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Abstract

The present study deals with the conceptual development of a RS-GIS based Information and Decision Support System (IDSS) in
view of geo-environmental monitoring of land surface features, functionalities and conditioning principally of agricultural lands of
normal-semiarid categories. System operation involves necessary functional blocks for application of remote sensing data
supplemented with climatic, geophysical and groundwater data and other ancillary information. Two adjacent but physiographically
contrasted zones of (i) semi-arid Barind Tract and (ii) Ganges flood plain situated in the north-western part of Bangladesh have been
studied and possible mechanisms of geo-environmental variability in the two sites have been investigated. Spatial data preparation
procedure includes co-registration and georeferencing of each data layer against a reference layer in a platform of RS-GIS. Individual
GIS thematic data layers have been generated for each of the data. Different biophysical parameter products have been generated
through processing of Landsat TM and SPOT HRV data with conventional data and maps. Analysis of annual rainfall data shows
substantially higher rainfall in both the study sites as compared to that of a typical semiarid region. Geospatial analysis and
subsequent interpretation of generated RS-GIS multilayer inputs results in important findings, e.g., (i) slower subsurface infiltration
due to relatively thick impermeable clayey top layer in Barind Tract, (ii) quicker surface runoff due to relatively high surface
elevation, steeper slope and lower drainage density in the Barind Tract, (iii) uneven temporal distribution of annual rainfall (almost
80% within July-September), increasing runoff limiting rainwater for infiltration and (iv) increasing ground water exploitation and
expansion of irrigated area consistent with (v) increasing trend of GWL depth. Biophysical characterization of satellite data applying
radiative transfer analysis has been performed. Coupling of satellite derived vegetation cover information to rainfall amount depicts
higher sensitivity of Barind Tract as compared to that of floodplain area. Derived surface albedo and surface temperature manifest
quite contrasted seasonal behavior for different physiographic land units in the two study sites.

Keywords: LANDSAT TM, Albedo, Semi-arid Barind Tract, Vegetation cover, Spectral response.

Introduction intensity and persistence with which human activities

have affected the environment, the composition of the
Land surface processes have become a great concern in atmosphere as well as local and regional climate is a
the context of global change and increased natural subject of extensive research giving rise to numerous
hazards over the world (ADB, 2015; Houghton et al., publications (e.g., IPCC, 2019; Claussen et al., 2001;
1990; Jager and Ferguson, 1991). Lands surface and Lynn et al., 1995; Henderson-Sellers, 1995). Various
atmosphere are subjected to continuous changes over studies provide evidences that fragmentation of the
time through land use modification and environmental landscape can affect convective flow regimes and

degradation (Yang et al., 2020; Sinha, 1996; Dickinson, rainfall patterns locally and globally (e.g., Chase et al.,
1983). Such changes either human induced or natural 2000; Baidya and Avissar, 2002).

have significant impacts on the world's climatic

processes (IPCC, 2019; Ulker et al.,, 2018; Charney, Arid and semi-arid regions cover a large portion of the
1975; Charney et al., 1977; William and Robert, 1982; total land areas in the world (about 12.5 per cent) where

Stohlgren et al., 1998). The phenomena like flooding, water deficiency is a common event. In arid land areas,
drought, cyclone, river erosion, etc. becoming rainfall is generally insufficient (below 200mm) but is
increasingly hazardous. In one part, impacts of human enough to support pastoral activity. Rainfall in semi-arid
activities due to exploitation of the earth's natural land areas is relatively low and the amount generally
resources, various urban and industrial activities and on ranges from 200 to 600 mm (Colwell, 1983). Such land
the other part, climatic and geophysical variability act areas generally exhibit high surface albedo, low soil
interactively  and  thereby, cause  continuous moisture (He, et al., 2019), and relatively high
modifications on the ecological and environmental temperature gradient between day and night with
condition of a given geographical region. The scale, relatively low vegetation density.
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The changes in earth's radiative budget due to changes in
ecological and environmental conditions of a given area
affect the whole ecosystem. Event like emission or
removal of CO2 to the atmosphere can be resulted in due
to changes in land surface and thus, Earth’s radiation
balance can be changed. Changes in land surface can
also change the radiation balance by altering the Earth’s
surface albedo. The wurgent need for a proper
understanding of the Earth system particularly of semi-
arid land processes offers a major scientific challenge
with a concern for intensified and accelerated research in
this direction and requires a potential tool for regular and
repeated observation of these phenomena over large
areas.

Characterization of trends in semi-arid land ecosystem
requires repeated monitoring of the area on a regular
basis. The functional environment types as determined
by their geology, landform and surface drainage, each
type characterized by certain properties of soil and
vegetation cover. The development of remote sensing
techniques significantly improves the monitoring of land
surface processes over large area (Reiji Kimura and
Masao Moriyama, 2019; Verstraete and Pinty, 1991;
Jacob et al., 2002).

The present paper deals with an investigation on the
phenomena of aridity in the Barind tract area situated in
the north-western part of Bangladesh in contrast to the
condition in adjacent flood plain areas using remote
sensing  supplemented by  meteorological and
geophysical data. All the data have been analysed in the
Geographic Information System (GIS) platform.

Physics of the Problem

The earth's biosphere and atmosphere together form a
closely coupled dynamic system in which interaction
between the soil, vegetation and atmosphere takes place
through the exchange of mass and energy (Chen et al.,
2015; Verstraete and Pinty, 1991; Dickinson, 1983;
Pitman, 2003). Various physical processes are involved
in such transfer mechanisms over an area (Jacob et al.,
2002). Water is distributed through the process
precipitation to the soil, where a portion of the water is
infiltrated into the soil and the excess water causes run-
off. Moreover, water in the soil and vegetation is evapo-
transpirated to the atmosphere in the form of latent heat
(energy). The change in any one component of the soil-
vegetation-atmosphere (SVA) interface system affects
the other components of the system. Rainfall, incident
solar radiation, albedo, surface temperature, potential
evapotranspiration, available surface water over the
region, soil moisture, ground water condition are the
most important components making significant
contribution to the radiation and water budget of the
area.

Water is one of the most essential components for
sustaining live. Natural water cycle consists of
continuous movement of water between the earth and the
atmosphere. Water vapor from water and land surfaces
circulates through the atmosphere and falls as rain or
snow. When it reaches the earth, water either flows into
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streams and then into oceans or lakes, or it enters, or
infiltrates the soil. Some water becomes soil moisture,
which may evaporate directly or move up through the
roots of plants and be released by leaves. Some water
percolates downward, accumulating in the so-called zone
of saturation to form the groundwater reservoir, the
upper surface of which is the water table. Under natural
conditions, the water table rises in response to inflowing
water and then declines as water drains into natural
outlets such as wells and springs.

The growing demand for water and the anticipated
impacts of climate change necessitate a more reliable
assessment of ecosystem components, water availability
for proper planning and management. Climatic factors
along with geographical context determine the amount
and characteristics of annual rainfall over a given area.
While, factors e.g., geo-environmental setting, rainfall
characteristics, surface characteristics like drainage
pattern, elevation, slope and topographic characteristics
along with soil lithological properties and subsurface
reservoir condition etc. collectively govern the
partitioning of intercepted rainfall water into surface
runoff, infiltration and surface water components. Water
losses through the processes of evaporation and
evapotranspiration are determined by the soil moisture
content, amount of input solar radiation, ambient
temperature, air humidity, vegetation cover, subsurface
water reservoir condition etc. As such it is crucial to
consider all the above-mentioned factors during analysis
to understand the water or aridity condition of a given
geographical area.

