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ABSTRACT. Sabarmati basin (SB) in India has been experiencing decreased rainfall since 1960s. In the monsoon
season, maximum reduction in number of rainy days was observed in the SB. Thus, study of rainfall in the SB is
necessary. Therefore, gridded rainfall data of the SB corresponding to annual, seasonal and monthly temporal scales is
used for trend analyses for the period of 54 years’ (1951 to 2004) through application of Mann-Kendall (MK) test, MK
test with block-boot strapping, Sen’s slope test, smoothing curve and plot of innovative trend analysis. The results
showed that, statistically significant trends (SSTs) are present at very few grid points of annual, winter, pre-monsoon and
monsoon rainfall data and these SSTs are decreasing trends. Thus, if the same trend persists in future, then there will be
scarcity of water and more strain on the management of water resources at the given grids in corresponding temporal
scales.
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1. Introduction serious consequences including decreased yields from

agriculture in tropical regions, leading to greater risk of

Climate change (CC) is a worldwide apprehension
(Panthi et al., 2015). Mahato (2014) given that, CC is any
notable change occurred in the expected pattern of
average weather of a region or entire Earth over long-
term. These alterations in climate may took place over
tens, thousand or even in millions of years. But, in current
year’s high emissions of greenhouse gases (GHGS)
because of anthropogenic activities such as urbanization,
industrialization, change in land use pattern, agriculture,
deforestation etc., accelerated the pace of CC.

If the present scenario continues, then by 2030, the
GHGs emissions might rise by 25-90% as compared to
that of 2000 and subsequently the Earth would be warmer
by 3 °C in this century. Intergovernmental Panel on CC
(IPCC) anticipated that, even a rise of 1-2.5 °C can cause
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hunger (United Nations Framework Convention on
Climate Change, 2007).

Basin scale knowledge of CC is of most relevance
for the use, planning and development of water (Singh
et al., 2008). Precipitation is one amongst the most crucial
variates for assessing the CC (Wang et al., 2011). Rainfall
is one amongst the main climatic variates that influence
the patterns of availability of water in both space and time.
One amongst the challenges caused by climate
variability/CC is  determination, recognition and
evaluation of rainfall trends and their ramifications on
river flows to help in planning adaptation measures
through suitable water resources management strategies
(Taxak et al., 2014). Thus, trend analysis studies on
precipitation data at the basin scale are essential.
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Therefore, literature review of trend analysis studies
on precipitation data of river basins (RBs) outside the
India and across the world is carried out (Fu et al., 2004;
Ampitiyawatta & Guo, 2009; Gemmer & Fischer, 2011,
Reza et al., 2011; Wang et al., 2011; Zhang et al., 2012;
Ramadan et al., 2013; Shi et al., 2013; Zain, 2014; Ahmad
et al., 2015; Panthi et al., 2015; Tabari et al., 2015; Wu
et al., 2016; Langat et al., 2017; Fentaw et al., 2017; Gao
et al., 2019). In India also many trend analysis studies
have been carried out on precipitation/rainfall of many
RBs and these are discussed briefly in the following
paragraphs.

Annual precipitation time series (TS) of each of the
sixteen meteorological subdivisions comprising three RBs
(viz., Meghna, Ganges and Brahmaputra) were analyzed
by Mirza et al. (1998) for trends. For this, they applied
Student's t-test, Mann-Kendall (MK) rank statistic and
regression analysis. Also for persistence assessment they
used first order auto-correlation analysis. Results shown
that, precipitation over the Ganges basin was in general
stable. In the Brahmaputra basin, precipitation in one sub-
basin showed a negative trend and another showed
a rising trend. At one amongst the three sub-divisions in
the Meghna basin, a negative trend was found while
another showed positive (increasing) trend. In the
precipitation series of the Ganges basin, Markovian
persistence was absent but it was found to be present in
two common sub-divisions of Meghna and Brahmaputra
basins.

Singh et al. (2008) have studied the trends in mean
annual rainfall, heaviest rain, rainy days and relative
humidity over the 43 stations across the 9 RBs namely
Ganga, Lower Indus, Brahamani and Subarnarekha,
Mahanadi, Mahi, Tapi, Sabarmati, Narmada and Luni and
others for a period of 90 to 100 years. MK test was
employed to detect and identify the trends. Majority of the
basins showed a rising trend in annual mean rainfall,
heaviest rain and relative humidity while a declining trend
was observed in annual rainy days.

