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As far as the role of mountains is concerned, though, the windmills situated on the top of a hill in monsoon regime in the present case have no similar precedents in other parts of the world but, there are windmills located on the hill tops in many countries such as Spain, USA and Japan.  Of course, the Indian summer monsoon itself is a unique feature of the global climatic patterns and in fact gives the country the largest seasonal mode in precipitation found anywhere in the world.  The western ghats play an important role in the rainfall process.  Rainfall in Sahyadri range is an almost text book case.  When rain bearing moist winds come from over the Arabian Sea, they pass over Ratnagiri, Chiplun, and hit the Sahyadri range.  Due to the obstacle of about 1100 m, they start rising up thus getting colder.  This results in much rain in the windward side (Fig.5.11).

Whether windmills can affect the clouds by churning them?

For answering this question, we should know the base of low level clouds over Satara district during the monsoon season to confirm whether low level clouds pass through the windmills. To examine this aspect, we have considered low level cloud bases taken from the synoptic observations recorded at Ratnagiri, which is on west of the windmills and Satara Observatory, which is on east of the windmills. The frequency analysis of cloud base heights for Ratnagiri and Satara Observatory is shown in Fig. 5.12 to 5.15. The frequency analysis has been made separately for the four months of June-September.  The analysis suggests that over Ratnagiri, for most of the time the low level cloud base height is above 1500 meters. Over Satara observatory, most of the time, cloud base heights are above 1000 meters. The cloud base heights are reported above the station altitude. The altitude of Satara observatory is 612m. Therefore, the low level cloud base height at Ratnagiri and Satara is 1500 meters above sea level and thus clearing much above the windmills which are at about 1100 meters above sea level. However, at some occasions, low level cloud base heights may come down very low such that they pass over the windmills. But the frequency of such occasions is very small. During the monsoon season, whiffs of cloud like forms are observed around the windmills. However, they are generally stratiform cloud or fog lifted up from the nearby valleys, which have very limited rain-producing capability. 
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Fig.5.12. Average Low Cloud Height at Ratnagiri: 1996-1999
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 Fig.5.13. Average Low Cloud Height at Ratnagiri: 2000-2001

[image: image4.emf]AVERAGE CLOUD HEIGHT (JUNE-SEP) FOR  SATARA  

PERIOD : 1996 - 1999

0

5

10

15

20

25

30

35

40

100-199 M 200-299 M 300-599 M 600-999 M 1000-1499 M 1500-1999 M 2000-2500 M

HEIGHT OF CLOUD IN METERS

FREQUENCY OF CLOUDS

JUN

JUL

AUG

SEPT


Fig.5.14. Average Low Cloud Height at Satara: 1996-1999
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 Fig.5.15. Average Cloud Height at Satara: 2000-2002
Effect on temperature

Temperature Variation in the vicinity of an airfoil can be simulated by a computer model. As per information provided, there are totally 1007 windmills in Maharashtra.  Out of this 819 are in Satara in 3 locations (Chalkewadi, Thosegar & Vankusewade). Out of this 819 windmills 540 are Suzlon 350 kw machines. Hence all computations are done, with the specifications pertaining to this windmill.  Operating conditions used are Indian Reference Atmosphere (IRA), and wind speeds of 12 m/s. The computations reveal that the temperature changes are negligible and cannot have any influence on the surroundings. 
Obstruction to the wind flow

Air flow past a hill like obstruction was simulated using a computer model.   Hill is assumed to be 45 km long, with 3 km width at the top and 45 deg sloping sides.  Due to large length a 2 Dimensional flow was assumed.  The simplified analysis ignores typical undulating features of hills.  Onset flow is assumed to have typical planetary boundary layer profile.   Flow past the hill was computed first.   A second simulation assumes extraction of energy at the rotor location and re-computes the flow pattern. Results are shown in Fig.5.16. On the left is the colour bar of velocity measure. Right top shows flow without windmill and      right bottom is with windmill. While there are perceptible changes in the           two flow pictures on top of the hill, they quickly become identical            downstream. (computations courtesy : Mr Amitay Isaac, Mr Devendra Ghate,  Prof. A.G. Marathe IIT, Mumbai)



