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ARSTRACT

(rroumdwmer recharge exmmarion hecomer very imporaant. pordcadary iv o calivaned doed weaes owing i e rales
plmed by gronmcdeaier in the area of agriculiaral prodiveihace. Thiv paper preseris the @nttmancs o send amahs
of proundmer recharge v Kvades dann unmy modified son motarere dalanoe model beneeen the yoars 9008 and
2006 A simple kaver soil warer balasce model coupled widh foadrofogion models was wsed m dhe rechiarge cstimation
wiile serical echmgees were sed o growssdeater recharge rend amaives The motrorolagical daer weed in che
maoglels were obrmmed fom Migens Mefcomlogioal Agency, Mimsa for the emtte mudy pedod  Posendal
vapoirannpraton (ETpl on daly bess war alte crmwaned ssieg Hargeeaves evapofrarspimncs egurion. Son
properues ke mosstre contens ar bodh feld capaciy and wiltder podar. mear surface siorage, sonl modsrere e ficn,
ond cvep properties Bke crop reodting depeh oad crop grovel slages were obuamed fram the poenr cnadier ad
mjormartion gatiered Fom the Srmern in the sady arca. The rescd showed aiar ! grosadwarer recharge warted
S P56 mw o 20 o TET e e 3002 wikdch correloied positeely with raimal The con! modsrere balamce model
resadty dndfioaied ngBoient son molsere o crops” wee duriey dhe perod of e fe September cach pear when
ST TAW. The prowsdwater reconge trend analpris mecorded aw tecreasing drend with semindoal dpnfeanos ta e
e saanirgoal resty waed. Thus, e gher grosssdfearer recharge and s (eeecase e oresd obaerved was arinbuied o
igher raiali depdt Pecordea widiin the nudy perod ta e roady avea

