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Purpose: To study the homogeneity and precipitation characterization of the subdivisions of the Mahanadi River basin, India.

Methodology/Approach: Precipitation characterization was studied using spatial pattern analysis (Eigen-based technique), ap-

proaching principal component analysis and keeping three equal timeslot segments for better understanding change. Homogeneity

characterization of the subdivisions is accomplished using L-moment and probability weighted moments (PWMs) based heteroge-

neity measures. Divisive hierarchical cluster analysis for effective partitioning of the subdivisions.

Findings: Heterogeneity (H1) assessment; Upper subdivision U1 (42sites) with H1 - 1.74 (possibly heterogeneous), Middle subdivi-
sion M1 (76sites) with H1 - 0.80 (acceptably homogeneous), Two splits of lower subdivision (1) L1 (45sites) with H1 - 0.68 (accept-

ably homogeneous), (2) L2 (34sites) with H1 - 1.02 (acceptably homogeneous), All the subdivisions were heterogeneous to each

other during all timeslot segments with p-value < 0.021, the lower subdivision observed =35% similarity during time slot 1940-

1978 and 1979-2017 with p-value - 0.349. The iqr width of the middle subdivision does not change significantly but has a dropping

trend suggesting a decrease in precipitation magnitude, and the measure of spread has significantly reduced with some outliers

suggesting non-uniformity during segment 3. The lower subdivision with longest rainy months May-October, while November month

observed a decreasing magnitude with time.

Implications: The characterized precipitation of the subdivisions identified has separate applications and uses. In areas with known

precipitation variability, future precipitation forecasting can be abridged for water resource management. Scheduling different

crops, agriculture planning, rain-fed and dry farming, and farming calendars are various activities for known precipitation regimes.

Importance: The findings are applicable to water resource planning and management in both a practical and scientific manner.
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Introduction

Process complexity occurs when precipitation variability is
complex. Moreover, it is assessed as a specific purpose when a
long-term or extreme property is temporally assembled for the
purpose of delineating the regions. Therefore, homogenous re-
gions delineated for different purposes do not necessarily have

to be identical, and the definition of regional homogeneity is not

unique [49]. As a result, spatial events must be grouped spatially,
where spatial analysis is an important technique [52]. In a general
process of the hydrological cycle, water evaporates into the atmo-
sphere and the amount increases with the increase in temperature.
As a result, the spatial and temporal form of changes appears in
the patterns. Global warming has indisputably accelerated the wa-

ter cycle and had a significant impact on water resources, result-
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ing in more frequent and unexpected climate and weather events
(heat waves, drought, and heavy precipitation, etc.). To discover
the characterization of precipitation magnitude and variability in
the subdivisions of the Mahanadi River basin, eigen-based spatial
pattern analysis for identifying patterns of precipitation variability

was employed.

The motivating subject for this study is phenological instabili-
ties (e.g., uncertain, sudden, increases, and decreases) in rainfall
that appear from season to season. The increasing impact of rain-
fall events on health and safety is affecting not only humans, but the
ecosystem as well. Changing trends have altered rainfall frequency
and intensity around the world. Uncertainty and erratic precipita-
tion patterns have a negative impact on the agricultural production
of dependent farmers and other stakeholders who are directly or
indirectly involved. Assessing the risks of flooding and drought, as
well as water resources planning, and management are the scien-

tific and practical importance of the study.

The measure of heterogeneity is based on L-moment and
probability-weighted moments (PWM) to evaluate the homoge-
neity of the subdivisions with a view to effective regionalization
[18,21,22,38]. Over the past few decades, several regionalization
techniques cited by Srinivas [49] together with Principal Com-
ponent Analysis [17,53], Elementary Linkage Analysis [27], PCA
with Cluster Analysis [2], Spectral Analysis [4], Hierarchical Clus-
ter Analysis [3,14], Region of Influence [7,8], and Common Factor
Analysis [10] have developed. The meteorological subdivisions of
India (currently 36) were investigated using various regression
and classification techniques and found heterogeneous and nega-
tive correlations for most MSDs [4,14-16,29-31,35,36,44,45,47].
Bharath and Srinivas [6] studied the Indian region for effective
regionalization using a GFCM-based RFA approach and a gridded
rainfall dataset of resolution 0.5° x 0.5°. The effectiveness was as-
sessed using the ROI approach, and the quantiles were found to be
in line with the ROI approach. Later, high resolution of 0.25° x 0.25°
gridded rainfall data was assessed by Sahu,, et al. [41] for the Ma-
hanadi River basin to discover the efficacy of the maximum loading

value approach (MLV) for precipitation regionalization.

