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Abstract

Spring discharge from the Masingini catchment plays a crucial role in the Zanzibar Municipality water supply scheme. However,
there has been remarkable attenuation in spring discharge over the years due to a change in rainfall patterns. The study's objective
was to assess the effect of rainfall variability on Mtoni and Bububu springs discharge in the Masingini catchment. It analyzed rainfall
variability on the Masingini catchment between 1992 and 2018 to assess spring discharge at least ten years before and after the water
policy. The monthly rainfall data was collected from Tanzania Meteorological Agency in the Zanzibar office. The spring discharge
data was collected from Zanzibar Water Authority and supplemented by field measurements of monthly groundwater levels for wet
and dry seasons from fifteen boreholes. The data analysis was carried out using the M-K test. The results revealed a non-significant
downward trend in seasonal rainfall over rainfall stations due to the decline of seasonal rainfall over the years. Annual rainfall
showed a significant decreasing trend for Kizimbani Agromet station (p < 0.05). On the other hand, the groundwater level dropped
by an average of 54+2.6m between the long rainy and dry seasons. The maximum and minimum spring discharges coincide with wet
and dry seasons, respectively. There was a significant decreasing trend in annual spring discharge at o = 0.05 and o.= 0.01 for Mtoni
and Bububu spring discharge, respectively. The M-K revealed a significantly positive correlation of annual spring discharge and
rainfall, T = 0.333 and t = 0.453 for Mtoni and Bububu spring, respectively, implying that discharge increases as rainfall increases.
The average daily discharge of Mtoni and Bububu spring declined by 23.9% and 18.9%, respectively, before and after water policy.
The study concluded that rainfall variability was the primary hydroclimate factor for declining spring discharge on the catchment.

Keywords: Bububu Spring, Mann-Kendall Analysis, Mtoni Spring, Rainfed Groundwater Catchment

Introduction shrinking gradually, and this may lead to the potential
loss in water supply shortly (ZAWA, 2014; ZAWA,
Springs are playing a crucial role in the Zanzibar 2009).
Municipality water supply scheme. They have been used
for water supply for all purposes since the early 1920s To ensure recharge zones of the springs are protected,
(Haji et al., 2010; FINNIDA, 1992) up to date. Mtoni during the 1990s, the Revolution Government of
and Bububu springs are among the utmost potential Zanzibar declared protection of Masingini Forest
springs from which water supply for the old Zanzibar catchment (RGoz, 2013). Since the sustainability of the
Town is originated (Elliott et al., 2012; Ufuzo et al., springs is under the sustainability of the watershed,
2012). These springs are found in a rain-fed catchment regular monitoring of the springs' lives is a prerequisite
of Masingini catchment in the Urban West Region away for sustainable water supply. Therefore, this study aimed
from Zanzibar Town (Elliott et al., 2012). Mtoni and at assessing the effect of rainfall variability on Mtoni and

Bububu springs contribute 10,000m*/day (14% of the Bububu springs discharge in the Masingini catchment.
total supply) to the Municipal water supply scheme, and
boreholes and water cave (Mato, 2015; ZAWA, 2009) The significance of studying rainfall on this catchment

are contributing the remainder. However, a remarkable relies on the fact that rainfall is the only source of
water decline has been observed from the Masingini freshwater recharge; hence its variability results in the
catchment's springs over the years due to a change in vulnerability of springs discharge (RGoZ, 2017; Kombo
rainfall patterns and groundwater development (JICA, and Kanyama, 2015). Likewise, the groundwater table is

2017; Mato, 2015). ZAWA (2009) reported spring vulnerable to rainfall variability, which results in a
discharge declined from 5,327 to 2980 m*/d and from decrease in spring discharge (Liu et al., 2018; Mato,
4820 to 3000 m%d for Mtoni and Bububu springs, 2015). It is hypothesized that, by mingling rainfall
respectively, as traced from 1993 to 2008. Besides, the variability and spring discharge trends on Masingini
legacy of the springs in water supply planning is
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catchment, it is possible to determine the potential of
springs in the water supply scheme (Brauer et al., 2016).
The trend of rainfall between 1992 and 2018 (27 years)
was used because this was the period whereby
indications of changes in rainfall variability were
experienced in Zanzibar (Watkiss et al., 2012). Besides,
the environmental policy of Zanzibar was approved in
1992 after the first Earth Summit toward the adoption of
Integrated Water Resources Management in Zanzibar
Island (RGoZ, 2013). After that, water policy, water Act
of 2006, and Zanzibar Water Authority was approved in
2004 and 2006, respectively, to manage the sector
(RGoz, 2013; JICA, 2008; Goriji et al., 2019). Therefore,
this study aimed to assess the spring’s discharge at least
ten years before and after approving water policy and
ZAWA and establishing the future potential of these
precious springs in the Zanzibar Municipal water supply.

