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Abstract

The objectives of the study are to understand the variability and changes in hydro-
climatic variables in space and time dimensions, and to evaluate the performance of man-
aged aquifer recharge (MAR) for sustainable water resources management in northwest
Bangladesh. The study reveals that groundwater resource in the northwest Bangladesh is
under stress. The stress has developed and it increases over the years, as a result, shallow
groundwater resource has already become scarce. The people of the area are not get
ting even drinking water using their hand tube wells (HTWSs) during the dry season and
facing trouble with irrigation water. These problems are becoming acute as a result of
uncontrolled and unplanned groundwater abstraction for irrigation. Moreover, rainfall

in the study area decreases and dryness increases. Higher values of the seasonality index
(SI'=0.87 and precipitation concentration index (PCI = 19.8) are indicators of frequent
e>Cloe™Zeeeil ‘215572817 Z>Z¢1e> " —1WX1-"0255e7 Zije>2-721¢>
moderate to high drought risk (B) prevails in the area. The frequent drought, decreasing
37 —01"—1>S" —eSeedle>S—c"72—eS5¢1>'YZ>1 ~ 81S—el1e " E"1L(
the uncontrolled irrigation are also responsible for rapid depletion of groundwater. As

the annual surplus of water (average = 594 mm) is higher than groundwater recharge
(330 mm), an experimental study on managed aquifer recharge (MAR) has been con
ducted to enhance the groundwater recharge. It shows good performance for restoring
the groundwater without creating any sorts of hazards. Moreover, almost 5% of irri -
gated land can be irrigated from surface water sources by re-excavating the rivers, Kharis
(small channels). It is necessary to prepare an integrated water resource management
plan (IWRMP) considering the impacts of climate change, drought risk, driving factors

of the groundwater resource depletion, and rainwater as a resource for achieving the
sustainability.

Keywords: climate change, drought prone area, managed aquifer recharge,
sustainable groundwater management

[ 7KH $XWKRU V  /LFHQVHH ,QWHFK2SHQ 7KLV FKDSWHU LV GLVWULEXWHG
|ntech0pen &RPPRQV $WWULEXWLRQ /LFHQVH KWWS FUHDWLYHFRPPRQV RUJ OLFHQVHV E
GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP {9l KH RULILQD
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1. Introduction

Water is a vital natural resource and is a key requisite for sustainable development. Groundwater
depletion has been recognized as a global problem. The estimated global groundwater deple-
o’"—1e7>'—e1W _VV.XVV~"I1 ScaidSapidl db@dtioN af ‘groundwater has occurred
¢7> —eIXVVMPIVYVAy-o SeZ51 'e'e5S Sele™51'55’¢Se’" —1'Sel —
over the past few decades. This withdrawal has largely occurred without hydrological plan -
ning, as a result, a high groundwater depletion has occurred. Therefore, the sustainable man
SeZ-7—e1S™M™M,"SE'1'S®e1S4>SE+Z+1S47Z—e'"—1e"1e'Z1"'Ce>"
‘SYZ1eZYZ+"™7Zei1 ~ 7YXpdiited-oWtzhat gustainable development is a concept
still in the making as most of the traditional concepts fail to ensure the use of water resources
in a sustainable manner. The groundwater footprint concept focuses on groundwater recharge
Sel1S—1'—+7i1"+1@&.Cmubdwatér rechatge yates alone cannot serve to address thi
EH>Z1™M "« ECL1877Z0e " —1>7ZS>e’—ele'710e7epid’ -7S455s8a07hat
groundwater management plans based on traditional concepts like safe yield, assured water
supply, and groundwater footprints are not clear indicators of groundwater sustainability
mainly due to ignoring the impact of climate change and drought. However, water resource
' 1Se1e'Z1E™>Z1717200eS —S<eZ1eZYZe"™M-Z—e1>7ZE " e—"£7Z:
Se'"—10 U1l zeeS'—S«<eZ1 ZYZe" ™ glhas einghdsized or Ststainable man
agement of water resources (Goal-6) and combating climate change impact (Goal-13). Henct
'Z1™>70Z—+10e722¢1'S®1e’'YZ—1'21-S"—1S4Z—¢""—1e"1s"
<Gl —eZe>Se’—ele>" 7'« 1E'S>SEZ> e E®ILS—+1E+'-SZ1E
«Z>1>72@"2>EZi1 7>1™ )7 ¥ ntestiatedrme fauhgwater level scenario, drought
characteristics, and dynamics of drought in the northwest Bangladesh. However, the impact
el E e’ -SeZ1E'S—eZ1"—15>S"—+Seel1™S475—1 "E‘1l’R1leZ1-!
potentiality of surface water resource have not been investigated comprehensively yet. In the
™yZ@Z—e1@e2eC81>S —eSeel Ee'—Se e e¢d1>2S—Set@’'el !
XVWWUdLle>'Y' —ele >EZ®L1 ele> 72— SeZ>1eZ™eZe'" 381577
surface water resource have been investigated comprehensively. Beside these, an experimei
tal study on managed aquifer recharge (MAR) has been conducted and performance of MAR
has been assessed. Therefore, it is expected that the study will contribute to the developmen
of the concepts of sustainable water resources management and understand the phenomen
groundwater sustainability in the context of climate change in drought prone areas.