Scale Analysis

It is very important to appreciate the various scales involved in the summer monsoon rainfall processes. While we have already noted that the summer monsoon circulation is a gigantic planetary-scale system extending to several thousands of kilometers horizontally and up to 10-12 km in the vertical, the dimensions of the windmills are only less than 100 meters, which is an extremely small fraction of the scales involved in the monsoon system. The spatial extent of monsoon is depicted in Fig. 5.17. Indeed, the monsoon performance is fundamentally guided by the year-to-year variations in the boundary conditions of a much larger scale not just during the monsoon season, but even during the winter and pre-monsoon seasons.  Monsoon variability also has large spatial coherence mainly because of the scales of the synoptic systems involved.  Keeping this in view, it can be clearly stated that it is practically impossible to either decrease or increase monsoon rainfall by erecting structures normally of dimensions less than 100 meters. 



Chapter 6

OBSERVED RAINFALL VARIATIONS

Interannual rainfall variations

South-west monsoon rainfall over Maharashtra exhibits large inter-annual variations. Fig.6.1 shows the coefficient of variation of South-west monsoon  rainfall of all the districts in Maharashtra. To examine the inter-annual variations of SW monsoon rainfall over Satara and Sangli districts we have prepared a time series of district wise rainfall data for the period 1901-2003. For Satara district, mean rainfall is calculated as the arithmetic averages of 8 stations. For Sangli district, we have considered 6 stations. For Ratnagiri district, we have considered  5 stations and for Raigarh, we have considered 4 stations. The time series is expressed in terms of rainfall departures in percentage. For calculating the rainfall departures, mean rainfall is calculated as the arithmetic average of rainfall data of the period 1901-2003.  

South-west monsoon rainfall departures for Satara, Sangli, Raigarh and Ratnagiri districts for the period 1901-2003 are shown in Fig. 6.2 to 6.5. South-west monsoon rainfall over Satara District has been below normal for the last          5 years (1999-2003). However, if we closely examine the 103 years of rainfall data of Satara district, occurrence of below normal rainfall consecutively for 5 years or more is not for the first time. At least in 2 occasions (1917 to 1925 and                 1951-1955), rainfall over Satara district had been below normal consecutively for 5 or more years. Similarly, magnitude of rainfall departure in 1999 and 2001 was not that high. Over the Satara district, the highest rainfall departure was in 1918. Over the Sangli district, during the recent years, rainfall was deficient only in 2002 and 2003. In Sangli also, there were 3 occasions, when the rainfall was deficient consecutively for 4 years or more.  Situation over Ratnagiri district (which is on the west of Sahyadri Hills) is not much different. Rainfall over Ratnagiri district had been below normal from 2001 to 2003.  In 2001, rainfall deficiency over Ratnagiri district was more than the rainfall deficiency over Satara district. Over Raigarh district, South-west monsoon rainfall was deficient from 1994 to 2003 except in 1997. Therefore, the present analysis of the inter-annual variation of district wise rainfall reveals that the rainfall variability over Satara and Sangli districts observed over the past 5 years (1999-2003) is within the natural variability.

Further, the same analysis has been repeated with station wise rainfall data. For this analysis, we have considered the stations from the west coast (Ratnagiri) across the Satara district. The stations considered are indicated in Fig.6.1 and the results are shown in Fig. 6.6 to 6.13.  It may be mentioned that the installed windmills lie between the stations Patan and Satara. Therefore, stations towards west from Patan are west of the windmills and the stations towards east from Satara are on eastern side of windmills. The analysis of the station data reveals the following:

During the period when Satara Observatory reported below normal rainfall from 1998 onwards, all the stations surrounding Satara observatory also showed the same sign. Stations on west of the windmills also received below normal rainfall during this period. Even Mahabaleshwar which is at the top of Sahyadri Hills and away from the influence of windmills also received below normal rainfall during the recent years. Therefore, the rainfall deficiency observed during the past 4-5 years was uniformly distributed across the Satara and neighbouring districts. There was no evidence of enhanced rainfall activity on the western side of the Sahaydri Hills during the recent years.