Materials and Methods

Description of study area

Zanzibar Island is one of the Indian Ocean's islands that
is located 40Km away from Tanzania mainland. It lies

between latitude 4° 50” and 6° 30’ South and longitude
39° 10’ and 39° 50’ East. Zanzibar Island covers an arca
of about 1530km? and its highest altitude is
approximately 120metres above sea level (The World
Bank Group, 2016; Mato, 2015). The average population
for the Urban West Region is 593,678, and an increase in
population from 2002 to 2012 is 203,604, with an
average annual population growth rate of 4.2%. The
population density for the Urban West Region is 2581
persons per Km? (URT, 2013). Figure 1 shows the
location of the Masingini catchment in Zanzibar Island
in detail. Masingini catchment originates from Masingini
reserved forest (566ha) that serves as the primary
catchment for Stone Town. It is also home to some
wildlife, including endangered species such as Zanzibar
red Colobus. The Masingini forest also plays a
significant role in groundwater conservation. It is the
source of Mtoni and Bububu springs that the Zanzibar
Water Authority is officially used for water supply.
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Figure 1: Map showing the Masingini catchment.

Climate conditions

The most concrete effect of today's climate change
manifests itself with the dramatic changes experienced in
precipitation regimes (Direk et al., 2012; Simav et al.,
2015; Ulker et al., 2018). The island experiences a
tropical climate with reliable bimodal rainfall influenced
by monsoon winds. The heavy rain is noted from March
to May. Another wet season runs from the northeast
during November and December, with an average
rainfall of 1800mm and 1500mm, respectively. Sikat et
al. (2011) reported that a heavy rainy season and the
short rainy season form an average of 52% and 24% of
the total rains, respectively. Meanwhile, Masika and Vuli
rains collectively contribute mean recharge of 28%, as
higher recharge happens from April to May and
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November to January. The dry season begins from June
to October, with an average annual temperature of 26°C
(Watkiss et al., 2012; Scholz, 2008).

Geology and Soils

Geologically Zanzibar Island is composed of rocks
ranging in age from Miocene to recent calcareous
sediment with limestone of marine origin that was
covered by sands, silt, and clays brought by rivers from
the East African mainland. The island was formerly a
part of the ancient delta of Ruvu-Rufiji River of
Tanzania Mainland, which is the largest tertiary delta in
East Africa that detached from the mainland drift
faulting of Tanzania eastern coastal areas (Prendergast el
at., 2016; Sikat et al., 2011). The geology of the
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catchment can be classified as Miocene M; rocks (Sandy
clays, marls, and clayey sands), which are part of the
ancient Miocene Rufiji/Ruvu delta. These rocks are
bluish-grey to bluish-green, dense, roughly sorted
chalky, frequent gravel stringers that weathered to a red,
yellow, or brown color (Sikat et al., 2011; Hardy et al.,
2015). The Masingini ridge is characterized by deep soil
rich in nutrients that support a variety of crops, including
coconuts, mangoes, home gardens, herbs, and others
(Masore, 2011).

Hydrology and Drainage

The study area is falling under the Masingini and Donge
ridges, whereby most of the perennial stream systems
(surface and subsurface streams) are originated in
Zanzibar Island. Topographic (gradient) features of the
catchment and island support stream systems to drain
westerly on the watershed. Subsurface flow has a
predominant basin due to sinkholes and Kkarstic
formation that influence the disappearance of the major
surface streams. These soil characteristics tend to have a
high reaction to heavy rainfall such that infiltration
becomes very rapid, combined with the fast-rising in the
groundwater table. Masingini ridge is the fundamental
part of water supply for Zanzibar town by creating
immense groundwater reserves. The catchment is
composed of Quaternary (Q.); and least productive
aquifer (Miocene Ms), though groundwater extraction
(by wells or boreholes) is associated with useful yields
from laterites, sand bands, and limestone lenses.
Miocene aquifers (Ms) are the aquifers with
hydrogeological significance as their bases originate
from corridor zones (Valleys) lies between ridges. The
outcrops of the catchment possess about 7% unconfined
storage value, and the water table may rise to an average
of 7.91m per vyear. It also discharges through the
perennial stream system (springs) that flow from the
slopes of the Masingini Ridges (UNDP, 1987; Halcrow,
1994).