Description of the Study Area

The study area is geographically located in the north-
western part of Bangladesh as shown in figure 1. Two
adjacent study sites having different hydro-
environmental conditions have been selected from two
land categories.

The study site 1 is situated in the relatively dry Barind
tract area. Barind Tract is the largest Pleistocene
physiographic unit of the Bengal basin (Rashid et al.,
2015) covering an area of about 7,770 sq km. This unit
lies roughly between latitudes 24°20°N and 25°35'N and
longitudes 88°20'E  and 89°30'E. This area is
characterized as a semi-arid environment (Riches and
Maritime, 2008; Islam and Kanungoe, 2005; with
relatively low vegetation and soil moisture content
during dry period and higher vegetation cover and soil
moisture content during wet period (Rahman et al.,
2007).

The study site 2 is situated in the flood plain areas of the
river Ganges, Mahananda and Atrai. In contrast to study
site 1, relatively higher vegetation cover and soil
moisture content characterize study site 2 during both
wet and dry periods. The soils over these areas are
generally classified into loam, sandy loam and clay. The
study area has tropical monsoon climate like whole area
of the country. Three most prominent seasons of the year
in this area are winter, summer and monsoon are
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prominent. Winter season extends from November to
February during which weather is relatively cool and
almost rainless. Finally, the monsoon or rainy season
extends from June to October, which is warm and
humid. This period accounts for 80 per cent of the total
annual rainfall.
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Figure 1: Location map of the study area situating in the
NW part of Bangladesh consisting of two adjacent study
sites: site 1 in the relatively dry Barind tract area and
study site 2 in the flood plain areas of the river Ganges,
Mahananda and Atrai.

Table 1. Rainfall values averaged over the last 30 years and last
10 years period in different Upazilas under the present study.

Upazila Rainfall (mm) Averaged over
1966-1995 1986-1995
(30 years) (10 years)
Tanor 1428 1518
Nachol 1424 1483
Niamatpur 1686 1669
Godagari 1378 1534
Shibganj 1520 1514
Nawabganj - 1357
Bholahat 1464 1657

The land use of the area is mainly determined by the
land elevation in relation to flooding during monsoon
season and by the available soil moisture content in the
dry season (Rahman et al., 2003; 2007). The Barind area
is mainly a single crop area of transplanted Aman rice.
During dry period, winter rice is cultivated in some of
the places over this area by providing irrigation facilities.
Thereby, exploitation of ground water has also been
increased. The floodplain areas are mainly used as single
and double cropped land with some areas as triple
cropped.

(i) Rainfall Variability

Figure 2 shows the variation of annual rainfall over the
period 1965 to 1995 in four different Upazilas. Two
areas are situated in the Barind Tract (semi-arid region)
and another two are situated in the flood plain areas.
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Annual rainfall averaged over the thirty years period
from 1966 to 1995 are about 142.8 cm and 142.4 cm
respectively in the Tanor and Nachol Upazilas (both
areas in the semiarid Barind Tract) and are about 151.8
and 148.3 cm respectively for a period averaged from
1985 to 1995 (ten years). Average annual rainfall of
about 151.4 cm and 135.7 cm respectively have been
noticed for the Shibganj and Nawabganj Upazilas under
the flood plain area for an average from 1985 to 1995
(ten years). Annual average rainfall about 152.0 cm has
been noticed for Shibganj Upazila for an average from
1966 to 1995 (thirty years). Rainfall is substantially
higher in all the four areas as compared to rainfall over a
typical semi-arid area that usually ranges from 20.0 to
60.0 cm (Colwell, 1983). No significant difference is
noticed between rainfall characteristics of the two
physiographically contrasted zones particularly in terms
of amount of annual rainfall. From the figure it is evident
that apart from April, rainfall gradually increases and
reaches to a peak around June/July. As rainfall
continues, surface water flows down slope toward an
established channel or stream.
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Figure 2: Variation of monthly rainfall averaged over
five years period from 1991 to 1995 in the Nachol and
Niamatpur corresponding to BT and Bholahat and
Nawabganj Upazilas corresponding to floodplain areas.
Here, BT and FP refer to Barind Tract and Flood Plain
areas respectively.

(ii) Incident Solar Radiation

Incoming solar, or shortwave, radiation is an integral
part of the surface energy balance and can often be the
largest energy source at the earth’s surface. The amount
of energy available at the surface plays a central role in
determining the partitioning among sensible, latent, and
conductive energy fluxes at the surface. Similarly, the
hydrologic budget is heavily influenced by solar
radiation as evaporation is governed by net radiation.
Furthermore, biological activity such as photosynthesis,
and in turn carbon cycling, is dependent on the amount
and type (whether direct or diffuse) of solar radiation
(Monteith 1972).

Figure 3a shows the variation pattern of monthly mean
incident solar radiation recorded at the meteorological
station at Bogra situated just near to the study sites
averaged over the period 1991 to 1995. Data have been
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collected from the Bangladesh Meteorological
Department (BMD).
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Figure 3a: Monthly variation averaged over five years
period from 1991 to 1995 of (a) incident solar radiation.
Data Source: Bangladesh Meteorological Department
(BMD).

The amount of incident solar radiation follows an
increasing trend from January and attains its maximum
value during March-April period. Apart from April,
amount of incident radiation decreases till it attains its
minimum value in December.

(iif) Temperature Variability

Figure 3b shows the monthly variation of temperature in
Degree-Centigrade averaged over five years period from
1991 to 1995 in the study area. Data Source: Bangladesh
Meteorological Department (BMD). In general,
relatively lower temperature is generally observed during
December-January and relatively high temperature is
observed during April-October
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Figure 3b. Monthly variation of temperature in Degree-
Centigrade averaged over five years period from 1991 to

1995. Data Source: Bangladesh Meteorological
Department (BMD).

Experimental approach
Data used

Table 2 provides a list of data sets used for the present
study. Data includes different satellite data, climatic and
geophysical data, thematic maps, field-measured data
and other relevant published information. Rainfall data
have been collected from the Bangladesh Department of
Meteorology (BMD). Information on the seasonal
fluctuation of groundwater has been obtained by the
application of geophysical prospecting particularly
electrical and magnetic survey methods.
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Table 2. List of satellite data sets used for the
present study.

Satellite/Sensor  Date

Landsat TM January 25, 2011, April 2,
2010; October 24, 2009

SPOT HRV October 25, 2000

NOAA AVHRR  October 20, 2007

Methodology

Figure 4 shows the functional block of methodology
adopted for the present work. All the digital images were
geometrically corrected and geo-referenced to ensure
proper mutual registration and geographic positioning.
Digital numbers (DN) of each band (band 1 to 5 and
band 7) in TM images have been converted into the at-
satellite radiance (mWcm?sr*um™) and reflectance
(Sanchez-Aparicio, 2020; Hill and Strum, 1991; Tassan,
1992).

List of Data Utilized
* Climaticdata = Geophysical data
* Groundwater data » Conventional maps

= Tabulardata = Ancillary information
= Satellite data ® GIS boundary
| .
Data Preparation

= Preparationof different data layers

* Co-registration and georeferencing of each data layer
against a reference layer in RS-GIS platform.

* Generationof individual GIS thematic data lavers,

* Rainfall

= Depth of ground water level (GWL)
* Surfaceelevation and slope

* Drainage pattem

* Landeover

= Surfacealbedo

= Surface temperature

1

Major Functional Steps

» Geospatial analysis and interpretation of generated RS-GIS
multilayer inputs.

* Biophysical characterization of satellite data applymg
radiative transfer analysis.

