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Abstract 

Monsoon Onset over Kerala (India) which occurs every year is a major climatic phenomenon that 

involves large scale changes in wind, rainfall and Sea Surface Temperature (SST). Over the last 150 

years, the Date of Monsoon Onset over Kerala (DMOK) has varied widely, the earliest being 11th 

May, 1918 and the most delayed 18th June, 1972. DMOK has a long term (1870-2014) mean of 01 

June and Standard Deviation of 7-8 days. We have studied the inter-annual and decadal time scale 

variability of DMOK and their relation with SST. We found that SST anomalies of large spatial scale 

similar to those in El Nino / La Nina are associated with the inter-annual variability in DMOK. 

Indian ocean between latitudes 50S and 200N has two episodes of active convection associated with 

Monsoon Onset over Kerala (MOK), one around DMOK and the other about six weeks earlier 

(called Pre Monsoon Rain Peak or Bogus Monsoon Onset) and in between a two week period of 

suppressed convection occurs over north Indian ocean. A prominent decadal time scale variability 

was found in DMOK having large and statistically significant linear correlation with the SST 

gradient across the equator over Indian and Pacific oceans, the large correlation persisting for several 

months prior to the MOK. However, no linear trend was seen in DMOK during the long period 1870 

to 2014.   
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Introduction 

Monsoon Onset over Kerala (MOK) heralds the main rainy season in the Indian subcontinent. 

Monsoon onset is preceded by large scale changes in the atmosphere and ocean in the Indo-Pacific 

region (Ananthakrishnanet al. 1983; Pearce and Mohanty 1984; Ananthakrishnan and Soman 1988; 

Soman and Krishna Kumar 1993; Joseph et al. 1994, 2006). Climatologically monsoon sets in over 

the extreme south of India (Kerala) by the end of May. Accompanying the monsoon onset there is 

rapid increase in the daily rainfall of Kerala, vertically integrated moisture in the atmosphere and 

strength (Kinetic Energy) of the low level monsoon flow (Krishnamurty1985).  

            One of the major parameters associated with the date of MOK (DMOK) is the sea surface 

temperature (SST) over the Indian and Pacific Oceans. The centre of the warm pool of the tropical 

oceans gets shifted in the annual cycle from south-west Pacific to the north Indian Oceanfrom 

January to May (Joseph 1990a, b, 2014). The warm pool of May leads to a build-up of moisture in 

the atmosphere over north Indian Ocean and the adjoining Pacific Ocean over a month long period 

and makes conditions favorable for MOK  (Pearce and Mohanty 1984 ; Joseph et al. 2006). 

The long term meandate of MOK is 01 June. This date has varied widely over the years; the earliest 

was on 11 May in 1918 and the most delayed monsoon was on 18 June in 1972. Joseph et al. (1994) 

observed that prior to and during MOK dramatic changes occur in the atmosphere and oceans as 

described earlier (Pearce and Mohanty, 1984 and Krishnamurti 1985). They showed evidence that 

delays in MOK are associated with El Nino. Analysis of the SST field also showed that delayed 

MOK is associated with warm SST anomalies at and south of the equator in Indian and Pacific 

oceans and cold SST anomalies in the tropical and subtropical oceans to the north during the season 

prior to the monsoon onset (ie March to May). They hypothesized that such SST anomalies caused 

the inter-annual variability of MOK through their action in affecting the timing of the northward 

movement across the equator of the cloud band associated with the ITCZ.DMOK has been defined 

using different criteria that include rainfall, outgoing long wave radiation (OLR), lower tropospheric 

winds etc (Ananthakrishnan and Soman 1988; Joseph et al.2006;Wang et al.2009). India 

Meteorological Department (IMD) determined the date of MOK using a subjective method for more 

than 100 years as reviewed by Ananthakrishnanet al. (1967). Changes in rainfall and parameters like 

low level wind and moisture in the atmosphere were seen in a qualitative way to arrive at a 

subjective estimate of the date of MOK. At MOK rainfall has to be widespread spatially over Kerala 

and persistent for a few days. In 2006 IMD adopted an objective criteria for declaring MOK using 

criteria derived by Joseph et al. 2006 (as adopted by Pai and Rajeevan 2009) based on daily rainfall 

of Kerala, the depth of westerlies in a box (equator to latitude 100N and longitude 55-800E), the 
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zonal wind speed over the area bounded by latitude 5-100N and longitude 70-800E and mean OLR in 

the box   latitude 5-100N and Longitude 70-750E. In both the subjective and objective methods, a 

sharp increase in rainfall of Kerala during MOK is important. 

 Li and Yanai (1996) showed that the onset of Asian summer monsoon is concurrent with the 

reversal of the meridional temperature gradient in the upper troposphere south of the Tibetan plateau. 