2. Study area

‘Z1®e7¢¢1S52S1 —Ee+z2+Zel ‘S™MS’'1 S SceS—*81 S"eS™"—81¢
Upazilas (sub-district) in the northwest Bangladesh ( Figure 1). The area is popularly known as
S>'—1S8>281S—+1'721S>ZS1E"Y Z>ce 1’'SCG¥dYraphicalfys the arbi [exfeinds
>IN 1eOWNX|[ 1¢Se’e7¢7013VWIISWME AL o™ —o’e7e7il ‘'Z1-¢
area, including the locations of rain gauge stations, meteorological stations, groundwater
“c@Z>YSe'T—1 Zes®@d1IVZ>e'ESe1ZeZE>'ESele"I—e —e10
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(GOW) and MAR sites.

(MAR) sites, is shown in Figure 1. Groundwater is the main source of irrigation in the agro-
based northwest Bangladesh and Barind Multipurpose Development Authority (BMDA) is

responsible for irrigation water management. Groundwater resource exploration is ongoing
on the basis of one-third rainfall recharge hypothesis of BMDA that is beyond the sustainable
¢’ Z +40.yAbout 75% of the land in the study area is used for agricultural practices. High
yield variety (HYV) Bororice, which cultivates during the dry season completely depends on
>"7—9+ SeZ51'55° eS¢’ " —3100'S>Z®@1Se—"e1 "WiX—-1"ele¢'Z1e S

2.1. Geology and hydrogeology

The physiographic features of the area are mainly two types. These are (1) Floodplains whict
'—EezeZ1 '®eS81 " Z51 2>—S<'S<S81 S'S—S—+S1S—e1 S—o7
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0 071 'Z>Z1Zji'eeeelSloe’'s—" ES—cele’'e e e’ (ESe1YS>» Se’'"—
areas. BT is comprised of thick clay surface lithology which is underlined by thick coarser
®Ze'—Z—e017¢1 Sse¢l ¢Z' e " E®Z—21+"1 SeZ1 SeZ2"E®Z—7Zil

©'Z21'Ce>S7eEL1E " —+ZEe'Y' e¢1 e1¢'Z1 RIPBIEZLE SFL+E1CIS
‘SYZ1<ZZ—1"e7Z—¢" Ze1<S®Z+1"—1"'Ce>", >SS LR >Th&UpEErishallo®
aquifer exists just beneath thick surface silty clay layer. The thickness of this aquifer ranges
> "—1WV1e"1Y[1-1S—el’e1E " —ce’'ee®l™*1YZ5¢1 —Z,+", —71
and occasionally clay, silt, and trace mica lenses. Below the upper-shallow aquifer, there is ¢
o 7>, 00'See” 1S87'e7>i1 ‘Z1e " E"—Z0e0el ele’elZ—"01>S—e7
“el-Ze'7-1"1E"S>0Z1>S'—1®S—*1 '+'1"TEES® "—S.1 —71

3. Data and methods

3.1. Data

There are 18 rain gauge stations, including one meteorological station in Rajshahi in the study
S>ZSi1 ~ ZYZ>31W[1leeSe'"—@1'SYZ1e"—-¢, «ZFigufeW). REmE/anay
] collected rainfall data from the Bangladesh Water Development Board (BWDB) and mete-
orological data from the Bangladesh Meteorological Department (BMD). The study prepared
a complete rainfall dataset by estimating missing values by Multiple Imputations Method.

Moreover, data of Bogra meteorological station have also been analyzed as it is located ven
Ee"@Z1le 1e'7Z100e72¢¢1S>ZSi1 ZeS'e@1>Z¢S>¢’—e1¢°715S’—+8}
There are about 150 groundwater monitoring wells in the study area. However, only 15 wells

‘SYZ1e"—e ¢Z5—10W _JW.XVWWIUUle " e1>ZE >e@1S—el1]Y1-"—"0
™ 75’7 e1%«1W _FibMrexly. Whesé data have also been collected from the BWDB. Details
o> 7—e SeZ51e7YZel-"—"¢"5"—01eSeS1ES—1779Ne"7—e1"—1 S*-
3.2. Methods

Rainfall climatological characteristics, such as rainfall seasonality index, (Sl) has been calct
eSeZe1<¢1l Sece‘lS—}fbrmul& TinjeVeeties of seasonality index (si) and precipita-
T lET—EZ—e>8e 1710 G1'SYZ21<27— NApleE_SeT 41
formulas, respectively.

3.2.1. Trend analysis

—1e'Z1™s7@7Z—elezeC¢dle>Z—e@1'SYZ1<Z72—17Z+7ZE-15s16
0 UleZoeeil 1eZoeelce'™ ©1S1e ™ el™75e" S __EZ1e 51’ eZ—>’
V.Opil ¢1°725721°®@1S1e’e—' ES—e1@Z>'Se1E 5525+’ —1S-1
ESeE®7eSe71'7217iSE+1YS17.41 thelstutipe kaly-de 3e3ial come@ibry has beer
ZYSe7Se7¢1¢2¢°5721S—Setf’ —ele'Z1e>7Z—eeil 1725721181
o>7Z—0le5771™>7, o7 ATpAé S0 7AF1S™ ™Mo’ 7ele" 17’ - —SeZ
>ZeSe’"—1¢Ze 37170’ —Se’—ele'Z1leZeeloeeSe e’ EL10 UT1l “>7Z
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‘SYZ1<ZZ—18pEZAly—21"721«'Z1E'S—eZ1™ " —ejl ‘Z15SeZ1 e
Z— eloee™ ™71k’ Bl Z88 el ele ' Z1—Z "e @ OMESIYL 21" 7

3.2.2. Drought risk ranking

7>1™>7Y " 701002 ¢C1E 'S>SEZ>'£7+1 "7 1 8] Using thé-standardizesl
™, ZE' ™ «Se’” 1’ J-Pibudhi riskirdnkddg/is necessary to prepare the viable adapta-
tion measures of an area. This study has ranked the risk of drought using the drought risk
»S — " —e 1’ S et8 knby Xhe/risk condition of the area.