Chakraborty et al. (2013) have performed analysis of
trend and variability in the rainfall data over the Seonath
RB in the Chhattisgarh, India for the period of 1960 to
2008. Three important tests, viz., MK test, Modified MK
test (MMK) and Spearman’s Rho (SR) test were
employed to evaluate the trend. The Sen’s slope (SS) test
was employed to assess trend magnitude. Also change
points were assessed by applying CUSUM and cumulative
deviations tests. For variability analysis, coefficient of
variation was used. A negative trend was detected in
yearly and seasonal precipitation series for the entire RB.
The process was carried out in two phases, before (1960-
1980) and after (1981-2008), due to change point at 1980.
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The change point analysis shown a rise in rainfall before
the change year, whereas decrease in rainfall after the
change point.

Taxak et al. (2014) have carried out analysis of
temporal and spatial precipitation trends over long term
and analysis of homogeneity for the Wainganga basin,
which is Godavari River’s sub-basin. Annual series were
prepared for every grid and annual scale analysis of trends
was executed. The monthly precipitation data was
partitioned into 4 seasons: cold winter, pre-monsoon
(PREMON), monsoon and post-monsoon (POSTMON)
for seasonal analysis. Autocorrelation sidgidance was
found by employing student's t-test at lag-1 in seasonal
and annual precipitation data sets. MMK/MK test was
employed on the autocorrelated/non-autocorrelated data
sets to assess presence of the trend in
seasonal and annual precipitation. Trend magnitude was
estimated by employing Theil and SS test. For the annual
and monsoon rainfall, positive trend was found over the
basin  corresponding to the duration of 1901
to 1948, which was then inverted for the period
1949 to 2012. An overall decrementing trend was found in
annual rainfall series and monsoon rainfall series over the
basin. There was an overall reduction (8.45%) in annual
precipitation of the basin over the duration of 1901 to
2012.

Gajbhiye et al. (2016) have analyzed rainfall trend
and variability over the basin of Sindh River located in
Madhya Pradesh, India. The daily rainfall data were
collected from ‘www.indiawaterportal.org/met_data/’ to
inspect the temporal and spatial variability in the series of
precipitation. SS estimator was used for determining the
trend magnitude, whereas the statistical significance was
analyzed by using MK test. Primary statistical
characteristics of the seasonal (June to September) and
annual rainfall events occurred over the time span of one
hundred and two years (1901-2002) were analyzed and
significant rising trend in both seasonal and annual rainfall
were detected.

In order to understand rainfall alterations, Bera
(2017) had applied MK test and SS estimator on 100 years
rainfall data (1901-2000) of 236 districts in the entire
Ganga basin. The analysis was executed for annual and
seasonal temporal scales. Half of the districts exhibited a
negative trend in annual rainfall, in which trends were
statistically significant at 39 districts. Over the PREMON
season, 78% of the total districts have shown decreasing
trends in which statistically significant trends (SSTs) were
found at 54 districts. Most of the districts under the Kosi,
Sone and Gandak sub-basins have shown significant
declining trends in annual, PREMON and POSTMON
seasons. Author suggested the need of formulating some
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sub-basin and districts scale strategies to cope up with the
conditions in the perspective of the CC.

Pandey and Khare (2017) have assessed the trends in
reference evapotranspiration and precipitation over the
Narmada RB (NRB), which is one of the most holy and
crucial rivers of the Central India. Monthly precipitation
and reference evapotranspiration data corresponding to the
period of 1901-2002 were analyzed in the study. Various
tests were carried out over the data obtained from twelve
precipitation stations and twenty-eight reference
evapotranspiration stations of the NRB. Trend analysis in
annual precipitation series was executed by employing
MK test and SR test at 5% and 10% significance levels
respectively. The results of the study have clearly shown
less change in average precipitation values at higher
elevated region, i.e., Upper Narmada whereas significant
alterations were observed in the regions, which were
situated in lower portion of the Narmada. The lower part
of the basin had shown positive trends with correspondent
magnitudes varying between 0.060-0.033 mm/year for the
annual precipitation while upper portion exhibited
negative trend in annual precipitation with corresponding
magnitudes varying between 0.10-0.025 mm/year.