The Mahanadi River basin is a point of interest and has been
studied by numerous researchers using different datasets and
methods. Singh., et al. [48] discovered significant spatiotemporal

variation to understand precipitation characteristics and patterns
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in the agro-climatic zone of the middle Mahanadi River basin on a
regional scale. Sahu,, et al. [43] discovered significancy among the
ENSO and ENSO modoki during (June, July, and August) and (Sep-
tember, October, and November) on river boundaries while study-
ing the combined effect of the Indian monsoon and Indo-Pacific cli-
matic modes. Azharuddin,, et al. [5] conducted similar research for
Seonath River basin. The Seonath (upper subdivision) basin is the
largest tributaries of the Mahanadi River basin and is investigated
for precipitation variability and trends of climate data (precipita-
tion and temperature) [13,50,51]. Later, Sahu., et al. [39] studied
density-based spatial clustering of applications with noise clus-
tering for precipitation regionalization, and the effectiveness was
assessed using unsupervised hierarchical cluster analysis. Study
apart from the Mahanadi River basin includes, the upper Goda-
vari River basin [1], Poyang Lake basin [55], Huai River basin [54],
Hongshui River basin [23], and Iran [37].

Figure 1: The Mahanadi River basin.

Study area and data

The Mahanadi is a major east-flowing river in India (see Figure
1), located east-centrally having a geographical coordinate 19°20’N
to 23°35°N latitude and 80°30’ E to 86°50’E longitude. The thalweg
is 858 kilometres long from origin to false point, with a catchment
area of 141,600 km? More than 82% of the annual rainfall encoun-
ters during the summer monsoon. Typical hydrology of the Maha-
nadi River as it is an eastern-current peninsular river with the river
length extending to 858km from the origin to its false point. The

primary tributaries covering the maximum catchment area are the
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Seonath River, the Ib River, and the Tel River, which is approx. 47%.
High resolution of 0.25° x 0.25° gridded rainfall data obtained from
the Indian Meteorological Department, Pune. The data is prepared
using records of 2140 selected stations from 6329 available sta-
tions in India based on interpolation schemes [33,34,46]. The data
for DIANA is an assembled dataset includes, mean annual, monthly
max, monthly mean, location attributes, distance from western
sea coast at (0°, 15° 30°, 45° from west to south), monthly pro-
portion to annual, summer monsoon (JJA) proportion to annual,
winter monsoon (DJF) proportion to annual, a ratio of the summer
monsoon (JJA) to winter monsoon (D]F), warmer season (AMJJAS)
proportion to annual and colder season (ONDJFM) proportion to
annual, and a ratio of the warmer season (AM]JAS) to Colder sea-
son (ONDJFM) for 230 station points in [N x M] matrix where M =
230 refers to station points and N = 54 refers to the observations

of variables.

SRTM - DEM, R - programming language, and ArcGIS are other
tools and data used for studying and analysing the stated purpose

of the concern objective.

Methodology
Effective clustering and regionalization

Unsupervised machine learning is used to cluster grid points us-
ing the DIANA - Divisive Analysis (Divisive hierarchical algorithm)
proposed by Kaufman and Rousseeuw [24] based on the splitting
concept proposed by Macnaughton-Smith., et al. [26]. DIANA works
on identifying an object (in any cluster c), that has the maximum
average distance and accumulates all objects with the closest simi-
larity to that object. There exist (2"1-1) possibilities to split data
into two clusters with O(n?) time complexity (exhaustive search)

and this process is repeated until the last object is separated.

- 1
(Maximum Average Distance) d; = p— Yi=1d(x; — x;) (1)
J#i

Where,
d(x,.-xj) denotes similarity distance between the object x, and X.

