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1 INTRODUCTION

Climate change is one of the major issues being faced by our planet. Main reason
for this is presence of greenhouse gases viz., carbondioxide, methane and nitrous oxide which
leads to global warming. Burning of fossil fuels, mainly by automobiles and in thermal plants
for power generation, contributes the major share of these gases. Role of massive
deforestation also is considerable in increasing the changes in climate ( Saha, 2012). In order
to face it, India has announced a National action plan on climate change in 2008. Two of the
important fields in this were National Water Mission and National Mission on climate change

for Strategic knowledge.

For the last 20 years, discussions are progressing on the impacts of climate change,
worldwide. Recent observations reveal that global warming and changes in climate are at a
faster rate, now. Scarcity of fresh water, increase in sea level, vector-borne diseases, change
in flowering time and uncertain agricultural productions etc. are some obvious examples of

this change.

Climate change can affect agriculture in many ways such as productivity in terms of quality
and quantity of crops, agricultural practices, changes in irrigation conditions and usages of
fertilizers, herbicides and insecticides, environmental effects like frequency and intensity of
soil drainage, erosion and reduction of crop diversity, adaptation i.e., development of more
competitive organisms such as flood resistant or salt resistant varieties of rice and so on
(Saha, 2012).

A warmer climate may change the intensity and timing of rainfall. Since air at higher
temperature can contain more moisture, evaporation of surface moisture will increase which
can result in increasing the rainfall and snowfall events. Decrease in soil moisture will
increase temperature due to solar radiation which in turn will cause longer and more severe
drought. Decrease in rainfall and global warming will certainly affect the ground water table
because of reduction in water recharge. Decrease in winter precipitation will reduce the total
seasonal precipitation being received during December-February and can impose greater

water stress. Intense rain for a few days will result in increased frequency of floods. Monsoon



rain also will be lost as direct run-off. This will decrease the ground water recharging
potential. Increased rainfall amounts and intensities will lead to greater rates of soil erosion.

Thus Climate change, which is a present reality, would seriously affect earth’s atmospheric
system. To overcome this crisis and adopt suitable preventive measures, an estimate of
magnitude of climate change is essential. The only tool available in the present situation is to
quantify the climate change using climate models. These models can mimic and project the
future climate scenarios according to the efficiency of the model selected and applied.
(Chakrapani, 2014)

A comprehensive basis for the climate change scenario is available in the reports of inter-
governmental panel for climate change (IPCC 2007). According to these reports, mean air
temperature is likely to be increased by 2.5°C during the next century. The probable sea level
rise is about one meter. The impacts of the climate change are very severe and produce
significant ill effects to the whole earth and living beings. So, a correct assessment of climate

change is a need of the hour.

The climate change can be studied globally or locally. But, to have more realistic adaptive
measures, State-wise or region-wise studies are required. The main difference between a
weather and climate model is that the weather forecast can be driven by the basic dynamics of
the system. Whereas the long term climate system is realized from the changes in the
radiation forcing such as increase in the greenhouse gases, changes in the land use pattern,
deforestation, changes in the snow cover etc. Ocean which is a second source of energy to the
earth’s atmospheric system through latent heat release is an important forcing of the climate
system. Thampi (2012) has reported that studying the changes in the mean or variability of
the properties of the state of the climate persisting for an extended period is referred to as

climate change.

To make an assessment of the climate change, usually two important variables viz.,
temperature and precipitation in an area are considered (Sindhu and Chandralekha, 2014) as
they influence the ecosystem severely. The South-West monsoon contributing about 80% of

the total precipitation over the country is a critical factor to be analysed.

Singh et al. ( 2012 ) has opined that the quantity of precipitation and its distribution in time

and space affects the availability of water resources. As the distribution of rainfall is highly
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variable according to time and space, storage of water to meet the future requirements of
different sectors throughout the year are required. Intensification of the global hydrological
cycle and several impacts on regional water resources are results of climate change. Since
water resources affects many aspects of the human society, it is ideal to detect the possible
impacts of climate change of hydrological extremes at the regional and the local levels.

For proper management of water resources and agricultural systems the quantification of
hydrological responses to rising concentrations of atmospheric CO, and other greenhouse
gases is very important. The changes produced in temperature and precipitation due to
climate change would influence the spatial and temporal distribution of water resources
(IPCC, 2007).

The weather pattern in Kerala is very unique because of the peculiar geographic orientation
with Arabian Sea as the western boundary. Even though the annual variability of climatic
changes is small there exists large spatial variation in the state ( Joseph,1990). Kerala is
known to be the “gateway of the monsoon” to the country and a wet place in the humid
tropics. Kerala receives about 2816 mm average annual rainfall. There are 44 rivers,
sufficient back waters, streams, canals and other inland water bodies. Rich bio diversity and
tropical rainforests are peculiar in Kerala. Because of the North - South orientation of the

Western Ghats, the state receives plenty of rainfall during the South West monsoon season.