Empeonds Crroundwater recharpe, Seil modstere defloie Evapatnonspiranion; Tremd awadves
INTRODUCTION
Estmatng groundwier recharge o 2 regien with vast agriceimml production whars potsntial svaporampinaton often
mcseds anmreal minfal] becomas very cucial awing fo the mate at which the cultivated oops reguing aater for thedr
mowth = snch 2 siueSon, the dhortage of water in te root some, D partionlar, bos been responsible for bowr yield in
agriculura] preducticn. This, in other words, meazs that fo sosurs monsass in agmcnlizal production in the regiom,
mapismishment of groundwater lost fo svaportion and evapoanypimton freegh minfll ad imgaton becomes very
dgnificant This repkmithmant . tharefors, wmed srowsdwater recharg. According to Shukly amd Tabar (2006),
Eroendaier oocurs when a partion of the water falling oo the ground surfscs percolates throegh the sof and
reachos the waier tabls. Thit rechargs, spatially aad tepsporally, is infleenced by several fBactom, among which are
meteorobogy. chaactenistcs of sodl and underlying geology, vegwizl cover, depth o the moundwawr Jevel amd
Erequency of Eoendwrater reckarps (Foi and Micholss 2014; Adelake ot al. 20050
Groundwaier is replamdshed when raintll parcolams below the: soil 2one (Cao et 2l 2016 Dash et 2l 2016). And a
]Im'n]:rnq:utoﬂ. accarding o Awmlachewr or ol (200, with adeqnade rainfll and minerem soriace remoff,
wobstantial percentage of minfdl kmowsn as effective rinfal]l would ged o te root zones and becoms. mmdlabile sod
maistare o the plants. Substntial part of the effectne inll will alo reckarge the groendamtor table tharchy radsing
the water tshls depth and enhancs adeqguate availahle soil moistoe at the root sones (Fucthion ot al. 2006; de 5ha and
Bshiom, 207, Migesa-Nacho and Fam, 2012} Thds 35 further tottreused by Exd and Micholas {201 4) widch eutablishad
ramdall a the most important sourcs of grovsdorater in Migern. Dean ot al., (2015) and Do Siha and Reshion (2007)
Eorthar subexitiod that proendwrater recharge s highty vasiable as a romlt of eretic rexdall patems, This, theredfora,
undarscores the fact that for proper wakr pemsgement in amy batn with brge swcale agrioutoml prodecton, there i
E-Eh'l.l.udlimhtm{ﬂl.‘.'l}'] m;mmummﬂmﬂpmmmlmmalqm
to regromal eo-dels and predictions of chimats mpacts.
With all these attributes of pouwndvater rechargs, masy methods hang besn demloped in estmating the groundwaier
rechargs and checking fuchitions = water fabls bevels. The sasiest of theve mathods is to directly meae the wata
‘whle levals using monitoring wells. The effectveness of this approach bas becn hampered dos o bmge costs imvalved
and effort requimed = monitoring the groundwater bakavicer over a long pesicd of thme. Dus to licsited data and the
difficulty of the mecharge process, precise estiombes am ofien vary difficult As a sewnlt of this Bmited data on
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groomdurater rechargs estiomtion for powdble guids, theze hat bean high degres of mcertainty among water reomrcss:
engimears m the stimatica of mstizabls proundeatar msourses (de Sfva and Rushooa THITL
Alzenatve methods for groundoater rechargs setmation in Migsria have been presented by (Eni and Michelas 2014;
Fanatal , 3014; Adeloios st al 2015 Cuthbart of al, 2016). Thews approachss, though, pronids ixsights into the process
leadizg to gronmdweier reckarge, but estimmting routing recharge om dady basis for a long paricd of e becomws
difficult Water abls finchation (WTTF) method kas divo besn nsed for groundwater estmation with some keasls of
wnccest recorded (Enshion or af. 2006). Acconding to Bnshton er ai'. (20045) and Fan et al., (2014}, nsng the wamr abls
fractmation methed, the mee in wate ble during the rechesge weason & mmitphed by the specific yisld to obtzin &
recharps Faghravami of af {2017) compared WTTF method with Chlomids Mass Balance (CWE) method
fior reckargs sstimaton. They conchided that demect recherge estimztion nsing WTTF method grves 2 batier rechaage
sstimation dme to is wider application for a brge ara compamnd to CWE method which is just for 2 point ansa
spplication. They also conchded that groundwater rechargs etinaton & 2 fnciton of wdl proparties as the coastal
Croundwater recharge has alio bean comrelafed wiith riss in groumndwnsr loveds, acconding to Shamenddebo et 2l
[ 206, wehich in other words means seesomal vanizbon in water tabls leosls 23 & renlt of vanstice o reaxdall and
intunsive precpitation woald bave comsidersble sffects oo groundwater recharge (Aeldarjes ot al., 2007, Larsan o
2l , 2008; Mormmn et al., 2008). This therefors calls for the need to check ®e tund in groundwater echargs to check
the possible sfects on crops and for the poposs of water resowoes maTogement.
Thtmdrﬁruﬂungmiwwthmm arid region within 2 basin whers the predonzinamchy
mubtivated crops are peppan and corns which reqeie adequate soil water avadability for good yald The shudy aluo
mﬁhtﬂdm;ﬂmiﬂndnrpm&m:pﬂnﬂnfmmmmlmﬂmmﬂm
method of tend azabywis. Hydrolegical and scd medstme balapcs model: which consider both &= wodl and aop
mmﬂhwﬂmﬂgnmﬁg@ﬁﬂnmmﬂmwhm
appraise the cooibetion of manfall o e oveall woil water pead of e orops 2zd to check B cverall teod In
groenduraier recharge over o pariod of tme. Comemptivg nse of soil water by the crops compared to the availble
soil moistore known 2 total avalable water (TAW) and readily avalabls water (AW during the pariod of no
reciargs were alic ertizmted co daily basm

KMATERIALS AND METHOD

Seudy area

Tha stady arsa is Gidan Huwanc Inland Valley bocated batosen Latitade 5 S000F and % 5625 M and Longitade ¢ 373
and 4373 E (Figumes | and 2). The valley s Jocated at the weskmm snd of Mizm, 3 Noth-Westsm towa in Niger
Seate, Migeriz within the penmanent wite of Federal Uzivemity of Technology, blinna (Figew 1). The catchoont area
of tha tasiz 30,79 kee'. The soil typs o= the smdy ama was in & wxuml clas of grvslly samd wp o the depth of B -
5 . The area is cheracterized with low and ematc mnfll of betwsan 100G o 1200 mm as total ansesl ednfall wth
psaks m Foly and Angust.