3.2.3. Groundwater recharge and abstraction
‘Z1e>77—e SeZ51¢7907¢17¢1S—1S>7ZSNES—1<Z21 >’472—1Se1ly.
RE7 9 +Q" +ET™ +(Q% °Q™ 1)

Here, R=1>ZE 'SFIMHUN E'S—+721'—1>"72—0"$%/bASe2Z> S «1/:6 1>’ YA
= evapotranspiration from groundwater, and Q" °Q*'1 %1 —Ze+lez«ez>*SEZ1
The @” and ET* are negligible for Bangladesh as river stage during the monsoon is higher
than the groundwater level and land cover dominated by the shallow rooting depth crops
YyXYpil ">Z2"YZ>81>" 72— So’Zishlso hegligible due to the absence of substantia
“¢e>S 7o’ E1e>Se’Z—e0el’ —1 SeZ51¢2YZ1’—1 'S« Shahistiddidha
Ze1SeilyXYploe' —™e’ 7Ze1 ST10WULIS—e1ESeE7eSeZele>"7—-

RE7 =5 =59l 11

where, s 1'cel+‘Z1ce ™ Z (is tie Watef-tev@llheight between annual maxima and min -
ima,and tl1'ele' —Z1™Z>'7e10S1¢Z2S>0711 ST110XuUl'cele’'—"+S>1"]
S—el1>ZE& 'S>eZ1’1>Z7>5>7+1SonIWFFinethod ®1See Z4'WX [+’ Z>7 —
¢ Z1™Z7S"1 SeZ51e7ZYZe1S—ele'Z1e' 2757’ ESele” ZoeeleZV7Z]
calculated has an annual range between the annual maxima and minima from weekly mea-
®2>Z1eSeSil 5"2—e SeZ>1>ZE'S>*Z1ES*E2S""—170'—-e1 &
yZEZ—e1™75 "e@10W_~A[.XVV]1S—e1XVVX.XVV]ileHrle " -21
©'210Z2S0e"—Se'e¢1l —1e>"7—e SeZ>1 7E2S+’""—1ez™™>ZeEce.
'—eZ —0e’'YZ1S <3 Fobtese aredsyirKBangladesh, net groundwater recharge was ca
E7+SZasy XY

RE7 9" +Q" 3)

where Q” is the annual groundwater abstraction. In the study, groundwater recharge has been
ESeE7eSeZe1ct1 3110Y 1.0 s theProuhdiaiki¥abstdattion for supplementary
irrigation during the rainy season as a huge amount of groundwater withdrawn during the dry
season forBorol >’ EZ1E zee'YSe' " —1S<"72¢1W1-1™Z51ces7 R} IHereford,
adding the annual groundwater abstraction misleading the net recharge calculation.
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The groundwater abstraction for irrigation in Bangladesh estimated from the irrigated pro -
™ e’ —17e1e'721007>+SEZ1S>2S1S—e1+'21S-"7—e1"7e1 Se7>1
o>~ ' —e1ceZS oX-FHetiE series data of the total irrigated area of the greater Rajshah
district, which includes the study area and Natore district, have been collected from the book
™7c¢e'@'Zelct1l S—eeSeZe'l 7252S717+1 ¢Se’ee’ Eell Ule™">%
water abstraction has been calculated as the irrigated area is multiplied by an estimated 1.0 n
y X @f abstraction per pumping season per square meter of irrigated area.

3.2.4. Vertical electric soundings (VES)

Z>¢'  ESelZeZEe> Ele ™ 2—e —eell (010Z>YZ¢1le ee™ '—ele'7Z
using a direct current resistivity meter has been carried out in six areas in Nachole Upazila
(Figure 11’ —1 ‘'S™S’'1 S SceS—“1e’'@e>'Eeil ‘Z1 1¢SeS1‘Scel
—Z2+7>1E"-™Se’'ceZloe"ee S5>71 1XiV1 "E‘Lle"ee™ 1021 —Y.
sZoe’ee’Y'e¢1eSeSil —YZ>e'"—1'001S1-S+'7Z-S GEsheded thadthe
inverse method is quite a powerful scheme to interpret the resistivity data. Two bore holes
have also been done and bore logs data have been used for validation of the lithology inter-
preted from resistivity data. These bore holes later have been used as MAR wells Figure 1).

4. Results and discussion

4.1. Rainfall climatology
4.1.1. Exploratory statistics

‘21 S——72Se1SYZ>SeZ1>S" —eSeel ' —1'721S>ZS1e2> —ele+'Z1
1650 mm with an average of 1505 mm, which is about 39% less than the national average ¢
S—eeSeZm'10XZ[)\ Therdiig § XHarp gradient in an increase in rainfall from south-
west to northeast (Figure 2aiiil ‘Z1 '—eZ>1eZ2S0e”"—1'elYZ>¢1«>¢1S—
occurs during this season. After the winter, rainfall starts to increase due to thunderstorms
“>1—"> ZoeeZ>1lei>'—ele?z——-7251072Se™"—il 72> —eloe?--7>01
'e'1S—1SYZ>SeZ17¢1XXV1--1 "E'1’1WZi\-1"¢1S——7Se1>¢
varies from 1001 in the southwest to 1370 mm in the northeast. Almost 83% of annual rainfall
occurs during this season due to the tropical depressions which enter the country from the
S¢17e1 Z—]eSe1yX_

