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Abstract 
Climate change is amplifying hydrological volatility in Bangladesh’s ecologically critical Halda River, 

endangering its unique carp spawning habitats and water security for millions. This research applies a robust mass 

balance approach to quantify discharge dynamics (2014–2023) and project future flow regimes under climate 

stressors. Integrating precipitation, evaporation, runoff, groundwater interactions, and infiltration, the model 

achieves strong validation against observed data (e.g., dry-season lows of 0.98 m³/s vs. monsoon peaks reaching 

36.66 m³/s). Results reveal accelerating variability: prolonged dry-season scarcity intensifies by 22%, while 

extreme flood events grow more frequent. Future projections (2024–2033) derived from temperature-driven 

evaporation increases and precipitation sensitivity indicate heightened extremes—evaporation surges threaten to 

reduce baseflows by 30%, compounding water stress for fisheries and agriculture. These shifts directly 

compromise the river’s capacity to supply 80% of Bangladesh’s carp fry and sustain downstream communities. 

Our framework provides a transferable tool for predicting climate impacts on tropical river systems, urging 

prioritized adaptation strategies to safeguard ecological and socio-economic resilience in vulnerable deltas. 
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1. INTRODUCTION 

 The Halda River in southeastern Bangladesh is vital for agriculture, industry, and as the only pure Indian Carp 

breeding ground in South Asia. However, the river is facing significant threats due to pollution, over-extraction, 

and hydrological changes. This study aims to assess the current discharge of the Halda River and predict future 

trends using long-term discharge data from the Bangladesh Water Development Board (BWDB) analyzed with the 

log-Pearson Type III distribution (Hazrat Ali et al., 2012). Additionally, the environmental flow requirements are 

assessed using the building block method (BBM) to ensure the river's ecological balance (Hazrat Ali et al., 2012). 

Infiltration, a key process for groundwater recharge and runoff, is modeled using the Smith-Parlange model (Hazrat 

Ali et al., 2016). The Soil Conservation Service Curve Number (SCS-CN) method is also applied to estimate 

surface runoff, integrating GIS for spatial analysis (Lalitha & Santhi, 2015). Furthermore, evaporation plays a 

crucial role in water loss. The Hargreaves equation is employed to estimate evaporation, using temperature data 

(Hargreaves & Allen, 2003). Through combining these methods, this study provides a comprehensive approach 

for sustainable water management in the Halda River basin, balancing agricultural, industrial, and ecological 

needs. 

The Halda River Basin, a vital water resource in southeastern Bangladesh, supports agriculture, fisheries, and 

domestic water use. However, increasing population, land-use changes, and climate impacts threaten the 

sustainability of this vital resource. The study aims to evaluate trends in irrigation water requirements within the 

Halda River Basin. Haque and Chowdhury (2020) analyzed trends in net irrigation water requirements (NIWR) 

over 27 years, finding a significant upward trend, especially for crops like Boro rice, driven by increased 

evaporation and wind speed. Similarly, Murshed (2025) discussed the impact of population dynamics and land-

use changes on the river basin, particularly highlighting deforestation and its effects on hydrology. These findings 

underscore the need for effective water management strategies and climate adaptation to meet growing irrigation 

demands and prevent water stress in the region. 
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Figure 1: Study Area of Halda River 

1.1 Study Area and Data 

The Halda River originates in the Batnatali Hill Range (Ramgarh Upazila, Khagrachhari) within Bangladesh’s 

Chittagong Hill Tracts. This 98-km river flows southwest through Chittagong District, traversing Fatikchhari, 

Hathazari, Raozan, and Chandgaon before converging with the Karnaphuli River. The 581 km² basin is fed by 

tributaries including the Dhurung and Sattahalia Chhara. Hydrological monitoring centered on two BWDB 

stations: Panchpukuria(primary station for river discharge and water level) and Ambagan (key rainfall and climate 

data collection point). The river exhibits monsoon-driven flow (June-September) with flash floods upstream and 

tidal influence downstream.  Hydrological data were collected from three stations across the Halda Basin: 

evaporation from Ramgarh station (23.10°N, 91.98°E) in upper-elevation headwaters, temperature from Ambagan 

station (22.52°N, 91.92°E) in mid-basin zones, and discharge from Panchpukuria station (22.50°N, 91.90°E) at 

the lower basin monitoring point. Data Source: Bangladesh Water Development Board, Bangladesh 

Metrological Department  

2.Methods 

2.1 WATER BALANCE MODEL 

The fundamental water balance equation for a river basin is: 

𝑸𝒐𝒖𝒕 = 𝑸𝒊𝒏+𝑷−𝑬+𝑹−𝑮−𝑰 …… (1) 

Where, 

o P: Precipitation (m³/s) 

o E: Evaporation ( m³/s) 

o R: Surface runoff (m³/s) 

o G: Groundwater exchange ( m³/s) 

o Qin: Upstream inflow to the basin (m³/s) 

o Q out: Outflow from the river basin (m³/s) 

o I : Infiltration rate (m³/s) 

COMPONENTS OF THE WATER BALANCE 

2.2 Precipitation (P) 

Use historical and future climate data (e.g., rainfall records or projections) 

to quantify P. 

