The Storminess Record from Armagh Observatory, N. Ireland 1796-1999.
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Introduction

Armagh Observatory was established in 1790 by Archbishop Richard Robinson.

 Robinson was the Church of Ireland Archbishop of Armagh (Butler and Hoskins 1987). Although the main focus of the Observatory was astronomy, daily meteorological records were kept from 1794, when the Observatory became operational. Only air temperature and barometric pressure were recorded during 1794 and 1795. From 1796 to 1843 wind direction was also recorded and a brief written daily weather comment was also included in the daily weather register. The daily description of weather included reference to storms and their effects. The only gap in the record is from mid-1825 to 1832 due to a number of missing daily weather volumes. No copy of this data has ever been found. In addition, no daily weather descriptions were recorded for 1883. From 1844 to the present there is also wind strength data, mostly instrumental but also some observer data. This makes this dataset the longest ongoing weather record on the island of Ireland.

The Observatory is located on top of a drumlin on its own site of approximately 20 acres. The Observatory although located on the edge of Armagh city is still predominantly surrounded by farmland and the playing fields of a number of schools.

The city has grown in size from around 5,000 to 15,000 people over the study period and is highly dispersed and low density. A study by Coughlin and Butler (1998) showed the effects of urbanisation on the mean air temperature at the Observatory were minimal. However, the one threat to the quality of the wind data from the Observatory was the growth of trees around the main building. This led to the original cup anemometer on the roof of the Observatory to be abandoned in favour of the more suitable site of the Back Lawn where the current meteorological site is located.

This paper will examine the weather diary record of storms in Armagh from 1796 to 1999 and the instrumental/observation record from 1844-1999 and will highlight some of the difficulties in assembling such chronologies, even from one site.

The descriptive record from 1796-1999.

This data was abstracted from the daily weather diary. From the earliest weather diaries the recording of storms seems to have been a key component of the description. The definition of a storm used was the use of the words ‘tempest’, ‘storm’ or ‘gale’ in the written description. The description must clearly indicate that this event was not a gust, thunderstorm or snowstorm and that the wind was sustained for a length of time. Figure 1 shows the annual incidence of storms from the descriptive record at Armagh from 1796 to 2000 fitted with a 10 year running mean. Relatively high numbers of storms were recorded from 1796 to 1825 and 1835 to 1844 and it is assumed that the missing volumes would also contain relatively high numbers of storms.  

[image: image1.wmf]Fig. 1. Descriptive records of storms/gales at Armagh Observatory, 1796-1999

 fitted with a 10 year running mean.
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Fig. 1. Descriptive records of storms/gales at Armagh Observatory, 1796-1999, 

fitted with a 10-year running mean.

Three years have more than 30 storms and this includes 1796 with 31. This block of relatively high numbers of storms can be associated with increased storminess symptomatic of the ‘Little Ice Age’ that probably extended up to 1850, (Grove 1988). From 1845 to 1910 relatively few storms were recorded at Armagh typically less than 5 per annum. A change occurs in the 1890’s with an increase in the numbers of storms being recorded. This coincides with Lamb’s (1991) assessment that the 1890’s was probably the stormiest decade of the 19th century. From 1911 until 1958 there is a generally rising number of storms being recorded. This includes the exceptional year of 1950 when 35 storms were recorded. There is a decline in the number of storms from 1960 to 1976 and this is followed by a pulse of increased numbers of storms being recorded until 1985. This includes 1982, the stormiest year on record with 36 storms. This is in turn followed by a sharp decline in the number of storms being recorded up to and including 1999. This trend has continued in 2000 and 2001.

One potential weakness with this record is that of observer bias. Work is still ongoing at Armagh in an attempt to identify the meteorological observers and the time periods they covered and so test for bias. At this stage there are still considerable gaps in the list of observers and the periods they covered so any attempt to test the record for bias is premature.

The instrumental/observational record from 1844-1999.

The instrumental/observational record is a much more complex series consisting of six components which have been combined together. The first two components cover the period from 1844 to 1882 and are not directly compatible with the rest of the chronology in a strict methodological sense. The remaining four components from 1883 are relatively easily converted to a single standardised format.

Component 1: 1844 January 1 to 1860 March 3. 

The data here appears to be based on an early version of the Beaufort land scale to which actual wind speed was added (Table 1). As a result a gale is defined as force 8 but the given miles per hour is only 24mph (1mph =0.87 knots). The effect of using this scale was the over-recording of gales and their strength. As a result only gales that were given as force 12 or force 12+ were used. This would still include a small number of events that would not be classified as gales today. The data was based on twice-daily observation of wind speed and direction, recorded from the anemometer located on the roof of the Observatory. A further minor complication is that prior to 1st April 1852 astronomical time was used, after this date standard civil time was used. Astronomical time starts at noon as opposed to midnight. All the data in this component has been corrected to civil time.

Component 2: 1860 March 26 to 1882 December 31.

Component 2 consists of the total number of miles (1 mile =1.609km) travelled by the anemometer in a 12-hour period. Clearly it is very difficult to interpret this data in the context of the overall chronology as the minimum miles travelled to guarantee a gale is 39 and the maximum is 565. Obviously the more miles travelled in a 12-hour period the more likely it is that a gale has occurred. An arbitrary figure of 450 miles travelled was chosen to indicate when gales might have occurred. This was checked against a small amount of hourly data that is available for Armagh from 1874-1882. This showed that the 450 miles travelled was an adequate threshold to use as it picked up two gales that occurred during this time period. However, two additional 12-hour periods which had totals in excess of 450 miles also occurred, but which were not recorded as gales in the hourly data. Both had sustained periods of high winds. This at least indicates that no gales will be missed using the 450 mile threshold, but that there is likely to be some over-recording of gales. When this threshold is applied to the period from 1860 to 1873 a further seven possible gales can be identified (Table 2). This part of the chronology is based on twice daily observation of wind speed and direction, recorded from the anemometer located on the roof of the Observatory.

Component 3: 1883 January 1 to December 31.

The data comes from a separate instrumental hourly time series as the normal twice daily observations appear not to have been taken or recorded during this year.

A gale in this component is designated as 53mph. This is as a result of the correction of the calibration of the Robinson Cup Anemometer which over recorded wind strength by 4/15 or a reduction in the calibration applied to the raw data from 3.0 to 2.2. This calibration correction applies to all measured wind speed using the Robinson Cup Anemometer from 1904 backwards in time. If the earlier data is not recalibrated then the number, duration and strength of gales are dramatically and erroneously increased.

Component 4: 1884 January 1 to 1919 December 31.

The data are based on a modified Beaufort scale using knots where a gale is given as Beaufort force 6 which is given as 34 knots (Table 3). This part of the data set is based on twice-daily observations of wind speed and direction. Any data from 1884 to 1904 was recalibrated as outlined above.

Component 5: 1920 January 1 to 1958 December 31. 

This is a standard Beaufort scale where a gale is equal to Force 8 or 39 mph 

(Table 3). The data are as a result of twice-daily observations of wind speed and direction from the back lawn of the Observatory.
Component 6: 1959 January 1 to 1999 December 31.
This is a standard Beaufort scale where a gale is 37 knots which is the mid-point of Beaufort Force 8 when using knots (Table 3). The data are based on twice-daily observations of wind speed and direction from the back lawn of the Observatory. From 7th March 1965 onwards the data is based on once a day observation at 0900 GMT.

The instrumental/observational days with gale record was plotted from 1844 to 1999 and fitted with a 10-year running mean (Fig. 2). This includes the data from 1844 to 1883 which although not directly comparable with the remainder of the data set has been included as outlined in the methodology described above. Four distinct periods of increased occurrence of days with gale can be identified. These are 1884 to 1905, 1917-1919, 1947 to 1964 and 1977 to 1991 Since 1993 no gales have been recorded at Armagh at the 0900 GMT observation. Clearly, from the data there is a quasi-cyclical occurrence of increased numbers of days with gales with a mean cycle of 31 years or 


[image: image2.wmf]Fig. 2. The observation of gales at Armagh Observatory, 1844-1999, fitted with a 10-

year running mean (1844-1883 not directly comparable - see text).
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Fig. 2. Number of  observation of gales at Armagh Observatory, 1844-1999, fitted with a 10-year running mean (1844-1883 not directly comparable - see text).

27 years if the less prominent increase in days with gales from1868 to 1874 is included. The second item to note is the spike of increased days with gales during 1918 and 1919, these were the two highest individual years with 24 and 12 gales respectively. The only other year that comes close to this number of gales being recorded is 1982 when 12 gales were observed. Clearly this anomaly is worthy of further research. A check of other Irish meteorological stations showed that some had the spike and some did not (Table 4). The spike is clearly evident at Belmullet, is evident only in 1918 at Malin Head, and evident only in 1919 in the two most southerly stations at Roches Point and Valentia; it is not present at Donaghdee. It is not clear what caused this dramatic increase in the number of days with gales being recorded. It is also possible to speculate that the spread of the influenza virus that killed in excess of 20 million people during this time period may have been aided by increased storminess.


[image: image3.wmf]Fig. 3. Comparison of the description of storms/gales and the observation of gales 

at Armagh Observatory, 1844-1999 (1844-1883 not directly comparable - see text).
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Fig. 3. Comparison of the description of storms/gales and the observation of gales at Armagh Observatory, 1844-1999 (1844-1883 not directly comparable - see text).

Comparison of the two records of storminess at Armagh Observatory 

from 1884 to 1999.

As a result of the differences of the two methodologies in generating the storm chronologies it would be exceedingly unlikely that the two records would match 

numerically but that they should match in terms of the trends. The weather diary dataset would be expected to produce more gales/storms as it covers the whole day and not just one or two specific measurements per day. At the annual level there is a strong similarity for most of the record (Fig. 3). The only periods when the match is relatively poor is 1896 to 1908 and the spike years of 1918 and 1919. In both these cases there was more observation of gales than that recorded in the weather diary. This indicates that the meteorological observer was failing to record storms in the daily weather diary. 

A similar pattern emerges when the 10-year running mean of the two chronologies are compared (Fig. 4). The exception is the period from 1922 to 1936 when the observation record shows a rising incidence of storms, whereas the weather diary shows a declining incidence of storms. The peaks in gale/storm incidence in the 1950’s and 1980’s are clearly shown as the intervening trough in the 1960’s. The decline in gales/storms in the 1990’s is evident in both records.

[image: image4.wmf] Fig. 4.Comparison of the 10 year running means of the description of storms/gales 

and the observation of gales at Armagh Observatory, 1844-1999
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Fig. 4. Comparison of the 10-year running means of the description of storms/gales and the observation of gales at Armagh Observatory, 1844-1999 (1844-1883 not directly comparable - see text).

Long and short term changes in storminess

The long term trend in storminess in Armagh as identified in the two different records was calculated using a linear regression. This was also compared with linear regressions from the three west coast stations at Valentia, Belmullet and Malin Head (Table 5). The regressions at the 95% confidence level show that the Armagh and Valentia records show no significant tend although the Valentia houly shows an increase of 1 gale per year every 14 years. Belmullet shows a decline of 1 gale every 5 years over the length of record, whereas, Malin Head shows an increase of nearly 1 gale every 3 years. There is no overall pattern for these four stations.