Kerala’s economy is highly dependent upon agriculture which is very much influenced by
weather factors. Subini (2017) has reported that there was an increase of 0.49°C in annual
mean temperature in a period of 103 years (1901 — 2003) in Kerala. The rainfall has become
uncertain in the current decade. The summer droughts and floods during the rainy season has
become common events here. There is an increasing trend for temperature from 1956 to 2009
with more significance since 1981 onwards. The temperature hike was prominent across the

high ranges like Wayanad when compared to the other regions of the state.

In Kerala, according to the Malayalam calendar, Thiruvathira Njattuvela is an important
period for the crops because it assures steady rain with enough sunshine hours. Erratic
monsoon and long lasting dry spells have made this balance skewed in the present climate
scenario. The changes in the climate have put the farmers in trouble. Because of the
unpredictable climatic conditions prevailing in Kerala, the farmers are unable to make use of

their traditional skills to judge the pattern of weather, observing the clouds, environment and
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soil. The time of sowing, type of crops etc., were easily managed by the farmers in olden
days from their experience to get a successful harvest. But now things have changed and

nothing is predictable.

The current situation in Kerala demands the scientists to take immediate steps to observe the
history of climatic variation through several decades, study the trend and quantify the
changes so that future climate scenarios can be projected using the past realisations. Rainfall
and surface temperature are the most important climatic factors that affect our ecosystem.
Juan- Carlos et al. (2009) has reported rainfall to be a highly variable element in spatial and
temporal scale with respect to daily, decadal and long term fluctuations.

In view of the importance of impacts of climate change on environment, living beings and
earth as a whole, a study was carried out for the quantitative assessment of climate change in

Kerala with the following objectives.

1. To Study the variations in onset of South-West monsoon in Kerala and to develop a
stochastic model to predict it.

2. To study the spatial and temporal variations of rainfall in Kerala.

3. To explore the capabilities of probability distributions in fitting climatic variables.

4. To navigate through the pentads of climatic variables — a case study of Vellanikkara,
Thrissur district.

5. To investigate the impact of climate change on reservoirs of Kerala - a case study of

Idamalayar reservoir inflow.

Brief Description of the work done

A detailed study of the onset of South-West monsoon in Kerala has been done using the dates
of onset for 147 years for the period from 1870 - 2016. A suitable probability distribution has
been fitted to the onset dates. Short term forecasts were made through a meteorological
approach using pre monsoon rainfall peak and long term forecasting have been tried using a
univariate weighted least square regression model with heteroscedasticity correction to

predict onset dates using its own significant auto correlated lags.

To examine the existence of trend in the monthly, seasonal and annual rainfall series in
Kerala for 146 years from 1871- 2016, the non-parametric Mann-Kendall test has been

applied. The dry years and wet years have been identified. Decadal variations in rainfall and
4



their significance also have been studied. The expected estimates of rainfall depths or
intensity of rainfall for a specific probability with respect to a reference period denoted by
probability of exceedance and return period for a particular rainfall event have been
computed by standard methods given by Weibull, Sevruk and Geiger etc. Rainfall depths
have been estimated for selected probabilities using probability plot.

District wise average, C.V etc. were found out using the rainfall data of 14 districts of Kerala
for the period from 1990 — 2016. The normal years, flood years and drought years with
respect to each district have been identified. The monthly and seasonal rainfall distribution
and their percentage contribution to the annual rainfall have been worked out. Exploratory
analysis to get finer details of the rainfall variation in each district have been performed and
compared. The temporal variations of rainfall for individual selected stations of KSEB Ltd.

also have heen done.

To forecast the frequency of occurrence of different quantities of rainfall in certain intervals,
probability distributions have been fitted to the onset data and for monthly, seasonal and
annual rainfall series. The peak rainfall series of Kerala, peak inflow series of Idamalayar
Reservoir, the series of rainy pentads in Vellanikkara region etc. have been subjected to
probability distribution fitting. Fisher Tippett (2), Lognormal, Logistic, GEV, Beta 4, Gamma
(2), Exponential, Normal, Negative Binomial distributions have been identified as the best

fitting models in different situations.

In agriculture and water management studies, finer details of the climatic variables play a
very important role. So a pentad wise analysis of climatic variables viz., rainfall, maximum
and minimum temperature, relative humidity, sunshine hours and wind velocity have been
made. The rainy pentads have been identified month wise and season wise. The existence of
trend in 73 pentads of the climatic variables for the Vellanikkara region taking the data for 34
years from 1983 -2016 has been studied.

Considering the importance of impact of climate change on water resources, an attempt have
been done to observe the temporal variations of reservoir inflow and the relationship of
inflow with rainfall received for the current and previous months. For a precise estimate of
reservoir yield, simulation models have been developed. First order stationary Markov
models for yearly inflow and the same model addressing the non- stationarity for monthly

inflow have been developed. Apart from the long term simulation models, short term
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forecasting models also have been developed to predict reservoir inflow. The inflow data for
the period from 1989 —90 to 2016 — ‘17 of Idamalayar Reservoir have been used for the
study. Multiple linear regression and ARIMA models have been tried for the purpose.

