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Long-term changes and variability in rainfall and
streamflow in Luvuvhu River Catchment, South Africa

We investigated long-term changes and variability in daily rainfall and streamflow in the Luvuvhu River
Catchment, South Africa. Changes and variability in rainfall and streamflow impact on available water
resources and the allocation of these resources. Daily rainfall data for six stations and daily streamflow data
for four stations for the period 1920/1921-2005/2006 were grouped into cycles of 5 and 10 years. Daily
means and standard deviations were computed for each cycle. Standard deviation was used to define the
rainfall and streamflow variability. Linear regression was used to compute trends in 5- and 10-year average
rainfall and streamflow and their standard deviations. Paired two-tailed ¢-tests (significance level of 0.05)
were carried out to verify the spatial variability of rainfall and streamflow in the study area. Mann-Kendall and
linear regression were used to determine trend analyses based on long-term annual rainfall and streamflow
data. All but two rainfall stations showed decreasing trends in 5- and 10-year mean rainfall; 10-year mean
daily rainfall showed decadal rainfall fluctuations. Contrasting trends were observed in 5- and 10-year
mean streamflow, indicating that other factors such as anthropogenic activities and impoundments could
be impacting on streamflow. Trend directions identified from Mann—Kendall and linear regression analyses
of long-term annual rainfall and streamflow were similar to those identified by linear regression of 5- and
10-year mean daily rainfall. Results of paired two-tailed t-tests verified the spatial variability of rainfall and
streamflow in the study area. We have shown that the variability of rainfall and streamflow has increased in
the Luvuvhu River Catchment over the 86-year study period.

Introduction

Increased pressure on natural water systems and artificial water storage systems as a result of a growing population
make southern Africa vulnerable to potential changes in the hydrological cycle as a result of global warming, which
could lead to extremely negative impacts on societies within this region." Studies on long-term changes and
variability in rainfall and streamflow are therefore of immense interest in South Africa.

According to Ampitiyawatta and Guo?, precipitation is a good long-term indicator of changes which impact on
water resources. Furthermore, changes in precipitation patterns are very important for water resources managers
who deal with water resources planning and management. Several studies have been undertaken on rainfall
changes in South Africa, including in the Limpopo Province, in which Luvuvhu River Catchment (LRC) is located.
Tyson et al.? noted discernible but specific regional oscillations of 16-20 and 10-12 years, ubiquity of 3-4-year
fluctuations and spatially distinctive occurrences of quasi-biennial oscillations, based on analyses of rainfall data
from 157 stations across South Africa for the period between 1880 and 1972. Dyer and Tyson* observed a 20-year
oscillation in rainfall for the northeastern parts of South Africa over the period 1910-1972. Dyer and Gosnell® noted
significant long-term oscillations with a mean wavelength of 19.2 years from 18 of the oldest and most reliable
rainfall stations within the South African sugar industry. Neither Nicholson®” nor Hulme® identified any trends in the
mean annual rainfall over southern Africa for the periods 1900-1970, 1931-1960 and 1961-1990, respectively.
Lumsden et al.° qualitatively analysed potential changes in hydrologically relevant rainfall statistics to determine
where convergence existed amongst the different global climate models with respect to changes in rainfall in South
Africa. Hydrologically relevant statistics include annual means and variances of the rainfall scenarios, as well as the
distribution of daily rainfall amounts. The results of the global climate models evaluated in the study showed that
more rainfall was projected for the east of the region while less rainfall was projected along the west coast and the
adjacent interior, with the possibility of a slight increase in interannual variability.®

In studies on historical trends in precipitation over southern Africa, Kruger' reported significant decreases in
annual precipitation in northern Limpopo, northeastern Free State, western KwaZulu-Natal and the southeastern
regions of the Eastern Cape, and significant increases in precipitation during the wet season in the northern North
West Province and an area over the Northern Cape Province, Western Cape Province and Eastern Cape Province.
Lynch et al." reported a gradual increase in annual rainfall in the Potchefstroom area from 1925 to 1998. A
decrease in median annual rainfall in the Limpopo Province over the latter half of the 20th century was reported by
Warburton and Schulze™. Dollar and Rowntree™ did not detect long-term changes in the rainfall pattern over the
Bell River Catchment in the Eastern Drakensberg of South Africa, but did find annual, seasonal rainfall cycles with
variance peaks every 16—19 years.

