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Abstract
This study aims to analyze the spatiotemporal variability of drought waves in Salah al-Din Governorate and to
predict their future trends using intelligent modeling and remote sensing data. The research analyzed the
temporal series of the Standardized Precipitation Index (SPI) for the period (1995-2025), in addition to satellite-
derived environmental indicators including the Normalized Difference Vegetation Index (NDVI) and Land
Surface Temperature (LST), in order to interpret drought dynamics and their relationship with climatic and
environmental variables in the study area. Satellite data were obtained from the NASA Earthdata platform,
particularly the MOD13Q1 product for extracting NDVI and the MOD11A2 product for deriving land surface
temperature, alongside long-term rainfall records.Several machine learning models were employed, including
Random Forest (RF) and XGBoost, to analyze the importance of variables influencing drought and to classify
its spatial patterns. In addition, the Long Short-Term Memory (LSTM) model was applied to analyze temporal
series and predict future drought conditions. The results revealed a clear spatial variation in drought intensity

within the governorate, with higher concentrations in the central and southern parts during certain dry years.
Forecasting results indicate a future tendency toward increased occurrence of moderate drought conditions,
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where SPI values are expected to shift from moderately wet conditions during (2026—2029) to moderate drought
extending until 2050, with an average predicted value of (-0.3076).
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« Tikrit, Baiji,

Samarra,
« Tuz Khurmatu e

[ Data Preprocessing |
| Quality Control & Harmonization |
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Drought Indices Calculation » Spatiotemporal Database
- SPI, NDVI Anomaly, LST Anomaly - Random Forest, XGBoost
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Spatiotemporal Database = Machine Learning Models
- Monthly / Seasonal Grids « LSTM
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Machine Learning Models - Model Validation
. Random Forest, XGBoost « RMSE, MAE, R?, Accuracy

Final Outputs

+ Spatiotemporal Drought Maps
- Future Drought Scenarios
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Unified Database Spatial Split Temporal Split

Climate Station Data

Year Average Rainfall (mm) Rain Years
1995 - 2000 132.5 « MOD13Q1 = NDVI
2001- 2005 181.3 - MOD11A2 - LST
2006 - 2010 203.3 0.18 36.4
2011 - 2015 200.1 0.21 349 3 Spatial Resampling
2016 - 2020 183.1 0.20 348 November [ Bajji | | samara |
2021- 2025 140.9 0.24 35.0 161 01012 | 3.3012
0.107 2.30a2
Satellite Data (MODIS)
Year NDVI : LST
199552000 0.18 36.4 Temporal Aggregation
2001- 2005 0.26 333 s \
2011 - 2015 0.21 36.2 y S - \‘&X

Month 1 Month 2 Season
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= Spatiotemporal Drought Maps

« Future Drought Scenarios
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