Data Collection and analysis
Data collection

The monthly rainfall data was collected as historical data
between 1992 and 2018. This data was collected from
the Tanzania Meteorological Agency at the Zanzibar
office; for TMA (airport) rainfall station and Kizimbani
Agromet Station, as mapped in Figure 1. The mass curve
analysis was used for data quality analysis for each
station. The 27 years cumulative rainfall amount was
plotted against time (year) to find the need for data
corrections. On the other hand, the daily spring discharge
time series of Mtoni and Bububu springs data from 1992
to 2018 was collected from the Zanzibar Water
Authority. The data was arranged based on the wet and
dry seasons to establish a significant trend between the
two seasons and establish spring discharge dependency
on rainfall. The spring discharge is estimated using the
formula 1 as shown below, where Q is the spring
discharge, H is head in feet, and L is the length in feet.

Q = 1.25H*(L + 2H) — 0.11 1

41

The equation means that water from the spring flow to
the gauge chamber of weir length L (L = 36") while water
head (H) is measured by water gauge daily. The
recorded water head is input to the formula 1, and the
result (Q) is spring discharge in gallon per hour, often
the discharge is converted into cubic meter per day.

Data Analysis

The Mann-Kendall test

The rainfall time series data and historical spring
discharge data were analyzed by using the M-K test. The
M-K test was applied to detect any statistical
significance trends under the null hypothesis (Hg) “there
iS no monotonic trend in the series” and alternate
hypothesis (Ha) “there is a monotonic trend in a series."
This was to establish significant trends in monthly,
seasonal, and annual rainfall and spring discharge data
series at 5% and 1% significance levels. The Mann-
Kendall test statistic (Z) was carried out, as shown in
equations 2, 3, 4, and 5 as follows:

s = Xko1 i=ke1Sgn(x; — xi) 2
Where x; and x are the time series observation, n is the
length of time series, and sgn (x) is defined by function
expressed in equation 3.3.

1lifx>0
0ifx=0 3
—1lifx<0

sgn(x) =

VAR (S) = 1—18[n(n —D@n+5) =X t,(t, -
1)(2t, +5)]

Where t, is the number of ties at p" value, and q is the
number of tied groups. The variance (VAR) and S are
used to estimate the value of standardized test statistics
(2), as shown in equation 5.

s-1
7TG] ifS$>0
0ifS=0 5

S+1 .
l = if§<0

7 =

The values of Z are used to indicate the presence of
statistical significance in the hydrologic time series. The
Z positive and negative values indicate an upward trend
and downward trends in the data time series. When |Z|
>Z1-aj2, the null hypothesis (Ho) was rejected as a
statistically significant trend is exiting in the data time
series at the respective significance values of o= 0.05
and 0.01.

Results and Discussion
Rainfall Variability

The temporary and spatial distribution of rainfall over
the catchment was investigated from TMA and
Kizimbani Agromet stations, as represented in Figure 2.
The monthly rainfall analysis was denoted to be a
bimodal rainfall regime. As such, heavy rains season
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runs from March to May and short rains season occurs
from October to December. The two rain seasons were
separated by dry months that run from June to
September. The results are in agreement with the
Hamisi's (2013) findings in Tanzania during the study of
rainfall trends and variability over Tanzania, where he
found that coastal areas of Tanzania experience a
bimodal rainfall regime.

500 TMA Rainfall station

400 ® —e—Kizimbani Agromet
Station
ESOO
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s
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0

statistically non-significant trends in monthly data of
twenty-seven (27) years as both upward and downward
trends were denoted. April, September, and November
showed positive values of the M-K correlation
coefficient; meanwhile, the remaining months showed
decreasing trends. On the other hand, the Kizimbani
Agromet station analysis showed a statistically non-
significant increasing trend in August, September, and
November due to the positive values of M-K
coefficients. Meanwhile, the remaining months showed
statistically non-significant decreasing trends due to
negative values of M-K coefficients at p = 0.05.
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Figure 2: Mean monthly rainfall from 1992 to 2018

Monthly, Seasonally, and Annual rainfall trend
analysis

The trend in rainfall data for each month was established
separately using the M-K test, as shown in Figure 3 and
Table 1. The TMA rainfall station analysis revealed

0.2 ® TMA rainfall station
0.15 ® Kizimbani Agromet. ..
0.1

0.05
0
-0.05
-0.1
-0.15
-0.2
-0.25
-0.3
-0.35

Kendall statistics

Mann

Month

Figure 3: M-K statistics for monthly trend (1992-2018).

