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Abstract

This study investigates the spatiotemporal changes in water surface extent and water level in the Upper Padma
River, Bangladesh, under upstream anthropogenic influences over the 1990-2019 dry seasons (January—May).
Satellite-derived water surface area (using MNDWI) and ground-based discharge and water level records were
analyzed to assess long-term hydrological alterations. The findings reveal significant and sustained declines in
discharge, surface water area, and river depth. The surface water extent showed an exponential decline (Rz =
0.654), while water level followed a strong quadratic trend (R2 = 0.983), projecting a drop from 8.3 meters in 1999
to 5.19 meters by 2030. Multiple linear regression confirms that both discharge and water level significantly
influence surface water area, highlighting strong hydrological interdependence. These transformations pose serious
challenges for agriculture, freshwater ecosystems, and water-dependent livelihoods in southwest Bangladesh. The
study emphasizes the urgency of implementing integrated river basin management strategies and improving
transboundary water governance to ensure equitable and sustainable utilization of the Ganges—Padma
River system.

Keywords: Upper Padma River; Surface Water Extent; Hydrological Alteration; Anthropogenic Influence;
Transboundary Water Governance.

1 Introduction

Rivers in Bangladesh are vital lifelines for agriculture, transportation, and ecological balance, particularly in the
deltaic and floodplain regions. Among them, the Padma River, a major distributary of the Ganges, holds critical
importance due to its influence on sediment transport, surface water availability, and the livelihoods of millions.
However, over the past several decades, the Padma River has exhibited pronounced morphological and
hydrological changes, especially during the dry season, driven by both natural processes and anthropogenic
interventions.

The construction and operation of upstream hydraulic structures such as the Farakka Barrage have significantly
altered the river’s flow regime, especially during the dry season, leading to reduced discharge, shrinking surface
water area, and declining navigability (Islam, 2021). These changes have had severe implications for agriculture,
ecosystems, and regional water security. Recent hydrological assessments confirmed that the Farakka Barrage has
caused notable dry-season flow reductions and hydrologic alteration in the Padma River, affecting sediment
transport and channel morphology (Islam M. D., 2022; Rahman, 2019).

Long-term remote sensing and GIS-based analyses have revealed major spatiotemporal changes in the Padma
River’s width, depth, and water surface area. Studies such as (Zaman, 2019) and (Naim, 2021) documented
extensive lateral migration, bank erosion, and seasonal variation in channel geometry, while (Alam, 2023) reported
significant land use and floodplain changes in the lower Padma. These transformations underscore the dynamic
behavior of the river under both climatic and anthropogenic stressors.

Satellite-based water detection techniques especially the Modified Normalized Difference Water Index (MNDW!I)
have greatly improved surface water mapping accuracy (Hassan, 2010; Rad, 2021). The integration of Landsat and
Sentinel imagery now enables multi-decadal water surface monitoring and hydrological modeling at the basin scale
(Miura, 12). Combined with ground-based discharge and water-level records, these datasets provide powerful
insights into the hydrological deterioration of transboundary rivers like the Ganges—Padma system.

Despite these advances, long-term integrated analyses that explicitly link satellite-derived surface water dynamics
with field-based hydrological variables (e.g., discharge, stage) remain limited for the Upper Padma region.
Addressing this gap, the present study examines three decades (1990-2019) of dry-season hydrological changes
using remote sensing, GIS, and regression-based statistical approaches. The analysis emphasizes the period-wise
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regime shifts influenced by major upstream interventions, such as the commissioning of the Farakka Barrage and
the 1996 Ganges Water Sharing Treaty and by increasing climatic variability.

This integrated framework aims to provide robust, policy-relevant evidence of long-term hydrological alteration
in the Upper Padma River. The findings will support sustainable river basin management, inform transboundary
water governance, and strengthen future planning for water security and ecosystem resilience in southwestern
Bangladesh.