In order to examine the recent changes in storminess in Armagh over the 30-year period from 1970-1999 linear regressions of the two different measures of storminess were calculated. Again this was compared with linear regressions from the three west coast stations at Valentia, Belmullet and Malin Head (Table 5). This shows some very different results in comparison with the overall regression figures. Armagh and Valentia show a decline in the number of gales being recorded of the order of 1 every 5 to 7 years, whereas Belmullet shows an increase of nearly 1 gale every 3 years and Malin Head showing an increase of nearly 1 gale every year. This indicates an overall pattern of the south and east receiving fewer gales and the north and west receiving more gales, possibly, indicating a northward shift in storm tracks, which Armagh Observatory because of its low gale environment is not yet picking up. This is supported by the only other published storm chronology for Ireland which is for Dublin from 1715-1999 (Sweeney, 2000). A decadal comparison between the Dublin record and the two Armagh record shows substantial similarities, but also some differences (Fig. 5). As a result of incomplete decadal totals, it is only possible to do the comparison from the 1840’s onwards. From 1840 until the early part of the 20th century relative low levels of storms are being recorded. For the next 40 years the Dublin record more closely resembles the Armagh instrumental/observation record, even in terms of numbers of storms being recorded. From the 1960’s onwards the Dublin record more closely resembles the description record in terms of the general 

[image: image5.wmf]Figure 5. Comparison of the decadal total of storms for Dublin (after Sweeney, 2000) 

and the two Armagh storm records 1720-1999, (complete decades only).
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Fig. 5. Comparison of the decadal total of storms for Dublin (after Sweeney, 2000) and the two Armagh storm records, 1720-1999, (complete decades only).

trend, but the actual numbers of storms are very different. The comparison also suggests that there is a decadal lag between Dublin and Armagh in terms of peaks and troughs. The decade with the most storms in Armagh is the 1950’s whereas in Dublin it is the 1960’s.  

Conclusions

Very significant variations in storminess have been recorded over the last 200 years for Armagh observatory despite the sheltered inland nature of the site. This includes evidence for increased storminess at the end of the ‘Little Ice Age’. However, there is no evidence of increased storminess over the last 30 years. When similar records from other Irish stations are examined, there is some evidence of a possible northwards movement of the storm tracks that have affected the island of Ireland over the last 30 years.
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Table 1 Old Beaufort land scale that was used to cover the period from 

1st January 1844 to 3rd March 1860.

Beaufort Number
Miles Per Hour

1


3






2


6

3


9

4


12

5


15

6


18

7


21

8


24

9


27

10


30

11


33

12


36+


12+


?

Table 2 Dates on which miles travelled in a 12 hour period exceeded 450 compared with the hourly data and the weather diary at Armagh Observatory.

Date
Miles travelled
Gale from

Storm from 

in 12 hours 

hourly data

weather diary

1863/12/11

479

no data



No

1864/2/13

542

no data



No

1867/3/14

455

no data



No

1871/1/16

464

no data



Yes

1872/1/1

478

no data



No

1872/1/31

468

no data



No

1872/11/6

464

no data



No

1875/1/1

461

No



No

1880/11/26

450

Yes



Yes



1881/11/22

499

Yes



No

18812/6

468

No



No

Table 3 Comparison of the different Beaufort scales used from 1st January 1884 to 31st December 1999.  

Beaufort
Component 4
Component 4
Component 5
Component 6 

Number 
(Kn) 

(mph)

(mph)

(kn)

0

3



<1

0

1

8



1-3

2

2

13

10

4-7

5

3

18

15

8-12

9

4

23

20

13-18

13

5

28

30

19-24

19

6

34

40

25-31

24

7

40

50-60

32-38

30

8

48

50-60

39-46

37



9

56

70

47-54

44

10

65

80-90

55-63

52

11

75

100

64-72

60


12

90

110

73-82

69

Table 4 The number of days with gales recorded at Armagh Observatory, Roches Point, Valentia, Belmullet, Donaghee, Malin Head for 1918 and 1919.





Days with gale

Station 


1918

1919
Armagh Observatory

24

12

Roches Point


4

18

Valentia


9

12

Belmullet


67

28

Malin Head


37

8


Donaghdee


6

4

Table 5 Linear regressions of the  number of days with gales recorded at Armagh Observatory, Valentia, Belmullet, Malin Head full record.

(All linear regressions at the 95% confidence level and based on complete 

years only)







Full record

1970-99





Armagh (observation) 1884-1999

-0.02


-0.22

Armagh (description) 1796-1999

-0.03


-0.15

Valentia (hourly data)
1874-1999

+0.03


-0.15

Valentia (observation)
1876-1999

+0.07




Belmullet (observation) 1885-1999

-0.19


+0.29 (hourly

Malin Head (observation) 1885-1999

+0.31


+0.86 (hourly)
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		Armagh Observatory - Storminess Data - Annual

