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Abstract: This study examines the performance and forecasting of the Iraqi Exchange 

Rate (ER) using an Exponential Trend Model and optimization techniques. To identify 

patterns and trends in the Iraqi exchange rate over the past years and establish a baseline 

for forecasting. The data, sourced from the World Bank, covers the annual average 

index values of the ER from 2009 to 2023. The optimization process is performed using 

the BAT Optimizer Algorithm, which minimizes prediction errors by adjusting 

parameters over multiple iterations. As shown in Table (1), the algorithm successfully 

reduces MSE and RMSE, with significant improvements in model efficiency, as 

reflected in the decreasing AIC and BIC values. Table (2) provides the optimized 

parameters of the Exponential Trend Model, with both parameters, A and B, found to be 

highly statistically significant (p-value < 0.0001), indicating a reliable model. Table (3) 

compares the predicted and actual values for the ER, highlighting the residuals between 

the two, which indicate how well the model fits the data. Finally, Table (5) presents the 

forecasted ER values for 2024 to 2026, providing predictions with 95% confidence 

intervals, and suggesting a stable but slightly fluctuating market outlook. The results 

indicate that the BAT Optimizer and the Exponential Trend Model can effectively 

forecast and track the performance of the Iraqi exchange rate. 

Keywords: Iraqi exchange rate, BAT Optimizer Algorithm, Exponential Trend Model, 

and Forecasting. 
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 ، السليمانية، العراق كلية التجارة -قسم التجارة الدولية، جامعة السليمانية  1 
 ، السليمانية، العراق ةكلية التربية الأساسي  -قسم الرياضيات، جامعة رابرين  2

 ، السليمانية، العراقكلية التجارة -العلوم المصرفية والمالية، جامعة السليمانية قسم  3
 ، السليمانية، العراق كلية التجارة -قسم تكنولوجيا المعلومات، جامعة السليمانية 4

 
تتناول هذه الدراسة تنبؤات سعر الصرف العراقية باستخدام نموذج الاتجاه الأسي وتقنيات التحسين.   المستخلص:

للتنبؤ  أساسية  قاعدة  الماضية ووضع  السنوات  العراقي خلال  الصرف  واتجاهات سعر  أنماط  التعرف على  بهدف 

بها. والبيانات قيد الدراسة تم أخذها من البنك الدولي، و هي متوسط قيم المؤشر السنوية لسعر الصرف العراقية من  

، التي تقلل من أخطاء التنبؤ عن  BAT. وتم عملية التحسين باستخدام خوارزمية محسن  2023إلى عام    2009عام  

(، نجحت الخوارزمية في تقليل 1طريق تعديل المعلمات على مدار تكرارات متعددة. وكما هو موضح في الجدول )

MSE  وRMSE    بنجاح، مع تحسينات كبيرة في كفاءة النموذج، كما ينعكس في انخفاض قيمAIC  وBIC  يوفر .

ذات دلالة إحصائية     Bو  A( المعلمات المحسنة لنموذج الاتجاه الأسي، حيث وجد أن كل من المعلمتين  2الجدول )

( القيم المتوقعة والفعلية لسعر الصرف  3( ، مما يشير إلى نموذج معنوية. يقارن الجدول )p < 0.0001عالية قيمة )

وأخيرًا،   للبيانات.  النموذج  ملاءمة  مدى  إلى  تشير  والتي  الاثنين،  بين  المتبقيات  على  الضوء  تسليط  مع  العراقية، 

٪، مما يشير 95، مما يوفر تنبؤات بحدود الثقة  2026إلى    2024المتوقعة للفترة من    ER( قيم  5يعرض الجدول )

أن   إلى  النتائج  تشير  قليلاً.  متقلبة  ولكنها  مستقرة  سوق  تنبؤات  الأسي    BAT Optimizerإلى  الاتجاه  ونموذج 

 يمكنهما التنبؤ بأداء سعر الصرف العراقية وتتبعه بشكل فعال. 
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  vi
(t+1)  = vi

(t) + α  . (xi
* - xi

(t) ) + β . δi
(t)                  (3) 

Where: 

 xi
* is the global best solution found so far. 

 α is the step size. 

 δi
(t) is a random vector representing the randomness in bat movements. 

 β is a scaling factor for the randomness. 