2 Materials and methodology

The study focuses on the Upper Padma River in Bangladesh, covering the regions of Chapai Nawabganj, Rajshahi,
and Pabna (up to Rajbari).To capture regime shifts, the study period was divided into two phases: 1990-2000 and
2000-2019.This division allows for more accurate interpretation of changes associated with major upstream and
policy interventions, particularly the commissioning of the Farakka Barrage and the implementation of the 1996
Ganges Water Sharing Treaty. The first period (1990-2000) represents the immediate post-treaty adjustment years,
while the second period (2000-2019) reflects intensified human activities, reduced sediment inflow, and emerging
climatic influences. This temporal segmentation approach enhances the ability to isolate and compare distinct
hydrological responses under different governing conditions, thereby improving the interpretive value of the trend
analyses.
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Figure 1. Study area map.

This study integrates hydrological data and remote sensing techniques to analyze changes in river dynamics. The
process begins with the collection of three primary datasets: discharge and water level data from the Bangladesh
Water Development Board (BWDB), and water surface area derived using the Modified Normalized Difference
Water Index (MNDWI) from satellite imagery. These datasets are then preprocessed by cleaning, aligning,
handling missing values, and removing outliers to ensure consistency and reliability.
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Figure 2. Methodology flow chart.

Trend Analysis and MNDWI-Based Mapping: Trend detection involves plotting annual data to identify long-
term changes, establishing equations for the trends, and interpreting the results for discharge, water level, and
surface area. These trends are then used to predict future conditions of the river system. For mapping the water
surface, Landsat 5, 7, and 8 images with less than 10% cloud cover are used. After applying cloud masking using
QA bands, MNDWI is calculated with the formula (Green — SWIR)/(Green + SWIR). Water bodies are identified
through water masking, converted into vector format, and the surface area is calculated. Finally, the combined
analysis supports the interpretation and provides insights into the river’s changing conditions and potential future
scenarios.

3 Results Analysis & Discussion

3.1 Discharge Trend Analysis (1990-2019)

Discharge vs Year
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Figure 3. Discharge Vs Year trend analysis (1990-2019).
The dry season discharge of the Upper Padma River shows a long-term declining trend, especially from 1990 to
1995, hitting a low of 670 m3/s in 1995. A short recovery occurred between 1996-1999, but discharge steadily
dropped afterward. This decline is primarily linked to upstream flow regulation (dams, diversions), causing
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reduced downstream availability. If the trend continues, discharge may reach critical lows by 2030, worsening
water scarcity and affecting agriculture, ecosystems, and communities.

3.2 Water Surface Area Trend Analysis (1990-2030)

Spatiotemporal Changes in Water Surface Area (1990-2019)
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Figure 4. Spatiotemporal changes in water surface area (1990-2019).

Spatiotemporal Changes and 2030 Prediction of Water Surface Area
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Figure 5. Water surface area trend (2000-2019) with 2030 prediction.

Satellite analysis reveals a steady decrease in surface water area during the dry season, mirroring discharge trends.
After a peak in 2000, the area declined sharply due to upstream interventions. Projections show a drop from 375
km2 in 2000 to 186.47 km2 by 2030; suggesting a potential 50% reduction over three decades. This shrinkage
threatens ecosystem health, dry-season farming, and local water access, highlighting urgent needs for integrated
basin planning and ecological flow management. Although the coefficient of determination (R2?) values for the
polynomial (0.64) and exponential (0.65) fits are moderate, these trend lines are not intended for precise numerical
forecasting. Instead, they illustrate the general direction and long-term tendency of hydrological change within the
Upper Padma River. Given that river systems are influenced by multiple interacting factors such as upstream flow
regulation, sediment trapping, and climatic variability a moderate R2 value is acceptable for representing overall
directional trends rather than deterministic prediction.

Despite these values, the fitted curves clearly demonstrate a consistent decreasing tendency in the total water
surface area, supporting the interpretation of a long-term decline. Such trends are consistent with observed
reductions in discharge and water level, indicating a progressive hydrological deterioration of the river system
under anthropogenic influence.
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3.3 Water Level Trends (1990-2030)

Water Level Changes (1990-2019)
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Figure 6. Water level changes (1990-2019).