Divisive coefficient: A measure to estimate cluster quality
(strength of the cluster structure) is denoted as DC and defined as

DC = Zh1 4G
n

Here A(x) denotes the diameter of the least cluster to which it

belongs.
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Statistical test: L-moments [21] and probability-weighted mo-
ments [18] based homogeneity assessment. The H-statistics [22]
based heterogeneity measure and the following are the criteria for
determining whether a region is homogeneous or heterogeneous:
“H, <1 for acceptable homogeneous, 1 <H, > 2 for possible hetero-
geneous/homogeneous, and H, > 2 for acceptable heterogeneous.”
It is a primary indicator of whether to accept or reject a region as

homogenous and is expressed in equation (3).
V-
H=—*F

o

------------ 3)

Measure of discordance: this is a secondary indicator to accept
or eliminate a site whose L-moment ratio is different from its L-
moment grouped ratios. The parameter u,and. u represent vectors
of sample l-moment i.e., t(i),tg) and tg) and unweighted regional

average, respectively see equation (4).

u; = [t(i). tgi), t‘(ll)] andu = N_1 in=1 0 P (4)

D, denotes critical value that describes a criticality line for any
site to remain within the group. According to Hosking and Wallis
[21], the standard criticality is Di < 3.

Dy = = (uj — DTSy — T) e )
Here S can be stated as S = 2?:1(“1‘ -0y — ﬁ)T

Castellarin., et al. [11] proposed another measure (if necessary)
to improve the homogeneity or heterogeneity of the proposed re-
gion: the measure of heterogeneity adjustment and is assessed by
cross-correlation among the sites of the proposed group and ex-

pressed as:

Hagy = H+ 0.122 x p2 (N — 1)=----mmmm (6)

P* denotes “Mean of the concurrent precipitation cross-correla-

tion squares for cluster sites”
N_denotes ‘Number of sites in the region’

Spatial pattern analysis (Eigen-based technique) for precipi-

tation time variability

Time-variability patterns of precipitation across the basin for
a time series of monthly relative precipitation subjected to spatial
pattern analysis (eigen-based technique) [20,32]. The perception
of the method is to distinguish stations with analogous annual pre-
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Parallel Analysis
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Figure 2: Eigenvalue decomposition of the correlation matrix for
the three timeslots with the application of Horn's parallel analysis
for component retention.

cipitation features, irrespective of their magnitude. The spectacle
used in the method is a kind of regulation to find out the over-
weighing of the high precipitation values observed at different lo-
cations. A partitioning approach is needed to understand the spec-
tacle of rainfall variability across the basin. The length of monthly
relative precipitation is partitioned into 3 segments of 39 years,
including 1901-1939, 1940-1978, and 1979-2017, respectively for
the 1%, 2", and 3" segment. The eigenvalue decomposition signifies
the same number of components as variables in the transformed
dataset. Furthermore, further analysis is required to decide which
components cover the maximum amount of variance. To determine
those components, the scree plot [9] and parallel analysis [19] are
used. The sampling error for assessed eigenvalues is intended us-
ing North’s thumb rule [28]. To obtain more localised statistics
useful for pattern interpretation, the retained components of the
spatial pattern analysis were rotated orthogonally using the vari-
max criteria. The components that result are the leading rotated

loadings on a few variables and the non-zero loadings on others.

In terms of PCA, a scree plot is a graphical representation of the
eigenvalue to the eigenvector, whose optimism lies in its elbow.
Interpretation is the major disadvantage of the scree plot, which
is spontaneous and random, including two or three components.
Hence, the feasibility of deciding the optimum number of com-
ponents cannot be accomplished using a single criterion because
the decomposed eigenvalues are generally biased and contain er-
rors. A parallel analysis involves adjusting the bias and errors as
an enhancement to the scree plot for better interpretation and ac-
counting for the feasibility of the eigenvalue. “The rationale for the

parallel analysis is to figure out factors that account for maximum
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variance, whose probabilistic existence is not by chance” [19]. “If
the sampling error of an eigenvalue has a magnitude comparable to
or greater than the linear spacing relative to its nearest eigenvalue,
then those two eigenvectors are mixed” [28]. Lawley’s formula [25]
is suggested in the following equation - 7 for estimating the stan-

dard error.

Ay = ("i,)ll2 S — @)

Where,
n* denotes effective sample size,
A, denotes eigenvalue for i order.

Equation - 7 suggests, “the error associated with each eigenval-
ue depends on the eigenvalue itself and the effective sample size,
which means the error is directly proportional to the eigenvalue
and inversely proportional to effective sample sizes” [25]. Further-
more, the error limit associated with each eigenvalue at 95 percent
Clis referred to as an Error=2, + 1.96AA.

