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Abstract

Groundwater dynamics and recharge trends were evaluated for
three years (2008 — 2011) to elucidate the daily, monthly and
seasonal response to climate and irrigation. Observed water levels
ranges between 120 — 1180 mm, below ground level (b.g.l.) in
the identified soil profiles in the area; a good correlation of water
level exist in the area despite differing soil profile types and non-
uniform irrigation regime in the dry season. Analysis for trend,
change and randomness reveals high diurnal variations in the cool
dry season, hot dry season and wet season. Exponential
smoothing model was found to adequately predict groundwater
recharge and discharge in the area. A new cropping schedule was
proposed to forestall low crop yields caused by the new
groundwater regime.
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1. Introduction

Shallow groundwater tables have been shown to provide a portion
of crop water needs [1]; this suggests that irrigation water demand
could be reduced under a conjunctive use of available water
resources. According to [2], water scarcity is a major occurrence
in arid and semi-arid regions of the world; the vagaries of the
weather and climate change realities have placed all resources,
agricultural activities and ecosystem services under severe stress.
The food security implication of this development is quite
enormous especially in developing countries like Nigeria where
the agricultural production system is predominantly rain-fed [3].
Utilization of shallow groundwater for crop cultivation
experienced a boom in Nigeria following the initiation of the
National Fadama Development Project in 1991; this led to the
national mapping of shallow groundwater zones in the country
and a radical development of valley bottoms for dry season
farming to boost food security [4][5]. These efforts were meant
to compliment the initial efforts of establishing large scale
irrigation schemes following the Sahelian drought of 1970s; many
of the schemes so establish were bedevilled with serious problems
such as huge maintenance cost, salinization, poor irrigation water
management, weak cost recovery and reduction of river flows
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(climate change). While the successes recorded at that time were
unprecedented, they were however, short lived and continuity was
a huge challenge leading to many of the schemes becoming
dilapidated and/or abandoned in subsequent years [6]. The
climate change problem has tremendous effect on water
availability on all the irrigation schemes located in semi-arid
northern Nigeria leading to the need to develop and apply water-
saving practices, e.g., improving the canal system, using water
saving irrigation technology and adjusting cropping patterns in
order to achieve sustainable agricultural development and river
basin environmental equilibrium [7, 8]. The most efficient and
adaptable water saving measure to the region is the development
of conjunctive use of both surface water and groundwater in the
irrigation schemes; irrigation return flows could be reused where
there are adequate drainage structures and a monitoring
programme for groundwater. Over the years, groundwater
irrigation has made substantial contribution to agriculture and
food security, and has lifted many millions of households out of
poverty [9]. The FAO estimated that more than one-third of the
world’s 303 million ha irrigated area is served by groundwater;
over 70 % of this is in Asia [10].

An understanding of groundwater dynamics and recharge trends
in irrigated lands is therefore imperative for implementing a
conjunctive water use system in semi-arid regions; literature
suggests that diurnal fluctuations of groundwater on irrigated lands
are principally induced by three main factors: evaporation,
barometric pressure and tidal actions; other factors include
topography, soil type, land use, water management practices and
anthropogenic impacts [11-13]; all these are made possible by the
hydrodynamic balance caused by the interactions between
atmospheric, surface and subsurface water systems represented by
the hydrological cycle. The study of groundwater dynamics in
agricultural lands is a vital requirement for an efficient management
of water resources; several approaches have been highlighted in
literatures [14]. The flow of water within confined and unconfined
aquifers is complex and may require extensive data and detailed
modelling to understand. However, relatively simple data, such as
water levels in a carefully designed network of monitoring wells,
can be combined with estimates of rainfall input to provide key
indications of groundwater dynamics and recharge.

The objectives of this research was to evaluate the dynamics of
groundwater and to elucidate recharge trends in the largest
irrigation scheme in the semi-arid region of Nigeria with a view
to providing inputs for the development of a conjunctive water



management system as an adaptation to climate change realities
in Sub Saharan Africa (SSA).

2. Materials and Methods
The study was conducted at the Irrigation Research station (IRS),

Kadawa, within the West Branch of the Kano River Irrigation
Project located between Longitude 8° 25! 47! and 8° 26! 12" and

Latitude 11°38' 30" and 11° 38! 51'%; Table 1 shows the hydraulic
characteristics of soils at the study site. The experimental
farmland belong to Sudan savannah agro-ecological zone of
Nigeria characterized by a uni-modal rainfall regime, with mean
annual rainfall between 700 mm — 800 mm that is always erratic,
poorly distributed and falls between June and October of each
year, evaporation is also high with diurnal variations as reported
by [15].