» Coupling of satellite derived vegetation cover information to
ramnfall amount

= Derivationofsurfacealbedo and surface temperature

Figure 4. Functional block of planned methodology

The images have been corrected for atmospheric effects
particularly for gaseous absorption due to water vapor,
ozone, oxygen and carbon dioxide and scattering due to
molecules and aerosols using SMAC (Rahman and
Dedieu, 1994) and thereby, the at-surface reflectances
have been obtained from Landsat TM multi-spectral
data. Surface temperature was derived following the
procedure developed by Markham and Barker (1986;
1987) using thermal infrared data of Landsat TM (band
6). In the present work, a supervised method of
classification based on maximum likelihood algorithm
available in the ERDAS Imagine software (ERDAS,
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1997) has been employed to separate individual class
elements in the digital images. This form of
classification starts with the establishment of training
samples, which are areas that are assumed or verified to
be of a particular type or class. The classification
algorithms then 'sort' the pixels in the image accordingly
using a given statistical procedure (e.g., maximum
likelihood algorithm as in the present case). A detailed
description of the used classification technique based on
maximum likelihood algorithm can be found in ERDAS
(1997). Area-wise spatial statistics on different thematic
parameters have been obtained using the GIS based
analysis. GPS (Global Positioning System) based ground
survey has been conducted to verify and rectify the
results of digital interpretation.

Results and discussions

The phenomenon of aridity is defined by a shortage of
moisture based on the average climatic conditions in a
given region (Maliva and Missimer 2012; Agnew and
Anderson 1992). In the recent time, the climatic aridity,
dryness, and drought events are becoming a significant
socio-environmental problem, and are affecting both
ecosystem and the livelihood of populations in many
regions, and especially in developing nations
(Nyamtseren, Feng and Deo, 2018).

Geo-Environmental Characterization of the Area

Barind tract belongs to an old alluvial formation, which
is usually composed of massive argillaceous beds of pale
reddish brown, often turns yellowish on weathering;
kankar and pisolitic ferruginous concretions occur
throughout the mass.

(i) Slope and Terrain Characteristics

Landscape of Barind Tract area comprises of broadly
dissected terrace, closely dissected terrace and level,
intermittently terrace including wide spectrum of land
categories like highland, lowland etc. (Rahman et al.,
2007). Major portion of Barind Tract are under broadly
and closely dissected terrace. The slope related to the
area of a drainage basin (Norbert and Rothman, 2002) is
one of the major factors affecting the partitioning of
rainfall water through hydrological activities like
overland flow, runoff volume of rainfall water and
infiltration etc. (Gamesby, 2018). Particularly, the
channel length and effective channel slope (Norbert and
Rothman, 2002; Rahman et al., 2004) are important
parameters in determining the response time of a
watershed to precipitation events of given frequency.
Steep slopes tend to result in shorter response time and
increase the discharge while flat slopes tend to result in
longer response time and reduce the discharge which
compliances the streaming water principle, that is to
flow the greatest downward slope (Riazanoff et al.,
1992).

The Barind tract area is represented by a series of fault
blocks appears as a terrace landscape. In general, the
tract is hilly in the western side and dissected by narrow
usually streamless valleys, there it is up-warped and
slopes downwards both to the west and east (Rahman et
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al., 2003). Narrow valleys with slope variations dissect
hilly areas. The maximum and minimum elevation above
mean sea level is 21 meter in the northern side of the
study area and 40 meter in north-eastern high Barind
area respectively (Haque, 1997). In the east, the tract is
nearly level, un-dissected, slightly titled to the south and
passes under the adjoining flood plain sediments.

(ii) Analysis of Drainage Characteristics

Drainage network of Barind Tract and flood plain areas
have been constructed from LANDSAT TM image of
January 25, 2011 and SPOT HRV image of October 25,
2000. In both images, drainage areas exhibit
comparatively dark and distinct appearances from the
adjacent areas due to relatively high moisture level of the
drainage roots and landform / terrain variations (Norton
etal., 1979).

Figure 4a shows the contour map of the study area
overlaid with Landsat TM image of January 25, 2011.
The landscapes of the study area include gentle slope hill
shape, hummocky and river alluvium plain land. The
surface drainage network of the area is mainly provided
by tributaries, distributaries with numerous canals and
channels along with a series of rivers namely the
Ganges, Mahananda and Atrai.

)

Surtace Water Sody
Dranage Network
Sauty Area

Figure 5. (a) Contour map of the study area overlaid with
Landsat TM image of January 25, 2011; (b) Drainage
pattern map of the study area as derived from Landsat
TM and SPOT HRV data.

Water is generally drained into the river, cannel and
local water reservoirs through foot slopes of hill and
hummocky lands. Drainage network of Barind Tract
comprises of tributaries, distributaries, numerous canals
and channels, which passes through the valleys and
adjoining low lands.

Figure 5b shows the drainage pattern map of the study
area as prepared from Landsat TM and SPOT HRV data.
The hierarchical lines reveal the drainage network of
terrace landscape. The crest/ridge of up-warped surface
with downward slope on both sides follows a line
through broadly dissected terrace and closely dissected
terrace. The ridge is undulating in nature and seems to be
a series of hill shapes. Drainage networks in elevated
Barind Tract starts from this ridge and distribute only
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intercepted rainfall water among the linked basins.
Barind Tract area is never flooded and hence rainfall
water is the only source of surface as well as runoff
water. In reference to the surface water movement the
drainage network of Barind Tract is unidirectional and
distributary and the direction of distribution is towards
basins.

In fact, the slope and elevation of the surface, soil type,
rainfall characteristics and properties of the underlying
surface largely influence the pattern and density of
drainage of an area (Gamesby, 2018; King, 1984). The
top layer of this elevated hill shape Barind Tract is a
thick clay layer with relatively low permeability rate.
Rainfall in this area has an uneven temporal distribution
pattern over different seasons in a year.

In addition to the influence of underlain clay layer
(Morisawa, 1968) and climatic regime (Small 1978)
another parameter slope angle having spatial variation
has clear influence on drainage network characterization
like drainage branching, traveling lengths etc. A high
drainage density associates a highly dissected drainage
basin with a relatively prompt hydrologic response to
rainfall events, while a low drainage density generally
reflects a poorly drained basin with a slow hydrologic
response (Luoto, 2007; Melton, 1957). In Barind Tract
area dense drainage branching are observed at west and
south-western side and slopes are also comparatively
steep in these areas. Less drainage branching is observed
at north, northeast and eastern side where slopes are
comparatively gentle. Formation of drainage branching,
nature and length of individual branch and their nodding
with the next feeding line are different in different areas
depending on surface topology and climatic regime
(Small 1978). If we consider the ridge i.e., the starting
point as a reference then it is found that the drainage
network of eastern and south-eastern side travels more
than the western part. Topology of eastern side followed
by level, intermittently flooded terrace with relatively
lower elevation angle.

Relatively steep slopes are found in small parts of
Nawabganj, Tanor and Nachol Upazilas that direct
surface drainage flow towards southwest direction and
make easy passages for accelerated runoff for a given
land use pattern under a given intensity of climatic
variables. Long narrow watersheds generally offer lower
peak discharges than do fan or pear-shaped basins. Soil
properties like soil texture, structure, vegetation cover,
biologic structures, initial soil moisture and surface
condition define the infiltration capacity of a particular
soil (Gamesby, 2018; Morisawa, 1968) which also
influences surface runoff. Generally, surface, underlain
by clay layer has a high drainage density (Morisawa,
1968). In Barind Tract up-warped surface with
downward slope on both sides of crests followed by a
thick clay layer with poor permeability high precipitation
rate and surface slope helps expeditious and heavy
drainage and slows down the infiltration rate.
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(iii) Analysis of Lithological Properties

Rainfall water after intercepted by the surface undergoes
processes like infiltration, runoff etc. Part of infiltrated
water goes to subsurface storage. Figure 5 shows the
Lithological map of the study area. Subsurface
configuration of the study area has been inferred from
geophysical data. Height of individual aquifer has been
inferred from bore-logs information provided by Barind
Multipurpose  Development  Authority (BMDA)
(Khaleque, 1994; Haque, 1997). Scattered locations of
bore-logs and corresponding lithological information
have been preserved and presented as point data. From
these randomized point data, a continuous (Raster)
spatial map has been generated by the ‘create surface’
options provided by ERDAS Imagine Software.

