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Abstract

Water recharge replenishes aquifers with surface water through a process called groundwater recharge, which is
necessary everywhere to ensure a consistent water supply throughout the year, regardless of distinct wet and dry
seasons. The Southeastern Hill Basin (SHB) in Bangladesh faces extreme seasonal variation in water availability,
with the most critical deficiency occurring during the dry season. Numerous research studies have been
conducted to assess groundwater recharge; however, small, geographically defined basins, such as the SHB,
remain poorly researched, posing a knowledge gap in water resource management. The study aimed to quantify
groundwater recharge seasonally in this Southeastern Hill Basin. A decade of climate, rainfall, and
evapotranspiration data was used through the Water Balance Method for estimating the recharge volumes.
Overall, these results demonstrated that the total recharge in SHB is 26,674 MCM, with positive recharge value
during monsoon months, e.g., June is 9,450 MCM, and negative during the dry seasons, e.g., January is -192.86
MCM. Thus, the study emphasizes the importance of managing the seasonal recharge imbalance and suggests
similar innovative planning strategies, such as Managed Aquifer Recharge and improved irrigation techniques, to
provide sustainable water resources for SHB.

Keywords: Groundwater Recharge, Southeastern Hill Basin(SHB), Water Balance Method, Evapotranspiration,
Rainfall.

1 Introduction

Particularly in areas like Bangladesh that have distinct wet and dry seasons, seasonal patterns have a significant impact on the
availability of water, a resource that is essential for both domestic and agricultural use. In areas most prone to seasonal water
deficits, groundwater recharge, or the activity of loading surface water into aquifers, becomes very important in ensuring an
all-year-round supply. Given the profile of the Southeastern Hill Basin (SHB), it would offer an interesting forum within
which issues of groundwater recharge could be applied in the context of sustainable water management techniques.

There is a significant difference in the availability of water from season to season; Bangladesh is a low-lying country in the
Ganges-Brahmaputra-Meghna (GBM) Basin. In this case, the country faces two main issues of severe shortage in the dry
season and severe flooding during the wet months. These conditions have repercussions on many fields: industries, domestic
uses, and agriculture. Inauguration into the problem of water scarcity during the dry months is aggravated by the condition of
the topography and the rainfall distribution of the southeast portion of the country, especially the SHB. Therefore, it becomes
extremely important to assess groundwater recharge with a view to ensuring a constant supply throughout the year
(Chowdhury et al., 2004; Chowdhury et al., 1996). Most especially when surface water is scarce, the continued dependence
on groundwater in the SHB has worsened the situation of water scarcity. Continuous overextraction creates a deficit in the
replenishment of groundwater, which leads to continuous lowering of the water table. Thus, an accurate prediction of
recharge is very important in future planning of sustainable water management and hence, in understanding the
hydrodynamics of the basin (Uddin et al., 2011). Although groundwater recharge is considerable in comparison to the SHB,
research proffering exhaustive quantification figures for this particular component appears to be on the diminishing side when
viewed against a comprehensive data-oriented approach to land use, hydrological, and climatic factors. Research undertaken
concerning water availability and resource management in Bangladesh has largely revolved around surface water and large
river basins, thereby creating a considerable knowledge gap on how recharge potential could be assessed within small,
geographically defined basins like the SHB (Khandu et al., 2017).

In this regard, this study intends to encompass this issue using the Water Balance Method in measuring groundwater recharge
for the SHB. The method thus derived from the analysis of rainfall, evapotranspiration, and climate variables produces data
for estimating the supply-demand of water with the assumption that no major supply or demand was created in surface water
storage, surface recharge, or surface discharge losses (S Shahid et al., 2012). This study's objective will be to assess the
recharge of groundwater taking advantage of seasonal water surplus and deficit, with the application of the Water Balance
Method. It is expected that results will provide very relevant insights on groundwater recharge potentials in the Southeastern
Hill Basin and would further assist towards sustainable water resource management practices in the region. This
understanding of recharge will find a way toward formulating better programs for groundwater conservation and may initiate
adaptive water management strategies deemed important for the continued supply of water for domestic and agricultural use.
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Thus, good-water policies, according to this research, need to be flexible and the ones adapted to meet local needs, especially
in such countries as Bangladesh, which covers a wide variety of areas, such as those with unique hydrologic features, like the
Southeastern Hill Basin (Kolas et al., 2013).