4.1.2. Trends in rainfall
4.1.2.1. Annual rainfall

‘Z21S——7Se1>8 " —eSeel"ele'Z1eze¢1S572S 125 —ele'Z1™Z>"
e ZE>72Se’—elesZ—e10 1%1°Vi][01S¢1S815S¢717¢1°Xi]\1--&¢:

indicate both decreasing (53.3%) and increasing (43.7%) trends. However, most of the trend
0S<"2e¢1 AV-001S>Z10+Se’ e’ ESeetl ' —c@'e—' ES—+il "“lo’'*-—
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E"— ¢Z—EZ1ZYZee1S>Z1le"72—e1"—1 S*“e'S""10°MIVX1--&C;
®eSe’ " —®@I1>ZE@™ZE'YZe¢il —1'Z17¢'251'S—ed1S1e’+—"’
e"7—¢1"—1 S S<eS—*1Sel  —1E"— eZ—EZ1+ZYZ*il ‘Z1™e"eq
S —« 1 7 Aiguiiel 3a .c) indicate downward trends started in 1981 and 1988 in Rajshahi anc
TSeZY™75815Z@™ZEYZe¢d1S—ele'e—' ES—e17™ SrelesZ
tial distribution of the Z statistic reveals that the declining trend mostly occurred in the east -
ern part of the area (Figure 2b 11 S —e1—-Se—"e7e¢Z10@e"™Z1 11YS>'Zoels.:
(Figure2ciil "o —' ES—el1—Z7¢Se’'YZ1e>Z—e@1S>7Z1e7Z¢7ZEeZ+1"—1
©'Z1-S"">'e¢17e1e'Z1@eSe’ " —@le " ESeZel'—1e'7Z1 le‘'” ol —
>S'—eSeel1 el S—eeSeZ®‘'1Sele’ 7Z57Z—el7-" e~ —1EZ—-S>’
OeezeCle 7—eleZE>72S0e'—e1>8]—e¢Seel’—1 S“‘'S"1YyXW

4.1.2.2. Seasonal rainfall

Trend analysis of seasonal rainfall shows a declining trend in rainfall for all seasons. The esti
—SeZel 1@eSe’ee’E®e1S>721°Vi_Zd1°ViIiWXB1S—e1°XTWY1le¢">1
' YZeCil ‘Z1eZEe'— —ele>Z—e1'—1>S'—¢1®ZS0e™"—1>S'—+S«.

(a) ﬁL (b) ﬁL (c)

Annual Rainfall (mm Z Statistics of Annual Rainfall  Slope Q (m/year) of Annual Rainfall
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==1:400-1,450 mm1,600-1.650 g1 65 o 349-000 WW751-11.17
w1450 - 1,500 B -165-000 EEN196-248 . ;

Figure 2. Distribution of (a) annual rainfall, (b) Z statistic of annual rainfall, and (c) Sen’s slope ( Q) of annual rainfall.
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'—eZ>YSeil ¢eSe’"—1 'Z1S—SeCe’'®1>ZYZSe®1+'Sel-"0eel"":
accounting for 73.3, 46.67, and 67% of the stations for winter, summer, and rainy seasol
respectively. The entire study area except the southwestern corner shows a declining trend in
winter season rainfall (Figure 4aandb iil —1e‘Z1ce?--7>100ZSe™"—d1’ —c
S>7Z1e"7—e1'—1'7Z17S0eeZ>—1™S5e17e1°7218>2881*~ 2YZ>81
the western part (Figure 4cand d i1l —oe’e—' ES—el1eZE>72Se’—*le>7-
S>Z71e"72—el1’—1'72172SeZ>—1™S5e81<7e1 —ae’'e—" E Figurd 4ép
The slopes of summer and winter seasons are very low Figure 4b and d). Rainfall in the BT
'— E>Z2S®Z0el1"YZ>1'Z1¢72S>001S 1S 1w 4f) dlirifydnesrdiny Seasbry,

4.1.2.3. Monthly rainfall

Monthly rainfall time series indicates the magnitude of change is close to zero for the months
Yol "Y. Z<il eeleeSe’"—®@d1Z{EZ™e1 S™MS'S>31e'” 1'—E>Z

Figure 4. Distribution of Z statistic and slope (Q81--& ¢Z2S>i1"*1eZ2S0e " —Se1>8" —eSeej
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"¢l S>E‘'1S—e1 SE'"*Z1le'”T el1Sle'e—" ES—1'—E>ZS®’' —

'—1>S'—eSeele 1 Z1-"—e'@17e1l ™>'e1S—e1 S¢il —o'e—" (
found in rainfall in June. However, the decreasing trends except Nawabganj are found in July
>S’—eSeel1S—el@'e—" ES—elerZ—s@le 72—l —1 "*"—™7581

‘Z1-Se—"07e7®@17+1E'S—eZ®el el Z1le e—" ES—elesZ—eel
e"1°[iI]\1--&¢ZS>1"—1 S™MS‘S>i1l —e’'e—' ES—el1eZE>7ZS®’ —
tions in August and September. The decreasing trends also dominate over the area in Octobe
5S'—eSeeil 'Z17YZ5>Seel —e' —eele’” 155 —eSeel’ —1e'Z1—"esu

4.1.3. Seasonality index (SI) and precipitation concentration index

Sl value in the study area varies from 0.84 to 0.89 Figure 5a) with an average of 0.87, which
indicates rainfall is markedly seasonal with a long dry season. The Z statistic of seasonality
index (SIk) time series Figure 5b 11’ —e¢’  ESeZ®@1S—1'—@’'e—' ES—ele>.

