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Abstract  
This study compared the Black-Scholes and GARCH models in a long strangle strategy applied to 

the LQ45 index using closing price data from 1998 to 2021. It aimed to assess the benefits, calculate 

returns during crises and non-crisis periods, and evaluate performance through Average Mean 

Square Error (AMSE). The Black-Scholes model consistently outperformed GARCH in one- and 

three-month options. One-month options had an average return of 28.64%, and three-month 

options, 43.31%. In crises, Black-Scholes delivered average profits of 43.36% for one-month and 

45.14% for three-month options. In non-crisis conditions, profits averaged 26% for one-month and 

42.84% for three-month options. Model performance varied by option type and market context. 

Black-Scholes excelled in one-month call options (1.268% error), while GARCH performed better 

in one-month put options (1.0981% error). For three-month options, GARCH outperformed in 

call options (1.270% error), and Black-Scholes dominated put options (3.117% error). In summary, 

the choice between models should consider market conditions, favoring GARCH during crises and 

Black-Scholes in non-crisis scenarios. 
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1. Introduction  
The capital market is an important sector in a country's economy which plays a crucial role in 
allocating resources to productive sectors. In the capital market, investors have various choices of 
investment instruments, one of which is options trading. An option is a financial contract that gives 
the holder the right, but not the obligation, to buy or sell a certain asset at a certain price within a 
certain time period (Pratiwi, 2020). 
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 One interesting options trading strategy to analyze is the Long Strangle Option strategy. This 
strategy involves purchasing two types of options, namely a call option and a put option with 
different strike prices, but with the same maturity date. The aim of this strategy is to profit from 
significant price movements, both up and down (Surur & Isynuwardhana, 2018). 
 

In implementing the Long Strangle Option strategy, it is very important to have an accurate 
estimate of the option price. Two models that are often used in assessing option prices are the 
Black-Scholes Model and the GARCH Model. The Black-Scholes model has been a theoretical 
basis in options valuation for many years, but it assumes constant market volatility. On the other 
hand, the GARCH Model considers volatility fluctuations that may occur in real financial markets 
(Febrianti, 2018). 
 

The LQ45 stock index comprises 45 firms with the market's largest and most liquid capitalization. 
The LQ45 index has been listed on the IDX since 1997 and has attracted the attention of many 
investors today. In the capital market, various types of investment bring together the capital owners 

and companies that need funds. Investors must be able to decide the type of investment to grow 
their capital with low to high risks. One type of investment in the capital market is stocks. 
 

The following is an overview of the returns on the LQ45 Stock Index for the period 1998-2020 

 

Figure 1. LQ45 Daily Returns 1998-2021 Period 

 

From the figure above, it can be inferred that the daily returns on the LQ45 Index varied 
significantly, with the highest movement of 15.20%, which occurred on January 28, 1998, and the 
highest decline on January 7, 1998. The highest range of movement occurred during the economic 
crisis in 1998, as much as 30.99%, then in 2008 with a range of 22.98%, and when the Covid-19 

pandemic attacked Indonesia in March 2020, the movement range was 22.53%. 
 

Based on the volatility data above in both crisis and non-crisis years, this volatility movement 
potentially gave investors a profit or even a loss. To avoid losses, investors must minimize risk by 
using derivative instruments as a hedging tool, one of which is options. Hendrawan et al. (2020) 
defined an option as an investment instrument that functions as a tool to generate both returns and 
as a hedge. 
 

Hendrawan & Sasmito (2021) found that using the long straddle strategy on the LQ45 index in 
2009-2018 only reached a maximum of 60% profit potential, with an average potential profit of 
around 30%. Furthermore, Hendrawan et al. (2020) revealed the maximum profit potential by 
implementing the long straddle strategy on the option contract of the gold price index in 2008-2018 
of 54.98% with an average profit potential of around 25-30%. 
 