Soil lithology is one of the important factors governing
the hydrological movement of water in a ground aquifer
system during both charging and discharging cycle.
Borehole information of the study area suggests the
existence of four compositional layers such as top
clayey, fine sand, composite sand and black plastic clay
with varying thickness. Information provides evidences
of the presence of a relatively impermeable clayey layer
at the top surface over the Barind Tract area. Table 3a
provides the infiltration rates for different soils.
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Figure 6: Lithological map of the study area. Subsurface
configuration of the study area has been inferred from
geophysical data (Data source: Barind Multipurpose
Development Authority (BMDA) (Khaleque, 1994; Haque,
1997).

A long straight profile (219km) was drawn over the
created lithological spatial map covering both Barind
Tract and Flood alluvial plain land to study the variation
of lithology. During profile area selection maximum
attention has been paid to include area with maximum
lithological variations. Location of each intersection
point and its corresponding distance and lithological
information such as compositional variation were
collected and have been shown in figure 6.
Compositional arrangement and thickness of sub-surface
layers having different hydro-geological properties
indicate the occurrence of water extraction and
availability (Uwiringiyimana, et al. 2019; Dunne and
Leopold, 1978).
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Table 3a. Infiltration rates for different soils

Soil type Infiltration rates
mm/hr
Clay 0-4
Silt 2-8
Sand 3-12

The presence of such a low permeable clayey layer
slows down the infiltration rate significantly. Maximum
and minimum variations of thickness of top clay layer
over Barind Tract area are nearly 29m and 10m
respectively. The average of this top clay layer thickness
variation is nearly 21m. And the variation of top clay
layer over flood plain area is nearly 13m.

Under the poor permeable top clayey layer combined
formation of fine sand layer with fine grain size and the
composite sandy layer with mixed grain size is favorable
for ground water reservoir and also for exploration. The
thickness of the composite sandy layer directly
influences the ground water storage quality. From figure
6 it is seen that thickness of ground water reservoir is
relatively poor in Barind Tract area. Storage capacity of
Barind Tract ranges from 1 to 8 except some scattered
areas and in flood plain areas ranges from 9 to 19.

Table 3b. Values of permeability and transmissivity values at
different locations in the study area according to the data
provided by BWDB obtained through aquifer test analysis of
different Upazilas (Administrative unit) of Barind Tract
(Hoque, 1997) along with Upazila-wise areas under Barind
Tract and floodplain.

Upazila Area (hectare) SWL — -
under from 8 = E I—_-%
Tract plain () =S G
Godagari (3822?,/}]) (33870/10) 688 1518 600
Nawabganj (17523; ) (git?’Z) 4.67 57 1200
Gomastapur (145;?/(3 (15625;3 6.23 17 300
Shibganj (08/0) (51%2%/‘:’) 7.24 25 700
Niamatpur (1‘1(;1;(1‘/1:,) (02/0) 9.40 14 400
Nachol (582%2) (1%9;51) 11.60 12 224

The thickness of quantifying zone of aquifer is
comparatively thin in Barind Tract with thick low
permeable elevated undulating top clayey layer which
prompt the surface runoff and its slippery nature in moist
condition also protect the infiltration rate. Eventually,
the combined effects of high rainfall within a short time
period and the presence of relatively impermeable soil
layer at the top surface results in relatively lower
charging of the groundwater reservoirs. Multi-fold
mechanisms like high-rate precipitation, comparatively
thick clay layer with low permeability rate, low storage
capacity and elevation apparently controlling the hydro-
environment of Barind Tract area (Rahman et al., 2003).
Table 3b provides values of the geophysical parameters
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characterizing hydrological properties of the soil
particularly of permeability and transmissivity
corresponding to different Upazilas under the present
study.

Analysis of Hydro-Environmental Impacts

Climatic characteristics of this area as conditioned
principally by incident solar radiation, rainfall and
temperature etc. have significant impacts on the SVA
system influencing the water and energy transfer
processes. Most of these parameters have seasonal and
long-term variations. Rainfall characteristics particularly
(i) Intensity (rate of rainfall); (ii) Duration; (iii)
Frequency (statistical probability of how often rainfall
occurs); and (iv) Temporal distribution are relatively
important in determining surface runoff and infiltration
in a given geographical area.

Ecosystem of the study area undergoes dynamic changes
over time and space due to interaction of seasonally
varying atmospheric temperature, precipitation and
surface radiation with various land types. The observed
changes in the hydro-environmental condition of the area
can be broadly classified into two main categories (i)
periodic changes related to the seasonal variation of
vegetation cover, soil moisture, rainfall and temperature
and (ii) non-periodic changes related to variations in land
use, land cover, soil properties, rainfall and temperature
changes over relatively long period of time. Table 4
provides a list of Upazila-wise distribution of different
surface features for the two study sites as derived from
Landsat TM images of April 2, 2010 and October 24,
2009 representing dry and wet periods respectively.

In the study area, water is generally provided to the soil
layer through rainfall, ground water irrigation and to
some extent through seepage from adjacent water bodies.
While, water reaching the surface is returned to the
atmosphere as vapor through the process of
evapotranspiration that ultimately governs the loss of
surface water and soil moisture in a given geographical
area. Various factors influence the rate of moisture
losses through evapotranspiration over an area of which
surface temperature; soil moisture content and air
humidity are considered to be mostly important. In the
study area, water is generally provided to the soil layer
through rainfall, ground water irrigation and to some
extent through seepage from adjacent water bodies.

During rainy season, soil receives adequate moisture
through precipitation. As the temperature during
November to January time period is relatively low
(figure 3a), the evaporation rate remains at its minimum
value and thereby, the surface layer retains good amount
of moisture. Under normal condition of sub-surface
reserve just a short period after monsoon, surface layer
absorbs adequate water from the sub-surface layer.
During this period rainfed Aman rice cultivated in most
of the areas of Barind Tract. The presence of vegetation
during Aman season helps soil layer in maintaining soil
moisture to a satisfactory level and tends to keep the
surface temperature low enough to maintain the balance.



Rahman and Rahman / IJEGEO 9(1): 079-096 (2022)

A gradual rise of surface temperature apart from January
results in a gradual increase of evaporation. After
harvesting of Aman rice in December, soil becomes
exposed to direct sunlight. But as the air temperature is
relatively low (figure 3b) at that time, the moisture loss
due to evaporation is also low. Such a condition is
maintained up to February or beginning of March.

At the end of March, the temperature begins to rise up
and precipitation remains at its minimum level. Such an
increase in surface temperature eventually increases the
evaporation rate and thereby, causes soil to dry up and
surface water to decrease rapidly. The maximum rate of
evaporation is generally observed during April/May
when surface temperature generally attains its maximum
value.