There is a limited number of studies on long-term changes and variability in streamflow. Fanta et al.'* investigated
the variability of river flow for 502 river flow gauging stations in nine countries of the southern African region,
including South Africa, with a view to document the spatial variability of the river flow regimes. They found evidence
of declining run-off in parts of Zambia, Angola, Mozambique and the highveld in South Africa.

Grenfell and Ellery used the coefficient of variation to determine the interannual variations in rainfall and streamflow
in the Mfolozi River, South Africa. They found that rainfall and streamflow were highly variable with coefficients
of variation for interannual rainfall and streamflow ranging from 22.6% to 36.6% and 61% to 79%, respectively.
Research on southern African rainfall trends has focused on annual data series with little information on seasonal
or daily data.’ Thus, long-term daily average changes and variability has not been covered extensively. The same
applies to long-term daily streamflow changes and variability. Such investigations have yet to be undertaken in
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the LRC. Our aim in the current study was to investigate long-term
changes and variability in rainfall and streamflow in the LRC and to
provide additional information on long-term changes and variability in
daily rainfall and streamflow on a local scale.

Study area

The LRC is located in the Luvuvhu/Letaba Water Management
Area in the Limpopo Province of South Africa. The LRC is located
between longitudes 29°49'46.16"’E and 31°23'32.02"E and latitudes
22°17°33.57”S and 23°17°57.31”'S (Figure 1). It covers a catchment
area of 5941 km?. The Luvuvhu River flows for about 200 km through a
diverse range of landscapes before it joins the Limpopo River near Pafuri
in the Kruger National Park. The mean annual rainfall is 608 mm and the
mean annual run-off is 520x10° m?3. Topography varies from 200 m to
1500 m (Figure 1) and greatly influences rainfall and run-off distribution
in the catchment. The highest rainfall occurs in the upper reaches where
the Soutpansberg Mountains are located, with little rainfall in the lower
reaches around the Kruger National Park.

Land-use activities in the LRC include forestry, agriculture and settiements.
Forestry plantations cover the upper reaches of the Luvuvhu and
Latonyanda Rivers, declining towards the Albasini Dam. Land cover in the
southern highlands of the LRC is dominated by exotic tree plantations of
pines and eucalyptus. Land use in the LRC includes commercial forestry
(4%), commercial dry land agriculture (10%), commercial irrigation
agriculture (3%), range land (50%), conservation areas (30%) and urban
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areas (3%)."® According to Griscom et al.”, notable land-cover changes
have occurred in the LRC in the northeastern part of South Africa in the
past two decades. These changes are linked to human population growth
and may be contributing to observed reductions in winter rivers’ base flows
and increased events of rivers within the Kruger National Park running dry.

Methodology

Daily rainfall data for six rainfall stations for 1931/1932-2005/2006 were
obtained from the South African Weather Service and Lynch’s™ rainfall
database. Daily streamflow data for four stations covering the period
1920/1921-2005/2006 were obtained from the Department of Water
and Sanitation. Figure 1 shows the distribution of rainfall and streamflow
stations within the study area. It was essential to select stations that
were spatially distributed throughout the study area. Stations were also
selected based on availability of long-term rainfall data (>30 years)
with minimal or no gaps. The World Meteorological Organization'
recommended a period of 30 years or longer as ideal for studies dealing
with long-term changes. The selected stations had data from periods
ranging from 40-86 years, with gaps in data of less than 5%.

Each rainfall and streamflow data set was divided into 5-year periods
(pentads) and 10-year periods (decades). The mean and standard
deviation were computed for each pentad and decade for all the stations
in order to show the long-term changes and variability, respectively. The
standard deviation is one of the most common statistical parameters used
to measure overall dispersion (variation) of data?, and has been widely
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Figure 1:  The locations of rainfall and streamflow stations within the study area.

South African Journal of Science
http://www.sajs.co.za

Volume 111 | Number 7/8
July/August 2015



Research Article
Page 3 of 9

used to study rainfall and/or streamflow variability (examples include
the studies of Singh and Mulye® and Sanz et al.??). Linear regression
was used to estimate trends in daily mean rainfall and streamflow over
the study period for both the 5- and 10-year cycles. This method fits a
regression line to the time series data and the slope indicates whether
the trend is strong or not. The null hypothesis is that the slope of the line
is zero. Linear regression has been used in a number of trend analysis
studies including those of Suppiah and Hennessy?®, Schmidli and Frei**
and Cheung et al.%, amongst others. Paired two-tailed f-tests (with a
significance level of 0.05) were used to verify if there was a significant
difference between the means of rainfall and streamflow for any two
stations. The samples were paired between sites based on their periods
of record. This approach was useful in verifying the spatial variation of
rainfall and streamflow in the study area.

