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Abstract: Rainfall analysis is essential for water resources management and crop planning. An attempt has been made to
analyse the rainfall of Daspalla region in Odisha, eastern India for prediction of monsoon and post-monsoon rainfall by using
6 different probability distribution functions, forecasting the probable date of onset and withdrawal of monsoon and finally
crop planning for the region. Soil parameters were assessed for head, mid and tail reaches of the command area. Results
revealed that, for prediction of monsoon and post-monsoon rainfall, Log Pearson Type-III and Gumbel distribution are found
as the best fit probability distribution functions. The earliest and delayed most week of onset of rainy season was 20th SMW
(14-20th May) and 25th SMW (18-24th June), respectively. Similarly, the earliest and delayed most week of cessation of
rainy season was 39th SMW (24-30th September) and 47th SMW (19-25th November) respectively. The soils have the clay
contents ranging from 29.6 to 48.8%. The bulk density ranged from 1.44 to 1.72 Mg.m-3 irrespective of different sites. The
saturated hydraulic conductivity decreased significantly with soil depth due to greater clay contents in lower layers; whereas
water retention at field capacity and PWP increased significantly with increase in soil depths. Soil organic carbon varied from
0.34 to 0.95%; it was the highest in the surface (0-15 cm) layer and then decreased down to the soil profile. The results of

rainfall analyses and soil properties would help in management of rainfall and canal water in an effective way.
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1. Introduction

India ranks first among the countries that practice rainfed
agriculture both in terms of extent (86 Mha) and value of
production [1]. To meet the future food demands and
growing competition for water among various sectors, a
more efficient use of water in rainfed agriculture will be
essential. Rain water management and its optimum utiliza-
tion is a prime issue of present day research for sustainability
of rainfed agriculture. To ensure water availability and de-
pendability to all the farmers by proper utilization and con-
servation of rain water in storage tank during rainy season
and by recycling the same for life saving irrigation during
post rainy season. It is necessary that some storage tanks to
harvest runoff and subsurface water are made in command
area. This will reduce the risk of dry periods in cropping
seasons and increase the production. Kothari et al. [2]
opined that on the basis of water harvesting, water can be
utilized for saving the crops during severe moisture stress

and also to raise the post-monsoon crops thereby cropping
intensity and net returns from the cultivated lands can be
increased. In order to address the issue, detail knowledge of
rainfall distribution can help in deciding the time of different
agricultural operations and designing of water harvesting
structures to meet out irrigation requirement [3, 4]. For
sustainable crop planning, rainfall was characterized in term
of its variability and probability distribution by many re-
searchers [5, 6] for different places of India.

Odisha, an eastern Indian province, is mainly an agrarian
state where about 70% of the population is engaged in
agricultural activities and 50% of the state’s economy comes
from agricultural sector [7]. In order to stabilize the crop
production at certain level, it is essential to plan agriculture
on a scientific basis in terms of making best use of rainfall
pattern of an area. This necessitates studying the sequences
of dry and wet spells of an area so that necessary step can be
taken up to prepare crop plan in rainfed regions. Scientific
prediction of wet and dry spell analysis for proper crop
planning may prove useful to farmers for improving prod-
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uctivity and cropping intensity and in turn their economic
returns. Dry and wet spells could be used for analyzing
rainfall data to obtain specific information needed for crop
planning and also for carrying out agricultural operations.

The knowledge on soil properties viz. particle size dis-
tribution, bulk density, hydraulic properties, water retention
characteristics is also essential for land use planning, water
resources management [8,9,10] in a canal irrigated com-
mands. Assessment of soil water regime is an important step
in making water management decisions [11].

Therefore, attempts were made to study the rainfall cha-
racteristics of canal irrigated area in the Daspalla block of
Nayagarh district in Odisha, an eastern Indian state to
manage the water resources for efficient crop planning. The
soil characteristics are made to study the site-specific man-
agement of soils and crops, and also for development of

water storage structures in the area.