Here it is to be mentioned a semiarid region is generally
characterized by a mean annual precipitation between
20.0 and 70.0 cm (Gallart et al., 2002). While the areas
under the present study generally receive an average
annual rainfall higher than 130.0 cm (table 1) which is
much higher than typical annual rainfall as documented
by various researchers (Gallart et al., 2002)

i) Variation of Surface Water Coverages

Among various sources, surface water is relatively
cheaper and can be utilized in abundance without
creating any major drawbacks to the environment and
ecology in a given geographic area. Surface water
reservoirs hold water for future usages. Charging of
ground water reservoirs is also an important function of
surface reservoirs. Amount of surface water in a
geographical area at a given time is dependent on the
characteristics of the reservoirs particularly on the water
holding capacity of the reservoir, its position above sea
level, on the surface characteristics (topographic
characteristics, drainage pattern, soil properties etc.) of
the adjacent areas and on the magnitude and temporal
distribution of annual rainfall.

During July to September when rainfall amount largely
exceeds the infiltration rate, a significant portion of the
rainwater drains into the river through the process of
surface run off. As a result, river water level generally
increases during this period and attains their peak value
around July or August (Azam and Rahman, 2004).

Efficiency of a given area to convert intercepted rainfall
water into either (i) surface water or (ii) ground water by
holding it for future usage under a given amount of
annual precipitation is extremely important. Elevation
and topographic characteristics of an area principally
determines the capacity to hold the intercepted rainfall.
Figure 7 shows the fluctuation of surface water over the
study area during two characteristically different
seasons, namely dry and wet seasons. Information on
seasonal water areas have been obtained through
classification of Landsat TM images.

In the flood plain areas, a significant variation in surface
water areas is found between dry and wet periods.
During wet season, water area increases appreciably in

this area due to submersion of relatively depressed land
areas. Excessive rainfall often causes flooding of the
flood plain areas. In Shibganj Upazila (flood plain
dominated areas) situated in the flood plain area, change
in surface water areas is very much significant between
wet and dry periods. An increase in water area of about
23 per cent of the total Upazila area is noticed under an
annual precipitation of 146.3 cm which is significant.
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Figure 7: Spatial distribution of surface water over the
study area during summer (dry) and rainy (wet) season
as obtained through classification of Landsat TM images
of April 2, 2010 and October 24, 2009 respectively.

Table 4. Upazila-wise area of different surface features
in rainy (wet) and summer (dry) seasons as derived from
multi-temporal Landsat TM images of October 24, 2009
and April 2, 2010.

Area (hectare) corresponds to

Name of Season  Bare Water Mango  Crop Other
Upazila soil orchard
Nachol Sur_nmer 24,862 359 490 1,713 1,079
Rainy 5398 731 20,913
Niamatpur* Summer 35248 125 2960 1,579
Rainy 5,532 75 25,215
. Summer 17,663 20 2,086 633
Tanor Rainy 3360 62 11577
Godagari* Summer 37,414 881 972 3,808 909
Rainy 13990 2,077 " 22,152
Nawabganj Summer 33319 3,026 4,255 5589 359
Rainy 27,282 8,644 " 6,082
Summer 4,658 1,190 2,433 4,363
Bholahat  poiny 3138 1322 " 5,645
Shibganj Sur_nmer 29,998 1,705 14,635 7,403
Rainy 31417 4,681 " 2,642
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However, Barind Tract area is not affected by floodwater
due to its relatively high elevation and topography.
Surface does not hold rain water except scattered
distributed ponds over the area. While major part of the
rainfall water moves away to other regions through
surface runoff. As such no significant changes in water
areas are noticed in Barind Tract area between wet and
dry periods. In Nachol Upazila under Barind Tract area,
the change in surface water area is almost insignificant
between wet and dry periods. Increase in water area of
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only about 2.5 per cent of the total Upazila area is
noticed in wet period as compared to that of dry period
under an annual precipitation amount of 155.3 cm. Thus,
conversion efficiency of flood plain area appears to be
much higher than that of Barind Tract area.

Land characteristics particularly  elevation and
topography of the area seems to play a determining role
in the variation of surface water area. Rainfall generally
acts as a unique source for charging ground water
reservoirs and surface water bodies like river, pond etc.
as well. Here it should be pointed out that both the study
sites receive comparable amount of annual rainfall.
However, due to variation in land characteristics of
Barind Tract and flood plain areas, the water holding
capacity of flood plain areas is much higher than that of
Barind Tract area. In these areas, surface water generally
serves a two-fold purpose. Firstly, it provides water for
domestic usage and for irrigation to maintain agricultural
activities particularly during dry season. Secondly, it
helps charging of ground water reservoirs just
underneath and nearby areas. The distributary
characteristics of drainage system of the Barind Tract
area offer relatively quicker surface runoff of the
intercepted rainfall water. While, the flood plain areas
have predominantly accumulated nature of drainage
system.

(ii) Seasonal Changes of Land Cover

Changes in land use and land cover (LULC) cause bio-
geophysical changes to the land surface that disturb the
Earth’s surface energy balance, which have noticeable
impacts on ecological and environmental systems
(Gibson and Palmer, 2019). Table 4 provides Upazila-
wise distribution of different surface features over the
study area as obtained through digital classification of
the Landsat TM images of April 2, 2010 and October 24,
2009 corresponding to summer (dry) and rainy (wet)
seasons respectively. Landform characteristics and
hydro-climate mainly determine the agriculture and other
vegetation activities over the area. In particular,
agricultural functionality of the area is greatly influenced
by a number of factors: depth of flooding in relation to
land elevation during wet season and soil moisture
content during dry season seemed to be the two major
determinative variables governing the landuse of the
study area (Rahman et al., 2007).

In the Barind Tract area, unavailability of water and
acute deficit in moisture content in soil layer during
summer is a general characteristic. As a result, major
part of Barind Tract area (about 90 per cent) under the
present study is found to be under bare soil or fallow
land category in summer (Table 4). About 9.6 per cent of
the area is found to be under different vegetation classes.
While during wet period (October 24 2009), about 76 per
cent of the land area in Barind Tract under the present
study is covered by vegetation of which 72 per cent
belongs to Aman rice area. The basin soils of the
floodplain areas are subjected to varying degree of
flooding during wet season.
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Whereas, in the flood plain areas cover change is
moderate and the vegetation cover varies from 36 per
cent to about 44 per cent, i.e., an increase of only about 6
per cent is noticed (Table 4). In general, flood plain areas
are mainly used as single and double cropped land with
some areas being triple cropped. While Barind area is
mainly used for a single crop of transplanted Aman
(Rahman et al., 2007).

(iii) Thermo-Environmental Variability

Land surface temperature (LST) is an important
reference index used to measure the land environment
and has important impacts on regional material and
energy cycles, ecological system balance and human
production and life (Yan et al. 2020). LST is one of the
primary components that influences the surface and
surface cover activities, crop yield, aridity level and
evapotranspiration rate. The invention of thermal
technology and the advancement of technology can
easily capture the surface temperature through satellites
(Sanchez-Aparicio et al. 2020). Surface temperature has
been obtained from Landsat TM images following
combined methods of Markham and Barker (1987) and
Smith and Choudhury (1991).

Figures 8(a) and 8(b) show the spatial distribution
pattern of surface temperature over the study area as
derived from Landsat TM images of April 2, 2010 and
October 24, 2009 for dry season and wet season
respectively. Surface temperature has been obtained
from Landsat TM images following combined methods
of Markham and Barker (1987) and Smith and
Choudhury (1991). reveals a significant variation in
surface temperature over the study area due to
differences in thermal responses to incident solar
radiation for different functional environments.
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Figure 8: Spatial distribution pattern of surface
temperature over the study area as derived from Landsat
TM image of (a) April 2, 2010 for dry season and (b)
October 24, 2009 for wet season.