P s
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Ihe Model and its Compuiafions!l Meihod

lzyer modal by Penman (19590), the CROPWAT modal (Smis, 1997 the Halmce modsl (Goema or. @l 19984), a too
layer model developed o sstinarte dadhy seil watar balnce for cropped or un-oropped surface; and the four root Layer
moda] (FELB) {Fagb et 2l 19597). All the approackss listed abowe do ot take mbo comuderaton rocting rechargs
sstimaticn. In erder to achinrs a roufine reckargs ertinmaton and catchment-wids recharge artimates, 2 simgle layer
modifed soil wmer balance model with physical processes like minfalll worface mnedf, evapotanspiration, crop
tapspiaton, root growth, weil water distribution follownng ri svont 2nd potontial reckarge i devaloped by Eushéon
{2503} and modified by Ds Sila and Fusheon (27T}, The conceprual and computatioral modeds of this approach ane
25 thoen in Frgemo 2.

ET
[l
ETn 7 Rl
iy b r—
97 el
L
e p—— — — — ——{ Firll Cipiny
S ww| MR- | SMD
Fomsmsmeomesmmes o Throhall
Root Digpth
Wikdayg Famt
i
Feqeezanl Racharms

Figure I: Comncepimal and Computational kiedels of Sail Maizmare Balance

This approach is based on the fact that ol becomes froe draduing when a cartzin soil condition calied field capacity s
reached. This is 2 woil conditon which repressois a pont whez addstonad waher recaved by the sod dmins through the
woil bo becoes prowndoater recharge (Bradbury and Rushtom, 195E). This type of mckarge is categorized 2 dimect
mechargs md the mode] has be med with luge mcoess for pomotal mchargs sstimation in wmpeate clicets,
according to D Silva amd Enshien (2007}

Eeference svapoiranspivaiton ETe
With the rmilshls mawismm, mewimme and men GEpeaen din with edbton, G, the Hargreares method of

erapotamapinton estmation was used in &ds stady. The aveilable daihy maxirem minsvnm and moan Soparat=g
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dam dor the smdy pariod with the obmined daily svapotmamspirtion walnes are proseoied n Appandex T 3. Accondmg
o Drcopers and Alles {2007), Hasgreawes £7 squation i presanted i [1]

ETo = 00023 Tacsaa + 178} [Tusa — Tuis)** Ea [
Wikare B Te mepresants the daily referencs: eepomanspirticn (moydy),

T i Tiosw = Blamieeym and soimienom datly temperaimres mespectvaly (0

T = Miam

Ra = Extramaresial radiation as 164 MIm®/day

Soil meicture :

Ixitial soil pwivhre deficst (53D 40w which reprosens the sod moistere deficit at S bognming of the stady was
wntimated a3 49,5 mom wsing the method descrbed m Adssdji (2011). The inital SMD was a fanction of modsto
coment at fisld capacity and wilting point which wem ssticoted s 0.21 oo and 903 min’ respectivaly (Adssdji,
2013

5ot maisteme deficit at fe driest perdiod {Initial SMTY) is thes represanmed by the foommla:

BT = [ — Bhmy] 2 [

Wikars:

B, =121 m'im®

oy = 11,03 22’

F= Moo root depth (1.2 pem for peppers).

SMD" = B, + AE — AWE ~ H58 13

Whars;

MDY = Prosant dany B0 measmred im mm

STy = Pravioes day EMD measured in me

AE = Acml erapotmnspimtion moasured & mesy'dry
AWE = Available weter for svaporation meamred m mmeday
AWE = Rainfall — Bunedf + NES, if EMD = 0

Wihars:

M55 = Mear surfacs storage meastmed in mm

But, If SMDprev =, AWE =Ram — Runoff

MEE facior & the vomge faction of near srface. storge reprasesed by 045 by Enshies (M003).