This reversal is the result of the large temperature increases in May - June over Eurasia centered on 

the plateau. The Tibetan heat source according to them is mainly contributed by the sensible heat 

flux from the ground surface. They however did not study the inter-annual variability of the date of 

monsoon onset. On the lines of their study Xavier et al. (2007) found that the meridional gradient of 

the tropospheric temperature (averaged between 600 and 200 hPa) is proportional to the meridional 

gradient of deep tropospheric heating and could lead to acceleration of the deep tropospheric 

circulation. Their objective definition of the large scale monsoon onset (over India and not Kerala) is 

based on the reversal of GrTT, (Gradient in Tropospheric Temperature as average of 600 to 200 hPa) 

between a northern box (40-1000E, 5-350N) and a southern box (40-1000E, 150S-50N) denoted by 

GrTT. The onset date (GrTT onset) is defined as the date when GrTT changes sign from negative to 

positive.  

Fasullo and Webster (2003) used the vertically integrated moisture transport through India to define 

the date of monsoon onset over India (not Kerala). The authors claimed that their index is indicative 

of the transition in the large scale monsoon circulation over India. Joseph (2011) has compared the 

objective dates of monsoon onset over Kerala (Pai and Rajeevan2009) with the monsoon onset  dates 

over India as given by Xavier et al. (2007) and Fasullo and Webster (2003) using data of the period 

1971-2000 and found the linear correlation coefficients between them are not large (0.59 and 0.56 

respectively). 

A very recent publication (Ordonezet al. 2016) has given a method for and also derived objective 

dates for monsoon onset over Kerala using surface wind direction data collected by merchant ships 

plying over the Indian Ocean during the period 1877 to 2013, excluding several years where wind 

data was scarce due particularly to world wars. We have later in this paper compared this MOK data 

set with IMD objective onset dates of the period from 1971. 

In this paper we have constructed a long time series of the dates of MOK spanning the period 1870 

to 2014 using all available sources of data on MOK. Such a data set is needed to study the climate 

change in monsoon and its relation to the changes in the global atmosphere and oceans. We have in 
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particular studied the inter-annual and decadal scale variability of the date of MOK and their 

relationship with SST over the Indian and Pacific oceans. 

1. Data used 

The onset dates for north Kerala from 1870 to 1900 were taken from Ananthakrishnan and Soman 

(1989) and for the period 1901 to 1970 from Ananthakrishnan and Soman (1988). These are 

objectively determined dates, but using only the daily average rainfall of a network of rain-gauge 

stations in north Kerala. The objective dates of MOK from 1971 to 2005 were taken from Pai and 

Rajeevan (2009) and for the later years till 2014 from the annual monsoon reports published by IMD 

in their journal Mausam. We have thus a long data set of the date of monsoon onset for north Kerala 

for the period 1870-1900 and for Kerala for 1901 -2014. Such a long data set will be very useful for 

climate change studies. These dates are given in table 1(a). Their 11 year moving averages are given 

in figure 1(a). During the period 1901 to 1980 we have onset dates for north Kerala by 

Ananthakrishnan and Soman (1988) and for whole Kerala the subjective onset dates as derived by 

IMD. For this period the mean difference in onset dates between these two series is 1 day, north 

Kerala onset date being the earlier one. For declaring monsoon onset IMD’s subjective criteria 

stipulates two consecutive days of rainfall over Kerala and onset is declared on the second day. Thus 

there is really no difference in the onset dates of these two series. To get a long series for the onset 

dates over Kerala (DMOK) for the period 1870 to 2014 we have adopted the following method. For 

the period 1870 to 1900 we have added 1 to the onset dates for north Kerala as derived by 

Ananthakrishnan and Soman (1989). We have taken the subjective onset dates for Kerala as derived 

by IMD for the period 1901 to 1970. To this we have added the objective dates of MOK as derived 

by IMD of the period 1971 to 2014. This long time series of DMOK is represented by the red bars in 

figure 1(b) and their 11-year moving average by the black line. The statistical properties of above 

mentioned series is given in table 2. The SST gradient in Indo-Pacific region during the season 

March-April also reflects a similar pattern of inter-annual variability of DMOK is presented in figure 

1(c). The mean DMOK of 1870 to 2014 is June 1st and the standard deviation (SD) is around 7 days. 

Those who use this long data set for climate change studies should know that the onset dates of the 

period 1870 to 1970 have not been corrected for bogus onset occurrences. Onset dates of this period 

have been derived without using low level wind or satellite data which are needed for the whole 

Indian Ocean basin to identify pre-monsoon rain peak or bogus monsoon onset (which occurs once 

in about ten years) as described in Joseph et al. (2006).In this connection a study by Sabeeraliet 

al.2012 on the withdrawal dates is relevant and they observed a clear shift prior (posterior) to the 
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1976/77 climate shift most of the withdrawal dates are associated with a late (early). However we 

didn’t noticeany shift in onset dates. 