Re- Re- Sub- Heterogeneity Nature
gion | gion | Region H, H, H,
Size

1 (53) | Upper | 5.22 | -1.24 | -1.59 Acceptably
Heterogeneous

2 (82) | Middle | 2.19 | -0.25 | -1.06 Acceptably
Heterogeneous

3 (95) | Lower |11.52| 1.36 | 0.18 Acceptably
Heterogeneous

Table 1: Initial assessment of subdivisions for heterogeneity, and
nature of measure for 230 station point (grid) in the Mahanadi
River basin (MRB).

Results and Discussion
Statistics of cluster partition and Heterogeneity assessment

Initial assessment of subdivisions with 53, 82, and 95 station
points, respectively, for upper, middle, and lower subdivisions. The
heterogeneity assessment of the same is presented in table 1. The
implementation results are acceptably heterogeneous for all the
subdivisions of the Mahanadi River basin. The upper and middle
subdivisions were assessed as possibly heterogeneous and accept-

ably homogeneous, whereas they were acceptably heterogeneous
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for the lower subdivisions after the heterogeneity adjustment and
discordancy measure. The lower subdivision is then applied to DI-

ANA (Dlvisive ANAlysis) Divisive hierarchical analysis, which yield-
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ed two subclusters, the latter of which was found to be acceptably
homogeneous after discordancy and heterogeneity assessments
(see Table 2 and Figure 9).

Region | Region Size | Sub-Region | HOM ) et Heterogeneity Discor- Nature
Region H, H, H, dant sites
1 (53) Upper 42 3.000 | 1.74 | -2.32 | -3.17 11 Possibly Heterogeneous
2 (82) Middle 76 3.000 | 0.80 | -1.10 | -2.32 Acceptably Homogeneous
3 (95) Lower 48 3.000 | 0.68 | -1.80 | -3.39 Acceptably Homogeneous
31 3.000 | 1.02 | 0.11 | 1.21 10 Acceptably Homogeneous

Table 2: Results of heterogeneity, discordancy, and nature of homogeneity for 230 station point (grid)
in the Mahanadi River basin (MRB).

Statistics of spatial pattern analysis (Eigen-based technique)

The monthly relative time series is subjected to spatial pattern
analysis to investigate the patterns of precipitation variability in
different timeslots across the basin. Table 3 shows the results of
eigenvalue decomposition, parallel analysis, and varimax rotated
loadings, which show that segments 1 (1901-1939), 2 (1940-1978),
and 3 (1979-2017) account for 79.00%, 77.57%, and 72.60% of to-

tal variance, respectively. In addition, component retention analysis
(parallel analysis) discovered 2, 3, and 2 components, respectively,
for segments 1, 2, and 3 (see Figure 2). The spatial distribution in
figure 3 depicts the rotated loadings of retained PC scores, indicat-
ing that two components from segments 1 and 3, and three from
segment 2, are relatively sufficient for explaining the monthly rela-
tive precipitation. The results obtained in this section were com-

paratively similar to those reported by Sahu,, et al. [40].

Sampling Error Parallel Analysis Un-rotated Varimax Rotated
Segment Compo- |Eigenvalue| Low-Ei- High- Adjusted |Estimated | Variance |Cumulative | Variance | Cumulative
nent (1) 2) gen (3) | Eigen (4) Eigenvalue| Bias (6) (7) Variance 9) Variance
(5) (8) (10)
1901-1939 1 6.219 5.639 6.799 5.829 0.390 51.831 51.831 42.930 42.930
2 3.259 2.955 3.563 2.976 0.283 27.166 78.997 36.067 78.997
1940-1978 1 5.542 5.025 6.059 5.158 0.383 46.187 46.187 30.351 30.351
2 2.533 2.297 2.769 2.253 0.280 21.111 67.298 31.359 61.710
3 1.232 1.117 1.347 1.024 0.208 10.274 77.573 15.863 77.573
1979-2017 1 6.420 5.821 7.019 6.026 0.393 53.503 53.503 44.510 44,510
2 2.292 2.078 2.505 2.013 0.278 19.101 72.605 28.095 72.605

Columns 2-4 and 7-8 are the result of eigenvalue decomposition

Table 3: Retained components from all timeslots were investigated for precipitation variability. Statistics including sampling error,

parallel analysis, un-rotated, and varimax-rotated were examined for interpreting different timeslot variability.

