut (2006): "The performance of DCA rests on the trend in stock prices, with DCA outperforming in downward markets and lump sum outperforming in upwards markets. Since the latter case is the norm over time, customary empirical findings in the finance literature of underperformance by DCA are explained" (p. 76). 
Conclusions and Future Research
In this paper we have provided some empirical evidence regarding the gross returns of DCA strategies with yearly and biyearly installments compared with those of a lump-sum investment. We have performed the analyses for 12 of the world’s most important stock indices, by considering rolling observation periods for different investment time horizons (5, 10, 15 and 20 years). As regards the average annual gross returns, in general they were higher for the lump-sum investment regardless of the investment time horizon, while the percentage of observations in which the lump-sum outperformed the DCA strategies considered was generally found to increase with the investment horizon. We have also noticed that the outperformance of the lump-sum strategy is considerable for indices such as the Mexican IPC, which for almost all the observation periods shows an increasing trend, while DCA can perform better than the lump-sum investment, although it is rarer over long-term periods, in the cases of decreasing or sideways trends, as is the case of the Nikkei 225. Finally, it is worth noting that the performances of DCA with different installment periodicity seem to be quite similar, with the biyearly installment DCA being, on average, better than the yearly installment one for longer investment periods (and also performing better in the worst cases), while there is no clear evidence regarding the percentage of times in which each DCA is the best strategy.

Therefore, as far as future research is concerned, it may be interesting to investigate more thoroughly, both empirically and theoretically, the impact of different recurring investment intervals on the DCA returns. Furthermore, for more practical purposes, it is worth conducting all these analyses in a more realistic framework, i.e. taking into account the transaction costs (Khouja and Lamb (1999) determine the optimal transaction size to maximize DCA returns taking into account transaction costs), the taxes on financial incomes, as in Atra and Mann (2011), other common forms of risk-free investment which cannot give negative returns, as occurs nowadays with the Sovereign short-term Bonds (e.g. a bank account) and the exchange risk if the risky asset is priced in a foreign currency.   
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