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Key Handbooks 

 
It contrasts the crossing of moving averages against optimized moving averages in order to identify trend changes, to improve decision 
making in short and long positions of a financial asset in the stock market. There are many strategies for buying and selling financial 
assets, however, there is no one that is totally efficient, therefore the proposal of new strategies as support tools that together with others 
can offer better indicators for decision making, in this sense one of the most used tools for its simplicity and easy calculation are the 
moving averages, for this reason we propose the use of the crossing of moving averages in its weighted and exponential mode that when 
mixed with the same average but optimized, offer in some cases better results. The use of moving averages through the crossover strategy 
to determine short or long positions in financial assets of the stock market, are improved by combining the weighted moving averages 
and their optimization, likewise the returns obtained in high volatility time series are also improved by using the exponential moving 
averages and their optimization. 
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Abstract 
 

In the investment process, three stages are generally recognized: asset selection, construction of the investment 

portfolio and its management. There are innumerable techniques that aim to offer tools for decision making in 

each of the stages of the investment process. However, the portfolio management phase is where enthusiastic 
investors continue to look for new tools to have short or long positions (sell or buy), one of the simplest tools used 

is the crossing of moving averages, among others. , which use these same time series, so the proposed proposal is 

the combination of weighted and exponential moving averages, along with their optimized counterpart, with the 

intention of comparing how the use of optimized moving averages improves the results in returns to the Strictly 
apply the moving average crossover strategy. 

   

Optimization of moving averages applied to the stock market 

Objective Methodology Contribution 

Describe the use of optimized 

moving averages in the 

strategy known as “moving 

average crossover”, in order to 
establish buy or sell positions 

in financial assets in the stock 

market. 

 

 
  

The moving average crossing strategy is 

applied to a series of data with a high 

dispersion, to show that in these cases the 

common moving average crossing does 
not offer a positive return and these 

results are compared using the same 

strategy that allows obtaining returns. 

positives when using optimized moving 

averages. 

 

 
 

Improve results by applying moving 

average crossover, using a mix of 

common and optimized moving 

averages. 
 

 

 

Moving average, Crossing of moving averages and squared sum of errors 

 

Resumen   
 

En el proceso de inversión generalmente se reconocen tres etapas, la selección de activos, construcción del 

portafolio de inversión y la administración de este, existen innumerables técnicas que pretenden ofrecer 
herramientas para la toma de decisiones en cada una de las etapas del proceso de inversión, sin embargo, la fase 

de la administración del portafolio es donde los inversionistas entusiastas siguen buscando nuevas herramientas 

para tener posiciones en corto o largo (venta o compra), una de las herramientas más sencillas que se utilizan es el 
cruce de promedios móviles, entre otras, que utilizan estas mismas series de tiempo, por lo que la propuesta 

planteada es la combinación de los promedios móviles ponderados y exponenciales, junto con sus contraparte 

optimizada, con la intención de comparar como el uso de promedios móviles optimizados mejoran los resultados 

en rendimientos al aplicar estrictamente la estrategia del cruce de promedios móviles.        

 

Optimización de promedios móviles aplicados al mercado de valores  

Objetivo Metodología Contribución 

Describir el uso de promedios 

móviles optimizados en la estrategia 

conocida como “cruce de promedios 

móviles”, con el fin de establecer 
posturas de compra o venta en 

activos financieros del mercado de 

valores. 

  

 

Se aplica la estrategia de cruce de 

promedios móviles a una serie de datos con 

una alta dispersión, para mostrar que en 

estos casos el cruce de promedios móviles 
comunes, no ofrecen un rendimiento 

positivo y se compara estos resultados 

utilizando la misma estrategia que permite 

obtener rendimientos positivos al utilizar 

promedios móviles optimizados. 

 

 
 

Mejorar los resultados al 

aplicar el cruce de promedios 

móviles, al utilizar una mezcla 

de promedios móviles 
comunes y optimizados. 