		Year		Description		Observation		Summary		Hourly

		1796		31										1874		21		0

		1797		23										1875		16		1

		1798		12										1876		7		1

		1799		20										1877		16		2

		1800		18										1878		6		0

		1801		11										1879		9		0

		1802		10										1880		17		1

		1803		11										1881		21		1

		1804		6										1882		8		1

		1805		8										1883		14

		1806		18										1884		22		4

		1807		4										1885		22		2

		1808		10										1886		22		4

		1809		9										1887				0

		1810		14										1888				3

		1811		19										1889				1

		1812		18										1890				5

		1813		17										1891				6

		1814		8										1892				3

		1815		17										1893				5

		1816		18										1894				8

		1817		19										1895				2

		1818		16										1896				1

		1819		16										1897				2

		1820		8										1898				1

		1821		17										1899				2

		1822		23										1900		7		3

		1823		6										1901		5		2

		1824		18										1902		3		2

		1825		8inc										1903		12		1

		1826		nd										1904		4		0

		1827		nd										1905		7		0

		1828		nd										1906		5		0

		1829		nd										1907		8		0

		1830		nd										1908		7		2

		1831		nd										1909		4		4

		1832		nd										1910		7		5

		1833		2										1911		6		8

		1834		0										1912		3		7

		1835		0										1913		2		8

		1836		6										1914				6

		1837		2										1915				7

		1838		8										1916				3

		1839		11										1917				1

		1840		16										1918				5

		1841		8										1919				7

		1842		11										1920				10

		1843		9										1921				5

		1844		3		27								1922		7		4

		1845		3		45								1923		9		4

		1846		6		39								1924		7		5

		1847		2		42								1925		5		7

		1848		3		34								1926		4		2

		1849		0		48								1927		6		2

		1850		1		35								1928		10		16

		1851		2		31								1929		8		10

		1852		1		36								1930		4		4

		1853		1		19								1931		5		3

		1854		0		35								1932		7		9

		1855		1		18								1933		2		2

		1856		0		18								1934				7

		1857		0		28								1935		5		10

		1858		1		46								1936		4		20

		1859		2		38								1937		2		13

		1860		1		15inc								1938				24

		1861		6		ncd								1939				2

		1862		3		ncd								1940		11		4

		1863		2		ncd								1941		11		15

		1864		3		ncd								1942		10		6

		1865		1		ncd								1943		17		19

		1866		4		ncd								1944		14		13

		1967		2		ncd								1945		13		13

		1868		1		ncd								1946		12		11

		1869		0		ncd								1947		18		11

		1870		1		ncd								1948		15		20

		1871		4		ncd								1949		10		8

		1872		2		ncd								1950		15		35

		1873		1		ncd								1951		7		14

		1874		0		ncd				0				1952		11		16

		1875		1		ncd				0				1953		4		19

		1876		1		ncd				0				1954		14		24

		1877		2		ncd				0				1955		10		8

		1878		0		ncd				0				1956		6		18

		1879		0		ncd				0				1957		8		19

		1880		1		ncd				1				1958		8		11

		1881		1		ncd				1				1959		15		19

		1882		1		ncd				0				1960		17		16

		1883		nd		ncd								1961		12		15

		1884		4		3								1962		18		12

		1885		2		7								1963		13		16

		1886		4		4								1964		20		14

		1887		0		6								1965		18		11

		1888		3		4								1966		22		22

		1889		1		1								1967		22		18

		1890		5		6								1968		12		8

		1891		6		7								1969		10		5

		1892		3		2								1970		12		7

		1893		5		4								1971		9		1

		1894		8		7								1972		18		3

		1895		2		2								1973		7		1

		1896		1		2								1974		18		23

		1897		2		7								1975		6		10

		1898		1		7								1976		10		13

		1899		2		7								1977		13		17

		1900		3		5								1978		13		18

		1901		2		1								1979		11		18

		1902		2		4								1980		7		12

		1903		1		8								1981		8		17

		1904		0		5								1982		21		36

		1905		0		4								1983		17		18

		1906		0		1								1984		23		17

		1907		0		0								1985		7		7

		1908		2		2								1986		30		14

		1909		4		0								1987		2		3

		1910		5		1								1988		10		7

		1911		8		3								1989		11		11

		1912		7		1								1990		17		16

		1913		8		0								1991		10		15

		1914		6		0								1992		7		5

		1915		7		1								1993		15		6

		1916		3		0								1994		10		5

		1917		1		5								1995		7		3

		1918		5		24								1996		5		6

		1919		7		14								1997		12		3

		1920		10		3								1998		6		3

		1921		5		2								1999		4		5

		1922		4		1

		1923		4		2

		1924		5		3

		1925		7		5

		1926		2		0

		1927		2		2

		1928		16		5

		1929		10		3

		1930		4		1

		1931		3		0

		1932		9		2

		1933		2		1

		1934		7		0

		1935		10		0

		1936		20		2

		1937		13		1

		1938		24		1

		1939		2		0

		1940		4		1

		1941		15		2

		1942		6		1

		1943		19		4

		1944		13		1

		1945		13		1

		1946		11		2

		1947		11		5

		1948		20		2

		1949		8		1

		1950		35		4

		1951		14		7

		1952		16		3

		1953		19		4

		1954		24		4

		1955		8		2

		1956		18		5				9

		1957		19		8				17

		1958		11		9				14

		1959		19		6				13

		1960		16		3				10

		1961		15		1				10

		1962		12		3				9

		1963		16		2				7

		1964		14		7				10

		1965		11		1				5

		1966		22		0				5

		1967		18		1				3

		1968		8		0				4

		1969		5		1				4

		1970		7		1				4

		1971		1		0				1

		1972		3		0				3

		1973		1		0				2

		1974		23		5				24								1970		7		1		1

		1975		10		1				10								1971		1		0		2

		1976		13		2				14								1972		3		0		3

		1977		17		3				17								1973		1		0		4

		1978		18		5				18								1974		23		5		5

		1979		18		5				19								1975		10		1		6

		1980		12		4				13								1976		13		2		7

		1981		17		5				18								1977		17		3		8

		1982		36		12				36								1978		18		5		9

		1983		18		2				20								1979		18		5		10

		1984		17		2				17								1980		12		4		11

		1985		7		2				8								1981		17		5		12

		1986		14		6				14								1982		36		12		13

		1987		3		0				4								1983		18		2		14

		1988		7		5				7								1984		17		2		15

		1989		11		2				11								1985		7		2		16

		1990		16		6				16								1986		14		6		17

		1991		15		6				15								1987		3		0		18

		1992		5		2				5								1988		7		5		19

		1993		6		2				6								1989		11		2		20

		1994		5		0				5								1990		16		6		21

		1995		3		0				3								1991		15		6		22

		1996		6		0				6								1992		5		2		23

		1997		3		0				3								1993		6		2		24

		1998		3		0				3								1994		5		0		25

		1999		5		0				5								1995		3		0		26

																		1996		6		0		27

																		1997		3		0		28

																		1998		3		0		29

																		1999		5		0		30

																				-0.2291434928		-0.0467185762





Sheet2

		1796		3225616		31		961		55676		1		1				1796		31		-18.1779

		1797		3229209		23		529		41331		2		4				1797		23		-17.9275

		1798		3232804		12		144		21576		3		9				1798		12		-17.6771

		1799		3236401		20		400		35980		4		16				1799		20		-17.4267

		1800		3240000		18		324		32400		5		25				1800		18		-17.1763

		1801		3243601		11		121		19811		6		36				1801		11		-16.9259

		1802		3247204		10		100		18020		7		49				1802		10		-16.6755

		1803		3250809		11		121		19833		8		64				1803		11		-16.4251

		1804		3254416		6		36		10824		9		81				1804		6		-16.1747

		1805		3258025		8		64		14440		10		100				1805		8		-15.9243

		1806		3261636		18		324		32508		11		121				1806		18		-15.6739

		1807		3265249		4		16		7228		12		144				1807		4		-15.4235

		1808		3268864		10		100		18080		13		169				1808		10		-15.1731

		1809		3272481		9		81		16281		14		196				1809		9		-14.9227

		1810		3276100		14		196		25340		15		225				1810		14		-14.6723

		1811		3279721		19		361		34409		16		256				1811		19		-14.4219

		1812		3283344		18		324		32616		17		289				1812		18		-14.1715

		1813		3286969		17		289		30821		18		324				1813		17		-13.9211

		1814		3290596		8		64		14512		19		361				1814		8		-13.6707

		1815		3294225		17		289		30855		20		400				1815		17		-13.4203

		1816		3297856		18		324		32688		21		441				1816		18		-13.1699

		1817		3301489		19		361		34523		22		484				1817		19		-12.9195

		1818		3305124		16		256		29088		23		529				1818		16		-12.6691

		1819		3308761		16		256		29104		24		576				1819		16		-12.4187

		1820		3312400		8		64		14560		25		625				1820		8		-12.1683

		1821		3316041		17		289		30957		26		676				1821		17		-11.9179

		1822		3319684		23		529		41906		27		729				1822		23		-11.6675

		1823		3323329		6		36		10938		28		784				1823		6		-11.4171

		1824		3326976		18		324		32832		29		841				1824		18		-11.1667

		1833		3359889		2		4		3666		30		900				1833		2		-10.9163

		1834		3363556		0		0		0		31		961				1834		0		-10.6659

		1835		3367225		0		0		0		32		1024				1835		0		-10.4155

		1836		3370896		6		36		11016		33		1089				1836		6		-10.1651

		1837		3374569		2		4		3674		34		1156				1837		2		-9.9147

		1838		3378244		8		64		14704		35		1225				1838		8		-9.6643

		1839		3381921		11		121		20229		36		1296				1839		11		-9.4139

		1840		3385600		16		256		29440		37		1369				1840		16		-9.1635

		1841		3389281		8		64		14728		38		1444				1841		8		-8.9131

		1842		3392964		11		121		20262		39		1521				1842		11		-8.6627

		1843		3396649		9		81		16587		40		1600				1843		9		-8.4123

		1844		3400336		3		9		5532		41		1681				1844		3		-8.1619

		1845		3404025		3		9		5535		42		1764				1845		3		-7.9115

		1846		3407716		6		36		11076		43		1849				1846		6		-7.6611

		1847		3411409		2		4		3694		44		1936				1847		2		-7.4107

		1848		3415104		3		9		5544		45		2025				1848		3		-7.1603

		1849		3418801		0		0		0		46		2116				1849		0		-6.9099

		1850		3422500		1		1		1850		47		2209				1850		1		-6.6595

		1851		3426201		2		4		3702		48		2304				1851		2		-6.4091

		1852		3429904		1		1		1852		49		2401				1852		1		-6.1587

		1853		3433609		1		1		1853		50		2500				1853		1		-5.9083

		1854		3437316		0		0		0		51		2601				1854		0		-5.6579

		1855		3441025		1		1		1855		52		2704				1855		1		-5.4075

		1856		3444736		0		0		0		53		2809				1856		0		-5.1571

		1857		3448449		0		0		0		54		2916				1857		0		-4.9067

		1858		3452164		1		1		1858		55		3025				1858		1		-4.6563

		1859		3455881		2		4		3718		56		3136				1859		2		-4.4059

		1860		3459600		1		1		1860		57		3249				1860		1		-4.1555

		1861		3463321		6		36		11166		58		3364				1861		6		-3.9051

		1862		3467044		3		9		5586		59		3481				1862		3		-3.6547

		1863		3470769		2		4		3726		60		3600				1863		2		-3.4043

		1864		3474496		3		9		5592		61		3721				1864		3		-3.1539

		1865		3478225		1		1		1865		62		3844				1865		1		-2.9035

		1866		3481956		4		16		7464		63		3969				1866		4		-2.6531

		1967		3869089		2		4		3934		64		4096				1967		2		-2.4027

		1868		3489424		1		1		1868		65		4225				1868		1		-2.1523

		1869		3493161		0		0		0		66		4356				1869		0		-1.9019

		1870		3496900		1		1		1870		67		4489				1870		1		-1.6515

		1871		3500641		4		16		7484		68		4624				1871		4		-1.4011

		1872		3504384		2		4		3744		69		4761				1872		2		-1.1507

		1873		3508129		1		1		1873		70		4900				1873		1		-0.9003

		1874		3511876		0		0		0		71		5041				1874		0		-0.6499

		1875		3515625		1		1		1875		72		5184				1875		1		-0.3995

		1876		3519376		1		1		1876		73		5329				1876		1		-0.1491

		1877		3523129		2		4		3754		74		5476				1877		2		0.1013

		1878		3526884		0		0		0		75		5625				1878		0		0.3517

		1879		3530641		0		0		0		76		5776				1879		0		0.6021

		1880		3534400		1		1		1880		77		5929				1880		1		0.8525

		1881		3538161		1		1		1881		78		6084				1881		1		1.1029

		1882		3541924		1		1		1882		79		6241				1882		1		1.3533

		1884		3549456		4		16		7536		80		6400				1884		4		1.6037

		1885		3553225		2		4		3770		81		6561				1885		2		1.8541

		1886		3556996		4		16		7544		82		6724				1886		4		2.1045

		1887		3560769		0		0		0		83		6889				1887		0		2.3549

		1888		3564544		3		9		5664		84		7056				1888		3		2.6053

		1889		3568321		1		1		1889		85		7225				1889		1		2.8557

		1890		3572100		5		25		9450		86		7396				1890		5		3.1061

		1891		3575881		6		36		11346		87		7569				1891		6		3.3565

		1892		3579664		3		9		5676		88		7744				1892		3		3.6069

		1893		3583449		5		25		9465		89		7921				1893		5		3.8573

		1894		3587236		8		64		15152		90		8100				1894		8		4.1077

		1895		3591025		2		4		3790		91		8281				1895		2		4.3581

		1896		3594816		1		1		1896		92		8464				1896		1		4.6085

		1897		3598609		2		4		3794		93		8649				1897		2		4.8589

		1898		3602404		1		1		1898		94		8836				1898		1		5.1093

		1899		3606201		2		4		3798		95		9025				1899		2		5.3597

		1900		3610000		3		9		5700		96		9216				1900		3		5.6101

		1901		3613801		2		4		3802		97		9409				1901		2		5.8605

		1902		3617604		2		4		3804		98		9604				1902		2		6.1109

		1903		3621409		1		1		1903		99		9801				1903		1		6.3613

		1904		3625216		0		0		0		100		10000				1904		0		6.6117

		1905		3629025		0		0		0		101		10201				1905		0		6.8621

		1906		3632836		0		0		0		102		10404				1906		0		7.1125

		1907		3636649		0		0		0		103		10609				1907		0		7.3629

		1908		3640464		2		4		3816		104		10816				1908		2		7.6133

		1909		3644281		4		16		7636		105		11025				1909		4		7.8637

		1910		3648100		5		25		9550		106		11236				1910		5		8.1141

		1911		3651921		8		64		15288		107		11449				1911		8		8.3645

		1912		3655744		7		49		13384		108		11664				1912		7		8.6149

		1913		3659569		8		64		15304		109		11881				1913		8		8.8653

		1914		3663396		6		36		11484		110		12100				1914		6		9.1157

		1915		3667225		7		49		13405		111		12321				1915		7		9.3661

		1916		3671056		3		9		5748		112		12544				1916		3		9.6165

		1917		3674889		1		1		1917		113		12769				1917		1		9.8669

		1918		3678724		5		25		9590		114		12996				1918		5		10.1173

		1919		3682561		7		49		13433		115		13225				1919		7		10.3677

		1920		3686400		10		100		19200		116		13456				1920		10		10.6181

		1921		3690241		5		25		9605		117		13689				1921		5		10.8685

		1922		3694084		4		16		7688		118		13924				1922		4		11.1189

		1923		3697929		4		16		7692		119		14161				1923		4		11.3693

		1924		3701776		5		25		9620		120		14400				1924		5		11.6197

		1925		3705625		7		49		13475		121		14641				1925		7		11.8701

		1926		3709476		2		4		3852		122		14884				1926		2		12.1205

		1927		3713329		2		4		3854		123		15129				1927		2		12.3709

		1928		3717184		16		256		30848		124		15376				1928		16		12.6213

		1929		3721041		10		100		19290		125		15625				1929		10		12.8717
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		1967		3869089		18		324		35406		163		26569				1967		18		22.3869

		1968		3873024		8		64		15744		164		26896				1968		8		22.6373

		1969		3876961		5		25		9845		165		27225				1969		5		22.8877

		1970		3880900		7		49		13790		166		27556				1970		7		23.1381

		1971		3884841		1		1		1971		167		27889				1971		1		23.3885

		1972		3888784		3		9		5916		168		28224				1972		3		23.6389

		1973		3892729		1		1		1973		169		28561				1973		1		23.8893

		1974		3896676		23		529		45402		170		28900				1974		23		24.1397
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		1980		3920400		12		144		23760		176		30976				1980		12		25.6421