Table 1. Hydraulic characteristics of soils at sampling points [17]

Sn.  Piezometer Soil Profile Void Porosity Degree of Specific
Code Description Ratio Saturation  Yield Sy
1 Pa3/F3-4/1  Deep soils, loamy sands over sandy  0.187 0.158 0.987 0.829
2 Pa3/F3-5/2 clay loam, well drained with  0.206 0.171 0.993 0.821
3 Pa3/F3-7/3  Aeolian drift over colluvial/alluvial ~ 0.204 0.169 0.978 0.809
soils as parent material.
4 Pal/F3-4/1  Moderately deep soils underlain by  0.179 0.153 0.998 0.846
5 Pal/F3-5/2  iron pan, loamy sand over sandy  0.169 0.145 0.994 0.849
6 Pal/F3-7/3  loam, well drained soils with  0.203 0.169 0.995 0.826
Aeolian drift parent material.
7 PI/F3-4/1 Shallow soils, loamy sands (30 mm  0.137 0.121 0.943 0.823
8 PI/F3-5/2 to 100 mm depth) underlain by iron ~ 0.179 0.152 0.995 0.843
9 PI/F3-6/3 pan. Well drained with Aeolian  0.211 0.175 0.995 0.821
drift parent material.
10 Pab/F3-5/1  Deep soils, loamy sands over sandy  0.200 0.167 0.997 0.829
11 Pab/F3-6/2  clay between 30-100 mm. Poorly  0.219 0.179 0.994 0.814
12 Pab/F3-7/3  drained with Aeolian drift over  0.135 0.119 0.998 0.879
colluvial/alluvial soils as parent
material.
13 Pb/F3-4/1 Loamy sands within 30 mm over 0.100 0.091 0.945 0.854
14 Pb/F3-4/2  sandy clay loams with 0.099 0.089 0.979 0.889
15 Pb/F3-4/3  colluvial/alluvial parent material. 0.150 0.131 0.991 0.861
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Figure 1. Locations of the Study site

49



Data collection and Analysis

Groundwater level monitoring was carried out daily for three
years (2008/2009, 2009/2010, and 2010/2011) at 15 locations
using randomly installed piezometers in three replicates in each
identified soil profile types shown in Figure 1; in order to
minimize sampling errors, double measurements of groundwater
levels was implemented using a combination of an automatic
water level dipper and an improvised float gauge. The data
obtained were subjected to statistical analysis using TREND®
v1.0.2 software to detect trend, change and randomness in the
time series; the tests include: Mann-Kendall test and Spearman’s
Rho test (non-parametric test for trend), Linear Regression test
(parametric test for trend); Distribution-Free CUSUM test (non-
parametric test for step jump in mean), Cumulative Deviation test
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and Worsley Likelihood Ratio test (parametric test for step jump
in mean); Rank-Sum test (non-parametric test for difference in
median from two data periods) and Student’s t test (parametric
test for difference in mean from two data periods); Median
Crossing test, Turning Points test, Rank Difference test (non-
parametric test for randomness) and Autocorrelation test
(parametric test for randomness). Groundwater recharge and
discharge on the farmland were computed on a spread sheet
(Microsoft Excel®) using water level fluctuation (WLF) method
[16]; the resulting groundwater recharge and discharge
hydrographs were analysed for trends and subjected to goodness
of fit to evaluate possible prediction of groundwater recharge and
discharge in the area using moving average and exponential
smoothing methods.
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Figure 2. Groundwater trend in all soil profile types in the study area
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3. Results and Discussion

Trend of Groundwater level

The groundwater regime at the IRS farmland reveals high diurnal
variations that were found to be dependent on season.
Groundwater level changes rapidly in response to events of
irrigation in the dry season and rainfall in the wet season. This
observed behaviour was due to the continuous cropping practiced
on the farmland throughout the year; it was observed that water
levels were generally high (near ground surface) in the wet
months, worthy of note was the observation that most parts of the
farmland is completely waterlogged in the month of July, August,
September and some parts of October making the field suitable
for lowland rice production at those periods. Slight variations in
groundwater levels were observed in all the soil profile types
found at the site; observed water levels ranges between 120 — 840
mm, 90 — 740 mm, 80 — 880 mm, 170 — 940 mm and 190 — 1180
mm below ground level (b.g.1.) in the Pa3, Pal, P1, Pab and Pb
soil profiles respectively. Figure 2 present the observed
groundwater level trends at the study locations.

