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RESUMEN
El análisis de las tendencias generales de la precipitación es vital para entender sus características subyacentes 
con el propósito de pronosticar e identificar los cambios e impactos que son cruciales para una economía 
basada en la agricultura como la de la India. Las planicies de Palakkad, situadas al lado oeste de la brecha 
de Palakkad, comunican al estado de Kerala, en la India, con las planicies de Tamil Nadu y Deccan. Su 
ubicación geográfica resulta en un ambiente diferente del resto de Kerala. La investigación presente analiza 
la tendencia general de la precipitación en las planicies de Palakkad utilizando datos mensuales de precipi-
tación, correspondientes a casi un siglo, tomados de la red de estaciones disponibles en el área. El patrón 
anual de precipitación en todas las estaciones muestra una tendencia significativa de declinación con el paso 
de los años. Los cambios en la precipitación pueden tener implicaciones en la ecología local así como en 
la productividad agrícola. El decremento de la precipitación podría ser reflejo de los cambios climáticos a 
nivel local ocasionados por varios factores antrópicos.

ABSTRACT
Analysis of the general rainfall trend is vital in understanding the underlying features, for the purpose of 
forecasting and in identifying the changes and impacts that are very crucial for an agro-based economy like 
the one of India. Situated on the western side of the Palakkad Gap, the Palakkad plains connect the state of 
Kerala in India to the plains of Tamil Nadu and Deccan. The geographical location results in an environmental 
realm in the Palakkad plains that is different from the rest of Kerala. The present study examines the general 
trend of rainfall in the Palakkad plains using monthly rainfall data, almost spanning a century, collected from 
four rain gauge stations available in the area. The annual rainfall pattern of all the stations showed a trend 
of significant decline, as the years proceed. Changes in the rainfall may have implications on local ecology 
as well as in agricultural productivity. The decrement in rainfall may reflect the actual regional level climate 
changes compounded by various anthropogenic factors. 
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1. Introduction
Understanding the regional level of rainfall trend from past data is of immense importance for agriculture 
based economies such as the one of India. Such data are crucial for the effective modeling of the local 
rainfall patterns, which can help in dealing with the vagaries and troubles from the inconsistencies in 
occurrence of the regional rainfall. Reichardt et al. (1995) show significant local variation in rainfall 
occurrence in humid tropical regions. Due to a dearth of infrastructure and scarcity of resources, the 
people in the tropics undergo such miseries severely. 

Variation in occurrence of rainfall has been studied widely by several authors across the globe. Studies 
conducted by Burgueño et al. (2004) in Spain, Smith (2004) in Australia, Bidin and Chappel (2006) in 
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Malaysia, Shen et al. (2007) in China, Ashley et al. (2003) and Haylock et al. (2005) in USA, 
Fauchereau et al. (2003) in Africa, are some among them. The Indian monsoon rainfall on the 
other hand have been investigated by several authors; its events and predictability (Venketesan et 
al., 1997; Rajeevan, 2001; Pai and Rajeevan, 2006; Goswami and Gauda, 2007; Raju et al., 2007; 
Ratnam et al., 2007), its general characteristics (Rajeevan et al., 2006) and the inconsistencies in 
the occurrence (Goswami and Ramesh, 2007; Ramesh and Goswami, 2007; Francis and Gadgil, 
2009) are some of the issues explored regarding Indian monsoon rainfall. It is reported that Indian 
monsoon rainfall is highly influenced by atmospheric factors such as regional pressure anomalies 
(Dugam and Kakade, 2003), cyclonal activities (Pattanaik and Rajeevan, 2007) and sea surface 
temperature variations (Goswami et al., 2006) thereby making monsoon rainfall less predictable 
(Mani et al., 2009).