Maximum surface temperature is observed over dry
sandy areas situated on the bank of the river. In case of
bare soil temperature is found to be relatively higher for
the drier soil as compared to that of moist soil. In the
densely vegetated areas, temperature is found to be
relatively lower whereas, in the areas having lack of
vegetation exhibits relatively higher temperature. Thus,
surface temperature appears to be one of the important
indicators of biophysical condition of land-surface and
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surface cover (Dan and Wang, 2019; Lambin and
Strahler, 1994). From the figure it is evident that in most
of the areas of Barind Tract surface temperature belongs
to medium to relatively high value in the observed
temperature range. Maximum surface temperature in the
semi-arid Barind Tract zone in dry season is about 41°C
and minimum is 26°C. Surface temperature of denude
soil is found to be relatively higher ranging from 29°C to
39°C depending on the soil moisture condition. Northern
corner of Niamatpur (maximum) and middle of Nachol
areas show temperature from 29°C to 32°C. Major areas
of Godagari, Tanor and few scattered areas of
Gomastapur show temperature variation from 35°C to
39°C. While, major areas of Nachol, Niamatpur and
Gomastapur demonstrate temperature variation ranges
from 33°C to 35°C.

While overall response of flood alluvial plain land is
under low to medium temperature range. Low land and
low land cropping areas of Bholahat Upazila, low land
cropping areas of northern part of Gomastapur Upazila,
eastern side of Mahananda river, small water bodies in
Barind Tract and water of Ganges and other river shows
the lowest temperature. In this season boro rice is
generally cultivated over vast areas under irrigation
support.

Dense crops with good health, irrigated areas and water
having the properties of high specific heat offer
resistance to temperature rise and thereby, tends to
maintain relatively lower surface temperature. In general
irrigation, precipitation and dew increase leaf wetness
(Goel and Norman, 1990) and often lower the surface
temperature, backward radiation and increase net
radiation (Dan and Wang, 2019; Linacare, 1972).
Permanent vegetated areas of Nawabganj, Shibganj and
Bholahat Upazila show moderate temperature. North-
east corner, eastern side and central part cropping areas
and homestead vegetation of Barind Tract also shows
moderate temperature. With the increase of soil
moisture, thermal conductivity and heat capacity of soil
generally increases (Kalma, 1971) which directly
influence the heat flow and temperature change of soil
(Dan and Wang, 2019; Goel and Norman, 1990).
Eventually, in dry season comparatively less moist area
in the southern part of the Barind Tract area and some
areas of flood plain exhibit relatively high surface
temperature.

In the alluvial flood plain minimum and maximum
observed temperatures are 26°C and 40°C respectively.
For bare soil with normal soil moisture, surface
temperature ranges from 33°C to 37°C. Surface
temperature in permanent vegetated areas varies from
28°C to 32°C. In dry season plants in permanent
vegetated areas holds relatively matured yellowish leaf
with minimum water content. Buckley (2019), Ceccato
et. al. (2001), Hunt et. al. (1989), Bartholic et al. (1972)
and Jackson (1982) explained in their study that lack of
leaf water content restricts stomatal functioning that
ultimately increases leaf temperature. Both in Baind
Tract and flood alluvial plain land cropping areas show
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relatively lower surface temperature ranging from about
26°C to 31°C.

Relatively dry Barind Tract and moist flood plain areas
offer different temperature responses to a given amount
of incident solar radiation. Particularly, variations in
moisture and vegetation cover in the two areas mainly
introduce the observed variability in thermal responses.
Barind Tract area offers relatively high surface
temperature, since soil of the area is relatively drier as
such surface temperature increases in response to
incident solar irradiation.

Eventually, surface temperature of the area appears to be
a function of surface type such as soil, vegetation or
water, level of moisture content, physiographic
undulation etc. All these factors are pertinent to thermal
properties e.g., thermal conductivity and heat capacity,
volumetric air-filled porosity (Hiraiwa and Kasubuchi,
2000) of the surface as well as of meteorological factors,
e.g., incoming solar radiation, ambient air temperature
and relative humidity etc.

While in wet season, relatively higher moisture content
in the soil layer due to high rainfall supports the growth
of agricultural crop in the area and keeps surface Regular
measurements are being performed on the depth of water
table at different positions over the study area by the
Water Development Board (WDB), Bangladesh. Figure
8a shows the locations of different GWL measuring
stations of WDB in different Upazilas covering the study
area.temperature to relatively lower values. The presence
of agricultural crops over most of Barind Tract areas
maintains surface temperature to its minimum values.
Relatively small difference in surface temperature is
observed between water and land particularly in the
vegetation covered areas. Maximum and minimum
surface temperature varies within range 10°C to 30°C
(difference is 12°C) in wet season. While in dry season
the range becomes 25°C to 42°C (difference is 17°C).

Dynamics of Ground Water Level (GWL)

Water plays a vital role in the activities of ecosystem
components in this geographical area. Besides surface
water, ground water is the other major source of water in
this area of Bangladesh for agricultural, drinking,
municipal, and industrial usages and plays a vital role
particularly during dry season and drought periods.
Ground water reservoirs are subjected to continuous
charging and discharging processes in a hydrological
cycle. Charging of a particular aquifer takes place by
downward percolation of surface water from
precipitation and infiltration from rivers and lakes. The
incident rainfall intercepted by the surface is distributed
mainly through infiltration and surface runoff. Such
distribution process is primarily dependent on the
characteristics of the soil and properties of vegetation
overlying the surface. A given type of soil has its own
characteristics of vertical and horizontal transmissivity
that ultimately determine the amount of infiltration and
surface runoff from rainfall water. Discharge generally
takes place by evaporation and transpiration, by
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overflows in surface streams and by percolation to
neighbouring aquifers. Another way of discharging of
ground water is the uplifting of water using power
pumps for irrigation of agricultural lands.

® Position of the GWL Measunng Station
Figure 9a: Positions of the GWL measuring stations in
different Upazilas (Smallest administrative unit in
Bangladesh) covering the study area.
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Figure 9b: Plot of time series data of annual and seasonal
fluctuation of ground water (GW) depth in meter in
different Upazilas under the present study. Data have
been provided by the Water Development Board (WDB),
Bangladesh.

Figure 9b shows plot of time series data of annual and
seasonal fluctuation of ground water (GW) depth in
meter in different Upazilas (administrative units in
Bangladesh) under the present study in two different
seasons namely dry season and wet or rainy season over

89

a period from 1986 to 1995 indicating the charging
status in the two seasons. Data have been provided by
the Water Development Board (WDB), Bangladesh.

As a general observation, a gradual increase in the depth
of ground water has been noticed over the observation
period. The comparison of depth of ground water values
exhibits higher depth of WL during dry season as
compared to that in wet season for all the Upazilas under
the present study.

(i) Sensitivity to Rainfall

The hydrodynamic cycle of Bangladesh is mainly
controlled by rainfall activities in and around the
country. Both surface and groundwater reservoirs in
these areas receive annual charging from rainfall that
varies from vyear to year. The main source of
replenishment of ground water in this area is annual
rainfall. However, ground water reservoirs also receive a
portion of charging water through surface seepage from
the adjacent water bodies particularly those are situating
near to river or large water body.