The objective dates of MOK derived by IMD is from 1971. Ordonezet al. (2016) has derived a 

method to eliminate bogus onset dates of monsoon using surface wind direction as recoded by 

merchant ships plying in Indian Ocean. We compared the MOK dates derived by them (called ship 

wind data) with the objective MOK dates derived by IMD. The difference between these dates (IMD 

objective onset dates – ship wind onset dates) is positive in most of the years and large positive in 

several years as may be seen in Table 1(b). We are therefore unable to use this data set to derive a 

long data set of objective MOK dates. 

        Monthly mean SST data 1870 to 2014 was obtained from HadISST data sets (Rayneret 

al.2003). The OLR data has been taken from National Oceanic and Atmospheric Administration 

(NOAA) and is available from June 1974 to present, except for 1978 when the data is missing due to 

satellite problems (Liebmann and Smith 1996). The data is interpolated in space to remove the effect 

of missing values. The OLR data is mapped onto a 2.50 x 2.50 grid size, which represented an 

average of OLR values twice daily (one daytime and one night time) satellite passes. National 

Oceanic and Atmospheric Administration (NOAA) Optimum Interpolation SST (OISST) Version 2 

data set (Reynolds et al. 2007) data (September 1981 to present) have been made available by the 

NOAA Earth System Research Laboratory Physical Science Division (ESRL/PSD) through their 

Web site at http://www.esrl.noaa. gov/psd/. These are daily SST records (one daily value for each 

pixel), with spatial resolution of 0.250 x 0.250, based on the Advanced Very High Resolution 

Radiometer (AVHRR) infrared satellite measurements.The ENSO index is based on the SST 

anomalies averaged in the Niño3.4 region (170°W to 120°W, 5°S to 5°N). The “Dipole Mode Index” 

(DMI) is based on the SST anomalies in 50°E-70°E, 10°S-10°N minus those in 90°E-110°E, 10°S-

0°N (Sajiet al. 1999). 

2. Inter-annual variability of MOK and its relation with SST anomalies   

SST plays a vital role in the timing of monsoon onset over Kerala (Joseph et al. 1994, 2006; Joseph 

2014). SST anomalies on either side of equator in Indian and Pacific Oceans are found related to the 

date of MOK. In our study MOK is considered as delayed if it has occurred 8 days or more (one 

standard deviation) after 01 June. In the same way, if MOK is eight days or more before 01 June, it is 

defined as early. Joseph (2014) found the linear correlation coefficient (LCC) between the objective 

dates of MOK and the SST using 30 years of data (1971-2000). We have used longer period data and 

found the LCC between IMD’s objective DMOK and SST of January-February and March-April for 
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the period 1971-2014 which is given in figure 2.The LCCs are high and statistically significant over 

large spatial areas marked by the blue lines in the figure which gives correlation coefficient of 0.3 

which issignificant at 95% level using t-test. MOK is delayed when the SST anomaly is positive 

south of the equator and negative north of it. This correlation pattern was also persistent for several 

months prior to MOK. The LCC patterns over the Pacific and Indian oceans show that delayed MOK 

is associated with El Nino where as an early MOK is associated with La Nina. The association of 

delayed MOK with El Nino has been shown by Joseph et al (1994). The composite SST anomalies of 

January-February and March-April of delayed and early DMOK years of the period 1901 to 2014 are 

given in figure 3. According to the study by Joseph et al. (1994) monsoon onset delays occurs in El 

Nino (0) year and more oftener in El Nino (+1) year. During the period 1870-2014 there were 21 

cases of monsoon onset delays of one standard deviation or more and 13 out of these 21 cases have 

occurred in  El Nino(0) or (+1) year (Table-3). For compositing the SST anomalies were derived by 

subtracting an 11-year mean SST centered over the year for each case. The SST anomalies are 

similar to those derived from the correlation study in figure 2. Further we computed first EOF mode 

of SST over Indo-Pacific domain and this mode depict El Nino related SST anomaly in Pacific 

(figure 4).The time series of this anomaly has statistically significant correlation of 0.2 with the 

monsoon onset dates of 1870-2014, for the Jan-Feb season. For the Mar-Apr season the correlation is 

smaller. However the correlation between dates of monsoon onset and Nino 3.4 index of Jan-Feb and 

Mar-Apr seasons are statistically significant at 95% level (figure 5). The correlation between dates of 

monsoon onset and IOD index (figure not shown) is also tested but is not significant. The spatial 

pattern of EOF-1 shows that in delayed onset years there is warm SST anomaly south of the equator 

in Indian and Pacific oceans. EOF-1 is similar to the figure showing the correlation between date of 

monsoon onset and SST as shown in figure 2. 