‘Z1 1ESeE®72+S¢72+1"—1S—1S——7Se1@ES+Z21YS>'Zels>"-1
an average of 19.84 Figure 5c). In general, lower values are found in the BT, whereas higher

Figure 5. Distribution of (a) rainfall seasonality index (Sl), (b) Z statistic of Sl, (c) PCI, and (d) Z statistic of PCI.
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values are found in the northwestern part ( Figure 5c¢). The PCI value indicates irregular to
strong irregular distribution of rainfall over the area. High PCI value also indicates a higher
™Z>@EZ—+SeZ17¢1S——7Sele”eSe15S —eSeel"EEZ>01 "¢''—18
o> —1e>28727—ele>"2e'eil ‘Zle'@es>'<Ze’"—1"ele'Z1 1S’ s’ E
'— e ESeZe1S—1'—0’e—' ES—e1—7ZSe’'YZ1e>ZFigulee'5d)) —SeZ¢

4.1.4. Drought characteristics

‘Z1eZ+S’e@17e1le>" 7' e 1E'S>SE+Z>' s’ E1™+1'21S>2S18F Vhe
$572S17 Z>Ze1e> " —1WX1-"907>8e71e 17 je>2—-71¢>"2e'v02lez> —
J[-1"ele> 70 e1ZYZ—ee1’'—1+'21S>2ZS1See"E’'SeZel ’e'1 o1’
§57281e>28727Z—eeC1l0e? Z>1e>"—100ZYZ>Z1e"1Zje>Z—-21Ce>"e "1
™SseleZz Z>01le> " —1Ses’ Ezeoz>Seles ze'eil ‘Z1e57Z—e1S—Se¢¢
S>7S 1’ — @) Iiedrdusght fisk ranking diagram has been prepared to know the risk con -
¢’ 170171857811 —1¢'Z1>°@"1>S—""—e1¢'Se5S 517157
Si'elS—e1E+Seoe’ Zel'—e " 1¢"7>1E*See’ZelSmel’'+'10"—21
" 10"—Z71"—1[.WV1¢ZS>@U01S—e1VYZ>¢1e” 10" —Z71SeeZ>1WY
‘Sel<«ZZ—17@Zs1 " 1ESem@’e¢le'Z1e> " 2e'e1S—el™e" 471" —1.
0 ¢'U01 10-"eZ>SeZ1« 1«81 10z &’ Z—]Agriculturil dmeceorolgil-
cal, and hydrological drought risks conditions of the area have been presented in Figure 6.
The severity of mild drought is the lowest among the four categories, but frequency is high.
Z—EZ081>®"1S®eE E’'SeZel 'e'l—"eeles"7e'el’ ®lez E'Z—-¢
with moderate agricultural and meteorological droughts is low (Class D), however, it is suf -
E'Z—eeC1e'10 eSceel Ule >1'Ce> e e’ ESeles> Ze'eil ‘Z1e>"7
high (Class B) for severe drought in the study area. It is also moderate to high (Class B) fo
extreme hydrological and agricultural droughts. The rain feed Aman paddy cultivates over
©'Z21S>2S01 ' 2152827 —9+1—-"901S—el1-"e75Se71>"7e'e@1ES7?
ZVZ>721>"72¢'«1ES—1ES700721-"521+'S—12ZV-1+S-SeZ1 1>
>ZYZSe@le'Selezs —ele'Z1leSeele> 20 el ™75 el GXVVA. XVW-
©SeZele'Z1™See¢l Zeele 1—"—'—"£71'Z1e @@l 1> EZ1™>
groundwater occurred.

VN

Figure 6. Drought risk ranking based on frequency and severity.
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4.1.5. Water balance

1'Sel«ZZ—1ESeE7¢SeZ+1<¢1 Z—— 30} The-coricept bfiaies balanct
'—1e'7217—0©Se7>PPAEHEI«ZTY-1S™ ™Me’7e1e"1ESeE72S+71S¢(
S——7SeleZ E'+1S—e1S——7Selmez>™Mezm@l el SeZ>il “@1E"
SeZ51<SeS—EZ1loesze¢17 el S—eeSeZe'1yYXpil 1‘'Sel«ZZ—
o’ —@le’"Z1 S*®'SIOWY]M1-——i1S—e1 "e>S1OGWYX]1-—=iil ‘Z
S—1SY7Z>8S¢717¢1 WZ1-——-1 "E'1’01S< 2¢1\X-1"¢1S——7S+1>S
varies from 448 to 759 mm Figure 7a) with an average of 594 mm (39% of annual rainfall). Soil
—T'@ez>21+7Z E’e1’—1+'721S>72S1YS>’ Higark 7b)-addhjgHer vallesyate feund
'—1e'Z1 i1l ‘Z1-"—e'et]l Se7>1<SeS—EZ1lee7¢1>2YZSecel+'S
continues until May in the western part, while it starts in December and continues until April
in the eastern part of the area.

4.2. Groundwater scenario
4.2.1. Trends in groundwater depth

72>1 ™>ZY " 70e1 te 9 evaluetédythe spatio-temporal scenario of groundwater level of
©Z1@e72¢1S85Z2Si1 "1 E " — >-1S< 701 Z1e>Z—o0el1 <SS —Z+1'—1

Se7>1¢72Y7281 Z1'SYZ152S—SeCEZele'Z1e"—e oZ5—10W_JW.XV-
age groundwater level data of the study area, linear trend, and Sen’s Slope have been shown i
Figure 811l '—'eS>1e"1e'Z1>7Z 071"« 15[ A e $W doo¢ "@I1S See(Sliog '« — ' (
have been found in 86.67% dry season long-term groundwater depths time series data. Moreover
©3Z—1S—Sete’el™ 1l Zel®ZS®e ™ —1e> 72— SeZ51eZ™e'1See™1
increasing trends in groundwater depth with high magnitude of changes are found in the BT. The