The Thesis is organized in six chapters including the introduction. After introduction of the
work, each objective is described furnishing the Literature review, materials and methods,

results and discussions. The summary of each chapter is given at the end of the thesis.



2 ONSET OF SOUTH WEST MONSOON IN KERALA

2.1 INTRODUCTION

The economy of a nation is dependent on its GDP. In a country like India, the
agricultural production plays the major role in its economy. Hence the Government gives
great importance for growth in agricultural production for planning their economic strategies.
The agriculture in India is highly dependent on monsoon. A good monsoon always results in
high crop productivity. Hence, in each year the farmers in India are eagerly waiting to see the
onset of South-West (SW) monsoon (contributing about 80% of the annual mean rainfall ),

which commences in Kerala in early June and progresses to other parts of the country.

Though the onset of monsoon in Kerala is normally considered as on 1% June, it is
highly uncertain. In some years it commences by the first week of May and by last half of
June in some other years. This brings up the importance of monsoon prediction. The most
important factors to be included in prediction are the onset, quantum of rainfall and its

distribution during that season and intensity of monsoon

Though several attempts were made, predictions failed due to the large air-sea interactions
and the scientists were forced to modify their work and try for better alternative methods and
models. The complexity of the monsoon of South Asia is not completely understood, making
it difficult to accurately predict the quantity, timing and geographic distribution of the
accompanying precipitation. These are the most monitored components of the monsoon and

they determine the water availability for any given year.

As per IMD report the monsoon can be categorised into two branches based on their spread
over the sub-continent viz., Arabian Sea branch and Bay of Bengal branch. Alternatively, it
can be categorised into two segments based on the direction of rain — bearing winds — SW
Monsoon and North East Monsoon. Based on the time of year that these winds bring rain to
India, the monsoon can be categorised into two periods: Summer monsoon (June —

September) and winter monsoon (October to November).

Meteorological seasons over India are: Winter season: January — February, Pre monsoon
season: March —May, South West Monsoon season: June — September, Post Monsoon season:

October — December.



The seasonal reversal of winds and the associated rainfall is called monsoon. This word is
derived from the Arabic word “Mausim”. The annual oscillation in the apparent position of
the Sun between the Tropics of Cancer and Capricon causes the annual oscillation in the
position of the thermal equator ( region of maximum heating) on the Earth’s surface. This is
associated with the annual oscillation of temperature, pressure, wind, cloudiness, rain etc.

This is the cause of the monsoon.

On the Earth’s surface, there are asymmetries of land and ocean. The differential heating of
land and ocean cause variations in the intensity of the annual oscillation of the thermal

equator and hence regional variations in the intensity of monsoon.

The SouthWesterly wind flow occurring over most parts of India and Indian seas give rise to
SouthWest monsoon over India from June to September. The SW monsoon over the Indian
Peninsula first arrives over the South Indian state of Kerala, widely known as the gateway of
the Indian monsoon ( Sooraj, 2004). During 1943, the normal onset and withdrawal dates of
the summer monsoon was determined by IMD at 180 rain gauge stations across British India,
Pakistan, Bangladesh, Myanmar and Sri Lanka from characteristic monsoon rise/fall in
pentad rainfall and by preparing charts. Anantha Krishnan et al. (1967) suggested an
objective criterion for determining onset over Kerala state as, “beginning from 10" May if at
least five out of the seven stations report 24 hourly rainfall of 1mm or more for two
consecutive days, the forecaster should declare on the second day that the monsoon has
advanced over Kerala”. Later Ananthakrishhnan and Soman (1988) improved the criterion as
“when rainfall on the day and mean rainfall in the following 5 days period exceeded 10mm”.
Joseph et al. (2006) has reported that the IMD uses the following criteria for declaring
operationally the arrival of monsoon over Kerala “if after 10" May, 60% of the available 14
selected stations viz., Minicoy, Amini , Thiruvananthapuram, Punalur, Kollam, Alapuzha,
Kottayam, Kochi, Thrissur, Kozhikode, Thalassery, Kannur, Kasargode and Mangalore
report rainfall of 2.5mm or more for two consecutive days, the onset of monsoon over Kerala
may be declared on the second day, provided the following conditions are also met. “ Depth
of Westerlies should be maintained upto 600 hpa, in the box equator to latitude 10° N and
longitude 55 ° - 80° E. The zonal wind speed over the area bounded by parallels 5° N and 10°
N and meridians 70° E and 80° E should be of order of 15 - 20 knots at 925 hpa. INSAT
derived OLR (outgoing long wave radiation) value should be less than 200 wm-2 over the

area bounded by parallels 5°N and10°N and meridian 70° E and 75° E
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Withdrawal of SW monsoon from extreme North — Western parts of the country should not
be attempted before 1% September. The following major synoptic features should be
considered for the first withdrawal from the Western parts of NW India. (i) Cessation of
rainfall activity over the area for continuous 5 days , (ii) Establishment of anticyclone in the
lower troposphere ( 850 hpa and below), (iii) Considerable reduction in moisture content as

inferred from satellite water vapour imageries and epigrams

Considerable variability could be observed in the onset, duration and intensity of the
monsoons. Different features of the summer monsoon showed large variation with respect to
intra — seasonal to inter annual and inter decadal. In this context a detailed study of the onset
in Kerala and different statistical approaches to predict the onset is undertaken to make the
task of future predictions more reliable and fruitful.