Sharma et al. (2017) have assessed trends in rainfall
of the upper Tapi basin originating from the Betul District,
Madhya Pradesh, India. Data of twenty-four rain gauge
stations was acquired from the Central Water Commission
(CWC), Surat and India Meteorological Department
(IMD), Pune to perform trend analysis. A total five
temperature indicators and twelve rainfall indicators were
used in the trend study. They have used MK or MMK test
on non-serially correlated or serially correlated TS to
detect the trends along with the SS estimator test and then
represented percentage difference in trends of the extreme
climatic indicators and the spatial variability of trends
over the Upper Tapi basin in extreme conditions of
climate over the basin. The results shown that, 17 out of
24 stations exhibited a retarding trend in total yearly
rainfall of 70 years’ duration.

Sridhar and Raviraj (2017) have evaluated seasonal
and annual rainfall trends and corresponding magnitudes
for the Amaravati Basin in the Tamil Nadu, India for the
period of 1982-2014 by using data of 10 rain gauge
stations of the basin. The MK test was employed for
detecting trends that were not necessarily linear but
monotonic. SS estimator was utilized for estimating the
trend magnitude for the given TS. The MK test does not
need to fulfil the supposition of normality of data and
gives only direction and not the magnitude of the SSTs.
The increasing trend was observed to be dominant in the
rainfall occurring over the north-east monsoon season as
compared to the other seasons.
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Phalguna and Mirajkar (2018) have used IMD
gridded rainfall data (GRD) of the Wainganga RB
corresponding to the period 1913-2013 (101 Years) and
having 0.25° x 0.25° spatial resolution data spread over
the Maharashtra and the Madhya Pradesh. In the trend
analysis of rainfall over the Wainganga RB, daily data
was converted to annual, annual maximum, monthly and
monthly maximum rainfall values. The Von-Neumen test,
Standard normal homogeneity test, Pettitt's test and
Buishand's test were employed for assessment of
homogeneity of data. MK test, SS estimator and Sen's
innovative trend analysis (Sen’s ITA) were used in the
trend analyses. The analysis had shown declining trend in
annual rainfall and monthly rainfall over the basin. Study
revealed that, intensity of rainfall over the shorter periods
was increased in the basin, which might lead to increasing
flood events in the future.

Bisht et al. (2018) have performed trend detection
study on the eighty-five RBs of the India with the help of
the two tests, viz, MK test and Theil-Sen’s test
corresponding to the time interval of 1901-2015, which
was divided into two time periods; post-urbanization era
(1971-2015) and pre-urbanization era (1901-1970).
Overall trends were compared with the intra-basin trends,
which indicated the mixed trends pattern due to implicit
rainfall spatial heterogeneity, therefore, shown importance
of scale for such type of studies.

Tirkey et al. (2020) have analysed variability of
precipitation over the Satluj basin, Himachal Pradesh,
India corresponding to the period 1901-2013. They have
used MMK/MK test, SS estimator and coefficient of
variation for the aforesaid analysis. For preparation of
spatial maps of precipitation, inverse distance weighted
technique was used in the study. Analysis was performed
corresponding to annual, monthly and seasonal temporal
scales. They have noticed both negative and positive
trends in seasonal and monthly TS. The annual season for
both MMK and MK indicated an increasing significant
trend except for two Satluj Watershed. They also found
that, POSTMON precipitation was having greater inter-
annual variability as compared to the annual precipitation.

Basins located in the Central India including the
Sabarmati basin (SB) have been experiencing decreased
rainfall since 1960s (Singh et al., 2005). In the monsoon
season, maximum decline in total rainy days was found in
the SB (Jain and Kumar, 2012). Therefore, study of
rainfall in the SB is necessary. Thus, in the current study,
SB is contemplated as study area. None of the reviewed
studies have executed trend analyses of GRD covering the
entire basin. Thus, in the present study, trend analyses of
GRD of the SB is executed for monthly, seasonal and
annual temporal scales corresponding to the period of
1951-2004.
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Fig. 1. Map of the SB (Source: http://www.india-wris.nrsc.gov.in)

Following research gaps were inferred from the
reviewed literature : (i) none of the reviewed studies have
executed trend analyses of GRD covering the entire SB
and (ii) most of the reviewed studies have not employed
ITA technique and smoothing curve (SMC) plot to
support the trend analyses results. Thus, in the present
work, trend analyses is carried out on the GRD of the SB
for the period of 1951 to 2004 by using autocorrelation
plot (correlogram), MK test, MK with block boot-
strapping (MK-BBS) test, SS test, ITA plot and SMC.