Table 1: Summary statistical analysis of rainfall data along with the M-K test at TMA and Kizimbani Agromet stations

Time series M-K test (2)
TAM rainfall station Kizimbani Agromet station

JAN -0.077 -0.257
FEB -0.105 -0.097
MAR 0.111 -0.009
APR -0.174 -0.071
MAY -0.666 -0.094
JUN -0.197 -0.194
JUL -0.231 -0.305*
AUG -0.02 0.040
SEP 0.151 0.026
OCT -0.009 -0.123
NOV 0.083 0.071
DEC -0.077 -0.236
MAM -0.071 -0.100
JJAS -0.157 -0.219
OND -0.048 -0.128
Annual -0.111 -0.271*

(- indicates decreasing (downward trend) and * indicates significant at a. = 0.05)
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Figure 4 shows seasonal variation in rainfall for the long
rainy season (MAM) from 1992 to 2018. All two rainfall
stations have been characterized by a statistically non-
significant downward trend with abrupt rise and fall of
rainfall amount over twenty-seven years. The decreasing
trend was due to the negative values of the M-K test (Z-
statistics).

The statistically non-significant trends were due to
greater values of p at a 95% significance level. The
highest rainfall amount for the season MAM was
denoted in 2017 with a value of 419mm at TMA and
508.6mm at Kizimbani Agromet station, which was
resulted from heavy rains season being far above normal
(Revolutionary Government of Zanzibar, 2017). The
lowest ever recorded season rainfall (MAM) was
denoted in 2003, which was attributed to a prolonged
drought of 2003 in Zanzibar Island (Watkiss et al.,
2012).

550
TMA rainfall station

Kizimbani Agromet Station

N w P
a1 a1 a1
o o o

MAM-Masika (mm)
@
o

50
1990

2000 2010 2020

Figure 4: Seasonal variation in rainfall for the long rainy
season (1992-2018)

Figure 5 shows seasonal variation in rainfall for dry
season JJAS over the TMA and Kizimbani Agromet
stations over twenty-seven years. The analysis showed a
statistically non-significant decreasing trend (p = 0.05)
over two rainfall stations, attributed to a decrease in
rainfall amount in dry months. This resulted from
decreasing in the number of rainy days in dry months
over the years. The findings also showed that the TMA
and Kizimbani Agromet stations receive an average
rainfall of 40.65 + 18.12mm and 60.33 + 27.15mm,
respectively, meaning the catchment receives rainfall
even during dry months. The findings are in agreement
with the Kabanda (2018) and JICA (2017) findings,
which revealed that no month is entirely devoid of
rainfall in the coastal areas; and Zanzibar Island receives
rainfall at least five days per month attributed to the
change of monsoon and movement of tropical
convergence zone.
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Figure 5: Seasonal variation in rainfall for dry season
(1992-2018).

Figure 6 depicts the seasonal variation in rainfall for the
short rainy season (OND) from TMA and Kizimbani
Agromet stations over twenty-seven years. All two
rainfall stations were recorded the highest rainfall
amount in 1997 with a value of 416mm at TMA and
351.5mm at Kizimbani Agromet station, which was
attributed to El Nifio of 1997-1998 (Kabanda, 2018). The
lowest rainfall amount for the OND season was recorded
in 2001 with a value of 34.9mm at TMA and 71.6mm at
Kizimbani Agromet station, attributed to the poor
performance of the short rains season of 2001/2002. The
findings also revealed a statistically non-significant
decreasing trend at all rainfall stations due to greater
values of p at a 95% significance level. The decreasing
trend could be attributed to a decrease in the number of
rainy days in short rains months associated with changes
of natural cyclic patterns of monthly rainfall due to
climate change (Watkiss et al., 2012).
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Figure 6: Seasonal variation in rainfall for the short rainy
season (1992-2018)
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Figure 7 shows the annual rainfall trend for TMA and
Kizimbani Agromet stations. All two rainfall stations
have been characterized by decreasing annual rainfall
trends with frequent abrupt rise and fall of annual
rainfall over the twenty-seven years. For TMA station,
the highest annual rainfall was 2459.76mm observed in
1997, while the lowest annual rainfall was denoted in
2003 with a value of 704.04mm. The highest and lowest
annual rainfall recorded was attributed to hefty rains
associated with El Nifio season in 1997/1998 and
prolonged dry seasons in 2003-2004, respectively
(Watkiss et al., 2012).
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Figure 7: Annual variation in rainfall (1992-2018)