Referring to figure 2, it is evident that almost 80 per cent
of the total annual rainfall occurs in this region during
July-September, i.e., within a short time period. Such an
intensification of rainfall during the mentioned period
initiates the process of surface runoff as soon as
precipitation exceeds the requirement of: (i) Vegetal
interception; (ii) Infiltration into the soil; (ii) Fill up of
surface depressions (puddles, swamps and ponds).
Ultimately, the condition results in relatively high
surface runoff and allows lesser time for infiltration of
rainfall water into the deeper soil.
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Figure 10: Plot of depth of ground water table as a
function of annual rainfall for different Upazilas under
the study area

Figure 10 shows a plot of annual rainfall as a function of
depth of GWL for different Upazilas over the present
study area. The GWL shows a negative correlation with
annual rainfall amount for most of the Upazilas. Such
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relationship between rainfall and GWL also reveals
possible indications that replenishment of ground is
mainly accomplished through rainfall. It is also observed
that the relatively high variability of ground water table
due to rainfall over the dry region and lesser sensitivity
to rainfall variation over the flood plain areas. It is
observed that the response of GWL to rainfall is not
identical all over that study area and a dependency of
such event is observed on the lithological setting of the
area.

In the wet season, rainfall rate is relatively high and
often exceeds the rate of infiltration and thus, surface
runoff takes place. As soon as the level of water in the
river becomes higher than that of the aquifer layer, water
flows towards the surface reservoirs. Consequently, the
river water recharges the aquifer. During dry season,
amount of rainfall is almost insignificant and large-scale
evaporation lowers the water level of the reservoirs.
Thus, surface water level gradually drops down and
usually reaches to a level below the GWL. Under such
condition, flow reversals occur, consequently water from
the aquifer layer is discharged towards the river network
infiltrating through the banks of the bounding streams.
Both in Barind tract and flood plain areas, water level
gradually declines during dry season and rises during
wet period following the temporal distribution pattern of
rainfall amount. The response of GWL to rainfall
amount is different in different Upazilas under the
present study demonstrating different degrees of
sensitivity. The sensitivity seems to be very much higher
in Godagari Upazila. In these areas, presence of large
surface water bodies like Bil to hold rainwater is very
rare, but in some areas foot slopes of hill and hummocky
land producing bowl shape low land water-logged areas
are seen.

All the subsurface reservoirs receive charges instantly
during rainfall. In flood alluvial plain in rainy season
flood water and rainfall are the two major sources for
surface water as well as ground water charging. Number
of low lands/bils holding precipitated and flood water in
these areas helps long term charging of water reservoirs
in these areas. In dry season GWL of Barind Tract areas
specifically in Niamatpur, Nachol, Tanor and Godagari
has noticeable dependency on rainfall amount. In these
areas, rainfall and a limited irrigation return are the
sources for ground water charging.

(ii) Influence of Nearby Surface Water Bodies

For the areas near to the river or large water bodies, plot
of rainfall against depth of GWL does not exhibit any
noticeable dependency. Areas in flood alluvial plain and
its adjacent sides (Bholahat, Gomastapur, Shibganj and
Nawabganj) have minimum influence of variability of
annual rainfall amount on GWL in dry season. These
areas generally receive large support from overlying
large annual water-logged areas with minimum rainfall
and irrigation return for ground water charging.
Gomastapur is under Barind Tract area but there is a
large surface water body adjacent to this area and the
ground water receives maximum support from this
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source and hence the dependency on rainfall amount is
minimal.

Meteoric water charges ground water reservoir through
downward percolation through a complex physical
process and shows high interannual variability (Jasechko
et al. 2014; Lerner et al., 1990; Simmers et al., 1992).
Such variations in GWL as a function of climatological
cycle have been reported by various authors (e.g., Zeng,
1999; Matsuyama, 1992; Quesada et al., 2004). In
general, the GWL depth is a function of land
characteristics  principally of surface topography,
drainage pattern, soil properties, magnitude and temporal
distribution of annual rainfall. In addition, human
interference particularly utilization of water for irrigation
also disturbs the stability of GWL.

Highest amount (about 80 per cent of total annual
rainfall) of rainfall and moderate temperature
characterizes the rainy season and minimum amount of
rainfall with relatively high temperature characterizes the
dry season. Ground water reservoir charges maximum in
rainy season when maximum (almost 80 per cent)
rainfall occurs and minimum in dry season from
minimum rainfall and minimum irrigation return.

GWL depth exhibits significant variability in the spatio-
temporal domain and is maximal in the Barind Tract. In
Nachol Upazila, depth of GWL is maximal both in dry
and rainy season. In flood alluvial plain land at Bholahat
and Shibganj Upazila GWL is at comparatively
moderate depth. Ground aquifer charges from surface
water in these areas. From the rainy season hydrographs,
it is seen that the charging conditions are better in
Shibganj and Niamatpur of flood alluvial plain land and
Barind Tract respectively.

Variation in GWL depth is determined by the balance
between charging and discharging of a reservoir over a
given time period. Seasonal variation adds a fluctuating
component around the average water level. Balance
between inflow and outflow has significant spatial and
temporal variability depending on the amount of annual
rainfall, amount of water drawn from the reservoir and
on the infiltration properties of the soil. Ground water
cycle is often influenced to a large degree, either raising
or lowering the average water level due to human
interference. In these areas, GWLs usually attain their
highest value from August through October and lowest
in April and May. A rapid increase in water level is
generally noticed in May that continues until July. The
rate of rise decreases apart from July, and in many areas
GWLs remains almost stationary from August to
October that might be an indication that aquifer has been
charged to its full capacity. Hydrographs of figure 9b
demonstrates an overall declining trend of GWL from
1986 to 1995 indicating a condition when discharge
usually becomes higher than charge. Depletion of water
table is an increasing concern for the global food supply.
Both the factors - human intervention and variation in
climate affect the groundwater recharge, including
excess withdrawal and abstraction of groundwater
(Hasan et al. 2018).
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(iii) Effect of Ground Water Exploitation for Irrigation
During last two decades, significant advancement in crop
production in this country has been achieved through
expansion of dry season crop cultivation principally
utilizing large-scale ground water irrigation (Salam,
1998). Figure 11 demonstrates the yearly utilization of
irrigation facilities in the country using different means
for a period from 1982 to 2018. From this figure it is
evident that yearly irrigation support for cultivation of
agricultural crops has been increased almost linearly
over the mentioned period still there is a trend of gradual
yearly expansion.

Presently, irrigation is mainly utilized for Boro rice (71
per cent) and wheat (9 per cent) cultivation, which
jointly occupies about 80 per cent of the irrigated land in
the country. Here it should be mentioned that an
extensive irrigation scheme initiated in 1985 covering
about 12,67,400 acres of land in 17 Upazilas of
Nawabganj, Rajshahi and Naogaon districts by
facilitating groundwater exploration (Haque, 1997).

Ground water exploitation is gradually increasing in the
country to provide increased support for bringing new
areas under rice cultivation. Minor irrigation through low
lift pumps mainly by tubewells (Shallow tubewells
(STWs), Deep tubewells (DTWSs) and Force mode
tubewells (FMTWSs)) has been emphasized since 1972
(Haque, 1997). As a result, significant expansion of
minor irrigation with STWSs in the private sector has
been noticed during the period 1979 to 1984. About 0.20
million ha of land was brought under irrigation with
43,000 operating STW's during the period 1981-1982.
This figure indicates that increase in irrigated area is
mainly due to the increase of power pumps that utilize
ground water.

Variation in GWL (figure 8b) demonstrates principal
sources of dependency on the use of ground water in
these areas that is consistent with the observation of
Glennon and Maddock (1994). Over exploitation of
ground water due to irrigation purposes has resulted in
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an average declination of about 3 m of GWL (Haque,
1997) and further declining might be harmful for the
ecosystem of the area. Such threatening consequences of
many riparian ecosystems in arid and semiarid regions of
the world due to ground water declination have been
extensively reported by Stromberg et al. (1996).