 

 

 

Promedios móviles, Cruce de promedios móviles y suma cuadrada de los errores 
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Introduction 

 

The use of moving averages is a widely used tool for forecasting (Frees, 2010), however, due to the easy 

application of these in various areas of knowledge have been built strategies that work properly for data 

that have low volatility, in the context of investments, mainly in the purchase and sale of financial assets 

there are many applicable techniques that together with other tools allow decision making (Mata A. D.), 

one of the methodologies used in technical analysis is the crossing of moving averages in different 

variations. In the application of moving averages there are different parameters that can be adjusted or 

optimised such as: periods, weights (weighted moving average), alpha (exponential moving average), 

among others that depend on the proposed formulation. 

 

In this case we intend to show the application of the crossing of moving averages for the decision 

to buy or sell financial assets once a portfolio has been established based on the fluctuation of asset 

prices, for this purpose we mix weighted and exponential moving averages, as well as these optimised 

moving averages, which in some cases offer better results than the common use of the aforementioned 

averages, in situations of volatility. 

 

Development 

 

Moving averages 

 

The moving averages (MA) are a simple tool to calculate, in addition that is used in different strategies 

of buying and selling as the crossing of moving averages. In this case we will refer to three types of 

moving averages, moving averages, weighted moving averages and exponential moving averages. 

 

The moving average is calculated from a time series of which n values are known to have already 

happened or their value is known, then, the estimate for the next time period is simply calculated through 

its average (MA), i.e, 

 

𝑃𝑀𝑛+1 =
∑𝑛

𝑖=1 𝑉𝑖

𝑛
                     (1) 

 

An example is shown in Table 1 
 

Box 1 

Table 1 

Example of moving average 

Date BIMBO 

01-ene  $          34.55  

08-ene  $          35.07  

15-ene  $          35.31  

22-ene  $          33.38  

29-ene  $          33.79  

05-feb  $          34.42  
Source: Own elaboration, 2024 

 

 

In this case we take the prices of BIMBO shares from five previous periods and with these prices 

or values of the time series we can approximate the price of February fifth which is not yet known, the 

moving average approximation suggests that the value could be $34.42. 

Characteristics of moving averages (Anderson, 2016). 

 

1. It is an easy way to approximate the next value in the time series. 

2. There are different methodologies that involve the use of moving averages to buy or sell financial 

assets. 

3. Due to its simplicity, it is easy to implement in spreadsheets and/or program in any language. 

4. When a large period is taken, generally the moving average graph is smoothed. 

5. When a small period is taken, the moving average chart is more sparse and tries to track more 

closely the changes that occur in the actual values of the time series. 



88 

 

Moving average crossover 

 

The series of moving averages of periods and another of , under the same time series is performed where 

(Mata, 2012). 

 

If the small average () crosses over the large (), then, it is recommended to buy if you do not have 

this asset in your portfolio or hold if you already have it. 

 

In the case that the small period moving averages cross below the large one, it is recommended to sell 

the asset. 

 

Moving averages can also be used as leading indicators of the economic cycles that a market 

undergoes, these changes are explained in (Sosa, 2011) and their relationship with the technical analysis 

of the stock market. 

 

Box 2 

 

 
Figure 1 

Moving average crossover 
Source: Own elaboration, 2024 

 

 

Figure 1 shows 112 historical prices of the Mexican Stock Exchange (BMV) Price and Quotations 

Index (IPCMXX) shown as blue dots, also attached is the moving average of p=7 time periods (black 

line) and q=20 respectively (red line). 

 

According to the strategy described above where the green vertical line is to buy and the brown 

line is to sell, the results of the operations carried out during the whole period of time are reflected in 

Table 2, where strictly applying the strategy of crossing moving averages leads to a negative return. 