(c) Updating Solution and Exploration vs Exploitation: The bats also adjust their position 

according to their loudness and pulse emission rates. The loudness and pulse rates are 

dynamically updated during the search process. The bats with higher loudness have more 

influence on the search space, while those with lower loudness are more explorative. This 

trade-off between exploration and exploitation helps to refine the search process and escape 

from local optima. 

(d) Convergence: The algorithm proceeds iteratively, refining the positions of the bats (i.e., the 

model parameters) until a convergence criterion is met, typically when the improvement in 

the objective function (forecasting error) becomes negligible. 

(3) BAT-Exponential Trend Model Framework 

The BAT-Exponential Trend Model combines the optimization power of the BAT algorithm with 

the Exponential Trend Model for time series forecasting. The methodology consists of the 

following steps: 

Step 1: Data Preprocessing 

The input time series data is cleaned and prepared. Missing values, if any, are handled, and the 

data is scaled or normalized if necessary. 
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 Step 2: Initialize BAT Population 

Initialize the population of bats, where each bat represents a potential solution (a set of values    

for A and B. 

Step 3: Define Fitness Function 
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(4) Bayesian Information Criterion (BIC) 

BIC is very similar to AIC in that it also balances model fit with model complexity, but it applies a 

stronger penalty for complexity. It is based on Bayesian principles and is often used in statistical 

model selection. 
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The data provides the annual values of the Iraqi exchange rate from 2009 to 2023, with values 

presented as the average index for each year. These values are taken from the World Bank 

website, which provides international financial and economic data. 

Table (1): BAT Optimizer Algorithm 

Iterations MSE RMSE AIC BIC 

10 1899.113 43.57882 -13.0983 -12.39023 

20 2096.096 45.78314 -13.2957 -12.58761 

30 1952.1 44.18258 -13.1533 -12.44527 

40 2294.114 47.89691 -13.4762 -12.76815 

50 2496.07 49.96068 -13.6449 -12.9369 

60 1908.114 43.68196 -13.1077 -12.39969 

70 1903.089 43.62441 -13.1025 -12.39442 

80 1892.09 43.49816 -13.0909 -12.38282 

90 1798.131 42.40437 -12.989 -12.28096 

100 1706.177 41.3059 -12.884 -12.17597 

 

decreases from -13.0983 to -12.884, and 

BIC drops from -12.39023 to -12.17597 by the 100th iteration. These trends suggest that the BAT 

Optimizer is progressively refining the model, achieving a balance between minimizing prediction 

error and avoiding overfitting, as evidenced by the improvements in all metrics. 

 

Table (2): Best optimized parameter of Exponential Trend Model 

Parameters value S.E t-test p-value 

A 470.2208 12.0672 38.96685 0.0000 

B 0.08498 0.003209324 26.4791 0.0000 

 

Table (2) presents the best-optimized parameters for the Exponential Trend Model, along with their 

associated statistical measures. The table shows the parameter values, standard errors (S.E.), t-tests, 

and p-values for two parameters, A and B. The parameter A has a value of 470.2208, with a 

standard error of 12.0672, a t-test value of 38.96685, and a p-value of 0.0000, indicating that A is 

statistically significant and strongly different from zero. Similarly, the parameter B has a value of 

0.08498, a standard error of 0.0032, a t-test value of 26.4791, and a p-value of 0.0000, also showing 

high statistical significance. Both parameters are highly significant, as their p-values are well below 

the common threshold of 0.05, meaning the model is highly reliable and the parameters are 

important in explaining the exponential trend. 
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 Table (3): Demonstrates the actual, predicted and residuals 

Years  Iraqi exchange rate Predicted Residuals 

2009  1170 1202.502 -32.502 

2010  1170 1142.44 27.56 

2011  1170 1123.224 46.776 

2012  1166.166667 1117.069 49.098 

2013  1166 1202.789 -36.789 

2014  1166 1145.244 20.7564 

2015  1167.333333 1197.973 -30.64 

2016  1182 1233.456 -51.456 

2017  1184 1123.335 60.665 

2018  1182.75 1139.982 42.768 

2019  1182 1198.897 -16.897 

2020  1192.166667 1232.265 -40.0987 

2021  1450 1395.125 54.875 

2022  1450 1422.014 27.986 

2023  1315.75 1345.815 -30.065 

 

Table (4): Shows the randomness test of the residuals 

Test t-Statistic P-value 

ADF -6.7341 0.000 

 

Table (4) explains that the p-value of the Dickey-Fuller test equals 0.000 and it is less than 0.05, 

which means the residuals of the model are random, then we can use the model to make the 

forecast. 