2.2 REVIEW OF LITERATURE

Utilising daily mean rainfall from dense rain gauge networks, Ananthakrishnan and Soman
(1988) have derived the dates of onset of the SW monsoon over South and North Kerala on
the basis of objective criteria for the years 1901 to 1980. According to them the monsoon
onset date for South Kerala was found to be 30" May and that for North Kerala , 1% June with

S.D of about 9 days in both cases.

Baby and Prakash (1994) studied the usefulness of the temperature and moisture data from
TIROS operational vertical sounder to obtain humidity parameters like mid and upper
troposphere water vapour and scale height of water vapour to characterise the onset of SW
monsoon over India. The study showed that about 8 to 10 days prior to the onset over Kerala
coast, the pentad averaged values in the Western Indian Ocean showed an increase in scale
height of water vapour and mid troposphere moisture. The correlation of moisture flux across
the Indian ocean and the rainfall over Kerala coast showed that the gradient of middle level

moisture was stronger in the case of rainfall deficit years.

Kumar ( 2004) used the Global precipitation and In situ gauge data for the period from March
21% to May 31% for the years 1979 to 2001 to identify the pre monsoon rainfall peak (PMRP)
during the period from 1% April to 10™ May. In Kerala the PMRP was found to exist about six

pentads prior to the onset of monsoon. Using the pre monsoon rainfall estimate from the



satellite data, the onset dates of SW monsoon in Kerala were predicted by using regression of
onset dates on PMRP dates.

Sooraj ( 2004) was of the opinion that about three weeks in advance of the onset of monsoon
a consistent dramatic reversal in wind direction over the Western Arabian Sea would occur.
A large increase in the wind speed would coincide with the onset of monsoon. The findings
showed the dominant role of sea surface winds to establish the monsoon circulation and the

importance of cross equatorial current phenomenon after the onset of monsoon.

Joseph et al. ( 2006) found that two ISO cycles were needed for the ASM onset processes.
During this period large scale convection occur systematically at different locations of a big
area in which the vertically IWV upto 300 hpa pumped up by convection increases steadily
and reaches nearly 45 kg/m? around the date of MOK ( Monsoon onset of Kerala). To
determine the MOK an objective method with 3 steps was developed. First, the daily depth
and strength of the monsoon current’s Westerly (zonal) component in a box just South of
Kerala bounded by latitudes 5° N and 10°N and longitudes 70° E and 85° E is to be monitored
daily beginning on 5™ May. At MOK the area mean wind should reach 6 m/s and 600 hpa. In
the next step check the reliability of the MOK, if a possible MOK was found during the
period 5™ May to 25" May by examining the spatial pattern of OLR and 850 hpa wind field.
In the next step a Hovmuller diagram averaging OLR between longitudes 65°E and 80° E was
used to confirm that the data chosen was the real MOK observed by the slow and steady
movement of organised convection and rainfall from the equatorial area to the latitudes of

Kerala.

Dunxin and Leijiang (2008) examined the correlation between the South China sea summer
monsoon onset and heat content in the upper layer of the warm pool in the Western pacific
ocean using the Scripps institution of oceanography dataset for the period of 1953-1998 and
used it for onset prediction. Inter decadal variability of the SCSSM onset was demarcated by
1970 with the largest correlation coefficient in the area West of the warm pool rather than

near its centres which implied certain effect from other factors besides ENSO.

Pham et al. (2009) determined the summer monsoon onset over Southern Vietnam through a
criterion based on in situ daily rainfall at six selected stations in Vietnam and the zonal
component of wind at 1000 hpa. Clear changes was observed in the zonal wind strengthened

over the Bay of Bengal and changed from negative to positive over South Vietnam and in
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convection in association with an identification of the meridional gradients of sea level

pressure at 1000 hpa and of moist static energy at 2m over South East Asia.

Goswami and Gouda (2010) were of the opinion that even though the standard deviation in
date of onset over the past hundred years was only 7 days, nearly 50% of the cases show
large (> 1 S.D ) deviations . The lack of predictability might be due to the noise introduced
by local synoptic processes. To meet the special requirements of forecasting date of
monsoon, a general circulation model (GCM) with a special feature, variable resolution and
an objective de biasing of daily rainfall forecast was used.