Figure 7.1 — —2Sel0ez>™e701S—eleZ E'el1"el SeZ>1e"7—ele"—1¢'7Z1 SeZ751¢Se¢S—(

()
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increasing depth of groundwater during the wet season indicates that groundwater withdrawal

of the area is unsustainable, and aquifers of the area are not fully recharging during the wet sea
" —i1 7> '—el1e*Z1™75 el e1W__W.XVWV31 " —1S—1SYZ>S+71 .\
'—1e'Z1S5ZSi1 Z"™eZ1S>71—"eleZ4 —ele>’—""—el SeZ51le7> —-el
»7—0e1eS>1<¢Ze” 1e'Z107E e~ — 17} Farmers bethe hitazhat algo mentioned tha
©'ZC1S>7Z1—"eleZ4 —e1 SeZ51 'e'1S1lezeeloe '—ele>"—1 @lez>' —

4.2.2. Groundwater recharge

To calculate groundwater recharge of the study area, groundwater level data of 73 (Figure 1)
—T— ey el ZeeleT>1e'Z1 ™75 el e 1W_ _W.XVWV1‘SYZ1<Z7
recharge in the area varies from 153 mm in Patnitala to 580 mm in Godagari with an aver-
SeZ17¢1YX[1--11 ‘Z1 ™ 3% shawed that grotiidgvater recharge ranges from 109
“1[]X1-Fighre QU1 '«'1S—1SYZ>8¢Z217¢1YYV1——il ‘Z>71'cel—
the estimated average net groundwater recharge and previously estimated groundwater
» Z @& * S 88/ However, there are notable variations in some Upazilas. Groundwater recharge
in some Upazilas in the study area has been increased in comparison to the previous study

Figure 8.1 '—ZS>1e>Z—el1’'—1e>"7—e SeZ51eZ™e‘1’' _1e'Z1e?¢15>251S—¢1 Z—
season and (b) wet season.

Figure 9. Upazila wise calculated values of S, 1 Ya &t 0——(81 > 72—+ SeZ>1>ZE"'S>+210--11 @3,
values of groundwater recharge (mm) considering groundwater abstraction during rainy season.
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The increasing amount of groundwater recharge may relate to the favorable recharge struc-
tures created by BMDA such as re-excavation ofKharis rivers, etc. Groundwater recharge in
some places of BT increases, but declining trends in wet-season groundwater level indicate:
yZ@EZ—ele> " 7—e SeZslee ™ >FeZleZ™eZe’ " —1yXY

4.2.3. Driving forces of groundwater depletion

The areas irrigated by Shallow Tube Wells (STWs), DTWs, and Power Pumps (PPs) wer
Y\"81WAVAELS —e1 "W1le'"700S—+1SE>Z®d1>Z2@™ZE'YZ+¢d1
©"72®@S—e1SE>Z®B1>Z0e™ZE'YZe¢dL —1IXVWVil ‘Z1e>"7—
W _  Z1™7_™'_ _e1eZSme”—1 SelSc Z2«1X][ZY)Tof fireaser’ Rajshalh dis-
trictand itwas 7195.3Mm31’ —1XVWVil ‘Z1e>"7Z—e SeZ>1Scee>SE+""-
®eZSe"—1W__Y.W__ Z1«"1X\RgureX¥aWeleéstimated Z (5-05)-stdtistic indi
ESeZ®e1S1esSe’' e’ ESeetlme's—' ES—elerZ—el ' —1e>" 72—
Z—EZ81+"'ele's—" ES—ele>Z—e1’®1S1e’'s—" ES—e1>Z¢
'— 121552871 ‘*Z1 Se—=S1 'YZ>81 "E‘'1'®1" —Z1'Z1-"e"'s¢
o'Z1@"z2e' 170121 00272¢1S>2Si1 §72'eZ>1eZ2Z001'21>'YZ>1-
the river water level goes below the groundwater level and river feeds the aquifer dur -
'—ele'71>S’ — @4.FeSrents+i gnnual maximum and minimum discharge of the
Padma River are shown in Figure 10b. It is seen that both the maximum and minimum dis -
charge are decreasing over the years. However, the decreasing rate of minimum discharge
O0OWY XPR[RGL 0l "¢ Z>1e'S—1e'Sel " e1-Si’'—7238cid E“Scel” 1d
reasons for the rapidly increasing trend in groundwater depth during the dry season in
the study area. The Padma river which originates in India is a transboundary river. India
"1 E " —e>"ee’ —ele 71 " 171 7215'YZ5i1 Z—EZ81+>S—@<Z
factor of groundwater depletion in the study area. Moreover, decreasing rainfall and fre -
§77—ele>"7¢'e@185721See™1>Z@™ " —e’'<eZ1SE*">01+">1%8§|:
7> 72>=">7081' 721« " E"1E*SC10ez>*SEZLe e e e¢1OW[.YV1-
part of the area is the inherent problem of groundwater recharge in the study area. It is also
one of the driving forces of groundwater depletion.