Mann—Kendall was used for trend analyses based on long-term annual
rainfall and streamflow data. Mann-Kendall is a rank-based non-
parametric test. The null hypothesis (H,) of the test is that there is no
trend (the data is independent and randomly ordered) and the alternative
hypothesis (H,) is that there is a trend.?® The Mann-Kendall test is a
statistical test widely used for the analysis of trends in climatological and
hydrological time series.?” It was used together with linear regression to
analyse trends in long-term annual rainfall and streamflow data to show
comparability of results with the results of linear regression trend analyses
based on 5- and 10-year means. This comparison was aimed at showing
that the latter method had merit for trend detection, which was essential
for the comparison of trends identified with the Mann—Kendall method for
which annual data were used. Furthermore, using more than one method
for trend analysis improves on the reasonableness of the results.

Results

Rainfall and streamflow frends and variability

The ranges of the 5- and 10-year means and standard deviations for
rainfall and streamflow data for all stations are provided in Tables 1
and 2. All the results were organised according to hydrological year
(October of one year to September of the following year); for example,
years 51-56 refers to the hydrological years in the period 1951/1952—
1955/1956. The ranges of the 5- and 10-year rainfall means and
standard deviations for each station are comparable. The ranges of
the 5- and 10-year means for streamflow are mostly not comparable,
although the standard deviation ranges are comparable. The differences
in the ranges of 5- and 10-year means for streamflow may be a result of
floods which occurred in the pentads 76-81, 91-96 and 96-01 and in
the decades 71-81 and 91-01. The major flood events occurred in the
hydrological years 1976/1977, 1995/1996 and 1999/2000. Each flood
event occurred towards the end of the decade and was not considered
in the computation of the pentad mean streamflow preceded by dry
cycles. The standard deviation ranges are generally higher than the
means for both rainfall and streamflow data, showing high rainfall and
streamflow variability in the study area. Fauchereau et al.?® reported that
southern Africa’s geographical location, steep topography, contrasted
oceanic surroundings and atmospheric dynamics are conducive to great
interannual variability in the hydrological cycle.

Figure 2 shows the linear regression results for 5- and 10-year
rainfall means for Elim, Goedehoop, Hanglip, Tshakhuma, Pafuri and
Zwartrandjes rainfall stations. Goedehoop, Hanglip and Tshakhuma rainfall
stations show decreasing trends in 5- and 10-year means. Pafuri and
Zwartrandjes rainfall stations show increasing trends in 5- and 10-year
means. Elim shows a decreasing trend in 5-year mean and an increasing
trend in 10-year mean. Trends in rainfall characteristics are likely to be
associated with changes in atmospheric circulation patterns,® which
could be impacted by site-specific local effects and contribute to different
trends. Others have also attributed changes in African rainfall to Indian
Ocean processes and atmospheric features such as the intertropical
convergence zone and anticyclones.?® Shongwe et al.? projected drying
rainfall trends in the southern African region, although decade-to-decade
rainfall fluctuations were also noted. The 10-year mean daily rainfall
shows decadal rainfall fluctuations which is in agreement to that noted
by Shongwe et al.*® That droughts are becoming more intense and
widespread in South Africa,® confirms the decreasing trends obtained
in this study. Warburton and Schulze'? also reported a decrease in
the median annual rainfall over the later half of the 20th century in the
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Limpopo Province, while Kruger' noted a significant decrease in annual
precipitation in the northern Limpopo Province. Our results are mostly in
agreement with these results, despite the fact that trends in the current
study were based on mean daily rainfall.