 

Box 3 

Table 2 

Calculation of returns when using the 

crossover of moving averages  

Period Performance 

1 3.47% 

2 -3.38% 

3 -1.47% 

TOTAL -1.38% 
Source: Own elaboration, 2024 

 

 

To avoid negative returns, it is necessary to apply other techniques and models that allow better 

decisions to be made in order to increase the yield of the available resource. 
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Weighted moving average 

 

If there is a time series {V_1,V_2,...,V_n } of which n values are known that already happened or their 

value is known, then, the estimation for the next time period is calculated through the weighted moving 

average (WMA), where weights {w_1,w_2,...,w_n } must be defined, which represent how important a 

particular value is for the calculation of the average, thus, the weighted moving average is defined 

as𝑃𝑀𝑃𝑛+1 = ∑𝑛
𝑖=1 𝑤𝑖𝑉𝑖 . According to the characteristics of the PMP average, it must be fulfilled that 

𝑤1 + 𝑤2 + ⋯ + 𝑤𝑛 = 1 and to be applied to company values, it should be considered that the prices 

closest to the value to be approximated are the following 𝑃𝑀𝑃𝑛+1, should have higher weights, this is 

achieved by defining the calculation of the weights in the following way 
 

𝑤𝑖 =
𝑖

(1+2+⋯+𝑛)
                                (2) 

 

and it is also guaranteed that the sum of the w's is one. (Mata, 2012). 

 

Estimating the correct parameters for a time series when applying moving averages can be such 

a non-trivial case that even the application of heuristic methodologies is necessary as shown by (Myladis 

R Cogollo, 2013) and (Eddy Mesa, 2012). 

 

Box 4 

Table 3 

Example of weighted moving average  

Date BIMBO w's 

01-ene  $          34.55  0.06666667 

08-ene  $          35.07  0.13333333 

15-ene  $          35.31  0.2 

22-ene  $          33.38  0.26666667 

29-ene  $          33.79  0.33333333 

05-feb  $          34.21    
Source: Own elaboration, 2024 

 

An example is shown in Table 3, it can be noticed that the values of the weights are increasing as 

they are closer to the value of the period being approximated (05-Feb), in this example the value 

approximated by PMP is $34.21, which is different from the one obtained by PM which is $34.42 

presenting a small difference. 

 

Crossover of weighted moving averages (WMA). 

 

The previously discussed strategy of crossing moving averages does not change when using PMP, it is 

bought when the lower period PMP crosses above the higher period PMP. 

 

Figure 2 shows the PMP line in black when p=5 and the red line when q=20, the original series 

is shown in blue dots, while the green vertical lines mark the time to buy and the brown vertical lines 

mark the time to sell. 

 

Box 5 

 

 
Figure 2 

Weighted moving average crossover  
Source: Own elaboration, 2024 
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This example also shows three marked periods from which the following table of returns can be 

obtained: 

 

Box 6 

Table 4 

Weighted moving average crossover returns  

Period Performance 

1 3.23% 

2 1.27% 

3 -4.61% 

TOTAL -0.10% 
Source: Own elaboration, 2024 

 

Unfortunately, if the strategy is applied as is, the return is again negative, although in this case 

the return obtained by PM was reduced from -1.38% to -0.10% using PMP. 

 

Exponential moving average 

 

If a time series is available {𝑉1, 𝑉2, … , 𝑉𝑛} for which n values are known to have already occurred 

or their value is known, then the estimate for the next time period is calculated through the exponential 

moving average (EMA), where  𝑃𝑀𝐸𝑛+1 es some value between the parametric line joining the 

approximate value in the preceding period and the approximate value in the preceding period and the 

approximate value in the preceding period 𝑃𝑀𝐸𝑛 and the real value 𝑉𝑛 also from the previous period 

 

𝑃𝑀𝐸𝑛+1 = 𝛼𝑉𝑛 + (1 − 𝛼)𝑃𝑀𝐸𝑛                    (3)  
 

where α is the parameter of the line, so it must be between zero and one (0<α<1), in the case of 

company values (Mata A. D., 2012) recommends that 𝛼 =
2

𝑛
.  

