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Abstract: This study examines the effectiveness of a parsimonious state-space 

framework for modeling and forecasting the weekly Bitcoin opening price amid strong 

trends, regime shifts, and time-varying volatility. A Dynamic Linear Trend (DLT) 

model is employed, in which Bitcoin prices are decomposed into latent level and slope 

components that evolve stochastically over time, allowing the model to adapt flexibly to 

changing market conditions. Stationarity is assessed using first differencing and the 

Augmented Dickey–Fuller test, supporting an integration order of one and motivating 

the chosen specification. Model estimation and inference are carried out using the 

Kalman filter, enabling recursive state updating and probabilistic forecasting. 

Competing model dimensions are evaluated using the Akaike and Bayesian Information 

Criteria across training and testing samples. The results indicate that the simplest 

specification (k = 3) consistently minimizes both criteria, suggesting that additional 

parameters do not provide sufficient improvements in model fit. Short-horizon forecasts 

point to a broadly flat to mildly declining price trajectory over a 12-week horizon, while 

widening predictive intervals reflect increasing uncertainty. Overall, the findings 

demonstrate that Dynamic Linear Models offer an interpretable and statistically 

coherent approach to short-term Bitcoin price forecasting, delivering well-calibrated 

uncertainty estimates while avoiding over-parameterization. 

Keywords: Bitcoin price forecasting, Dynamic Linear Model, State-space models, 

Time-series analysis 
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تبحث هذه الدراسة في فعالية إطار نمذجة مقتصد قائم على نماذج فضاء الحالة في تمثيل والتنبؤ بسعر    :المستخلص  

بمرور   متغيرة  وتقلبات  الأنظمة،  في  وتحولات  قوية،  اتجاهات  وجود  ظل  في  الأسبوعي،  البيتكوين  عملة  افتتاح 

الديناميكي الخطي  الاتجاه  نموذج  اعتماد  تم  وقد  تفُكَّك (Dynamic Linear Trend – DLT) الزمن.  حيث   ،

أسعار البيتكوين إلى مكونات كامنة تمثل المستوى والميل، وتتطور عشوائياً عبر الزمن، بما يسمح للنموذج بالتكيف 

 .المرن مع تغير ظروف السوق

ز، مما يدعم رتبة تكامل تساوي واحداً  –تم تقييم خصائص السكون باستخدام الفروق الأولى واختبار ديكي فولر المعزَّ

كالمان،   باستخدام مرشح  الإحصائي  والاستدلال  النموذج  تقدير  أجُريت عملية  للنموذج.  المعتمدة  المواصفة  ويبرر 

المتنافسة بالاعتماد على  النماذج  أبعاد  تقييم  تم  التكراري للحالات والتنبؤ الاحتمالي. كما  التحديث  يتيح  الأمر الذي 

معياري أكايكي والبيزي للمعلومات عبر عينات التدريب والاختبار. وتشير النتائج إلى أن أبسط مواصفة للنموذج 

(k = 3 ًتحقق أدنى قيم لكلا المعيارين بشكل متسق، مما يدل على أن إضافة معلمات أخرى لا تحقق تحسناً كافيا )

في جودة الملاءمة. وتشير التنبؤات قصيرة الأجل إلى مسار سعري يتسم بالاستقرار النسبي أو الانخفاض الطفيف  

يبلغ   أفق زمني  وبوجه عام،    12على مدى  اليقين.  درجة عدم  تزايد  التنبؤ  فترات  اتساع  تعكس  في حين  أسبوعًا، 

بأسعار  الأجل  قصير  للتنبؤ  إحصائياً  متماسكًا  تفسيرياً  إطارًا  توفر  الديناميكية  الخطية  النماذج  أن  النتائج  تبُرز 

 البيتكوين، مع تقديم تقديرات عدم يقين معايرة بدقة وتجنب الإفراط في المعلمات.
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asset 

whose price dynamics attract substantial interest from investors, policymakers, and 

trends, abrupt 

regime shifts, and periods of heightened uncertainty, distinguishing it from 

modeling and forecasting, 

particularly when conventional linear time-series models rely on 

Empirical evidence consistently shows that Bitcoin prices are dominated by stochastic trends and 

specifications 

may struggle to adapt to structural changes and evolving market conditions. 

Bitcoin price prediction, 

they often suffer from limited interpretability, high computational 

such 

non-stationary and evolving processes. By decomposing observed prices into latent 

parameters to 

adapt naturally to changing market regimes. Within this class, Dynamic Linear 

combining interpretability 

with full probabilistic inference through the Kalman filter (West & 

motivated by the series’ strong upward drift, absence of clear seasonality, and evidence of near-

to 

capture the dominant trend-driven behavior of Bitcoin prices while quantifying forecast 

information criteria, 

enabling a systematic assessment of whether additional complexity yields 

growing 

literature on cryptocurrency forecasting by demonstrating that Dynamic Linear Models 

and over-
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 parameterization often associated with more complex nonlinear or machine learning 

This study investigates whether a parsimonious state-space model can adequately characterize 

near-

integration (d=1) and remove low-frequency drift; (ii) can a Dynamic Linear Trend (DLT) 

(iii) what model 

dimension kkk balances fit and parsimony by AIC/BIC in both training and test 

2nd: Literature Reviews 

M. Geetha Jenifel,R.Anita Jasmine,D Umanandhini (2024), The paper does not 

econometric 

estimation tools and machine learning models to analyze Bitcoin's market 

enhance forecasting accuracy, 

achieving an absolute deviation of $9.5 in short-term forecasts[2] 

Bitcoin that 

incorporates long-memory, asymmetries in volatility, and time-varying skewness 

allocation and risk 

management in cryptocurrency markets.[3] 

predict 

Bitcoin prices, optimizing variable selection and data usage to adapt to market volatility, 

combining Lie 

methods and LSTM networks, demonstrating their effectiveness in predicting 

dynamic 

linear models, specifically ARIMA, alongside deep learning techniques like LSTM and 

specifically the Autoregressive Integrated Moving Average (ARIMA), for Bitcoin price 

However, it discusses challenges in 

machine learning for Bitcoin price prediction, including 
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Dynamic linear models Statistical analysis of time series data is usually faced with the 

understood. We need to 

assume that some distributional properties of the process that generate 

there is an underlying 

change in the background mean that stays approximately constant over 

coefficients and by letting 

some of the system properties to change in time. Furthermore, the use 

observed variability, such as 

seasonal variation or external forcing, and we can explicitly allow 
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smoothed the most recent downturn in history and projects a soft 

correction rather than continuation of the late upswing, as shown in Figure 2. 

 

 
 

 

Table (1) 

Dataset k n AIC BIC 

Training 

3 

132 

2380.35 2389 

4 2382.35 2393.88 

5 2384.35 2398.76 

Testing 

3 

12 

244.9 246.41 

4 246.95 248.89 

5 248.95 251.38 
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Sum up the table, both AIC and BIC are lowest at k = 3 in training (2380.35, and 2389) and 
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