mation becomes very important, particz'llarly in a cultivated Ia;?d mfwss owing 1o ¢
water in the area of agricultural producrivity.. Thl..v paper presents the estimation and trey
,réckarge in Kwadna basin using modlﬁe.d soil moisture balance model be'fween the years |
5 layer soil water balance model coupled with hydrological ’710d€15 was used in the recharge estimgyj
atistical techniques were used in groundwater recharge f/‘ena.' analysis. The me{eoro[oglca/ data useq in
lels ivem obtained from Nigeria Meteorological Agency, Minna for the entire stu.dy period. Polemzal
R 7 : lranspiration equatio, Soil
périies like moisture content at both field capacity and wilting point, near sulfa.ce stO{‘age, S0il moistyre deficir
d crop properties like crop rooting depth and crop growth stages were obtained Jrom the past Studies gnq
yformation gathered from the farmers in the study area. The results showed that annual groundwater recharge varieq
- from 156 mm in 2004 to 731 mm in 2012 which correlated positively with rainfall. The soil moisture balance mogy]
results indicated sufficient soil moisture for crops’ use during the period of June to September each year yhe,
- SMD<TAW. The groundwater recharge trend analysis recorded an increasing trend with statistical significance in ghe
- two statistical tests used. Thus, the higher groundwater recharge and its increase in trend observed was attributed 1
higher rainfall depth recorded within the study period in the study area.

Keywords: Groundwater recharge; Soil moisture deficit; E vapotranspiration, Trend analysis

INTRODUCTION
Estimating groundwater recharge in a region with vast agricultural production where potential evapotranspiration often
exceeds annual rainfall becomes very crucial owing to the rate at which the cultivated crops require water for their
growth. In such a situation, the shortage of water in the root zone. in particular, has been responsible for low yield in
agricultural production. This, in other words, means that to ensure increase in agricultural production in the region,
{eplenishment of groundwater lost to evaporation and évapotranspiration through rainfall and irrigation becomes very
significant. This replenishment is, therefore, termed groundwater recharge. According to Shukla and Jaber (2006),
groundwater recharge occurs when a portion of the water falling on the ground surface Bcrcolates through the soil and
reaches the water table. This recharge, spatially and temporally, is influenced by several factors, among which are
meteorology, characteristics of soil and underlying geology, vegetal cover, depth to the groundwater level and
frequency ofgroundwater recharge (Eni and Nicholas 2014; Adeleke et al. 2015). 3
i o few ot i, 2009 o (€20 . 016; Dash et 2016 A
o percenta’ge of rainfg;]l oy af.‘slet\i; e:' al. .(2099), with adequate rainfall and minimum surfa.ce rlunooﬂ,
e o b eﬂ?c ive llal.nfall wguld get to the root zones and become availab e sin
B L gde o ele .Tctlve @uﬁal! will also recharge the groundwater table thereb)’_ralS ng
E e e Fag ;Oel ;vaﬂlriaple.: soil moisture at the root zones (Rushton et al. 200_6; de Siva Eed
rainfall as the most important source of )d 101 further buttressed by Eni and Nicholas Q01 B eStabIZl(S)m)
further submitted that groundwater rechgmun' e Nl~g g anctal, (2015) and D Silva and Ru;hton( e
arge is highly variable as a result of erratic rainfall patterns. This, therefore,

5 3 K g IS
8€ment in any basin with large scale agricultural production, thereDle
ns and groundwater recharge rates of the region. As pointed out by

- need for proper understanding of rainfa]] patter,
. Iva gmd Rushton (2007), this information on




i o estimati c
- fluctuation (WTF) method has also b
d (Rushton ef al. 2006). According to Rushtone 2, al (2006)

: in,

‘method, the rise in water table during the i ’ L ;
m’harg.e- Saghravani et al (2015) c%mpa::z:ih\a;\;%; Snemiiﬁgdl S mlt:ltipl‘ieq AL
ge estlmatlon..They copcluded that direct recharge estimati i e el
jmation due to its wider application for a large area compared tomz:u
ication. They also concluded that groundwater recharge estimation i

arca with heavy presence of sandy soils yielded higher recharge.