Ajit et al. (2011) has revised the older data set using the new mean pentad precipitation data
of 569 stations in India spread over the country, from 1971 — 2000. The date of onset of

monsoon over Kerala was 1 June with a standard deviation ranging between 7 to 14 days.

A simple Index based on empirical orthogonal function of precipitation anomalies was
employed by Charles et al. (2012) to characterise onsets, duration and amplitudes of South
American monsoon system. Probabilistic forecasts of onset had 16.5 % improvement over

climatological forecasts.

Kumar et al. (2013) attempted to predict the start date and the duration of breaks in the
summer monsoon rain using multi — model super ensemble. High resolution daily gridded
rainfall dataset of IMD in addition to rainfall estimates from tropical rainfall microwave
mission satellite and the CPC morphing technique were used. Results of the prediction of
onset and duration of the breaks in the summer monsoon rains showed that the prediction of a

dry spell could be done around a week in advance

Monsoon prediction Algorithm has been developed by Suhas (2013) using satellite images of
South West monsoon. The entire algorithm consisted of three stages. The first stage included
image data from a span of 4 years. In the second stage the data set was segregated into
multiple clusters and in the third stage the image data set was compared with centroids of

clusters created in the second stage. Monsoon onset is predicted using K-NN algorithm.

Anonymous (2016) has reported that the normal monsoon onset over Kerala is 1% June. Since
2005, IMD has been using an indigenously developed statistical model to forecast the date of

monsoon onset over Kerala with a model error of + 4 days. The six predictors used in the
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model were minimum temperature over North — West India, pre monsoon rainfall peak over
South peninsula, outgoing long wave radiation over South China Sea, lower tropospheric
zonal wind over South West Indian ocean, upper tropospheric zonal wind over the East
equatorial Indian Ocean and outgoing long wave radiation over the South West pacific

region.
2.3 MATERIALS AND METHODS

The dates of onset of SW monsoon for 147 years for the period from 1870- 2016 published
by IMD were collected and used for the study. Daily meteorological variables viz., rainfall,
maximum temperature, minimum temperature, relative humidity, sunshine hours and wind
velocity for 33 years for the period from 1984 to 2016 from the meteorological observatories
in the College of Horticulture, Vellanikkara ( bounded by 10° 31'; 76°13"), under Kerala
Agricultural University were also used to identify the pre-monsoon rainfall peak and to
construct prediction equations for onset of SW monsoon.

The prediction of dates of onset was made using a meteorological and a statistical approach.
To accomplish the prediction using meteorological approach, the daily observations on
different climatic variables have been converted to pentad averages (five day mean). The
correlation between these pentad average values with the pentad average rainfall during the
onset pentad was computed. The pentad corresponding to pre monsoon rainfall peak ( PMRP)
was identified for each year. A simple linear regression of onset dates on PMRP was fitted

and used for prediction of onset of SW monsoon.

In the statistical approach, General linear model ( GLM ) univariate analysis and a non-
contiguous regression model by regressing onset values on its own past values using the
weighted least square method with heteroscedasticity correction has been applied which will
account for the auto correlations present in the univariate series of onset data. The dates of
onset were quantified to an index for the ease of computation. The index 518 denotes June 1.
It is an arbitrarily assumed value attached to June 1. In MS Excel dates can be stored as serial

values so that they can be subjected to algebraic operations.
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2.3.1 GLM univariate Analysis

The GLM univariate procedure provides regression analysis and analysis of variance for one
dependent variable by one or more factors or variables. The factor variables divide the
population into groups. Using this procedure, the null hypothesis about the effects of other
variables on the means of various groupings of a single dependent variable can be tested. For
regression analysis, the independent variables are specified as covariates.

2.3.2 Regression model with heteroscedasticity correction

When heteroscedasticity is present in the form of an unknown function of the regressors
which can be approximated by a quadratic relationship, regression model by means of
weighted least squares with heteroscedasticity correction offers the possibility of consistent
standard errors and more efficient parameter estimates as compared with OLS. The procedure
involves (a) OLS estimation of the model of interest, followed by (b) an auxiliary regression
to generate an estimate of the error variance, then finally (c) weighted least squares, using
weight as the reciprocal of the estimated variance. In the auxiliary regression (b) regress the
log of the squared residuals from the first OLS on the original regressors and their squares.
The log transformation is performed to ensure that the estimated variances are all non-
negative. Denoting the fitted values from this regression u*, the weight series for the final
WLS is then formed as 1/exp(u*).

