MAUSAM, 69, 1 (January 2018), 141-146

551.577.5: 631.15 (540.27)

Rainfall variability analysis of Uttar Pradesh for crop planning and management
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AR - 6 MY 9F F AA-HUSA qUEI0T WA HeAh F ITAT A EC IS At A @A
HGeT & faeevor 3R |ETHT Hged I Fgfd I TaT RN IAT §| STorarg 3qHule 7 a9 &7 &
39T T S gl W REAEF AF-Fvsd (M-K) TUS I WRET0T F 57 3eqgT J Fdr v w3
W A & FAT HW H gl ale 3AR-Terd adr ygfa 3R e e # gar oo & fw eemar aan
¢l SUUSY & ast 3iiehsl (@Y 1981-2012 dh) & fARQANOT ¥ war wem § T aif¥er awt fr For AT A
Ay su & frae & vafa @ &1 78 off qwr amr § 6 a¥ 1990 & qd A ast v amgfa amea &
FA W ¢ SlH 1990 F 6 SEH Jef g8 ¥1 a¥ 1996 & Slg ¥ MR awT F AT 10405 AL &
gey 988 fALAL @ a1¢ & e 5 ufaRrd i S g5 §1 sEH A aW i AT A 9 & QoS yqfa
& ¢ & i 9 1996 & G WG F F A GEFGER T WAY) F af F FRe @ 7 ¥ Te9E
HE F 3oaT MR F TAA AQAT F I 1096 F TgA F ol H I T T §1 ¢ 1906 F MG
AT ®q & IREH R T 7l 7§ AfdE oot & A 7 3fE Fee @ 7 § red o Ak
Ao & S Ay & A wdd s R 3ered A a¥ 1996 & yge N Jol A Fefr @ 91 B
59 TS F HT aRade ¥ IaT e & F T e A creel S 1981-1990, 1991-2000 3R 2001-
2010 # A ast & ar-arr & FRmae AR gefr 9 ygfa @& ¢

ABSTRACT. Time series analysis and statistical significance of trends in rainfall data was carried out using
standard Mann-Kendall test statistics. The non-parametric Mann-Kendall (M-K) statistical rank test, which is widely used
in climate research, was employed in this study to find out fluctuations and presence of trend in time series data of
rainfall at a single station, as well as regional averages. Analysis of rainfall data (1981-2012) of Uttar Pradesh reveals
significant decreasing trend in total quantum of annual rainfall. It was also noticed that the frequency of occurrence of
annual rainfall below normal was less before 1990s while increased after 1990s. The amount of annual rainfall decreased
significantly after 1996 from 1040.5 mm to 988 mm, i.e., a decrease of 5 percent. A very interesting trend has been
noticed for the quantum of monthly rainfall, i.e., it was found significantly decreased after 1996 for the months of winter
season (October-February) while at par for the months of summer season except May only which was found increased as
compared to before 1996. The quantum of monthly rainfall was found significantly decreased after 1996 for initial and
last months of monsoon season, i.e., June and September while increased for the middle months, i.e., July and August as
compared to before 1996. The study of decadal variability in annual rainfall showed that an alternate decreasing and
increasing trend in all the three decades viz., 1981-1990, 1991-2000 and 2001-2010.

Key words — Rainfall, Trend analysis, South-west monsoon, Decadal rainfall, Seasonal rainfall, Crop management
and rain fed ecosystem.