According to the result statistics in segment 1, the spatial pat-
tern variability of spring (Apr and May), autumn (Sept, Oct and
Nov), and early winter (Dec) has negative loadings, whereas sum-
mer (Jul and Aug) has positive loadings on component 1, account-

ing for 42.93 percent of the total variance. The Mahanadi’s upper

(U1), middle (M1), and lower (L1) subdivisions have negative load-
ing, indicating reasonable precipitation during autumn (Sep, Oct,
and Nov) and spring (Apr and May), as well as representative rain-
fall during early winter (Dec). The lower (L2) subdivision of Maha-
nadi has high positive loadings, indicating reasonable summer (Jul
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and Aug) precipitation. For component 2, the spatial pattern vari-
ability of winter (Jan and Feb) and early spring (Mar) features posi-
tive loadings, whereas early summer (June) with negative loadings

accounts for 36.07% of the total variance. The north Mahanadi, in-
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cluding the north of U1 and M1 feature with positives loadings, re-
ceives reasonable precipitation during winter (Jan and Feb). Dur-
ing early summer (Jun) and spring (Mar), the rest of the Mahanadi
(L1, L2, and south of Ul and M1) with negative loading, receives
representative precipitation (see Tables 3 and 4).

Figure 3: The spatial interpolation of rotated loadings of PC scores, obtained by implementing monthly relative
precipitation to spatial pattern analysis.

Similarly, for segment 2, the statistics indicate that component
1 accounts for 30.35 percent of the total variance, implying spa-
tial pattern variability with negative loadings in the mid-autumn
(Oct) and spring (Apr and May). Summer spatial pattern variability
(Jul and Aug) has positive loadings. The lower Mahanadi (L2) has

positive loading and receives practical rainfall during summer (Jul

and Aug), whereas the rest (U1, M1, and L1) have negative load-
ing and receive reasonable precipitation during mid-autumn (Oct)
and spring (Apr and May). Component 2 accounts for 31.36% of
the total variance, suggesting the spatial pattern variability of early
autumn (Sept) with negative loading adds representative precipi-

tation to the annual total. Winter (Jan and Feb) and early spring
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(Mar) with positive loading implying reasonable precipitation. The
north-east and south-east Mahanadi (L2, and north of U1, M1, and
L1) receive practical rainfall during early spring (Mar) and win-
ter (Jan and Feb) with positive loading. The south-west Mahanadi
(south of U1, M1, and L1) witnesses representative precipitation
during early autumn (Sep) with negative loadings (see Figures 3
and 9). For component 3, a combo spatial pattern variability of
early summer (Jun), late-autumn (Nov) and early-winter (Dec) ac-
counts for 15.86% of the total variance, suggesting representative
precipitation during summer (Jun) and a retreating monsoon dur-
ing late-autumn (Nov) and early-winter (Dec). The middle and up-
per subdivisions (U1, M1, and north L1) feature negative loading,
suggesting reasonable precipitation during the retreating monsoon
(i.e., Nov and Dec), while the lower subdivision (L2), excluding the
coastal reach around Chilika Lake, has positive loadings, signifying
representative precipitation during early summer (Jun), see tables
3and 4.

Figure 4: Empirical cumulative distribution function of the sub-
divisions for all the three segments, the black dashed vertical line
represents the mean annual precipitation of the Mahanadi basin
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The two components of segment 3 account for 44.509% and
28.089% of the total variance, respectively, for which the spatial
pattern variability of component 1 includes spring (Mar, Apr, and
May) and autumn (Oct and Nov) with high negative loadings, sug-
gesting feasible rainfall. Whereas summer (Jun, Jul, and Aug) fea-
tures high positive loadings, implying reasonable rainfall. The up-
per (U1), middle (M1), and lower (L1) subdivisions of Mahanadi
experience reasonable precipitation during autumn (Oct and Nov)
and spring (Mar, Apr, and May) with high negative loadings. The
lower (L2) portion experiences relatively high precipitation with
high positive loadings during the summer (Jun, Jul, and Aug). Early-
autumn (Sept) and winter (Dec, Jan, and Feb) explain the spatial
pattern variability of component 2 and account for 28.089% of the
total variance. The northern Mahanadi, including north of the up-
per (U1) and middle (M1) subdivisions, features negative loading,
indicating representative precipitation adds to the annual total
during early autumn (Sep). The lower (L2) and south of upper (U1)
and middle (M1) subdivisions of Mahanadi experience practical
rainfall with positive loadings during winter (Dec, Jan, and Feb).
Refer to tables 3 and 4, and figures 3 and 9.