2 Methodology
2.1 Study Area

In the Southeastern Hill Basin, which is outside the Ganges-Brahmaputra-Meghna Basin, about 19 million
people are residents. This basin contains 16,140 square kilometers and forms part of the coastal zones of
Bangladesh. The Southeastern Hill Basin is topographically diverse, with steep slopes, forested landscapes, and
both agricultural and urban communities isolated within them. The basin is mainly along the coastal part of
Bangladesh and receives most of its rivers, such as Kamaphuli, Sangu, Matamuhuri, and Halda, which come
from Myanmar into Bangladesh. The area plays a major part in contributing to the regional hydrological
dynamics and transboundary water resources of the nation.

Table 01 describes the distribution of different districts of Bangladesh in the Southeastern Hill Basin. Thus, there
are various coverage degrees at the district level. For example, Bandarban, Cox's Bazar, Khagrachari, and
Rangamati show 100% coverage of the basin, while there is partial coverage in other districts, such as
Chattogram, Feni, and Noakhali (93%, 65%, and 3%, respectively). With such knowledge of the markedly
different geophysical settings and river systems that comprise the basin, it is clear why the water balances in this
area would tend toward being quite different and why it is so critical for management of water resources-
including the recharging of groundwater by this region.

Table -01: District-wise percentage coverage of the Southeastern Hill Basin

District Name Basin Fraction (%) District Name Basin Fraction (%)
Bandarban 100 Chattogram 93
Cox’s Bazar 100 Feni 65
Khagrachari 100 Noakhali 3
Rangamati 100

Table -02: List of Data Collection Sources

Data Type Source Description
. . Bangladesh Meteorological Data from 2010-2021 for Chattogram and
Daily Rainfall (P) Department (BMD) Ambagan stations
Actual
Evapotranspiration BARC and literature Monthly AE.T values_ based on Penman-
Monteith or adjusted models
(AET)
Land Use and Land e L -
Cover (LULC) Landsat, classified in ArcGIS Used for estimating runoff coefficients
Runoff Coefficients (C) Literature gnd f_|eld-based Based on LULC types
calibration
Soil and DEM Data EAO and SRTM Used for qualitative recharge assessment

and basin delineation

2.2 Data Processing and Groundwater Estimation

Groundwater recharge is the downward movement of water from the surface into an aquifer. A Water Balance
Method was adopted to measure the monthly potential groundwater recharge. The estimates of recharge were
calculated as the remaining portion of precipitation after subtracting evapotranspiration and surface runoff. A
simplified form of the Water Balance Method to estimate the GW recharge was used:
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Figure -01: Study Area Map of Southeastern Hill Basin
P=R+R,+AET + SM (D)

Here, P is the precipitation (mm), AET represents the actual evapotranspiration (mm), R represents the recharge
(mm), R, is the runoff (mm), and SM is the change in soil moisture (mm). Neglecting the change in soil
moisture, the GW recharge can be estimated from:

R=P-R,— AET )
Where the runoff is calculated using the rational method:

Ro (mm) = C*P (mm) 3)
Here, C = Runoff coefficient, and P = precipitation (mm)

The actual evapotranspiration (AET) is estimated by using the Grindley Method (Grindley et al., 1967) under the
following two criteria:
1. When P > AET, then AET = PET

2. 1f P <PET, then AET =P + f (PET - P)

Here, PET = potential evapotranspiration (mm), f = Slope of the drying curve (PET vs. AET), commonly taken
as 0.1.

The potential evapotranspiration PET data for 2 climatic stations were collected from the BARC website. To
estimate PET for each watershed, the Inverse Distance Weighted (IDW) method and the Zonal Statistics tool
were applied. Monthly PET values were then used to estimate AET using the Grindley method.

After obtaining the necessary inputs (precipitation, runoff, and AET) for each watershed, monthly groundwater
recharge is estimated using:

R=P-R,~ AET ()

To calculate the total recharge volume, the following equation is used:
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R (volume) =} 1 R; * 4; ©)
Here, R; = Recharge in the i watershed, A= Area of the i watershed, and N = Total number of watersheds

3 Results and Discussion

The Water Balance method was employed for the measurement of groundwater recharge in the Southeastern Hill
Basin of Bangladesh. By and large, the findings are based on a climate data download for ten years covering a
record of precipitation, evapotranspiration, and other hydrological parameters, with a detailed understanding of
groundwater recharge dynamics of the basin. It highlights seasonal trends, the volume of recharge, and their
implications for water resource management.