Table (5): shows the Forecasted values of Iraqi exchange rate 

Year Forecast Lower 95% Limit Upper 95% Limit 

2024 1,384.911 1190.928 1616.645 

2025 1,418.502 1224.519 1650.236 

2026 1,397.641 1203.658 1629.375 



University of Kirkuk Journal For Administrative 

and Economic Science (2024) 14 (4): 249-258 

 

ISSN:2222-2995   Vol. 14 No. 4                                                                                                 257 

 

-200

0

200

400

600

800

1000

1200

1400

1600

2 0 0 92 0 1 02 0 1 12 0 1 22 0 1 32 0 1 42 0 1 52 0 1 62 0 1 72 0 1 82 0 1 92 0 2 02 0 2 12 0 2 22 0 2 3

ISX Predicted Residuals



University of Kirkuk Journal For Administrative 

and Economic Science (2024) 14 (4): 249-258 

 

ISSN:2222-2995   Vol. 14 No. 4                                                                                                 258 

 

1- Ahmed, B. K., Rahim, S. A., Maaroof, B. B., & Taher, H. A. (2020). Comparison Between ARIMA And Fourier 

ARIMA Model To Forecast The Demand Of Electricity In Sulaimani Governorate. Qalaai Zanist Journal, 5(3), 

908-940. 

2- Ali, M., Ghazali, Z., & Feroze, S. (2017). "Macroeconomic Factors and Volatility in the Iraqi Stock Market." 

Middle Eastern Finance and Economics, 20(3), 124-136. 

 

4- Al-Salman, R. (2019). "Stock Market Development and Economic Growth in Iraq." Global Journal of Economics 

and Business, 14(2), 101-113. 

5- Asraa, A., Rodeen, W., & Tahir, H. (2018). Forecasting the Impact of Waste on Environmental 

Pollution. International Journal of Sustainable Development and Science, 1(1), 1-12. 

6- Aziz, A. A., Shafeeq, B. M., Ahmed, R. A., & Taher, H. A. (2023). Employing Recurrent Neural Networks to 

Forecast the Dollar Exchange Rate in the Parallel Market of Iraq. Tikrit Journal of Administrative and Economic 

Sciences, 19(62), 2. 

7- Hameed, S. (2019). "Iraq's Stock Market: Economic Reforms and the Road Ahead." Middle East Economic Review, 

24(4), 50-62. 

8- IMF. (2020). "Iraq’s Economic Outlook: Recovery Amid Challenges." International Monetary Fund. 

9- Iraqi exchange rate (ISX). (2023). Annual Report 2023. Retrieved from [www.isx-iq.net](http://www.isx-iq.net). 

10- Karim, A. J. M., & Ahmed, N. M. (2023). Vector Autoregressive Integrating Moving Average (Varima) Model of 

COVID-19 Pandemic and Oil Price. International Journal of Professional Business Review: Int. J. Prof. Bus. 

Rev., 8(1), 13. 

11- Liang, J. J., et al. (2017). "Bat Algorithm for Global Optimization: A Survey." Computers & Industrial Engineering, 

113, 224-242. 

12- Pan, W. and Wang, L. (2012). "A Hybrid Bat Algorithm for Parameter Estimation of Exponential Trend Models." 

*Journal of Applied Mathematics and Computation*, 219(18), 9286-9296. 

13- Taher, H. A., Salih, K. K., & Alwan, A. S. (2024). Forecasting For Silver Closing Price and Modifying Predictions 

by Using GARCH (1, 1) Wavelet Transformation. University of Kirkuk Journal For Administrative and Economic 

Science, 14(2). 

14- World Bank. (2021). Iraq: Systematic Country Diagnostic. Washington, DC: World Bank. 

15- Yang, X. S., et al. (2010). "A New Metaheuristic Bat-Inspired Algorithm." Nature Inspired Cooperative Strategies 

for Optimization (NICSO 2010), 65-74. 

16- Zhang, L., et al. (2015). "Exponential Smoothing and Exponential Trend Models for Forecasting Short-Term Time 

Series." International Journal of Forecasting, 31(2), 497-507. 

17- Zhang, L., et al. (2016). "Forecasting Stock Prices Using the Hybrid BAT-Exponential Trend Model." International 

Journal of Computational Economics and Econometrics, 6(3), 289-302. 