(1572 mm). Figure 5: Pairwise comparison (KS D-statistics test) and boxplot
interpretation of the subdivisions for all timeslot segments.
Segment - 1 (1901-1939) Segment - 2 (1940-1978) Segment -3 (1979-2017)
Month Comp.1 Comp.2 Comp.1 | Comp.2 | Comp.3 Comp.1 Comp.2

January 0.11 0.49 0.54 -0.12 0.15 0.56

February 0.51 -0.14 0.57 0.12 -0.17 0.49

March -0.10 0.42 -0.24 0.28 0.22 -0.30 0.18
April -0.28 -0.16 -0.41 0.33 -0.34
May -0.36 -0.43 -0.38

June -0.42 0.64 023 -0.18

July 0.38 0.11 0.39 0.11 0.38 0.10

August 0.39 0.41 0.31 -0.11

September -0.31 -0.20 -0.15 -0.49 0.12 -0.16 -0.20
October -0.39 -0.34 -0.30 -0.38
November -0.38 -0.31 -0.38 -0.36

December -0.28 0.25 0.20 -0.36 0.54

Table 4: Statistics of orthogonally rotated loadings of retained PC score obtained by implementing monthly relative precipitation to

spatial pattern analysis (Bold value describes dominating component).
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Characterization of precipitation patterns

The task of assessing dispersions in annual rainfall of the identi-
fied patterns (for all timeslots) observed at different locations (sta-
tions) by employing certain attributes, e.g., similarity among the
members of a group or between groups. Also refer to Verma., et al.
[51] for a long term-trend assessment of climate data (precipita-
tion and temperature) for Chhattisgarh state. The median relative
distance (see Figures 5 and 7) is playing around the centre, imply-
ing a symmetric distribution for all subdivisions in different times-
lots. The middle and upper subdivisions, respectively, of segments
1 and 2 tend to have negative skewness, whereas the lower subdivi-
sion of segment 1 experiences positive skewness. The naturally de-
fined subdivisions of the basin for different timeslot segments ex-
hibited decent compactness, implying homogeneous precipitation
variability amongst subdivisions of the basin. Figures 7b and 7c de-
pict the middle and lower subdivisions with a wider inter-quartile
range, indicating a higher measure of spread and surface area. The
iqr width also suggests that the middle subdivision has a declin-
ing trend in range of precipitation magnitude as well as cumula-
tive precipitation (Figure 7b), whereas the upper subdivision had
a sudden fall in cumulative precipitation (Figure 7a). Furthermore,
the measure of spread and cumulative precipitation magnitude has
both decreased significantly, with some outliers indicating non-

uniformity for the middle subdivision during segment 3 (Figure 5).

Distinctness authentication of the identified subdivisions using
empirical cumulative distribution functions is illustrated in figures
4 and 6, whereas figures 5 and 7 depict a pairwise comparison of
CDFs with the application of the Kolmogorov-Smirnov D-statistics
test [12]. Visually, the CDF plots of subdivisions seem alike and
close, so the KS D-statistics test for pairwise comparison of CDFs
indicates that the subdivisions are distinct with a p-value less than
0.05 (see Figure 5). Different timeslot comparisons of subdivisions
as illustrated in figure 7 indicate high heterogeneity among the seg-
ment pairs (except for 1 pair). The exempted segment pair is 2-3
for the lower subdivision with a p-value of 0.349 (34.9%).

Figure 8 shows the boxplot interpretation of the patterns of the
subdivisions for the dispersions of the monthly precipitation. The
interpretation suggests medium to low inter-subdivision varia-
tions of the identified precipitation patterns, implying possible to
acceptable heterogeneity. The boxplot analysis of the subdivisions

for different timeslot segments depicted in figure 8 recommends
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Figure 6: Comparing eCDFs of subdivisions to their different seg-
ments. The black dashed vertical line represents the mean annual
precipitation of the Mahanadi basin (1572 mm).