 

By induction it can be shown that the WEPs, although they only consider the actual and 

approximate values of the previous period, actually provide a weighted sum of all the previous time 

periods which is easier to calculate. 𝑃𝑀𝐸1 = 𝑉1 and in the following the formal definition of WEP is 

used. Other exponential moving average approaches applied to yields have also been proposed by some 

authors (Eduardo Piza Volio, 2006). Table 5 shows an example of the WEP 

 

Box 7 

Table 5 

Example of exponential moving average   

 Alfa 0.4 

Date BIMBO PME 

01-ene  $          34.55   $          34.55  

08-ene  $          35.07   $          34.55  

15-ene  $          35.31   $          34.76  

22-ene  $          33.38   $          34.98  

29-ene  $          33.79   $          34.34  

05-feb    $          34.12  
Source: Own elaboration, 2024 

 

it is observed that unlike the moving and weighted average they only offer an approximation after 

the periods occurred, which for the previous examples, however, PME offers different approximations 

to the first value from the third period. In the case of PME the approximation offered as of February 05 

is $34.12. 

 

Exponential moving average crossover (EMA). 

 

The strategy is the same, it is bought when the lower period PMP crosses above the higher period PMP. 

Figure 3 shows the EMA line in black when and the red line when , the original series is shown in blue 

dots, while the green vertical lines mark the time to buy and the brown ones the time to sell 
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Box 8 

 

 
Figure 3 

Exponential moving average crossover  
Source: Own elaboration, 2024 

 
Unfortunately when applying the strategy to the WEPs for this particular case the performance is 

significantly reduced, as shown in the table below. 

 

Box 9 

Table 6 

Exponential Moving Average Crossover 

Returns  

Period Performance 

1 4.86% 

2 -6.50% 

3 -2.58% 

4 -6.69% 

TOTAL -10.91% 
Source: Own elaboration, 2024 

 

In this example the exponential moving averages represent the worst approximation with respect 

to the selected periods and the CPIXX values. However, this does not mean that the technique does not 

work because it is due to the data and the application of the rule without considering the fact that it is 

difficult to make a decision to sell even if you know that you will make a loss, so the use of other tools 

can improve the results when making a decision. 

 

Optimisation of moving averages. 

 

As an alternative tool, the application of the optimisation of moving averages is shown. For this purpose, 

it should be noted that moving averages can only be optimised by considering the parameters involved 

in their calculation as a variable, which is why only weighted and exponential moving averages are 

susceptible to optimisation. In this case, the point error is defined as the difference between the real value 

and the approximate value. 

 

𝐸𝑖 = 𝑉𝑖 − 𝑃𝑀𝑖                      (4) 
 

As an example consider that for February 05 the price of Bimbo is $33.36, then, the error of the 

weighted moving average is 

 

𝐸 = $33.36 − $34.21 = −$0.84 
 

i.e. when using PMP, there was an error of -$0.84. 

 

In the case of the exponential moving average, the error in the estimation would be 

 

𝐸 = $33.36 − $34.12 = −$0.76 
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The result indicates that PME for this approach is better than PMP. It is important to consider that 

the errors of each point that has passed in the time series have different values, therefore, when 

considering the sum of all the errors of the past values, this does not represent the error of the whole 

period, to avoid this, each point error must be squared and the error of the whole period is considered as 

the square sum of these errors, generally this sum is known as the Sum Squared Error (SCE). 

 

𝑆𝐶𝐸 = ∑𝑚
𝑗=1 𝐸𝑗

2                     (5) 

 

Where m represents the number of values {𝑉1, 𝑉2, … , 𝑉𝑚} que are being considered as the period 

of analysis, from which either MIP or WEP can be calculated. 

 

Optimisation of the weighted moving average. 

 

As an example we have the following time series: 

 

Box 10 

Table 7 

BIMBO share prices   

Date BIMBO 

01-ene  $          34.55  

08-ene  $          35.07  

15-ene  $          35.31  

22-ene  $          33.38  

29-ene  $          33.79  

05-feb  $          33.36  

12-feb  $          31.96  

19-feb  $          30.95  

26-feb  $          30.71  

05-mar  $          27.71  

12-mar  $          31.01  

19-mar  $          31.53  

26-mar  $          33.99  

02-abr  $          32.25  
Source: Own elaboration, 2024 

 

If we want to estimate the five-period weighted moving average n=5, considering a nine-period 

analysis period m=9, the results are shown in Table 8. 
 