Table 1: The 5- and 10-year means and standard deviations for rainfall
data over the 86-year study period
Mean Standard deviation
Station 5-year 10-year 5-year 10-year
Goedehoop 1.3-3.8 1.7-3.2 6.5-14.9 1.8-14.8
Hanglip 1.2-2.9 1.4-2.5 5.5-10.1 6.4-9.0
Tshakhuma 1.8-5.1 25-4.4 9.7-23.8 10.0-19.8
Zwartrandjes 0.9-1.8 1.1-1.7 42-9.8 4.7-9.2
Elim 1.3-2.7 1.3-2.5 5.8-15.5 7.0-13.1
Pafuri 1.0-1.6 0.9-1.7 4.9-8.0 5.2-7.9
Table 2: The 5- and 10-year means and standard deviations for
streamflow data over the 86-year study period
Station Mean Standard deviation
5-year 10-year 5-year 10-year
AQHO01 05-36 1.8-6.6 2.2-30.9 25-234
A9H002 1.4-9.9 1.0-2.6 0.6-21.9 0.7-18.1
A9H004 0.1-0.8 0.8-4.5 0.7-10.9 15-85
A9H006 0.7-4.6 0.1-0.5 0.1-1.6 0.2-1.1

The 5- and 10-year mean streamflows for AQH001, A9H002, A9QH004
and A9H006 are provided in Figure 3. A9H001 and A9H004 show
decreasing trends in 5- and 10-year mean streamflows, which are
associated with decreasing trends in rainfall. AQH002 shows increasing
trends in 5- and 10-year means while A9H006 shows an increasing trend
in the 5-year mean and almost no trend in the 10-year mean (Figure 3).
Contrasting trends in 5- and 10-year mean streamflows indicate that
other factors such as anthropogenic activities and impoundments could
be impacting on the streamflow. Chunzhen® noted that detection and
attribution of a trend in a hydrological time series are much more difficult
because changes in runoff are affected not only by climate factors, but
also by non-climate factors, such as increases in water use and water
consumption resulting from population growth, economic development,
and changes in land use and land cover. These might be the reasons for
contrasting trends in streamflow in the study area, as the anthropogenic
activities in the area, which include agriculture, afforestation and
settlements, occur in the quaternary catchments where each streamflow
gauge is located.

Griscom et al."” reported considerable land-cover changes associated
with human population growth and land-use activities such as
agriculture, grazing and fuelwood cutting in the LRC. They reported a
12% increase in bare land between 1978 and 2005, which might have
resulted in increased streamflows in parts of the catchment. Sambo®!
reported a 50% decrease in natural vegetation and a 30% increase in
agriculture in the LRC between 1980 and 2010. Irrigation return flows
and wastewater discharges into the river may also have increased the
streamflows in parts of the river. In 2000, return flows of 5 million and
2 million m¥/year from irrigation and urban areas, respectively, were
recorded in the LRC. The impact of anthropogenic activities on long-
term streamflow changes and trends in the study area requires further
investigation. Jewitt et al.®? assessed the hydrological response of
nine land-use scenarios in Mutale River quaternary catchment located
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within the LRC and showed that an increase in forestry to the maximum
possible would result in a 7-9% decrease in streamflow. Odiyo et al.*®
showed increases in streamflows and their frequency of occurrence in
the Luvuvhu River as a consequence of the removal of alien vegetation.
The removal of alien vegetation could also have contributed to increased
streamflow trends in the LRC. The 10-year mean daily streamflow also
shows decadal fluctuations similar to those of mean daily rainfall.

Long-term changes and variability in rainfall and streamflow

Elim, Goedehoop, Tshakhuma and Zwartrandjes show increases in
5- and 10-year rainfall standard deviations (Figure 4). Hanglip station
shows no significant changes in rainfall standard deviations while
Pafuri station shows a slight increase and decrease in 5- and 10-year
rainfall standard deviations, respectively. All streamflow stations show
increasing trends of 5- and 10-year standard deviations, except for
station A9H004 which shows a slightly decreasing trend for the 10-year
standard deviation (Figure 5). Thus the results mostly indicate increased
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(a) 5- and (b) 10-year mean rainfall (mm) for the available hydrological years for each rainfall station.
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variability of rainfall and streamflow. Reason and Rouault* reported the
connection of ENSO-like decadal variability in South African rainfall.
Figures 2-5 show 10-year cyclic increases and decreases in mean and
standard deviation for all rainfall and streamflow stations. These findings
show that the decadal or pentad rainfall trends and variations influence
decadal or pentad streamflow trends and variations, as rainfall is one of
the major drivers of run-off generation in a catchment.