2. Materials and Methods
2.1. The Study Area

The study was carried out in Kuanria Medium Irrigation
Project (KIP) at Daspalla, Nayagarh district of Odisha (Fig.
1). Itis located at 20°21' N latitude and 84°51" E longitude at
an elevation of 122 m above mean sea level. The geo-
graphical area of Daspalla block is 571.57 km2. This study
site comes under Agro-Eco Sub-Region 12.2 and

Agro-Climatic Zone 7 according to NBSS&LUP (ICAR)
and Planning Commission, Govt. of India classification,
respectively.

Figure 1. The study area i.e., Daspalla region of Nayagarh district in Odisha.

2.2. Rainfall Data and Analyses Methods

Rainfall data for years from 1995 to 2010 have been col-
lected from meteorological observatory of Kuanria dam,
Daspalla, Nayagarh. Rainfall data are categorized into four
seasons such as pre-monsoon (March-May), monsoon
(June-September), post-monsoon (October-December) and
winter (January-February) season. The monthly effective
rainfall was calculated using the equations 1 and 2 following
USDA Soil Conservation Service method. The same method
has been used for calculation of effective rainfall for rainfed
districts of India by Sharma et al. [12].

Pe = Pt /125 (125-0.2 Pt) (when Pt < 250 mm) (1)
Pe = 125 + 0.1 Pt (when Pt > 250 mm) (2)

where, Pe = monthly effective rainfall (mm) and Pt = total
monthly rainfall (mm).

In this study, rainfall were predicted by six probability
distribution functions (PDF) i.e. Normal, 2-Parameter Log
Normal, 3-Parameter Log Normal, Pearson Type III, Log
Pearson Type III and Gumbel distribution by using DIS-
TRIB 2.13 component of SMADA 6.43 (Storm Water
Management and Design Aid). Different probability distri-
bution functions [13] are given as follows.

Normal distribution

px(x)=aj;,{—("2;‘?z} 3

where, 1 = mean of the population of x and ¢ = variance of
the population of x.
Two-Parameter Log Normal distribution
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where, y = In(x), py = mean of the population of y and oy
= variance of the population of y.
Three-Parameter Log Normal distribution

mmmb%%ﬁw 5)

where, y = In(x-a), Lty = mean of the population of y and
oy = variance of the population of y.
Pearson Type 11 distribution

pe (@) = p, (14 xla) & (6)

where, & = difference between mean and mode (6 = p —
Xm), Xm = mode of population x, a = scale parameter of
distribution, and po = value of px(x) at mode.

Log Pearson Type III distribution

Pe) = pyy (1 yla) > & (7)

where, 0y = difference between mean and mode (3y = py
— Ym), Ym = mode of population y, o = scale parameter of
distribution and pyo = value of p,(y) at mode.

Gumbel distribution (also referred to as Fisher-Tippett
Type 1, Double Exponential, Gumbel Type I and Gumbel
extremal distribution) is characterized by the probability
density function,

== R = G

where, a = scale parameter of distribution, and f = loca-
tion parameter of the distribution.

All six PDFs were compared by Chi-Square test for
goodness of fit as given in the following equation.

n=y 0L ©)

where, O is the observed value obtained by Weibul’s
method and E is the estimated value by probability distri-
bution functions.

2.3. Computation Method for Onset and Withdrawal of
Rainy Season

The onset and withdrawal of monsoon largely determine
the success of rainfed agriculture. A prior knowledge of
possible onset and withdrawal of effective monsoon is val-
uable in crop planning. Such knowledge in advance helps in
deciding cropping pattern and choice of suitable crop varie-
ties and also to plan comprehensive strategies for proper and
efficient rainwater management for improving crop produc-
tion per unit of available water [14]. Therefore, onset and
withdrawal of rainy season was computed from weekly
rainfall data by forward and backward accumulation me-
thods as per the procedure suggested by Dash and Senapati

[15].

Each year is divided into 52 standard meteorological
weeks (SMW). The first SMW of any year starts from 1-7th
January and 52nd SMW is from 24-31st December. Weekly
rainfall was summed by forward accumulation (20+21+ ---
+52 weeks) method until 75 mm of rainfall was accumulated.
This 75 mm of rainfall has been considered as the onset time
for sowing of rainfed crops [16]. The withdrawal of rainy
season was determined by backward accumulation of rain-
fall (48+47+46+...+30 weeks) data. Twenty millimetres of
rainfall accumulation was chosen for the withdrawal of the
rainy season, which is sufficient for ploughing of fields after
harvesting the crops [17, 18]. The percent probability (P) of
each rank was calculated by arranging them in ascending
order and by selecting highest rank allotted for particular
week. The following Weibull’s formula has been used for
calculating percent probability.