		1981		3924361		17		289		33677		177		31329				1981		17		25.8925

		1982		3928324		36		1296		71352		178		31684				1982		36		26.1429

		1983		3932289		18		324		35694		179		32041				1983		18		26.3933

		1984		3936256		17		289		33728		180		32400				1984		17		26.6437

		1985		3940225		7		49		13895		181		32761				1985		7		26.8941

		1986		3944196		14		196		27804		182		33124				1986		14		27.1445

		1987		3948169		3		9		5961		183		33489				1987		3		27.3949

		1988		3952144		7		49		13916		184		33856				1988		7		27.6453

		1989		3956121		11		121		21879		185		34225				1989		11		27.8957

		1990		3960100		16		256		31840		186		34596				1990		16		28.1461

		1991		3964081		15		225		29865		187		34969				1991		15		28.3965
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		1996		3984016		6		36		11976		192		36864				1996		6		29.6485

		1997		3988009		3		9		5991		193		37249				1997		3		29.8989

		1998		3992004		3		9		5994		194		37636				1998		3		30.1493

		1999		3996001		5		25		9995		195		38025				1999		5		30.3997

		370679		705301101		1601		23695		3052769		19110		2490670				370679		1601
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Fig. 1. Descriptive records of storms/gales at Armagh Observatory, 1796-1999
 fitted with a 10 year running mean.
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Fig. 4.Comparison of the 10 year running means of the description of storms/gales 
and the observation of gales at Armagh Observatory, 1844-1999
(1844-1883 not directly comparable - see text)
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Description of storms/gales

Observation of gales

Number of storms/gales

Fig. 3. Comparison of the description of storms/gales and the observation of gales 
at Armagh Observatory, 1844-1999 (1844-1883 not directly comparable - see text).
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		1844

		1845

		1846

		1847

		1848

		1849		0.8

		1850		0.8

		1851		0.8
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Fig. 2. The observation of gales at Armagh Observatory, 1844-1999, fitted with a 10-year running mean (1844-1883 not directly comparable - see text).
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RMEANS

		Armagh Observatory 10 Year Running Mean

		Year		Description		10-year running mean						Year		Observation		10-year running mean								Year		Description		Observation