3. Evolution of OLR in delayed and early MOK 

As described in section-1: Introduction, the center of  the warm pool (area of maximum SST) shifts 

in the annual cycle  from south west Pacific Ocean to north Indian Ocean from January to May. But 

there is a fine structure to the changes in SST and the associated convection (OLR) in Northern 

Indian Ocean prior to MOK The fine structure in the changes in SST for the MOK of 2003 is 

described in Joseph (2014). SST of north Indian Ocean reaches maximum first over the Bay of 

Bengal, about 7-8 pentads before the date of MOK, when SST there reaches high values of 310C or 

even 320C in central Bay of Bengal. To the south of the region of this SST maximum, in the area of 

large SST gradient, deep convection develops and grows in area and intensity. The latent heat 

released in this convective area heats the atmosphere there and generates strong cross equatorial low 
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level wind flow. The convective clouds and the low level winds cool the Bay of Bengal. When these 

changes are happening in the Bay of Bengal, Arabian has much lower SST with very little 

convection and only feeble low level winds there which make the SST of Arabian Sea warm rapidly. 

About 3 pentads before MOK, SST over central Arabian Sea reaches 310C or 320C and in the SST 

gradient area south of this region convection and strong low level winds develop the northward 

movement of which brings about monsoon onset over Kerala. 

We studied the evolution of convection (OLR) prior to MOK for the delayed and early 

monsoon onset years. Composite pentad OLR charts are made for the delayed onset years (1979, 

1983, 1986, 1995, 1996, 1997, 2002 and 2003) and for the early onset years (1974, 1985, 1990, 1999 

and 2009) for several pentads prior to MOK with MOK taken as occurring around zero pentad.  

 Figure 6(a) shows the composite mean pentad variations in the OLR of delayed onset years 

of the period 1974-2014 (see table3). Zero pentad is that of monsoon onset over Kerala. Coinciding 

with pentad -10 (22 - 26 April) there is deep convection (low values of OLR) around equatorial Bay 

of Bengal extending to the west Pacific Ocean. This band of convection increases in size and moves 

north up to pentad -7 (07 - 11 May) when it’s left most portion brings rain over Kerala. This has been 

called Pre- Monsoon Rainfall Peak (PMRP) by Joseph and Pillai (1988) and “Bogus Monsoon onset” 

by Flatauet al. (2001) associated with strong low level winds. Soon after the PMRP the band of 

convection moves north eastward to usher in monsoon onset in some years over the Indo-China 

peninsula at pentads -6 and -5 as shown by Joseph et al. (2006). At pentad -4 (22 - 26 May) the OLR 

field suggests that Indian Ocean is practically free of convection. At pentad -3 (27 - 31 May) a fresh 

elongated narrow band of convection formed close to the equator (in the Indian Ocean south of 

Arabian Sea). This band of convection grows rapidly in intensity  and area as seen by the OLR of 

pentads -2 (01 - 05 June) and -1 (06 - 10 June), bringing about the monsoon onset over Kerala at zero 

pentad (11 - 15 June).  

 The composite mean OLR for early onset years for selected pentads is given in figure 

6(b).The development and migration of the convection bands for the early MOK years is similar 

pentad wise to delayed MOK years but the PMRP and MOK are found to occur four pentads earlier 

date wise. Thus PMRP for early MOK composite is on pentad 7 -11 April and MOK on pentad 22-26 

May. We also constructed composite OLR charts for normal onset years (figure not shown). The 

pentad wise evolution of OLR with zero pentad taken as DMOK is the same as for late and early 

onset composites. These three composites show that there is a minimum of convection in north 

Indian Ocean during pentads -5, -4 and -3. 
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4. Why convection occurs in Bay of Bengal earlier than Arabian Sea? 

A question arises as to why SST reaches maximum in the annual cycle January-May, first in Bay of 

Bengal followed by Arabian Sea nearly a month later. Figure 7 (a and b) gives the monthly mean 

SST averaged over the period 1974-2014 for the months of March and April. The axis of maximum 

SST is oriented from south-west to north east (in West Indian Ocean the SST maximum is close to 

the equator and in the East Indian Ocean it is at about latitude 100N). It is speculated that this south-

west to north-east orientation is taken by the axis of SST maximum due to the strong cooling of SST 

of the Arabian Sea during the previous monsoon season. The strong low level winds of the monsoon 

are known to cool the Arabian Sea by causing coastal and open ocean upwelling and by evaporative 

cooling of the ocean surface. Figure 8 (a) shows the day to day change of the mean SST of the Bay 

of Bengal Box (red curve) bounded by latitudes 100N and 200N and longitudes 850E and 950E and 

the Arabian sea box (blue curve) bounded by latitudes 100N and 200N and longitudes 600E and 700E. 