2. Study area and data

2.1. Description about study area

River Sabarmati is one amongst the main west
flowing rivers in the SB, which joins the Arabian Sea in
the Gulf of Cambay. At an altitude of 762 m above mean
sea level, Sabarmati River starts from the Aravali hills at
the latitude of 20° 40" North and longitude of 73° 20' East
in the Rajasthan, India. Map of SB is presented in Fig. 1.
The river flows through the Rajasthan for a very short
distance of only 48 km and major part flows through the
Gujarat having 323 km length and then falls into the Gulf
of Cambay.
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TABLE 1

Longitudes and latitudes of the 11 grids over the SB

Grid Number Latitude Longitude
Grid no. 1 21.5 71.5
Grid no. 2 215 725
Grid no. 3 225 71.5
Grid no. 4 225 72.5
Grid no. 5 225 73.5
Grid no. 6 235 715
Grid no. 7 235 72.5
Grid no. 8 235 735
Grid no. 9 245 72.5
Grid no. 10 245 735
Grid no. 11 255 73.5

Out of 21,674 km? catchment area of basin, only
4124 km? lies in the Rajasthan and remaining 18,550 km?
lies in the Gujarat. The principal tributaries of the
Sabarmati river with corresponding drainage area are:
Wakal (1,893 km?), Sei (331.66 km?), Harnav (865 km?),
Watrak (1,114 km?) and Hathmati (1,574 km?) (Ray et al.,
2012).

CWC has divided the SB into two zones namely
Upper basin and Lower basin and these are further divided
for convenience into four sub basins (A, B, C and D). The
sub-basin A falls in the Rajasthan while sub-basins B and
C fall in the Gujarat and all three A, B and C are lying in
Upper Basin, whereas sub-basin D falls in the Gujarat and
covers the whole Lower Basin and some part of the Upper
Basin. The average rainfall of basin is 787.5 mm, which is
received during southwest monsoon season. This season
starts by middle of the June and ends by the last week of
the September. Sub-basin D gets the highest average
rainfall of 809.3 mm, followed by 781.9 mm in sub-basin
C and 747.7 mm in sub-basin B. Sub-basin A receives
lowest average rainfall of 579.5 mm from the southwest
monsoon (Ray et al., 2012).

The latitudes and longitudes of the different grid
points over the SB are shown in Table 1.

The eleven grids lying over the SB and considered in
the study are shown in Fig. 2.

2.2. Data

In the current study, GRD of 104 years is obtained
from the IMD, Pune, but analysis period considered in the
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present study is from 1951 to 2004 (54 years). Warming
of the climate system is certain, several of the observed
changes are exceptional over the scales of decenniums to
millennia since 1950s (IPCC, 2013). Thus, analysis period
considered in the present study is starting from 1951. Burn
and Elnur (2002) suggested a minimal 25 years record
length to assure statistical validness of the trend results. In
this study, period of analysis is 54 years, which guarantees
statistical validness of the trend results. The data was
existing in the form of daily rainfall data having resolution
of 1° x 1° Lat/Long. The gridded data for the SB is
extracted in the form of daily rainfall and then from daily
rainfall data, TS of monthly, annual and seasonal rainfall
are prepared for each grid point over the basin
corresponding to analysis period. The seasons considered
in the analysis are: winter (from January-February), pre-
monsoon (from March-May), monsoon (from June-
September) and post-monsoon (from October-December)
as adopted in Verma and Kale (2018).

2.3. Methodology

Following statistical tests/graphical techniques are
used in this study for the analysis of trend.

(i) MK test - For the estimation of statistical
significance of trend for serially uncorrelated data (Verma
and Kale, 2018).

(ii) SS test - For evaluating the magnitude of the trend
(Sonali and Nagesh Kumar, 2013).

(ili) MKBBS test - For the evaluation of statistical
significance of trend for serially correlated data (Sonali
and Nagesh Kumar, 2013).

(iv) ITA plot - For the evaluation of trend’s nature, viz.,
monotonous (M) or non-monotonous (NM) (Sonali and
Nagesh Kumar, 2013).