		1796		31								1844		0				7.2		1844				1844		3		0

		1797		23								1845		0				6.1		1845				1845		3		0

		1798		12								1846		0				4.6		1846				1846		6		0

		1799		20								1847		0				4.0		1847				1847		2		0

		1800		18								1848		0				3.0		1848				1848		3		0

		1801		11		15.0						1849		0		0.8		2.2		1849				1849		0		0

		1802		10		13.7						1850		0		0.8		1.9		1850				1850		1		0

		1803		11		11.8						1851		3		0.8		1.7		1851				1851		2		3

		1804		6		11.6						1852		4		1.0		1.1		1852				1852		1		4

		1805		8		10.5						1853		1		1.1		0.9		1853				1853		1		1

		1806		18		10.1						1854		0		1.1		0.7		1854				1854		0		0

		1807		4		10.9						1855		0		1.1		0.9		1855				1855		1		0

		1808		10		11.7						1856		2		1.1		0.9		1856				1856		0		2

		1809		9		12.3						1857		1		0.9		1.3		1857				1857		0		1

		1810		14		12.5						1858		0		0.7		1.5		1858				1858		1		0

		1811		19		13.4						1859		0		0.7		1.6		1859				1859		2		0

		1812		18		13.4						1860		0		0.8		1.9		1860				1860		1		0

		1813		17		14.9						1861		1		0.8		1.9		1861				1861		6		1

		1814		8		15.5						1862		2		0.7		2.3		1862				1862		3		2

		1815		17		16.2						1863		1		0.7		2.5		1863				1863		2		1

		1816		18		15.4						1864		1		1.1		2.5		1864				1864		3		1

		1817		19		15.2						1865		0		1.3		2.3		1865				1865		1		0

		1818		16		15.7						1866		1		1.5		2.3		1866				1866		4		1

		1819		16		14.6						1967		1		1.8		2.1		1967				1967		2		1

		1820		8		15.6						1868		4		2.0		2.0		1868				1868		1		4

		1821		17								1869		2		1.9		1.9		1869				1869		0		2

		1822		23								1870		2		2.0		1.6		1870				1870		1		2

		1823		6								1871		4		2.2		1.6		1871				1871		4		4

		1824		18								1872		4		2.3		1.3		1872				1872		2		4

		1825										1873		0		2.3		1.3		1873				1873		1		0

		1826										1874		2		1.9		1.2		1874				1874		0		2

		1827										1875		2		1.8		1.2		1875				1875		1		2

		1828										1876		2		1.7		1.2		1876				1876		1		2

		1829										1877		1		1.6		0.9		1877				1877		2		1

		1830										1878		0		1.3		0.8		1878				1878		0		0

		1831										1879		1		1.3				1879				1879		0		1

		1832										1880		1		1.4				1880				1880		1		1

		1833		2								1881		3		1.9				1881				1881		1		3

		1834		0								1882		1		2.1				1882				1882		1		1

		1835		0								1883		0		2.6				1883				1883				0

		1836		6								1884		3		3.0				1884				1884		4		3

		1837		2								1885		7		3.0				1885				1885		2		7

		1838		8		6.4						1886		4		3.5				1886				1886		4		4

		1839		11		7.1						1887		6		3.9				1887				1887		0		6

		1840		16		7.4						1888		4		4.0				1888				1888		3		4

		1841		8		7.7						1889		1		4.4		3.3		1889				1889		1		1

		1842		11		7.7						1890		6		4.8		3.7		1890				1890		5		6

		1843		9		7.7						1891		7		4.3		3.7		1891				1891		6		7

		1844		3		7.2						1892		2		4.1		3.4		1892				1892		3		2

		1845		3		6.1						1893		4		4.2		3.6		1893				1893		5		4

		1846		6		4.6						1894		7		4.5		3.4		1894				1894		8		7

		1847		2		4.0						1895		2		5.1		3.5		1895				1895		2		2

		1848		3		3.0						1896		2		5.0		3.3		1896				1896		1		2

		1849		0		2.2						1897		7		4.4		2.9		1897				1897		2		7

		1850		1		1.9						1898		7		4.6		2.8		1898				1898		1		7

		1851		2		1.7						1899		7		5.0		2.4		1899				1899		2		7

		1852		1		1.1						1900		5		4.8		1.6		1900				1900		3		5

		1853		1		0.9						1901		1		5.0		1.4		1901				1901		2		1

		1854		0		0.7						1902		4		4.8		1.3		1902				1902		2		4

		1855		1		0.9						1903		8		4.2		1.1		1903				1903		1		8

		1856		0		0.9						1904		5		3.7		1.2		1904				1904		0		5

		1857		0		1.3						1905		4		3.0		1.4		1905				1905		0		4

		1858		1		1.5						1906		1		2.6		1.6		1906				1906		0		1

		1859		2		1.6						1907		0		2.8		2.2		1907				1907		0		0

		1860		1		1.9						1908		2		2.5		2.7		1908				1908		2		2

		1861		6		1.9						1909		0		1.7		3.4		1909				1909		4		0

		1862		3		2.3						1910		1		1.2		4.0		1910				1910		5		1

		1863		2		2.5						1911		3		0.9		4.7		1911				1911		8		3

		1864		3		2.5						1912		1		0.8		5.0		1912				1912		7		1

		1865		1		2.3						1913		0		1.3		5.1		1913				1913		8		0

		1866		4		2.3						1914		0		3.5		5.4		1914				1914		6		0

		1967		2		2.1						1915		1		4.9		5.7		1915				1915		7		1

		1868		1		2.0						1916		0		5.1		6.2		1916				1916		3		0

		1869		0		1.9						1917		5		5.0		5.9		1917				1917		1		5

		1870		1		1.6						1918		24		5.0		5.6		1918				1918		5		24

		1871		4		1.6						1919		14		5.2		5.2		1919				1919		7		14

		1872		2		1.3						1920		3		5.5		5.1		1920				1920		10		3

		1873		1		1.3						1921		2		5.9		5.1		1921				1921		5		2

		1874		0		1.2						1922		1		5.9		5.0		1922				1922		4		1

		1875		1		1.2						1923		2		5.6		5.1		1923				1923		4		2

		1876		1		1.2						1924		3		3.7		6.2		1924				1924		5		3

		1877		2		0.9						1925		5		2.6		6.5		1925				1925		7		5

		1878		0		0.8						1926		0		2.4		5.9		1926				1926		2		0

		1879		0								1927		2		2.2		5.7		1927				1927		2		2

		1880		1								1928		5		2.3		6.2		1928				1928		16		5

		1881		1								1929		3		2.2		6.0		1929				1929		10		3

		1882		1								1930		1		1.9		6.2		1930				1930		4		1

		1883										1931		0		1.4		6.5		1931				1931		3		0

		1884		4								1932		2		1.6		8.3		1932				1932		9		2

		1885		2								1933		1		1.5		9.4		1933				1933		2		1

		1886		4								1934		0		1.1		10.2		1934				1934		7		0

		1887		0								1935		0		0.8		9.4		1935				1935		10		0

		1888		3								1936		2		0.8		9.4		1936				1936		20		2

		1889		1		3.3						1937		1		1.0		10.6		1937				1937		13		1

		1890		5		3.7						1938		1		0.9		10.3		1938				1938		24		1

		1891		6		3.7						1939		0		1.2		12.0		1939				1939		2		0

		1892		3		3.4						1940		1		1.3		12.6		1940				1940		4		1

		1893		5		3.6						1941		2		1.4		12.9		1941				1941		15		2

		1894		8		3.4						1942		1		1.4		12.0		1942				1942		6		1

		1895		2		3.5						1943		4		1.8		11.8		1943				1943		19		4

		1896		1		3.3						1944		1		1.9		11.4		1944				1944		13		1

		1897		2		2.9						1945		1		2.0		12.0		1945				1945		13		1

		1898		1		2.8						1946		2		2.3		15.1		1946				1946		11		2

		1899		2		2.4						1947		5		2.8		15.0		1947				1947		11		5

		1900		3		1.6						1948		2		3.0		16.0		1948				1948		20		2

		1901		2		1.4						1949		1		3.0		16.0		1949				1949		8		1

		1902		2		1.3						1950		4		3.3		17.1		1950				1950		35		4

		1903		1		1.1						1951		7		3.4		16.6		1951				1951		14		7

		1904		0		1.2						1952		3		3.7		17.3		1952				1952		16		3

		1905		0		1.4						1953		4		4.0		18.1		1953				1953		19		4

		1906		0		1.6						1954		4		4.7		17.2		1954				1954		24		4

		1907		0		2.2						1955		2		5.2		18.3		1955				1955		8		2

		1908		2		2.7						1956		5		5.1		16.4		1956				1956		18		5

		1909		4		3.4						1957		8		4.5		16.5		1957				1957		19		8

		1910		5		4.0						1958		9		4.5		16.1		1958				1958		11		9

		1911		8		4.7						1959		6		4.3		15.8		1959				1959		19		6

		1912		7		5.0						1960		3		4.6		14.8		1960				1960		16		3

		1913		8		5.1						1961		1		4.5		15.1		1961				1961		15		1

		1914		6		5.4						1962		3		4.0		15.5		1962				1962		12		3

		1915		7		5.7						1963		2		3.3		15.4		1963				1963		16		2

		1916		3		6.2						1964		7		2.4		15.1		1964				1964		14		7

		1917		1		5.9						1965		1		1.9		13.7		1965				1965		11		1

		1918		5		5.6						1966		0		1.7		12.8		1966				1966		22		0

		1919		7		5.2						1967		1		1.6		11.4		1967				1967		18		1

		1920		10		5.1						1968		0		1.3		10.5		1968				1968		8		0

		1921		5		5.1						1969		1		1.1		9.0		1969				1969		5		1

		1922		4		5.0						1970		1		0.9		9.9		1970				1970		7		1

		1923		4		5.1						1971		0		0.9		9.8		1971				1971		1		0

		1924		5		6.2						1972		0		1.1		8.9		1972				1972		3		0

		1925		7		6.5						1973		0		1.3		8.8		1973				1973		1		0

		1926		2		5.9						1974		5		1.8		9.8		1974				1974		23		5

		1927		2		5.7						1975		1		2.2		11.1		1975				1975		10		1

		1928		16		6.2						1976		2		2.5		11.6		1976				1976		13		2

		1929		10		6.0						1977		3		3.0		13.2		1977				1977		17		3

		1930		4		6.2						1978		5		4.2		16.5		1978				1978		18		5

		1931		3		6.5						1979		5		4.4		18.2		1979				1979		18		5

		1932		9		8.3						1980		4		4.1		17.6		1980				1980		12		4

		1933		2		9.4						1981		5		4.2		17.3		1981				1981		17		5

		1934		7		10.2						1982		12		4.6		17.4		1982				1982		36		12

		1935		10		9.4						1983		2		4.3		16.0		1983				1983		18		2

		1936		20		9.4						1984		2		4.3		14.9		1984				1984		17		2

		1937		13		10.6						1985		2		4.0		14.2		1985				1985		7		2

		1938		24		10.3						1986		6		4.2		14.6		1986				1986		14		6

		1939		2		12.0						1987		0		4.3		14.4		1987				1987		3		0

		1940		4		12.6						1988		5		3.3		11.3		1988				1988		7		5

		1941		15		12.9						1989		2		3.3		10.1		1989				1989		11		2

		1942		6		12.0						1990		6		3.1		8.9		1990				1990		16		6

		1943		19		11.8						1991		6		2.9		8.5		1991				1991		15		6

		1944		13		11.4						1992		2		2.3		7.7		1992				1992		5		2

		1945		13		12.0						1993		2		2.3		7.7		1993				1993		6		2

		1946		11		15.1						1994		0		1.8		7.3		1994				1994		5		0

		1947		11		15.0						1995		0		1.6		6.7		1995				1995		3		0

		1948		20		16.0						1996		0						1996				1996		6		0

		1949		8		16.0						1997		0						1997				1997		3		0

		1950		35		17.1						1998		0						1998				1998		3		0

		1951		14		16.6						1999		0						1999				1999		5		0

		1952		16		17.3

		1953		19		18.1

		1954		24		17.2

		1955		8		18.3

		1956		18		16.4

		1957		19		16.5

		1958		11		16.1

		1959		19		15.8

		1960		16		14.8

		1961		15		15.1

		1962		12		15.5

		1963		16		15.4

		1964		14		15.1

		1965		11		13.7

		1966		22		12.8

		1967		18		11.4

		1968		8		10.5

		1969		5		9.0

		1970		7		9.9

		1971		1		9.8

		1972		3		8.9

		1973		1		8.8

		1974		23		9.8

		1975		10		11.1

		1976		13		11.6

		1977		17		13.2

		1978		18		16.5

		1979		18		18.2

		1980		12		17.6

		1981		17		17.3

		1982		36		17.4

		1983		18		16.0

		1984		17		14.9

		1985		7		14.2

		1986		14		14.6

		1987		3		14.4

		1988		7		11.3

		1989		11		10.1

		1990		16		8.9

		1991		15		8.5

		1992		5		7.7

		1993		6		7.7

		1994		5		7.3

		1995		3		6.7

		1996		6

		1997		3

		1998		3

		1999		5
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Sheet1

		Armagh Observatory - Storminess Data - Annual

		Year		Description		Observation		Summary		Hourly

		1796		31										1874		21		0

		1797		23										1875		16		1

		1798		12										1876		7		1

		1799		20										1877		16		2

		1800		18										1878		6		0

		1801		11										1879		9		0

		1802		10										1880		17		1

		1803		11										1881		21		1

		1804		6										1882		8		1

		1805		8										1883		14

		1806		18										1884		22		4

		1807		4										1885		22		2

		1808		10										1886		22		4

		1809		9										1887				0

		1810		14										1888				3

		1811		19										1889				1

		1812		18										1890				5

		1813		17										1891				6

		1814		8										1892				3

		1815		17										1893				5

		1816		18										1894				8