Box 11 

Table 8 

Calculation of the sum squared of the errors for PMP  

 Date BIMBO PMP 𝐸2 

 01-ene  $          34.55  1   

 08-ene  $          35.07  2   

 15-ene  $          35.31  3   

 22-ene  $          33.38  4   

j 29-ene  $          33.79  5   

1 05-feb  $          33.36   $          34.21  0.71021295 

2 12-feb  $          31.96   $          33.86  3.61134533 

3 19-feb  $          30.95   $          33.11  4.67799452 

4 26-feb  $          30.71   $          32.24  2.33811032 

5 05-mar  $          27.71   $          31.58  15.0280606 

6 12-mar  $          31.01   $          30.10  0.82468593 

7 19-mar  $          31.53   $          30.12  1.97927269 

8 26-mar  $          33.99   $          30.48  12.2943113 

9 02-abr  $          32.25   $          31.68  0.32532467 

   SCE 41.7893183 
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The results in the table show that SCE=41.78, which is the error made when approximating the 

time series by PMP for nine periods. In order to optimise the weighted moving averages the following 

optimisation problem is posed𝑀𝑖𝑛 𝑆𝐶𝐸  
 

  𝑆𝐴    ∑ 𝑤𝑖  =  1 0 ≤   𝑤𝑖  ≤  1                     (6) 

 

Which minimises the SCE, subject to the constraints of the PMP parameters. 

 

The result of the optimisation is presented in Table 9. 

 

Box 12 

Table 9 

PMP optimisation results  

 Date BIMBO PMPO 𝑬𝟐 

 01-ene  $          34.55  1   

 08-ene  $          35.07  2   

 15-ene  $          35.31  3   

 22-ene  $          33.38  4   

j 29-ene  $          33.79  5   

1 05-feb  $          33.36   $          33.68  0.09802668 

2 12-feb  $          31.96   $          33.49  2.34316691 

3 19-feb  $          30.95   $          32.35  1.97108178 

4 26-feb  $          30.71   $          31.23  0.2712953 

5 05-mar  $          27.71   $          30.78  9.4443159 

6 12-mar  $          31.01   $          28.56  6.01155272 

7 19-mar  $          31.53   $          30.08  2.12032973 

8 26-mar  $          33.99   $          31.38  6.77051429 

9 02-abr  $          32.25   $          33.29  1.08311862 

   RSS 30.1134019 
Source: Own elaboration, 2024 

 

After optimisation there is a decrease in the error of the whole analysis period from SCE=41.78 

to SCE=30.11, which, in practical terms according to the error, the optimised weighted moving averages 

(WMA) offer a better approximation. 

 

When comparing the values of the weights (w) the results are 

 

Box 13 

Table 10 

w values after optimisation  

𝑤 

PMP PMPO 

0.06666667 0 

0.13333333 0 

0.2 0 

0.26666667 0.28278176 

0.33333333 0.71721824 
Source: Own elaboration, 2024 

 

It can be interpreted that compared to the weightings used for PMP which considers the previous 

five periods to approximate the next one, after optimisation, it is optimal that it is only necessary to 

consider 71.72% of importance of the last value and 28.27% of the penultimate one. 
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Box 14 

 

 
Figure 4 

Comparison of PMP and PMPO. 
Source: Own elaboration, 2024 

 

Figure 4 shows how the time series of Bimbo's price (blue), is better approximated by the PMPOs 

as they track BIMBO's changes more closely than the PMP, although both trend the values, the PMPO 

reflects the drastic changes in the values. 

 

Crossing weighted and optimised moving averages 

 

The crossover of 8-period weighted moving averages (WMA8) and optimised 17-period weighted 

moving averages (WMA17) is considered as an investment strategy. 

 

PMP8 has a sum squared error of SCE8=224.56 and PMPO17 reduces the SCE to SCE17=112.23, 

the corresponding plot of these PMPs and the original series is shown in Figure 5. 