Kerala, the southwestern strip of India (72.5-77.5º E; 8.5-15.5º N) is blessed with copious 
monsoonal rainfall. Kerala is known as the “Gate way of the summer monsoon” to India and the 
economy of the state is highly influenced by the monsoon rainfall. The principal rainy seasons 
in Kerala are the south-west monsoon (June-September) and north-east monsoon (October- 
November). The pre-monsoon months (March-May) account for several thunderstorm incidences 
in the state and the winter months (December-February) are characterized by minimum clouding 
and rainfall (Ananthakrishnan et al., 1979). Several authors have examined the rainfall pattern 
of Kerala state. Fasullo and Webster (2003), and Joseph et al. (2004) documented the general 
characteristics, arrival and distributional pattern of the monsoonal rainfall in the state. Kumar et 
al. (2004) studied the premonsoon rainfall of the state, while Guhathakurtha (2005) examined the 
Kerala monsoon using artificial neural networks. Krishnakumar et al. (2009) reported a significant 
decrease in the south west monsoon in the state and an increase in the north east monsoon rainfall. 
Simon and Mohankumar (2004) studied spatial variation in the occurrence of rainfall and found it 
significantly influenced by the general physiography of the state. Soman et al. (1998) have reported 
a fall in the annual rainfall in the southern part of Kerala. However, they could not find similar 
decrement in the northern part of the state. The present study examines the rainfall occurrence in 
the Palakkad plains of Kerala using historical data.

2. Study area and methodology
The study area, the Palakkad plain, is the east west tending plain to which the 30 km discontinuity, 
known as the Palakkad Gap, in the Western Ghats, spreads out on its west. The Palakkad Gap, the 
lowest mountain pass in the Western Ghats, is the chief corridor connecting Kerala to Tamil Nadu 
and other parts of India, which historically played a crucial role in cultural, political, linguistic and 
commercial integration of south India. The gap supports a network of brooks and rivulets forming 
the west flowing river Bharathapuzha, the second longest river in the state. The rains occurring in 
the Western Ghats of Palakkad and the Palakkad plains mainly feed the river Bharathapuzha, on 
which people of three districts of Kerala largely depend. The Palakkad Gap also plays a critical 
role in the climate of the state, especially that of the Palakkad plain. The gap shapes the moderate 
climate of Coimbatore and provides notable rainfall in the region than other parts of Tamil Nadu 
by allowing the moisture laden monsoon winds to pass through during the south-west monsoon 
season. On the other hand, the summer temperature of the Palakkad plain of Kerala is also greatly 
influenced by the gap.
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The present study examines the general rainfall pattern in the Palakkad plains using the historical 
rainfall data available at four rain-gauge stations located at Palakkad, Malampuzha, Chittur and 
Mannarkkad. We procured available rainfall data (Fig. 1) from Mannarkkad, Palakkad (1916 to 
2000), Chittur (1930-2000) and Malampuzha (1923-2000). The four rain-gauge stations fall within 
a 30 km radial distance, and are located in the upper catchment of the river Bharathapuzha. Our 
enquiries show that no data is available from 1945 to 1968 for the study area. Average rainfall 
data, taking all the stations together were used for the analysis to identify the trend in rainfall. The 
rationale behind taking the average rainfall for the four stations for the entire Palakkad plain was 
that the average inter-station distance among these stations is only 23.2 km. James et al. (1986), 
while proposing a rain-gauge network for the Bharathapuzha basin reports a high correlation 
between the rain gauges occurring at this level of inter-station distances. 

The consolidated data were grouped into two classes on the basis of the variation found between 
two periods-events before 1945 and events after 1968. Spatial as well as temporal changes in the 
seasonal and annual rainfalls were analyzed using Man-Kendall rank correlation, since it is a 
suitable statistical test for a long period of data (Basistha et al., 2007; Krishnakumar et al., 2009). 
The value of t where used as the basis of a significant test by comparing it with

Tt = 0 ± tg√[4 N+ 10/9N (N – 1)]

Where, tg  is the desired probability point of the Gaussian normal distribution. In the present study 
tg  at 0.01 and 0.05 where considered as the points for significance. The trend line fitted to the data 
was analyzed using Student t test to verify the results obtained from Man-Kendall statistics. From 
the basic monthly mean rainfall data annual maximum and minimum, mean, standard deviation 
and coefficient of variation among the stations were computed. SPSS 10 Software package was 
used for carrying out the statistical analyses.