-20,00%

-15,00%

-10,00%

-5,00%

0,00%

5,00%

10,00%

15,00%

20,00%

0
3

/0
3

/1
9

9
7

0
3

/0
3

/1
9

9
8

0
3

/0
3

/1
9

9
9

0
3

/0
3

/2
0

0
0

0
3

/0
3

/2
0

0
1

0
3

/0
3

/2
0

0
2

0
3

/0
3

/2
0

0
3

0
3

/0
3

/2
0

0
4

0
3

/0
3

/2
0

0
5

0
3

/0
3

/2
0

0
6

0
3

/0
3

/2
0

0
7

0
3

/0
3

/2
0

0
8

0
3

/0
3

/2
0

0
9

0
3

/0
3

/2
0

1
0

0
3

/0
3

/2
0

1
1

0
3

/0
3

/2
0

1
2

0
3

/0
3

/2
0

1
3

0
3

/0
3

/2
0

1
4

0
3

/0
3

/2
0

1
5

0
3

/0
3

/2
0

1
6

0
3

/0
3

/2
0

1
7

0
3

/0
3

/2
0

1
8

0
3

/0
3

/2
0

1
9

0
3

/0
3

/2
0

2
0

0
3

/0
3

/2
0

2
1

LQ45 Index Daily Returns
1998-2021

Jan 28, 1998

15.20%

June 4, 1999

12.44%

Dec 12, 2008

9.80%
Mar 24, 2020

13.91%

Jan 7, 1998

-15.80%

Oct 11, 2002

-13.81%

Sep 26, 2008

-13.18%

Mar 6, 2020

-8.62%

Sep 21, 2011

-10.68%



Hendrawan, Safar  RFB 

  1(2) 2023 85-92  

 

87 

Previous studies have proven a significant difference between the profit potential (54.98% - 60%) 
and the average profit value of 25-30%. This finding means that there is still a certain amount that 
can be earned with this strategy, in contrast to the statement of Hull (2012) that the profits earned 
can be unlimited. After analyzing the phenomena above complemented by previous studies, this 
study aims to test the Black Scholes and GARCH models and calculate the potential profits 
obtained using the long strangle strategy. 
 

2. Literature Review and Hypothesis  
A derivative instrument is a contract agreement between two or more parties to trade a number of 
current assets at an agreed price but to be used in the future with a date predetermined in the 
contract (Dewi & Purnawati, 2016). Hull (2012), an option is a contract granting the owner the 
right to sell or purchase an asset at an agreed price, time, and amount. There are two basic types of 
options: call option and put option. A call option grants the owner the right to purchase an asset at 
a certain price, time, and amount, while a put option grants the buyer the right to sell an asset at a 
certain price, time, and amount (Mooy et al., 2017). The price agreed upon in the option contract 

is called the strike price or exercise price (Irawan et al., 2019). There is also an expiration date as 
the agreed due date during the option transaction. 
 

Black Scholes Model 

In 1973, Fischer Black, Myron Scholes, and Robert Merton achieved a major breakthrough in 
European stock option pricing. This breakthrough became known as the Black-Scholes-Merton (or 
Black-Scholes) model. Black-Scholes is a pricing model implemented to determine the fair price or 
value for call option and put option based on six variables: volatility, type of option, stock price, 
time, strike price, and risk-free interest rate (Hull, 2012). 
 

According to Hendrawan (2010), in the Black & Scholes model, to calculate the expected rate of 
return, the basis of the risk-free asset variable is used to replace the expected return variable. The 
Black-Scholes equation for the call option is as follows: 
 

                                                                                                                                                              (1) 
 
Meanwhile, the equation for the put option is as follows:  
 
 
                                                                                                                                                             (2) 
In which: 
 
                                                                                                                                                             (3) 
 

                                                                  d2=𝑑1−𝜎√𝑇                                                                               (4) 
 
Where:  
 S  = spot stock price 

 X  = Execution price (strike price) 

 T  = Due time 

 𝑅𝑓 = Risk-free interest rate 

 𝜎  = stock price variance/volatility 

 C  = Call option value 

 P  = Put option value 

 e  = natural logarithm 

 Ln = natural algorithm 

 

Garch Model 
Bollerslev (1986) developed the GARCH parsimony model, selecting a simpler model so that the 
variance is always positive. Hendrawan (2010), the GARCH model provides a more flexible 
framework for capturing conditional variances' dynamic structure. The GARCH model can be 
delivered as follows: 
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                                                               σ2=γVL+αu_(n-1)2+βσ(n-1)2                                                   (5)  

                                                                                  ω=γVL                                                                     (6) 

                                                                  σ2=ω+αu(n-1)2+βσ(n-1)2                                                          (7) 
  
  Description: 
  σ2  = error variation at time n 

  ω = constant component 

  α = ARCH parameter 

  β = GARCH parameter 

  VL = long-term variation 

 

If ω,α dan β can be estimated, then we can calculate: 

γ as 1-α-β. In a stable GARCH process, it will conform to the equation α+β<1. 
 