Toial wearlable waler and readily avadalle waier (TAW & EAR)

Tha vahe of il aaikshle wasr [TAW) is represented in sqn. [4]

TAW = (FC-WP*1000* I1, M
Wihars;

FC = Mosstore content at Geld capacty in m?/ md

WP=Moisture comtent at wilting point in m’ =

Zr = maxinrmes rect depth inm as 0.9 = (2 the od paims are already marmma)

Esadily suailablo water, RAW = TAW * p {p i 2 deploton factor constant botwean 1.2 azd 0.7, Allen of 21, 1998}

Groumdwater Becharge Trend Analyas

Blaze-Fandal] tromd detection techeimqua, an oxarpls of son-panmemc teckmigmes, wes nsed to ideatify the trend in
groundnate recharge for the stody peried (2002-2017). Maze-FondaTl (ME) statistical et (Mann 1945 Eendall
1875) & an smappls of non-paremetic oot ako calied Fendalls ~test whick kas hecn applisd in mamy smdies 10
idemtify whether premetonic trends sacist i hydro-matecrological data like temperaturs, rainfall and sereansflonr. This
twatis ofun meed bocamss of ity proparty that o assemption is nesded short the dats that mead to ba mated. In the tond
teat, tho onfl hypotharis Fie is that there is no tend in the pogralation. from which the datset iz drawm and the sample
of data {x7, =1, 1, ....n} is independent 2nd wentcally distiteted. The alternative bypothesis /1 i dut a tand sadst
in the dataset. The test statistic, Eandall's §, & defined as follows:

-l =
5= ¥ Signlx, —x,)

k=] g-k=] [j]
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whars x; and 1 are the segzential Sata valnet,
n is the length of the dataset, and
1 i x>0

-1 & x<0
Signix) = - [€]

Undar the mmll bypodeas, the ratistic & iz approxmately normmlly distributed wham & = § with raro mean and tha
ariancs is ghmn as Sllows:

Pln—1X2n +5)— Y rr -T2 +5)

Var (5)= an [7]
whars ¢ is tho sxiesrt of any goven tie and danctes B sexomation owar alll Gen. The standomdized tost statiutic X i
comgpraied by
[ 5-1
e Jor S350
JFar(5)
0  gr 5=0
5+1

Jor 50

s _JF'EI"EE'.‘J [5]

The squation Sllows a stmdard norma] distibution. For a two sided test for trends anaiysds, Ao should be acceptad of
&= 1645 at the (.10 leoed of significance. A pesitivs 7 vales indicates an spward tead, wharsas 2 megetive om
indicams a doomoerd end. In othar words, the Ivpothesis that thars iz mo mand 13 mjecsd whan the: 7 valne oo
inegn [B] i greatar in sbsoluts vane than the cotical walee Za, at a chosan lewsl of ummificance @, say 008 or Q05
For s sase of nsing Maon-Emnda]] vatistical sst, TREND VL2 ams wsed m thic stady fir groendvabar recherge
trend detection. The dat set for the recharge is from 2002 to 2015

EESULTS AND DISCTSSION
st Een
Fagm'n:..-. T showr the ralatinnships: batneen fe ol medrhurs balbncs compomants for somo selected yeam. Prominest
tha compenants aw rinfll, mmoff, svadsbk weter (TAW 2nd BAW), wil moisters deficit, SMD and e
gumimm In the presanted cases anmal grommdwaber rechargs esbimams ranged from 156 mm (139 % of
el rimfall) in 2004 to T3 1 mm (47.4 % of ansnal mmdall) in 2012, This expectedly coredated with anonal mmfall
petsm which recorded e highest minfall degeh m 2012 as 1543 e Surface mzed of 129w was reconded m 3014
wiile 165 mm was recorded in 2012 The groundeaier rechargs was reconded betwsen the momchs of May and Awgest
in 2l the years. Table | shown the mnfall pattern, mnedf, referencs oepotanspoation, groumdwater reckargs and
pecific dayvs the mecharze wan fmt recondod in tha years under wmidy.