		1817		19										1895				2

		1818		16										1896				1

		1819		16										1897				2

		1820		8										1898				1

		1821		17										1899				2

		1822		23										1900		7		3

		1823		6										1901		5		2

		1824		18										1902		3		2

		1825		8inc										1903		12		1

		1826		nd										1904		4		0

		1827		nd										1905		7		0

		1828		nd										1906		5		0

		1829		nd										1907		8		0

		1830		nd										1908		7		2

		1831		nd										1909		4		4

		1832		nd										1910		7		5

		1833		2										1911		6		8

		1834		0										1912		3		7

		1835		0										1913		2		8

		1836		6										1914				6

		1837		2										1915				7

		1838		8										1916				3

		1839		11										1917				1

		1840		16										1918				5

		1841		8										1919				7

		1842		11										1920				10

		1843		9										1921				5

		1844		3		27								1922		7		4

		1845		3		45								1923		9		4

		1846		6		39								1924		7		5

		1847		2		42								1925		5		7

		1848		3		34								1926		4		2

		1849		0		48								1927		6		2

		1850		1		35								1928		10		16

		1851		2		31								1929		8		10

		1852		1		36								1930		4		4

		1853		1		19								1931		5		3

		1854		0		35								1932		7		9

		1855		1		18								1933		2		2

		1856		0		18								1934				7

		1857		0		28								1935		5		10

		1858		1		46								1936		4		20

		1859		2		38								1937		2		13

		1860		1		15inc								1938				24

		1861		6		ncd								1939				2

		1862		3		ncd								1940		11		4

		1863		2		ncd								1941		11		15

		1864		3		ncd								1942		10		6

		1865		1		ncd								1943		17		19

		1866		4		ncd								1944		14		13

		1967		2		ncd								1945		13		13

		1868		1		ncd								1946		12		11

		1869		0		ncd								1947		18		11

		1870		1		ncd								1948		15		20

		1871		4		ncd								1949		10		8

		1872		2		ncd								1950		15		35

		1873		1		ncd								1951		7		14

		1874		0		ncd				0				1952		11		16

		1875		1		ncd				0				1953		4		19

		1876		1		ncd				0				1954		14		24

		1877		2		ncd				0				1955		10		8

		1878		0		ncd				0				1956		6		18

		1879		0		ncd				0				1957		8		19

		1880		1		ncd				1				1958		8		11

		1881		1		ncd				1				1959		15		19

		1882		1		ncd				0				1960		17		16

		1883		nd		ncd								1961		12		15

		1884		4		3								1962		18		12

		1885		2		7								1963		13		16

		1886		4		4								1964		20		14

		1887		0		6								1965		18		11

		1888		3		4								1966		22		22

		1889		1		1								1967		22		18

		1890		5		6								1968		12		8

		1891		6		7								1969		10		5

		1892		3		2								1970		12		7

		1893		5		4								1971		9		1

		1894		8		7								1972		18		3

		1895		2		2								1973		7		1

		1896		1		2								1974		18		23

		1897		2		7								1975		6		10

		1898		1		7								1976		10		13

		1899		2		7								1977		13		17

		1900		3		5								1978		13		18

		1901		2		1								1979		11		18

		1902		2		4								1980		7		12

		1903		1		8								1981		8		17

		1904		0		5								1982		21		36

		1905		0		4								1983		17		18

		1906		0		1								1984		23		17

		1907		0		0								1985		7		7

		1908		2		2								1986		30		14

		1909		4		0								1987		2		3

		1910		5		1								1988		10		7

		1911		8		3								1989		11		11

		1912		7		1								1990		17		16

		1913		8		0								1991		10		15

		1914		6		0								1992		7		5

		1915		7		1								1993		15		6

		1916		3		0								1994		10		5

		1917		1		5								1995		7		3

		1918		5		24								1996		5		6

		1919		7		14								1997		12		3

		1920		10		3								1998		6		3

		1921		5		2								1999		4		5

		1922		4		1

		1923		4		2

		1924		5		3

		1925		7		5

		1926		2		0

		1927		2		2

		1928		16		5

		1929		10		3

		1930		4		1

		1931		3		0

		1932		9		2

		1933		2		1

		1934		7		0

		1935		10		0

		1936		20		2

		1937		13		1

		1938		24		1

		1939		2		0

		1940		4		1

		1941		15		2

		1942		6		1

		1943		19		4

		1944		13		1

		1945		13		1

		1946		11		2

		1947		11		5

		1948		20		2

		1949		8		1

		1950		35		4

		1951		14		7

		1952		16		3

		1953		19		4

		1954		24		4

		1955		8		2

		1956		18		5				9

		1957		19		8				17

		1958		11		9				14

		1959		19		6				13

		1960		16		3				10

		1961		15		1				10

		1962		12		3				9

		1963		16		2				7

		1964		14		7				10

		1965		11		1				5

		1966		22		0				5

		1967		18		1				3

		1968		8		0				4

		1969		5		1				4

		1970		7		1				4

		1971		1		0				1

		1972		3		0				3

		1973		1		0				2

		1974		23		5				24								1970		7		1		1

		1975		10		1				10								1971		1		0		2

		1976		13		2				14								1972		3		0		3

		1977		17		3				17								1973		1		0		4

		1978		18		5				18								1974		23		5		5

		1979		18		5				19								1975		10		1		6

		1980		12		4				13								1976		13		2		7

		1981		17		5				18								1977		17		3		8

		1982		36		12				36								1978		18		5		9

		1983		18		2				20								1979		18		5		10

		1984		17		2				17								1980		12		4		11

		1985		7		2				8								1981		17		5		12

		1986		14		6				14								1982		36		12		13

		1987		3		0				4								1983		18		2		14

		1988		7		5				7								1984		17		2		15

		1989		11		2				11								1985		7		2		16

		1990		16		6				16								1986		14		6		17

		1991		15		6				15								1987		3		0		18

		1992		5		2				5								1988		7		5		19

		1993		6		2				6								1989		11		2		20

		1994		5		0				5								1990		16		6		21

		1995		3		0				3								1991		15		6		22

		1996		6		0				6								1992		5		2		23

		1997		3		0				3								1993		6		2		24

		1998		3		0				3								1994		5		0		25

		1999		5		0				5								1995		3		0		26

																		1996		6		0		27

																		1997		3		0		28

																		1998		3		0		29

																		1999		5		0		30

																				-0.2291434928		-0.0467185762





Sheet2

		1796		3225616		31		961		55676		1		1				1796		31		-18.1779

		1797		3229209		23		529		41331		2		4				1797		23		-17.9275

		1798		3232804		12		144		21576		3		9				1798		12		-17.6771

		1799		3236401		20		400		35980		4		16				1799		20		-17.4267

		1800		3240000		18		324		32400		5		25				1800		18		-17.1763

		1801		3243601		11		121		19811		6		36				1801		11		-16.9259

		1802		3247204		10		100		18020		7		49				1802		10		-16.6755

		1803		3250809		11		121		19833		8		64				1803		11		-16.4251

		1804		3254416		6		36		10824		9		81				1804		6		-16.1747

		1805		3258025		8		64		14440		10		100				1805		8		-15.9243

		1806		3261636		18		324		32508		11		121				1806		18		-15.6739

		1807		3265249		4		16		7228		12		144				1807		4		-15.4235

		1808		3268864		10		100		18080		13		169				1808		10		-15.1731

		1809		3272481		9		81		16281		14		196				1809		9		-14.9227

		1810		3276100		14		196		25340		15		225				1810		14		-14.6723

		1811		3279721		19		361		34409		16		256				1811		19		-14.4219

		1812		3283344		18		324		32616		17		289				1812		18		-14.1715

		1813		3286969		17		289		30821		18		324				1813		17		-13.9211

		1814		3290596		8		64		14512		19		361				1814		8		-13.6707

		1815		3294225		17		289		30855		20		400				1815		17		-13.4203

		1816		3297856		18		324		32688		21		441				1816		18		-13.1699

		1817		3301489		19		361		34523		22		484				1817		19		-12.9195

		1818		3305124		16		256		29088		23		529				1818		16		-12.6691

		1819		3308761		16		256		29104		24		576				1819		16		-12.4187

		1820		3312400		8		64		14560		25		625				1820		8		-12.1683

		1821		3316041		17		289		30957		26		676				1821		17		-11.9179

		1822		3319684		23		529		41906		27		729				1822		23		-11.6675

		1823		3323329		6		36		10938		28		784				1823		6		-11.4171

		1824		3326976		18		324		32832		29		841				1824		18		-11.1667

		1833		3359889		2		4		3666		30		900				1833		2		-10.9163

		1834		3363556		0		0		0		31		961				1834		0		-10.6659

		1835		3367225		0		0		0		32		1024				1835		0		-10.4155

		1836		3370896		6		36		11016		33		1089				1836		6		-10.1651

		1837		3374569		2		4		3674		34		1156				1837		2		-9.9147

		1838		3378244		8		64		14704		35		1225				1838		8		-9.6643

		1839		3381921		11		121		20229		36		1296				1839		11		-9.4139

		1840		3385600		16		256		29440		37		1369				1840		16		-9.1635

		1841		3389281		8		64		14728		38		1444				1841		8		-8.9131

		1842		3392964		11		121		20262		39		1521				1842		11		-8.6627

		1843		3396649		9		81		16587		40		1600				1843		9		-8.4123

		1844		3400336		3		9		5532		41		1681				1844		3		-8.1619

		1845		3404025		3		9		5535		42		1764				1845		3		-7.9115

		1846		3407716		6		36		11076		43		1849				1846		6		-7.6611

		1847		3411409		2		4		3694		44		1936				1847		2		-7.4107

		1848		3415104		3		9		5544		45		2025				1848		3		-7.1603

		1849		3418801		0		0		0		46		2116				1849		0		-6.9099

		1850		3422500		1		1		1850		47		2209				1850		1		-6.6595

		1851		3426201		2		4		3702		48		2304				1851		2		-6.4091

		1852		3429904		1		1		1852		49		2401				1852		1		-6.1587

		1853		3433609		1		1		1853		50		2500				1853		1		-5.9083

		1854		3437316		0		0		0		51		2601				1854		0		-5.6579

		1855		3441025		1		1		1855		52		2704				1855		1		-5.4075

		1856		3444736		0		0		0		53		2809				1856		0		-5.1571

		1857		3448449		0		0		0		54		2916				1857		0		-4.9067

		1858		3452164		1		1		1858		55		3025				1858		1		-4.6563

		1859		3455881		2		4		3718		56		3136				1859		2		-4.4059

		1860		3459600		1		1		1860		57		3249				1860		1		-4.1555

		1861		3463321		6		36		11166		58		3364				1861		6		-3.9051

		1862		3467044		3		9		5586		59		3481				1862		3		-3.6547

		1863		3470769		2		4		3726		60		3600				1863		2		-3.4043

		1864		3474496		3		9		5592		61		3721				1864		3		-3.1539

		1865		3478225		1		1		1865		62		3844				1865		1		-2.9035

		1866		3481956		4		16		7464		63		3969				1866		4		-2.6531

		1967		3869089		2		4		3934		64		4096				1967		2		-2.4027

		1868		3489424		1		1		1868		65		4225				1868		1		-2.1523

		1869		3493161		0		0		0		66		4356				1869		0		-1.9019

		1870		3496900		1		1		1870		67		4489				1870		1		-1.6515

		1871		3500641		4		16		7484		68		4624				1871		4		-1.4011

		1872		3504384		2		4		3744		69		4761				1872		2		-1.1507

		1873		3508129		1		1		1873		70		4900				1873		1		-0.9003

		1874		3511876		0		0		0		71		5041				1874		0		-0.6499

		1875		3515625		1		1		1875		72		5184				1875		1		-0.3995

		1876		3519376		1		1		1876		73		5329				1876		1		-0.1491

		1877		3523129		2		4		3754		74		5476				1877		2		0.1013

		1878		3526884		0		0		0		75		5625				1878		0		0.3517

		1879		3530641		0		0		0		76		5776				1879		0		0.6021

		1880		3534400		1		1		1880		77		5929				1880		1		0.8525

		1881		3538161		1		1		1881		78		6084				1881		1		1.1029

		1882		3541924		1		1		1882		79		6241				1882		1		1.3533

		1884		3549456		4		16		7536		80		6400				1884		4		1.6037

		1885		3553225		2		4		3770		81		6561				1885		2		1.8541

		1886		3556996		4		16		7544		82		6724				1886		4		2.1045

		1887		3560769		0		0		0		83		6889				1887		0		2.3549

		1888		3564544		3		9		5664		84		7056				1888		3		2.6053

		1889		3568321		1		1		1889		85		7225				1889		1		2.8557

		1890		3572100		5		25		9450		86		7396				1890		5		3.1061