Figure 10.10S U1 >"2—s SeZ>1Scee>SE+'"—1ez>'—e1W__Y.W__Z1+"1XVV_.XVWVa1
of Padma river.
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4.3. Alternatives for achieving sustainability in water resources management
4.3.1. Surface water potentiality

7>¢SEZ1 SeZ>1'ele'Z1c<ZeelSee7>—Se YIHpedrtutted o detailélstinvicy
on the surface water potentiality in the northwest Bangladesh. The survey data have been ana
lyzed and presented in Table 171 ‘Z>7Z1'1S1eE " ™71 1’5>’¢SeZ1XYd[\
®Z72>¢SEZL1 SeZsle> =1’ Z5Z—ele™2>EZe1l —1e Z>Z—e+1 ™MSE’.
of land can be easily irrigated by surface water as the surface water always available over the
years (A+). In addition, 4035 ha of land can be taken under surface water irrigation scheme
by re-excavating the existing rivers and Khalsl’'— 1+’ Z>7Z—e1 ™Sf£'eSel’ —1—
Almost 5.08% of irrigated land can be irrigated from surface water sources (Table 1) in the
northwest Bangladesh.

4.3.2. Managed aquifer recharge

1Se1S1-ZE'S—"e—1"¢10ee > —el SeZ>1'—172—e7>>"7—e1-
Z—+1™S5ece 1”26 Adepermeptal study on MAR in two villages (Mallickpur and
Ganoir) in the study area has been done in Nachole Upazila in Chapai Nawabganj district
(Figure 10711  10@2>YZ2¢1'Sel1<«Z2Z—1E " —e7EeZe1 ' —1+'Z10Z2C
M7 —1eZ™e 17017 ES>eZ1 Zeeril “1<>Z1'"eZ®1'SYZ1<Z22
™sZeZele'se'"e e le> " —1 1S—ele'Z@Z1<>Z1" o2 1eSeZ51700 7"
0 "—Z, 01’1 E'S>SE+Z>' £Z1<C1E+SCLle’e' "0 el "o’ 1o’ E"—2
'Y e¢1YSe72717e1 "—Z W1>S—eZo0oele> =1 171X 1 —i1 ‘'Z>Z217j
—Z21e71-7Z¢'7-10S—ele’'s'"e7e¢l "ol E"—Z®1YS>'Z®le"
“—7. 1>S—eZ01e>"—1\Y1e"1W_ "1 —71 “"021S87'eZ>1'021>ZS-
tiality for groundwater development for drinking purposes. The schematic diagram of MAR
has been shown inFigure 11. Rainwater falls on the roof of the corrugated iron in household
level. Rainwater is collected through a pipeline system and poured through into a storage
system (Figure 11), which is a recharge box. The total catchment is used for rainwater harvest
e 1’ PXKVVA-YZ1>ZE'S>eZ1™ —e@l’'—1Z2ZSE ‘1Y eeSeZil Z+"
the recharge structure into the aquifer, it makes free from any sorts of silt and debris present.
‘Z1>ZE 'S>eZ1<j10WIi[1-1%1Wi[l-1'£Z01'1l esZ1 '+'1>' &
coarse sands. The depth of the recharge box is 3 m in the top clay layer. The recharge well h¢
(27—1E " —0ee>7EeZe1Sele'Z1<¢ 47" —1"01'Z157ZE 'S>¢7Z1< jdle
Zes1SeeZ51 eoZ5 —el1’'—1'Z1>ZE'S>eZ21<"jil 'Z>21'®1S1loee>S
where it meets the aquifer. Finally, the rainwater enters into the aquifer through the strainer.
The groundwater level is monitored by observation wells in both villages. Rain-gauge stations
‘SYZ1<Z7Z—100Z12™1e"1>ZE 501'¢il "e'e¢1™Z>EZ—+1"¢15>S" —
fall for recharge as rainfall loss occurs during heavy rainfall events. To ensure the quality of
groundwater, water quality of both sites has been analyzed before and after the implementa-
’"—17e1 i1 ‘'Z1 SeZ>1'1eSeZ1le 51> —" — e BT The Avdeage mali-
~72-1S—e1-"—"—7-1 SeZ>,0ZYZe1leZ™e¢']1 S1WZi\10-081ceelil!
TelW_ W.W_ [1'—1 SE*"eZ1 ™MSE'eSH1>Ze™ZE'YZeCil YZ5¢
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Upazila Upazila Irrigated area  Irrigated Potential surface water irrigation areas (ha)

area (km?) g’f;e)aof total area (ha) A+ A B c Total Irrigated

area (%)

Bagha 184 X1 4975 — X1V — — X]V 5
Bagmara 363 59 XWoZW] — — XXWV— XXWV10
Charghat 165 71 11,715 XVV 300 450 — 950 8
Mohanpur 163 1X 11,736 — 390 700 — 1090 9
Paba XAV 71 19,880 300 300 400 — 1000 5
Puthia 193 90 17,370 W XV810 — 930 5
Bholahat WXZ 90 11,117 X[V — 175 110 535 5
Gomastapur 318 39 WX8ZV] X%y — — X1[V XX
Nachole XNZ 36 WV 3 XW X575 — — — 575 6
Nawabganj Z[X [ X XY8Z_B440 — @ — — 3440 15
Shibganj [X[ 45 XY®&\ZZ 750 S — XX[ 975 4
Atrai X~z 76 XWa[rZ 470 690 — — 1160 5
Badalgachi XWzZ 1X 15,408 — — XVV XVV1
Dhamoirhat 301 90 X]oV_V — — 1000 WXV WWZXV
Mohadevpur 398 83 33,034 980 685 110 1775 5
Naogaon X1\ 93 X[o\WA — — X[V X W 460 X
Niamatpur 449 55 XZo\_[ — — — XVV XV Vi
Patnitala YAX 61 XYOYVX WXV —XAV — 400 X
Porsha X[Y 41 10,373 — — 690 600 WX_V WX
Raninagar X" _X XYOJ\\ — 450 450 Y XV W X X6V
Sapahar XZ[ 37 9065 — — 315 700 1015 11

“eZfA1l Al "eZ—e'Sel@7>eSEZ1 SeZ>1"2>EZ®@1e"ESeZe1l —15¢1S5>7ZS5S1S—-
SYS'eSceZ71'—1@™"-21¢72S>001¢2>'—ele>t¢10Z280™"—01'1>72,ZiESYSeZ+81 Se7Z>1
SYS'eSceZle7>'—ele>t1leZSe™"— 001’1572, ZiESYSeZe81 Se7>1 "001¢Z15YS +S«<o;
if re-excavated, it is possible to conserve water for irrigation purposes.