P = (m/N+1) x 100 (10)

where, m is the rank number and N is the number of years
of data used.

2.4. Methods of Soil Sampling and Analyses

Soil samples were collected from head, mid and tail
reaches of the canal commands from different sites having
cropping systems like rice-fallow, rice-sugarcane and
rice-green gram etc. The exact location of different plots
with respect to their latitude and longitude were measured
with a GPS meter (model, Garmin eTrex Vista, Germany).
Soil samples were collected during dry periods of the year
2010-11 and 2011-12. Samples were collected with the help
of auger and down to the profile depth up to 90 cm from 5
different locations (5 x 5 m grid per sample) within one
representative in a zig-zag pattern and also from four depth
increments (i.e. 0-15, 15-30, 30-60 and 60-90 cm) from the
soil profile to study the soil properties. Soil particle size
distribution was determined by the hydrometer method [19]
and soil texture class was determined by following the
procedure of USDA classification. Soil pH was measured
with the help of a digital pH meter (pHTestr30, Malaysia).
Field capacity and permanent wilting point were determined
by a pressure plate apparatus (Eijkelkamp, Model 505). The
available water capacity (AWC, cm3.cm-3) of soils, ex-
pressed as volume of water per unit volume of soil, was
estimated as the difference between field capacity (FC) and
permanent wilting point (PWP). Saturated hydraulic con-
ductivity (Ks) was measured by constant head method. Five
replicates of bulk density (BD, expressed as Mg m-3) sam-
ples down to the profile depth up to 90 cm was also collected
using soil cores and core samplers (Eijkelkemp Agrisearch
Equipment) from four different layers and carried to labor-
atory. Organic carbon was determined by wet digestion
method [20].

The analysis of variance technique was carried out on the
data for each parameter as applicable to statistical design.
The significance tests were carried out using appropriate
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standard methods.

3. Results and Discussion
3.1. Annual Rainfall and Distribution over Seasons

Total annual rainfall in Daspalla region ranged between
993.5 to 1901.8 mm with an average of 1509.2 mm and the
coefficient of variation (CV) was 14.8%. If rainfall received
in a year was equal to or more than the average rainfall plus
one standard deviation for 16 years of rainfall (i.e.
1509.2+223.8=1733 mm). On four occasions (1995, 2001,
2003 and 2008), this region had received rainfall of more
than 1733 mm; these years were considered as excess rain-
fall years. Only 25% of total years of analyses under this
study had received rainfall of more than 1733 mm for this

—— Av, Rainfall (mm)

Rainfall & ER (mumn)
e
=

100

region. It is also observed that 44% of the total years of
rainfall were below average (1509.2 mm) which were con-
sidered as the deficit rainfall years.

Monthly average and effective rainfall of Daspalla region
for 16 years are presented in Fig. 2. It is revealed that, mean
rainfall of July was 351.4 mm, which was the highest and its
contribution was 23.3% to the average annual rainfall (i.e.
1509.2 mm). August rainfall was slightly lower than July
rainfall (i.e. 20.6% of annual average rainfall). Average
rainfall was lowest in the month of December. Total annual
effective rainfall (ER) is 858.2 mm which is 56.9 percent of
the total annual rainfall. Therefore, 651 mm of rainfall water
is lost in the form of surface runoff, deep percolation and
evaporation.

——ER (mm)

Months

Figure 2. Long-term average monthly rainfall and effective rainfall for study area, Daspalla; ER is the effective rainfall.

The distribution of rainfall for different seasons from
1995-2010 is shown in Table 1. The normal southwest
monsoon, which delivers about 75.7% of annual rainfall,
extends from June to September. This is also the main sea-
son (rainy season) for cultivation of rainfed crops. The
monsoon rainfall (1133.3 mm) is spreaded over a few rainy
days with fewer rain events of high intensity. It causes sur-
face runoff and temporary water stagnation in agricultural
fields. Winter season contributes only 3.1% of the total
annual rainfall; 10.8 and 10.4% of the total annual rainfall
occurred during pre- and post-monsoon season, respectively.