The Southeastern Hill Basin holds the largest estimated amount of total groundwater recharge among major river
basins in Bangladesh, that is, 26,674 million cubic meters (MCM). The prevailing hydrological and geographical
characteristics of the basin are chiefly accountable for this great recharge. Its hilly terrain, highly permeable
soils, and dense forest cover help surface water seep into the aquifers more quickly, boosting recharge during the
monsoon season. The Southeastern Hill Basin shows noticeable changes in groundwater recharge between
seasons. Significant recharge occurs during the monsoon season from June to September, while negative
recharge happens in the pre-monsoon from March to May and the dry season from December to February. Their
amount is certainly more during the monsoons in terms of the aggregate recharge amount shown in Table 3; for
instance, recharge values for June of 9450 MCM were the highest ever recorded for this entire study, followed by
7966 MCM for July. Heavy rains and surface runoff have contributed to replenishing groundwater in these two
months. On the other hand, recharge values indicate negative values during the dry months (December to
February) with -192.86 MCM for January. Such negative recharge could, in other words, be attributed to high
evapotranspiration, and exploitation of groundwater for other purposes, more or less irrigation, particularly in
agriculturally active areas. March and April, characterized by low rains and heavy extraction of groundwater for
irrigation, also registered negative recharge with recharge values of -398.43 MCM and -557.31 MCM,
respectively.

Table -03: Estimated monthly groundwater recharge for Southeastern Hill Basin

Southeastern
Season Month Hill Basin
(MCM)
March -398.43
Pre-monsoon April -557.31
May 1013.73
June 9450.01
Monsoon July 7968.61
August 5381.19
September 3442.38
October 1271.78
Post-monsoon
November -278.02
December -181.41
Dry season January -192.86
February -246.26

Seasonal trends of recharge of the groundwater observed relate very closely to the trends of seasonal rainfall
distribution in the Southeastern Hill Basin. It is the dry months with little rainfall, and that high evaporation
potential interferes considerably with recharge. It is a seasonally lopsided balance with a huge surplus of
recharge in monsoons and its deficits during the dry months, which puts competition for sustainable management
of water. Thus, dry season negative recharge only strengthens the case for better groundwater management
practices in the region.

This study demonstrates the gravity of seasonal recharge with respect to groundwater resources in the
Southeastern Hill Basin and the stress caused to recharge due to erratic water distribution in the course of the
year. Despite the major positive balance for recharge during the monsoon months, dry season deficits pose a
groundwater sustainability threat in the long run. The suggested volumetric recharge in the Southeastern Hill
Basin of 26,674 MCM offers huge merchantability of groundwater storage in these months. In any case, even
though it is remote, the region may suffer from severe water shortages in the dry months if the recharge volumes
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are not adequately stored or managed. Mitigation measures such as Managed Aquifer Recharge (MAR) would
greatly enhance groundwater storage and prevent groundwater over-extraction. Moreover, improving irrigation
practices and introducing rainwater harvesting systems can help lessen groundwater withdrawal during the dry
season. This will harmoniously maintain a recharge-withdrawal balance in favor of the sustainable management
of groundwater resources in the Southeastern Hill Basin.
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Figure -02: Estimated monthly groundwater recharge in Southeastern Hill Basin
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4 Conclusion

The study has demonstrated a significant seasonal variation groundwater recharge process called positive
recharge during monsoons and negative recharge during dry and pre-monsoon periods. These positive monsoon
replenishments and negative dry season depletions undermine water resource management for SHB. The case in
January with a negative recharge of -192.86MCM calls for the immediate implementation of groundwater
management practices. In this respect, this study discusses how seasonal recharge contributes significantly to the
yearly water availability balance. SHB has some peculiar geomorphological characteristics, including the steep
slopes and highly permeable soils, which allow rapid infiltration during the monsoon, leading to very high
recharge. On the contrary, negative recharge in the dry season is a major drawback to groundwater sustainability.
Such outcomes show that implementing measures like MAR and improved irrigation can be critical to equalizing
recharge and withdrawal rates, hence sustaining groundwater throughout the year. In brief, the groundwater
recharge dynamics of SHB present a great chance for sustainable water management, while the dried-up months
would otherwise be severely stressed due to haphazard diversion and management of surplus recharge water
during monsoons. The utilization of the findings will serve as a vital ground for establishing adaptive water
policies and management frameworks for the safeguard of the region's water resource for posterity.
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