Statistical significance of 5- and 10-year means

The differences in the 5- and 10-year rainfall means for Zwartrandjes
station vary from not significant (p>0.05) to extremely significant
(p<0.001), with the latter dominating compared with those of all the other
stations (Table 3). The difference in 5- and 10-year means for Hanglip

Long-term changes and variability in rainfall and streamflow

and Tshakhuma, and Hanglip and Zwartrandjes stations, is also extremely
significant. There is no statistically significant difference in the 5- and 10-
year means for Hanglip and Elim stations. The differences in the 5-year
means for Goedehoop and Hanglip, and Tshakhuma and Elim are extremely
significant (p<0.001), while those of Goedehoop and Tshakhuma, and
Goedehoop and Elim are very significant (0.001 <p <0.01). The differences
in the 10-year means for Goedehoop and Hanglip and Goedehoop and
Tshakhuma are significant (0.01<p<0.05) while the difference between
the 10-year means of Tshakhuma and Elim stations is very significant
(0.001<p<0.01). The significant differences in the 5- and 10-year means
for the majority of the stations, some of which are highlighted above, verify
the highly variable nature of rainfall in the study area, as do the results of
the 5- and 10-year standard deviation comparisons.
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(a) 5- and (b) 10-year mean streamflows (m?/s) for the available hydrological years for each streamflow station.
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Figure 5:  (a) 5- and (b) 10-year streamflow standard deviations (m?/s) for the available hydrological years for each streamflow station.

Table 3:
of rainfall stations

Results (p-values) of the paired two-tailed ¢-test comparing means

The differences in the 5- and 10-year means for AQH004 and A9H001
and 5-year mean for A9H002 and A9H001 are significant (Table 4).

The differences in the 5-year means for AQH002 and A9H006, A9H004
Stations 5-year mean 10-year mean and A9H006, A9H006 and A9HO01, and A9H004 and A9H002 are very
- = significant while the 10-year means for A9H002 and A9H006, A9H004
Goedehoop and Hanglip 0.00039521 0.016606693 and A9H006, and A9H004 and AQHO02 are significant (0.01<p<0.05)
Goedehoop and Tshakhuma 0.00180114 0.014944424" (Table 4). There were no statistically significant differences in the
) 10-year means for AQH002 and A9HO01, and A9H006 and A9HO01.
EEEITT B AT DLV LTS The results show significant differences in the mean values between
Goedehoop and Elim 0.00725302" 0.088843473" different stations in the majority of cases, thus verifying the spatial
Hanglip and Tshakhuma 0.00000026™ 0.00001182" variability in streamflow.l However, Fhe differences iq the 5- and 10-year
: - mean streamflows for different stations are not as highly pronounced as
Hanglip and Elim 071213733 0.726702838" those for rainfall, indicating that the spatial variability of rainfall is higher
Hanglip and Zwartrandjes 0.00000033""* 0.000117723" than that of streamflow.
Zwartrandjes and Eiim 000017542 0009645059 Table 4: Results (p-values) of the paired two-tailed ¢-test comparing means
Tshakhuma and Elim 0.00014043" 0.002477142™ of streamflow stations
Tshakhuma and Zwartrandjes 0.00000001™ 0.00001179™ .
Stations 5-year mean 10-year mean
Pafurf and Zwartrandjes 0.062260798 0.024152941 A9H002 and ASH006 0,001~ 0,015
Pafuri and Tshakhuma 0.000000002 0.000028993 A9H002 and A9HOO0T 0.022" 0.094%
Pafuri and Hanglip 0.000000319™" 0.000123572™ A9H004 and A9HO06 0.001* 0.041"
Pafuri and Goedehoop 0.000002362"" 0.002604983 A9H006 and A9HO01 0.005" 0.064m
Pafuri and Elim 0.000272006"" 0.022086705 A9H004 and A9H001 0.021" 0.013"
A9H004 and A9H002 0.005" 0.025"
mpot  significant  (p>0.05); “significant (0.01<p<0.05); “very Ssignificant

(0.001<p<0.01); “"extremely significant (p<0.001)
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Trends for total annual rainfall and streamflow

The Mann—Kendall and linear regression trend analysis results for rainfall
are shown in Table 5. The Kendall statistic (S) was used to identify the
direction of the trend. A positive value of S indicates an upward trend
and a negative value of S indicates a downward trend.* Positive and
negative signs of the f-statistic indicate increasing and decreasing
trends, respectively.® Goedehoop, Hanglip, Tshakhuma and Elim showed
downward (decreasing) rainfall trends according to both Mann—Kendall
and linear regression analyses. However, Zwartrandjes and Pafuri
stations showed upward (increasing) trends in rainfall. These results are
similar to those obtained by linear regression analysis of 5- and 10-year
means, indicating that 5- and 10-year means can be used in trend
detection. None of the identified trends is statistically significant except
for Tshakhuma — the only station that shows a statistically significant
trend based on Mann—Kendall analysis. Based on linear regression
analysis, three stations — Hanglip, Tshakhuma and Zwartrandjes — show
statistically significant trends.