Drought susceptibility

To examine the drought occurrence over Maharashtra, we have prepared a map showing district wise probability of droughts. As per the IMD convention a drought condition at state level is declared when the rainfall shows a deficiency of more than 25% of the long term mean value. The results are shown in Fig. 6.14. The map suggests that drought probability over the region is roughly around 20%. However, for the coastal districts the probability is still smaller. For Satara district probability of drought is 17% and for the Sangli district, it is 13%. 

Comparison with neighbouring regions

To compare the rainfall pattern over Satara and Sangli districts with neighbouring region, we have prepared station wise seasonal rainfall departures from 2000 onwards and prepared the spatial plots. The results are shown in Fig 6.15 to 6.18. 

The analysis of the spatial maps from 2000 to 2003 suggests that the sign of the rainfall departure (in this case negative) was uniformly distributed over a large area surrounding the Satara observatory. When Satara observatory received below normal rainfall, rainfall stations west of Satara also received below normal rainfall. There is no evidence of enhanced rainfall over west or down stream east of Satara observatory. These maps suggest the rainfall pattern observed over the region is caused due to a large scale circulation anomaly. There is no evidence of any local influence (unnatural) on the rainfall pattern. 

We have further examined the spatial coherence on a larger spatial scale. For this, we have prepared district-wise rainfall departure charts from 2000 to 2003 and shown in Fig 6.19 to 6.22. From these maps, it can be seen that the rainfall deficiency observed over Satara district from 2000 to 2003 was not confined only over Satara district but spread over a larger area comprising many districts. This rainfall pattern is due to natural climate variability and cannot be attributed to any unnatural influences. In 2001, when the number of installed windmills was maximum, rainfall deficiency over Ratnagiri district (west of windmills) was more than that of Satara district. 

From these analyses, we can conclude that rainfall variability observed over Satara District during the last 4-5 years is due to natural variability and cannot be attributed to any unnatural/human influences. 

To further examine the spatial coherence of rainfall pattern over the region, we have prepared a map showing the Severity index. During the past 5 years (1999-2003) if in all the 5 years, rainfall departure was negative, the severity index is given as 5. Similarly, if the severity index is 4, it means, during the past 5 years, in 4 years rainfall departure was negative. The Severity Index map (Fig. 6.23) suggests a uniform pattern. Severity index of many stations in Satara and Ratnagiri districts was 5. There is no indication of subdued rainfall activity which is very localized and suggestive of the influence of windmills. 

To additionally prove that the observed rainfall pattern over the region during the recent years is due to large scale circulation anomaly, we have prepared the anomaly of precipitable water content in the atmosphere during the SW monsoon period. The results are shown in Fig. 6.24 to 6.27. These diagrams suggest reduced precipitable water content over the region during the period 2000-2003. However, the negative anomaly extends over a larger area surrounding the Satara and Sangli districts. This suggests the reduced precipitable water content is observed over a very large area and is caused by large scale circulation anomaly rather than due to any localized phenomenon.
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Fig.6.2. SW Monsoon rainfall departures of Satara District : 1901-2003
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Fig.6.3. South-west monsoon rainfall departure of Sangli District : 1901-2003
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Fig.6.4. South-west monsoon rainfall departures of Raigarh district: 1901-2003
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Fig.6.5. South-west

































































































































Fig. 6.1. Coefficient of variation of South-west monsoon rainfall
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Fig.5.17. The monsoon regime. Hatched area is ‘Monsoonal’ and the rectangle broadly indicates the extent of the monsoon regime





Fig 5.16. Results for Fluent simulations
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Figure 5.11. Orographic lifting of monsoon current








Figure 5.10. The Southwest Monsoon over India
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