Tahle 1: Annual valnes of messured bvdrelogical parameters

Amnmal Enmeff ETo Firni Eecharge
Fear Eamnfsll e mm Eecharge Mm
[ ey Dhate
loe2 11 109 1856 T 19 433
043 1048 106 s ] Tema 1 158
004 1129 129 mi7 Tama 1 136
045 1CGEE 151 pr ) Juky 19 k[
2006 413 162 THE My 21 jag
04T 1382 143 ik Juby 12 363
048 1251 142 055 hfay 26 4
) 1297 187 Ha Axg 17 i
018 1213 123 a7 July 28 182
011 1056 169 pt b Ang 4 427
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pl 1543 189 X5 Bday 30 EE]
13 1140 159 p. i ok A=z 4 427
014 1232 139 Foi ok May 1 433
s LoT6 168 o] Anz 4 427

From Figures 2 -7, wizl svatlatk water (TAW) and madily sedlibls water (FLAW) 2m charly defined and thess two
peramatars, With sodl motsure dafici (SMDY, dermined the awuilabiliny of 1odl meivmre for crop nse. From a carednl
sxameraton of Figares 2 - 7, & & appamnt thet betwesn lads ine and Mad-September TAW and EAW mached peak
levels which meam thare will ba wodl moisturs zvaidaksdity for arop nse, especilly at the root mone (De Stha amd
Fnshtom, 2007). In other words, when SMD<-EAW, thare i mfficient wodl moistme mvailabls for crop wse and e
actual svaporation (AF) cccan at the potenial rate ie AF becomes the powntial evaporaton {FE). This is consivient
with Bradvary amd Rochton (199E). Comwqguantly, the oop is lkaly to simunes with thos moisbens availahibny aath
ramfll patiers kept comntaxd. Bxoeasive crop water use, which is alvo refarred fo & svapetanspiredon (ETo), woald
lowar both TAW, BEAW, sreundwater recherge and by extension, the i=ices mocd. This would mees thars arould be
rse I SMD, which, if contmmed, would amacmmt b excessive wisr st within the root zone.

T, R [y e — T — T — | e— |
200 ]
: /
» i3I0 3
£z {1
= Eiuu 77
¥ 250 o
eE S
§ ] -
L-lan  23-Fab lb-Aps HJum  JEil Sap 14-Now
& -30 -
T Julizn Dy

Figure 3: Soil Maizrare Balimce Composeats for 2002 -Warer year
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Figure 4: Sail Maiztare Balisce Compomeats for 2005-Warer year
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Trend @ promedwaler

The tend asabyis mmls were = shows m Takle 2 showing foor different techeiqnes wsed in checking amy
significancy in gronmdwater recharge tramds for the smdy paiced. Fizome B sthomwd the graphical repreventation of the
trend anatysis with moreeding trend . The highest rechargs (73] ) was recordad i the year 2012 with the lowwst n.
2004 aa 156 mes From Table 2. aritbcal valnes ame compared with st siatistcs to check the vtistical sigmiBicancs of
the emd  From the four technimques used in the axalbysis, Mane-Elondal] method and Spearran’s Bho showed that thare
is statistical significance in grommduater recharps trend 1 wigmificanca levels of 003 and 001 respecively. Tha othar
statistical tewts nsed: Linear Ragression and Smdent”s t-iests thowed no vatistcal dmificancs in groundwaer recharge
trend.
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Figure B: Graphical Outpat of Groenderater Escharge Trend Asalysis (2002.-1015)
Table 1: Eerulis Omtpat of trend anabysis satiticad estimp

Siatistical Mathod f..-;"ﬁ.uc Critical vales Fasult
(Saatistical sabls)
a=0 1 =003 a=001
Mann-Eandsll 1478 1.062 1374 1674 S {005
Spearman's o 1638 1.068 LI 1674 5 (0.00)
Linear regrassica 1.761 1.782 2179 3005 W5
Smdant's t 1375 1M 216 3.012 N§

CONCLUSION

Croundwater mcharge qumtty butween the years 2002 o 2015 for Ewadea bain bas bewn estmeied wng seil
out. From the shady, nm.ﬁﬂmnbuﬁnﬂallhnm]nrirhrhm.ghmchupqumh Tha highest rainfall
and proenduater mechargs quanttic: weoe rcorded the sanw vear {3014) widls the lowsat was recorded in the ysar
2004, Thds shows ruinfall dekeremos pavjorly the ameunt of wakr recharging e hacin Heoncs, the Someing period
which uxplaingd the versnal of the aops in the basin donng thoss perveds. This trand anabyvis gesarally @ve an
increaning trend which means thers is accemmlation of grousdwater in the region for agricnral purposs i e badn,
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