Table 1. Rainfall distribution in Daspalla region over different seasons
(data of 16 years for the period from 1995 to 2010).

Average
. Percentage
Seasons rainfall X
of total rainfall

(mm)
Pre-monsoon (Mar-May) 166.1 10.8
Monsoon (Jun-Sep) 1133.3 75.7
Post-monsoon (Oct-Dec) 162.6 10.4
Winter (Jan-Feb) 47.2 3.1

3.2. Prediction of Rainfall Using Probability Distribution

Functions

Annual rainfall for the region was predicted by using
DISTRIB 2.13 component of SMADA 6.43 for 6 different
probability distribution functions. Six predicted annual
rainfall values were obtained for 6 PDFs by running DIS-
TRIB 2.13. After that Chi-square value for each PDF was
estimated by using equation 9. Chi-square values varied
from 29.2 to 58.8 for 6 PDFs. Least Chi-square values were
observed in Log Pearson Type III distribution for prediction
of annual rainfall in Daspalla. Therefore, for this region, Log
Pearson Type III considered as best fit PDF for prediction of
annual rainfall. In this region, about 86% of the total annual
rainfall occurs during monsoon and post-monsoon season
and agriculture is totally dependent on the performance of
south-west monsoon. Therefore, prediction of monsoon and
post-monsoon rainfall is more important than annual rainfall
for raising crops successfully with high and stable yields.
For this reason, monsoon and post monsoon rainfall were
predicted for 6 PDFs by running DISTRIB 2.13 and results
are presented in Fig. 3 & 4.

It is revealed that, during monsoon season, the observed
monsoon rainfall was 1049.6 mm at 70% probability level
and all the probability distribution functions predicted al-
most comparable rainfall. But in total, least Chi-square value
was observed in Log Pearson Type III distribution. With
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regard to the post-monsoon rainfall, lowest Chi-square value ~ best fit PDFs. Observed rainfall at different probability
was obtained in case of Gumbel distribution (Fig. 4). In this  levels for monsoon and post-monsoon months were deter-
study, for prediction of monsoon and post-monsoon rainfall,  mined by using Weibul’s formula and presented in Table 2.
Log Pearson Type III and Gumbel distribution are found as

Table 2. Observed rainfall at different probability levels for monsoon and post- monsoon months.

Probability

(%) June July August September October November December
()
10 415.2 724.0 5233 450.0 322.0 105.5 47.6
20 3333 469.8 413.1 381.5 274.1 47.7 29.7
30 217.0 365.8 356.5 354.0 123.1 29.7 2.8
40 196.6 337.5 321.1 301.3 116.2 20.9 0.3
50 194.8 282.8 299.7 2274 87.5 14.8 -
60 182.8 270.0 275.2 177.8 77.4 11.8 -
70 158.0 244.4 274.2 164.9 57.9 6.2 -
80 132.4 2173 180.6 141.6 28.0 1.0 -
90 105.9 181.9 164.5 75.4 16.9 - -
1600 - ——— Observed
,,,,,,,,, Normal
wso N, === 1P Log-normal
—ir— 3P Log-normal
- 1300 4 =+ = Pearson Tvpe-III
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Figure 3. Observed and predicted rainfall (mm) at different probability levels for the monsoon season.
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Figure 4. Observed and predicted rainfall (mm) at different probability levels for post- monsoon season.
3.3. Analyses of Rainfall for onset and Withdrawal of The data on onset, withdrawal and duration of the rainy

Monsoon Season season (difference between onset and withdrawal time) and
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its variability in Daspalla region are presented in Table 3.

Weekly rainfall data of 16 years (1995-2010) indicated that
the monsoon starts effectively from 23rd SMW (4-10th June)
and remains active up to 43rd SMW (22-28th October).

Therefore, mean length of rainy season was found to be 21

weeks (147 days). The earliest and delayed week of onset of
rainy season was 20th SMW (14-20th May) and 25th SMW
(18-24th June), respectively. Similarly, the earliest and de-

layed week of cessation of rainy season was 39th SMW
(24-30th September) and 47th SMW (19-25th November),

respectively. The longest and shortest length of rainy season
was coincided with 26th and 17th weeks, respectively. The
probabilities of onset and withdrawal of rainy season was
calculated by using Weibull’s formula and results are pre-
sented in Table 4. There is a 94% chance that the onset and
withdrawal will occur during 25th and 47th SMW, respec-
tively.