Table 6 shows Mann—Kendall and linear regression results for streamflow
stations. A9QH001 and A9H002 show decreasing trends, which are
statistically significant, while A9H004 and A9H006 show increasing
trends that are not statistically significant. Similarity in trend directions
identified from both Mann-Kendall and linear regression methods
support the use of 5- and 10-year means, as the results are mostly
comparable. Thus, the results obtained from the use of 5- and 10-year
means for trend detection are realistic, as they are comparable to those
of established scientific or statistical methods.

Conclusion

We investigated long-term changes and variability in rainfall and
streamflow in the LRC. The 5- and 10-year long-term means and
standard deviations, linear regression and Mann-Kendall were used to
show the long-term trends and variability. Most of the rainfall stations
show decreasing trends in 5- and 10-year mean rainfall; Zwartrandjes
and Pafuri stations show increasing trends. Elim station shows an
increasing trend in 10-year mean. In agreement with other studies

Table 5: Mann—Kendall and linear regression trends for rainfall data
Mann-Kendall
Station S p-value (two-tailed) Trend 3
Goedehoop -354 0.18 Decreasing 0.1
Hanglip -416 0.115 Decreasing 0.1
Tshakhuma -1655 <0.0001 Decreasing 0.1
Zwartrandjes 285 0.281 Increasing 0.1
Elim -215 0.119 Decreasing 0.1
Pafuri 124 0.609 Increasing 0.1
Table 6: Mann—Kendall and linear regression trends for streamflow data
Mann-Kendall
Station ) p-value (two-tailed) Trend 3
A9HO001 -701 0.0004 Decreasing 0.1
A9H002 -445 0.019 Decreasing 0.1
A9H004 27 0.895 Increasing 0.1
A9H006 4 0.973 Increasing 0.1
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Long-term changes and variability in rainfall and streamflow

undertaken in the Limpopo Province, 10-year mean daily rainfall shows
decadal rainfall fluctuations.

Streamflow stations show contrasting trends in 5- and 10-year mean
streamflows, indicating that other factors such as anthropogenic activities
and impoundments could be impacting on streamflow. The impact of
anthropogenic activities on long-term streamflow changes and variability
in the study area requires further investigation. Chunzhen® noted that it
is important to separate natural climate variability from anthropogenic
variability in historical data of hydrometeorological observations for
a long-term period. Such a study should be carried out in the current
study area. Most rainfall and streamflow stations show increasing trends
for 5- and 10-year standard deviations. The results of the study thus,
generally, show increased variability of rainfall and streamflow, which
increases the variability of the available water resources. The statistically
significant differences in the 5- and 10-year means for the majority of
the rainfall and streamflow stations verify the highly variable nature of
rainfall and streamflow in the study area and hence verify the results of
the 5- and 10-year standard deviations. The decadal or pentad rainfall
trends and variations influence decadal or pentad streamflow trends and
variations as rainfall is one of the major drivers of run-off generation in
a catchment. Trend directions identified from long-term annual rainfall
and streamflow from Mann—Kendall and linear regression analyses were
similar to those identified from linear regression analysis for 5- and
10-year mean daily rainfall, suggesting that the latter approach can be
applied for trend analysis.

This simple method based on statistical analysis of available rainfall and
streamflow data has clearly demonstrated climate change in the study
area. Cheung et al.*® demonstrated how the use of simple statistical
analyses of historical rain gauge data can be used to accurately
characterise rainfall. The method we used in the current study is therefore
highly recommended for trend and variability detection in rainfall and
streamflow in situations in which daily long-term data are available.

Linear regression

Significant t-statistic Trend 4 Significant
No -0.89 Decreasing 0.1 No
No -1.81 Decreasing <0.1 Yes
Yes -3.12 Decreasing <0.01 Yes
No 1.82 Increasing <0.1 Yes
No -0.28 Decreasing 0.1 No
No 1.06 Increasing 0.1 No

Linear regression

Significant t-statistic Trend o Significant
Yes -3.115 Decreasing <0.01 Yes
Yes -1.509 Decreasing 0.1 Yes
No 0.829 Increasing 0.1 No
No 1.054 Increasing 0.1 No
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