Figure 7: Pairwise comparison (KS D-statistics test) and boxplot
interpretation of timeslot segments of each subdivision.

that the regimes bounding different topographical regions of 230
stations are distinct, well-defined, and compact. The median line in
some months has diverged from its mean line, suggesting variation
in precipitation magnitude observed at different locations, while

the rest are compact and symmetrical.

The rainfall marching months for upper (U1), middle (M1), and
lower (L1) subdivisions are June, July, August, and September for
all timeslots. The boxplot analysis also suggests a symmetrical dis-
tribution of rainfall in the direction of marching month and trailed
by a dry season from November to May. The lower (L2) subdivision
has the widest inter-quartile range for all timeslots, indicating rap-
id changes in magnitude and a large measure of spread. In the low-
er (L2) subdivision, intense precipitation is observed in conjunc-
tion with large rainfall marching months that begin in May and end
in October. For the southernmost or lower (L2) subdivision of the

Mahanadi basin, May to October are the wettest months, indicative
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Figure 8: Boxplot of relative monthly precipitation for interpreting monthly march of the regionalized homogeneous patterns.

of the two main rainy seasons, including summer and autumn, with
late-spring (May) adding representative rainfall to the annual to-
tal. Further, followed by a dry season including late autumn (Nov),
winter (Dec, Jan, and Feb), and spring (Mar and Apr). Key findings

in Sahu,, et al. [42] included similar and identical non-uniformities.

Figure 9: Characterized subdivisions of the Mahanadi basin.

Conclusion

Characterization of precipitation and homogeneity of subdivi-
sions of the Mahanadi River basin using Eigen-based spatial pat-
tern analysis and DIANA. The accumulation of changes for a long
term of 117 years of high-resolution (0.25° x 0.25°) gridded pre-
cipitation data was investigated in different timeslot segments. A
regional scale investigation of precipitation variability to assess
the characteristics of accumulated changes and the DIANA-based
regional analysis for regionalizing the heterogeneous subdivision.
The rationale for regionalization is to figure out the spatial depen-
dency and distribution of the grid points. Findings from the inves-

tigation are as below:

e DIANA (Divisive Analysis) divided the lower subdivision into
two homogeneous groups: (L1) 48 station points with eight
discordant sites, and (L2) 31 station points with ten discor-

dant sites.

e  Spatial pattern variability in summer (Jun - Aug) is not ob-

served in the middle (M1) subdivision.

e  The retreating monsoon (Oct - Dec) was more dominant and

observed effectively in the middle (M1) subdivision.

Citation: Ramgopal T Sahu,, et al. “Characterization of Precipitation in the Subdivisions of the Mahanadi River Basin, India". Acta Scientific Agriculture

5.12 (2021): 50-61.



Characterization of Precipitation in the Subdivisions of the Mahanadi River Basin, India

e Lower (L1 and L2) subdivisions with large measures of
spread suggest a large surface area and a rapid change in
precipitation magnitude. The division also contains outli-
ers, which are an indication of non-uniformities prevailing in

precipitation patterns.

e In the lower (L2) subdivision, intense precipitation is ob-
served in conjunction with large rainfall marching months

that begin in May and end in October.

e  The iqr width also suggests that the upper subdivision has a
consistent range of precipitation magnitude in all timeslots

but has a sudden fall in cumulative precipitation.

e  Spatial pattern variability of summer (Jun - Aug) was not ob-
served and significantly influenced mid-autumn (Oct) in the

upper (U1) subdivision for the 3" timeslot interval.

The three subdivisions are the spontaneous divisions based on
natural slopes and terrain formed due to the effect of local topog-
raphy, long-term climatology, and changing hydrology. The homo-
geneity of the subdivisions and regions resulting from the DIANA
technique is feasible because of the spatial dependency and dis-
tribution of grid points. The spatial and temporal form of changes
in the patterns of precipitation is generally due to the movement
of moist currents and the summer monsoon from the southwest
(Indian ocean) to the northeast (Himalayas). The evidence can be
visualized in Figures 8a, b, and c, which precisely intimate the vari-

ability in magnitude observed at different locations.

The limitation of the investigation is specific to precipitation re-
gionalization and is different for different approaches as well as the
size of the characterized region (e.g., spatial resolution or period
size). As a result, sensitivity analysis is a must for the statistics re-
sulting from implementation, characterized by the number of grid

points and different spatial resolutions over the entire basin.
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