Table 3. Characterization of rainy season at the study site, Daspalla
(1995-2010).

Particulars Week No. Date

Mean week of onset of rainy season 23 4-10 June
Earliest week of onset of rainy season 20 14-20 May
Delayed week of onset of rainy season 25 18-24 June
i\;[ie;;s\:sefnof withdrawal of 43 22-28 October
iz;;l}i]e:; ::(enelk of withdrawal of 39 24-30 September
Delayed week of withdrawal of 47 19-25 November

rainy season

Table 4. Soil properties of head reach soils in the right distributaries.

i‘e’“th SandSilt Clay tTe;‘;l g:;ls‘it q K soc
p % % % - Y as/m P cmmr %

cm class Mgm

0-15 66657 277 s 150 002 693 0.140 0.43
1530 61.6 82 302 scl 148 001 7.64 0.128 024
3045 56682 352 sc 150 003 7.88 0.121 023
4560  56.6 82 352 sc 148 002 791 0.103 021
6090 61.632 352 sc 148 001 7.44 0104 0.19
90-120 61.632 352 sc 150 006 7.71 0.100 0.14

3.4. Studies on Soil Characteristics of the Irrigated Com-
mand Area

3.4.1. Head-reaches

The soil properties in the head-reaches of right distribu-
taries in the command area are determined and presented
(Table 4). It is observed that, texture in the 0-30 cm soil layer
was sandy clay loam while in other layers it was sandy clay
in the head reach of the Kuanria command area. There was
little variation of bulk density among different soil layers.
EC values were quite less for all the soil layers (i.e. 0.01 to
0.06 dS m-1). Soil was slightly acidic to alkaline in nature.
Soil organic carbon (SOC) content gradually decreased from
top to bottom soil layers. Saturated hydraulic conductivity
was highest for 0-15 cm soil layer and lowest for 90-120 cm
depth of soil.

3.4.2. Mid-reaches

It is observed that, texture in the 0-15 cm soil layer was
sandy clay loam; 15-45 cm soil layer clay loam while in
other layers it was clay. Bulk density of the soil varied be-
tween 1.48 to 1.53 Mg m-3 where as EC varied from 0.23 to
0.62 dS m-1 in all the soil layers. In general, soil was slightly
alkaline in nature and soil organic carbon (SOC) content
varied between 0.27 and 0.67%. Saturated hydraulic con-
ductivity varied from 0.011 to 0.026 cm hr-1 for all the soil
layers (Table 5).

Table 5. Soil properties of mid-reach command area under left distributa-
ries.

(S]‘e"lth Sand Silt Clay ;l::al g:;ls‘it EC . K SOC
7 A A Y dasim PV cmvbr %
cm class Mg m

0-15 484 168 348 sl 148 028 7.63 0.026 0.67
1530 434 168 398 ¢ 148 023 7.96 0.018 0.49
3045 434 168 398 cl 150 028 822 0.019 027
4560 384 168 448 ¢ 152 023 830 0.012 039
6090 384 168 448 ¢ 152 055 845 0.013 029
90-120 384 168 448 ¢ 153 062 860 0011 036

3.4.3. Tail-reaches

The soils of tail end command areas were analyzed for
determination of their physical and chemical properties, and
are presented in Table 6. There was a definite trend that
sand content was greater in every soil layer than silt and clay
contents, but there was slight difference in different layers of
the soil profile. It is revealed that, soil was moderately al-
kaline in nature. The soil organic carbon (SOC) content
decreased as soil depth increased for the site under WUA 5.
Bulk density of soil varied between 1.41 to 1.47 Mg m-3and
EC varied between 0.01-0.11 dS m-1. Saturated hydraulic
conductivity was highest in 0-15 cm soil layer and decreases
towards lower depth of soil.
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Table 6. Soil properties of tail-reach command area in left distributaries.

z‘e’“th Sand Silt Clay ;l::al g:;ls‘it q K soc
P o % % Y asm PY emvmr %
cm class Mg m

