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n Value df Sig.®
1 .833 236 14.706 1 .000
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4 354 459 34.190 4 .000
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10 -.326 491 43.882 10 .000
11 -.379 502 51.280 11 .000
12 -410 518 61.351 12 .000
13 -415 .536 73.774 13 .000
14 -394 .553 87.761 14 .000
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16 -.263 .580 114.440 16 .000
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Cubic_Spline_VCI ARIMA_VCI
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1 24.35385 | 25.13656 | 23.57235 | 47.5862 -23.23 -22.44 -24.01

2 33.12533 | 33.90805 | 32.34383 | 46.91305 -13.78 -13.-- -14.52
3 43.60484 | 44.38754 | 42.82333 | 50.55726 -6.95 -6.16 -7.7
4 53.88482 | 54.66753 | 53.10331 | 49.49779 4.38 5.16 3.60
5 70.87166 | 71.65438 | 70.09016 | 43.46148 27.4 28.19 26.62
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ANOVA
Sum of Squares df | Mean Square F Sig.
Arima Between Groups 18233.529 4 4558.382 504.242 .000
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Evaluation of ARIMA, Random Forest, and Cubic Spline Models in
Predicting the VCI Index in Basra Province, Iraq

Abstract

The present study addresses one of the critical global challenges—climate change and its ramifications, particularly
drought—and investigates predictive methods for monitoring vegetation health through the Vegetation Condition
Index (VCI). The focus is on Basra Province, Iraq, over the period 2005-2022. VCI, derived from MODIS satellite
data, is a well-established remote sensing indicator for evaluating drought severity and vegetation stress. This study
compares the performance of three distinct models: ARIMA (AutoRegressive Integrated Moving Average), Cubic
Spline interpolation, and the Random Forest machine learning algorithm. The objective is to assess the accuracy of
each method in forecasting VCI for the year 2023. Data were sourced from Google Earth Engine and processed using
R, SPSS, and ArcGIS environments. Results indicate a general downward trend in VCI over time in Basra, with
pronounced deterioration in the southeastern areas. The predictive values generated by all three models for 2023
significantly differed from the actual MODIS-observed values. Among the models, none demonstrated a highly
reliable forecast; ARIMA explained only 35.1% of the variance in VCI. Cubic Spline and Random Forest also
produced estimates that deviated meaningfully from ground truth. An ANOVA test confirmed statistically significant
differences among the three prediction models, and Tukey’s post-hoc analysis highlighted the largest discrepancies in
classes with extreme VCI values. The spatial autocorrelation analysis supported the temporal reduction in VCI
coherence, suggesting environmental or anthropogenic causes. The findings underscore the limitations of using
standard time series and machine learning models for forecasting VCI, which is influenced by various non-temporal
factors such as sudden climatic events or land management policies. The authors recommend caution in relying solely
on these models for long-term VCI prediction and suggest integrating more dynamic environmental variables. This
study adds value to drought monitoring literature by comparing predictive methodologies and providing practical
insights into their applicability under real-world data constraints. It highlights the urgent need for more refined, hybrid
models to support drought preparedness and vegetation management, particularly in arid and semi-arid regions like
Basra.

Keywords: VCI Index, Random Forest Algorithm, Cubic Spline, ARIMA, Time Series Analysis, Basra
Province, Iraq.
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