Long Strangle Strategy 
Strangle is an options strategy comprising call options and put options with the same due date and 
different redemption values. The redemption value in a put option is lower it in a call option. In 
the strangle strategy, investors wager that there will be a significant price movement (Dewi & 
Ramli, 2018). The benefits of this strategy will always be obtained on broad stock price movement, 
with limited risk and unlimited profit potential if the price moves considerably and is cheaper than 
the straddle. The disadvantage of this strategy is that it requires a significant movement to make a 
profit (Hull, 2012). 
 
 
 
 
 
 

 
 
 
 
 
 
 

Source: Hull (2012) 

Figure 2. Strangle Strategy Model 
 

Previous Studies 
Hendrawan & Sasmito (2021) conducted a study using the Long Straddle strategy to evaluate the 
application of option contracts to the Black-Scholes option model and the GARCH option model 
on the LQ45 Index. The findings of this study were obtained by comparing the average percentage 

value of the square root of the error from the Black-Scholes and GARCH models with the 
implementation of the Long Straddle strategy. 
 
Next, Hendrawan et al. (2020) used AMSE to examine the accuracy of two historical volatility 
models using the Black-Scholes and GARCH volatility models based on the ARIMA model lag. 
JCI data for 2009-2018 used the long strangle strategy. The results show that the GARCH model 
was more accurate than the Black-Scholes for one- and two-month call options with a yield of 
0.26% and 0.92%, while for one- and two-month put options, the Black-Scholes model was more 
accurate with a value of 0.18% and 0.26%. For the three months, Black Scholes was more accurate 
in both put and call options with values of 2% and 0.31%. 
 
Furthermore, Hendrawan (2010) compared the Black-Scholes and the GARCH option models for 
Astra, BCA, Indofood, and Telkom stock options on the Indonesia Stock Exchange. This study 
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aimed to find the best lag of the GARCH model, which was formed from the best ARIMA. The 
selection of the best GARCH model was visible from the lowest AIC and SIC. Subsequently, the 
best GARCH model was estimated for the value of the variance to be used as a basis. Finally, 
Harikumar et al. (2004) empirically examined the performance of option prices using both the 
Black Scholes and GARCH models, using data for British Pounds, Swiss Francs, and Japanese 
Yen. The dominant test was performed, and the average error (AMSE) was calculated. This study 
revealed that the Black Scholes model outperforms the GARCH model. 

 

3. Data and Method  
This study employs a quantitative method with comparative and verification approaches. 
Verification equals examining the truth of a theory or a previous study. According to Morse et al. 
(2016), verification confirms the existing theory by examining and validating it. This study 
compared the LQ45 index data during crisis and non-crisis conditions and compared the best 
model between Black Scholes and GARCH in one- and two-month periods.  
 

To acquire the best analysis of the model, a mathematical function is required for the average 
percentage mean squared error (AMSE) method. 
 

𝐴𝑀𝑆𝐸 =  
1

𝑁
∑ (

𝐴𝑃𝑡−𝑆𝑃𝑡

𝐴𝑃𝑡
)

2
𝑁
𝑡=1  (8) 

 
Description: 
Apt  = Actual option premium value 
SPt  = option premium value calculated by model 
N  = Number of conducted experiments 
 
In practice, the lower the AMSE value, the better the results. 

 

4. Results  
Calculating the profit percentage of the long-strangle strategy during the crisis and non-crisis 

years 
Before calculating the percentage of profits gained from using the long strangle strategy, firstly, the 
volatility of Black Scholes and GARCH was calculated with a total of 5798 LQ45 index price data 
for the 1998-2021 period with the following results: 
 

Table 1. Volatility of Index LQ45 

Volatility Average Lowest Highest 

Black Scholes 24.91% 6.02% 111.27% 

GARCH 25.11% 6.85% 122.40% 

 
Based on the table above, it can be inferred that the volatility of GARCH was higher than that of 
Black Scholes, for the average volatility of GARCH was 25.11%, the lowest volatility was 6.85%, 

and the highest was 122.40%. 
 