1. Introduction the Indian agriculture is rain dependent, diverse, complex,
under-invested, risky, distress prone and vulnerable. Intra-
Rainfall is the single most important factor in crop seasonal variability of rain has been further compounded

production planning in rain-fed ecologies. Around 60% of due to increase in frequency and intensity of the extreme
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Fig. 1. Variability in annual rainfall of U. P. during past 32 years

rainfall and weather events due to global warming.
Rainfall, being considered as the prime input for
agriculture has its own erratic behavior in terms of amount
and distribution. For better crop planning, a detailed study
on rainfall behavior is vital. Rainfall variability, both in
time and space influences the agricultural productivity and
sustainability of a region, as opined by Virmani, 1994.
The agricultural crop productivity largely depends on the
rainfall distribution and its intensity during the rainy
season. Rainfall analysis for crop planning was carried out
in different regions of the country as reported by
Chaudhary and Tomar (1999); Ghadekar and Thakare
(1991). The information on annual, decadal and seasonal
rainfall of a region is useful to design water harvesting
structure for agricultural operations, field preparation,
seeding, irrigation, fertilizer application and overall in
field crop planning (Sharma et al., 1979). In this context,
an attempt was made to analyse the temporal variability of
rainfall in Uttar Pradesh for suitable crop planning under
rice-wheat cropping system. Despite increased grain yield
through green revolution, the agricultural scenario of the
state is still greatly dependent on annual rainfall and
rainfall distribution pattern. So, studying rainfall and its
variability is becoming important for agricultural
production and management. As the cropping pattern of
any region is greatly governed by rainfall and its distri-
bution especially in rain-fed regions hence this study was
carried out to find the trends in rainfall as annual,
decadal and seasonal analysis in the Uttar Pradesh.
Climate change is very likely to have a major impact on
hydrological cycle and consequently on available water
resources, flood and drought frequencies, natural
ecosystems, society and the economy (Ramos, 2001). The
aim of this study was to analyse the possible trends of
annual, decadal and seasonal rainfall using observed
historical time series weather data of recent years of Uttar
Pradesh.

Water, the most precious resource is sometimes
scarce, sometimes plentiful and always unevenly
distributed in space and time. The detection of current
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Fig. 2. Variability in quantum of decadal rainfall (mm) of U. P. with
deviation (%) from normal

pattern of rainfall in changing scenario of climate, in
terms of annual, seasonal and decadal basis certainly has
profound importance on the local, regional and national
scales, due to the associated critical socioeconomic
consequences. Therefore, an attempt has been made to
give a clear picture about annual, seasonal, monthly,
decadal rainfall pattern and rainfall characteristics of Uttar
Pradesh.

2. Data and methodology

Total monthly rainfall of 32 years (1981-2012) of
Uttar Pradesh was collected from India Meteorological
Department (IMD), Pune and Meteorological Centre
(MC), Lucknow. The collected data was further divided in
two segments; (i) pre 1997 period (1981-1996) & (ii) post
1997 period (1997-2012) and variability analysis of
rainfall was done accordingly. These data were analyzed
on annual, seasonal and decadal basis for the entire series
under the study period. The season was decided as per
IMD classification, i.e., monsoon season from June-
September (23 to 39" meteorological week), post-
monsoon season from October-November (40" to 49"
meteorological week), winter season from December-
February (49" to 9" meteorological week) and summer
season from March-May (10" to 22" meteorological
week). Time series analysis and statistical significance of
trends in rainfall data was carried out using standard
Mann-Kendall test statistics (Libiseller and Grimall,
2002). The non-parametric Mann-Kendall (M-K)
statistical rank test (WMO, 1966) which is widely
used in climate research, was employed in this study to
find out fluctuations and presence of trend in time series
data of rainfall at a single station, as well as regional
averages. The statistical significance was tested at 95%
level.

The M-K rank statistics (t) is computed from
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Fig. 3. Variability in monthly rainfall of U. P. during pre and post
1997 period

where, n; is the number of data values larger than the
i" value, subsequent to its position in the series and N is
the total number of data in the series. The statistic (Ty) is
calculated by

. [4N+10)
" o] @

where t, is the appropriate value of the probability
point in the Gaussian distribution corresponding to the
two-tailed test. The significance of the trend is decided on
the basis of comparison of M-K rank statistic ‘t” and
statistic “T;’.