Fig. 1. Physiography of the Palakkad Plains showing the altitudinal
differences and the location of the rain gauge stations.
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3. Results
3.1 General rainfall pattern
The average total annual rainfall in the Palakkad plains during the period of study was 2212 
mm. The total rainfall during this period ranged from 1309 to 3668 mm. Rainfall in the plains is 
largely consistent in its range and pattern. The area receives a major share of rain (70 %) from the 
south-west monsoon. The north-east monsoon contributes 17%, of the total rainfall. Pre-monsoon 
showers contribute 11% of the total rainfall in the Palakkad plains, while only 2% of the total rainfall 
is received from the winter rains. The Man-Kendall rank correlation analysis shows a significant 
decline in annual rainfall across the two periods (prior to 1945 and after 1968, Table I). Variations 
in rainfall were found among the four stations. Among the stations, the average annual rainfall was 
found to be highest in Mannarkkad and the lowest in Chittur (Table II).

4. Temporal variations in rainfall events
Temporal variation in the total rainfall received in the Palakkad plains is shown in Figure 2. The annual 
rainfall in the area shows a significant decline. The south-west monsoon and winter rainfalls also show 
a significant decrement. The pre-monsoon rain events in the plains on the other hand show a declining 
trend that is not statistically significant. However, the north-east monsoon rainfall showed a trend of 
increase, although it is not statistically significant. Among the stations, the south-west monsoon rainfall 
shows a decreasing trend in all the stations, which is found to be statistically significant only in the case 
of Malampuzha and Mannarkkad. The winter rainfall in all the stations shows a decreasing trend which 
however is not statistically significant, except in the case of Malampuzha (Table I).
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Fig. 2. Temporal variation in the rainfall in the Palakkad plains.

**Significant at the 0.01 level and *significant at the 0.05 level.

Annual	 -0.189	 -0.647**	 -0.238*	 -0.461**	 -0.428**
Winter	 -0.145	 0.006	 -0.044	 -0.092	 -0.263*
Premonsoon	 -0.003	 -0.038	 -0.055	 -0.298*	 -0.076
SW monsoon	 -0.138	 -0.681**	 -0.271**	 -0.245	 -0.469**
NE monsoon	 -0.056 	 -0.266*	 -0.054	 -0.352**	 0.054

Table I. Spatio-temporal variation in rainfall Man-Kendall statistics.
Season	 Palakkad	 Malampuzha	 Mannarkkad	 Chittur	 Whole study area
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5. Discussion
The total annual rainfall of the Palakkad plains is lower than the total annual rainfall for the whole 
state of Kerala (2817 mm; Krishnakumar et al., 2009). Due to its specific geographical location, 
the climate of the Palakkad plains is highly influenced by the humid climate of Kerala as well 
as the more arid climate condition on the western side of the Western Ghats, the Coimbatore 
plains of Tamil Nadu. The decrement in the total rainfall in the region is found to be highly related 
with the decrease in the seasonal rainfalls. Raj and Azeez (2009) reported advancement in the 
first rain event in a Julian year towards winter in the Palakkad Gap of Western Ghats, contiguous 
to the area of the present study. The significant decrement in the south-west monsoon rainfall in 
the Palakkad plains observed in the present study is obviously due to the decline of the same in 
Malampuzha and Mannarkkad, receiving comparatively higher annual rainfall among the stations 
in the study area. This observation agrees with the findings of Soman et al. (1988). Contrary to the 
study by Krishnakumar et al. (2009) that reports an increasing trend in the winter rain events in 
the state, the present study over the Palakkad plains shows a significant decline in winter rainfall.