Bay of Bengal box reaches SST maximum first around mid-April whereas the Arabian Sea box 

reaches SST maximum about a month later. We have also represented this by a Hovmoller diagram 

showing the time latitude change of the mean SST averaged over the longitudes 850E-950E over the 

Bay of Bengal (figure 8 b) and 600E-700E over the Arabian sea (figure 8 c). 

5. Decadal Variability in the date of MOK 

Figure 1(b) gives date of MOK from 1870 - 2014. It can be seen that in the beginning of last century, 

in many years of the decades 1900s and 1910s MOK was delayed by one to two weeks, whereas in 

the middle of the last century, in many years of the decades 1950s and 1960s MOK occurred early by 

one or two weeks. The mean date of MOK for the period 1900-1920 is 05June with a standard 

deviation of 7.2 days. Similar values for the period 1950-1970 are 26 May and 8.5 days respectively. 

The difference in the mean dates of MOK for these two 21-year periods is statistically significant at 

the 99% level as per a t-test. Thus on a decadal scale, there has been a statistically significant change 

in the date of MOK during last hundred and fifty years. There is however no linear trend for this long 

time series. 

In order to study the influence of SST in the decadal time scale variability of DMOK we selected 

five boxes (A to E) over the oceans surrounding the equator as given in table-4. The LCC between 

11 year moving averages of SST gradient across the equator and MOK of pairs of these boxes is 

shown in table-5. The boxes A (30-1200E, 5-200N) and B (30-1200E, 0-200S) represent areas north 

and south of the equator in the Indian Ocean. The LCC between 11 year moving average of SST 

gradient and MOK in these boxes during January and February (0.23) which increased to 0.58 during 
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March and April. Similar values for the boxes C (30-2700E, 5-200N) and D (30-2700E, 0-200S) 

representing north and south Tropical Indian and Pacific Ocean   have the maximum LCC compared 

to all other LCC. They are 0.63 and 0.67 respectively. Figure1(c) gives SST difference (gradient) for 

March and April every year during 1870-2014 between the latitude-longitude boxes C (30-2700E, 5-

200N) and D (30-2700E, 0-200S) with the eleven year moving average marked. The mean of SST 

gradient between these boxes for period 1900-1920 is 1.04 with a SD of 0.13 in the season March 

and April. Similar values for the period 1950-1970 are 0.88 and 0.12 respectively. The difference in 

the mean SST for these two periods is statistically significant at the 99% level as per a t-test. The 

LCC of 0.67 between the 11-year moving averages during March-April SST gradient and the date of 

MOK for the period 1870-2014 is large andstatistically significant. Similarly, the LCC for the 

January-February SST gradient is 0.61 which is also large. Both the correlations are statistically 

significant at the 99% level. In the introduction it was mentioned that the center of the warm pool of 

the tropical oceans gets shifted in the annual cycle from southwest Pacific to the north Indian Ocean 

during January to May (Joseph, 1990a, b, 2014) and the warm pool of May leads to a build-up of 

moisture in the atmosphere over north Indian Ocean and the adjoining Pacific Ocean making 

conditions favorable for MOK. We studied the LCC between the 11-year moving averages of the 

SST gradient between the boxes E (south west Pacific) and A (north Indian Ocean) and of DMOK. 

The LCC for the months January-February is very low of 0.02, but that for March-April is high at 

0.63 and statistically significant at 99% level. 

6.  ITCZ transitions across the equator and DMOK 

Joseph et al.1994, had hypothesised that the time of transition of the ITCZ from south to north across 

the equator is related to DMOK, delayed crossing the equator of the ITCZ associated with delay in 

DMOK. The ITCZ in monthly climatology has large north south movement over the Indian Ocean 

(the longitude zone 300E- 1200E) studied in this paper due to the monsoonal character of the area. In 

a large part of the longitude zone 1200E- 2700E the ITCZ lies only in the northern hemisphere both in 

January and July at low latitudes with only a few degrees latitude difference. We have made 

compositeHovmöller diagrams of the daily OLR averaged between longitudes 300E and 1200E 

(Figure 9) and 1200E and 2700E (Figure 10) of the period 01 April -30 June of years of delayed and 

early monsoons. For the longitude belt 300E-1200E (Indian Ocean) the minimum OLR zone has large 

south to north movement in association with MOK and smaller south to north motion in association 

with PMRP both for delayed and early MOK. These features have considerable time difference, the 

crossing of the equator occurring much later in delayed monsoons as compared to early monsoons. 
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For the longitude zone 1200E-2700E (Pacific Ocean) there is no equator crossing of the low OLR 

zone but only in-situ deepening of convection in the ITCZ occurring earlier or later. 