2.3.1. MK Test

It is rank-based and non-parametric in nature. The
test statistic (TSTAT) S is evaluated as follows:

@)

where, n is the defined as data series length, x; and x;
are the successional data in the series and

—1for(xi —xj)<0

): 0 for (xi —xj)=0
1for(xi —xj)>0

@)

sign (xi - X;j
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where, t, is defined as the tally of ties for py, value
and q is defined as tally of tied values. Effect of tied
censored data is accounted by the 2" term in the formula
of variance.

The standardized TSTAT Z is estimated as follows:

S+1
War(s)
Z=10
S-1
Var(s)

ifS<0

()

ifS=0

ifS>0

To assess consistently incrementing or declining
trend corresponding to significance level ‘a’, the null
hypothesis of trend absence is discarded, if Z, _« acquired

2

from the tables of standard normal cumulative distribution
is smaller than the absolute value of Z (Sonali and Nagesh
Kumar, 2013).

2.3.2. SS Test

By employing the method of Sen (1968), the slope
magnitude can be assessed by using equation 6 as follows:

Xi—Xj

(i-1i)

bsen = median{ } for all i >j (6)
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where, i and j are time points and X; and X; are the
respective data at these time points.

n(n-1)

If n is the tally of data points in series, then

will be the slope estimates and median of these slope
estimates is the b, i.e., TSTAT. Increasing trend is
denoted by positive sign of by, and declining trend is
denoted by negative sign of by, (Sonali and Nagesh
Kumar, 2013).

2.3.3. MKBBS Test

Kundzewicz and Robson (2000) have proposed a
block resampling technique to conserve the impact of lag
correlation in a TS whilst resampling it. For a large
number of times, original data is resampled by utilizing
predefined block length. For assessing significance of the
observed TSTAT, this approach is helpful, which is very
important for the study on trend detection (Sonali and
Nagesh Kumar, 2013).

The following steps are followed in the BBS
technique as given in Sonali and Nagesh Kumar (2013):

(i) Calculate the TSTAT of the chosen test to detect the
trend.

(i) For the considered series, evaluate the serial
correlation, which is least significant with respect to lag k.
k+1 will be considered as the optimized block length.

(iii) For conserving the serial correlation, the original
series is resampled in blocks. Resampling should be
performed at least for 2000 times.

(iv) Estimating the TSTAT derived in step one for every
resampled series. After that, development of a distribution
is performed by utilizing all TSTATSs obtained from the
resampled series.

(v) The TSTAT is termed as significant, if the original
TSTAT falls in the range of upper and lower bounds of
the simulated distribution. Block size of unequal length is
not a problem.

2.3.4. ITAPlot

Basis of this approach is the conception that, for two
identical TS, their plot on the Cartesian coordinates
against one another shows a 1:1 line (straight line of 45°)
despite of not holding good for all the postulations with
regard to distribution, length of sample and serial
correlation. No trend exists in the TS, if all the data points
are lying on 1:1 line. In this technique, decreasing or
increasing monotonic trends are indicated by the position
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TABLE 2

Trend analyses results for annual GRD over the SB corresponding
to the period of 1951-2004

Trend Significant?

(ls\lr(;d (5;7?;) Nature of trend
' Y8 MK Test MK-BBS Test

1 -1.04 No NM

2 0.94 No NM

3 -1.13 No NM

4 1.85 No NM

6 -0.61 No NM

7 -0.75 No NM

9 -2.01 No NM

10 -3.67 Yes NM

Note : NM denotes non-monotonous trend

of scatter points below or above the 1:1 line. If the scatter
points become visible on either sides of 1:1 line, then it
denotes the existence of increasing and decreasing trend
of non-monotonic nature concealed at various time scales
in given TS (Sonali and Nagesh Kumar, 2013).

3. Results and discussion

In the current study, correlogram is used for
assessing the dependence of the data. Significance of the
trend is determined by employing MK test (for
independent data) and MKBBS test (for dependent data).
Resampling is performed without replacement for 5000
times. Trend magnitude is evaluated by SS test and nature
of the trend is evaluated by ITA plot. SMC can help in
interpretation by highlighting the general association
amongst the variables (Kundzewicz and Robson, 2000).
Therefore, SMC is employed to assess the pattern of data.
In the current study, gridded data of annual rainfall,
seasonal rainfall, viz., winter, PREMON, monsoon and
POSTMON and monthly rainfall corresponding to the
period of 1951 to 2004 are used for the trend analyses.
Results of the trend analyses of the aforesaid data are
given in the following sections. Result tables are shown
only for that temporal scale in which significant trend is
detected at least at one grid point. The grid at which
significant trend is detected; its trend analyses results in
results table are shown in bold. Correlogram, ITA plot
and SMC (window 15) are presented only for one grid at
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Fig. 3. Correlogram for annual RTS at grid 10 over the SB (1951-
2004)
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Fig. 4. ITA plot for annual RTS at grid 10 over the SB (1951-2004)

which significant trend is detected corresponding to
annual, PREMON and monsoon temporal scales because
of the word limit.