On the other hand of Kizimbani Agromet station, the
highest and lowest annual rainfall values were
2909.52mm and 1051.56mm, respectively, as observed
in 1999 and 2012. The higher rainfall amount was
attributed to the satisfactory performance of all three
rainfall seasons in 1991; meanwhile, the El Nifio of 2012
was the factor that attributed to low annual rainfall in
2012.

Besides, the findings suggested that the Kizimbani
Agromet station receives a relatively higher annual
rainfall compared to the TMA rainfall station. These
findings are in agreement with the Haji et al. (2010)
results in Zanzibar Island, who found that Northwest
parts of Zanzibar Island (including Kizimbani areas)
receive relatively higher annual rainfall distribution due
to fairly high distribution of seasonal rainfall. The M-K
test revealed a decreasing trend in annual rainfall series
that was statistically significant for Kizimbani Agromet
station  (t = —0.048, p(two — tailed) < 0.05). In
contrast, the decreasing trend was not statistically
significant for TMA station (t= —0.111,p(two —
tailed) > 0.05). This indicates that annual rainfall over
the catchment is continuously declining over the years. It
could be attributed to prolonged dry seasons and a
decrease in rainfall amount in wet seasons, respectively
(Kabanda, 2018; Watkiss et al., 2012).

Furthermore, the results highlighted that seasonal
variations in rainfall over the catchment affect both
spring discharge and boreholes water levels. Recently
studies by Sikat et al. (2011) and Haji et al. (2010)
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suggested that groundwater recharge on the Zanzibar
Island is regarded as the condition of rainfall, such that
the maximum recharge takes place during the heavy
rainy season (MAM), followed by the short rainy season
(OND), and the dry seasons. Besides, the results showed
that spring discharge is the condition of the seasonal
rainfall over the catchment, as it was observed to
fluctuate significantly with seasonal variation in rainfall
over the years. All springs showed the largest discharge
rise during the heavy rainy season, the short rainy
season, and dry season (in decreasing order). On the
other hand, the results indicated that the boreholes water
level fluctuated by 5+2.6m between the heavy rains and
dry seasons. These findings are in agreement with the
results reported by FINNIDA (1992), which revealed
that water table fluctuations range between 5-7m, which
occurs during the rainy seasons, and some take place
during dry seasons.

The trend in spring discharge

Monthly spring discharge analysis revealed two peaks
attributed to variations in monthly rainfall over the year,
as seen in Figure 8. The highest peak coincides with the
long rainy season MAM and the lowest peak
corresponding with the short rainy season OND. For
Mtoni spring, the lowest and highest discharge values
were observed in March and May, respectively.
Meanwhile, for Bububu spring, the lowest and highest
discharges were denoted in February and June,
respectively. The low spring discharge in February and
March could be attributed to the fall of the water table in
the aquifers resulted from groundwater abstraction and a
decrease in recharge to aquifers due to the low number
of rainy days. Meanwhile, high spring discharge in May
and June was attributed to the long rainy season MAM
that was associated with high recharge over the
catchment (Makame and Kangalawe, 2018; JICA, 2017,
Kombo and Kanyama, 2015; Sikat et al., 2011).

300000
Mtoni spring Bububu spring
~=250000
5
£200000
E
3 150000
£100000
(2]
2
= 50000
= Zoxxo>zJoo k>0
5 TWL%I3328382¢K
Month

Figure 8: Mean monthly spring discharge for Mtoni and
Bububu springs

Besides, Bububu spring is characterized by high flow
over the year compared to Mtoni spring because it is
surrounded by elevated forest and thick bush areas that
increase the water retention capacity of intake area and
recharge to spring source (Meuli and Wehrle, 2001).
However, hydrogeological both springs originate from
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the same aquifers of marl, sand clay, and clayey sand of
Miocene. But topography and vegetation cover around
Bububu spring create a thick cover that stores and
releases groundwater to the spring. Human activities and
housing development surrounding Mtoni  spring
associated  with  encroachment and increasing
groundwater abstraction through private wells that
threaten the sustainability of Mtoni spring (Mato, 2015;
Ufuzo et al., 2012).