Tablel.1 "eZ—¢'Sel10e7>SEZ1 SeZ>1'>>'e8¢' " —18572801’'—1e’ Z>Z—e1 ™MSE'«Selll
1y35]).

Z—ele” —1e¢ 1WA _10-01c¢oelil1S—e1WXiX10-01lcoolilez> —el
“el leZy’—el1e'71>S’—¢1eZSe"—1 Z>721 iZ81IWXiZd1S—1W
XVVV.XVV[81>Ze™ZEe'YZe¢il ~ ZYZ>81’+1 Scel™ —eC¢1\i[1l-1-
'—el17e1l 1'—1¢'Z1S572ZS1 Sele'Z1le” ZoeeleZ> —elXVV\.XVW
‘ZSYC1 "e'e>S Sel"eles"7—e SeZ51¢ 51 @Z™M™Me7Z_7 —eS5¢1"5> ¢S
recharge structures in the two villages in Nachole Upazila ware installed in the month of
“YZ—-<Z>1"—1XVWYil ‘Z1 SeZ>,e72YZeleZ™e'gel el e‘1Y eeS.
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Figure 11. Schematic diagram of MAR technique implemented in Nachole Upazilla, Chapai Nawabganj district.

yZ0e ™™ _ 717185’ (E’Seet¢1S7e—7—e7¢1>7ZE 'S>¢721°YZ>1+'71
eZ™e'] SelWYi\\N10—-81ceoil’'—1 See’E"™75]1 'eeSe71’—1 S¢1
'—1 S¢1"—1XVWI[il “"el>Zoezeel —e' ESeZoele'Sel SeZ>,e2Y7Ze
¢Z2S>1eZ™e'1S0e1e'Z1E2-2Se’'YZ1Z ZE+'YZ1>S —eSeele™>1e'7
XVWZ81<¢ze1'¢1 Se1ZZ"1——1"—1XVW[le 5121 @S-Z1™Z>' "«
o' 7¢1 7Z>7Z1—"e1eZ4 —el Se7Z>1720’'—ele'Z’51 celeZ> —ele'7Z1-"
e 7¢1S>7Z174 —e1 SeZ>1720'—e1e'7Z'>1 oelez> —ele'’l™Z>’
e 710S-71""—e1"e1le®Z—S>""1'Sel«ZZ—1"<eZ>YZ+1S—+1 S«
e'S—1"—1XVWZil ‘Z1S-"72—e1"e1 1570+ >Se'"—1'cl—"el1lce¢
—S —e¢le7Z1e " 1e'Z1e’ Z>7Z—EZ1'—1>S'—eSeel1S—0e1"e'751¢SE-
and rate of abstraction may also responsible.

5. Conclusions and recommendations

The compass of this chapter is to understand the long-term hydro-climatic characteristics
and evaluate the performance of MAR for achieving the sustainability in groundwater
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management. Our intent was not to cover all the aspects related to the sustainability of

SeZ>1572®@ " 2>EZ2®1-S—SeZ-7Z—¢il "~ ZYZ>81'2Z1 —¢ —eel”
standing the phenomena related to sustainable groundwater management in drought
prone areas. Our study demonstrates that unplanned irrigation for the dry season rice
™y e7Ee’' " —1'le'Z1l®'s—" ES—el>Z™ " —e’'<eZ1+SE+">1-
mate-related factors, like decreasing trend in rainfall, distribution of rainfall (SI and PCI),
frequent drought, are also related to the groundwater depletion. In the study area, the
thick clay surface lithology, which is the barrier of groundwater recharge, is also an impor -
tant factor for groundwater depletion. The study also demonstrates that water resources
management also related to the transboundary river relationship. To achieve sustainability
in groundwater resource management particularly in the study area, water resource man -
agers need to consider several factors along with the factors mentioned. First, it is time tc
©S"Z1eZE'®'"—1S<"7e1e'Z1eS—e170Z21™S47Z5—®1Sel> E:
area during the dry season, is the highest water consuming crop in the area. Though it is
the staple food in the country, it is necessary to reduce this crop cultivation to protect rapid
depletion of groundwater resource. Moreover, water-saving irrigation techniques such
SeeZ>—SeZ1e5¢ —e1S—el1 74’ —e81>S ®@Ze1<Z+17ZE —'8727Z¢
water irrigation where and when it is available need to facilitate to minimize the stress
on groundwater. The present study also indicates that groundwater recharge in some
Upazilas increases due to create favorable recharge structures like re-excavation of river:
and Kharisl0ee—See1E®'S——Z0il ~ ZYZ>81+'217Z ">+1’@1—"+15%
water depletion. As annual surplus water is higher than the net groundwater recharge,
groundwater recharge favorable structures for rainwater harvesting need to develop. An
experimental study on MAR shows the potentiality of the technique for ensuring drinking
water supply especially in the rural areas. An IWRMP considering the driving forces of
©>77—9e SeZ>1e7Z™eZe'" 31 ™ e7 —o'Se’e¢1 elez>*SEZL Se7Z>
area need to prepare and execute the plan accordingly for achieving the sustainability in
water resources management.
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