3.1. Trend analyses results for the annual GRD over
the SB (1951-2004)

Trend analyses results for the annual GRD over the
SB are shown in Table 2. For the annual GRD over the
SB, it is observed that, SST is present only at grid 10
while SSTs are not detected at grids 1 to 9 and 11. SST
detected in rainfall TS (RTS) of annual temporal scale at
grid 10 has magnitude of -3.67 mm/year as evaluated by
SS test whilst nature of the trend is NM (Fig. 4).
Correlogram plot (Fig. 3) of the given TS indicates
independent data and therefore, MK test is employed on
the given RTS.
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Fig. 5. SMC for annual RTS at grid 10 over the SB (1951-2004)
TABLE 3

Trend analyses results for winter GRD over the SB corresponding to
the period of 1951-2004

?\lr(i)d ( rﬁ; Liztr) Trend Significant? Nature of trend
' MK Test MK-BBS Test
1 0.00 No M
2 0.00 No NM
& 0.00 Yes NM
4 0.00 No NM
5) 0.00 No M
6 0.00 No NM
7 0.00 No NM
8 0.00 No NM
9 0.00 No NM
10 0.00 No NM
11 0.00 No NM
Note : NMddenotes non-monotonous trend and M denotes monotonous
tren

Negative magnitude of the significant trend detected
in the annual RTS at grid 10 is corroborated by the
declining pattern of the data present in the respective ITA
plot (Fig. 4) and SMC (Fig. 5).

3.2. Trend analyses results for the winter GRD over
the SB (1951-2004)

Results of the trend analyses for the winter GRD
over the SB are shown in Table 3. For winter GRD over
the SB, it is observed that, SST is present only in winter
RTS at grid 3 while SSTs are not found in winter RTS at
grids 1 to 2 and 4 to 11.
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Fig. 7. ITA plot for winter RTS at grid 3 over the SB (1951-2004)

At the grid 3, the value of SS is 0.00, which is due to
the equal distribution of the values of the slopes on the
either side, as SS test takes the median of the all slope
values. Thus, linear regression is employed to evaluate
magnitude of the trend in this case. Significant trend
detected in winter RTS at grid 3 has the magnitude of -
0.01 mm/year, which is assessed by linear regression
while NM is the nature of the trend. Correlogram plot
(Fig. 6) of winter RTS at grid 3 indicates independent data
and therefore, MK test is applied on the given RTS.
Negative magnitude of the significant trend detected in
winter RTS at grid 3 is corroborated by the declining
pattern of the data present in the respective ITA plot
(Fig. 7) and SMC (Fig. 8).
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TABLE 4

Trend analyses results for the PREMON GRD over the SB
corresponding to the period of 1951-2004

Trend Significant?

Cl;\IrId SS ;I'est Nature of trend

0. (mm/year) K Test MK-BBS Test
1 -0.02 Yes M
2 0.00 No NM
3 0.00 Yes NM
4 0.00 No NM
5 0.00 No NM
6 0.00 No NM
7 0.00 No NM
8 0.00 No NM
9 0.00 No NM
10 -0.04 No NM
11 0.11 No NM

Note : NM denotes non-monotonous trend and M denotes

monotonous trend

3.3. Trend analyses results for the PREMON GRD
over the SB (1951-2004)

Results of the trend analyses for the PREMON GRD
over the SB are shown in Table 4. From Table 4, it is
observed that, SSTs are present in PREMON RTS at grids
1 and 3, while significant trends are not found in
PREMON RTS at grids 2 and 4 to 11. Magnitude of the
significant trend detected at grid 1 is -0.02 mm/year as
evaluated by SS test whilst nature of the corresponding
trend is monotonically decreasing.