The results also showed that the springs discharge
throughout the year due to reliable rainfall, high

infiltration capacity of the soil, and sufficient aquifer
retention capacity which provide a favorable
environment for plenty of recharge during the wet
seasons which enable discharge to sustain throughout
dry months (Van Sickle, 2016). The month trend
analysis showed that all springs were dominated by
upward trends, as some trends were statistically
significant at their respective significance level. Table 2
shows a statistical summary of trends and variations in
monthly, seasonally, and annual spring discharge along
with the M-K test.

Table 2: Statistical summary of Mtoni and Bububu springs discharge along with the M-K test.

Time series M-K trend (2)
Mtoni spring Bububu spring

JAN 0.333 0.156
FEB 0.244 -0.156
MAR 0.244 0.022
APR 0.600* 0.539*
MAY 0.689** 0.778**
JUN .0778** 0.333
JUL 0.822** 0.600*
AUG 0.867** 0.600*
SEP 0.822** 0.511*
OCT 0.644** 0.378
NOV 0.733** 0.422
DEC 0.556* 0.333
MAM 0.689** 0.644**
JJAS 0.911** 0.467
OND 0.733** 0.556*
Annual - 0.299* - 0.442**

(*) indicates significance at o. = 0.05 and (**) indicates significance at a = 0.01

Seasonal and Annual trend in spring discharge

For the long rainy season MAM, the results showed a
statistically significant increasing trend with 7 =
0.689, p(two — tailed) < 0.01 and 7 = 0.644, p(two —
tailed) < 0.01 for Mtoni and Bububu springs,
respectively. This indicates that spring discharge
increases significantly as rainfall increases in the long
rainy season. The discharge trend could be regarded as a
condition of seasonal rainfall because it increases during
the wet seasons. During the rainy season, infiltration
increases to recharge the aquifer and cause the water
level to rise. As such, excess water is allowed to
discharge naturally through springs (Fetter, 2001). It was
also noted that the peak discharge of Mtoni spring occurs
within MAM attributed to the direct infiltration of
rainwater from immediate areas (Meuli and Wehrle,
2001).

For the dry season JJAS, the findings revealed both
springs experience low discharge quantity in the dry
season compared to the long and short rainy seasons.
During the dry season, infiltration decreases, and the
catchment water level decreases due to groundwater
pumping and hence causing spring discharge attenuation.
The findings also showed an upward trend that was
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statistically  significant for Mtoni spring, © =
0.911, p(two — tailed) < 0.01, and statistically non-
significant for Bububu spring, z = 0.467,p(two —
tailed) > 0.05. This indicates that Bububu spring
discharge does not associate with shallow flow system
because its seasonal variation in discharge correlated
insignificantly with rainfall patterns of dry season JJAS
(Ufuzo et al., 2012). It was also revealed that the peak
discharge of Bububu spring occurs in June at the late of
MAM and the first month of JJAS. This could be
attributed to a lack of direct infiltration of rainwater from
the immediate surroundings that cause the peak
discharge to occur a few weeks after heavy rains (Meuli
and Webhrle, 2001).

For the short rainy season OND, the M-K test revealed a
statistically significant upward trend, 7 = 0.733, p(two —
tailed) < 0.01, and 7 = 0.556, p(two — tailed) < 0.05
for Mtoni and Bububu springs, respectively. This means
spring discharge increases significantly as short rainy
season increases. Geologically, during the short rainy
season OND, the surplus water is available to recharge
aquifers to rise water levels as well as to increase spring
discharge on the catchment. Figure 9 shows trends and
variations in annual spring discharge over the Masingini
catchment over twenty-seven (1992-2018). The M-K test
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revealed a statistically significant downward trend, z =
—0.299, p(two — tailed) < 0.05 at Mtoni spring, and ¢
= —0.442,p(two — tailed) < 0.01 at Bububu spring,
meaning the spring discharge declines over the year. The
results are in agreement with Ufuzo et al. (2012)
findings, which revealed a significant decreasing trend in
annual discharge over Mtoni and Bububu springs due to
a decrease in yearly rainfall resulted from a decline in
annual-monthly rain over the catchment. They added that
the decline in spring discharge was also attributed to an
increase in groundwater abstraction resulted from
population growth and socio-economic development
surround the spring intakes over the catchment.
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Figure 9: Annual spring discharge and annual rainfall
(1992-2018)