2.4 RESULTS AND DISCUSSION

To characterise the internal structure of the onset data for 147 years from 1870-2016, the
summary statistics were computed. The average date of onset of SW monsoon was found to
be June 1st ( 518) with a S.D of 7.08 = 7 days. The results showed that the onset dates ranged
between as early as 11th May ( 497) in 1918 to as late as June 18th ( 535) in 1972.
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Dates of Onset of Southwest Monsoon over Kerala for the period from 1870- 2016
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Out of the 147 data points of onset dates, 74 percentage were in the range of 518 + 1S.D i.e.,

between 25th May — 8th June. Twelve percentage (12%) of the cases were before 25th May

and 14 percentage of them were beyond 8th June.
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Table 2.4.1: Frequency distribution of onset dates
according to £1S.D limit

Date of Onset Frequency = Percentage
Before 25" May 18 12
25" May — 8" June 108 74
After 8" June 21 14
Total 147 100

Goswami and Gouda ( 2010) were of the opinion that even though the standard deviation in

date of onset over the past hundred years was only 7 days, nearly 50 percentage of the cases

show large ( > 1 S.D ) deviations. The lack of predictability might be due to the noise

introduced by local synoptic processes. To meet the special requirements of forecasting dates

of monsoon a general circulation model (GCM) with a special feature, variable resolution and

an objective de biasing of daily rainfall forecast has been used.
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2.4.1 Decadal variations in onset dates of SW monsoon in Kerala
To comprehend the variations in the onset dates of SW monsoon in Kerala, a one way

ANOVA was done taking the decadal onset dates for 147 years.

Decadal variation of onset of SW monsoon in Kerala
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Fig. 2.4.1.1

Table 2.4.1.1: Decadal variations in onset dates of SW monsoon in Kerala

Decade No. of Mean S.D S.E Min. Max.
observations
I 10 516.4 8.78 2.78 502 526
I 10 518.7 4.64 1.47 512 526
11 10 518.4 5.58 1.77 512 529
v} 10 525.7 3.43 1.09 519 531
\Y 10 519.2 8.9 2.82 497 532
VI 10 518.7 4.6 1.45 513 528
VIl 10 518.7 7.85 2.48 505 529
VIl 10 519.6 7.66 2.42 509 531
IX 10 516.5 7.34 2.32 506 531
X 10 513 9.98 3.16 500 526
XI 10 518.7 7.86 2.49 512 535
XIl 10 518.5 4.86 1.54 512 530
X1 10 517.2 6.20 1.96 505 526
XV 10 514.7 6.63 2.10 504 525
XV 7 520.14 3.44 1.30 515 524
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Table 2.4.1.2: One way ANOVA to test the decadal variation of onset

Sources Sum of D.f Mean square F Sig.
squares
Between decades 1093.81 14 78.13 1.66 0.07
Within decades 6222.86 132 47.14
Total 7316.67 146

The results of the one way ANOVA from Table (2.4.1.2) shows that there was no significant
variation between the decades with respect to onset dates. The within variations were found

to be very high in this respect.
2.4.2 General Linear Model to forecast onset of SW Monsoon

The dates of onset of SW monsoon for 140 years from 1870 to 2009 were grouped into two
by defining a covariate. The covariate X assumed the value 1 if the onset date was on or
before June 1 and X = 2, if the onset date was after June 1.GLM for univariate analysis was

performed and resulted in the following regression equation,

**

Y =501.63 +10.95 X  giving an adjusted R = 60%.

(0.74 S.E)
When x=1, Y =512 and when x=2, Y = 523. In general the onset of SW monsoon in any year
can be expected to occur in between May 26™ — June 6™ (512 -523). For the remaining years
which were not included for fitting the regression, the onset dates were within this interval

except for one year.

Table 2.4.2.1: Actual and predicted onset dates for the years 2010 — 2016

Index for actual | Predicted Index for actual | Predicted
Year Year
onset date Interval onset date Interval
2010 517 512-523 | 2014 523 512-523
2011 515 512-523 | 2015 522 512-523
2012 522 512-523 | 2016 524 512-523
2013 518 512-523
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Table 2.4.2.2: Frequency distribution of the actual onset dates for 147 years
according to the covariate grouping

Onset dates Frequency Percentage
Before May 26" (512) 19 13
Between May 26" — June 6" 94 64
After June 6"(523) 34 23
Total 147 100

Table (2.4.2.2) shows that the frequency of delayed onsets were more than very early onsets.
2.4.3 Meteorological approach to predict the onset of SW monsoon in Kerala

According to several forecasting studies, pentad averages (five day mean) seemed to be a
better representation of the distribution of rainfall. Hence in the meteorological approach of
prediction of onset date, the pentad average of the daily climatic variables viz., rainfall,
maximum temperature, minimum temperature, relative humidity, sunshine hours and wind
velocity were computed from March 2™ to onset date for 30 years from 1984 - 2013. The
correlation coefficients of pentad averages for each climatic variable were computed with the
pentad average rainfall during the onset period. A significant correlation coefficient of 0.46
was obtained between the quantity of rainfall at 8 pentads before onset and the quantity of
rainfall at the onset pentad. The correlation coefficient was not significant for other climatic
variables except in the just previous pentad before onset. Joseph et al. (2006) have found that,
eight pentads before the monsoon onset over Kerala, a spatially large area of deep convection
would form near the equator, South of Bay of Bengal, which would move to South East Asia
marking the onset of South China Sea monsoon for many years. Eight pentads before MOK,
a warm pool was located over central Bay of Bengal and an area of active convection would

form to its South near the equator in the region of large sea surface temperature gradient.
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Table 2.4.3.1: Descriptive statistics of mean pentad rainfall from 1 to 15 pentads before
onset at Vellanikkara, Thrissur district