Groundwater recharge has also been correlated with rise in gr :
gg@), which in other words means seasonal variation in wi;"&i\l";a‘lzl;gvel& accorldmg to Shams
007) A SRy s as a result of variation in rai '
intensive precipitation ;Nozu(l)((i) gl)a\'/rel considerable effects on groundwater recharge (Mukherjee et al., 2007; IEZ;L:‘::
; . t al. . This therefore calls fi : 7 ;
al., 2008; Norrman et al., ¢ calls for the need to check the trend in groundwate
: : A . 1 rechar;
the possible effects on crops and for the purpose of water resources management ® e
i ed on groundwater r ; imation i o e 5 Bris : .
Thl§ study focus g : ; ~|ccha1.ge estnnghon in semi-arid region within a basin where the predominantly
cultivated crops are peppers an corns which require adequate soil water availability for good yield. The study also
appraised the trend in gx_'oundwater rgcharge within a period of fourteen years (2002 to 2015) using non-parametric
method of trend analysis. Hydrological and soil moisture balance models which consider both the soil and crop
properties were used for groundwater recharge estimation. The groundwater recharge was estimated in order to
appraise the contribution of rainfall to the overall soil water need of the crops and to check the overall trend in
groundwater recharge over some period of time. Consumptive use of soil water by the crops compared to the available
soil moisture known as total available water (TAW) and readily available water (RAW) during the period of no

recharge were also estimated on daily basis.

used for groun

s a function of soil properties as the

MATERIALS AND METHOD

Study area
The study area is Gidan Kwano Inland Valley located between Latitude 9°5000' and 9°5625'N and Longitude 6°373!

and 6°4375' E (Figures 1 and 2). The valley is located at the western end of Minna, a North-Western town in Niger
| State, Nigeria within the permanent site of Federal University of Technology, Minna (Figure 1). The catchment area
of the basin 30.79 kmZ. The soil type on the study area was in a textural class of gravelly sand up to the depth of89 -
90 cm. The area is characterized with low and erratic rainfall of between 1000 to 1200 mm as total annual rainfall with

peaks in July and August.
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Figure 1: Location of Study Area (Kwadna basin)

The Model and its Computational Method

i i here are conventional single
i imati ter potential recharge. T
1 i ailable for the estimation of groundwa !
e arii:lal;oul’ser:&gili f;90) the CROPWAT model (Smith, 1992); the Balance n:jode!f(Gf::]adc;;] eafbu??:()),t zllat“::
::;":: z:del dZve]oped to estimate daily soil water balance for crt())ppe((i1 or ut:-tcLoepi;:iO scl:)ln:i(ij e,raﬁon o rechag,g :
isted above do not ta (

Ragab et al., 1997). All the approaches l|§le ‘ !
mt:ide;t(il;x}:]-irlsd;gto achieve a routine recharge estimation and cat_chment-wxde recharge estimates, a. SItr!gle layer
:odr?ﬁed s;oil water balance model with physical processes like rainfall, surfacle ru]noff, ?vzpotrlans;:jlr; l(;{n’ E:op

i i istributi ing rai d potential recharge is deve oped by Rushton
i ot growth, soil water distribution following rain event an . :
Erza(;lgg)“::;“rhégiﬁegd by De Silva and Rushton (2007). The conceptual and computational models of this approach are
as shown in Figure 2.
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Figure 2: Conceptual and Computational Models of Soil Moisture Balance

soil to become groundwater re
recharge and the mode]
according to De Silva an

"received by the sojl drains through the
1998). This type of recharge is categorized as direct

charge (Bradbury and Rushton,
ith huge success for potential recharge estimation in temperate climate,

has been used W
d Rushton (2007).

Reference evapotranspiration ET,
With the available maximur

M, minimum an( mean ten
€vapotranspiration estimatio

'perature data with radiation, R, the Hargreaves method of
N'was used in thig Study. Tl

1¢ available daily maximum, minimum anq mean temperature
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<cit (SMDjuir) which repr ol
? ‘ epresents the soil moisture defic
A
ty ilting point which were estimated as 0 él xii)‘“fﬁa.l SMD was a fu
: m® and 0.03 m¥m® resp

depth (1.2 mm for peppers).
E- AWE + NSS

SMD measured in mm
SMD measured in mm
ion measured in mm/day
tion measured in mm/day

.= Previous day

Available water for evapord
Runoff + NSS, if SMD =~ 0

rage measured in mm
. AWE = Rain - Runoff

factor is the storage fraction of near surface stor ed by 0.45 by Rushton (2003).

age represent

ater (TAW & RAW)

available w
ented in eqn. [4].

tal available water and readily
TAW) is repres

value of total available water (
W= (FC-WP)*1000*Zr.
nere;
s Moisture content at field capacity in m3/ m’
e xx?(‘i?:\ure content at \yilting point in m?/ m? .
i um root depth in m as 0.9 m (as th'c ol
yaVallablC water, RAW = TAW * p (p is a

ature
y iy 7. Allen et al, 1998)

are alread
between 0.2 and 0.

| palms
factor constant

depletion

un
dwater Recharge Trend Analysis sic technid
arame

n-Kendall trend detection technique, an example of non-p

t in hydro-1

{ no assump

o trend int
dentically dis
defined as i

-hether monotonic trends €xis
m“‘l lU;Cd because of its property tha
: ypothesis Ho is that there is
1,2, ..., n} is independent and i

