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INTRODUCTION , . ) ‘
Estimating groundwater recharge in a region with vast agricultural production where potential evapotranspiraiey

exceeds annual rainfall becomes very crucial owing to the rate at which the cultivated CTOPS require water i .
growth. In such a situation. the shortage of water in the root zone, in particular, has been responsible for low v,
::griculmml production. This. in other words. means that to ensure increase in agricultural production in the Rz
replenishment of groundwater lost to evaporation and evapotranspiration through rainfall and irrigation becomes
significant. This replenishment is. therefore. termed groundwater recharge. According to Shukla and Jaber >
groundwater recharge occurs when a portion of the water falling on the ground surface percolates through the st i
reaches the water table. This recharge. spatially and temporally, is influenced by several factors, among whi &
meteorology. characteristics of soil and underlying geology, vegetal cover., depth to the groundwater leve! =
frequency of groundwater recharge (Eni and Nicholas 2014; Adeleke ef al. 2015).
Groundwater is replenished when rainfal] pereolates below the soil zone (Cao et al. 2016; Dash et al. 20161
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The Model and its Computational Method
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Figure 2: Conceptual and Computational Models of Soil Moisture Balance
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For the ease of using Mann-Kendall statistical test, TREND V1.0.2 was used in this study for groundwater rechargy
trend detection. The data set for the recharge is [rom 2002 to 2015.

4 standard normal distribution. For a two sided test for trends analysis, Ho should be accepted

| of sienificance. A positive Z value indicates an upward trend. whereas a negative gpy
words. the hypothesis that there is no trend 1s rejected when the /Z value computey

RESULTS AND DISCUSSION
Reclarge estimation

Figures 2 - 7 show the relationships between the soil moisture balance components for some selected years. Prominen
among the components are rainfall, runoff, available water (TAW and RAW). so1l moisture deficit, SMD and thy
croundw ater recharge. In the presented cases annual groundwater recharge estimates raneed from 156 mm (13.9°
annual ramfall) n 2004 10 731 mm (47.4 % of annual rainfall) in 2012, This expectedly cz)rrcl'uccl with annual rainf!
pattern which recorded the highest rainfall depth in 2012 : ‘ :
while 169 mm was recorded in 2012. The groundwate
i all the years. Table | shows the rainfall patlern
specific days the recharge ,

e b > Tof 14
as 1543 mm. Surface runoff of 129 mm was recorded in 2014
rrecharge was recorded between the months ol'May and Augus!
bl ) runoff, reference cvapotranspiration, groundwater recharge and
as hirstrecorded in the years under study.

Fable 1: Annual values of mes

Py asured hydrological parameters
Year Ruinl';;II PRGN ETo First Recharge
i mm mm Recharge Mm
mm) arge Mm
2002 1159 Date
2003 1048 :3? 1696 Junc 19 435
) 2095 '
2004 1120 126 ;”‘)ﬁ June | 15%
2005 1088 151 2117 June | 156
: bl
z:mo 1423 {45 :“"5 July 19 362
2007 1382 s =048 May 21 389
2008 1251 ‘ 2059 uly 1¢ e
149 July 19 363
2009 1297 A 206¢ ' 212
; 2 197 <00 May 26 334
2010 1993 2107 : .
2011 o 123 g Aug. 17 =8
1056 ]’" 2107 July 29 K2
()() '.’IK() S - l( &
- Aug. 4 427
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Trend in groundwater recharge

The trend analysis results were as shown in T
significance n groundwater recha
trend analysis with increasing tren
2004 as 156 mm. From Table
the trend. From the
IS statistie

able 2 showing four different techniques used in checking e
rge trends for the study period. Figure 8 showed the graphical representation ol lh"~
d. The highest recharge (73 mm) was recorded in the year 2012 with the lowest ‘“I,
' _2, critical values are compared with test statistics to check {110 statistical significance 0
he four techniques used in the analysis, Mann-K endal| method and Spearman’s Rho showed that there
atstical significance in groundwater recharge trend a significance levels of 0 05 and 0.01 respectively. The other
statistical tests used: Lineay Regression ang Student’s (- o o ) ‘ .

(S 3 # . 5 . S -,\h;‘[‘f__’c
trend ests showed no statistical significance in groundwater rec
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i Table 2: R;::Ilts Output of trend analysis statistica] testing

Guaustical Method statistic Critical values

— = Result

(Statistical table)
_ a=0.1 a=0.05 a=0.0]
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 1 -1.275 1.771 2.16 3.012 NS
(ONCLUSION

wondwater recharge quantity between the years 2002 to 2015 for Kwadna basin has been estimated using soil
sure balance model. Groundwater recharge trend analysis using trend detection techniques has also been camed
i From the study, rainfall was observed as the major factor determining the recharge quantity. The highest ramfall
a goundwater recharge quantities were recorded the same year (2014) while the lowest was recorded in the year
{04 This shows rainfall determines majorly the amount of water recharging the basin. Hence. the farming ;;\\\\i
“heen May to September of each year under study recorded appreciable soil moisture mm[i_l»b.lm;‘ (\\}D\_\\ s an
“idhexplained the survival of the crops in the basin during these pcri0d§. This trend analysis gtlﬁ:“i‘l‘.‘tl; b;:\;n'
“amg trend which means there is accumulation of groundwater in the region for agricultural purposes e T
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