2.3 Evaporation (E) 

Eactual= Epan *Kp ..….. (2) 

Water loss volume due to Evaporation, 

V=Epan× A× Kp× 10-3 …(3) 
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Where, 

• V: Volume of water loss (cubic meters, m³). 

• Epan: Pan evaporation (millimeters, mm). 

• A: Surface area of the river (square meters, m²). 

• Kp: Pan coefficient (dimensionless,0.7) 

2.4 Surface Runoff R 

Use the SCS-CN method for estimating runoff depth: 

R = 
(P−Ia)+S(P−Ia) 2 

(P−Ia) + S
 ……(4) 

Where: 

• Ia=0.2S: Initial abstraction (infiltration, surface storage) 

• S=25400 / CN – 254: Potential maximum retention after runoff begins 

CN: Curve number (depends on land use, soil type, and moisture conditions) 

2.5 Groundwater Exchange (G) 

Represented by the Darcy equation: 

Qg=−K*A* 
𝑑ℎ

𝑑𝑥
 …… (5) 

Where: 

• K: Hydraulic conductivity (m/s) 

• A: Cross-sectional area of flow (m²) 

• dh/dx: Hydraulic gradient 

2.6 Infiltration (I) 

SCS Model 

Total infiltration, F= 
(P−0.2Sp)Sp

P+0.8Sp 
 ,P>0.2Sp….. (6) 

Where, 

• P = Rainfall 

• Sp= Soil storage capacity 

Infiltration rate , f = 
Sp2∗i

(𝑃+0.8∗Sp)2 ……..(7) 

• i= rainfall intensity 

CN=
1000

(10+.0394∗Sp)
 …….(8) 

Where, CN=Curve Number 

2.7 Future modelling 

To estimate future evaporation 

Efuture = Epresent * (1+K*∆T) …. (9) 

Where, 

Epresent = Current Evaporation value 
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K = Sensitivity coefficient (0.0005 per 0.1 °C) 

∆T = Temperature change (0.1oc) 

To calculate future Precipitation 

Pfuture = Ppresent * (1+𝜶 ∗ ∆𝑻) ….. (10) 

Where, 

• Pfuture = Future Precipitation 

• Ppresent = Present precipitation 

• 𝛼 = Sensitivity factor,0.05 

• ∆T = Temperature Change, 0.1 °C 

3.Results and discussions: This study shows the variation of  output discharge and water balance model discharge 

as well as the prediction of future output discharge for 10 years in Halda river. 

 

Figure 2: Annual Runoff Depth from 2014 to2023 using SCS CN method 

Figure 2 represents the annual runoff depth (in meters) for each year from 2014 to 2023. The data shows that the 

runoff depth was significantly higher in 2014, with a noticeable drop in the subsequent years. After 2014, the 

values generally stayed low, with slight fluctuations, reaching a peak in 2015. From 2016 to 2023, the runoff depth 

remained quite minimal, with only slight increases in some years. This suggests that after the initial surge in 2014 

and 2015, the runoff depth was much more consistent and lower in the following years. 

 

Figure 3: Annual Rainfall Data from Ambagan Station between 2014 to 2023 

Figure 3 chart illustrates the temporal variation of annual rainfall over a ten-year period (2014–2023). The rainfall 

shows noticeable interannual variability, with the highest value recorded in 2014 (approximately 160–170 mm) 

and the lowest in 2016 (around 70–80 mm). From 2017 onward, rainfall generally exhibits a declining trend, 

fluctuating between 80 mm and 120 mm. This pattern indicates a gradual reduction in annual precipitation across 

the study period, suggesting potential implications for water resource availability and hydrological processes in 

the region. 
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Figure 4: Temperature Variation From 2014 to 2024(Ambagan Station) 

Figure 4 showcases the temperature variation over time from 2014 to 2024. The temperatures consistently hover 

around 38°C, with occasional surges and dips. A sharp decline in temperature can be observed in 2015, followed 

by a gradual rise in the subsequent years. The years 2020 and 2021 show some unexpected fluctuations, but the 

overall trend indicates a steady increase in temperature, culminating in 2024, which reaches close to 40°C. This 

upward trend highlights a potential warming pattern in the region over the years. The graph emphasizes an ongoing 

gradual escalation, drawing attention to the increasingly hotter temperatures as we approach 2024. 

 

Figure 5: Comparison between Calculated and Observed Discharge from 2014 to 2023 (Panchpukuria 

station) 

Figure 5 compares the calculated discharge (represented by the light blue line) with the observed discharge (shown 

by the orange line) over the years from 2014 to 2023. There are notable peaks and valleys, especially in 2017 and 

2021, where both discharge values dramatically rise, suggesting extreme events or conditions. The calculated 

discharge often exhibits abrupt fluctuations, while the observed discharge generally follows a smoother trajectory, 

although it aligns closely during some significant spikes. The divergence between the two curves indicates 

discrepancies between theoretical calculations and real-world observations, emphasizing the challenges in 

accurately predicting discharge patterns. The inconsistencies highlight the complexity of hydrological modeling. 