7. MOK , PMRP and convection in the Indo-Pacific ocean basin 

In section 4 pentad averages of OLR over a period of 50 days prior to MOK were studied for both 

delayed and early MOK cases. It was shown that during the pentads -5, -4 and -3 (in between MOK 

and PMRP) Indian Ocean has very little convection (OLR high). It is during this period that 

convection shifts to the west Pacific Ocean (Joseph 1990) and India comes under the downward limb 

of the Walker circulation. Flatauet al. (2001) have shown that this is the period when India gets 

increased occurrence of high summer temperature and high frequency of heat waves.  Figure 11 

gives the area averaged daily OLR for delayed MOK years and figure 12 gives the same for early 

MOK years for the period 01 April to 30 June. PMRP and MOK are seen in the composites for the 

Indian Ocean (red curve). It also shows the high OLR period in between. The OLR for these boxes in 

Indian and Pacific oceans have a high linear correlation at a lag of about 10 days as may be seen 

from figure13.  Figure 1 of Joseph et al. (2006) is relevant to this discussion.   

8. Summary  

Spatially large SST anomalies mainly in the Pacific and Indian oceans similar to those associated 

with El Nino (La Nina) are found to be associated with the delayed (early) occurrence of MOK in 

individual years. There is a statistically significant variation in the date of MOK on the decadal scale 

during the last 150 years. In the two decades 1900s and 1910s MOK was in many years one or two 

weeks late and in the 1950s and 1960s one or two weeks early. The Sea Surface Temperature (SST) 

gradient across the equator over the global oceans (Indian and Pacific) is found to have a high and 

statistically significant linear correlation coefficient with the date of MOK on the decadal scale 

which has persistence during the months prior to MOK (from January). Increased convection and 

rainfall occurs over the Indian Ocean around MOK and about 40 days earlier around PMRP or bogus 

monsoon onset and in between for about 3 pentads there is a period of suppressed convection and 

rainfall over the Indian Ocean when increased convection occurs over the west Pacific Ocean. Using 

the objective DMOK data (free from bogus monsoon onset dates) we have shown that there is 

systematic change in the convection and rainfall over tropical Indian ocean with respect to the date of 

DMOK during the prior 40 day period for composites of years of delayed, early and normal monsoon 

onset dates. We have also shown that DMOK is closely related to the date when the ITCZ crosses the 

equator to the northern hemisphere in the Indian Ocean. In years when there is warm SST anomaly 

south of the equator over the Indo-Pacific ocean basin (generally associated with El Nino) persisting 
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from January to April, the time of equator crossing of the ITCZ is delayed, leading to a delayed 

monsoon onset over Kerala. 

           By combining the available data on the date of monsoon onset over Kerala we have derived a 

long time series for DMOK spanning the period 1870 to 2014. Although for the period prior to 1971 

this data has not been cleaned from bogus monsoon onsets that occur once in several years, we hope 

that this data set will be useful for climate change studies till an objective method is derived for 

DMOK for the period prior to 1971. The DMOK series derived by Ordonez et al.(2016) cannot be 

used to extend the DMOK series back to 1870s(see table 1b). 
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Table 1 (a).Date of monsoon onset over Kerala (DMOK); NK-North Kerala; IMD (S) - IMD 

subjective; IMD (O) - IMD objective. Dates are counted in days from 01 May as follows: 01 

May=01; 01 June=32; etc. 

YEAR N K 

IMD 

(S) 

IMD 

(O) YEAR N K 

IMD 

(S) 

IMD 

(O) YEAR N K 

IMD 

(S) 

IMD 

(O) 