The following are the results of the profit calculation of the Black Scholes and GARCH models in 
the years of crisis: 

Table 2. Profits during Crisis Years 

Year 
One-month Three-month 

Black Scholes GARCH Black Scholes GARCH 

1998 48.58% 48.99% 42.51% 41.30% 

2008 37.29% 36.86% 47.03% 46.19% 

2020 44.21% 43.80% 45.87% 45.45% 

Average 43.36% 43.22% 45.14% 44.31% 

Lowest 37.29% 36.86% 42.51% 41.30% 

Highest 48.58% 48.99% 47.03% 46.19% 
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During years of economic crisis, the profit of the Black Scholes model was greater than the 
GARCH model, with an average of 43.36% for the one-month option and 45.14% for the three-
month option. Meanwhile, during non-crisis years, the profit earned was lower, on average 26.39% 
for the one-month option and 42.84% for the three-month option, in which the Black Scholes model 
was still better than the GARCH model, according to the following table: 
 

Table 3. Comparison of Profits during Crisis and Non-Crisis Years 

Conditions 
One-month Three-month 

Black Scholes GARCH Black Scholes GARCH 

Crisis 

Average 43.36% 43.22% 45.14% 44.31% 

Lowest 37.29% 36.86% 42.51% 41.30% 

Highest 48.58% 48.99% 47.03% 46.19% 

Non-crisis 

Average 26.39% 26.20% 42.84% 42.59% 

Lowest 6.50% 6.50% 18.29% 18.29% 

Highest 47.11% 47.11% 78.51% 77.27% 

 

Determining the best model from Black Scholes and GARCH for one- and three-month 

options during crisis and non-crisis conditions. 
The following table shows the AMSE calculation of the Black Scholes and the GARCH models 
with one-month and three-month option contracts to determine the best model. 
 

Table 4. Calculation of the Best Model 

Period AMSE 
Model 

Results 
Black Scholes GARCH 

One-

month Call 1.268667% 1.270755% 

 

Black Scholes was better than GARCH. 

  Put 1.098229% 1.098149% GARCH was better than Black Scholes  

Three-

month Call 4.196231% 1.270755% 

 

GARCH was better than Black Scholes 

  Put 3.117565% 3.120434% Black Scholes was better than GARCH.  

 
For the one-month option contract, the Black Scholes model was better than the GARCH model 
for call options with an error value of 1.268%, while for put options, the GARCH model was better 
with an error value of 1.0981%. For the three-month option contract, the GARCH model was 
better than Black Scholes for call options with an error value of 1.270%, while on the contrary, the 
put option of the Black Scholes model was better with an error value of 3.117%. 
 
Furthermore, this study compared AMSE values during crisis and non-crisis years. 
 

Table 5. AMSE calculation during the crisis and non-crisis years 

Conditions Period AMSE 
Model 

Results 
Black Scholes GARCH 

Crisis 

One-

month Call 4.65950% 4.67127% Black Scholes was better than GARCH. 

  Put 2.93634% 2.92504% GARCH was better than Black Scholes 

Three-

month Call 18.66460% 4.67127% GARCH was better than Black Scholes 

  Put 9.41829% 9.41340% GARCH was better than Black Scholes 

Non-crisis 

One-

month Call 0.77909% 0.77978% Black Scholes was better than GARCH. 

  Put 0.82688% 0.82843% Black Scholes was better than GARCH. 

Three-

month Call 2.11416% 0.77978% GARCH was better than Black Scholes 

  Put 2.19592% 2.19992% Black Scholes was better than GARCH. 

 
During the 1998, 2008, and 2020 crises, the GARCH model tended to be better than Black Scholes 
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for both one-month and three-month options, except for the one-month call option contract, the 
Black Sholes model was better with an error value of 4.65%. Meanwhile, during non-crisis, the 
Black Scholes model tended to be better except for call option contracts for the three months; the 
GARCH model was better with an error value of 0.779%. 
 