Feature-based Impacts on Surface Albedo

Table 5 provides the seasonal albedo values of selected
surface features over the Barind Tract and flood plain
areas as derived from Landsat TM images of October 24,
2009 and April 2, 2010 representing rainy (wet) and
summer (dry) season respectively. The surface albedo
values as well as seasonal land cover statistics for the
study sites have been obtained through analysis of
multitemporal Landsat TM data.

Position under observation Albedo
Feature Land type Geogra_phical Summer Rainy
coordinate season season
Low land 88° 14' 59.46" 11.0 3.7
(Shibganj) ~ 24° 44' 58.95"
Pond, Barind  88° 22' 38.57" 13.0 6.1
Water  (Godagari)  24° 31'38.54"
Padma River ~ 88°18'42.28" 13 121
(Godagari)  24° 28' 44.99"
Barind Tract ~ 88° 28' 39.12" 29.0 17.9
(Tanor) 24° 36' 17.27"
Soil Flood plain ~ 88° 17' 05.25" 30.0 18.9
(Gomastapur)  24° 49' 48.51"
Flood plain  88° 15'30.63" 35.0 24.1
(Shibganj)  24° 45'01.23"
Flood plain 88° 17" 44.70" 48.0 115
Padma River  24° 27' 29.15" (water)
Sand (Nawabganj)
88° 16' 57.46" 45.0 4.2
24° 28'00.80"
Barind Tract ~ 88°23'22.62" 38 (soil) 10.9
Aman  (Godagari) 24° 31' 35.75"
Rice Flood plain 88°13'44.57" 19.0 11.7
(Gomastapur)  24° 46'19.61"  (Boro)
Flood plain 88°19'23.72" 170 15,5
Boro (Gomastapur)  24° 50' 30.53" (clay)
Rice Barind Tract ~ 88°33'14.75" 18.0 13.9
(Niamatpur)  24° 54' 26.53" (Aman)
Flood plain 88°10'05.68" 18.0 11.9
Mango  (Shibganj) 24° 40" 42.95"
Orchard 88°14'59.12" 19.0 10.0
24°41'07.12"
Land and land cover type like vegetation status,

underlying soil moisture content, soil type, soil texture
and structure controlling the magnitude of albedos
through developing a complex pathway (He, et al.,
2019). In the sandy areas particularly near the riverside,
albedo value (derived from Landsat TM data) is
relatively high throughout the year as sand usually has
high reflectivity and low moisture content. Albedo value
as high as 40 per cent to 48 per cent is observed in
summer. Albedo value as high as 29-35 per cent is found
over the soil area during dry season (Table 5). Moreover,
due to absence of vegetation, exposed soil area comes to
a direct contact with the sunlight causing an accelerated
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and exhaustive evaporation of the soil moisture and
thereby, the surface rapidly becomes dry.

In dry season lack of soil moisture due to the absence of
significant rainfall over the area increases the surface
albedo significantly. On the other hand, occurrence of
significant rainfall during wet period keeps the moisture
content of the soil layer to a satisfactory level for a
certain period of time even after the rainfall event.
Emergence of vegetation over the area is noticed after
getting sufficient rainfall. The combined effect of high
soil moisture and emergence of vegetation during wet
season significantly reduces the surface albedo.

The semi-arid Barind Tract area and flood plain area
observe almost similar tropical climatic conditions.
However, differences in landform and variation in local
geology over the two areas mainly introduce variation in
soil moisture level that ultimately governs vegetation
growth over the area and the observed variability in
surface albedo values. As such, the variation in the
surface albedo value appears to be dependent on the type
of landform (Rahman et al., 2007).

The albedo values corresponding to summer and winter
seasons are higher than those corresponding to the rainy
season (table 5). The Barind Tract area mostly represents
bare soil both in summer and winter, and Aman crop in
the rainy season.

Conclusions

Sustainable utilization of available land resources is an
issue of immense importance in food production and
food security under changing climate, global warming
under pressure of increasing food demand often causing
irreversible damages to the land resources and associated
geo-environment  worldwide.  Proper  monitoring
considering various geo-environmental facts and factors,
their limitations and assessment of impacts utilizing
appropriate technology is extremely important.

The present study deals with the conceptual development
of a RS-GIS based Information and Decision Support
System (IDSS) in view of geo-environmental monitoring
of land surface features, functionalities and conditioning
principally of agricultural lands of normal-semiarid
categories. System operation involves necessary
functional blocks for application of remote sensing data
supplemented  with  climatic, geophysical and
groundwater data and other ancillary information. In
view of testing and application on the mentioned theme,
a pilot study has been carried out under the present work.
The overall concept and associated methodology
exercised under this work includes a number of
parameters capable of providing an up-to-date scenario
of the functioning geo-environment. Time series remote
sensing data have been analysed to characterize the
aridity in the Barind tract area situated in the
northwestern part of Bangladesh. Two adjacent but
characteristically different land areas, (i) semi-arid
Barind Tract areas and (ii) Ganges flood plain areas have
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been selected for the present study where different
hydro-environmental conditions prevail over the year.

Spectral characteristics of both floodplain and semi-arid
Barind tract areas have been studied. The study reveals
that the radiometric responses of Landsat TM are
characteristically different for the two study sites having
different environmental conditions and the semi-arid
Barind tract areas are spectrally readily separable from
the other neighbouring areas. The study provides
evidences of high surface albedo, relatively low
vegetation cover and soil moisture in the Barind areas
and much higher vegetation cover and soil moisture in
the flood plain areas during dry season (December to
June). While relatively low surface albedo with
relatively high vegetation cover in both Barind tract and
flood plain areas during rainy season (July to November)
is evident. Seasonal variation of surface albedo is
significantly higher in the Barind tract area in
comparison to that for flood plain areas. Spatiotemporal
analysis of Landsat TM derived spectral curve shows
appropriate seasonal trends and an overall trend towards
increased vegetation over the Barind tract area that is
consistent with field observation over the study interval.

The study demonstrates that radiative transfer processes
through such system are mainly controlled by the
amount of vegetation, water availability and soil
characteristics. Unlike in most of the semi-arid land
areas (where, amount of rainfall is considered to be the
most important factor causing aridity), the temporally
non-uniform distribution of rainfall with almost 80%
occurring during July-September less infiltration rather
than surface runoff of the intercepted rainwater, the
presence of relatively impermeable thick top clayey
layer over Barind tract and above all, the nature of the
landscape seems to play vital role in causing aridity over
this area.

Analysis on rainfall data over the past 50 years shows
substantially high annual rainfall in the two study sites as
compared to that of a typical semiarid land. Rainfall in
these areas appears to be the main source of
replenishment of ground water due to losses principally
caused by large scale irrigation, domestic usage and
surface evaporation.

Lithological data analysis on subsurface configuration
reveals the existence of a relatively impermeable clayey
top layer with comparatively higher thickness over the
Barind area. The presence of such a layer also slows
down the infiltration process significantly. Information
on the ground water table reveals that the semi-arid
Barind tract area has relatively higher depth of the
ground water table in comparison to that of the flood
plain areas.

The semi-arid Barind area shows relatively higher
seasonal variability of the depth of groundwater level in
comparison to that of the flood plain areas. It is also
observed that annual rainfall has a direct impact on the
variation of GWL particularly for the areas situated far
away from the rivers. The response of ground water to
annual rainfall shows relatively higher sensitivity of the
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Barind tract areas as compared to that of flood plain
areas. Further study is required to be conducted with
more data for validation and operational utilization of
this idea.
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