KRISHN et al. : TREND ANALYSES IN GRIDDED RAINFALL DATA OVER SABARMATI BASIN

Correlogram
0.5 ) '
0.4
0.3 Upper Confidence Limit
- e T T T
&
] 0.2
=
v 0.1
o
Q
c o
o
2
® 0.1
©
=
6 0.2
o\
-0.3 Lower Confidence Limit
-0.4
-0.5
2 4 5] 8 10 12 14
Lagin Years

Fig. 9. Correlogram for PREMON RTS at grid 1 over the SB
(1951-2004)

Innovative Trend Analysis Plot

o
=

.
o

B
=

1 Line

()
o

w
=

Second Half of Time Series
s = B B

o

o &

10

15 20 25 30 35 40 45
First Half of Time Series

0 5 50|

Fig. 10. ITA plot for PREMON RTS at grid 1 over the SB (1951-
2004)

At the grid 3, the value of SS estimator is 0.00,
which is due to the equal distribution of the values of the
slopes on the either side, as SS test takes the median of the
all slope values. Thus, linear regression is employed to

evaluate the trend magnitude. Magnitude of the significant

trend detected in PREMON rainfall at grid 3 is -0.02
mm/year as assessed by the linear regression while nature
of the trend is NM.

Correlogram, ITA plot and SMC for the PREMON
RTS at grid 1 are shown in Figs. 9-11 respectively.

Correlogram shown in Fig. 9, indicates independent data

and therefore, MK test is employed for the given RTS.
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TABLES

Results of the trend analyses for the monsoon GRD over the SB
for the period 1951-2004

Trend Significant?

Cli\lrld SS ;reSt Nature of trend

0. (mmiyear) K Test MK-BBS Test
1 114 No NM
2 073 No NM
3 142 No NM
4 143 No NM
5 -1.93 No NM
6 -0.92 No NM
7 2.28 No NM
8 -0.01 No NM
9 241 No M
10 -3.62 Yes NM
11 071 No NM

Note : NM denotes non-monotonous trend and M denotes monotonous
trend

Negative magnitude of the significant trend detected
in the PREMON RTS at grid 1 is corroborated by the
declining data pattern present in respective ITA plot
(Fig. 10) and SMC (Fig. 11).

3.4. Trend analyses results for the monsoon GRD
over the SB (1951-2004)

Results of the trend analyses for monsoon GRD
are shown in Table 5. From Table 5, it is observed that,
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Fig. 13. ITA plot for monsoon RTS at grid 10 over the SB
(1951-2004)

SST is present only in monsoon RTS at grid 10 while no
significant trends are found in monsoon RTS at grids 1 to
9 and 11. Magnitude of the significant trend detected at
grid 10 is -3.62 mm/year as evaluated by SS test whilst
nature of the trend is NM.

Correlogram, ITA plot and SMC for monsoon RTS
at grid 10 are shown in Figs. 12-14, respectively. The
correlogram presented in Fig. 12 indicates independent
data and therefore, on the given RTS, MK test is applied.

Negative magnitude of the significant trend detected
in monsoon RTS at grid 10 is corroborated by the
declining data pattern present in respective ITA plot
(Fig. 13) and SMC (Fig. 14).
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3.5. Trend analyses results for the POSTMON GRD
over the SB (1951-2004)

SSTs are not found in POSTMON RTS at all grid
points (eleven grid points) of the POSTMON GRD.

3.6. Trend analyses results for monthly GRD over
the SB (1951-2004)

SSTs are not detected in monthly RTS at all grid
points (eleven grid points) of the monthly GRD.

3.7. Summary of results

(i) Significant declining trend is found in annual RTS
(1951-2004) at grid 10. The nature of trend is NM.

(if) Significant declining trend is found in winter RTS
(1951-2004) at grid 3. The nature of the trend is NM.

(iii) Significant declining trends are found in PREMON
RTS (1951-2004) at grids 1 (M trend) and 3 (NM trend).

(iv) Significant negative trend is found in monsoon RTS
(1951-2004) at grid 10. The nature of the trend is NM.

4. Conclusions

Significant negative trends are detected in: annual
RTS (1951-2004) at grid 10, winter RTS (1951-2004) at
grid 3, PREMON RTS (1951-2004) at grids 1 and 3 and
monsoon RTS (1951-2004) at grid 10. This clearly shows
decrease in the rainfall of the SB at the corresponding
grids in corresponding temporal scales. If these significant
negative trends are continued in future, these will add to
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the strain on the water resources management at the given
grids in respective temporal scales.
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