The test statistic, Kendall’s S
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SN app}’oximately noﬁnally distributed when 7 > 8

05 S (e =121 +5)
aived] iy ] 8[

> ¢ is the extent of any given tie and denotes t
ymputed by
Sl
g or S>0
\Var(S)

0 yor- S=0
S+1 iy

= %
o JVar(S) (8]

The equation follows a standard normal distribution. For a two sided test for trends analysis, Ho should be accepted if
1] < 1.645 at the 0.10 level of significance. A positive Z value indicates an upward trend, whereas a negative one
indicates a downward trend. In other words, the hypothesis that there is no trend is rejected when the Z value computed
in eqn. [8] is greater in absolute value than the critical value Za, at a chosen level of significance «, say 0.01 or 0.05.
For the ease of using Mann-Kendall statistical test, TREND VI1.0.2 was used in this study for groundwater recharge
trend detection. The data set for the recharge is from 2002 to 2015.

he summation over all ties. The standardized test statistic

RESULTS AND DISCUSSION

Recharge estimation

Figures 2 - 7 show the relationships between the soil moisture balance components for some selected years. Prominent
among the components are rainfall, runoff, available water (TAW and RAW), soil moisture deficit, SMD and the
groundwater recharge. In the presented cases annual groundwater recharge estimates ranged from 156 mm (13.9 % of
annual rainfall) in 2004 to 731 mm (47.4 % of annual rainfall) in 2012. This expectedly correlated with annual rainfall
pattern which recorded the highest rainfall depth in 2012 as 1543 mm. Surface runoff of 129 mm was recorded in 2014
while 169 mm was recorded in 2012. The groundwater recharge was recorded between the months of May and August
in all the years. Table 1 shows the rainfall pattern, runoff, reference evapotranspiration, groundwater recharge and
specific days the recharge was first recorded in the years under study. 3

Table 1: Annual values of measured hydrological parameters

Annual Runoff ETo A
Year Rainfall mm mm Rcl;;:::gc RC;:I:::‘ b
(mm) Date
2002 1159 109 1696 June 19 455
2003 1048 106 2095 June | 158
2004 1120 129 2117 June 1 156
2005 1088 151 2095 July 19 362
2006 1423 162 2048 May 21 389
2007 1382 145 2059 July 19 363
2008 1251 142 2066 May 26 334
2009 1297 197 2107 Aug. 17 296
2010 1223 123 2107 July 29 182

1056 169 2189 Aug. 4 427
\




ilability for Crop water use

{otal available water (TAW) and réédi]y a‘)aﬂﬁ

4 2
with soil moisture deficit (SMD), determi Sl \
on of Figures 2 - 7,. it is apparent that betw;r;?ldl;l:ee ;::;lzbg"&_ofsoﬂ md}sig i
ich means there will be soil moisture availability for cror; USéd-Sept‘e.njnbgr;T W and
1, 2007).. In other words, when SMI?<RAW, there is sufficient s;ﬁsIsC}ally at th‘e)ar,oot Zote
yaporation (AE) occurs at the potential rate i.e. AE becomes the potemP;Sture avallable for cr
dbury and Rushton (1998). Consequently, the crop is likely to SUrvila evaporation (PE). This is
nfall pattern kept constant. Excessive crop water use, which is also referredvtz sy mOISt.ure.avaiM"
poth TAW, RAW, grpundwater recharge and by extension, the surface run ?; ?lyz‘_POtfaﬂSplratmn (ETo),
in SMD, which, if continued, would amount to excessive water stress within(:he: m}:jf X)z:ld mean there wo
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Trend in groundwater recharge
The trend analysis results were as shown in Tab

5 ’ : le :
statistical tests used: Linear Regression and Student’s t-tests showed ne st;?;fié);%ios .‘}"d 0.01 respectively. The other
Ehificance in groundwater recharge.
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Figure 8: Graphical Output of Groundwater Recharge Trend Analysis (2002-2015
-2015)

Table 2: Results Output of i
: 3 = put o trenvd analysis statistical testing
Statistical Method statistic Critical values
Result
(Statistical table)
a=0.1 a=0.05 =0.01
Mann-Kendall 1.478 1.069 1.274 1.674 S (0.05)
Spearman's Rho 1.688 1.069 1.274 1.674 S (0.01)
Linear regression 1.761 1.782 2.179 3.055 NS
Student's t -1.275 1.7 2.16 3.012 NS
CONCLUSION
s 2002 to 2015 for Kwadna basin has been estimated using soil
i so been carried

en the year
recharge trend a
as the major

d detection techniques has al

factor determining the recharge quantity. The highest rainfall
4) while the lowest was recorded in the year
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ble soil moisture availability (SMD<RAW)
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