Spring discharge before and after Water Policy

The study analyzed spring discharge variation ten years
before and after water policy to study the policy's effect
on spring discharge management. The results showed
that the average daily spring discharge decreased by
23.9% and 18.9% for Mtoni and Bububu springs
discharge, respectively, meaning discharge attenuates
continuously over time. This could be attributed to the
extended effects of climate change that impact cyclic
patterns of annual rainfall and change of groundwater
use patterns resulted from population growth and socio-
economic development (Mato, 2015; Ufuzo et al., 2012;
Shah, 2003). The National Water Policy 2004 recognizes
that the limited water reserve is only nourished by
rainfall. The survival of reserves depends upon balancing
the rate of extraction for human use and the rainfall
recharge. Thus, it established a system of water rights
and groundwater abstraction control in practice to ensure
the granted permits for groundwater exploitation do not
cause detrimental effects on spring discharge. It has also
set the guidelines and principles to guide community
participation in spring management, monitor recharge
and human activities in the catchment, and ensure that
spring intake area is protected from ongoing human
activities within a watershed.

However, the findings showed that the policy failed to
comprehensively manage spring discharge because
average annual rainfall before and after the policy was
1893.2 and 1548.5mm/annual. JICA (2008) indicated
that catchment groundwater development potential was
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estimated using the mean annual of 1100mm. Although
there was a decreasing trend in annual rainfall (1992-
2018), the catchment receives rainfall greater than
average annual rainfall designed for a safe yield of
groundwater extraction from boreholes.

On the other hand, a decline in spring discharge resulted
from groundwater users' mismanagement due to unmet
water demand pressurized by population growth, rapid
urban expansion, and degradation of watersheds. Shah
(2003), the water production capability has been
worsening with time; the water demand for Zanzibar
Municipality was projected to increase from
30,000m*/day in 1995 to 90,000m*day in 2015.
Conversely, by 2003 the deficit was 32% of the total
average production for Municipal water demand
estimated in 1995. Again, about 61.7% of the estimated
annual water demand for Zanzibar Island sourced from
private sources by individuals in 2018. These indicate
that as the public water authority fails to meet required
water demands, the likelihood of individuals to misuse
groundwater exploitation is increasing due to a lack of
enforcement of groundwater extraction rights at the local
level. As a result, the groundwater level continues to
decline, and seawater intrusion deteriorates freshwater
supply increasingly in Zanzibar Municipality (Smith et
al., 2016; Mato, 2015).

Response of spring discharge with regard to rainfall
variability

The M-K correlation analysis was applied to determine
the relationship between seasonal rainfall and spring
discharge, annual rainfall, and spring discharge (1992-
2018). For the long rainy season (MAM), spring
discharge and rainfall amount were statistically
significant correlated, 7 = 0.556, p (two tailed) < 0.05
for Mtoni spring and t = 0.511,p(two — tailed) <
0.05 for Bububu spring. The values of the R? were 0.309
and 0.261 for Mtoni and Bububu spring, respectively.
The coefficient of determination (R?) suggests that long
rainy season contributes 30.9% and 26.1% of the
variation in spring discharge for Mtoni and Bububu
spring, respectively. The remaining seasons, dry and
short rainy seasons, spring discharge and rainfall
amount, showed statistically non-significant correlation.

Moreover, the M-K correlation analysis revealed a
statistically significant upward relationship between
annual spring discharge and annual rainfall amount over
the catchment. As such, T = 0.333,p (two — tailed) <
0.05 for Mtoni spring, and 7 = 0.453,p(two —
tailed) < 0.01 for Bububu spring. The coefficient of
determination (R? was 0.111 and 0.205 for Mtoni and
Bububu springs, respectively. This means that 11.1%
and 20.5% of the annual spring discharge variations can
be accounted for by annual rainfall for Mtoni and
Bububu spring discharge, respectively. Conversely, R?
explains that about 88.9% and 79.5% of variations in
discharge from Mtoni spring and Bububu spring,
respectively, remained unexplained. Therefore, it should
be noted that apart from the monthly, seasonal, and
annual rainfall amount received on the catchment, the
contribution of other factors in spring discharge
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fluctuations cannot be underestimated (Jia et al., 2017;
Chinnasamy and Prathapar, 2016; Weissinger et al.,
2016).
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