The rainfall in the Palakkad plains shows a degree of location specificity in rainfall, the stations 
differing from one another. The amount of rainfall in each of the stations was found to be related 
to their location relative to the Palakkad Gap. Chittur, which is located at the base of the Palakkad 
Gap received comparatively lower rainfall and Mannarkkad on the other hand, which is located 
at a relatively greater distance from the gap received the highest rainfall. However, there seems 
to be no correlation between the annual rainfall and altitude. The study conducted by Simon and 
Mohankumar (2004) also reports that altitude and the rainfall in Kerala are not correlated. On 
the other hand the study on rainfall in the Palakkad Gap in the Western Ghats by Raj and Azeez 
(2009) shows annual rainfall varying with altitude. The high annual rainfall at Mannarkkad and 
Malampuzha is possibly due to their specific location in the valleys amidst the rolling mountains and 
the surrounding rain forest patches. On the other hand, Chittur which is located in the Palakkad 
plains is comparatively deprived of forest cover and also happens to get the least rainfall among 
the stations. The studies conducted by various authors also report the influence of forest cover 
on the local rainfall (Ravindranath et al., 2006; Tiwari, 2006). 

Meteorology is to a great extend related to the local physiography, particularly orography 
(Cerlini et al., 2005). These features act as major driving forces determining the amount of 
downpour in most of the cases. The location of stations such as Mannarkkad and Malampuzha 
in the windward direction during the south-west monsoon periods in the valleys in the Western 
Ghats (Fig. 1) provides higher rainfall events. On the other hand, although Chittur is located in 
the windward direction in the Palakkad Gap, it lacks hillocks or other similar structures to tap the 
clouds, which presumably results in low rainfall. During the north-east monsoon season a reversal 
of air circulation happens. However, the north-east monsoon contributes to only 15% of the total 
rainfall of the state (Krishnakumar et al., 2009).

Chittur		           742.5          3621	 1666.9	 557.68	 33.5
Malampuzha	        1309	             7048.5	 2611.49	 1160.28	 44.4
Mannarkkad		           496.4	         5115.31	 2629.03	 738.07	 28.1
Palakkad               1224	            3204.21	 2032.12	 439.04	 21.6

Table II. Station-wise annual rainfall statistics.
Stations	 Minimum	 Maximum	 Mean	 Std. deviation	 Coefficient of 
	     (mm)	    (mm)	 (mm)		   variation (%)
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 Changes in land use pattern particularly related to deforestation in the highlands of the state 
during and after the 1950s (Meher-Homji V. M., 1991; Soman et al., 1998) as a result of having to 
accommodate 1.5 × 105 people (Chattopadhyay, 1985) moving in from the midlands and lowlands of 
the state, would have modified the state’s landscape and local meteorology. The later years have seen 
a greater spread of human habitations and urban sprawl in the state due to various socio-economic 
reasons. The higher variation in the rainfall in Malampuzha may possibly be an after-effect of the 
installation of the Malampuzha hydroelectric project. A large portion of the area lost its forest 
cover when the project was built during the 1950s and resulted in a large reservoir of about 20 
km2. A majority of the forest lands of the area surrounding the Malampuzha hydroelectric project 
was transformed into largely monoculture plantations. Urbanization is also found to play a major 
role in rainfall (Liu et al., 2005). Palakkad, Chittur, Mannarkkad and Malampuzha are major urban 
growth centers in the Palakkad plains. It needs to be noted that during the last century, especially 
towards the second half, the Palakkad region underwent a wide range of changes associated with 
urbanization. 

6. Conclusion
The present study examines the general rainfall pattern in the Palakkad plains, located in the 
western part of the Palakkad Gap in the Western Ghats, using available data from four rain gauge 
stations. Due to its geographical location, the climatic condition of the place is different from the 
rest of the state. The study revealed that the annual rainfall in the region is comparatively lesser 
than that of the entire state. A significant decrement in the annual rainfall, winter rainfall and the 
south-west monsoon rainfall was also observed. A level of spatial variation in the occurrence of 
rainfall was observed in the Palakkad plains. The average annual rainfall among the stations was 
found to be in the following decreasing order: Mannarkkad Malampuzha Palakkad Chittur. In 
three of the stations, the annual rainfall showed a decreasing trend. Therefore, it is suggested that 
the intensive deforestation and extensive urban development may also have an influence on the 
annual rainfall variation of the region.
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