 

Box 15 

 

 
Figure 5 

Crossover of weighted and optimised weighted moving averages  
Source: Own elaboration, 2024 

 

The results of this study show that the use of optimised weighted averages improves investment 

decision making. 

 

Optimisation of the exponential moving average. 

 

In the case of the exponential moving average the only parameter to be considered is α, so that the 

optimisation problem is 
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𝑆𝐴   𝑀𝑖𝑛 𝑆𝐶𝐸  0 ≤   𝛼 ≤  1                      (7) 

 

The result of the optimisation is shown in Table 11, under the same basic characteristics of the 

procedure done for the MTPs, the time series is shown in Table 11, with five periods n=5 and considering 

a period of analysis of nine periods m=9. 

 

Box 16 

Table 11 

WEP optimisation results  

  Alfa 0.8003933  

 Date BIMBO PMEO 𝑬𝟐 

 01-ene  $          34.55   $          34.55   0    

 08-ene  $          35.07   $          34.55               0.27  

 15-ene  $          35.31   $          34.97  0.11616655 

 22-ene  $          33.38   $          35.24  3.43734056 

j 29-ene  $          33.79   $          33.75  0.00151927 

1 05-feb  $          33.36   $          33.79  0.17722732 

2 12-feb  $          31.96   $          33.45  2.23061745 

3 19-feb  $          30.95   $          32.25  1.69908781 

4 26-feb  $          30.71   $          31.21  0.24675505 

5 05-mar  $          27.71   $          30.81  9.64363039 

6 12-mar  $          31.01   $          28.33  7.19366831 

7 19-mar  $          31.53   $          30.47  1.11886767 

8 26-mar  $          33.99   $          31.32  7.10453339 

9 02-abr  $          32.25   $          33.45  1.44653953 

   SCE 30.8609269 

 
Source: Own elaboration, 2024 

 

According to the definition of PME α=0.4, which after optimisation the optimal value is 

α=0.8004, in this case the sum squared of the errors is reduced from SCE=37.97 to SCE=30.86. 

 

Figure 6 shows the original time series, the exponential moving averages and the optimised 

exponential moving averages. 

 

Box 17 

 

 
Figure 6 

Comparison of PME and PMEO   
Source: Own elaboration, 2024 
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Exponential and optimised moving average crossover 

 

In this case, the exponential moving average crossover strategy is applied, but now the results of the 

optimised eight-period exponential moving average PMEO8 and the seventeen-period exponential 

moving average PME17 are used. In particular the 17-period SCE SCE17=394.62 is reduced to 

SCE8=186.4 after the optimisation of the PMEO8. 

 

Box 18 

 

 
Figure 7 

Exponential and optimised exponential moving average crossover   
Source: Own elaboration, 2024 

 
From the crossover of moving averages for this case, a return of 27.06% is obtained, improving 

the results obtained when using only the common moving averages. 

 

Results 

 

The use of moving averages, whether common, weighted or exponential for short and long positions, 

does not always offer positive returns, especially in stocks that have a high volatility in the time period 

of study, where it is difficult to establish trends through the smoothing of the time series when using 

moving averages, for example when using weighted moving averages the return was negative or had 

losses of 0.10%, while with the exponential moving average the losses increased to 10.91%. However, 

when combining the weighted moving average with the optimised weighted moving average the 

performance was positive, with gains of 32.15% and 27.06% with the exponential. 

 

Conclusions 

 

Regarding the moving averages in the three models considered, moving average, weighted moving 

average and exponential moving average, when applying the technique of crossing moving averages in 

none of the cases satisfactory results were obtained, since the performance in all cases shown is negative, 

this does not mean that if applied to another series of data from another company, things are similar, also 

if other periods different from those of the examples are considered it is possible that they also improve 

the performance and offer better results for decision making. 

 

The parameters considered for weighted moving averages and exponential moving averages, in 

common applications are well determined by the values proposed in their definition, however, when 

considering the model error and applying the optimisation process these parameters are significantly 

improved offering better approximations to the next estimated value, which can be used to make better 

decisions regarding the purchase and sale of company shares. 
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