5. Discussion  
The calculation results of this study prove that the long strangle strategy could generate profits 
greater than 60%, as can be seen in the Black Scholes model and the GARCH model with a three-
month option contract that occurred in 2001 with a profit of 70.73%-71.54%, in 2002 with a profit 
of 62.86%-63.27%, in 2007 with a profit of 65.45%-66.26%, and in 2003 with a profit of 77.27%-
78.51% which made the highest profit in this long strangle strategy. 
 

Another interesting thing was that during years of crisis, the profit with this long strangle strategy 
was, on average, greater than that during non-crisis for both the Black Scholes and GARCH models 
for one-month and three-month options. For one month, the profit ranged from 43.22%-43.36%, 

and for three months, 44.31%-45.14%, but this profit was still lower than the profit that has 
occurred in a few non-crisis years with a maximum profit of 78.15%. 
 

An analysis was done to determine the best model by comparing AMSE values for the Black 
Scholes and GARCH models for one-month and three-month option contracts during crisis and 
non-crisis conditions. From the research results, the average error value was higher during the 
economic crisis than during non-crisis. At the same time, the best model was obtained with the 
lowest error value. 
 

6. Conclusion  
This study has proven that the long strangle strategy can generate a profit greater than 60%; the 
Black Scholes model could generate the highest profit of 78.51%, while the GARCH model can 
generate the highest profit of 77.27%. However, the average profit obtained was 28.51% for the 
Black Scholes model, 28.33% for the GARCH model for the one-month option, 43.13% for the 
Black Scholes model, and 42.81% for the GARCH model for the three-month option. 
 

The Black Scholes model gained higher profits than the GARCH model for both one-month and 
three-month option contracts during the crisis and non-crisis conditions. For a one-month contract 
during the crisis, the average ratio of Black Scholes to GARCH was 43.36% vs. 43.22%, non-crisis 
26.39% vs. 26.20%, for three-month options contracts was 45.14% vs. 44.31% during the crisis and 
42.84% vs. 42.59% during non-crisis. 
 

A three-month option contract could generate an average of 33.86% greater profit than a one-
month option contract in both the Black Scholes and the GARCH models. During a crisis, profits 
increased by an average of 34.35% for the one-month option and 3.92% for the three-month option. 
 

The best model was obtained in this study for a one-month option contract; the Black Scholes model was 

better than the GARCH model for call options (1.268% vs 1.270%), while the GARCH model was better 

than the Black Scholes model for put options (1.0981% vs 1.0982%). For the three-month contract, the 

GARCH model was better than the Black Scholes model for call options (1.027% vs. 4.196%), and vice versa, 

the Black Scholes model was better than the GARCH model for put options (3.117% vs 3.120%). 
 

During the crisis, the GARCH model performed better than the Black Scholes model except for the call 

option for the one-month option; the Black Scholes model was better than GARCH (4.659% vs. 4.671%). 

Meanwhile, during non-crisis, the black Scholes model was better than GARCH except for the call option in 

the three-month option (2.114% vs. 0.779%). 

 

References 

Bollerslev, T. (1986). Generalized autoregressive conditional heteroskedasticity. Journal of Econometrics, 

31(3), 307–327. https://doi.org/10.1016/0304-4076(86)90063-1  

Dewi, N. K. R. U., & Purnawati, N. K. (2016). Pengaruh Market to Book Value dan Likuiditas terhadap 

Keputusan Hedging pada Perusahaan Manufaktur di BEI. E-Jurnal Manajemen Unud, 5(1), 355–384. 

https://doi.org/10.1016/0304-4076(86)90063-1


Hendrawan, Safar  RFB 

  1(2) 2023 85-92  

92 

https://media.neliti.com/media/publications/255027-pengaruh-market-to-book-value-dan-likuid-

064a7d5c.pdf  

Dewi, Syanti., & Ramli, Ishak. (2019). Opsi Saham Pada Pasar Modal Di Indonesia (Studi Pasar Opsi Saat 

Pasar Opsi Masih Berlangsung Di Bursa Efek Indonesia). Jurnal Muara, 2(2). 

https://doi.org/10.24912/jmieb.v2i2.1001  

Febrianti, W. (2018). Penentuan Harga Opsi Dengan Model Black-Scholes Menggunakan Metode Beda 

Hingga Forward Time Central Space. Journal of Fundamental Mathematics and Applications (JFMA), 1(1), 

45-51. https://doi.org/10.14710/jfma.v1i1.6 

Harikumar, T., De Boyrie, M. E., & Pak, S. J. (2004). Evaluation of Black-Scholes and GARCH Models 

Using Currency Call Options Data *. Review of Quantitative Finance and Accounting, 23, 299–312. 