3. Results and discussion

Data of annual rainfall since 1981-2012 (last 32
years) have been analyzed and results reflected a
significant decreasing trend in total quantum of annual
rainfall for Uttar Pradesh (Fig. 1). In Uttar Pradesh, there
are some areas like Bundelkhand and western region
receiving less amount of rainfall as compared to central
and eastern Uttar Pradesh. Tripathi (2012) reported the
same trend for different sectors of Uttar Pradesh. The
mean total annual rainfall of Uttar Pradesh was found
988 mm. A significant decline of 5% in annual rainfall
was also observed after 1996 in Uttar Pradesh. The
frequency of occurrence of annual rainfall below normal
was found increased after 1990s. Considering the average
water requirement of rice crop is 1000 to 1200 mm for
medium and long duration rice varieties, the quantum of
rainfall below normal in most of the years clearly
indicated that there is an imperative need to suitably
modify the crop management and cropping pattern. In this
context, simulation of rice yield in rain-fed areas where
the rice crop is fully dependent upon south west monsoon
rainfall would be helpful in management and planning of
crop under aberrant weather condition. A relatively higher
productivity of rice can be obtained with adoption of
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Fig. 4. Variability in decadal rainfall of U. P. during 1981-2010
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Fig. 5. Seasonal partitioning of rainfall (%) in U. P. under present
scenario

proper water conservation and recycling practices. Similar
findings were also reported by Sastri et al. (1999). The
monsoon rainfall does not follow any definite trend in all
India scale, although some significant trends exist in some
pockets of India when long term data were analysed
[Kolli et al. (1992)].

The analysis of rainfall for pre and post 1997 period
of Uttar Pradesh has also been performed. It was quite
evident from the study that the amount of annual rainfall
in Uttar Pradesh decreased significantly after 1996 from
1040.5 to 988 mm, i.e., a decrease of 5 percent. Results
revealed that the quantum of total rainfall was found
increased by 10.8% from normal rainfall during the
decade 1981-1990 while it decreased for the rest two
decades, i.e., 1991-2000 & 2001-2010 by 3.6% and 8%,
respectively (Fig. 2). A very interesting trend has been
noticed for the quantum of monthly rainfall. It was
significantly decreased after 1996 for the months of post
monsoon and winter seasons (October-February) while at
par for the months of summer season except May when it
increased as compared to the quantum of monthly rainfall
before 1996. The quantum of monthly rainfall was found
significantly decreased after 1996 for initial and last
months of monsoon season, i.e., June and September
while it increased for the middle months, i.e., July and
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Figs. 6(a-d). Seasonal rainfall variability in U. P. (a) Winter season (b) Summer season (c) Monsoon season and (d) Post-monsoon rainfall (mm)

August as compared to before 1996 (Fig. 3). The study of
long term (1981-2012) decadal variability of annual
rainfall has been performed and an alternate decreasing
and increasing trend was observed for Uttar Pradesh in all
the three decades viz., 1981-1990, 1991-2000 and 2001-
2010, respectively (Fig. 4). Since monthly rainfall was
noticed significantly decreased after 1996 in the month of
June hence when onset of monsoon delayed by two weeks
there would be no change in crop/ cropping system
including variety of rice. Raised staggered rice nursery
should be grown at 15 days interval in small areas at least
two times. Intercropping/ mixed cropping of maize/
sorghum/ pearl millet with long duration varieties of
pigeon pea may be used as agronomic measures. Pigeon
pea should be sown on raised beds and may be
intercropped with maize/ green gram/ black gram. When
rainfall was decreased in the month of September, foliar
spray of 2.5 kg urea and 2.5 kg potash per hectare would
be beneficial to conserve moisture in the soil. Alternate
management of irrigation should be insured to provide life
saving irrigation. Under such condition, an advance crop
planning for rabi season may be sowing of Toria Type-9,
PT-303, PT-30 and Ageti Rai should be sown in 1% week
of September while Bhawani variety can be sown in 2™
week of September. This analysis might be helpful in
preparation of crop planning and management for the
area in advance which would be greatly influenced the

crop management and cropping pattern of the state in
positive way.