It was generally observed that the water table was lowest (deep)
in Pb soil profile within the period of study; this part of the land
also gave the least diurnal variation. This might be due to the land
use in that part of the farm as it remained fallow in the period of
study; some of the local farmers interviewed explained that the
area was abandoned due to suspected salt build up leading to low
crop yield from that part of the field. An examination of the soil
characteristics revealed that this portion of the farmland lies
towards the direction of groundwater flow hence was always
waterlogged for most parts of the year. Contrary to farmers’
opinion, [15] reported that there was no salt build up in this part
of the farmland.

Correlation analysis reveals that there was a good correlation
in observed groundwater levels among the 15 piezometers
regardless of differing soil profile types and non-uniform
irrigation regime in the dry season. Strong correlation was
observed among the piezometers replicated in the same soil
profile types, this shows that groundwater levels in all the soil
profile types on the farmland can be predicted by simple linear
regression regardless of the season; this information is very
pertinent for the development of a regional groundwater model
for the area. Some cases of poor correlations were also observed;
this is however of no significant consequences. When the data
was analysed on annual basis, no observable trend was identified;
however, exploratory data analysis (EDA) show that the
groundwater levels reveal both periodic and linear trend as shown
in Figure 2; these can be easily understood by seasonal analysis.
Seasonal decomposition of the data was carried out based on the
identified seasons in the area namely; cool dry season (108 days),
hot dry season (73 days) and wet season (183 days).

Cool dry season

The mean water level in the cool dry season was 720 mm, 750
mm, 700 mm, 760 mm and 870 mm b.g.1. in Pa3, Pal, P1, Pab and
Pb soil profiles respectively. The tests for trend (Mann-Kendall,
Spearman rho, and Linear Regression) reveal that there was a
statistically significant trend at o < 0.01 level in P, Pab, and Pb
soil profiles, respectively. The Pa3 profile however displayed a
significant trend at a < 0.05 level while there was no significant
trend of groundwater level observed in Pal soil profile. The
implication of these observations of increasing groundwater level
trend is that it can lead to the twin menace of waterlogging and
soil salinization. Waterlogging brings about changes in cropping
schedules and reduces the agricultural potentials of irrigated
lands. Soil salinity on the other hand influences agricultural

productivity due to reduced crop yield which has direct
consequences on food security. The results compares favourably
with that reported by [18], where over 8.4 million hectares of
irrigated lands in semi-arid regions of India has been affected by
soil salinity and alkalinity, out of which about 5.5 million hectares
are waterlogged.

Hot dry season

The hot dry season has a mean water level of 770 mm, 620 mm,
740 mm, 800 mm and 1080 mm b.g.1. in Pa3, Pal, P1, Pab and Pb
soil profiles, respectively. There was a statistically significant
trend at o < 0.01 level in Pa3 and Pab soil profiles, respectively;
no significant trend was observed in Pal, Pl and Pb soil profiles
in the hot dry season. The tests for step jump in mean
(Distribution Free CUSUM, Cumulative Deviation and Worsley
Likelihood Ratio) show a statistically significant step jump in all
the soil profiles, it was observed generally that water levels had
higher values at the beginning of the season than latter part of the
season implying that the water levels are subject to change
throughout the season in all the soil profiles. The tests for
randomness (Median Crossing, Turning Points, Ranked
Difference and Autocorrelation) revealed that the water level data
do not come from a random process at o. < 0.01 level. The tests
for step jump in mean (Distribution Free CUSUM, Cumulative
Deviation and Worsley Likelihood Ratio) show a generally
statistically significant step jump in all the soil profiles at a <
0.01, it was observed that water levels had higher values at the
beginning of the season than latter part of the season in Pa3
profile implying that the water levels are subject to change; it was
equally observed that the mean water level was lower at the
beginning of the season than towards the end in Pab, Pal, Pb and
P1 soils. The tests for randomness (Median Crossing, Turning
Points, Ranked Difference and Autocorrelation) revealed that
variations in the water level in this season do not come from a
random process at a<0.01 level.

Wet Season

The mean water level in the 172 days of the wet season was 420
mm, 360 mm, 400 mm, 490 mm and 600 mm in Pa3, Pal, P, Pab
and Pb soil profiles respectively. The tests for trend (Mann-
Kendall, Spearman rho, and Linear Regression) reveal that there
was a statistically significant trend at a < 0.01 level in all the soil
profiles. The tests also revealed that all the profiles reveal a
decreasing trend of groundwater levels. The tests for step jump
in mean (Distribution Free CUSUM, Cumulative Deviation and
Worsley Likelihood Ratio) show a statistically significant step
jump in all the soil profiles at a < 0.01; it was also observed
generally that water levels had higher values at the beginning of
the season than latter part of the season implying that the water
levels has a rising profile as the rains (which is solely responsible
for the rise at this time) increase in amount and intensity. This
suggests that groundwater levels in the wet season could be fairly
predicted from rainfall amounts in the wet season using a linear
model. The tests for randomness (Median Crossing, Turning
Points, Ranked Difference and Autocorrelation) revealed that the
water level data do not come from a random process at a < 0.01
level.