Correlation with mean

X pentad before onset Mean S.D N rainfall at onset pentad Significance
-15 0.68 2.76 30 -0.22 0.25
-14 0.26 = 0.90 30 -0.07 0.71
-13 0.50 1.08 30 -0.23 0.22
-12 229  4.00 30 0.03 0.89
-11 0.99 2.10 30 -0.27 0.16
-10 1.54 2.79 30 -0.07 0.72
-9 317 4.6 30 -0.01 0.96
-8 405  7.10 30 0.46** 0.01
-7 313 537 30 -0.13 0.50
-6 3.5 8.87 30 -0.24 0.20
-5 404  5.86 30 -0.02 0.92
-4 2.28 4.2 30 -0.12 0.54
-3 4.74 7.07 30 -0.24 0.21
-2 6.39 10.07 30 0.11 0.58
-1 3.77 3.44 30 0.37* 0.05

0 21.28 19.36 30 1

* denotes significance at 5% level and ** denotes significance at 1 % level

Composite of Av, Rainfall for 30 years {1984-2013) with the onset date
coinciding with 0 pentad

1000
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Fig. 2.4.3.1
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The composite values over the years 1984-2013 of the rainfall data were computed using the
pentad average values in such a way that the monsoon onset over Kerala (MOK) would
coincide with the zero pentad. The intensity of rainfall was observed at -15 pentads to + 2
pentads with respect to the composite values. Fig. (2.4.3.1) shows the existence of a PMRP
around 8 pentads before the onset of monsoon. For every year during the period from April
1% to May 10™, the mid-day of the pentad with rainfall peak was identified and recogonised
as PMRP. The occurrence of PMRP was marked as on dayl, day?2 etc., if it has realised on
April 1%, April 2" and so on. A scatter diagram was drawn taking PMRP (x days) and the
actual onset dates (y days). A correlation coefficient of 0.59 was obtained between the dates
of PMRP and onset dates which was highly significant. The regression of y on x was as
follows which can be used for the prediction of onset dates for the future.

**

Y =48.54 +0.52 X with a S.E = 0.14 for the regression coefficient

Table 2.4.3.2: Yearly distribution of PMRP, MOK, estimated MOK and residuals
for 1984 - 2016

MOK Estimated = Error (A- MOK Estimated Error

Year | PMRP Year | PMRP

(A) MOK (B) B) (A) MOK (B) (A-B)
1984 23 61 61 0 2001 23 53 61 -8
1985 13 58 55 3 2002 23 59 61 -2
1986 33 65 66 -1 2003 23 69 61 8
1987 23 63 61 2 2004 18 48 58 -10
1988 18 56 58 -2 2005 23 68 61 7
1989 23 64 61 3 2006 13 56 55 1
1990 18 49 58 -9 2007 23 58 61 -3
1991 23 63 61 2 2008 28 61 63 -2
1992 23 66 61 5 2009 18 53 58 -5
1993 18 58 58 0 2010 28 61 63 -2
1994 13 58 55 3 2011 28 59 63 -4
1995 33 66 66 0 2012 38 66 68 -2
1996 23 64 61 3 2013 18 62 58 4
1997 33 70 66 4 2014* 28 67 63 4
1998 28 63 63 0 2015* 33 66 66 0
1999 18 55 58 -3 2016* 23 68 61 7
2000 18 62 58 4 2017* 14 60 56 4

*Validation of the regression model
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Table 2.4.3.3: Runs Test for the Residuals

Test value -2
Cases < Test value 7
Cases >= Test value 23
Total cases 30
Number of Runs 15
Z 1.46
Asymp. Sig. (2 tailed) 0.15
a.mode

The actual and estimated monsoon onset dates obtained using the regression of onset dates on
PMRP are shown in Table (2.4.3.2). The regression model was validated by computing the
predicted onset dates for 4 independent years, 2014 —2017 which were not included for the
model fitting. In 2015 the error of prediction has turned out to be zero. The actual and
predicted onset dates are graphically shown in Fig. (2.4.3.2). It could be observed that the
predictability of the model is adequate except for some odd years where there were too early
or too late onset events. The insignicant Z value in the Runs test in Table (2.4.3.3) shows that
the errors of forecasts were randomly distributed. So this model can be recommended for
predicting the arrival of SW monsoon in Kerala, especially in the particular locality of study

as the errors were negligibly small for the concerned region.
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Kumar (2004) has stressed the potential of satellite data to predict the onset of SW monsoon
and used the Global precipitation and In Situ gauge data for 23 years from 1979 — 2001 and
PMRP was identified around six pentads before the monsoon onset. In their study the
correlation coefficient between the dates of PMRP and onset dates was 0.64. Even though the
correlation coefficient between dates of PMRP and onset dates of SW monsoon was 0.59 in
the present study, the PMRP was realised 8 pentads in advance of the onset as against the
findings of the above author. The results of this study also show that the surface data is also
equally capable as satellite data for predicting onset dates as against the existing belief.