Water Level Trend (2000-2019) with 2030 Prediction
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Figure 7. Water level trend (2000-2019) with 2030 prediction.

Water levels have declined in line with discharge and surface area reductions. After a peak of 8.3 meters in 1999,
levels dropped steadily, reaching much lower values by 2019. Forecasts suggest a fall to 5.19 meters by 2030,
posing serious risks to irrigation, navigation, and aquatic life. These trends emphasize the need for upstream flow
restoration and cooperative water governance.

3.4 Correlation and Regression Analysis

Multiple linear regression analysis confirms a strong positive relationship between discharge, water level, and
surface water area. Declining discharge and water level are statistically significant predictors of the shrinking
surface area, indicating strong hydrological interdependence. The model underscores how upstream interventions
cascade through the river system, resulting in pronounced morphological and hydrological transformations
downstream.

3.5 Implications and Alarming Trends

The combined decrease in discharge, surface water extent, and water level during the dry season presents an
alarming scenario for the southwestern region of Bangladesh. Agricultural productivity, which heavily depends on
dry season water availability, is at risk. Additionally, freshwater biodiversity and dependent rural livelihoods are
increasingly threatened. These changes also signal reduced sediment transport capacity and potential for increased
riverbed incision.
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4 Conclusion

The Upper Padma River is under serious hydrological stress due to upstream human activities, such as dam and

barrage operations. From 1990 to 2019, the river’s dry season discharge, surface water area, and water level have

all declined significantly.

® Discharge dropped steadily after 2000, mainly due to reduced upstream flow.

®  Water surface area shrank by nearly 50% from 2000 to 2019 and is expected to keep declining, altering river
shape and reducing floodplain size.

®  Water level fell from 8.3 m in 1999 to a projected 5.19 m by 2030, affecting irrigation, transport, and aquatic
life.

These changes are caused by upstream diversions, reduced sediment supply, and lack of flow during the dry season.

Statistical analysis confirmed that both discharge and water level are strongly linked to surface area loss.

If these trends continue, by 2030:

® The river could lose 50% of its dry-season surface area and 37% of its water depth.

® Millions of people will face water shortages, crop failures, and salinity problems.

® Important fish species and river ecosystems will be at serious risk.

References

Alam, S. H. (2023). Morphology and land use change analysis of lower Padma River floodplain of Bangladesh.
Environmental Monitoring and Assessment, 195.

Hassan, M. S. (2010). Environmental Change Detection of the Padma River in the North-Western Part of
Bangladesh Using Multi-Date Landsat Data. Proceedings of ICEAB10, Japan.

Islam, M. A. (2021). Climate Change and Anthropogenic Interferences for the Morphological Changes of the
Padma River in Bangladesh. American Journal of Climate Change, 167-184.

Islam, M. D. (2022). Grain size analysis of the river bed sediments from the downstream of the Ganges (Padma)
River, Bangladesh. Bangladesh Geoscience Journal, 55-73.

Miura, Y. S. (12). A Global Multi-Sensor Dataset of Surface Water Indices from Landsat-8 and Sentinel-2
Satellite Measurements. Scientific Data, 2025.

Naim, M. N. (2021). Simulation of Channel Dynamics of the Padma River Considering Seasonal Variations: A
GIS and Statistical Approach. Environmental Challenges, 4.

Rad, A. M. (2021). Augmented Normalized Difference Water Index for Improved Surface Water Monitoring.
Environmental Modelling & Software, 140.

Rahman, K. S. (2019). A Critical Review of the Ganges Water Sharing Arrangement. Water Policy, 259-276.

Zaman, A. B. (2019). River Shifting Trend and Landcover Change by River Padma Over Four Decades: A Case
Study at Naria Upazila of Shariatpur District. BIP Journal.

2226