		1891		3575881		6		36		11346		87		7569				1891		6		3.3565

		1892		3579664		3		9		5676		88		7744				1892		3		3.6069

		1893		3583449		5		25		9465		89		7921				1893		5		3.8573

		1894		3587236		8		64		15152		90		8100				1894		8		4.1077

		1895		3591025		2		4		3790		91		8281				1895		2		4.3581

		1896		3594816		1		1		1896		92		8464				1896		1		4.6085

		1897		3598609		2		4		3794		93		8649				1897		2		4.8589

		1898		3602404		1		1		1898		94		8836				1898		1		5.1093

		1899		3606201		2		4		3798		95		9025				1899		2		5.3597

		1900		3610000		3		9		5700		96		9216				1900		3		5.6101

		1901		3613801		2		4		3802		97		9409				1901		2		5.8605

		1902		3617604		2		4		3804		98		9604				1902		2		6.1109

		1903		3621409		1		1		1903		99		9801				1903		1		6.3613

		1904		3625216		0		0		0		100		10000				1904		0		6.6117

		1905		3629025		0		0		0		101		10201				1905		0		6.8621

		1906		3632836		0		0		0		102		10404				1906		0		7.1125

		1907		3636649		0		0		0		103		10609				1907		0		7.3629

		1908		3640464		2		4		3816		104		10816				1908		2		7.6133

		1909		3644281		4		16		7636		105		11025				1909		4		7.8637

		1910		3648100		5		25		9550		106		11236				1910		5		8.1141

		1911		3651921		8		64		15288		107		11449				1911		8		8.3645

		1912		3655744		7		49		13384		108		11664				1912		7		8.6149

		1913		3659569		8		64		15304		109		11881				1913		8		8.8653

		1914		3663396		6		36		11484		110		12100				1914		6		9.1157

		1915		3667225		7		49		13405		111		12321				1915		7		9.3661

		1916		3671056		3		9		5748		112		12544				1916		3		9.6165

		1917		3674889		1		1		1917		113		12769				1917		1		9.8669

		1918		3678724		5		25		9590		114		12996				1918		5		10.1173

		1919		3682561		7		49		13433		115		13225				1919		7		10.3677

		1920		3686400		10		100		19200		116		13456				1920		10		10.6181

		1921		3690241		5		25		9605		117		13689				1921		5		10.8685

		1922		3694084		4		16		7688		118		13924				1922		4		11.1189

		1923		3697929		4		16		7692		119		14161				1923		4		11.3693

		1924		3701776		5		25		9620		120		14400				1924		5		11.6197

		1925		3705625		7		49		13475		121		14641				1925		7		11.8701

		1926		3709476		2		4		3852		122		14884				1926		2		12.1205

		1927		3713329		2		4		3854		123		15129				1927		2		12.3709

		1928		3717184		16		256		30848		124		15376				1928		16		12.6213

		1929		3721041		10		100		19290		125		15625				1929		10		12.8717

		1930		3724900		4		16		7720		126		15876				1930		4		13.1221

		1931		3728761		3		9		5793		127		16129				1931		3		13.3725

		1932		3732624		9		81		17388		128		16384				1932		9		13.6229

		1933		3736489		2		4		3866		129		16641				1933		2		13.8733

		1934		3740356		7		49		13538		130		16900				1934		7		14.1237

		1935		3744225		10		100		19350		131		17161				1935		10		14.3741

		1936		3748096		20		400		38720		132		17424				1936		20		14.6245

		1937		3751969		13		169		25181		133		17689				1937		13		14.8749

		1938		3755844		24		576		46512		134		17956				1938		24		15.1253

		1939		3759721		2		4		3878		135		18225				1939		2		15.3757

		1940		3763600		4		16		7760		136		18496				1940		4		15.6261

		1941		3767481		15		225		29115		137		18769				1941		15		15.8765

		1942		3771364		6		36		11652		138		19044				1942		6		16.1269

		1943		3775249		19		361		36917		139		19321				1943		19		16.3773

		1944		3779136		13		169		25272		140		19600				1944		13		16.6277

		1945		3783025		13		169		25285		141		19881				1945		13		16.8781

		1946		3786916		11		121		21406		142		20164				1946		11		17.1285

		1947		3790809		11		121		21417		143		20449				1947		11		17.3789

		1948		3794704		20		400		38960		144		20736				1948		20		17.6293

		1949		3798601		8		64		15592		145		21025				1949		8		17.8797

		1950		3802500		35		1225		68250		146		21316				1950		35		18.1301

		1951		3806401		14		196		27314		147		21609				1951		14		18.3805

		1952		3810304		16		256		31232		148		21904				1952		16		18.6309

		1953		3814209		19		361		37107		149		22201				1953		19		18.8813

		1954		3818116		24		576		46896		150		22500				1954		24		19.1317

		1955		3822025		8		64		15640		151		22801				1955		8		19.3821

		1956		3825936		18		324		35208		152		23104				1956		18		19.6325

		1957		3829849		19		361		37183		153		23409				1957		19		19.8829

		1958		3833764		11		121		21538		154		23716				1958		11		20.1333

		1959		3837681		19		361		37221		155		24025				1959		19		20.3837

		1960		3841600		16		256		31360		156		24336				1960		16		20.6341

		1961		3845521		15		225		29415		157		24649				1961		15		20.8845

		1962		3849444		12		144		23544		158		24964				1962		12		21.1349

		1963		3853369		16		256		31408		159		25281				1963		16		21.3853

		1964		3857296		14		196		27496		160		25600				1964		14		21.6357

		1965		3861225		11		121		21615		161		25921				1965		11		21.8861

		1966		3865156		22		484		43252		162		26244				1966		22		22.1365

		1967		3869089		18		324		35406		163		26569				1967		18		22.3869

		1968		3873024		8		64		15744		164		26896				1968		8		22.6373

		1969		3876961		5		25		9845		165		27225				1969		5		22.8877

		1970		3880900		7		49		13790		166		27556				1970		7		23.1381

		1971		3884841		1		1		1971		167		27889				1971		1		23.3885

		1972		3888784		3		9		5916		168		28224				1972		3		23.6389

		1973		3892729		1		1		1973		169		28561				1973		1		23.8893

		1974		3896676		23		529		45402		170		28900				1974		23		24.1397

		1975		3900625		10		100		19750		171		29241				1975		10		24.3901

		1976		3904576		13		169		25688		172		29584				1976		13		24.6405

		1977		3908529		17		289		33609		173		29929				1977		17		24.8909

		1978		3912484		18		324		35604		174		30276				1978		18		25.1413

		1979		3916441		18		324		35622		175		30625				1979		18		25.3917

		1980		3920400		12		144		23760		176		30976				1980		12		25.6421

		1981		3924361		17		289		33677		177		31329				1981		17		25.8925

		1982		3928324		36		1296		71352		178		31684				1982		36		26.1429

		1983		3932289		18		324		35694		179		32041				1983		18		26.3933

		1984		3936256		17		289		33728		180		32400				1984		17		26.6437

		1985		3940225		7		49		13895		181		32761				1985		7		26.8941

		1986		3944196		14		196		27804		182		33124				1986		14		27.1445

		1987		3948169		3		9		5961		183		33489				1987		3		27.3949

		1988		3952144		7		49		13916		184		33856				1988		7		27.6453

		1989		3956121		11		121		21879		185		34225				1989		11		27.8957

		1990		3960100		16		256		31840		186		34596				1990		16		28.1461

		1991		3964081		15		225		29865		187		34969				1991		15		28.3965

		1992		3968064		5		25		9960		188		35344				1992		5		28.6469

		1993		3972049		6		36		11958		189		35721				1993		6		28.8973

		1994		3976036		5		25		9970		190		36100				1994		5		29.1477

		1995		3980025		3		9		5985		191		36481				1995		3		29.3981

		1996		3984016		6		36		11976		192		36864				1996		6		29.6485

		1997		3988009		3		9		5991		193		37249				1997		3		29.8989

		1998		3992004		3		9		5994		194		37636				1998		3		30.1493

		1999		3996001		5		25		9995		195		38025				1999		5		30.3997

		370679		705301101		1601		23695		3052769		19110		2490670				370679		1601
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Fig. 1. Descriptive records of storms/gales at Armagh Observatory, 1796-1999
 fitted with a 10 year running mean.

31

23

12

20

18

11

10

11

6

8

18

4

10

9

14

19

18

17

8

17

18

19

16

16

8

17

23

6

18

2

0

0

6

2

8

11

16

8

11

9

3

3

6

2

3

0

1

2

1

1

0

1

0

0

1

2

1

6

3

2

3

1

4

2

1

0

1

4

2

1

0

1

1

2

0

0

1

1

1

4

2

4

0

3

1

5

6

3

5

8

2

1

2

1

2

3

2

2

1

0

0

0

0

2

4

5

8

7

8

6

7

3

1

5

7

10

5

4

4

5

7

2

2

16

10

4

3

9

2

7

10

20

13

24

2

4

15

6

19

13

13

11

11

20

8

35

14

16

19

24

8

18

19

11

19

16

15

12

16

14

11

22

18

8

5

7

1

3

1

23

10

13

17

18

18

12

17

36

18

17

7

14

3

7

11

16

15

5

6

5

3

6

3

3

5



Compar10Year

		1849		1849

		1850		1850

		1851		1851

		1852		1852

		1853		1853

		1854		1854

		1855		1855

		1856		1856

		1857		1857

		1858		1858

		1859		1859

		1860		1860

		1861		1861

		1862		1862

		1863		1863

		1864		1864

		1865		1865

		1866		1866

		1967		1967

		1868		1868

		1869		1869

		1870		1870

		1871		1871

		1872		1872

		1873		1873

		1874		1874

		1875		1875

		1876		1876

		1877		1877

		1878		1878

		1879		1879

		1880		1880

		1881		1881

		1882		1882

		1883		1883

		1884		1884

		1885		1885

		1886		1886

		1887		1887

		1888		1888

		1889		1889

		1890		1890

		1891		1891

		1892		1892

		1893		1893

		1894		1894

		1895		1895

		1896		1896

		1897		1897

		1898		1898

		1899		1899

		1900		1900

		1901		1901

		1902		1902

		1903		1903

		1904		1904

		1905		1905

		1906		1906

		1907		1907

		1908		1908

		1909		1909

		1910		1910

		1911		1911

		1912		1912

		1913		1913

		1914		1914

		1915		1915

		1916		1916

		1917		1917

		1918		1918

		1919		1919

		1920		1920

		1921		1921

		1922		1922

		1923		1923

		1924		1924

		1925		1925

		1926		1926

		1927		1927

		1928		1928

		1929		1929

		1930		1930

		1931		1931

		1932		1932

		1933		1933

		1934		1934

		1935		1935

		1936		1936

		1937		1937

		1938		1938

		1939		1939

		1940		1940

		1941		1941

		1942		1942

		1943		1943

		1944		1944

		1945		1945

		1946		1946

		1947		1947

		1948		1948

		1949		1949

		1950		1950

		1951		1951

		1952		1952

		1953		1953

		1954		1954

		1955		1955

		1956		1956

		1957		1957

		1958		1958

		1959		1959

		1960		1960

		1961		1961

		1962		1962

		1963		1963

		1964		1964

		1965		1965

		1966		1966

		1967		1967

		1968		1968

		1969		1969

		1970		1970

		1971		1971

		1972		1972

		1973		1973

		1974		1974

		1975		1975

		1976		1976

		1977		1977

		1978		1978

		1979		1979

		1980		1980

		1981		1981

		1982		1982

		1983		1983

		1984		1984

		1985		1985

		1986		1986

		1987		1987

		1988		1988

		1989		1989

		1990		1990

		1991		1991

		1992		1992

		1993		1993

		1994		1994

		1995		1995

		1996		1996

		1997		1997

		1998		1998

		1999		1999



Observation 10 year running mean

Description 10 year running mean

Years

10 year running mean

Fig. 4.Comparison of the 10 year running means of the description of storms/gales 
and the observation of gales at Armagh Observatory, 1844-1999
(1844-1883 not directly comparable - see text)
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Fig. 3. Comparison of the description of storms/gales and the observation of gales 
at Armagh Observatory, 1844-1999 (1844-1883 not directly comparable - see text).
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Fig. 2. The observation of gales at Armagh Observatory, 1844-1999, fitted with a 10-year running mean (1844-1883 not directly comparable - see text).
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RMEANS

		Armagh Observatory 10 Year Running Mean

		Year		Description		10-year running mean						Year		Observation		10-year running mean								Year		Description		Observation