As far as the pattern of seasonal rainfall is
concerned, it is quite evident from the data that the south
west monsoon contributes 87.1 per cent (767.3 mm), post
monsoon 3.9% (32.6 mm), winter season rainfall 4.4 per
cent (38.7 mm) and only 4.5 per cent (39.8 mm)
contribution by summer season rainfall (Fig. 5). Part of
the rain water percolates below the root zone of the plants
and part of the rain water flows away over the soil surface
as run-off. This deep percolation water and run-off water
cannot be used by the plants. In other words, part of the
rainfall is not effective. The remaining part is stored in the
root zone and can be used by the plants. This remaining
part is the so-called effective rainfall. The factors which
influence which part is effective and which part is not
effective include the climate, the soil texture, the soil
structure and the depth of the root zone. If the rainfall is
high, a relatively large part of the water is lost through
deep percolation and run-off. If the soil is still wet when
the next rain occurs, the soil will simply not be able to
store more water and the rain water will thus percolate
below the root zone and eventually reach the groundwater.
Heavy rainfall may cause the groundwater table to rise
temporarily. Especially in sloping areas, heavy rainfall
will result in a large percentage of the rainwater being lost
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Fig. 7. Seasonal rainfall variability of U. P. during pre and post 1997
period

by surface run-off. Thus, during monsoon season, a
major part of the rainfall amount is generally lost in
different ways which can be stored through water
harvesting structures such as farm ponds and lakes, etc.
and used during the post monsoon season for growing
rain-fed crops like lentil, mustard, gram, fodder, etc. in
those areas where irrigation facility is not available.
Analysis of rainfall on seasonal basis revealed
that the pattern was in significantly decreasing trend in all
the crop seasons while the rate of decrease of rainfall was
in the tune of monsoon season > summer season >
winter season >post monsoon rainfall (Fig. 6). However, a
drastic decline in quantum of seasonal rainfall has been
noticed from pre to post 1997 period in Uttar Pradesh
except summer season. It is also revealed from
the data that the rate of decrease of total amount of rainfall
after 1996 was highest in post-monsoon season
(39.5%) followed by pre-monsoon season (25%) and
monsoon season (2.8%), respectively (Fig. 7). It was also
observed from the data that the quantum of total
rainfall increased during summer season only by 17.9%
after 1996. This gives a good indication in Uttar
Pradesh as a whole that summer rainfall would also be
helpful for land preparation particularly for summer
ploughing operation during the season. The rainfall
received during summer season would be helpful
to grow the green manures to increase the land
productivity and to achieve sustainability. When
monsoon delayed by 4 weeks, i.e., onset of monsoon is in
3" week of July then short duration varieties of paddy
such as NDR-97, NDR-80, NDR-118, Saket-4 may be
sown. Transplanting of paddy with 3-4 seedlings per hill
to increase the plant population 60 hills per m? instead of
50 hills per m? may be done as agronomic measures.
Pruning and thinning of overage paddy seedlings might be
helpful for better establishment and optimum plant stand.
Mulching with straw/ grass cover may also be done to
conserve soil moisture for better yield under dry spell/ less
rainfall condition.

4. Conclusions

On the basis of long term data analysis (1981-
2012) of Uttar Pradesh it was observed that after 1996
the rate of decrease of total quantum of annual
rainfall was more in Uttar Pradesh as compare to
before 1996. The decadal rainfall variability was in an
alternate trend. In recent decade (2001-2010), the rainfall
trend was depicted to have decreasing trend in Uttar
Pradesh. The seasonal rainfall was also observed in
decreasing trend in the order of monsoon rainfall >
summer rainfall > winter rainfall > post-monsoon rainfall
in Uttar Pradesh.
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