1870 34 - - 1901 36 38 - 1932 15 33 - 

1871 31 - - 1902 37 37 - 1933 22 22 - 

1872 32 - - 1903 43 43 - 1934 39 39 - 

1873 23 - - 1904 32 38 - 1935 45 43 - 

1874 16 - - 1905 39 41 - 1936 21 19 - 

1875 34 - - 1906 44 45 - 1937 34 35 - 

1876 39 - - 1907 37 39 - 1938 26 26 - 

1877 38 - - 1908 41 42 - 1939 37 36 - 

1878 40 - - 1909 33 33 - 1940 45 45 - 

1879 17 - - 1910 37 33 - 1941 22 23 - 

1880 26 - - 1911 35 37 - 1942 41 41 - 

1881 40 - - 1912 36 39 - 1943 13 29 - 

1882 31 - - 1913 35 33 - 1944 34 34 - 

1883 34 - - 1914 35 35 - 1945 36 36 - 

1884 40 - - 1915 42 46 - 1946 34 29 - 

1885 35 - - 1916 28 33 - 1947 33 34 - 

1886 31 - - 1917 30 31 - 1948 40 42 - 

1887 32 - - 1918 8 11 - 1949 13 23 - 

1888 28 - - 1919 35 34 - 1950 27 27 - 

1889 30 - - 1920 34 34 - 1951 32 31 - 

1890 28 - - 1921 37 33 - 1952 33 20 - 

1891 33 - - 1922 31 31 - 1953 48 38 - 

1892 26 - - 1923 41 42 - 1954 32 31 - 

1893 26 - - 1924 32 33 - 1955 16 29 - 

1894 35 - - 1925 27 27 - 1956 20 21 - 

1895 43 - - 1926 38 37 - 1957 18 32 - 

1896 34 - - 1927 27 27 - 1958 44 45 - 

1897 37 - - 1928 34 34 - 1959 15 31 - 

1898 35 - - 1929 32 29 - 1960 15 14 - 

1899 27 - - 1930 38 39 - 1961 20 19 - 

1900 41 - - 1931 30 35 - 1962 10 17 - 

            
Table continued……. 
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YEAR N K 

IMD 

(S) 

IMD 

(O) YEAR N K 

IMD 

(S) 

IMD 

(O) 

1963 35 31 - 1994 - 28 28 

1964 35 37 - 1995 - 39 41 

1965 37 26 - 1996 - 34 40 

1966 31 31 - 1997 - 40 43 

1967 40 40 - 1998 - 33 34 

1968 40 39 - 1999 - 25 22 

1969 32 17 - 2000 - 32 32 

1970 26 29 - 2001 - 23 26 

1971 25 27 27 2002 - 29 40 

1972 53 49 48 2003 - 39 44 

1973 37 35 36 2004 - 18 34 

1974 23 26 23 2005 - 38 38 

1975 31 31 33 2006 - - 26 

1976 31 31 30 2007 - - 28 

1977 38 30 29 2008 - - 31 

1978 29 28 29 2009 - - 23 

1979 43 42 43 2010 - - 31 

1980 31 32 34 2011 - - 29 

1981 - 30 30 2012 - - 36 

1982 - 30 30 2013 - - 32 

1983 - 44 43 2014 - - 37 

1984 - 31 32     
1985 - 28 24     
1986 - 35 43     

1987 - 33 32     

1988 - 26 33     

1989 - 34 35     

1990 - 19 18     

1991 - 33 33     

1992 - 36 36     

1993 - 27 34         
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Table 1 (b).Difference in the days between the IMD Objective minus Ship wind of each year 1971- 

2005. (1971 data is not there in ship wind data.) 

 
IMD Objective onset date minusShip wind onset date 

-5 and below 
-4,   -3,   -2  -1,  0,   +1 +2,  +3,   +4 +5 and above  

 
1982 1974,1987      1975,1977    1972 (06 days)  

 
 1992,2005 1979,1983 1973 (10 days)  

 
  1984,1985 1976 (05 days)  

 
  1988,1990 1978 (10 days)  

 
  1991,1993 1980 (06 days)  

 
  1994,1997 1981 (05 days)  

 
      1998 1986 (06 days)  

 
   1989 (11 days)  

 
   1995 (07 days)  

 
   1996 (06 days)  

 

   

1999 (10 days) 

2000 (18 days) 

2001 (08 days) 

2002 (17 days) 

2003 (08 days) 

2004 (21 days)  
     
 1 Year 4 Years 13 Years 16  Years 
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Table 2.Mean and Standard deviation of different series.NK-North Kerala; IMD (S) - IMD 

subjective; IMD (O) - IMD objective. 

 

 

  

SERIES MEAN S D 

NK - 1870 to 1900  01 June 6.5 days 

IMD (S) –1901to 1970  01 June 7.9 days 

IMD (O) - 1971 to 2014  01 June 6.7 days 

NK+1 - 1870 to1900+ IMD (S) - 1901 to 1970 

+ IMD(O) - 1971 to 2014 
01 June 7.2 days 
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TABLE 3.Years of delayed monsoon onset over Kerala (MOK) during 1901 to 2014 The El Nino 

year is marked by (0) and the following Year by (+1). 

 

 

 

 

 

 

 

TABLE 4.Latitude and Longitude of box boundaries 

Box Latitude Longitude 

A 300-1200E 50-200N  

B 300-1200E 00-200S  

C 300-2700E 50-200N  

D 300-2700E 00-200S  

E 1200-1800E 00-150S 

 

Years of delayed MOK 

1903(+1) 1940(0) 1983(+1) 

1905(0) 1942(+1) 1986(0) 

1906 1948 1995(+1) 

1908 1958(+1) 1996 

1915 1967 1997(0) 

1923(0) 1972(0) 2002(0) 

1935 1979 2003(+1) 
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TABLE 5.LCC between the 11 year moving average of MOK and 11 year moving average of SST 

gradient for the season January-February and March-April. The value which is 99.9 % significant is 

shown in red colour and 95 % significant is shown in green. 