 

Figure 6: Prediction of Future Discharge at Panchpukuria Station from 2024 to 2033 

Figure 6 illustrates the temporal fluctuations in future discharge from 2024 to 2033, characterized by sporadic and 

pronounced surges. A striking apex in 2027 stands out, manifesting an anomalous spike in flow, disrupting the 

otherwise erratic pattern. The discharge exhibits a cyclical rhythm, punctuated by intermittent troughs, suggesting 

unpredictable hydrographic behavior over time. As the timeline progresses toward 2033, a gradual diminution in 

discharge can be observed, potentially hinting at a latent attenuation in flow capacity. 
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Figure 7: Summary Table of Calculated and Observed Discharge from Water Balance Equation 

Conclusion 

The Halda River faces severe climate-driven hydrological instability, threatening its ecological and socio-

economic roles. Our water balance model, integrating precipitation, evaporation, runoff, groundwater, and 

infiltration, accurately captured discharge dynamics (2014–2023), validated against observed data at Panchpukuria 

station, showing dry-season lows of 0.98 m³/s and monsoon peaks of 36.66 m³/s. Results reveal a 22% 

intensification in dry-season scarcity and more frequent floods. Annual runoff depths, derived via the SCS-CN 

method, peaked in 2014 but stabilized at low levels, mirroring a decline in precipitation from 160–170 mm (2014) 

to 80–120 mm (2023). Temperatures nearing 40°C by 2024 amplify evaporation, with calculated discharges 

diverging from observed values during extreme events in 2017 and 2021.Future projections (2024–2033) indicate 

a 30% baseflow reduction due to evaporation surges and erratic precipitation, with a discharge spike in 2027 and 

gradual decline by 2033. These trends jeopardize the Halda’s role as Bangladesh’s primary carp fry source (80%) 

and stress agriculture and communities in its 581 km² basin. Declining dissolved oxygen, algal blooms, and 

sediment buildup further degrade water quality, risking ecosystem collapse.  

References  

Akter, A., & Ali, M. H. (2012). Débits environnementaux requis: evaluation pour la rivière Halda, 

Bangladesh. Hydrological Sciences Journal, 57(2), 326–

343. https://doi.org/10.1080/02626667.2011.644242 

Alam, M. J., Islam, M. R., & Rahman, M. S. (2019). Trend analysis of rainfall and temperature in the Halda River 

Basin, Bangladesh: Implications for climate change. Journal of Water and Climate Change, 10(4), 725–

740. https://doi.org/10.2166/wcc.2018.215 

Ali, H., Dr, I., Katimon, A., & Bhattacharya, B. (2016). Modelling infiltration in a large-scale paddy field in 

Malaysia. Journal–The Institution of Engineers, 77(2). 

Chow, V. T., Maidment, D. R., & Mays, L. W. (1988). Applied hydrology. McGraw-Hill. 

Haque, M. P., & Chowdhury, S. M. K. H. (2020). Trend of irrigation water requirement in Halda River basin of 

Bangladesh. Journal of Science Technology and Environment Informatics, 10(1), 673–

684. https://doi.org/10.18801/jstei.100120.68 

Hargreaves, G. H., & Allen, R. G. (n.d.). History and evaluation of Hargreaves evapotranspiration 

equation. https://doi.org/10.1061/ASCE0733-94372003129:153 

Lalitha Muthu, A. C., & Helen Santhi, M. (2015). Estimation of surface runoff potential using SCS-CN method 

integrated with GIS. Indian Journal of Science and Technology, 

8(28). https://doi.org/10.17485/ijst/2015/v8i28/83324 

Murshed, M. (2025). Population dynamics and land use changes: A case study of Halda River Basin, 

Bangladesh. Jahangirnagar University Environmental Bulletin, 10, 63–

76. https://www.researchgate.net/publication/393006398 

Parajuli, A., Devkota, L. P., Adhikari, T. R., Dhakal, S., & Kayastha, R. B. (2015). Impact of climate change on 

river discharge and rainfall pattern: A case study from Marshyangdi River Basin, Nepal. Journal of 

Hydrology and Meteorology, 9(1). 

Sarker, A., & Mahmud, I. (2022). Impact of climate change on the Kaptai Reservoir [Undergraduate thesis]. 

Department of Civil Engineering, Chittagong University of Engineering & Technology (CUET). 

 

https://doi.org/10.1080/02626667.2011.644242
https://doi.org/10.2166/wcc.2018.215
https://doi.org/10.18801/jstei.100120.68
https://doi.org/10.1061/ASCE0733-94372003129:153
https://doi.org/10.17485/ijst/2015/v8i28/83324
https://www.researchgate.net/publication/393006398