Hendrawan, R. (2010). Perbandingan Model Opsi Blackscholes Dan Model Opsi Garch Di Bursa Efek 

Indonesia. Jurnal Keuangan Dan Perbankan, 14(1), 109678. 

https://doi.org/10.26905/JKDP.V14I1.946  

Hendrawan, R., & Sasmito, A. (2021). Testing of the Black Scholes and Garch Models in LQ45 using Long 

Straddle Strategy in 2009-2018. Jurnal Bisnis Dan Manajemen, 22(1), 30–39. 

https://doi.org/10.24198/JBM.V22I1.487  

Hendrawan, R., Akbar, F., & Yuniarti, S. (2020). Hedging strategy in an emerging market: Application long 

straddle option in the gold price index. Jurnal Keuangan Dan Perbankan, 24(4). 

https://doi.org/10.26905/JKDP.V24I4.4666  

Hendrawan, R., Laksana, G. T., & Aminah, W. (2020). Can The IDX Be Hegded ? : Comparison of Black 

Scholes Option Model And Garch Option Model Using Long Strangle Strategy. Jurnal Manajemen 

Indonesia, 20(3), 252. https://doi.org/10.25124/JMI.V20I3.3521  

Hull, J. C. (2012). Options, Futures and Other Derivatives (8th ed.). Prentice-Hall. 

Irawan, W., Rosha, M., & Permana, D. (2019). Penentuan Harga Opsi dengan Model Black-Scholes 

Menggunakan Metode Beda Hingga Center Time Center Space (CTCS). Eksakta, 18(2), 191-199. 

http://dx.doi.org/10.24036/unpjomath.v4i1.6284  

Mooy, M. N., Rusgiyono, A., & Rahmawati, R. (2017). Penentuan Harga Opsi Put Dan Call Tipe Eropa 

Terhadap Saham Menggunakan Model Black-Scholes. Jurnal Gaussian, 6(3), 407-417. 

https://doi.org/10.14710/j.gauss.6.3.407-417  

Morse, J. M., Barrett, M., Mayan, M., Olson, K., & Spiers, J. (2016). Verification Strategies for Establishing 

Reliability and Validity in Qualitative Research: 1(2), 13–22. 

https://doi.org/10.1177/160940690200100202  

Pratiwi, D. R. (2022). Analisis Faktor Determinasi Penanaman Modal Asing (Pma) Langsung Di Asean. 

Jurnal Budget: Isu Dan Masalah Keuangan Negara, 5(1), 47–66. 

https://ejurnal.dpr.go.id/index.php/jurnalbudget/article/view/38  

Surur, G. N. I., & Isynuwardhana, D. (2018). Analisis Imbal Hasil Kontrak Opsi Menggunakan Strategi 

Long Straddle Dan Strategi Short Straddle Dengan Metode Black Scholes. eProceedings of Management, 

5(3). 

 

 
Ethics declarations  

Availability of data and materials 

Data sharing does not apply to this article as no new data were created or analyzed in this study. 

 

Competing interests 

The authors reported no potential competing interest. 

https://media.neliti.com/media/publications/255027-pengaruh-market-to-book-value-dan-likuid-064a7d5c.pdf
https://media.neliti.com/media/publications/255027-pengaruh-market-to-book-value-dan-likuid-064a7d5c.pdf
https://doi.org/10.24912/jmieb.v2i2.1001
https://doi.org/10.14710/jfma.v1i1.6
https://doi.org/10.26905/JKDP.V14I1.946
https://doi.org/10.24198/JBM.V22I1.487
https://doi.org/10.26905/JKDP.V24I4.4666
https://doi.org/10.25124/JMI.V20I3.3521
http://dx.doi.org/10.24036/unpjomath.v4i1.6284
https://doi.org/10.14710/j.gauss.6.3.407-417
https://doi.org/10.1177/160940690200100202
https://ejurnal.dpr.go.id/index.php/jurnalbudget/article/view/38