Implications for crop planning
A salient outcome of the water level studies in the area is the need
for change in the cropping schedule on the farmland. Some crops

planned for the area is no longer feasible because of the new
groundwater regime; farmers who are still adhering to the old
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cropping schedule are experiencing low crop yield. Adequate root
zone depth is essential for good crop productivity and access to
soil air; the pore spaces in the soil have now been filled with water
indicating very poor land drainage caused by deteriorating
drainage system on the farmland. The use of tile drains is
suggested for the area.

The following crops are suggested for cropping on the
farmland: Wet season (Rice); Cool dry season (Wheat, Potatoes,

Onions, Pepper, Tomatoes, Vegetables and Maize); Hot dry
season (Maize, Onions, Cowpea, Tomatoes and Vegetables).
These are crops that could be supported by the groundwater
regime observed on the farmland; however, further studies need
to be carried out to confirm these suggestions.
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Groundwater recharge and discharge prediction

The W.L.F analysis was based on the premise that groundwater
rises as a result of recharge water arriving at the water table while
groundwater discharge takes place when water flows away from
storage which is evident by the reduction of water level. Figures
3 presents the hydrological time series of mean daily groundwater
recharge and discharge from the five soil profile types on the
farmland. The pattern displayed is very similar to that observed
in the groundwater levels presented earlier. Groundwater recharge
ranges between 10 mm — 60 mm as the case may be on a daily
basis, this variation in recharge and discharge was found to
oscillate about zero in all the soil profile types. Stemming from
visual inspection of these time series plots, no visible trend can
be seen in the 1095 days of data in all the soil profiles. However,
all of them exhibit cyclical variation which is an indication that
the series has only a periodic component; the implication is that
days of recharge are immediately followed by days of discharge.

Predicting recharge and discharge in this scenario was no doubt
a daunting task. Attempts were made to fit the data series without
any good success, simply because the values in the daily series
were very small and make analysis very problematic. The data
series showed an evidence of a partial fit when moving average
was considered; this method of forecasting did not account for
some data points in the series, hence was not accepted as having
a good fit. When exponential smoothing was considered, a better
fit for the data with insignificant residuals was obtained as shown
in figure 4. This better fit is indicative of the fact that values of
groundwater recharge and discharge can easily be predicted when
previous values are known and a = 0.2. The equation of fit was:

Re,,, = € Ra; + (1— «) Re, M

Where Re is predicted recharge or discharge at time t or t+1 in
cm, Ra is the actual value of recharge or discharge at time t in cm

and a is a constant (0.01 <a <0.3).
4. Conclusion

Groundwater dynamics and recharge trends at the Irrigation
Research Station, Kadawa within the Kano River Irrigation
Project had been evaluated for three years. The results revealed a
very high diurnal variation of groundwater level trend in the
period of study; statistical tools for trend indicate significant trend
at a < 0.01 level in P, Pab, and Pb soil profiles, respectively in
the cool dry season while groundwater level changes rapidly in
response to irrigation in the dry season and rainfall in the wet
season as a result of intensive cropping on the farmland. Water
levels ranges between 120 — 840 mm, 90 — 740 mm, 80 — 880
mm, 170 — 940 mm and 190 — 1180 mm below ground level
(b.g.L.) in the Pa3, Pal, P1, Pab and Pb soil profiles respectively.
There was a good correlation of groundwater levels at the
monitoring locations regardless of differing soil profile types and
non-uniform irrigation regime in the dry season indicating that
groundwater levels can be predicted by simple linear regression.
There is also the need to change the cropping schedule as crops
planned for the farmland are no longer feasible because of the
new groundwater regime; the old cropping schedule should be
discontinued because of low crop yield. The following crops are
suggested for cultivation on the farmland: Wet season (Rice);
Cool dry season (Wheat, Potatoes, Onions, Pepper, Tomatoes,
Vegetables and Maize); Hot dry season (Maize, Onions, Cowpea,
Tomatoes and Vegetables). These are crops that could be
supported by the groundwater regime observed on the farmland;
however, further studies need to be carried out to confirm these
suggestions. Prediction of groundwater recharge in the area was
found to be possible using exponential smoothing method which
gave minimal prediction errors. A very good fit was obtained
between actual and predicted groundwater recharge in the area.
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