0-15 442 223 335 cl 141 011 815 0.023 0.58
1530 449 228 323 cl 142 005 855 0.021 046
3045 448 187 365 cl 144 005 850 0.022 0.39
4560 435 97 468 c 145 001 854 0.017 0.39
6090 41.8 89 493 ¢ 146 001 853 0015 033
90-120 443 87 470 ¢ 147 002 845 0.014 0.29

The soils in the tail reach of right distributaries are pre-
dominantly clay up to 45 cm soil depth and sandy clay in the
45-120 cm soil depths due to higher proportion of sand and
clay contents (Table 6). Soil pH in this site was moderately
alkaline. Bulk density of the soil increased gradually to-
wards the lower depth of soil profile as amount of clay
content was less in 45-120 soil depth in comparison to 0-45
cm soil depth. EC varied from 0.02-0.07 dS m-1 where as
organic carbon (SOC) content varied between 0.23-0.39
percent. Saturated hydraulic conductivity was highest within
0-15 cm soil depth and lowest in 90-120 cm soil depth.

Saturated hydraulic conductivity values of tail reach soils
of left distributaries were lower in comparison to tail reach
soils of right distributaries. As the soil properties were dif-
ferent for head, mid and tail reach soils of left and right
distributaries under Kuanria command area, different man-
agement of irrigation is required for optimal use of canal,
rainfall and ground water. Through proper management,
improvement of water productivity can be achieved.

4. Conclusion

The option to go for harvesting the rainfall is useful.
Harvesting a small fraction of the excess rainfall and uti-
lizing the same for supplemental irrigation to mitigate the
impacts of devastating dry spells offer a good opportunity in
the fragile rainfed regions. Based on experiences from wa-
tershed management research and large-scale development
efforts, practical harvesting of runoff is possible only when
the harvestable amount is more than 50 mm or greater than
10% of the seasonal rainfall. In this study area, as runoff
amount was more than 10% of the seasonal rainfall, there-
fore practical harvesting of runoff is possible. Therefore, it is
essential to construct water harvesting structures for con-
servation of rainfall and runoff water to ensure water
availability and dependability to all farmers. Instead of
growing rice, short duration and low water-requiring crops
like groundnut, maize, sorghum, green gram, soybean, sun-
flower, field bean, cowpea and other low water required

crops which have high return value can be grown during
monsoon season. Pigeon pea is a very good crop for growing
in this area under upland situation and on the bunds sepa-
rated by rice fields. Another advantage of growing short
duration cereals, pulses and oilseeds in the first fort-night of
June is that these can be harvested by the end of September
(39th SMW) and short duration post-monsoon crops can be
sown during 40-43rd SMW (1-28th October). Since,
post-monsoon rainfall is more uncertain and erratic than
southwest monsoon, growing of high value post-monsoon
crops without supplementary irrigation would be very risky.
The significant contribution of weekly rainfall (>46 mm)
during 36-40th SMW and high consecutive wet week
probability during 36-40th SMW, there is a potential for
harvesting excess runoff water for supplemental irrigations.
Similarly, greater probabilities of consecutive dry weeks
after 44th SMW, hints for need of supplementary irrigations
and moisture conservation practices to be taken up. Even in
the event of mid season dry weeks, mulching and other
moisture conservation practices would help in reducing soil
evaporation and conserve moisture in the soil.

The present study characterized the soil properties like
particle size fractions, bulk density, saturated hydraulic
conductivity, soil organic carbon and also pH for the cul-
tivable area under Kuanria command area in Odisha, an
eastern Indian state. This information will be useful for soil
and water management decisions to be undertaken for the
area. The measured soil properties and information would be
utilized as input variables for many models for studying the
changes in climate, soil hydraulic properties, soil environ-
mental issues, water balance and solute transport etc. The
organic carbon information would help for future planning
on the cropping systems concerning carbon sequestration
and policy making process for soil organic carbon restora-
tion and other soil properties especially for the Kuanria
command. Soil water retention is a major soil hydraulic
property that governs soil functioning in ecosystems and
greatly affects soil management. The information on Ks
would be useful for making any decision for construction of
water storage structure or open wells where water storage
would be possible and better management of water would
lead to better cropping practices.
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