       

SERIES 

CORRELATIONS 

B-A D-C E-A 

JF MA JF MA JF MA 

NK - 1870 to 1980  0.04 0.52 0.51 0.53 -0.09 0.67 

IMD (S)  - 1901 to 2005  0.14 0.52 0.50 0.59 -0.07 0.63 

IMD (S) - 1901 to 1970+ IMD (O)  - 1971 to 2014  0.08 0.50 0.57 0.67 -0.11 0.56 

NK+1 - 1870 to 1900 + IMD( S) -1901 to 1970 + 

IMD (O) - 1971 to 2014 
0.23 0.58 0.63 0.67 0.02 0.63 
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Figure captions 

Figure 1. (a) 11 year moving averages of dates of monsoon onset over North Kerala, IMD monsoon 

onset over Kerala (Subjective) and IMD monsoon onset over Kerala (Objective). 

Figure 1. (b) Date of monsoon onset over Kerala of the period 1870-2014 combining the three series 

given at 2(a) above is shown in red bars and their 11 year moving average is marked by black line. 

Figure 1. (c) SST difference for each year of 1870-2014 between the latitude longitude boxes 300E- 

2700E, 00-200S (D) and 300E -2700E, 50N-200N (C) for the season Mar-Apr and its11 year moving 

averages. 

Figure 2.Linear Correlation coefficient between HadISST and IMD’s objective dates of MOK from 

1971- 2014 for January-February (above) and March-April (below). The significant values are 

marked by thick blue line. Linear correlation coefficient is 0.3 for a significance level of 95 % by a t-

test and r=0.3 is marked by a blue line. 

Figure 3.The composite SST anomaly of the January-February and March-April of delayed and 

early DMOK years of the period 1901 to 2014. 

Figure 4.EOF1 of SST over Indo-Pacific domain for the season JAN-FEB (above) and for the season 

MAR-APR (below). The correlation of time series of first PC (principal component) with monsoon 

onset dates marked by R. 

Figure 5.Correlation between dates of monsoon onset and Nino 3.4 index of Jan-Feb(above) and 

Mar-Apr (below). 

Figure 6. (a) The composite mean OLR (W m-2) for delayed MOK years (1979, 1983, 1986, 1995, 

1996, 1997, 2002 and 2003) (pentads marked on top right corner, MOK is taken as zero pentad). 

Figure 6. (b) The composite mean OLR (W m-2) for early MOK years (1974, 1985, 1990, 1999 and 

2009) (pentads marked on top right corner, MOK is taken as zero pentad). 

Figure 7. (a) Mean SST (o c) (1974-2014) for the month March. 

Figure 7. (b) Mean SST (o c) (1974-2014) for the month April. 

Figure 8.(a) Mean SST (o c) before MOK in 600E- 700E, 100-200N (blue curve) and 850E- 950E, 100-

200N (red curve) for the period 1991-2000. 
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Figure 8. (b) Hovmoller of mean daily SST OF 1991-2010 between longitudes850 E- 950 E, 200-200 

N (Bay of Bengal). 

Figure 8. (c) Hovmoller of mean daily SST OF 1991-2010 between longitudes 600 E- 700 E, 200-200 

N (Arabian Sea). 

Figure 9.Hovmöllerdiagrams of the daily OLR (W m-2) averaged of between longitudes 300E and 

1200E (Indian Ocean) with delayed (above) and early (below) MOK. 

Figure 10.Hovmöllerdiagrams of the daily OLR (W m-2) averaged of between longitudes 1200E and 

2700E (Pacific Ocean) with delayed (above) and early (below) MOK. 

Figure 11.Area averaged daily OLR (W m-2) of Indian Ocean (blue curve, averaged over 50S-200N, 

600E-900E) and west Pacific Ocean (red curve, averaged over 50N-200N, 1200E-1800E) for 

composites of delayed monsoon years for the period 01 April to 30 June. 

Figure 12.Area averaged daily OLR (W m-2) of Indian Ocean (blue curve, averaged over 50S-200N, 

600E-900E) and west Pacific Ocean (red curve, averaged over 50N-200N, 1200E-1800E) for 

composites of early monsoon years for the period 01 April to 30 June. 

Figure 13. Lag correlation of area averaged daily OLR (W m-2) of Indian Ocean (above) (averaged 

over 50S-200N, 600E-900E) and west Pacific Ocean (below)(50N-200N, 1200E-1800E) for composites 

of delayed and early monsoon years for the period 01 April to 30 June. 
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Figure 6 (a) 
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Figure 6 (b) 
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Figure 7 (a) 

Figure 7 (b)
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Figure8 (a) 
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Figure 9 
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