		1796		31								1844		0				7.2		1844				1844		3		0

		1797		23								1845		0				6.1		1845				1845		3		0

		1798		12								1846		0				4.6		1846				1846		6		0

		1799		20								1847		0				4.0		1847				1847		2		0

		1800		18								1848		0				3.0		1848				1848		3		0

		1801		11		15.0						1849		0		0.8		2.2		1849				1849		0		0

		1802		10		13.7						1850		0		0.8		1.9		1850				1850		1		0

		1803		11		11.8						1851		3		0.8		1.7		1851				1851		2		3

		1804		6		11.6						1852		4		1.0		1.1		1852				1852		1		4

		1805		8		10.5						1853		1		1.1		0.9		1853				1853		1		1

		1806		18		10.1						1854		0		1.1		0.7		1854				1854		0		0

		1807		4		10.9						1855		0		1.1		0.9		1855				1855		1		0

		1808		10		11.7						1856		2		1.1		0.9		1856				1856		0		2

		1809		9		12.3						1857		1		0.9		1.3		1857				1857		0		1

		1810		14		12.5						1858		0		0.7		1.5		1858				1858		1		0

		1811		19		13.4						1859		0		0.7		1.6		1859				1859		2		0

		1812		18		13.4						1860		0		0.8		1.9		1860				1860		1		0

		1813		17		14.9						1861		1		0.8		1.9		1861				1861		6		1

		1814		8		15.5						1862		2		0.7		2.3		1862				1862		3		2

		1815		17		16.2						1863		1		0.7		2.5		1863				1863		2		1

		1816		18		15.4						1864		1		1.1		2.5		1864				1864		3		1

		1817		19		15.2						1865		0		1.3		2.3		1865				1865		1		0

		1818		16		15.7						1866		1		1.5		2.3		1866				1866		4		1

		1819		16		14.6						1967		1		1.8		2.1		1967				1967		2		1

		1820		8		15.6						1868		4		2.0		2.0		1868				1868		1		4

		1821		17								1869		2		1.9		1.9		1869				1869		0		2

		1822		23								1870		2		2.0		1.6		1870				1870		1		2

		1823		6								1871		4		2.2		1.6		1871				1871		4		4

		1824		18								1872		4		2.3		1.3		1872				1872		2		4

		1825										1873		0		2.3		1.3		1873				1873		1		0

		1826										1874		2		1.9		1.2		1874				1874		0		2

		1827										1875		2		1.8		1.2		1875				1875		1		2

		1828										1876		2		1.7		1.2		1876				1876		1		2

		1829										1877		1		1.6		0.9		1877				1877		2		1

		1830										1878		0		1.3		0.8		1878				1878		0		0

		1831										1879		1		1.3				1879				1879		0		1

		1832										1880		1		1.4				1880				1880		1		1

		1833		2								1881		3		1.9				1881				1881		1		3

		1834		0								1882		1		2.1				1882				1882		1		1

		1835		0								1883		0		2.6				1883				1883				0

		1836		6								1884		3		3.0				1884				1884		4		3

		1837		2								1885		7		3.0				1885				1885		2		7

		1838		8		6.4						1886		4		3.5				1886				1886		4		4

		1839		11		7.1						1887		6		3.9				1887				1887		0		6

		1840		16		7.4						1888		4		4.0				1888				1888		3		4

		1841		8		7.7						1889		1		4.4		3.3		1889				1889		1		1

		1842		11		7.7						1890		6		4.8		3.7		1890				1890		5		6

		1843		9		7.7						1891		7		4.3		3.7		1891				1891		6		7

		1844		3		7.2						1892		2		4.1		3.4		1892				1892		3		2

		1845		3		6.1						1893		4		4.2		3.6		1893				1893		5		4

		1846		6		4.6						1894		7		4.5		3.4		1894				1894		8		7

		1847		2		4.0						1895		2		5.1		3.5		1895				1895		2		2

		1848		3		3.0						1896		2		5.0		3.3		1896				1896		1		2

		1849		0		2.2						1897		7		4.4		2.9		1897				1897		2		7

		1850		1		1.9						1898		7		4.6		2.8		1898				1898		1		7

		1851		2		1.7						1899		7		5.0		2.4		1899				1899		2		7

		1852		1		1.1						1900		5		4.8		1.6		1900				1900		3		5

		1853		1		0.9						1901		1		5.0		1.4		1901				1901		2		1

		1854		0		0.7						1902		4		4.8		1.3		1902				1902		2		4

		1855		1		0.9						1903		8		4.2		1.1		1903				1903		1		8

		1856		0		0.9						1904		5		3.7		1.2		1904				1904		0		5

		1857		0		1.3						1905		4		3.0		1.4		1905				1905		0		4

		1858		1		1.5						1906		1		2.6		1.6		1906				1906		0		1

		1859		2		1.6						1907		0		2.8		2.2		1907				1907		0		0

		1860		1		1.9						1908		2		2.5		2.7		1908				1908		2		2

		1861		6		1.9						1909		0		1.7		3.4		1909				1909		4		0

		1862		3		2.3						1910		1		1.2		4.0		1910				1910		5		1

		1863		2		2.5						1911		3		0.9		4.7		1911				1911		8		3

		1864		3		2.5						1912		1		0.8		5.0		1912				1912		7		1

		1865		1		2.3						1913		0		1.3		5.1		1913				1913		8		0

		1866		4		2.3						1914		0		3.5		5.4		1914				1914		6		0

		1967		2		2.1						1915		1		4.9		5.7		1915				1915		7		1

		1868		1		2.0						1916		0		5.1		6.2		1916				1916		3		0

		1869		0		1.9						1917		5		5.0		5.9		1917				1917		1		5

		1870		1		1.6						1918		24		5.0		5.6		1918				1918		5		24

		1871		4		1.6						1919		14		5.2		5.2		1919				1919		7		14

		1872		2		1.3						1920		3		5.5		5.1		1920				1920		10		3

		1873		1		1.3						1921		2		5.9		5.1		1921				1921		5		2

		1874		0		1.2						1922		1		5.9		5.0		1922				1922		4		1

		1875		1		1.2						1923		2		5.6		5.1		1923				1923		4		2

		1876		1		1.2						1924		3		3.7		6.2		1924				1924		5		3

		1877		2		0.9						1925		5		2.6		6.5		1925				1925		7		5

		1878		0		0.8						1926		0		2.4		5.9		1926				1926		2		0

		1879		0								1927		2		2.2		5.7		1927				1927		2		2

		1880		1								1928		5		2.3		6.2		1928				1928		16		5

		1881		1								1929		3		2.2		6.0		1929				1929		10		3

		1882		1								1930		1		1.9		6.2		1930				1930		4		1

		1883										1931		0		1.4		6.5		1931				1931		3		0

		1884		4								1932		2		1.6		8.3		1932				1932		9		2

		1885		2								1933		1		1.5		9.4		1933				1933		2		1

		1886		4								1934		0		1.1		10.2		1934				1934		7		0

		1887		0								1935		0		0.8		9.4		1935				1935		10		0

		1888		3								1936		2		0.8		9.4		1936				1936		20		2

		1889		1		3.3						1937		1		1.0		10.6		1937				1937		13		1

		1890		5		3.7						1938		1		0.9		10.3		1938				1938		24		1

		1891		6		3.7						1939		0		1.2		12.0		1939				1939		2		0

		1892		3		3.4						1940		1		1.3		12.6		1940				1940		4		1

		1893		5		3.6						1941		2		1.4		12.9		1941				1941		15		2

		1894		8		3.4						1942		1		1.4		12.0		1942				1942		6		1

		1895		2		3.5						1943		4		1.8		11.8		1943				1943		19		4

		1896		1		3.3						1944		1		1.9		11.4		1944				1944		13		1

		1897		2		2.9						1945		1		2.0		12.0		1945				1945		13		1

		1898		1		2.8						1946		2		2.3		15.1		1946				1946		11		2

		1899		2		2.4						1947		5		2.8		15.0		1947				1947		11		5

		1900		3		1.6						1948		2		3.0		16.0		1948				1948		20		2

		1901		2		1.4						1949		1		3.0		16.0		1949				1949		8		1

		1902		2		1.3						1950		4		3.3		17.1		1950				1950		35		4

		1903		1		1.1						1951		7		3.4		16.6		1951				1951		14		7

		1904		0		1.2						1952		3		3.7		17.3		1952				1952		16		3

		1905		0		1.4						1953		4		4.0		18.1		1953				1953		19		4

		1906		0		1.6						1954		4		4.7		17.2		1954				1954		24		4

		1907		0		2.2						1955		2		5.2		18.3		1955				1955		8		2

		1908		2		2.7						1956		5		5.1		16.4		1956				1956		18		5

		1909		4		3.4						1957		8		4.5		16.5		1957				1957		19		8

		1910		5		4.0						1958		9		4.5		16.1		1958				1958		11		9

		1911		8		4.7						1959		6		4.3		15.8		1959				1959		19		6

		1912		7		5.0						1960		3		4.6		14.8		1960				1960		16		3

		1913		8		5.1						1961		1		4.5		15.1		1961				1961		15		1

		1914		6		5.4						1962		3		4.0		15.5		1962				1962		12		3

		1915		7		5.7						1963		2		3.3		15.4		1963				1963		16		2

		1916		3		6.2						1964		7		2.4		15.1		1964				1964		14		7

		1917		1		5.9						1965		1		1.9		13.7		1965				1965		11		1

		1918		5		5.6						1966		0		1.7		12.8		1966				1966		22		0

		1919		7		5.2						1967		1		1.6		11.4		1967				1967		18		1

		1920		10		5.1						1968		0		1.3		10.5		1968				1968		8		0

		1921		5		5.1						1969		1		1.1		9.0		1969				1969		5		1

		1922		4		5.0						1970		1		0.9		9.9		1970				1970		7		1

		1923		4		5.1						1971		0		0.9		9.8		1971				1971		1		0

		1924		5		6.2						1972		0		1.1		8.9		1972				1972		3		0

		1925		7		6.5						1973		0		1.3		8.8		1973				1973		1		0

		1926		2		5.9						1974		5		1.8		9.8		1974				1974		23		5

		1927		2		5.7						1975		1		2.2		11.1		1975				1975		10		1

		1928		16		6.2						1976		2		2.5		11.6		1976				1976		13		2

		1929		10		6.0						1977		3		3.0		13.2		1977				1977		17		3

		1930		4		6.2						1978		5		4.2		16.5		1978				1978		18		5

		1931		3		6.5						1979		5		4.4		18.2		1979				1979		18		5

		1932		9		8.3						1980		4		4.1		17.6		1980				1980		12		4

		1933		2		9.4						1981		5		4.2		17.3		1981				1981		17		5

		1934		7		10.2						1982		12		4.6		17.4		1982				1982		36		12

		1935		10		9.4						1983		2		4.3		16.0		1983				1983		18		2

		1936		20		9.4						1984		2		4.3		14.9		1984				1984		17		2

		1937		13		10.6						1985		2		4.0		14.2		1985				1985		7		2

		1938		24		10.3						1986		6		4.2		14.6		1986				1986		14		6

		1939		2		12.0						1987		0		4.3		14.4		1987				1987		3		0

		1940		4		12.6						1988		5		3.3		11.3		1988				1988		7		5

		1941		15		12.9						1989		2		3.3		10.1		1989				1989		11		2

		1942		6		12.0						1990		6		3.1		8.9		1990				1990		16		6

		1943		19		11.8						1991		6		2.9		8.5		1991				1991		15		6

		1944		13		11.4						1992		2		2.3		7.7		1992				1992		5		2

		1945		13		12.0						1993		2		2.3		7.7		1993				1993		6		2

		1946		11		15.1						1994		0		1.8		7.3		1994				1994		5		0

		1947		11		15.0						1995		0		1.6		6.7		1995				1995		3		0

		1948		20		16.0						1996		0						1996				1996		6		0

		1949		8		16.0						1997		0						1997				1997		3		0

		1950		35		17.1						1998		0						1998				1998		3		0

		1951		14		16.6						1999		0						1999				1999		5		0

		1952		16		17.3

		1953		19		18.1

		1954		24		17.2

		1955		8		18.3

		1956		18		16.4

		1957		19		16.5

		1958		11		16.1

		1959		19		15.8

		1960		16		14.8

		1961		15		15.1

		1962		12		15.5

		1963		16		15.4

		1964		14		15.1

		1965		11		13.7

		1966		22		12.8

		1967		18		11.4

		1968		8		10.5

		1969		5		9.0

		1970		7		9.9

		1971		1		9.8

		1972		3		8.9

		1973		1		8.8

		1974		23		9.8

		1975		10		11.1

		1976		13		11.6

		1977		17		13.2

		1978		18		16.5

		1979		18		18.2

		1980		12		17.6

		1981		17		17.3

		1982		36		17.4

		1983		18		16.0

		1984		17		14.9

		1985		7		14.2

		1986		14		14.6

		1987		3		14.4

		1988		7		11.3

		1989		11		10.1

		1990		16		8.9

		1991		15		8.5

		1992		5		7.7

		1993		6		7.7

		1994		5		7.3

		1995		3		6.7

		1996		6

		1997		3

		1998		3

		1999		5