2.4.4 Statistical approach to predict the onset of SW monsoon

In the meteorological approach already discussed, only short term predictions were tried. But
a long term prediction is tried in the statistical approach. Time series forecasting is made use
of to predict future onset dates based on its own previously observed values. If the current
level of the dependent variable is heavily determined by its past levels or if the error terms
are correlated across time it will generate autocorrelation in the Time series. In other words
the present outcome of the model is greatly affected by the past errors. In such situation the
assumption of homoscedasticity needed for BLUE ( Best Linear Unbiased Estimator) is
violated resulting in biased standard errors. A statistically valid estimation of the effect of the
independent variables on the dependent variable cannot be made if the standard errors are

biased.

Lagged dependent variables can be included as regressors in the model to make the results
reliable by reducing the occurrence of autocorrelation arising from model misspecification.
Here the correlation between the lagged dependent variable and the current disturbance are to
be considered to estimate the parameters. This is a violation from the critical assumption of
the classical linear regression model and due to inconsistency, the ordinary least square
estimator become unacceptable. Hence the weighted least square method with
heteroscedasticity correction has been made use of to predict the onset of SW monsoon.
Keele and Kelly (2005) have opined that if lagged dependent variables are used to overcome
the residual correlation present in the data, the coefficients for explanatory variables may be
biased downward. Monte Carlo analysis can be used to assess the bias when a lagged
dependant variable is used. Practical suggestions to use the lagged dependent variable in an

appropriate manner have been suggested.

22



The dates of onset of SW monsoon for the period from 1870 - 2004 have been used to fit the
regression model and validation of the model has been done using the data from 2005 — 2016.
Predictions for 5 years from 2017 — 2021 have been made together with the confidence

interval.

As a first step, the onset data was tested for the presence of trend. The results showed that
there was no significant trend existing in the data. The trend equation for the onset data
obtained is as follows,

**

Y =519.67 — 0.02t with R> = 0.01

The stationarity of the onset data was tested using the Augmented Dickey fuller test.

Augmented Dickey-Fuller test: unit-root null hypothesis: a = 1
test with constant

model: (1-L)y = ho + (a-1)*y(-1) + e

estimated value of (a - 1): -0.925247

test statistic: tau_c(1) =-11.1109

p-value 3.555e-017

The null hypothesis of unit root has been rejected. So the series is stationary.
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Table 2.4.4.1: Autocorrelation function for onset dates taking lag
length = 37 (**, * indicate significance at 5% level and 10 % level)

LAG ACF
1 0.0821
2 -0.0746
3 0.0193
4 0.0001
5 0.1711 **
6 0.0612
7 -0.026
8 0.1275
9 0.1313

10 -0.0182
11 0.1085
12 -0.1408
13 0.0124
14 0.1069
15 -0.0415
16 0.0005
17 -0.0778
18 -0.0467

PACF
0.0821
-0.0819
0.0331
-0.0109
0.1788
0.0288
-0.0048
0.1326
0.1139
-0.0462
0.1202
-0.1766
0.0292
0.0169
-0.0419
-0.0369
-0.0826
-0.0332

**

**

LAG
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

ACF
0.1804
0.0649

-0.1636
-0.1475
-0.0513
0.0767
0.12
-0.077
-0.0651
0.1271
-0.0153
-0.0076
-0.0198
-0.0267
0.0341
-0.0025
-0.0353
-0.0572
-0.0081

*

PACF
0.1509 *
0.0466

-0.1076
-0.1609 *
0.0066
0.0206
0.1128
-0.0077
-0.0542
0.1252
-0.0195
0.0178
0.0516
-0.0037
-0.0732
-0.0481
-0.0003
-0.0752
0.0177

The results showed that the series was stationary with auto correlated lags. A regression

model using 37 lags with heteroscedasticity correction was employed which has yielded an

adjusted R? of 86% which was statistically significant at 1% level of significance. The other

statistics based on the weighted data were as follows.

Table 2.4.4.2: Statistics based on the weighted data using 37 lags

Sum of squared residuals

Log - likelihood
Schwarz criterion
Rho

122.32
-149.92
474.07
0.05
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S.E of regression
Akaike criterion
Hannan - Quinn
Durbin’s h

1.43
375.83
415.57
0.71



The Residual ACF and PACF for regression model using 37 lags

Fig. 2.4.4.1

Table 2.4.4.3: Runs Test for independence of errors

Test Value® 13.43°
Cases < Test Value 97
Cases >= Test 1
Total Cases 98
Number of Runs 3

Z 0.144
Asymp. Sig. (2- 0.885
a. Mode

b. There are multiple modes. The mode with the
largest data value is used.
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